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Inhibition of Penicillium digitatum by a crude extract from
Solanum nigrum leaves
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An aqueous crude extract from Solanum nigrum lyophilized leaves was evaluated for its phytochemical composition and
antifungal activity against Penicillium digitatum, the causative agent of green mold of citrus fruit. Phytochemical analysis
of the extract revealed the presence of some bioactive substances such as alkaloids, tannins, flavonoids, saponins, etc. The
extract showed a remarkable inhibition zone against the pathogen in agar well diffusion assays carried out in Petri plates.
Storage of the extract at 4 °C for 60 days had no effect on its in vitro antifungal activity. Further, the extract was tested for its
in vivo (preventive- and curative treatments) antifungal activity on lemons wound-inoculated with P. digitatum. An important
preventive antifungal effect was observed after 7 days of storage (100% of inhibition), although this activity decreased after
14 and 21 days (85.71 and 57.14% of inhibition, respectively). A slight curative antifungal activity was observed only after
7 days of storage (14.29% of inhibition). Preliminary findings from this study may contribute to the development of new
antifungal agents to protect the lemon fruits from postharvest fungal diseases.
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L’inhibition de Penicillium digitatum par un extrait brut de feuilles de Solanum nigrum. Un extrait aqueux brut de
feuilles lyophilisées de Solanum nigrum a ét€¢ évalué pour sa composition phytochimique et son activité antifongique contre
Penicillium digitatum, 1’agent causal de la moisissure verte des agrumes. L’analyse phytochimique de I’extrait a révélé la
présence de certaines substances bioactives telles que les alcaloides, les tanins, les flavonoides, les saponines, etc. L’extrait
a montré une zone d’inhibition remarquable contre I’agent pathogene dans des essais de diffusion en gélose. Le stockage de
I’extrait a 4 °C pendant 60 jours n’a eu aucun effet sur son activité antifongique in vitro. En outre, I’extrait a été€ testé pour son
activité antifongique in vivo (essais préventif et curatif) contre P. digitatum sur citrons inoculés par blessure. Un important
effet antifongique (essai préventif) a été observé apres 7 jours de stockage (100 % d’inhibition), bien que cette activité ait
diminué apres 14 et 21 jours (85,71 et 57,14 % d’inhibition, respectivement). Une 1égere activité antifongique (essai curatif)
a été observée seulement apres 7 jours de stockage (% d’inhibition : 14,29 + 1,63). Les résultats préliminaires de cette étude
pourraient contribuer au développement de nouveaux agents antifongiques pour protéger les fruits de citron contre les maladies
fongiques de post-récolte.

Mots-clés. Solanum nigrum, Penicillium digitatum, Citrus, propriété antifongique, moisissure, extrait de feuille.

1. INTRODUCTION

Penicillium digitatum is the causal agent of green
mold, one of the most common post-harvest disease
affecting citrus fruits (Sommer et al., 2002; Plaza et al.,
2004). Proper agricultural practices (e.g. minimizing
wounds on fruit, proper storage temperature and
humidity management, etc.) are recommended to
reduce economic losses by this pathogen (Eckert
et al., 1998), although chemical control and use of
fungicides are the most effective way of preventing

the occurrence of this post-harvest disease. However,
indiscriminate postharvest use of synthetic fungicides,
such as imazalil, thiabendazole, and o-phenylphenol
(Poppe et al., 2003), has increased the risk of high-
level toxic residues in the products and development of
antimicrobial resistance (Holmes et al., 1999).

Plants can represent an important source to provide
alternatives to some of the more overused antimicrobial
compounds currently available. Plants, in fact, contain
thousands of bioactive substances, which can be divided
chemically into a number of groups among which are
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alkaloids, phenols and phenolic glycosides, resins,
oleosins, steroids, tannins and terpenoids (Ferreira
et al., 2008). Besides, plant fungicides seem to have
less of an impact on the environment, since they are
more biodegradable and have short-lasting residual
periods (Huang et al., 2005). Therefore, the research
on bioactive substances from plant sources to develop
environmental-friendly fungicides has been intensified
and a number of plant extracts has been tested in vitro
and in vivo for antifungal activity against several plant
pathogenic fungi (Ojala et al., 2000; Pretorius et al.,
2002; Choi et al., 2004).

Plant extracts are prepared by using different
extraction procedures (Vinatoru et al., 2001; Ong,
2004; Ncube et al., 2008; Das et al., 2010), in which
solvents diffuse into the vegetal material and solubilize
metabolic plant compounds with similar polarity.
Leaves, flowers, fruits, barks, roots used as starting
vegetal material can be fresh or dried, although in
most reported works dried plant parts are used. The
dry form is preferred over the fresh one because the
differences in water content within different plant
tissues may affect solubility of subsequent separation
by liquid-liquid extraction, and the metabolic plant
compounds to be used as antimicrobials should be
relatively stable (Dilika et al., 1996; Baris et al., 2006).
However, plant extracts may lose their bioactivity as
obtained from dried material. Mbwambo et al. (2009)
reported that an extract from fresh freeze-dried leaves
of Warburgia ugandensis exhibited both antibacterial
and anticandida activities compared to air-dried leaves,
which exhibited antibacterial activity only.

Lyophilisation (also known as freeze-drying)
is a more complex form of drying (Ciurzynska
etal., 2011), widely applied in several sectors (e.g.
pharmaceutical, biotechnology, food industry, etc.)
because it gives the opportunity to avoid the damages
(e.g. loss of activity/availability, denaturation, etc.)
caused by heating the material, by maintaining it
frozen throughout drying. Lyophilisation is often used
after the extraction of bioactive compounds, allowing
a subsequent plant extract rehydration in a desired
solvent and to a desired concentration (Al-Fatimi
et al., 2007; Pereira et al., 2007; Lin et al., 2011).
Conversely, studies in which lyophilisation is used
to increase the storage life of starting plant material
have been less frequent. In this study, fresh leaves of
Solanum nigrum were collected and lyophilized to
better preserve their bioactive substances. This plant
is a rich source of phytochemicals (Atanu et al., 2011),
although in Italy it is considered as weed of arable
land and gardens. Solanum nigrum lyophilized leaves
were used to obtain an aqueous crude extract, whose
phytochemical composition and antifungal activity
against P. digitatum were evaluated by using in vitro
and in vivo techniques.
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2. MATERIALS AND METHODS

2.1. Plant material

Healthy S.nigrum leaves used as experimental
material were collected from farm lands in Province
of Potenza (southern Italy), in October 2012. The
collected plant material was placed in a polyethylene
bag to prevent loss of moisture during transportation
to the laboratory. Solanum nigrum leaves were washed
and freeze-dried under vacuum at 0.250 mbar pressure
and at -53 °C (Model Freezone 18, Labconco, Kansas
City, MI, USA) for 24 h. Lyophilisation reduced
leave weight by more than 87%. Lyophilized leaves
were then powdered with a laboratory blender (Model
7010S, Waring Laboratory, New Hartford, CT, USA)
for 30 s.

2.2. Preparation of a crude extract from S. nigrum
lyophilized leaves

An aqueous crude extract from S. nigrum leaves was
prepared by infusion. A quantity of 150 ml of boiling
double-distilled water (ddH,0) was added to 10 g of
lyophilized powder. The infusion so described was
allowed to proceed in the dark for 24 h under agitation
using arotary shaker (150 rpm). Thereafter, the mixture
was clarified by centrifugation (at 20000 rpm for
30 min) and the supernatant filtered through Whatman
No. 4 paper. The obtained extract was finally sterilized
through a filter membrane (0.22 um) before use.

2.3. Phytochemical screening

The aqueous crude extract from S. nigrum lyophilized
leaves was screened for the presence of several
compounds by modifying the phytochemical methods
reported in literature (Trease et al., 1989; Pradhan
etal., 2010).

Alkaloids. 5 ml of the extract was treated first with
2ml of HCI, and then with 1 ml of Dragendroff’s
reagent. An orange or red precipitate indicated the
presence of alkaloids.

Flavonoids. 1 ml of the extract was treated with few
drops of 2% NaOH to produce an intense yellow color.
After adding few drops of dilute HCI, the extract
became colorless if it contained flavonoids.

Glycosides. 1 ml of the extract was treated first with
2 ml of CH,COOH mixed with few drops of FeCl,,
and then with 1 ml of H,SO,. Formation of a reddish
brown color at the junction of two layers and the bluish
green color in the upper layer indicated the presence of
glycosides.
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Saponins. 1 ml extract was first diluted with 5 ml of
ddH,0, and then agitated for 15°. The formation of
at least 1 cm layer of foam indicated the presence of
saponins.

Steroids. 1 ml of the extracts was treated first with
10 ml of CHCl,, and then with 10 ml of H,SO,. A red
color in the upper layer and a yellow color in H,SO,
layer indicated the presence of steroids.

Tannins. 1 ml of the extract was first diluted with 4 ml
of ddH,0, and then treated with few drops of 10%
FeCl,. Formation of a blue/green color indicated the
presence of tannins.

Terpenoids. 5 ml of the extract was treated first with
2ml of (CH,CO),0, and then with 2 ml of CHCL;
finally,2 ml of H,SO, were added. Formation of reddish
violet color indicated their presence in the extract.

Reducing sugars. 1 ml of the extract was first treated
with 5-8 drops of Fehling’s solutions (A and B),
and then heated in a water-bath. Formation of a red
precipitate indicated the presence of sugars.

2.4. Antifungal activity evaluation

Plant pathogen. Fungal spores of P. digitatum were
harvested by flooding the surface of 10 days-old
cultures with sterile 0.85% saline containing 0.1%
Tween 80 and scraping the surface of colonies with
glass rods. The resulting suspension was agitated,
filtered through double-layered sterile cheesecloth to
remove hyphal fragments and then diluted with water
to an optical density (OD) of 0.1 at 425 nm, equivalent
to roughly 10° spores-ml' (Smilanick et al., 1992).

In vitro antifungal activity assays. The antifungal
activity of the S. nigrum crude extract was determined
by using a modified agar well diffusion assay method.
Briefly, about 20 ml of the Saboraud Dextrose Agar
(SDA) was poured into Petri plates (9 cm) and allowed
to solidify. A quantity of 0.1 ml of P. digitatum spore
suspension (10* spores-ml') were then spread on a
SDA plate. Thereafter, wells of 6 mm diameter were
aseptically punched into the agar medium and then
filled with 100 pl of the crude extract. Imazalil (1-[2-
(2, 4-dichlorophenyl)-2-(2-propenyloxy) ethyl]-1H-
imidazole; technical, 97.5% a.i.) at a concentration
of 1 g-I'" was used as positive control, whereas sterile
ddH,O as negative control. The plates were incubated
for 72 h at 25 °C. The antifungal activity of the extract
was evaluated by measuring the zone of inhibition. To
assess the effect of storage on the antifungal activity
in S. nigrum crude extract, an aliquot was stored in the
dark at 4 °C for 60 days. Afterwards, the antifungal
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activity was retested by agar well diffusion assay as
described above. The experiments were carried out
with three replicates per treatment and 10 plates were
used in each replicate.

In vivo antifungal activity assays. Lemon fruits cv
‘Primofiore’ were obtained from a local supermarket.
The fruits were selected according to their appearance
(uniform size and maturity, without wounds) to
minimize interference from natural infections. Lemon
fruits were washed in running water, dipped in 70%
ethanol for 2 min, rinsed twice with sterile ddH,O for
10 min and finally air-dried. One wound was made
in the middle of each fruit by a stainless steel cutter
with a 2 mm long by 1 mm wide tip. Wounded fruits
were then used for the following assays. The antifungal
activity of the S. nigrum crude extract was evaluated
on P. digitatum post infected or pre-infected fruits. In
the first case (preventive treatment by the application
of the extract prior to the inoculation of P. digitatum),
lemon fruits were immersed in 51 of the extract for
10 min, left to dry and then immersed in 51 of spore
suspension (containing 10°spores-ml”') for 10 min.
In the second case (curative treatment by inoculation
of the P. digitatum followed by the treatment with the
extract), each fruit was first immersed in the spore
suspension and then in the crude extract. A commercial
fungicide and sterile ddH,O were used as positive and
negative controls, respectively. After the above assays,
all fruits were incubated at 25 °C and 95% RH in
sterilized plastic bags. Fruit disease was recorded after
7,14 and 21 days. A fruit was considered as diseased if
decay was visible at the inoculation point regardless of
lesion diameter. Disease was scored (0 or 1 for healthy
and diseased fruit, respectively) and data per treatment
were expressed as infection rates. The experiments
were carried out with three replicates per treatment and
10 fruits were used in each replicate.

3. RESULTS AND DISCUSSION

The phytochemical screening results of the aqueous
extract of S.nigrum lyophilized leaves are reported
in table 1. Standard qualitative methods showed the
presence of alkaloids, flavonoids, saponins, steroids,
glycosides, terpenoids and tannins. These compounds
are generally synthesized in the secondary metabolism
of the plant for several reasons (e.g. defense against
predation by harmful organisms, adaptation to
environmental changes, attraction of beneficial
organisms, etc.) and are deposited in specific parts or
in all parts of the plant. These compounds have become
of great interest owing to the potential exploitation of
their biological activity (Ncube at al., 2008; Das et al.,
2010).
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Table 1. Phytochemical screening of the aqueous crude
extract obtained from Solanum nigrum lyophilized
leaves — Criblage phytochimique de I’extrait aqueux brut
de feuilles lyophilisées de Solanum nigrum.

Phytochemical test Result
Alkaloids

Flavonoids

Saponins
Steroids
Glycosides
Terpenoids

+ o+ o+ o+ o+ o+

Tannins

Reducing sugars -

+/-: presence/absence of the compound — présence/absence du
composé.

The results from the in vitro antifungal assays
are reported in table 2. The aqueous crude extract
of the lyophilized leaves of S.nigrum was effective
against P. digitatum in the agar well diffusion assay.
The inhibition zone of the extract (22.6 + 0.4 mm)
was similar to that of the positive control (~24 mm),
whereas no inhibition was observed for negative control
(Figure 1). These results are in agreement with those of
Kanan et al. (2008), who found an important antifungal
activity of various crude extracts of S. nigrum against
four P. digitatum isolates. According to these authors,
the antifungal activity of S. nigrum leaves and fruits
could be related to the presence of some steroidal
alkaloids, such as solamargine, solasonine, solanine
and saponin (Mohamed et al., 1996; Kambizi et al.,
2001; Zhou et al., 2006). This agrees with previous
studies (Muto et al., 2006; Zhou et al., 2006; Al-Fatimi
et al., 2007) indicating that steroidal alkaloids have
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Figure 1. An example of the in vitro assay showing the
antifungal activity of Solanum nigrum crude extract (a),
positive control (b) and negative control (c) on Penicillium
digitatum — Un exemple de test in vitro montrant I’ activité
antifongique de I’extrait aqueux brut de feuilles lyophilisées
de Solanum nigrum (a), le contréle positif (b) et le controle
négatif (c) contre Penicillium digitatum.

an antifungal activity against several agronomical
important fungi, such as Aspergillus spp., Rhizopus
spp., Fusarium spp., Mucor mucedo, Bipolaris oryzae,
Rhizoctonia solani, etc. It has been reported (Lin et al.,
2011) thatan ethanol extractof S. nigrum inhibited spore
germination of Alternaria brassicicola, the causative
agent of cabbage black leaf spot disease. Bioassay-
guided fractionation of the ethanol extract led to the
identification of the antifungal principle responsible of
complete inhibition of spore germination, a steroidal
saponin known as degalactotigonin. However, the
fractionation process of a plant extract may reduce its
antifungal activity. Kanan et al. (2008) reported that
Trigonella foenum-graecum L. fractions, although
rich in alkaloids, showed a reduced antifungal activity

Table 2. Antifungal activity of the aqueous crude extract obtained from Solanum nigrum lyophilized leaves on Penicillium
digitatum — Activité antifongique de I’extrait aqueux brut de feuilles lyophilisées de Solanum nigrum contre Penicillium

digitatum.
Extract/control In vitro assays In vivo assays’
Zone of inhibition' Preventive Curative
7d  14d 21d 7d 14d 21d
S. nigrum crude extract 22.6+0.4 0 1429+£1.63 4286+148 8571298 100 100
Positive controls? 239+04 0 0 0 0 11.32+2.31 2236+1.03
Negative control* NI 100 100 100 100 100 100

! Results (mm) are mean values + S.D. — Les résultats (mm) sont des valeurs moyennes + E.T; * Infection rate (%) recorded at 7, 14
and 21 days; results are mean percentages of diseased fruits + S.D. — Taux d’infection (%) enregistré a 7, 14 et 21 jours ; les résultats
sont les pourcentages moyens des fruits malades + E.T.; * Positive controls: Imazalil (in vitro assays), commercial fungicide (in vivo
assays) — Témoins positifs : Imazalil (essais in vitro), fongicide commercial (essais in vivo); * Negative control: sterile ddH,O (in vitro
and in vivo assays) — Témoin négatif : ddH,O stérile (essais in vitro et in vivo); NI: not inhibited — non inhibé.
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against Penicillium isolates compared to the crude
extracts. This result indicates that the antifungal
activity of some plant extracts may be due to the
synergistic interaction of their compounds.

According to our results, storage at 4 °C of the
S. nigrum crude extract had no effect on its antifungal
activity. The mean inhibition zones of fresh and stored
samples were not significantly different (22.6 + 0.4
vs 225+ 04, t=0.72, d.f.= 58, p-value <0.05),
indicating that after 60 days of storage the extract still
retained its original inhibitory potential.

With regard to in vivo assays (Table 2; Figure 2a),
after 7 days of storage none of the lemon fruits
treated with the crude extract before inoculation (i.e.
preventive treatment) showed any visible sign of
infection (100% of growth inhibition) and the same
result was obtained for positive controls. However, the
green mold incidence among treated fruits increased
during storage: after 14 and 21 days, the infection rate
(%o)was 14.29 (+ 1.63)and 42.86 (+ 1.48),respectively.
When the extract was applied after inoculation (i.e.
curative treatment; Table 2; Figure 2b), 85.71%
of lemons showed signs of infection after 7 days of
storage. The infection rate among positive controls was
0%, although this rate increased with time. Fourteen
days after inoculation, all treated fruits were infected.
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Lemons treated with ddH,O (negative controls) were
all infected (0% of growth inhibition) in both assays
(preventive and curative treatments) after 7 days of
storage. Overall, these results are consistent with our
earlier observations (data not shown), and suggest that
the extract produced unfavorable conditions for fungal
growth, probably due to an interaction with fruit
tissues. However, under identical conditions of fungal
exposure, this interaction is more likely to occur
before inoculation, as lemons were less susceptible to
show signs of infection.

Nevertheless, the marked discrepancy between
the effect of the extract on growth inhibition in
preventive and curative treatments may be attenuated
by changing some aspects. Studies such as that
conducted by Tayel et al. (2009) have shown that
the growth of P.digitatum on lemon fruits can be
inhibited by immersion in a pomegranate peel extract.
The authors reported that this antifungal activity is
concentration and immersion time dependent, and the
required concentration of the extract is lower in the
preventive than in curative treatments. Therefore, the
growth inhibition percentage of our crude extract in
preventing and controlling citrus green mold may be
improved by increasing the extract concentration and
the immersion time of fruits.

Figure 2. An example of the in vivo assay showing the antifungal (preventive treatment, Fig. 2a; curative treatment, Fig. 2b)
activity of Solanum nigrum crude extract (a), positive control (b) and negative control (¢) on Penicillium digitatum after 7,
14 and 21 days. During storage, a white mould that later turns green is seen growing less rapidly in treated fruits than in
untreated fruits — Un exemple de [’essai in vivo montrant (traitement préventif, Fig. 2a ; traitement curatif, Fig. 2b) I’activité
antifongique de I'extrait aqueux brut de feuilles lyophilisées de Solanum nigrum (a), le contréle positif (b) et le contréle
négatif (c) contre Penicillium digitatum apres 7, 14 et 21 jours. Pendant le stockage, une moisissure blanche qui devient
ensuite verte s’agrandit moins rapidement dans les fruits traités que dans les fruits non traités.
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4. CONCLUSION

Solanum nigrum contains alkaloids, flavonoids,
saponins, steroids and other important compounds
with pharmacological prospects (Atanu et al., 2011).
These compounds indicate that this agriculturally
neglected plant can be a potential source of precursors
in the development of natural drugs. In this study, we
detected these compounds in a crude extract obtained
from lyophilized leaves of S. nigrum, thus indicating
that lyophilisation can be a suitable dehydration
process to preserve the bioactive compounds in plant
material. Furthermore, lyophilisation has revealed to be
an excellent pre-treatment method for plant materials
because this process yields a fine, dry sample. Even
though lyophilisation has some inherent disadvantages
(e.g. high cost of equipment, high energy costs, long
process time), it can give the opportunity to increase
plant material storability, thus making plant material
available for a longer period. The presence of bioactive
compounds in the extract could be responsible for its
antifungal activity against P. digitatum, the causative
agent of green mold of citrus fruits. This result is
particularly important due to the fact that the extract
was prepared by using a very simple procedure (i.e.
infusion) and a non-toxic solvent, which does not
interfere with the bioassays (i.e. water). The extract
was found as effective as commercial antifungal
imazalil when tested in vitro against P.digitatum.
Moreover, the extract could be stored at 4 °C as our
results showed that there was no significant loss of
activity at this temperature over 60 days. An important
in vivo antifungal activity was also observed; the
extract, in particular, was found to be more effective
for prevention rather than control of P.digitatum.
However, further studies are needed to determine more
reliably the concentrations required for efficacy and to
better understand the exact antifungal mechanism of
action of the compound(s) detected in the extract.
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