
 

 
 

  

 
 

 
 

                                                    

 

 
1 

 

  

ANTIMICROBIAL ACTIVITY OF CHITOSAN-VITAMIN E-NANOEMULSION 
 

Mayson H. Alkhatib*1, Fatima S. ALHusini1, Maryam Y. Al-Amri1, Abdullah ALHatmi1,2, Khamis O. ALRiyami2, Mallak S. ALGhafri1  
 

Address(es):  
1Department of Biological Sciences and Chemistry, College of Arts and Sciences, University of Nizwa, Nizwa, Sultanate of Oman. 
2Natural & Medical Sciences Research Center, University of Nizwa, Nizwa, Sultanate of Oman. 

 

*Corresponding author: mayson@unizwa.edu.om  
 
ABSTRACT 

 
Keywords: Minimum inhibitory concentration; Staphylococcus aureus; Candida krusei; Enterobacter hormaechei; Polysaccharide 

 
 

INTRODUCTION 

 

Over the years, scientists have been searching and testing many different 

substances to treat pathogens around the world. It took a long time with multiple 

processes to find out the best choice depending on its efficiency, plenty, and safety. 
Nowadays, people are more attentive to medical sources that are more natural and 

less processed. One group of these environmentally friendly choices is the 

polysaccharides group and their derivatives. Mostly, they are used with other 
ingredients due to their ability to bind with bioactive agents that will increase 

activity duration. That is why more studies should be implemented for chitosan, 

which is a natural polysaccharide that can be extracted by processing chitin (Ways 

et al., 2018). Chitosan has been proven to be an antimicrobial agent that can be 

used for many applications including tissue engineering, drug delivery, and 

packaging material. However, chitosan has a complex structure with a high 
molecular weight that should be reduced by various techniques including 

hydrolysis by physical, enzymatic, and chemical processes.  

Chitosan is an amino polysaccharide that has taken place in science due to its 
biological activities and special properties. These special properties include 

biocompatibility, low toxicity, and biodegradability. It can be derived from many 

sources since it is the second most plentiful polysaccharide in nature. For instance, 
it can be found in the exoskeleton of crabs, insects, shrimps, and lobsters. Clearly, 

chitosan can be obtained from these organisms by obtaining chitin that will go 

through many processes like deproteinization and demineralization of chitin 
(Singh et al., 2021). In other words, the acetyl group (COCH3) is removed from 

the chitin that has been obtained from the exoskeleton of crustaceans, during a 
process known as deacetylation (Younes et al., 2015). As a result, the chitosan can 

be represented using the general formula as C6H11O4N, since its monomers are 

composed of 2 free hydroxyl groups with one primary amine (Goy et al., 2016). 
Many applications and fields depend on chitosan nowadays, such as activating 

plant defenses, preserving food, and the cosmetics industry. There were many 

articles about antimicrobial actions which proved their efficiency against a vast 
number of pathogens. However, the physicochemical properties of chitosan affect 

the antipathogen’s action and other activities greatly, which means that chitosan 

properties should be improved to increase its effectiveness. One of the major 
drawbacks of chitosan is its low solubility in water and basic solutions. Chitosan 

has to be solubilized in the acidic solution to be protonated and get solubilized in 

the aqueous solutions. Other factors that can affect the solubility of chitosan can 

be polymer crystallinity, temperature, and degree of acetylation (Romanazzi et al., 

2009).  
Many research studies attempted to increase chitosan solubility by deacetylation, 

quaternization, and depolarization. Chitosan, commercially sold as flakes or even 

powder, can be dissolved in acidic conditions resulting in the prisonization of the 
amine group in the glucosamine monomer. For chitosan deacetylation and 

demineralization, a basic solution is added for about 0.5 to 72 h at 65-100 ºC.  The 

prolonged heating may cause a reduction in the molecular weight and acetylation 
of chitosan (Ke et al., 2021). The mechanisms of chitosan actions against fungi 

and bacteria were extensively investigated which included the effect of the chitosan 

physicochemical characteristics, structure, and reactive hydroxyl groups as well as 
the surrounding environmental conditions. It has been found that chitosan actions 

against microbes can be classified according to the targeting range of the 

antimicrobials to intracellular impacts, extracellular impacts, or even both. 
Generally, chitosan cannot enter both the cell wall and the cell membrane due to 

its high molecular weight. However, it can work as a barrier to prevent cells from 

taking nutrients, change cell permeability, and act as a chelator of important 
ingredients, which are all considered extracellular antimicrobial actions. On the 

other hand, chitosan with less molecular weight can affect microbes internally, 

including RNA, mitochondrial function, and protein synthesis. Also, chitosan 
effects depend on the targeted microorganism type.  

There are several factors that affect the antimicrobial activity of chitosan. First, the 

protonation of chitosan enhances its solubility and its permeation to microbial 
cells. The second factor is the chitosan molecular weight that affects them 

differently depending on the microbe type including pore sizes, polysaccharides, 
proteins, and cell wall layers. The third factor is the deacetylation degree of 

chitosan which influences both the temperature and time of the chemical process. 

Generally, increasing temperature and process period will result in a high 
deacetylation degree. Higher deacetylation degrees lead to a more positive charge 

than lower one even if both are in the same acidic conditions. This means that the 

high deacetylation degree improves antimicrobial activity because it raises the 
electrostatic interactions (Ardean et al., 2021; Ke et al., 2021).  

For bacteria, the difference between gram-positive and gram-negative is due to the 

cell wall structure, mainly the thicker peptidoglycan layer in gram-positive can 
affect the susceptibility to chitosan. Gram-negative bacteria are enriched in 

peptidoglycan and have a more negative charge due to the attachment of 

phosphorylated groups with lipopolysaccharide. Therefore, cationic chitosan will 
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bind strongly with negatively charged surfaces when the conditions are acidic or 

have a pH less than 6.5 (Ke et al., 2021; Yan et al., 2021). The gram-positive 

bacteria are less sensitive to chitosan due to the presence of teichoic acid with 

phosphate groups which are negatively charged. Thus, the chitosan resistance of 

Staphylococcus aureus can be eliminated by the cancellation of the teichoic acid 

biosynthesis pathway. Some chitosan oligomers can penetrate the thick cell wall 
of gram-positive bacteria to affect protein and DNA/RNA synthesis by inhibiting 

the DNA transcription.   Chitosan has antifungal actions due to its ability to interact 

with cell membranes or the cell walls of the fungus. However, the chitosan 
minimum inhibitory concentration depends on the type of targeted fungus, solvent 

pH, and molecular weight and deacetylation degree of chitosan. One of the 
important factors is the unsaturated fatty acid components on the cell membrane 

which increase negative charge because of better membrane fluidity, so better 

chitosan susceptibility. On the other hand, chitosan has intracellular antifungal 
activities including inhabiting protein, DNA/RNA synthesis, and destroying 

mitochondrial activity (Alburquenque et al., 2010). 

Generally, scientists are searching for more solutions to increase chitosan's 
solubility through adding different reagents, vitamins, oils, and other solvents. In 

the current research, the nanoemulsion technique was applied to produce chitosan 

derivatives. Nanoemulsion is a colloidal system consisting of immiscible liquids 
combined with the mean of surfactants. It contains dispersed droplets with a size 

of about 20-500 nm. Small size nano-droplets improve substance properties like 

tunable rheology and robust stability. Therefore, it is usually used in the biomedical 
applications such as pharmaceutical formulations (Gupta and Xie, 2018).  

A recent review article highlighted the developed physical, chemical and 

mechanical properties of various fabricated chitosan nanoemulsions that hold 
promising potential in the food, domestic and pharmaceutical applications 

(Chaudhary et al., 2022). With the aim to improve the beneficial properties of the 

chitosan, the lipid soluble agent, vitamin E, was solubilized in the nanoemulsion. 
Vitamin E helps in preventing skin damage, neurological disorders, infertility, and 

cardiovascular diseases. It regulates enzyme activity, gene expression, cellular 

signaling, and cell proliferation. It inhibits the coagulation of platelets (Niki, 2015). 
Nanoemulsions are colloidal systems that consist of immiscible liquids 

homogenized with the aid of the surfactants. Nanoemulsions, produced by 

combining various essential oils with the aqueous solutions and the mixed 
surfactants of tween 80/span 20, exhibited valuable antitumor activities against 

different types of cancers (Al-Mutairi and Alkhatib, 2022; Bayoumi and 

Alkhatib, 2022; Bawadud and Alkhatib, 2023).  Usually, non-ionic surfactant 

with several repeats of polyethylene glycol, such as tween 20, are selected in the 

formation of the emulsification systems applied in pharmaceutics formulations due 

to their non-toxic and biocompatible behavior (Sahoo et al., 2014). The anionic 
surfactants, e.g. sodium lauryl sulfate, were massively used in the domestic and 

pharmaceutical products due to their amphiphilic properties that promote their 

ability to reduce the surface tension between two immiscible liquids (Takei et al., 

1985).  

In the current study, chitosan was mixed with the nanoemulsion based on vitamin 

E oil to enhance its biocompatibility and physical properties. In particular, the 
effect of vitamin E nanoemulsion on the structure and antimicrobial activity of 

chitosan was investigated. The mixture of both chitosan and vitamin E 

nanoemulsion was tested against three microorganisms. First, Staphylococcus 
aureus is harmful gram-positive bacteria (Gulzar et al., 2018). Second, 

Enterobacter hormaechei is gram-negative infectious bacteria (Wang et al., 2020). 

The last is Candida krusei which is a pathogenic fungus (Pfaller et al., 2008). 

 

MATERIALS AND METHODS 

 

Materials 

 

Chitosan, tween20, sodium lauryl sulfate, vitamin E, sodium hydroxide, and 
glacial acetic acid were purchased from Sigma Aldrich (USA). All of the materials 

required for the antimicrobial evaluation were provided by the Natural & Medical 

Sciences Research Center at the University of Nizwa (Nizwa, Sultanate of Oman). 
 

Preparation of chitosan   
 

Chitosan in the form of powder (0.5 g) was dissolved in 100 mL of 2.5 % (w/v) 

glacial acetic acid. Then, the chitosan solution was added to 200 mL of 1M NaOH 
solution. 

 

Synthesis of chitosan nanoemulsion-based vitamin E 

 

Nanoemulsion-based vitamin E was prepared by mixing 1 mL of vitamin E oil with 

0.6 g of sodium lauryl sulfate, 0.4 mL of tween 20, and       1 mL of distilled water. 
The resultant nanoemulsion was mixed with the prepared chitosan solution 

followed by freeze drying for 72 h to produce the chitosan nanoemulsion-based 

vitamin E powder (CH-NE-vitE).   
 

 

 
 

Characterization of chitosan nanoemulsion-based vitamin E 

 

Scanning electron microscope (SEM)  

 

The morphology of the synthesized CH-NE-vitE powder was characterized using 

the SEM which is capable of viewing morphology and microstructure of material 
by exposing it to electron beam (Abdullah and Mohammed, 2019). Both of 

chitosan and CH-NE-vitE were placed on stubs by the stereomicroscope to be 

covered with gold molecules which helps in emitting the secondary electrons that 
have been hit by the primary electron beam.  

 
Fourier transform infrared spectroscopy (FTIR) 

 

FTIR is used to determine the functional groups by obtaining the infrared spectrum 
of emissions, and absorption for different physical states of substance (Sharma et 

al., 2018). The CH-NE-vitE powder was set directly above the attenuated total 

reflectance crystal and closed properly. Then, the spectrum was analyzed as 
described elsewhere (Nandiyanto et al., 2019). 

 

Nuclear Magnetic Resonance spectroscopy (NMR)  

  

NMR spectroscopy is an analytical technique for observing the molecular 

structure, content and purity of a sample. It depends on the reactions between 
material and electromagnetic radiation to determine the local magnetic fields 

around the atomic nuclei of the individual material (Pilgrim, 2016). CH-NE-vitE 

was placed in a probe to be exposed into a magnetic field that was emitted by 
superconducting magnet. Then, the electric current was created strongly in the 

probe coils, which resulted in a second oscillating magnetic field. Therefore, the 

macroscopic magnetization rotated about 90° into the horizontal plane. Then, the 
net macroscopic magnetization returned to the vertical plane by processing around 

the magnetic field after excitation, resulting again with the current in the probe 

coil, but weaker than the first one. This is known as Free Induction Decay 
phenomenon. NMR Spectrum was analyzed as described elsewhere (Singh and 

Singh, 2022).   

 
Differential Scanning Calorimetry (DSC) 

 

DSC is a mechanism for measuring thermodynamics of liquid or solid phase 

transitions that can be either endothermic or exothermic (Biliaderis, 1983). The 

samples CH-NE-vitE and chitosan were weighed by microbalance after they were 

poured in the crucibles. Then, the covers of the crucibles were fixed by pressing 
with crucible sealing press. Next, both sample and standard were put inside the 

DSC, which was connected to the computer to specify combustion rate, initial and 

final temperatures. 
 

Antimicrobial activity of chitosan nanoemulsion-based vitamin E 

 

Preparation of the media 

 

The media for bacteria were prepared by dissolving 3.9 g of Mueller Hinton Agar 
(MHA) in 100 mL of distilled water depending on the ratio which was mentioned 

in the bottle Muller Hinton powder. The media for fungi were prepared by 

dissolving the same amount as above for bacteria (3.9 g MHA + 100 mL distilled 
water), but 5 μg methylene blue powder was added too. Then, both media bottles 

were sterilized by autoclave at 121°C before it was poured in petri dishes placed 

in the biosafety cabinet. After pouring the agar, the petri dishes were locked by the 

paraffin.    

 

Susceptibility tests using the inhibition zone 

 

There are two common methods for testing susceptibility by inhibition zone: Agar 

well diffusion and agar disk diffusion methods. The main difference between them 
is the way of how the antibiotics are applied into the agar (King et al., 2008). In 

particular, the agar well diffusion method employ creating a hole in the agar by 
sterile cork borer and then filling it with the antimicrobial agent, while agar disk 

diffusion method utilizes sterilized filter paper disk to be placed above the agar and 

then directly filling it with the antibiotic using micropipette. After preparation of 
petri dishes, culture plates of Staphylococcus aureus (gram positive), Enterobacter 

hormaechei (gram negative), and Candida krusei (yeast) were inoculated using 

sterilized loops which were emerged in saline that was compared to a turbidity 
standard (0.5). Then, sterilized swab was used for picking up colonies of desired 

microorganisms, which were then streaked in the agar plates. The conducted 

experiments were performed five times through using the agar disk diffusion 
method for three times and the mixed methods of both agar disc and well diffusion 

methods for two times. 

The mixed agar well and disc diffusion methods were utilized five times. The petri 
dishes were divided into 6 parts at which each sample was tested using both disk 

and diffusion methods. The first sample was prepared by mixing 0.01 g of pure 

chitosan powder with 1 mL of 0.5 % acetic acid which was labeled as pure while 
the second sample was made through diluting the first sample by half (diluted ½ 
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pure chitosan + 0.5 % acetic acid). The third sample was prepared by dissolving 

0.01 g of CH-NE-vitE in 1 mL of 0.5 % acetic acid. All these samples were mixed 

and stored in vials.  

 
Figure 2 Scanning electron microscope images of chitosan with vitamin E 

anoemulsion (CH-NE-vitE). 

 

 

Determination of the minimum inhibitory concentration (MIC) 

 

The determination of the MIC was implemented by serial dilution for the stock 

solution of 0.2 g/mL of CH-NE-vitE dissolved in 0.5 % acetic acid. Notifying that 

the chosen concentration was based on the well-known density of the chitosan 

(0.20 -0.4 g/m) (Ramawat and Mérillon, 2015). In particular, the first tube (1/2) 
contained 500 μL of the stock solution diluted in 500 μL of 0.5 % acetic acid 

followed by micro pipetting 500 μL of the sample from the first tube (1/2) to be 

added to the second tube (1/4) that was diluted with 500 μL of 0.5 % acetic acid 
and so forth until a dilution factor of 1/2048 in the 11th tube is obtained.  

All tested microorganisms were cultured in nutrient agar, each one in two petri 
dishes to test all the 11 dilutions using agar well diffusion method, and the 12 th 

place was for the standard antibiotic. The standard antibiotic filter paper selected 

according to the used microorganism: gentamicin (10 μg) for E. hormaechei (gram 
negative), ciprofloxacin (10 μg) for S. aureus (gram positive), and amphotericin B 

(3.2 mg/mL) for C. krusei (yeast). After leaving S. aureus and E. hormaechei for 

24h, and C. krusei for 48h, the inhibition zones were measured and the MIC was 
calculated by multiplying the last inhibitory dilution by the chitosan density.  

 

 
Figure 3 Compersion of energy dispersive X-ray spectroscopy (EDS) analysis of the SEM images between chitosan and CH-NE-vitE. 

 

Structural change of microorganism under SEM 

 

A 5 μL of both S. aureus and C. krusei were added into 0.5 mL normal saline (0.8 

% NaCl). Then, 50 μL of CH-NE-vitE at 2 concentrations (MIC, and its previous 
dilution) were added.  After mixing the antibiotics with the tested microorganisms, 

the tubes were incubated for 24 h. Next, they were run for SEM dehydration and 

coating. 
 

RESULTS AND DISCUSSION 

 
Characterization of chitosan  

 

Scanning Electron Microscope (SEM) 

 

The pure chitosan morphology was very different from CH-NE-vitE one. The SEM 
image of pure chitosan displayed a network made of smoothie thin fibers, wide 

pores, and non-uniform surface (Figure 1). The average size of the pores is (11.29 

± 3.90) μm, and the coefficient of variation is 34.38 % implying random 
distribution of the pore sizes.  In contrast, the SEM mage of CH-NE-vitE exhibited 

thick layers, spherical particles, non-uniform surface, and sharped edges (Figure 

2). The average droplet size of the sphere is (5.001 ± 0.68) μm. The coefficient of 
variation percentage is 13.66 % indicating a homogenous distribution.  

Accordingly, the addition of vitamin E nanoemulsion to chitosan reduced the pore 

sizes, increased the continuity, and thickened the form which was similar to what 
was observed in the SEM images of the pyridylurea-chitosan derivatives 

synthesized by Zhang et al. (2019) and SEM images of chitosan-s-triazinyl-bis(2-

aminomethylpyridine) and chitosan-s-triazinyl-bis(8-oxyquinoline) derivatives 
synthesized by Al-Rasheed et al. (2020). The Energy Dispersive Spectroscopy 

analysis of the SEM images revealed that the CH-NE-vitE has increased elements 

including C, N, O, and S, except Na element has relatively decreased when 
compared to pure chitosan (Figure 3). The remarkable increase in the carbon 

relative to the other elements may stem from the addition of vitamin E, which 

contains 29 carbon atoms. The new appearance of the sulfur in CH-NE-vitE is 
attributed to the presence of sodium lauryl sulfate in the nanoemulsion. 

 

 

 
 

Figure 1 Scanning electron microscopic images of pure chitosan dissolved in 2.5% 
glacial acetic acid and 1M NaOH. 

 

Fourier transform infrared Spectroscopy (FTIR) 

 

FTIR measurements were carried out to recognize the functional groups within 
CH-NE-vitE. The FTIR spectrum of CH-NE-vitE, shown in Figure 4, exhibited the 

peak IR band observed at 3455.64 cm-1 as a characteristic of the O–H bonds 

stretching modes for the O-H groups possibly of chitosan, vitamin E, and tween 
20. The peaks at 2917.09, 2850.78, and 1467.27 cm-1 represent the vibrations of C-

H bonds included in chitosan, vitamin E and tween 20. The band at 1734.32 cm-1 

refers to C=O bonds from tween 20 with the transmittance more than 90%. The 
strong peaks at 1248.46, 1218.73 and 1083.18 cm-1 correspond to C–N bonds that 

almost belong to chitosan. Another peak that might be resulted from combinations 

of the components is 1560.74 cm-1 for N-H. According to Queiroz et al. (2015), 
the FTIR spectrum of the pure chitosan revealed high amounts of C-N and N-H 

bonds which stem from the presence of amine group (NH2). In addition, C-C and 

C-H are common bonds in the chitosan structure while the O-H can be the resultant 
of hydroxyl group. 
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Figure 4 FTIR spectrum of CH-NE-vitE 

 
Figure 5 CH-NE-vitE NMR spectrum 

Nuclear Magnetic Resonance (NMR) Spectroscopy 

 

The NMR spectrum revealed the formation of new bonds, and interactions between 

the components of the mixture (CH-NE-vitE) due to chemical shifting. By 

comparing the NMR spectrum of pure chitosan (Facchinatto et al., 2020), with 
the one of CH-NE-vitE (Figure 5), chemical shifting has occurred toward up field. 

Also, the increasing in the peaks heights indicates more hydrogen bonds formation. 

Bonds can be formed because of interaction between OH from tween20, sodium 
lauryl sulfate, or NH2 of chitosan. 

 

Differential Scanning Calorimetry (DSC) Spectroscopy 

 

Pure chitosan shows endothermic reaction due to the structure of polymers that 

takes less heat to disintegrate as described by Ramasamy et al., (2014). In contrast, 
mixing chitosan with glacial acetic acid and NaOH changed the heat flow, so the 

endothermic reaction takes higher temperature and three different transitions 

(Figure 6). In contrast, CH-NE-vitE did not go throw endothermic reactions only, 
but it goes through exothermic reactions which can be due to crystallization, cross-

linking, and oxidation (Figure 7). 

 

 
Figure 6 DSC spectrum of chitosan dissolved in 2.5% glacial acetic acid and 1M 

NaOH. 

 

 
Figure 7 DSC spectrum of CH-NE-vitE. 

 

Antimicrobial activity of chitosan and CH-NE-vitE 

 

Susceptibility test of chitosan and CH-NE-vitE 

 
The findings of the susceptibility test support the results of many research that 

chitosan can work as antimicrobial (Younes & Rinaudo, 2015). Even though, the 

first three runs did not show any inhibition zone except with the standard antibiotic 
(Figures 6 - 8). This can be due to the low concentration of chitosan, or other 

experimental mistakes. As shown in Figure 8, CH-NE-vitE presented more growth 

inhibition for both S. aureus and C. krusei by well diffusion method relative to the 
disk method whereas pure chitosan could not form any inhibition zone. The 

measured inhibition zones of CH-NE-vitE applied into S. aureus were 22 ± 1.5 mm 

and 10 ± 1.3 mm using well and disc diffusion methods, respectively. In contrast, 
the measured inhibition zones of CH-NE-vitE subjected to C. krusei were 17 ± 1.4 

mm and 2 ± 0.65 mm using well and disc diffusion methods, respectively.  

The presence of lipopolysaccharide (LPS) increases the negativity of the gram-
negative bacteria, which help it bind easily to the cationic chitosan on acidic 

conditions. Even though, many other experiments show that gram-negative are less 

susceptible to chitosan than gram-positive due to the presence of teichoic acid. 
Clearly, phosphate groups within teichoic acid increase the negtivity of gram-

positive. In fact, the antibacterial activity of chitosan cannot be explained by 

depending on the electrostatic reactions only, because it can be affected by many 
other factors including acidic medium, deacetylation degree, and solubility (Yan 

et al., 2021).   

 

 
 

Figure 8 The antimicrobial activity against A: S. aureus, B: E. hormaechei, C: C. 

Krusei.The mixed agar well and disc diffusion methods were utilized five times. 

The petri dishes were divided into 6 parts at which each sample was tested using 

both disk and diffusion methods. The first sample (1, 2) was prepared by mixing 

0.01 g of pure chitosan powder with 1 mL of 0.5 % acetic acid which was labeled 
as pure while the second sample (3, 4) was made through diluting the first sample 

by half (diluted ½ pure chitosan + 0.5 % acetic acid). The third sample (5, 6) was 

prepared by dissolving 0.01 g of CH-NE-vitE in 1 mL of 0.5 % acetic acid. All 
these samples were mixed and stored in vials.   

 

Determination of the minimum inhibitory concentration (MIC) 
 

The MIC determinations of CH-NE-vitE were more effective in S. aureus with 12 

mm inhibition zone at 1/256 dilution (Figure 9). Therefore, the MIC was 1.563 
mg/mL resulted from the multiplication of 1/256 by 0.4 g/mL. In contrast, the MIC 

for C. krusei was 3.125 mg/mL resulted from the multiplication of 1/128 by 0.4 

g/mL (Figure 10). The relative lower values of MIC for CH-NE-vitE imply a great 
antimicrobial activity. A recent study reported that the combination of the essential 

oil nanoemulsion with the cross-linked chitosan derivative hydrogel displayed 

larger MIC (15 mg/mL) (Cai et al., 2023).  
 

SEM characterization of the microorganism’s morphology 

 
The untreated S. aureus have rough spherical shapes that cluster smoothly like 

grapes with smooth surface (Licitra, 2013). In contrast, the untreated C. Krusei 

has elongated rod-like shape (Essayag et al., 1996). In the current study, as the 
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concentration of the antibiotic increased, the number of microorganisms has 

decreased for both S. aureus (Figures 11, 12), and C. Krusei (Figures 13, 14) and 

more intracellular spaces were displayed. The shape of the treated S. aureus did 

not change while the shape of C. Krusei was altered to exhibit more elongated and 

disrupted cells.  

 

 
Figure 9 Measurement of MIC for CH-NE-vitE against S. aureus. The designated 

numbers 1 – 11 represent the serial dilutions from 1/2, 1/4, 1/16, 1/32, 1/64, 1/128, 

1/256, 1/512, 1/1024, 1/2048, alongside the 10 μg of the standard antibiotic 

ciprofloxacin (12). 

 
Figure 10 Finding the MIC of CH-NE-vitE against C. krusei. The designated 

numbers 1 – 11 represent the serial dilutions from 1/2, 1/4, 1/16, 1/32, 1/64, 1/128, 

1/256, 1/512, 1/1024, 1/2048, alongside the 3.2 mg/mL of the standard antibiotic 
amphotericin B (12). 

 

 
Figure 11 SEM images of S. aureus treated with 3.125 mg/mL CH-NE-vitE. 

 

 
Figure 12 SEM images of S. aureus treated with 1.563 mg/mL CH-NE-vitE. 

 
Figure 13 SEM images of C. Krusei treated with 6.25 mg/mL CH-NE-vitE. 

 

 
Figure 14 SEM images of C. Krusei treated with 3.125 mg/mL CH-NE-vitE. 
 

CONCLUSION 

 

We have developed the pure chitosan properties by the addition of vitamin E 

nanoemulsion, tween20, and sodium lauryl sulfate. It displayed antimicrobial 

activity against S. aureus and C. krusei, while promoting the growth of E. 
hormaechei. Vitamin E nanoemulsion increases the susceptibility and permeability 

of chitosan. According to the results of the current study, CH-NE-vitE has obvious 
antimicrobial actions, but these actions need to be tested for clinical and dermal 

studies that should be considered in future research.  

 
Acknowledgments: The authors gratefully appreciate the support of the staff in 

DARIS Center for Scientific Research and Technological Development, 

specifically, Ms. Sausan Suliem Alyaqoobi, Mr. Badar Mohammed Al-Nairi, and 
Mr. Mohammed Abdullah Al Broumi.  

 

REFERENCES  

 

Abdullah, A., Mohammed, A. (2019). Scanning Electron Microscopy (SEM): A 

Review. Proceedings of 2018 International Conference on Hydraulics and 
Pneumatics - HERVEX, January, 77–85. 

Alburquenque, C., Bucarey, S. A., Neira-Carrillo, A., Urza, B., Hermosilla, G., & 

Tapia, C. V. (2010). Antifungal activity of low molecular weight chitosan against 
clinical isolates of Candida spp. Medical Mycology, 48(8), 1018–1023. 

https://doi.org/10.3109/13693786.2010.486412 

Al-Mutairi, A. A., Alkhatib, M. H. (2022). Antitumour effects of a solid lipid 
nanoparticle loaded with gemcitabine and oxaliplatin on the viability, apoptosis, 

autophagy, and Hsp90 of ovarian cancer cells. Journal of Microencapsulation, 

39(5), 467-480, https://doi.org/10.1080/02652048.2022.2109218 
Al-Rasheed, H. H., Dahlous, K. A., Sholkamy, E. N., Osman, S. M., Abd-Elkader, 

O. H., El-Faham, A. (2020). Chitosan-S-triazinyl-bis(2-aminomethylpyridine) and 

Chitosan-S-triazinyl-bis(8-oxyquinoline) Derivatives: New Reagents for Silver 
Nanoparticle Preparation and Their Effect of Antimicrobial Evaluation. Journal of 

Chemistry, 2020, 9590120. https://doi.org/10.1155/2020/9590120 

Ardean, C., Davidescu, C. M., Nemeş, N. S., Negrea, A., Ciopec, M., Duteanu, N., 
Negrea, P., Duda‐seiman, D., & Musta, V. (2021). Factors influencing the 

antibacterial activity of chitosan and chitosan modified by functionalization. 

International Journal of Molecular Sciences, 22(14), 7449. 
https://doi.org/10.3390/ijms22147449 

Bawadud, R. S., Alkhatib, M. H. (2023). Growth and invasion inhibition of T47D 

ductal carcinoma cells by the association of docetaxel with a bioactive agent in 
neutral nanosuspension. Bioimpacts, 13(2), 145-157. 

https://doi.org/10.34172/bi.2023.23515 

 

                    7        

 

12                                                  

8 

 

                    6       1 

 

 

 

5                                                     

 

  

                     3            

                                                    

4 

 2             

 

  

                     9            

                                                    

10 

 8             

https://doi.org/10.3109/13693786.2010.486412
https://doi.org/10.1080/02652048.2022.2109218
https://doi.org/10.1155/2020/9590120
https://doi.org/10.3390/ijms22147449


J Microbiol Biotech Food Sci / Alkhatib et al. 2023 : 13 (3) e10123 

 

 

 

 
6 

 

  

Bayoumi, H. M., Alkhatib, M. H. (2022). Incorporation of topotecan into sesame 

oil - Nanoemulsion potentiates its cytotoxic effect in cancer cells. Journal of Drug 

Delivery Science and Technology, 75,103614. 

https://doi.org/10.1016/j.jddst.2022.103614 

Biliaderis, C. G. (1983). Differential scanning calorimetry in food research-A 

review. Food Chemistry, 10(4), 239–265. https://doi.org/10.1016/0308-
8146(83)90081-X 

Cai, K., Liu, Y., Yue, Y., Liu, Y., Guo, F. (2023). Essential Oil Nanoemulsion 

Hydrogel with Anti-Biofilm Activity for the Treatment of Infected Wounds. 
Polymers (Basel),15(6):1376. https://doi.org/10.3390/polym15061376 

Chaudhary, S., Kumar, V., Sharma, V., Sharma, R., Kumar, S. (2022). Chitosan 
nanoemulsion: Gleam into the futuristic approach for preserving the quality of 

muscle foods. International Journal of Biological Macromolecules, 199:121-137. 

https://doi.org/10.1016/j.ijbiomac.2021.12.046 
Essayag, S. M., Baily, G. G.,Denning, D. W. and Burnie, J. P. (1996). Karyotyping 

of Fluconazole-Resistant Yeasts with Phenotype Reported as Candida krusei or 

Candida inconspicua. International Journal of Systematic Bacteriology, 46(1):35-
40. https://doi.org/ 10.1099/00207713-46-1-35 

Facchinatto, W.M., Santos, D.M.D., Fiamingo, A., Bernardes-Filho, R., Campana-

Filho, S.P., Azevedo, E.R., Colnago, L.A. (2020). Evaluation of chitosan 
crystallinity: A high-resolution solid-state NMR spectroscopy approach. 

Carbohydrate Polymers, 15, 250,116891. 

https://doi.org/10.1016/j.carbpol.2020.116891. 
Goy, R. C., Morais, S. T. B., & Assis, O. B. G. (2016). Evaluation of the 

antimicrobial activity of chitosan and its quaternized derivative on E. Coli and S. 

aureus growth. Revista Brasileira de Farmacognosia, 26(1), 122–127. 
https://doi.org/10.1016/j.bjp.2015.09.010 

Gulzar, M., Zehra, A. (2018). Staphylococcus aureus: A brief review. International 

Journal of Veterinary Science and Research, 4(1), 020–022. 
https://doi.org/10.17352/ijvsr.000031 

Gupta, R., Xie, H. (2018). Nanoparticles in Daily Life: Applications, Toxicity and 

Regulations. Journal of Environmental Pathology, Toxicology and Oncology, 
37(3), 209-230. 

https://doi.org/10.1615/JEnvironPatholToxicolOncol.2018026009 

King, T., Dykes, G., Kristianti, R. (2008) Comparative evaluation of methods 
commonly used to determine antimicrobial susceptibility to plant extracts and 

phenolic compounds. Journal of AOAC International, 91(6):1423-9.  

Ke, C. L., Deng, F. S., Chuang, C. Y., & Lin, C. H. (2021). Antimicrobial actions 

and applications of Chitosan. Polymers, 13(6), 904. 

https://doi.org/10.3390/polym13060904 

Licitra, G. (2013). Etymologia: Staphylococcus. Emerging Infectious 
Diseases,19:1553. http://dx.doi.org/10.3201/eid1909.ET1909 

Nandiyanto, A. B. D., Oktiani, R., Ragadhita, R. (2019). How to Read and Interpret 

FTIR Spectroscope of Organic Material. Indonesian Journal of Science & 
Technology, 4(1), 97 -118. http://dx.doi.org/10.17509/ijost.v4i1.xxxx 

Niki, E. (2015). Evidence for beneficial effects of vitamin E. The Korean Journal 

of Internal Medicine, 30(5), 571-9. http://dx.doi.org/10.3904/kjim.2015.30.5.571. 
Pfaller, M.A., Diekema, D.J., Gibbs, D.L., Newell, V.A., Nagy, E., Dobiasova, S., 

Rinaldi, M., Barton, R., Veselov, A. (2008) Global Antifungal Surveillance Group. 

Candida krusei, a multidrug-resistant opportunistic fungal pathogen: geographic 
and temporal trends from the ARTEMIS DISK Antifungal Surveillance Program, 

2001 to 2005. Journal of Clinical Microbiology, 46(2), 515-21. 

http://dx.doi.org/10.1128/JCM.01915-07 
Pilgrim, C. D. (2016). Nuclear Magnetic Resonance. Encyclopedia of Earth 

Sciences Series, July, 1–6. https://doi.org/10.1007/978-3-319-39193-9_47-1 

Queiroz, M. F., Melo, K. R. T., Sabry, D. A., Sassaki, G. L., & Rocha, H. A. O. 

(2015). Does the use of chitosan contribute to oxalate kidney stone formation? 

Marine Drugs, 13(1), 141–158. https://doi.org/10.3390/md13010141 

Ramasamy, P., Subhapradha, N., Shanmugam, V., & Shanmugam, A. (2014). 
Extraction, characterization and antioxidant property of chitosan from cuttlebone 

Sepia kobiensis (Hoyle 1885). International Journal of Biological 

Macromolecules, 64(December), 202–212. 
https://doi.org/10.1016/j.ijbiomac.2013.12.008 

Ramawat, K. G., & Mérillon, J. M. (2015). Polysaccharides: Bioactivity and 
biotechnology. Polysaccharides: Bioactivity and Biotechnology, January, 1–2241. 

https://doi.org/10.1007/978-3-319-16298-0 

Romanazzi, G., Gabler, F. M., Margosan, D., MacKey, B. E., & Smilanick, J. L. 
(2009). Effect of chitosan dissolved in different acids on its ability to control 

postharvest gray mold of table grape. Phytopathology, 99(9), 1028–1036. 

https://doi.org/10.1094/PHYTO-99-9-1028 
Sahoo, R.K., Biswas, N., Guha, A., Sahoo, N., Kuotsu, K. (2014). Nonionic 

surfactant vesicles in ocular delivery: innovative approaches and perspectives. 

BioMed Research International, 2014:263604. 
https://doi.org/10.1155/2014/263604 

Sharma, S. K., Verma, D. S., Khan, L. U., Kumar, S., & Khan, S. B. (2018). 

Handbook of Materials Characterization. Handbook of Materials Characterization, 
September, 1–613. https://doi.org/10.1007/978-3-319-92955-2 

Singh, A., Mittal, A., & Benjakul, S. (2021). Chitosan nanoparticles: preparation, 

food applications and health benefits. Science Asia, 47(1), 1–10. 
https://doi.org/10.2306/scienceasia1513-1874.2021.020 

Singh, M. K., Singh, A. (2022). Nuclear magnetic resonance spectroscopy. In 

Singh, M. K., Singh, A. (Ed.), Characterization of Polymers and Fibres, 321-339, 

Woodhead Publishing. https://doi.org/10.1016/C2020-0-00727-9 

Takei, K., Tsuto, K., Miyamoto, S., Wakatsuki, J. (1985). Anionic surfactants: 

lauric products. Journal of the American Oil Chemists' Society, 62 (2): 341–347. 

https://doi.or/10.1007/BF02541402 
Wang, Z., Duan, L., Liu, F., Hu, Y., Leng, C., Kan, Y., Yao, L., Shi, H. (2020). 

First report of Enterobacter hormaechei with respiratory disease in calves. BMC 

Veterinary Research, 16, 1. https://doi.org/10.1186/s12917-019-2207-z 
Ways, T. M. M., Lau, W. M., & Khutoryanskiy, V. V. (2018). Chitosan and its 

derivatives for application in mucoadhesive drug delivery systems. Polymers, 
10(3), 267. https://doi.org/10.3390/polym10030267 

Yan, D., Li, Y., Liu, Y., Li, N., Zhang, X., & Yan, C. (2021). Antimicrobial 

properties of chitosan and chitosan derivatives in the treatment of enteric 
infections. Molecules, 26(23), 7136. https://doi.org/10.3390/molecules26237136 

Younes, I., & Rinaudo, M. (2015). Chitin and chitosan preparation from marine 

sources. Structure, properties and applications. Marine Drugs, 13(3), 1133–1174. 
https://doi.org/10.3390/md13031133 

Zhang, J., Tan, W., Wei, L., Dong, F., Li, Q., & Guo, Z. (2019). Synthesis, 

Characterization, and Antioxidant Evaluation of Novel Pyridylurea-Functionalized 
Chitosan Derivatives. Polymers (Basel),11(6):951. https://doi: 

10.3390/polym11060951 

https://doi.org/10.1016/j.jddst.2022.103614
https://doi.org/10.1016/0308-8146(83)90081-X
https://doi.org/10.1016/0308-8146(83)90081-X
https://doi.org/10.1016/j.bjp.2015.09.010
https://doi.org/10.17352/ijvsr.000031
https://doi.org/10.1615/JEnvironPatholToxicolOncol.2018026009
https://doi.org/10.3390/polym13060904
http://dx.doi.org/10.17509/ijost.v4i1.xxxx
http://dx.doi.org/10.3904/kjim.2015.30.5.571
http://dx.doi.org/10.1128/JCM.01915-07
https://doi.org/10.1007/978-3-319-39193-9_47-1
https://doi.org/10.3390/md13010141
https://doi.org/10.1016/j.ijbiomac.2013.12.008
https://doi.org/10.1007/978-3-319-16298-0
https://doi.org/10.1094/PHYTO-99-9-1028
https://doi.org/10.1007/978-3-319-92955-2
https://doi.org/10.2306/scienceasia1513-1874.2021.020
https://doi.org/10.1016/C2020-0-00727-9
https://doi.org/10.3390/polym10030267
https://doi.org/10.3390/molecules26237136
https://doi.org/10.3390/md13031133

