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Currently, antibacterial materials are attracting considerable attention across various fields. In this study, curcumin
(Cur) was prepared with nanocrystal cellulose (NCC) into the polyvinyl alcohol (PVA) matrix to improve the functional
properties of a pure Cur-NCC-PVA film. The NCC was obtained from Ananas comosus leaves and characterized by
Fourier transform infrared (FTIR), scanning electron microscope (SEM), X-ray diffraction (XRD), and particle size
analysis. The variations of Cur concentrations (50, 75, and 100 pg) were added to prepare Cur-NCC-PVA films. The
release kinetics of Cur from the films was determined using a spectrophotometer and the release kinetic model was
obtained using Korsmeyer-Peppas kinetic model. The antibacterial activity of Cur-NCC-PVA films was established
using the diffusion method. The results of NCC characteristics showed satisfactory significance. The FTIR showed a
functional group of chemical composition that confirmed the removal of non-cellulosic constituents. XRD confirmed the
crystallinity index of NCC of 75.89%. Meanwhile, the particle size of NCC of 268.45 nm. The development of Cur-NCC-
PVA films showed a uniform yellow color. The release of curcumin in all films was increased depending on the time
following the zero-order kinetic reaction. The non-Fickian kinetics demonstrated the mechanism of Cur release from the
film. The Cur-NCC-PVA films in Cur concentration of 100 pg were confirmed to have the highest antibacterial activity
and significantly different between 50 and 75 pg Cur-NCC-PVA films against Bacillus subtilis, Streptococcus spp.,
and Escherichia coli. The Cur-NCC-PVA films described the potential activity for topical formulation in skin disease
treatment.

INTRODUCTION

In recent years, a few films have undergone rapid

[6], antibiotics, triclosan, and other functional. In addition to
this, several researchers have developed composite materials

development, particularly films that inhibit the growth of
microorganisms [1]. When making antimicrobial films, it is
common practice to incorporate antimicrobial materials such
as silver nanoparticles [2], zinc oxide, copper oxide, titanium
dioxide [3], organic acids (benzoic acid and sorbates) [4],
enzymes (lysozyme and glucose oxidase) [5], natural active
compounds (essential oil, biopolymer, and curcumin (Cur))
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that have many functions, including antibacterial action and
antioxidant activity [7-10].

Cur [1,7-bis(4-hydroxy-3-methoxyphenyl)-1,6-
hepadiene3,5-dione] is a type of polyphenolic phytoconstituent
that may be found in the rhizomes of Curcuma longa (turmeric)
[11,12]. It has properties that make it effective against cancer
[13], inflammation [ 14], bacteria [ 15], and antioxidants [ 16]. For
thousands of years, turmeric has been used both as a seasoning
and as a natural herbal remedy in traditional medicine [17]. Due
to the presence of many phenolic hydroxyl groups along the
chain of the molecule, the Cur that is derived from turmeric
has the capacity to scavenge reactive oxygen species, which
speeds up the process of wound healing [18,19]. Even when
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administered to people at high levels (twelve grams per day),
Cur was found to be safe as a treatment in clinical trials [20].

In the previous research reported by [21] the Cur—
chitosan (Cur—CH) blend films were developed by using the
technique of solution casting. This Cur-CH blend films thatresulted
exhibited outstanding tensile strength as well as antibacterial
activity against Staphylococcus aureus and Rhizoctonia solani
[21]. Tonic liquid (1-allyl-3-methyl-imidazolium chloride) was
used as the solvent to prepare cellulose/Cur composite films. The
composite films that included Cur displayed good mechanical
qualities, thermal stability, and anti-bacterial activity, all of
which could have potential applications in the sectors of food
packaging and medicine [22]. In addition, [23] developed a
straightforward solvent-casting method to create C. longa oil-
loaded polyacrylonitrile (PAN) films. The hydrophilicity of the
films was increased as a result of the incorporation of oil from
C. longa into the PAN matrix [23]. A methoxy poly (ethylene
glycol)-graft-chitosan film coated with Cur nanoformulation
was also developed (Cur—MPEG—chitosan film). According to
the results of the in vivo wound healing test, the Cur—MPEG-
chitosan film successfully promoted wound healing [24].

The material known as nanocellulose is derived from
cellulose that can be found in a wide variety of natural sources,
including plants, animals, algae, fungi, and bacteria [25].
Cellulose is one of the most common types of polymer found
in the world. Cellulose itself is a fascinating and versatile
biopolymer that consists of linear, covalently linked chains of
D-glucose units [26]. In addition to this, it is a substance that
can be broken down by natural processes and is one of the
biopolymers that are sustainable in nature [27]. These days,
there is a lot of interest in both the synthesis of it and its use as
apolymer in the production of biomaterials [28,29]. Nanosized
materials have a high homogeneity of crystalline morphology,
a wide surface area, and better mechanical capabilities; as a
result, there is a growing trend toward employing nanosized
materials in modern-day applications [30,31]. In previous
studies, nanocellulose has been used as a carrier for treating
various types of diseases. For instance, Zikmundova et al.,
reported that bacterial nanocellulose loaded with Cur exhibited
more antibacterial activity than pristine nanocellulose [32].
In addition, Gunathilake et al., revealed the effect of Cur-
loaded nanocellulose as an antiviral [33]. Nevertheless, the
characteristic of Cur is poorly water-soluble causing the lack
of Cur delivery from the nanocellulose films [34].

Therefore, in this study, polyvinyl alcohol (PVA) was
used to increase the solubility of Cur. PVA is used because it
contains hydroxyl and acetyl groups which are able to form
the PVA structure into micelles in aqueous media and facilitate
increased solubility of Cur [35]. When the solubility of Cur
experiences a significant increase, it will increase the amount of
Cur that enters the nanocellulose [36]. Increasing Cur loading
in nanocellulose will be very promising for development in the
health sector.

MATERIALS AND METHODS

Preparation of nanocrystalline cellulose

A modified procedure produced nanocrystal cellulose
(NCCQ). Briefly, a-cellulose from Ananas comosus (L) Merr.

leaf (40.0 g) was hydrolyzed in 40% w/w sulfuric acid at 45 °C
and swirled at high speed for 25 minutes. After dilution, the
cellulose suspension settled overnight. The clear top layer was
decanted and the white hazy layer was washed with deionized
water and centrifuged three times to remove most soluble
cellulose. The thick, white suspension was dialyzed against
slow-flowing distilled water for 14 days using dialysis tubing
with a 12,000-14,000 molecular weight cutoff (Spectra/Por®,
Spectrum Laboratories, Inc, Rancho Dominguez, CA, USA).
Ultrasound therapy in a Fisher Sonic Dismembrator (Fisher
Scientific, Ottawa, ON, Canada) for 10 minutes at 60% power
dispersed dialysis tube suspension [37-39].

Characterization of nanocrystalline cellulose

Fourier transform infrared (FTIR) analysis

Functional group investigations used FTIR
spectrometers  (Shimadzu, Kyoto, Japan). Investigated
functional group changes at different wavelengths. An
attenuated total reflection FTIR (ATR-FTIR) spectrograph with
34 scans and 4 cm™' spectral resolution spanning 500—4000
cm™!' was used to obtain the FTIR spectra [40].

Morphological analysis

The Scanning Electron Microscope (SEM) was used
to observe NCC morphologies. Sample surface morphology
was examined using a 1.0 kV JEOL/EO SEM (Hitachi TM3030,
JEOL, Ltd., Tokyo, Japan). The sample was sputter-coated with
Pt at 15 mA for 20 s to avoid charging [41].

X-ray diffraction (XRD)

The sample was examined using Cu K radiation
at 40 kV, 30 mA, and 0.15 mm receiving slit using D-MAX
2200 VPC (Rigaku Ltd., Japan). Reflection intensity was
measured at 2°/min with a scan range of 10—80. According to
Hamad and Hu calculated crystallinity from x-ray intensity [42].

Particle size analysis

The particle size of NCC was determined using a
particle size analyzer (PSA) (Analysette 22 NanoTec, FRITSCH
Ltd., Germany) [43].

Development of curcumin finishing NCC-PVA film

Film preparation

Films were prepared by a previously reported method
with modification. Briefly, 0.3 g of PVA, is put in a beaker glass
containing 10 mL of distilled water, dissolved using a hot plate
stirrer at 80°C. After complete dissolution, 0.3 g of NCC was added
and 50 pg, 75 pg, and 100 pg of Cur were added, respectively.
Ultrasonication at 80% amplitude for 20 min followed by 2 h of
stirring at 80°C. Pouring the liquids on a petri dish and letting
them dry at room temperature produced a film [44].

Study of release kinetics of curcumin

At 1:100 (w/v), cellulose nanocrystal films were
added to conical flasks containing artificial sweat solution
(Sodium chloride 5 g/L, Urea 1 g/L, lactic acid 1 g/L; adjusted
to pH 5.5 with 1 M sodium hydroxide). At 37 °C and 80 rpm,
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the samples were orbital shaken. At the predetermined period
(0,2,4,6,8,10, 12, 18, 24, 36, and 48 h), a flask was extracted
and spectrophotometer absorbance was measured at 460 nm
(Shidmazu). Using Cur standard curves, the film’s Cur was
calculated (Sigma). In this study, the Cur-PVA film without
NCC was prepared as a control [45].

Antibacterial activity of curcumin-NCC-PVA Films

The antibacterial activity of the Cur-NCC-PVA film
was determined using the diffusion method. In summary,
100 pL of bacterial suspension (Bacillus subtilis, Streptococcus
sp., Escherichia coli) was placed in 15 mL of Mueller Hinton
Agar (MHA) and then left to harden. At the same time, a 6 mm
Cur-NCC-PVA film was placed on the surface and incubated
for 24 h, 37 °C. The clear zone formed around the Cur-NCC-
PVA film was observed and measured. The clear zone contains
the antibacterial activity of the Cur-NCC-PVA film. Gentamicin
was used as a positive control, while NCC-PVA film without
Cur was used as a negative control [46].

Analysis data

Antimicrobial activity data were processed using
Microsoft Excel 2020. The data were tested using One Way
Anova (ANOVA) and continued with the Tukey HSD Test
using SPSS 22 (SPSS, Inc.; IBM Corp.; Chicago, IL, USA). All
data are presented in n = 3 + standard deviation (SD). The data
expressed a significant difference with p < 0.05.

RESULTS

Characterization of nanocrystalline cellulose

In this study, the preparation of nanocrystalline cellulose
(NCC) from A. comosus leaves was obtained using the acid
hydrolysis method in the concentration of sulfuric acid used is 40%.
3.81 g white powder (NCC) was obtained from 5 g a-cellulose (Fig.
1). Some tests were conducted to determine the quality of NCC.
The group function of NCC was carried out using FT-IR with
avicel as compared material. Figure 2 shows the FT-IR spectrum of
samples. Avicel and NCC have the same spectra as shown in Figure
2. The characteristic peaks of NCC are at 3375 (O—H stretching),
2908 (C-H stretching) [47], 1635 (OH from water absorption), and
1060 cm™ (C-O stretching from glycoside bond) [48].

The surface structure of NCC is shown in Figure 3A
with a magnification of 50,000. The SEM micrograph of the
NCC suspension shows individual NCC fibers with approximate
dimensions of 100 pm wide. The structure and index of
crystallinity of NCC were analyzed by XRD. Figure 3B shows
that the index of crystallinity NCC is 75.89% which is indicated
by the sharp peaks of the spectrum of NCC. The resulting NCC
has an average particle size of 268.45 nm which can be seen in
Figure 3C.

Characterization of nano cellulose film: release Kinetic

Cur-NCC films were obtained using PVA as a binder
and film-maker for its excellent combination of physical as
well as chemical characteristics including good solubility in
water, affinity to complex materials, film-forming capability,
nontoxicity, biocompatibility, and biodegradability [49]. The

Figure 1. Nanocrystalline cellulose from A. comosus leaves (A) before the
powder is crushed and (B) after the powder is crushed.
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Figure 2. Infrared spectra of (-) avicel and (-) nanocrystalline cellulose.

variations (50, 75, and 100 pug) concentration of Cur were added
to the formula. The PVA will enhance the solubility of Cur
causing the Cur absorption into NCC will increase. In addition,
the presence of PVA in this film will provide good mechanical
strength, flexibility, and adhesion properties of the film. The
films are formed due to the formation of hydrogen bonds
between NCC and PVA [50]. The developed films display a
homogenous lattice with yellowish and slightly opaque (Fig. 4).
The release of Cur from the NCC-PVA film was evaluated in
skin temperature for a duration of 48 hours (Fig. 5). Figure 5
shows Cur release of Cur-NCC-PVA films was increased with
time dependent. The release of Cur from each NCC-PVA film
(50, 75, and 100 pg of Cur-loaded NCC-PVA film) following
zero-order kinetic reaction with R? values of 0.98, 0.97, and
0.99, respectively. Examining kinetic data using different
kinetic models provides insight into the mechanism of drug
release. The drug release kinetics in this study were assessed
using the widely recognized Korsmeyer—Peppas kinetic model.
The non-Fickian diffusion demonstrated the mechanism of Cur
release with the value of release exponent 0.21, 0.22, and 0.19,
respectively [51].

In the context of a Cur-NCC-PVA film, the
non-Fickian diffusion model refers to the mechanism of
diffusion of Cur molecules within the film matrix, which
deviates from the classical Fickian diffusion behavior [52].
The non-Fickian diffusion model in Cur-NCC-PVA films
suggests that the diffusion of Cur molecules is influenced
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Figure 3. Morphological structure, index crystallinity, and particle size of nanocrystall cellulose, (A) SEM, (B) X-ray, and (C) particle size.
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Figure 4. Cur-NCC-PVA films, (A) 50 pg Cur-NCC-PVA film, (B) 75 pg Cur-
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Figure 5. Release of the curcumin from NCC-PVA film.

by factors beyond the simple concentration gradient, such as
interactions between Cur and the polymer matrix (NCC and
PVA), as well as the film’s structural properties [53]. These
interactions can affect the rate and extent of Cur release from
the film. Understanding and modeling non-Fickian diffusion
in Cur-NCC-PVA films are crucial for optimizing their
performance in applications such as controlled drug delivery
or active packaging [54].

The release of Cur from the NCC-PVA film
formulation in this study is consistent with what has been
described in previous research. As reported by Zhu et al.
[55], tetracycline hydrochloride from the NCC-PVA film
formulation exhibits zero-order model release with an R? value
0f 0.99. A similar phenomenon was described by Kolakovic et
al. [56], where the zero-order model describes the release of
itraconazole and beclomethasone from NCC materials. This
suggests that some drugs will be entrapped within the NCC.
Additional polymers such as PVA are needed to coat the drug
binding and NCC. Generally, it is explained that these films
will be swelling when subjected to stimuli such as pH or
temperature. Film swelling leads to the release of Cur from
NCC [57,58].
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Figure 6. Antimicrobial activity of Cur-NCC-PVA films against pathogenic
microbial, (A) B. Subtilis, (B) Streptococcus sp, and (C) E. coli.

Table 1. Diameter of clear zone (mm) after treatment with Cur-NCC-

PVA films.
*Diameter of clear zone (mm) £+ SD

Sample

B. subtilis Streptococcus sp. E. coli
Negative control - -
Positive control 3420+ 1.05 31.15+1.10 3210+ 1.12
50 pg Cur-NCC- 9.17+0.95 8.12 +0.60 12.71+0.74
PVA film
75 png Cur-NCC- 12.53 +1.00 9.50 = 0.80 9.85+0.92
PVA film
100 pg Cur-NCC- 18.85+1.10* 16.25+1.08 15.30+
PVA film 1.02

*Diameter of clear zone (mm) is significantly different with p <0.05 (n=3 +
SD).

2100 pg Cur-NCC-PVA film is signifanctly different with 50 pg Cur-NCC-PVA
film (p < 0.05).

100 pg Cur-NCC-PVA film is signifanctly different with 75 pg Cur-NCC-PVA
film (p < 0.05).

Antimicrobial efficacy of curcumin-nanocrystalline
cellulose film

The antimicrobial activity of Cur-NCC-PVA films
was obtained using the diffusion method as per AATCC 147
against B. subtilis, Streptococcus sp., and E. coli [59]. The
nanocellulose film without the addition of Cur was used as the
negative control and gentamicine as a positive control. The
antimicrobial activity of Cur-NCC-PVA films can be shown in
Figure 6. The antibacterial activity of Cur-NCC-PVA films was
determined by measuring the clear zone around the film [60].
Hereinafter referred to as the inhibition zone. The results of the
inhibition zone can be seen in Table 1.

The Cur content in the film affects its antibacterial
activity (Table 1). The 100 pg Cur-NCC-PVA films have the
highest activity against B. subtilis, Streptococcus sp., and E.
coli than 50 ug Cur-NCC-PVA films and 75 pg Cur-NCC-PVA
films (p < 0.05). However, the activity was still lower than the
positive control (Gentamicine).

DISCUSSION

During this research, NCC was extracted from the
leaves of A. comosus. Reported A. comosus leaves have a
significant cellulose content [61]. After the pineapples have
been harvested in Indonesia, the 4. comosus leaves are the part
of the plant that is thrown away. To create a source of natural
materials that are not being exploited, the leaves will be used

[62]. It is possible to include the NCC that was produced during
acid hydrolysis in the drug delivery process and use it as an
addition [63]. The leaves of the 4. comosus are not the main
source of NCC. NCC can be produced from a wide variety of
naturally occurring sources, and these can all serve as potential
sources [64]. Nevertheless, the quality of the NCC will vary
depending on the sources used. As a result, the quality of the
isolated NCC was characterized in this study to ensure that it is
suitable for use as a medication additive.

The most well-known and often employed approach
to the production of NCC is called acid hydrolysis. Single
crystals are liberated as a byproduct of this process, which
deconstructs the disordered and amorphous cellulose moieties
[65]. The formation of colloidal particles occurs when, during
the acid hydrolysis process, sulfate groups take the place
of hydroxyl groups. The presence of these groups on the
surface of the cellulose helps to maintain the particles’ state
of suspension [66]. Hydrolysis of cellulose was accomplished
at an acid concentration of 40% sulfuric. After processing
5.0 g of cellulose, a total of 3.81 g of NCC was produced.
The NCC that was produced was in the shape of crystals that
were white in color. This is consistent with what was found
in earlier investigations and confirms their findings [67,68].
When carrying out this procedure, it is essential to consider the
concentration of the acid. Because of the acid’s incapacity to
hydrolyze beta-cellulose, the concentration of the acid must be
high enough [69]. However, if the concentration of the acid is
too high, this will result in the material’s complete deterioration.
When cellulose is burned, it is converted into carbon, which
may be identified by the transformation of the suspension’s
color to a solid black and by the black powder that is produced,
which is the color that is characteristic of carbon [70,71].

The FT-IR was then used to continue the identification
of the NCC. The NCC possesses a few functional groups that
can be employed in the identification process [72]. These
groups include OH, C—H, OH derived from water absorption,
and C-O (Fig. 2). The presence of the OH group at 1635 cm’!
suggests that the resulting productis NCC, which is also present
in Avicel. This substance can be identified by its molecular
formula [73]. The microcrystalline cellulose known as Avicel
is the standard against which the FT-IR spectral pattern of
NCC is measured. The acid hydrolysis process involves the
absorption of water, which results in the sharp peak of the OH
absorption line in the spectrum. This functional group does
not belong to the lignin or the hemicellulose components,
which enables the NCC to classify it as a typical group [74].
The cellulose crystal diffraction pattern peaks can be seen
in Figure 3B. These peaks are located around 2 = 15.4° and
22.3°. According to the data found in JCPDS 50-2241, the
diffraction of cellulose occurs at angles of 2 =15.0° and 22.8°.
This diffraction peak agrees with those findings [75,76]. To
determine the crystallinity, the Segal method was utilized, and
the final NCC value came out to be 75.89% [77]. Crystallinity
in NCC can be quantitatively analyzed using the crystallinity
index, which offers information that can be related to
the fibers’ strength and stiffness [78]. When compared to
low crystallinity, high crystallinity suggests an organized
molecular structure, which indicates small particles. The low
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crystallinity, on the other hand, shows that the structure is
more disordered, which results in an amorphous powder [79].
The findings regarding the particle size lend credence to the
crystallinity characterization of the sample that was collected,
which was found to be 268.45 nm (Fig. 3C).

According to the previous study, the visual
examination of the micrograph reveals substantial
morphological similarities with NCC (Fig. 3A) [80]. NCC is
a hydrophilic crystalline biopolymer that possesses nanoscale
dimensions in addition to renewability and a large surface
area. To create nanocomposite materials, NCC is frequently
combined with a diverse array of polymeric matrices [81].
The Cur-NCC-PVA films were acquired for the purpose of this
study. The produced film has a golden hue that is consistent
throughout and has a thickness of 0.4 mm (Fig. 4). Even
with a relatively low filler loading, the films’ mechanical
characteristics were significantly enhanced using PVA as
the polymer matrix [82]. In addition to this, the polymeric
matrix influences the drug release kinetics emanating from
the film [83,84]. At a temperature comparable to that of the
skin, a period of 48 hours was spent monitoring the rate of
Cur release from the NCC-PVA films (Fig. 5). The model
that was employed is a well-known tool for researching the
kinetics of drug release for topical formulations [85]. During
the test, there was no evidence of a burst release effect. The
release of Cur achieves plateau conditions after 48 hours,
with a total release 0f 90.81% + 0.30%; 91.23% + 0.87%; and
94.96% + 1.43% from each NCC-PVA film. It does this by
releasing the medicine at a steady rate to keep the drug level
at a therapeutically effective threshold. The nanocrystals of
cellulose in the film act as a barrier to diffusion, which slows
the burst release action of Cur from the film [86]. For the films
to have an antibacterial action that is effective over the long
term, the control release property is necessary and this study
presented that [87].

Antimicrobial activity was observed throughout
a broad spectrum in the film that included Cur [88]. Two
Gram-positive bacteria and one Gram-negative bacteria were
significantly inhibited by the film’s considerable inhibitory
action (Table 1). To provide a negative control, a cellulose
nanocrystal film was utilized that had no Cur finishing applied
to it. Based on the findings, it was determined that the control
films did not demonstrate any inhibitory impact on any of
the microorganisms that were tested. The presence of a clear
zone around the films provided evidence of the developed
film’s ability to inhibit the growth of microorganisms [89].
Based on these findings, the size of the clear zone was greater
whenever there were larger concentrations of Cur in the film.
On B. subtilis, the inhibition zone produced by 100 ng of Cur-
NCC-PVA film was found to have the greatest observed size
(p <0.05). Antibacterial activity was demonstrated by this film
against Streptococcus sp. and E. coli, with clear zones of 16.25
+ 1.08 and 15.30 + 1.02 mm, respectively (p < 0.05). As an
antibacterial agent, Cur has been the subject of a significant
amount of research and testing. It was shown that Cur prevented
B. subtilis from going through the cytokinesis process by
inducing filamentation. Additionally, it strongly inhibited the
production of cytokinetic Z-rings in B. subtilis without having

a major impact on the segregation and organization of the
nucleoids [90,91]. The research conducted on E. coli and B.
subtilis showed that Cur, due to its inhibitory impact against
FtsZ polymerization, could block the FtsZ assembly, which in
turn disrupts prokaryotic cell division [92,93]. In conclusion,
the results of this research showed that Cur-NCC-PVA films
possess antibacterial action. The production of this film is an
intriguing study of the topical use of Cur, and the usage of Cur-
NCC-PVA films can be used to treat a variety of illnesses that
are associated with skin infections.

CONCLUSION

Ananas comosus leaves can provide NCC, which
can serve as a carrier for Cur in film processes. The film’s
controlled release of Cur followed a zero-order reaction,
which is a beneficial characteristic for its topical application.
The antibacterial activity of the Cur-NCC-PVA films against
B. subtilis, Streptococcus sp., and E. coli further supports
this claim. Moreover, the film that contains 100 pg of Cur
demonstrates promising promise as a therapy for wounds.
Optimization of the film recipe is necessary to enhance the
clarity and measurability of the Cur release mechanism. This
will facilitate the utilization of this film as a topical formulation
in the skin health sector.

LIST OF ABBREVIATIONS

CH: chitosan; Cur: curcumin; FTIR: Fourier transform
mfrared; NCC: nanocrystalline cellulose; PSA: particle size
analyzer; PVA: polyvinyl alcohol; SEM: scanning electron
microscope; XRD: X-ray diffraction.
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