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Different types of plants are used as thyme, such as Tvhmbra,
" Origanum, Satureja, Thvmus and Coridathymus in various rcgions e
.+ of the world. In the present study, essential 0il -components of .

. Thymus kofschyanus, Satureja hortensis, Origanum onites and Thy-

‘mbra spicata were determined by 'GC and antJmucrobxa | and¥anti- k,
*" fungal activities of essential oils of these plants’ agamst four phm
. pathogens were evaluated at concentrations-of 5,710.and 15:yig'and

...incubation times of 24, 48 and 72 h. The major components of the ;,

/cssemnai oils dctermmed by GC mymol (4] 6%) in Thymus
‘kotschyanius, ‘carvacrol in Origanum’ onites (40.7%), Sarureja’

- hortensis (20.6%) and Thymbra spicata (81%): Aqueous-and hexane -
extracts of each plant were tested for their antibacterial activity by -
using agar disk diffusion method. The results indicated that all
essential oils exhibit antibacterial activity agamek Ciawbacler
michiganensis subsp. michiganensis, Pseduomonas svringae pv.”
tomato and - Macrophomina - phaseoli, - except = Xanthomonas -
campestris pv. malvacearum. In addition, it has been observed that .
gram -+ve bacteria are more scnsnuvc than gram —-ve bac@cna '

Key Words: Thyme, Essential oil, GC, Plant pathogen, Anti-
microbial activity. .

INTRODUCT ION '

Nawmﬂly derived compounds and other naturaﬂ products may have apphca-
tions in controlling pathogens in plants and foods'. Some spices are known to
contain essential oils that possess antimicrobial activity, such as carvacrol and
thymol in thyme cumin aldehyde in cumip and hna]ool in conanderz =5, This
activity could act as chemical defence against p lant pathogemc dxséascs It is also
suggested that campicx oil present a grcater bamer to pathogc (adapmmn ﬂmn
would a more snmplc mixture of monotenpenes ‘

“ Investigations on the evaluation of the bnologncaﬁ activities of essemnaﬂ oils of
some medicinal pﬂam specues revea!ed that some of them exhnbntzd mtemstmg
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lytic and antiplasmodial’,

The flora of Turkey have 2 “ m, 2\specaes of 'Thymbm 14
species of Satureja and 36 species !f‘Thymus They are known and used as thyme
and “kekik”, which is the name given to those species with a thymol/carvacrol
type odour in Turkey and alB @f mese specnes are weH known as folk medicines
used in severa :

Demand for reductmn in the use of pestncndes in me agncuﬁmre increases
interest in the possnbnhty of the apphcauon of essential oil to control plant
pathogens'. R T : :

C. mzchzganemzs, R symgae pv zomato X campe.sms pv malvaceamm and
M. phaseoli are important plam pathogens and showed largely agricultural areas.
Bacterial cankcr Of tbmato ns caused by C. mzchzganensm The dxsease occurs
| ..The bacterium is swd borne but may
survive on piamdebns m sml for ait ieast one year P. syringae pv. tomato produces
small, brow'sp ”“"ith yellow margms on tomato leaves. X, “campestris pv.
i,ften a yery serio Aon Ixaf spots are small,
angular and ‘water: soaked bccommg dark-brown or reddish pmple as they age.
Charcoal rot is also caused by M. phaseoh Charcoal rot attacks mots Crowns
and lower smems when pﬁants are sown after other susoepub!e cmps

The prescm study is focussed on the determmauon of the antimicrobial activity
of the essential oils of four plants named as thyme, which is rich in terms of
carvacrol and thymol content. In addition, the goal of this research was to search
the effect of these plants essential oils against some pﬁam pathogens (bacteria
and fungi) that damaged extensively field crops such as mmam, cotton and sesame
and essential oil components of these plants.

awvwewch as%xpsecmndal,@nubacmgkagﬁand?antxfgngal Antinoce, :ptiye, spasmo-

EXPERIMENTAL

The plant materials used in the study are given below. Thymbra spicata L. var.
spxcam Thymus kotschyanus Boiss. & Hohen. , Satureja hortensis 1. and Ortga-
num onites L. were cumvatcd at’ thc Deparrtmem Of' Fneld Cmps Facu ty of
Agriculture, Dicle Umversaty i

Orzganum seeds were pmvnded from Agrncuiture Facuﬂty of Ankara University,
and T. spzcam, L. var. spzcata WT kozschyanus S hortenm sceds werc coﬂected
from the dnsUic(s f Dicle, Kara and

15 in Decembeg 200 ter, whm'seedﬂmgs
reached *t 10-15 &;m they were transfcrred 1o_the ﬁcld{.' )02., Except
Samreja in the ﬁrst year, leaves were not harvcsted but in the second year; the
harvest was performed at the flowering period in June 2003. Fresh leaves were
dried in‘a shadow and airy place for one week, Voucher. specimens were stored
in the warehouse until the analyses were performed. In the study, plant materials
were grounded in a spice mil before used.
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. Isolation of ;the  essential -oils: . Dry aerial materials of four plants were
pu‘lverﬁzed; esscmial -oil of plants was extracted «;by,;Clcvcnger-typcpapparatus for
4 h. Results were recorded as mL/100 g (%). R e I
GC conditions: Samples of essential oils were dissolved in hexane (1/100)
and 1 uL was injected on the following GC column. Supelcowax-10, fused silica
capillary column (30 m length X 0.25 mm i.d. x 0.25 pm film thickness). Flow
rate and temperature programming are as shown below. Initial coﬁumn tempera-
ture was 75°C, programmed to 200°C at 2.5°C min™" and held for 5 min at 200°C.
GC was performed with a Varian 3400 gas chromatograph fitted with flame
ionization detector and an effluent splitter with a split ratio of 30 : 1; carrier gas
nitrogen, flow rate | mL min~!, injector temperature 250°C, detector temperature
3000(:.‘* v ’ o .
Micro-organisms: The micro-organisms used in the study were obtained
from the Department of Plant Production, Faculty of Agriculture, Dicle Univer-
sity. Clavibacter michiganensis subsp. michiganensis (gram +ve), Pseduomonas
syringae pv. tomato (gram -ve), Xanthomonas campestris pv. malvacearum (gram
—ve) and Macrophomina phaseoli were used in the study. o
Antibiotic discs: 1In the study, the disk diffusion method was used to
determine the antimicrobial activity'®. The essential oil solutions were prepared
in hexane. By pipetting 5, 10 and 15 pL volumes of stock essential oils, 10 pg
discs were prepared. The discs used as a control were absorbed with 10 ML hexane.
Antibacterial activity: Test organisms were inoculated on to the specific LB
(Lauria Broth) media and incubated at 37°C for 2-6 h. The suspension was
adjusted to a 0.5 McFalland turbidity standard (1 x 10 CFU/mL) by using a
spectrophotometer. Of the bacteria suspension prepared from LB, 15 mL was
suspended on agar (Mueller Hinton). paper discs with a diameter of 6 mm
containing 5, 10 and 15 ug of essential oil samples to be assayed were put on to
agar. Plates were incubated at 37°C for 24, 48 and 72 h and the inhibition zones
of the microbial produced by different essential oils were measured as mm. All
the tests used against microorganisms were conducted three times and the results
were expressed as average values. ‘

RESULTS AND DISCUSSION

The essential oil components identified are given in Table-1. 1t is seen that
main components of T, kotschyanus essential oil are thymol (41.6%), carvacrol
(15.1%), myrcene (11.8%), limonene (8.8%) and a-pinene (7.3%); for Q. onizes,
they were carvacrol (40.7%), o-pinene (16.6%) and camphene (13%); for S.
hortensis, they were determined as carvacrol (20.6%), p-cymene (19.1%), thymol
(16%), camphene (6.8%), Y-terpinene (5%) and o.-pinene (4.5%), and I spicata
essential oil contains as major component carvacrol (81%), p-cymene (7.6%) and
. About 17 compounds identified were in common for four oils, Carvacrol was
the major compound of the essential oils of S, hortensis, O, onites and T. spicata,
representing 20.6, 40.7 and 81.0% of the total oils, respectively. Regarding the
previously reported content of Satureja, Origanum, Thymbra and Thymus essen-
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tial ~oils, it is interesting to point out: that 'there:are important quantative

differences; suggesting that the’ enwmnmemai factors may stmngly influence its
chemlcal composmon” 2 : ~ Dl s :

. TABLE-l.
CHEMICAL CQMPOSI'HON OF ESSENTIAL OILS OF DIFFERENT PLANTS USED
;A8 THYME (% TOTAL PEAK AREA), |

L . Thwnus - - ”Sgtureja} o Orxganum " Tvhmbra

o Compongnt§ ‘ N kottchyanus : hortm.wv ’Bm}e_’s" o \ “‘\spi‘car’a
o-Pinene 0 e 73 | 45 oo lee 250
Camphenc L 6.8 130 1.80
anenenc e 88 : 6.8
YTerpinene o 64 43 -
1.8-Cineole EE 2 I X B 2.08
pCymenc 30 19 se 760
a-Terpineol . - 234 0.4 1.9 0.40
Linalool g 06 04 1.2 co
B-Caryophyllen 0.3 07 0.6 -
Camphor : o 0.5 0.6 LI ; 0.08
Borneol 0.1 03 0.8 e
Geranyl acetate — 03 0.3 —
Carvone ) ' 1.0 0.8 L9 2.80
Thymol , S 4le 160 09 0.40
Carvacrol 151 1206 407 81.00
Oil yield (% mL/100 g) 0.8 22 0 a7y

Determination of the antimicrobial activity of essential oils by paper disc
diffusion method TR e

The antimicrobial activities of different essential mls agamst ‘microorganisms
examined in the present study were assesséd by the prcscnce ‘or ‘absence of
inhibition zones-and zone diameter. The essential oils from the four plants were
inhibitory to the growth of all the bactcna under tesk and %hese ﬁndmgs are
summarized in Table-2. = S

It has been shown that essential oils’ fmm dxfferem plants posscssed a wide
range of antibacterial spectrum. Because they inhibited the growth, the diameter
of inhibition varied from 10-46 mm, depending upon the susceptibility of the
tested organism. In the study, among ‘bacteria, the most resistant is X
malvacearum. In addition, essential oils of Thymbra, Savory, Oregmm and
Thymus were ineffective against X. malvacearum.
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I All essential ‘oils at S ng decreased the inhibition zone against bacteria than
l() and 15 pg. Lower essential oil amount: produced lower inhibition zone than
the higher one."Oregano and Savory essential oils showed ‘high inhibition zone
against C. ‘michiganensis subsp.-michiganensis at’5yig (34-and 30 mm) and
Thymbra oil showed high inhibition zone on M. Pphaseoli at 5 ug as 32 mm.

At 10 pg, 'the highest inhibition zones are obtained from oregano and savory
oils against C. ;mchxganenws as 46 and 32 mm, respectively and at 15 pg, the
hxghest mhlbmon zones were Obtamed from Satureja and T hymus essemnal oils
agamst ‘C. mvchxganemw as 34 and 30-m ""'mspectwely Inmbmcn z@nes were

; 13 have mported lthat: for,cumm and conander essemnal oils
at 25 ug cohcemratnonm ‘moum mmhnted bactena gmwmg EhamSO ,ug wncentw

effec&s Ii,aw concemratmn of essemml onﬂs wcre qmte suffncnem m prevem the
growth ; 0f - tested C.° mzcmganensm (gram-posmve) P.- syringae pv. -tomato
(gram- negauve) and M. phaseoli (fungi). Furthermore, gram p@smve bacteria
were more sensitive to essemnaﬁ mﬁe than gram negame

; TABLEZ ,
, KNHYBXTEON Z.ONES OF DW}"ERENT ESSENTIAL OH,.S AT DIFFERENT
CONCEN I'RATXONS (5, 10 AND 15 pg) AND INCUBATION TIMES (24, 48 AND 72 h)

’ Clavibacier | Pseudomonas | Xanthomonas Muacrophomina

Essential oils | N&€| michiganensis |  syringae | malvacearum phaseoli
1“8 s en 72h|24h 48h 72h|24h 48h 72h|24h 48h 72h
Thymbra spicata 5 10 16 10 10 10 0] R R R , 32 32 32
o112 12 12012 12 12|{R R |34 34 34
, wees oond 18 1022 22 00224020 .20 20 4 R - R 1-38 38 38
Thymus kotschyanus| 5 ) 10210 101 12 - 127 12 | R ~R 116 16 16
k G101 18 20 181 14 14 . 141 R R {14 14 14
| 15130 30 30|16 16 16 R "R "R |18 18 18
Ofiga/’num‘on(i!es”" 1S5 |34 34 30 ]0 “ 8 8 IR R |28 28 28
1046 46 R |12 12 12|R R |30 30 30
IS{R R .R.|12.48 18|R R |32 32 32
Sawrejahoriensis | 5 |30 30 30|10 10 10/R R R|R R R
032 .3 32016 12 2|R R R[10 10 10
s 45 ]34.34.34132 2 2[R R.R |14 14 14

* Antimicrobial activities of different essential oils against three bacteria and a
funguc; at dafferem incubation times are shown in Table-2. For all the essential
oils mcﬁuded in’ this bnoﬂognczﬂ mvestngatxon ‘the antibacterial and amufunga!
activity was also observed after 24, 48 and 72 h of incubation. Different
incubation times did not show a positive effect on tested bacteria and fungi.
Inhibition zones of 24, 48 and 72 h incubation times were similar to each other.
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It car. be said that 24 h incubation time is sufficient for microorganisms. -Similar
results were also reported by-Cimanga.eralS o oo o o
It has earlier been reported that the-culture medium, the technique of testing,
the botanical source of the plant, the age of the plant, the state of plant material
used (dried or fresh), the quantity of the oil used for the test and the isolation
technique are some factors implicated in the great variation of the activity of the
essenﬂaﬁ&ﬂl%'f, , o o an C o

hhahohmwnm&ﬂmpmmmﬁmmQM&&M@UMsmMﬂmkmMmmmmm
effecs depend on ,pylam;’“(sb"eic)ies; and regional conditions, such as altitude and
climatic conditions. Some gté;ééarg*hers%ép%tedjtbhqtgthgrge is a relationship between
the chemical structures of the '\“6st‘a;bpndgmlbomp(mnds”in the tested essential
oils and the antimicrobial activity. Essential ils rich in phenglic compounds such
as cavracrol and thymol are widely reported to possess high levels of antimicro-
bial activity, which has been confirmed and extended in the previous studies™ '
The ‘antimicrobial activities of ‘Origanim; Satureja, Thymus and Thymbra may
possibly be due to the presence of carvacrol and thymol'” '® as the most prevalent
compounds. . o et e i

Some researchers also reported that inhibition zones of oregano and thyme
essential oil increased against bacteria when concentration rate was increased'®,

It appears that there is a relationship between the chemical structures of the
most abundant compounds in the tested essential oil and antimicrobial activity.

Further research is needed in orde& to obtain information regarding the
practical effectiveness of essential oils to protect the plants, seeds or the plant
products without phytotoxic effects, but our study gives support for the applica-
tion of certain essential oils to control plant pathogens such as P syringae pv.
tomato, X. campestris pv. malvacearum and M. phaseoli or 10 eliminate the C.
michiganensis subsp. michiganensis under specific application conditions.

The results of the present study revealed that the antibacterial activity of
essential oils of plants used as thyme and containing carvacrol and thymol varied
greatly depending upon the plant species as well as the origin of microorganisms.
In the study, the data show that gram-negative bacteria were more resistant to
various essential oils than gram-positive. Our results suggest that the use of some
thyme plants” essential oils as antimicrobial agents may be exploitable to prevent
the deterioration of seeds by some bacteria and fungi.
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