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Abstract

Background and Objective: Bacterial nanocellulose is known as a potential carrier for a widespread spectrum of biological
compounds, including antibacterial and antifungal compounds. The present study was conducted to determine the impact of
bacterial nanocellulose containing Natamycin and Amphotericin B on Aspergillus flavus and Penicillium citrinum in an in
vitro environment.

Methods: In this descriptive-analytical research, Aspergillus flavus-PTCC: 5006 and Penicillium citrinum-PTCC: 5304 fungi
were prepared from the Fungal Collection of the Department of Microbiology, Faculty of Veterinary Medicine, Urmia
University. The minimum inhibitory concentration (MIC) and the minimum fungicidal concentration (MFC) of Natamycin
and Amphotericin B against Aspergillus flavus and Penicillium citrinum were evaluated by the microdilution method.
Bacterial nanocellulose was prepared using Komagata xylinum bacterium, and Natamycin and Amphotericin B were added in
three concentrations of 0.01%, 0.05%, and 0.1% to wet and lyophilized nanocellulose films by the immersion method. Then,
the antifungal effects of the film containing the above compounds against the investigated fungi were investigated by the agar
diffusion method. Parchment paper was used as a control for comparison. Spectral properties of nanocellulose film
containing antifungal compounds were evaluated by the Fourier transform infrared (FTIR) method.

Results: MIC and MFC of Natamycin for Aspergillus flavus were determined as 3.9 pg/mL and 7.81 pg/mL, and for
Penicillium citrinum as 7.81 pg/mL and 15.62 pg/mL, respectively. MIC and MFC of Amphotericin B for Aspergillus flavus
were determined as 7.81 pg/mL and 15.62 pg/mL, and for Penicillium citrinum as 15.62 pg/mL and 31.25 pg/mL,
respectively. The increased concentration had a statistically significant impact on the antifungal properties of all films
(P<0.05). The best antifungal effects of the film were related to the film containing Natamycin.

Conclusion: Bacterial nanocellulose containing Natamycin showed stronger antifungal effects in an in vitro environment
compared to Amphotericin B against Aspergillus flavus and Penicillium citrinum.
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Introduction

he produced bacterial nanocellulose film has unique properties,
T such as a high surface-to-volume ratio, low thermal expansion
coefficient, considerable surface chemical reactivity due to the
presence of hydroxyl groups, and biocompatibility. At present, the use of
nanocellulose, besides plastic industries, is also of interest in medicine and
agriculture. Fungal diseases can appear both systemically and locally
(cutaneous and mucosal) and delivering the appropriate medicine to the
contamination site in the shortest possible time with the maximum
concentration will be really noteworthy. Among the fungal diseases,
aspergillosis and penicilliosis are of great importance due to having systemic
and local forms, as well as high prevalence, in humans and animals. In
addition to inducing illnesses, these fungi have also the capability to produce
toxins under suitable conditions. Besides their medical and biological
importance, Aspergillus and Penicillium fungi are also valuable in
agriculture and food industry due to the production of illnesses. The use of
natural polymers, including bacterial nanocellulose, is currently very notable
as a substrate for medical drugs and antimicrobial compounds for usage in
humans, animals, and food packaging. In this approach, the active compound
(such as antimicrobial or antifungal) is present in nanocellulose and these
polymers are employed as films or adhesives in wounds and cutaneous
infections. The current study was conducted to determine the impact of
bacterial nanocellulose containing Natamycin and Amphotericin B on
Aspergillus flavus and Penicillium citrinum in an in vitro environment.

Methods

In this descriptive-analytical study, Aspergillus flavus (PTCC: 5006) and
Penicillium citrinum (PTCC: 5304) fungi were prepared from the fungal
collection of the Department of Microbiology, Faculty of Veterinary
Medicine, Urmia University. The prepared fungi were cultured in the
subrodextrose broth culture medium for one week at a temperature of 25°C.
After growth, they were used for inoculation. The broth microdilution
method (M38-A2 method) was employed to compare the antifungal effects
of Natamycin and Amphotericin B against Aspergillus flavus and Penicillium
citrinum fungi. All tests were repeated three times. This method was used to
specify the minimum inhibitory concentration (MIC) and the minimum
fungicidal concentration (MFC). The Komagata xylinum ATCC 700178
(previously called Gluconoacetobacter xylinum) available in the Microbial
Collection of the Faculty of Veterinary Medicine, Urmia University, was
used to prepare bacterial nanocellulose. In order for nanocellulose immersion
in the antifungal solution, fragments of particular sizes were cut from wet
nanocellulose, freeze-dried nanocellulose, and parchment paper with 8-mm
diameter by a metal punch. Concentrations of 0.01%, 0.05%, and 0.1% of
both antifungal compounds were first prepared and nanocellulose fragments
along with parchment were immersed in it for 24 hours. Then, its antifungal
properties were assessed. Zero drug concentration on the nanocellulose film
was regarded as a negative control. In order to confirm the connection,
probable changes, and also the placement of the antifungal agent in the film
structure, and comparison with the control sample, the Fourier transform
infrared (FTIR) spectroscopy analysis of the transmission spectra was carried
out on the samples using the FTIR spectroscopic apparatus (Thermo Nicolet
Company) in the absorption range of 400-4000 cm™® with a spectral
resolution of 4 cml. Antifungal properties of films prepared by the agar
diffusion method were assessed.

Results

The MFC of Natamycin against Aspergillus flavus and Penicillium
citrinum was determined as 7.81 and 15.62, and the MIC of Amphotericin B
against Aspergillus flavus and Penicillium citrinum was determined as 15.62
and 31.25, respectively.

The MIC of Natamycin against Aspergillus flavus and Penicillium citrinum
was determined as 3.90 and 7.81, and the MIC of Amphotericin B against
Aspergillus flavus and Penicillium citrinum was determined as 7.81 and
15.62, respectively.

Lyophilization-dried nanocellulose indicated the strongest antifungal
effects against both investigated fungi. The increased concentration
demonstrated statistically significant impacts on the antifungal properties of
all films (P<0.05). In the meantime, the antifungal effect of Natamycin
against Aspergillus flavus was greater.

The results of examining the antifungal effects of nanocellulose without
Natamycin and Amphotericin B demonstrated that the synthesized film
lacked any antifungal effect against the investigated fungi.

The analysis of the antifungal effect against Penicillium citrinum revealed
the high capability of the nanocellulose film containing natamycin. In
comparing the impacts of the two medicines, lyophilized nanocellulose had a
higher capability to carry and release the antifungal compound compared to
wet nanocellulose and parchment paper (P<0.05).

According to the results of the FTIR analysis of analysis of the
transmission spectra resulting from the transmission bands of the cellulose
film for Natamycin and Amphotericin B, natamycin-related transmission
bands of relatively strong transmission in the range of 3282 cm™ (related to
the stretching vibrations of the O-H and N-H bonds), 1714 (the stretching
vibrations of C=0), 1569 (the C=C bond stretching and the N-H bending),
and 1390 (the C-O-C symmetric vibrations) were evident.

Conclusion

The results of this research indicated the higher capability of Natamycin
than Amphotericin B in inhibiting the growth of both fungi. Moreover, both
Natamycin and Amphotericin B drugs were chemically bonded to
nanocellulose based on the FTIR properties, and the release rate of the
bonded drug and subsequently the rate of effectiveness of the drug bonded
on the lyophilized form of nanocellulose was more than its wet form and
both were more than the parchment paper.

In the current study, the effectiveness of nanocellulose film containing two
antifungal compounds against Aspergillus flavus was determined to be
greater than Penicillium citrinum. Overall, the impacts of Natamycin were
more than those of Amphotericin B, regardless of the film type and the
fungus type.

The antifungal Natamycin and Amphotericin B medicines with acceptable
antifungal capability assessed by MIC and MFC tests can be attached to
bacterial nanocellulose, and vice versa, they have the ability to be released
from the mentioned film. It should be remembered that the results of the
preliminary tests of this study and numerous previous studies have
demonstrated that the nanocellulose film itself lacks antimicrobial properties
and the antifungal effects observed in this study were obtained after bonding
medicines to the film, denoting the release of medicines bonded to the film.
The most crucial property of the bacterial nanocellulose film is that the small
diameter of the fibers of this polymer allows for strong hydrogen bonds.
Most of the pharmacological properties, including the extent of solubility,
change in chemical nature, polymerization, and depolymerization, can
depend on the compound’s hydrogen bonds. The aforementioned properties
may justify the strong impact of drugs loaded on nanocellulose compared to
parchment paper. The FTIR analysis carried out in this research confirms
that both antifungal drugs have a high capability to create hydrogen bonds
through hydroxy and carboxylic acid groups with the nanocellulose substrate
due to having reactive groups (carboxylic acid groups in Natamycin structure
and also the disappearance of the bands placed in the range of the carbonyl
group of the Amphotericin B molecule. The water absorption property of
bacterial nanocellulose film, as observed in our study, seems to play a
substantial role in the controlled release of the antifungal compound to the
target organ.
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