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ABSTRACT 
Single garlic is known to have many benefits as an alternative therapy for vari-
ous types of metabolic syndrome. The bioactive compounds, allicin, and alliin, 
in garlic are unstable and easily degraded in digestion. Chitosan-alginate mi-
croencapsulation is thought to increase stability and protect active compound 
so its therapeutic effect is more optimal. This study aimed to characterize the 
microencapsulation chitosan-alginate of single garlic extract (MCA- SGE), as 
well as to examine the antioxidant activity and kinetic release of MCA-SGE in 
vitro. The research procedure includes the steps of single garlic extraction, 
preparation of MCA-SGE, characterization of MCA-SGE (PSA, SEM, and 
FTIR) as well as biological testing of MCA-SGE through antioxidant activity 
and kinetic release tests. PSA results showed the mean particle size of MCA-
SGE was 439.0 ± 1.9 nm or 0.4 m with a polydispersity index (PDI) value of 
0.579 ± 0.046 and a zeta potential value of 15.4 ± 0.3 mV. The SEM results 
showed that the morphology of MCA-SGE was spherical with a smooth sur-
face and a micrometre size of 0.4 - 0.7 µm. The FTIR results describe a shift in 
absorption and addition of SGE functional groups after encapsulation. The 
results of the antioxidant activity test showed the antioxidant activity of MCA
-SGE was 65%, while SGE was 55%. The results of the kinetic release showed 
that more allicin and alliin were released by SGE than MCA-SGE during the 4
-hour kinetic release simulation. MCA-SGE has the potential to be used as a 
drug delivery system with controlled release. 
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INTRODUCTION 
Single garlic (Allium sativum) is a type of garlic with one clove (Lestari et 
al. 2020). Single garlic has various benefits, such as antioxidant, anti-
inflammatory, anticancer, antidiabetic, and anti-obesity (Lestari & Rifa’i 
2018; Szychowski et al. 2018; Sasi et al. 2021). Single garlic contains var-
ious bioactive compounds in the form of organosulfur and phenolic com-
pounds, including allicin, diallyl sulphide , diallyl trisulphide, diallyl disulfide, 
ajoene, and 2-vinyldithiins (Abdel-Gawad et al. 2018; Shang et al. 2019). 
Allicin and alliin are the most dominant organosulfur compounds, but 
both compounds have the disadvantage of being unstable and easily de-
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graded due to pH conditions in the gastrointestinal tract (Bhatwalkar et 
al. 2021). The weakness of the single garlic bioactive compound can re-
duce its bioavailability and hinder its potential as a therapeutic agent 
(Kyriakoudi et al. 2021; Lestari et al. 2021). The solution to overcome the 
weakness of a single important compound of garlic is to encapsulate the 
compound in a drug delivery system (Akhter et al. 2022). 

Microencapsulation is one of the drug delivery systems to protect 
bioactive compounds in microcapsules, which are characterised  by bioac-
tive compounds coated with encapsulating agents (Alencar et al. 2022). 
Bioactive compounds will be enclosed between the polymer chain bonds 
so that a microencapsulated structure is formed on a microparticle scale 
(Pedroso-Santana & Fleitas-Salazar 2020). The size range of the micro-
particles is 1 to 1000 m (Lengyel et al. 2019a). The advantages of micro-
encapsulation include protecting bioactive compounds from adverse envi-
ronmental conditions, controlled release of bioactive compounds, and in-
creasing stability and bio-accessibility (Baltrusch et al. 2022). The poly-
mer in the microencapsulation must be inert to bioactive ingredients, eas-
ily soluble, allow controlled release, and compatible with processing con-
ditions (pH/temperature) (Pateiro et al. 2021). Chitosan is a polymer de-
rived from crustacean shells, fungal cell walls, or insect cuticles, while 
alginate is a polymer extracted from brown algae (Katuwavila et al. 
2016). Chitosan and alginate are polyelectrolyte polymers with opposite 
charges, in addition, when combining alginate with chitosan, it can help 
stabilise  unstable alginates (Katuwavila et al. 2016; Sorasitthiyanukarn 
et al. 2018). The advantages of chitosan and alginate are that they have 
biocompatibility, biodegradability, and are non-toxic (Loquercio et al. 
2015). Crosslinker CaCl2 acts as a crosslinker in strengthening the bonds 
between polymers (Tao et al. 2021). 

Previous studies have stated that encapsulation can improve the 
stability of bioactive compounds for the better and increase their solubili-
ty (Sorasitthiyanukarn et al. 2018; Machado et al. 2021). According to the 
research of (Amiri et al. 2021), encapsulation of garlic oil with chitosan 
can maintain antioxidant content. Research (Natrajan et al. 2015) showed 
that the results of an in vitro kinetic release study on nano encapsulated 
turmeric and citronella oil showed an increased bioavailability of the 
compounds of turmeric oil and citronella oil. Many studies on encapsula-
tion have been carried out, but encapsulation using a single garlic extract 
as the microencapsulated content of chitosan-alginate has not been re-
ported. This study was conducted with the aim of characterising and 
testing the effect of chitosan-alginate microencapsulation on antioxidant 
activity and the results of in vitro kinetic release studies of single garlic 
extract. 

 
MATERIALS AND METHODS 
Materials 
The tools used include analytical balance (OHAUS), dry oven, incubator 
shaker (Stuart), rotary evaporator (IKA RV 10 digital V-C Rotary Evap-
orator), magnetic stirrer (Thermoline cimarec), centrifuge (Hettich), son-
icator (IWAKI), ultra thurrax (IKA-WERKE), pH meter (Hanna), vortex 
(SIBATA), Scanning Electron Microscopy (SEM) (FEI Quanta FEG 650 
type), Malvern Zetasizer (Zetasizer Nano, Version 7.01, Malvern Instru-
ments Ltd.), spectrophotometer (Biochrom Libra S12), IR spectropho-
tometer (Shimadzu IRSpirit-T), shaker water bath, spatula, stirring rod, 
beaker glass (Pyrex), micropipette (Thermo), tweezers, syringe 
(Onemed), volumetric flask (Pyrex), measuring cup (Pyrex), vial, 0.45 µm 
microfilter (Corning 28 mm Syringe Filter Non-Pyrogenic), stopwatch, 
and refrigerator (Sharp). The materials used include single garlic from 
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Sarangan Village, Magetan District, East Java, Indonesia, 70% ethanol 
(Merck), chitosan (Sigma-Aldrich), alginate (Sigma-Aldrich), Tween-80 
(Sigma-Aldrich), acetic acid, 1M NaOH, CaCl2, Phosphate Buffer Saline 
(PBS), aquabides (Ikapharmindo), selovan bags, sewing thread, gloves, 
aluminum foil, and plastic wrap. 

 
Methods 
Preparation of Single Garlic Extract (SGE) 
A total of 1 kg of crushed garlic was macerated in 70% ethanol (1:3) for 3 
x 24 hours. The maceration filtrate was evaporated using a rotary evapo-
rator to obtain liquid SGE. SGE is stored at 4oC (Qadariah et al. 2020). 

 
Preparation of MCA-SGE 
The nano encapsulated components consisted of: alginate in 0.5% Tween-
80 (0.3 mg/ml), chitosan in 1% acetic acid (0.3 mg/ml; pH 5), and CaCl2 
in aquabides (0.67 mg/ml). MCA-SGE was made by ionic gelation meth-
od by gradually mixing each component and homogenizing using a mag-
netic stirrer, ultra turax and sonification process. The formed MCA-SGE 
was stored at 4oC (Natrajan et al. 2015). 

 
Characterisation of MCA-SGE 
a. Particle Size Analyser (PSA) 
The average particle size, polydispersity index (PDI), and zeta potential 
(ZP) were characterized using PSA Nano-Zetasizer Ver. 7.01 (Malvern 
Instruments Ltd.) with Dynamic Light Scattering (DLS) technique 
(Sorasitthiyanukarn et al. 2018). MCA-SGE samples that have been di-
luted with deionized water are placed in a cuvette for analysis at 25oC 
(Natrajan et al. 2015; Filho et al. 2019).  
 
b. Scanning Electron Microscopy (SEM) 
MCA-SGE which has been spray dried was used for this analysis. 0.5 g of 
MCA-SGE powder was then imaged with Scanning Electron Microscopy 
(SEM) (Natrajan et al. 2015). 
 
c. Fourier Transform Infrared Spectroscopy (FTIR) 
The FTIR test was carried out using a modified research method by 
Praseptiangga et al. (2020), 2 mg of samples were taken and tested with 
an IR spectrophotometer Shimadzu IR Spirit–T analysed with Shimadzu 
LabSolutions IR, the test was carried out with a scan number of 10, and a 
resolution of 4 cm-1. 
 
MCA-SGE Biological Test 
a. Antioxidant Activity Test 
Antioxidant activity test can with DPPH (1,1-diphenyl-2-picrylhydrazyl) 
test. Testing of antioxidant activity using the procedure of (Rajasree et 
al. 2021), with modifications. DPPH solution (50 mM) was mixed in sam-
ples (5:1) of various concentrations (including 3000 ppm, 6000 ppm, 

12000 ppm, 24000 ppm), and 1 ml of DPPH solution (50 μM) for control. 
Then it was incubated for 30 minutes at room temperature in the dark, 
absorbance was measured in a spectrophotometer at 517 nm, and the re-
sults are used to calculate the percentage of antioxidants (%) through the 
formula in equation (1). 

% Antioxidants =  x 100 (1) 
Information: 
A0 = control absorbance 
A1 = sample absorbance 
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In-vitro Kinetic Release Test 
A total of 3 ml of MCA-SGE solution in PBS was put into a cellophane 
bag and immersed in 25 ml of PBS solution containing 20% ethanol at 
pH 1.5 as the release medium. The study was started by gently stirring 
at 37℃ for a time of 4 hours. Then HPLC was analysed to determine the 
levels of the active compounds allicin and alliin. The percentage of kinetic 
release was calculated using the formula in equation (2). 

 

 x 100 (2) 
 

RESULTS AND DISCUSSION 
Characterisation of MCA-SGE 
Based on the results of the MCA-SGE Z-Average characterization, the 
particle size is 439.0 ± 1.9 nm and SGE is 350.67 ± 2.14 nm (Table 1). Z-
Average uses the principle of dynamic light scattering, so it has a larger 
average particle diameter size than measurements with a regular micro-
scope. Particle size is caused by the concentration of the constituent com-
ponents of the nanoparticle (Chopra et al. 2012). The addition of chitosan 
and CaCl2 increases the average particle size (Yousefi et al. 2020). Ac-
cording to Fei et al. (2015) the pH factor and the ability of kinetic reac-
tions between material particles also affect the size in the formation of 
microencapsulation. The ionic interaction between chitosan and alginate 
forms an electrostatic bond which also gives rise to an increase in particle 
size because it includes a polyelectrolyte membrane on the surface of the 

microcapsule. Microcapsule particle size > 200 μm has a higher control 
release (Dima et al. 2013). 
 
Table 1. Characterisation of PSA MCA- SGE. 

 
 
The Z-Average value is used to determine the average size of MCA-

SGE and SGE particles, while the PDI value of MCA-SGE and SGE is 
used to determine the homogeneity distribution of particles. The PDI 
value is used to determine the distribution of particle homogeneity. A 
good PDI value or indicating homogeneous particles is less than 0.500 or 

close to 0 (Aleksandra Zieliń ska et al. 2020). A graph of the MCA-SGE 
and SGE particle size distribution can be seen in Figure 1.  

The results of the characterisation of PDI MCA-SGE are 0.579 ± 
0.046 and SGE are 0.75 ± 0.01 (Table 1). A PDI value close to 0 indicates 
that the distribution of particle homogeneity is high (mono dispersity), 
while a higher PDI value (close to 1) indicates that the particles are wide-
ly distributed (polydispersity) or heterogeneous (Danaei et al. 2018). Re-
search by Wang et al. (2016) reported that the PDI value of MCA ranged 
from 0.340 ± 0.040 so the particles were said to be homogeneous. The 
PDI value of MCA-SGE and SGE was higher than 0.500 so both of them 
were categorised as heterogeneous because most of the MCA-SGE and 
SGE particles were not formed, and the resulting sizes varied. The high 
value of PDI also occurs due to weak ionic interactions between the con-
stituent components which result in particle aggregation or clumping 
(Loquercio et al. 2015).  

The zeta potential value indicates the stability of a microencapsu-
lated suspension. The zeta potential value of MCA-SGE is -15.4 ± 0.4 
mV (Table 1). The zeta potential value of microencapsulation is affected 

Characterisation  of PSA MCA-SGE SGE 
Particle size/Z-average (nm) 439.0 ± 1.9 350.67 ± 2.14 
Polydispersity Index 0.579 ± 0.046 0.75 ± 0.01 
Zeta Potential (mV) -15.4 ± 0.3 not analysed 
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by surface chemistry, particle concentration, size of particle, pH of the 
medium, temperature, solvent, and ionic strength (dos Santos et al. 2015; 
Mudalige et al. 2018). Zeta potential is important to know because it can 
affect the stability of colloidal systems, the interaction of nanoparticles 

with other charged molecules, and the efficiency of drug delivery (Kyzioł 
et al. 2017). The zeta potential value of MCA-SGE (Table 1) is in the 
range of ±10.0 mV to ±30.0 mV, where the particles are classified as less 
stable (Aziz et al. 2013). The colloidal system will tend to agglomerate 
(aggregate) because the repulsion between the particles is low (Zhou et 
al. 2018). This negative MCA-SGE zeta potential could be due to the 
high concentration of alginate (Krisanti et al. 2017). This is following 
(Wang et al. 2016) who reported that a higher alginate ratio resulted in 
more anions in the system or in other words the amount of NH3+ chi-
tosan charge was lower than the COO-alginate charge, thus causing the 
zeta potential value of the system to be less positive. Microparticles are 
said to have good mucoadhesive if they have a zeta potential value be-
tween 20-50 mV (Krisanti et al. 2017). 

 
Scanning Electron Microscopy (SEM) 
The results of the morphological characterization of MCA-SGE using 
SEM are shown in Figure 2A shows MCA-SGE (100x) which is shaped 
like a lump of agglomerated particles. Figure 2B shows the MCA-SGE 
(1000 x) particles of non-uniform size. Figure 2C (10,000x) shows the 
spherical morphology of MCA-SGE with sizes in the micrometre range, 
i.e 0.422 – 0.719 µm, and has a smooth surface of microparticles.  

 

Figure 1. Profile of particle size distribution by intensity. (A) Particle size distribution of MCA-SGE. (B) Particle 
size distribution SGE. 

 



J. Tropical Biodiversity and Biotechnology, vol. 08 (2023), jtbb79072 

-6- 

The morphology of MCA-SGE with a magnification of 100 x looks 
like a lump of agglomerated particles. This indicates that an agglomera-
tion has formed. There are two causes of agglomeration, Brown agglom-
eration occurs when particles collide and stick together as a result of ran-
dom Brownian motion, while gravitational agglomeration occurs when 
slowly settling particles are caught by faster settling particles, leading to 
the formation of lumps (Singer et al. 2018). The morphology of MCA-
SGE with 10,000x magnification shows that the formed MCA-SGE par-
ticles are not uniform or different. The morphology of MCA-SGE with a 
magnification of 10,000x shows that MCA-SGE is round in shape with 
different sizes, which are in the range of 422 - 719 nm, and has a smooth 
surface of microparticles. Based on this size range, MCA-SGE is catego-
rized as microparticles. Microparticles have particle sizes in the range of 
1 to 1000 m (Lengyel et al. 2019b). MCA-SGE sizes in the range < 500 
nm (422 nm, 455 nm, and 471 nm) are more easily absorbed by cells 
when in the body (Pudlarz & Szemraj 2018). The results of different sizes 
can be caused by particle aggregation (Michen et al. 2015). According to 
the research results of Natrajan et al. (2015), the morphology of the tur-
meric and lemongrass oil nanoencapsulation is also round but has an av-
erage size below 300 nm (Natrajan et al. 2015). Research by Buanasari et 
al. (2021) reported that plant extract microcapsules using chitosan were 
round with a smooth surface. However, sometimes capsules may also de-
velop roughness on their surface during spray drying. And such imper-
fections are developed when the film formation process during drying of 
atomised droplets slow down. In a similar way, the internal morphology 
was analysed and it was observed that the micro- capsules obtained were 
hollow and the core material was stuck onto the surface, which is also a 
particle characteristic obtained using spray drying. Differences in wall 
material also affected the topography of the microcapsules formed 
(Choudhury et al. 2021). 

Figure 2. Morphology of MCA-EBT by scanning electron microscopy observation. 
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Fourier Transform Infrared Spectroscopy (FTIR) 
The infrared (IR) graph of SGE is presented in Figure 3, while the IR 
graph of MCA-SGE is presented in Figure 4. Functional groups that ap-
pear in the two samples include amine and hydroxyl strains (N-H and O-
H) indicated by the presence of absorption at 3344.47 cm-1 IR SGE. and 
absorption at 3343.04 cm-1 IR MCA-SGE; alkane group (C-H) indicated 
by the absorption at 2936.57 cm-1 IR SGE and absorption at 2928.01 cm-1 
IR MCA-SGE; alkyl groups (C-H) were indicated by the presence of ab-
sorption at 1454.74 cm-1 IR SGE and IR MCA-SGE; aromatic amine 
group (C-N) was indicated by the absorption at 1279.31 cm-1 IR SGE and 
absorption at 1283.59 cm-1 IR MCA-SGE; cyclohexane compound (C-H) 
was indicated by the absorption at 934.17 cm-1 IR SGE and absorption at 
935.59 cm-1  IR MCA-SGE; aromatic compounds (C-H) were indicated 
by the absorption at 818.65 cm-1 IR SGE and absorption at 821.50 cm-1 
IR MCA-SGE; disulfide group (C-S) was indicated by the absorption at 
599.01 cm-1 IR SGE and absorption at 600.44 cm-1 IR MCA-SGE. A 
number of other uptakes showing different functional groups at IR SGE 
and IR MCA-SGE are presented in Table 2 and Table 3.  
 

 
Figure 3. IR Graph Profil of SGE. 

Absorbance (cm-1) Bond Type Functional groups Reference 

599.01 C‒S Disulfide 

(Nandiyanto et al. 2019) 

818.65 C‒H 1,4 (para) Aromatic compounds 

934.17 C‒H cyclohexane 

1025.45 C‒F Aromatic fluoro compounds 

1058.25 C‒O Ether 

1130.99 C‒N Amine 

1279.31 C‒N Aromatic amine 

1404.82 O‒H Carboxylic acid (Merck 2022) 

1454.74 C‒H Alkyl 

(Nandiyanto et al. 2019) 1644.42 N‒H Amine 

2892.36 C‒H Metin 

2936.57 C‒H Alkanes (Merck 2022) 

3344.47 N‒H & O‒H Amines and Hydroxyl 
(Nandiyanto et al. 2019; 

Merck 2022) 

 

Table 2. List of IR SGE Absorption and Functional Groups. 
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Figure 4. IR Graph Profile of MCA-SGE. 

 
Table 3. List of MCA-SGE IR Absorption and Functional Groups. 

 
 
Absorption of 3344.47 cm-1, 1644.42 cm-1, 1279.31 cm-1, and 

1130.99 cm-1 on SGE indicated an amine compound. The number of 
amine groups that are read on SGE indicates the presence of alliin and 
allicin content (Borlinghaus et al. 2014). The IR SGE graph also shows 
the presence of carbonyl, carboxylate and aromatic compounds (Table 
2). Carbonyl compounds, carboxylate compounds and aromatic com-
pounds were visible in the FTIR results of garlic methanol extract 
(Divya et al. 2017). 

The MCA-SGE graph shows some additional absorptions that 
provide information on the functional groups of the encapsulated mate-
rial. Chitosan gives rise to absorption at 1634.44 cm-1 which is the am-

Absorb-
ance (cm-1) 

Bond Type Functional groups Reference 

533.40 C‒I 
Aliphatic iodo com-

pounds 

(Nandiyanto et al. 
2019) 

600.44 C‒I 
Aliphatic iodo com-

pounds 

821.50 
C‒H 1,4 
(para) 

Aromatic compounds 

935.59 C‒H cyclohexane 

1026.87 C‒N Amine 

1065.38 C‒N Amine (Merck 2022) 

1126.71 C‒O Alcohol 
(Nandiyanto et al. 

2019) 
1253.64 ‒O Aromatic ether 

1283. 59 C‒N Aromatic amine 

1353.47 O‒H Alcohol (Merck 2022) 

1410.52 ‒COO- Carboxylate 
(Nandiyanto et al. 

2019) 
1454.74 C‒H Alkyl 

1634.44 C=O Amide I 

1732.85 C=O Esther 
( Nandiyanto et al. 
2019; Merck 2022) 

2928.01 C‒H Alkanes (Merck 2022) 

3343.04 N‒H & O‒H Amine 
(Nandiyanto et al. 
2019; Merck 2022) 
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ide I functional group (Filho et al. 2019). Another material that gives rise 
to absorption at 1732.85 cm-1  is an ester group that can be found in sodi-
um alginate (Szabó et al. 2020). Some absorptions at 1065.38 cm-1, 
1410.52 cm-1, 1634.44 cm-1, and 3343.04 cm-1 respectively were amine (C-
N), carboxylate (COO-), amide (N-H) and amine and hydroxyl (N-H) 
strains. and O-H). These four functional groups appear when the combi-
nation of chitosan-alginate material is used in encapsulation (Ahmad et 
al. 2022). Other absorptions such as at 1025.45 cm-1 (aliphatic compound) 
IR SGE shifted at 1026.87 cm-1 at IR MCA-SGE. Absorption at 1130.99 
cm-1 (amine) IR SGE shifted at 1126.71 cm-1 at IR MCA-SGE. The ab-
sorption at 1279.31 (aromatic amine) IR SGE shifted at 1283.59 cm-1 IR 
MCA-SGE. The absorption at 1454.74 cm-1 (alkyl) IR SGE shifted at 
1454.74 cm-1 IR MCA-SGE. The shift in the absorption value that occurs 
indicates an interaction in the form of an electrostatic force between SGE 
and the encapsulation constituent materials. 

 
Antioxidant Activity 
Antioxidants play an important role in protecting the body from the in-
fluence of free radicals and oxidative damage, so the presence of antioxi-
dants in the body is important (Kurnia et al. 2021) Antioxidants react 
with DPPH through very fast electron transfer and with slow transfer of 
hydrogen atoms, this reaction causes antioxidant compounds to inhibit 
the action of free radicals (Schaich et al. 2015; Abbaspour-Gilandeh et al. 
2021).  

 

 
Figure 5. Antioxidant Activity of SGE and MCA-SGE. 

 
Data from the DPPH test results showed (Figure 5) there was an 

increase in the percentage of antioxidants with an increase in the concen-
tration level of SGE and MCA-SGE.   MCA-SGE tends to have higher 
antioxidants than SGE.  The higher antioxidants of MCA-SGE com-
pared to SGE may be due to additional antioxidant components from the 
ingredients used in microencapsulated formulations.  It is mentioned that 
alginate oligosaccharides have antioxidant activity (Zhang et al. 2020) In 
addition, chitosan also has radical damping activity from the hydroxyl 
group and the amino group (Avelelas et al. 2019) This result is supported 
by the previous research that the encapsulation of garlic oil with chitosan 
polymer increases antioxidant activity (Amiri et al. 2021). Other studies 
also describe a similar thing that one of the main aspects of microencap-
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sulation is to improve 
bioavailability of food antioxidants (Ozkan et al. 2019).  Microen-

capsulation protects bioactive compounds (mainly antioxidant com-
pounds) effectively against destructive environmental conditions, in addi-
tion to providing physical stability, improved bio-accessibility, as well as 
controlled release over time (Mohammadalinejhad & Kurek 2021).  High 
concentration will be more effective in becoming a better  pro-oxidant 
(Bagheri et al. 2016) 

 
Release Kinetic (RK) in vitro 
The kinetic release test results of allicin and alliin compounds in single 
garlic extract chitosan-alginate microencapsulation (MCA-SGE) were 
carried out in the gastric environment (pH 1.5).  The significance value in 
the T-paired Test between the levels of allicin and alliin compounds in 
SGE and MCA-SGE shows a signification of < 0.05 so that there is an 
average difference between the levels of allicin and alliin compounds SGE 
and MCA-SGE before the kinetic release test.  Decreasing of active com-
pounds after kinetic release tests also occur in MCA-SGE (Table 4). 

The percentage of kinetic release of allicin and alliin   compounds in 
SGE is greater with a percentage value of 86% than that of MCA-SGE 
which is in the range of values of 64.58%   in allicin and 58.81 % in alliin.   
Microencapsulation has the potential to reduce the release of a single 
garlic active compound from the low pH of the gastric gastrointestinal 
fluid.  It is reported that chitosan and alginate used can control the  re-
lease of encapsulated compounds (Park et al. 2022; Waqas et al. 2022). 
Controlled drug delivery systems have been developed to improve the 
next staging of the drug in the body with two main purposes, to reduce 
the number of single doses per day improving patient compliance of 
treatments and to decrease the fluctuations of plasma levels, in order to 
obtain better therapeutic efficacy and lower toxicity (Saha & Das 2015). 
Previous research showed that during a span of 4 hours, when it was at 
pH 1.5 the kinetic release results of turmeric oil and citronella oil encap-
sulated with chitosan-alginate were about 35% and 5%, respectively 
(Natrajan et al. 2015).  

The release of the drug has a sensitivity to pH, alginate is less easi-
ly soluble in low pH than chitosan. The interaction of encapsulated mate-
rials at a low pH will further help the release of active compounds when 
exposed to blood pH (pH 7.4). This causes more bioactive ingredients to 
be absorbed into the blood system and later the bioactive ingredients are 
transported in the circulatory system (Patel et al. 2013). 

Sample 

Pre-RK levels (μg/ml) Levels after RK (μg/ml) 
Percentage 

Release Kinetic (%) 

Allicin Alliin Allicin Alliin Allicin Alliin 

SGE 
52090.57 ± 

4025.62 
31080.76 ± 

2403.78 
44872.23 ± 

5486.90 
26770.54 ± 

3276.35 
86.16 ± 8.58 86.15 ± 8.59 

MCA-SGE 
102150.72 ± 

12067.78 
64868.34 ± 

7665.89 
62215.23 ± 

5598.78 
35973.41 ± 

3239.49 
64.58 ± 4.07 58.81 ± 3.71 

Table 4. Results of In-vitro Kinetic Release Test of SGE and MCA-SGE. 
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CONCLUSIONS 
MCA-SGE is efficient as a drug delivery agent for SGE based on charac-
terisation (PSA, SEM, and FTIR analysis), antioxidant activity, and ki-
netic release. The MCA-SGE based on PSA analysis were successfully 
prepared and showed good characteristics in range micrometer.  FTIR 
study reported a shift in absorption and addition of SGE functional 
groups after encapsulation. The results of the antioxidant activity test 
showed that the antioxidant activity of MCA-SGE was higher than SGE 
and could be used as a drug delivery system with controlled release. 
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