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Abstract: This study aims to produce and investigate the potential of biodegradable Polylactic Acid
(PLA)-based composites mixed with chitosan and Turmeric Essential Oil (TEO) as an anti-microbial
biomaterial. PLA has good barrier properties for moisture, so it is suitable for use as a raw material
for making packaging and is included in the GRAS (Generally Recognized As Safe). Chitosan is a
non-toxic and antibacterial cationic polysaccharide that needs to be improved in its ability to fight
microbes. TEO must be added to increase antibacterial properties due to a large number of hydroxyl
(-OH) and carbonyl functional groups. The samples were prepared in three different variations: 2 g of
chitosan, 0 mL TEO and 0 mL glycerol (Biofilm 1), 3 g of chitosan, 0.3 mL TEO and 0.5 mL of glycerol
(Biofilm 2), and 4 g of chitosan, 0.3 of TEO and 0.5 mL of glycerol (Biofilm 3). The final product
was characterized by its functional group through Fourier transform infrared (FTIR); the functional
groups contained by the addition of TEO are C-H, C=O, O-H, and N-H with the extraction method,
and as indicated by the emergence of a wide band at 3503 cm−1 , turmeric essential oil interacts with
the polymer matrix by creating intermolecular hydrogen bonds between their terminal hydroxyl
group and the carbonyl groups of the ester moieties of both PLA and Chitosan. Thermogravimetric
analysis (TGA) of PLA as biofilms, the maximum temperature of a biofilm was observed at 315.74 ◦ C
in the variation of 4 g chitosan, 0.3 mL TEO, and 0.5 mL glycerol (Biofilm 3). Morphological conditions
analyzed under scanning electron microscopy (SEM) showed that the addition of TEO inside the
chitosan interlayer bound chitosan molecules to produce solid particles. Chitosan and TEO showed
increased anti-bacterial activity in the anti-microbial test. Furthermore, after 12 days of exposure to
open areas, the biofilms generated were able to resist S. aureus and E. coli bacteria.
Keywords: polylactic acid; turmeric essential oil; chitosan; TGA; FT-IR; antimicrobial and antioxidant
properties; S. aureus; E. coli
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1. Introduction
Plastic manufacturers are facing a new challenge in the food industry as a result of
the growing demand for high-quality food that is free of preservatives. This is because
there is a greater emphasis on developing conservation products and anti-microbials for
renewable and environmentally friendly products. Furthermore, manufacturers’ use of
natural packaging materials (biofilms) as an alternative extends the life of a product [1,2].
Food packaging protects food products from external factors such as microorganisms,
moisture, and ultraviolet (UV) light, thereby extending their shelf life. Recently, biopolymerbased food packaging has attracted a lot of attention in terms of environmental issues due
to the fact that plastics constitute a considerable portion of buried garbage in the natural
ecosystem and are regarded as emerging contaminants with significant environmental
effects due to their high concentration, extensive dispersion, and non-biodegradability.
This is considerable evidence of aquatic plastic pollution, including plastic islands and
microplastics [3]. Conventional plastics are a vital commodity owing to their particular
lightweight, thermostable, crystalline, and easy-to-mold properties, resulting in a wide
range of items that combine comfort and quality in our lives. Increased usage of plastic
materials in the home and industrial sectors has outpaced worldwide production by up to
400 Mt/year, raising severe issues about disposal, environmental pollution, toxicity to the
ecosystem, and human health [4].
The selection of anti-microbial agents used as packaging materials must adhere
to established regulations, particularly in terms of toxicological effects [5]. Chitosan,
a biodegradable polymer, has been widely used in the production of edible films because it
is non-toxic and environmentally friendly. Chitosan also has excellent film-forming ability,
massive antimicrobial activity, selective permeability to gases (CO2 and O2 ), and it is compatible with other substances, such as vitamins and minerals [6]. Furthermore, the use of
antimicrobial agents in biodegradable food packaging systems to prevent microbial growth
on food surfaces has been the focus of recent research. Several previous researchers [7,8]
have investigated the use of chitosan as an additional material in packaging manufacturing.
The use of chitosan in food packaging represents a renewal based on a biodegradable food
packaging concept in which the spread of packaging can reduce microorganisms in foods
and prevent their development [9]. Chitosan-derived natural food packaging (biofilm)
can improve melons’ quality and extend their shelf life. It can also inhibit the growth of
microbes, bacteria, and fungi.
Chitosan is an antimicrobial agent that contains polysaccharides and amino groups.
To enhance chitosan’s antimicrobial activity, several other chemicals were added, including
a biopolymer, polysaccharides, lipids, or a mixture of these, as well as fatty acids and
essential oils [10,11]. According to previous research, the inclusion of turmeric (essential
oils) in film materials may protect L. inocula from UV light contamination. This is due to
the fact that UV light can be rendered inactive. When compared to the three-hour exposure
period for pure chitosan, adding turmeric extract to chitosan can significantly boost antimicrobial action and reduce the number of Staphylococcus aureus and Salmonella bacteria [12].
Formalized paraphrase Curcumin is also one of the naturally occurring hydrophobic
polyphenols and is an ayurvedic treatment in the Indian traditional medicine system as
well as in many Asian countries. Curcumin can be found in turmeric and it is well known
for its antimicrobial, antioxidant, anticancer, and anti-inflammatory properties [13].
Renewable aliphatic polyesters of homopolymers and copolymer-type polyhydroxylic
acid composed of PLA, Poly Glycolic Acid (PGA), and Poly e-Caprolactone (PCL) are the
most promising materials for biofilm applications. PLA has received special attention as a
replacement for traditional petroleum-based plastics. Based on a study [14], biodegradable
films with antioxidant activity for active food packaging were developed using PLA film
with a weight of 5% Poly-Caprolaktone (PCL) employing thymol, carvacrol fillers, and
their blend with supercritical CO2 fluids at 400 ◦ C and 10 MPa for five hours. The PLA film
is 5% by weight. The findings showed that due to the plasticizing impact of the compound
induced by the supercritical CO2 fluid, the resulting film’s traction strength dropped. This
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supercritical CO2 fluid forms more porous microstructures and modifies its mechanical
characteristics due to structural discontinuities which result in reduced flexibility and
cracking resistance [15,16].
The antioxidant activity of the samples submerged in this coating type was greater.
The improvement in physical-mechanical properties with the addition of filler must meet
the following requirements: the filler must be miscible with PLA in order to form a
homogeneous mixture; the filler must not be too volatile because it will cause evaporation
when the temperature is raised (elevated temperature) during the process and the filler must
not be easily migratory [17]. Natural extracts and other compounds, as previously stated,
can be added to edible films, and the films can gain active properties, extending the shelf life
of food through the migration of bioactive compounds or intelligent properties. This also
enables the detection of food contamination by changing the color of the packaging [18].
Until now, there has been a lot of research into using PLA in food packaging as a
biodegradable polymer to improve the mechanical properties of the film. The interaction
of PLA and chitosan as antimicrobial agents against various target organisms such as
algae, bacteria, yeast, and fungi in experiments involving in vivo and in vitro interactions
with chitosan in various forms (solutions, films, and composites). TEO, because of their
non-toxicity, biocompatibility, and high antibacterial and antioxidant capabilities, natural
essential oils are also ideal candidates to replace frequently used food preservatives. The
use of essential oils in active packaging applications is a cost-effective solution that can
help to decrease food safety hazards. Furthermore, the use of natural essential oils in active
packaging materials can help to preserve packed food from oxidation and protect against
contamination and spoilage by microbes that cause food to perish and harmful free radicals.
Antimicrobials have an effect on the properties of blocking materials from being exposed to
bacteria in food packaging, thereby increasing shelf life and product quality. Therefore, the
novelty of this study is in determining and examining the effect of the addition of turmeric
essential oil mixed with chitosan on making food packagings using their “compatible”
characteristics as a vitamin and a mineral. However, on the basis of literature investigations,
no study has yet been carried out to change the physical and mechanical characteristics of
environmentally friendly polymers in PLA and chitosan–TEO “green fillers.” The objective
of the study was to investigate whether concentrations of turmeric extract were effective
against E. coli and Staphylococcus aureus. Staphylococcus aureus is the most common cause of
food poisoning globally. These bacteria can infect some foods, such as minimally processed
ready-to-eat vegetables and processed meat products, and create a variety of enterotoxins.
From the standpoint of public health, Escherichia coli as an intestinal pathogen is becoming
increasingly significant, particularly the psychrotropic strain of E. coli O157:H7 that can
thrive on minimally processed vegetables and processed meat products.
2. Materials and Methods
2.1. Materials
Glycerol, curcumin, and gelatin were supplied by Sigma-Aldrich (Jakarta Timur,
Indonesia), while turmeric, shrimp skin, 1% acetic acid, and commercial cassava flour were
supplied by PT, Fugha Pratama Mandiri (Lhokseumawe, Indonesia). Phosphate-buffered
saline (PBS), tryptic soybean broth (TSB), and tryptic soy agar (TSA) were purchased from
Fisher Scientific (Jakarta, Indonesia). Medium molecular weight chitosan (molecular weight
190–310 kDa, 75–85% deacetylation), grafted polyethylene maleic anhydride (PEgMA) with
3.5% maleic anhydride content, and glycerol were supplied from Sigma Aldrich (Jakarta
Timur, Indonesia). Furthermore, the crystalline PLA was supplied from NatureWorks Co.
(Tangerang, Indonesia), while NaOH reagent was supplied from Sigma Aldrich (Jakarta
Timur, Indonesia) without dilution.
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2.2. Methods
2.2.1. Chitosan Synthesis
An amount of 100 g of shrimp skin was cleaned with running water. Next, the shrimp
skin was dried in an oven for 2 h at 160 ◦ C, which was then smoothed. The demineralization
process of shrimp skin powder was carried out using HCl concentrations of 0.25 M–2 M
(ratio of 1:10 (b/v)) by heating and stirring for 1–2 h. After that, it was filtered and dried for
24 h. The deproteinization process uses 0.5 M–2 M NaOH solution with an immersion time
of 10–400 min at temperatures of 20–100 ◦ C. After the two procedures, the shrimp shell was
filtered, washed with distilled water, and dried again to produce chitin powder. Then, the
decolorization process was carried out using an acetone 1:10 (b/v) ratio and then immersed
for 10 min. Chitin was dried in an oven for 2 h at 28 ◦ C. The chitin powder obtained
was sequentially bleached with 0.315% NaOCl for 5 min. Next, in the last deacetylation
process, chitin powder was washed using 50% NaOH with a ratio of 1:20 (b/v). Then, it
was heated for 3–5 h at 80–100 ◦ C and washed with distilled water and 80% alcohol. Finally,
chitin powder was then filtered. The chitin powder produced was analyzed using FTIR to
determine the chitosan functional group [19].
2.2.2. Extraction of Turmeric
A total of 20 g of turmeric was mashed, which was then placed into Soxhlet.
The process of isolating turmeric oil was carried out by adding 200 mL ethanol for 8 h until
no condensate drops again, and the process temperature was maintained at 78 ◦ C. Thus,
turmeric insulation is maintained with the distillation process until the oil was obtained.
2.2.3. Biofilms Manufacture
The biofilm manufacturing process in [20] was a success.Three samples were formed
from the composition of 2 g chitosan, 0 mL TEO, and 0 mL glycerol (Biofilm 1); 3 g chitosan,
0.3 mL TEO, and 0.5 mL glycerol (Biofilm 2); and 4 g chitosan, 0.3 mL TEO and 0.5 mL
glycerol (Biofilm 3). The chitosan powder obtained was then dissolved in 30 mL of 1%
acetic acid and 70 mL of distilled water, which was then mixed with 20 g PLA and glycerol
according to the composition. The solution was homogenized and stirred at 70 ◦ C for
60 min until the film solution was entirely homogeneous. In the final step, the film solution
was added to TEO. Then, the film solution was homogenized for 30 min with a magnetic
stirrer. The film solution was poured into a mold cleaned with 96% ethanol. It was then
dried in the oven at 35 ◦ C for 45 min. The remaining dried film was removed from the
mold, which was ready for analysis.
2.2.4. Surface Morphological Analysis
Scanning electron microscopy is a tool that can form shadows on the surface of broken
microscopic specimens. The surface structure of the fibers was observed using a JEOL-T20
microscope at State Polytechnic of Lhokseumawe laboratory (Lhokseumawe, Indonesia).
To form a conductive sample, it is necessary to coat the sample with a thin layer of gold.
Scanning electron analysis was carried out at 5–20 kV. Tensile specimens tested were
placed on a glass preparation part which was then placed on an optical lamp enlarged
up to 1000 times. It was then photographed on each surface of the broken specimen or
its fracture. The analysis of the treatment effect on the surface structure of the fiber was
carried out using a microscope.
2.2.5. Fourier Transform Infrared (FTIR)
The sample’s infrared spectroscopy was obtained on a KBr pallet (measurement
method) using a Shimadzu FTIR Spectrophotometer from Chemical Engineering’s Laboratory at State Polytechnic of Lhokseumawe (Lhokseumawe, Indonesia). The spectrum
was seen in the range of 500–4000 cm−1 with a resolution of 2 cm−1 with an empty KBr
melting background.
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2.2.6. Thermogravimetric Analysis (TGA)
Thermogravimetric analysis (TGA) was used to determine the decomposition temperature of the sample, which is c using a Perkin–Elmer instrument from Chemical Engineering’s Laboratory at State Polytechnic of Lhokseumawe (Lhokseumawe, Indonesia)
at a frequency of 1 Hz from −98 ◦ C to 140 ◦ C and a heating rate of 5 ◦ C/min. Samples
were then cut into small sizes. Finally, the position of the maximum tan value was used to
determine the decomposition temperature of the sample.
2.2.7. Anti-Microbial Test
A method was developed for determination of the antibiotic susceptibility of anaerobic
bacteria by use of a single-disc diffusion technique and incorporation of the inoculum in
pour plates from Chemical Engineering’s Laboratory at State Polytechnic of Lhokseumawe
(Lhokseumawe, Indonesia). The method was standardized by the correlation of zone
diameters with minimal inhibitory concentrations determined in the samples [21]. The
antibacterial activity of biofilms was investigated using the agar media method in Petri
dishes. Bacterial cultures grown in the mid-logarithmic phase were placed on agar media.
Escherichia coli and Staphylococcus aureus were injected into agar media. After solidification
of the agar coating, perfume solutions (15 mm in diameter) with different concentrations
(5% and 10% by weight) were placed on the surface of the agar. The layers were incubated
at 25 ◦ C for 0 days to 9 days.
2.2.8. Tensile Strength
The tensile strength of PLA–Chitosan–TEO was tested using a tensile strength tool
according to the ASTM D 638–99 procedure from Chemical Engineering’s Laboratory at
State Polytechnic of Lhokseumawe (Lhokseumawe, Indonesia).
2.2.9. Statistical Analysis Using Statistical Statistical Package for Social Science (SPSS)
To find out the results of the analysis of whether the characteristics of the biofilms
have a significant effect or not, further analysis was carried out using SPSS (Statistical
Package for Social Science) version 22.0 using the one-way ANOVA method. If the data are
normally distributed and homogeneous, a one-way ANOVA test was carried out with a
95% confidence level.
All data regarding the mechanical test of the sample are listed in Tables 1–4. Table 1
presents tensile strength data for all samples using ANOVA method, Table 2 presents
tensile strength data for all samples using ANOVA method for difference samples), Table 3
presents data % elongation for all samples using ANOVA method and Table 4 presents the
data for % elongation for all samples using ANOVA method for difference samples.
Table 1. Tensile strength for all samples using ANOVA method.
Sum of Square

df

Mean Square

F

Sig.

Between Groups

879.069

4

219.76725

76.156

0

Within Groups

23.953

7

3.421857143

−

−

Total

903.022

11

−

−

−
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Table 2. Tensile strength for all samples using ANOVA method for difference samples.
Chitosan
Concentration
(gr)
2

3

4

Glycerol
Concentration
(mL)

95% Confidence Interval

TEO
Concentration
(mL)

Mean
Difference

Std. Error

Sig.

Lower
Bound

Upper
Bound

0

0

−20.37551

1.40253

0

−23.9106

−17.2414

0.3

0.5

−21.17437

1.40253

0

−24.7604

−17.1339

0

0

−16.75093

1.40253

0

−19.9763

−13.9132

0.3

0.5

−20.83454

1.40253

0

−17.4488

−23.0916

0

0

−20.03342

1.40253

0.54

4.0089

−2.7487

0.3

0.5

−19.29869

1.40253

0.033

−6.7871

−7.2353

Table 3. % elongation for all samples using ANOVA method.
Sum of Square

df

Mean Square

F

Sig.

Between Groups

0.029

4

0.01

51.736

0

Within Groups

0.001

7

0

−

−

Total

0.03

11

−

−

−

Table 4. % elongation for all samples using ANOVA method for difference samples.
Chitosan
Concentration
(gr)
2

3

4

95% Confidence Interval

Glycerol
Concentration
(mL)

TEO
Concentration
(mL)

Mean
Difference

Std. Error

Sig.

Lower
Bound

Upper
Bound

0

0

−0.09319

0.01308

0

−0.2197

−0.0721

0.3

0.5

−0.11412

0.01308

0

−0.1164

0.0958

0

0

−0.09319

0.01308

0

−0.5295

−0.0923

0.3

0.5

−0.15497

0.01308

0.08

−0.3756

−0.1211

0

0

−0.09998

0.01308

0.07

−0.5297

−0.0496

0.3

0.5

−0.15497

0.01308

0.08

−0.4292

−0.0217

Scheme 1 depicts the procedures required to produce chitin powder from shrimp shell
waste using a variety of ways of methods.
Scheme 2 describes the steps that need to be taken to produce chitosan, the process of
converting the acetyl group (NHCOCH3 ) in chitin to an amine group (NH2 ) in chitosan
with the addition of NaOH.
Scheme 3 is a soxhletation method carried out by installing a soxhletation device tools.
A number of raw materials are put into the cladding and 96% ethanol is added as a solvent.
Scheme 4 shows the manufacture of the biofilms is done by applying the principle of
solution thermodynamics where the initial state of the solution is stable and then undergoes instability (addition of filler) in the phase change process (demixing), solidification
(solidification) and phase transition so that at the stage it becomes solid after the addition
of a high concentration polymer.
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Scheme 1. Chitin production scheme [22].

Scheme 1. Chitin production scheme [22].

Scheme 2 describes the steps that need to be taken to produce chitosan, the process
of converting the acetyl group (NHCOCH3) in chitin to an amine group (NH2) in chitosan
with the addition of NaOH.
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Scheme 3 is a soxhletation method carried out by installing a soxhletation device
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are put into the cladding and 96% ethanol is added as a
Turmeric
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Ethanol

Soxhlet tools

Heating at 78 0C
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Scheme
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Scheme 4 shows the manufacture of the biofilms is done by applying the principle of
solution thermodynamics where the initial state of the solution is stable and then
undergoes instability (addition of filler) in the phase change process (demixing),
solidification (solidification) and phase transition so that at the stage it becomes solid
after the addition of a high concentration polymer.
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3. Results and Discussion
3. Results and Discussion
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TEO that have been evenly distributed [26,27]. Biofilm 3’s particles are evenly distributed
on the surface but have a smaller film layer because the glycerol is lower than in biofilm 2.
According to [28], insufficient compositions in chitosan could spread evenly on the PLA
polymer matrix with plasticizers and oregano oil. They were able to form homogeneous
bonds that affected the properties. According to the findings of this study, TEO has been
shown to bind biopolymer elements in chitosan into good bonds and produce complex
biofilm surfaces when added to biofilms. The interaction of the two biopolymer elements
demonstrates an attraction capable of replacing inorganic filmmakers [29,30]. The pore
structure is a site where cell growth or proliferation occurs. Among the three sample
Polymers 2021, 13, x FOR PEER REVIEW
11 of 26
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The figure
below shows
a graph
of the analysis of the PLA functional group. The graph
3.2. Fourier Infrared
Spectroscopy
Analysis
(FTIR)
shows the results of the FTIR test that from the optimum sample tensile strength in PLA,
The results of the analysis of the characteristics of turmeric essential oil from the
there exists N-H, C-H, O-H and C=O mentioned in Table 6. Where the NH group is present
extraction method by spectroscopy to obtain
the value of the absorption results are used
at the wave number 3336.85 cm−1 with a wavelength range of 3300–3400 cm−1 , the OH
in Table 5. Qualitative analysis of different organic
compounds can be confirmed from
group is found at the number 3630.03 cm−1 in the wave range of 3584–3700 cm−1 and the
the characteristics of the vibration band appearing
in
the infrared spectrum region at a
CH group at the number 3630.03 cm−1 in the wave range 3584–3700 cm−1 . The C=O group
certain frequency influenced by certain
functional groups. The transmittance percentage
is discovered at 1793.80 cm−1 with a wave range of 1540–1870 cm−1 , while the following
corresponding to the wave number is −
summed
up in the total attenuated in the reflected
1
group is located at 3294.42 cm with a wave range of 3267–3333 cm−1 . This indicates that
IR spectrum, as shown in the figure above. There is an intense broad peak in the range of
2500–3200 cm−1, specifically at 2414.88 cm−1, corresponding to the polymer hydroxyl
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no new functional groupings, but only PLA pure characteristics, have been discovered in
line with research by [32].
Table 5. Wave number for functional groups of turmeric essential oil.
Functional Groups

Wavelength cm−1

N-H
C-H (aromatic)
N=C=O (TDI)
C=O
O-H
C=N

3209.85
2912.51
2276
1712.9
1492.9
636.51

Table 6. Wave number for functional groups of pure PLA.
Functional Groups

Wavelength cm−1

N-H
O-H
C-H
C=O

3336.85
3630.03
3294.42
1793.80

Turmeric essential oil interacts with the polymer matrix by forming intermolecular
hydrogen bonds between their terminal hydroxyl group and the carbonyl groups of the
ester moieties of both PLA and chitosan as mentioned in Table 7., in line with research [33]
C-O stretching of alcohols and carboxylic acids, and N-H wagging of primary and secondary amines. These functional groups were predicted because chitosan is made up
mostly of them. As evidenced by the appearance of a broad band at 3503 cm−1 corresponding to phenolic OH stretching vibrations and an increased intensity and shift of
bands attributed to C–O bending vibrations as show in Figure 2. The bands ascribed to
isoprenoids’ out-of-plane C-H wagging vibrations emerged at 2918 cm− 1 and 2922 cm− 1
when turmeric oil was added and mixed at a high speed to bind the matrix and filler.
Table 7. Wave number for each functional group of chitosan.
Functional Groups

Wavelength cm−1

C-H
C-O
C-O-C

1766.62
2409.03
2202.40

3.3. Thermogravimetric Analysis (TGA)
We examined TGA as a tool to evaluate differences in mass loss patterns in order
to quantify differences in biofilm development. To the best of our knowledge, this is the
first time TGA has been used to characterize a biofilm in Indonesia. Biofilm thickness
is generally measured using confocal microscopy, which is a very efficient approach but
necessitates expensive equipment and extensive training to produce high-quality pictures.
TGA is frequently used for material characterisation since it needs little training and sample
preparation and produces findings quickly. This is the temperature range in which bacterial
organic matter is most likely to breakdown and burn; therefore, the difference is ascribed
to a bacterial biofilm [34]. The TGA results are consistent with our findings. An active
biofilm in direct contact with the carbon foam surface should generate a current by creating
a potential difference between the anode and the cathode, as seen.
The researchers discovered a mass drop in humidity from 50 ◦ C to 150 ◦ C and a mass
decrease from 250 ◦ C to 400 ◦ C owing to thermal deterioration of the two components.
This is the temperature range in which bacterial organic matter is most likely to break
down and burn; therefore, the difference is ascribed to a bacterial biofilm. As a result,
the temperature of the biofilm breakdown was about 285 ◦ C. Figure 3 depicts biofilms
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degraded at 285.55 ◦ C with a mass removal of 1.313 mg at 2 g chitosan, 0 mL TEO, and
0 mL glycerol. Biofilm 2, on the other hand, disintegrated at 274.02 ◦ C with a mass14removal
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3.3. Thermogravimetric Analysis (TGA)
We examined TGA as a tool to evaluate differences in mass loss patterns in order to
quantify differences in biofilm development. To the best of our knowledge, this is the
first time TGA has been used to characterize a biofilm in Indonesia. Biofilm thickness is
generally measured using confocal microscopy, which is a very efficient approach but
necessitates expensive equipment and extensive training to produce high-quality
pictures. TGA is frequently used for material characterisation since it needs little training
and sample preparation and produces findings quickly. This is the temperature range in
which bacterial organic matter is most likely to breakdown and burn; therefore, the
difference is ascribed to a bacterial biofilm [34]. The TGA results are consistent with our
findings. An active biofilm in direct contact with the carbon foam surface should generate
a current by creating a potential difference between the anode and the cathode, as seen.
The researchers discovered a mass drop in humidity from 50 °C to 150 °C and a mass
decrease from 250 °C to 400 °C owing to thermal deterioration of the two components.
This is the temperature range in which bacterial organic matter is most likely to break
down and burn; therefore, the difference is ascribed to a bacterial biofilm. As a result, the
temperature of the biofilm breakdown was about 285 °C. Figure 3 depicts biofilms
degraded at 285.55 °C with a mass removal of 1.313 mg at 2 g chitosan, 0 mL TEO, and 0
mL glycerol. Biofilm 2, on the other hand, disintegrated at 274.02 °C with a mass removal
of 1.54 mg. Furthermore, at 315.74 °C, samples with a weight removal of 1.74 mg were
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Figure 3. TGA analysis on biofilms
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sample
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range before
being
applied asrange
a
food packaging.

before being applied as a food packaging.

This research is in line with [35], in which weight loss and DTG (a derivative of TGA
curves) of chitosan and Mandarin Essensial Oil–chitosan nanoparticles are presented.
Chitosan went through two distinct stages. The first stage with green line (50–150 °C) was
associated with free water loss. The second step used temperatures ranging from 250 °C
to 400 °C with pink line for chitosan dehydration and breakdown. Material structural

Polymers 2021, 13, 4019

14 of 24

Polymers 2021, 13, x FOR PEER REVIEW

This research is in line with [35], in which weight loss and DTG (a derivative of
TGA curves) of chitosan and Mandarin Essensial Oil–chitosan nanoparticles are presented.
Chitosan went through two distinct stages. The first stage with green line (50–150 ◦ C)
was associated with free water loss. The second step used temperatures ranging from
250 ◦ C to 400 ◦ C with pink line for chitosan dehydration and breakdown. Material
structural modifications, such as the addition of Mandarin Essensial Oil, Tween20, and
chitosan cross-linked with sodium tripolyphosphate show by black line, resulted in a
new stage blue line (150–300 ◦ C) in the chitosan nanoparticles and Mandarin Essensial
Oil–chitosan nanoparticles.
The comparison between samples (a) and (b) based on Figure 4 shows that the physical change in the biofilm tested may have been the most degraded in the biofilm. The
initial golden color became black after being burned. The sample’s weight was also lost
throughout the breakdown process. Each sample was examined, and it is known that the
sample was broken down, owing to the combustion process in the TGA test equipment,
resulting in the loss of carbon, water, or volatile components throughout the analysis
26
method. Other combinations, such as chitosan, TEO, and glycerol, also had16
anofeffect
on the
sample’s heat resistance.

(a)

(b)

Figure
4. The result
of biofilm
samples
(a) beforethermal
the bioplastic
thermal
test,bioplastic
(b) after thermal
Figure 4. The result
of biofilm
samples
(a) before
the bioplastic
resistance
test,resistance
(b) after the
the
bioplastic
thermal
resistance
test.
resistance test.

3.4. Anti-Microbial
Test
3.4. Anti-Microbial
Test
TEO additives
to chitosan
have
been to
studied
to enhance
the temperature
of
TEO additives
to chitosan
biofilms biofilms
have been
studied
enhance
the temperature
of
decomposition
as
one
of
the
criteria
for
biological
degradation.
Furthermore,
because
of
decomposition as one of the criteria for biological degradation. Furthermore, because of
its antiseptic
properties
food, biofilms
with antimicrobial
compounds
have
great food
its antiseptic
properties
for food,for
biofilms
with antimicrobial
compounds
have great
food
preservation abilities. As a result, in addition to preserving food, it also ensures the safety,
preservation abilities. As a result, in addition to preserving food, it also ensures the
freshness, and longer shelf life of these goods. This is due to the presence of antimicrobial
safety, freshness, and longer shelf life of these goods. This is due to the presence of
action in natural substances and extracts utilized as additions in chitosan products. As a
antimicrobial action in natural substances and extracts utilized as additions in chitosan
result, the usage of chitosan as a packaging material has several applications and is aimed
products. As a result, the usage of chitosan as a packaging material has several
at food safety.
applications and is aimed at food safety.
It is critical to determine the antimicrobial activity, composition, structure, and funcIt is critical to determine the antimicrobial activity, composition, structure, and
tional groups of such extracts. Clove oil, thyme, cinnamon, rose salad, sage, and vanillin
functional groups of such extracts. Clove oil, thyme, cinnamon, rose salad, sage, and
are the most active substances in the battle against germs. Several investigations have
vanillin are the most active substances in the battle against germs. Several investigations
have shown that they have antimycotic, non-toxic, and anti-parasitic effects. They can
also be linked to the function of those chemicals in plants, as well as the antibacterial
capabilities of essential oils and their constituents [16,36].
Figure 5 presents microbial development through the 12-day testing process that
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shown that they have antimycotic, non-toxic, and anti-parasitic effects. They can also be
linked to the function of those chemicals in plants, as well as the antibacterial capabilities
of essential oils and their constituents [16,36].
Figure 5 presents microbial development through the 12-day testing process that
occurred in B1 (biofilm 1), B2 (biofilm 2), and B3 (biofilm 3). The results showed that the
lowest colony growth rate of 61 colonies/g S. aureus was found in B1 with the composition
of 2 g of chitosan, 0 mL of TEO, and 0 mL of glycerol, followed by B2 with 3 g of chitosan,
0.3 mL of TEO, and 0.5 mL of the glycerol growth rate of 77 colonies/g E. coli. B3 biofilm
showed the best results, wherein 4 g of chitosan, 0.3 mL of TEO and 0.5 mL of glycerol
have been mixed. The test results showed a microbial reduction with the addition of
chitosan compounds, and the addition of essential oil from turmeric increased the antibacterial activity. S. aureus is a Gram-positive bacteria that can attach to glass, metal, and
Polymers 2021, 13, x FOR PEER REVIEW
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Shigella dysmetria, S. aureus, and E. coli [44,45]. Compared to the previously explained
study, it can be concluded that the addition of TEO had shown an increased anti-bacterial
activity, which was to inhibit microbial growth in the sample. That was because the
composite material was directly contaminated with the air, containing various microbe
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E. coli [44,45]. Compared to the previously explained study, it can be concluded that
the addition of TEO had shown an increased anti-bacterial activity, which was to inhibit
microbial growth in the sample. That was because the composite material was directly
contaminated with the air, containing various microbe types that can affect both physical
and chemical ingredients.
3.5. Effect of Variations in PLA–Chitosan–TEO Concentration on Mechanical Characteristics of
Food Packaging
Tensile strength testing of food packaging is an important factor that must be studied
further to determine its application in the food industry, particularly for applications to
vegetables and fruits. Mobility mechanical properties are critical because they are required
to support in vitro culture and implantation processes [46]. Furthermore, testing the mechanical properties of packaging materials is critical for determining the homogeneity of
a polymer mixture and the mixed materials used in the manufacturing process. In this
study, the mechanical characteristics of the PLA–chitosan–TEO material were analyzed
by testing the tensile strength (Tensile Strength) of the sample using the UTM (Universal
Testing Machine) in the Tensile Test Laboratory of the Chemical Engineering Department,
Lhokseumawe State Polytechnic. The dimensions of the specimens used follow the dimensions of the specimens in ASTM D 638–99. In this graph, the highest tensile strength value
was obtained in sample biofilm 3. The composition of each biofilm 1 material is 13.03 Mpa.
Meanwhile, biofilm 2 (3 g of chitosan, 0.3 mL TEO and 0.5 mL of glycerol) and 3 (4 g of
chitosan, 0.3 of TEO and 0.5 mL of glycerol) have tensile strength values of 15.15 MPa and
17.67 Mpa, respectively.
Figure 6 based on the three samples, the third sample has a large tensile strength
value, which is because the high concentration of chitosan causes the tensile strength of the
analysis to increase. The increase in tensile strength was due to the reduced water content
in the bioplastic because it had been absorbed by chitosan as an organic polysaccharide.
Therefore, the molecular structure of bioplastics becomes denser and more homogeneous,
which causes the tensile strength to increase [47,48]. This is also in line with conducted
research which states that the addition of chitosan in PLA causes the tensile strength to
increase based on research that has been carried out by [49] regarding the effect of the
homogenization method and the content of carvacrol on the microstructure and physical
properties of chitosan-based films. Film-forming emulsions were made with chitosan
(1.5%), Tween 80 (0.5%), and carvacrol (0.25%, 0.5%, and 1.0%). The homogenization
method used is the rotor-stator with high- and low-pressure homogenization. The results
showed that the use of carvacrol had a significant impact on the mechanical properties of
the emulsified films. The tensile strength produced by the film was significantly reduced.
The results of adding chitosan to bioplastics showed that there was an interaction in
the mixed film (starch–chitosan bioplastic). Chitosan has a good filming property and
has extensive water absorption in the acidic medium due to the chain relaxation effect
generated in the macromolecular networks by protonated amino groups. The addition of
chitosan can increase the tensile strength of bioplastics [50]. However, if more chitosan is
added, the more the tensile strength value of the bioplastics will decrease. In other words,
the resulting bioplastic will have brittle properties [51]. The table below is in line with
research conducted by [52]: the strength of the prepared samples was not affected by the
type of natural extract, but only by the used basic matrix/polymer. The explanation of
different textural properties can be affected by the different pH since the preparation of
films included PLA.
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B1
18.66 ±Deviations
0.05
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0 mL
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±
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3
g
chitosan,
0.3
mL
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and
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and
0 mL
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3.7. Comparative Table of Materials Used for Food Packaging Applications
Table 9 is represent the difference process of producing food packaging with essential
oil fillers as anti-bacterial and anti-oxidant chemicals that can extend the shelf life of
components and protect product quality from free radicals.
Table 9. Comparative Table of Materials Used for Food Packaging Applications.
Lukic Dkk, 2021

This Research

This study aims to produce a biodegradable
film with antioxidant activity for active food
packaging. A poly lactic acid (PLA) film with
5% by weight poly-caprolactone (PCL), filled
with thymol, carvacrol, and their mixture using
supercritical CO2 at 40 ◦ C and 10 MPa for 5 h,
with 27.53, 21.18, respectively, and 21.49% was
used. The morphological, structural and
mechanical properties of the obtained PLA-5
films were analyzed. The mixture of thymol
and carvacrol incorporated into the PLA-5 film
showed synergy and a low percentage of
migration to distilled water, indicating great
potential for application as a food packaging
material with the aim of reducing the need for
the amount of active ingredients. The addition
of Carvacrol and a Thymol–Carvacrol mixture
improved flexibility, extensibility, and ductility,
but subsequently lower tensile strength of the
PLA-5 film due to the plasticizing effect of
loaded compounds promotedby scCO2 .

The samples were prepared in three different
variations: 2 g of chitosan, 0 mL TEO, and 0 mL
glycerol (biofilm 1), 3 g of chitosan, 0.3 mL
TEO, and 0.5 mL of glycerol (biofilm 2), and 4 g
of chitosan, 0.3 of TEO, and 0.5 mL of glycerol
(biofilm 3). The concentration of chitosan
affects the tensile strength of the
PLA–chitosan–TEO sample; a higher
concentration value of chitosan will make the
bioscaffold material have an increased tensile
strength value. The highest tensile strength
value was in biofilm 3 with a composition of
4 g of chitosan concentration. Microbial
development results showed that the lowest
colony growth rate of 61 colonies/g S. aureus
was found in B1 followed by B2 with 3 g of
chitosan, 0.3 mL of TEO, and 0.5 mL of the
glycerol growth rate of 77 colonies/g E. coli. B3
biofilm showed the best microbial reduction
with the addition of chitosan compounds and
essential oils from turmeric.

3.8. Comparison between Produced Materials and Commercials Product
The FTIR study of chitosan yielded the absorption regions of functional groups, as
shown in Figure 8. The the red line shows that stretching OH group absorption emerged at
a wave number of 3189.37 cm−1 with a deacetylation temperature treatment of 100 ◦ C for
two hours, and the hydroxyl group (-OH) appeared at a wave number of 2980.20 cm−1 . The
N-H stretching group may be found at wave number 3004.61 cm−1 . The vibration of the
C-H range on aliphatic CH2 is shown by the absorption at a wave number of 2779.37 cm−1 .
The appearance of bending vibration absorption CH2 at a wave number of 1365.75 cm−1
supports this. The absorption at 1567.09 cm−1 indicates the C=O group (amide peak) that
remains because the chitosan generated has not been entirely deacetylated. In the isolated
chitosan IR spectra, N-H bending vibration of NH2 is represented by the 1376 cm−1 . The
bending absorption of -CH3 is modest and visible at the wave number 1389.45 cm−1 . At the
wave number 1306.09 cm−1 , C-N stretching vibrations with low intensity were detected.
The C-O bond range was discovered at wave numbers 1155.36 cm−1 and 1114.86 cm−1 .
Chitosan at a deacetylation temperature of 100 ◦ C from commercial chitosan for two
hours (black line) showed absorption of the stretching OH group at a wave number of
2992.11 cm− 1 and a hydroxyl group (-OH) at a wave number of 3180.91 cm− 1 . The N-H
stretching group emerges at the wave number 3003.43 cm− 1 . Absorption at wavelength
numbers 2945.87 cm− 1 and 2790. cm− 1 demonstrates the C-H stretching vibration on
aliphatic CH2 , which is reinforced by the presence of bending vibration absorption CH2 at
wave number 1398.44 cm− 1 . The absorption at the wave number 1590.34 cm− 1 indicates
the C=O group (amide peak) that remains because the chitosan generated has not been
entirely deacetylated.
The area for pure substances is greater than for commercial products. The Figure 9
shows that the yield of the resultant extract increases, as well as the number of extraction
steps, with the extraction stage, yielding more extract than the 1-stage extraction. Extraction
with fewer solvents will be more effective than extraction with all the solvents at once.
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Figure 9. Purity of extracted essential oil tested using gas chromatography-mass spectroscopy.
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4. Conclusions

4. Conclusions

Based on the research results on PLA as a biofilm, it was concluded that the maximum
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9 daysin
of anti-bacterial
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spaces. Moreover,
The concentration
of chitosan
affects the
tensile
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increase
activity.
the biofilms
produced
were
able
to fight S.
of the PLA–chitosan–TEO sample: a higher concentration value of chitosan will make the
aureus and E. coli bacteria in 9 days of exposure to open spaces. The concentration of
bioscaffold material have an increased tensile strength value. The highest tensile strength
chitosan affects the tensile strength of the PLA–chitosan–TEO sample: a higher
value was in biofilm 3, with a composition of 4 g of chitosan concentration. However,
if the addition of chitosan is continuous, it will increase the brittleness through higher
water absorption so that further studies on the maximum amounts of chitosan as a filler in
the manufacture of food packaging need to be considered. Biofilms in the food business
are a severe economic and health concern. On the one hand, the presence of biofilms of
food processing surfaces might result in financial losses due to corrosion on metal surfaces
caused by certain bacteria, necessitating the replacement of these parts. Furthermore,
certain bacterial species, such as Pseudomonas spp. and Bacillus spp., express a variety of
proteolytic and lipolytic enzymes that can produce unpleasant smells and tastes (rancid,
bitter). The impacted production batches must be removed and destroyed in these cases.
On the other hand, and more importantly, biofilm development in food manufacturing
is a critical public health issue. These biofilms may comprise bacterial (and occasionally
fungal) species known to be harmful in healthy people, or they may solely target the
immunocompromised (such as organ transplant recipients, oncology or HIV patients, etc.).
These bacteria can cause food poisoning (S. aureus) as well as gastroenteritis (E. coli) and
systemic illnesses in some situations (E. coli O157:H7).
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