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ABSTRACT. Foodborne illnesses remain a significant concern in the realm of public health. Managing food 
spoilage and controlling pathogenic microorganisms rely on synthetic chemicals, regrettably accompanied by 
various unfavourable attributes. In response to the escalating demand for innovative and secure alternative 
approaches, there has been a surge in the investigation of naturally sourced agents possessing antimicrobial 
characteristics, among which essential oils stand out. This study focuses on improving the stability of clove essential 
oil (CEO), and to achieve controlled release, the CEO microcapsules are prepared by solvent evaporation method 
with ethyl cellulose as the wall material. The results indicated optimum technological conditions: wall material mass 
fraction of 3%, core wall ratio of 1.0:1.5, emulsifier mass fraction of 8% and shear rate of 14000 r/min. Under these 
conditions, the encapsulation efficiency is 81.28%, and the yield rate is 90.58%. The CEOM were spherical with a 
size of 1.43-3.92 μm and had good thermal stability. The microcapsule under 50% ethanol showed a faster release 
rate and significant release amount. The microencapsulation of CEO with ethyl cellulose can not only improve the 
stability of CEO but also realise the controlled release of CEO, which has tremendous application value in 
antibacterial packaging. 
 
KEY WORDS: Clove essential oil, Ethyl cellulose, Solvent evaporation method, Orthogonal array, Sustained 
release 
 

INTRODUCTION 
 

Plant essential oils (EOs) are derived from various plant parts such as roots, stems, leaves and 
flowers. These EOs are rich in compounds like aldehydes, phenols, terpenes and alcohols, all 
possessing extensive antifungal capabilities. Notably, they exhibit broad-spectrum antifungal 
properties and are susceptible to natural biodegradation. Consequently, these EOs have found 
extensive utilization in food preservation [1]. Up to now, various types of EOs have been 
employed to hinder the proliferation of mould. In a study conducted by Arasu et al. [2], it was 
observed that Garlic EO demonstrated notable efficacy in suppressing the growth of A. flavus and 
A. niger on plum surfaces. Moreover, Reyes-Jurado et al. [3] found that thyme EO exhibited 
significant potential in preventing the development of mould contaminants on corn tortillas. 
Additionally, Achar et al. [4] demonstrated the eradication of A. flavus from peanut seeds using 
different concentrations of clove (500 ppm), thyme (1000 ppm), and cinnamon (2000 ppm) EOs. 
Besides, Pandey et al. [5] found that clove EO nanoemulsion coating can extend the apple piece's 
storage time to 10–12 days at a lower temperature. 

While EOs exhibit notable antifungal properties, their significant volatility presents a 
challenge when considering their utilisation in grain storage and food preservation. As a result, 
there has been a growing research focus on finding ways to prolong the volatilisation process of 
EOs. Various studies have demonstrated that encapsulating EOs can effectively retard the 
volatilisation rate, decrease the depletion of active constituents, enhance antifungal stability, and 
simplify their handling, transportation, and preservation [6]. Jiang et al. [7] prepared lavender EO 
microcapsule, which has a long-acting toxic effect on Sitophilus granaries. Zhang et al. [8] 



Haochen Wu et al. 

Bull. Chem. Soc. Ethiop. 2025, 39(4) 

750

synthesized star anise EO encapsulated by depolymerized pectin and rice protein. Results show 
that it has an antibacterial effect on crab meatballs inoculated with E. coli. Wang et al. [9] prepared 
polylactic acid bilayer films containing CEO, and the results demonstrated that films with varying 
CEO distributions exhibited different levels of antibacterial activity. Milagres de Almeida et al. 
[10] unveiled that the clove essential oil microcapsules (CEOM)  has strong antimicrobial effects 
when not synergistic with other EOs. Considering the benefits of encapsulated EOs, the research 
on improving EO microcapsule storage time holds significant value and exhibits promising 
potential. 

As for the preparation techniques of microcapsules, which include complex condensation, 
solvent evaporation, spray drying, solution polymerization, etc. [11-13]. The solvent evaporation 
technique involves dispersing both the wall material and core material within the emulsion system 
in the form of minute droplets. Owing to their varying degrees of hydrophobicity, a phase 
separation occurs when the solvent, characterized by its low boiling point, is eliminated via 
heating and stirring. The wall material, possessing lower hydrophobic characteristics, tends to 
selectively move towards the water-oil interface, where it assembles to create the capsule wall 
[14]. This procedure compares other techniques, does not entail any chemical reactions and offers 
a straightforward preparation process under mild conditions, making it conducive to achieving 
production feasibility on a scale [15].  

This work aimed to optimise better parameters of clove essential oil (CEO) embedded in ethyl 
cellulose by calculating encapsulation efficiency and yield rate. Besides, the release rate of CEOM 
in different mediums was investigated. The findings of this research will provide a theoretical 
basis for plant EO microcapsule as a natural Bactericidal ingredient agent used for application 
value in food storage and processing. 

EXPERIMENTAL 
 
Materials 
 
CEO was purchased from Shanghai Aladdin Biochemical Technology Co., Ltd (Shanghai, China) 
and stored at 4℃ for later use. Ethyl cellulose and Tween 80 were purchased from Shanghai 
Maclin Biochemical Technology Co., Ltd (Shanghai, China). Dichloromethane, anhydrous 
ethanol, potassium bromide and acetic acid were purchased from Tianjin Fuyu Fine Chemical 
Co., Ltd (Tianjin, China). Deionized water was prepared in the laboratory. 
 
Synthesis and Characterization of CEOM 
 
Synthesis of CEOM 
 
CEO was encapsulated into ethyl cellulose (wall material) with Tween 80 as emulsifier via solvent 
evaporation. CEOM were prepared under the following steps: (1) Prepare aqueous phase: 
Dissolving Tween-80 in deionized water. (2) Prepare oleic phase: Add clove essential oil to 25% 
of the dichloromethane solution of ethyl cellulose and stir it until completely dissolved. (3) 
Solution mixture: Gradually added oil phase to water phase under agitation. After that, the 
solution was placed under high-speed shearing for 15 minutes until entirely emulsified. (4) 
Postprocessing: The microcapsule suspension was obtained by agitating the mixture solution at 
room temperature to eliminate the dichloromethane. Following this, CEOM was acquired through 
freeze-drying after centrifugation and washing processes. 
 
Fourier transform infrared spectroscopy 
 
In order to prove that the CEO has succeeded in encapsulating in ethyl cellulose, take CEO, ethyl 
cellulose and CEOM respectively mixed with potassium bromide (sample: potassium bromide = 
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1:150). After that, samples were tested by Fourier transform infrared spectroscopy (FTIR, Thermo 
Fisher Scientific Inc., USA). Recorded spectra from 4000 to 400 cm−1 and the resolution is 2 cm−1. 
 
Particle characterization 
 
The particle size of dried CEOM was determined by the Mastersizer 2000 laser particle size 
analyser (Malvern Panalytical, United Kingdom), and the volume percentage of samples in 
different intervals in the range of 0.02-2000 μm was obtained. After 90 days, analyses again to 
observe size changes. 
 
Scanning electron microscope 
 
In order to analyse CEMO microstructural and longtime storage stability, the microcapsule 
specimens were affixed directly to the conductive adhesive to undergo gold spray treatment, and 
their structure was examined using a scanning electron microscope (SEM, FEI, USA), with an 
acceleration voltage set at 5 keV. 
 
Thermogravimetric analysis 
 
To establish the protective qualities of the wall material for the CEO, we conducted 
thermogravimetric analysis (TGA) involving CEO, ethyl cellulose, and CEOM using a 
thermogravimetric analyser (TA Instruments, USA) in a nitrogen environment. The testing 
process heating the samples from room temperature to 550 ℃ at a rate of 10 ℃ per minute. 
 
Single factor experiment and orthogonal array testing technique 
 
Single factor experiment optimisation 
 
The amount of dichloromethane and shear time were controlled unchanged. The effect of material 
(1%, 2%, 3%, 4% and 5%), core wall ratio (1.1:1.0, 1.1:1.25, 1.1:1.50, 1.1:1.75, 1.1:2.0), mass 
fraction of emulsifier (2%, 4%, 6%, 8%, 10%) and shear rates (10000, 12000, 14000, 16000 and 
18000 r/min) in encapsulation efficiency and yield rate were studied by single factor experiment 
(SFE) respectively. One factor was changed, while the other factor was kept constant at a time.  
 
Optimisation of orthogonal array testing technique 
 
Based on SFE, the two worst values on both ends were removed to simplify the number of 
orthogonal tests. The L9(34) orthogonal array testing technique (OATS) table was applied, taking 
encapsulation efficiency and yield rate as indicators. The details of factors and levels are shown 
in Table 1. 
 
Table 1. Factors and their levels for CEOM preparation. 
 

Factors Symbols 
Levels 

1 2 3 
Wall material (wt%) A 2 3 4 

Core wall ratio B 1.0:1.25 1.0:1.50 1.0:1.75 
Emulsifier (wt%) C 4 6 8 

Shear rates (r/min) D 12000 14000 16000 
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Determination method of encapsulation efficiency and yield rate 
 

Establish the standard curve of CEO  
 

Prepared CEO-anhydrous ethanol solution for 0.01 mg/mL, 0.02 mg/mL, 0.03 mg/mL, 0.04 
mg/mL, 0.05 mg/mL and 0.06 mg/mL respectively[16]. Draw the standard curve of CEO by 
ultraviolet–visible (UV-Vis) spectrophotometer (Thermo Fisher, USA), which is equipped with a 
1.00 cm quartz cell at room temperature (25 °C). The spectral bandwidth is 1 nm, the integration 
time 0.03 s, and the scan speed 1200 nm min−1. The spectra were recorded over the wavelength 
282 nm, according to Ghavidel et al. [17].  
 

Calculate the encapsulation efficiency and yield rate 
 

In order to measure the encapsulate effect, the encapsulation efficiency (E) and yield rate (Y) 
were calculated using equations (1) and (2), respectively, based on the methodology proposed 
by Milagres de Almeida et al. [18]. 

E(%)=
Weight of embedded CEO

Initial CEO weight
×100%                                                                                             (1) 

Y(%)=
Total weight of CEOM

Initial CEO weight + Initial ethyl cellulose weight
×100%                                                  (2) 

CEOM weighing 10 mg was dissolved in 10 mL of anhydrous ethanol and subjected to 
ultrasound for 20 min at ambient temperature to break wall material. Following filtration, the 
resulting filtrate underwent treatment with anhydrous ethanol, and its absorbance at 282 nm was 
subsequently assessed. Finally, use the CEO standard curve to calculate the weight of embedded 
CEO in microcapsules. 

 

Sustained release performance of CEOM 
 

In order to investigate CEOM package stability when food is warm, in vitro release behavior of 
CEOM was simulated with four mediums: water, alcohol (10% ethanol), oiliness (50% glycerin) 
and acidity (3% acetic acid) [19]. Placed 20 mg of CEO and CEOM inside a dialysis bag filled 
with 5 mL of the release medium, respectively. Sealed this dialysis bag within a centrifugal tube 
containing 25 mL of the release medium. Subsequently, set up an oscillation at both 25 ℃ and 37 
℃. During oscillation, extract 2 mL of the release medium at various intervals and got its 
absorbance at 282 nm. After extract, replenished an equivalent volume of the release medium into 
the centrifugal tube. The cumulative release amount (W) was calculated according to equation 
(3). 

W(%)=
(Ct+

v

V
∑ Ct

t
0 )×V

m
×100%                                                                                                               (3) 

wherein Ct is the mass concentration of clove essential oil measured at time t, v is the volume of 
release medium taken out each time (2 mL), V is the total volume of liquid in the centrifugal tube 
(30 mL), and m is the initial mass of microcapsules in the dialysis bag (20 mg), respectively. 

 

Statistical analysis 
 

The experiments were carried out in triplicate, and the results were calculated by Duncan's 
multiple range test and the mean values ± standard deviations. Herein, p > 0.05 indicated that 
insignificant difference, while p < 0.01 indicated extremely significant difference. Data 
processing and graphical representation of the experimental data were performed using Excel 
2021, Origin 2022, and SPSS 20.0. 
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RESULTS AND DISCUSSION 
 

Characterisation of CEOM 
 

Standard curve of CEO 
 

A calibration curve was drawn to exhibit the relationship between the concentration of CEO and 
the absorbance at 282 nm (y = 23.397x + 0.0218, R2 = 0.9973, Figure 1). 
 

 
 

Figure 1. Standard curve of CEO at 282 nm. 
 

FTIR spectra 
 

Based on the infrared spectrum, the CEO's C-C bond stretching vibration peak manifested at 2910, 
1514, and 1272 cm-1, respectively, while the stretching vibration peak of the phenolic hydroxyl 
group was observed within the 3180-2610 cm-1 range. The -OH bond stretching vibration peak of 
ethyl cellulose emerged between 3550-3345 cm-1, and the -CH2 bond stretching vibration peak 
was noted at 2975 cm-1, with a bending vibration peak at 1483 cm-1 [20, 21]. The -CH3 bond 
bending vibration peak was also evidenced at 1379 cm-1 [20]. These distinctive peaks were 
detected in the spectrogram of CEOM (Figure 2), signifying the successful encapsulation of CEO 
within ethyl cellulose to produce CEOM. 

 
Figure 2. Infrared spectra for (a) CEO, (b) Ethyl Cellulose and (c) CEOM, respectively. 
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Size of particles 
 
As shown in Figure 3, the CEOM exhibited an average particle size of 12.40 μm with a 
polydispersity index of 0.814, indicating a relatively uniform size distribution. Subsequent 
assessment following a 90 days storage period at room temperature revealed a slight increase in 
the average particle size to 12.56 μm and a marginal rise in the polydispersity index to 0.822.  
This change behavior suggests that the size of CEOM remained reasonably constant over the 90 
days at room temperature, demonstrating notable stability. 
 

 
 
Figure 3. The particle size distribution of CEOM after preparation and 90 days of storage. 
 
Microstructural analysis 
 
The microcapsule's morphology and configuration are shown in Figure 4a. The image illustrates 
a spherical shape without evident fractures or voids on the capsule wall, showcasing a well-
preserved structure with uniform dispersion and an absence of notable clumping. These findings 
suggest superior quality for CEOM prepared under optimized conditions. In order to assess 
CEOM stability over time, the CEOM were stored at room temperature for 90 days and then 
examined using SEM. Figure 4b demonstrates that the CEOM retained their spherical shape even 
after this extended storage period, maintaining a relatively unchanged structure. SEM images 
indicate that the morphology of the produced CEOM remained stable without significant 
alterations following prolonged storage. 
 
Thermogravimetric analysis 
 
Figure 5 demonstrates the TGA profiles of CEO, ethyl cellulose and CEOM. The data illustrates 
the vulnerability of the CEO to elevated temperatures, evident by its weight loss onset at 75 ℃ 
and a significant 75% reduction at 180 ℃. However, subsequent microcapsule preparation 
bolstered the oil's stability under high temperatures. The weight loss initiation was delayed to 125 
℃, with an 80% decrease at 370 ℃. These results underscore the role of ethyl cellulose as a 
protective barrier, enhancing the stability of CEOM. 
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Figure 4. Microstructural analysis of CEOM. SEM images for the CEOM after storage for 

(a) 0 day and (b) 90 days, respectively. 
 

 
 
Figure 5. TGA curves of CEO, ethyl cellulose and CEOM. 
 
Single factor experiment 
 
Wall material mass fraction 
 
The relationship between the concentration of ethyl cellulose and both encapsulation efficiency 
and yield rate showed in Figure 6a. As the mass fraction of ethyl cellulose rises, there is a 
noticeable enhancement in encapsulation efficiency and an upward trend in yield rate. When the 
wall material mass fraction is at 3%, the yield rate hits a maximum of 87%, and at 4%, the 
encapsulation efficiency reaches its highest point of 76%. However, beyond 3%, elevating the 
ethyl cellulose content results in a dramatic decline in yield rate. Insufficient amounts of ethyl 
cellulose lead to incomplete encapsulation, resulting in lower efficiency and yield. Conversely, 
higher concentrations enable increased coating of the core material, gradually improving 
encapsulation efficiency and yield rate. However, surpassing the optimum concentration leads to 
the formation of empty microcapsules, consequently reducing both efficiency and yield rate. In 
conclusion, 3% is the optimal wall material mass fraction. 
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Core wall ratio 
 

Figure 6b illustrates the impact of the core wall ratio on the encapsulation efficiency and yield 
rate. As the core wall ratio decreases, there is an initial rise followed by stabilization in 
microcapsule encapsulation, while the production rate initially increases and then decreases. This 
pattern can be elucidated as follows: a higher core wall ratio results in a more significant 
proportion of CEO in the core material and decreased presence of ethyl cellulose in the wall 
material. Consequently, some CEOs remain unencapsulated, resulting in lower encapsulation and 
yield rates. A decrease in the core wall ratio reduces the proportion of clove essential oil, allowing 
more efficient encapsulation within the ethyl cellulose, thereby enhancing the encapsulation and 
yield rates. Once the maximum encapsulation rate 67% is achieved, further reduction in the core 
wall ratio maintains a relatively constant encapsulation rate. However, excessive ethyl cellulose 
at this stage leads to an increase in empty CEOM, thereby reducing the yield rate. 
 

Mass fraction of emulsifier  
 

The impact of the mass fraction of emulsifier on both the encapsulation efficiency and yield rate 
are demonstrated in Figure 6c. As the emulsifier mass fraction rises, there is an initial upsurge 
followed by a stabilization in encapsulation efficiency and yield rate. When the emulsifier mass 
fraction is low, the effectiveness of emulsification diminishes, resulting in poor dispersion of CEO 
within ethyl cellulose, leads CEO to a propensity for aggregation, consequently causing lower 
rates of encapsulation and reduced microcapsule yield. However, as the emulsifier mass fraction 
increases, the emulsification process improves, enhancing CEO dispersion capability and 
boosting both the encapsulation rate and microcapsule yield. Once the water and oil phases reach 
complete emulsification, further increases in the emulsifier mass fraction have minimal impact on 
the emulsification process, maintaining the encapsulation rate and yield of CEOM at a relatively 
steady level. 
 

Shear rate 
 

The correlation between shear rate, microcapsule encapsulation efficiency, and yield rate is 
depicted in Figure 6d. As the shear rate rises, CEOM's encapsulation efficiency and yield rate 
initially rise before declining. This pattern is attributed to the inadequate dispersion ability of the 
reaction system at low shear rates, resulting in an uneven mixture of water and oil phases and, 
subsequently, low encapsulation and yield rates. As the shear rate increases, the dispersion effect 
improves, leading to a more uniform blend of water and oil phases, thereby enhancing the 
encapsulation and yield rates. However, upon reaching peak encapsulation and yield rates at 78% 
and 89%, respectively, further escalation of the shear rate becomes unfavorable for the deposition 
of clove essential oil on ethyl cellulose, consequently causing a decrease in encapsulation and 
yield rates. 
 

Orthogonal array testing 
 

Based on the single factor experiment, an orthogonal test was conducted to optimize the 
encapsulation process, resulting in a more suitable encapsulation procedure determined through 
range analysis. Table 2 illustrates the intuitive analysis outcomes, with Ki and ki representing the 
average encapsulation efficiency and yield rate for factor level i within the respective columns. R 
and r denote the difference between the maximum and minimum mean values of the embedding 
rate and yield within the column, respectively. When evaluating the encapsulation rate as the 
benchmark, the order of influence of the four factors was determined to be core wall ratio > mass 
fraction of wall material > shear rate > emulsifier mass fraction. The most favorable combination 
identified was A2B2C1D2. Conversely, when yield was considered the primary index, the 
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influence order of the four factors changed, with the mass fraction of wall material being the most 
influential, followed by core wall ratio, shear rate, and emulsifier mass fraction. The optimal 
combination in this scenario was A2B2C3D2. 
 

 

Figure 6. Effects of various factors on the encapsulation efficiency (E.E.) and yield rate (Y. rate) 
of CEOM. a. Wall material mass fraction. b. Core wall ratio c. Mass fraction of 
emulsifier. d. Shear rate. 

Table 2. Intuitive analysis results of orthogonal tests. 

Serial number 
Factor levels Encapsulation 

efficiency 
(%) 

Yield rate 
(%) A B C D 

1 1 1 1 1 51.56 71.23 
2 1 2 2 2 71.08 78.75 
3 1 3 3 3 59.50 74.17 
4 2 1 2 3 57.55 83.69 
5 2 2 3 1 78.44 89.75 
6 2 3 1 2 69.28 86.48 
7 3 1 3 2 55.70 78.26 
8 3 2 1 3 75.10 80.31 
9 3 3 2 1 64.43 76.56 

Encapsulation 
efficiency 

K1 182.14 164.81 195.93 194.43   
K2 205.26 224.62 193.07 196.05   
K3 195.24 193.20 193.64 192.16   
R 23.12 59.81 2.863 3.89   

Yield rate 

k1 224.14 233.18 238.02 237.55   
k2 259.92 248.80 238.99 243.49   
k3 235.13 237.21 242.18 238.16   
r 35.78 15.63 4.17 5.96   
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Due to potential inaccuracies in the intuitive analysis, the results underwent further analysis 
via range analysis to identify the key factors influencing the encapsulation effect. These findings 
are presented in Table 3. The impact of the mass fraction of wall material and core wall ratio on 
encapsulation and yield was notably significant (p < 0.01). In contrast, the influence of the mass 
fraction of the emulsifier and shear rate was deemed insignificant (p > 0.05), aligning with the 
initial analysis. With a focus on the cost of preparing CEOM, the conditions denoted as 
A2B2C3D2 were deemed optimal. Specifically, these conditions entail a 3% mass fraction of wall 
material, a core wall ratio of 1.1:1.5, an 8% mass fraction of emulsifier, and a shear rate of 14000 
r/min. Under these parameters, the CEOM exhibited an encapsulation rate of 81.28% and a yield 
of 90.58%. Based on these parameters, an assessment of the CEOM's sustained-release behavior 
was conducted. 
 
Table 3. Range analysis results. 
 

Indicators Sources of variation 
Sum of the 
squares of 
deviation 

Degrees of 
freedom 

Mean 
square 

F P 

Encapsulation efficiency 

Wall material mass 
fraction 

268.761 2 134.380 84.908 <0.01 

Core wall ratio 1790.148 2 895.074 565.549 <0.01 
Mass fraction of 

emulsifier 
4.587 2 2.293 1.449 0.261 

Shear rate 7.626 2 3.813 2.409 0.118 
Error 28.488 18 1.583   

Summation 2099.609 26    
R2 = 0.980 

Yield rate 

Wall material mass 
fraction 

671.740 2 335.870 109.762 <0.01 

Core wall ratio 131.605 2 65.803 21.504 <0.01 
Mass fraction of 

emulsifier 
9.497 2 4.749 1.552 0.239 

Shear rate 21.428 2 10.714 3.501 0.052 
Error 55.080 18 3.060   

Summation 889.350 26    
R2 = 0.911 

 
Sustained release performance of CEOM 
 
CEOM' slow-release behavior was examined in various package condition simulants: water, 10% 
ethanol, 50% glycerin, and 3% acetic acid. Figure 7 illustrates that CEO released rapidly in all 
four mediums, reaching a high cumulative release amount of 95% within 12, 8, 5, and 9 hours, 
respectively. However, after reaching 95% release, the CEOM exhibited a notable slowdown in 
their release rate. The initial 36 hours have witnessed a faster release rate, followed by a gradual 
deceleration and stabilization. Notably, the release rates ranked from high to low were 50% 
ethanol, 10% ethanol, 3% acetic acid, and water, corresponding to maximum release amounts of 
99.32%, 89.21%, 86.16%, and 79.12%, respectively. This pattern was primarily attributed to the 
higher solubility of the microcapsule's wall and core materials in 50% ethanol than other mediums. 
These findings underscore the effectiveness of CEOM in efficiently moderating the release rate 
of CEO, thereby demonstrating their potential in controlled release applications. 
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Figure 7. The release profiles of the CEOM at 25 ℃ and 37 ℃ in different mediums (a) water, 

(b) 10% ethanol, (c) 50% glycerin and (d) 3% acetic acid. 
 

At 37 ℃, the CEOMs exhibited a quicker release rate across the four media than at 25 ℃. The 
time taken for CEO to reach 95% cumulative release was approximately 6, 4.5, 2.8, and 7.5 hours, 
respectively. This acceleration at 37 ℃ primarily stemmed from the increased mobility of both 
CEO and the CEOM, enhancing their diffusion speed and subsequently expediting the release 
rate. Nevertheless, the release CEOM remained slower than CEO. These findings emphasize the 
efficacy of CEOM in effectively decelerating the release rate of CEO at both 25 ℃ and 37 ℃, 
thereby facilitating controlled release in food packages. 

 

CONCLUSIONS 
 

The study aimed to optimise CEOM preparation parameters, since EO contained package 
currently represents an essential alternative to plastics in the frame of the circular economy. CEO 
was packed using ethyl cellulose, showing acceptable stability and antimicrobial potential [9, 10]. 
The optimised conditions are as follows: wall mass fraction of 3%, core-wall ratio of 1.1:1.5, 
emulsifier mass fraction of 8% and shear rate of 14000 r/min. At this condition, the encapsulation 
efficiency is 81.28%, the yield rate is 90.58%. Meanwhile, CEOM demonstrated reliable 
sustained-release performance in all four mediums at both 25 °C and 37 °C, effectively extending 
the antibacterial duration of CEO. In short, CEOM packaging is the potential candidate to 
substitute the traditional polyethene used for food packaging, where CEOM realise the slow 
release of CEO. More exhaustive studies for CEOM application in perishable foods, such as 
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fruitcakes, buns, cookies and cupcakes, and sensory evaluation will be planned in our future 
works. 
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