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A study was undertaken to screen the efficacy of some essential oils (carnation, lemongrass), organic
acids (Salicylic, Ascorbic) and organic salt potassium sorbate that can inhibit fungal invasion to artificially
inoculated Maize grains cultivars with Aspergillus flavus and Aspergillus niger stored for 30 days. It was
observed that fungal infection reduced depending on the used treatments of essential oil, organic acid,
salt as well as their concentration. Also, it was observed that the fungal infection of treated grains
differed significantly compared with untreated ones. Moreover, the percentage of Maize grains infection
was decreased by increasing the concentration used of each treatment. The highest percentage of
infected Maize grains was observed at carnation oil followed by lemongrass oil and ascorbic acid
treatments for both yellow (cv. M84) and white (Giza310) cultivars. Announced low infection was
recorded at concentration of 2.0% of salicylic acid for both Maize cultivars with either A. flavus or A.
niger.
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INTRODUCTION Gibberella ear are the most predominant types of

Maize (Zea mays L.) as a monocotyledonous
angiosperm plant that belongs to the grass family
(Poaceae) (Park, 2001) is cultivated representing
proportion for the use of the world's population
(Anderson et al., 2004). In Egypt, maize plays a
very significant role in grain production. Maize
diseases caused considerable losses in its
productivity worldwide (Oerke, 2005). These
losses were estimated as 4% from Northern
Europe and 14 % from West Africa and South
Asia (Balint-Kurti and Johal, 2009). Maize
diseases that affect roots, stalks, ears, and
kernels are caused by fungi (White, 2000). In all
countries wherever corn is grown, ear rot is one of
the most important diseases. Xiang et al. (2010)
reported that the fungi Aspergillus, Fusarium and

maize ear rot diseases in the world. In many parts
of the world contaminated agricultural products,
e.g. sorghum, corn, and wheat grains with
mycotoxin have become a natural phenomenon.
Favorable environmental conditions in parallel to
convention cultivation method, harvesting,
handling could lead to mycotoxigenic fungal
invasion to those products and subsequently
mycotoxin production (Soares and Rodriguez
Amaya, 1985).

Aspergillus is considered as one of the most
economically important of the fungal genera.
Some of fungal isolates are used for the
production of soy sauce through food fermentation
processes, and production of several organic
acids and enzymes in pharmaceutical and
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biotechnological industries and also biologically
active metabolites as lovastatin (Varga et al.,
2008). Aspergillus niger and A. flavus are the
most regular fungal pathogens attacking plants,
and causing various diseases in susceptible
plants. A small number of Aspergillus spp. can
attack plant tissues, and mostly observed as
contaminants  of  post-harvest  agricultural
products. Aspergilli can taint horticultural items at
various stages, including harvest, preparing and
handling. The most significant part of nourishment
decay brought about by these fungi is forming
mycotoxins, which may affect human and farm
animal health. Mycotoxins as Aflatoxins,
ochratoxins, fumonisins and patulin were recorded
to contaminate various agricultural products and
identified as economically important. Under
storage conditions Maize grains could be
considered favorable medium for mycotoxigenic
fungi to grow, develop and activity as well. (Lacey,
1990) such as Aspergillus flavus and Aspergillus
niger. Such fungi invade grains and subsequently
change their chemical and nutritional
characteristics, reduce their germination and
produce mycotoxins, which are toxic to man and
animals (Bennett and Klich, 2003). The health and
environmental problems due to intensive use of
synthetic  fungicides in agriculture led to
intensification of efforts to find safe, effective
alternatives. In such manner plant-based
fungicides can be less harmful to man, promptly
biodegradable, suitable for use and capable of
protecting the cultivated crops. One of such
alternatives is the wuse of natural plant
preservatives such as essential oils, organic acids
and salts to prevent the development of fungi and
protect food from decay

In this concern, the present investigation was
designed to screen the prevention effect of some
essential oils, organic acids and salts against
mould fungal invasion and development to maize
grains under storage conditions.

MATERIALS AND METHODS

Grains and mycotoxigenic organisms

Freshly harvested white and yellow maize
grains of local varieties, yellow (cv. M84) and
white (cv. Giza310) obtained from the Agriculture
Research Centre (ARC), Giza, Egypt were used in
the present investigation. Maize grain samples
analyzed using Infrared Grain Analyzer 1241,
Foss Infratec TM 1241 Analyzer, Sweeden as
stated in Table (1).

The strains of Aspergillus flavus, Aspergillus
niger previously isolated from maize grains
obtained from ARC, Egypt and tested for their
mycotoxin production at Toxins & Food Pollutants
Dept., National Research Centre, Egypt.

Table 1: percentage of some constituents of
maize grains

percentage of some constituents

Maize cultivars (%) of maize grains

oil protein starch moisture
Yellow (M84) 4.5 8.3 71.2 114
White (Giza 310) | 4.0 10.2 70.5 11.0

One isolate of each A. flavus and A. niger
among tested Aperglli proved to be high aflatoxins
B1 and B2 producers were used in present study
as test microorganisms. The two fungal cultures
were then grown on Sabouraud dextrose agar
(Difco, Detroit, MI) plate at 25°C for 10 days. Ten
milliliters of sterilized distilled water supplemented
with1% Tween 20 were added for spore’s
collection. The spore suspensions were further
adjusted with sterile distilled water to give a final
concentration of 108  spores/ml.  Spore
concentration was determined with the aid of a
haemocytometer slide. The suspensions were
stored at 4°C until used.

Tested materials

Essential oils, carnation and lemongrass oils
and organic acids, salicylic and ascorbic as well
as the salt potassium sorbate at concentrations of
0.25, 0.5, 1.0 and 2% (v:v or w:v with distilled
water) were used. A volume of 1% Tween 20 was
added to essential oils to obtain emulsifier
solution). All tested materials were prepared at
high concentration and stored into black bottles in
refrigerator (4°C) until used. Referring to previous
work (unpublished data), the tested essential oils,
organic acids and salt were evaluated for their
growth inhibitor effect against the same isolates of
A. flavus and A. niger. In that work, superior
complete inhibition in fungal growth was observed
at concentration of 1 and 2% of both Ascorbic acid
and Potassium sorbate. Meanwhile, complete
inhibition of fungal growth was observed at 1% of
Aspergillus flavus and A. niger of tested
lemongrass and carnation essential oils.
Therefore, the tested concentrations from 0.25 up
to 2% of used materials were based on these
previous results.

Maize grains inoculation and treatment
Maize gains distributed in several lots each of
200g quantities into tightly stopper glass bottles
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and sterilized for 20 min at 121°C in autoclave.
Then, autoclaved maize grains treated separately
with individual essential oil or organic acids and
salts at certain proposed concentrations and
shacked thoroughly to ensure even distribution of
added tested agents. Two days after, all treated
maize grains were inoculated individually with 2
ml (108 spores/ml) of conidial suspension of both
tested fungi. The final moisture content of the
grains was reconstituted to 17% by adding sterile
distiled water. The bottles containing maize
grains were incubated at ambient temperature
(25+£2°C) for 30 days then examined. A set of
either untreated & inoculated or untreated & un-
inoculated samples were used as control
treatments.

Evaluation of fungal infection

Maize grains samples, in triplicate, were
tested for grains infection by the inoculated fungi
after 30 days of storage by the method used by
Chatterjee (1990).

For each treatment, approximately 50 surface-
sterilized (by 2% NaOCI) grains were plated
aseptically on autoclaved PDA plates (22 cm-
diameter) supplemented with the antibiotic
chloramphenicol. After 7 days incubation at 25+
2°C, the percentages of infected grains were
recorded.

Statistical Analysis

The obtained data were subjected to IBM
SPSS software version 14.0. Analysis of variance
was determined and the mean values were
compared by Duncan’s multiple range test at P
<0.05.

RESULTS

The present investigation was concerned to
screen the efficacy of some essential oils, organic
acids and salts that can inhibit fungal invasion to
maize grains under in vivo conditions. Essential
oils, carnation and lemongrass oils and organic
acids, salicylic and ascorbic as well as the salt
potassium sorbate at concentrations of 0.25, 0.5,
1.0 and 2% were used. The obtained results
showed that during storage no fungal infection
was observed in the un-inoculated and untreated
grains (control samples). Meanwhile, observation
of fungal infection was detected within 30 days for
the untreated inoculated grains. Data in Tables (2,
3) and Fig (1) showed the inhibition percentages
of fungal infection. Also, the recorded fungal
infection showed positive reduction related to the
used essential oil, organic acid, salt as well as

their concentrations. Therefore, the percentage of
Maize grains infection was decreased by
increasing the concentration used of each
treatment (Table 2). The highest percentage of
infected Maize grains was observed at carnation
oil treatment, whereas, yellow Maize grains (cv.
M-84) recorded an infection with Aspergillus
flavus and Aspergillus niger at a range of 60.0-
76.7%, 60.0-73.4% at the used concentrations,
respectively. Meanwhile, white Maize grains (cv
Giza 310) revealed a range 63.4-76.7% and
60.0%-73.4% of grains infected with A. flavus and
A. niger, in respective order.

These figures followed by lemongrass oil and
ascorbic acid. Lower Maize grains infection was
observed at salicylic acid and potassium sorbate
treatments. Announced low infection was
recorded at concentration of 2.0% of salicylic acid
for both A. flavus and A. niger whereas 3.4%,
13.4% and 10.0%, 16.7% recorded for the two
Maize cultivars, M-84 and Giza 310, in respective
order. Meanwhile, it was observed that the fungal
infection differed significantly in treated grains
compared with untreated ones. On the other
hand, data in Table (3) revealed that the reduction
percentage of Maize grains fungal infection was
observed in ascending order in parallel to rising
concentration from 0.25% up to 2.0% of each
treatment. Also, data in Table (3) showed the
highest effect of salicylic acid for reducing Maize
grains infection.

It causes reduction in infection calculated as a
range of 40.0%, 43.3% up to 96.6%, 86.6% for the
yellow Maize cultivar M-84. As well as from
46.6%, 53.3% up to 90.0%, 83.3% for the white
Maize cultivar Giza 310, arranged from the lowest
(0.25%) to the highest (2.0%) concentration used,
respectively. The other tested treatment followed
the similar trend concerning potassium sorbate,
ascorbic acid, carnation and lemongrass oils,
respectively.

Furthermore, illustrated data in Fig. (1)
showed the mean reduction of the tested
treatments. Mean reduction in Maize grains
invasion with A. flavus and A. niger calculated in
descending order as 63.3, 51.6, 44.1, 39.9, 29.9%
and 68.2, 51.6, 44.1, 40.8, 33.3% for yellow Maize
cultivar M-84 at concentrations 0.25, 0.5, 1.0 and
2.0% of salicylic acid, potassium sorbate, ascorbic
acid, lemongrass and carnation oils, respectively.
For white Maize cultivar, another arrangement
was observed. Maize grains invasion with A.
flavus and A. niger calculated as 67.4, 50.0, 43.3,
39.9, 30.7% and 66.6, 54.9, 46.6, 45.8, 31.6% at
the same previous concentrations of salicylic acid,
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potassium sorbate, lemongrass, ascorbic acid and
carnation oils, in relevant order.
Table 2: Fungal invasion (%) to maize grains treated with essential oil, organic acids and salt
stored for 30 days

Fungi
Aspergillus flavus | Aspergillus niger
Tested Concentration Maize cultivar
materials % Yellow White Yellow White

(c.v M-84) (c.v Giza310) (c.v M-84) (c.v Giza310)

0.25 76.7£15.2 b 76.7 £11.5b 73.4£11.5b 73.4+11.5b

0.5 73.4 £15.2b 73.4+£11.5b 66.6 + 15.2c 70.0 £10.0b

Carnation oil 1.0 70.0 £ 10.0b 63.4 +15.2c 66.6 + 15.2c 70.0 £ 10.0b
2.0 60.0 £ 10.0c 63.4 £ 15.2c 60.0 + 20.0c 60.0 + 20.0c

0.25 63.4 £ 15.2c 60.0 £ 10.0c 63.4 +15.2c 53.4 +15.2d

0.5 56.7 + 15.2d 53.4 +15.2d 56.7 + 15.2d 46.7 + 15.2e

Lemongrass oil 1.0 60.0 + 20.0c 66.3 + 15.2¢ 56.7 £ 15.2d 60.0 + 10.0c
2.0 60.0 + 15.2c 46.7 £ 15.2e 56.7 +11.5d 53.4 +20.8d

0.25 60.0 £ 10.0c 53.4 +15.2d 56.7 £ 15.2d 46.7 £ 15.2e

0.5 56.7 + 15.2d 56.7 £11.5 43.4 +11.5e 40.0 +17.3e

Salicylic acid 1.0 26.7 £15.2g 20.0 £ 10.0g 13.6 + 15.2h 30.0 + 20.0f
2.0 3.4 +5.7hi 10.0 £ 10.0h 13.4 +15.2h 16.7 + 15.2h

0.25 63.4+5.7c 63.4 + 15.2c 56.7 + 11.5d 60.0 + 20.0c

0.5 56.7 + 15.2d 60.0 + 20.0c 53.4 +20.8d 56.7 + 20.8d

Ascorbic acid 1.0 53.4 +15.2d 56.7 + 15.2d 56.7 + 20.8d 50.0 + 20.0d
2.0 50 .0+ 20.0d 60.0 + 10.0c 56.7 + 20.8d 50.0 + 20.0d

0.25 63.4 + 20.8c 60.0 + 10.0c 63.4 +15.2c 60.0 + 20.0c

Potassium 0.5 53.4 +15.2d 50.0 + 20.0d 50.0 + 20.0d 53.4 + 20.8d
sorbate 1.0 40.0 + 15.2e 50.0 + 20.0d 46.7 £ 15.2e 40.0 +10.0e
2.0 36.7 £ 15.2f 40.0 £ 10.0e 33.3+15.2f 26.7+15.29

Control inoculated 100 + 0.0a 100 + 0.0a 100 + 0.0a 100 + 0.0a

(Aug;f;i'nag’)ed inocttrl‘éte § 0.0 £0.0i 0.0 +0.0i 0.0 +0.0i 0.0 £0.0i

Means * standard deviations within a column followed by the same letter are not significantly different by
Duncan multiple range test at P < 0.05.

Aspergillus flavus Aspergillus niger
é yellow cv M-84  mwhite cv Giza 310 @yellow cv M-84  m white cv Giza 310
£
=S 100 +
E 90 4
@ 80 -
g 70 4
9 60
I 50
£ 40 7
£ 30
S 20 4
c 10 4
g L < “ / , /
3 Carnation oil  Lemongrass oil  Salicylicacid  Ascorbic acid Potassium control
[
p sorbate (Autoclaved
] grains)
= Maize grains treatment

Figure 1: Mean reduction (%) of fungal infection in Maize grains treated with essential oil, organic
acids and salt stored for 30 days
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Table 3: Reduction in the fungal infection to maize grains treated with essential oil, organic acids
and salt stored for 30 days

Fungi
Aspergillus flavus | Aspergillus niger
Tested Concentration Maize cultivar
materials % Yellow White Yellow White
(c.v M-84) (c.v Giza310) (c.v M-84) (c.v Giza310)
0.25 23.3+15.2i 23.3+115i 26.6+115i 26.6 +115i
0.5 26.6 £15.2i 26.6+115i 33.3+£15.2h 30.0+10.0h
Carnation 1.0 30.0+10.0h 36.6+15.2h 33.3+15.2h 30.0+10.0h
oil 2.0 40.0+10.09g 36.6+15.2h 40.0£20.09g 40.0+20.09g
Mean 29.9 30.7 33.3 31.6
0.25 36.6+15.2h 33.3+15.2h 36.6+15.2h 40.0+10.09g
0.5 43.3+15.2¢g 40.0+10.09g 43.3+15.2¢ 40.0+10.09g
Lemongrass 1.0 40.0+20.09 46.6 £+15.2¢g 43.3+15.2¢g 46.6 £+ 20.8 g
oil 2.0 40.0+15.2¢g 53.3+15.2f 43.3+115¢g 53.3+15.2f
Mean 39.9 43.3 40.8 46.6
0.25 40.0 +10.0g 46.6 £15.2¢g 43.3+15.2¢g 53.3+15.2f
0.5 433+15.2¢g 53.3+11.5f 56.6 + 11.5f 60.0+17.3e
Salicylic 1.0 73.3+15.2d 80.0 + 10.0 bc 86.6 + 15.2 bc 70.0 +20.0d
acid 2.0 96.6 +5.7b 90.0+10.0b 86.6 + 15.2 bc 83.3+15.2 bc
Mean 63.3 67.4 68.2 66.6
0.25 36.6+5.7h 36.6+15.2h 43.3+115¢g 40.0+20.09g
0.5 433+15.2¢g 40.0+20.0¢g 43.3+20.8¢g 43.3+20.8¢g
Ascorbic 1.0 46.6 +15.2 g 43.3+15.2¢g 43.3+20.8¢g 50.0 £ 20.0 f
acid 2.0 50.0+20.0f 40.0+10.09g 46.6 £20.8¢g 50.0+20.0f
Mean 44.1 39.9 44.1 45.8
0.25 36.6 +20.8 h 40.0+20.0¢g 36.6+15.2h 40.0+20.09g
0.5 46.6 £15.2¢g 50.0+20.0f 50.0+20.0f 46.6 £20.8¢g
Potassium 1.0 60.0+15.2e 50.0+10.0f 53.3+15.2f 60.0+10.0e
sorbate 2.0 63.3+15.2e 60.0+10.0e 66.6 +15.2 e 73.3+15.2d
Mean 51.6 50.0 51.6 54.9
Control
(Autoclaved inoculated 100+0.0a 100+0a 100+ 0.0 a 100+ 0.0a
grains)

Means + standard deviations within a column followed by the same letter are not significantly different by
Duncan multiple range test at P < 0.05

DISCUSSION

The efficacy of carnation and lemongrass
essential oils, organic acids, salicylic and ascorbic
as well as the salt potassium sorbate at different
concentrations were evaluated against Maize
grains fungal invasion with either Aspergillus
flavus or Aspergillus niger under aseptic in vivo
conditions in post-harvest stored maize grains for
30 days. A significant inhibition of fungal infection
to treated grains compared with untreated ones
was observed. Also, it was noticed that the
reduction of fungal infection was increased
positively affected with the tested agents of
essential oil, organic acid, salt and their
concentrations as well. Moreover, the percentage
of Maize grains infection was decreased by
increasing the concentration used of each
treatment.

In this regards, the antifungal activities of
essential oils were studied by several workers.

They found that these activities are related to their
chemical constituents which known to have
antifungal properties (Didry et al., 1993; Viollon
and Chaumont 1994; Periago et al., 2001).
Essential oils were reported to play an economic
role in many industries such as food,
pharmaceutical and perfumery. Variation in the
quantity and quality of essential oils and their
chemical composition and biological properties
were subjected to a number of studies which has
been increasing recently (Simdes et al., 2003).
Patkar et al. (1995) stated that one gram of rice
grains mixed with 9ul of cinnamon oil could
prevent the fungal growth and the mycotoxins
production as well. Also, Kaur and Arora (1999)
reported that some Plant products which had
antimicrobial spectrum and used as food
preservatives systems are directly used as main
antimicrobial compounds or indirectly for
improving the action of other antimicrobial
compounds. Recently some studies explained the
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mode of action of some essential oils against
microbial microorganisms through their effect on
permeability and disruption the cell membranes of
bacteria and fungi (Cox et al., 1998; Lambert et
al., 2001; Bennis et al., 2004). Moreover, some
plants contain compounds acting as suppressing
factor against microbial growth (Naqui et al.,
1994). These compounds differed in their
structures and their mode of action compared with
traditional antimicrobials (Nascimento et al.,
2000). Also, such compounds are synthesizing
Alkaloids, flavonoids, isoflavonoids, tannins,
cumarins, glycosides, terpens, phenylpropannes,
organic acids (Nychas, 1996). Generally, volatile,
lipophilic, liquid and odiferous substances were
found as complex mixtures and described as
volatile oils, ethereal oils and essences (Simdes
et al., 2003). The mode of action on mould fungi
by essential oils involves cytoplasm granulation,
cytoplasmic membrane rupture and inactivation
and/or inhibition of intercellular and extracellular
enzymes which could take place directly or
indirectly with mycelium germination inhibition
(Campo et al., 2003). Also, it is reported that plant
Iytic enzymes act in the fungal cell wall causing
breakage of b-1,3 glycan, b-1,6 glycan and chitin
polymers (Brull and Coote, 1999). It has been
hypothesized that the inhibition involves phenolic
compounds, because these compounds sensitize
the phospholipid bilayer of the microbial
cytoplasmic  membrane causing increased
permeability and unavailability of vital intracellular
constituents (Juven et al., 1994). Moreober, Kim

et al. (1995) indicated that essential oils
containing carvacrol, eugenol and thymol
(phenolic  compounds) had the highest

antibacterial performances.

Since the mould fungus A. flavus causes
serious damage to agricultural products,
therefore, effective control against the pathogen is
essential to be found. Moreover, control methods
should not have side effects neither on human
health nor the environment. Recently, there are
some natural products having antifungal effects
and used effectively in seeds or grains, fruits and
vegetables storage. In this concern, some
preservatives such as different organic acids and
their salts that had antibacterial and antifungal
properties are successfully used in the food-
processing industry and therefore also could be
useful to be recommended as postharvest
treatment against decay control of agricultural
products (Al-Zaemey et al., 1993; Olivier et al.,
1999). In the same manner, several investigators
reported that postharvest diseases of tomato,

apple, carrots and potato ware controlled by using
organic salts such as sodium benzoate or
potassium sorbate (Ryu and Holt, 1993; Saleh
and Huang, 1997; Oliver et al., 1998).

Hall (1988) found similar fungicidal activity
against citrus green mould when fruits artificially
inoculated with green mould incident Penicillium
digitatum and treated with potassium sorbate or
sodium benzoate. He concluded that postharvest
citrus fruit decay could be controlled by using
these food preservatives. Furthermore, the use of
organic acids and salts for controlling various
fungal diseases in plants during vegetative growth
or at postharvest and storage was reported.
Salicylic acid as an organic acid is a natural
compound present in many plant tissues. It is
known as a phytohormone (Hayat and Ahmad,
2007) since it plays a vital role in important
physiological processes such as photosynthesis
(Khodary, 2004), growth, development and ion
uptake (Glass, 1973). However, induction
systemic acquired resistance (SAR) in different
plant tissues is considered the most critical role of
salicylic acid (Amborab’e et al., 2002).

In general, several authors investigated the
effect of organic acids, i.e. salicylic and ascorbic
acids, against fungal growth which contaminates
food and feed. Acidic medium as a result of
organic acid application affects the fungal cell
membrane permeability and the activity of
enzymes responsible for degrading the substrate
(Kristiansen and Sinclair, 1979). The effect of
organic acids against microbial growth was tested
by many researchers. They recorded reduction in
cytoplasmic pH and suppression in metabolic
activities by these organic acids and finally death
by the susceptible organisms was observed.
Moreover, Dalie et al. (2010) stated that organic
acids act on the plasmic membrane by changing
its electrochemical properties and increasing its
permeability. A greater concentration of protons is
resulted due to the reduction of pH which
increasing the diffusion of acid across the plasmic
membrane and cytoplasm. Therefore, the need to
continue acid solubility with the need to achieve
maximal activity by pH reduction should be
balanced (Lopez et al., 2012; Pelaez et al., 2012).
Generally, the acidity phenomenon is considered
the mechanism of organic acids for inhibiting the
fungal growth. It is well established that fungal
growth and its morphology are influenced by the
acidity of media (Higgins and Brinkhaus, 1999).
Explain of the inhibitory mode of organic acids
have been suggested as various mechanisms.
The most reported explanation was the
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decreasing in pH value that influence the growth
by acidifying the cell, which will consume a great
amount of energy to maintain the intracellular pH
homeostasis (Kang et al., 2003). The other
proposed explanations include the membrane
disruption, the interruption of metabolic reactions,
and the accumulation of toxic anions.

In the present study salicylic acid and
potassium sorbate showed superior effect against
A. flavus and A. niger Maize infection percentage
compared with ascorbic acid and carnation or
lemongrass oils. Our results are agreement with
other previous reports which demonstrated the
ability of similar natural products for suppressing
microbial strains (Rusul and March, 1987; Sofos,
1992; Sebti and Tantaoui-Elaraki, 1994; Stead,
1995). Also, Olivier et al. (1998) reported that the
growth and sporulation of Helminthosporium
solani were effectively inhibited by using organic
and inorganic salts. Also, Al Zaemey et al. (1993)
recorded that growth of the banana pathogen
Colletotricum musae completely suppressed in
vitro using the food preservatives, sorbic acid and
potassium sorbate (Al Zaemey et al., 1993). Sebti
and Tantaoui-Elaraki (1994) reported that sorbic
acid was able to inhibit the growth of 15 different
fungi isolated from “Pastilla” papers, a wheat-
based dough. Many explanations were reported
regarding the mode of action of organic acids or
their salts against pathogenic microorganisms. in
this manner, sorbic acid and its salts was found to
cause inhibition of microorganisms by several
ways, 1) alternate the function of cell-permeability
function, 2) inhibit the enzymes which involved in
the glycolytic pathway or tricarboxylic acid cycle
by suppressing RNA, DNA, 3) synthesis of
protein, 4) uncoupling of the oxidative
phosphorylation in mitochondria (Sofos et al.,
1986; Sofos, 1992). Also, it was recorded that
conidial spores of different moulds fungi exposed
to sorbic acid exhibited reduction in quantity of
ATP (Cheng and Piper, 1994).

CONCLUSION

In the present study, the recorded reduction of
fungal development in maize grains during
storage in response to tested essential oils as well
as organic acids and salts suggest their use as
phytochemical compounds to control post-harvest
decay fungi. Further studies for characterization
the active compounds, definition and evaluation
their toxicity and feasibility are needed for these
biological agents. Also, it should be taken in
consideration that future researches is needed to
better understanding the ways of contamination

the raw fruits and vegetables by pathogens and
moreover the mechanisms for eliminate them
once they are present, either on the surface or in
internal tissues.
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