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The purpose of this study was to determine the effect of clove oil concentration on
Submitted: Agustus 2022 the characteristics of edible film from cassava starch. This research was conducted
Accepted: September 2022 using a completely randomized design (CRD) with 5 levels of treatment of clove
Published: September 2022 oil concentration (0%, 0.4%, 0.8%, 1.2% and 1.6%) and 4 replications to obtain 20

experimental units. The results showed that the concentration of clove oil affects
thickness, transparency, compressive strength and was able to inhibit the growth
of Staphylococcus aureus bacteria on edible films but has no significant effect on
the water vapor transmission rate (WVTR). Edible film with the addition of 1.6%
concentration produces edible film with the best characteristics, namely 0.175 mm
thickness, 7.053 %/mm transparency, 72.70 N/m? compressive strength, water
vapor transmission rate (WVTR) 21.00 g/m?.hour, and able to inhibit the growth
of Staphylococcus aureus bacteria with an inhibitory power of 13.82 mm.
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1. Introduction

The use of packaging in everyday life is very important to protect products or food ingredients so that
they can extend the shelf life of products or food ingredients, as well as being able to prevent existing microbial
contamination of health (Gennandios and Waller in Estiningtyas, 2010). Packaging is used to protect food
from interactions with the environment that can damage quality and reduce product shelf life (Krochta and de
Mulder-Johnson, 1997). A type of packaging that is more environmentally friendly and safe is edible film.
Edible film has several advantages, namely that it is cheap, can be broken down by microorganisms and can
be eaten (Jaya, 2010).

One alternative packaging that can be developed currently is edible film. Edible film is a thin layer
that acts as primary packaging for coating food (coating) which functions as a barrier for mass transfer such
as oxygen, light, water vapor and fat, and can also be used as a carrier for food additives (Krochta in
Estiningtyas, 2010). The development of edible film for food, apart from providing better product quality and
extending shelf life, can also be an environmentally friendly packaging material. Edible film provides an
alternative packaging material that does not have an impact on environmental pollution because it uses
renewable materials and is cheap (Tharamathan, 2003 in Bourtoom, 2007).

One of the ingredients for making edible film is starch. (Chen et al., 2006). Starch is a type of
polysaccharide that is abundantly available in nature, is biodegradable, easy to obtain and cheap. The properties
of starch are also suitable for edible coating/film materials because they can form quite strong films.

Edible film has weaknesses, namely its resistance to water and low barrier properties against water
vapor (barrier) or in other words it has a high-water vapor transmission rate (Garcia et al. 2011). Tomara's
research (2019) The addition of 1.5% clove essential oil to edible film from cassava starch produces a water
vapor transmission rate value of 21,319 g/m2.24 hours, the same as Ramadhon's (2018) research using cassava
starch 3% produces a water vapor transmission rate value of 53.34 g/m?.24 hours. This high rate of water vapor
transmission rate is caused by using hydrophilic starch. The high rate of water vapor transmission in edible
film can shorten the shelf life, making it less than optimal because water vapor and microbes that enter through

the film will damage the food. To improve the physical and functional characteristics of starch films, it is
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necessary to add biopolymers or other materials, including materials that are hydrophobic or have
antimicrobial properties (Chillo et al. 2008). One of the anti-microbial components that can be used is clove
oil. Clove oil has biological activity because it contains high levels of eugenol, namely as an antiseptic and
analgesic in dental and oral treatment (Khoeriyah et al, 2010), antifungal (Nurdjannah and Hidayat, 1994), and
antibacterial (Ayoola et al, 2008).

Clove oil has biological activities, including antibacterial, antifungal, insect eradicating and
antioxidant properties, and is traditionally used as a flavor and antibacterial ingredient in food. (Suryanto,
2012). Clove oil is a natural antibacterial ingredient that is abundant, easy to obtain and is considered to have
antibacterial capabilities (Kristijanto et al, 2010).

According to Maizura et al. (2007) adding lemongrass essential oil at a low concentration of up to
0.3% could not affect the value of the water vapor transmission rate. According to research by Harianto (2017),
adding palm essential oil to edible film from cassava starch with a concentration of 0.7% produces a
transmission rate value of 6.47 g/m2.24 hours. This research tries to make edible film from cassava starch with
the addition of clove oil to get the best characteristics.

2. Research Methods
Material

The materials used in this research were cassava starch obtained from previous research, glycerol,
distilled water and clove oil. The materials used for analysis are magnesium nitrate (Mg(NO3),), calcium
chloride (CaCly), sodium chloride (NaCl), NA media, NB media, Escherichia coli and Staphylococcus aureus
bacterial cultures. The tools used in the research were digital scales, glass funnels, glass beakers, measuring
cups, magnetic stirrers, hot plate stirrer timers, glass plates, and electric ovens.

Research Design
This research used a Completely Randomized Design (CRD) with treatment use of clove oil
concentration consisting of 5 levels of treatment (0, 0.4%, 0.8%, 1.2%, and 1.6%) and 4 repetitions.

Edible Film Preparation

The formula for edible films is presented in Table 1. Starch weighing 4.5 grams was dissolved with
distilled water in a beaker and stirred until dissolved without heating for 10 minutes, then heated on a hot plate
while stirring for 10 minutes and 3 grams of glycerol added while stirring and heated to a temperature reaching
80°C for 10 minutes. Next, add clove oil according to the specified concentration while stirring until the
solution is homogeneous. 25 grams of the homogenized edible film solution is then poured into a petri dish,
dried in an oven at 50°C for 24 hours and peeled off. Edible films were equilibrated in a desiccator with RH
52% using a saturated Mg(NOs). solution for at least 48 hours before analysis.

Table 1. The formula of edible film production
Clove oil concentration (%)

Composition 0 0.4 0.8 1.2 16
Cassava starch (Q) 4.5 4.5 4.5 4.5 4.5
Glycerol () 3.0 3.0 3.0 3.0 3.0
Clove oil () 0 0.6 1.2 1.8 2.4
Distilled water (g) 142.5 141.9 141.3 140.7 140.1
Total (g) 150 150 150 150 150

Film Thickness
The thickness of the edible film was measured using a micrometer screw at five different places and
chosen randomly. The results were averaged and expressed in mm as the film thickness.
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2.4.2 Transparency (Pineroz-Hernandez et al., 2017)

The film was first cut into a square (50x10mm), then placed in the spectrophotometer cell. Then the
% Transmittance was measured with a UV-Vis spectrophotometer at a wavelength of 600 nm. The
transparency was calculated using equation below.
T600

Transparency = —~

Where x is film thickness in mm

Water Vapor Transmission Rate (WVTR)

WVTR was measured using a method described by Pineros-Hernandez et al (2017). A cell containing
calcium chloride was placed in a desiccator containing saturated sodium chloride solution and plotted as a
function of time.

WVTR = straight line gradient : cell surface area

Compressive Strength

Compressive strength was measured with a Brookfield brand LFRA Texture Analyzer. TA 7 60 mm
was the type of probe that was used for the measurement. The LFRA Texture Analyzer tool was set to 2 g
trigger, 2 mm distance, and speed 2 mm/s. The probe was installed in place and the "start" button was pressed
to start pressing the edible film. A sample of edible film that has been cut to a size of 5 x 2 cmis placed under
the probe and the probe will press the film until the magnitude of the probe force used appears on the screen.

Anti-Bacterial Property
Media Preparation

Nutrient Agar (NA) and Nutrient Broth (NB) media are made based on the manufacturing process
stated on the media packaging by dissolving 10 grams of NA with 500 ml of distilled water and 1 gram of NB
with 150 ml of distilled water in a glass beaker. Then heated at 60°C until homogeneous. The media that has
been made is put into an Erlenmeyer, then the mouth of the Erlenmeyer is immediately covered with sufficient
cotton to prevent contamination. Next, the Erlenmeyer is wrapped in coffee paper then placed in an autoclave
and sterilized at 121°C for 15 minutes.

The bacteria that will be used are activated first, by taking the S. aureus or E. Coli bacteria with a loop
needle and then streaking them onto media containing NA. The petri dish was wrapped in coffee paper and
incubated for 1x24 hours at 37°C. A total of 12 ml of nutrient broth (NB) was put into a test tube. The bacterial
culture of S. aureus or E. coli is taken from a colony that has been grown in NA media using a loop needle,
then put into a test tube containing NB then incubated for 1x24 hours at 37°C and the inoculum is ready for
use.

Inhibition Zone

A total of 1 ml of the Escherichia coli and Staphylococcus aureus bacterial culture was taken and
poured into a sterile petri dish. Add 14 ml of nutrient agar to the petri dish containing the bacterial culture,
then shake it horizontally to form a figure of eight and allow it to solidify. Then a well (hole) with a diameter
of 10 mm is made. Edible film (1.6% clove oil concentration) was inserted into the hole, then incubated at
37°C for 24 hours, then the bacterial growth inhibition zone was observed and measured, which was marked
by the presence of a clear area indicating the absence of bacterial growth. The test results are expressed in
block diameter (mm) which is measured using a caliper.

Data Analysis

The data were analyzed using the Analysis of Variance (ANOVA) and Duncan's New Multiple Range
Test (DNMRT) when necessary using SPSS software.
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3. Result and Discussion
Film Thickness

The increase in clove oil concentration significantly increased film thickness (Table 2). The increase
in the concentration of clove oil caused an increase in the total solids in edible film. In line with Pramadita
(2012) that increasing the concentration of cinnamon essential oil affects the thickness of the edible film which
causes the total solids to increase. The results of research on the thickness of cassava starch edible film with
the addition of clove oil produced an average value of between 0.137 mm - 0.175 mm. This research produces
a higher thickness than previous research that produced edible film with different materials. Warsiki et al,
(2009) added that the thickness of edible film is influenced by the type of antimicrobial material used, where
betel extract produces a greater thickness of edible film than turmeric and onion extracts.

Table 2. The characteristics of edible film with several concentration of clove oil

Clove QOil Thickness Transparency WVTR Compressive Strength
(%) (mm) (%/mm) (g/m?.day) (N/m?)
0 0.13° 13.276° 23.16 88.976°
0.4 0.148° 12.307% 22.74 86.125¢
0.8 0.161° 11.365° 22.37 82.375°
1.2 0.168¢ 10.210° 21.89 79.340°
1.6 0.175° 7.053? 21.00 72.7047

Note: numbers in the same column followed by the same superscript are not significantly different at the 5% level in the
DnMRT

Transparency

The transparency reflects the amount of light transmitted by the edible film. Based on the analysis of
variance, the concentration of clove oil had a significant effect (p<0.05) on the transparency of edible films
(Table 2). As the concentration of clove oil increases, the transparency of cassava starch edible film decreases.
The decrease in transparency was caused by the addition of antimicrobial ingredients used, namely clove oil
which has a high level of turbidity, thus affecting the transparency value of edible film.

From the data above, the increase in clove oil concentration is inversely proportional to the
transparency value. This result is lower than a report by Ulyarti et al (2019) on edible film of yam starch. Yam
starch with a concentration of white yam and purple yam starch of 1.33% - 3.33% produces film with a
transparency 12.511%/mm - 17.767%/mm for white yam and 12.055 %/mm - 16.399 %/mm for purple yam.
The present study produces film with higher transparency than previously reported study using clove oil and
yam starch (Ulyarti et al., 2021). The high transparency film in present research may be due to the differences
between the characteristics of yam starch and cassava starch. As stated by Warsiki et al. (2009) that the
transparency of edible film is greatly influenced by the type or character of the ingredients used in making the
edible film, edible film with additional ingredients of betel and turmeric produces greater transparency than
onions.

WVTR

Water Vapor Transmission Rate (WVTR) is the most important parameter in assessing the quality of
edible film. Based on analysis of variance, clove oil concentrations significantly affect WVTR of edible film.
Table 2 shows that WVTR in cassava starch edible film decreased as the concentration increased. Clove oil
is a hydrophobic material which provides hydrophobic properties to the edible film. The water vapor
transmission rate of cassava starch edible film with clove oil concentration ranges from 21.00 g/m?.day — 23.16
g/m?.day. These are lower than other studies reported previously. As in research by Tomara (2019), the effect
of clove oil concentration on the characteristics of edible film from yam starch (Dioscorea alata) produces a
water vapor transmission rate between 36.56 g/m?2.24h - 21.31 g/m*.24h. Furthermore, research conducted by
Nuansa (2017) revealed edible film from refined kappa carrageenan with the addition of green betel leaf
essential oil (0% - 1%) which produced film with WVTR between 37.92 g/m2.24 hours - 35 .04 g/m2.24hr.
Based on Japanesse Industrial Standards (JIS), film as food packaging has a maximum water vapor
transmission rate of 10 (g/m?.24hours) (Saputra et al., 2015). Thickness is directly proportional to the decrease
in the water vapor transmission rate of the edible film. The thicker the edible film, the longer path for water
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vapor to penetrate the edible film, so the WVTR will be lower (Kusumawati, 2013). The WVTR of starch-
based edible films is influenced by several factors such as temperature, relative humidity (RH), edible film
thickness (Bertuzzi et al., 2007), and the composition of film forming solution.

A good edible film should have a low water vapor transmission rate, because it inhibits the loss of
water from the product and inhibits the product from absorbing water from the environment so that the
freshness of the product is maintained. Low WVTR also prevents damage by hydrolysis or damage by
microorganisms due to the presence of water (Gunawan, 2009).

Compressive Strength

Compressive strength is one of the important mechanical properties of edible film. The concentration
of clove oil had a significant effect on the compressive strength of edible film (Table 2). Edible film with a
high compressive strength is needed for use as packaging for food products which aims to protect food
ingredients during handling, transportation, and marketing (Pitak and Rakshit 2011). As seen in Table 2, the
increasing in the concentration of clove oil decreases the compressive strength of the edible film. According
to Panjaitan (2019) that the increase in the compressive strength of edible film could be due to the greater total
amount of solids used in edible film production. Meanwhile, in this study, clove oil was used. Clove oil added
to edible film can result in a decrease in intermolecular interactions between starch molecules, increase the
free space between starch chains, and increase polymer mobility. As a result of these influences, the structural
integrity of the film matrix decreases, and this results in a decrease in compressive strength.

The value of compressive strength in this study is comparable to previous research conducted by
Herawati (2018) within the range 47.27 N/m? to 90.80 N/m?. According to Manuhara (2003), mechanical
properties depend on the strength of the material used in making edible film and to form strong molecular
bonds. According to Santoso, et al. (2004), Making a composite edible film solution between hydrophobic
and hydrophilic materials with added emulsifier can increase stability.

Inhibition Zone

The inhibition zone is the clear zone created if microorganisms do not grow in the specified area where
antimicrobial is present. In this study, edible films prepared using 1.6% clove oil were investigated for their
capacity for anti-microbial films. The inhibition zone was observed against Staphylococcus aureus only but
not against Escherichia coli. The anti-bacterial capacity against Staphylococcus aureus was observed by the
presence of a clear zone of 13.82mm diameters. This result is comparable with our previous study using yam
starch and 1.5% clove oil (Ulyarti et al., 2021). Staphylococcus aureus are gram positive bacteria whose cell
walls consist of peptidoglycan and teichoic acid layers and a low lipid content (1-4%) making it easier for
antibacterial bioactive ingredients to enter the cells. On the other hand, gram negatives bacteria such as E coli
have 3 layers (lipoprotein, middle layer, and lipopolysaccharide) and has peptidoglycan with a high lipid
content (11-12%). These thick layers in the cell wall prevent the antibacterial active ingredients from entering
the cell (Jawetz et al., 2013). The same clove oil was used in the previous study (Ulyarti et al., 2021) which
contains 54.9% eugenol and 38.2% triacetin/1,2,3-propanetriol.

Conclusion

The concentration of clove oil has a significant effect on thickness, transparency, and compressive
strength, but does not have a significant effect on WVTR. Edible film from cassava starch prepared with 1.6%
clove oil performed the best characteristics, namely thickness 0.175 mm, transparency 7.053%/mm,
compressive strength 72.70 N/m?, WVTR 21.00 g/m?.24hr. and could inhibit the growth of Staphylococcus
aureus bacteria with diameter inhibition zone of 13.82 mm.
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