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The present study describes antimicrobial and free radical scavenging capacity (RSC) together with
the effects on lipid peroxidation (LP) of Melissa officinalis essential oil. The chemical profile of essential
oil was evaluated by the means of gas chromatography—mass spectrometry (GC-MS) and thin-layer
chromatography (TLC). RSC was assessed measuring the scavenging activity of essential oil on the
2,2-diphenyl-1-picrylhydrazyl (DPPH*) and OH* radicals. The effect on LP was evaluated following
the activities on Fe?*/ascorbate and Fe?*/H,0, systems of induction. The antimicrobial activity was
tested against 13 bacterial strains and six fungi. The examined essential oil exhibited very strong
RSC, reducing the DPPH radical formation (ICso = 7.58 ug/mL) and OH radical generation (ICso =
1.74 ug/mL) in a dose-dependent manner. According to the GC-MS and TLC (dot-blot techniques),
the most powerful scavenging compounds were monoterpene aldehydes and ketones (neral/geranial,
citronellal, isomenthone, and menthone) and mono- and sesquiterpene hydrocarbons (E-caryophyl-
lene). Very strong inhibition of LP, particularly in the Fe2*/H,0O, system of induction (94.59% for 2.13
ug/mL), was observed in both cases, also in a dose-dependent manner. The most effective
antibacterial activity was expressed on a multiresistant strain of Shigella sonei. A significant rate of
antifungal activity was exhibited on Trichophyton species.

KEYWORDS: Melissa officinalis ; Lamiaceae; essential oil; GC-MS; antimicrobial activity; antioxidant
activity; DPPH radical; OH radical; LP

INTRODUCTION logical effects, such as spasmolytic, carminative, hepatoprotec-
6ive, antiviral, and anticarcinogenic effects, etg).(Recently,
many essential oils have been qualified as natural antioxidants

properties. Also, herbal medicines have a great potential in the(3’ _5__8) and_ propo_s_ed as potential subsﬂtutes_of synthetic
emerging nutrition industry, because these materials are Oﬁenantlomdgnts n speC|f_|c sectors of food preservatlor_]. Further-
considered foods as well as medicines and are used in preventivénore; biologically active natural compounds are of interest to
and curative treatments throughout the world. (Especially the pharnjacel_Jtl_cal industry for the CQI’]tI’O| (_)f_human _dlse_ases
popular today is the concept of foods that combine nutritional ©f Microbial origin and for the prevention of lipid peroxidative
and medicinal benefits, so-called “functional foods”. Many damage, which has been implicated in several pathological
natural compounds extracted from plants have demonstrateddisorders, such as ischemigeperfusion injury, coronary ath-
biological activities. Among these various kinds of natural €rosclerosis, Alzheimer's disease, carcinogenesis, and aging
substances, essential oils from aromatic and medicinal plantsProcesses (940).

receive particular attention as potential natural agents for food Lemon balm (Melissa officinalit., Lamiaceae) is a well-
preservation. In fact, their effectiveness against a wide rangeknown herb used to give fragrance to different food and
of microorganisms has been repeatedly demonstréed)( beverage products. It has also been used as a medicinal plant
Moreover, essential oils are proved to have various pharmaco-for treatment of headaches, gastrointestinal disorders, nervous-
ness, and rheumatismiX). The essential oil is a well-known

Since ancient times, herbs and spices have been added t
different types of food to improve the flavor and organoleptic

* To whom correspondence should be addressed. F&81-21-350- antibacterial and antifungal agent, and it is also responsible for
123/878- 'iaXIth38f1(-:2hl-54-?65U Ejma”_it mifm’ilca@éh-gsac.w the mild depressive and spasmolytic properties of the plaht (

E Dgg:ﬁtmgﬂt 8f phgngj Umgg:& 3f Ngz: Sgd: Some literature data pointed out antioxidant properties of
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the high portion of phenolic acids (184). However, until now, To investigate the antifungal activity of the essential oil, the modified
no data about the antioxidant properties of the essential oil of microdilution techniqueX8) was used. The fungal spores were washed
this plant are reported. from the surface of agar plates with sterile 0.85% saline containing

With respect to this topic, the antioxidant and antimicrobial 0-1% Tween 80 (v/v) agar (Torlak). The spore suspension was adjusted

effects of the chemically characterized essential oil of lemon With sterile saline to a concentration of approximately .00 in

balm (M. officinalisL.. Lamiaceae) are reported in the present final volume of 10QuL per well. The inocula were stored &# °C for
(M. " ) P P further investigations. Dilutions of the inocula were cultured on solid

study. Malt agar (Torlak) to verify the absence of contamination and to check
the validity of the inoculum. Minimal inhibitory concentrations (MIC)

MATERIALS AND METHODS determination was performed by a serial dilution technique using 96

Plant Material. Aerial parts of cultivated flowering planM. well microtiter plates. Investigated samples were dissolved in Malt

officinalis L. were collected in July of 2000 in Vojvodina. Voucher ~Medium broth (MB) agar (Torlak) with fungal inoculum to achieve
specimens (No. 1984) were confirmed and deposited at the Herbariumconcentrations of 1.0-54L/mL. The microplates were incubated for
of the Department of Biology and Ecology (BUNS), Faculty of Natural 72 h at 28°C. The lowest concentrations without visible growth at the

Sciences, University of Novi Sad. binocular microscope were defined as concentrations that completely
Essential Oils Isolation.Air-dried plant material was submitted to ~ inhibited fungal growth (MIC). The minimal fungicidal concentrations
hydrodistillation according to Eur. Pharm. 45), usingn-hexane (MFC) were determined by serial subcultivation qil2into microtiter

(Merck; Darmstadt, Germany) as a collecting solvent. The solvent was Plates containing 106L of MB per well and further incubation for 72
removed under vacuum, and the quantities of the essential oils were @t 28°C. The lowest concentration with no visible growth was defined

determined gravimetrically. The essential oil yield was 0.2%. as the MFC, indicating 99.50% killing of the original inoculum.

Essential Oil Analysis.Qualitative and quantitative analyses of the ~ Bifonazole (in dilution of 1 g/100 mL of ethanol) was used as a
essential oils were carried out using a Hewlett-Packard 5973-6890 gasSynthetic antimycotic for control. ) )
chromatographymass spectrometry (GC-MS) system, operating in EI Antioxidant Activity: Free Radlcal Scavenglng Cap_aglty (RSC). _
mode at 70 eV, equipped with a split-splitiess injector (269 and a RSC was gvaluated measuring the scavenging ‘actlvny of examined
flame ionization detector (258C). Helium was used as a carrier gas  €SSential oils on the 2,2-diphenyl-1-picrylhydrazil (DPPH) and OH
(1 mL/min), and the capillary columns used were HP-5 MS (3gm  radicals. The DPPH assay was performed as described begrevith
0.25 mm; film thickness, 0.2&m). The temperature programs were small modifications. The samples (from 0.50 toigImL) were mixed
60—280°C at a rate of 3C/min and 60—260C at a rate of 3C/min, with 1 mL of 90/,{M DPPH SOlhutlon (Slgma; St. Louis, MO) and filled
respectively; split ratio, 1:10. The identification of individual compounds UP With 95% methanol to a final volume of 4 mL. The absorbance of
was based on comparison of their relative retention times with those 1€ resulting solutions and the blank (with the same chemicals, except
of authentic samples (Carl Roth GmbH; Karlsruhe, Germany), by for the sample) were recorded after 1 h at room temperatl_Jre, against
coelution and MS analysis. For the components, mostly sesquiterpened€rt-butylated hydroxytoluene (BHT) (Fluka AG; Buchs, Switzerland)
and aliphatic compounds, for which reference substances were not2S @ p_osmve control. For each sample, four replicates were_recorded.
available, the identification was performed by matching their retention The disappearance of DPPWas measured spectrophotometrically at
indices and mass spectra with those obtained from authentic sampleg>1> NM using a Beckman DU-65 spectrophotometer. The percentage
and/or the NIST/NBS, Wiley libraries spectra, and literature dega. (O RSC was calculated using the following equation:

Antimicrobial Activity: Evaluation of Antibacterial Activity. A
collection of 13 test organisms, including both Gram-positive and Gram- RSC (%)= 100 x (Agjank— AsampléAblanIJ
negative bacterial strains, was used. Each group included eight
Organisms of the American Type of Culture Collection (ATCC) and The |Q,0 Value, which represented the concentrations of the essential
five organisms of the Institute of Public Health, Faculty of Medicine, 0l that caused 50% inhibition, was determined by linear regression
University of Novi Sad, isolated directly from the patients (IPH), analysis from the obtained RSC values.
including four multiresistant strains (IPH-MR). The source of the ~ Scavenging capacity of the essential oils for hydroxyl radicals was
bacterial strains is shown ifable 2. All of the test organisms were ~ €valuated measuring the degradation of 2-depxibose (Fluka AG)
stored at+4 °C on Mueller—Hinton (MH) (Torlak; Belgrade, Serbia ~ With OH radicals, generated in a Fenton reaction. The degradation
and Montenegro) agar slants, subcultured every 2 weeks, and Checked)TOdUCtS are the 2-thiobarbituric acid (TBA) (Slgma) reactive substances

for purity. (TBARS), which could be determined spectrophotometrically at 532
For the evaluation of the antibacterial activities of the essential oils, "M (9. All solutions and reagents were freshly prepared by dissolution
the hole-plate agar diffusion method was usdd)(with slight in 0.05 M KH,PO,—K,HPQ, PB. In a test tube, 10L of pure essential

modifications. The bacterial strains were grown on MH slants overnight il (2.13 #g/mL), 50 or 20% solution (1.065 and 0.42g/mL) in

at 37°C and checked for purity. After incubation, the bacterial cells N-hexane with 0.125 mL of D, 0.125 mL of FeS@ and 0.125 mL
were washed from the surface of the agar and suspended in sterile 0.10f 2-deoxye-ribose were mixed and filled up with 0.05 M PB, pH

M phosphate buffer (PB) containing 167 mM NaCl (167 mM NaCl 7.4, to a volume of 3 mL. After an incubation periotiloh at 37°C,

PB; pH 7.4). The density of bacterial suspensions was determined bythe extent of deoxyribose degradation was measured by the TBA
McFarland nephelometer (Dalynn Biological Inc.; Calgary, Canada). reaction. A 1.5 mL amount of TBA reagent [10.4 mL of 10% HGIO
Samples contained about>2 107 colony-forming units (CFU)/mL. 3 g of TBA, and 120 g of 20% trichloroacetic acid (Sigma)] and 0.2
Spreading of 0.1 mL of bacterial suspension seeded the surfaces ofmL of 0.1 M EDTA (Sigma) were added to the reaction mixture, and
MH agar plates. On the agar surface, holes 5 mm in diameter were tubes were heated at 10C for 20 min. After the mixture was cooled,
punched. In the holes, 15L of tested essential oil (50 and 20% the absorbance was measured against a blank (containing buffer solution
solutions inn-hexane) was applied. Plates were incubated overnight at only) at 532 nm. A control witm-hexane instead of sample was also
37 °C, and the diameter of the resulting zone of inhibition was analyzed.

measured. The evaluation of antibacterial activities of essential oils ~ The absorbance at the end of the experiment was used to calculate

was carried out in five repetitions. Penicillin (500 and 10@ficn®) the inhibition rate of deoxyribose degradation by the essential oil:
was used as a positive antibiotic control. The effect of the solvent (
hexane) on the microbial growth was also analyzed. I (%) = 100 x (Agjank = AsampidPpianid

Evaluation of Antifungal Activity. For the bioassay, a collection
of six test organisms of dermatomyceta, showable 3, was used. Four replicates were recorded for each sample. BHT 0.5 M (229/.4
Micromycetes were isolated directly from patients at the Centre for mL) was used as a positive control.
Preventive Medicine, Military Medical Academy (MMA) (Belgrade, Rapid Screening for Scavenging Compounds of Essential Oils.

Yugoslavia) and maintained on Sabouraud agar (Torlak). Cultures wereFor fast screening of essential oil compounds on RSC, the dot-blot
stored at+4 °C and subcultured once a month. test on thin-layer chromatography (TLC) silica gelfaluminum plates
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(Merck) stained with the free radical DPPkvas used (19). An Taple 1. Chemical Composition of M. officinalis Essential Oil
appropriate amount of pure essential oil(5 was placed on a silica

gel plate and eluted with benzene:ethyl acetate (95:5). After they were pick percentage  identification
dried, the plates were sprayed with a 0.4 mM solution of DPiRH no. components? RIb (%) method®
methanol, using a Desaga Spray Gun. Sprayed plates gave a purplé 1 a-pinene 937 03 RT GC MS
background with yellow spots at the location of those compounds that , camphene 952 02 RT* MS
possess high RSC. Essential oil compounds responsible for scavenging 3 B-pinene 976 0.3 RT GC MS
activity were identified comparing the DPPH-TLC chromatogram with 4 E-isolimonene 983 0.7 RT* MS
the control, treated with vanillin—sulfuric acid spray reagent. 5 3-octanol 995 0.4 RT* MS
Determination of Lipid Peroxidation. The extent of LP was 6 o0-3-carene 1011 0.3 RT*MS
determined by measuring the color of the adduct produced in the 7 limonene 1032 22 RT GC MS
reaction between TBA and malondialdehyde (MDA), as an oxidation 8 Z-f-ocimene 1042 0.2 RT*MS
product in the peroxidation of membrane lipids, by the TBA asgay ( 20 I('Q?rl]?fj’('me ﬁgg 82 El gg mg
The commercial preparation of liposomes “PRO-LIPO S” (Lucas- fBthujone 1116 0.8 RT GC MS
Meyer; Hamburg, Germany) pH-5 was used as a model system of 12 E.ose oxide 1127 03 RT* MS
biological membranes. The liposomes, 22%0 nm in diameter, were 13 citronellal 1153 13.7 RT GC MS
obtained by dissolving the commercial preparation in demineralized 14  isomenthone 1167 30 RT GC MS
water (1:10), in an ultrasonic bath. For the experiment, three concentra- 15 menthol 1172 2.9 RT GC MS
tions of essential oils were prepared: pure essential oil (2gIB1L) 16 estragole (methyl chavicol) 1195 01 RT GC MS
and 50 and 20% solution in-hexane (1.065 and 0.42&/mL). 17 nerol 1227 0.5 RT*MS
In the Fé*/ascorbate-induced LP, 6@L of a suspension of 18 citronellol 1228 08 RT GC MS
liposomes was incubated with of 0.01 M FeSQ, 20 uL of 0.01 19 neral (Z-citral 1241 165 RTGCMS
p A Q, “ 20 geraniol 1255 34 RT GC MS
M ascorbic acid, and 1@L of essential oil samples in 2.89 mL of 21 methyl citronellate 1260 27 RT* MS
0.05 M KH,PO,—K,HPO, buffer, pH 7.4 (3 mL final solution). 22 geranial (E-citral) 1271 23.4 RT* MS
The reaction mixture in P&/H,O,-induced LP contained 3@L of 23 bornyl acetate 1288 0.2 RT GC MS
a suspension of liposomes, 0.125 mL of 9 mM FgeS®125 mL of 24 Z-limonene oxide 1304 0.4 RT* MS
0.88 M H;,0,, and 10uL of tested essential oil samples in 2.71 mL of 25  Z-carvyl acetate 1362 0.1 RT*MS
0.05 M KH,PO,—K;HPQ, buffer, pH 7.4 (3 mL final solution). A 26 neryl acetate 1364 16 RT*MS
control with n-hexane instead of sample was also analyzed for both 2/ ~ ©-copaene 1375 0.1 RT* MS
systems of induction of LP. 28 geranyl acetate 1380 0.8 RT GC MS
. . . 29 E-/3-damascenone 1381 01 RT* MS
Samples were incubated at 3C for 1 h. LP was terminated using 30 dodecenal 1407 0.4 RT* MS
the reaction with 1.5 mL of TBA reagent and 0.2 mL or 0.1 M EDTA, 31 E-caryophyllene 1419 46 RT GC MS
heating at 100C for 20 min. After the solution was cooled and the 32 o-humulene 1452 0.4 RT* MS
precipitated proteins were centrifuged (4000 rpm for 10 min), the 33  p-selinene 1486 0.1 RT*MS
content of the MDA (TBARS) was determined by measuring the 34  germacrene D 1490 2.4 RT*MS
absorbance of the adduct at 532 nm. 35  o-cadinene 1524 02 RT*MS
Both analyses were compared with the commercial synthetic 36  Z/-famesene 1526 0.1 RT*MS
antioxidant BHT (0.5 M stock solution, concentration 220gfmL) 37 ledol . 1565 0.2 RT*MS
- : ; HERA 38 caryophyllene oxide 1582 1.7 RT*MS
as positive control. All of the reactions were carried out in triplicate. nonadecane 1902 0.2 RT* MS
The percentage of LP inhibition was calculated by the following 4, 1-eicosene 1900 01 RT* MS
equation: 41 eicosane 2001 05 RT*MS
42 n-heneicosane 2100 0.3 RT*MS
0p) = — 43 entacosane 05 RT*MS
1 (%) = (A, — A)/IA, x 100 total dentiied 83.4
monoterpene hydrocarbons 4.2
where A, was the absorbance of the control reaction (full reaction, oxygenated monoterpenes 719
without the test compound) ad was the absorbance in the presence sesquiterpene hydrocarbons 7.9
of the inhibitor. oxygenated sesquiterpenes 2.0
aliphatic compounds 24

RESULTS AND DISCUSSION

a Compounds listed in order of elution from a HP-5 MS column. ? Retention
Table 1 lists the chemical components of the essential oil indices relative to Cs—Cy4 n-alkanes on the HP-5 MS column. ¢ RT, comparison
grouped as classes of compounds. The main constituents of thewith pure standard retention time; GC, gas chromatographic coelution with pure
essential oil ofM. officinalis are citrals (geranial- neral, standard; MS, mass spectrometry; RT*, comparison of the relative retention time
39.9%), citronellal (13.7%), limonene (2.2%), geraniol (3.4%), with those obtained from the NIST/NBS, Wiley libraries spectra, and those reported
B-caryophyllene (4.6%)p-caryophyllene oxide (1.7%), and Py Adams (16).
germacrene D (2.4%). These results are in accordance with
previous published data dyl. officinalis essential oils (21). sensitivity to essential oil df. officinalis was observed bfg.
Antimicrobial Activity. The antibacterial activity of essential ~ coli ATCC 25922 (30.2 and 39.8 mm) and the multiresistant
oil against a range of Gram-positive (five strains) and Gram- strain of Shigella sonelPH-MR (37.4 and 38.4 mm).
negative (eight strains) is shown Trable 2. Obtained results The antifungal activity of the essential oil against dermato-
revealed that essential oil exhibited variable levels of antibacte- mycetes is shown ifiable 3. Generally, essential oil exhibited
rial activity against all tested bacterial strains. According to the notable, but not in all cases, considerable antifungal activity.
literature dataZ—5), Gram-positive bacteria seemed to be more Notable is the low MIC and MFC againstrichophyton
sensitive to the different examined essential oils than Gram- tonsurans(both 15uL/mL) as compared with the synthetic
negative bacteria. However, this study also recorded a notableantimycotic bifonazole (both 1@L/mL).
susceptibility of examined Gram-negative pathogenic bacteria, Antioxidant Activity. The antioxidant activity of theM.
such ard’seudomonas aerugingdescherichia coliSalmonella officinalis essential oil has been evaluated in a series of in vitro
enteritidis, Salmonella typhiand Shigellastrains, particularly test. In the DPPH test, the ability of the essential oil to act as
the multiresistant ones. Especially considerable is that the highesthe donor for hydrogen atoms or electrons in transformation of
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Table 2. Antibacterial Activity (Inhibition Zone Measured in mm, Including Hole of 5 mm Diameter)? of M. officinalis Essential Qil°

solution of essential oil® penicillin («g/lcm3)
source organism 20% 50% 500 1000
ATCC 27853 P. aeruginosa 13.4+0.89 14.8+1.30 0.0 0.0
IPH-MR P. aeruginosa 15.6 + 0.55 0.0 0.0 0.0
ATCC 35218 E. coli 148+0.84 17.2+£0.84 0.0 0.0
ATCC 25922 E. coli 30.2+0.44 39.8+1.09 12.6 £0.89 13.4+£0.55
IPH-MR E. coli 182+122 18.6 +0.89 0.0 0.0
IPH S. enteritidis 152+0.44 16.2+0.84 22.0+£1.22 26.2+0.83
IPH-MR S. typhi 19.8+0.44 24.4+0.89 0.0 0.0
IPH-MR S. sonei 374+1.95 38.4+1.67 0.0 0.0
ATCC 9341 Sarcina lutea 27.0+141 246+152 0.0 0.0
ATCC 10240 Micrococcus flavus 27.4+£0.89 30.0 £0.00 40.0 £0.55 40.0+£0.89
ATCC 6538 Staphylococcus aureus 240+1.22 19.4+0.89 48.0 £0.00 50.0 + 0.00
ATCC 12228 Staphylococcus epidermidis 18.2+1.48 26.6 £ 1.67 142 +0.44 16.8 £ 0.83
ATCC 10707 Bacillus subtilis 29.6 £0.89 28.2+1.48 38.2+0.44 38.0+0.70

aThe values shown represent the average of five determinations + standard deviations. ® Essential oil was diluted with n-hexane (solvent expressed no antimicrobial
activity).

Table 3. Antifungal Activity of Essential Oil2 of M. officinalis % of inhibition
essential oil bifonazole 70
source organism MIC  MFC  MIC  MFC 60
- 50 | §0.425e.0.
MMA Trichophyton mentagrophytes 15 30 10 10 B 7 1.065 e.o.
var. mentagrophytes 40 MH2.13e.0
MMA Trichophyton rubrum 15 30 10 10 30 T
MMA  T.tonsurans 15 15 10 10 20 1 MEZLABRT
MMA Microsporum canis 30 30 15 20 10}
MMA Epidermophyton floccosum 30 60 10 10
MMA  Candida albicans 30 60 20 25 0
Figure 1. Inhibition of degradation of 2-deoxyribose by the essential oil
a Concentrations shown in the table are expressed in microliters. If they are of M. officinalis and BHT (as a positive control) in the deoxyribose assay.
expressed in real concentrations of active substances (ug), the expressed values Concentrations shown are expressed in ug/mL. Essential oil and BHT
are 10 times higher. were diluted in n-hexane (solvent expressed no antioxidant activity).

DPPH into its reduced form DPPHH was measured spectro- _
photometrically Table 4). Assessed essential oil was able to mono- and sesquiterpene hydrocarbons (Ersaryophyllene).
reduce the stable radical DPPH to the yellow-colored DPPH These findings are in some correlation with earlier published

reaching 50% of reduction with an 4¢ of 7.58 ug/mL. data on antioxidant activities of different essential oils and
Comparison of DPPH scavenging activity of essential oil to Selected essential oil components (5).

those expressed by BHT pointed out very similagol@alues Protective effects of the essential oil in lipid peroxidation
(for BHT, ICso = 5.37 ug/mL). have been evaluated using two systems of inductiorf*(Fe

The hydroxyl RSC of the essential oiFigure 1) was ascorbate and F&/H,0,), by the TBA assay. Inhibition of LP
measured by the deoxyribose assay. Hydroxyl radicals formedwas determined by measuring the formation of secondary
in Fenton reaction were detected by their ability to degrade components (MDA) of the oxidative process, using liposomes
2-deoxyo-ribose into fragments that on heating with TBA at as an oxidizable substrate.
low pH, form a pink adduct. Protective effects of the essential ~ Figure 2 shows the antioxidant activity ofl. officinalis
oil were followed as its ability to remove hydroxyl radicals from essential oil against BHT as a positive control in the first system
the test solution and prevent the degradation. High inhibition of induction (F&/ascorbate). In general, the examined essential
of degradation was observed for all of the tested essential oil oil expressed strong antioxidant capacity. In particular, 2d/3
concentrations, especially 2.18/mL (60%), against BHT as  mL of the oil showed higher activity than the stock solution of
a positive control (18.71%). BHT (66.67 against 37.4%).

Identification of the constituents most responsible for the RSC  In the Fé™/H,O, system of induction (Fenton reaction)
was accomplished by comparing the control TLC analysis with inhibitory activities, all of the tested concentrations of essential
the results of GC-MS and TLC dot-blot method. It appears that oil and BHT were considerably highdfigure 3). Furthermore,
for the neutralization of DPPH radicals the most active lemon balm essential oil proved to be more active even at the
compounds were monoterpene aldehydes and ketones (citralslowest concentration (0.42bg/mL) than the standard (84.68
citronellal, isomenthone, and menthone) and the mixture of as compared to 66.67%).

Table 4. Percentage of Neutralization of DPPH of Essential Oil of M. officinalis and BHT (as Positive Control) in the DPPH Assay

concentrations («g/mL)
source 0.48 1.20 2.40 312 4.80 6.25 7.20 9.60 12.00 12.50 ICso

M. officinalis 11.11 18.52 33.33 43.40 44.44 45.82 48.15 55.55 62.96 65.58 7.58
BHT 4.62 11.56 23.12 30.11 44.71 58.22 67.07 67.51 70.12 74.22 5.37
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Figure 2. Inhibition of lipid peroxidation (LP) in Fe?*/ascorbate system of
induction by the essential oil of M. officinalis and BHT (as a positive
control) in the TBA assay. Concentrations shown are expressed in ug/
mL. Essential oil and BHT were diluted in n-hexane (solvent expressed
no antioxidant activity).
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Figure 3. Inhibition of lipid peroxidation (LP) in Fe**/H,0, system of
induction by the essential oil of M. officinalis and BHT (as a positive
control) in the TBA assay. Concentrations shown are expressed in ug/
mL. Essential oil and BHT were diluted in n-hexane (solvent expressed
no antioxidant activity).

In conclusion, the study revealed significant antimicrobial,
particularly antibacterial, activity of the investigated essential
oil. The examined oil exhibited high RSC, which was found to
be in correlation to the content of mainly monoterpene ketones
and aldehydes. Also, a very strong protective activity of the
essential oil in lipid peroxidation processes, especially against
hydroxyl radicals formed in the Fenton reaction, was recorded.
These results indicate that essential oils could serve not only
as flavor agents but also as safe antioxidant and antiseptic
supplements in preventing deterioration of foodstuff and bever-
age products and pharmaceuticals. Also, consumption of food
produced with natural essential oils or aromatic plant extracts
(functional foods) is expected to prevent the risk of free radical-
dependent diseases.

LITERATURE CITED

(1) Haénsel, R.; Haas, HTherapie mit Phytopharmaka; Springer:
Berlin, Germany, 1984.

(2) Deans, S. G. Evaluation of antimicrobial activity of essential
(volatile) oils. InModern Method of Plant Analysis. Essential
Oils and WaxesLinskens, H. F., Jackson, J. F., Eds.; Springer-
Verlag: Berlin, Germany, 1991; Vol. 12, pp 309—320.

J. Agric. Food Chem., Vol. 52, No. 9, 2004 2489

aceaeand Compositaelnt. J. Food Microbiol.2001, 67 (3),
187—-195.

(5) Mimica-Dukic, N.; Bozin, B.; Sokovic, M.; Mihajlovic, B.;
Matavulj, M. Antimicrobial and Antioxidant Activities of Three
Mentha Species Essential Oillanta Med.2003 69, 413—
419.

(6) Bruneton, JPharmacognosy, Phytochemistry, Medicinal Plants
2nd ed.; Intercept Ltd.: London, Paris, New York, 1999.

(7) Yanishlieva, N. V.; Marinova, E. M.; Gordon, M. H.; Raneva,
V. G. Antioxidant activity and mechanism of action thymol and
carvacrol in two lipid systemdzood Chem1999,64, 59-66.

(8) Ruberto, G.; Baratta, M. T. Antioxidant activity of selected
essential oil components in two lipid model systefsod Chem
2000,69, 167—174.

(9) Van de Vijver, L. P.; Kardinaal, A. F.; Grobbe, D. E.; Princen,
H. M.; van Poppel, G. Lipoprotein oxidation, antioxidants and
cardiovascular risk: epidemiologic evidenderostaglandins
Leukotrienes. Essent. Fatty Acidi897,57 (4—5), 479—487.

(10) Smith, M. A.; Perry, G.; Pryor, W. A. Causes and consequences
of oxidative stress in Alzheimer’s disease (1, P)ee Radical
Biol. Med.2002,32 (11), 1049.

(11) Bisset, N. G., Wichtl, M., EdsHerbal Drugs and Phytophar-
maceuticals; CRC Press: Boca Raton, London, New York,
Washington DC, 2001.

(12) Masakova, N. S.; Tseevatuy, B. S.; Trofimenko, S. L.; Remmer,
G. S. The chemical composition of volatile oil in lemon-balm
as an indicator of therapeutic ug@lanta Med.1979, 36, 274.

(13) Hohmann, J.; Zupko, |.; Redei, D.; Csanyi, M.; Falkay, G.;
Mathe, 1.; Janicsak, G. Protective Effects of the Aerial Parts of
Sabia officinalis, Melissa officinalisandLavandula angustifolia
and their Constituents against Enzyme-Dependent and Enzyme-
Independent Lipid Peroxidatiofflanta Med.1999, 65, 576—
578.

(14) Zandi, P.; Ahmadi, L. Antioxidant Effect of Plant Extracts of
Labiatae FamilyJ. Food Sci. TechnoR000,37 (4), 436—439.

(15) European Pharmacopeidth ed.; Council of Europe: Strasbourg
Cedex, France, 2002; 2.8.12, pp 183—184.

(16) Adams, R. Pldentification of Essential Oil Components by
Gas Chromatography/Mass Spectroscopjlured Publishing
Corp.: Carol Stream, IL, 1995.

(17) Van den Berghe, D. A.; Vlietinck, A. J. Screening Methods for

Antibacterial and Antiviral Agents from Higher Plants. In

Methods in Plant BiochemistnAssays for Bioactity; Hostett-

man, K, Ed.; Academic Press: London, San Diego, New York,

Boston, Sydney, Tokyo and Toronto, 1991; Vol. 6, pp—4B.

Hanel, H.; Raether, W. A more sophisticated method of

determining the fungicidal effect of water-insoluble preparations

with a cell harvester, using miconazole as an exanigieoses

1988,31, 148—154.

Espin, J. C.; Soler-Rivas, C.; Wichers, H. J. Characterisation of

the total free radical scavenger capacity of vegetable oils and

oil fractions using 2,2-diphenyl-1-picrylhydrazyl radical Agric.

Food Chem2000,48 (3), 648—656.

Afanasev, |. B.; Doroszhko, A. I.; Brodski, A. V.; Kostyuk, V.

A.; Potapovitch, A. I. Chelating and free radical scavenging

mechanism of inhibitory action of rutin and quercetin in lipid

peroxidation Biochem. Pharmacoll989,38 (11), 1763—1768.

Mrlianova, M.; Tekelova, D.; Felklova, M.; Reinohl, V.; Toth,

J. The Influence of the Harvest Cut Height on the Quality of

the Herbal Drugs Melissae folium and Melissae heanta

Med.2002,68, 178—180.

(18)

(19)

(20)

(1)

(3) Baratta, M. T.; Dorman, H. J. D.; Deans, S. G.; Biondi, D. M.;

Received for review October 9, 2003. Revised manuscript received

Ruberto, G. Chemical composition, antimicrobial and antioxidant January 31, 2004. Accepted February 1, 2004. The Ministry of Sciences,

activity of laurel, sage, rosemary, oregano and coriander essential
oils. J. Essent. Oil Resl998,10, 618—627.

(4) Marino, M.; Bersani, C.; Comi, G. Impendance measurements
to study the antimicrobial activity of essential oils frdrami-

Technology and Development, Republic of Serbia No. 1862, supported
this research work.

JFO30698A



