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Abstract. The increasing use of plastic packaging can pollute the 

environment because it cannot be decomposed naturally. Therefore, 

alternative packaging materials are needed that can reduce these problems, 

such as edible films. The main material for this study is yellow sweet potato 

starch. Generally, edible films made with starch have a more compact 

physical character. But less flexible, brittle, and not resistant to moisture. 

Therefore, it is necessary to add glycerol as a plasticizer and palm oil as a 

barrier. This study aims to determine the effect of the concentration of 

glycerol and palm oil on the characteristics of edible films. This study used 

the factorial Randomized Block Design method with two factors, namely the 

concentration of glycerol (5 %, 10 %, 15 %) and palm oil (1 %, 3 %, 5 %). 

Variables observed in this study include thickness, solubility, transparency, 

brightness, yellowness, tensile strength, elongation, and WVTR. The results 

showed that the best treatment was 10 % glycerol concentration and 1 % 

palm oil concentration with   a thickness value of 0.21 mm; solubility in 

water 29.48 %; transparency 1.30 A546 mm–1; brightness 60.27; yellowish 

13.80; tensile strength 0.47 MPa; elongation 58.48 %; and WVTR               

4.28 gm-2 d-1. 
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1 Introduction 

Packaging is an important factor to protect food products from damage. The most widely 

used packaging material today is plastic. The high use of plastic as packaging can pollute the 

environment because it cannot be decomposed naturally. This is a concern because currently 
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the consumption of plastic packaging reaches 100 × 106 t yr–1 worldwide and can increase 

along with the increase in population [1]. Therefore, alternative packaging materials are 

needed that can reduce these problems, such as edible films. Edible film is a packaging 

material in the form of a thin layer made of natural materials and can be consumed so that it 

is environmentally friendly [2]. Edible films are composed of hydrocolloid compounds, fats, 

or a combination of both. Starch is a hydrocolloid compound that is naturally found in various 

plant foods such as tubers [3]. The use of starch as the main ingredient in the manufacture of 

edible films can protect the product from oxygen and carbon dioxide and produce a compact 

film structure. However, its use also causes edible films to become more brittle and less 

flexible [4]. Therefore, it is necessary to have other treatments that can improve these 

properties, one of which is the use of plasticizers. Glycerol, which acts as a plasticizer can 

increase the flexibility of edible films. However, because it is hydrophilic, the use of glycerol 

is less able to suppress the rate of permeability to water vapor. An alternative solution that 

can be used is the addition of palm oil. Palm oil (Elaeis guineensis Jacq.) contains long chain 

fatty acids which are commonly used in the manufacture of edible films because they have a 

high melting point and are hydrophobic so that they can improve the characteristics of edible 

films. 

2 Material and Method 

2.1 Materials and tools  

The materials used for the manufacture of edible films are yellow sweet potato (Ipomea 

batatas L) obtained from the local market, palm oil, commercial glycerol, aquadest, 

surfactant tween 80, silica gel, and 40 % NaCl. The tools used for the edible film 

manufacturing process include a glass beaker (100 mL and 250 mL), stirring rod, measuring 

pipette, petri dish, porcelain dish, thermometer, rubber bulb, Pionerr Ohaus PA13 analytical 

scale, hot plate, cabinet dryer, micrometer scrub. HERMA, color reader, spectrophotometer 

(UV-vis genesys 20), and Shimadzu EZ-SX texture analyzer, 19 cm × 14 cm plastic tray, 

polypropylene (PP) plastic, jar, knife, basin, spoon, flour, and sieve.  

2.2 Method  

2.2.1 Making yellow sweet potato starch  

The process of making starch begins with sorting fresh yellow sweet potatoes, followed by 

washing with clean water, and peeling. Furthermore, it is reduced in size by grating and 

adding 1 L of water (1:1), filtered using a filter cloth, and deposited for 12 h. The starch 

precipitate formed was separated and then dried using a cabinet dryer at a temperature of          

50 ℃ for 12 h. Coarse starch is ground or floured using a flouring device and then sieved 

with an 80-mesh sieve, and sweet potato starch is obtained.  

2.2.2 Edible film making  

The first step in the process of making edible films is dissolving yellow sweet potato starch 

in 100 mL of distilled water, then adding glycerol and palm oil in proportions according to 

treatment and adding 0.2 % (v v–1 100 mL) tween 80. After that, it was homogenized and 

heated using a hot plate at 80 ℃ for 10 min until a gel was formed. Next, the solution was 

poured into a plastic mold measuring 19 cm × 14 cm and dried using a cabinet dryer at a 
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temperature of 50 ℃ for 24 h. The plastic mold is removed from the cabinet and cooled at 

room temperature to 50 ℃. The edible film formed is peeled off and put in an airtight 

container. Then, the physical, mechanical and barrier characteristics of the edible film were 

tested.  

2.3 Research design  

This study used a factorial randomized block design consisting of two factors, namely                

factor I (G) as the concentration of glycerol (G1 = 5 %; G2 = 10 %; G3 = 15 %) and factor 

II (S) as the concentration of coconut oil. palm oil (S1 = 1 %; S2 = 3 %; S3 = 5 %). There 

are nine combinations carried out, each combination is repeated three times. Based on the 

design, an analysis of variance (ANOVA) was made to obtain conclusions about the effect 

of treatment. The analysis was carried out by Duncan's further test. Analysis The resulting 

edible film was then analyzed for thickness [5], film solubility [6], transparency [7], color 

intensity [8], tensile strength [9], percent elongation [9], and water vapor transmission rate 

[10]. 

3 Result and discussion 

3.1 Thickness  

The results of the analysis of variance showed that there was no interaction between the 

glycerol and palm oil concentrations, while the glycerol and palm oil treatments with 

different concentrations had a significant effect on the thickness of the edible film (Table 1). 

Based on Table 1, the thickness of the edible film increases as the glycerol concentration 

increases. This happens because the addition of glycerol causes the total dissolved solids in 

the solution to increase, so that the thickness of the film increases. According to [11] the more 

the total solids in the solution, the more polymers that make up the edible film. Glycerol can 

bind to hydrocolloids (starch) so that the polymer bonds between starches are replaced by 

starch-glycerol-starch bonds [12]. The addition of higher concentrations of palm oil also 

increases the thickness of the edible film. This is due to the presence of substances and solids 

in the edible film, where the higher the addition of palm oil, the more substances and solids 

in the edible film. The increase in film thickness was caused by differences in the 

concentration of the material, while the molds used were of the same size [13]. The addition 

of triglycerides can increase the film thickness by 0 m to 60 m [14].  

3.2 Solubility  

The results of the analysis of variance showed that there was no interaction between the 

concentration of glycerol and palm oil on the solubility of the edible film. The addition of 

glycerol concentration did not have a significant effect on the water solubility of the edible 

film (Table 1). The percentage of the solubility of the film in water increases as the proportion 

of glycerol increases. This happens because glycerol has hydrophilic properties so that it can 

interact with water through the formation of hydrogen bonds. The higher the proportion of 

hydrophilic components in the film solution, the higher the water solubility of the film. 

According to [4] the hydrophilic nature of glycerol can increase the percentage of solubility 

of starch-based films. This situation is in line with the results of research by [15] where the 

addition of 40 % glycerol concentration produces edible film with a higher percentage of 

solubility compared to 20 % glycerol concentration. The concentration of palm oil has a 

significant effect on the percentage of the solubility of the edible film. Table 8 shows that the 

3

E3S Web of Conferences 432, 00037 (2023)
2ndICoN-BEAT 2021

https://doi.org/10.1051/e3sconf/202343200037



percentage of film solubility decreased with increasing palm oil concentration. This is related 

to the hydrophobic nature of the fatty acids in palm oil itself. According to [16] the length of 

the fatty acid carbon chain will affect the solubility of the film. The longer the carbon chain, 

the more difficult the fatty acid is to dissolve in water.  

3.3 Transparency  

The results of the analysis of variance showed that there was no interaction between the 

concentration of glycerol and palm oil, but the addition of the concentration of glycerol and 

palm oil had a significant effect on the value of the transparency of the edible film (Table 1). 

Based on Table 1, the higher the concentration of glycerol and palm oil, the higher the 

transparency value of the edible. Edible film formulations at higher concentrations of 

glycerol and palm oil caused more total dissolved solids and increased film thickness, so that 

the resulting film was more opaque and the transparency value increased. This is inversely 

proportional to the degree of clarity, where the higher the transparency value, the lower the 

degree of clarity of the resulting film. According to [17] the value of film transparency is 

related to the number and size of particles scattered in the matrix. The high number and size 

of particles that exceed visible wavelengths can block light so that the value of transparency 

is high.  

3.4 Lightness 

The results of the analysis of variance showed that there was no interaction between the 

concentration of glycerol and palm oil on the brightness of the edible film. However, the 

addition of glycerol and palm oil with various concentrations gave a significant effect                    

(Table 1). In contrast to transparency, brightness indicates a color level that is based on white. 

The brightness of the edible film is inversely proportional to the concentration of glycerol 

and palm oil. The higher the concentration of glycerol and palm oil, the lower the brightness 

of the film. This happens because the higher the proportion of glycerol and palm oil, the more 

dissolved components that make up the film, causing the brightness to decrease. 

This situation is similar to the results of [18] which showed a decrease in the brightness 

level of edible films with higher glycerol concentrations. Increasing the amount of edible 

film polymer will increase the thickness of the film and light scatter, as a result the resulting 

film will look blurry and dull. In addition to the increase in the polymer making up the film, 

the decrease in the brightness level of the edible film is also influenced by the yellow color 

of the palm oil.  

3.5 Yellowish  

Based on the results of the analysis of variance, the interaction between the concentration of 

glycerol and palm oil on the yellowness of the edible film did not have a significant effect                       

(Table 1). However, the concentration of glycerol and palm oil had a significant effect on the 

average yellowish value of the edible film. The level of yellowness of the edible film is also 

influenced by the concentration of palm oil. The higher the concentration of palm oil added, 

the more yellow the edible film produced. The palm oil contains an orange color of 

carotenoids, which most likely contributes to the yellow color of the edible film [19]. The 

results showed that the addition of 8 % palm oil had a higher yellowness level than 6 % palm 

oil. 
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3.6 Tensile Strength 

The results of the analysis of variance showed that there was no interaction between the 

concentration of glycerol and palm oil. The addition of glycerol concentration had a 

significant effect on the tensile strength of the edible film, while the concentration of palm 

oil had an insignificant effect (Table 2). The tensile strength of edible films decreased with 

increasing glycerol concentration. Increasing the concentration of glycerol will decrease the 

stability of the solid dispersion system, then cause a decrease in the pressure of the molecules 

making up the edible film so that the mechanical properties of the edible film are getting 

weaker. The addition of plasticizers to edible films will also increase hygroscopic properties 

which affect the increase in film moisture, this causes the macromolecular bonds of edible 

films to decrease [20]. In addition, the tensile strength of edible films is also influenced by 

the concentration of palm oil. The tensile strength of edible film increased with the addition 

of 1 % and 3 % palm oil but decreased at 5 % concentration. This situation is in line with the 

results of research conducted by [21] where increasing the proportion of lipids to a certain 

extent results in higher film tensile strength and lower elongation. According to [22] too high 

a concentration of palm oil will reduce the elongation strength and the surface of the film 

will become too oily, while too low an addition will reduce its ability to inhibit the rate of 

water vapor.  

3.7 Elongation  

The results of the analysis of variance showed that there was no interaction between the 

concentration of glycerol and palm oil. The glycerol concentration treatment had a significant 

effect, while the palm oil concentration had no significant effect on the average edible film 

elongation value (Table 2). The elongation value increased as the glycerol concentration 

increased. This is because glycerol can reduce hydrogen bonds and increase the level of 

stretch in the edible film matrix so that the brittleness is low, and the flexibility is increased. 

According to [23] increasing the concentration of glycerol can increase the percentage of film 

elongation. The interaction of glycerol with starch to form a starch-glycerol bond will 

increase the flexibility of the film [12]. This is supported by [14] which states that the higher 

hydrophilic content will increase the percentage of film elongation. The addition of palm oil 

concentration also has a role in the elongation value of the edible film. The higher the 

concentration of palm oil, the lower the elongation value. The interaction between starch 

molecules and palm oil forms a starch-lipid complex that can inhibit the elongation of the 

film so that the percentage of elongation decreases [24]. The hydrophobic nature of palm oil 

will regulate the fatty acid components in the film structure so that the film becomes denser 

and reduces the level of elongation [25]. That the addition of a lipid component will cause 

the film to crack easily, be less elastic, and have a slightly opaque color, however, it has a 

low level of water vapor transmission [26]. 

3.8 Water vapor transmission rate (WVTR)  

Analysis of variance showed that there was no interaction between the concentration of 

glycerol and palm oil on the tensile strength of edible films. However, the addition of glycerol 

and palm oil concentrations had a significant effect (Table 3). The rate of water vapor 

transmission at 10 % concentration treatment decreased, while at 15 % concentration it 

increased. According to [27] an increase in the proportion of glycerol can increase the WVTR 

value because its hydrophilic nature can loosen intermolecular bonds thereby increasing film 
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permeability and facilitating the diffusion of water vapor. The high ability of glycerol to bind 

water causes a high WVTR value. The higher the concentration of palm oil, the lower the 

WVTR value produced. This is in accordance with the results of [14] which reported that the 

higher use of fatty acids resulted in edible films with lower WVTR values. Palm oil is 

composed of fatty acids which are hydrophobic so that it can inhibit the rate of water vapor 

transmission [24]. The addition of more palm oil will increase the hydrophobicity of the film 

and have an effect on the lower WVTR value. 

4 Conclusion 

There was no interaction between the concentration of glycerol and palm oil on the thickness, 

solubility in water, transparency, brightness, yellowness, tensile strength, elongation, and 

WVTR of edible films. The addition of glycerol with various concentrations gave a 

significant effect on the thickness, transparency, brightness, yellowness, tensile strength, 

elongation, and WVTR of edible films. The addition of palm oil with various concentrations 

significantly affected the thickness, solubility, transparency, brightness, yellowness, and 

WVTR of edible films. The best treatment was obtained the treatment 10 % glycerol 

concentration and 1 % palm oil concentration with an average thickness of 0.21 mm; 

solubility in water 29.48 %; transparency 1.30 A546/mm; brightness 60.27; yellowish 13.80; 

tensile strength 0.47 MPa; elongation 58.48 %; and WVTR 4.28 gm-2d-1. 
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