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Alginate biopolymer has been used in the design and development of several wound 

dressing materials such as (foams, topical formulations, nanofibers, films) due to its favorable 

properties, such as biocompatibility and non-toxicity. It has been particularly attractive in 

wound healing applications to date. Additionally, it can be loaded by antibacterial materials 

such as antibiotics, antibacterial plant extracts and metal nano-oxides. The aim of this study 

was to design sodium alginate (SA) based zinc oxide (ZnO) nanoparticles as antibacterial film 

for wound healing applications. The ZnO nanoparticles, with an average particle size of about 

16.75 nm, were synthesized by sol-gel method and characterized by scanning electron 

microscope (SEM) and Fourier-transform infrared spectroscopy (FTIR). They were then 

incorporated as antibacterial into sodium alginate with different concentration (0, 5, 7.5, 10%). 

Effectiveness of antibacterial activity was carried out against Gram-negative bacteria 

(Escherichia coli, Pseudomonas aeruginosa) and Gram-positive bacteria (Staphylococcus 

aureus) to characterize the sample. The prepared ZnO/SA film presents a promising potential 

for applications as novel wound dressings 

Keywords: zinc oxide nanoparticles; sodium alginate; sol-gel method; antibacterial film; 

 wound dressing 

 

INTRODUCTION 

 

Zinc is a chemical element with an atomic 

number of 30 and an atomic weight of 65.73 

(g/mol). It is a transitional element with a 

bright bluish-white color. It is the 23rd most 

abundant element in the earth's crust1. Zinc is 

found in many forms in nature, including zinc 

oxide, which appears in three crystal forms 

(Rock-salt, Zinc blende, Quartzite). Zinc oxide 

is used globally on a daily basis, and has been 

classified by The United States Food and Drug 

Administration (FDA) as a safe substance 

(GRAS). It has also been used as a food 

additive that increases the nutritional value of 

foods and helps improve appearance, flavor, 

and storage properties2&3. Zinc oxide is also 

used as an antibacterial, antifungal, and in 

many medical uses in particular, including: 

cosmetics and sunscreens as an emollient, skin 

moisturizer, and ultraviolet absorbent, in 

addition to drug delivery, medical radiography, 

and biosensors4. 

Nanoparticles are defined as particles 

whose dimensions range between (1-100) nm, 

that is, 10 to 9 times smaller than a meter. 

When these particles transform from their main 

size to the nano-size, they gain improved 

properties or completely new properties. 

Therefore, nanomaterials are considered useful 

factors in accelerating wounds healing process. 

This is because of its multiple advantages, such 

as high surface-to-volume ratio, as well as its 

ability to deliver drugs. These properties can 

improve collagen deposition and the 

remodeling of dermal tissue. The properties of 

nanoparticles allow them to penetrate well into 

wounds, which allows the manufacture of 

specific target particles to enter wounds and 

interact with it through biological interaction or 

secretion of drugs locally, which affects the 

progress of healing5. In addition, it is possible 
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to coat the drugs within the nanoparticles, and 

thus, they can be protected from proteases, 

allowing them to reach the target site without 

destroying them and achieving the required 

biological effect. That is, the biological 

nanoparticles are suitable for improving the 

wound healing process, which is due to the 

antibacterial properties in addition to the anti-

inflammatory effectiveness and the ability to 

influence the extracellular matrix process 

(ECM) and stem cell proliferation and 

differentiation5. Zinc oxide nanoparticles are 

well known to exert an antibacterial properties 

by disrupting bacterial cell wall via electrostatic 

interactions, generating reactive oxygen species 

that have a high lethal activity on  bacteria via 

impacting the bacterial cell membrane, protein, 

DNA, and electron transport chain, and 

releasing Zn+2 ions that induce an antimicrobial 

response in microorganisms due to interference 

in metabolic processes and disturbance in 

enzymatic systems6&7.  

Alginates are considered biopolymers that 

are obtained from various sources of seaweed, 

especially in the outer wall of brown algae, 

which contain large quantities of them8 and 

have many biomedical uses due to their 

properties such as biocompatibility, non-

toxicity, moist environment, and their 

effectiveness in reducing bacterial infection, in 

addition to its effectiveness in stopping 

bleeding. These characteristics are among the 

important factors that must be available in a 

bandage. Therefore, alginate are used in 

medical bandages to this day, as it has been 

used and applied to medical gauze in different 

and varied forms such as (membranes - foams - 

films). The film form is the preferred one as it 

can be loaded with antibacterial materials, and 

improves the healing of wounds and burns, in 

addition to being permeable to water vapor, 

carbon dioxide and oxygen9. 

During this research, films of sodium 

alginate containing zinc nanoparticles will be 

prepared and applied to wounds and burns to 

help heal them. 

 

MATERIALS AND METHODS 
 

Preparation of Zinc nanoparticles 

Zinc nanoparticles were prepared using 

(sol-gel) chemical method, so that zinc acetate 

dihydrate was used as a precursor compound, 

ethanol as a reagent, and distilled water as a 

solution10, according to the following equation: 

 

Zn(CH3CO2)2 + 2NaOH → ZnO 

+ 2Na(CH3CO2) + H2O 

 

The preparation was done by weighing 

10g of zinc acetate dihydrate, adding it to a 

beaker containing 75 *ml of distilled water, and 

placed on the electric magnetic stirrer until 

complete dissolution for 15 min. After 

complete dissolution, 80% of sodium hydroxide 

solution was added to the zinc acetate solution 

at once with continuous stirring. Finally, 

absolute ethanol was added gradually (drop by 

drop) to the previous mixture until reaching 

pH= 10. After centrifugation, the precipitated 

white powder was collected in tubes and 

incinerated at 300° C for 1 hour where a white 

powder of zinc nanoparticles (ZnO-NPs) was 

obtained10. 

The resulting powder was weighed and a 

weight of 7.36 g was obtained (Fig. 1), with a 

yield of 73.6%. 

 

Fig. 1: yield of zinc oxide nanoparticles. 

Characterization of nanoparticles 

1-FT-IR spectroscopy: The results of the 

chemical reaction were analyzed and confirmed 

by a FT-IR spectroscopy (SHIMADZU), where 

measurements were made between (400 and 

4000 cm-1), so that the chemical bonds and 

functional groups were identified through 

absorption sites in the infrared spectrum. 

2- Scanning Electron Microscopy SEM: A 

sample of the white powder was photographed 

by SEM with a maximum magnification of 

x500000 (Scanning Electron Microscopy 

Tescan VEGA) to confirm the formation of 

nanoparticles. 
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Preparation of Sodium alginate film 

loaded with Zinc Nanoparticles 
The films (Fig. 2) were prepared with 

different concentrations of Zinc Oxide 

nanoparticles (0.5%, 7.5%, 10%) using sodium 

alginate at a concentration of 3% and glycerin 

as a plasticizer at a concentration of 10% as 

detailed in table 1. After that, 20 ml of the 

previous solutions were added to sterile gauze 

pieces sized (813) cm2 and were left for 10 

minutes until the gauze absorbed the whole 

solution. Finally, films were formed by ion 

gelation method using calcium chloride at a 

concentration of 5%. CaCl2 solution was added 

to each film and left submerged for 5 min. 

Finally films were left to dry in were left to dry 

in an oven for 24 hrs at 40 ℃. 

 

 

Fig. 2: Sodium alginate film loaded with 

Zinc nanoparticles. 

These films were applied to three types of 

microorganisms, namely: 

• Pseudomonas aeruginosa ATCC 9027 

• Escherichia coli ATCC 8739 

• Staphylococcus aureus ATCC 6538 

 

Water vapor permeability  

In order to determine water vapor 

permeability (WVP), 5 g of anhydrous calcium 

chloride was added into Erlenmeyer flasks 

covered with different films and sealed using 

paraffin. These flasks were then placed in a 

desiccator containing water (100% relative 

humidity) at 25 ◦C. The weight of the 

Erlenmeyer flasks were for 12 hrs measured at 

2 h intervals. Triplicate tests were taken.  

The weight loss of the vials was recorded 

and plotted as a function of time. The water 

vapor Transmitted from the films (WVTR) was 

calculated from the slope of the straight line 

(g/s) divided by the cell area (m2). 

Water vapor permeability was calculated 

using the following equation: 

 

𝑊𝑉𝑇𝑅 = 𝑆𝑙𝑜𝑝𝑒/𝐴 

𝑊𝑉𝑃 (𝑔/𝑚 𝑠 𝑃𝑎) =  
𝑊𝑉𝑇𝑅 ∗ 𝐷

∆𝑃
 

Where A to the area (m2), D to the 

thickness of the film (m), and ΔP to the water 

vapor pressure differential between the two 

sides of the film (Pa). 

 

Table1: The composition of different Sodium alginate film loaded with Zinc Nanoparticles 

Sample 3 Sample 2 Sample 1 Control film Sample number 

10 7.5 5 0 ZnO-NPS (mg) 

100 100 100 100 Distillated water (ml) 

3 3 3 3 Sodium alginate (g) 

10 10 10 10 Glycerol (ml) 

50 50 50 50 Calcium Chloride 5% (ml) 
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RESULTS AND DISCUSSION 

 

Results 

Yield of nanoparticles 

Starting from using zinc acetate dihydrate 

as a source of zinc in an amount of 10 grams, 

7.36 grams of nanoparticles were finally 

obtained, with a percentage of 73.6%. This 

yield is close to the yield obtained by 

Venkataraju et al. (81.01%)11 and Lopez-

Cuenca et al. (85%)12 during the preparation of 

nanoparticles by the chemical method . 

However, the yield obtained by the same 

researcher during the preparation of 

nanoparticles applying biological method by 

cold and hot extraction was much lower 

(24.66%, 24.30%) compared with the chemical 

method of preparation. Similar low yield was 

ontained by Wang et al. during the preparation 

of zinc nanoparticles by using coffee leaf 

extract13. 

 

Infrared spectrum analysis 

The following peak lengths were observed: 

a) Strongly extended belly-shaped crest 

between wavelength 3200 and 

3500𝑐𝑚−1 indicating the O-H bond. 

b) An average absorption peak at 

1622𝑐𝑚−1 indicating C=O bond. 

c) Superabsorbent peak at 1413𝑐𝑚−1 

belonging to the C-O bond. 

d) A weak peak at 990𝑐𝑚−1 belonging to 

the C–C bond. 

e) A highly absorbent peak at 418𝑐𝑚−1 

belonging to the Zn-O bond. 

f) The FT-IR peaks obtained in Fig. (3) 

were similar to those obtained by 

Keerthika et al.14 who followed a 

similar method for synthesizing zinc 

nanoparticles. Additionally, similar FT-

IR peaks were obtained by Shamhari et 

al.15 who used the same synthesis 

method while using potassium 

hydroxide instead of sodium hydroxide 

as the precursor compound to perform 

the hydrolysis reaction. 

However, the FT-IR peaks obtained by 

Kalpana et al.16 were significantly different 

except for the main peak that belongs to zinc 

nanoparticles (ZnO) and this is maybe due to 

the use of a biosynthetic method for the 

preparation of nanoparticles based on A. niger 

fungus. 

Fig. (4) showed the FT-IR peaks after 

purification and incineration. As noticed, the 

main peak of absorption 418𝑐𝑚−1 belonging to 

Zn-O bond was preserved, and this result was 

consistent with many previous researches17-19 

however was the method used the preparation 

of nanoparticles.  

 

 

Fig. 3: FTIR spectrum of Zinc nanoparticles before purification and incineration. 
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Fig. 4: FTIR spectrum of Zinc nanoparticles after purification and incineration. 
 

Scanning electron microscopy image analysis 

As shown in Fig. (5), nanoparticles have a 

spherical shape. Their average dimension is 

16.75 nm. 

Our results are in accordance with the 

results of several previous studies14,20 who 

followed the same method and parameters of 

preparation with only one exception, which is 

the use of methanol instead of ethanol as a 

reagent. The shapes of the particles were all 

spherical, and the dimensions of the particles 

ranged between 15 and 25 nanometers. This 

confirms that the detector had no effect on the 

shape of the nanoparticles. 

As mentioned in previous researches, the 

shape and dimensions of the nanoparticles are 

related to several parameters during 

manufacturing process, including the reaction 

time, the incineration temperature, and the salt 

used and its concentration. Studies have shown 

that the formation of nanoparticles begins 

within minutes after adding the mineral salt, 

and their size increases as the reaction time 

increases21. This happens at three different 

stages and any increase in the timing leads to 

obtaining larger nanoparticles22&23 . During 

incineration, the particles merge and increase in 

size, especially the crystal size24. A wide 

number of studies showed the effect of 

incineration on the shape of the particles and its 

effect on the physical and chemical properties. 

Ashaf et al.25 prepared zinc nanoparticles using 

sol-gel method and incineration at a 

temperature of 300 °C. The dimension of 

nanoparticles obtained ranged between 17-24 

nm which is similar to the dimension of 

nanoparticles obtained in this research. 

However, incineration at a temperature of 

500°C caused a significant increase of 

nanoparticles dimension (approximately 30 

nm). Majumder et al.4 explained the effect of 

using different salts as a source of zinc. When 

zinc chloride salt is used, the particles appeared 

in a hexagonal structure due to the the 

formation of an intermediate compound 

Zn5(OH)8Cl2.H2O which is fused with the 

nanocrystals to give the distinctive hexagonal 

shape. However, when zinc nitrate is used, two 

shapes were formed depending on the 

concentration of nitrates. At low concentrations 

of nitrates (1-3 M), the particles appear in the 

form of nano-sheets; however, when using a 

high concentration (5M), the particles 

aggregate more and appear in the form of 

nanorods26. 

 

 

Fig. 5: A scanning electron microscope image of Zinc nanoparticles at several magnifications. 
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Estimation of bacterial activity 

As shown in Fig. (6), zinc nanoparticles 

have antibacterial activity against Gram-

negative and Gram-positive bacteria with a 

significant differences between different 

concentrations as confirmed by One way 

ANOVA test (p-value< 0.05), which is in 

agreement with many previous studies27&28. 

The antibacterial activity of Zinc nanoparticles 

is due by several mechanisms including the 

release of oxygen free radicals and the 

liberation of diploid Zinc ions. 

As confirmed in many previous studies, 

the toxicity of free oxygen radicals to bacteria 

is due to their high activity and oxidative 

properties29&30. These free radicals could enter 

into the cell envelope and destroy cellular 

components such as lipids, DNA and proteins. 

Additionally, the antibacterial activity increases 

as the size of the nanoparticles decreases31. 

Studies also showed that the release of free 

oxygen radicals happens on the surface of Zno-

Nps and suggested a link between photon 

interaction and antibacterial activity32.  

 

The liberation of diploid Zinc ions is one 

of the main reasons for the antibacterial 

mechanism of Zinc nanoparticles33&34 since the 

release of 𝑍𝑛2+ has a significant effect in 

inhibiting active transport and metabolism of 

amino acids in addition to disrupting the 

enzymatic system. There are many studies that 

confirmed that the leakage of Zinc ions with a 

double charge (𝑍𝑛2+) in the bacterial growth 

medium is responsible for nanotoxicity and also 

found an inverse proportion between particle 

size and liberation of ions as free oxygen 

radicals. 

 

Fig. 6: Diameter of inhibition zone of ZnO nanoparticles at different concentration and typical 

antibiotic against gram-positive and gram-negative bacteria. 
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Pasquet et al.35 concluded that the release 

of 𝑍𝑛2+ ions is related to two main reasons: the 

physicochemical properties of the particles and 

the chemistry of the reaction medium. Finally, 

Peng et al.36 showed that particles with a 

spherical shape give more 𝑍𝑛2+ ions than 

particles with a rod shape. 

 Ismail et al.37 also showed the significant 

effect of the incineration temperature on the 

antibacterial activity when preparing 

nanoparticles by the chemical sol-gel method. 

They prepared zinc nanoparticles with different 

degrees of incineration and studied their 

antibacterial activity and concluded that the 

best temperature that gave the highest 

antibacterial activity was 300°C which is 

consistent with this research and might be the 

reason for the strong antibacterial efficacy.  

Naqvi et al.38 explained the effect of 

particle dimensions and their role in the 

antibacterial effectiveness. The smaller the 

particle dimensions, the greater the ratio 

(surface area / volume), thus greater contact 

with germs. Additionally, the small dimension 

of nanoparticles was correlated with an 

increased secretion of double-charged zinc ions 

and reactive oxygen species which have a 

prominent role in antibacterial activity. 

Finally, several researchers confirm39&40 

that the chemical method gave better 

antibacterial activity compared to the botanical 

method. 

It is well known that the reduction of water 

vapor permeability can reduce economic losses 

and improve product quality and shelf life41. 

Generally, alginate films were reported to 

exhibit high water vapor permeability since 

they are hydrophilic films, but incorporation of 

calcium can significantly reduce the water 

vapor permeability42. The obtained values for 

WVP determination are presented in Table 2. 

WVP measurements showed a better 

performance for the films with higher ZnO NPs 

content as these particles act as a physical 

barrier impermeable to water and form a ZnO–

alginate composite structure increasing the 

pathways for water molecules43. 

 
Table 2: Water vapor permeability (WVP) for 

different alginate films. 

Sample number WVP (10-10 g/Pa.m.s) 

1 4.627±0.025 

2 4.126±0.012 

3 3.628±0.018 

Conclusion 
Medical gauze loaded with Sodium 

alginate film containing Zinc nanoparticles 

,prepared in this study, showed clear activity 

against many types of gram-positive and gram-

negative bacteria (Pseudomonas aeruginosa, 

Escherichia coli, Staphylococcus aureus), so it 

can be considered as a promising material in 

terms of the possibility of using it to accelerate 

the process of healing wounds and burns and 

maintaining their sterility, but this needs further 

studies related to stability and safety before 

applying it in-vivo to living tissues. 
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  نشـرة العـلوم الصيدليــــــة

 جامعة أسيوط
 

 

     

1
 قسم التشخيص المخبري ، كلية الصيدلة ، جامعة البعث ، سوريا

2
  قسم الكيمياء التحليلية والغذائية ، كلية الصيدلة ، جامعة طرطوس 

(Escherichia coli, Pseudomonas aeruginosa)  

(Staphylococcus aureus). 
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