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Abstract: The objective of this study is to evaluate (in vitro and in vivo) seven plant extracts and their liquid fractions against four
Penicillium italicum isolates. The in vitro study revealed that a concentration 520 pg/ml of crude extract of sticky fleabane leaves or cin-
namon bark generated maximum percentage inhibition of 54% and 43%, respectively, against tested fungal isolates. A concentration of
130 pg /ml from each extract (except harmal and garlic where, 390 ug/ml were required) caused complete inhibition of fungal growth
of isolates Pi.1 and Pi.3 infecting orange fruit. A concentration of 130 ug/ml of nightshade fruit, fenugreek or sticky fleabane extract
inhibited completely the growth of isolates Pi.3 and Pi.5 infecting lemon fruits, whereas a concentration of 390 ug/ml was required
to inhibit the growth of isolate Pi.1. Methanolic fractions of cinnamon, garlic or sticky fleabane completely inhibited the growth of
fungal isolates. The ICs values for these fractions were found to be in the range of: 11.2-24; 30.25-31.50; 25.0-36.0 pg/ml, respectively.
A concentration 20 pg/ml of cinnamon hexane fraction inhibited the growth of the fungal isolates, with ICs values of 13, 13.75, 14
and 13 pg/ml, respectively, obtained against isolates Pi.1, Pi.3, Pi.5 and Pi.6. The nightshade hexane fraction completely inhibited the
growth of isolates Pi.1 and Pi.3 with IC5( values of 80 and 37.5 pg/ml, respectively. Cinnamon aqueous fraction completely inhibited

the growth of isolates Pi.1 and Pi.5 (IC5, were 61.25 and 58.5 pg/ml, respectively).
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INTRODUCTION

The filamentous fungus Penicillium italicurn Wehmer
(blue mould) causes a universal post-harvest disease of
almost all kinds of citrus fruit (Prusky et al. 2004). Eco-
nomic losses caused by post-harvest pathogens are great-
er than is often realized and the avoidable losses between
the farm gate and the consumer are of considerable con-
cern (Soylu et al. 2005). However, consumers’ demand
for pesticide-free food and the development of pathogen
strains resistant to currently used fungicides, in addition
to the ineffectiveness of such pesticides, necessitate the
development of environmentally safer control options for
post-harvest diseases (Hammer ef al. 1999). Plant extracts
and their essential oils are one of several non- synthetic
chemical control options that have recently received at-
tention for controlling plant diseases (Soylu et al. 2005;
Abad et al. 2007). The methanolic extract of fenugreek
was potent in inhibiting dermatophytes and Candida albi-
cans (Shtayeh and Abu Ghdeib 1999; Olli and Kirti 2006).
Extracts of harmal seeds and roots were found to contain
a mixture of active alkaloids, and among these harma-
line was the most active antifungal agent (Telezhenets-
kaya and Dyakonov 2004). The chemical constituents of
garlic bulb had shown inhibitory activity against several
microbes including bacteria, fungi and viruses (Yoshida
et al. 1987; Elsom 2000). The antifungal activity of garlic
is attributed to the main biologically active component of
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garlic extract termed allicin (Marino et al. 2001). Similarly,
an allicin derivative, the compound ajoene, has shown
antifungal activity against Aspergillus niger, C. albicans
and Paracoccidioides brasiliensis (Gurib-Fakim et al. 2005).
Concerning the activity of cinnamon bark constituents,
eugenol as well as cinnamaldehyde have consistently
been reported to have antifungal activity (Delaquis et al.
2002). Extensive studies were conducted to elucidate the
nature and the biological activity of sticky fleabane ex-
tracts (Wang et al. 2004). All types of sticky fleabane ex-
tracts proved to have significant antifungal activity where
the oily leaf paste made with organic solvents exhibited
the greatest in vitro antifungal efficacy against dermato-
phytes, Candida spp and downy mildew (Cafarchia et al.
2002; Cohen et al. 2006). Furthermore, a sesquiterpene
lactone isolated from I. viscosa flowers possessed in vitro
efficacy against Microsporum canis, M. gypseum and Tricho-
phyton mentagrophytes (Abu Zarga et al. 1998; Cafarchia
et al. 2002). The herbaceous annual plant nightshade, due
to its high content of steroidal alkaloids, showed antifun-
gal activity against 11 agronomically important fungi in-
cluding: Aspergillus spp, Rhizopus spp, Fusarium spp, Mu-
cor mucedo, Bipolaris oryzae and Rhizoctonia solani (Muto
et al. 2006; Zhou et al. 2006; AL-Fatimi ef al. 2007). The
current investigation aimed at in vitro and in vivo evalu-
ation of seven plant extracts and their fractions for the
control of P. italicum. Plant extracts were obtained from
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fenugreek seeds (Trigonella foenum-graecum L.), harmal
seeds (Peganum harmala L.), garlic cloves (Allium sativum
L.), cinnamon bark (Cinnamomum cassia L.) Presl, sticky
fleabane leaves (Inula viscose L.) Aiton, nightshade leaves
and fruit (Solanum nigrum L.).

MATERIALS AND METHODS

Penicillium italicum isolates tested

Conidiospores of four P. italicum isolates (Pi.1, Pi.3,
Pi.5, and Pi.6) were obtained from decayed orange (Citrus
sinensis L.), lemon (Citrus limon L.) and calamondin (Cit-
rus mitis L.) fruit.

Citrus fruit types used
Two citrus fruit types were used: orange (C. sinensis L.)
and lemons (C. limon L.).

Plant materials analysed

Crude extracts of only six out of seventy plant species
tested have shown antifungal activity against isolates of
P. italicum. These are: fenugreek seeds (Trigonella foenum-
graecum L.), harmal seeds (Peganum harmala L.), garlic
cloves (Allium sativum L.), cinnamon bark (Cinnamomum
cassia L.), sticky fleabane leaves (Inula viscosa L.) and
nightshade leaves and fruit (Solanum nigrum L.). The for-
mer four plant materials were brought from traditional
medicine shops in Irbid city, whereas, the latter two were
collected from wild-type populations occupying orchard
fields and roadsides of Mu'tah and Al-Iraq towns within
the Al-Karak area in Jordan.

Media

Aspergillus nidulans complete medium (CM) de-
scribed by Cove (1966) was used [it gave maximum zone
of growth as compared to potato dextrose agar (PDA)
media] with slight modification (i.e. pH 6, supplemented
with 10 mM proline) in order to achieve optimal growth
conditions for various isolates of P. italicum.

Purification of fungal isolates

Conidiospore suspensions in a 5 ml physiological sa-
line/Tween 80 (0.05%) solution were harvested from each
isolate to give a concentration of approximately 1x10°
spores per milliliter. An aliquot of 100 ul from a dilu-
tion of 10 or 107 was plated again on complete media
to confirm purity and identity of the culture (Zhang et
al. 2004).

Optimal growth conditions of fungal isolates

Nine replicates (for each condition tested) of conidio-
spore suspensions (20 pl) from each tested isolate were
inoculated into complete media, having different pH re-
gimes (i.e. 5.0, 5.5, 6.0, 6.5,7.0,7.5, 8.0, and 9.0) for optimal
pH testing. At pH 6.0 (optimal pH), L-proline at a concen-
tration of 10 mM was the best nitrogen source used among
the following compounds: NH,*, NO;, Urea; L-proline,
L-lysine, L-arginine, L-adenine, L-glutamine, and L-histi-
dine. In addition, inoculated plates of complete media ad-
justed to optimal pH 6.0, and supplemented with 10 mM
proline were incubated at five temperature regimes (i.e.

10°C, 20°C, 25°C, 30°C, 37°C) in order to determine the
optimal temperature of growth. Also, various carbon
sources (glucose, sucrose, sorbitol, fructose, and maltose)
were tested at a final concentration of 10 g/l to determine
the best carbon source (glucose). Each group of nine rep-
licates were incubated for 5 days, at 25°C (optimal tem-
perature) or at the tested temperature, and the radius of
each growing colony measured in two directions at right
angles to each other.

Preparation of extracts

Plant material was dried in the shade, ground to a fine
powder in liquid nitrogen and extracted (48 h) with abso-
lute ethanol in a soxhlet apparatus (Ndukwe et al. 2006).
The solvent was removed using rotary evaporator (Hei-
dolph, VV2000) under reduced pressure at temperatures
below 50°C. The resulting crude extracts were stored at
—-20°C until assayed. Stock solutions and serial dilutions
of extracts and fractions were prepared in dimethylsul-
phoxide (DMSO) (Ambrozin et al. 2004). Control experi-
ments were performed using DMSO at the same con-
centration as used to test the extracts. Extracts were dis-
solved in DMSO and evaluated for their ability to inhibit
the growth of P. italicum isolates.

Fractionation of crude plant extracts

Each crude extract sample was fractionated with a 1:1
ratio of water /dichloromethane (v/v). The resultant aque-
ous fraction was further extracted with dichloromethane,
concentrated to dryness using rotary evaporation and
stored in sterile containers at 4°C until used. The dichlo-
romethane fraction was concentrated to dryness using ro-
tary evaporation, and diluted with n-hexane/90% metha-
nol (1:1). The hexane and methanol fractions were con-
centrated to dryness using rotary evaporation and kept
in sterile containers at 4°C until used. Each fraction was
dissolved in (v/v) dimethylsulphoxide (Souza-Fagundes
et al. 2002).

Surface sterilization of citrus fruit

After preliminary washing under running tap water
for 5 minutes, fruit was washed with 6% sodium hypo-
chlorite solution by shaking and rubbing with a paint
brush. This was followed by immersion in sterile distilled
water for two minutes, surface sterilization in 70% etha-
nol for another two minutes and finally placing inside
a laminar flow cabinet.

Antifungal activity assay by the agar well diffusion
method

Analiquot of 100 pl spore suspension (1x108 spores/ml)
of each isolate was streaked in radial patterns on the sur-
face of complete media plates. Wells of 6 mm diameter
were made in the medium and each was filled with a cer-
tain concentration (0.65, 1.3, 13, 32, 65, and 97 ug) of crude
extract. DMSO was used as a control for the ethanolic ex-
tracts. The cultured plates were incubated for 3-5 days at
25°C. The zone of inhibition was measured in two direc-
tions at right angles to each other. Experiments were car-
ried out with three replicates per treatment and each treat-
ment was repeated at least twice (Ndukwe et al. 2006).
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Antifungal assay of crude extracts and their fractions by
amended agar method

Each crude extract was fractioned to provide three
fractions, aqueous, hexane and methanolic. Also the
emulsion was tested that may sometimes form between
layers. Stock solutions of each fraction were filter steril-
ized through a 4 um Millipore filter (Soylu et al. 2005).
Each concentration (130, 260, 390 and 520 ug/ml) of the
crude extracts or their fractions (5, 10, 20, 30, 40, 50, 60, 70,
80, 90 and 100 ug/ml) from plant species were amended
on the surface of solidified complete media. 20 ul of co-
nidiospore suspension (1x10%) from each of the isolates
were pipetted and left as drops on the surface of the
amended media and incubated at room temperature for
at least one hour until the liquid became completely ab-
sorbed. Three inocula per isolate/plate and three replicate
Petri plates were used per treatment and each treatment
was repeated at least twice. Along with each treatment,
20 ul dimethylsulfoxide (DMSO) were replicated as above
and used as controls for the ethanolic extracts. The inocu-
lated Petri dishes were incubated for 3-5 days at optimal
temperature (25°C). Colony diameter was determined by
measuring the average radial growth of each tested iso-
late. The radius of the growing colonies was measured in
two directions at right angles to each other. The Minimal
Inhibitory Concentration (MIC) was defined as the lowest
concentration of the extract inhibiting the visible growth
of each isolate (Obagwu and Korsten 2003).

Determination of sensitivity of fungal strains to plant
crude extracts or fractions

The percentage of myecelial growth inhibition by each
extract or fraction concentration was calculated from the
mean colony diameter (mm) on medium without plant
fraction (control) and from the mean colony diameter
(mm) on each fraction amended plate (zone of growth).
Alinear regression of percent inhibition versus plant frac-
tion concentration estimated to produce 50% growth in-
hibition (IC5,) was determined from the regression equa-
tion or by interpolation from the regression line. Percent-
age inhibition of mycelial growth was determined using
the following formula (Nwachukwu and Umechuruba
2001).

X —xi

% MGI = x 100%

where:

% MGI denotes: % of mycelial growth inhibition

X: mean diameter (mm) of control colony on non-amend-
ed medium

xi: mean diameter (mm) of tested colony replicates on
a single crude extract or fraction amended plate (zone of
growth).

Fruit inoculation with conidiospores and plant extracts

Fruit was wounded (2-wounds per fruit) at the equa-
torial side with a sterile stainless steel scalpel where each
wound was about 4 mm long and 2 mm deep (Zhu et al.
2006). 15 ul of conidiospore suspension from each isolate
were inoculated under aseptic conditions into each wound

using a micropipette. Two hours later, each wound was in-
oculated with a pre-determined concentration from each
plant extract. Control fruit was subjected to the same treat-
ments except that sterile distilled water was used instead
of plant extract. At least two replicates were used for each
treatment and each test was repeated twice. The treated
fruits were labeled, sealed in moistened sterile transparent
nylon bags and incubated at 22°C to 25°C for two weeks
before assessing decay or fungal growth symptoms.

Statistical analysis

The concentration of plant crude extract or fraction
producing 50% growth inhibition (ICs5;) was calculated
by regression analysis to determine the relationship be-
tween the size of inhibition zone (mm) and the concen-
tration (ug) of crude extract or fraction (log value) using
Microsoft Excel 2003 and SPSS program version 10.

RESULTS

Sensitivity of P. italicum isolates to plant crude extracts as
determined by the agar well diffusion method

Results of regression analysis for the relationship be-
tween the size of inhibition zone (mm) and plant extract
concentration (log value) indicated that there was a sig-
nificant correlation between the concentrations of cinna-
mon extract used and the average inhibition zones for the
four isolates (Pi.1, Pi.3, Pi.5 and Pi.6) of P. italicum. The
correlation coefficient values observed for these fungal
isolates were: r = 0.878", p = 0.022; r = 0.877, p = 0.022;
r =0.842", p=0.036, and r = 0.879", p = 0.021, respectively.
A concentration of 97 ug/ml cinnamon extract resulted in
mean inhibition zones of 24.83, 23, 20.17, and 18.83 mm
for the four fungal isolates, respectively. However, the
results indicated that the range of concentrations from
0.65 ug/ml to 97 pg/ml nightshade fruit or leaves, fenu-
greek seeds or sticky fleabane leaf extracts showed no
inhibitory effect on the growth of four P. italicum isolates
(i.e. zero zone of inhibition).

Sensitivity of P. italicum isolates to plant crude extracts
as determined by amended agar method

The data presented in table 1 show that the concentra-
tions of sticky fleabane extract tested were significantly
correlated [at the 0.01 and 0.05 levels of significance] with
the percentages of inhibition zones in isolates Pi.1, Pi.3,
Pi.5 and Pi.6. Sticky fleabane leaves followed by cinna-
mon bark extract were observed to be the most effective
against P. italicum isolates. Whereas 520 pg/ml sticky flea-
bane extract resulted in hyphal growth inhibition values
of 54.09%, 53.73%, 52.85% and 46.32% for isolates Pi.3,
Pi.5, Pi.6 and Pi.1, respectively, the the same concentration
(i.e. 520 ug/ml) of cinnamon bark extract gave percentage
inhibition values of 24.59, 35.64, 43.53 and 41.59. Regard-
ing the effect of the remaining plant materials (Table 1),
fungal isolates Pi.6 and Pi.5 were observed to be more
susceptible (i.e. showed the highest % of fungal growth
inhibition) to extract activity than isolates Pi.1 and Pi.3
with 520 ug/ml of extract type. An exception to this pat-
tern was the nightshade leaf extract.
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Table 1. Sensitivity of four P. italicum isolates to different concentrations of various plant crude extracts tested by amended agar

method (in vitro)

Source of plant | Conc. range Mean size of growth Inh1b1t10dn corr Sigf Regression Fungal
N b . (range) Value . .

crude extracts [ug] zone [mm]+SD (range) %] (r)° value equations isolate
130-520 30.67+0.82-29.50+9.90 3.17-6.85 0.947 0.153 y =0.01x+2.91 Pil
. . 130-520 29.67+2.16-26.00+0.52 2.73-14.75 0.887 0.113 y =0.029x+1.39 Pi3

Nightshade fruits " .

130-520 25.5+0.55-24.5+1.3 18.62-21.81 | 0.976 0.024 y =0.008x+17.82 Pi5
130-520 29.5+2.7-22.17+2.14 8.30-31.10 0.958" 0.042 y =0.054x+3.38 Pi6
130-520 24.5+0.55-22.33+0.82 22.64-29.48 | 0.994 | 0.006 y = 0.018x+20.54 Pil
Nightshade 130-520 24.83+0.41-20.67+0.82 18.58-32.24 | 0.894 0.106 y =0.032x+16.94 Pi3
leaves 130-520 23.5+1.38-19.17+1.47 24.99-38.83 | 0.923 0.077 y = 0.035x+22.61 Pi5
130-520 20.67+1.03-19.5+1.65 35.76-39.39 | 0.799 0.201 y =0.010x+33.17 Pi6
130-520 25.67+0.52-18.5+0.84 18.96-41.59 | 0.996 | 0.004 y = 0.056x+11.85 Pil
Cinnamon 130-520 27.33+0.82-23+0.55 10.39-21.59 | 0.923 0.077 y = 0.034x+8.197 Pi3
bark 130-520 23.5+1.98-20.17+2.32 25.00-35.64 | 0.983" | 0.017 y =0.027x+21.01 Pi5
130-520 23.17+0.98-18.17+1.84 27.99-43.59 | 0.809 0.191 y = 0.036x+27.47 Pi6
130-520 25.17+0.41-25.17+0.75 18.90-20.53 | 0.913 0.087 y =0.004x+18.69 Pil
Garlic 130-520 22.5+0.84-21+0.63 26.23-31.15 | 0.563 0.437 y =0.011x+23.22 Pi3
cloves 130-520 22.67+0.82-20.5+1.23 27.66-34.57 | 0.766 0.234 y = 0.015x+27.66 Pi5
130-520 22.5+1.64-20.67+0.82 30.06-35.76 | 0.938 0.062 y =0.015x+27.21 Pi6
130-520 21.67+0.52-17+0.0 31.59-46.32 | 0.993" | 0.007 y = 0.036x+26.85 Pil
Sticky fleabane 130-520 20.67+0.52-14+0.63 32.24-54.09 | 0983 | 0.017 y = 0.053x+25.41 Pi3
leaves 130-520 21+1.79-14.5£2.17 32.98-53.73 0.986 0.014 y = 0.052x+27.66 Pi5
130-520 18.33+1.63-15.17+0.41 41.97-52.85 0.972" 0.028 y = 0.028x+37.57 Pi6
130-520 25+0.0-23.5+1.76 21.06-25.79 0.947 0.053 y =0.013x+18.69 Pil
Fenugreek 130-520 25.5+1.05-22.5+1.05 16.39-26.23 0.947 0.053 y =0.028x+13.11 Pi3
seeds 130-520 23.67+1.03-21.5+1.05 24.47-31.38 0.920 0.080 y =0.019x+20.74 Pi5
130-520 25.83+0.98-23.33+1.21 19.69-27.47 0.954" 0.046 y =0.020x+17.88 Pi6
130-520 25+0.0-23.5+1.76 21.06-25.79 0.933 0.067 y =0.011x+20.27 Pil
Harmal 130-520 25.67+1.21-24+1.27 15.85-21.31 0.966 0.034 y =0.014x+14.48 Pi3
seeds 130-520 22.17+0.75-22+0.89 29.25-29.79 0.359 0.641 y =0.003x+27.93 Pi5
130-520 23+2.09-22.33+1.03 28.51-30.58 0.939 0.061 y =0.006x+27.73 Pi6

* six plant crude extracts were tested against four fungal isolates

® a range of concentrations (130, 260, 390, 520 ug/ml) of crude extracts was used from each plant type against tested isolates of

P. italicum

¢ mean diameter (mm) of control colony (zone of growth) on non-amended medium for isolate Pil = 31.67+0.82; Pi3 = 30.5+0.84; Pi5 =
31.33+1.86; Pi6 = 32.17+1.94
4% of mycelial growth inhibition was determined from the mean diameter (mm) of control colony on non-amended medium and
that tested on amended plate (zone of growth)
¢ correlation coefficient values
flevel of significance at the 0.05 and 0.01 levels (2-tailed)
8 regression analysis for the relationship between the size of inhibition zone (mm) and the concentration [ug] of crude extract or
fraction (Log-value) . Values are means of six replicates and each experiment was repeated at least twice
* correlation is significant at the 0.05 level (2-tailed)
** correlation is significant at the 0.01 level (2-tailed)

Sensitivity of P. italicum isolates to plant crude extract
fractions

The results of regression analysis are presented in
table 2. These data indicate that the concentrations of
cinnamon and garlic methanolic fractions tested showed
significant correlation (at either the 0.01 or the 0.05 level
of significance) with the percentages of hyphal growth
inhibition for P. italicum isolates Pi.1, Pi.3, Pi.5 and Pi.6.
20 pg/ml cinnamon methanolic fraction completely inhib-
ited the growth of isolate Pi.1 whereas similar levels of in-
hibition were obtained at a concentration of 30 ug/ml for
isolates Pi.3, Pi.5 and Pi.6. In addition, the ICs, values ob-
tained for isolates Pi.1, Pi.3, Pi.5 and Pi.6, were observed
to be 11.2, 23.4, 24 and 24 pg/ml, respectively. However,
the garlic methanolic fraction completely inhibited the
growth of the four isolates at a concentration of 40 ug/ml,
with ICs, values obtained against isolates Pi.1, Pi.3, Pi.5

and Pi.6 of 31.5, 31.25, 30.5 and 30.25 ug/ml, respectively.
The methanolic fraction of sticky fleabane leaves was
highly effective against the growth of P. italicum isolates,
where complete inhibition of isolates Pi.1 and Pi.3 growth
was achieved at all concentrations tested (Table 2).
In contrast, such inhibition was obtained at a concen-
tration of 60 and 80 ug/ml against isolates Pi.5 and Pi.6,
and this is reflected by ICs, values of 25, 25, 34.5 and
36 pg/ml, respectively. However, none of the concentra-
tions of fenugreek, harmal, nightshade leaves or night-
shade fruit methanolic fractions resulted in complete in-
hibition of fungal growth. In comparison, a concentration
of 20 pg/ml cinnamon hexane fraction completely inhib-
ited the growth of the four P. italicum isolates and the ICs
values obtained forisolates Pi.1, Pi.3, Pi.5 and Pi.6 reached
13, 13.75, 14, and 13 ug/ml, respectively. The hexane frac-
tion of nightshade leaves extract completely inhibited hy-
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Table 2. Sensitivity of four P. italicum isolates to various fractions of different plant extracts (in vitro)
o . Corr .
Plant extract Fungal Conc % of IC. b Regression Value Sige
fraction isolate [ugl inhibition? 50 Equation® (r)¢ value
1 2 3 4 5 6 7 8
. 5-10 37.93-43.10 .
Pil 20-50 100 11.2 y =13.744x+32.1 0.836 0.038
. 5-20 5.56-24.07 .
Cinnamon Pi3 3050 100 234 y =23.60x-26.42 0.911 0.011
/Methanol . 5-20 10.71-16.07
Pi5 3050 100 24 y =22.35x-21.07 0.890 0.018
. 5-20 29.31-48.28 *.
Pi6 30- 50 100 24 y =17.49x+6.9 0.920 0.009
. 5-10 13.79-29.31 .
Pil 20-50 100 13 y =18.37x+9.54 0.842 0.035
Pi3 o 1299 2057 13.75 y =19.26x+4.81 0.836 0.038
Hexane
. 5-10 16.07-16.07 .
Pi5 20-40 100 14 y =19.18x+4.90 0.828 0.042
. 5-10 17.24-29.31 - .
Pi6 2040 100 13 y =17.9x+11.84 0.840 0.036
. 50-60 34.48-43.10 _
Pil 70-80 100 61.25 y =25.35x+6.03 0.921 0.079
Pi3 50-80 46.30-59.26 y =3.9x+43.52 0.944 0.056
Aqueous 50-60 39.29-51.79
Pi5 70-0 100 58.5 y =23.04x+15.18 0.934 0.066
Pi6 50-80 30.36—48.28 y =5.89x+25.19 0.995" 0.005
Pil 50-80 43.11-53.54 y =3.28x+42.24 0.854 0.146
Between Pi3 50-80 27.78-53.71 y =7.96x+20.37 0.968 0.032
fractions Pi5 50-80 41.07-67.89 y =8.39x+30.36 0.933 0.067
Pi6 50-80 44.83-58.62 y =4.48x+38.79 0.943 0.057
Pil 50-80 4.444-20.0 y =5.11x-3.33 0.899 0.101
Fenugreek/ Pi3 50-80 0.0-30.44 y =9.783x-14.13 0.908 0.092
Methanol Pi5 50-80 0.0-11.11 y =3.33x-3.33 0.939 0.061
Pi6 50-80 0.0-17.78 y =6x-6.67 0.996™ 0.004
Pil 50-80 13.333-26.67 y =0.422x-9.11 0.933 0.067
Hexane Pi3 50-80 23.91-36.96 y =0.48x-1.74 0.947 0.053
Pi5 50-80 17.78-33.33 y =0.53x-8 0.980" 0.020
Pi6 50-80 31.03-44.83 y = 0.45x+7.93 0.983" 0.017
Pil 50-80 2.13-27.66 y =0.77x—-41.28 0.775 0.225
Pi3 50-80 4.08-16.33 y = 0.35x-13.88 0.834 0.166
Aqueous ;
Pi5 50-80 0.0-2.22 y =0.09x—4.67 0.775 0.225
Pi6 50-80 0.0-2.22 y =0.068x-3.78 0.894 0.106
. 5-30 2.56-41.03 _ -
Pi1l 40-50 100 31.5 y =2.46x-18.15 0.947 0.004
. 5-30 5.0-42.5 _ -
Garlic/ Pi3 40-50 100 31.25 y =2.24x-7.51 0.955 0.003
Methanol . 5-30 4.88-46.34 _ "
Pi5 40-50 100 30.5 y=2.41x-15.13 0.952 0.003
. 5-30 0.0-48.78 _ w
Pi6 40-50 100 30.25 y =2.52x-19.15 0.960 0.002
Pil 50-100 0.0-7.41 y =0.143x-6.68 0.938" 0.018
Pi3 50-100 0.0-1.96 y =0.048x-2.54 0.866 0.058
Hexane ; -
Pi5 50-100 1.89-7.55 y = 0.066x-1.02 0.970 0.006
Pi6 50-100 0.0-6.0 y =0.122x-7.49 0.894" 0.041
Pil 50-100 1.82-3.64 y = 0.034x+0.66 0.707 0.182
Pi3 50-100 0.0-1.96 y =0.037x-1.325 0.707 0.182
Aqueous - .
Pi5 50-100 0.0-3.85 y =0.081-3.98 0.945 0.015
Pi6 50-100 1.89-7.55 y =0.077x-0.31 0.516 0.373
Pil 50-80 100 25
Pi3 50-80 100 25
Sticky fleabane/ . 50 71.93
Methanol Pi5 60-80 100 34.5 y =0.842x+38.25 0.775 0.225
. 50 68.97
Pi6 60-80 100 36 y =0.93x+31.72 0.775 0.225
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1 2 3 4 5 6 7 8
Pil 40-90 36.84-59.65 y =0.46x+17.911 0.993" 0.001
Hoane Pi3 40-90 16-56.00 y =0.751x-7.98 0.949" 0.014
Pi5 4090 36.84-59.65 y = 0.447x+20.34 0.961" 0.009
Pi6 40-90 31.03-60.35 y =0.503x+16.09 0911 0.031
Pil 50-100 38.60-57.89 y =0.322x+19.06 0.844 0.072
Harmal Pi3 50-100 34-48.00 y = 0.259x+20.16 0.883" 0.047
Methanol Pi5 50-100 38.60-45.61 y = 0.147x+29.59 0.892" 0.042
Pi6 50-100 33.33-47.06 y=0.321x+14.6 0.932° 0.021
Pil 50-100 13.64-25.00 y = 0.264x+0.307 0.889" 0.044
Pi3 50-100 20.41-32.65 y=0.234x +10.3 0.879 0.051
Hexane
Pi5 50-100 20.41-34.69 y =0.314x+3.64 0.965" 0.008
Pi6 50-100 12-36.00 y = 0.478x-12.51 0.994" 0.001
Pil 50-100 15.91-31.82 y=0.310x+1.26 0.943" 0.016
Between Pi3 50-100 34.69-42.86 y =0.138x+28.02 0.894° 0.041
fractions Pi5 50-100 20.41-40.82 y =0.483x-2.951 0.923" 0.025
Pi6 50-100 10-46.00 y = 0.684x-20.14 0.897° 0.039
Pil 50-80 29.55-34.09 y =0.136x+22.96 0.949 0.051
Nightshade Pi3 50-80 40.82-42.86 y =0.061x+37.44 0.775 0.225
fruit Methanol Pi5 50-80 32.65-42.86 y =0.367x+12.86 0.949 0.051
Pi6 50-80 41.18-45.09 y =0.118x+35.49 0.949 0.051
Pil 50-80 29.55-38.64 y = 4.546x+25 1.000” 0.000
Hexane Pi3 50-80 36.74-42.86 y =3.061x+33.33 0.982 0.121
Pi5 50-80 34.69-40.82 y =3.06x+31.97 0.982 0.121
Pi6 50-80 35.29-50.98 y = 7.843x+26.79 0.990 0.091
Pil 50-80 16.667-29.17 y =0.479x-8.75 0.927 0.073
Pi3 50-80 24.49-36.74 y = 0.449x+0.41 0.947 0.053
Aqueous
Pi5 50-80 4.08-30.61 y = 0.857x-35.31 0.949 0.051
Pi6 50-80 11.76-35.29 y =0.804x-27.3 0.984' 0.016
Pil 50-90 13.64-31.82 y =0.455x-11.4 0.978' 0.022
Ni%g‘sl}el:de Pi3 50-90 24.49-32.65 y =0.181x+16.0 0.832 0.168
Methanol Pi5 50-90 28.57-36.74 y =0.181x+20.06 0.832 0.168
Pi6 50-90 29.41-43.14 y =0.359x+11.26 0.980" 0.020
Pil 00 AT 000 80 y = 141x-45.505 0.884 0116
Hexane Pi3 00 8 5510 73.5 v =1.184x-24.10 0.865 0.135
Pi5 50-90 36.73-46.94 y =0.268x+24.43 0.868 0.132
Pi6 50-90 41.18-50.98 y =0.263x+28.46 0.929 0.071
Pil 50-90 31.82-47.73 y =0.331x+12.92 0.847 0.153
Pi3 50-90 30.61-38.78 y =0.216x+20.58 0.887 0.113
Aqueous - -
Pi5 50-90 32.65-44.90 y = 0.367x+14.69 0.959 0.041
Pi6 50-90 40.0-44.0 y =0.097x+34.46 0.944 0.056
Pil 50-90 22.22-42.22 y = 0.476x+2.857 0.992" 0.008
Between Pi3 50-90 30.60-38.78 y =0.163x+22.86 0.849 0.151
fractions Pi5 50-90 32.65-48.97 y =0.402x+11.14 0.996" 0.004
Pi6 50-90 40.38-50.0 y =0.242x+28.63 0.956' 0.044

2% of mycelial growth inhibition was determined from the mean diameter [mm] of control colony on non-amended medium and
that tested on amended plate (zone of growth)

b concentration of plant fraction producing 50% fungal growth inhibition

< regression analysis for the relationship between the size of inhibition zone (mm) and the concentration [ug] of crude extract or
fraction (Log-value) was calculated using Microsoft Excel 2003 and SPSS program version 10

4 correlation coefficient values

¢ level of significance at the 0.05 and 0.01 levels (2-tailed). Values are means of + SD of at least two independent experiments
* correlation is significant at the 0.05level (2-tailed)

** correlation is significant at the 0.01 level (2-tailed)
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phal growth of isolates Pi.1 and Pi.3 at a concentration
of 90 pg/ml with the ICs, values for these isolates 80 and
73.5 ug/ml, respectively. However, isolates Pi.5 and Pi.6
yielded fixed inhibition percentage values at concentra-
tions of 80 and 90 ug/ml (Table 2). In contrast, none of
the concentrations of harmal, sticky fleabane, garlic, fen-
ugreek or nightshade fruit hexane fractions tested gave
complete inhibition of fungal growth. However, highly
reduced non-conidiating growth was observed with the
sticky fleabane leaf fraction. Concerning the effect of
aqueous fractions on fungal growth inhibition, the data
presented in table 2 indicate that the cinnamon fraction
was more effective against isolates Pi.1 and Pi.5 (but not
Pi.3 and Pi.6) where complete inhibition of fungal growth
was obtained at concentrations of 70 and 80 ug/ml, and
this was reflected by ICs;, values of 61.25 and 58.5 ug/ml,
respectively. However, no complete inhibition of any of
the isolates was observed by the same fraction or the layer
between fractions from the remaining plants tested.

Sensitivity of P. italicum isolates infecting lemon fruit
to crude plant extracts

The results presented in table 3 indicate that the lem-
on fruit treated with plant extracts were more susceptible
to fungal infections than orange fruit. However, extracts
of fenugreek seeds, harmal seeds and sticky fleabane
leaves were the most effective in terms of growth restric-
tion of isolate Pi.1 infecting lemon fruit, where complete
inhibition of fungal growth was achieved at a concentra-
tion within the range of 390 to 520 ug/ml. However, the
growth of isolate Pi.3 on lemon fruit was highly suscepti-
ble to nightshade fruit and sticky fleabane extracts, where
complete inhibition of fungal growth was obtained at all
concentrations tested i.e. within the range of 130 to 520
ug/ml (Fig. 1a). Furthermore, nightshade fruit (Fig. 1b)
and fenugreek extracts (Fig. 1c) were the most effective
against the growth of fungal isolate Pi.5 (which infects
lemon fruit), with complete inhibition within the concen-
tration range 130 to 520 ug/ml.

Table 3. Sensitivity of P. italicum isolates infecting lemon fruits to different concentrations of plant extracts (in vivo)

Source of plant Conc.range Mean sizeof Corr. b Regression Fungal
e IC MIC | Value (r) T .
extracts [ugl)® inhibition zone [mm] %0 Sige equation isolate
130-520 18+1.32-35+0.92 0.8820.118 y =28.40x—44.85 Pi.l
. 100 . .
nghts.hade 130-520 34+0.98C.I 107 130 Pi.3
fruits
100 53+1.33100 94 130 Pi.5
130-520 o ’
130-520 22+2.12-37+2.35 0.9780.022 | y=23.29x-26.79 Pi.l
Nightshade _ -
leaves 130-520 25+1.54-43+2.14 0.8870.113 y =27.33x-35.23 Pi.3
130-520 14+1.11-34+2.15 0.984°0.016 y =31.48x-51.92 Pi.5
130-520 8+1.21-34+2.32 0.9210.079 y =40.78x-81.32 Pi.l
Cinnamon 130-520 17+0.89-27+1.35 0.99370.007 | y=16.17x-17.53 Pi.3
130-520 11+1.11-27+2.14 0.9450.055 y =27.75x-49.26 Pi.5
130-260 .
390-520 27+1.32-29+1.14C.1 288.40 | 389.11 | 0.7950.415 Pi.l
Fenugreek 130-520 23+2.11-38+1.54 0.8930.107 y =22.07x-25.80 Pi.3
100 .
130-520 43+2.22C.1 104 130 Pi.5
130-260 .
390-520 27+2.25-29+2.22C.1 288.4 | 398.11 | 0.7950.415 | y=137.36x-273.9 Pi.l
Harmal 132;390 23+1.17-37+1.36C.1 | 407.380 | 512.86 | 0.9980.044 | y=29.103x-38.73 Pi.3
130-520 17+0.89-36+1.35 0.972°0.028 y =29.40x—46.08 Pi.5
130-520 20+1.35-32+2.33 0.9440.056 | y=17.63x-17.37 Pi.l
Garlic 130-520 20+0.96-29+0.87 0.9800.020 y =14.48x-10.11 Pi.3
;ggiﬁgg 22+0.35-36+2.14C.1 281.84 | 398.11 | 0.8750.322 | y=151.07x-305.8 Pi.5
130-390 .
520 22+1.32-33+0.96C.1 416.87 | 524.81 | 0.7500.250 | y =103.85x-209.5 Pi.l
Sticky fleabane 100 .
130-520 57+0.87C.I 87 130 Pi.3
130-520 1140.94-36+1.15 0.8870.113 | y =38.69x-74.42 Pi5

? a range of concentrations (130, 260, 390 & 520 pg/ml) of extracts was used against tested fungal isolates

b correlation coefficient value
< level of significance at the 0.05 and 0.01 levels (2-tailed)

4 regression analysis for the relationship between size of inhibition zone (mm) and the concentration [pg] of plant extract (Log-va-
lue). Values are means of two replicates and each experiment was repeated at least twice

¢ C.I denotes complete fungal growth inhibition
* correlation is significant at the 0.05 level (2-tailed)
** correlation is significant at the 0.01 level (2-tailed)
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Fig. 1. In vivo study for the effect of different concentrations : (1), reflects 130 pug/ml, (2), 260 pg/ml, (3), 390 pg/ml, and (4), 520 pg/ml
of plant extracts on growth of P. italicum isolates infecting citrus (orange and lemon) fruits. Panel a: represents the effect of
sticky fleabane extract on growth of isolate Pi5. Panel b: represents the effect of sticky fleabane extract on growth of isolate Pi.3.
Panel c: represents the effect of cinnamon extract on growth of isolate pi.3. Panel d: represents the effect of nightshade fruits
extract on growth of isolate Pil. Panel e: represents the effect of garlic extract on growth of isolate pi.3. Panel f: represents the
effect of fenugreek extract on growth of isolate pi.5.

Sensitivity of P. italicum isolates infecting orange fruit
to crude plant extracts

Orange fruit treated with the plant extracts were ob-
served to be more tolerant to fungal infections than lemon
fruit (Table 4). Complete growth inhibition of isolate Pi.1
infecting orange fruit was achieved at a concentration
of 130 ug/ml when the fruit was treated with extracts of
nightshade fruit, nightshade leaves, fenugreek seeds and

sticky fleabane leaves. However, such inhibition of Pi 1
growth was achieved at a concentration of 390 ug/ml of
cinnamon bark and garlic cloves extracts, whereas har-
mal seed extract resulted in growth inhibition at 260 ug/
ml. In addition, the growth of isolate Pi.3 was completely
inhibited on orange fruit when the fruit was treated with
130 pg/ml of the following extracts: nightshade leaves,
cinnamon bark (Fig. 1d), fenugreek seeds and sticky flea-
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bane leaves. However, 390 ug/ml of garlic cloves (Fig. 1e)
or harmal seed extract also resulted in complete inhibi-
tion of isolate Pi.3 on orange fruit. Moreover, the growth
of isolate Pi.5 infecting orange fruit was completely in-

hibited with 520 pg/ml of the following plants extracts:
nightshade fruit, fenugreek and harmal seeds, whereas
such inhibition was obtained at a concentration of 390 ug/
ml of cinnamon bark and sticky fleabane extracts (Fig. 1f).

Table 4. Sensitivity of P. italicum isolates infecting orange fruits to different concentrations of plant extracts (in vivo)

. Corr.
Source of Conc. Mean size Value Fungal
range of inhibition IC MIC b Regression equation? Lung
plant extracts 0 (r) isolate
[ugl® zone [mm)] Sioc
ig
100 45+3.12 .
130.520 o 103 130 Pi.l
Nightshade |13 550 | 172125314204 83.8 389.05 0-966 y =24.34x-33.37 Pi.3
fruits 0.034
130-390 5+1.11-13+£1.24 0.992 .
0 o1 446.68 512.86 008 y =17.148x-31.03 Pi5
100 4842.36 .
130-500 o 101 130 Pi.l
Nightshade 100 43+2.33 .
leaves 130-520 clI 104 130 Pi3
0.819 .
130-520 3+0.78-620.68 0181 y = 4.417x-6.865 Pi5
130260 | 19+1.12-26+1.34 0.827 ~ .
290520 e 288.40 380.19 0380 y =154.15x -317.5 Pi.l
100 58+1.25 .
Cinnamon 130-520 ClI 86 130 Pi3
130-260
260 121’1'115}7&26 309.03 398.11 8’2;13 y = 166.53x-352.2 Pi5
390-520 : :
100 52+1.25 .
130-500 o 95 130 Pi.l
100 66+1.27 .
Fenugreek 130-520 Cl 76 130 Pi.3
130-390 5+0.85-111.02 0.699 ~ .
0 e 457.09 512.86 0301 y =123.23x-272.3 Pi5
130 24+1.24 0.932 - .
260-520 o 165.96 263.03 0237 y = 169.79x-328.2 Pi.l
130-260 2+0.42-30.62 0.786 ~ .
Harmal 390520 e 316.23 389.05 04 y = 183.79x—401.1 Pi3
130-390 2+0.35-50.47 0.682 .
0 P 457.09 514.81 0918 y =124.91x-279.2 Pi5
130260 1741.23-2242.21 0.813 .
390-500 e 301.99 380.19 039 y =157.17x-326.6 Pi.l
. 130260 2+0.53-3+0.47 0.786 .
Garlic 200590 P 316.23 389.05 0456 y =183.79x—401.1 Pi3
130-520 620.65-80.65 8‘?2‘; y =3.155x-1.011 Pi5
100 49+1.25 .
130-520 o 100 130 Pi.l
Sticky 100 55+2.23 .
fleabane 130-520 CI o 130 Pi3
130260 | 12+1.12-23+1.41 0.847 .
20050 e 301.99 398.11 0357 y = 163.7x-355.32 Pi5

2 range of concentrations (130, 260, 390 & 520 pg/ml) of extracts was used against tested fungal isolates

® correlation coefficient value
¢ level of significance at the 0.05 and 0.01 levels (2-tailed

4 Regression analysis for the relationship between size of inhibition zone [mm] and the concentration [ug] of plant extract (Log-va-
lue). Values are means of two replicates and each experiment was repeated at least twice

¢ C.I denotes complete fungal growth inhibition
* correlation is significant at the 0.05 level (2-tailed).
** correlation is significant at the 0.01 level (2-tailed)
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DISCUSSION

Our results demonstrate that crude extracts as well as
liquid fractions of sticky fleabane, cinnamon, garlic, har-
mal, fenugreek and nightshade plants possess effective
in vitro and in vivo antifungal activity against P. italicum
isolates. Moreover, extracts of sticky fleabane, harmal
and fenugreek generated complete growth inhibition of
fungal isolates infecting both lemon and orange fruit. In
addition, extracts of cinnamon and nightshade leaves
caused complete inhibition of isolates infecting orange
fruit, while garlic extract showed such inhibition to iso-
lates that infect lemon fruit.

The present study also showed that cinnamon ex-
tract possesses high activity against the fungal isolates of
P. italicum, where the crude extract as well as methanolic,
hexane and aqueous fractions gave complete inhibition of
fungal growth. The antifungal activity of cinnamon may
be related to active antimicrobial agents present in the ex-
tract and fractions including mainly cinnamaldehyde and
eugenol as well as cinamic acid, flavonoids, alkaloids,
tannins, anthraquinones, and phenolic compounds. This
explanation is in agreement with the findings of Rojas
and co-workers (1992) who identified such components
as active antifungal agents. Furthermore, eugenol and
cinnamaldehyde have been consistently reported by sev-
eral research groups to be the main components of cin-
namon exhibiting high fungitoxic activity (Gulab et al.
2005). In addition, cinnamaldehyde has been considered
as a specific inhibitor of fungal cell wall synthesizing en-
zymes including £-(1,3)-glucan synthase, a participant
in biosynthesis of chitin and $-glucans, the major struc-
tural components of the fungal cell wall (Cowan 1999).
The results indicate that the crude extract and methanolic
fraction of sticky fleabane possess high efficacy against
P. italicum isolates. These findings agree with those of
Wang et al. (2004) who suggested that Inula extract has
broad spectrum activity against several fungal species in-
fecting various crop plants. In addition, results presented
by Cohen ef al. (2002) indicated that extracts of I. viscosa
prepared using organic solvents showed in vitro antifun-
gal activity as well as an inhibitory effect on chitin bio-
synthesis. Such strong inhibitory activity may be related
to a high content of flavonoids, phenolic compounds and
anthraquinones present in methanolic and aqueous frac-
tions of I. viscosa. These observations broadly agree with
those proposed previously by other researchers (Shtayeh
and Abu Gheleib 1999; Cohen et al. 2002). In contrast,
our results disagreed with the findings of Muller-Riebau
and co-workers (1997) who found small amounts of an-
tifungal essential oil or phenolics. They concluded that
the plant has no economic value for producing antifungal
preparations.

Our results indicate that harmal extract was the sec-
ond most effective preparation against P. italicum growth
in vitro. In contrast none of its fractions provided com-
plete inhibition of fungal growth. A strong inhibitory
activity of the crude extract may be related to the high
content of alkaloids (harmine, harmaline and tetrahydro-
harmine) and phenolic compounds. Phenolic compounds
might alter fungal cell permeability and thus permit loss

of macromolecules (Rasooli 2004). The exact mode of ac-
tion of phenols has not been determined, but they may
inactivate essential enzymes, react with cell membrane
proteins or even disrupt function of the genetic material
(Telezhenetskaya and Dyakonov 2004).

Garlic extract was not effective in terms of completely
inhibiting the growth of P. italicum isolates as compared
to the activity of the methanolic fraction that caused com-
plete inhibition (in vitro). However, garlic extract was
more effective against fungal isolates infecting lemon
fruit. Surprisingly, a remarkable improvement in its activ-
ity was observed when extraction was performed in pres-
ence of a small volume of olive oil which slows down the
breakdown process of allicin (Marino ef al. 2001; Obagwu
and Korten 2003). The strong antifungal activity of garlic
is related to allicin (dially thiosulfinate: the main biologi-
cally active component) which reflects inhibitory activity
against enzymes essential for pathogen infection (Marino
et al. 1999).

Similarly, ajoene, which is an allicin derivative, also
exhibited strong inhibitory activity against several fun-
gal species including Aspergillus niger and Candida albi-
cans (Gurib-Fakim et al. 2005). Furthermore, Yoshida et al.
(1987) reported that ajoene was superior to allicin in the
efficacy of fungal growth inhibition since it disrupts the
fungal cell wall. Moreover, morphological changes such
as disappearance of surface ornaments, thickening of cell
wall and destruction of cell organelles may lead to the
conclusion that ajoene has acted on the cell wall (Masperi
et al. 1984; Yoshida et al. 1987). These findings agreed also
with those of Soylu et al. (2005) who stated that the aque-
ous extract of garlic causes morphological alterations in
the hyphae of several fungal species including Pythium
ultimum, Rhizoctonia solani, Colletotrichum lindemuthianum
and Fusarium solani. Such hyphae appeared smaller in di-
ameter after treatment with garlic extract.

A crude extract of fenugreek displayed the third most
effective antifungal activity however complete inhibition
of fungal growth was not observed. The fenugreek plant
lacks flavonoids but is rich in alkaloids (in both the meth-
anolic and aqueous fractions)and phenolic compounds
(aqueous layer). However, the fractionation process might
have weakened their cumulative activities against fun-
gal growth. It has been reported that the methanolic ex-
tract of fenugreek was highly specific for dermatophytes
(Shtayeh and Abu Ghdieb 1999; Olli and Kirti 2006). In
addition, fenugreek extract showed antifungal activity
against other fungal species. For instance, Olli and Kirti
(2006) reported that the Tfg d1 protein (defensins of fen-
ugreek) possessing eight cysteine residues plays a vital
role in inhibiting the spread of R. solani causing crescent
growth inhibition. A reduced in vitro but not the in vivo
antifungal activity observed with the crude extract and
fractions of nightshade leaves and fruit could be related
to the presence of many steroid alkaloids (solamargine,
solasomine, solamine and saponin) in the layer between
fractions. These steroid alkaloids have been shown to
display antifungal activity against eleven agronomically
important fungi including Aspergillus spp., Rhizopus spp.,
Fusarium spp. and others (AL-Fatimi et al. 2007).
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Several studies have been conducted to shed light on
the mechanism(s) of action of several active components
plant extracts including essential oils (Chang ef al. 2001).
However, such mechanisms are still unclear although
some studies suggested that these compounds penetrate
inside the cell, where they interfere with cellular metab-
olism (Marino et al. 2001). Other studies suggested that
plant extracts can disrupt the plasma membrane of fungal
cell and react with active sites of membrane proteins or
enzymes or even act as a proton carrier and consequently
deplete the adenosine triphosphate pool (Chang et al.
2001; Ultee et al. 2002). A comparative study with results
from previous work which involved the use of the same
plants materials against P. digitatum isolates revealed that
the plant materials were more effective in controlling the
growth of P. digitatum isolates (Kanan and AL-Najar 2008).
In addition complete inhibition of P. digitatum isolates
was obtained with the crude extracts of nightshade fruit,
cinnamon bark and fenugreek seeds at MIC values within
the range of 130-520 pg/ml. Conversely, none of the ex-
tracts produced complete inhibition of P. italicum isolates
(Kanan and AL-Najar 2008). Furthermore, methanolic
fractions of all the plants tested (except fenugreek) caused
complete inhibition of P. digitatum isolates, whereas with
P. italicum isolates only cinnamon, garlic and sticky flea-
bane methanolic fractions resulted in complete inhibition.
Moreover, the hexane fraction of all plants tested (except
fenugreek and garlic) resulted in complete inhibition of
P. digitatum whereas with P. italicum isolates only cinna-
mon and nightshade leaves produced complete inhibi-
tion (Kanan and AL-Najar 2008). Notwithstanding, the
findings of both research studies revealed that fenugreek
crude extract as well as its fractions were ineffective in
controlling the growth of fungal isolates of both species.
Finally, the garlic methanolic fraction was the only frac-
tion that caused complete inhibition of isolates from both
tested Penicillium species (Kanan and AL-Najar 2008).
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POLISH SUMMARY

AKTYWNOSC IN VITRO | IN VIVO WYBRANYCH
WYCIAGOW ROSLINNYCH I ICH FRAKCJI
PRZECIWKO PENICILLIUM ITALICUM

Oceniano dziatania (in vitro i in vivo) siedmiu rodza-
jow wyciagow roslinnych i ich ptynnych frakcji przeciw-
ko izolatom Penicillium italicum. Badania in vitro wyka-
zaly, ze surowy wyciag z lisci Inula viscosa lub kory cy-
namonu w stezeniu 520 pg/ml, wykazywat maksymalne
wlasdciwosci inhibicyjne przeciwko badanym izolatom
grzyba, ktére wynosily odpowiednio 54% i 43%. Kazdy
z wyciagdéw uzyty w stezeniu 130 pg/ml powodowat cal-
kowitg inhibicje wzrostu izolatéw grzyba Pi.1 i Pi.3 in-
fekujacych owoce pomaranczy (wyjatkiem byt Peganum
harmala i czosnek, dla ktérych konieczne bylto stezenie
390 ug/ml). W przypadku wyciaggdw z owocoéw Solanum
nigrum, Trigonella foenum-graecum i Inula viscosa stezenie
130 pg/ml wywotato calkowitg inhibicje wzrostu izola-
téw Pi.3 i Pi.5, infekujacych owoce cytryny, a do inhibigji
wzrostu izolatu Pi.1 potrzebne bylo stezenie 390 pg/ml.
Frakcje metanolowe wyciagéw z cynamonu, czosnku
i I. wviscosa inhibitowaty catkowicie wzrost grzybdow.
Stwierdzone wartosci IC5, dla wyzej wspomnianych frak-
¢ji wynosilty odpowiednio: 11,2-24; 30,25-31,50; 25,0-36,0
ug/ml. Stezenie 20 pg/ml heksanowej frakcji cynamonu
inhibitowato wzrost testowych izolatow, a stwierdzone
wartosci ICs, przeciwko izolatom Pi.1, Pi.3, Pi.5 i Pi.6 wy-
nosily odpowiednio 13, 13,75, 14 i 13 ug/ml. Heksanowi
frakcja S. nigrum catkowicie inhibitowata wzrost izolatow
Pi.1 i Pi.3 (wartosci ICs, wynosily odpowiednio 80 i 37,5
pg/ml). Wodna frakcja cynamonu catkowicie inhibitowa-
ta wzrost izolatéw Pi.1 i Pi.5 (wartosci IC5, wynosity od-
powiednio 61,25 i 58,5 ug/ml).



