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ABSTRACT:Biopolymer products that is biodegradable presently attracting an attention
from researchers and industry. The biodegradable packaging based on polylactic acid
(PLA), durian skin fibre (DSF), epoxidized palm oil (EPO) and incorporated with
cinnamon essential oil (CEO) as antimicrobial agent have been developed and showed to
be a promising field of research. This paper reported the effects of supercritical carbon
dioxide on the degradation and antimicrobial properties of PLA biocomposite films
produced via solvent casting. The biocomposites underwent supercritical carbon dioxide
(SCCO2) treatment at two different conditions under 40 °C temperature and at 100 bar and
200 bar pressure. Water absorption test showed that the untreated PLA biocomposite
absorbed most water as compared to treated PLA biocomposite with SCCO2 at 5.1%. This
is due to the hydrophilic nature of the fibre that absorbed water molecules. Soil burial test
showed that the treated PLA biocomposite possessed the highest value of weight losses
after 80 days with 97.8%. Biocomposite with the presence of CEO demonstrated
antimicrobial activity against both gram-positive and gram-negative bacteria. This showed
that SCCO2 significantly improved the properties of PLA biocomposite films. The
supercritical fluid treatment of PLA biocomposite could be an alternative for active
packaging industries to ensure that the packaging product meets the requirement by
consumers as well as being an eco-friendly product.
ABSTRAK: Produk biopolimer yang biodegradasi pada masa ini menarik perhatian dari
penyelidik dan industri. Pembungkusan biodegradasi berasaskan polilaktik asid (PLA),
serat kulit durian (DSF), minyak kelapa sawit terepoksi (EPO) dan ditambah dengan
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minyak pati kayu manis (CEO) sebagai agen antimikrobial telah dibangunkan dan menjadi
bidang penyelidikan. Artikel ini melaporkan kesan karbon dioksida superkritikal terhadap
sifat-sifat degradasi dan antimikrobik dari filem biokomposit PLA yang dihasilkan melalui
pemutus pelarut. Biokomposit telah menjalani rawatan superkritikal karbon dioksida
(SCCO2) pada dua keadaan yang berbeza di bawah suhu 40 °C pada 100 bar dan 200
tekanan bar. Ujian penyerapan air menunjukkan bahawa biocomposite PLA yang tidak
dirawat menyerap kebanyakan air berbanding komposisi lain dengan 5.1%. Ini disebabkan
sifat hidrofilik serat yang menyerap molekul air. Ujian penanaman dalam tanah
menunjukkan bahawa biocomposite PLA yang dirawat mempunyai nilai kehilangan berat
tertinggi setelah 80 hari dengan 97.8%. Biokomposit dengan kehadiran CEO menunjukkan
aktiviti antimikrobial terhadap bakteria gram-positif dan gram-negatif. Ini menunjukkan
bahawa SCCO2 meningkatkan sifat-sifat filem biocomposite PLA. Rawatan cecair
superkritikal PLA biocomposite boleh menjadi alternatif bagi industri pembungkusan
untuk memastikan produk pembungkusan memenuhi keperluan pengguna serta menjadi
produk mesra alam.
KEY WORDS: Polylactic acid, Durian Skin Fibre, Supercritical carbon dioxide,
Degradation properties, and Antimicrobial activity.

1. INTRODUCTION
Food packaging is a packaging that provides food for carriage, distribution, packing,
trade and end-user to fulfil the consumer expectations. Consumer requirements for secure,
environment-friendly and high-quality packaging materials have been increased, and
therefore the garbage disposal problems are being resolved [1]. Plastics, papers, metals and
glasses are some of the main packaging materials; however plastic packaging is typically
used in food packaging. Synthetic plastic packaging is crucial to be disposed and can be
wasteful due to its compositions and elemental contents [2]. This waste material ends-up
being discarded to landfills and the declining availability of land for this purpose [3].
Realizing this situation, many food packaging manufacturer tried to reduce the reliance on
synthetic plastics as well as maintain the quality of food. Researchers have found a solution
by developed biopolymers that easily degrade within a definite period, compared to nondegradable plastics.
Due to renewability, biodegradability and commercial viability, development of
biodegradable materials is interesting in the food packaging sector, since it provides a
replacement to the usage of synthetic products [4]. Other than that, production of
biopolymer products can be an initiative income in the agriculture industry. PLA is one of
the most promising candidates among the renewable source-based products, due to its
availability, biocompatibility, excellent tensile strength, good process ability and
biodegradability, which are a significant benefit from an environmental perspective.
Biodegradable films produced from starch crops are defined as odor-free, flavourless, and
neutral as well as non-toxicity [5]. Despite the benefit features, mechanical properties of
PLA are unsatisfactory for packaging applications due to brittleness. The reinforced PLA
matrix with natural fibre is believed to improve its mechanical performance [6]. Compared
to petroleum-based fibre, natural fibres are more environmentally friendly and potentially
decrease the environmental problems due to the biodegradable properties. In order to
produce biocomposites while preserving the green features, biopolymers must be reinforced
with natural fibre [7]. Natural fibres are also composed of low toxicity and cheap resources.
Durian skin fibre (DSF) has excellent features as reinforcement or filler in PLA
biopolymer [4, 8, 9]. Durian or, its scientific name, Durio zibethinus Murray can be found
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in Southeast Asian countries such as Malaysia, Thailand, Indonesia and Philippines. It is
also recognised as the ‘king of fruits’. About 45-55 wt% of durian can be considered as
waste including skin and seed because only 55-65 wt% of durian is flesh [9]. To preserve
the green environment, the durian skin waste can be used to produce durian skin fibre (DSF).
This attempt could help in reducing the environmental pollution by decreasing the number
of organic wastes. Besides, the processability of films can be increased with plasticizers that
contribute to decreasing the glass transition temperature (Tg) and enhance the polymer chain
flexibility [10]. This plasticizer also might overcome specimen’s brittleness created by high
intermolecular forces. Some researchers acknowledge that the natural plasticizers are better,
which can be found naturally extracted from animals, vegetable fats and plants oil [11, 12].
Among the natural plasticizer, epoxidized palm oil (EPO) is a favourable plant oil due to its
characteristics like inexpensive, non-toxicity and availability as a renewable agriculture
resource.
Nowadays, the safety issues of food are utterly worrisome in the world. Handling food
packaging safety is just significant at the consumer level because many of them have
contaminated food if not keep properly [13]. Hence, research in active food packaging could
play a primary role in food security guarantee, comprehensively permitted with the
industrial sector, farmers, producers, wholesalers, retailers, and government as well as
consumer groups. Due to the problems highlighted, there is a necessity to produce food
packaging with an anti-microbial agent and preventing food contamination. Bacteria and
fungi are examples of active microorganisms which may have migrated through direct
interaction between food and packaging material or via moisture from inside packaging
layer to the food surface [14]. The movement activity of these compounds might interrupt
the lifespan and quality of the product. Active packaging materials in the presence of
antimicrobial agents like essential oil may be considered as the contemporary advancement
of functional packaging. This antimicrobial agent in biocomposite films can avoid almost
all bacteria activities that affect the food contamination [15].
The production of essential oil can be exploited as a natural antimicrobials agent and can
be used as one of the additives for food [1]. Different types of essential oils show different
significance functional group with own antimicrobial properties. The incorporation of
essential oil in biocomposite material as secure antimicrobials is expected to be non-harmful
for food product and human consumption. Cinnamon has been used as a spice since long
time ago. The major component of essential oil extraction is cinnamaldehyde group, a wellknown functional group because of its strong antioxidant and antibacterial activities [16,
17]. The combination of essential oils into viscous biocomposite solvents via solvent casting
has some disadvantages mostly due to hydrophobic oil behaviour by EPO and cinnamon
essential oil (CEO) which make it difficult to become a homogeneous film. Therefore,
supercritical carbon dioxide (SCCO2) treatment is introduced in this study as the dispersion
agent to employ PLA biocomposite films.
The SCCO2 process can present an effective and beneficial medium for polymer
processing. The major benefits of polymer treatment with SCCO2 include processing at low
temperatures, allowing a large amount of carbon dioxide (CO2) into different kinds of a
polymer including synthetic and biopolymer and rapidly complete solvent elimination from
the final product [13]. Besides its greener characteristics, SCCO2 is chemically inert,
inexpensive, easily purchased, non-flammable and highly pure. CO2 gas is a suitable solvent
for non-polar constituents and dissolves in most polymer compounds [18]. In short, SCCO2
offers regulated product quality and safety as well as efficient time and energy management.
To the best of the author’s knowledge, the study of supercritical carbon dioxide (SCCO2)
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treatment on antimicrobial biodegradable food packaging material has not been
investigated. Therefore, in this study, PLA biocomposite was produced through solvent
casting. This paper also discusses the effects of SCCO2 on the anti-microbial, water
absorption and soil degradation of PLA/DSF biocomposite films.

2. EXPERIMENTAL
2.1. Materials
PLA in a pallet form was purchased from NatureWorks®, China. The grade of PLA used
was 4043D with a density of 0.998 g/cm3 and glass transition between range 57-61 °C.
Chloroform used as a reagent to dissolve the PLA pallet was supplied by Merck, Malaysia.
Durian skin waste crops were obtained from a local market at Sri Gombak, Kuala Lumpur,
Malaysia. The dried skins were ground using blender and mill crusher before sieving over
100 to 250 μm to obtain durian skin fibre (DSF). Epoxidized palm oil (EPO) was obtained
from the Advanced Oleochemical Technology Division of the Malaysia Palm Oil Board
(MPOB), Bangi. Cinnamon essential oil (CEO) was bought from IT Tech Research (M)
Sdn. Bhd. Luria-Bertani agar (LBA) and Luria-Bertani broth (LHB) were purchased from a
local supplier and Escherichia coli strains were collected from the International Islamic
University Malaysia (IIUM) under Biotechnology Laboratory. Stock cultures of the studied
bacteria were grown in LHB at 30 °C for 24 h prior to testing.
2.2. Biocomposite Preparation
PLA biocomposite film was produced via solution casting method. Before beginning the
experiment, all materials used were kept in an oven with temperature 40 °C for 24 h to avoid
moisture absorption. Then, 50 ml of chloroform liquid was measured and added into the
mixture where the ratio between the PLA mixture and chloroform was 1:10 to obtain
0.05 mm of film sheet thickness. Fig. 1 (a) shows the mixture of PLA and chloroform in the
covered beaker. The detailed amount of composition for each sample was shown in
Table 1. The mixture was then mechanically stirred on a hot plate by using a magnetic stirrer
until it reached the homogeneous phase. Total weight of each sample was 5.1 g. The solution
mixture is poured into the flat surface of a mould in Fig. 1 (b). Samples were dried after left
at room temperature for 1 day as in Fig. 1 (c). Dried films were peeled off from the casting
surface and stored inside desiccators at 25 ± 1 °C until further evaluation.
2.3. Supercritical Carbon Dioxide (SCCO2)
The PLA biocomposite film underent supercritical carbon dioxide (SCCO2) method for
2 h at temperature 40 °C with different pressure at 100 bar (condition 1) and
a supercritical
200 bar (condition 2). The samples were impregnated with CO2 through
c)
a)
b)
carbon dioxide machine model Waters
(TAP SFE Biobotanical system, IPM) at
International Institute for Halal Research and Training (INHART), International Islamic
University Malaysia. The SCCO2 treatment was carried out into a vessel containing spores
in suspensions or film. The CO2 was impregnated into the PLA biocomposite until the
desired pressure was obtained. Next, the CO2 vent valve was immediately unlocked to stop
extra reactions in the container. The depressurize time depends on the pressure at that
condition.
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Fig. 1. The PLA biocomposite film preparation via solution casting method a) the
mixture was mechanically stirred on a hot plate, b) poured the sample in mould and
c) samples were dried for 24 h before peel-off.
Table 1: The composition for each sample
EPO (ml)

CEO (ml)

Chloroform
(ml)

Sample

PLA (g)

DSF (g)

PLA

100 wt%
(5.10)

-

-

-

51.00

PLA-DSF

97 wt%
(4.94)

3 wt% (0.15)

-

-

51.00

PLA-DSF-EPO

93 wt%
(4.68)

3 wt% (0.15)

5 wt% (0.26)

PLA-DSF-EPOCEO

92 wt%
(4.68)

3 wt% (0.15)

5 wt% (0.26)

-

51.00

1 wt%
(0.05)

51.00

2.4. Testing Method
2.4.1. Water Absorption Analysis
Water absorption of the films was carried out as per ASTM D570. Before immersed in
water, the specimens were dried in an oven for 1 day, placed in a desiccator to get constant
weight and subsequently weighted. Each sample was immersed in the distilled water at room
temperature until saturated weight was obtained. The weight of the samples was recorded
every day for the first 14 days and once a week until the values are equilibrium. The water
absorption (%) was calculated from the difference in weight and stated as the percentage
increase of the initial weight as in Eq. (1) [19].
(%) =

100

(1)

where Wi is a weight of the sample after immersion (g) and Wo is the initial weight of the
sample (g). All data were collected from averaged of five samples tested. Impregnated film
at difference condition and non-impregnated specimens were also tested for comparison.
2.4.2. Soil Burial Degradation Analysis
Soil burial degradation analysis of PLA biocomposite was measured according to
ASTM D5988. The dried thin film specimen of size 5 cm x 5 cm was prepared. The initial
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mass of each sample was weighted before buried in soil at a 5 cm from the soil surface. At
these depths, aerobic degradation (action of microorganism) condition could be achieved.
The experiment is conducted in an outside laboratory that was exposed to the environment
and end for 80 days. The specimens were removed, washed with water, dried in an oven and
weighed. The weight losses of the biocomposite sample were studied and recorded based
on Eq. (2).
ℎ

(%) =

100

(2)

where Wi is initial weight of specimen (g) and Wf is the final weight of specimen (g). All
samples were observed under scanning electron microscope (SEM) before and after soil
burial test.
2.4.3. Antimicrobial Test
Antimicrobial test used in this project was an inhibition zone test through the agar
diffusion method. The sample films prepared beforehand were cut by using sterilized
scissors. For this test, the films were cut into 6 mm diameter and were placed into microcentrifuged tubes. Before place the film into an agar medium, the agar medium was
inoculated with 100 μL of tested bacteria, S. aureus (positive gram) and E. coli (negative
gram). Biocomposite films were then placed on the cultured agar with bacteria. After 24 h
to 36 h, the inhibition zone was remarked upon and measured at three different points by
using a ruler to get precise average value.
2.4.4. Gas Chromatography
Gas chromatography (GC-TOF/MS) was used to determine the presence of essential oil
composition. The interface temperature for GC-MS is 220 °C. The temperature of the ion
source is 200 °C and ionization energy is 70 V. The total ion monitoring (TIC) will be used
to detect composition in cinnamon essential oil. Three replicates per each sample were
analyzed.

3. RESULTS AND DISCUSSION
3.1. Water Absorption Analysis
The water absorption test is important in food packaging since water or moisture
contributes towards the deterioration of food products. The water absorption curves, which
demonstrated the percentage of water uptake of the PLA biocomposites in 30 days, are
shown in Fig. 2. Water affected the specimen films, based on the components present in the
biocomposite films. It could be observed that the specimens underwent SCCO2 presented
lower water absorption in comparison to the untreated specimens. The results showed that
the percentage of water absorption slowly increased over the time. Based on Fig. 2, the water
uptake for all the specimens slowly increased during the initial days of the experiment and
then levelled-off when it reached the equilibrium state. A similar behaviour was reported
for the isolated soy protein (SPI) and PLA films, whereby the samples started to sharply
swollen in the first minute and then began to slowly shrink due to solubilisation of the
samples during the experiment [20]. The films achieved saturated after 18 days, as shown
in Fig. 2.
In this present work, the PLA-DSF blend without SCCO2 treatment absorbed the most
water (5.1%) compared to the other compositions. The water absorption rate increased in
the PLA blend when DSF was added. DSF is hydrophilic because it comprises an abundance
of hydroxyl groups that tend to attract water molecules [9]. In contrast, PLA is a
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hydrophobic polymer. The results for the impregnated PLA-DSF sample for conditions
1 and 2 were 4.90% and 4.83%, respectively. These values corresponded to the formation
of micro-porosities observed under SEM in Fig. 4 due to the release of SCCO2 from the
polymer. The pressure applied during the SCCO2 treatment significantly influenced the
water absorption. Therefore, as the SCCO2 pressure increased, the water uptake decreased.
The treated biocomposites under condition 2 at a higher pressure presented lower water
absorption for all the samples compared to the biocomposites under condition 1. This
behaviour is in agreement with the findings studied by Souza et al. [21] where the cassava
starch biocomposite films was impregnated by SCCO2.

Fig. 2. Water absorption of PLA biocomposite for a) untreated SCCO2, b) treated SCCO2
at condition 1 (100 bar) and c) treated SCCO2 at condition 2 (200 bar).
The addition of hydrophilic fibre into the hydrophobic polymer causing swelling of the
matrix [6]. Swelling affects the bonding between the matrix and fibre, thereby, indirectly
decreasing the mechanical properties of a biocomposite. The water uptake in the untreated
biocomposite after 30 days was 2.09%, while for the treated sample it was 1.96%
(condition 1) and 1.83% (condition 2). These findings could be due to the hydrophobic
nature of the polymer [22]. PLA also possesses good barrier properties against water
absorption [20]. Other than that, the presence of EPO in the PLA biocomposite reduced the
amount of water absorbed compared to the PLA biocomposite. It was shown that EPO
slightly affected the water uptake because EPO functions as a plasticizer and exhibits a
hydrophobic nature [23]. Hence, the addition of EPO resulted in a hydrophobic behaviour
that tended to resist water molecules. The triglyceride oil compound present in palm oil
enables samples to be insoluble in water as reported by Seniha et al. [24].
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The effect of CEO on water absorption can be observed in Fig. 2. A significant difference
was detected in the sample impregnated with CEO, which presented a lower water uptake.
After 30 days, an increase of about 3.15% in the total water uptake of the impregnated film
under condition 2 was noted, as depicted in Fig. 2(c), whereas for the film impregnated
under condition 1, it was 3.47%, as shown in Fig. 2(b). These results could be correlated to
the SCCO2 treatment conditions. As shown in Fig. 2(a), the PLA-DSF-EPO-CEO
biocomposite without SCCO2 treatment exhibited a 3.66% increase, where the water
absorption decreased with the addition of CEO. This showed that the presence of CEO in
the biocomposite increased its hydrophobicity and subsequently, reduced its ability to
absorb water molecules, which is an important improvement for packaging applications.
Nevertheless, the water absorption of the untreated and treated biocomposites varied
insignificantly. The water uptake decreased slightly for the sample in the presence of
cinnamaldehyde, a compound extracted from pure CEO, as evident in the GC analysis
presented in Fig. 7. The water barrier is a property that dominates potential applications of
these plastics in the food industry. Materials with a low ability to absorb water are required
to protect food products against contact with water [20, 22].
3.2. Soil Burial Degradation Analysis
A soil burial degradation test was used to monitor weight loss of PLA biocomposite
sample. Through the soil burial degradation test, the effects of an ordinary and real
composting environment on the specimens without any enzymatic and composting
resources could be studied. The biodegradability was tested using normal soil to mimic a
real environment. The physical appearance was also observed to identify changes in the
shape and size of the samples. After 60 days, the samples were observed under SEM. The
percentage of weight loss was evaluated using Eq. (2). The weight loss of the untreated and
SCCO2-treated PLA biocomposites with different element contents after 80 days of
composting are presented in Fig. 3. The weight loss was affected by the absorption of
moisture from the soil and the actions of microorganisms [25].
Fig. 3 shows the weight loss of the PLA biocomposite film after 80 days. The results
revealed that the percentage of degradation for all the specimens increased with the time
interval. The treated PLA biocomposite under condition 2 (200 bar) shows higher
degradability with a weight loss of 96.58%, while for the treated PLA biocomposite under
condition 1 (100 bar) and the untreated biocomposite the weight loss was 95.17% and
93.23%, respectively. The treated sample under condition 2 consisted of a more porous
structure, which contributed to the increase in the degradation rate of the film. A similar
trend had been reported in which the weight loss of the PLA biocomposite increased with
the existence of more pores within the blends [3]. Porosity aids bacteria and microorganisms
to move through the film as shown in the SEM micrograph in Fig. 5. Additionally, the
presence of natural fibre is believed to speed up the degradation of specimens due to poor
adhesion between the matrix and reinforcement [6]. Natural fibre is also more compatible
with the surrounding environment, which leads to the degradation process. The high
cellulose content in the fibre causes high water absorption, which has a synergistic effect on
residual loss and improves the degradation rate of composites [5].
The lowest residual loss was exhibited by the unreinforced PLA (65.37%), while the
weight loss of the treated PLA under condition 1 and condition 2 was 67.01% and 68.56%,
respectively. These circumstances occurred due to the hydrophobic behaviour of the PLA,
which resulted in a lower water uptake, leading to a reduction in the degradation rate [7].
As such, in the soil burial test, the lower composition of PLA resulted in an increase in the
weight loss. However, PLA decomposes better than petroleum-based matrices because of
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its biodegradability [5]. Biodegradable plastics will eventually degrade in landfills as they
are made from natural resources [26]. Other than that, EPO reduced the percentage of weight
loss of the PLA biocomposite. Based on Fig. 3, the weight loss for the untreated sample
with the added of EPO was 76.72%. In addition, as compared to the untreated biocomposite,
the treated biocomposite had an increment of about 2.87% and 3.56% in the degradation
rate for condition 1 and 2, respectively. EPO acts as a plasticizer to improve the flexibility
of PLA biocomposites. Therefore, the porosity of the treated sample increased its
degradation rate [10, 23].

Fig. 3. Weight loss of PLA biocomposite for a) untreated sample, b) treated sample at
condition 1 and c) treated sample at condition 2.
The weight loss experienced by the untreated PLA-DSF-EPO-CEO biocomposite after
80 days was 85.18% (Fig. 3(a)). This revealed that the degradability of the specimens
dependent on the addition of CEO. There was a slight difference between the samples with
and without CEO. The PLA biocomposite film with CEO degraded faster in the soil
compared to the PLA-DSF-EPO specimen. Fig. 3(c) shows that the treated biocomposite
(condition 2) with CEO degraded the fastest, followed by the treated biocomposite
(condition 1) and untreated biocomposite. The presence of CEO in the PLA biocomposites
weakened the specimens. This caused the degradation rate of the PLA biocomposite films
to increase due to the weak bonding after buried in soil. Furthermore, some additive
elements inside the specimens might have migrated into the soil and helped in the
degradation process [27].
3.3. Surface Morphology
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Fig. 4 and 5 illustrate the surface micrographs for the untreated and SCCO2-treated PLADSF-EPO-CEO films before and after 60 days of the soil burial degradation test. This
confirmed that various changes had taken place on the surface of the biocomposite films.
The results for the sample without SCCO2 treatment are shown in Fig. 4, while the findings
for the treated samples under conditions 1 and 2 are presented in Fig. 5. After the
degradation process, more pores and visible ruptures on the surface were noted.

Fig. 4. The surface morphology for PLA-DSF-EPO-CEO films without treatment
a) before and b) after 60 days of soil burial.

Fig. 5. The surface morphology for PLA-DSF-EPO-CEO films underwent SCCO2
treatment a) before degradation (condition 1), b) after degradation (condition 1), c) before
degradation (condition 2) and d) after degradation (condition 2).
The influence of SCCO2 treatment with degradation time on the biocomposites was
observed under SEM. More apparent physical changes had taken place within the surface
of the biocomposites treated with SCCO2 compared to the samples without SCCO2. Based
on the observation, Fig. 5(b) and (d) showed more ruptures than Fig. 4(b). The surface of
the untreated films was less disrupted unlike the treated samples after Day 60. Such changes
in the treated samples were signs of the degradation of the PLA biocomposite films.
According to Fig. 5, before the soil burial test, a high porosity was observed on the surface
of the biocomposite after the SCCO2 treatment. In contrast, after the burial in soil, all the
films were rough and had numerous holes on the surface. Furthermore, the samples also
physically changed. The weight loss results could be correlated with the SEM micrographs,
as shown in Fig. 4 and 5.
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3.4. Antimicrobial Analysis
Antimicrobial activity was investigated in two steps. Firstly, the antimicrobial activity of
the CEO was examined using the agar diffusion method. This preliminary study was carried
out to evaluate the antimicrobial effect of pure CEO; the results are presented in
Fig. 6 (a-b). In the second step, CEO was incorporated into the PLA film. The effect of the
antimicrobial activity of CEO in the PLA biocomposites was studied using the agar
diffusion method and it was then tested against selected microorganisms. There is no
agreement on the standard procedures to evaluate the effectiveness of antimicrobial
activities [14]. An antimicrobial test was conducted after the PLA biocomposites had been
treated with SCCO2.
The antimicrobial activities of the untreated PLA biocomposite films incorporated with
CEO against gram-positive (Staphylococcus aureus) and gram-negative (Escherichia coli)
bacteria are shown in Fig. 6. Both bacteria represent the spoilage of the microorganism
groups normally found in food products. The size of the inhibition zone around the disks
determined the inhibitory activities of the specimen films [17]. Although the preliminary
results of bacteria inhibition were satisfactory, showing that a complete inhibition of
bacteria can be achieved by increasing the amount of CEO, the PLA biocomposites however
became more brittle when the CEO content was increased. To overcome this problem, it
was necessary to vary the content of the plasticizer. Nevertheless, this study focused only
on the incorporation of 1 wt% of CEO.
The control samples without CEO negatively inhibit any of the tested bacteria, which
resulted in no inhibition zones around the films. In Fig. 6 (a–b), all the films of the control
samples were unable to stop the growth of the pathogens. In fact, bacteria colonies were
formed on the agar. This result agreed with the findings by Ghasemlou et al. [28] on the
plasticized corn starch films with essential oil. They reported that the control films
negatively exhibited inhibition zone against the tested bacteria. This indicates that the main
material used contained no antimicrobial agent, and therefore, the essential oil was
incorporated into the polymer films. No clear zones appear show that the specimens were
not inhibitory [17].
Fig. 6 (e–f) shows the inhibitory effect of films containing 1 wt% CEO against gram
positive (S. aureus) and gram negative (E. coli) bacteria. All the films incorporated with
CEO inhibited the growth of the two tested bacteria. The 1 wt% concentration of CEO
resulted in a significant inhibition, with a diameter of 15.1 ± 0.5 mm for E. coli and
12.5 ± 0.5 mm for S. aureus. These results were significantly different from that of the
control specimens. In Anuar et al. [1], the untreated PLA biocomposite film with 1 wt% of
CEO showed an inhibition area of 15.05 ± 0.5 mm for the Bacillus subtilis (gram-negative)
and 12.8 ± 0.5 mm for the S. aureus. There was a slight difference in the antimicrobial
activity results between the treated and untreated samples. However, both samples still
achieved the objective of inhibiting bacterial growth. This demonstrated that CEO had a
strong antimicrobial activity towards both bacteria. The addition of 0.1 wt% of CEO to the
PLA film is adequate to decrease the growth of the S. aureus [14]. The results of the current
study were in agreement with those who also noticed a higher antimicrobial effect among
biodegradable films incorporated with CEO [15]. It is important to note that the
antimicrobial activity of the PLA film with CEO is based on preliminary studies that
evaluated the antimicrobial activity of pure CEO, as in Fig. 6 (c–d).
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a)

c)

b)

d)

e)

f)

Fig. 6. The inhibition zone of a) control sample without CEO in E-coli, b) control sample
without CEO in S. aureus, c) pure CEO in E. coli, d) pure CEO in S. aureus, e) sample
incorporated CEO in E-coli and f) sample incorporated CEO in S. aureus.
Table 2 lists the results of the inhibitory effect of CEO incorporated into the bio-based
polymer, which was lower than that of pure essential oil. The same outcome is observed as
reported on polyvinyl alcohol (PVA)-cassava bagasse incorporated with essential oil
[29,30]. According to Santos et al. [29] and Debiagi et al. [30], the processing surroundings
caused a partial loss of the volatile components of the essential oil during the preparation of
the biocomposite films. The gram-negative bacteria (E. coli) were more resistant than the
gram-positive bacteria (S. aureus) towards the antibacterial treatment. The lower
antimicrobial activity against gram-negative bacteria (E. coli) affects the external
lipopolysaccharide wall close to the peptidoglycan cell wall. This limits the diffusion of
hydrophobic compounds through the lipopolysaccharide layer. On the other hand, grampositive bacteria (S. aureus) have a thick layer of peptidoglycan that may function as a
preventive barrier against certain essential oil compounds [28].
Table 2: Antimicrobial activity of PLA biocomposite incorporated with CEO
Diameter of inhibitory zone (mm)
Tested bacteria
Control

1 wt% CEO

PLA biocomposite incorporated
1 wt% CEO

S. aureus

0±0

35.3±0.5

12.5±0.5

E. coli

0±0

32.7±0.2

15.1±0.5

The active compound, cinnamaldehyde, expressed a high antimicrobial activity against
gram-positive and gram-negative bacteria. The antimicrobial efficiency of essential oils is
related to the concentration and proportion of the phenolic compound [30]. It is believed
that the amount of CEO that is added has a role in increasing the inhibition zone of the
bacteria. Various researches have been carried out on essential oils incorporated into
biocomposite films used in the food packaging industry. Phenolic compounds disintegrate
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the external cell membrane and mitochondria of bacteria, allowing them to become
permeable, and leading to leakage of the cell wall. From the gas chromatography (GC) data
on CEO presented in Fig. 7, the presence of the main phenolic and terpenoid compounds
effectively reduced the zone inhabited by the E. coli and S. aureus. The high content of
cinnamaldehyde and α-eugenol in CEO through a GC analysis as reported by Bongiovanni
et al. [31]. CEO yielded good antibacterial activity compared to thyme and lemongrass oils,
and better antibacterial activity than other essential oils like rosemary and oregano [32].
3.5. Gas Chromatography
About six different elements with varying retention times were detected via the gas
chromatography (GC) analysis (Fig. 7). The contents of the elements identified in pure CEO
are tabulated in Table 3. These elements were identified through a retention time and mass
spectral library search. The relative amount of each constituent was calculated according to
the GC peak area. As seen in Table 3, the antimicrobial components were characterised by
a dominant concentration of cinnamaldehyde (46.615%) and eugenol (16.345%). Other
main constituents included à-Pinene (2.901%), 3-methyl-hepta-1,6-dien-3-ol (9.064%),
trans-á-Ocimene (8.709%), and á-Phellandrene (0.865%), which acted as antibacterial and
antifungal elements but were less effective in inhibiting the bacteria. Most CEO components
are phenolic in nature and are volatile, and also consist of trace levels of terpenes with
antibacterial activity [33].
Table 3: Composition of element content in the pure cinnamon essential oil (CEO)
R.T.
(minutes)

Name
Compound

Area %

Quant
S/N

Area

MW

Structure

Molecular
Formula

6.84524

à-Pinene

2.9105

3.8659

294004

136

C10H16

10.3362

3-Methyl-hepta1,6-dien-3-ol

9.0646

4.5627

915667

126

15.4335

trans-á-Ocimene

8.7029

5.1193

879130

136

C10H16

8.90751

á-Phellandrene

0.86546

2.5648

87425

136

C10H16

14.9643

Eugenol

16.345

7.4453

1651138

164

C10H12O2

12.9065

Cinnamaldehyde,
(E)-

C8H14O

OH

O

46.615

20.201

4708802

132

H

C9H8O

Cinnamaldehyde and eugenol combinations are already being used as disinfectants in
hospitals, especially for medical devices [34]. The experimental test enabled the evaluation
and comparison of antimicrobial activity against bacteria commonly found in food products.
With these findings, it can be concluded that CEO is suitable and more effective against the
tested bacteria since it presents a wider inhibition zone with a lower concentration. It was
hypothesised that this result could be due to the presence of cinnamaldehyde as an active
compound against both gram-positive and gram-negative bacteria. Furthermore, this finding
also presented an important approach in developing active packaging with a lower
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concentration of active essential oil. Many studies on the antimicrobial activity of active
films incorporated with other essential oils have indicated their potential for use in food
packaging. As such, the effectiveness of antimicrobial films activated with CEO should be
considered by the food packaging industry.

Fig. 7. Gas chromatography profile of cinnamon essential oil.

4. CONCLUSION REMARKS
The weight loss for PLA biocomposite was increased due to the presence of more
porosity in the biocomposites. The water absorption evident that SCCO2 treatment aids to
reduce the water uptake of PLA biocomposite due to plasticizing effect. The plasticizer
decreased the moisture transfer between the food and packaging, thus improving the shelflife of packaged food. Only 1 wt% CEO has optimized the antimicrobial properties for
active food packaging application. Besides that, the presence of aldehyde as a functional
group in CEO was evident by using GC-MS/TOF. The use of CEO is very significant in this
research as an antimicrobial agent for the biocomposites film. Based on the findings, SCCO2
could be an interesting alternative treatment in the food packaging industry as compared to
the conventional method.
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