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Potential applications of pomegranate peel extract for the control of citrus green mould
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Abstract

The novelty of applying pomegranate peel extract (PPE) as an
alternative, reduced-risk antifungal agent for controlling
citrus green mould invasion was investigated. Preliminary
results indicated that the most potent antifungal PPEs against
Penicillium digitatum isolates were those extracted with meth-
anol, ethanol and water, respectively, using both agar diffu-
sion assay and broth microdilution susceptibility test as
qualitative and quantitative tests. Aerosolization with PPE
confirmed its effectiveness as antifungal sanitizing agent
against P. digitatum. In vivo prevention and control of P. digi-
tatum invading harvested citrus fruit was successfully applied
by immersing wounded fruit in PPE solutions. Therefore, we
could recommend PPE application for the full control of citrus
green mould via sanitation of storage rooms and treatment of
harvested fruit.

Key words: aerosolization, biopesticides, Penicillium
digitatum, phytomedicine, postharvest, Punica granatum,
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Zusammenfassung

Ein neues Verfahren zur Anwendung von Granatapfel-Scha-
lenextrakt als alternatives, risikoärmeres natürliches Fungizid
zur Bekämpfung der Grünfäule der Zitrusfrüchte wurde
untersucht. Vorläufige Ergebnisse zeigten, dass die gegenüber
dem Erreger der Grünfäule, Penicillium digitatum, wirksam-
sten Extrakte die mit Methanol, Ethanol und Wasser gewon-
nenen waren, was sowohl der qualitative Agardiffusionstest
als auch der quantitative Mikroverdünnungs-Anfälligkeitstest
ergaben. Die Aerosolvernebelung der Granatapfel-Schalen-
extrakte bestätigte ihre Wirksamkeit als fungizide, desinfizie-
rende Mittel gegen P. digitatum. Eine in-vivo-Verhinderung
und Bekämpfung des Pilzbefalls nach der Ernte von Zitrus-
früchten konnte durch eine Tauchbehandlung verletzter
Früchte in Schalenextrakten des Granatapfels erreicht wer-
den. Wir können daher die Anwendung dieser Extrakte zur
erfolgreichen Bekämpfung der Zitrusfrucht-Grünfäule durch
Desinfektion der Lagerräume oder Behandlung geernteter
Früchte empfehlen.

Stichwörter: Aerosolvernebelung, Biopestizide, Lager-
fähigkeit, Nachernte, Penicillium digitatum, Phytomedizin,
Punica granatum

1 Introduction

Citrus is one of the most important fruit crops grown commer-
cially in more than 135 countries in different agro-climatic
conditions. Citrus importance is attributed to its diversified
use and growing world demand with about 102.64 million
tones total world production and probably stands first largest
among the produced fruit (NAQVI 2004). Green mould caused

by Penicillium digitatum is a common and serious postharvest
disease that affects citrus fruit, especially those produced in
Mediterranean climates (PLAZA et al. 2003).

Currently, synthetic fungicides such as imazalil and thia-
bendazole are the primary means for controlling postharvest
diseases of citrus fruit (SMILANICK et al. 1997, 2006). The fun-
gus, P. digitatum, infects fruit only through injuries where
moisture and nutrients are available to stimulate spore germi-
nation and infection (BROWN et al. 2000).

The global trend has shifted towards the reduction of
synthetic pesticide application in agriculture in general and in
postharvest in particular. Accumulated pesticide residues that
remain in soil, fruit and vegetables are a major public health
concern to consumers and to the food industry overseers. The
use of synthetic fungicides to control postharvest diseases has
many limitations and disadvantages, such as progressively re-
strictive legislation and social rejection as well as developing
resistance in disease-causing microorganisms (JONGEN 2005).

It is very important to maintain the organic integrity of
organic citrus fruit once the fruit comes into the packinghouse
(LADANIYA 2008). Currently, several promising biological
approaches that include antagonistic microorganisms, com-
pounds of natural origin (which are generally recognized as
safe) and induced resistance have been proposed as potential
alternatives to synthetic fungicides for postharvest diseases
control.

References to the medicinal uses of pomegranate are found
in many ancient cultures and religions. Pomegranate is men-
tioned thrice in ayat of the Holley Qur’an and by the Islam
prophet, “Mohammad”, as one of the fruits that will be found
in paradise. The bark, leaves, flowers, fruit, and seeds of this
plant have been used to prevent and treat many infectious
diseases (SEERAM et al. 2006). Several studies have reported
the reduced-risk efficacy of various extracts or pure com-
pounds from the different parts of pomegranate plant against
the growth of microbial pathogens (JAYAPRAKASHA et al. 2006).

The potential antifungal activity of pomegranate peel
extract (PPE) against P. digitatum isolates was investigated in
current study, and subsequently, the application of PPE as an
alternative natural fungicide for preventing and treating
citrus fruit from green mould invasion was conducted.

2 Materials and methods

2.1 Pomegranate peels extraction

Pomegranate fruit (Punica granatum L.) were collected from
the local markets. Peels were removed and dried in an oven by
hot air (50°C) for 48 h. Dried peels were powdered to get
60-mesh size using a mixing grinder. The powder (50 g trial–1)
was mixed with 200 ml of each individual solvent (Table 1)
and agitated using a rotary shaker (150 rpm) for 6 h. Extracts
were filtered through Whatman no. 41 filter paper in a Buch-
ner funnel for removing of peel particles. The residue was
re-extracted with 100 ml of solvent, filtered and the extracts
were pooled and evaporated at reduced pressure in a flash
J.Plant Dis.Protect. 6/2009
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evaporator (Büchi, Flavil, Switzerland) at 40°C to omit almost
90% of solvent. It was further dried in a desiccator under
vacuum till constant weight. The final dry extract weights
were recorded, and then dry matter was resuspended in
dimethyle sulfoxide (DMSO) to have a concentration of 20%
(w/v).

2.2 In vitro evaluation of PPE antifungal activity

Three P. digitatum isolates obtained from naturally infected
fruit with obvious surface green mould growth in different
fields in El-Sadat City, Egypt, i.e., PdL from ‘Eureka’ lemon
(Citrus limon), PdO from sweet orange (C. sinensis) and PdG
from grapefruit (C. paradisi) were applied in this study. The
isolated fungi were identified according to their macro-mor-
phological and microscopic features in addition to physio-
logical examinations as stated in the literature (KIFFER and
MORELE, 1997; BARNETT and MUSITER 1998). Isolates were
grown at 25°C on Sabouraud dextrose agar (SDA, Merck)
plates, and inoculum for the assays was prepared by diluting
scraped 7 days old spores with 0.85% NaCl solution. Spores
were counted using a haemocytometer and concentration was
adjusted to about 104 spores ml–1 for use in the assays. Two
different methods were applied for the determination of anti-
fungal activity of PPE in comparison with imazalil as a stan-
dard antifungal agent (positive control), or with dimethyle
sulfoxide (DMSO) as negative control.

2.2.1 Agar diffusion assay. The standard agar diffusion assay
for sensitivity testing was performed as a qualitative screening
assay. Hundred microlitre aliquots of spore suspension (104

spores ml–1) from each isolate were spread on a SDA plate.
Afterwards, filter paper disks (Whatman No. 1) with diameter
of 6 mm loaded with 10 µ of each of the PPEs or imazalil (with
concentration of 10 mg ml–1) were placed concentrically on
the inoculum. SDA plates were incubated for 48 h at 25°C.
Following incubation, naked eye measurement of zones of
growth inhibition, if any, was appraised using a finely calibrat-
ed ruler. The diameter of growth inhibition of four different
areas was measured and the mean diameter was obtained for

Table 1: Antifungal activity (in term of zone of inhibition) of
pomegranate peel extracts against Penicillium digitatum
isolates compared with imazalil

Extraction solvent/
fungicides

Zone of inhibition (mm) ± SE

PdL PdO PdG

Acetone 13.6 ± 0.6 13.8 ± 0.4 15.1 ± 0.4

Acetyl acetone 11.5 ± 0.4 12.4 ± 0.2 11.6 ± 0.3

Chloroform 14.2 ± 0.5 15.2 ± 0.6 12.1 ± 0.5

Ethanol 20.8 ± 0.5 22.3 ± 0.4 23.1 ± 0.4

Ethyl acetate 9.8 ± 0.3 9.5 ± 0.3 7.1 ± 0.2

Methanol 22.4 ± 0.6 24.1 ± 0.4 23.5 ± 0.5

Water 18.2 ± 0.4 20.3 ± 0.2 18.5 ± 0.5

DMSO NI NI NI

Imazalil 19.1 ± 0.3 20.4 ± 0.3 19.8 ± 0.4

SE: Standard Error.
NI: No Inhibition zone appeared.
Values are the diameter of growth inhibition zones including the 
diameter (6 mm) of the assay disc.
Results are means of triplicates.
PdL, PdO and PdG: Penicillium digitatum isolates from lemon, orange 
and grapefruit, respectively.
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each isolate. All experiments were conducted in triplicates
and the general mean values were calculated.

2.2.2 Broth microdilution susceptibility test. The PPEs which
showed potent antifungal activity against P. digitatum iso-
lates, using agar diffusion screening test, were selected for
minimum inhibitory concentration (MIC) determination as a
quantitative assay using a tissue culture test plates (96 wells).
The stock solutions of the PPEs and imazalil were diluted with
SD broth and transferred into the first well, and serial dilu-
tions were performed so that concentrations in the range of
1 – 30 µg ml–1 were obtained. Inoculum was added to all wells
and the plates were incubated at 25°C for 48 h. Subsequently,
100 µl of each treatment was spread on SDA and counts of
colony forming units (CFU) from each treatment were deter-
mined using the spread plate technique. MIC was defined as
the lowest antifungal concentration in SD broth, inside micro-
titer plate, which completely prevented subsequent fungal
growth on SDA plates.

2.3 PPE aerosolization effect

UV-sterilized incubator with dimensions of 200 × 200 × 250 cm
(volume of 10 m3) was designed (TAYEL and EL-TRAS 2009) for
evaluating the fungicidal effect of PPE aerosolization on the
growth of P. digitatum in a semi-closed system. Sterilized 9 cm
Petri dishes, containing yeast malt extract dextrose agar (YM
agar, Difco Laboratories, Detroit, MI, USA), were placed at
distances of 150 cm (Up), 75 cm (Middle) and in the bottom
(Down) of the incubator. Dishes covers were removed and then
50 ml of PdL spore suspension (104 spores ml–1) were aero-
solized using a nebulizer attached to air compressor and ad-
justed to generate a 3–4 µm droplets size. Control plates were
recovered then 1 g of PPE diluted in 50 mL of distilled water
(saturation of 0.1 g m–3) was aerosolized and the first set of
treated plates was recovered. Repeating the latest steps, final
PPE saturation in the incubator reached up to 1 g m–3. Treated
plates were incubated at 25°C for 24 h, and then colony form-
ing units (CFU) were counted and plotted for each treatment.

2.4 In vivo inoculation and treatment procedures

Mature yellow ‘Eureka’ lemon fruit were obtained from local
markets no more than two days after harvesting. Fruit were
selected for absence of injuries and visible defects, to mini-
mize interference from natural infections. Each fruit was
washed and wounded on one point at the equator by a stain-
less steel cutter with a 2 mm long by 1 mm wide tip. Wounded
fruit were then immersed in 5 L of PdL spore suspension
containing106 spores ml–1 for 10 min. Different concentra-
tions of PPE in water (i.e., 0.1, 0.5 and 1.0 g l–1) were made,
then experimentally infected lemons (n = 5 trial–1) were treat-
ed by immersing them in PPE solutions either pre-infection,
with, post-infection (2 h) or post-infection (24 h) for 1, 2 and
3 min. After treatments, fruit were air-dried and stored in
sterilized plastic bags for 1 week at 25°C and 95% RH, after
which the decayed parts surrounding wounds were measured
and mean for each treatment was calculated.

2.5 Statistical analyses

Analysis of variance for the obtained data was performed using
the SAS statistical package (SAS Institute Inc., Cary, NC, USA).
Data were transformed to arcsine square root values to normal-
ize variances prior to analysis. Treatment means were separat-
ed using the Waller Duncan k ratio t test at P < 0.05. Differenc-
es between means of treatments were tested for significant
against L.S.D. values according to NEDECOR and COCHRAN 1980.
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3 Results

3.1 Qualitative evaluation of PPEs antifungal activity

As a preliminary screening, agar diffusion assay was applied
to determine the antifungal activity of PPEs as well as the stan-
dard fungicide (imazalil) against P. digitatum isolates. All of
examined agents showed variable degrees of antifungal activ-
ity in term of zones of growth inhibition ranging from ≤ 7 up
to 24.1 mm (Table 1). All of the tested P. digitatum isolates
showed different sensitivity levels after treatment of PPEs or
imazalil. PdO proved to be the most sensitive strain toward
tested antifungal agents, whereas PdL was the most resistant
strain. The antifungal activity of methanol extract was signif-
icantly higher than both other examined PPEs and imazalil.
The most potent PPEs were those extracted with methanol,
ethanol and water, respectively, regarding their growth inhib-
iting effect. DMSO did not show any inhibition activity toward
examined isolates.

3.2 Quantitative evaluation of PPEs antifungal activity

Broth microdilution susceptibility test was applied for deter-
mining the minimal inhibitory concentration (MIC) of the
most potent PPEs (i.e. methanol, ethanol and water extracts)
against P. digitatum isolates with regard to imazalil as a con-
trol antifungal agent (Table 2). All of the examined extracts
showed potent antifungal activities against tested P. digitatum
isolates. Methanol extract was the most effective showing the
lowest MIC values that inhibited the growth of all tested iso-
lates. Ethanol extract was the subsequent effective one, and
both of them significantly inhibited the growth of P. digitatum
isolates more than the examined antifungal agent, imazalil.
No growth inhibition was recorded after the treatment with
DMSO.

3.3 Sanitizing potency of PPE aerosol against P. digitatum

The inhibitory effect of methanolic PPE aerosol against PdL
isolate is presented in Figure 1, using the experimental design
of aerosolization room (TAYEL and EL-TRAS 2009). Exposed Petri
dishes with different placement heights received relatively
closed numbers of fungus spores in the beginning of the
experiment. ”Up” position was significantly the most effective
for PPE aerosolization as the colonies count reduced to zero
(no growth) with PPE saturation level of 0.4 g m–3, whereas
Table 2: Antifungal activity of pomegranate peel extracts and
imazalil against Penicillium digitatum isolates measured as
minimal inhibitory concentration (mg l–1)

Antifungal agent
MIC (mg l–1)

PdL PdO PdG

Ethanol PPE 20.0a 17.5a 17.5a

Methanol PPE 15.0b 12.5b 10.0b

Water PPE 22.5c 20.0c 17.5a

DMSO NIE NIE NIE

Imazalil 27.5d 22.5d 17.5a

MIC: minimal inhibitory concentration (the lowest concentration 
that prevents Penicillium digitatum growth).
NIE: No Inhibitory effect.
PdL, PdO and PdG: Penicillium digitatum isolates from lemon, orange 
and grapefruit, respectively.
Values with different superscript letters in the same column are 
significantly different.
the required saturation levels for complete suppression of PdL
growth in both “Middle” and “Down” positions were 0.6 and
0.7 g m–3, respectively. No growth of cross contaminating
microorganisms was appeared in any treated dish.

3.4 Control of green mould in lemon fruit

The efficiency of treating experimentally infected fruit by
immersion in different PPE dilutions for multiple times was
investigated (Table 3). There was a significant effect of both
PPE concentration and immersion time on the progress of
P. digitatum infectivity. Pre-infection treatment was the most
effective for prevention of green mould since no visible symp-
toms were observed in treatments with PPE concentrations of
0.5 and 1.0 g l–1. Increasing the immersion time up to 3 min
prevented wounded fruits from P. digitatum invasion in most
of applied treatments. Immersion in PPE with concentration
of 1.0 g l–1 for 3 min after 24 h of infection prevented P. digi-
tatum growth in lemon fruit. Untreated control fruits were
fully decayed after 10 days of incubation. It was observed that
wounds in fruit treated with PPE (1.0 g l–1 for 3 min) showed
complete dryness of wound edges, which prevented treated
fruits from infection for extra 30 days. Many of other treated
fruits showed the same signs but with various shelf life exten-
sions. No asymmetrical signs, in colour and shape, or phyto-
toxicity symptoms were observed on fruit after treatment with
PPE solutions.

4 Discussion

Postharvest infections are mainly caused by wound patho-
gens. The injuries during harvest and subsequent handling of
fruit facilitate invasion of microbial pathogens (HUANG et al.,
1989). It has been observed that severity of such infections is
directly related to handling operations of the fruit; the fruit
handled less number of times from harvest to packaging are
relatively less prone to such infections. Insect damage, wind
scarring and injuries due to mechanical harvesting predispose
J.Plant Dis.Protect. 6/2009

Fig. 1: Efficacy of PPE aerosol for inhibition of Penicillium
digitatum growth at different placement levels in aerosoliza-
tion room.
PPE: pomegranate peel extracts.
Saturation levels ranged from 0 to 1 g of PPE m–3 of room
space.
Placement heights: Up (150 cm), Middle (75 cm), and Down
(in the bottom).
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fruit to postharvest infection (NAQVI 2004). The type of injury
and its location on the rind of a citrus fruit has a major impact
on the level of infection by P. digitatum. Two millimeter or
greater mesocarp injuries consistently lead to higher infection
rates (KAVANAGH and WOOD 1967; BROWN et al. 2000).

Citrus fruit should be treated with fungicides for long-last-
ing effect to prevent rotting until fruit consumption or market-
ing. Wound pathogens control depends on the prompt appli-
cation of fungicides at required concentrations; if the applica-
tion of fungicide is delayed, the pathogen gets established. So
that, the pathogen can tolerates the protective action of fungi-
cide (LADANIYA 2008).

Pesticides and fungicides are, by their nature, toxic chemi-
cals and consumers frequently ingest pesticide residues in
their diets (WINTER and FRANCIS 1997). Fungicide treatments
result in hazardous residue; hence non-hazardous eco-friend-
ly treatments are being developed to control the decay of
citrus fruits. Recently, plant-leaf extracts and essential oils
have been shown to reduce rotting (DROBY et al. 1999).

Plants contain a large number of substances that are known
to inhibit various metabolic activities of bacteria, yeasts, and
moulds, although many of them are not completely exploited
yet. More than 1340 plants are known to be potential sources
of antimicrobial compounds (COWAN 1999). Fungistatic activ-
ity of pomegranate peel varied with test organisms as it inhib-
ited the growth of P. citrinum for 8 days, P. patulum for 4 days,
P. roquefortii and Aspergillus ochraceus for 3 days (AZZOUZ and
BULLERMAN 1982).In current study, the antifungal activity of
PPE was higher than those of used standard fungicide, imaza-
lil, which recommend its usage as a natural antifungal agent.
Harmonized finding was substantiated by the study of TAYEL
and EL-TRAS (2009) about the anticandidal activity of PPE.
However, the present study is the first report where PPE is
applied for controlling P. digitatum growth, both in vitro and
in vivo.

Studies on the in vitro effects of plant extracts on post-har-
vest pathogens are numerous; in contrast, relatively few
reports of in vivo trials are available (JONGEN 2005). However,
relatively little effort has been devoted toward the develop-
ment of plant-derived compounds as substitutes for synthetic
fungicides (IPPOLITO and NIGRO 2000). The obtained results
look very promising as treatments with PPE could extend
storage period of wounded lemon fruits up to 30 days after
infection.

The main active constituents in pomegranate extract are
tannins and alkaloids. The main phytochemical constituents
in the peel of P. granatum are gallotannins, ellagic acid
derivatives, catechins and procyanidins and flavonols (SEERAM
et al. 2006). Also, PPE was reported to include active anti-
bacterial and antifungal compounds such as punicalagin,

Table 3: Influence of immersion treatment of wounded fruit in dif
decay

Treatment PP

0.1

1 min 2 min 3 min 1 min

Pre-infection 5.3 a* 3.6 a** NI NI

With-infection 6.6 b* 2.4 b** NI 4.7 a**

Post-infection (2 h) 8.3 c* 5.2 c** NI 5.8 a**

Post-infection (24 h) 15.1 d* 12.3 d** 9.4 *** 11.1 b**

Results are means of five samples.
Values are the diameter of decayed parts surrounding the wound (mm)
NI: No Infection.
Incubation period: 10 days at 25°C.
PPE: pomegranate peel extracts.
Values with different letters (in the same column) or asterisks number (
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castalagin, granatin, catechin, gallocatechin, kaempferol,
quercetin (JAYAPRAKASHA et al. 2006). The synergistic interac-
tion of these compounds increases the antifungal activity of
the PPE.

Aerosol carrying PPE effectively diffused through different
placement heights of treated Petri dishes. Treated plates re-
ceived gradual amounts of PPE concentrations which inhibit-
ed the growth of P. digitatum. The most active effect of PPE
aerosol was obtained in the “Up” position, and that could be
attributed to the fog-like aerosol droplets size (3–4 µm) which
has a powerful diffusiveness characteristic and ability to
penetrate all surface irregularities much like gas sanitizers
(OH et al. 2005). In contrast to earlier experiments (STEIGER et
al. 1982; TAYEL and EL-TRAS 2009) which tested coarser droplet
size (8–18 µm) that settled more rapidly, the nebulizer used in
this study was much effective.

It was stated that light smoke-like particles remained sus-
pended and filled the sanitizing rooms more uniformly (OH et
al. 2005). Surfaces of harvested fruit can provide a protective
environment for pathogens by making an extracellular
polysaccharide matrix that holds the cells together and glues
them to the surface, reducing the effectiveness of aqueous
sanitizers and other inhibitory agents (ZOTTOLA 1994). On the
other hand, sanitizers that are readily soluble in water can be
efficiently delivered to target microorganisms by using a fine
mist aerosol as a carrier. Aerosolization can easily be applied
in trailer cabinets and containers used for transport and
storage of fruits and vegetables.

Application of fungicides and chemicals as dips is a widely
used technique for treating postharvest fruits and vegetables.
Immersion in fungicides/chemical containing solutions has
been broadly studied (NARAYANASAMY 2006). Green mould
disease of citrus, caused by P. digitatum, was reduced by more
than 80% by immersion of the fruit in solutions of non-systemic
compounds such as lime–sulfur or calcium polysulfide in
worm water (SMILANICK and SORENSON 1999, 2001), whereas
with the application of systemic fungicide, thiabendazole,
green mould was reduced by 50% (NARAYANASAMY 2006). Cur-
rent data indicated that dipping time strongly affected P. digi-
tatum growth in experimental infected fruits; the severity of
infection significantly deceased with extension of immersion
period in fungicides containing solutions as was formerly
reported (PALOU et al. 2002).

In conclusion, we recommend the application of pome-
granate peel extract as a novel potent, ecofriendly, antifungal
agent for the control of citrus green mould caused by P. digi-
tatum. PPE aerosolization could be used for the sanitation of
trailer cabinets and containers used in transport and storage
of citrus fruits, whereas dipping in PPE solution could be used
as an efficient postharvest treatment in the packinghouses.

ferent PPE concentrations on the development of green mould

E Concentration (g l–1)

0.5 1.0

2 min 3 min 1 min 2 min 3 min

NI NI NI NI NI
* 2.6 a** NI NI NI NI

3.1 a*** NI 4.1 a**** 2.2 a*** NI

8.2 b*** 6.3**** 5.1 a***** 3.0 b****** NI

.

in the same row) are significantly different.
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