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from the environment. Moreover, the CAB microcapsules containing C. odorata leaf
extract showed the best antibacterial activities against Escherichia coli ATCC 25922 and
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m INTRODUCTION chemicals and heavy metals are non-biodegradable.

. Because of this, natural extracts are regarded as an
Consumers are now becoming more aware of the

hygienic way of life, so the antimicrobial property is alternative antibacterial agent for this work.

considered to be important. Commercial products are Chromolaena odorata (L.) King and Robinson

particularly likely to present natural or herbal products (Asteraceae) is an invasive plant that is widespread

because they are eco-friendly [1]. Numerous throughout tropical Africa, North America, and South

o . L : . and Southeast Asia and is commonly known as Siam
antimicrobial materials, including synthetic and natural

weed [4]. It is an herbaceous plant that forms a creeping
bush of about 1.58-2.00 m [5-6]. The parts of C. odorata

were used as a traditional medicine for colds, coughs,

agents, have been developed to protect against microbial
damage and prevent microbial infection [2]. Most
products are made from synthetic agents, such as organo- . ) . )
. . diarrhea, and inflammation of the skin and wounds [7-
metallic, phenols, quaternary ammonium salts, and

8]. The previous studies on the biological activities have
shown that this plant has antidiabetic, anticataract [9],

antifibrillogenic, hemolytic, cytotoxic, antioxidant [10-

organosilicons. Even though synthetic antimicrobial
agents are highly effective at inhibiting microbes, they are
hazardous to human health [3]. There are a lot of
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11], anti-inflammatory [12], antinephropathic [13], and
antifungal activities [14]. It also has larvicidal and
repellent properties [15]. C. odorata has been investigated
as an antimicrobial agent. It has been reported that the
bioactive or phytochemical compounds of the extract from
the leaf of C. odorata [16]. In addition, the antimicrobial
activities of the extract of C. odorata leaves were effective
against Bacillus cereus, Bacillus subtilis, Enterococcus
faecalis, Escherichia coli, Klebsiella species, Pseudomonas
aeruginosa,  Staphylococcus — aureus,  Staphylococcus
epidermidis, Streptococcus pyogenes and Candida albicans
[17-20]. The antimicrobial activity of the leaf extract of C.
odorata resulted from the secondary metabolites, which
contained many important phytochemical compounds
such as alkaloids, coumarins, flavonoids, phenols,
saponins, and tannins [19-20]. However, the use of C.
odorata leaf extract in industry was limited because the
natural extract was unstable and oxidatively degraded
[21]. To protect the antimicrobial activities from the
bioactive compounds in the environment and for a long-
lasting, the phytochemical compounds were applied in
the microencapsulation technique.

Microencapsulation is the process of encapsulating
the core inside the wall in the term of microcapsules,
defined as particles with tiny spheres in the micrometer
dimensions [22-23]. The encapsulation of the core,
especially the active ingredients, protects them from the
their through

techniques. For this reason,

environment and controls release
microencapsulation
microcapsules were used in various other areas, e.g., in the
food,

pharmaceutical, printing, and textile industries [24].

agricultural, construction, cosmetics,

Currently, antimicrobial microcapsules are being
developed that combine various natural extracts with
polymers and are used as biopesticides, drugs, food
preservatives, food packaging, textile finishing, and
animal feed. For example, limonene and vanillin
encapsulated by

combination of chitosan and gum arabic [25], Chinese

complex coacervation with a
nutgall encapsulated with sodium alginate and chitosan
by orifice granulation [26], carvacrol encapsulated with
pectin and alginate by spray drying [27], thyme oil
encapsulated with gum arabic [28], citrus oil encapsulated
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with chitosan and modified starch by spray drying [29],
lime oil encapsulated with alginate and gelatin by
coacervation [30], cinnamon oil encapsulated with a
xanthan gum/chitosan composite [31], peppermint oil
[32], and propolis
encapsulated with gum arabic and B-cyclodextrin by
spray drying [33].

In this work, the wall material of interest was

with a gelatin-based cryogel

cellulose esters, the cellulose derivatives of which were
one of the most commonly used wall materials for
microcapsules. Due to the excellent properties of
cellulose esters, including low toxicity, high stability,
high T, and film strength, they could form micro-and
nanoparticles [34]. Cellulose esters are also nature-
friendly materials, so they are obtained from the
esterification of renewable and biodegradable cellulose
from biomass [35]. Various types of organic cellulose
esters have been used in previous research, such as
cellulose acetate (CA), cellulose acetate propionate
(CAP), cellulose acetate butyrate (CAB), and cellulose
acetate trimellitate. In this study, CA, CAB and CAP
were used as wall materials to encapsulate C. odorata leaf
extract due to their semi-permeable property. These
cellulose esters are insoluble in water and can be used as
hydrophobic films for encapsulation. They can create a
semi-permeable wall membrane to control the release of
microcapsules [36]. In this research, the type of cellulose
esters was varied because the type of ester cellulose
groups affects the physical properties of the synthesized
microcapsules [37].

The aim of this work was to investigate a suitable
cellulose ester to encapsulate the C. odorata leaf extract
using a solvent evaporation method to develop an eco-
friendly antimicrobial agent. The synthesized
microcapsules were analyzed for their percentage yield
and encapsulation efficiency. The morphology was
characterized by scanning electron microscopy (SEM).
The mean value of the particle size was estimated with a
particle size analyzer (PSA). The thermal properties
were investigated using the thermogravimetric analyzer
(TGA). Finally, the efficacy of antibacterial activities
against E. coliand S. aureus was evaluated by using broth
dilution and spreading plates.
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m EXPERIMENTAL SECTION
Materials

CA (number molecular weight, Mn~30,000, wt.%
acetyl =39.8, d=1.3g/mL), CAB (Mn~30,000, 12.0-
15.0 wt.% acetyl, 36.0-40.0 wt.% butyryl, d = 1.25 g/mL),
CAP (Mn~75,000, 46 wt.% propionyl, d =1.23 g/mL),
and dimethyl sulphoxide (DMSO) were supplied by
Sigma-Aldrich. Poly(vinyl alcohol) (PVA) was purchased
by Ajex Finchem. Chloroform, ethanol, and methanol
were obtained from Labscan. The nutrient broth medium
was from Himedia. Cellulose esters were R&D grade, and
other chemicals were laboratory reagents.

Instrumentation

The preparation of microcapsules was performed by
using the IKA RW20 Overhead stirrer, respectively. The
encapsulation efficiency (%EE) of C. odorata was assessed
GBC Scientific UV-vis
spectrophotometer. The characterization of microcapsules
was analyzed by using TESCAN VEGA3 SEM, Haribo SZ-
100 PSA, and Thermoplus TG 8120, Rigaku TGA.

by wusing a Equipment

Procedure

C. odorata leaf extract preparation

The fresh leaves of C. odorata were washed with
water to remove soil residues and dust particles. They
were then dried in full sunlight for 1-2 d. The 500 g of
dried leaves were subsequently fragmented and subjected
to extraction using 5L of 95% ethanol for 24 h, with a
weight-to-volume ratio of leaves to ethanol set at 1:10.
Once the extract was thoroughly mixed using an electric
blender, it was then passed through a filter cloth and
subsequently through Whatman filter paper No. 1. Later,
the filtrate was concentrated by evaporation of ethanol
and freeze-dried. Finally, the crude extract obtained from
the leaves was in the form of green powder and stored in
a refrigerator at 4 °C for further studies.

Microencapsulation of C. odorata leaf extract
Microcapsules containing C. odorata leaf extract
were prepared by oil-in-water emulsion solvent
evaporation according to the method of Simées et al. [38]
with some modifications. First, the organic phase was

prepared by dissolving 1.2 g of C. odorata leaf extract and
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1.2 g of cellulose ester (1:1) in 40 mL of a 50/50 (v/v)
mixture of chloroform/ethanol. After adding the organic
phase to the aqueous phase, which consisted of 200 mL
of a 0.5% w/v PVA solution,
homogenized for 6 min at 12,000 rpm using a high-

the mixture was

speed homogenizer. The resulting oil in water emulsions
was then continuously stirred at 1,300 rpm with an
overhead stirrer for 6 h at room temperature to allow the
organic solvent to evaporate. Afterward, the obtained
microcapsules were collected by centrifugation at 10,000
rpm for 30 min and washed 3 times with deionized
water. Finally, the prepared microcapsules containing C.
odorata leaf extract were dried at room temperature in a
desiccator and stored under vacuum conditions.

In this process, the C. odorata leaf extract was
combined as the core material and the cellulose ester as
the wall material by dissolving in an organic solvent. The
homogenous solution was then added to the PVA
solution as an emulsifier to create an oil-in-water
emulsion and mixed using high-speed homogenization,
which allowed the emulsion to be broken into a smaller
size. Furthermore, the resulting emulsion was
continuously stirred to evaporate the organic solvent. In
the meantime, the evaporation of the solvent led to the
formation of a wall on the droplets of the microcapsules.
Finally, the insoluble microcapsules were separated from

the water and agglomerated at the bottom [39-40].

Determination of encapsulation and
encapsulation efficiency
First, the encapsulation yield (EY, %) of the

synthesized microcapsules was calculated from the

yield

percentage of the weight of the synthesized
microcapsules and the total added materials, including
the C. odorata leaf extract, PVA, and cellulose ester, as
shown in Eq. (1).

Weight of synthesized microcapsules

Weight ot total added materials

%EY = X100 (1)

Secondly, the determination of C. odorata leaf
extract content in the microcapsules was carried out as
follows: 0.05 g of the prepared microcapsules containing
C. odorata leaf extract was dissolved in 10 mL of
ethanol/methanol (1:1 v/v)
microcapsule solution was sonicated at 20 kHz and

solvent mixture. The
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200 W energy input for 30 min with ultra-sonication and
centrifuged at 10,000 rpm for 30 min, respectively. The
supernatant was collected and analyzed with a UV
650 nm. The
encapsulated C. odorata leaf extract was determined from

spectrophotometer  at content of
the concentration curve of C. odorata leaf extract and
used to determine the %EE according to Eq. (2). The %EE
is defined as the ratio between the experimentally
determined C. odorata leaf extract content and the
theoretical C. odorata leaf extract loading.

Weight of extract in microcapsules

Weight of added extract

%EE = X100 (2)

Microcapsule characterization

First, the morphology of the microcapsules was
examined with the SEM. The microcapsule samples were
fixed on a double-sided black adhesive tape next to an SEM
stub. Before the analysis, the surface of the microcapsule
was coated with a thin layer of gold under vacuum.

Secondly, the
distribution of the microcapsules were determined using

mean size and particle size
a PSA based on the dynamic light scattering technique.
The microcapsules were suspended in distilled water at
25 °C, as this does not interact with the particles. The test
was repeated 10 times per sample.

Finally, the thermal stability of the extracts, the
microcapsules without extract, and the microcapsules
containing  extract were analyzed using the
thermogravimetric analyzer. The samples were analyzed
at a heating rate of 10 °C/min from 27-600 °C under
nitrogen conditions. The thermograms showed the

weight loss during composition at different temperatures.

Antibacterial assay

The antibacterial activity of the microcapsules was
investigated by determining the minimum inhibitory
concentration (MIC) using the broth dilution method and
the minimum bactericidal concentration (MBC) using
spreading plates. The test was performed with two types
of bacteria, including the Gram-negative bacterium E. coli
ATCC 25922 and the Gram-positive bacterium S. aureus
ATCC 25923. The
microcapsules against E. coli and S. aureus was assessed
by determining the MIC using the broth dilution method

antibacterial activity of the
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and the MBC using a spreading plates technique. The
experimental procedure recommended by Amini
followed with
modifications. Microcapsule solution was diluted in a

Tapouk et al. [41] was some
series of concentrations ranging from 51.2, 25.6, 12.8,
6.4,3.2,1.6,0.8,0.4, 0.2, and 0.1 mg/mL using DMSO as
the diluent. The dilution was done in a two-fold manner.
To prepare the bacterium for testing, a single colony of
the bacterial culture was transferred into a nutrient
broth and incubated at a temperature of 37 °C for a
period of 18-24 h. Next, the density of the bacterial
suspensions was adjusted to the 0.5 McFarland
Standard, which is approximately 1.5 x 10° CFU/mL.
Following that, the suspensions were diluted with a
0.85% w/v  sterile saline solution to obtain a
concentration of 1.5 x 10° CFU/mL. Afterwards, 0.5 mL
of the freshly prepared bacterial suspensions of the test
organisms was added into 1.0 mL of the microcapsule
solutions. The test sample comprised 2 negative controls
consisting of a solution of C. odorata leaf extract with a
concentration of 51.2 mg/mL and a bacterial suspension
and a solution of microcapsules with a concentration of
51.2 mg/mL and a bacterial suspension. Meanwhile, the
positive control consisted of bacterial suspension and
nutrient broth. Following an incubation period of 24 h
of the bacterial strains at a temperature of 37 °C, the
absence of turbidity or the presence of clear solutions
were observed and measured as MIC in comparison to
the negative and positive controls. The MIC was
determined to be the lowest concentration of the
microcapsules and could effectively inhibit the growth of
each bacterium. Subsequently, the MBC determination
was carried out by spreading the clear solutions of MIC
onto a nutrient agar plate. After incubating the cultured
plates at 37 °C for 24 h, the presence of colonies was
observed to determine the MBC. The MBC was
determined as the lowest concentration at which the
bacteria were completely killed.

m RESULTS AND DISCUSSION
Microcapsule Preparation

Different cellulose esters (CA, CAB, and CAP)
were used to prepare microcapsules containing C.
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odorata leaf extract using an oil-in-water process. The
prepared microcapsules were determined %EY and %EE.
The weight of the synthesized microcapsules with CA,
showed a remarkably significant difference from the
microcapsules synthesized with CAB and CAP, as
presented in Table 1. The %EY of CAB and CAP
microcapsules was higher than that of CA microcapsules.
As for the encapsulation efficiency, the CAB
microcapsules exhibited the highest %EE, while the CA
microcapsules could contain the lowest of C. odorata leaf
extract. These results indicated that CAB and CAP were
more suitable as wall material than CA. This might
depend on the nature of the substituents. The chemical
structures of the three cellulose esters, as shown in Fig. 1,
consist of a cellulose backbone and substituted groups
attached to the hydroxyl groups. The substituted groups
of CA, CAB, and CAP were acetyl groups, a combination
of acetyl and butyrate groups, and a combination of acetyl
and propionate groups, respectively [42-44]. The size of
the acyl groups could affect on the packing density and
polarity of the cellulose chains [45]. The higher the
number and size of the substituted groups, the lower the
polarity of the cellulose esters. Thus, CAB could be
dissolved in organic solvents such as chloroform and
ethanol, which were better represented as CAP and CA,
respectively, in this work. In addition, the extract from the
leaves of C. odorata was highly soluble in organic solvents
and fused strongly with CAB to remain in the
microcapsules after evaporation of the solvent.
Consequently, the microcapsules prepared with CAB and
CAP yield higher %EE and %EY than the CA one. The
values of %EY and %EE serve as indicators of the
performance and quality of microcapsule encapsulation.
Furthermore, the wall materials with higher %EY were
able to effectively encapsulate the extract, resulting in the
production of microcapsules. Alternatively, the initial
materials could be used to produce high microcapsules. A
higher %EE indicates successful encapsulation of the
extract during the process. Therefore, the outcomes of
elevated %EY and %EE were more desirable in the
experiments [46].

Microcapsule Characterization

The prepared microcapsules were primarily analyzed
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Table 1. Encapsulation yield and encapsulation efficiency
of microcapsules containing C. odorata leaf extract
prepared with three cellulose esters

Type of cellulose ester %EY %EE

CA 4497 £2.32 51.11 £1.90

CAB 46.79 £2.97 65.82 +3.07

CAP 47.79 +2.27 63.90 £ 3.27

The experiments were performed in triplicate

OR
OR
A e
O *
RO (0]
OR
OR n

CA R=HorCOCH;
CAP R =H or COCH3 or COCH,CH3
CAB R =H or COCH3 or CO(CH,),CH3

Fig 1. The chemical structure of cellulose ester derivatives

regarding their morphology and size distribution. The
size distribution curves show considerable differences
depending on the cellulose esters used. As the results in
Fig. 2 show, the CA, CAB, and CAP microcapsules are
spherical particles corresponding to the work of
Wondraczek et al. [47]. However, the surface of the
resulting microparticles differed slightly. Fig. 2(a)
illustrates a smooth surface with a small pore of the
microcapsules encapsulated with CA. The morphology
of the CA microcapsules was consistent with the results
of Guastaferro et al. [48]. They investigated that the CA
concentration of 1 %w/w helped to improve the
sphericity of the nanoparticles.

encapsulated with CAB
exhibited a coarser and rougher surface (Fig. 2(b)). In

The microcapsules

addition, the microcapsules prepared with CAP had a
significantly porous and holey surface (Fig. 2(c)). They
indicate that the type of cellulose esters could influence
the coating of the extract, as they form a wall material on
the outside. Previous studies have reported that a thin
layer of cellulose ester forms when the solvent
evaporates. The microcapsules became solid water-
insoluble particles after the solvents were removed from
oil-in-water emulsion [49]. The hydrophobic acetyl
groups of the cellulose esters were favored toward the
core of the microcapsules, while the hydrophilic hydroxyl
groups of the cellulose esters were directed outward.
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SEM HV: 5.0 kV
SEM MAG: 5.00 kx

SEM HV: 5.0 kV
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SEM HV: 5.0 kV
SEM MAG: 5.00 kx

Fig 2. SEM images of microcapsules containing C. odorata leaf extract encapsulated with three cellulose esters (a) CA,

(b) CAB, and (c) CAP, respectively

The precipitation of microcapsules that dissolved in the
organic solvents was driven by water and took place at the
interface between water-organic solvents [50]. The
permeation property of cellulose esters was caused by the
interaction between cellulose esters and water molecules
[51]. Meantime, the solvents diffused outward through
the thin layer of cellulose ester, while the water diffused
into the microcapsules [52]. Therefore, the porous wall
was created in this process and appeared on the surface
layer. The hydrophobicity of CAB and CAP increased
according to the type of acetyl size. The CAB
microcapsules comprised the butyrate group, which was
the largest acetyl group, so they had the strongest
interaction with water molecules [53]. This resulted in
CAB microcapsules having a coarser surface area than CA
The porosity of CAB
microcapsules observed in this experiment was consistent
with the work of Baldelli et al. [39]. This showed that the
physical properties of the microcapsules were created

and CAP microcapsules.

during the particle production.
The results of the
microcapsules were described by plotting the particle

size distribution of the

diameter (nm) against the percentage of frequency. Fig. 3
shows that the particle diameter of the microcapsules
containing C. odorata leaf extract encapsulated with CA,
CAB and CAP were in the range of 1050-1600, 800-1400,
and 3200-4200 nm, respectively. The mean diameters of
microcapsules encapsulated with CA, CAB, and CAP
were 1191.6 + 82.0, 1013.3 + 66.5, and 3422.7 + 81.7 nm,
respectively. The results showed that the microcapsules
encapsulated with CA and CAB have a smaller particle
size and a relatively narrow size distribution than the

100 1
904  eeeeeeees CA ]
80 1
70 A
60 4
50 4
40 +
30 4
20 +
10 4

Frequency

2000 3000 4000 5000

Diameter (nm)

0 1000

Fig 3. Particle size distribution of microcapsules
containing C. odorata leaf extract encapsulated with
three cellulose esters

microcapsules prepared with CAP. These results agree
with the experiments of Onda et al. [54], who reported
that the particle size of the microcapsules increased with
increasing polymer molecular weight. The higher
molecular weight of the polymer influenced the viscosity
of the internal phase of the polymer solution, which was
higher. As the polymer had a resistance to break down
into smaller fragments, this led to the formation of larger
microcapsules. The number molecular weight of CA and
CAB studied in this work was about 30000, while CAP
was about 75000. Therefore, smaller particles were
formed from the CA and CAB microcapsules than the
CAP microcapsules. Besides, the CAB microcapsules
were slightly smaller than the CA microcapsules, which
may be due to the internal viscosity of the polymer.
When the internal viscosity of the polymer increased,
this led to slow agglomeration in the microcapsules,
increasing the particle size of microcapsules [55]. From
the product data sheet, the viscosity value of CA
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(1.3 g/mL) at 25°C was higher than that of CAB
(1.25g/mL), so that CAB could form a smaller
microcapsule size. These results agreed with the report of
Simoes et al. [38] that microspheres with CA and CAB
formed smaller particles than microspheres with CAP.
Fig. 4(a) illustrates a TGA diagram of the extract
from the leaves of C. odorata, which begins to decompose
at 70°C due to water evaporation. The subsequent
decomposition of the C. odorata leaf extract obviously
occurred at 120 °C, and the weight loss was continuously
up to 400 °C. This result suggests that the decomposition
of C. odorata leaf extract started at 120 °C. For the thermal
characterization of the microcapsules containing C.
odorata leaf extract encapsulated with three cellulose esters,
they were compared with the microcapsules without the
extract and described in Fig. 4(b-d) and Table 2. The TGA
diagrams of the microcapsules containing C. odorata leaf
extract encapsulated with three cellulose esters showed
similar thermal behavior to the TGA diagrams of the
microcapsules without the extract. The TGA diagrams of
the whole microcapsules were observed in 3 stages: the
100 (@)
80

60

Mass (%)
Ey
<)

0 100 200 300 400 500

Temperature (°C)

100 ¢

80

60

40

Mass (%)

20

0 A A A
200 300 400
Temperature (°C)

0 100

600

Mass (%)
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first stage was at 30-120 °C, the next stage was at 250-
400 °C, and the third stage was at 450-550 °C. A slight
weight loss at 70-120 °C in the first stage was due to
water evaporation, as suggested by the TGA diagram of
the C. odorata leaf extract. In the second stage, the TGA
diagrams of the microcapsules without the extract
prepared with CA, CAB, and CAP in Fig. 4(b-d) show
an extrapolated onset temperature at 338.1, 347.3, and
330.5 °C, respectively, and a maximum decomposition
at 373.8, 380.3, and 372.9°C, respectively. These
decompositions of the microcapsules were caused by the
degradation of acyl, butyryl, and propionyl groups
associated with the cellulose backbone, by the degradation
of the cellulose main chain [55-57] and by the
evaporation of bound water [58] via thermo-oxidative
degradation [57] and continued until the maximum
The
containing the extract encapsulated with CA, CAB, and

decomposition  temperature. microcapsules
CAP showed an extrapolated onset temperature of
329.7,336.7, and 315.2 °C, respectively, and a maximum

decomposition of 376.9, 385.3, and 376.9, respectively.

100 (b)

- ==cCA

i,

CA-E

0 100 200 300 400 500 600
Temperature (°C)

(d)

- = =CAP

CAP-E

0 100 200 300 400 500
Temperature (°C)

Fig 4. TGA curves of (a) C. odorata leaf extract, (b) microcapsules without/containing C. odorata leaf extract

encapsulated with CA, (c) CAB, and (d) CAP, respectively
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Table 2. TGA data of microcapsules without and containing C. odorata leaf extract encapsulated with three cellulose

esters from the TGA diagrams

Type Onset decomposition Maximum decomposition Weight loss

of cellulose ester temperature (°C) temperature (°C) (%)

CA 338.10 373.80 82.34
CA-E 329.70 376.90 80.86
CAB 347.30 380.30 89.86
CAB-E 336.70 385.30 85.90
CAP 330.50 372.90 87.79
CAP-E 315.20 376.90 75.04

It could be seen that the onset temperature of
decomposition was lower for the microcapsules without
the extract, and the
temperature was higher for the microcapsules containing
the extract. These results indicated that the extract of C.
odorata leaves contained in the microcapsules was also
of this
experiment were consistent with the studies of Alghamdi
and El-Zahhar [58], which found the degradation of
cellulose

maximum decomposition

decomposed simultaneously. The results

acetate butyrate-graphene oxide
nanocomposite. Watanabe et al. [59] pointed out that the
initial decomposition temperature of CA microcapsules
loaded with n-hexadecane was lower than pure CA.
Furtado et al. [60] also reported that the maximum
decomposition temperature of CAB-caffeine film was
higher than that of pure CAB. The weight loss of the
microcapsules from the temperature of the onset of
decomposition to the maximum decomposition
temperature at this stage could be determined, as shown
in Table 2. Finally, the decomposition of the char residue
in the third stage due to the pyrolysis was observed
around 450-550°C [60]. It could be

microcapsules containing C. odorata leaf extract began to

seen that

decompose at a temperature of 250 °C, which was higher
than that of the C. odorata leaf extract that decomposed at
120 °C. These results suggested that cellulose esters could
protect the extract from heat so that the microcapsules
had better resistance to heat damage. The order of thermal
stability of the three cellulose esters used as wall material
for encapsulation C. odorata leaf extract was CAB, CA,
and CAP, respectively, which is consistent with the result
of Simdes et al. [38]. Comparing the temperature of
weight loss of the microcapsules containing C. odorata

leaf extract encapsulated with CA, CAB and CAP, the
weight loss of the CAB microcapsules was higher than
CA or CAP microcapsules. This could be due to the
porous surface of the CAB microcapsules, which caused
the extract to evaporate more easily than in the CA
microcapsules, as seen in Fig. 2.

Antibacterial Activity

Evaluation of the antibacterial activity of

microcapsules containing C. odorata leaf extract
encapsulated with three cellulose derivatives, CA, CAB,
and CAP. The experiments were performed by broth
dilution method with E. coli and S. aureus were used as
model bacteria. The MBC of microcapsules containing
C. odorata leaf extract prepared with CA, CAB, and CAP
were 51.2, 25.6, and 51.2 mg/mL against E. coli,
respectively, as shown in Fig. 5(a-c) and Table 3. CAB
microcapsules containing C. odorata leaf extract were
more effective against E. coli than microcapsules
containing chamba extract encapsulated with
maltodextrin [61] and microcapsules containing citrus
oil encapsulated with a modified starch-chitosan matrix
(28], which had MBC of 200 and 28 mg/mL, respectively.
However, microcapsules containing propolis extract

encapsulated with B-cyclodextrin and gum Arabic [33]

Table 3. MBC of microcapsules containing C. odorata
leaf extract encapsulated with three cellulose esters

Type of cellulose ester MB(‘: (mg/mL)
E. coli S. aureus
CA 51.2 51.2
CAB 25.6 25.6
CAP 51.2 51.2
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Fig 5. Antibacterial activity against E. coli of microcapsules containing C. odorata leaf extract encapsulated with

cellulose esters (a) CA, (b) CAB, and (c) CAP, respectively

(a)

Fig 6. Antibacterial activity against S. aureus of microcapsules containing C. odorata leaf extract encapsulated with
three cellulose esters (a) CA, (b) CAB, and (c) CAP, respectively

and microcapsules containing carvacrol encapsulated
showed better
antibacterial activity than CAB microcapsules containing
C. odorata leaf extract and their MBC and MIC were 1.25,
and 0.25 mg/mL, respectively.

with a pectin-alginate matrix [27]

The results of antibacterial activity against S. aureus,
showed that microcapsules containing C. odorata leaf
extract encapsulated with CAB killed bacteria growth at
25.6 mg/mL more than microcapsules containing C.
odorata leaf extract encapsulated with CA and CAP
(51.2 mg/mL) as shown in Fig. 6(a-c) and Table 3.
Nevertheless, the activity of CAB
microcapsules containing C. odorata leaf extract was

antibacterial

weaker against S. aureus than that of microcapsules
with
maltodextrin [61] and microcapsules containing propolis

containing chamba extract encapsulated

extract encapsulated with B-cyclodextrin [29] which were

able to kill S. aureus at 5, and 0.30 mg/mL, respectively.
The results showed that the CAB microcapsules had

the highest antibacterial effect against E. coli and S.

aureus. Therefore, the CAB microcapsules were more
suitable for further use. The antibacterial effect was
related to the phytochemicals in the leaf extract of C.
odorata [62]. These phytochemicals included phenolic
compounds, flavonoids, tannins, alkaloids, saponins,
terpenes, and various trace substances [63]. Lobiuc et al.
[64] described the antibacterial mechanism of action of
phenolic compounds that consist of a hydroxyl
functional group (-OH) which represents a negative
charge. It was hypothesized that the increase in hydroxyl
groups on the phenyl group was related to their relative
toxicity to bacteria. The hydroxylation destroyed the
cytoplasmic membrane and led to cell death. Flavonoids
could bind to the bacterial cell wall, which in effect
inhibits the synthesis of the cell wall and effectively
hinders bacterial growth [20]. Tannins possess the
capacity to induce the precipitation of proteins, thereby
impeding the ability of microorganisms to adhere.
Moreover, they were inhibiting the activity of enzymes
and proteins that are responsible for the transportation
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of substances across the cellular membrane. Alkaloids
were found to interfere with cell division and bind to
DNA through intercalation [18]. In addition, it was
speculated that the mechanism of terpenes, which
belonged to lipophilic compounds, was related to
membrane disruption and permeability [65]. Although,
the MBC value against E. coli and S. aureus of the CAB
microcapsules containing C. odorata leaf extract was in
the same range. However, Gram-positive bacteria (S.
aureus) were more sensitive than Gram-negative bacteria
(E. coli), as indicated by the growth intensity of the
microorganisms (see Fig. 5(b) and Fig. 6(b)). Previous
studies have shown that phenolic compounds were more
effective in Gram-positive bacteria than in Gram-negative
bacteria due to their characteristic cell wall. Gram-
positive bacteria have a thinner peptidoglycan outer layer
of the cell wall. In contrast, the outer layer of the cell wall
of Gram-negative bacteria is a phospholipid membrane,
which consists of lipopolysaccharides and is impermeable
to hydrophobic substances [61,66]. In addition, the cell
membrane of Gram-positive bacteria is more porosity,
allowing some bioactive compounds to spread inside and
attack the cell membrane [67-68].

m CONCLUSION

The solvent evaporation method has been employed
to successfully construct an eco-friendly antibacterial
agent by encapsulating C. odorata leaf extract with three
cellulose esters: CA, CAB, and CAP. The use of CAB as a
wall material for encapsulating C. odorata leaf extract
demonstrated superior qualities compared to CA and
CAP. This was evident in terms of its higher
encapsulation efficiency, enhanced thermal stability, and
stronger antibacterial properties. Furthermore, the
particle size distribution of microcapsules containing C.
odorata leaf extract, prepared using CAB, was smaller
compared to microcapsules prepared using CA and CAP.
This smaller particle size distribution is advantageous for
future applications. Nevertheless, the CAB microcapsules
containing C. odorata leaf extract were deemed worthy of
further development to enhance their antibacterial
efficacy. This research attended the advantage of utilizing
an invasive plant found in Thailand, which is widespread

Indones. J. Chem., 2024, 24 (5), 1527 - 1540

globally, as a biomaterial with potential applications in
various industries in the future.
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