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Abstract. The edible film is a coating material in the form of a sheet that is used as packaging
to wrap a food product. The concentration of casein given as a base material can affect the
characteristics of the edible film produced. The research objective was to determine the
characteristics of the yield value, thickness and tensile strength of the edible film made using
different casein concentrations. The study used 3 treatments of casein concentration, i.e., 7.5%;
8.5%, and 9.5%, respectively, and 3 replications each. The results showed that higher casein
concentrations had significantly increased the edible file yield from 10.59% to 13.38. This
measure was followed by the increase of thickness value of edible film produced ranging from
0.0534 to 0.0611 mm. Moreover, the high-level concentrations of casein used as material for
the edible film produced a higher tensile strength value, reach 22.51 N at 9.5% casein. In
conclusion, the use of casein as a material up t0 9.5% can increase the yield, thickness, and
tensile strength of the edible film produced.

1. Introduction

The edible film is a coating material in the form of sheets used as packaging to wrap a food product
and can be eaten at the same time [1,2]. The advantages of edible films are to improve food quality,
extend shelf life, increase economic efficiency, and inhibit water vapor transfer. Moreover, the edible
film acts as a protection against mechanical damage, inhibits gas exchange, prevents loss of aroma,
prevents fat transfer, and as a carrier for additives [3]. The edible film has many advantages when
compared to other packaging materials. One of them is that edible film can degrade quickly, thereby
reducing environmental pollution due to the use of synthetic packaging. Edible films are also able to
reduce the weight loss of food products during storage and increase the resistance to color, acidity,
sugar, and flavor of packaged materials [4]. Edible films can be manufacture from various materials,
for example, the hydrocolloid, lipid, and composite groups of both materials [5]. Hydrocolloid, a
water-soluble polymer, can form colloids or form a gel from the solution. The hydrocolloid group
dwells of proteins and polysaccharides [6]. Edible films made of protein are better at inhibiting water
vapor, gas, or solutes and are also more biodegradable thereby reducing environmental problems [7].
One of the proteins that can be used in making edible films is casein. Casein is the main milk protein
that mostly contains glutamine amino acid produced a special characteristic i.e. difficult to break down
in high temperatures. Referring to these features, casein is commonly used as the main material for
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edible film manufacturing that can produce certain characteristics. The characteristics of the edible
film are influenced by the base material used [8]. The concentration of casein given as the main
material is assumed can affect the characteristics of the edible film produced. Therefore, the objective
of the research was to elucidate the effect of the casein concentration on the yield, thickness, and
tensile strength of the edible film.

2. Methods

2.1. Research procedure

The casein (7.5; 8.5 and 9.5%) was mixed with distilled water in Erlenmeyer covered with aluminum
foil. The mixture of these ingredients is then dissolved at a temperature of 95+2°C for 30 min with a
magnetic stirrer. About 25 minutes after reaching a temperature of 95°C, glycerol was added and
stored for 1 hour at room temperature (22°C).

The edible solution is then flattened until the same thickness is obtained. The next stage was to put
the solution in the oven for 5 hours at a temperature of 50°C. The dry edible films were aerated for
about 1 hour before being carefully removed. Edible films were stored in food wrapping paper for 2
days at 27°C before measurement [9].

2.2. The edible film characteristics measurement

There were three characteristics of the edible film measured in this research i.e., the yield, thickness,
and tensile strength of the edible film. The is calculated as the percentage of edible film weight to
edible film solution weight [10]. The thickness of the edible film was measured using a micrometer
(accuracy 0.01 mm) at five different areas of the edible film [11]. The tensile strength (N) was
obtained using digital gauge HF 500 (sample dimension was 8x3 cm?) [12].

2.3. Statistic analysis
All data collected were subjected to one way ANOVA procedure of SPSS (SPSS version 21), followed
by a Duncan’s-multiple-area test to separate differences among means [13].

3. Results and discussion

3.1. Edible film yield

The yield is the ratio between the weight of the edible film and the weight of the edible film solution.
The average yield of edible films with different casein concentration treatments was between 10.59—
13.38% (figure 1). Using a higher level of up to 9.5% of casein was significantly increased the yield of
edible film produced. The yield of the edible film is influenced by the amount of water, the type and
composition of the raw materials used. In research of Hakim (2015) using whey Dangke as a base
ingredient and added sorbitol (35%), produce an average edible film yield of 6.27-10.44% [14]. While
Fatma et al (2015) reported that using a combination of whey and variations of the glycerol
concentration obtained an average yield of 7.26 to 7.87% [10].
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Figure 1. The yield (%) of edible film.

Casein is divided into two parts, hydrophobic and hydrophilic. The hydrophilic part of casein can
bind with water to form an edible film. The higher the casein concentration, the higher water content
trapped during the gelatinization process, thus increased the yield of edible film produced [15].

The yield value was altered by the water content in the edible film solution. The more casein used,
the lower the amount of unbound water that would experience evaporation during the drying process
[16]. Water is one of the factors that determine the value of the yield. The more free water, the lower
the yield value.

3.2. Thickness

Thickness is a physical characteristic of the edible film whose value is influenced by the concentration
of hydrocolloid forming the edible film and the size of the glass plate. The results of the study on the
effect of casein concentration and volume of different edible solutions on the thickness of the edible
film are presented in figure 2.
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Figure 2. Thickness (mm) of edible film produced from different
casein concentrations.

The average thickness of the edible film produced with different casein concentration treatments
was between 0.0534-0.0611 mm. The thickness of the edible film is influenced by the type and
composition of the material used. Several studies have shown almost a similar value as this study [17].
The raw material for Kimpul starch, which was incorporated with potassium sorbate, showed that the
thickness of the edible film produced ranged from 0.065-0.081 mm. Sara (2015) using whey and agar
using the addition of sorbitol as a plasticizer has a thickness of 0.029—0.042 mm [18].

The results of the analysis of variance showed that the concentration of casein had a significant
effect (P<0.05) on the thickness of the edible film. The thickness of the edible film using a casein
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concentration of 7.5% was significantly lower than the casein concentration of 8.5%. However, there
were no differences between concentrations of 8.5 and 9.5%. Fatma et al (2015) reported that the
thickness of the edible film is highly dependent on the composition, properties, and content of the
constituent polymers [10]. Sara (2015) also confirmed the thickness is influenced by the properties and
composition of the materials used in making edible films [18].

The thickness of the edible film is also affected by viscosity. Giving different casein concentrations
will affect the thickness of the edible film. In the treatment of casein concentrations of 8.5 and 9.5%,
the solution was thicker when compared to the casein concentration of 7.5%. The higher the presence
of complex compounds in casein, it will play a role in increasing the viscosity of the edible solution.
High viscosity causes more hydrogen bonds to occur so that more gel is formed. The gel is formed
from water which binds to the casein. Hydrogen bonds can occur between water molecules with amino
groups and carboxylic acids in proteins, due to the attractive forces between parts of the protein chain
and water, proteins are easily dispersed in the colloid form [16]. One of the factors that can affect the
thickness of the edible is the viscosity of the edible solution [19]. Viscosity is positively correlated
with the number of solids in the solution. The higher the number of solids, the viscosity will increase.

3.3. Tensile strength

To be noted in particular is the tensile strength is the maximum tension that can be achieved until the
edible film is torn before tearing. The results of the study on the effect of different casein
concentrations and edible solution volumes on the tensile strength of edible films are presented in
figure 3.
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Figure 3. Tensile Strength (N) edible film

Figure 3 clearly showed that the average tensile strength of edible films produced with different
casein concentrations was between 14.34-22.51 N. This can be caused by the raw materials used in
making edible films. According to Sara (2015) using whey and with a concentration of 10, 20, 30, 40
and 50% sorbitol, having an average tensile strength of 10.30—12.30 N [18]. Fatma et al (2015) sing a
combination of whey and agar with the addition of variations in the concentration of glycerol obtained
an average tensile strength of 4.47-12.98 N [10].

The analysis of variance showed that the concentration of casein had a significant effect on the
tensile strength of the edible film. The results of the further test of casein concentration treatment
showed that each casein concentration treatment experienced a difference in tensile strength between
one another. The increase in the concentration of casein used in making edible films causes the tensile
strength of the edible films to increase. This is due to the increase in compounds that bind to the edible
film. According to Guilbert and Biquet (1990) the number of bonds formed on the edible film will
increase the tensile strength so that the ability to break apart is even greater and it is resistant to
fracture [20].
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The tensile strength of the edible film is also altered by the thickness of the edible film. The
increase in casein concentration and volume of the edible solution caused the thickness of the edible
film to increase. This increase is related to the increase in molecular weight in the edible film. The
increase in molecular weight occurs due to the increase in the number of casein molecules that bind to
the edible film. According to Santoso et al (2012) the thickness of the edible film has a positive
correlation with tensile strength [21]. The thicker the edible film, the higher the tensile strength
because the thickness is associated with increasing molecular weight. The tensile strength of the edible
film is influenced by the formulation of the material used [22].

4. Conclusion
All these studies increasing the concentration of casein can increase the yield value, thickness, and
tensile strength of the edible film.
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