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ABSTRACT

Antifungal effects of essential oils obtained from five aromatic plants (lemon
grass, brasil, sage, clove and rosemary) purchased from a local market in Egypt,
were extracted to obtain the oil fraction and screened in vitro against three different
pathogenic fungi, Aspergillus flavus (A. flavus), Asprgillus parasiticus (A.parasiticus)
and Asprgillus ochraceus (A. ochraceus). The oil fraction from each tested plant, was
carried out using water extraction and used to determine its inhibitory effects on both
the fungal isolates. Also, the MIC of each oil extract and its content of the
phytochemicals of phlenoles, flavonoides and terpenoids were determined. Data
exhibited wide range of the inhibitory action occurred against the tested
microorganisms where, bioactivity of the five plants reached its maximum using clove
and its minimum using sage extracts against the tasted microorganisms. No
bioactivity was observed in the treatment(s) of sage extract against the mold Asp.
ochraceus. The other three extracts of rosemary, brasil and lemon grass showed
roughly the same bioactivity. Also, data obtained from MIC and semi-quantitative
determinations confirmed the resuits obtained from the antimicrobial bioactivity study.
Except sage extract, the MIC of the other four extracts were ranged between 0.35-1.5
mg/ml, reached its maximum using clove and its minimum using lemon grss extracts.
As well, the semi-quantitative determination of the phytochemicals of phenols,
flavonides and terpenoids proved that clove extract had the highest concentration of
terpenoids, while sage extract showed traces from the three phytochemicals. The
other three extracts of basil, rosmary and lemon grass showed roughly the same
content of the sum of the three phytochemicals. These effects against the tested
microorganisms indicated the possible ability of each essential oil as a food
preservative.Therefore, it is suggested that further work be performed on food to test
the antifungal and antibacterial properties of these oil fractions.
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INTRODUCTION

Securing the safety of food and feed is one of the most important
factors in the welfare of human and live stock. It is estimated that there are
250-500 thousand species of plants are spreaded on earth (Borris, 1996). A
relatively small percentage (1-5%) of these plants are used as foods and
feeds (Meorman, 1996).
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Speculations as to how and why a selected number of plant species came
into use for either food or drug is of concern and fascinating. Recently, there
are an increasing receptive to the use of antimicrobial and other drugs
derived from plants instead of the synthesized products (Cowan, 1999).
Useful antimicrobial photochemicals can be divided into several categories.
Plants have certain limits to synthesize aromatic substances, most of which
are phenols, flavonoids and terpenoids. These natural chemical substances
serve as plant defense mechanisms against the invasion of microorganisms,
insects and herbivores (Schultez, 1978). Others give plants their appropriate
odors and others are responsible for plant pigment (Cowan, 1999). Plant
volatile oils have been well known since antiquity as possessing biological
activities. Chief amongst these are their antibacterial, antifungal and
antioxidant properties (Deans and Waterman, 1993). The use of essential
oils as functional ingredients in foods, drinks, toiletries and cosmetics is
gaining momentum, both for the growing interest of consumers in ingredients
from natural sources and- also because of increasing concern about
potentially harmfull synthetic additives (Reische, et al., 1998).

The plants of clove, sag, basil, rosemary and lemon grass are
commoniy used individually or simuitaneously as food enhancers or to gain
certain tastes. Initial screening of potential antibacterial and antifungal
compounds from plants could be performed with pure substances or crude
extracts (Silva et al., 1996). The methods used for the two types of bacteria
and fungal organisms are similar. The two most commonly used screens to
determine antimicrobial susceptibility are the broth dilution assay (Hess et al,,
1995) and the disc or agar well diffusion assay (Navarro et al., 1996). Other
variations of these recommended methods could be also applied. .Hence
compositions and concentrations of compounds within the distinct types of
spice extract preparations would differ (Lienert et al.,1998; Nass et al.,1998;
Vilegs et al, 1997), the efficacy of the extracts may in turn be altered
depending on the preparation method employed. Given these considerations,
The main target of this study aims to study the bioactivity of some edible
plants against undesirable and toxin producing fungi of Aspergillus flavus, A.
parasiticus and A. Ochraceus. Lemon grass (Cymbopogon citratus), Basil
(Ocimum basilicum), (Rosmariinus officinalis), Sage (Salvia officinalis),
Clove (Syzygium aromaticum), were the plants under consideration in this
study.

MATERIALS AND METHODS

1. Microorganisms :
Pure cultures of molds used for the testing purpose were provided -
from Mycotoxin lab and Microbial Dept., National Research Center, Dokki ,
Cairo, Egypt . The fungal strains of A. flavus (NRRL-2999), A. parasiticus and
A. ochraceus which are identified as aflatoxin(s) and ochratoxin-A producing
strains were obtained and subcultured in nutrient Yeast Extract Sucrose
media (YES), while sensitivity test agar was used in antifungal sensitivity
testing. The inoculated YES media were inoculated at 28 + 1° ¢ for 10 days,
before sensitivity testing and evaluating the efficacy of the studied plants.
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2. Mycotoxins standard

Aflatoxins (B1 and G1 ) and Ochratoxin A were obtained from Sigma
Chemical Co. St. Louis MO, USA.

3. Preparation of the conidial suspension :

The inoculum was produced by growing the organism on potato
dextrose agar (PDA) slants for 7 days at 28°C + 2°C. Conidia were harvested
from 7-day-old cultures by pouring a sterile 0.01% aqueous solution of
Tween 80 onto the culture plates and scraping the plate surface with a bent
glass rod to facilitate the release of conldla The conidial suspension thus
obtained had conidial concentration of 10° conidia/ml.

4. Plant materials and essential oil extract preparations :

Samples of mature fresh green leaves of Lemon grass (Cymbopogon
citratus), Rosemary (Rosmariinus officinalis), Sage (Salvia officinalis), Clove
(Syzygium aromaticum), and a hole plant of Basil (Ocimum basilicum), were
obtained locally (Medicinal, Aromatic Plant Research Center). Before use,
freshly-collected samples were identified at the Plant Protection Department,
National Research Center,Dokki, Giza, Egypt. Such samples were air dried,
grinded and powdered before extraction. 200 gms, each of the powdered
plants were separately extracted for getting the essential oils (EO), by the
hydrodistillation method using Clevenger's apparatus (Lamaty et al.,1987).
The recovered oils were dried over anhydrous sodium sulphate and stored in
darkness -at 4°C for further use in an air-tight containers. The yield of the
essential oils as percent of plant material weight was as follows: 0.57%,
6.2%, 0.42%, 0.36% and 0.50% for the EO from C. citratus, O. basilicum, R.
officinalis, S. officinalis and S. aromaticum respectively. The filtrate, for each,
was used as the test extract.

5. Study of the antifungal -properties of the five essential oils
5-1. Mould growth and mycoyoxin production

Yeast extract sucrose (YES) broth medium which is known to support
mold growth and toxin production (Davis et al. , 1966.) was used as a basal
medium in this study. Fifty millimeter of medium was dispensed into each of
a series of 250-m! Erlenmeyer flasks. The medium was autoclaved at 121°C
for 15 min., and the cooled, 0.0, 0.1, 0.2, or 0.3% for each plant extract, was
added. Then, the medium was inoculated with 1 ml of the appropriate spore
suspension and incubated for 10 days at 28°C + 2°C.

5- 2.Determination of Minimum Inhibitory Concentration (MIC)

The MIC were determined by the microdilution agar plate method
(Skandamis et al., 2001). Aliquots of 90 ml tempered Trypton Soy Agar (TSA)
were agitated vigorously with essential oil to achieve the following final oil
concentrations: 3.0, 2.8, 2.5, 2.2, 2.0, 1.5, 1.0, 0.6, 0.5, 0.25, 0.15, 0.10, 0.05
and 0.025 ml/100mi. Approximately 15 mi of each of these mixtures was
transferred with 1ml of each inoculum to agar plates. The plates were
incubated at 27°C for 72h and the numbers of colonies were determined.
Each assay was performed by duplication in two separate experimental runs.
6. Phytochemical analysis of extract(s)

A test portion of each of the obtalnjad five plant extracts were prepared
and applied for Phytochemical screening as described by (Trease et al.,
1993) based on the facts that phenols are a wide group of phenylpropane
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compounds in the highest oxidation state, while flavonoides are hydroxylated
phenolic substances and terpenoids are synthesized from acetate units.
Semi quantitative assay of the three phytochemicals were conducted
according to ( Harbourne 1973).
8. Mycotoxins analysis
Aflatoxin analysis: Mycelia of cultures were carefully overlaid with
chioroform (50 mt) and kept 24 hr in dark then several steps were carried out
according to the method of {Bauer et al., 1983). Quantitative determination of
aflatoxins B1 and G1 was performed on silica gel D.G-piates according to
(the AOAC methods, 1980).
Ochratoxin analysis: Dry weight of mycelia mats from liquid media were
obtained by decanting of the culture broth and drying the mat at 65 - 70° C
for 24 hr. Ochratoxin A was estimated qualitatively by thin tlayer
chromatography (TLC) and confirmed with ammonia foams and determined
flourodenstrometry according to the (AOAC methods, 1980).
Calculations:
Percent reduction in growth or mycotxin production was calculated by the
following equation:
Percent reduction = 100 — {{A1 / A0} *100}.
Were: A1 = the amount obtained by treatment.

A0 = the amount obtained by control.
9. Statistical analysis

Significant differences between treatments and strains sensitivity
were analysed using the M-STAT programme at 99% level of confidence.
Mean separation test was done using the Least Significance Difference
(LSD), {(Nissen, O., 1990).

RESULTS AND DISCUSSION |

1. Study of the antifungal properties of the five essential oils
1.1 Antifungal activity of the extracted oils against mold growth and
aflatoxin production

The antifungal properties of the five selected essential oils against
three fungal species were recorded as inhibition of fungal mycelial growth
and mycotoxin production, and summarized in Tables from one to six. The
results revealed that the selected essential oils showed antifungal activity
with varying magnitudes. Out of five essential oils tested, four oils showed
antifungal activity against all tested strains. Clove, lemongrass, rosemary and
basil oils exhibited significant inhibitory effect, and showed promising
inhibitory activity even at low concentration, whereas sage oil was least
active against the tested fungi. The inhibitory action by these extracts was
found at concentration 0.1 % and increased as the concentration in the
medium increased, to reach maximum at concentration 0.3%.The inhibitory
action against growth and aflatoxin production decreased in the following
order, clove > lemongrass> rosemary >basil > sage (Tables, 1, 2, 3, 4).
These results are in line with those obtained by (Baratta et al., 1998), who
found that essential oils of rosemary, sage, lourel and oregano showed a
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high degree of inhibition against A. Niger and the highest and broadest
activity was shown by oregano and sage was the least effective . (Bankole
And JODA, 2004) found that The essential oil of lemon grass at 0.1 and
0.25% (viw) and ground leaves at 10% (w/w) significantly reduced
deterioration and aflatoxin production in shelled melon seeds inoculated with
toxigenic A. Flavus and at higher dosages (0.5 and 1.0% v/w), the essential
completely prevented aflatoxin production. Significant differences in the
antifungal activities levels, as shown in Tables ( 1, 2, 3, 4), may be due to the
differences in the content of known antimicrobial compounds in each EO as
earlier determined by (Lamaty et al., 1987, Amvam et al. 1998). Also (Farag
et al.,1989, Tassou et al., 2000) discussed this correlation of the antifungal
activity with the content of antimicrobial compounds of the EO. Studying the
antifungal effect of five different EOs including thyme oil against A.
parasiticus, (Farag et al.,1989) concluded that the inhibitory effect of the oils
was mainly due to the most abundant components. (Amvam et al. 1998,
Menut and Valet, 1985) reported a higher content of thymol in the EQ from
O. gratissimum (46.5%) compared to the EO from T. vuigaris (27.5%). On
the other hand, similarity in some of the EO in their inhibitory effect on growth
or aflatoxin accumulation by A. Flavus and / or A. Parasiticus may be mainly
attributed that substances responsibie for antifungal activity in these oils may
be similar in their chemical structure and concentration. Other investigators
reported that diterpenes, carnosic acid from rosemary and curcumene for
ginger were the major constituents detected in water extract of these plants
(Chen et al., 1992, Dhirendra and Mishra, 1990).

Table 1: Effect of the extracted oils on A. flavus growth

Extract level, Mycelial dry weight, g / 50 mi medium

% Lemon grass Basil Sage Clove Rosemary
Control, 0.0 % (1.89°°+ 0.012 [1.89°+0.012 [1.80°+0.012 |1.89°+0.012 [1.89% 0.012
0.1 0.85%2+0.017 [1.50™°+0.071 [1.60%°+0.064 [0.00°°+0.0 1.54%°+0.011
0.2 0.31°°£0.03  [1.53%0.0.34 [1.43%0.057 00.00°0.0  [0.00°:0.0
0.3 0.002+0.0  0.40°°+0.055 [1.18°+0.032 10.00%%+0.0 .002+0.0
LSDsx 0.17

N.B.1- Different capital litters in column denote significant differences {p < 5%) between
means in the same extract and visa versa. 2- The same small litters in rows denote no

significant differences ( p < 5% ) between extracts and visa versa.

Table 2: Effect of the extracted oils on aflatoxin production by A. flavus.

Extract iAflatoxin production, 1g/50 ml medium

level, % _lLemon grass pasil Sa‘g_e)‘1 Clove Rosemary
Control, 0.0 % [1265™°+ 1038 265+ 1038 [1265°°t 1038 [1265°% 1038 [1265+ 1038
0.1 392°216.15  [1012®+10.13 [1075%+12.3 0.00%10.0  |1005°°+9.5
0.2 h08%+6.71 [772%+11.1 19451152 0.00%1+0.0  10.00°$0.0
0.3 0.00°40.00 [315®$19.7 1840235 [0.002°+0.0  0.00°°10.0
SDsx 9.6

N.B.1- Different capital litters in column denote significant differences (p < 5%) between
means in the same extract and visa versa. 2- The same small litters in rows denote no

significant differences (p < 5% ) between extracts and visa versa.
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Table 3: Effect of the extracted oils on A.parasiticus growth.

Extract Mycelial dry weight, g / 50 ml medium

[!evel.% Lem‘ﬂgrass basil age Clove Rosemary
ontrol, 0.0 % [1.54°2+ 0.036 [1.54>+ 0.036 [1.54"° £ 0.036 [1.54"°+ 0.036 [1.54 0.036
01 0.4%2+0.012  [0.93%°20.029 {1.50°°£0.014 10.0%°:0.0 1.34%° £0.036
2 0.252+0.00.018 0.86°°+0.038 [1.32°°10.047 0.0%£0.0 1.06%® +0.012
.3 0.0 £0.0 0.59%°£0.011_0.97°+0.076 [0.0**+0.0 .33%°+0.017
[.5Dsy 18

N.B.1- Different capital litters in column denote significant differences (p < 5%) between
mieans in the same extract and visa versa. 2- The same small litters in rows denote no
~ignificant differences ( p < 5% ) between extracts and visa versa.

Table 4: Effect of the extracted oils on aflatoxin production by A.
parasiticus.

Extract Aflatoxin production, yg/50 mi medium

evel, % Lemon grass basil Sage Clove Rosemary
[Control, 0.0% [1305™£13.1 [1305™+13.1 [1305™+13.1 [1305~+13.1 [1305%+13.1
.4 325°7+10.9  [1260%°+17.6 [780™°£10.4  10.0%:0.0 11607 £14.1
Lz 185%%+17.5  [1080°+11.3 675°°+0.7 0.0 0.0 780% 8.3
£33 0.0°10.0 580°°+19.7  [340™+32.4  0.0%°10.0 35°116.8
LLSDss,_ 43.3

N.B.1- Different capital litters in column denote significant differences (p S 5%) between
means in the same extract and visa versa. 2- The same small litters in rows denote no
significant differences ( p £ 5% ) between extracts and visa versa.

1.2. Antifungal activity of the extracted oils against mold growth and
cchratoxin production

Re:ults obtained from Tables 5 and 6 revealed that mycelial growth
and ochratexin A-production were comparatively in significant differences (p
> 0.05), but with avariable degree, by the difference in the oil source in the
medium. The inhibitory action increased as the oil concentrations in the
medium increased from 0.1 — 0.3%. The amount of dry weight of mycelium
and ochratcxin A- accumulation,. Concentrations of basil, sage and rosemary
oils were comparatively weaker in their inhibitory effect than that of clove and
lemon grass oils. Our results are contrary with those observed on sage oil, by
(Basilico and Basilico, 1999, Sokovic et al., 2002., Abdel-Fattah And Abo-
Seree, 2004). Sokovic et al., 2002, reported that oils obtained from Greek
sage exhibited low antifungal activity against A. ochraceus. Also, (Basilico
and Basilico, 1999) found that sage oil at concentration 1000 p.p.m in YES
broth incubated for up to 21 days at 25°C, showed no important effect-on A.
ochraceus NRRL 3174. Fluctuation in resuits occurred may be attributed to
differences in the extract used depending on the preparation method and/or
concentration employed (Lienert et al.,1998, Vilegs et al., 1997).

A very littie is known about the possible antifungal activity against A.
ochraceus by the tested oils. As known literatures about antifungal properties
of sage, rosemary and basil still little, their inhibitory action observed in this
work might be associated with their phenolic constituents, which namely
diterpenes. In this respect, (Tang et al., 2000), reported that alcohol extracts
of rosemary and sage contain active antioxidative factors such as phenolic
diterpenes, flavonoids and phenolic acids. On the other hand, (Campo et al.,
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2000) found that antimicrobial activity of rosemary extract was linked to the
compounds extracted with hexane, which are presumably phenolic
diterpenes. (Abdel-Fattah And Abo-Seree, 2004), observed that compounds
isolated from sage and rosemary, had antifungal activity against A.flavus,
A.parasiticus and A.ochraceus, and the major constituents of these
compounds was found to be curcumine (diterpene).

Table 5: Effect of the extracted oils on mold growth by A. ochraceus.

Extract Myceliai dry weight, g / 50 mi medium

level, % Lemon grass basii Sage Clove Rosemary
Control, 00 % [1.20°+0.018  [1.20°+ 0.018 [1.20™% 0.018 [1.20+ 0.018 [1.20™ 0.018
0.1 0.036%£0.008  [1.24"°0.074 [1.30"°£0.018 10.00%°+0.00 }1.20*°+0.042
0.2 0.005%° £0.00 0.34%°+0.065 10.54°°£0.037 10.00°°£0.00 p.ss"’:o.om
0.3 0.00%%£0.00 15 £0.019 10.23%°+0.034 /0.00%°10.00  0.17°°£0.053
L.SDsx 0.14

N.B.1- Different capital litters in column denote significant differences (p < 5% ) between
means in the same extract and visa versa. 2- The same small litters in rows denote no
significant differences (p S 5%) between extracts and visa versa

Table 6: Effect of the extracted oils on ochratoxin A- production by A.

ochraceus.
Extract Ochratoxin A- production, mg / 50 mi medium ’
level, % Lemon grass basil Sage Clove Rosemary |
Control, 0.0 %  [3985™ + 46.2 Pgss‘“ue.z 3985™ + 46.2 Fsas"us.z 139857+ 46.2
0.1 1195%°+24.11 14105%°+18.9 |3990%°+21.3 10.00%°:0.00  [1155%°215.2
0.2 0.00°+0.00 [1136°°+11.7 3148%°+27  0.00%+0.00  10.00°®+0.00
3 0.00% £0.00 0%°+31.5 [3045%+23.7 0.00°2+0.00  [0.00°°+0.00
LSDss 166 ’

N.B.1- Different capital litters in column denote significant differences (p < 5%} between .
means in the same extract and visa versa. 2- The same small litters in rows denote no
significant differences ( p < 5% ) between extracts and visa versa.

2. The MIC of the five plant extracts against the tested organisms

Minimum inhibitory concentration (MIC) for selected five oils against
the tested organisms showed a broad spectrum (between 0.2 to 7.5 mg/ml) of
bioactivities ranged between the two extremes of clove as a maximum and
sage as a minimum (Table 7). Clove oil showed maximum activity with MIC
values ranging from 0.35 to 0.50 mg/mi followed by lemongrass oil with MIC
values ranging from 0.40 to 0.60 mg/mi against all the tested strains, whereas
remaining oils, except sage, showed moderate MIC values. Adegoke and
Odesola (1996) reported similar MIC values (0.25 mi/100mil) for lemon grass
against A. flavus. On the other hand, Sacchetti et al. (2005) studied MIC
values for lemon grass and found that concentration between 0.2 and 0.3
mi/100m{ were microbiocidal. Data exhibited that standard antibiotic
gentamycin (the MIC values varying between 0.2 — 0.35 mg/ml) had stronger
bioactive effect on the fungal strains compared with all the 5 plant extracts, at
least 25 folds more than sage exctract (Table 7). Cowan (1999) reported that
the antimicrobial effects of any plant products or resources was mainiy due to
its contents of phytochemicals and other bioactive metabolites.
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Table 7: The MIC of the 5 plant extracts and gentamycin against the
studied fungal strains.

Microorganism(s)

MIC (mg/ml)
Clove | Sage [ Rosmary [Brasil|Lemon grass| Gentamycin
Against fungal strains

A. flavus 0.35 6.50 0.60 1.50 0.40 0.20
\Asp. parasiticus 0.50 5.30 0.60 0.90 0.50 0.20
Asp. ochraceus 0.40 7.30 1.30 1.50 0.60 0.35

3. Phytochemical synergies

Many workers reported that some phytochemical had the ability to
inhibit microbialgrowth (Benny and Venitha, 2004) working on seven
chineseherbswith toxic effect on some of both fungal and bacterial species;
(Tsukiyama et al., 2002) working on licorice and Listeria monocytogenes;
(Abdel-Fattah and Abo-Seree, 2004) working on three herbs against
Aspergillus sp. and (Sema et al., 2005) working on cardamom extract and the
pathogens of E. coli, S. aureus and M. leutus. The bioactivity of clove extract
showed almostly the same effects towads both fungal bacterial species, while
the antibiotic standard showed more powerful effect towards bacterial studied
strains. Similarly, the other four plant extracts showed almostly the same
bioactivity towards both fungal and bacterial species. (Lin et al, 2004)
demonstrated that the usage of plant extracts as antimicrobials showed
efficient bioactivity which mainly due to phytochemical synergies.

Data obtained from the semi-quantitative assay showed that clove
extract contained the highest level of terpenoids, while sage extract contains
only traces amounts of each of the three determined phytochemicals (Table
8). The other three plant extracts revealed different concentrations of
phytochemicals, but the total amount seems to be roughly the same (1-1.5
pg/ml), as well the three extracts contained detectable amounts of
terpenoids. (Aureli et al., 1992) found that terpenoids present in essential oils
of plants are useful in the control of listeria monocytogenes containing food.
The mechanism of action of such phytochemical is not fully understood, but is
speculated to involve membrane disruption (Mendoza et al., 1997). However,
many authors agreed the obtained results which refered to the bioactivity of
terpenoids containing plants against bacteria (Tassou et al., 2000 and Taylor
et al., 1996) and against fungi (Rao et al., 1993 and Rana et al., 1997).

Table 8: Semi-quantitative assay of the § plant extracts (ug/mi)

Plant extracts phytochemicals :
Phenols Flavonoids Terpenoids
Clove Traces Traces 1.5-20
Sage Traces Traces Traces
Rosmary >0.5 Traces 0.5-1.0
Basil Traces Traces 1.0-15
Lemon grass Traces 05-1.0 >0.5

It is worthy to mention that the recent work focused on three
phytochemicals only, while such bioactive substances include other groups
and families as alkaloids, lectins, polypeptides, tannins, quinones and some

1752




J. Agric. Sci. Mansoura Univ., 34 (3), March, 2009

secondary metabolites (Cowan,1999). The most bioactive plant extract
(clove) showed the highest content of terpencids, while sage extract revealed
traces of each of terpenoids, phenols and falvonoids. The rosmary, basil and
lemon grass extracts showed approximately the same quantities of the three
phytochemicals which reflecting almostly the same bioactivity on both fungal
and bacterial species.

The collicted data from Tables 1 to 8 clearly indicate that olthough
moid growth and mycotoxin production were significantly reduced by the
preserice of basil and sage oils in the media; there were no considerable
antifungal properties of these oils. And this is because the appearent
reduction over control, by these oils was less than 50% (Tables 1 - 8). It is of
interest to note that compound is considered as a positive inhibitor if it altered
growth and / or mycotoxin biosynthises by 50% or more (Masimango et ai.,
1978). Subsequet to these results, the inhibitory activity of clove oil was
found to be the most positive inhibitor, especially against A. ochraceus.
These results suggested that herbs and spices could be used as a guide in
the continuing search for new naturai products with potential antifungal
properties.

REFERENCES

A.O. A. C. (1980) .Official methods 13th ed.Association of Analytical chem.

Abdel-Fattah, Sh. And Y. H. Abo-Seree ( 2004). Inhibitory effect of spices
extracts on growth and mycotoxin biosynthesis by A. paras:t/cus and A.

" ochraceus. Bull. Inst. Nut. Cairo, Egypt, 25: 105-124.

Adegoke, G.O.and B.A Odesola, (1996). Storage of maize and cowpea and
inhibition of microbial agents of biodeterioration using the powder and
essential oil of lemon grass (Cymbopogon citratus). International
Biodeterioration and Biodegradation 37 (1 — 2), 81— 84. '

Amvam Zollo, Biyiti, P.H.; Tchoumbougnang, L.; Menut, F. C.; Lamaty, G.
and Ph.Bouchet (1998). Aromatic plants of tropical Central Africa: Part
XXXII. Chemical composition and antifungal activity of thirteen
essential oils from aromatic plants of Cameroon. Flavour and
Fragrance Journal 13, 107- 114,

Aureli, P.; Costantini, P. and S. Zolea (1992). Antimicrrobial activity of some
plant essential oils against Listeria monocytogenes. J. Food Prot., 55:
344-348.

Bankole, S.A. And A.O. JODA (2004). Effect of lemon grass (Cymbopogon
citratus Stapf) powder and essential oil on mould deterioration and
aflatoxin contamination of melon seeds (Colocynthis citrullus L.).
African Journal of Biotechnology Vol. 3 (1), pp. 52-59, January 2004

Baratta, MT; Dorman, HJD.; Deans, SG; Biond, DM and G. Rruberto
(1998).Chemical composition, antimicrobial and antioxidant activity of
laurel sage rosemary orango, and coriander essential oils J .of
Essential Oils. Res,.10:6,618-627.

Basilico, M.Z. and J.C. Basilico (1999). Inhibitory effects of some spice
essential oils on Aspergillus ochraceus NRRL 3174 growth and
ochratoxin A production.

1753




Abu-Seif, Feryala A. et al.

Bauer, J.; Montgelas, AV. and Gedek Brigitte (1983). Aflatoxin B1
production in the presence of preservatives antimicrobial agents.
Proc. Int Symp. Mycotoxins, pp. 249 — 255.

Benny, K. and J.Vanitha (2004). Immunomodulatory and antmicrobial effects
of some traditional Chinese medicinal herbs. J. Curr. Med. Chem., 11:
1423-1430.

Borris, R. P. (1996). Natural product research: perspectives from a major
pharmaceutical company. J. Ethnopharm., 51: 29-38.

Campo, J-del; Amiot -MJ; The-C; Njuyen and J. D. Campo- (2000).
Antimicrobial effect of rosemary extracts. J. of Food Protection, 63:
10, 1359 -1368.

Chen, Qy; Shi. H. and C.T. HO (1992). Effect of rosemary extracts and major
constitutments on lipid oxidation and soybean lipooxyginase activity . J.
Amer. Oil Chem.Soc. 69 (10): 999- 1002.

Cowan, M. M. (1999). Plant products as antimicrobial agents. Clin. Microbio.
Rev., Oct. 1999: 564-582.

Davis, N. D.; Diner, V.Land D. W. Eldridge (1966). Production of
aflatorxins B and G by Aspergillus flavus in semi synthetic medium.
Appl.  Microbiol.14: 378-381.

Deans, S.G. and P.G. Waterman (1993). In: R.K.M. Hay and P.G. waterman
(Eds.), volatile il crops: Their biology, biochemistry and production
(pp. 113). London, Longman.

Dhirendra M.and D. Mishra (1990). Seed protected property of essential onls
of zingiber officinale. Ind., Perfume. Er. , 34: 266 — 268.

Farag, R. S., Daw, Z.¥.; and S.H. Abo Raya (1989). Influence of some
spiceess’ential oils onA. parasiticus growth and production of aflatoxins
in a synthetic medium. J of Food science; 54:1, 74-76.

Harbourne, J. (1973). Antimicrobial activity of medicinal plants. Phytochem.
Methods. Aguide to modern technique of plant analysis. Chapman and
hall Co. N. Y.

Hess, S., Brum, N., Honda, A., Cruz, A,, Morrelto R., Cruz, L., Messana, F.
and R. Yuenes (1995) Antimicrobial actlwty and phytochemlcal
analysis of Vochysiaceae. J. Ethnopharm., 47: 97-100.

Lamaty, G., Menut, C., Bessiere, J.M., Zollo, P.H.A., F. Fekam (1987).
Aromatic plants of tropical Central Africa: |. Volatile components of two
annonaceae from Cameroon: Xylopia aethiopica (Dunal) A. Richard
and Monodora myristica (Gaerth.) Dunal. Flavour and Fragrance
Journal 2, 91~ 94,

Lienert, D.; Anklam, E. and U. Panne (1998). Gas chromatography — mass
spectral analysis of roots of Echinceae spp and classification by
multivariance analysis. Phytochemical Analysis, 9: 88-98

Lin, Y., Labbe, R. and K. Sheity (2004). Inhibition of Listeria monocytogenes
in fish and meat systems by use of orango and Cranberry
phytochemical synergies. J. Appl. And ENv. Microbiol., 70 (9): 5672-
5678.

Masimango N.; Ramaut, J.L. and J. Remacele (1978). Contribution a I'etude
du role de additives Chemiques dans la lutle contre I'aflatoxin. Rev
.Fermant. Ind.Aliment. 33: 166 - 170.

1754



J. Agric. Sci. Mansoura Univ., 34 (3), March, 2009

Mendoza, L., Wilkens, M. and A. Urzua (1997). Antimicrobial study of the
resinous exudates and .of diterpenoids and flavonoids isolated from
some Chilean Pseudogna- phalium. J. Ethnopharmacol., 58:85-88.

Menut, C. and G. Valet (1985). Etude de la composition chimique de I'huile
essentielle d’'une plante aromatique cultive’e au Cameroun: Ocimum
gratissimum. Ann. Fac. Sci. Univ. Yaounde®, Se’r. 3 Biol. Biochim., vol.
3. University of Yaounde’, Cameroon, pp. 91— 95.

Meorman, D. (1996). An analysis of the food plants and drug plants of native
North America. J. Ethnopharmacol, 52:1-22.

Nass, R.; Markstaedtler, C.; Hauke, V., and R. M. Reide (1998). Quantitative
gas chromatog. Analysis of plant cutiolar waxes containing long- chain
aldehydes. Phytochemical Analysis, 9: 112-118.

Navarrow, V., Villareal, G. and X. Lozoya (1996). Antimicrobial evaluation of
some plants used in Mexican traditional medicine for the treatment of
infectious disease. J. Ethnopharmacol., 53:143-147.

Nissen, O. ( 1990). In: Bricker, B. (Ed.), A Microcomputer Program for the
Design, Management and Analysis of Agronomic Research
Experiments. Michigan State University. 220 pp.

Rana, B., Singh, P and V. Taneja (1997). Antifungal activity and kinetics of
inhibition by essential oils isolated from leaves of Aegle marmelos. J.
Ethnopharmacol., 57:29-34.

Rao, K., Sreeramula, D., Gunasekar, K. and D. Ramesh (1993).. Two new
sesquiterpene lactones from Ceiba pentendra. J. Nat. Prod., 56:2041-
2045.

Reische, D.W.; Lillard, D.A. and R.R. Eitenmiller ( 1998). Antioxidants are
food lipids. In C. C. Ahoh and D.B. Min (Eds.). Chemistry, nutrition and
biotechnology (pp. 423-448). New York; Marcel Dekker.

Sacchetti, G., S.Maietti and B. Renato (2005). Comparative evaluation of 11
essential oils of different origin as functional antioxidants, antiradicals

Schultez, R. (1978). The kingdom of plants. In W.A. Thomson (ed.) Medicines
from the earth. McGraw-Hell book. Co, N.Y.

Sema, A., Dostbil, N. and S. Alemdar (2005). Antimicrobial effect of seed
extracts of Cardamon. J. Vet. Fac. Derg., 16(2):99-102.

Silva, A., Durate, J., Cabrita, M. and E. Gomes (1996). Antimicrobial activity
of Guinea-Bissau traditional remedies. J. Ethnopharmacol., 50:55-59.

Skandamis, P., K. Koutsoumanis, K. Fasseas and G.J. E. Nychas (2001).
Inhibition of oregano essential oil and EDTA on E. coli 0157:H7. ltalian
Journal of Food Science, 13, 55-65.

Sokovic, M.; Tzakou, O.; Pitarokili, D.and M., Couladis (2002). Antlfungal
act:vmes of selected aromatic plant growing wild in Greece. Nahrung.
2002. 46: 5, 317-320.

Tang, Ho Chi; Wang, M.; Wei, G.; Huang, T.; Huang; Ho, CT.; Wang, MF. ;
Wei, GJ; Huang, T.C. And M.T. Huang (2000).  Chemistry and
oxidative factors in rosemary and sage. BioFactors, 13:1-4, 161-166.

Tassou, C.; Koutsomanis, K.; G.-J.E. Nychas (2000). Inhibition of Salmonella
enteritidis and Staphylococcus aureus in nutrient - broth by mint
essential oil. Food Research International 33, 273- 280.

- 1758



Abu-Self, Feryala A. et al.

Trease, F., Schoofs, H., Thevissen,R., Osborn, J. and H. Brochcar (1993).
Synergistic enhancement of the antifungal activity of wheat and barley
Thionins by radish and oilseed rape. Plant Phys., 103: 1311-1319.

Tsukiyma, R., Katsura, H., Tokuriki, N. and K. Makio (2002) Antimicrobial
activity of licochalcone against spore forming bacteria. J. Antimicrobial
agents and chemotherapy, 46 (5): 1226-1230.

Tylor, R., Edel, F., Manadhar, N. and H. towers (1996). Antimicrobial
avtivities of Southern Nepalese medicinal plants. J. Ethnopharmacol.,
50: 97-102.

Vilegs, G.H.; DeMarchi, E.and F.M. Lancas (1997). Extraction of low polarity
compounds (with emphasis on coumarin and Kaurenoic acid) from
Mikania glomerata (guaco) leaves.Phytochemical Analysis, 8: 266-270.

A g Agl oall 8 oyl any s gl A (g puSlaal il

| ka3 o
J'WJ..:\ O (g c'cL..‘nﬂL.s hlaa Gl ¢ "o gl Baallae ANy
" oian, JU

ran —Sgall aglll S el - uad (e Araly — U IS il ad 0
Jn =S gall a9l S Al = g3 ey pyans pud  **
ran —gall e gill S jall = Aadi iy padall S pudd * 0

g) o A aa Aol Glialitiee Luadd uSleadl A1 LA Caaghud Dl 03
gy ol S i il ¢ aSiad S Gl paad (DS s il (A S kil e
At ya e SIS gy g Saa o sam G o g5 50y 48 jae B0l YL
S Oadlll Alada (Ollan (lag M dgagpall (Jiiil (A Al il @ gain ga Guadd) Sl
L) sy A M Cilialitinall Craxilid . s W giae padadul g Lladd (3 gl (e lean
e nadll Clalisudl 'MIC haySi 38 5 JH' Lady oyl 300 Jle G jaall Mol
$siaa o il S audy diiay pagad el jal ) ey s kil @Y
Sl Gyl o it sy i il ) @l iy Y gl e dweddl it
slad Jii il Clalitiue ddaedd die Wiel Ba gl 4addiuadl Glalituad GuStead 3l
Jlidl b 3y il ) paill Lyl Clalie o Sl L gay basaa Ay Kol YL
e e Al o paae el ekl A g sal) CilaliGndd (g ga JaldS Ji Jaa )
o slad 4 A Laladll aie Ay jiea o ) B3 1 Gaiddl 38y dale ddeay YL
Loges Uabl 5 cedal e ) cobillan (olay; AU Clialituall L Gupdl S Cuda )
"MIC i 38 5 JI" apas il L Jii 0 ol (e JH CulS Lpagan g S 22 I lie
Laadiuall Slaaliiuall dleld o) Aaill 5 Sal aSh apdy (ool panill gl dlliS,
z 8 A S 5 die Jaa o) dandil il 1 agay yall Clealitiue lae Ly o5yl Lehldiy
A dabaal aie Y Waaa S QLAY Cliie e bl JS) o jaglle V,0 - Y oy
oo il 3 gall Gaaill it L s Ly pall) Rpdiay Aaladll die AWV Waay Jis il
-»r_xuﬁa\z,s,u\,c.,u,su\O‘Ju‘;ﬁ,,ou*ﬂt‘yda)maumwbtm)
a\“._xs:....nu‘uwsmxﬂswuxﬁ@w&@y\awqy
oSag Le ga g Lo Aladll 3l pall o Cuy )\ 268 () galll Alpda g Glallaa g Glag 51T DU
234 aladlind AlSa) 2S5 5 el YD aue 86N 3ay Llgie JS a0 Gyl
ARV Gany e 4 pailly Sal (e T3y e iy 138 Sy ¢ Adaila o paS g 3

1756



