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Abstract

Background: Penicillium saprophytic species, which primarily consume
organic biodegradable materials, is a common example of a fungal species.
The preparation filtrates of Penicillium italicum, a saprophyte on citrus fruits
frequently linked to post-harvest diseases in this crop, were included in the
current investigation.

Objective: This investigation aimed determine the most efficient culture
medium for the production of antibacterial secondary metabolites.

Patients and Methods: included identifying the growth medium for P.
italicum and produce its metabolites through the use of gas chromatography-
mass spectrometry (GC MS) for both solid-state fermentation filtrate (SSFF)
and liquid fermentation filtrate (LFF). Additionally, the antimicrobial activity
of the mold filtrate against certain pathogenic bacteria was assessed using the
agar well diffusion method.

Results: indicated that the biomass used for mold growth was heavier in SSFF than
LFF, and according to the findings, the selective active isolate's crude filtrate from
two duplicates of the P. italicum Yeast Extract Sucrose YES culture medium was
0.063 mg, while the crude extract from rotten orange (as a solid medium) containing
P. italicum was 0.11 mg. Tetracosane and other substances with a track record of
therapeutic activity were found in the two mold extracts, according to GC MS data.
Overall, both SSFF and LFF demonstrated antibacterial activity against Klebsiella
pneumonia, Escherichia coli, Acinetobacter baumannii, Pseudomonas aeruginosa and
Staphylococcus aureus, with the inhibition zones+ standard deviation (1Z+ SD) being
24.7+ 0.57, 18.2+ 0.28, 26.3+ 0.59, 21.6+ 0.51, and 32.8+ 0.21 (for SSFF) mm and
0.0, 12.3+0.57, 28.16+0.20, 19.3+1.15, and 28+0.2 (for LFF) mm, respectively.
Conclusion: the filtrate of P. italicum from a natural medium (rotted orange)
as a solid state fermentation was more weighted and gave many effective
metabolites compared to what was produced by liquid fermentation on a
synthetic medium, and both liquid and solid fermentation filtrates
demonstrated efficacy against harmful bacteria.

Keywords: Penicillium italicum, SSFF, LFF, GC MS, antibacterial activity.
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Introduction

P. italicum is the primary citrus post-harvest
phytopathogen that causes the blue mold infection.
Citrus is one of the most significant fruit genera in the
world. Due to unfavorable weather patterns and an
increase in mold infections, orange production has
significantly decreased recently (1,2). Because
oranges are an acidic fruit (pH of 4-5 in healthy
varieties), fungi are more likely than bacteria to cause
rot in most oranges (3,4). However, mycotoxins a low
molecular mass secondary metabolites generated by
filamentous fungi that are poisonous to the host and
other microorganisms sharing the same environment-
can be created and multiplied by phytopathogenic
(plant-pathogenic) fungi (5). One of the most common
types of fungi is penicillium, which grows on a variety
of decomposing materials. Because Penicillium
conidia are always present in the air, cultures
frequently become contaminated by Penicillium
colonies. Penicillin was discovered by coincidence; P.
italicum and P. digitatum cause citrus fruits to rot,
whereas P. expansum causes brown rot in apples (6,7).
Among the most well-known examples of fungi are
penicillium saprophytic species, which primarily feed
on organic biodegradable materials. These species can
grow on foods and other stored seeds because they
prefer to flourish in low-humidity environments and to
spread quickly through aerial dispersal when the seeds
are appropriately moist (8). P. italicum is commonly
associated with Citrus fruits and in the agricultural
sector, It is an acute wound pathogen that affects all
species and varieties of Citrus and can infect fruit in
the field, packing house and even during distribution
and marketing (9). Traditional fungal fermentation is
being used today to produce foods and beverages all
over the world. Penicillium species are utilized in
Europe to help cheeses and meats mature (10).
However, solid state fermentation has benefits over
submerged (liquid) fermentation, including: greater
volumetric productivity, typically simpler and
requiring less energy; potential ease of meeting
aeration requirements; resemblance to certain fungi's
and
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bacteria's natural habitat; simpler downstream
processing; fungal hyphae are submerged in a
liquid  medium, preventing desiccation;
Temperature control is usually not too difficult,
allowing the organism to be exposed to a
consistent temperature throughout its growth
cycle; O2 availability to the biomass can be
reasonably well controlled at a specific level of
medium saturation; nutrient availability to the
organism can be controlled within relatively
narrow limits if desired through the feeding of
nutrient solutions; although shear forces do occur
in mechanically stirred bioreactors, the nature
and magnitude of these forces are well
understood, and low-shear environments, like
bubble columns or air lift bioreactors, can be used
if the organism is highly susceptible to shear
damage Lastly, it is not too difficult to give pH
control (11, 12). The current study aims to
identify the active medium for P. italicum
metabolite growth and production using GC MS
technology and to identify the mold filtrate's
antibacterial activity against a few harmful
bacteria. According to Webster and Weber
classification (6). Penicillium italicum belongs to
Kingdom fungi, phylum Ascomycota, class
Eurotiomycetes, order Eurotiales and family
Trichocomaceae.

Patients and Methods

The laboratory methods were performed in the
Lab. of Fungi and Natural products at the

department of Biotechnology/college of
Sciences / University of Diyala.
Sampling and Identification of

Penicillium italicum

From naturally rotting citrus fruits, fifty mold
isolates were isolated. Citrus sinensis L.) In
Baqubah city, Diyala province, Iraq), all isolates
were cultured on Sabouraud Dextrose
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Agar SDA for primary isolation, then sub-cultured on
Czapic Dox Agar CZA for identification. Lactophenol
Alanine Blue stain was used in the laboratory to
identify the fungi based on the following criteria:
Colony morphology, which includes color and
consistency, reverse color, which changes with age,
and microscopic features, such as conidial size,
arrangement, form, and ontogeny. The selected isolate
of P. italicumm was subcultured and preserved in
Potato Dextrose Agar slants and then placed as stock
cultures at 4°C (13).

Growth conditions for Penicillium italicum
and metabolite identification

Preparation spore suspension of P. italicum

After growing the mold for seven days at 28 + 0.5 °C,
the spores were harvested by stirring the culture with
a sterile 0.85% NaCl, the conidia suspension was
gently probed with a pipette tip and filtered to separate
conidia from hyphal fragments.

» Preparation of P. italicum filtrate by solid
state fermentation

A method was followed by Richard and Mary (14)
according to the following steps with slight
modifications:

« Twenty-five grams of each orange fruit Citrus
sinensis L. (which were collected from a local market
of Baqubah city and exposed to the ambient air for
contamination 25 °C, 56 % relative humidity) in 250
ml cotton-stoppered Erlenmeyer flask which was
sterilized by sodium hypochlorite and used for
Penicillium filtrate production as solid substrate. The
moisturizing ratio is 5:1 (w/v) by D.W.

» The selected isolate spores were fermented by
growing on un-infected samples of chopped C.
sinensis L. fruit ( which was inoculated with 1 ml of
spore suspension and put in an Erlenmeyer flask then
incubated in state cooling incubator at 28+2° C for
two months (January and February).

« Fruit that had fermented with homogenizing using
an electric magnetic stirrer for 10 minutes was given
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75 milliliters of chloroform to complete the
extraction process from rotten oranges (solid
fermentation). Next, the extracted solution was
filtered using a Whatman filter paper No. 1 and
50 ml of chloroform through a separating
funnel. Following that, the filtrate fractions were
combined and dried at 45°C by evaporation. The
dried filtrate was kept in storage at 4°C (15).

Preparation of P. italicum filtrate by
liquid fermentation

» The selected isolate spore was secondly
fermented by growing on the liquid culture of
YES (prepared by dissolving 40 g of Sucrose
and 20 g of yeast extract in 1000 ml of distilled
water and sterilized by autoclave). The mixture
was then allowed to incubate for ten days at
28+2° C in a state cooling incubator. One
milliliter of spore suspension was added to the
medium to create two replicates for culture.

« 100 milliliters of liquid culture and 50
milliliters of chloroform were added to an
Erlenmeyer flask, which was then electro-
homogenized for ten minutes with the use of a
magnetic stirrer. A Whatman filter paper No. 1
was then used to filter the extracted solution, and
a separating funnel was used to filter 50 ml of
chloroform. The separated components were
combined and dried at 45°C using evaporation.
Dried filtrate was stored at 4°C (8,15).

Evaluation of Penicillium italicum
filtrates quantitatively

A sensitive electric balance was used to weigh
the filtrates after they had been collected and
dried to compare the different types.
Determination of the qualitative
assessment of Penicillium italicum
filtrates by Gas chromatography -
Mass Spectrum analysis

Equal volumes of the two dried filtrates of the
mold prepared in the previous paragraphs were
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weighed to compare the types of filtrates. Then, to
make the fungal filtrate stock solution for chemical
analysis, each dried mold filtrate was dissolved in
chloroform. GC-MS analysis of penicillium italicum
filtrates was performed on a GC system (Agilent
7890A series, USA). Helium (He), the carrier gas,
was allowed to flow at a rate of 1 mL min—1, with a
split ratio of 1:50. While the detector temperature
was fixed at 280°C, the injector temperature was
altered to 250°C. The National Institute of Standards
and Technology (NIST, USA) database was used to
interpret the mass spectrum.

Determination of the antibacterial activity
of Penicillium italicum filtrates

Preparation of bacterial isolates

Diyala Journal of Medicine

Pathogenic  bacterial isolates of Klebsiella
pneumonia,  Escherichia  coli,  Acinetobacter
baumannii, Pseudomonas  aeruginosa  and

Staphylococcus aureus of multidrug-resistant to
antibiotics  were  obtained from  Teaching
Laboratories at Baqubah Teaching Hospital in Diyala
province.

Measurement of antibacterial activity

The agar well diffusion method was used according
to Obeidat et al (16) with slight modifications as
follows:

« Bacterial suspension for each species was prepared
by transporting several bacterial colonies with a loop
and put in a test tube containing brain heart infusion
broth for activating the bacteria, the tube was then
incubated at 37°C 18-24 hrs (17).

» The bacterial suspension was compared to the
standard McFarland solution which is equal to 1.5 x
108 CFU ml-1. After that, the suspension of bacteria
was spread by sterile swab on the plates containing
Muller Hinton Agar and the plate was then left to be
dried.

« Three 5mm diameter holes were made in the
culture medium using a sterilized cork borer.

A concentration of 50 mg ml-1 of each fungal
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filtrate was made using DMSO 10% by
dissolving 250 mg of dry filtrate in 5 ml of
DMSO 10%, to obtain a concentration of 50 mg
ml-1.

* 100 pl of the concentration of the test filtrates
were added to the holes individually by
micropipette. The third pit (control) was
represented by adding DMSO 10%, and three
replicates worked each dish. After that, incubate
the dishes at 3512 °C for 18-24 hrs.

» The effectiveness of each filtrate was
determined by measuring the inhibition zone
(1Z) diameter around each hole and then
compared with the control.

Statistical analysis

Analysis of variance (ANOVA) using statistical
software. P < 0.001, 0.02, 0.05 and 0.06 values
were used for the statistical tests as a
significance level.

Results

Twenty-two of the fifty mold isolates that
obtained through culturing on SDA were
recognized as Penicillium italicum and twenty-
eight as P. digitatum from naturally rotting
citrus fruits. Microscopic examination showed
that the conidial apparatus is made up of
asymmetric penicilli that bear tangled chains of
conidia; conidiophores, which are more or less
cylindrical,  smooth-walled, terverticillate
metulae that bear three to six phialides each,
originate from the substratum or occasionally
from superficial hyphae. The phialides have
cylindrical, short necks that are -easily
distinguished. Conidia are 4.0-5.0 x 2.5-3.5 um
in size, smooth, greenish, and have smooth
walls. Phialides are generated single, in groups,
or from branched metulae, giving them a brush-
like look (a penicillus). Figure 1 shows the
microscopic and macroscopic characteristics of
this mold.
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Figure 1:

Penicillium italicum a Rotted orange Citrus sinensis L. with the mold. b, microscopic view of the mold stained with
Lactophenol cotton blue 40X. ¢, macroscopic top appearance grew on CZA at 28+2°C and pH 5.6 for 7 days of
incubation, d-reversed view.

For quantitative estimation of growing Penicillium the other hand, the chosen isolate of this mold contained

italicum filtrates metabolites, 0.11 mg of P. italicumwas ~ 0.063 mg of crude extract from two replicates of P.

present in the rotten orange crude extract (filtrate). On  italicum YES growth media. Figures 2 and 3 depict the
process of fermentation and filtrate extraction.

i |

Figure 2: a, homogenizing Penicillium italicum on the solid-state fermented orange by magnetic stirrer b, extraction
of P.italicum filtrate by separating funnel using Chloroform
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Figure 3: Liquid fermented Penicillium italicum YES medium b, extraction of P. italicum filtrate by
separating funnel using Chloroform

Through quantitation chemical analysis of P. were detected in the solid-state fermentation filtrate
italicum chloroformic extract; results showed that SSFF (tables 1 and 2). The identification of chemical
sixteen compounds were identified in the liquid compounds was based on the peak area, retention
fermentation filtrate LFF and thirty-one compounds time, molecular weight and chemical structure.
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Table 1: GC MS analysis of Penicillium italicum liquid fermentation filtrate for chemical compounds detection

RT
No | (min) | Area% Name Quality | CAS Number | M.W
2-HYDROXY-3,5,5-TRIMETHYL-2-
1] 23.933 3.67 CYCLOHEXENONE 50 | 004883-60-7 | 154.21
2-(n-Butyl-N-(2-methylpropanoyl))amino-4-
2 | 25.147 9.27 methyl-oxazole 37 000000-00-0 | 1422.7
3| 25.428 30.28 2-Hydroxy-3,5,5-trimethyl-cyclohex-2-enone 59 004883-60-7 | 154.21
4 | 27.923 7.15 methyl dihydromalvalate 46 000000-00-0 | 294.5
Iron, tricarbonyl[N-(phenyl-2-
5 30.741 2.67 pyridinylmethylene)benzenamine-N,N’]- 90 074764-11-7 398.2
6 32.1 4.28 Tetracosane 98 000646-31-1 | 338.65
7| 32.764 4.23 Benzonitrile, m-phenethyl- 37 034176-91-5 | 207.27
8 | 33.008 2.61 2-Nonadecanone, O-methyloxime 60 036379-39-2 3115
9 | 33.408 4.13 Nonadecane 95| 000629-92-5| 268.52
4’-Benzyl-2’-hydroxy-6’-methyl-3’-
10 | 33.579 1.96 phenylacetophenone 49 064648-09-5 | 438.5
3.beta.-Acetoxy-17-methyl-5.alpha.-18(13-
11| 33.813 5.07 17)abeoandrost-13-ene 83| 072166-08-6 | 3325
1a,9b-dihydro-4-methyl-1H-phenanthro[9,10-
12 | 33.968 3.62 blazirine 83 111005-47-1 | 362.3
1,1-DICYANO-2-METHYL-4-(P-
13 | 34.145 8.31 CYANOPHENYL)PROPENE 83 | 000000-00-0 | 207.23
14 | 34.383 3.36 1H-Indole, 2-methyl-3-phenyl- 80 | 004757-69-1 | 207.27
15 | 34.669 3.42 Nonadecane, 9-methyl- 95 013287-24-6 2825
16 | 35.888 2.83 Eicosane 96 | 000112-95-8 | 282.55
103
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Table 2: GC MS analysis of Penicillium italicum solid state fermentation filtrate for chemical compounds detection

RT
No (min) | Area% Name Quality | CAS Number M.W

1] 10.749 0.35 .BETA. FENCHYL ALCOHOL 90 000470-08-6 154.25
2 13.81 0.27 .beta.-Myrcene 42 000123-35-3 136.23
3| 17.333 0.43 Valencene 99 004630-07-3 204.35
4| 17.686 0.66 4-Methyl-2,6-di-tert-butylphenol 98 000128-37-0 250.38
5| 25.148 0.76 Methyl palmitate 97 000112-39-0 270.45
6| 25.926 0.30 E-11-Hexadecenoic acid, ethyl ester 53 000000-00-0 282.5
7| 26.227 2.19 Hexadecanoic acid, ethyl ester 99 000628-97-7 284.47
8| 27.778 0.69 | 8,11-Octadecadienoic acid, methyl ester 99 056599-58-7 294.5
9| 27877 0.76 Methyl trans-8-octadecenoate 99 026528-50-7 296.5
10| 28.281 0.28 Methy| stearate 98 000112-61-8 298.5
11 28.78 2.40 Ethyl linoleate 99 000544-35-4 308.5
12| 28.873 1.43 Ethyl Oleate 98 000111-62-6 310.51
13| 29.314 0.28 Docosane 62 000629-97-0 310.602
14| 30.736 0.46 Tricosane 96 000638-67-5 324.63
15| 32.095 0.30 Tetracosane 98 000646-31-1 338.65

Azetidine, 1-benzyl-3,3-dimethyl-2-
16 | 32.759 0.50 phenyl- 37 022606-97-9 251.4
17 | 33.408 0.48 Nonadecane, 9-methyl- 93 013287-24-6 282.5

3.beta.-Acetoxy-17-methyl-5.alpha.-18(13-
18| 33.813 0.79 17)abeoandrost-13-ene 90 072166-08-6 332.5
19| 34.103 70.34 Diisooctyl phthalate 91 027554-26-3 390.6
20 | 37.419 0.30 Squalene 93 007683-64-9 410.7
Octasiloxane,

1,1,3,3,5,5,7,7,9,9,11,11,13,13,15,15-
21| 40.392 0.29 hexadecamethyl- 43 019095-24-0 577.2

24-methylcholesta-5,7,24(28)-trien-
22 | 41.736 0.68 3.beta.-ol 38 023582-83-4 396.6
23 | 41.959 1.16 ERGOST-5-EN-3.BETA.-OL 52 004651-51-8 400.7

Octasiloxane,

1,1,3,355,7,7,9,9,11,11,13,13,15,15-
24 | 42.395 0.45 hexadecamethyl- 49 019095-24-0 577.2
25| 43.199 6.63 Stigmasterol, 22,23-dihydro- 99 000000-00-0 412.7
26 | 43.489 0.25 1,1,1,3,5,5,5-Heptamethyltrisiloxane 42 001873-88-7 221.5

Bis(methyloxmine), monotrimethylsilyl-
27 43.77 1.85 6.alpha.-Hydroxyandrostenedione 86 000000-00-0 302.4
28 | 44.019 3.27 3',4',5,6,7,8-Hexamethoxyflavone 91 000478-01-3 418.4
29 | 44413 0.29 Demecolceine 43 000518-11-6 3714
30 | 45.404 0.56 Testosterone Cypionate 47 000058-20-8 412.61
31| 48.865 0.31 N-Methyl-1-adamantaneacetamide 42 000000-00-0 207.31
104
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The results of the current study shown in figure 4 themat p<0.001, 0.02, 0.05 and 0.06, with IZ: 24.7+
appeared the chloroformic extracts activity of P. 0.57,18.2+0.28, 26.3 + 0.59, 21.6 + 0.51 and 32.8
italicum SSFF and LFF against pathogenic bacteria. + 021 (for SSFF) mm respectively and 0.0,

Table 3 explains the significant differences between 12.3+0.57, 28.16+0.20, 19.3+1.15 and 28+0.2 (for
LFF) mm respectively.

Pseudomonas aeruginosa

Staphviococcus aureus

Figure 4:

Effect of 50 mg mL -1 of Penicillium italicum filtrates on pathogenic bacteria measured by the diameter of the
inhibition zone (mm): 1, Solid state fermentation filtrate 2, Liquid fermentation filtrate C, Control (DMSO
10%).

Table 3: Effect of 50 mg mL -1 of SSFF and LFF on pathogenic bacteria measured by the mean diameter of the inhibition
zone + Standard deviation (mm)

SSF Filtrate | LF Filtrate | P value Control P value
(mean = SD) | (mean + SD)
Name of bacteria
Klebsiella pneumonia | 24.7 + 0.57 0.00 p<0.001 | 0.00 | 0.00 | 0.00 | p<0.001
Escherichia coli 18.2 +0.28 12.3+0.57 p<0.05 |[0.00 |0.00 |[0.00 | p<0.001
Acinetobacter 26.3 £0.59 28.16+0.20 | p<0.06 |[0.00 | 0.00 | 0.00 | p<0.001
baumannii
Pseudomonas 21.6 £0.51 19.3£1.15 p<0.01 0.00 | 0.00 | 0.00 | p<0.001
aeruginosa
Staphylococcus 32.8 £0.21 28+0.2 p<0.02 | 0.00 | 0.00 | 0.00 | p<0.001
aureus
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SSFF: Solid State Fermentation Filtrate
LFF: Liquid Fermentation Filtrate

SD: standard deviation

P: Probability of significant difference

Discussion

Upon culturing on SDA, colonies of mold appear fast
growing; the colony size of P. italicum can reach 5cm
within a week when grown on CZA at 2842 °C, but
quickly assumes a greenish-blue pigmentation due to
abundant conidium formation; the pigmentation of
mature conidia is at least partly due to melanin (6).
Microscopic examination showed the conidiophores,
which are terverticillate, hyaline metulae that are
more or less cylindrical, smooth-walled, and bear
three to six phialides each, originate from the
substratum or occasionally from superficial hyphae.
The asymmetric penicilli bearing tangled chains of
conidia make up the conidial apparatus. The
phialides have short, distinct necks and are
cylindrical and narrow. Conidia are 4.0-5.0 x 2.5-
3.5 pum in size, smooth, greenish, and have smooth
walls. Phialides can be generated single, in groups, or
from branched metulae, giving the appearance of a
brush (a penicillus) (18,19). Figure 1 shows the
macroscopic and microscopic characteristics of this
mold. The amount of the extract depends on the
nature of the culture medium for mold growth, where
the orange is a nutrient-rich material (20), Moreover,
the secondary metabolites that this mold produces are
known as virulence factors, and it is well established
that these substances both promote the development
of disease and impede or inhibit the fruit's defense
mechanism in various pathogen-host interactions (2)
and this explains the increased amount of mold
filtrate growing on the infected fruit as solid-state
fermentation. While YES medium is a medium that
contains only two components, yeast extract and
sucrose(15).

Through chemical analysis of P. italicum filtrates
under consideration, it was found that they contain
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many compounds that are biologically effective,
especially against microorganisms, sixteen bioactive
compounds were identified in the chloroformic
extract of P. italicum in liquid fermentation filtrate
LFF and thirty-one compounds were detected in the
extract of solid-state fermentation filtrate SSFF
(tables 1 and 2). The identification of bioactive
chemical compounds is based on the peak area,
retention time, molecular weight and chemical
structure. Several previous studies were conducted
on the chemical content of secondary metabolites for
this mold filtrate (21). In a study performed by
Mohammed et al (8) of liquid fermentations, they
found that twenty-eight bioactive chemical
constituents were identified by (GC-MS) from
methanolic extract of the P. italicum in liquid
fermentation by potato dextrose broth (PDB)
medium and the main composite was decanoic acid
and its derivatives. A chemical study with The FTIR
analysis of P. italicum performed by Al Mousawi and
Razag, (22) showed the presence of functional group
assignment Alkenes, Alkyl halides, Amide, and
Alkane. However, there is no prior study on the solid-
state fermentation of this mold in terms of the
chemical content of the filtrate. The results of the
current study shown in Table 3 appeared that the
chloroformic extracts of SSFF and LFF of P. italicum
against pathogenic bacteria were highly effective in
suppressing the growth of gram-positive and gram-
negative  bacterial species with significant
differences between them at p <0.001, 0.02, 0.05 and
0.06, with 1Z: 24.7+0.57, 18.2 £ 0.28, 26.3 +0.59,
216 £ 0.51 and 32.8 + 0.21 (for SSFF )mm
respectively and 0.0, 12.3£0.57, 28.16+0.20,
19.3+1.15 and 28+0.2 (for LFF )mm respectively. As
shown in Figure 4, Klebsiella pneumonia was
resistant to LFF and the reason may be due to that
this bacterium contains a capsule, which is
considered a virulence factor that makes it resistant
to antibacterial agents, while both filtrates showed
the highest efficacy against Staphylococcus aureus
with significant difference at p< 0.02; the reason for
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the high efficacy can be attributed to the fact that this
bacterium is gram-positive; so the most important
causes of resistance in bacteria is the genetic and the
environmental factors, and the fact that the patient
does not take antibiotics frequently, so the bacteria
become sensitive to antibacterial agents (23). In a
previous study conducted by Faid and Tantaoui-
Elaraki (24) for sterile filtrates toxigenesis test of
twenty-four isolates of P. italicum against Bacillus
megaterium, the filtrates showed toxicity at about
96%. Mohammed et al. (8) demonstrated the
antibacterial activity of P. italicum volatile chemicals
by showing how well they inhibited Proteus mirabilis
growth at 6.08+£0.21 mm. According to Al Mousawi
and Razaq (22), this mold was extremely aggressive
against Escherichia coli (6.02£0.18) mm. The
identification of P. italicum bioactive chemical
products using in vitro antimicrobial determination
serves as a foundation for additional phytochemical
and pharmacological research aimed at developing
novel compounds with potential antibacterial and
antifungal properties (8).
Investigations into the toxicity of sterile culture
filtrates of Penicillium aurantiogriseum and P.
viridicatum against Bacillus subtilis were conducted.
The effect on B. subtilis varied according to the
amount of filtrate utilized, and the same study's
chemical analysis of the filtrate revealed that it
included numerous mycotoxins with cytotoxic
activity, including aurantiamine, terrestric acid, and
penicillic acid (25). Conclusions: the filtrate of
Penicillium italicum from a natural medium (rotted
orange) as a solid state fermentation was more
weighted and gave many effective metabolites
compared to what was produced by liquid
fermentation on a synthetic medium, and both liquid
and solid fermentation filtrates demonstrated
efficacy against harmful bacteria.

Recommendations

Study of the effectiveness of blue mold filtrates as
antifungal, ant parasite, and anticancer activities.

Acknowledgments

Diyala Journal of Medicine

ORIGINAL RESEARCH
Published: 25 October 2024
DOI: 10.26505/DJM.27018850618

It is a pleasure to thank to Prof. Dr. Alyaa M.
Abdelhameed for her efforts in the statistical
evaluation of the research results.

Source of funding
No source of funding
Ethical clearance

Official approval has been obtained to use data and
data were analyzed without the names to protect
privacy. This study was conducted according to
the approval of College of Medicine/ University
of Diyala and in accordance with the ethical
guidelines of the Declaration of ethical
committee of the  College (Document no.
2024AFH885).

Competing interests

The author declares that they have no conflict of
interest.

References

1. Chen J, Shen Y, Chen C and Wan C. Inhibition of
key citrus postharvest fungal strains by plant extracts
in vitro and in vivo: A review. Plants, 2019; 8(26).

2. Kanashiro AM, Akiyama DY, Kupper KC and
Fill TP. Penicillium italicum: An Underexplored
Postharvest Pathogen.Frontiers in Microbiology,
2020; Vol. 11 | Article 606852 pp:1-17.

3. Zain ME. Impact of mycotoxins on humans and
animals. J. Saudi Chem. Soc. 2011; 15, 129-144.

https://www.sciencedirect.com/science/article/pii/S1
319610310000827

4. Talibi I, Boubaker H, Boudyach EH, Aoumar AA
and Ben. Alternative methods for the control of
postharvest citrus diseases. J. Appl. Microbiol. 2014;
117,1-17.10.1111/jam.12495.

5. Costa JH, Wassano CI, Angolini CFF, Scherlach
K, Hertweck C and Fill TP. Antifungal potential of
secondary metabolites involved in the interaction
between citrus pathogens. Sci. Rep,2019. 9:18647.
https://pubmed.ncbi.nlm.nih.gov/31819142/

6. Webster J and Weber R. Introduction to Fungi. 3rd.
2007, Cambridge University Press.

107
October 2024, Volume 27, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1145/version/1118

saDIM

7. Refai M, Abo El-Yazid H and Tawakkol W.
Monograph on the genus Penicillium. A guide for
historical, classification, and identification of
Penicilli, their industrial applications and detrimental
effects.2015.

8. Mohammed GI, Al-Rubaye AF and Hameed IH.
Using GC-MS Technique for Analysis of Bioactive
Chemical Compounds of Penicillium italicum and
Determination of its Anti-Microbial Activity. Indian
Journal of Public Health Research &

Development,2018; 9 (3), Pp: 552-557.

Diyala Journal of Medicine

9. Palou L. Postharvest Decay Control Strategies:

Chapter 2 - Penicillium digitatum, Penicillium
italicum (Green Mold, Blue Mold). 2014, Pages 45-
102. Academic Press.

10. Chavez R, Fierro F, Garcia-Rico RO, and Laich
F. “Mold-fermented foods: Penicillium spp. as
ripening agents in the elaboration of cheese and meat
products,” in Mycofactories, ed A. L. Leitdo
(Emirate of Sharjah: Bentham Science Publisher),
2011; 73-98.

11. Bazioli MB, Belinato, JR, Costa JH, Akiyama
DY, Pontes JG, Kupper KC, Augusto F, Carvalho JE
and Fill TP. Biological Control of Citrus Postharvest
Phytopathogens 2019; Toxins 2019, 11(460);
https://www.mdpi.com/2072-6651/11/8/460

12. Chen W, Xucong L, Tran V et al., Editorial: From
Traditional to Modern: Progress of Molds and Yeasts
in  Fermented-Food Production. Frontiers in
Microbiology | www.frontiersin.org 3, 2022; Volume
13, Article 876872

13. Oliver G, Holgado AP and Salim R. Dimorphism
in Candida albicans effect of crycloheximide and
acridine orange on germ tube formation. Mycopath.
1982;79: 43-47.

14. Richard JL and Mary CD. Production of gliotoxin
during the pathogenic state in turkey poults by
Aspergillus  fumigatus fresenius.Mycopathologia
1995; 129:111-115.

15. Kosalec I, Pepeljnjak S and Jandrli M. Influence

ORIGINAL RESEARCH
Published: 25 October 2024
DOI: 10.26505/DJM.27018850618

of Media and Temperature on Gliotoxin Production
in Aspergillus fumigatus Strains. Arh Hig Rada
Toksikol; 2005; 56: 269-273.

16.0Obeidat, M., Shatnawi, M., Al-Alawi, et al.
Antimicrobial Activity of Crude Extracts of Same
Plant Leaves. Res. J. of Microbiology, 2012; 7: 59-
67.

17. Pincus DH. Microbial Identification Using the
Biomérieux Vitek® 2 System. BioMérieux, Inc.
Hazelwood, MO, USA. 2011; 1: 1-32.

18. Watanabe T. Pictorial Atlas of Soil and Seed

Fungi Morphologies of Cultured Fungi and Key to
Species. 2000; CRC PRESS Boca Raton London
New York Washington, D.C.

19. Kidd S, Halliday C, Alexiou H and Ellis 1D.
Descriptions of medical fungi.3rd ed. Printed in
Adelaide by Newstyle Printing 41 Manchester Street
Mile End, South Australia 5031.2016.

20. Choke PB, Bhor AK, Shete, AM and Sonawane
RK. Extraction and GC-MS analysis of orange
(Citrus sinensis) peel oil. Life Science Informatics
Publications,2017; Rjlbpcs ISSN:2454-6348.

21. Urbano MD, Velasco P, Rodriguez VM and
Poveda J. Postharvest Management of Fresh
Produce: Chapter 4 - Endophytic fungi in postharvest
disease management in fresh produce, 2023; Pages
81-112.Academic press:
https://www.sciencedirect.com/science/book/97803
23911320.

22. Al- Mousawi HG and Razagq RA. Fermentation
extract of Penicillium italicum and Fusarium
oxysporum and a statement of its Biological
Effectiveness. Sys Rev Pharm 2021; (12), No.
(1):1493-1500. A multifaceted review journal in the
field of pharmacy.

23. Levinson W. Review of medical microbiology
and immunology. 16th ed. McGraw-Hill
Education.New York. 2019.

108
October 2024, Volume 27, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1145/version/1118

saDIM

Diyala Journal of Medicine

ORIGINAL RESEARCH
Published: 25 October 2024
DOI: 10.26505/DJM.27018850618

24. Faid, M and Tantaoui-Elaraki, A. Production of
Toxic Metabolites by Penicillium italicum and P.
digitatum Isolated from Citrus Fruits. Journal of
Food Protection, 1989; 52(3) Pp:194-197.

25. Khaddor M, Saidi R, Aidoun A et al., (2007).
Antibacterial effects and toxigenesis of Penicillium
aurantiogriseum and P. viridicatum. African Journal

of Biotechnology Vol. 6 (20), pp. 2314-2318,

109

October 2024, Volume 27, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1145/version/1118

ORIGINAL RESEARCH
Published: 25 June 2024
DOI: 10.26505/DJM.27018850618

Diyala Journal of Medicine

A jall Ly i) £ 9d) Glamy da (359 Ol il a9 Sea Mial) oL
BRIV L IAPR
uaﬂ-d‘

Crianat JIaill ALEN A pemall ol sall e ol JS80 Giand )5 il el (e o salail) (e Faa ) £ 5801 a8 sApad jal) 8180
laaally Bale Jasi y aliaal) ae Lo bl anlen (& aild e s Gie s 5 )Y Ol il ) yaian Allall 4 )al)

LS Balimall (g gl (W) i) il g ) gl LS s g1 pans Al ol g sl a1l (e i)

Cillae 2 Ul L1 s sila s S A alasined JBla (e 4l g 30 Qa1 3 s il 5 (3301 all sail) Jaus g auans Al ) et 3 Jand) (35
Ol a5l s Soe tal) TLE i i I3 ) 2Bl ALLA AN ekt s Auloall AUAT i el (pe JSIALLA AN e g ALY
Aa) e LIS G e aladiuls dacaal) L S A

OJs OIS AU Al jedty 45l dbiall Al jedi Al 84S ST CilS iad) el )1 4 gual) AN G i) Cama of gl
aile (IS Cpiniall QU 5l (e alad) (bl g aile +,)) aae v, 0T i) Jass gl (e 0 jSa e Al Galiill
S elal "le sae ol 55S) i) S dpalall Lgidlady 85 jaa LS jabae o (lysing Giall (a3 o 4l Ll e il s SN il & el
i i Aty Ul 5 A jall Ly S i At Allad (il )
SYYE VYA 0 2 VYT 00 1 YUY YA L VALY e oV 4T EY
sl e aldll Mlie Adal) Allall jas i) )
Do il A jUadly g
and 28+0.2 V,Y0£)9,% ¢, Yok YA VT LoV YLY
sl e alally "lulie AW A jads ) )

o bl Ciadl )y 4l ST 6 5l Gl ) g0 dpaS 5 ST (G 35 el JUE ) (e paliial 33N Gl 81 ) oS slaliiiud)
A el Ly SN Baliaal) Adledll sedh 1 (e e 53l IS il Lagh ALLL AMaY) yads
LSl Sl Jalall ¢y 3ad) Ul e gila s KU ALLL ANAD) <) jeid el edloaal) A ol yedi el o3 3Y) Ginll sAgalifial) cilalSt)

inaam20062000@yah00.com ¢ 5 R8N &yl
YoYe Oloaia VA :&L}S‘eﬁu\&uﬁ
Yove Gl YY el Jed g U

b Faals - plall AIS Ay gaal) L) 2

110
October 2024, Volume 27, Issue 1


https://djm.uodiyala.edu.iq/index.php/djm/article/view/1145/version/1118
mailto:inaam20062000@yahoo.com

