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ABSTRACT

The primary objective of this study was to investigate the impact of adding moringa leaf extract
on the physical, mechanical, and antioxidant properties of chitosan-alginate films. The type of
research employed in this study is experimental research (true experiment), and the approach
used is quantitative. The research design used in this study was a non-factorial completely
randomized design (CRD) with three repetitions. The factors studied were the concentrations
of Moringa leaf extract, the concentrations of Moringa leaf extract (E) used included: E;=0.5%,
E>=0.75%, Es=1%. The values obtained were then analyzed using one-way ANOVA with the
application of SPSS version 16. The results of research on the characteristics of films made
Jfrom chitosan-alginate with the addition of Moringa oleifera L extract can be concluded that:
Treatment Addition of the extract at a concentration of 0%, 0.50 %, 0.75%, and 1% had a
significant effect on the value of film thickness and antioxidant activity. The higher the
concentration of the extract added, the thickness and percentage of antioxidant activity
increased. While the addition of the extract at concentrations of 0%, 0.50%, 0.75%, and 1%
had no effect on the tensile strength, elongation, and solubility of the chitosan alginate film.
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INTRODUCTION

One of the leading causes of decreasing
food quality is lipid oxidation (Patrignani et al.,
2015). Lipid oxidation is the primary cause of
damage to various types of food that contain fat
or oil. This process can result in a decrease in
the quality of a food product because it can
cause changes in odor, taste, and color in food
products (Siswoyo & Ardiyati, 2009). Lipid
oxidation is a very complex free radical
arrangement between fatty acids and oxygen
that causes a decrease in quality, commonly
known as rancidity (Mozuraityte et al., 2015).

One way to protect food products from
the lipid oxidation process is by adding
antioxidants. Commonly used antioxidants are
synthetic antioxidants, such as BHA (butyl
hydroxy anisole), BHT (butyl hydroxy toluene),
and TBHQ (tert-butyl hydroxy quinone). The
use of synthetic antioxidants has begun to
receive negative responses from the public
because it is suspected of being dangerous and
potentially causing cancer. The use of natural
antioxidants has begun to be developed and is
increasingly in demand because it is believed to
be safer for health (Pujawati et al., 2019).

One of the breakthroughs in the food
sector is the use of active packaging (Sianturi,
2011). Active packaging is a type of packaging
that is designed to modify the properties of the
packaged food, extending its shelf life,
improving safety, and enhancing sensory
properties (color, taste, aroma, texture) to meet
consumer desires better. One type of active
packaging is to insert additional materials into
the packaging to control the composition of the
air around the product (Rosyid, 2012).

Active packaging materials that are still
commonly used are chitosan and alginate.
Chitosan is a natural polysaccharide obtained
through deacetylation of chitin and is known as
a biodegradable, relatively inexpensive, and
non-toxic polymer. One technique to enhance
the mechanical strength of a film is to combine
cationic polymers (such as chitosan) and
anionic polymers (such as alginate). KPE film
(polyelectrolyte complex) is a term to describe a

complex formed by combining cationic and
anionic polymers. Cationic polymers that have
been wused are gelatin, chitosan, and
polyethyleneimine (Sugita et al., 2017).

Chitosan has good mechanical strength
because it has a negatively charged hydroxyl
group (OH) and a positively charged amine
group (NH,), so that chitosan is able to bond
ionically very strongly (Anward et al., 2013).
Alginate is also a natural polymer, the result of
brown algae extraction. Films made from
alginate have weak mechanical strength,
because alginate only has a negatively charged
hydroxyl group so that the bonds between
molecules are weak. While films from alginate
have high hydrophilic properties. The
hydrophilic properties of alginate cause films
made from alginate to be able to absorb water
molecules. Therefore, researchers combine
chitosan-alginate as the basic material for
making films because they can produce better
mechanical properties than using chitosan
alone.

In addition to having high mechanical
properties, chitosan-alginate films have the
disadvantage of having weak anti-free radicals.
Therefore, it is necessary to add antioxidants so
that the anti-free radical properties become
strong. Antioxidant compounds are widely
found in plants, one of which is the moringa
plant. The active substances contained in the
moringa plant function as anti-free radicals and
antioxidant compounds such as various types of
vitamins (A, C, E, K, By, B,, B3, Be), flavonoids,
alkaloids, saponins, tannins, and terpenoids
(Kurniasih, 2019). A compound is said to be a
very strong anti-free radical if the ICsy value is
less than 10 pg/ml, strong if the ICso value
ranges from 10-50 pg/ml, moderate if the ICso
value ranges from 50-100 pg/ml, weak if the
ICsy value ranges from 100-250pg/ml and
inactive if the ICsy value is more than 250
pg/ml.

From  the  description  above,
researchers are interested in studying the
characteristics of chitosan-alginate-based films
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as active packaging with the addition of
moringa leaf extract (Moringa oleifera L). The
addition of moringa leaf extract (Moringa
oleifera L) is expected to provide information on
the potential of moringa leaf extract (Moringa
oleifera L) as an active ingredient in chitosan-
alginate films.

METHODS
Materials
The materials used in this study were
chitosan, alginate, glacial acetic acid, Moringa
oleifera L. leaves, DPPH, filter paper, and
distilled water.

Tools

The tools used in this study include hot
plates, dropper pipettes, scales, watch glasses,
ovens, desiccators, silica gel, vernier calipers,
micrometer screws, stirring rods, measuring
flasks, measuring cylinders, beakers, grinders,
magnets, volume pipettes, and petri dishes.

Research Procedures

This study was conducted using a
completely randomized design with three
treatment levels of moringa leaf extract
concentrations: 0.50%, 0.75%, and 1.00%.

Extraction

A total of 5 grams of Moringa leaf
powder was weighed and extracted using the
maceration method with aquades solvent. The
ratio between the sample and water used was
1:5. Furthermore, the sample was extracted for
18-20 hours. Then the macerate obtained was
filtered and collected.

Filmmaking

Alginate solution was made by
dissolving 5 mg of alginate powder into 4 mL of
distilled water and stirring it with a magnetic
stirrer on a hot plate. Then added 20 mg of
chitosan powder that had been dissolved in 2%
glacial acid that had been diluted as much as 16
ml and continued stirring for 30 minutes. The
KPE film solution was stirred using a magnetic
stirrer for 24 hours. The KPE solution (12 ml)

was poured into a 6 cm diameter petri dish and
dried for 96 hours at room temperature (250).
The dried film was then stored.

Mechanical Properties Analysis
Mechanical tests were carried out using
tensile testing, the test results of which were then
used to determine the tensile strength and
elongation of the active packaging produced.

Physical Properties Analysis

The physical properties analysis carried
out consisted of thickness and solubility tests.
The resulting film was measured for thickness
using a screw micrometer with an accuracy of
0.01 mm. Thickness measurements were
performed five times at different points for each
sample. The thickness of each sample obtained
was used as the average value of the five
measurements. Meanwhile, the film solubility
test was performed by inserting the film into a
cup containing 10 mL of distilled water.
Solubility in water is expressed as the percentage
of the film that dissolves in distilled water after
soaking for 24 hours.

Antioxidant Activity

The antioxidant activity test was
designed to determine the active compounds in
the extract that have antioxidant activity. The
antioxidant activity of KPE chitosan alginate
film incorporating moringa leaf extract was
determined using a fixed reaction time method.
The film containing moringa leaf extract was
soaked in 25 mL of 96% (v/v) ethanol. A
volume of 0.5 mL of the test solution was added
to the DPPH radical solution (75 pM, 3.5 mL),
then incubated in a dark place at room
temperature (25 °C) for 30 minutes. A DPPH
radical solution with 0.5 mL of ethanol solution
(without moringa leaf extract) added to it was
used as a control. At certain time intervals, the
absorbance of the DPPH radical solution was
measured at 517 nm wusing a UV-Vis
spectrophotometer. Radical scavenging activity
(RSA) is defined as the decrease in absorbance
of the sample compared to the DPPH control
solution.
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Data analysis

The data analysis technique used in this
study is the one-way ANOVA Test with a
significance level of 5%. This study analyzes
three variables, namely independent variables,
dependent variables, and control variables.

RESULT AND DISCUSSION
Tensile Strength
A tensile strength test was conducted to
determine the film's resistance, namely the
maximum strain required to pull the sample
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until it breaks. Tensile strength is one of the
most important mechanical properties of the
film, as it enables the film to protect the
packaged product from mechanical
disturbances. The test was conducted with two
repetitions for each sample. The tensile strength
test results showed an increase. This can be seen
in Figure 1, there is a difference in the average
tensile strength of each concentration of
Moringa leaf extract. The highest average value
is shown in the E; film with an average of 28.445
MPa. While the lowest average value is shown
in the E, film with an average of 16.625 MPa.
28,445

E3

21,690

E2

Film

Figure 1. Tensile strength test results

The tensile strength test value shows an
increase with increasing concentration of
moringa leaf extract. Increasing the
concentration of antioxidant compounds in the
film composition will increase the tensile
strength (Rachmawati, 2015). Moringa leaves
have various active compounds, one of which is
antioxidants (Rijai, 2012). Antioxidants have
OH and OR groups that can bind well to
polymers from chitosan and alginate
(Purwaningsih, 2012).

Chitosan films with the addition of
ginger extract tended to reduce the tensile
strength of the film. The tensile strength value
with the addition of 10% ginger extract was
1.455 (Estiningtyas et al., 2012). This shows that
the addition of ginger extract concentration does
not have a significant effect on the tensile

strength of the film. This happens because the
mechanical properties of the film depend on the
strength of the material used.

Elongation Test

Elongation is the percentage of
elongation that changes the maximum length
received by the sample before the sample tears.
The tensile strength value greatly affects the
mechanical properties of the film; the higher the
elongation value of a film, the higher its
elasticity. Chitosan alginate film added with
moringa leaf extract has a greater elongation
value than the film without extract. The
elongation test was carried out with two
repetitions for each sample. The test results of
the elongation test are shown in Figure 2.
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Figure 2. Variation of CaQ/C mass on methylene blue concentration and percent degradation

As seen in Figure 2, the E, film without
extract has the lowest value, which is 1.61%,
while the highest value is found in the E3 film,
which is 2%. This is because the mixture of
chitosan alginate with a higher concentration
can increase the percentage of elongation and
flexibility of the polymer chain which causes
the percentage of elongation to increase
(Hayati et al., 2020). Based on the results of
research conducted by Haidir on chitosan films
with the addition of genjer extract, the highest
percentage of elongation is found in films with
the addition of 10% genjer extract
concentration, while the lowest percentage of
elongation is found in films without extract.
The percentage of elongation of the film
without extract (Ao) produced was 70.50%,
10% extract (A;) was 63.66%, and 20% extract
was 35.87%. This is influenced by the large
amount of genjer extract added, which causes
the film to become brittle (Ali et al., 2017). In
a study conducted by Endang on the
manufacture and characterization of avocado
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0.043
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0.0405 I
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seed starch chitosan edible film, a low
elongation value was obtained, which was
around 2.5864% -17.2543% compared to using
only chitosan. This is due to the addition of
avocado seed extract, which makes the film
brittle and not stretchable (Susilowati &

Lestari, 2019).

Thickness Test

Thickness is a crucial parameter in
determining the suitability of a film for food
packaging, as it significantly affects the physical
properties of the resulting film. It can be seen
from Figure 3 that the highest value was
obtained in the E, film without extract, which is
0.043 m, while the lowest value was obtained in
the film with a concentration of 0.50%, 0.75%,
and 1.00%, which is 0.041 m. The thickness of
the film tends to decrease with the addition of
Moringa leaf extract, which is due to a decrease
in dissolved solids in the film solution, so that
the resulting thickness decreases.

0.041 0.041

E2 E3
Film

Figure 3. Thickness strength test results
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Based on the results of previous research
by May Kurnia Pratiwi (2017), the results of
thickness testing using a screw micrometer
obtained the average thickness of the chitosan
membrane with the addition of 0%, 2.5%, 5%
and 10% moringa leaf extract coating
respectively are 0.110 mm, 0.116 mm, 0.113
mm, and 0.112 mm. The lowest thickness is on
the chitosan membrane with 0% moringa leaf
extract coating, which is 0.110 mm, and the
thickest is 0.116 mm on the membrane with
2.5% moringa leaf extract coating. The less
uniform thickness can be caused by the texture
of the acetic acid chitosan solution formed with
a ratio of 1:50 (Pratiwi, 2017).
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Solubility Test

Solubility test is a parameter of a film
that can dissolve, and also as a determinant of
the biodegradable properties of the film used as
a packaging material (Widodo et al., 2019). It
can be seen in Figure 4 that the results of the
solubility test, the greater the concentration
used, the higher the percentage produced. The
best solubility value was produced by the EO
film without extract of 29.44%, this is because
the large concentration used in making the film
affects the thickness produced, so that the film is
easily dissolved.

33.3
31.4 |
E2 E3

Film

Figure 4. Results of solubility strength test

The results of Ade's (2019) research on
the addition of chitosan to the characteristics of
green tea kombucha films with four treatments,
the best solubility test value was obtained from
the P3 film of 49.408%. This is due to the large
addition of concentration which causes the
percentage of solubility produced to be more
resistant compared to those not using green tea
kombucha (Apriliani et al., 2019).

Antioxidant Activity

DPPH test is used to determine the
percentage of antioxidant activity based on the
concentration added to each treatment. Radical
Scavenging Activity (RSA) is a substance like
antioxidants that can help protect cells from
damage caused by free radicals. The higher the
percentage of RSA, the higher the antioxidant
activity contained.
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Figure 5. Results of antioxidant activity test
The presence of antioxidant activity antioxidant activity. The  higher the

from the sample causes a color change in the
DPPH solution in ethanol which was initially
dark purple to light purple. Figure 5 shows that
the film without the addition of extract at 1 hour
of immersion produces the smallest % RSA of
10% and the film with the addition of 1.00%
extract produces the largest % RSA with
immersion for 48 hours of 34%. This shows that
the chitosan-alginate film has better antioxidant
activity than one without the addition of extract
(Adi Priyanto & Rimba, 2023). It can be
concluded that the higher the concentration
added, the stronger the inhibition of free
radicals.

Based on previous research conducted
by Nuraeni entitled Antioxidant and
antibacterial activity of edible complex
preparations of chitosan-mangrove fruit extract,
it shows that the film without the addition of
extract obtained the lowest ICs value of 397.00
ppm and the film with the addition of 3% extract
obtained the highest ICs, value of 98.00 ppm. It
can be concluded that the addition of extract has
better antioxidant activity than films without the
addition of extract (Nuraeni & Sulistijowati,
2021).

CONCLUSION

From the results of research and
discussion on the characteristics of chitosan-
alginate-based films with the addition of
Moringa oleifera L. leaf extract, it can be
concluded that: Treatment Addition of extract
at concentrations of 0%, 0.50%, 0.75, and 1%
significantly affected the film thickness and

concentration of the added extract, the greater
the thickness and percentage of antioxidant
activity. While the addition of extract at
concentrations of 0%, 0.50%, 0.75, and 1% did
not affect the tensile strength, elongation, and
solubility of the chitosan alginate film.
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