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Abstract: Edible film is a thin, edible film used as a food coating. The advantages of edible film 

include its biodegradability and its ability to maintain the quality and shelf life of the food 

product it covers. The objective of this study was to ascertain the impact of varying 

concentrations of sorbitol on the thickness, water vapor transmission rate, and microstructure 

of whey-chia seed edible film. The present study employed a Completely Randomized Design, 

comprising three distinct treatments, each with three replicates. The data obtained were 

analysed using Analysis of Variance, and if there were significant differences between 

treatments, these were followed by Duncan Multiple Range Test. The treatments incorporated 

the following: P1 (10% sorbitol), P2 (20% sorbitol), and P3 (30% sorbitol). The variables 

measured in this study were thickness, water vapor transmission rate and edible film 

microstructure. The findings demonstrated that the incorporation of sorbitol at varying 

concentrations elicited a highly significant effect (P<0.01) on the thickness of the edible film. 

However, the water vapor transmission rate test did not yield a significant difference (P>0.05). 

The mean thickness of the samples ranged from 0.0296 to 0.0303 mm, and the water vapor 

transmission rate ranged from 4.60 to 5.68 g/mm²/day. Microstructure analysis revealed that the 

incorporation of sorbitol enhanced the flexibility and uniformity of the distribution of the films 

at concentrations of 10% and 20%. However, at a concentration of 30%, the films exhibited 

increased rigidity and reduced flexibility. The utilization of a 20% sorbitol concentration was 

identified as the optimal treatment. 
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Abstrak: Edible film adalah film tipis yang dapat dimakan yang digunakan sebagai pelapis 

makanan. Keunggulan edible film antara lain biodegradabilitasnya dan kemampuannya 

untuk menjaga kualitas dan umur simpan produk makanan yang dilapisinya. Tujuan dari 

penelitian ini adalah untuk mengetahui pengaruh variasi konsentrasi sorbitol terhadap 

ketebalan, laju transmisi uap air, dan struktur mikro edible film dari whey-chia seed. 

Penelitian ini menggunakan percobaan acak, yang terdiri dari tiga perlakuan berbeda, 

masing-masing dengan tiga ulangan. Data yang diperoleh dianalisis menggunakan Analisis 

Variansi, dan jika terdapat perbedaan yang signifikan antara perlakuan, hal ini dilanjutkan 

dengan Uji Rentang Ganda Duncan. Perlakuan-perlakuan tersebut adalah sebagai berikut: P1 

(10% sorbitol), P2 (20% sorbitol), dan P3 (30% sorbitol). Variabel yang diukur dalam penelitian 

ini adalah ketebalan, laju transmisi uap air, dan struktur mikro edible film. Hasil penelitian 

menunjukkan bahwa penggabungan sorbitol pada berbagai konsentrasi memberikan efek 

yang sangat signifikan (P<0,01) terhadap ketebalan edible film. Namun, uji laju transmisi uap 

air tidak menghasilkan perbedaan yang signifikan (P>0,05). Ketebalan rata-rata sampel 

berkisar antara 0,0296 hingga 0,0303 mm, dan laju transmisi uap air berkisar antara 4,60 

hingga 5,68 g/mm²/hari. Analisis mikrostruktur mengungkapkan bahwa penggabungan 

sorbitol meningkatkan fleksibilitas dan keseragaman distribusi film pada konsentrasi 10% 

dan 20%. Namun, pada konsentrasi 30%, film menunjukkan peningkatan kekakuan dan 

mengurangi fleksibilitas. Penggunaan konsentrasi sorbitol 20% diidentifikasi sebagai 

perlakuan yang optimal.  

Kata kunci: Chia Seed, Film, Pemlastis, Sorbitol, Whey 

https://crossmark.crossref.org/dialog/?doi=10.52045/jca.v6i1.982&domain=pdf
https://ojs.untika.ac.id/index.php/faperta
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INTRODUCTION  

The accelerated evolution of food technology has given rise to novel food products, thus 

necessitating the development of packaging solutions. Plastic packaging is the most widely used 

type of packaging used as a wrapper for processed food. The utilisation of this packaging has the 

potential to result in environmental contamination (Zhang et al., 2023) due to its prolonged 

decomposition time in natural environments (de Dicastillo et al., 2016). Consequently, consumers 

are increasingly demanding foods that are natural and free from synthetic compounds. The 

heightened awareness of environmental protection, coupled with consumers' demand for safe 

and healthy food, has precipitated the emergence of alternative packaging that is more 

environmentally friendly. This packaging, often referred to as edible film, is composed of 

materials that are edible to humans. The utilisation of such packaging constitutes a solution to 

the issue of environmental degradation, which is primarily attributable to synthetic packaging 

that is recalcitrant to decomposition (Hasan et al., 2022). 

Edible film constitutes a thin, edible layer employed as a food coating. This layer possesses 

the advantage of being biodegradable and can maintain the quality and shelf life of the food 

product it covers (Carpena et al., 2021). Furthermore, it has been demonstrated that the material 

can act as a carrier matrix for active compounds, including antioxidants and antimicrobials 

(Mishra et al., 2018; Otoni et al., 2017). Whey, a product that is abundant in protein, is one of the 

potential raw materials that can be utilized in the manufacturing of edible film. The utilisation of 

whey as a base material for edible film manufacturing confers a number of advantages due to its 

environmentally friendly and biodegradable bioregeneration properties (Chen et al., 2019). As 

demonstrated in a number of preceding studies, the combination of whey protein with other 

polymeric materials has been shown to yield edible films that exhibit desirable characteristics 

(Fahrullah et al., 2022; Fahrullah et al., 2023; Fahrullah et al., 2024). 

The selection of chia seed as an additive in the preparation of whey-based edible films is 

based on its nutritional potential and hydrophilic properties that can improve film performance. 

Another reason pertains to the fact that, due to their inherent properties, grain-based films can be 

metabolised in the human body along with food (Aleksanyan, 2023). This metabolic process has 

been shown to produce gels that are considered promising in the development of biodegradable 

packaging (Soukoulis et al., 2018). Chia seed has been identified as a promising ingredient in the 

food industry due to its ability to function as a stabilizer, thickener, additive, and fat replacer 

(Chaves et al., 2018; Chollakup et al., 2020; Zettel & Hitzmann, 2018). 

A strategy that has been widely adopted for the purpose of enhancing the elasticity of edible 

films is the incorporation of plasticizers. In the realm of plasticizers, sorbitol and glycerol emerge 

as notable polyols due to their propensity to enhance the flexibility and elasticity of the resultant 

film (Chang & Nickerson, 2014; Fahrullah et al., 2020; Liang & Wang, 2018). Sorbitol is a 

hydrophilic plasticizer that has been shown to enhance the flexibility and stress distribution 

capability of films, thereby improving their mechanical quality (Haq et al., 2016). Whey protein 

has been demonstrated to possess advantageous film-forming properties, thereby providing 

strength and flexibility to the resultant film. In addition, whey protein has been shown to assist 
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in the maintenance of moisture and emulsion. Concurrently, chia seeds have been shown to be 

rich in omega-3 fatty acids and fibre, which enhance the structural strength of the film and 

provide gel properties that are useful for flexibility and release control. However, the impact of 

varying sorbitol concentrations on the physical characteristics and microstructure of whey-chia 

seed-based edible films remains to be fully elucidated, particularly with regard to thickness, 

water vapor transmission rate, and film microstructure. Further research in this area is necessary 

to gain a more comprehensive understanding of the relationship between sorbitol concentration 

and the physical properties of edible films. The objective of this study is to investigate the 

characteristics of whey-chia seed films with varying sorbitol concentrations and to furnish 

information pertaining to their prospective application as an eco-friendly food packaging 

alternative. The selection of chia seed as an additive in the preparation of whey-based edible films 

is predicated on its nutritional potential and hydrophilic properties that can enhance film 

performance. Another reason pertains to the fact that, due to their inherent properties, grain-

based films can be metabolized in the human body along with food (Aleksanyan, 2023). This 

metabolic process has been shown to produce gels that are considered promising in the 

development of biodegradable packaging (Soukoulis et al., 2018). Chia seed has been identified 

as a promising ingredient in the food industry due to its ability to function as a stabilizer, 

thickener, additive, and fat replacer (Chaves et al., 2018; Chollakup et al., 2020; Zettel & 

Hitzmann, 2018) 

 

MATERIALS AND METHODS 

Materials and Tools 

The materials utilized in this research comprise whey protein, chia seed, sorbitol plasticizer, 

distilled water, silica gel, ethanol solution, filter paper and label paper. The equipment employed 

for this study included a thermometer, Erlenmeyer flask, petri dish, measuring cup, measuring 

tube, magnetic stirrer, Heidolph rotary evaporator, hot plate stirrer, screw micrometer, a set of 

SEM tools, and a desiccator. The present study was conducted at the Animal Product Technology 

Laboratory. The experimental design utilised was a Completely Randomized Design, comprising 

three treatments and three replicates. 

 

Extraction of Chia Seed 

The seeds of the Chia plant (Salvia hispanica) (Greenara, Indonesia) were subjected to a 

process of purification involving the application of ethanol on at least four occasions, with the 

objective of eradicating any extraneous contamination. Thereafter, the seeds were subjected to a 

mechanical process that resulted in their fragmentation into smaller particles. The following step 

involved the soaking (or maceration) of the chia seeds in pro-analysis ethanol for a period of three 

days. This was followed by the filtration of the chia seed filtrate using Whatman 41 filter paper. 

The filtrate was then processed with an evaporation device (Heidolph Rotary Evaporators-Hei-
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VAP Value Digital G3) to produce a chia seed solution (Khazaei et al., 2014). During this process, 

it is imperative to meticulously regulate the temperature during the soaking and filtration steps 

to avert alterations in the chemical composition or properties of the chia seed solution. Typically, 

a temperature of approximately 25°C to 40°C is maintained during the processes of soaking and 

evaporation, with the objective of preserving the integrity of the substances involved. It is 

imperative that homogenisation is carried out at a consistent speed and duration to ensure 

uniform particle size and even distribution throughout the solution. 

Preparation of Whey-Chia Seed Edible Film Solution 

The mixture of whey, chia seed, and sorbitol was prepared using distilled water, with the 

volume of the final solution adjusted to 15 mL. The mixture of whey and chia seeds was then 

treated with a plasticizer, sorbitol, in accordance with the specified protocol. This mixture was 

subsequently subjected to heating at a temperature of 90°C ± 2°C on a hot plate. The application 

of a magnetic stirrer at a speed of 250 rpm was maintained for a duration of 30 minutes. The film 

solution was subsequently transferred into a Petri dish and left at room temperature for 24 hours, 

during which time the gelation time was observed. Following the formation of the edible film, it 

was wrapped in wrapping paper prior to undergoing further testing. This modification is based 

on the works of Fahrullah et al. (2020) and Maruddin et al. (2018). 

Edible Film Thickness Analysis 

The thickness of the edible film was measured using a coupler micrometer model MDC-

25M (Mitutoyo, MFG, Japan). The thickness was calculated based on the average of five different 

points on the film, namely four points at the edge and one point in the centre. 

Measurement of Water Vapor Transmission Rate on Edible Film 

The water vapor transmission rate (WVTR) was measured by placing the edible film in a 

desiccator containing silica gel, with measurements taken at 24-hour intervals for a period of five 

days. The WVTR was calculated in g/mm²/day using the following formula (ASTM E96-95): 

𝑊𝑉𝑇𝑅 =
𝑛

(𝑡 𝑥 𝐴)
 

Description: 

The symbol 'n' is used to denote weight change, measured in grams (g). 

The variable t denotes time in days. 

The surface area is denoted by A, expressed in millimetres squared. 

Microstructure of Edible Film 

The microstructure of the edible film was analysed using a JEOL JCM-7000 Scanning 

Electron Microscope (SEM). The edible film samples were meticulously divided into sections 

measuring 0.5 × 0.5 cm, subsequently coated with layers of carbon and gold, and examined using 

a scanning electron microscope (SEM) to ascertain their microstructure. 
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Statistical Analysis 

The treatments comprised the utilisation of sorbitol plasticizer in various concentrations 

(P1: sorbitol 10%, P2: sorbitol 20%, and P3: sorbitol 30%). The data obtained were analysed using 

Analysis of Variance (ANOVA), and if there were significant differences between treatments, 

these were followed by Duncan Multiple Range Test (DMRT) with a p-value of 0.05 using SPSS 

version 24. Concurrently, the microstructure variable of edible film was analysed descriptively. 

 

RESULTS AND DISCUSSION 

Edible Film Thickness Analysis 

The thickness of whey-chia seed edible film, with different sorbitol usage, is demonstrated 

in Figure 1. 

 

Figure 1. Thickness of whey-chia seed edible film using different concentrations of sorbitol. 

The findings of the analysis of variance demonstrate that the utilisation of varying 

concentrations of sorbitol results in a highly significant discrepancy (P < 0.01) in the thickness 

value of whey-chia seed edible films. The data obtained revealed that the film thickness was 

recorded at 0.0297 mm at the 10% sorbitol concentration (P1), while at 20% (P2), it slightly 

decreased to 0.0296 mm, and at 30% (P3), the film thickness increased to 0.0303 mm. Despite the 

observed increase in thickness, the disparity between concentrations was not substantial, 

suggesting that at a concentration of 20% (P2), a saturation point may have been attained, wherein 

the subsequent addition of sorbitol would exert minimal influence on film thickness. This finding 

aligns with the conclusions of previous research, which demonstrated that plasticizers, such as 

sorbitol, can enhance film flexibility. However, the impact on the physical thickness of the film 

does not invariably correspond directly to the plasticizer concentration (Azevedo et al., 2015). 

Moreover, while sorbitol has been demonstrated to enhance the flexibility and strength of the 
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film, its impact on thickness is more constrained due to sorbitol's propensity to soften the polymer 

structure of the film. However, this relationship is not invariably direct, as evidenced by the 

findings of H. Chen et al. As indicated by research undertaken by Capitani et al. (2016), Dick et 

al. (2016) and Hauser et al. (2016), a relationship has been identified between film thickness and 

the concentration of polymer added to the film solution. This study demonstrated that a 30% 

sorbitol concentration (P3) resulted in higher thickness compared to other treatments.  The 

molecules of the plasticizer also have a role in damaging and rearranging the tissue in the film to 

form empty spaces, so that the plasticizer can enter the cavity in the film matrix, which has an 

impact on the thickness obtained (Rusli et al., 2017; Sanyang et al., 2016). The thickness of the 

edible film produced in this study is thinner than the thickness of edible films produced in 

previous studies using whey base material with the addition of gelatin, which ranged from 

0.0350-0.0352 mm (Fahrullah et al., 2023). 

Measurement of Water Vapor Transmission Rate on Edible Film 

The WVTR of whey-chia seed edible film, with different sorbitol usage, is demonstrated in 

Figure 2. 

 

Figure 2. WVTR of whey-chia seed edible film using different concentrations of sorbitol. 

Based on the results of the analysis of variance, the use of different concentrations of sorbitol 

did not give a significant difference (P>0.05) to the water vapor transmission rate of whey-chia 

seed edible film. At 10% sorbitol concentration (P1), the water vapor transmission rate was 5.14 

g/mm²/day. At 20% concentration (P2), the water vapor transmission rate increased to 5.68 

g/mm²/day, and at 30% concentration (P3), the water vapor transmission rate decreased to 4.60 

g/mm²/day. The results of this study are still in accordance with the Japanese Industrial 

Standard (JIS, 1975) where the maximum value of film water vapor transmission rate is 10 

(g/mm²/day). The effect of sorbitol concentration on water vapor transmission rate can be 

explained by the basic principle that sorbitol functions as a plasticizer that increases film 
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flexibility. More flexible films tend to have more microscopic gaps, which allows water vapor to 

pass through the film more easily. Therefore, at a sorbitol concentration of 20% (P2), which shows 

the highest value for water vapor transmission rate, it can be assumed that sorbitol works 

optimally to increase the flexibility of the film, but in turn will enlarge the pores allowing more 

water vapor through the film. 

However, at a sorbitol concentration of 30% (P3), although there was a slight increase in 

film thickness (see Figure 1), the water vapor transmission rate decreased. This decline was 

attributed to the impact of elevated sorbitol concentrations, which likely resulted in the film 

becoming more dense and reduced its permeability to water vapor (Mihalca et al., 2021). While 

the film thickness in P3 was higher compared to P1 and P2, this increase in thickness was not 

always accompanied by an increase in permeability. This may be due to the denser film structure, 

which can inhibit the water vapor transmission rate. In general, while higher concentrations of 

sorbitol resulted in increased film thickness, the optimal plasticizer effect on the water vapor 

transmission rate was observed at a concentration of 30% sorbitol. Sorbitol has a larger molecular 

size than glycerol (Juliani et al., 2022). This size increase will result in greater free volume between 

chains, which in turn will affect the transfer of water molecules. 

Microstructure of Edible Film 

A microstructural investigation was conducted on whey-chia seed edible films, with the 

objective of comprehending the extent to which the interaction between whey protein and chia 

seeds, in the presence of varying concentrations of sorbitol, influences the physical characteristics 

of the film. This investigation focused particularly on the distribution of polymeric materials. The 

Surface of the film was observed in greater detail by means of a Scanning Electron Microscope 

(SEM), which revealed the constituent particles of the materials contained in the whey-chia seed 

film. As Fahrullah & Ervandi (2021) have demonstrated, observation of the microstructure of the 

film is a vital element in determining its characteristics. The research that has been conducted 

produces microstructures in Figures 3, 4, and 5 with 1000 times magnification. 

As illustrated in Figure 3, the microstructure of whey-chia seed edible films with a 10% 

sorbitol concentration is characterised by a rough surface with an uneven distribution. While the 

film retains the fundamental structure of the whey-chia seed polymer, certain regions exhibit a 

softer consistency and are more susceptible to separation. This distribution of sorbitol contributes 

to an enhancement in film flexibility. Conversely, a more pronounced structure is evident in 

specific regions, suggesting a potential increase in the thickness of the film. The mechanism of 

action of sorbitol is such that it functions by reducing the inter-molecular bonds within the 

polymer matrix. This results in the creation of micro-spaces, which in turn allow the film to be 

more flexible. This can be evidenced by the increased porosity and fissuring of the surface texture 

of the film, indicative of the effectiveness of sorbitol in enhancing the flexibility of the film. 

However, despite the enhanced flexibility of the film, the structural analysis reveals the presence 

of more compact and potentially more substantial regions, suggesting the possibility of a 

marginally increased film thickness. Such tighter areas may reduce the water vapor transmission 

rate, depending on the interaction between sorbitol and the other polymer matrix (Timilsena et 
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al., 2015). As demonstrated in Figure 4, a concentration of 10% sorbitol appears to be within the 

optimal range for enhancing flexibility without significantly affecting the thickness of the film. 

The incorporation of 10% sorbitol has been shown to enhance the mechanical properties of edible 

films, particularly with regard to flexibility and elasticity. However, the non-uniform distribution 

of sorbitol within the matrix may have a detrimental effect on other properties, such as water 

vapor permeability. 

 

 

Figure 3. Microstructure of whey-chia seed edible film with 10% sorbitol. 

 

Figure 4. Microstructure of whey-chia seed edible film with 20% sorbitol. 
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As illustrated in Figure 4, the microstructure of the whey-chia seed edible film prepared 

with a 20% sorbitol concentration exhibits substantial alterations in comparison to the film 

constructed with a lower sorbitol concentration. As illustrated in Figure 4, the microstructure 

appears to be smoother, exhibiting a more uniform distribution of sorbitol. However, there are 

still some areas that demonstrate signs of looseness and the presence of small pores. This 

phenomenon can be attributed to the effect of sorbitol, which has been demonstrated to enhance 

the flexibility of the film and modify its distribution. The incorporation of 20% sorbitol resulted 

in a film that exhibited enhanced flexibility, characterised by an increased prevalence of 

microscopic gaps or spaces when compared to the 10% concentration. These microspaces indicate 

that sorbitol plays an effective role in softening the film structure, allowing the film to be more 

flexible and elastic (Liang & Wang, 2018).  However, despite the increased stretchability and more 

even distribution of sorbitol, the film still retains some basic properties that allow for 

improvements in film thickness. Notwithstanding the negligible alterations in thickness observed 

when juxtaposed with the 10% sorbitol film, the presence of augmented interstices may exert an 

influence on additional properties, including the film's permeability to water vapor. Sorbitol 20% 

has been demonstrated to offer a superior equilibrium between flexibility and thickness, thereby 

ensuring optimal performance in a range of packaging applications. As demonstrated in Figure 

4, the incorporation of 20% sorbitol into whey-chia seed edible films results in a more flexible and 

uniform structure, which may enhance the functional properties of the film. 

 

Figure 5. Microstructure of whey-chia seed edible film with 30% sorbitol. 

As illustrated in Figure 5, the microstructure of whey-chia seed edible films prepared with 

a 30% sorbitol concentration exhibited a significant alteration in comparison to films with lower 

sorbitol concentrations (10 and 20%). In this figure, the film structure appears denser, with a more 

focused distribution of sorbitol in a few areas, leading to the appearance of a tighter surface and 

fewer microspaces compared to films with 10% and 20% sorbitol. The incorporation of 30% 
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sorbitol has been demonstrated to result in a substantial enhancement of the film's cohesion, 

manifesting as a notable reduction in microscopic gaps. This observation suggests that elevated 

sorbitol concentrations may enhance the viscosity and density of the resulting film, potentially 

resulting in a decrease in micro-spaces within the polymer matrix. Despite the increased thickness 

of the film (Figure 1), the reduction in the number of gaps could potentially result in a decrease 

in the water vapor transmission rate (Figure 2). This is due to the enhanced difficulty of water 

vapor movement through a more compact structure. This phenomenon may provide a rationale 

for the observed decline in water vapor transmission rate at 30% sorbitol, despite the concomitant 

increase in film thickness. This denser structure could also indicate that sorbitol functions more 

as a binder between the polymers than as a plasticizer, leading to a reduction in film flexibility. 

In summary, the incorporation of additional sorbitol has been demonstrated to exert a 

multifaceted influence on the material's properties. Not only does it affect flexibility, but it also 

modifies the manner in which the film engages with other components, thereby influencing its 

capacity to absorb moisture or establish barriers (Chen et al., 2024). 

The microstructure of the film is influenced by several factors. Firstly, the heating process 

has a significant impact on the microstructure. Secondly, the homogenisation process also has an 

effect. Thirdly, the emulsion composition is also important. Finally, the arrangement of 

component structures in the final stage of drying is also important. Sorbitol functions as a 

plasticizer, which serves to widen the intermolecular distance in the film structure by reducing 

internal hydrogen bonds. The incorporation of plasticizer in the fabrication of edible film is 

intended to impart flexible properties to the film and curtail the interaction between protein 

chains, thereby enhancing the flexibility of the film. The selection of type and concentration of 

plasticizer exerts a substantial influence on the mechanical properties and permeability of the 

film (Fahrullah et al., 2024). 

 

CONCLUSIONS 

The present study demonstrated that the incorporation of sorbitol during the fabrication of 

whey-chia seed edible films had a significant impact on the thickness and microstructure of the 

resultant edible films. The film thickness increased with the increase of sorbitol concentration, 

but the change between concentrations was not significant. The highest water vapor transmission 

rate was found at 20% sorbitol concentration, while at 30% concentration, although the film 

thickness increased, the water vapor transmission rate decreased. Microscopic analysis revealed 

that the incorporation of sorbitol resulted in enhanced flexibility and a more uniform distribution 

at concentrations of 10% and 20%. However, at the 30% concentration, the films exhibited 

increased rigidity and reduced flexibility. It was established that the optimal concentration of 

sorbitol for the manufacture of edible films was 20%, since this concentration provided the best 

balance between thickness, flexibility and permeability. 
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