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ABSTRACT

This study was done during (2300) to study the anti-fungal activity of some
essential oils namely thyme, rosemary, lemongrass and geranium essential oils
against four pathogenic plants fungi namely Alternaria solani, Alfernaria alternata,
Marcophomina phaseolina and Sclerottum cepivorum.

The physico-chemical properties of tiiese oils were determined. Also, the
chemical composition and the main constituents were identified.

The results revealed that, ail the tested essential oils had different anti-fungal activity
against the fungi under study.

Thyme 0il showed the highest anti-funga! e fficacy, when its i nhibitory rate
ranged between 125 and 500 ppm. Followed by lemongrass oil (250 to 1000 ppm.},
however, geranium oil showed a moderate anti-fungal efficacy varied from 500 to
1000 ppm.

Rosemary il was the lowest one (1000 To 1200 ppm.), so that, it had no
anti-fungal effect against Scferotium cepivorum fungus. On the other hand, Alfernaria
solani fungus was sensitive towards most of the oils under test.

Keyword: Thyme, rosemary, lemongrass, geranium, essential oil, inhibitory,
pathogenic fungi.

INTRODUCTION

The presence of highly foxic and carcinogenic mycotoxins excreted
by certain types of fungi in plant and foodstuffs have led to extensive
research involving methods for inhibiting the synthesis of mycotoxins.

Several workers sfudied the effect of various essential oils on the
fungal g rowth and aflatoxin p roduction. F or e xample, M aruzzella and Liguri
{1958) reported that, many volatile oils such as those of cinnamen, caraway,
geranium and peppermint had prenounced activities on the growth of many
fungal genera.

Chakravarty and Baruah (1970) tested 9 phenolic compounds for
growth inhibitory effects on the pathogenic fungi, Helminthosporium oryza.
Anethole had some inhibitory effect.

Monchydric phenols such as menthol, thymol, and o.cresol were
inhibitory to spore formation than dihydric phenols such as, hydroguinone
pyrocatecol or trihydric phenols such as phiorogluccinol. Most of the phenolic
compounds produced toxic effect to the fungus at concentration less than
0.1%

Rao and Jaseph (1971} reported that the essential oil of lemongrass
and other essential oils had antifungal activity against physafespora
tucamanesis, caratocytic paradoxa, carvularia and fusarium monififorme.
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Study of some anti-fungal terpenocids was preformed by Agarwal and Mathela
{1979). The essential oil of Thymus serpyiilum was highly active against 6
penicillium and fusarium species. The activity was attributed mainly to
carvaco: and thymol present in the oil.

Among other terpeniod, geranicl was most effective followed by &-
pinene, p-cymene, cinole and ~Jerpineol, carvacrol and thymol, showed
higher fungicidal activities than those of standard anitfungal.

Effect of volatile compounds of carrot seed oil on growth and
aflatoxin production by Aspergilfus parasiticus was studied by Batt ef al.,
{1983).Geraiol, citral and terpeneol prevented growth and no aflatoxin
produced.

Limonene and terpinene did not affect the fungal growth but inhibited
aflatoxin production.

Pouli and Knobioch (1887) studied the anti-fungal properties of
equiamolar amounts of 16 compcnents, constituents of essential cils against
5 Asperagiflus spp. 4 penicillium spp., and Fusarium spp. Anti-fungal activity
was compared to that of phenoi and the results showed that substituted

phenols had the strongest anti-fungal activity.
: Most potent components being iso-eugenol, cinamaldhyde, carvacrol,
eugohal and thymol.

El-Baroty {(1988) mentioned that anti-fungal potentiality was
determined in-vitro by adding various concentrations of cumin, thyme, clove,
caraway and sage essential oils {0 Aspergillus parasiticus culture medium.

The oils caused complete inhibition in both myceiia growth and
aflatoxin production at certain leveis depending on the oil type.

According to the minimum inhibitory concentration (MIC), the
inhibitory effect of the oils followed descending sequence, thyme > cumin >
clove, caraway > rosemary > sage.

The {MIC) towards fungus metabolism for the oil and their basic
components were exactly by the same.

MATERIALS AND METHODS

Source of essential oil plants.

The leaves of thyme (Thymus vufgarius,L.), lemongrass (Cymbogon
citratus,L ), staple geranium Pelarganium grvelens,L. and rosemary
(Rosemarinus officinalis, ..} belonging to Labiatae family were collecied from
the farm of Medicinal and Aromatic Plants Department at Dokki, Horticulture
Research Institute, Agriculture Research Center,

All the essential oils samples were produced from crude parts by
steam distillation as described hy Guenther (1961) (during 2000} in laboratory
of Medicinal and Aromatic Plants Department.

Source of microhial culture

Culture of Alternaria solani, Alternaria afternata, Marcophomina
phaseolina and Sclerotium cepivorum were obtained from Cairo Mircen,
Faculty of Agriculture. Ain Shams University, Egypt (during 2000).
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Identification and determination of the essential oil composition
The G.L.C. analysis was carried out in the central laboratory of Fac.
Agri., Cairo Univ. {during 2000).
The conditions used are described i
PRO - Ge Pye Unicom
Column: PEGA 10 % on chromosorb

Temp. Programming:

Initial Temp. 70 °C

Rate 4 °C/mi
Final Temp. 190 °C
Final Time 20 min.
Detector Temp. 300 °C
injection Temp. 250 °C
Chart, speed 2 min.fcm.
Flow rate of gases

N2 30 mi/min.
H2 33 ml./min.
Air 330 ml./min.

Determination of anti-microbial activity

This method was carried out to measure the anti-microbial activity
according to Sleigh and Timburg (1981). The effect of different tested natural
oils and their main components on the growth of tested fungi (Alternaria
sofani, Alternaria affernata, Marcophomina phaseolina and Sclerotium
cepivorum.} was studied. The tested fungi were grown on water agar (WA)
media to yield a low growth.

After an equal discs (5 ml. in diameter) from Whatman No. 1 filter
paper were saturated with the different tested natural oils and their main
components separately for 10 minutes, two saturated discs were used for
each petridish and 4 dishes were used for each tested oil as replicates.

Dishes contained only WA media were used as control. The
inhibitich zones of fungal growih produced by different tested oils were
measured in mm and tabulated.

Minimum inhibitory concentration (MIC)

Different c ancentrations 125, 250, 500, 1000 and 1250 ppm of oils
under investigation were carried out, the filter discs were conducted to the
above mentioned concentrations and the used in petridishes contained WA
media as mentioned before. The inhibition zones were also measured as
mentioned in disc diffusion method. The lowest quantities required to the
determination of the fungi pathogenic fungi was designated as the MIC of the
oil, Moussa (1998).
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RESULTS AND DISCUSSION

A} sical and chemical properties of the essential oils :

The most important physical and chemical properties of thyme,
rosemary, lemongrass and geranium essential oils are determined and the
results are shown in Table {1). Most of the values were to be within the range

mentioned by Guenther (1961).

Table {1): The physical and chemical properties of the tested
Labiatae essential oils.

oils Specific . Refractive Optit_:al Acid Ester
Gravity at 15°C index rotation | number | number

Thyme Lemongrass 0.9538 1.4951 |+6° 30 1.5 1.52
Lemongrass 0.8871 1.4881 +11° 5 3.75 20.27
(Geranium 0.8985 14752 |-10° 8| 460 51.60
Rosemary 0.9153 14728 |+11° 19| 1.20 18.80

B} Chemical composition of the tested essential oils :
Gas liquid chromatography was used to determine the chemical
composition of four essential oils of Labiatae family (thyme, lemongrass,
geranium and rosemary).
The chemical composition of these oils is jisted in Table (2} and their
chromatograms in Figures (1 - 4).

Table (2): Chemical components of the tested essential oils

o Essential oils
Compounds % Thyme Lemongrass Geranium Rosemary

. Pinene 1.1 1.3 0.6 12.7

. Pinene 0.3 - 0.2 2.5
ICamphene - - - 0.1
Limonene 0.3 4.7 0.3 6.0
by Terplnene 0.3 - - 15.6
Phellandrene 1.5 - - 1.2
Myrecene - - - 0.2
P-Cymene 36.0 1.1 - 3.0
Caryophyllene - - - 9.6
Eugenol - - - -
Thymol 42.7 4.8 - 0.4
Citronelloi - - 13.9 -
Thujone - - - 0.2
Linalooi _ - 2.08 - 0.6
Geraniol - 24 8 259 03
Citral - 33.7 - -
Cineole - 2 - -
Borneol 0.7 - 10.4 26.5
Linaly! Acetate 1.0 3.8 - 0.3
Terpinyl Acstate 0.1 - - 0.1
‘Geranyl Acetale - 1.1 - -
Geranyl - 1.0 13.5 - |
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Fig.(2) Gas chromatogram of Geranium oil
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Fig.(4) Gas chromatogram of Rosemary oil
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GLC analysis of the fresh essential oils in table {2) and their chromatograms
in Fig.(1 - 4) showed that, thyme oil was characterized by the presence of
thymol (42.7), beside a great amount of myrcene (36.0%).

However, the major components of lemongrass oil were citral (33.7%), and
geraniol (24.8 %) beside thymol (4.8%).

Geranium oil was characterized by the presence of two compounds, geranioi
and citronellol {(25.9% and 13.9%) respectively.

As for rosemary oil, the main compounds were bornec! (26.5%) a- Terpinene
(15.6%) and a-Pinene {12.7%).

C) Anti-fungal effect of the essential oils under study

Molds and fungi are very common in our environment, and their
occurrence in plant diseases should be particularly concerned.
The obtained data in Table (3} of the inhibition zone {mm} on various fungal
growth with different essential oils components indicated that, thymol alcohol
in thyme oil had the highest anti-fungal activity followed by citral m
lemongrass oil.
Citronellol was slightiy powerful than geranlol in geranium oil but borneol in
rosemary oil was the lowest one.

Table (3): Diameter of inhibition zone (mm) of the main components of
the tested essential oils

Microorganisms
Number Alt fa | Afte fa] Marcophomina | Sclerotium
H ernarla rnaria arc (}F]
Main compounds solani | aftrenata | phaseoline | Cepivorum
1 Thymol (thyme) 30 28 27 25
> Citral {lemongrass) 22 20 21 18
13 Geraniol (geranium) 18 17 16 13
4 Citronellol {geranium) 20 18 i7 12
5 Borneol (rosemary} 15 12 12 No effect

Also the obtained data in table {4) indicated that, all the tested

essential oits {without dilution) had different effects against the four fungi
under study in most cases, with an exception in case of sclerotium cepivorum
fungus whose was resistance towards rosemary essential oil.
This anti-micrebial a ctivity o f e ssentiat oils against microorganism might be
due to that essential oils cause damage to biclogical membrane due to
lipophilic properties interfering with membrane integrated enzyme, Ei. Baroty
(1988).

Maruzzella (1962) arranged the active part of volatile oil according to
their anti-microbial activities in the decreasing order as follows: aldehyde,
phenols, alcohols, ketones, hvdrocarbons.

The obtained data in Table {4) revealed that, thyme oii showed
higher anti-fungal activity against all selected strains of fungi than comparable
essential oils followed by lemongrass oil and geranium, respectively, while
rosemary oil had the lowest cne,
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Also, the same dala indicated that, every essential oil showed more
Powerful anti-funﬂal activity than its main component, Generally, it gan Qe

concluded that, essential oil of thyme followed by lemongrass had the most
anti-funga! effect against the tested fungi.

Table{4): Diameter of inhibition zone (mm) of the tested essential oils.

Microorganisms
No. Oils Alternaria | Alternaria |Marcophomin] Sclerotium
sofani altrenata | a phaseoline | cepivorum
1 Thyme 35 30 28 26
2  Lemongrass 24 22 22 19
3  [Geranium 19 19 18 14
4 Rosemary 18 14 13 No effect

The minimum inhibitory concentration (MIC) in Table (5} indicated
that, Alfernaria sofani fungus was more sensitive to all essential oils where
their (MIC) for this fungus were 125, 250,500 and 1000 ppm for thyme,
lemongrass, geranium and rosemary oils respectively.

On the other hand, Sclerotium cepivorum was tolerance towards the
tested fungi as descending order, thyme, lemongrass, geranium, and
rosemary while Alternaria alternata fungus was more sensitive to thyme and
lemongrass oil, where their (MIC) 250 and 500 ppm, respectively, but it was
resistant to geranium and rosemary oils.

Generally, the same sequence of tolerance towards the tested fungi
as a descending order was in the same trend of their oils.

Tabie (5): Minimum inhibitory concentration of the tested essential oils
on the growth of different fungi.

Thyme [ Lemongrass | Geranium | Rosemary
Fungi
Number {MIC ppm)
1 lAltemaria solani 125 250 500 1006
2 lAlternaria atternata 250 500 1000 1000
3 Marcophomina
ohaseolina 250 500 1000 1250
4 Sclerotium cepivorum 500 1000 1000 No effect

Fig. (5) shows the chemical structure of the most compounds in the
tested essentiai oils. It appears that, there is a relationship between the
chemical composition of the oil and its inhibitory activity, this inhibitory effect
might be due to the presence of group which is more active and easily forms
bonds with the active sites of the fungal enzyme, Ei-Baroty {1988).
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Fig.(5) Chemical structure of the basic comouads of seme essential oils

Thyme oil had the highest anti-fungal effect due to the presence of
the phenolic group of thymol compound besides the aromatic hydrocarbon p-
cymene (36.0%).

Lemongrass oil was also a strong anti-fungal agent due to its
containing a great amount of cetral aldhyde and geraniol alcohol (24.8%)
beside thymol in small quantities.

As for geranium oll, it behaved a moderate anti-fungal agent because
of it's containing alcoholic terpenes such as geraniol (25.9%) and citroneilol
(13.9%)

On the other hand, rosemary oil considered as the lowest anti-fungal
agent in comparison to the other tested oils and its anti-fungal activity that
attributed to the presence of borneol alcohol (26.5%), « -Terpinene (15.6%)
and u- Pinene (12.7%)

These compounds together act as synergistic effect in its anti-fungal
activity. El-Baroty and Moussa who indicated that there is a relationship
between the chemical composition of the oil and its antimicrobial activity were
in agreement with these results.
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