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Growth and Spore Germination of Penicilium digitatum Sacc. In vitro
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Abstract: Antifungal activity of Urtica dioica L., Cinnamomum zeylanicum Blume, Matricaria chamomilla
L. and Mentha piperita L. were evaluated against Penicillium digitatum sacc. Inhibition of the plant extracts
on the growth rate and mycelial weight was measured in PDA and PDB media respectively. The results
demonstrated the plant extracts and their components had inhibitory activities on the growth rate and mycelial
weight of this fungus. The results indicated Urtica dioica, Matricaria chamomile, Cinnamomum zeylanicum
and Mentha piperita at 50, 25, 500 and 100 ppm respectively gave the maximum inhibition on the growth rate
of Penicillium digitatumin PDA media. Extract of Urtica dioica, Matricaria chamomile, Cinnamomum
zeylanicum and Mentha piperita showed remarkably inhibition of the mycelial weight at 100, 2000, 100 and 500
ppm in PDB media. 
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INTRODUCTION Khalil and Dababneh, [13] evaluated the inhibition of

Penicillium digitatumis one of the most important F. oxysporum, Rhizoctonia solani and Verticillium sp..
postharvest pathogens in the arid environments like that Vartemia iphionoides indicated considerably inhibition
of California [1]. There are several ways for controlling of for Verticillium sp.(44.8%), followed by R. solani(42.9%),
post-harvest disease. Chemical fungicide traditionally F. oxysporum(42.7%) and Penicillium sp.(18.2%) at 1000
been used against fungal plant pathogen. Frequency use ppm.
of fungicide leaded to the development of resistant Antifungal activity of Thymus vulgaris, Satureja
population of the pathogen against various chemical hortensis, Anthum grareolens and Mentha sativa were
fungicide groups [2]. Kinay et al. [1] recorded the evaluated against F. graminearum. The result showed the
resistant isolates were found to the older postharvest essential oils decreased the mycotoxim production and
fungicides (imazalil, thiabendazole and sodium growth rate [14]. 
orthophenylphenate) and the isolates are widespread The antifungal activity of Shatangju (Citrus
within packinghouses. Inthe other side, the toxic reticulate Blanco) essential oil at different concentrations
properties of fungicides limited the use of these was investigated against the mycelia growth and spore
compounds [2]. germination of P. digitatum. The results indicated the oil

There are many records that some plant species at a higher concentration (10 µL/mL) considerably
indicated pharmacological and biological activity such as inhibited both the mycelia growth and spore germination
antimicrobial activity [3-5] and Fungicidal properties of P. digitatum[15].
depended on various plant products including oil, Morsy., et al., [16] investigated effect of different
alkaloids, resin, saponin, organic acid and gums [6-11]. plant  extracts  on  the  growth   rate   of   F.  oxysporum,

Hall and Fernandez, [12] evaluated antifungal activity F. solani, Sclerotium rolfsii, R. solani and
of several essential oils against P. digitatum. Oil of Macrophomina phaseolina. The results indicated plant
cinnamon leaf, clove leaf, cumin and spearmint exhibited extracts  of  onion  and  garlic  decreased  the  growth  rate
larger more than average zone of inhibition. of F. solani, F. oxysporum and S. rolfsii. The maximum

four  medicinal  plant  extracts  against  Penicillium  sp.,
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inhibition effect on F. oxysporum was observed when Agriculture College, Tehran University. The effect of U.
garlic extract was applied at 1.5ml/plate. dioica, M. chamomile, C. zylanicum and M. piperita

Asalem et al., [17] evaluated the inhibition of five extracts on diameter growth of P. digitatum on Potato
plant species against Altrenaria solani, R. solani and M. Dextrose Agar (PDA) was evaluated according to
phaseolina. Adhatoda zylanica showed maximum reference documents [22].The plant extracts were added to
inhibition against M. phaseolina while, Dodonaea PDA (at 45°C) to give a final concentration 25, 50, 100, 500
viscosa had considerably effect on Alternaria solani and and 1000 ppm for each extract and then the resulting
R. solani. Dababneh and Khalili [18] investigated some media were poured in petri dishes (8cm in diameter).
Jordanian medicinal plants against five pathogenic fungi Ethanol was added to medium in control plates. Then,
and Achillea santolina at 1000 ppm showed maximum inoculum discs (5mm in diameter) from two days growing
inhibition of all fungi. cultures of P. digitatum were placed in the center of petri

The effect of Zataria multiflora and Satureja plates containing PDA and extracts. Each treatment was
hortensis essential oil were studied on the growth rate tested on 4 plates as replications. The plates were
and mycotoxin production by F. graminearum. The incubated in 27°C. After seven days (when the fungus
results indicated antifungal activity of essential oils on overgrow on control plates), radial growth of P. digitatum
the growth rate and mycotoxin production [19]. was recorded for each plate. The percentage of fungal

The objectives of this project were to study the effect growth inhibition was calculated as Pandey et al. [23]
of U. dioica, C. zeylanicum, M. chamomilla and M. formula:
piperita L. on the growth rate and spore germination of P.
digitatum. Growth inhibition% = [(growth in control – growth in

MATERIALS AND METHODS

Preparation of Plant Extracts: The bark of C. zylanicum concentration were the lowest concentrations of extracts
and aerial parts of M. piperita were selected and dried at on which the fungus grew a little or any after seven days.
40°C for 24h. These plant materials were ground by a
blender and 100 grams of their powders were subjected to Fungistatic or Fungicide Effect of the Extracts: The
soxhlation that was exhaustively extracted by ethanol. In method of Thomson [24] was used to assess the
the end of soxhlation, the solvent (ethanol) was fungistatic or fungicide nature of the extracts on P.
evaporated at lower temperature under reduced pressure digitatum. For each extract, a plug of plate medium on
in rotary flash evaporator to get the crude extract [20-21]. which the fungus grew a little or any removed and
The extracts were stored in dark vials at 4°C for future transferred to a new PDA medium without extract. If the
uses. fungus grows in the new medium after 7-10 days, the

The commercial extracts of U. dioica and M. extract would be evaluated as fungistatic.
chamomile, were prepared from Barij-Esans company
(Kashan, Iran). These extracts were also stored in dark Effect of Plant Extracts on Dried Mycelia Weight: A
vials at 4°C for future uses. sterile Tween-80 (0.05%) suspension was prepared in

Extracts Analysis: Analysis of extracts was carried out by from two days cultures of the fungus were put in the
GC-MS chromatography (Agilent GC/ MS Model 5975) as suspension and vortexed vigorously. Spore concentration
recommended by manufacturer. This instrument was fitted was determined with a hemocytometer and adjusted to 1
with HP-5MS capillary column (30cm×0.25mm i.d., film × 10  as required with Tween-80 (0.05%). The antifungal
thickness 0.25 m). The identity of components was activity U. dioica, M. chamomile, C. zylanicum and M.
ascertained based on the spectra and compared with piperita on growth of P. digitatum was tested using
library and literature data. The oven temperature program potato dextrose broth (PDB). To each tube containing 19
was 60-270°C (2.5°C per min.) and the carrier gas was ml PDB (at 45°C), 0.5 ml of the spore suspension (1 × 10 )
helium with velocity 1ml/min. and the plant extracts were added to give a final

Effect of Plant Extract on P. digitatum Mycelia Growth: plant extract. Ethanol was added to medium in control
Pure culture of P. digitatum isolated from Citrus limon
was obtained from Plant Pathology department of

sample)/growth in control] × 100.

The values reported for minimum inhibitory

distilled water. Some inoculum discs (5mm in diameter)

7

7

concentration 100, 500, 1000, 2000 and 4000 ppm of the

tube. Each treatment was replicated three times.
Inoculated media were incubated in 27°C. After 9 days,
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the evaluation of mycelia weight was performed after as   compared to   control   which   showed   least
filtering mycelia using a vacuum. The mycelia dried using inhibition    on     mycelia     growth.     The     extract    of
an oven at 40°C for 24h. M.  chamomile  at  lowest  dose  (25  ppm)  was  most

Statistical Analysis: Data regarding two parameters and 500 ppm of M. piperita and C. zylanicum,
(concentration and medicinal plants) were analyzed respectively.  Growth  inhibition  varies  from  27.97  to
statistically using SAS program with completely 0.70% in  different  concentrations  of  M.  chamomile
randomized design (CRD). Inhibition of radial mycelial extract.  In  the  lowest  concentration  (25  ppm) of
growth was examined using analysis of variance different   extracts,  maximum  inhibition  of  mycelia
(ANOVA) and means were compared by the test of least growth was obtained by M. chamomile.
significant difference (LSD 0.05).

RESULTS present work, the effect of different concentrations of

Effect  of  Plant  Extract  on  P.  digitatum  Mycelia mycelia weight of P. digitatum. The results in table 3
Growth:  Different  doses  (25,  50, 100, 500 and 1000 ppm)
of  the  extracts  from  four  medicinal  plants  (U.  dioica,
M.  chamomile,  C.  zylanicum  and  M.  piperita)  were
tested  against  P.  digitatum  to  determine  their
antifungal  activity  in  in  vitro  tests  on  PDA.  The
results  of  analysis   of   variance   revealed   that  all
tested medicinal plants caused significant  inhibition of
mycelia  growth  of  the  fungi (Table 1). Furthermore, data
analysis showed the differences between extracts,
between doses, as well as between their interaction are
significant (p<0.01). The comparison of means showed
maximum inhibition of P. digitatum growth was found at
50,  25,  500  and  100  ppm,  respectively,  for  U.  dioica,
M. chamomile, C.  zylanicum  and  M.  piperita  (Table  2),

effective  in  reducing  fungus  growth  followed  by  100

Effect of Plant Extracts on Dried Mycelia Weight: In the

extracts from four medicinal plants was studied on dried

show that all treatment concentrations of plant extracts
significantly reduced dried mycelia weight of P. digitatum
in PDB compared with control. In other words, analysis of
variance showed the differences between extracts, doses,
as well as their interaction are significant (p<0.01). On the
whole, the comparison of means showed the mycelia
weight is usually minimal at concentration 500 or 1000
ppm of extracts as compared to control which showed
least effect on mycelia weight (Table 4). In detail, different
concentrations of U. dioica extract have nearly the same
effect on mycelia weight. For M. chamomile, the best
result on mycelia growth gained by 500 and 2000 ppm. For
C. zylanicum and M. piperita, the mycelia weight was
minimal at concentration 100 and 500 ppm, respectively.

Table 1: ANOVA table for the effect of different concentrations of some medicinal plant extracts in inhibition of P. digitatum mycelia growth

Source of variances Degree of freedom Sum of square Means of square F test

Extract 3 576.01 192.006 97.16**

Concentration 5 1916.65 383.33 193.98**

Extract ×Concentration 15 3154.48 210.29 106.42**

Error 72 142.28 1.98

Total 95 5789.44

CV 15.97%

P value<0.01

Table 2: Inhibition percent of mycelia growth of P. digitatum by different concentrations of U. dioica, M. chamomile, C. zylanicum and M. piperita extracts

on PDA

Concentrations

----------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant extract 25 50 100 500 1000

U. dioica 3.46h 8.97ef 7.80ef 6.51fg 3.17hi

M. chamomile 27.97a 13.57d 9.57e 6.34fg 0.70ij

C. zylanicum 8.37ef 7.54ef 14.43d 22.39b 17.68c

M. piperita 4.46gh 9.11ef 24.75b 8.93ef 7.11efg

Means within each column having the same letters are not significantly different (Duncan 5%).
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Table 3: ANOVA table for the effect of different concentrations of some medicinal plant extracts on mycelia weight of P. digitatum in PDB media

Source of variances Degree of freedom Sum of square Means of square F test

Extract 3 0.002 0.001 66.35**

Concentration 5 0.023 0.005 402.19**

Extract ×Concentration 15 0.011 0.001 65.47**

Error 48 0.001 0.00002

Total 71 0.037

CV 15.97%

P value<0.01

Table 4: Mean mycelia weights of p. digitatum affected by different concentrations of U. dioica, M. chamomile, C. zylanicum and M. piperita extracts in PDB

media

Concentrations

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

Plant extract 0 100 500 1000 2000 4000

U. dioica 0.0313de 0.0180fgh 0.0223efg 0.0206efg 0.0225efg 0.0225efg

M. chamomile 0.1087a 0.0183fgh 0.0163fgh 0.0253def 0.0130gh 0.0150fgh

C. zylanicum 0.0850b 0.0160fgh 0.0350cd 0.0165fgh 0.0220efg 0.0190fgh

M. piperita 0.0423c 0.0166fgh 0.0080h 0.0145fgh 0.0203efg 0.0180fgh

Means within each column having the same letters are not significantly different (Duncan 5%).

Table 5: Anlysis of U. dioica extract by GC/MA chromatography Table 6: Continued
Component Retention time (min.) Percentage
Acetic acid 3.66 9.66
2(5H)-furanone,5-methyl 7.68 1.66
Thiophene 10.49 2.07
1,8-cineole 11.68 3.27
Linalool 15.86 4.71
4H-pyran-4-one,2,3-dihydro-3 18.88 3.19
2,3-Dihydro-benzofuran 23.96 4.65
Phenol,5-methyl-2-(1-methylethy) 28.30 3.66
Phenol,2,methyl-5-(1-methylethy) 28.84 5.62
2-methoxy-4-vinylphenol 29.18 3.01
2H-1-Benzopyran-2-one 52.49 2.21
n-Hexadecanoic acid 65.42 2.77
Phytol Isomer 71.87 2.33
9,12-octadecadienoic acid 73.54 22.71
9,12,15-octadecatrien-1-01 73.84 19.26
Ethyl linoleolate 74.30 2.87
Bicycle(5.2.0) nonane,4-methylen 83.54 2.22
24(z)-Methyl-25-Homocholestrol 101.26 1.68
Beta-Amyrin 101.84 2.43

Table 6: Anlysis of M. chamomile extract by GC/MA chromatography
Component Retention time (min.) Percentage
Hydra zine, 1,1-dimethyl 3.80 1.65
2-butenoic acid, ethyl ester 4.64 1.08
Piperidine, 1-methyl 10.30 0.67
Phenol,2-methoxy 15.29 1.07
2,3-dihydro-3,5-dihydroxy 19.22 2.26
2-(1-pyrrolinyl)-2-cyclopenten 34.70 0.77
Chroman-6-ol 35.32 3.88
1,3-cyclohexanedione 41.33 0.80

Component Retention time (min.) Percentage

Spathulenol 44.69 0.84
2,5-dimethyl-3-ethyl-4-acetylfuran 45.62 1.15
Megastigmatrienone 47.52 0.69
4-methylamino-2,6-dimethyl 48.27 2.15
Bisabololoxideb 49.15 3.00
Methyl-(2-hydoxy-3-Ethoxy-Benzylo) 49.86 0.84
Bisabolone oxide 50.62 3.35
Azulene,7-ethyl-1,4-deimethyl 52.85 3.22
2H-1-benzopyran-2-one,7-methoxy 54.10 15.26
Bisabolol oxide A 54.51 17.94
5-nonanol,5-butyl 55.18 0.84
Octanoic acid, ethyl ester 56.98 0.60
En-in-dicycloether 61.06 11.80
1,6-Dioxaspiro(4.4) non-3-ene 61.95 7.15
7-chloro-7-fluoro-1-methoxynorca 64.88 0.64
a-Hexadecanoic acid 65.90 3.03
Hexadecanoic acid, ethyl ester 66.72 1.62
Hexahydro-1-methyl-2H-azepine 68.68 0.56
4(1H)-pyrimidinone, 2-amino 69.46 2.31
2-Hexadecan-1-01 71.93 0.69
Z,z-10,12-hexadecadine-1-01 acetate 73.57 0.75
Ewthyllinoleolate 73.87 1.26
Linoleic acid ethyl ester 74.09 1.42
9,12,15-octadecatrienoic acid 74.38 2.04
1,2-dihydro-7,12-dimethylbenz 75.15 2.13
e-2-methyl-3-tetradecan-1-01 85.90 0.78
6-8-dioxabicyclo(3.2.1)octane 102.96 1.74
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Table 7: Anlysis of C. zylanicum extract by GC/MA chromatography

Component Retention time (min.) Percentage

2-propenal,3-phenyl 26.49 16.20

Cinnamic aldehyde 27.70 57.73

Pz-prope-1-01,3-pheylnn 29.11 1.37

4-(1-Hydroxyethyl)benzaldehyde 30.00 2.12

Alpha-copaene 32.91 6.85

ZH-1-Benzopyran 36.59 6.85

Alpha-amorpen 38.96 2.07

Alpha-muurolene 40.43 1.85

Beta-cadinene 41.82 4.47

Para methoxy cinnamic aldehyde 42.55 5.61

Table 8: Anlysis of M. piperita extract by GC/MA chromatography.

Component Retention time (min.) Percentage

Sabinene 9.16 1.27

Limonene 11.74 14.14

Trans-sabinene hydrate 13.83 1.60

Cis-beta-terpineol 21.64 6.49

Menthol 24.86 47.19

Beta-bourbonene 33.23 3.36

Trans-caryophyllene 35.29 4.56

2-Hexadeceh-1-01 59.04 1.01

Hexadecanoic acid 65.48 2.13

Isomenthole 71.88 2.53

9,12,15-octadecatrien-1-01 73.47 5.13

4,6-bio(4-methoxyphenyl)-z-meth 81.23 4.21

9-methoxy-11-methyl-5-methylimin 86.28 1.69

Campesterol 91.87 1.29

Neophytadinene 97.57 1.21

Gamma-sitostrol 101.29 2.19

On totally, M. piperita at 500 ppm was most effective
extract in reducing mycelia growth followed by 2000 ppm
of M. chamomile, 100 and 1000 ppm of C. zylanicum,
respectively (Table 4). Also, inhibition of increase of
mycelia weight varies from 0.0080 to 0.0350. In the lowest
concentration (100 ppm) of different extracts, maximum
effect on mycelia weight was obtained by C. zylanicum
and then M. piperita (that were as commercial form of
extracts).

Extract Analysis by Chromatography: The quantitative
composition of components in the extracts was carried out
by GC/MS chromatography to determine their
constituents. The data for U. dioica, M. chamomile, C.
zylanicum and M. piperita extracts were shown in tables
5, 6, 7 and 8 respectively.

DISCUSSION

The study demonstrated the plant extracts such as
U. dioica, C. zeylanicum, M. chamomilla and M. piperita
and their concentration had considerable effect on the
growth  rate  of  P.  digitatumin  PDA  and  PDB  media.
The ethanolic extracts of C. zylanicum exhibited
remarkable  antifungal  activity  against  P.  digitatum.
The inhibition could be attributed to the presence of
Cinnamic aldehyde (57.73%).

Many articles were published about antifungal
properties of C. zeylanicumon plant pathogenic fungi.
Cinnamomum zeylanicum, indicated different biological
properties [25-26]. Evaluation of C. zeylanicum indicated
antimicrobial effect ofessential oil [27-29]. 

The effect of cinnamon extract on mycelial growth
inhibition of plant pathogenic fungi was showed by
Nguyen et al., [30]. They investigated the effects of
medicinal plant extracts on the growth rate of
Phytophthora capsici, R. solani, F. solani,
Colletotrichum gloeosprorioides and Botrytis cinerea.
Cinnamon extract exhibited inhibitory effect against
mycelial growth of ph. capsici and remarkable antifungal
activity against R. solani.

Similar effect was recorded by Tzortzakis [31], against
B. cinerea affected by essential oil. Singh et al. [32], have
showed that C. zeylanicum bark oil has fungitoxic
properties against Aspergillus niger, A. fumigatus, A.
nidulans and A. flavus. Cinnamaldehyde and eugenol
have also been demonstrated to have inhibitory
properties against A. flavus, A. ochraceus, A. niger, A.
terreus, A. citrinum, P. viridicatum [33].

Boniface et al. [34] studied the antifungal activity of
C. zeylanicum essential oil. The results revealed the oil
had antifungal properties against F. oxysporum and
P.digitatum. The essential oils was mainly composed
cinnamicaldehyde(37.6%), ciannamic acetate (23.7%),
ciannamyl benzoate (14.6%)and other compounds.
Camphene, linalool,a-phelendrene,a-terpinene,
limonene,b-cymene,a-cariophyllene, cinnamaldheyde and
eugenol are some of the compounds found inC.
zeylanicum essential oil [35].

In this investigation M. chamomilla exhibited
considerable antifungal properties against P. digitatum.
The main compounds identified were bisabolol oxide A
(17.94%), 2H-1-benzopyran-2-one,7-methoxy (15.26%) and
en-in-dicycloether (11.8%). Tolouee et al. [36] studied the
antifungal  activity  of  M. chamomilla flower essential oil
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against A. niger. The results indicated the growth was Fatemi et al. [41] investigated thyme and peppermint
inhibited dose dependently with a maximum of
approximately 92.50% at the highest oil concentration and
the main compounds were alpha-bisabolol (56.86%), trans-
trans-farnesol (15.64%), cis-beta-farnesene (7.12%),
guaiazulene (4.24%), alpha-cubebene (2.69%), alpha-
bisabolol oxide A (2.19%) and chamazulene (2.18%).

The ethanolic extracts of U. dioica revealed
considerable inhibition against P. digitatum. There are
many reports about antifungal properties of U. dioica.
The antifungal properties of some commercial plant waters
were investigated on wood decay fungi. The results
indicated the antifungal activities of the plant water
obtained from U. dioica were particularly high on
Ceriporiopsis subvermisphora, Oligoporus placenta and
Trametes versicolor [37].

Antifungal effect of the ethanol extracts from U.
dioica, Citrullus colocynthis, Ziziphus spina-christi and
Nerium oleander floral parts were evaluated in vitro
against A. alternate, F. oxysporum, F. solani and R.
solani. Extracts showed antifungal activity against all the
tested fungi. Among the plants, U. dioica and C.
colocynthis were the most effective against A. alternate
and R. solaniwhile N. oleander possesses the best
inhibition on F. oxysporum and F. solani. Z. spina-christi
was the most effective extract on the growth of R. solani
[38].

Mentha piperita extracts exhibited remarkable
antifungal activity against P. digitatum. Mentha piperita
extract included Menthol (47.19%) and Neophytadinene
(1.21%) the compounds had antifungal properties.

Zaker [39] investigated antifungal activity of
peppermint, lavandula, eucalyptus, datura and nettle
extract against A. sesame. Results indicated that
methanolic extracts of peppermint (15 and 10%), lavandula
(15%) and eucalyptus (15%) were more effective than
methanol: water extracts and completely inhibited the
growth of the pathogen. Among tested extracts,
methanolic extracts of peppermint (15%) and eucalyptus
(15%) exhibited remarkable inhibition of the spore
germination. Hadi et al. [40] investigated antifungal
properties of some plant species and Mentha piperita
extracts exhibited remarkable antifungal activity against F.
oxysporum.

Farrag et al. [40] investigated antifungal properties of
some plant species and the results indicated maximum
inhibition of peppermint on the spore germination and
mycelial growth of F. oxysporum at concentration of 2%,
followed by rheum and garlic extracts.

essential oils, in 5 concentrations of 0 (as control), 100,
300, 500 and 1000 ppm and performed in inoculated and
non-inoculated “Valencia” orange. The results revealed
that peppermint and thyme essential oils at 1000 ppm
decreased decay (27%), compared to the control (100%) in
inoculated group.

Farshbaf Moghaddam et al. [42] investigated
composition and antifungal activity of M. piperita oil on
F. oxysporum f. sp. ciceri., Macrophomina phaseolina
and Dreschlera oryzea. Essential oil analysis with GS/MS
showed that main compounds of oil include menthol
(19 .76%), men than-3 -one  (19 .31%),
menthofuran+isomenthone (9.12%), 1, 8-cineole+beta
phellandren (8.8%) and menthol acetate (5.63%).
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