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ABSTRACT
Introduction: Fungi broadly exist in the environment. Growing interest for 
natural and safe additives as well as concerns about synthetic fungicide have 
led to development of various fungicides. This study aimed to examine the 
effect of walnut thin shell ethanolic extract on the growth of Penicillium 
species.
Methods: Antifungal effects were assessed at four different concentrations 
ranging from 5 to 350 mg/ml. The extract dilutions were exposed to the 
desired fungi using the broth dilution method, and minimum inhibitory con-
centrations (MIC) of fungi were determined and compared with the effects 
of nystatin and fluconazole.
Results: The MIC for Penicillium italicum was 15 mg/ml for both walnut 
thin shell and fluconazole whereas it was 30 mg/ml for nystatin. Moreover, 
the minimum fungicidal concentration (MFC) for walnut thin shell, flucona-
zole and nystatin were 250, 30 and 60 mg/ml, respectively. The MIC for 
Penicillium expansum was 30 mg/ml for both walnut thin shell and flucona-
zole while it was 40 mg/ml for nystatin. The results also revealed that the 
MFC for these inhibitors was 300, 40 and 70 mg/ml, respectively. Further-
more, the MIC for Penicillium digitatum for both the shell walnut extract 
and nystatin was 40 mg/ml while it was 20 mg/ml for fluconazole. The MFC 
for walnut thin shell, fluconazole and nystatin were 325, 100 and 70 mg/ml, 
respectively. 
Conclusion: Thin walnut shell extract has significant antifungal effects on 
Penicillium species and could be used as a natural antifungal. More research 
is required to assess the use of the extract for treatment of fungal infections. 

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licens-
es/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction

Fungi widely exist in natural environments and grow 
in various foods, including vegetables and fruits, 

causing spoilage and deterioration of these foods in 
some cases (1). Fungal pathogen growth is the major 
cause of economic loss during post-harvest handling of 
fruits (2). It is difficult to control fungal growth as they 
resist many conventional fungicides including benzim-
idazoles and dicarboximides (3). Penicillium is one 
of the largest fungal genera and includes some of the 
most commonly known filamentous fungi that can be 
found on many substrates and in various habitats. The 
P. expansum, that is regarded as the major producer of 
mycotoxin and patulin, is commonly found in decaying 

apples (4). Green and blue mold rots that are caused 
by Penicillium digitatum and Penicillium italicum re-
spectively are probably the most common post-harvest 
diseases affecting citrus fruits. These pathogens may 
attack the fruit on the tree, in the packing house and 
during transit as well as in storage and in the market 
(5). Several methods have been used to solve post-har-
vest losses, including fungicide treatment and modified 
controlled atmosphere (6, 7). Post-harvest fungicide 
treatment is a primary method for controlling Penicil-
lium infections. Thiabendazole and Imazalil were the 
most commonly used chemical fungicides to control 
post-harvest green and blue molds. Some Penicillium 
strains have become resistant to these chemical fungi-
cides (8, 9). To overcome this resistance, along with 
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the consumer worries about eating foods treated with 
synthetic fungicides and environmental issues, it is 
important to discover new and novel antifungal agents 
(4, 10). Furthermore, there is a need for discovering 
new strategies to develop fungicides to control fruit 
post-harvest diseases. Studies demonstrated the effec-
tiveness of certain natural compounds including deriv-
atives of benzoic or cinnamic acid as antifungal or anti 
mycotoxigenic agents. Furthermore, several researches 
have shown anti-inflammatory and antioxidant effects 
for walnut shell extract (11). Moreover, the antimicro-
bial effect of volatile compounds, phenols and tannins 
in walnut green shells has also been proven (12). Mo-
lecular structures and different inter-species sensitivity 
affect characteristics of phenols (13). The role of meth-
anol extract of green walnut shells in preventing the 
growth of different fungi including dermatophytosis 
was examined to observe whether green walnut extract 
could be used as an alternative to synthetic antifungal 
agents. Walnut hulls is proved to have an inhibitory 
effect on four selected species of fungi (Microsporum 
canis, Trichophyton mentagrophytes, Epidermophyton 
floccosum and Candida albicans) and prohibited 60% 
of fungal growth (14). Furthermore, the antibacterial 
effect of walnut thin shells on Bacillus subetilis and 
Salmonella typhimurium was specifically examined, 
which resulted in the restricted growth of microor-
ganisms (15).Therefore, in order to prevent chemical 
contamination of fruits with synthetic antifungal, this 
study was conducted to examine the effect of ethanolic 
extract obtained from walnut thin shell (Juglans regia 
L.) on standard and isolated species of Penicillium ex-
pansum, Penicillium digitatum and P. italicum com-
pared to nystatin and fluconazole.

Methods

Material 

Nystatin powder (Royan Darou Co., Iran) and Flu-
conazole (Pars Darou, Iran), Potato-dextrose agar 
fungi growth medium (Merck, Germany), Sabouraud 
Dextrose Broth growth medium for MIC (Merck, Ger-
many).The Penicillium expansum (ATCC No. 42710) 
Penicillium italicum (ATCC No. 66636) and Penicil-
lium digitatum (ATCC No. 201167) were used. The 
standard species of fungi were prepared from fungus 
bank located in School of Public Health, Tehran Uni-
versity of Medical Science.

Preparation of walnut thin shell ethanol extract 

To prepare the extract, Iranian walnuts (Juglans regia 

L.) with no trace of mold were obtained from a region 
in the west of Iran, which is famous for good quality 
walnuts. Walnut thin shells were removed and dried at 
room temperature. The dried walnut thin shells were 
powdered by an electrical grinding machine. Prior to 
taking the extract, the powder was sterilized under the 
influence of UV ray using a laminar hood. Afterwards, 
20 grams of dried powder was mixed with 100 cc of 
ethanol 80% and restored at room temperature (about 
22 °C) for 24 hours. Then, the extract was filtered by 
filter papers and poured into the rotary device (to re-
move ethanol). The obtained alcoholic extract was 
dried at 40 °C. Subsequently, 1 gram of dried alcoholic 
extract was added to 5 cc of dimethyl sulfoxide solvent 
and shook for 2 minutes. Afterwards, the extract was 
filtered again and sterilized by syringes with a 0.22 mi-
cron diameter filter (16).

Preparing the fungi suspension

The fungi were primarily grown on the potato-dextrose 
agar (PDA) and stored for three days at 25 °C. After 
three days, the plates were examined macroscopically. 
Slides were also prepared from the cultures to deter-
mine the microscopic form of fungi. New fresh culture 
penicillium conidia were solved in distilled water; the 
turbidity of the above suspension was adjusted spectro-
photometrically at 530 nm to match the turbidity of 0.5 
McFarland standard with 106 ml cells (17).

Preparing nystatin and fluconazole suspension

Standard nystatin powder and fluconazole were pre-
pared. Dimethyl sulfoxide and distilled water were 
used to solve nystatin (insoluble in water) and flucona-
zole (soluble in water), respectively. Then, the walnut 
extract, nystatin and fluconazole were diluted in a 22 
series to compare the MIC and MFC between thin wal-
nut shell extract, fluconazole and nystatin.

Determining the MIC of fungus growth

An antifungal susceptibility test was carried out using 
the broth microdilution method based on the Clinical 
and Laboratory Standards Institute (CLSI M38-A2) 
guidelines. For determining the inhibitory concen-
tration on the fungi, 22 dilution series of walnut thin 
shell ethanolic extract ranging from 350 mg/ml to 5-lit-
er concentration were prepared and then added to the 
wells. Moreover, 22 dilution series for nystatin and 
fluconazole were prepared separately. For determining 
the MIC, 200 micro liters of Sabouraud Dextrose broth 
was added to 24 microdilution plate wells. Subsequent-
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ly, 200 micro liters of walnut thin shell extract, nystatin 
and fluconazole were injected into 22 dilution series. 
Of the 24 wells, two wells were considered as growth 
control: one as a positive control and the other as a 
negative control. The negative control contained me-
dia whereas the positive control consisted of media and 
microbial suspension. Subsequently, 50 micro liters of 
fungi suspension were added to all the wells except 
the negative control according to McFarland standard. 
These steps were repeated for nystatin and fluconazole. 
All the tests were repeated for three times. At last, mi-
crodilution plates were incubated at 25 °C for 72 hours 
and were then observed for the presence of visible 
growth. The turbidity of each well, which reflects the 
growth, was compared with the turbidity of the positive 
well. Negative reaction was defined as the observation 
of no growth and no turbidity (18).

Determining the MFC of fungi growth

A sample was obtained from tubes with no fungi growth 

with a sterile loop, and was transferred to culture media 
containing the PDA and cultivated based on the streak 
culture method. Then, the sample was incubated at 25 
°C for 72 hours. Afterwards, the plates were observed 
for fungi growth. The minimum extract concentration 
in plates that resulted in no fungi colonies was consid-
ered as the MFC (19).

Results

The results of the growth-inhibiting effect are shown 
in Tables 1, 2 and 3. The MIC for Penicillium italicum 
was 15 mg/ml for both thin walnut shell and flucona-
zole and 30 mg/ml for nystatin. Moreover, the MFC 
was 250 mg/ml for walnut thin shell extract, but was 30 
and 60 mg/ml for fluconazole and nystatin, respective-
ly (Table 1). Regarding the Penicillium expansum, the 
MIC was 30 mg/ml for both walnut thin shell extract 
and fluconazole and 40 mg/ml for nystatin. Further-
more, the MFC was 300 mg/ml for walnut thin shell 
extract, but was 40 and 70 mg/ml for fluconazole and 

Table 1. Minimum inhibitory concentration for Penicillium itali-
cum (mg/ml)

Concentrations Extract Nystatin Fluconazole
5 mg/ml + + +
10 mg/ml + + +
15 mg/ml _ + _
20 mg/ml _ + _
30 mg/ml _ _    _ *
40 mg/ml _ _ _
50 mg/ml _ _ _
60 mg/ml _    _ * _
70 mg/ml _ _ _
80 mg/ml _ _ _
90 mg/ml _ _ _
100 mg/ml _ _ _
125 mg/ml _ _ _
150 mg/ml _ _ _
175 mg/ml _ _ _
200 mg/ml _ _ _
225 mg/ml _ _ _
250 mg/ml _ * _ _
275 mg/ml _ _ _
300 mg/ml _ _ _
325 mg/ml _ _ _
350 mg/ml _ _ _
Control   +

Control  -

+

_

+

_

+

_

Table 2. Minimum inhibitory concentration for Penicillium expan-
sum (mg/ml)

Concentrations Extract Nystatin Fluconazole
5 mg/ml + + +
10 mg/ml + + _
15 mg/ml + + _
20 mg/ml + + _
30 mg/ml _ + _
40 mg/ml _ _ _*
50 mg/ml _ _ _
60 mg/ml _ _ _

70 mg/ml _ _* _

80 mg/ml _ _ _
90 mg/ml _ _ _
100 mg/ml _ _ _
125 mg/ml _ _ _
150 mg/ml _ _ _
175 mg/ml _ _ _
200 mg/ml _ _ _
225 mg/ml _ _ _
250 mg/ml _ _ _
275 mg/ml _ _ _
300 mg/ml _* _ _
325 mg/ml _ _ _
350 mg/ml _ _ _
Control   +

Control  -

+

_

+

_

+

_
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nystatin, respectively (Table 2). The MIC for Penicil-
lium digitatum was observed to be 40 mg/ml for both 
the shell walnut extract and nystatin and 20 mg/ml for 
fluconazole. furthermore, the MFC for these inhibitors 
were 325, 100 and 70 mg/ml, in that order (Table 3).

Discussion

The MIC for Penicillium digitatum was observed to be 
40 mg/ml for walnut thin shell extract and nystatin and 
20 mg/ml for fluconazole. Furthermore, the MFC for 
these inhibitors were 325, 100 and 70 mg/ml, in respec-
tive order. According to the findings of this study, thin 
walnut shell extract had an acceptable inhibitory effect 
on Penicillium expansum and Penicillium italicum and 
a notable effect on Penicillium digitatum. The findings 
of this study revealed a similar effect for fluconazole on 
P. italicum. However, this effect was higher on P. itali-
cum and P. expansum compared to nystatin. Further-
more, the inhibitory effect of walnut thin shell extract 
was weaker on P. digitatum compared to fluconazole 

but was similar to that of nystatin. With regard to the 
MFC, the walnut thin shell extract was not sufficient-
ly effective compared to fluconazole and nystatin. An 
active substance called juglone (5-hydroxy-1,4-naph-
thoquinone) is one of the strongest phytotoxic and 
allelopathic chemical compounds in the leaves, roots 
and husks of Juglans regia L. (20, 21). Juglone re-
strains the growth and development of many plants 
(22). It was proven that natural phenolic compounds 
which are found in walnuts have very potent antifun-
gal agents with little or no toxic effects. These agents 
have the potential be used as antifungal agents alone or 
in synergism with the currently used antifungal agents 
(23). The antifungal effects of aqueous and methanol-
ic extracts of fruit peel of walnut (Juglans regia) and 
fluconazole against four Candida species were evalu-
ated. The MIC of fluconazole, aqueous and methanol-
ic extracts of walnut fruit peel for different Candida 
species were 0.001- 0.032, 6.25-50, 3.125-25 mg/ml, 
respectively. The MFC of fluconazole, and methanolic 
extracts of fruit peel of walnut were 0.001-0.032 and 
6.25-25 mg/ml, respectively. These findings were in 
line with the findings by Naseri et al. and Arji et al. 
(24, 25). The antibacterial and antifungal effects of the 
methanolic extract of walnut leaves were investigated 
in a research. The results showed that the growth pre-
venting effects of walnut extract was more powerful 
against Candida albicans compared to Candida glabra-
ta and Candida krusei (26). In a study by Yigt et al., 
antifungal and antibacterial activities of aqueous and 
methanolic extracts of leaves and husk of walnut were 
assessed. The results showed that the MIC values of al-
coholic extracts was 1.5 mg/ml against all Candida spe-
cies (27). The effect of ethanolic extract of walnut thin 
shell  on the growth of Aspergillus species was exam-
ined in a previous study which reported that the MIC 
of 15 mg/ml for Aspergillus fumigatus and 61.5 mg/
ml for Aspergillus flavus (28). These studies indicated 
that walnut fractions could restrict the growth of fun-
gus, which were in line with the findings of the current 
study. The previously reported MIC and MFC values 
were lower than those in our study, which may be due 
to the difference in levels of phenolic acids or different 
sensitiveness of fungi species to phenolic compounds. 
Thin shell around walnut is full of phenolic and anti-
oxidant compounds. The walnut thin shell  serves as a 
defective layer to protect fatty acids especially polyun-
saturated fatty acids against free radicals (29). Several 
phenolic compounds with antioxidant properties have 
been identified in J. regia leaves. Some phenolic acids 
produced by plants as secondary products and could 
damage mitochondrial DNA and cell walls and lead to 
microorganism death (29, 30) while some other prod-
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Table 3. Minimum inhibitory concentration for Penicillium digi-
tatum (mg/ml)

Concentrations Extract Nystatin Fluconazole
5 mg/ml + + +
10 mg/ml + + +
15 mg/ml + + +
20 mg/ml + + _
30 mg/ml + + _
40 mg/ml _ _ _
50 mg/ml _ _ _
60 mg/ml _ _ _

70 mg/ml _ _ _ *

80 mg/ml _ _ _
90 mg/ml _ _ _
100 mg/ml _ _* _
125 mg/ml _ _ _
150 mg/ml _ _ _
175 mg/ml _ _ _
200 mg/ml _ _ _
225 mg/ml _ _ _
250 mg/ml _ _ _
275 mg/ml _ _ _
300 mg/ml _ _ _
325 mg/ml _* _ _
350 mg/ml _ _ _
Control   +

Control  -

+

_

+

_

+

_
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ucts can interfere with the metabolic pathways, reverse 
the effect of MDR, when given in the combination with 
cytotoxic agents, and inhibit the activity of ABC trans-
porters (that make fungal pathogens resistant to drugs) 
(23). A large number of different chemical compounds 
exist in herbal extracts with similar antimicrobial func-
tion, but an unknown mechanism.

Conclusion

The results of the current study showed that walnut 
thin shell extract has significant antifungal effects. The 
growth preventive effect of the extract was indicated 
for P. expansum, P.digitatum and P. italicum. Regarding 
the growing interest of the community, health authori-
ties and consumers in natural and safe additives as well 
as concerns about overuse and resistance to antibiot-
ics, this extract can be used as a natural and effective 
fungicide in food products and other cases to promote 
public health.
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