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Abstract: This study aims to develop sodium alginate (SA) based ZnO nanoparticles as antibacterial
film for wound healing applications. As natural materials, sodium alginate has been widely investigated
and used in wound healing. The ZnO nanoparticles were incorporated as antibacterial into sodium
alginate with different compositions (2, 4, 6, 8, 10 ml). Solvent casting method was performed to
prepare a film. The film was characterized by using Fourier Transform Infrared Spectroscopy (FT-IR),
Atomic Force Microscopy (AFM) and Field Emission Scanning Electron Microscopy (FESEM).
Effectiveness of antibacterial activity was carried out against Gram-negative (Escherichia coli) and
Gram-positive (Staphylococcus aureus) to characterize the sample. The results from microstructure
analysis indicated that as ZnO nanoparticle compositions increased, the film surface became rough. It
was found that sodium alginate incorporated with ZnO had slightly higher antibacterial activities against
S. aureus than E. coli. Thus, sodium alginate (SA)-Zinc oxide (ZnO) nanoparticle has the potential to
be used as a wound healing material in biomedical applications.
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1. Introduction
The skin is an important organ of the body; it protects the internal organs and it is
responsible for the protection against pathogens and dehydration from environment
aggressions by acting as a physical/chemical barrier [1-3]. Any damage to the skin results in
wounds. Wounds can be with or without tissue loss and acute or chronic. It repairs and remodels
the skin after damage. It consists of four overlapping steps, biochemical, and cellular processes.
These processes include overlapping steps like hemostasis (cell migration), inflammation
(formation of new blood vessels), proliferation and remodeling (regeneration of skin barrier
and connective tissues). These steps involve many cells and growth factors. Wounds are
naturally cured by the wound healing process [4-5].
Nowadays, biopolymers represent an important class of materials widely used for
several purposes, such as biomedical [7], pharmaceutical and environmental applications [8].
Among these materials, alginate has attracted a lot of interests due to its biocompatibility,
biodegradability, biological activity, low cost, water-solubility, and ease of production and
functionalization [9]. Alginates are particularly interesting due to their high exudate
absorbency and constitute a major segment in the synthetic wound care market. Sodium
alginate is a natural polysaccharide, it is chemically the sodium salt of alginic acid, an
unbranched copolymer with homopolymeric blocks of β-1,4-linked-d mannuronic acid and αhttps://biointerfaceresearch.com/
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1,4-linked-l-guloronic acid. It can be easily cross-linked using divalent cations such as Ca2+,
Sr2+, Zn2+ and others [7]. The fluid absorption and swelling behavior of the alginate are
controlled by the divalent cation concentration in the biopolymer solution [10].
Bio nanocomposites are a combination of biopolymers and in organic materials, mainly
from metal oxide like silver nitrate, titanium oxide (TiO2), silicon oxide (SiO2), and zinc oxide
(ZnO) in nano dimension size. Superior mechanical strength, high thermal resistance and low
permeability are the properties of biocomposite. In recent years, bio nanocomposites have been
used as wound dressings as well [5,11-12]. Among nanoparticles used in wound dressings is
zinc oxide (ZnO). The outstanding properties of ZnO are antibacterial, inexpensive and
nontoxic, which do not show any harmful effects to normal body cells. Usually, these cells
consist of keratinocytes which release Zn ions when a wound occurs on the surface of the skin.
This specific mechanism accelerates the wound healing process with time [13-14]. It has been
reported that ZnO enables the inhibition of the adhesion and internalization of E. coli bacteria.
Thus, wound healing can be promoted by using well-designed film which is able to regulate
fibroblast migration and activates macrophages and bacterial death. In addition, ZnO
nanoparticles are known for reducing the attachment and viability of microbes on biomedical
surfaces [15-16]. One of the most important things is the particle size of ZnO which controls
antibacterial activities [17].
Owing to the high relevance of sodium alginate in wound healing applications, it has
been chosen to incorporate with ZnO. Therefore, the main objective of the present study is to
develop sodium alginate films incorporated with ZnO nanoparticles in order to characterize the
film properties and access antibacterial activities.
2. Materials and Methods
2.1. Preparation of the Sodium Alginate/Zinc Oxide Film.

Sodium alginate and ZnO nanoparticles were purchased from Sigma Aldrich. Sodium
alginate with a concentration of 1 wt% was prepared by dissolving 1.0 gram of sodium alginate
into 100 ml of distilled water. Subsequently, the solution was stirred at 100 rpm at room
temperature until completely dissolved. After that, different ZnO nanoparticles (2, 4, 6, 8, 10
ml) as shown in Table 1, were added and further stirred for 30 minutes. In order to produce
film, 10 ml of solution was dried for one hour. Next, the dried solution was cross-linked with
10 ml of CaCl2 solution and the film was formed after 24 hours drying process.
Table 1. Composition of sodium alginate with ZnO.
Sodium Alginate (ml)
100
98
96
94
92
90

ZnO (ml)
2
4
6
8
10

Designation Sample
SA
SZ2
SZ4
SZ6
SZ8
SZ10

2.2. Physico-chemical characterization.

Fourier Transform Infrared Spectra (FTIR) of sodium alginate, sodium alginate/zinc
oxide films were characterized using Spectrometer Perkin Elmer (Spectrum 100-FTIR, USA)
in the range of 400-4000 cm-1. The surface roughness of the sample was measured using
Atomic Force Microscopy (AFM, Park System XE-100, Korea) within 1cm x 1cm area. The
https://biointerfaceresearch.com/
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surface morphology of the film was observed by Field Emission Scanning Electron Microscopy
(FESEM, JEOL- 7600F, Japan). All samples were examined using an accelerating voltage of
10kV. Antimicrobial activities of the films were prepared using Kirby-Bauer disc diffusion
method. Briefly, inocula bacteria of E. coli and S. aureus were prepared from fresh colonies of
Mueller Hinton. These pathogenic bacteria were selected due to their serious life-threatening
effects. Circular films with 10cm diameter were prepared and placed on the colonized agar
plates and incubated for 24 hours (at a temperature of 37˚C) and then zone inhibition in
millimeters was subsequently determined using a digital Vernier Caliper.
3. Results and Discussion
3.1. Fourier Transform IR Spectroscopy (FT-IR).

FTIR analysis was performed to examine the interaction between sodium alginate and
ZnO. The spectra profile of pure sodium alginate (SA) and different compositions (SAZ2,
SAZ4, SAZ6, SAZ8 and SAZ10) are shown in Figure 1. Some absorption peaks appeared at
3253, 1549, 1411 and 1025 cm-1.

Figure 1. FT-IR spectra of SA, SZ2, SZ4, SZ6, SZ8 and SZ10.

The characteristic of broad absorption band ranged in 3253-3240 cm-1, which was
attributed to the stretching vibration to physically absorbed water. This is similar to those
reported by A. Dodero [8]. The bands at 1549 cm-1 and 1411 cm-1 of SA, SZ2, SZ4, SAZ6,
SZ8 and SZ10 cm-1 are attributed to the stretching vibrations of the COO- groups. Nevertheless,
the spectra at 1027 cm-1 correspond to C-O-C vibrations. By comparison, it seems that there is
no significant difference between SA and SZ2, SZ4, SZ6, SZ8 and SZ10. This is similarly
reported by Wang et al. [18] and S. Bakil et al. [19].
3.2. Atomic Force Microscopy (AFM).

Atomic force microscopy (AFM) was used to obtain information about the surface
roughness of the sample. The image shown in Figure 2(a) is SA in comparison with SZ2, SZ4,
SZ6, SZ8 and SZ10 (Figure 2(b-f). The combination of alginate and ZnO altered the
topographic texture of the resulting films specifically, which revealed the surface's clear peaks
and valley interlacements as shown in Figure 2(b-f). However, SA surface showed the smoothedge projection only. Therefore, the average roughness, Ra, was taken for comparison in all
samples as presented in Figure 3. It can be seen that SA showed the lowest Ra values (4.82
nm) compared to other samples. Meanwhile, the highest value was SZ10 (12.73 nm). The
https://biointerfaceresearch.com/
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results showed that the increasing Ra value by the addition of ZnO increased the roughness of
the resulting film. It similar report by M.I Idris et al [20].
a
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b
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c
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d
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e
)

f
)

Figure 2. FT-IR spectra of (a) SA; (b) SZ2; (c) SZ4; (d) SZ6; (e) SZ8; and (f) SZ10.

Figure 3. Surface Roughness, Ra values of various formulation AFM.

3.3. Morphological Characterization.

Figure 4(a-f) shows the FESEM images of SA, SZ2, SZ4, SZ6, SZ8 and SZ10 at 50,000
magnifications. The sodium alginate in Figure 4(a) shows the homogenous structure.
Meanwhile, the addition of ZnO showed some agglomerations of particles in the sodium
alginate matrix in Figure 4(b-f)). In addition, the ZnO particles were found to be in irregular
shapes with different sizes. FESEM analysis showed that microstructure of SZ10 in Figure 4(f)
had more agglomeration than other films. SEM-EDS was carried out to confirm the element of
aggregation. The data revealed the peak corresponding to element ZnO as shown in Figure 5.
This proved the distribution of ZnO over the sodium alginate matrix.
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Figure 4. FESEM image of (a) SA; (b) SZ2 (c) SA4; (d) SZ6; (e) SZ8; (f) SZ10.

Figure 5. EDS Analysis of sample SZ8.
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3.4. Antibacterial Activities.

Antibacterial activities of all films were assessed by using Kirby-Bauer disc diffusion
method. Destruction of bacteria was the key parameter that determined the antibacterial
properties of sodium alginate ZnO film. The films were screened for their antibacterial
activities against Gram-negative (E. coli) and Gram-positive (S. aureus) where the bacterial
colony distributions are as shown in Figure 6 and Figure 7 respectively. Figure 6 shows the
film containing ZnO with less significant antibacterial properties towards E. coli during 24
hours of incubations at 37˚C. On the other hand, SZ2 and SZ10 as shown in Figure 7 exhibited
excellent antibacterial activities. As ZnO nanoparticles increased, the diameter of the inhibition
zone also increased, and the highest inhibition zone was observed in SZ10 samples. This
indicated that the diameter of the inhibition zone was independent of the ZnO compositions.
Results showed that film containing ZnO was slightly more effective against Gram-positive (S.
aureus) than Gram-negative (E. coli). Therefore, sodium alginate incorporated with ZnO
showed strong potential as wound healing applications.

Figure 6. Antibacterial activity test of (a) SZ2 and (b) SZ10 againts E. coli.

Figure 7. Antibacterial activity test of SZ2 and SZ10 againts S.aureus.
https://biointerfaceresearch.com/
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4. Conclusions
The ZnO nanoparticle is incorporated into sodium alginate to develop antibacterial
nanocomposite film toward wound healing applications. The solution casting method is used
to prepare film and the resulting film is characterized using FT-IR, AFM, FESEM and
antibacterial assessment. The surface morphology of biocomposite films noticeably consists of
ZnO nanoparticles which are eventually distributed into sodium alginate matrix. Then, the
surface roughness increases as the ZnO nanoparticles increase. The incorporation of ZnO
nanoparticles into sodium alginate possesses antibacterial effect which inhibits the growth of
various Gram-positive pathogens especially S. aureus. It can be concluded that sodium alginate
based ZnO nanocomposite films have the potential to be used in wound healing application. It
can be used as a promising alternative to synthetic or petroleum based wound healing
application.
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