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omegr anate peel powder and its extract were used to study their

efficiency against some phytopathogenic fungi and tomato
damping-off caused by Fusarium oxysporum. In vitro, methanolic
extract of pomegranate peel caused inhibitory effect to the linear
growth of different phytopathogenic fungi, i.e. Botrytis cinerea,
Colletotrichum dematium, Fusarium oxysporum, F. solani, Phoma sp.
and Rhizoctonia solani, which isolated from different hosts. Also,
pomegranate peel extract (PPME) effectively decreased the linear
growth and spore germination of F. oxysporum, when the greatest
decrease was recorded at 4000 ppm. Under greenhouse conditions,
application of pomegranate peel powder as seed treatment or soil
drench decreased pre- and post-emergence damping-off of tomato
seedlings caused by F. oxysporum compared with the untreated check.
Treating tomato seedlings or soil with peel extract before sowing
provided a good protection against damping-off. In this concern, soil
drench was more effective than seedling treatment. Analysis of
methanolic extract of pomegranate pedl revealed that it contained
different compounds of antifungal compounds including three
flavonoids, three tannins, four phenolic compounds, one glycosides,
aong with four sterals.

Keywords: Flavonoids, Fusarium oxysporum, gas chromatography,
glycosides, phenolic compounds, sterols and tannins.

Tomato (Lycopersicon esculentum Mill) is one of the most economic vegetable
crops cultivated at different localities in Egypt and all over the world for either local
consumption or exportation purposes (Tampoare et al., 2013). It is subjected to
attack by many soilborne fungal diseases specially damping-off and wilt diseases
cause considerable losses either in the nurseries or in the field (Abdel-Kader et al.,
2012). Farmers usualy apply synthetic fungicides as preventive and therapeutic
measures to check plant diseases, though the hazardous effect for the environmental
pollution (Steffens et al., 1996 and Ishii, 2006) and the risk of pathogenic
microorganisms (Barnard et al., 1997 and Brent and Hollomon, 1998).

Recently, certain natural products of plant origin have been evaluated as a source
of antimicrobial agents against a variety of phytopathogenic fungi (Dahham et al.,
2010, Al-Askar, 2012 and Mangang and Chhetry 2012).

The extract of peel, seed and whole fruit of pomegranate (Punica granatum L.)

have in vitro and in vivo antimicrobial activity against many pathogenic fungi and
bacteria (Dahham et al., 2010 and Al-Askar, 2012). In this respect, Dahham et al.
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(2010) and Sadik and Asker (2014) identified different compounds which have
antimicrobial activity from various parts of pomegranate fruit, including phenals,
flavonoids, condensed tannins, hydrolyable tannins and polyphenals.

The present study aimed to evaluate the antifungal activity of pomegranate peel
extract against some phytopathogenic fungi as well asits effect on the linear growth,
spore germination of Fusarium oxysporum, to check tomato damping-off. Also,
phytochemical analysis of pomegranate extract using gas chromatography mass
spectrometric (GC-MS) technique was carried out.

M aterials and Methods

Phytopathogenic fungi:

Six authentic phytopathogenic fungi tested in this study were kindly provided by
Seed Pathol. Res. Dept., Plant Pathol. Res. Inst., ARC. These fungi were isolated
from different hosts, i.e. Botrytis cinerea from pea, Colletotrichum dematium from
soybean, Fusarium oxysporum, F. solani, Phoma sp. and Rhizoctonia solani from
tomato. Tested fungi were regularly subcultured and maintained on potato dextrose
agar (PDA) medium in arefrigerator at 5+1°C throughout the course of this study.

Preparation of pomegranate peel methanolic extract (PPME):

Fresh fruits of pomegranate (Punica granatum L.) were manually peeled.
Collected peels were then rinsed with distilled water and dried in an oven by hot air
at 50°C for 48h and then powdered to get 60-mesh size using a mixing grinder
(Dahham et al., 2010). The powdered peels (2g) of pomegranate were macerated
with 20 ml of 80% methanol at room temperature. The macerated material was
strained through Whattman No.1 filter paper. The extract was concentrated at 40°C
using rotary evaporator (Heidolph, LABOROTA A 4000-Germany) and then dried
in an oven at 50°C for 48h. Finally, using the dried extract, different concentrations
of PPME, i.e. 31.3, 62.5,125, 250, 500, 1000, 2000 and 4000 ppm, were prepared
(Tayel et al., 2009).

Effect of (PPME) on the linear growth of some pathogenic fungi:

The anti-fungal activity of PPME was in vitro studied using the poisoned food
technique (Singh et al., 2008). PDA medium was autoclaved and amended with the
abovementioned PPME concentrations after reasonable cooling to 35-45C then
vigoroudly shake along with one ml of streptomycin before pouring into Petri dishes.
Dishes contained PDA medium only were used as check. Discs (4-mm-diam.), taken
from 1-week-old of each of the six tested fungal species cultures, were aseptically
transferred into the centre of the prepared dishes and then sealed with parafilm
before incubation at 25+2°C until the fungal growth in the check treatment reached
the edges of the dishes (Agarwal et al., 2001). Three dishes were used as replicates
for each treatment.

Effect of (PPME) on the linear growth of F. oxysporum:

One ml of each PPME concentration, i.e. 250, 500, 1000, 2000 and 4000 ppm,
was added to PDA medium and then poured in Petri dishes as mentioned before.
Plates containing only PDA medium were used as check treatment. Each plate was
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inoculated with a disc of 8-day-old culture of F. oxysporum and then the plates were
incubated at 25+2°C until the fungal growth covered the whole surface in the check
plates, when the linear growth in different treatments was determined. Three
replicates were used for each concentration. Fungal growth inhibition (%) was
calculated using the following formula:

C-T
Fungal growth inhibition (%)= -------------- X 100
C

Whereas: C= Fungal growth in the check and T= Fungal growth in the treatment.

Effect of PPME on F. oxysporum spore germination:

Different concentrations of PPME (250, 500, 1000, 2000 and 4000 ppm) were
tested. One drop from the spore suspension of F. oxysporum was added to each of
the aforementioned concentration and dropped by sterilized pipette on glass slides.
Other glass dides, with spore suspension drop, were prepared using distilled water
as check treatment. All slides were incubated at 25+2'C for 18 h. Three replicates
were used for each concentration. Spore germination (%) was recorded using
microscopic examination and inhibition (%) of germination was calculated.

Assessing of ECsg:

ECs, values were determined by the linear regression (LPd line Computer
Program) of the tested fungus percentage inhibition vs. logs the concentrations
(ppm) of the tested extract. The ECs, notation was used to indicate the effective
concentration (ppm) that causes 50% growth inhibition.

Greenhouse experiments:
These experiments were carried out using F. oxysporum only.

Preparation of fungal inoculum:

Corn meal-sand medium (3:1w/w) in 500 ml glass bottles was autoclaved at
121°C for 30 minutes. The sterilized bottles were then inoculated with discs (5-mm-
diam.) of 8-day-old culture of F. oxysporum and incubated at 25+2°C for 15 days.
Fungal inoculum of F. oxysporum was mixed thoroughly with the potted sterilized
soil at the rate of 4% inoculum level (w/w). The infested soil was adequately
watered for one week to enhance growth and distribution of the fungal inoculum.

Effect of tomato seed treatment and soil drench with pomegranate peel powder on
the incidence of pre- and post-emergence damping-off caused by F. oxysporum:
a) Seed treatment:

Tomato seeds (cv. Beto) were treated with Arabic gum (1%) as sticker and then
coated with pomegranate peel powder at the rate of 10g/ kg seed. Another group of
the seeds was treated with the fungicide Flowsan 42.7 % FS at the rate of 3g/kg
seed. Untreated seeds were used as a check treatment. Then the seeds were sown in
pots (30-cm-diam.) containing soil infested with 4% inoculum level of
F. oxysporum. Six seeds were sown in each pot and four replicates were used for
each treatment.
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b) Soil drench:

Pomegranate peel powder was added to pots (30-cm-diam) containing soil
infested with 4% inoculum level of F. oxysporum at the rate of 100g/ pot, and then
the pots were transplanted with untreated tomato seedlings treatment at the rate of
6 seedlings/pot. Four replicates were transplanted for each treatment. The growing
seedlings in al treatments were examined periodically. Pre- and post-emergence
damping-off were recorded 15 and 30 days after transplanting.

Effect of tomato seedlings treatment and soil drench with pomegranate peel extract
on damping-off incidence:
a) Seedling treatment:

Four-week-old tomato seedlings were dipped in PPME (4000 ppm) for 1h. Other
seedlings were dipped in the fungicide Rizolex T 50% at the rate of 3g/l. Untreated
seedlings were used as check treatment. The seedlings were transplanted in pots
containing soil infested with 4% inoculum level of F. oxysporum. Six seedlings were
transplanted in each pot and four replicates were used for each treatment.

b) Soil drench:

Pots (30-cm-diam.) containing soil infested with 4% inoculum level of
F. oxysporum were treated with pomegranate peel extract (10 ml/ pot), transplanting
was made with uninoculated 4-week-old tomato seedlings. Six transplants were
transplanted in each pot and four replicates were used. The plants in all treatments
were examined periodically and the root rot incidence 60 days after sowing was
recorded.

Phytochemical analysis of PPME:

The preliminary qualitative phytochemical analysis for the presence of various
phytochemical compounds was performed using the methanolic extract. Presence of
carbohydrates was determined by Molish's test (Sadasivam and Balasubramanian,
1985). Presence of reducing sugars was detected by Benedict's test (Ramkrishnan
and Rajan, 1994). Alkaloids in the extract were evaluated by Mayer's test. The
sterols and Glycosides were determined by Salkowski's test and Borntrager’s test,
respectively (Evans, 1997). The saponins were analyzed by Froth's test (Kokate,
1999). The occurrence of phenolic compounds and tannins was confirmed by ferric
chloride and gelatine tests, respectively, (Mace, 1963). The presence of flavonoids
was investigated by lead acetate test (Kosalec et al., 2005).

GC-MS Analysis of PPME:

The qualitative and quantitative compositions of the peel extract were studied by
GC-MS analysis Agilent 6890 gas chromatography (equipped with an Agilent mass
spectrometric detector, with a direct capillary interface and fused silica capillary
column PAS-5 ms, 30 mm x 0.25 pm film thickness). Samples were injected under
the following conditions: Helium was used as carrier gas at approximately 1ml/min.,
pulsed split less mode. The solvent delay was 3 minutes and the injection size was
1.0 pl. The mass spectrophotometric detector was operated in electron impact
ionization mode an ioning energy of 70 e.v. scanning from m/z 50 to 500. The ion
source temperature was 230°C and the quadruple temperature was 150°C. The
electron multiplier voltage (EM voltage) was maintained 1250 v above auto tune.
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The instrument was manually tuned using perflurotributyl amine (PFTBA). The GC
temperature program was started at 60°C then elevated to 280°C at rate of 8°C /min,
and 10 min hold at 280°C. The Detector and injector temperature were set at 280°C
and 250°C, respectively. Wiley and Nist 05 mass spectral database was used in the
identification of the separated peaks.

Satistical analysis:

Completely randomized design in factoria arrangement with three replicates
according to Gomez and Gomez (1984) was used. The least significant difference
(L.S.D) between means was checked according to Song and K eane (2006).

Results

Antifungal potential of PPME:

The preliminary determination of the in vitro antifungal activity by using the
poisoned food technique of the methanolic extract of pomegranate peel was studied
against the six phytopathogenic fungi, i.e. Botrytis cinerea, Fusarium oxysporum,
F. solani, Phoma spp., Colletotrichum dematium and Rhizoctonia solani.

Results presented in Table (1) reveal variation in the antifungal activity of the
methanolic extract, that extract displayed high inhibitory effect on the growth of
B. cinerea, C. dematium, F. oxysporum, F. solani, Phoma sp. and R. Solani at
concentrations ranging from 1000 to 4000 ppm.

Table 1. Screening inhibitory potential of PPME at different concentrations on
linear growth of six pathogenic fungi

Concentration Fungal growth inhibition (%)
(ppm) B. cinerea C. dematium | F. oxysporum | F. solani [Phoma spp, R. solani
Check 0.0 0.0 0.0 0.0 0.0 0.0
31.3 16.0 20.9 7.7 7.70 13.7 21.8
62.5 24.1 29.1 13.2 16.7 22.3 29.3
125 44.1 385 20.9 30.7 33.4 37.9
250 49.6 48.7 30.7 48.3 46.2 47.2
500 55.2 58.9 21 66.3 59.3 56.6
1000 66.3 68.6 54.2 81.1 715 65.6
2000 72.6 77.1 65.9 90.0 81.6 73.8
4000 83.0 84.2 76.3 90.0 89.1 80.9
LSD > 0.05 0.9 15 13 14 13 0.9

The in vitro antifungal activity of PPME expressed as a minimum effective
concentration (ECsp) of 50% of mycelial growth with the corresponding 95%.
Confidence limits are shown in Table (2). It is clear that the antifungal activity was
increased with increasing the concentrations of the extract. F. solani and
C. dematium showed greater sensitivity to PPME than Phoma sp., R solani,
B. cinerea and F. oxysporum. The ECs, of the tested phytopathogenic fungi was
266.4, 272.5, 305.6, 307.9, 318.4 and 787.4 ppm, respectively.
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Table 2. Effective concentration (ECsy) of 50% of the mycelial growth of six
pathogenic fungi

95% Confidence limit

Tested fungus ECs Cower Upper
B. cinerea 3184 2404 419.4
C. dematium 2725 207.6 3533
F. oxysporum 787.4 340.7 29984
F. solani 266.4 194.2 361.3
Phoma sp. 305.6 186.1 491.8
R. solani 307.9 281.3 336.7

Effect of different concentrations of PPME on the linear growth and spore
germination of F. oxysporum:

Different concentrations of PPME were evaluated for their effects on the linear
growth and spore germination of F. oxysporum. Data in Table (3) show that PPME
significantly decreased the linear growth and spore germination of F. oxysporum
compared to untreated check. Increasing the concentration was associated with an
additional decrease with maximum records for linear growth and spore germination
inhibition(s) at 4000 ppm, being 76.7 and 82.7%, respectively.

Table 3. Effect of different concentrations of PPME on thelinear growth and
spor e ger mination of F. oxysporum

Conzzggrt:]?tlon Lme?(r:r%omh Inhibition (%)| Spore germination (%) Inh(|3(|);| on

0.0 9.0 - 91.4 -
250 6.3 30.0 69.4 24.1
500 5.2 422 60.8 334
1000 4.1 54.4 56.7 37.9
2000 3.1 65.5 32.2 64.7
4000 2.1 76.7 15.8 82.7

LSD> 0.05 19 - 14.6 -

Effect of tomato seed treatment and soil drench with peel powder on pre- and post-
emer gence damping-off caused by F. oxysporum:

Data presented in Table (4) show that application of pomegranate peel powder
and the fungicide Flowsan significantly decreased damping-off and recorded the
highest survivals and the highest efficiency, being 4.2 and 92.3%, respectively. Soil
drench with pomegranate peel powder caused more reduction than seed treatment.
The percentages of damping-off reached 76.9 and 46.1%, respectively.

Effect of seedling treatment and soil drench with pomegranate peel extract before
sowing on incidence of tomato root rot:

Data presented in Table (5) indicate that the used treatments significantly
decreased disease incidence compared to the check. Fungicide treatment recorded
the lowest (4.2%) value, followed by soil drench (8.3%), whereas, seedling
treatment recorded the lowest effect (20.8%). However, the variations among the
three treatments were in significant.
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Table 4. Effect of tomato seeds treatment and soil drench with peel powder on
pre- and post-emer gence damping-off caused by F. oxysporum

Damping-off (%) Totd | Efficiency
Treatment o o
Pre-emergence | Post-emergence (%) (%)
Seed treatment 12.5a* 16.7ab 29.2 46.1
Soil drench 8.3a 4.2b 12.5 76.9
Fungicide (Flowsan) 0.0a 4.2b 4.2 92.3
Check 20.8a 33.3a 54.2 -

* Means within the same column followed by the same Ietter are not significantly different.
according to Duncans multiple range test (P=0.05).

Table 5. Effect of seedling treatment and soil drench with pomegranate peel
extract before sowing on incidence of tomato root rot

Treatment Disease incidence (%) Efficiency (%)
Seedling treatment 20.8b* 58.3
Sail drench 8.3b 83.3
Fungicide (Rizolex T) 4.2b 91.6
Check 50.0a -

* Means within the same column followed by the same letter are not significantly different
according to Duncans multiple range test (P=0.05).

Preliminary phytochemical determination of PPME:

The preliminary qualitative phytochemical analysis of PPME carried out in
(Table 6A). The results indicate that the alkaloids and saponin were totally absent
showing the negative test. Carbohydrates, reducing sugar, sterols, glycosides,
phenolic compounds, tannins and flavonoids were found to be present by the
qualitative test.

Table 6A. Determination of some phytochemical groupsin PPME by different

tests

Test Phytochemical compound Reaction
Molish’s test Carbohydrates +
Benedict’s test Reducing sugar +
Mayer’s test Alkaloids -
Salkowski’s test Sterols +
Borntrager’s test Glycosides +
Froth’s test Saponins -
Ferric chloride test Phenolic compounds +
Gelatine test Tannins +
Lead acetate test Flavonoids +

(+) Present ; (-) Absent
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GC-MSanalysis of PPME:

Qualitative analysis of PPME using GC-MS anaysis which led to identify
number of compounds from the GC of methanol extract of pomegranate peel (Fig.1).
The active principas with their retention time (RT), molecular formula, molecular
weight and concentration in the methanol extract of pomegranate peel are presented
in Table (6B). Thirty components were detected in the methanol extract.
2-furancarboxaldehyde, 5-(hydroxymethyl)- was found to be the major component
of the methanol extract with 39.71 % of the total peak area followed by 5,5-oxy-
dimethylene-bis (2-furldehyde) , 2-furancarboxaldehyde, 2, 5-furandione,3-methyl-,
propanedioic acid ethyl-, diethyl ester and 4H-pyran-4-one,3-hydroxy-2-methyl,
being 11.77, 9.38, 6.66, 5.97 and 5.58 %, respectively. Figs. 2 to7 show the mass
spectrum of the most abundant components of methanol extract of pomegranate
peel.
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Fig. 1. The chromatogram of all compounds produced from GC-M S analysis of
methanalic extract of pomegranate pesl.

Data presented in Tables (6 A , B) and Figs. (1-7) revea that the methanolic
extract of pomegranate peel contained many different compounds which have
antifungal  activities. These compounds include 5,5-oxy-dimethylene-bis
(2-furaldehyde), 9-Octadecanoic acid, and 2H-Pyran,3,4-dihydro which belong to
the flavonids group, with average rate (13.87%). 2-Furancarboylic acid, methyl
ester, 2-Thiophenacroxylic acid, 5-methyl, and 2-6-Pyridinediamine which belong to
the Tannins group, with average rate (5.64%).1H-Pyran-4-one,2,3-Dihydro 3-5-
dihydroxy-6-methyl, 1H-Indol-3-acetic acid, 2-methyl, n-Hexadecanonic acid, and
3-Amino-S-triazole which belong to the phenolic group, with average rate (4.52%).
1,3-cyclohexanedione, 2-methyl which belong to the glycosides group, with rate of
1.10%. 2,5-Furandione,3-methyl, propanedioic acid ethyl-,diethyl ester, 4H-pyran-
4-one,2,3-dihydroxy-6-methyl, and 9-octadecanoic acid, methyl ester which belong
to the Sterols group, with average rate of 19.85%.
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Table 6B. The main components in the methanolic extract of Egyptian
pomegr anate peel identified by GC-MS

Peak| Chemical group | Rate Compound name Molecular formulal
25 Flavonids 11.77b,5-oxydi methylene-bis (2-furaldehyde) C1,H100s
27 Flavonids 1.5 P-Octadecanoic acid CyoH,0,

4 Flavonids 0.6 P H- Pyran,3,4-dihydro C,H,0,
10 Tannins 3.59 P-Furancarboylic acid, methyl CsHgOs
14 Tannins *1.09 P-Thiophenacroxylic acid, 5-methyl CeHeO»
29 Tannins 0.96 2-6-Pyridinediamine C;HsO,4
7 | Phenolic compound| 1.65 ﬂygg;toggﬁj Dihydro3-5 CeHsOs
19 | Phenolic compound| 1.69 [L1H-Indol-3-acetic acid, 2-methyl Cy:H1NO,
24 | Phenolic compound | 0.65 n-Hexadecanonic acid Ci6H30,
1 |Phenolic compound | 0.53 3-Amino-S-triazole C,H;N,
9 Glycosides 1.1 [1,3-cyclohexanedione,2-methyl C,;H;00,
5 Sterols 6.66 [2,5-Furandione,3-methyl CsH4O5
20 Sterols 5.97 |Propanedioic acid ethyl-,diethyl ester CeH1604
13 Sterols 5.58 ¥H-pyran-4-1,2,3-dihydroxy-6-methyl CeHgO,
26 Sterols 1.64 B-octadecanoic acid, methyl ester C19H350,
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Discussion

In recent years, the use of synthetic pesticides in plant diseases protection
programs around the world has resulted in disturbances of the environment, pest
resurgence and plant resistance to pesticides and lethal effect to non-target
organisms in the agro-ecosystems in addition to direct toxicity to the users (Prakash
et al., 2008; Asogwa et al., 2010; Bajpai et al., 2010). Therefore, considering the
deleterious effects of synthetic pesticides on life supporting systems, there is an
urgent need to search for alternative approaches for the management of plant
pathogenic microorganisms. The uses of some natural compounds such as essential
oils and plant extracts for biological check of pathogens have been noticed. Severa
studies on the fungi-toxic activities of plant secondary metabolites have been
reported (Ojalaet al., 2000; Kordali et al., 2003; Field et al., 2006 and Lee, 2007).

Obtained results indicated that pomegranate peel extract exhibited inhibitory
effect on the linear growth of six phytopathogenic fungi isolated from different
hosts, with minor variation among them. Furthermore, the tested extracts effectively
decreased the linear growth and spore germination of Fusarium oxysporum
(the causal of tomato root rot disease) and the maximum reduction was recorded
at 4000 ppm. The presence of some phyto-compounds in the pomegranate peel
extract may be responsible for the inhibitory effect (Dahham et al., 2010). The
antifungal activity of pomegranate extract against some phytopathogenic fungi has
been previously reported by Dahham et al. (2010) who tested different pomegranate
extracts on linear growth of different fungi. They found that the highest antifungal
activity was recorded on Aspergillus niger, followed by Penicillium citrinum and
Rhizopus oryzae, respectively.

Results of the present investigation showed that, pomegranate extract reduced
the linear growth of Alternaria alternata, F. oxysporum, Phoma destructive,
R. solani and Sclerotium rolfsii with different degrees of activity against the tested
fungi. Similar results were recorded by Al-Askar (2012) and Mangang and Chhetry
(2012).

Under greenhouse conditions, application of pomegranate peel powder as seed
treatment or soil drench before sowing tomato seeds and transplanting tomato
transplantsin soil infested with F. oxysporum, effectively decreased the incidence of
pre- and post-emergence damping-off compared to untreated infected check.
At the same time, seedling treatment or soil drench with pomegranate peel extract
before sowing in soil infested with F. oxysporum provided good protection against
root rot incidence. Soil drench was more effective than seedling treatment. Obtained
results are in agreement with those reported by Satish et al. (2007) who found
antifungal activity against seed-borne pathogens, i.e. Aspergillus spp., due to
application of pomegranate peel extract. Also, pronounced decrease was found in
citrus green mould disease (Penicillium digitatum) as a result of application with
pomegranate peel extract (Tayel et al., 2009).

Phytochemical analysis of PPME revealed that the extract contained different
compounds including three flavonoids, four phenolic compounds, three tannins
and one glycosides. Similar findings were also reported by many researchers
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(Hegde et al., 2012; Chebaibi and Filali 2013 and Uma et al., 2013). Moreover,
these compounds were reported to have antimicrobia activities (Kannaiyan et al.,
2013).

Several phenolic compounds have in vitro antifungal activities. For example,
phenolic compounds extracted from olive plants showed in vitro antifungal activity
against Phytophthora spp. Also, 4-O-glucoside and 7-O-glucoside completely
inhibited conidial germination of Neurospora crassa (Lattanzio et al., 2006).
Furthermore, phenolic compounds might have a major role to play in disease
resistance through the inactivation of fungal cell wall degrading enzymes (cellulose
and pectin methyl esterase), thereby restricting the degradation of the cell wall and
the process of fungal invasion in plant (Mandavia et al., 1999).

Flavonoids are a group of naturally occurring agents and have been shown to
possess good antimicrobial activity. Maussaoui et al. (2010) indicated that flavonoid
compounds isolated from the aerial parts of Launaea resedifolia have antimicrobial
activity against Sreptococcus sp., Enterobacter sp. and Candida albicans. Whereas,
Jayshree et al. (2012) tested three different flavonoid compounds (dimethoxy
flavones 3,6- dimethoxy flavone, 6,2-dimethoxy flavone and 6,3- dimethoxy
flavone) against some fungi. They found that all the three compounds showed
in vitro excellent antifungal activity against Aspergillus flavus, A. fumigatus,
A. niger, Rhizopus sp. and Candida albicans.

The in vitro toxicity of tannins was documented against several fungi including
Botrytis cinerea, Aspergillus niger, Colletotrichum graminicola and Penicillium sp
(Lattanzio et al., 2006). Furthermore, tannic acid exhibited antimicrobial activity
against Aspergillus niger, A. fumigatus, A. flavus, Penicillium granulatum and
P. granulosum at concentration 3%. This indicating that our methanolic extract of
pomegranate peel is good source of secondary metabolites having an important role.

The present work refers to the possible use of agro-industrial plant wastes as
antimicrobial agents against phytopathogenic fungi to overcome pesticide pollution
and maintaining the environmental safety.
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