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ABSTRACT

The antivkilanl and antimicrobdal acivily of Toar Thymwas species (oissien, fowgicoulls, fencogpenmy, and achbeus)
enlracts were detenmined. Two melbods (Rancimal and malondialdehyde by high-perfonmance lquid chromatography ) waene
usdd o measure Be anboxidant action in companson with common commercial anbioKicdants, mcluding barylaed hydooy
toluene aml ce-locopheral. The eximcts that presented high aptiosidant sclivily wene encapsulated in lipesoases and their
anbiokiclant action was again esiimaled. Themmal-ciidatiive decomposiion of the samples (pane Bposomes and encapsulaling
enlracisy was siudied vsing the differeniial scanming calomimetry mmethod. The medifcatiom of the main ransbon emperalune
for the lipid mixbare and the splitling of the calorimetric peak in the presence of Be antiosidants wene alsoe demonstraled by
differeniial scanning calomimetry. All exiracts showed antiexidant and antimicrobial activities. Seame exiracts showed superior
ar egual antiossdant scivily o oelecopherol. When the eximcts were epcapsulaled in Bposomes, heir anboridant as well as
anbimicrobdal activilies proved o be supenor fnom (Be s exbacls in pone foome

The excessive use of chemibcal preservatlves, many of
which are suspected for nvnwanied slde effects, Increases the
consumer pressuge on food manufaciurers o remove them
frivm thelr products or o adope “natuwral™ aliernatlves (45,
The wse of plants a5 antbesldants in processed foods s be-
coming increasingly mpociant inothe food indusiry as an
albemative w synthetke antdoxidans (120 Exeraeis of many
planis, such as spices, herbs, cocoa shells, coffee beans,
cabs, ek beans, sesame oll, iomatoes, rose hips, osage o
ange, amla frodl, ondons, peppers. olive leaves, amd soy-
beans, were shown 1o have varoos degrees of antloxldant
activity In different fais and odls (31 The extracts of many
planiz exhibbl antibacterial and anbfungal propertes (060
There |5 conslderable research tnierest o the possible nse
of nataral produces, soch as essentlal olls and exiracis of
edible and medicinal plans, berbs, and splees, for the de-
velopment of alernative food addithves in order 1w previeni
the grosvtly of pathogens or o delay the onset of food spoedl-
age (4

Ty app. are perenntal berbaceous planis and sub-
shrubs thar are wondy ab the base and contain numesous
branches, The leaves are about 3 i 8 mm long, The whie
10 pale purple, mbalar, pwo-lpped flowers are arranged In
whorled clusters, There are over 300 specles of this handy
genus thal are natve o seuihem BEorope and Asla (&), more
than &0 of which are nabve o Borope. To the Anclent
Cirecks, thyme was an emblem of bravery, Wormen would
embrobder a hee hovering over thyme on scarves, which
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were presented wothelr champions, Thyme b5 a waditlonal
culinary ingredient in many dishes, The mosn widely nsed
medicing thyewes are Tovrons vilgearis md Thomns serpl-
By, the Tatter having & more sedative effect. Herbal prace
titioners prescribe T walpars in cases of dry cough, lar-
ymglits, beomchits, asthma, urinary nfectlon, and chrondc
gastritis. It is applied extemally for fungal infections, rhwn-
matism, arthritis, toosillitis and gom infections. Keports
concerning  amtimicrobial and  aotiozidant  propertic: of
many Tvmes spp. have been numerously reported in the
leratiere, amd the essentlal olls have frequently semained
as the focns of Ay aipdies (o, Fd, 23] In iz I'|||I_¢1.h1||.‘|]1:.-,
however, that the antibacedal activities of the aforemens
tioned essential oils against foodborme bacteria are limited,
prohititing their commercial application in food preserva-
tion o the extensbon of the processed food shelf e, Thus,
here is \'igllllﬂlﬁ. resparch ;'||."1'i1.'il,:|r darecredd oward the disz-
covery of morg potent essential oils against foodbome bac-
terin (41 This problem, however, can be overtaken by the
s o Hposomes,

r.ipm.m.::a laave Beein used in drug ..‘,l.l.‘:li'.-l.‘:l':,' 1 A wide
rimae of applications such s chemotherapy, blood swrmo-
pgates, and skin fremiment prodocis (%) They resemble the
|i|_:|i-q,! il bl ol cells, Muimerons hiL:-IL:-g'il.‘:.]l PROC R~
e in living organisms depend o the action of small wni-
lamellar liposomes, Liposomes are spherical particles that
encapsilate @ fractkon of the solvent in which they frealy
chiffuse (Aoat) inte their interior (98 This ability helped in
overtaking the problem of reduced solubility of lipids in
many plant extracts, Liposomes have one, several, or mul-
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tiple conceniric membranes, They ae constmcted of polar
liplds that are characierized by having a lipophilic and hy-
drophilic group on the same molecules (2, 771 Uniguely,
Ii|_}||ﬁ||r'|'|¢s-: Can l.‘:l'u..";||:|i|,|.l';|l,¢ il Jl:.u.]:-rlpliilil." and Ji|_]-|||_]|'|i|'i|."
materials (plant extrsctsl, s also important tht liposomees
ercipsulating exinscts possess oew physicochemical chir
acteristics and bicactivity (200 that can enhince exiracts’
original activity. Typical liposome compositions inclode
lecithins (phosphatidyl cholines) and Eephalins {phospha-
fidyl ethannlamines ), often containing negatively charged
liplds, such as phosphatidy] serine and phosphaibdyl Tosi-
i, Im addition 1 ceramides, such as sphingomyelin, sterols
icholestarnl, ¢|'q|_1|.ﬂ|,':r-:1l. sifosierol, @) are also incleded
r.'i]‘l.ﬂl:rl:'u.hi lve cml.':l'g-lzl.] A% A ool or Toad |_]|'|.:q.11||.‘:| deve-
opeers After years of being linde more than a laboniatory co-
riosity, However, their lack of stability and high cost wene
congiderad as barriers for acceptance o the foesd industry.
These problems have now been largely overcome (6). Li-
posoanes can be effective camiers for nuiritionally valuable
ingredients, For example. lposomes, a5 a microstrociusal
companent of beeast milk, may play an impoman mole in
enhanced nutent absoapiion, colloldal siakdliy, and lm-
|!|1|.||:'|||g|.':|!|i..‘:i|:.- {65 Daher ﬂﬁﬂi-:.::jl'ilu:‘lﬂ ingchde iron Tontili-

cation ol Tood |'2:"_.I: gmlsilicanion for e j'u'-e;ujru.‘lilll'l ol

bresd (£ belp in the control of Bavor, testare, and other
qualities in food products, such as deliverng both favors
and oils thit are rapped inside e liposomes (such favors
and oils are released then inte the mowthd (7 ) redoction of
the ripening time of chesse by 3000 30%: fermemation of
and Improverment o the favor of beer ¢6, 71 and many
chiers,

I thiz work, we evalusted the antoxidant and ani-
imacraal ;'||.."'|i1.'i|:.- ol ExIracls Mroin ﬂr}'rﬂ.';.l: A, l;_iﬂﬂ‘igl.."lk'll,l.i
in Gieeee) and -;.:||r'|'||_:|1l.|:'¢4_1 them wilh kKnown synihenc bi-
iyladed hydromyiodoene {HRHT) or natural {o-tocophan]y in-
tioxidants and antimicrobial agents (netilmicin and 5-Au-
cyvtogine), The fractions were wlso encapeulated in lipo-
somes and their modified activities were reevaloated. Li-
posomes were applied because, due to their anigue
properntes, they are able to enhanee the performance of
products by Inereasing ingredient solubblity (easber incos-
poatkon of water-soluble compoumds indo oil-hased prod-
ugla), therehy improving bioavailability and in vivo god in
vitre siability (4G )

MATERIALS ANID METHOIN

Thymus spp. Acnal pars of P forpicandis O, Presl.
subsp, chaubardil (Bolss, & Heldry Jales wers collected in June
20003 and identified by B Balpoutzakis from the moantsin Bi-
thadremng (elev. 1100 m) and then depasited ot the Herbarum of
th IMwisdom of Phannacognosy (Chemisory of Martural Prosducie,
Atdhiena, Gireecel. The plant is widespresd Tnom southeast Framo:
and Sicily 10 noribeast Anatolia (Turkey )

Thyrmas Bboissieri Plalacsy var Borssien was collectsd in June
20H aned ddentified by E. Kalpoutzakis from the mountain Timphi
{Ipiras, Greece} ielev. 1900 m) and then depesited at the Her
B of ke Divisen of Pharmacogrosy (Chemisiry of Matural
Products), The plant 15 endemie of Greece and Aratolia CTerksy s,

Thynas fencospeoiing Hartvig was colkecied im0 June 20LH)
and wlentified by B Kalpoaizakis from e moontin Tonpsd {Ipd
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rog, Oreece) (eley, LA m) and then deposiled al the Plecbariom
of ke Division of Pharmacognesy (Chemisiry of Maural Prod
ucts). The plant s endemic of Greece and Anatohia (Turkey).

Thymas ocheny (Heldr, & Sarl. ex Bodss. ) fooan the mounlan
Ochd (East Greece, @lev. 750 m) was collected in Jang 2000 and
identified by E. Evergetis and (ben deposited at tbe Herbanian of
the Division of Pharmacognosy (Chemistry of Malaral Procucis),
The plant is endemic of Creece amd especially mount Ochd.

The dried plant matenals were extracted (25) with dachls
ronnethane (CHLClab cr melbanol {AeOH) and the eximcls wene
conceniratid undir vacuum {rolry evapoaralor).

The evaluation of the antiokidanl activily was carded ol
usang the Rancimal methosl, e determinatiom ol malondiaklebyde
(MDA by high-performance liguid chromatography (HPLC) (al
ter oxmlation with the accelerated UV melbod)y and delTerential
scanning calommelry (D5C).

Rumecimeat. The method ussd wss adapied from Lalag and
Tankmis ¢ Nk Two and one-kbalf grams of sunflower odl and added
anticaicdant (pure exiract, BHT, a-ocopheml; Sigma Chemicals
Company Lid,. 5t Louis, Mo (in vanous concentrations) was
acgumbely welghad imto the reaction vessel of the Rarcimat 67%
iMetrhom LT, Heraau, CH %101, Switzerland) along with an-
ather vessel with a sample of sunfloawer ofl without antoxidant
fcomrod) (Blads 5.4, Adhens, Gresee), One milliliter of the ap-
propoiate solvent (medhanc] o dichloramathane s was sldsd in o
der b disgsolve the antioddant and mixed well, The reaction ves-
sels were placed imoa Rancimat &79 The condifions were sst ot
ST aped 15 Bbersth, The protection factor (PFY wag ealeulated ag
follows: PF = (induction perod with antioxidant Wiinduction pe-
ried wilkeoat antioxidanth, A protection fhetor greater tham 1 in-
digates inhibition of the lipld sxidaton, The higher the valbee, the
betier the anteaidant setivity 95

Determinwtion MDA by BPLC. The dedermination of MDA
was carnied out after accelerated oxidation of sunflower ol ander
L% Bght. The rcidatiom method used was adapied foom Lolas and
Taakmis ¢ I0L Ten gmms of sunflower ol and added antioxidant
{pure extract, BHT, or re-incopherl in concentrtions of 100 and
150} ppame, which are umeder the maximum permitied dose of BHT
for oo [ie., 2060 ppm] | wos acoumbely weighed into o glass petn
dish (87 mm insde dinmeter and 15 mm in heighty ord mixed
well, The dishes were placed (half immersed) in a wader bath
(S0 directly exprsed o UY light produced by a lamp situated
50 cm above (CGeneral Blectnic 20 nm LY Germicidal lamp
GISTE, 25 W, 45 om in length and * cm in diameter) for 12 he
Then, the pils were stored in dork glass boltles with nitrogen st
=16°C until omalysis (MDA by HPLC perfonmed on the same
day. The method used for the detlermination of MO was sdapled
from Tsaknis ed al. {240 HPLC was performed using o Walers
Swstem, which consisted of o Waters SHE HPLL pamp and Wa-
ters 486 Tunahle Absorhance Detector (Millipore Corporation,
Waters Chromatography [hvision, Mass: detection lBmit: 6.3 X
15 E malikg of ol

Preparation of lipid vehices. Liposomes conlaiming phos
phaticly]l chiling (PO (10 mgdmly and chodesters] () (2 mgdimls
iTor determination of antioxidant and astimicrobial activityy or PC
{10 mretml), © 0F mretml). asd phosphatidy] glycerol (PG 0 mgfd
ml} {For determination of antimecrobial aotivily ) were prepansd by
the mechanical shaking techniqee (ihin ilm method)y (550 The
ke was disselved i chlomofmm-methans] (3015 and the or
pandc solvenls wene removed by a molary evaporalor, When Ty
sy Spp. exlmchs were wsed (in a gquantty of 16 me) as anliox
idants or anlimicrobial agents, they were dissolved in dichlom
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FIGURE 1. Pravecriion fackor of Thymus sppe pare s ie segflweer il Vinlies are meeans of rignlicale delenminliomns,

methane-methanol (2713 and then mited im a rousd bolkom Mask
with PC and © or PC. O, amd PG, respectively. The organdc sol
vends were evaporated under a stream of mitrogen al 3570 Gabove
the ligicl trangition temperature ). The lipid Gbn was suspemsdied in
2 ml of phosphoras balTer saline (pH 7.4) (Sigrmal and vigorously
visrlexed for 15 man gl 35°C, This suspemsaon was alkeved s
hydrate for 2 B oin the dark al room eaoperabore ared Then cenln
Toged anl 650 pum at 470 (Sorvall Geseral-Parpose KO3 Ao
mavlic Refrigerated Centrifuge. [van Sorvall, Inc. Mewiown,

FIGURE I, Malordialdefvde (MDA con
cenrrmion in surfiower odl after OV aecs!
ermied mellerd with various concerdriione
af pare exfraeds (200 pad 150 pp) Vil

Conn.} in ordier W B0l dispose inoorpocabed molecales of exiracts
or lipads from the Bposome suspension (supemnatants. The lipo-
aoames obtained were multilamellar vehicles (MLV)

The prepared liposomes wens freege-dried with a Yirtis mod-
el (Seniry 2L, Viris Company, Inc., Gardiser. B.%).

SC, The eximets that presented high antiomidant activity
184 determaned by Bancimad and MG wene encapsualaied in li-
oo and their anbesicdant aclion was agadn estimaied using

1.l
med are mewrs Of Iplicoete defermmindarions.

1Alke3 =
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1.0k 3 1
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D&C. A Perkin Elmer DSC-S calorimster (Peckin Elmer Corp..
Morwalk, Conm.) wos msed o study the phase imnsition charsc-
teristics of MLY liposomes and the oxidation siability of the sam-
les.

The methed for the determination of phase tmnsition was
aclapded from Socacin et al. (JFL The phase imnsition of all sam-
ples (pure liprsomes amd encapsulating extmcts) was delemmined
agninsl a referepce {emply crucibles. For all measurements, 1043
el of liposemal saspension was weighed omd eransfemed 1o the
sample compartiment. Samples were heated in tempenfure rangs
af =10 o 7 at a scanmning mie of 0.5 Cimin. Five cycles of
heating and croling were ussd in equilibmie the samples befone
recarding the defimitive calormetnc corve. All delerminations
were performed in triplicate. The enthalpy change AH (1f) or
Te-valees were coloulated by computer processing of the expen-
mental datn amd represented as 1 = 5 values (data not shown ).

Oxidative simhility was determined wsing the method of Tan
and Che Man ¢221 Samples of 4 mg were placed in DS alu-
mianum crucibles with clossd lids that were perfomted by 3 1-mime-
diameter bodz in the cenler in onder 1o allow the sumple 0 be in
comact with the oxygen stream. The purge gas foaming in the
reaction atmesphers was coygen. The starling lemperatune of ox-
idatian was determined as the onsst empemture of the oxidation
peak. The femperature program was as folkwes heat from ¥ in

TROEC ¢ P min b, haldd for | mim a1 TR0°C, amed Anally heat from
1A b 3A0PC (10°Cmim )

Antimicrohial hinssny. The antibacterial achivities of the
extracts fonly For ¥, Jowgieoalis and T, ocbens) were detenmined,
usng the diffusion technigqes of Bauer-Kimhy (dise method) (35,
by memsuring the pone of inhibibion against four gram-positive
hacteria, including Stapiyiacocods daurdns (ATOC 25923), Strep-
tecarens el (ALDD 31989, Sraprocecoss wekdans (A00
199521, and Siopindococcws epidermidic (ATOC 12228): four
gram-negalive bacleria, including Frewdomonas aerugineeg
{ATOC 2T853), Ercferichia coli (ATOC 25972} Enferobacler
cloarme (ATOC 13T, and Kleboimlla  poeoooooiar  (8TO0
13885 three human patheeenic fumgl, including Coradida athi.
cans (ATOC 10231, Candidyr tropicalis |ATCC 153800, and Car-
el glafrpta (ATOC 38858 ) and againgt the food-pathogen bec-
ieria Ligena manacyiagenes, Standard antibiotics netilmicin (San-
ofi, Diagnostica Pasteur, Pars, France) and 3-Hucytocns (samcedi.
IHagnostica Pastear) were wsed in ofder i comirod the sensitivity
of the lesied baclera and fungi. nespectively, The esied com
pounas were dissolved in BMeOl. For each experment a combral
dise wilh pure solvenl was used as bBlind control. All the paper
discs hod a diameter of 6 mm and were deposiled on the sarface
af the seeded Tryphicase soy agar (Scharlae Chemi 5.4, Harce-

FIGURE 4. DFC oxidarisn {ISC-hear
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FIGURE 5. DFC oxidaiion {ISC-hear
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loma, Spadny peinl dishes, Six microliters of a solation of 1 mgfml
of the eximets was put on the discs, The plabes wers inogulated
with the tested organisms to give a final c2ll concentration of 107
CFUYmil and incubated for 48 h oot 37°C, The fungl were grown
an Saboumud s agar (Pronadisa, Conda Lab, Madnd, Spain} at
2590 for 48 b, The expeniments were repeatsd thres dmes ard the
resulia (millimeter of @one of inhibitony wers expressed ng pe-
erage values,

Scanning dectron mbcroscopy (SEM), Electron microscopy
milcregmphs of Hposomes were aken using a JEOL TSM-6360
seanning electron microscape (TR Lid., Tekya, Tapand, The so-
ludicn of liposome biloyers was placed on alaminim stubs | Sig-
ma-Aldnch Chemie GmbH, Thufkirchen, Germarny) amd sputher
copted with gold, The mierographs were made after todal drying
of the lposome layer

Statistical analysis, Hesuliz, means, and standand deviations
(5L of ihree samuliareons sssaye wene carmied oul in all meikods.
Stabetical signaficancs of iBe differences between mean valuee
waE daesei] by the AMNOYS e,

RESULTS ANIF DISCLISSION

The antioxidant sction of Thenes spp. pure extracts
wils determined nsing Eoncimat and MDA by HPLC, The
antiexidant actions were compared with those of common
commercial antioxidants BHT and c-tocopherel. All the ex-
iracts (Figs, 1 and 23 showed antboxkdan actlon, However,
e 0f them showed signdficantly (F =< (L05) higher ac-
tviy than BHT, Most exiracts showed superior actlon than
ee-topopherol (significant at P o< 005), As i appears in
Figures 1 amd 2, the increase of antioxidant activity was
mer proporiioniil i the concentration. As observed by Schn-
ler {£7) the activity of cemuin antiosidants does oot in-
crease linearly with the increase of their concentration.
High bevels of additon can even act pro-osidantly.

[n Figures 3 through & the DSC corves of T spp.
extracts and liposomes suspensions in the absence and in
thie presence of estracts are given. Thermal oxidative de-
composifion of pure extracts and liposome preparations

FIGURE 6. D¥C oxidariod ¢ DhC-dear

Hewstemperarel of Thyinus longicaulis 4
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were studled, In comparisen o the Bancimat method, DSC
i3 concluded w he vseful as 8 method employing milder
conditions and soner dme and which can be applied for the
evalngtion of oxkdative stability of samples contalning vol-
atlle antoxidants and other Hpdd systems containing water
(201 An exothermbc peak 5 observed Inthe range of 150
tr IT0PC related i0 auto-oxidation process of the samples.
Using the curvies, the onset temperatire af which the anto-
oxldation process keging 15 determined §F2) As LU appears
in Flgures 3 theough &, the sddition of exiract encapsulated
in liposomes had a mode intense antkoxlidant acton (slgnif-
icant at == 0L05) dhan iself In pore form, The shapes of
DSC plots of Hposome prepacatons are sbmdlar o those of
ihe pure extract oxldatbon corves. However, al the same
heating rave. the emperainne of the stan of the oxkdatkon
reacthon 1s slgnificantly (" == Q051 higher, The medified
antesidant action of exicact during s encapsulation was
expiched sinee the complex (Hposome membeane—fraction)
poasesaes new physicochemical characterlstbes and hloac-
tiviy depended on the struciure, skze, and s-potential of the
preparation {200, Also. the antboxldant acton of pure lpo-
spmes (e extract added) of the same lpld compositon
appeared much lower (sdgniflcany al P < 00057 than that of
ihe extract, Implying that the encapsalation of the compo-
nents of the exicact in the aqueons part of Hposomes and
ihe possible link of the lpophilic In lipld bilayers siahilized
ihe liposome membranes.

Mogphalogical smdles using SEM wese performed in
oader 10 venfy veslcle formatlon and o provide knowledge
on thelr shape and stuctore since these are related o the
behavior (physicochemical properties) of liposomes (241
SEM: (Fig. 7, only for ) ocfens) showed that the Hposomes
vieslcle, obialned by the thin Alm method, were sphesical in
shape and. in majority, were less than 250 = X nm in
diameter, The endeney of the lposomes 0 ageregale was
alse ohaerved, The method applied allowed ws o obialn
liposomes of the above diameter and of regular spherical
structiere, However, In order o clardty the physicochemlcal
behavior of these structures maore sindies should be per-
formed (e.g.. sindies in different empersure and o solo-
tion of different pH o walue),

The methanolbe ag well ag the dichloromethane extracts
of the Thvmnes spp. bave also been smdbed for their ani-
microblal activides, before and afler encapsulatkon o H-
posomes (Takle 1 The methanolic exiracts of T, Jongicau-
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FIGURE 7. Scarmming efeciron micee
graphs of MLV lipasorres Befire and afler

encopralarion & Thymus ocheus et
artatipireedd dry thie filfen mretivadd (o0 74, room
lemmperalare )

fiz and 7. ochens appeared as the mast aclive ones againgt
mast of the sudied microorganisms (8- 1o 1 1-mm zones of
inhibiticn). In generad, the graome-negative bacteria appeaned
as the most reslstant ones as well as O, alldeany among the
tested fungi. Adver the encapsulation, the exhibited antimi-
crobinl activities appeared much stronger (significant at &
=2 OIS, mostly against e gram-positive bacieria ps well
as againal the foodbome pathogen L symocviogenes (10
i 15-mm zones of inhibition), The anfimicrobial properties
of plaml extraets bave been of greal interest in botl aca-
demla and the food Industey, becanse of thelr possible nae
as nutural additives emerged from e growing tendency o
replice synthetic antimicrobial aeents with nateral ones
(221 De 1 thelr strong antdimberohdal activity, the extracts
from the herbal parts of Ty sppe used in our study
conld be consideraed a oatoral source that can b freely nsed
in the tood industey a8 a colinary herb, Especially, the dra-
matically Inereased antimlcrobial activlty afier the encap-
sulation in liposomes can promote the use of the abowe-
o esd T:I'.'_jTJTJr.'i'cl.l;l‘;'n:l;ﬁ A% paolem |:|r|::<1.:r-.-mi-.-ug and con-
servatlon agents oot only o the food indusiry bat also in
cosmetics and medical preparations.

The present study demonstred the potential antiosi-
dant and anfimicrobizl fopd preservadive abillty of foar
Thyms spp. (boissiers, Tongicandis, lewcospermus, and
octiensy, Especially, o our keowledge, the antioxidant and
antlmicroblal actlvity of all species (apan from T dosgd-
conlisy were studied for the Ars time, These aromatic
planis, commonly wsed a8 gplees in food o e a hot deink
after boiling in water, are fensible as they are considered
safe, The Tl spp, are self-growing plants, hardy, ex-
iremely lerand o decught, and can eastly grow on rocky
arid saill The production of extmck and their exploitition
as polentlal namral antoxidant and feod preservative could
be of economic benefit. The encapsulation in liposomes
modified the activities of the exmracis Body the antimicro-
Ral and antioxbdant actlvity seemed o Impeove and thelr
commercial application in food preservation conld be con-
sldered, However, fumher investgation should be carrled
oul on the modified solubility of extract, & well as the mie
of relepse of s antioxidant-aoiimicrobial Components [vom
liposnmes,
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