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Chemical Composition and Fungitoxic Properties to 
Phytopathogenic Fungi of Essential Oils of Selected Aromatic Plants 
Growing Wild in Turkey 
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Essential oils of Thymbra spicata, Satureja thymbra, Salvia fruticosa, Laurus nobilis, Mentha 
pulegium, Inula viscosa, Pimpinella anisum, Eucalyptus camaldulensis, and Origanum minitiflorum 
plants growing wild in  southern Turkey were investigated by means of GC-FID, and  20 components 
were identified. The main ones were y-terpinene, p-cymene, thymol, and carvacrol as well as 1,8- 
cineole, pulegone, and anethole. Biological assays showed that fungitoxicity against the soil-borne 
plant disease-causing fungi Fusarium moniliforme, Rhizoctonia solani, Sclerotinia sclerotiorum, and 
Phytophthora capsici was due to different concentrations of the phenolic fraction (especially thymol 
a n d o r  carvacrol) in the  essential oils. 
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Yegen et al. (1992) reported that the  aqueous extracts 
and essential oils of several aromatic plants growing as 
wild populations in southern Turkey exhibited fungi- 
toxicity against soil-borne phytopathogenic fungi in  
vitro. The essential oils of Thymbra spicata and Sat- 
ureja thymbra were most effective in  inhibiting mycelial 
growth of the  test fungi Fusarium moniliforme, Rhizoc- 
tonia solani, Sclerotinia sclerotiorum, and Phytophthora 
capsici with minimum inhibitory concentrations be- 
tween 400 and 800 pg/mL medium. Investigations with 
thin-layer chromatography implicated thymol and car- 
vacrol as major antifungal active compounds, but the 
identification of further substances responsible for this 
inhibition has not yet been completed. 

Thymbra spicata and Satureja thymbra (Labiatae) 
grow wild in some eastern Mediterranean countries. 
Plants of the  two species a re  traditionally used in local 
spice (‘‘Za’atar’’), together with Majorana syriaca (L.) 
Rafin. and Coridothymus capitatus (L.) Rchb. fil. (Ravid 
and Putievsky, 1983, 1985; Fleisher et al., 1984). Sa- 
tureja thymbra is also being used in folk medicine for 
its antiseptic, tonic, stimulating, gastrosedative, and 
diuretic properties (Capone et al., 1989). Because of the  
harsh phenolic character of the oils, they a re  reminis- 
cent of the taste and fragrance of commercial oregano 
and  thyme oils. 

The purpose of this study was the chemical analysis 
of the  essential oil of Thymbra spicata, Satureja thym- 
bra, Salvia fruticosa, Laurus nobilis, Mentha pulegium, 
Inula uiscosa, and further Turkish wild aromatic plants 
and the  determination of their fungitoxic components 
by biological tests-in view of a use, if possible, as 
natural  fungicides. 

MATERIALS AND METHODS 

Plant Species. Plant material of Thymbra spicata L., 
Satureja thymbra L., Salvia fruticosa Mill., Laurus nobilis L., 
Mentha pulegium L., h u l a  viscosa (L.) Ait., Pimpinella anisum 
L., and Eucalyptus camaldulensis Dehn used in this investiga- 
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tion was collected (during the summers of 1991, 1992, and 
1993) from different wild populations in southern Turkey in 
the province of Antalya. Furthermore, wild growing plants, 
conforming to the botanical description of Origanum miniti- 
florum Shwars et Davis, were collected at the hills near 
Korkuteli in July 1993. 

Isolation of the Essential Oils. Leaves were separated 
from branches, and the dried leaves (and flowering tops) were 
ground to a coarse powder: 50 g of powdered plant materials 
were steam-distilled with 500 mL of double distilled water for 
about 3 h until the complete extraction of the oil was achieved. 
The separation from the water was conducted by petroleum 
ether (boiling range 60-80 “C). The extract was dried over 
anhydrous NaZS04, the solvent evaporated, and the essential 
oil stored in the dark at 4 “C until further analysis. Highest 
yields of essential oil were obtained from flowering Origanum 
minitiflorum: 4.34 mU100 g of dry leaf weight. 

Gas Chromatography. Essential oil composition was 
analyzed using a Shimadzu Model GC-14A gas chromatograph, 
fitted with flame ionization detection (FID), a split-splitless 
injector, and a linear temperature programmer; the gas 
chromatograph was connected to a recorder-integrator (Shi- 
madzu Model C-R4A chromatopac). A fused silica column MN 
3681-8A (Macherey-Nagel, Duren, Germany) was employed, 
loaded with SE-30 liquid phase (column dimensions: 50 m x 
0.32 mm id.). The operating conditions were the following: 
injector, 230 “C; detector, 250 “C; initial column temperature 
75 “C for 2.5 min, raised at 2.5 “C/min to 175 “C and held for 
2.5 min; carrier gas was nitrogen; split ratio 1:40, volume 
injected 1.0 pL. 

Stock solutions for the two-point calibration graph were 
prepared containing 50 mg/mL of the internal standard 
(eugenol) with 5 and 50 mg/mL of the following terpenic 
components (supplied by Fluka Chemie AG, Buchs, Switzer- 
land) in n-hexane as solvent: (lS)-(-)-a-pinene, (-)-camphene, 
(lS)-(-)-P-pinene, P-myrcene [Sigma M 03821, (&)-limonene, 
a-terpinene, p-cymene, 1,8-cineole, y-terpinene, (&)-linalool, 
(&)-camphor, menthone, (-)-borneol, menthol, ($1-terpinen- 
4-01, (R)-(+)-pulegone, anethole, thymol, carvacrol, and (-1- 
trans-caryophyllene; calibration curves were linear between 
0.5 and 100 mg/mL. The essential oils were diluted in 
n-hexane to adequate volumes prior to injection. The identities 
of the peaks were confirmed by comparison of their retention 
times (min) with those of reference samples and, in case of 
doubt, by their mass spectra, obtained by gas chromatogra- 
phy-mass spectrometry (GC-MS). 

Test Microorganisms. The antifungal properties of the 
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Table 1. Main Components (mg/mL) of Essential Oils Obtained from T. spicatu, S. thymbra, S. fruticosu, L. nobizis, M. 
pulegium, I. uiscosu, and 0. minitiflorum, Collected in 1993 
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t+ T. spicata S. thymbra S. fruticosa L. nobilis M. pulegium I .  viscosa 0. minitiflorum 
no. component min 1993.an0 1993.m 1993.ka 1993.te 1993.ak 1993.an 1993.ko 

1 a-pinene 6.60 6.0 6.6 27.6 1.3 1.4 t t 
2 camphene 7.01 2.5 1.5 11.7 - 
3 /3-pinene 7.86 1.6 2.4 20.4 1.6 t 
4 /3-myrcene 8.21 14.5 13.7 9.6 t 1.1 t t 
5 limonene 8.76 1.7 2.3 t t 
6 a-terpinene 9.05 tb t 
7 p-cymene 9.35 90.1 93.5 12.3 t t 1.5 6.8 

1.2 8 l,8-cineole 9.68 4.6 5.7 456.1 121.4 34.7 - 
9 y-terpinene 10.89 86.4 216.3 9.8 1.7 t t 1.5 

t 
t 

- t 
- 

- - - 
- - - - - 

10 linalool 12.45 2.0 8.0 17.0 15.2 2.5 t t 
11 camphor 14.06 
12 menthone 14.81 
13 borneol 15.49 10.4 3.0 13.5 4.7 13.8 t 3.7 
14 menthol 15.99 

4.2 15 terpinen-4-01 16.16 3.9 4.7 4.0 7.8 1.1 
16 pulegone 18.88 
17 thymol 22.05 87.2 273.8 39.0 t t t 1.5 
18 carvacrol 22.58 439.3 27.7 9.2 t t 5.7 559.4 
19 &caryophyllene 29.58 13.0 32.7 6.9 2.0 t t 5.6 

- - - 36.4 t -C - 
- - - - 5.4 - - 

- t - - - - - 
- 
- - - 205.5 - - - 

a Collected in: an (Antalya), ka (Kalkan), te (Termessus), ak (Aksu), ko (Korkuteli). t = traces (<l mg/mL). - means not detectable. 

steam-distilled essential oils were tested in vitro with Fusar- 
ium moniliforme Sheldon, Rhizoctonia solani Kiihn, Sclerotinia 
sclerotiorum (Lib.) de Bary, and Phytophthora capsici Leonian. 

Biological Assays. The antifungal properties of the refer- 
ence samples were tested in vitro according to the poisoned- 
food technique of Grover and Moore (1962) by determining the 
minimum concentration inhibiting in a solid medium with six 
concentrations between 25 and 250 ,ugh& in potato-dextrose- 
agar by dissolving the requisite amount of the component in 
0.1 mL of acetone and then mixing with 9.9 mL of the medium 
separately. Four replicates were inoculated with 7 mm discs 
of fungus mycelium and incubated in the dark a t  23.5 "C, and 
mycelial growth was measured aften 7 days. In addition, the 
antifungal activities of the synthetic fungicides Folicur EC 250, 
Previcur N, Sportak, Fbvral, Maneb 80, and the active ingredi- 
ent of Baytan, Triadimenol, were investigated using the test 
fungi mentioned above. Essential oils were tested in culture 
plates similar to the bioassay procedures at  a concentration 
of 1000 pUL. The fungistatic-fungicidal nature of essential 
oils and reference components were tested by observing revival 
of growth of the inhibited mycelial disc following its transfer 
to (nontreated) potato-dextrose-agar: Compounds were clas- 
sified as fungistatic if any mycelial growth was observed after 
a further 10 days. 

Thin Layer Chromatography. Analytical thin-layer 
chromatographic studies of the essential oils, with emphasis 
on their phenolic components, were done on TLC aluminum 
sheets precoated with a layer thickness of 0.2 mm silica gel 
60 (Merck AG, Darmstadt, Germany). Plates of 10 x 10 cm 
were developed in chloroform-dichloromethane-n-hexane (45: 
4510 v/v/v). The essential oils and the compounds thymol and 
carvacrol (for cochromatography) were applied in dichlo- 
romethane solutions. After chromatography, the air-dried 
plates were sprayed with a p-anisaldehyde-sulfuric acid 
solution and heated in an oven at  120 "C to develop the 
essential oil spots of thymol and carvacrol. 

Biological activities of the separated volatile oil constituents 
were detected after preparative thin-layer chromatography. 
After development with the respective solvent system, one half 
of a 20 x 10 cm-plate was sprayed with Cladosporium 
herbarum Link ex Fr. spore suspensions to locate the anti- 
fungal spots and incubated at  23.5 "C for 7 days in a moisture 
chamber. The other (nonsprayed) part was stored at 4 "C. The 
nonsprayed developed areas, situated at the level of the 
reference spots, were separately scraped out, and the silica 
gel was extracted with 1000 pL of methanol and centrifuged 
(12.000 rpm). The solvent of an aliquot of 900 pL was 
evaporated, the residue was dissolved in 50 p L  n-hexane, and 
1 pL was injected into the gas chromatograph. 

RESULTS 

Gas Chromatography. The constituents of the  
essential oils of the  leaves of T. spicata, S. thymbra, S. 
fruticosa, L. nobilis, M. pulegium, I. uiscosa, and 0. 
minitiflorum are  listed in Table 1 according to increas- 
ing retention times. 

The thymol isomer carvacrol was the major constitu- 
ent in the essential oils of T. spicata (Labiatae), followed 
by moderate concentrations of t he  monoterpene hydro- 
carbons y-terpinene and  p-cymene. The qualitative 
composition of the oils were similar in all samples, and 
the content of the  phenolic fraction in the  oils appeared 
to be constant. The highest carvacrol content (515.8 mg/ 
mL), in the  presence of thymol in small quantities (8.4 
mg/mL), was detected in an essential oil of T. spicata 
plants collected near Aksu in  July, 1993, while t he  
lowest carvacrol content (439.3 mg/mL), in the  presence 
of thymol in moderate quantities (87.2 mg/mL), was 
detected in an essential oil collected in Antalya in  July, 
1993. In the  three years of the  investigation, t he  
thymol-containing chemovariety of S. thymbra (Labia- 
tae) was abundant: Thymol, y-terpinene, and (with a 
lower content) p-cymene were prevalent in the essential 
oils with respect to the  other components. Carvacrol 
and ,f3-caryophyllene were still found in considerable 
amounts. However, GC analysis of essential oils of T. 
spicata and S. thymbra showed that the oils obtained 
from T. spicata contained larger proportions of phenols 
(= carvacrol plus thymol) with a smaller amount of 
y-terpinene and P-caryophyllene than in the oils ob- 
tained from S. thymbra. The relative content of p- 
cymene, a metabolic product of y-terpinene, and the  
other essential oil components were comparable in the 
oils of T. spicata and S. thymbra. 

The essential oils of S. fruticosa (Labiatae) and L. 
nobilis (Lauracae) contained mainly 1,8-cineole (= eu- 
calyptol), one of the  few cyclic terpene ethers found in 
aromatic plants, while the  main constituent of the  
essential oil of Mentha sp. (Labiatae) was pulegone. The 
essential oil of I. uiscosa (Compositeae) contained only 
small amounts of some of the  investigated components. 
The essential oil of flowering plants of 0. minitiflorum 
(Labiatae) contained mainly carvacrol, while p-cymene, 
borneol, terpinen-4-01, and P-caryophyllene were found 
in small quantities. 
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Table 2. Inhibition of Mycelial Growth of the Test Fungi 
(Colony Diameter Method, Deviation from the Control in 
%) by lo00 pL of the Essential Oils of Different Plant 
Species in 1 L Potato-Dextrose-Agar (Average Values) 

Muller-Riebau et al. 

F. R. S. P. 
essential oil moniliforme solani sclerotiorum capsici 

T. spicata 
S. thymbra 
S. fruticosa 
L. nobilis 
M .  pulegium 
I. uiscosa 
P. anisum 
E. camaldulensis 
0. minitiflorum 

100.0* 
100.0* 
47.3 
38.3 
50.5 
35.6 
52.4 
46.5 

100.0 

100.0 
100.0 
15.0 
4.1 
0.0 
0.0 

100.0 
59.3 

100.0 

100.0 
100.0 

0.0 
0.0 
0.0 
0.0 

100.0 
0.0 

100.0 

100.0 
100.0 
48.4 
31.1 
21.7 
39.1 
35.9 
68.5 

100.0 

* = inhibition only fungistatic. 

In addition, anethole (815.4 mg/mL) was found to be 
the main component in the essential oil of P. anisum 
(Umbelliferae), and due to the high content of l,&cineole 
(228.6 mg/mL), the essential oil of E. camaldulensis 
(Myrtaceae) can be classified in the same group as those 
of S. fruticosa and L. nobilis. It should be noted that 
eugenol (as the phenolic component) was detected in all 
of these essential oils as follows: L. nobilis (25.7 mg/ 
mL), S. fiuticosa (3.4 mg/mL), and E. camaldu2ensis (2.2 
mg/mL). 

Biological Assays. The inhibition of the mycelial 
growth of F. moniliform, R. solani, S. sclerotiorum, and 
P. capsici on potato-dextrose-agar containing 1000 
p U L  of an essential oil, corresponding to practical 
fungicide concentrations, is shown in Table 2. 

The results indicate that some of the essentail oils 
tested (S. fruticosa, L. nobilis, M. pulegium, and E. 
camaldulensis) were noninhibitory or slightly inhibitory 
to the mycelial growth on the test fungi. Only essential 
oils of thymelike spices (T. spicata, S. thymbra, and 0. 
minitiflorum) containing considerable amounts-more 
than 234.8 mg/mL-of the phenolic components thymol 
and/or carvacrol in the essential oil were strongly 
inhibitory to  all the fungi examined. A low phenolic 
content of 101.5 mg/mL in the essential oil of Thymus 
sp. (not presented in detail here) had no appreciable 
effect on the mycelium growth to the fungi in vitro, while 
Thymus sp. with a phenolic content of 142.9 and 179.4 
mg/mL, respectively, were found to be strong inhibitory 
to R. solani (inhibition only fungistatic) and P. capsici. 
The essential oil of P. anisum was strongly inhibitory 
to R. solani and S. sclerotiorum. 

The studies on the antifungal activity of the reference 
samples showed that only concentrations of more than 
100 pg/mL of thymol and carvacrol led to a complete 
inhibition of fungal growth (Table 3). The phenolic 
hydrocarbon eugenol showed a moderate inhibition, but 
it was less efficacious compared to thymol or carvacrol. 
The components a-pinene, camphene, B-pinene, 8- 
myrcene, limonene, a-terpinene, p-cymene, 1,8-cineole, 
y-terpinene, linalool, camphor, menthone, borneol, men- 
thol, terpinen-4-01, pulegone, anethole, and B-caryophyl- 
lene showed up to a concentration of 250 ,ug/mL only a 
slight or no mycelial growth inhibition. Furthermore, 
we investigated the efficacies of thymol and carvacrol 
by comparing them with some synthetic fungicides 
effective against the test fungi. The results for (for 
example) P. capsici, the agriculturally important soil- 
borne plant pathogen in southern Turkey, showed that 
these phenolic substances inhibited this fungus better 
than Previcur N. 

The analysis of mycelial growth of C. herbarum 
inhibitory spots on the thin-layer plates showed that 

thymol and carvacrol were the major fungitoxic compo- 
nents in T. spicata, s. thymbra, and s. fruticosa. Minor 
components of S. fiuticosa, fractionated by thin-layer 
chromatography, were 1.8-cineole, linalool, and cam- 
phor. We were able to associate the antifungal activity 
of the essential oil of M. pulegium with the keto cyclic 
monoterpene pulegone, although the reference samples 
showed only a slight toxicity, up to a concentration of 
250 pg/mL. None of the investigated components were 
present in the antifungal spots of L. nobilis and I. 
viscosa. Eugenol, a minor component in L. nobilis and 
S. fruticosa, was not detectable. 

DISCUSSION 

Gas Chromatography. The chemical composition 
of essential oils of T. spicata and S. thymbra growing 
wild in Israel were described by Ravid and Putievsky 
(1983, 1985), and the analysis of the investigated 
Turkish samples gave similar results: The most abun- 
dant components of the oils were (according to increas- 
ing retention times): y-terpinene, p-cymene, thymol, or 
carvacrol, which are biosynthetically related (Poulose 
and Croteau, 19781, while other terpenes occurred only 
in low concentrations or in traces. 

Capone et al. (1988, 1989) reported, similar to our 
results, that the main components of the oil of S. 
thymbra growing on the Italian island of Sardinia were 
y-terpinene, p-cymene, thymol, and the sesquiterpene 
hydrocarbon @-caryophyllene. Ravid and Putievsky 
(1983) reported that y-terpinene was found to be the 
major component of the oil of S. thymbra if the plants 
were collected when they started flowering. The highest 
values of oxygenated compounds (like thymol) occur in 
June and July, shortly after flowering (Werker et al., 
1985; Vokou and Margaris, 1986). 

S. fruticosa (syn. Salvia triloba L.) grows wild in Italy 
(Sicily), Greece, Turkey, and Lebanon. In our investiga- 
tions the content of 1,8-cineole and minor components, 
like the keto cyclic monoterpene camphor, exceeded 
those of other oils of Turkish origin described in the 
literature by Buil et al. (1977) and Bayrak and Akgiil 
(1987). In contrast to these reports, thymol and car- 
vacrol were found as additional minor components. The 
chemical composition of the Turkish laurel leaf oils, 
which are obtained from L. nobilis, examined in our 
investigation was comparable to the results of Akgiil et 
al. (1989), who reported that a sample of laurel leaf oil 
collected in the province of Antalya contained mainly 
1,8-cineole (followed by high percentages of a-terpinyl 
acetate and sabinene). 

In the essential oils of M. pulegium, in accordance to 
Skrubis (19721, only the keto cyclic monoterpene pule- 
gone was found in considerable amounts. In the current 
literature only a few references were found on the 
chemical composition of I. viscosa (Bohlmann et al., 
1977; Taillade et al., 1980; Grande et al. ,,. 19851, espe- 
cially from plants growing in Turkey (Oksuz, 1976, 
19771, but mainly flavonoids have been reported from 
the investigated varieties. 0. minitiflorum is less 
widely distributed, and only small samples of this plant 
could be collected. Carvacrol was detected as the most 
prevalent component in the essential oil: This was not 
unexpected if compared with other representatives of 
the genus Origanum of Turkish origin, like Origanum 
smyrnaeum L. (Buil et al., 1977) and Origanum majo- 
rana L. (Sarer et aZ.,1982). 
Biological Assays. The mycelial growth of test fungi 

responded differently to the various essential oils, which 
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Table 3. Inhibition of Mycelial Growth of F. moniliforme, R. so&ni, S. sclerotwrum, and P. capsici (Colony Diameter 
Method, Deviation from the Control in %) at Different Concentrations (in pg/mL Potato-Dextrose-Agar) of Thymol and 
Carvacrol, and Inhibition of Mycelial Growth of P. cupeici at Different Concentrations of a Soil-Applied Systemic 
Fungicide, Previcur N (Propamocarb Hydrochloride in d m L  Potato-Dextrose-Agar) 
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50 70.6 68.4 34.2 60.6 
100 87.9 87.2 88.6 100.0* 
150 100.0* 100.0* 100.0* 100.0 
200 100.0* 100.0* 100.0* 100.0 
250 100.0 100.0 100.0* 100.0 

F. moniliforme R. solani S. sclerotiorum P. capsici 
C thymol carvacrol thymol carvacrol thymol carvacrol thymol carvacrol Previcur N 

0.0 0.0 81.9 80.3 15.4 
100.0 100.0* 100.0 100.0* 23.8 
100.0 100.0 100.0 100.0 30.8 
100.0 100.0 100.0 100.0 34.4 
100.0 100.0 100.0 100.0 33.0 

* = inhibition only fungistatic. 

indicated that the oils may have different modes of 
action or that the metabolism of some fungi was able 
to better overcome the effect of the oil or adapt to it, 
especially S. sclerotiorum. 

The essential oils of T. spicata, S. thymbra, and 0. 
minitiflorum were strongly inhibitory to the mycelial 
growth of all the fungi examined. In addition, Akgiil 
and Kivanc (1988) reported that T. spicata and S. 
thymbra showed also inhibitory effects on some common 
food-borne bacteria. Capone et al. (1989) found an 
antibacterial activity in the essential oil of S. thymbra 
with minimum inhibitory concentrations between 100 
and 200 pdmL for Staphylococcus aureus and 400 pgl 
mL for Klebsiella pneumoniae. 

Antifungal activities of S. fruticosa and I. viscosa were 
reported by Akgiil and Kivanc (1989) and Benjilali et 
al. (19841, respectively, but they were found to  be fairly 
weak. Furthermore, Akgiil and Kivanc (1989) and Akgiil 
et al. (1989) reported that a t  a concentration of 0.01%, 
the leaf essential oil of L. nobilis did not affect any of 
the test microoganism investigated (several strains of 
bacteria and yeasts as well as some molds). In the 
current literature no references could be found to 
research of M. pulegium and E. camaldulensis having 
antifungal properties. 

The essential oil of P. anisum was strongly inhibitory 
to the mycelial growth of R. solani and S. sclerotiorum, 
and this is due to the very high anethole content. 
Antifungal activities of P. anisum were reported by 
Shukla and Tripathi (1987) and Akgiil and Kivanc 
(1989). 

The studies on the antifungal activity of the reference 
samples showed that concentrations of more than 100 
pg/mL of thymol (and carvacrol) led to a complete 
inhibition of fungal growth. The results confirm those 
reported by Hitokoto et al. (19801, Buchanan and 
Shepherd (19811, Farag et al. (19891, and Karapinar 
(19901, who demontrated that thymol concentrations 
2150 pg/mL completely inhibited the growth of As- 
pergillus parasiticus and Aspergillus flavus, respec- 
tively. Eugenol caused a moderate inhibition, but it was 
less efficacious compared to thymol and carvacrol. This 
was in accordance to Farag et al. (1989) but in contrast 
to Bullerman et al. (19771, who demonstrated that the 
essential oil of clove inhibited growth and subsequent 
toxin production by A. parasiticus at 250 ppm, and that 
eugenol, the principal component of clove oil, was 
inhibitory at a level of 125 ppm. The other components 
investigated showed up to a concentration of 250 pgl 
mL only a slight or no mycelial growth inhibition. 
Karapinar (1990) found an amount of 600 pg/mL as 
minimal inhibition concentration for menthol, while 
1000 ppm was detected for p-cymene against A. flavus 
and A. niger (Tripathi et al., 1986). 

Generally, the evaluation of several aromatic plants 
growing as wild populations in southern Turkey for 

their antifungal activities indicates that they can be 
divided into groups according to the chemical structure 
of their volatile oil: High fungicidal activities can be 
found in the phenol-containing labiaceous species as 
opposed to weak activities in the 1,8-cineole-containing 
species. Indifferent activities can be found in species, 
characterized by the presence of other major compo- 
nents, like anethole or pulegone. The essential oils of 
the species we examined differed chemically as well as 
quantitatively, but the inhibitory effects of the oils were 
mainly due to the most abundant components and not 
to the other associated substances. 

Yegen et al. (1992) reported that the essential oils of 
T. spicata and S. thymbra had a higher toxicity in  vitro 
to P. capsici than the fungicides carbendazim and 
pentachloronitrobenzene. In view of possible antifungal 
applications, we investigated the efficacies of thymol 
and carvacrol on test fungi by comparing them with 
further synthetic fungicides and found that these phe- 
nolic substances had a good biological activity compared 
to six fungicides investigated. Thymol and carvacrol 
were characterized as highly fungitoxic, and it indicates 
that there is a relationship between the chemical 
structure and its antifungal effects (Farag et al., 1989): 
Thymol and carvacrol (and eugenol) had higher inhibi- 
tory action than anethole, which might be due to the 
presence of a phenolic OH-group. It is well-known that 
the OH-group is much more reactive and can easily 
form hydrogen bonds with active sites of enzymes. This 
suggests that the possibility of using essential oils of 
aromatic plants growing wild in Turkey as “natural 
fungicides”, approaching realistic fungicide levels, de- 
pends on their phenolic content of thymol and carvacrol. 
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