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CONTROL OF GEOTRICHUM SOUR ROKOF-LIME FRUITS
BY ESSENTIAL OILS AND SOME CONSTITUENTS
[60]

El-Mohamedy', R.S.R
ABSTRACT

Five essential oils of different plants ,i.,¢., thyme ,lemon grass , grapefruit . sour
orange, lime and two constituents of essential oil ,.i. e., nerol and citrat were tested
for their inhibitory effect on Geofrichum candidum growth , spore germination ,
peel colonization and reducing sour rot incidence during 45 days of storage at 20C °.
Essential oils of thyme , lemon grass and grapefruit at 4 mi/l caused complete inhi-
bition of growth , spore germination , peel colonization with G. candidum by 100 %.
Meanwhile, sour orange and lime essential oils caused 90 - 100 % reduction at the
same conc.. Nerol and citral compounds at 4ml/1 caused complete also inhibition of
G. candidum growth, spore germination and peel fruit fungal colonization by G.
candidum, but nerol gave the best results at low conc. compared with the other com-
pounds. On the other hand, essential oils of thyme, lemon grass and grapefruit
caused 100 % reduction in sour rot incidence and rotted part of infected fruits during
30 days of storage and by 94, 90, 96 % respectively after 45 days of storage .
Meanwhile, nerol at 4 ml1 gave complete protection and caused 100% reduction in
sour rot incidence after 45 days of storage and by 80 % at 3 ml/f . After 7, 15, 30
days of storage nerol was the best compound in controlling scur rot of lime fruits at
3 ml/], where it caused 96, 90 and 86 % reduction at such dates respectively. These
results suggested that nerol as a constituent of cssential oil or thyme, lemon grass,
grapefniit as crude essential oifs may be safely used commercially as fruit coating to
control post harvest pathogenic fungi of citrus fruits
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Morsy and Abd El-Kader, 1994). Sour
rot of lime fruit could not be efficiently

INTRODUCTION

Sour rot of lime fruits have been re-
ported as an important post harvest dis-
ease at several areas and it is caused by
the citrus race of Geotrichum candidum
Link (Butler er al 1965; Mahmoud,
1978; Brown, 1979; Eckert of al 1981;
Morris, 1982; Brown and Eckert, 1988;

controlled with the known post harvest
treatments. Moreover, G. candidum is
resistant to organic fingicides developed
for the control of Penicillium rot (Brown,
1984; Eckert & al 1981; Morsy and
Abd El-Kader 1994). Treating lime fruit
with  biphenyl and sodium O-

I- Department of Plant Pathology, National Research Center, Dokki, Giza, Egypt.

(Received August 26, 2002)
{Accepted September 14, 2002)



958 El-Mohamedy

phenylphenat (SOPP) has been proved to
be effective to control sour rot of lime
fruits (Bussel and Shavit, 1975), but
these chemicals have not been used in
many countrics, because they were found
to be not effective and SOPP often in-
jured the peel citrus fruit (Eckert ef al
1981). There is a growing need to de-
velop altemative approaches for control-
ling post harvest disease of citrus fruits .
Efforts to find alternative compounds to
control citrns post harvest discases as
natural essential oils and some of their
constituents which proved to be biotoxic
to several pathogenic post harvest fungi
(Caccioni and Deans, 1993; Stange ef
al 1993; Singh et al 1993; Caccioni ¢f al
1995 a, b; Rodov et al 1995; Wannis-
sorn ef al 1996; Gegol ef al 1997 and
Suprapta & al 1997). Lemon grass,
thyme and citrus essential oils or some
their constituents such nerol and citrat
were more active when they vapors or
solution were used against Aspergillus
Sfumigatus, A. niger, Fusarium solani,
Penicillium expansum, P. digitatum, P .
italicum Rhizopus oryza, R stolonifer,
Botrytis cinerea, Alternaria citri, A. al-
ternata, Phytophthora tracheiphila and
Geotitrichum candidum (Arass and
Picca 1994; Arras ef af 1995 and 1998;
Inonye et ol 1998; Ragab et al 2001
and El-Mohamedy ef af 2002).

In Egypt, the citrus industry depends
on synthetic fungicides as standard prac-
tice for control of post harvest citrus rots .
However, loss of efficacy of some fungi-
cides, increasing public concern over
food safety and constant reviewing of
residue limits, are a challenges for the
industry.

The objective of this work is to use
some essential oils i.e., thyme, lemon
grass, grapefruit, sour orange, lime and

some of their constituents ie, nerol,
citral as natural chemicals compounds
and substitute of fungicides for control-
ling Geotrichum sour rot of lime fruits.

MATERIAL AND METHODS
Essential oils and Constituents

Five essential oils of three differences
plant genera ie thyme (Thymus
capitatus), lemon grass (Cymobogon
citratus Stapf), sour orange (Citrus
aurantium L.), grapefruit (Citrus paradisi
L.), lime (Citrus aurantifolia 1..) and two
constituents of these oils, i.e., nerol and
citral were used in this smudy. All
compounds were purchased from Giza
Aromatic Com. Giza . Egypt.

Fungal isolate

Geotrichum candidum Link was
isofated from naturally infected lime
fruits with sour rot disease . The purified
isolated fungi were identified according
to their cultural and microscopic
characters as described by Kenneth e al
1968; Ellis, 1971 and Barmett and
Hunter, 1972).

Antifungal activity of essential oils and
constituents

Antifungal activity of five essential
oils and two constituents was studied by
determining their inhibitory effect on
lingar growth and spore germination of
Geotrichum candidum on PDA medium.

Effect on linear growth

Five concentrations ie. 0.5, 1.0,2.0.
3.0 and 4.0 ml /1 for each essential oil or
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constituent were tested. The essential oils
or constituents were dissolved individu-
ally in tween 80 (0.01%) and then added
to PDA medium before solidifying. Discs
(5 mm diam) obtained from 8 days old of
G. candidum culures were aseptically
transferred to the center of five Petni
dishes of cach treatment as a replicates.
Five Petri dishes containing PDA me-
dium with tween 80 (0.01%) not amended
with any constituents or essential oil were
used as control. Plates were incubated at
25°C. The colonies diameter. in mm  was
measured after colonies in non treated
PDA plates were about 90 mm. The av-
erage linear growth of each treatment was
recorded and the percentage of reduction
in linear growth was calculated.

Effect on spore germination

A 100-ml portion of spore suspension
(10°/ ml) of G. candidum was streaked
onto PDA amended with various
concentrations of essential oils or
constituents by use of sterile glass rod
{Suprapta et al 1997). Five plates were
used for each concentration of each
compourkds. The plates were incubated at
25°C for 24 hours in the dark, then
germinated spores per plate (100 spores)
were determined microscopically. The
percentages of germinated spores of each
treatment and control were recorded and
reductior in  spore germination was
calculated.

Effect of essential oils and constituents
on colonization of lime fruits peel discs
by G. candidum

Discs (1.0cm) of lime fruits peel
were taken from healthy fruits by use of a
sterile cork borer . The discs were dipped

in 95 % ethanol for a bout 10 sec, then
washed with sterile distilled water three
times . The peel discs were then placed in
volatile solution of essential oil or
constituents (1.0 ,2.0, 3.0and 4.0 ml/L
concentrations ) for 1.0 min , then the
discs of lime fruit peels were dipped in
spore suspension of G. candidum (10°/
m}) for about 10 sec . The peel discs were
then placed in petri dishes ( 5 peel discs /
dish) that had been moistencd with
sterilized moistened filter paper and
incubated at 25°C for 72 hours in the dark
. Fungal colonization on peel discs was
determined according to Suprapta f al
1997.

Effect of essential oils and some
constituents on contrelling Geotrichum
sour rot on lime fruit during storage

Fresh lime fruits cv. Baladi apparently
free of physical damage and discases
were used in this experiment. Fruits were
surface sterilized with 5 % sodium
hypochelrite for about 30 sec . The fruits
were dipped in water emulsion containing
1, 2, 3 and 4 ml of essential cils or
constituents per liter for 1.0 min. The
fruits were then inoculated with spore
suspension of G. candidum (10° spore /
ml). The inoculation was carried out by
making a scrach 1.0 cm long and 1.0 mm
deep on both sides of fruits ,and then
applying the spores of G. candidum
collected from 19 days old cuitures to the
scrach with a sterilized pins . Fruits were
then incubated (stored) at 20°C and
about 90 % RH for decay development.
Each treatment consisted of 5 replicates,
and 10 fruits were used for each replicate
Inspection of decayed fruits (Geotrichum
sour rot) was carried out after 7, 14 . 30
and 45 days of storage. The number of
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decayed fruits was counted and the
percentages of infected (decayed) fruits
were calculated Fresh weight of rotted
tissue part of infected fruits in each
treatment and its percentage were
recorded and calculated .

Statistical Analysis

Tukey test for multiple comparisons
among means was utilized (Neler er al
1985)

RESULTS

Effect of essential oils and some con-
stituents on growth and spore germina-
tion of G. cadidum

Five essential oils and two constity-
enis (nerol-citral) at different concentra-
tions were tested for their inhibitory ef-
fect on growth and spore germination of
G. candidum (Tables 1 and 2). Resulis in
Table (1) indicate that al! tested essential
oils and constituents reduced growth of
the pathogen. This reduction was in-
creased by increasing concentration of all
compounds. Essential oils of thyme,
lemon grass, grapefruit, nerol and citral
reduced linear growth of G . candidum by
100 % at 4 mV] and by 90 - 100 % at 3
mi/ 1,73-95%at2 mll and by 56.2 -
86.1 % at 1.0 ml/] of all compounds. Sour
orange and lime essential oils gave less
effect at all concentrations. At 0.5 ml/ of
all compounds, lincar growth was re-
duced by 35.3 - 59.4 %. Nerol amd
thyme, lemon grass, citral gave the best
result in reducing growth at all concen-
trations of ail compounds.

Conceming the effect of essential oils
and constituents on spor¢ germination of
G.candidum, data in Table (2) show that

essential oil of thyme, lemon grass,
grapefruit and constituents nerol , citral
inhibited completely spore germination of
G. candidum at 3, 4 ml/1 conc., whearase
essential oil of sour orange and lime
caused 80.0, 70.0 % and 950, 925 %
reduction of spore germination at 3, 4
ml/!t respectively for the two oils. At 1,2
ml/ | of thyme, lemon grass and grape-
fruit essential oils caused a reduction by
more than 61.0, 75.0 % and by more than
55.0, 68.0 % with citral and nerot at the
same concemrations. All tested com-
pounds caused 22.5 -52.4 % reduction of
spore germination at 0.5 mi / I concentra-
tion

Effect of essential oils 2nd some thier
constifuents on fungal colonization of
peel discs

The number of colony forming unties
(cfu) recoverd from lime fruits peel discs
treated with different concentrations of
essential oils or constituents and the in-
hibitory effect {(IE) of G. candidum colo-
nization are presented in Table (3). These
results indicate that the inhibitory effect
was increased by increasing concentra-
tion of all compounds . Essential oil of
thyme, lemon grass, grapefruit and nerol
&citral caused 100 % ishibition of fungal
colonization at 4 ml/l conc. Sour orange
and lime essential oils caused 95.0 % and
92. % reduction at the same concentra-
tions. Two and 3 ml/l concn. of all com-
pounds caused inhibitory effect more than
50.0 % and 65.2 % respectively. Mean-
while lime essential oil show the least
effect at same conc.

In general, the number of cfu recov-
cred from lime fruit pee! discus treated
with thyme, lemon grass, grapefruit
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Table 1. Geotrichum candidum linear growth mm (A) reduction percentage(B) at different concentrations of essential oils

and some their constituents.
" Concentration mi/l
Rssentil 0.0 03 0 70 30 0
constituent —— B A B 4 B A B A B A B
Thyme 900 00 487 459 212 764 118 895 35 %1 00 100
Lemo grass 90.0 0.0 44.0 51.1 28 M7 12.2 86.1 42 95.3 00 100
Sourorange 900 00 515 428 382 576 260 711 150 833 42 953
Grapefrit 900 00 485 461 250 722 128 858 65 928 00 100
Lime %00 00 582 353 472 476 25 69 202 Ti6 82 909
Nerol 900 00 365 594 125 861 40 956 00 100 00 100
Citral 9.0  00' 500 444 394 562 243 730 90 90 00 100
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Table 2. Geotrichum candidum spore germination (A), reduction percentage (B) at different concentrations of essential oils
and some their constituents.

Essential oil Concentration ml/l
Con;tituem © 0.0 0.5 1.0 2.0 3.0 4.0
A B A B A B A B A B A B

Thyme 100 00 585 415 308 692 200 8.0 00 100 00 100
Lemon grass 100 0.0 606 394 350 650 225 715 0.0 100 0.0 100
Sour orange 100 0.0 760 300 588 412 450 550 200 800 50 950
Grapefruit 100 0.0 625 375 390 610 250 750 0.0 100 0.0 100
Lime 100 0.0 715 225 638 362 555 445 300 700 75 925
Nerol 100 0.0 476 524 250 750 150 850 0.0 100 0.0 100
Control 100 0.0 64.0 360 450 550 320 680 0.0 100 0.0 100

A : average no. of spores (10°/ mm?)
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" Table 3. Inlubitory effect (IE%) of different concentrations of essential oils and somc their constituenis on fungal
colonization of lime fruits peel discs with Geotrichum candidum .

Concentration ml/l

Essential 00 30 40
Oil /constituent '

Cfu iE Cfu IE Cfu IE cfu IE Cfu IE

40,0 0.0 16.8 58.0 12.8 68.0 56 86.0 0.0 100
Thyme

40.0 0.0 18.0 55.0 140 65.0 6.5 838 0.0 100
Lemon grass

40.0 0.0 250 375 20.0 50.0 13.5 66.3 20 95.0
Sour orange

400 0.0 19.8 50.5 16.4 59.0 92 770 0.0 100
Grape fruit

40.0 0.0 234 41.5 21.0 47.5 158 60.5 32 92,0
Lime

40.0 0.0 17.2 570 104 74.0 4.0 90.0 0.0 100
Nerol

40.0 0.0 222 4.5 19.4 51.5 12.0 70.0 0.0 100
Citral ‘

Cfu : colony forming unites .

3wy Jo 103 MOS WnYdIneas jo fonuo)
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essential oils or nerol at 1 mi/l revealed
IE more than 50.0 %.

Effect of essential oils and some con-
stituents on controlling Geotrichum
sour rot of lime fruits

The volatile compounds with inhibi-
tory effect more than 50.0 % on coloni-
zation lime fruits peel discs by G. can-
didum at 1.0 ml/l concentration were
tested for their ability to prevent Geotri-
chum infection and to protect lime fruit
during differemt periods of storage. Data
in Table (4) indicate that all tested com-
pounds reduced the percentage of in-
fected lime fruits at all concenirations
during 45 days of storage compared with
unireated fruits. The percentage of in-
fected fruit was increased by increasing
storage periods. At 4 ml/l of thyme,
lemon grass, grapefruit essential oils or
nerol, the infected lime fruits was reduced
by 100 % after 30 days of storage (Plate
1), but thy were reduced by 94.0, 90.0,
96.0, 100.0 % for such oils after 45 days
of storage respectively. Whereas, 3 mifi
conc. of nerol reduced number of infected
fruits by 96.0, 90.00, 86.0, 80.0 % after 7,
13, 30 and 45 days of storage. At 3 ml/l
conc, of essential oils of thyme, lemon-
grass, grapefruit caused a reduction in
infected lime fruits by more 92.0, 86.0,
76.0 and 64.0 % was detected at the same
periods of storage respectively. Nerol was
the best compound to protect lime fruit &t
2 ml/l ,where ,the number of infected fruit
was reduced by 60.0 % afier 45 days of
storage. Thyme, lemon grass and grape-
fruit essential oilsat 2 mi /1 caused 50.0
% reduction at least after 45 days of stor-
age. All tested compounds causeda re-
duction in infected lime fruit by more

than 50.0 % after 30 days of storage at 3
ml /1 conc.

Concerning the effect of essential oils
and some their constituents on rotted
paris of infected lime fruits, similar re-
sults were obtained as the percentage of
infected fruits. Results in Table (5) indi-
cate that nerot at 4 ml/l concentration
completely reduced the percentage of
rotted parts of lime fruits and caused
complete protection of line fruits during
45 days of storage. Thyme, lemon grass
and grapefruit essential oils at 4 mb/i
caused a reduction of rotted parts by 160
% afier 7, 15 and 30 days of storage and
by 95.1, 91.2 and 96.4 % after 45 days of
siorage. After 45 days, nerol at 3 mi/l
concentration gave the best results in
reducing rotted parts of fruits followed
by thyme, lemon grass and grapefruit
essential oils, where, rotted parts were
reduced by 84.4% with nerol and by 76.7,
71.8 and 67.2 % with thyme, lemon grass
and grapefriit essential oils respectively.
Thyme, lemon grass and grapefruit es-
sential oils caused a reduction by more
than 99.4, 954 and 85.1 % at 3mi/1
conc. At 1 and 2 m! / | concentrations.
nerol gave the best results following by
thyme, lenon grass and grapefruit essen-
tial oils during 45 days of storage com-
pared with untreated fruits (control).

DISCUSSION

Post harvest decay of lime fruits are
mainly caused by sour rot (Geotrichum
candidum Link.) Butler ef al 1965; Meor-
ris, 1982; Eckert and Brown, 1986;
Brown and Eckert, 1988; Morsy and
Abd El-Kader, 1994. Essential oils con-
sist of various volatile compounds in-
cluding mono and sesquiterenoids , alde-
hydes, esters, acids, ketones, alcohol's

Annals Agric. Sc, 47(3), 2002



Table 4. Percentage of infected lime fruits with G. candidum treated with different concentrations of essential oils or
constituents during storage at 20 C°.

Geotrichum sour rot incidence %

200T {(£)Lt “108 ULy sfeuuy

Essential oi! o
Tl 2T Tl 4l g
Constituent. ——— 575 30 45 7 15 3 45 7 15 30 45 g
day day day day day day day day day day day day day day day day 2
Lo
| Thyme l6* 3%* S54* 90 8 24 36 52 6 12 18 30 0 0 0 6 % ‘
Lemon 24 4 60 76 14 30 40 64 8 14 20 32 0 0 0 10 E
grass 3
=8
Grapefruit 22 42 62 80 18 34 4 T 8 16 24 3% 0 0 0 4 %’f
Nerol 10 30 4 66 4 20 30 40 4 10 14 20 © 0 0 0
Control 44 %0 100 100 44 80 100 100 44 80 100 100 44 80 100 100

" Percentage of infected lime fruits ( out of 50 fruit of each treatment ) during pierods of slorage
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Table 5. Percentage of rotted parts of lime fruits with G. candidum treated with different concentrations of essential oils or

some their constituents during storage at 20°C,

Essential oil Geotrichum rotted part %
Constituent 1 mlil 2mll Imll 4 mi
7 15 30 45 7 15 30 45 7 15 3o 45 7 15 0 45
day day day day day day day day day day day day day day day day
Thyme 10° 79 296 648 05 353 198 421 04 26 99 233 0 0 0 49
Lemongrass 1.7 1.9 36 669 1 8.1 24 563 06 38 12 282 0 0 0 83
Grape fruit 17 121 384 728 14 98 287 655 06 46 149 328 0 0 0 36
Nerol 06 63 238 515 02 42 162 312 02 21 76 156 0 0 0 0
Control 44 288 70 100 44 286 70 100 44 288 70 100 44 288 70 100

* Percentage of rotted parts of infected lime fruits.

&
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Plat 1. Protective clfect of diflcrent essential otls and nerol as (ryit coatiug on Geotri-
chuin sour rot of lime Imiits under antificially inoculation with G. candidum

after 30 days of storage.

A. Merol (constituent of cssential oif)
B. Thyme cssential oil

[ Grapefruit essential oil

. Lemon grass essential oil

Control (untrealed [ruits) on the left.,
Conirol (untreated [maits) on the left..
Control {untreated fruitsy an the left..
Control (untrcated fruits) on the left..

Annals Agric. Sci., 47(3), 2002
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and coumarins. The biological activity
of these comipounds is duc to the sin-
gle compounds acting alonc and in
combination Deans, 1990. Thc volatile
oils from the exocarpe ol fresh citrus {ruit
cxhibited strong toxicity towards scveral
fungal pathogens being more than scveral
commercial  fungicides. These com-
pounds have a high activity against
scveral  pathogenic fungi Davis and
Smoot, 1972; Asthana ef al 1988;
Arras ef al 1995 and 1998 ; Ben-
Ychashua ef al 1992 and 1995; Cac-
cioni e al 1995 a, b; Rodov et al 1995;
Suprapta e al 1997 and Rio del et af
1998.

In the present study five esscntial oils
of thyme, lemon grass. grapefruit ,sour
orange and lim¢ caused an inhibition of
growth, sporc germination and coloniza-
tion of lime {rits peel discs with G. can-
didumt by 100% at 4 ml/l, cxcept sour
orange and limc cssenlial oils, thcy
caused 95.3. 90.0 % of growth, 95.0,
95.5% of sporc germination and 95.0,
92.0 % of fungal colonization at4 ml/l
respectively. Such compounds has a con-
siderable cffeet at 2. 3 mi/l concn. How-
cver.  Sour orange and lime csscntial oils
has less clfect.

Esscntial oils difTered with each other
in their action against post harvest fungi .
These differcnces arc due to the constilu-
ents compounds of oil Knobloch ef af
1989; Ben-Yehoshna ef al 1995; Rodov
et al 1995 and Rio del et al 1998. Cac-
cioni ef al 1995 a and 1998 noted that
citrus esscntial oil contain a high quantity
of oxygcnaled menoterpines that have a
high action a ganist citrus post harvest
fungi. Becansc these compounds are
highly secluble in watcr, so thcir diffusion
in apgar .and capacily to penctralc the ccll
wall of the pathogen arc high comparcd

with the other constituents. Davis and
Smoot, 1972 nolcd that csscntial oils
contain a high quantity of alchols such,
nerol but not aldehyde compound such,
citral showing high antifungal activity
against scveral post harvest fungi. The
antifungal action of essential cils secem (o
be correlaied to their solubility and ca-
pacity to interfere with cnzymatic reac-
tion of the cytoplasmic membranc of fu-
gal cclls Knobloch et al 1989, The lim-
ited activity of sour orange and lime cs-
sential oils in this study .may be ascribed
to the fact that such oils contain somc
compounds ar¢ insolublc so their difTu-
sion in agar and capacity to penetrate the
ccll wall are limited. Mcanwhile, Thyme,
lcman grass and grapefruit cssential oils
bad more antifungal cffect, becausc these
oils may bc conlain a high quantity of
alchols (necrol) but not aldchyvde com-
pound. Similar results were reported by
many investigators Caccioni ef al 1998;
Ben-Ychoshua et al 1995; Acrras efal
1995 and 1998.

In this study nerol and citral causcd
complete  reduction ~ of . candidum
growth, sporulation and pecl colonization
at 4 ml1l. Mcanwhile. nerol gave besl
results at Jow concentration . Such results
were similarly reporied by French ef af
1978; Arras ef al 1995, 1998, Caccioni
ef al 1995 a, b and 1998; Rio del e of
1998; El-Mohamedy et al 2002. The
differences belween  constituents of cach
others is duc to their structure, solubility
and capacity {0 penetrate ccll wall In
this respect, Knuhloch ef af 1989 noted
that the antimicrobial characteristic of
esscnlial oil constitucnts secmed to be
corrclatcd with their solubility and ca-
pacity lo interferc with the cnzymatic
rcaction of the cytoblasmic membrang .
Davis and Smoot, 1972 found that alco-

Annals Agric. Sc, 47(3), 2002
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hol's compounds of shorter (C6) or longer
chain length (C11 or C12) had a high
inhibitory effect probably related to the
volatility and solubility of the com-
pounds. Rodov et af 1995 and Suprapta
et al 1997 noted that citrus fruit treated
with alchols or citral a constituents of
citrus essential oil prior to inoculation
reduced colonization and maceration of
lemon fruit peel discs with G. candidum
by 70 % or more. Caccioni and Guiz-
zardi, (1994) noted that oxygenated
monoterpene such nerol seem o posses
greater antifungal activity than hydrocar-
bon monoterpene.

Also, essential oils of thyme, lemon
" grass ,and grapefruit caused high reduc-
tion " in sour rot incidence and rotied parts
of lime fruits during storage at 20°C.
Nerol at 4 mV/ gave complete protection
and caused 100 % reduction in sour rot
incidence after 45 days and by 80.0 % at
3 miA . The mechanism of essential oil or
nerol in reducing sour rot of lime fruit
appears to be related to its fungicidal
property Singh ef al 1993; Rodov et of
1995; Knobloch et al 1989; Caccioni &
Deans, 1993 and El-Mohamedy et al
2002. In this respect, Ix et al 1995;
GIGO et al 1997 and Raga ef ai 2001
noted that the antifungal mecharism of
the essential ¢il is the synthetic inhibition
of DNA, RNA, protean and polysaccha-
rides. more than the oil emulsion dam-
aged cell wail and cell membrane of
pathogenic fungi.

In conclusion, this work confirming
the results obtained that nerol and for
thyme, lemon grass essential oils were the
most effective than other compounds . It
could be suggested that essential oils or
some their constitutes might be safely
used commercially as fruit coating as
substitute of traditional fungicides to

969

control post harvest discases of citrus
fruits.
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