
 
International Journal of Advanced Research in Food Science and Agricultural Technology 3, Issue 1 (2024) 24-41 

 

24 
 

 

International Journal of Advanced 
Research in Food Science and Agricultural 

Technology   

  

Journal homepage:  
https://karyailham.com.my/index.php/fsat/index  

ISSN: 3030-556X 

 

Synergistic Effect of Different Amounts of Selenomethionine and 
Encapsulation of Vitamin E and Its Influence in Controlling Vitamin E 
Release 

 
Nurul Asmak Md Lazim1,*, Nozieana Khairuddin2, Ida Idayu Muhamad1,3 
 
1 Department of Bioprocess & Polymer Engineering, Faculty of Chemical and Energy Engineering, Universiti Teknologi Malaysia, 81310 Skudai, 

Johor, Malaysia 
2 Fakulti Kemanusiaan, Pengurusan dan Sains, Universiti Putra Malaysia Kampus Bintulu Sarawak, Jalan Nyabau, 97008 Bintulu, Sarawak, 

Malaysia 
3 IJN-UTM Cardiovascular Engineering Centre, V01 Department of Biomedical Engineering and Health Science, Faculty of Electrical Engineering, 

Universiti Teknologi Malaysia, 81310 Johor Bahru, Johor, Malaysia 
 

ARTICLE INFO ABSTRACT 

Article history: 
Received 27 June 2024 
Received in revised form 27 November 2024 
Accepted 19 December 2024 
Available online 31 December 2024 

The series homologues of tocopherols and tocotrienols that make up vitamin E vary in 
terms of methyl group location and number of bonds. The body uses vitamin E for 
several purposes. Unfortunately, vitamin E is unstable and will degrade quickly in 
water, absorb less readily and have a poor level of bioavailability when exposed to 
heat, light or air. Selenomethionine, the typical essential trace element form of 
selenium (Se) produced from animal products, has therefore been added to this study. 
Freeze-dried technique was used to prepare encapsulation of vitamin E with different 
amounts of selenomethionine. The effect of different amount of selenomethionine on 
physicochemical properties and vitamin E release were investigated. The results reveal 
that when the amount of selenomethionine injected increases, the solubility of vitamin 
E increases, but the influence on particle size decreases. As a result, the particle 
dispersion followed the same patterns. After integrating selenomethionine, the 
encapsulation's zeta potential remains stable. The results of FT-IR and TEM research 
corroborate this. After adding different amounts of selenomethionine to the surface 
particles, the surface of the encapsulation was smooth with periforous structure, 
indicating that the air bubble created after freeze-drying process was impacted by the 
addition of selenomethionine to the surface particles. Furthermore, the release 
analysis reveals that the formulation with 0.03 % selenomethionine enhances vitamin 
E release in simulated intestinal fluid (SIF) better than in simulated gastric fluid (SGF) 
model, which is consistent with a prior study. It was concluded that adding varying 
amounts of selenomethionine varied the encapsulation and vitamin E release 
characteristics. In conclusion, the formulation with 0.03 % selenomethionine is 
consistent in terms of encapsulation stability and release performance.  
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1. Introduction 
 

Vitamin E is made up of several homologues of tocopherols and tocotrienols (α, β, δ and λ) that 
differ in bonding and methyl group locations [1-4]. Vitamin E plays a role in the lipid phase of food 
preservation and as a dietary supplement for health benefits [1,5]. Vitamin E inhibits cholesterol 
formation, protects against oxidative stress and is resistant to UV-induced damage (immunology) and 
certain malignancies, according to its physiological and pharmacological activities [5-8]. When not 
esterified, it has the capacity to break the creation of harmful free radicals by transferring phenolic 
H and electrons [1,9]. Vitamin E, on the other hand, is susceptible to oxygen, heat and light, which 
causes it to degrade faster, have a lower solubility in water and have limited absorption and 
bioavailability [1,5,10]. Selenomethionine, the most common essential trace element form of 
selenium (Se) obtained from animal sources, was used to make an attempt [11-14]. 
Selenomethionine has a higher water solubility, is easier to absorb and is highly accessible in the 
human body [15]. Selenomethionine, like selenium, requires patience through the usage of proteins, 
polyphenols, polysaccharides, melatonin, ATP and monosaccharides [16]. 

Furthermore, maltodextrin is a carbohydrate produced from starch that has long been utilized in 
the food sector to preserve and protect volatile chemicals. Maltodextrin can also be used to stabilize 
emulsions. Maltodextrins are only detected after partially hydrolyzing cornflour with acids or 
enzymes, and they have the potential to form a matrix that is necessary for wall material formation 
[17]. Aside from that, due to its odour, colour and tastelessness, maltodextrin is the ideal alternative 
for the major ingredient currently [18]. Protein-based materials, on the other hand, such as sodium 
caseinate, are often utilized in emulsions because of their capacity to act as an emulsifying agent. 
When the colloidal calcium phosphate (CCD) is removed from natural casein, individual casein 
proteins 1, 2 and 3 are produced. To boost their water solubility, caseins were transformed to sodium 
caseinate [17]. 

The use of encapsulation techniques in the pharmaceutical and food industries has recently 
gained widespread attention. Small particles of core materials are placed inside a wall material to 
form capsules in this technique [19]. Bioactive substances (polyphenols, micronutrients, enzymes, 
antioxidants and nutraceuticals) were encapsulated to prevent them from interacting with harsh 
environments and to control their release at specific locations. Encapsulation strategies were shown 
to modify physicochemical parameters such as particle size, size distribution, surface area, shape, 
solubility, efficiency and release mechanisms in general. It may also have an impact on product 
delivery [20]. 

In the meantime, the drying method was chosen to preserve or reduce the amount of food items 
required. The freeze-dried method was employed to encapsulate vitamin E in this investigation. 
According to Farias et al., [1], freeze-drying has the ability to enhance the shelf life of items. This is 
owing to the fact that the freeze-drying process was carried out without the use of air and at a lower 
temperature. The lack of air in the processing will minimize product degradation owing to reduced 
oxygen interaction (lower oxidation), which will lessen chemical modification while keeping the 
product intact with a restricted amount of free oxygen throughout preparation. Lower temperatures, 
on the other hand, will aid in the preservation of the product's structure, texture, appearance and/or 
flavour. High temperatures will cause products to lose their function, especially for bioactive 
substances that are sensitive to heat, such as vitamin E. Other drying procedures, such as spray 
drying, may necessitate air at a high temperature (170-190 °C), causing initial oxidation of the oil and 
reducing the yield of the powdered product as a result of product deposition in considerable amounts 
on the outlet pipe and chamber wall during processing [21]. As a result, it may require a significant 
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number of samples during preparation, which will presumably affect the cost and efficiency of the 
entire process. 

The effect of varying amounts of selenomethionine added was investigated in this study. Our 
prior study's condition for preparing encapsulation was changed, and a full analysis was also 
provided. The freeze-drying process was used to encapsulate vitamin E with maltodextrin, sodium 
caseinate and various quantities of selenomethionine. The reference was the control, which was 
done without the addition of selenomethionine. Each formulation was tested for water solubility, 
particle size, size distribution and zeta potential. Meanwhile, changes in their distribution, structure 
and morphology were observed using Fourier Transmission Infrared Spectroscopy (FT-IR), 
Transmission Electron Microscopy (TEM) and Variable Pressure Scanning Electron Microscopy 
(VPSEM). A release study of vitamin E in a simulated solution model was also carried out to see how 
the addition of selenomethionine affected vitamin E delivery. 
 
2. Methodology  
2.1 Materials and Reagents 

 
Sigma-Aldrich and Acros, respectively, provided maltodextrin (DE 13 - 17) and sodium caseinate. 

Calbiochem in the United States provided the L-selenomethionine. A local firm provided the vitamin 
E. (Super Vitamins Sdn. Bhd, Malaysia). The liquid vitamin E obtained was taken from local palm oil 
and contains 22.9 % tocopherol and 77.1 % tocotrienols, according to the report. Other compounds 
were utilised without further purification because they were analytical grade. 
 
2.2 Preparation of Vitamin E Encapsulation 

 
In a nutshell, the sample preparation conditions for encapsulated vitamin E were slightly altered 

[22]. In a mixture of 27.83 % maltodextrin, 9.28 % sodium caseinate and distilled water, an equivalent 
amount of vitamin E was added. S1, S3, S6, S9 and S12 were created by adding different amounts of 
selenomethionine (0.01, 0.03, 0.06, 0.09 and 0.12 %) to the final combination. Selenomethionine was 
not used in the preparation of the control sample. To homogenize the mixture, each formulation was 
gently stirred using a hotplate (IKA ® WERKE C-MAG HS 7, Germany). The final product was left to 
emulsify for 6 mins. To shorten freeze-drying time, the emulsified formulation was frozen for roughly 
24 h. To generate a dried sample, the solidified mixture was freeze-dried for 5 h at -41°C, 4 x 10-4 
mbar in a freeze-dryer (ALPHA 1 - 2 LD plus, CHRIST, Germany). The freeze-drying technique was used 
to create all six encapsulations. Emulsified samples were frozen first before evaporation in this 
method. Sublimation was applied to remove the water from the sample. The evaporation process 
then begin. The resulting moisture evaporated during this process, and the product naturally was 
encapsulated and form the pore on the surface particles. This porous structure was held in place by 
the solid network, leaving a void on the surface particles. The porous shape is thought to be caused 
by voids left by ice crystals or air bubbles during the freezing process [1]. The dried samples were 
gathered and ground into a powder. This powder sample was kept at -20 °C in zip-plastic in the dark 
sample vial until it was tested on the following day. 
 
2.3 Characterization of Vitamin E Encapsulation 
2.3.1 Water solubility of vitamin E encapsulation 

 
The solubility of vitamin E encapsulation in aqueous systems was measured using a modified 

version of [22-24]. The first 40 mg of sample powder was dissolved in distilled water with an 
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equivalent amount of 0.4 % w/v and gently swirled on a hotplate (IKA ® WERKE C-MAG HS 7, 
Germany) at 750 rpm until all solid samples were totally dissolved. According to the reference study, 
the final mixture is soluble if the average time for solubilization is less than 5 mins. The time taken 
for solubilization was measured in minutes in this investigation. 
 
2.3.2 Particle size, size distribution and zeta potential 

 
The first powder samples were combined after being dissolved in distilled water. To eliminate 

numerous scattering effects from distribution, the final mixture was sonicated for 10 mins. Following 
separation, an equal amount of 1mL of sample was pipetted out and put into a vial for particle size, 
distribution and stability characterization with the Malvern Zetasizer Nano-ZSP (UK). Mean diameter 
size, polydispersity index (PdI) and zeta potential were found as results. The particle dispersion was 
determined using the PdI, whereas the zeta potential value shows the stability of encapsulation in 
the solvent. All zetasizer conditions were reported to be at 25°C with a refractive index of 1.33. A 
small PdI value suggests a smaller size distribution, whereas a large PdI value indicates a bigger 
distribution. The zero number denotes a lower PdI value, while 1 denotes a higher PdI value [25]. 
Unwanted particles or non-formed materials were removed from a solution by the sonication process 
and settle to the bottom of the flask. The top suspension was discharged and the zeta analyzer was 
applied to measure the sample. 
 
2.3.3 FT-IR, TEM and VPSEM observation 

 
The first powder sample (with and without extra selenomethionine) was placed on the scanner 

with potassium bromide (KBr) and the final powder was scanned from the range of 4000 - 400 cm-1, 
respectively, for Fourier Transmission Infrared Spectroscopy (FT-IR) analysis (PerkinElmer). The 
resultant FT-IR spectra were recorded and grafted. Swiping with wet tissue soaked in methanol gently 
removed the used sample from the scanner [26]. 

A High Resolution-Transmission Electron Microscope 120 Kv was used to conduct the TEM study 
(HR-TEM 120Kv, HT7700 Hitachi, Japan). In distilled water, an equal amount of 5 mg powder sample 
(with and without selenomethionine) was dissolved. To remove undesirable particles, the mixture 
was sonicated for 15 mins. An equal volume of 10 uL liquid sample was pipetted out of the final 
combination and dried on the grid. HR-TEM accelerated at 80 Kv was used to observe the 
encapsulation image [26]. 

In a raster scan pattern, Variable Pressure Scanning Electron Microscopy (VPSEM, HITACHI, S-
3400N, Japan) scans the sample surface with variable pressure (- 10 to 3000 Pa) and a higher-energy 
electron beam than regular SEM. The usage of electron emitters increased the output of tungsten 
filament by 10 - 20000 times. The detectors will generate the specimen's image [27]. About 5 mg of 
powder sample was carefully placed on the carbon tape, with great care used to avoid any sample 
surface damage. Before applying the gold coating, the tape was applied on the iron. The gold was 
thoroughly coated for about 20 mins before the samples were placed on the detector to observe 
morphology [26]. 
 
2.4 Release Study of Vitamin E in Model Simulated Gastrointestinal Tract (GIT) 

 
Different pH values were used to create a simulated GIT model, including 1.2 for the stomach and 

7.4 for the intestines, respectively. With minor modifications, the approach employed in this 
investigation was based on [22,28]. 
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Gastric stage: By dissolving an equal amount of 0.2 % NaCI in 36.5 % HCI, simulated gastric fluid 
(SGF) was created. HCI was used to modify the pH of the resultant solution to 1.2. In a 25 mL 
simulated fluids model, the initial 150 mg of encapsulation powder was applied. The samples were 
shaken at 37 °C with a total speed of 100 rpm in a shaker incubator. The samples will be collected 
and separated using a centrifuge (MED. Instrument Centrifuge MPW-352) at 2500 rpm for 15 mins 
for each time interval (30 mins). The discharged sample was replaced with the same amount of 
simulated fluid. At 285 nm, the samples were analyzed using a UV-Vis spectrophotometer (Jenway, 
UK). 

Small intestine stage: 0.6 g of KH2PO4 and 3.5 g of K2HPO4 were homogenized to create simulated 
intestinal fluid. To achieve a pH of 7.4, the solution was adjusted using NaOH. For the small intestine 
stage, the same procedure was used as for the gastric stage. No digestive enzymes were used in any 
of the simulations. The following Eq. (1) was used to compute vitamin E release: 
 
Cumulative release = Mt/Ma X 100                                  (1) 
 
Where, Mt denotes the quantity of vitamin E released from encapsulation into simulated solution 
(SGF and SIF) over time, t, and Ma denotes the amount of vitamin E initially encapsulated in the 
encapsulation. Before dissolving in simulated solution, the amount of vitamin E encapsulation (Ma) 
was determined by treating it with 100 % ethanol and reading it using a spectrophotometer (SGF and 
SIF). After then, a standard curve was created. The proportion of vitamin E may be calculated using 
the equation. 
 
2.4.1 Kinetic model determination 

 
The graph for determining kinetic release as log cumulative percentage drug release vs log time 

was plotted using Korsmeyer models [29]. The Eq. (2) is as follows: 
 
log Mt/M∞ = k (log t)n                                    (2) 
 
Where, log Mt/M∞ stands for log cumulative percentage drug release, and log t stands for log time. 
The release rate constant is denoted by "k," and the release exponent is denoted by "n." The 'n' value 
was used to characterize the release mechanism, with n = 0.5 indicating Fickian diffusion, 0.45 n = 
0.89 indicating Non-Fickian drug transport, n = 0.89 indicating Case II (relacational) drug transport 
and 'n' greater than 0.89 indicating Super case II transport [29]. 

Higuchi's model was stated as cumulative percentage drug release versus square root of time, 
with the Eq. (3) as follows: 
 
ft = Q = kH (√t)                                                  (3) 
 
Where, "√t" is the square root of time and "kH" is the Higuchi dissolution constant. 

Qt = k0t for the graph of cumulative amount of drug released vs time and log C = log C0 – kt/2.303 
for the graph of log cumulative percentage of drug remaining versus time are the release kinetics 
equations for the zero and first order models, respectively [29]. 
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2.5 Statistical Analysis 
 

Each sample had at least three repetitions of each experiment, and the results were presented 
as an average and standard deviation. Duncan's multiple range test (DMRT) with a significance level 
of R = 0.05 was used to calculate the significant difference for each associated finding using ANOVA 
SPSS v16. 
 
3. Results and discussion 
3.1 Water Solubility for Vitamin E Encapsulation 
 

Water solubility test is the saturation concentration of a solute dissolved in water [22,30]. The 
results for water solubility in this study were summarized in Table 1. The average time for each 
formulation to solubilize was less than 5 mins. It agrees with the findings of a study from [22-24], 
which showed that the microcapsules were totally solubilized if the solubilization period was less 
than 5 mins. In comparison to the control sample, the selenomethionine-added sample had a greater 
solubility. It can be seen in Table 1. The solubility of vitamin E was considerably affected (p < 0.05) 
when varied quantities of selenomethionine were applied. In comparison to the others, sample S12 
was significantly soluble in water. This is due to the high amount of selenomethionine supplied, which 
raises the solute saturation and lowers the hydrophobicity of vitamin E in water [31]. However, 
changing the sample preparation condition, on the other hand, had no effect on the solubility of 
vitamin E in water. 
 
Table 1 
The characteristic of control and other five formulations 
Sample Amount of selenomethionine 

(%) 
Water solubility 
(min)1 

Particle size 
(µm)2 

Polydispersity index 
(PdI)3 

Zeta potential 
(mV)4 

Control - 1.36 ± 0.04f 0.23 ± 0.01a 0.45 ± 0.12a -58.0 ± 2.89a 
S1 0.01 1.02 ± 0.01e 0.53 ± 0.42a 0.64 ± 0.17abc -56.4 ± 3.96ab 
S3 0.03 0.56 ± 0.02d 0.30 ± 0.03a 0.52 ± 0.13ab -39.3 ± 1.49d 
S6 0.06 0.47 ± 0.01c 0.87 ± 0.64a 0.88 ± 0.21c -50.8 ± 1.40c 
S9 0.09 0.34 ± 0.02b 0.56 ± 0.19a 0.80 ± 0.11bc -53.0 ± 1.40bc 
S12 0.12 0.24 ± 0.03a 0.68 ± 0.12a 0.82 ± 0.21bc -57.1 ± 1.93ab 
Note: 1abcdefMeans with different superscripts within a column were significantly different (p < 0.05, n=3). 2aMeans with 
same superscripts within a column were not significantly different [p > 0.05, n=3). 3abcMeans with different superscripts 
within a column were significantly different [p < 0.05, n=3). 4abcdMeans with different superscripts within a column were 
significantly different [p < 0.05, n=3). S1-S12 indicate the sample tested with the different amount of selenomethionine 
(0.01, 0.03, 0.06, 0.09 and 0.12 %, respectively) 
 
3.2 Particle Size, Polydispersity Index (PdI) and Zeta (ξ) Potential 
 

Table 1 presents the findings of the zetasizer analysis obtained from this study. From the table, 
the average particle size for all formulations was less than 1.0 m, with sample S3 having the smallest 
particle size among the other samples (S1, S6, S9 and S12). In comparison to other formulations, 
sample S3 has a sufficient amount of selenomethionine covering the core material in encapsulation. 
When the droplets formed smaller, only a small portion of the surface will be covered. However, 
Donsì et al., [32] found that the encapsulation was prone to coalescence to create the larger particle 
until all the surfaces were entirely covered. It is possible that this is connected to other samples (S1, 
S6, S9 and S12). The addition of different amounts of selenomethionine, on the other hand, had a 
less significant (p > 0.05) effect on the size obtained in this study. Particle size reduction would aid in 
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improving the dissolving rate of core material and increasing the drug's bioavailability in the body 
[33]. The surface-to-volume ratio of a product can be increased by reducing particle size to the nano 
level. As a result, the material activity is changed as mechanical, electrical and optical properties 
change [20]. 

In the case of particle dispersion, Table 1 shows that sample S3 distributes the best, followed by 
other formulations (S1, S9, S12 and S6). It has similar pattern to the results in particle size. 
Nonetheless, the addition of different amounts of selenomethionine had a substantial (p < 0.05) 
effect on particle distribution in this study. The study concludes that particle dispersion influenced 
the self-ability of microcapsules to dissolve in water, resulting in improved sample dissolution in the 
body. It agrees with Holowka and Bhatia's work [34], which classified PdI ranges into three categories. 
The first category was below 1.0, which resulted in complete molecular weight uniformity, while the 
second category was between 1.0 and 1.5, which represented statistically uniform polymers, and the 
third category was over 2.0. This category includes polymers that are statistically dispersed and have 
complex chemistry in relation to human physiology. The results in Table 1 fall into the first category, 
indicating that the particle in the solution is totally uniform. 

In term of zeta analyser, formulation S3 has a lower zeta potential value as compared to other 
formulations (S6, S9, S1 and S12). All formulations contain a moderately negative charge (-50 to -
58mV), except for formulation S3, which is less than -50mV (Table 1). The formulation was stabilized 
by steric repulsion (negative-negative charge between wall materials) rather than electrostatic 
repulsion, most likely due to deprotonation of the ammonium group (NH3) at pH values higher than 
their pKa values, which explains the ability to form thick hydrophilic layers around the droplets [2]. 
In contrast, protonation of carboxylic groups on the polysaccharide resulted in a reduction in negative 
charge in formulation S3 (-COO-). However, it was hypothesized in this study that the lower charge 
value for formulation S3 (below -50mV) was due to their small particle size (0.30 ± 0.03a) and 
distribution (0.52 ± 0.13ab). As a result, this investigation discovered that differing quantities of 
selenomethionine have a substantial (p < 0.05) effect on the formulation's electrical charge. 
 
3.3 Fourier Transmission Infrared Spectroscopy (FT-IR) 
 

The chemical structure [16] of vitamin E encapsulation was determined using FT-IR. Figure 1 
depicts the results obtained from this study. In general, it has been seen that some wavelengths have 
vanished and others have shifted forwards or backwards. Other wavelengths remained constant 
across all formulations. Stretching vibrations of a single bond, either C-C, C-N, or –CH2- of four or 
more methylene groups from encapsulation, are represented by the peak from 603 - 1016 cm-1, 
whereas stretching vibrations of the C-O bond are represented by the peak from 1078 - 1149 cm-1. 
The bending vibration of –OH, which contains the phenolic hydroxyl group from encapsulation, can 
be detected at the peak 1244 - 1498 cm-1, while the bending vibration of –NH, which contains the 
benzene ring, can be found at the peak 1514 - 1641 cm-1. Stretching vibration of double or triple bond 
of C=O from encapsulation is responsible for the peak between 1720 and 2112 cm-1, whereas 
stretching vibration of –CH of methyl group and C-C bond is responsible for the peak between 2924 
and 2926 cm-1. The –OH and –NH stretching vibrations of intermolecular hydrogen bonds from 
encapsulation may be observed at the peak 3280 – 3564 cm-1, respectively [5,16]. From these 
findings, vitamin E was successfully encapsulated in the encapsulants and remained stable after being 
mixed with various concentrations of selenomethionine. The structure demonstrates that 
selenomethionine was efficiently combined with other encapsulants, and that the addition of 
selenomethionine had no effect on the stability of the encapsulant's chemical properties, preserving 
the encapsulation's chemical qualities. 
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Fig. 1. FTIR spectra for encapsulation of vitamin E 
Note: S1-S12 indicate the sample tested with the different amount 
of selenomethionine (0.01, 0.03, 0.06, 0.09 and 0.12 %, respectively), 
meanwhile, ‘C’ represents the control sample 

 
3.4 Transmission Electron Microscopy (TEM) 
 

The distribution of vitamin E in the capsule was studied using TEM [16]. The image obtained from 
TEM examination is shown in Figure 2. When compared to the control and other formulations, it can 
be shown that formulation S12 was entirely aggregated. However, when compared to the others, 
formulation S3 appeared to be the most spherical. This is due to the significant amount of 
selenomethionine incorporated in the formulation, which results in a high wall material strength 
against pH solvent, resulting in very good distribution when compared to the others (instead of their 
size, distribution and charge characteristic). In comparison to other formulations, the thick layer of 
wall material obtained for formulation S3 can be confirmed from Figure 2. According to a study [5], 
the image of vitamin E encapsulation revealed that the capsule with more layers has radiopaque 
qualities as a result of the thick layer of the capsule. Because the TEM instrument's radiation may not 
be able to pass through the wall material, the image will be darker than the shell capsule. 

 

  

  
A. Single image (Magnification 150 k, 50 nm) 

Part I Part II Part III Part IV 

Control 

S9 S6 S12 

S1 S3 
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B. Overall (Magnification 120 k, 50 nm) 

Fig. 2. TEM image for encapsulation of vitamin E with and without 
selenomethionine 
Note: S1-S12 indicate the sample tested with the different amount of selenomethionine 
(0.01, 0.03, 0.06, 0.09 and 0.12 %, respectively) 

 
3.5 Variable Pressure Scanning Electron Microscopy (VPSEM) 
 

VPSEM images revealed the image of surface morphology for vitamin E encapsulation (Figure 3). 
For all formulations, the magnification was set to 1000 x and the image was resolved at a diameter 
of 50 m. The working distance (WD) to spot the image was similarly different, ranging from 10.9 - 
11.9 mm. The image for surface morphology for the control sample was uneven, reasonably smooth 
and fragile, whereas the formulation with selenomethionine has a poriferous structure, as seen in 
Figure 3. Farias et al., [1] observed the creation of pores caused by cavities left by the ice crystals or 
air bubbles during the freeze-drying process. The number of pores on the surface rose and became 
smaller from control to formulation S12, as seen in the image (as the amount of selenomethionine 
increases). This is due to the addition of various amounts of selenomethionine, which will cover some 
surface area, reducing the space generation for ice crystals or air bubbles, resulting in pore size 
reduction and an increase in pore number. The saturation solubility and dissolving rate of a 
medication can be improved by reducing particle size and pore size, which increases the drug's 
bioavailability in the body [33]. Because of changes in mechanical, electrical and optical properties, 
reducing particle size increases the surface-to-volume ratio, which increases reactivity [20]. As a 
result, it may aid in increasing vitamin E levels in the body. Furthermore, their morphology was critical 
in determining release patterns since it controlled vitamin E release and distribution from 
encapsulation to the GIT. 
 

  

S12 S9 S6 

S3 S1 Control 

C S1 
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Fig. 3. VPSEM image for encapsulation of vitamin E 

Note: S1-S12 indicate the sample tested with the different amount of 
selenomethionine (0.01, 0.03, 0.06, 0.09 and 0.12 %, respectively), meanwhile, 
‘C’ represents the control sample, the circle is referred to void formation and the 
dark color from the void is vitamin E 

 
3.6 Release Study 
3.6.1 In simulated gastric fluid (SGF) at pH 1.2 
 

Figure 4 shows the percentage of vitamin E released into SGF models at pH 1.2. After being 
exposed to an acidic solution for 3 h, approximately 0 - 68 % of vitamin E was released from the 
capsule. After 90 mins in the acidic solution, all formulations showed an increase in vitamin E release. 
After 120 mins in solution, the release of vitamin E was gradually reduced for samples S9 (58 %) and 
S12 (51 %) while other formulations remained increased after 180 mins in SGF solution, with the 
exception of sample S3, which declined to 50 % at t = 180 mins. The encapsulation's resistance to 
acidic solution is demonstrated by the reduced vitamin E release. The decrease in drug dissolution 
rate is most likely owing to the stability of chemical bonding between organic groups and the oxide 
network, which leads to structural flexibility due to altered chemical reactivity and a reduction in 
cross-linking [35]. Furthermore, past research has suggested that the pH solution may affect the 
release performance of bioactive substances. The protonation of the carboxyl group to generate -
COOH occurred in an acidic pH solution. More steric repulsive energy was produced in this situation 
[36]. As a result, more vitamin E is released into the solution. According to El-Rahman and Al-Jameel 
[33], lowering particle size helps to improve the dissolution rate of core material, which appears to 
boost the drug's bioavailability in the body. Instead of having a moderate outcome that was generally 
acceptable compared to others, sample S3 looked to have a decent release in SGF solution because 
their attributes were better than others. In SGF solution, the greatest rate of vitamin E release for 
sample S3 is just 52 percent every 150 mins. According to the study [28], the goal for multifunctional 
nanocapsules for drug delivery systems is for the encapsulants to be able to keep the core materials 
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resistant to strong acidic conditions while preserving their effectiveness against acid-damaged 
components. 

 

 
Fig. 4. Vitamin E release in simulated gastric fluid (SGF) at pH 1.2 

Note: S1-S12 indicate the sample tested with the different amount of selenomethionine (0.01, 
0.03, 0.06, 0.09 and 0.12 %, respectively), meanwhile, ‘C’ represents the control sample. a,b,c,dp 
> 0.05, not significant 

 
The chemical reaction of release's mechanism is proposed. The carboxyl group (COO-) from 

maltodextrin, sodium caseinate and selenomethionine protonated hydrogen ion (H+) from solution 
to create carboxylic acid week acids (COOH). Hydrogen ions (H+) were used to simulate the acidic 
state of this study. Other groups and atoms on the back chain of hydrocarbons, such as carbon (C), 
ammonium (NH3) and hydrogen (H), could not react to hydrogen ion (H+) from acidic solution because 
there was no unpaired electron or free electrophile that hydrogen ion (H+) could attack to create a 
stable hydrogen bond. The functional group connected to the back chain alters the chemical 
characteristics of hydrocarbons, causing them to become polar molecules that dissolve in water. The 
carboxyl group (R-COO-) was shown to be the functional group for weak acids in this study, and this 
group will combine with free hydrogen ions (H+) from acidic solution to generate a full carboxylic acid 
(COOH) [37] (Figure 5). 
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Selenomethionine 
 

Fig. 5. The conversation of molecular form of materials inside stomach 
 

The data collected from in vitro release is applied to kinetic testing to determine the order of the 
drug transport mechanism in a kinetic analysis. Table 2 summarizes the outcomes collected. Table 2 
shows that the plot for Peppa's model is fairly linear in comparison to others. This is supported by 
their regression coefficient, which is close to one. The obtained slope ('n') is in the range of 0.45 < n 
= 0.89, indicating that the medication was released by a Non-Fickian transport (anomalous) 
mechanism [38]. 
 
3.6.2 In simulated intestinal fluid (SIF) at pH 7.4 
 

After dissolving each encapsulation powder in SIF at pH 7.4, the profile of vitamin E release from 
each encapsulation powder is shown in Figure 6. This data shows that the proportion of vitamin E 
released in alkaline solution is higher than in acidic solution, as the release ranges from 88 - 99 % 
after 30 mins. Aside from that, after 3 h in alkaline solution, the release of all formulations gradually 
decreased. After 5 mins in solution, sample S3 released 62 % of more vitamin E than sample S12 (56 
%), sample S6 (48 %), sample S1 (44 %) and sample S9 (42 %). After 30 mins in the solution, the release 
of vitamin E was gradually increased for all formulations. Except for formulation S9, which increased 
significantly at t = 180 mins, but vitamin E release from all formulations gradually reduced after 180 
mins in the solution. After 180 mins in an alkaline solution, the encapsulation becomes unstable. 
According to Fennema [36], if partial hydrolysis of peptide bonds occurs, the formulation may clump 

+ H+ 
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together. Acosta [39] investigated the relationship between particle size, bioavailability and solubility 
of bioactive substances in intestinal fluid and discovered that tiny particle size boosted absorption, 
bioavailability and solubility considerably. 
 
Table 2 
Kinetic model for vitamin E release in SGF and SIF 
Sample SGF SIF 

Peppas kinetic 
data 

Zero 
order 
kinetic 
data 

First 
order 
kinetic 
data 

Higuchi 
order 
kinetic 
data 

Peppas kinetic 
data 

Zero 
order 
kinetic 
data 

First 
order 
kinetic 
data 

Higuchi 
order 
kinetic 
data 

Regressi
on 
coefficie
nt (r) 

Slope 
‘n’ 

Regressi
on 
coefficie
nt (r) 

Regressi
on 
coefficie
nt (r) 

Regressi
on 
coefficie
nt (r) 

Regressi
on 
coefficie
nt (r) 

Slope 
‘n’ 

Regressi
on 
coefficie
nt (r) 

Regressi
on 
coefficie
nt (r) 

Regressi
on 
coefficie
nt (r) 

C 0.9805 0.776

6 

0.8552 0.8962 0.9892 0.9892 -

0.139

0 

0.9525 0.8895 0.9892 

S1 0.9880 0.795

7 

0.9155 0.9667 0.9332 0.9332 -

0.157

7 

0.9883 0.9150 0.9855 

S3 0.9540 0.782

3 

0.7439 0.7902 0.9458 0.9458 -

0.143

2 

0.9941 0.9460 0.9944 

S6 0.9597 0.756

1 

0.7824 0.8320 0.9853 0.9853 -

0.143

0 

0.9559 0.8195 0.9899 

S9 0.9194 0.814

0 

0.6007 0.6034 0.8495 0.8495 -

0.140

5 

0.7781 0.7230 0.8379 

S12 0.9645 0.795

4 

0.7746 0.8000 0.9697 0.9697 -

0.161

4 

0.9687 0.8580 0.9914 

Note: S1-S12 indicate the sample tested with the different amount of selenomethionine (0.01, 0.03, 0.06, 0.09 and 0.12 
%, respectively), meanwhile ‘C’ represents control sample 
  

Furthermore, earlier research has shown that at alkaline pH, the NH3 group is deprotonated to 
generate NH2, resulting in increased steric repulsion. As a result, the protein molecule swells and 
unfolds [36]. Aside from that, it was linked to the charge interaction on the surface, as well as the 
number of pores and their size. As a result, the vitamin E capsule will progressively dissolve into the 
SIF solution. However, an ANOVA test found that varying concentrations of selenomethionine had a 
less significant (p > 0.05) effect on vitamin E release in alkaline solution, particularly in the initial 
release (5 mins), but have a substantial effect on release after 5 mins in solution. To the best of the 
authors' knowledge, no research has been done on the interaction of vitamin E release and increasing 
the amount of selenomethionine added, but the study expects that other factors, such as the ratio 
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of core material to wall, particle size, distribution, charge, encapsulation efficiency (EE) and pore 
structure, will influence vitamin E release. 

According to Figure 7, the ammonium group (NH3) from the structure selenomethionine will 
deprotonate hydrogen ion (-H+) from the structure to generate a weak base of ammonium group in 
alkaline solution (NH2). The alkaline condition of the human small intestine was represented by the 
hydroxyl group (OH-). Maltodextrin and sodium caseinate, for example, will not react with hydroxyl 
groups (OH-) from alkaline solution because their charges do not interact (no positively charged 
structure to be attacked by negatively charged hydroxyl group (OH-) [37]. As a result, both structures 
were given the label "no reaction," meaning that the molecular structure and the hydroxyl group 
(OH-) from alkaline solution have no interaction. 

According to Table 2, all plots for all models are found to be fairly linear. The study discovered 
that vitamin E release in SIF was better matched to the Higuchi model than other models based on 
R2 values. Their R2 is similarly close to one. Despite the fact that the R2 value for the peppas model is 
nearly same, the 'n' slope for this model is extremely low. It demonstrates that the process of vitamin 
E release does not correspond to Peppa's model. The Higuchi model was widely used for modified 
release of pharmacological dosage forms with pores structure, according to [29]. As a result, the 
Higuchi order model is the best fit for vitamin E release %. 

 

 
Fig. 6. Vitamin E release in simulated intestinal fluid (SIF) at pH 7.4 

Note: S1-S12 indicate the sample tested with the different amount of 
selenomethionine (0.01, 0.03, 0.06, 0.09 and 0.12 %, respectively), meanwhile, ‘C’ 
represents the control sample. Means with same supersricpts within a column were 
not significantly different (p > 0.05, n=3) 
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Fig. 7. The conversation of molecular form of materials inside small intestine 
 

4. Conclusions 
 

Using the freeze-drying process, vitamin E was successfully encapsulated in various quantities of 
selenomethionine. Vitamin E solubility in aqueous systems has been improved. The amount of 
selenomethionine in the encapsulation had no effect on the size of the particles produced. The 
amount of selenomethionine impacting the encapsulation was confirmed by the distribution and zeta 
potential value, however the encapsulation was steady. The addition of selenomethionine was able 
to maintain the stability of encapsulation, according to FT-IR spectra, while TEM images showed the 
encapsulation was stable against aggregation after varied amounts of selenomethionine were added. 
VPSEM images on the other hand, revealed a smooth, fragile morphological surface with a periforous 
structure that will aid in the release of vitamin E into the solution model. The release of vitamin E 
was improved after adding 0.03 % selenomethionine, according to a release study. According to the 
findings, encapsulating vitamin E with 0.03 % selenomethionine increased vitamin E delivery in 

+ OH- 

+ OH- 

+ OH- 
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simulated intestinal fluid, but decreased release in the simulated gastric fluid model. It demonstrates 
that adding 0.03 % selenomethionine to a mild alkaline diet will help with vitamin E release while also 
protecting against acidic circumstances. 
 
Acknowledgement 
The authors gratefully acknowledge the Ministry of Higher Education (MOHE), Universiti Teknologi 
Malaysia (UTM), Faculty of Chemical and Energy Engineering (FCEE), Food and Biomaterial 
Engineering Research Group (FoBERG), Research grant (R.J130000.7846.4F726), Zamalah UTM and 
Pusat Pengurusan Zakat Daerah Besut for financial support, lab space, and helpful comments during 
this study. The authors would like to express their gratitude to the Material Science Lab, School of 
Mechanical Engineering, and the University Industrial Research Laboratory (UIRL) for their assistance 
in analysing the sample. 
 
References 
[1] Farias, Melina Campagnaro, Miriam Leite Moura, Leonardo Andrade, and Maria Helena Miguez Rocha Leão. 

"Encapsulation of the alpha-tocopherol in a glassy food model matrix." Materials Research 10 (2007): 57-62. 
https://doi.org/10.1590/S1516-14392007000100013  

[2] Ozturk, Bengu, Sanem Argin, Mustafa Ozilgen, and David Julian McClements. "Formation and stabilization of 
nanoemulsion-based vitamin E delivery systems using natural surfactants: Quillaja saponin and lecithin." Journal 
of Food Engineering 142 (2014): 57-63. https://doi.org/10.1016/j.jfoodeng.2014.06.015  

[3] Ungurianu, Anca, Anca Zanfirescu, Georgiana Nițulescu, and Denisa Margină. "Vitamin E beyond its antioxidant 
label." Antioxidants 10, no. 5 (2021): 634. https://doi.org/10.3390/antiox10050634  

[4] Galli, Francesco, Mario Bonomini, Desirée Bartolini, Linda Zatini, Gianpaolo Reboldi, Giada Marcantonini, Giorgio 
Gentile, Vittorio Sirolli, and Natalia Di Pietro. "Vitamin E (alpha-tocopherol) metabolism and nutrition in chronic 
kidney disease." Antioxidants 11, no. 5 (2022): 989. https://doi.org/10.3390/antiox11050989  

[5] Zhao, Bin, Su-Yin Tham, Jia Lu, Mui Hoon Lai, Lionel KH Lee, and Shabbir M. Moochhala. "Simultaneous 
determination of vitamins C, E and β-carotene in human plasma by high-performance liquid chromatography with 
photodiode-array detection." J Pharm Pharm Sci 7, no. 2 (2004): 200-4. 

[6] Lau, Harrison Lik Nang, Yuen May Choo, Ah Ngan Ma, and Cheng Hock Chuah. "Selective extraction of palm 
carotene and vitamin E from fresh palm-pressed mesocarp fiber (Elaeis guineensis) using supercritical 
CO2." Journal of Food Engineering 84, no. 2 (2008): 289-296. https://doi.org/10.1016/j.jfoodeng.2007.05.018  

[7] Mangione, Carol M., Michael J. Barry, Wanda K. Nicholson, Michael Cabana, David Chelmow, Tumaini Rucker 
Coker, Esa M. Davis et al. "Vitamin, mineral, and multivitamin supplementation to prevent cardiovascular disease 
and cancer: US preventive services task force recommendation statement." JAmA 327, no. 23 (2022): 2326-2333. 
https://doi.org/10.1001/jama.2022.8970  

[8] Md Amin, Nur Amira, Siti Hamimah Sheikh Abdul Kadir, Akmal Hisyam Arshad, Norhaslinda Abdul Aziz, Nurul 
Alimah Abdul Nasir, and Normala Ab Latip. "Are vitamin e supplementation beneficial for female gynaecology 
health and diseases?." Molecules 27, no. 6 (2022): 1896. https://doi.org/10.3390/molecules27061896 

[9] Hercberg, Serge, Pilar Galan, Paul Preziosi, Maria-Jose Alfarez, and Clotilde Vazquez. "The potential role of 
antioxidant vitamins in preventing cardiovascular diseases and cancers." Nutrition 14, no. 6 (1998): 513-520. 
https://doi.org/10.1016/S0899-9007(98)00040-9  

[10] Yang, Ying, and David Julian McClements. "Vitamin E bioaccessibility: Influence of carrier oil type on digestion and 
release of emulsified α-tocopherol acetate." Food Chemistry 141, no. 1 (2013): 473-481. 
https://doi.org/10.1016/j.foodchem.2013.03.033  

[11] Stahl, Wilhelm, Henk Van Den Berg, John Arthur, Aalt Bast, Jack Dainty, Richard M. Faulks, Christine Gärtner et al. 
"Bioavailability and metabolism." Molecular aspects of medicine 23, no. 1-3 (2002): 39-100. 
https://doi.org/10.1016/S0098-2997(02)00016-X  

[12] Nasim, Muhammad Jawad, Mhd Mouayad Zuraik, Ahmad Yaman Abdin, Yannick Ney, and Claus Jacob. 
"Selenomethionine: A pink trojan redox horse with implications in aging and various age-related 
diseases." Antioxidants 10, no. 6 (2021): 882. https://doi.org/10.3390/antiox10060882  

[13] Wang, Chuan-long, Guan-Zhong Xing, Li-Sai Wang, Su-Fen Li, Li-Yang Zhang, L. U. Lin, Xu-Gang Luo, and Xiu-Dong 
Liao. "Effects of selenium source and level on growth performance, antioxidative ability and meat quality of 
broilers." Journal of Integrative Agriculture 20, no. 1 (2021): 227-235. https://doi.org/10.1016/S2095-
3119(20)63432-3  



International Journal of Advanced Research in Food Science and Agricultural Technology 
Volume 3, Issue 1 (2024) 24-41 

 

40 
 

[14] Dhayagude, Akshay C., Anil K. Debnath, Satyawati S. Joshi, Sudhir Kapoor, and Nandita Maiti. "Adsorption of L-
selenomethionine and L-selenocystine on the Surface of Silver Nanoparticles: A Spectroscopic Study." Nano 
Select 2, no. 1 (2021): 47-60. https://doi.org/10.1002/nano.202000061  

[15] Edens, FRANK W. "Practical applications for selenomethionine: broiler breeder reproduction." (2002): 29-42. 
[16] Zhang, Chunyue, Xiaona Zhai, Guanghua Zhao, Fazheng Ren, and Xiaojing Leng. "Synthesis, characterization, and 

controlled release of selenium nanoparticles stabilized by chitosan of different molecular weights." Carbohydrate 
polymers 134 (2015): 158-166. https://doi.org/10.1016/j.carbpol.2015.07.065  

[17] Marichal, Mario Jesús Alayón. "Manipulating Sodium Caseinate Behaviour at the Interface: Applications for 
Concentrated Emulsion Formulation." PhD diss., Open Access Te Herenga Waka-Victoria University of Wellington, 
2014. 

[18] Tackenberg, Markus W., Andreas Marmann, Markus Thommes, Heike P. Schuchmann, and Peter Kleinebudde. 
"Orange terpenes, carvacrol and α-tocopherol encapsulated in maltodextrin and sucrose matrices via batch 
mixing." Journal of Food Engineering 135 (2014): 44-52. https://doi.org/10.1016/j.jfoodeng.2014.03.010  

[19] Huang, Elaine, Siew Young Quek, Nan Fu, Winston Duo Wu, and Xiao Dong Chen. "Co-encapsulation of coenzyme 
Q10 and vitamin E: A study of microcapsule formation and its relation to structure and functionalities using single 
droplet drying and micro-fluidic-jet spray drying." Journal of Food Engineering 247 (2019): 45-55. 
https://doi.org/10.1016/j.jfoodeng.2018.11.017  

[20] Ezhilarasi, P. N., P. Karthik, Narayansing Chhanwal, and C. Anandharamakrishnan. "Nanoencapsulation techniques 
for food bioactive components: a review." Food and bioprocess technology 6 (2013): 628-647. 
https://doi.org/10.1007/s11947-012-0944-0  

[21] Mohammed, Nameer Khairullah, Chin Ping Tan, Yazid Abd Manap, Belal J. Muhialdin, and Anis Shobirin Meor 
Hussin. "Spray drying for the encapsulation of oils—A review." Molecules 25, no. 17 (2020): 3873. 
https://doi.org/10.3390/molecules25173873  

[22] Lazim, NA Md, and Ida Idayu Muhamad. "Encapsulation of vitamin E using maltodextrin/sodium 
caseinate/selenomethionine and its release study." Chemical Engineering Transactions 56 (2017): 1951-1956. 

[23] Barbosa, M. I. M. J., C. D. Borsarelli, and A. Z. Mercadante. "Light stability of spray-dried bixin encapsulated with 
different edible polysaccharide preparations." Food research international 38, no. 8-9 (2005): 989-994. 
https://doi.org/10.1016/j.foodres.2005.02.018  

[24] Selamat, Siti Norina. "The Stability of Microencapsulated Palm Oil Vitamin E Concentrate Using Spray Drying 
Technique." PhD diss., Universiti Teknologi Malaysia, 2010. 

[25] Yuan, Yuan, Yanxiang Gao, Jian Zhao, and Like Mao. "Characterization and stability evaluation of β-carotene 
nanoemulsions prepared by high pressure homogenization under various emulsifying conditions." Food Research 
International 41, no. 1 (2008): 61-68. https://doi.org/10.1016/j.foodres.2007.09.006  

[26] bin Mohd Said, Abdul Karim. "In the name of Allah, the Most Gracious, the Most Merciful." PhD diss., Universiti 
Teknologi Malaysia, 2019. 

[27] Alyamani, A. M. O. L., and O. M. Lemine. "FE-SEM characterization of some nanomaterial." In Scanning electron 
microscopy. IntechOpen, 2012. https://doi.org/10.5772/34361  

[28] Yoo, Sang-Ho, Young-Bin Song, Pahn-Shick Chang, and Hyeon Gyu Lee. "Microencapsulation of α-tocopherol using 
sodium alginate and its controlled release properties." International journal of biological macromolecules 38, no. 
1 (2006): 25-30. https://doi.org/10.1016/j.ijbiomac.2005.12.013  

[29] Dash, Suvakanta, Padala Narasimha Murthy, Lilakanta Nath, and Prasanta Chowdhury. "Kinetic modeling on drug 
release from controlled drug delivery systems." Acta Pol Pharm 67, no. 3 (2010): 217-223. 

[30] Tapanapunnitikul, Onanong, Siree Chaiseri, Devin G. Peterson, and Donald B. Thompson. "Water solubility of flavor 
compounds influences formation of flavor inclusion complexes from dispersed high-amylose maize starch." Journal 
of agricultural and food chemistry 56, no. 1 (2008): 220-226. https://doi.org/10.1021/jf071619o  

[31] Pade, Vaishali, and Salomon Stavchansky. "Link between drug absorption solubility and permeability 
measurements in Caco-2 cells." Journal of pharmaceutical sciences 87, no. 12 (1998): 1604-1607. 
https://doi.org/10.1021/js980111k  

[32] Donsì, Francesco, Mariarenata Sessa, Houda Mediouni, Arbi Mgaidi, and Giovanna Ferrari. "Encapsulation of 
bioactive compounds in nanoemulsion-based delivery systems." Procedia Food Science 1 (2011): 1666-1671. 
https://doi.org/10.1016/j.profoo.2011.09.246  

[33] Abd El-Rahmanand, Soheir N., and S. Suhailah. "Quercetin nanoparticles: Preparation and characterization." Indian 
J Drugs 2, no. 3 (2014): 96-103. 

[34] Holowka, E., and Sujata K. Bhatia. "Drug delivery." Material Design and Clinical Perspective. Springer-Verlag New 
York (2014). https://doi.org/10.1007/978-1-4939-1998-7  

[35] Revuelta, Mariana Valeria, Marcela Beatriz Fernández van Raap, Pedro Mendoza Zélis, Francisco Homero Sánchez, 
and Guillermo Raúl Castro. "Ascorbic acid encapsulation in hydrophobic silica xerogel." (2011). 



International Journal of Advanced Research in Food Science and Agricultural Technology 
Volume 3, Issue 1 (2024) 24-41 

 

41 
 

[36] Fennema, O.R., (1996) 3rd edition. Food chemistry. Taylor & Francis 
[37] McKee, T and McKee, J. R. (2003) 3rd Edition. Biochemistry: the molecular basis of life. McGraw-Hill. New York, NY. 
[38] Patil, Basawaraj S., Abhishek M. Motagi, Upendra Kulkarni, R. C. Hariprasanna, and Shivanand A. Patil. 

"Development and evaluation of time controlled pulsatile release Lisinopril tablets." Journal of Pharaceutical 
Science and Bioscientific Research 2 (2012): 30-35.  

[39] Acosta, Edgar. "Bioavailability of nanoparticles in nutrient and nutraceutical delivery." Current opinion in colloid & 
interface science 14, no. 1 (2009): 3-15. https://doi.org/10.1016/j.cocis.2008.01.002  

 
 


