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Abstract  

The development of biodegradable film is important in order to mitigate environmental problems caused by the use 

of synthetic plastics, especially in meat products. This work investigates the application of calcined egg shell powder 

(ESP) in edible gelatin-chitosan blend-based films as a functional filler towards enhancement in physicochemical and 

barrier properties. The films were produced by the solvent casting technique with different ESP concentrations: 0% 

(control), 0.25% (w/w), 0.50% (w/w) and 0.75% (w/w) of total solids. The results revealed that the incorporation of ESP 

also significantly increased mechanical properties of films; the tensile strength was observed to increase from 13.24 to 

21.81 MPa and elongation at break from 11.63% to 15.07% for highest concentration, indicating changes in strength of 

polymer matrix by advantage interaction with calcium cations. Moreover, the water barrier property of films was 

enhanced by supplementation with ESP, in which the Water Vapor Transmission Rate (WVTR) and Water Vapor 

Permeability (WVP) decreased significantly (p < 0.05), while moisture content, swelling rate and solubility also reduced. 

FTIR analysis confirmed the formation of hydrogen bonds and electrostatic interactions between calcium ions and 

biopolymer functional groups, while SEM observations revealed a compact microstructure with uniform filler distribution 

at low concentrations. These results suggest that gelatin-chitosan films containing 0.75% eggshell calcium exhibited 

higher mechanical behavior and lower moisture with better potential for meat packaging applications in sustainable 

manner. 
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Introduction 

Problems in food packaging, particularly meat 

products, are becoming increasingly complex with 

increasing demands for food safety, longer shelf life, 

and environmental sustainability. The use of 

conventional plastic as a packaging material often has 

negative impacts on the environment due to its non-

biodegradable nature [1]. Increasing food consumption 

and the need for safe packaging have driven the 

development of biopolymer-based packaging materials 

as a substitute for fossil-based plastics [2]. Edible films 

made from proteins and polysaccharides offer an 

environmentally friendly solution and have the potential 

to provide active functions such as preservation or  

 

nutritional supplementation to food products [3]. The 

development of edible films as an environmentally 

friendly packaging alternative is gaining increasing 

attention, particularly films based on natural ingredients 

such as gelatin and chitosan, which are biodegradable 

and have good film-forming properties. 

Although gelatin and chitosan have great potential 

in edible film applications, both still have limitations in 

terms of mechanical and functional properties, 

particularly related to resistance to humidity, water 

vapor, oxygen, and suboptimal antimicrobial properties 

[4], which are crucial for maintaining meat quality and 

extending shelf life. Mixing gelatin and chitosan can 
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reduce water vapor permeability (WVP) and water 

solubility, while improving the filmʼs structural 

properties compared to gelatin or chitosan films alone 

[5]. One innovative approach to improving the quality 

of edible films is through the addition of minerals, such 

as calcium, which can improve the filmʼs structure and 

provide additional functional benefits. Calcium is 

generally known for its ability to increase the strength 

of polymer networks and improve barrier properties 

against gas and water [6]. The physicochemical 

properties of edible films are critical prerequisites for 

future applications in packaging, where effective 

barriers are essential to minimize the risk of oxidation 

and microbial contamination. Fortification with 

calcium, particularly from natural sources such as 

calcium carbonate and eggshell-derived hydroxyapatite, 

promotes increased film tensile strength and structural 

stability. Functional attributes in edible films, such as 

microbial growth inhibition, reduction in lipid oxidation 

rate (TBARS), and pH stability, are important 

parameters for high-performance food packaging [7]. In 

addition, improving the structural and barrier properties 

of edible films is known as a fundamental development 

stage for identifying promising candidates for future 

active packaging systems. 

Eggshells are a household and food industry waste 

rich in calcium carbonate (CaCO₃) and have high 

potential to be used as a natural calcium source. The 

volume of this waste is quite large and is often simply 

discarded, causing potential pollution (microbiological, 

odor, solid waste) and waste management problems [8], 

[9]. The Indonesian National Statistics Agency (BSN) 

reported that egg production in 2023 was 6,117,905 

tons/year and increased to 6,342,705 tons/year in 2024. 

Based on this data, it is assumed that eggshells account 

for 9% - 12% of the weight of chicken eggs. Therefore, 

the estimated eggshell production is 550,611 to 570,834 

tons/year in 2023 - 2024 [10].  

Furthermore, with increasing regulations on the 

use of single-use plastics and consumer pressure for 

environmentally friendly packaging (biodegradable, 

edible, and minimal waste), the use of materials from 

local waste will increase the competitiveness of local 

products and support environmental and food health 

policies [11]. Applied research is needed to support the 

Sustainable Development Goals (SDGs), especially the 

waste reduction target [12]. Utilizing eggshell-derived 

calcium as fortification material in gelatin and chitosan 

based edible films not only adds value to industrial 

waste by aligning with circular economy principles and 

organic waste reduction efforts [13], but also 

significantly enhances the physical and functional 

properties of the film while addresing broader 

sustainability and waste management challenges 

(Figure 1).

 

 

Figure 1 Research mechanism of calcium fortification in edible film. 
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The urgency of this research lies in the need to 

develop a packaging system that is not only safe and 

environmentally friendly, but also able to extend the 

shelf life of meat effectively by improving the functional 

properties of the film. This study is expected to provide 

a positive impact on the potential use of calcium from 

eggshell waste in edible film formulations, as well as 

providing scientific and applicable solutions in the meat 

packaging industry. Improving the functional properties 

of films (mechanical, barrier, as well as antimicrobial 

and antioxidant activities) is important in meat 

packaging. The purpose of this study is to evaluate the 

characteristics of edible films with the addition of 

calcium from eggshells so that it can improve the 

mechanical and barrier properties of the film that can 

protect the physical and microbiological quality of meat 

and provide added functional value. 

 

Materials and methods 

Materials 

The main ingredients included food grade-gelatin 

(Gelatin Rajawali R&W, Indonesia), chitosan with a 

degree of deacetylation >75% (Food Grade, PT Biotech 

Surindo, Indonesia), glycerol (Analytical Reagents, 

CDH) as a plasticizer, and calcium carbonate (CaCO₃) 

obtained from dried broiler eggshells, calcined at 900 °C 

for 2 h, and ground until it passed a 200-mesh sieve [14]. 

The eggshells were obtained from Teaching Farm 

Universitas Brawijaya, located in Junrejo, Batu City, 

East Java, Indonesia.  

 

Methods 

Edible film preparation 

Edible film manufacturing process was carried out 

using the solvent casting method (Figure 2) [15]. 

Gelatin (5% w/v) was dissolved in warm distilled water 

(50 - 60 °C), then chitosan (2% w/v dissolved in 1% 

acetic acid) and glycerol were added at 20% of the total 

solids. The solution was homogenized using a magnetic 

stirrer (SH-2 magnetic stirrer, Faithful Instrument, 

(Hebei) Co., Ltd., China) at 2,000 rpm for 10 min, then 

eggshell calcium powder was added according to the 

treatment. The treatments consisted of four levels of 

calcium fortification: without the addition of eggshell 

calcium (control), 0.25% (w/w), 0.50% (w/w), and 

0.75% (w/w) of total solids in the film solution. The 

solution was then poured into an acrylic pan (casting 

tray) and dried at 40 °C for 48 h. The formed film was 

peeled and stored in a desiccator before testing. The 

tools used included a vacuum oven, homogenizer, pH 

meter, desiccator, digital micrometer, UV-Vis 

spectrophotometer, and colorimeter.

 

 

Figure 2 Production of edible film based on gelatin-chitosan with calcium fortification. 

 

Characterization of edible film 

Thickness (mm) 

The film thickness was measured using a Digital 

Thickness Gauge Mitutoyo (547-500S, Japan) in 

accordance with ASTM standard (D6988) according to 

Shanbag & Shenoy [16]. The film thickness was taken 

at 5 locations on the films surface. The thickness was 

calculated as the average of the five measurements. 
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Moisture content (%), swelling rate (%) and 

solubility (%)  

The moisture content was determined by 

measuring the film weight loss according to Shanbag & 

Shenoy [16] ASTM D4442. The samples were cut into 

2.0 cm² squares. First, the specimens were accurately 

weighed (Wa). Subsequently, the specimens dried under 

a Orion DX-708 air oven at 105 °C until they reached a 

fixed weight. The weight of each specimen is recorded 

(Wb). This method is replicated three times, and the 

results are averaged for calculation. The moisture 

content is obtained by: 

 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 𝑐𝑜𝑛𝑡𝑒𝑛𝑡 (%) =
(𝑊𝑎−𝑊𝑏)

𝑊𝑏
 ×  100%             (1) 

 

The methodology used to assess the swelling ratio 

is consistent with the approach described in Bhatia et al. 

[17]. A sample of film was carefully cut into 2.0 cm² 

squares and then weighed (Wa). After that, the sample 

was immersed for 2 min in distilled water in a small 

porcelain dish. Subsequently, the film was wiped with 

paper towels and weighed (Wb). The swelling rate was 

then calculated using the following formula: 

 

𝑆𝑤𝑒𝑙𝑙𝑖𝑛𝑔 𝑟𝑎𝑡𝑖𝑜 (%) =
(𝑊𝑏−𝑊𝑎)

𝑊𝑏
 ×  100%                     (2) 

 

Edible film solubility was measured by Shanbag 

& Shenoy [16] cutting it into 2 cm diameter pieces, then 

drying it at 105 °C for 24 h in an oven. The initial dry 

weight (W1) of each sample was documented. Next, the 

film was immersed in distilled water in a beaker for 24 

h at room temperature (25 °C). After being immersed for 

24 h, the film samples were removed from the water, 

then dried in an oven at 105 °C for 24 h, and weighed 

(W2). The solubility of the film in water was calculated 

using: 

 

𝑊𝑎𝑡𝑒𝑟 𝑠𝑜𝑙𝑢𝑏𝑖𝑙𝑖𝑡𝑦 (%) =
(𝑊1−𝑊2)

𝑊2
 ×  100%                (3) 

 

Optical properties and color measurement 

The optical parameters of the film were measured 

using a UV-VIS spectrophotometer set at a wavelength 

of 600 nm. The film was cut into 1×3 cm² pieces. The 

absorbance value was recorded and then calculated 

using the following formula by Frangopoulos et al. [18]: 

𝑂𝑝𝑎𝑐𝑖𝑡𝑦 =
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑎𝑡 600 𝑛𝑚

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 𝑜𝑓 𝑓𝑖𝑙𝑚 (𝑚𝑚)
                                  (4) 

 

The films were measured using Minolta CR-10 by 

Frangopoulos et al. [18]. The sample was cut into 4×4 

cm2 pieces. This method was applied 3 times for all 

samples. Measurement of color parameters: L (black (0) 

to white (100)), a* (green (‒128) to red (127)), and b* 

(blue (‒128) to yellow (127)). The standard white plate 

color (L = 94.8, a* = ‒0.78, b* = 1.43) is utilized as the 

background to determine the film color. The obtained 

results are from L (brightness), a* (redness), and b* 

(yellowness). 

 

Mechanical properties  

The mechanical properties of the film, including 

elongation at break and tensile strength, are 

characterized using stress-strain graphs generated from 

tensile testing by Frangopoulos et al. [18]. Tensile 

properties of samples are determined according to the 

ASTM D882-10 standardized test method. In summary, 

a 10 cm long and 1.5 cm wide film is meticulously cut 

using a surgical knife, and its mechanical characteristics 

were then analyzed using a TA-XT Plus Texture 

Analyzer (Stable Microsystems, Godalming, UK). The 

speed of the cross-head, also known as the grip 

separation rate, was set at fifty millimeters per minute. 

 

Water barrier properties  

Water barrier properties are measured based on 

standard ASTM E96/E96M-16 according to Rawat & 

Saini [19]. Film samples are carefully formed into 

circles with a diameter of 5 cm. The apparatus uses a 

container with a diameter of 4.5 cm and a height of 4 

cm; holes are made in the lid to allow water 

transmission. The container is filled to ¾ of its capacity 

with distilled water. The circle-shaped sample is placed 

on top of the tube, and the perforated lid is used to cover 

it. A sample is weighted to determine its initial weight. 

Then, the specimens are placed in a dessicator with 0% 

relative humidity (R0), and the initial relative humidity 

of the specimens is estimated to be 100% (R1). After 24 

h, the specimens are weighed again for final weight. The 

water vapor transmission rate, permeability, and water 

vapor permeability were measured for all edible films 

using the following formula: 

 



Trends Sci. 2026; 23(10): 13005   5 of 17 

𝑊𝑉𝑇𝑅 (
𝑔

𝑠.m2
) =

∆𝑊 × ∆𝑡 

𝐴𝑟𝑒𝑎
                                               (5) 

 

𝑃𝑒𝑟𝑚𝑒𝑎𝑛𝑐𝑒 =
𝑊𝑉𝑇𝑅 

∆𝑃
                                                   (6) 

 

∆𝑃 =
∆𝑅𝐻 

100
 × 𝑃𝑠𝑎𝑡. 𝑣𝑎𝑝       (7) 

 

𝑊𝑉𝑃 (
𝑔

𝑚.𝑠.𝑃𝑎
) = 𝑝𝑒𝑟𝑚𝑒𝑎𝑛𝑐𝑒 × 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠 (𝑚𝑚)  (8) 

where: ΔW/Δt = change in weight over time, 

    ΔRH = change in relative humidity, and 

    Psat.vap = saturated vapor pressure of water 

 

Fourier transform infrared spectroscopy 

(FTIR)  

FTIR characterization of each film was conducted 

using a FTIR Shimadzu IR Spirit QATR-S 

spectrophotometer (Shimadzu, Japan) by Shanbag & 

Shenoy [16]. Infrared spectra of each constituent 

substance and film were obtained and comparatively 

analyzed. 

 

Films surface morphology with scanning 

electron microscopy (SEM)  

The morphology of the film surface was examined 

using a Carl Zeiss EVO 18 SEM (Carl Zeiss, Germany) 

and observations were conducted at an acceleration 

voltage of 10 kV by Shanbag & Shenoy [16]. Sample 

films were coated with gold to minimize unwanted 

charges during scanning. Film surfaces with cracks were 

then examined thoroughly using SEM. 

 

Statistical analysis 

The measurement data were statistically analyzed 

using one-way Analysis of Variance (ANOVA) to 

determine the effect of increasing calcium concentration 

on each parameter. If there was a significant difference 

(p < 0.05) or very significant (p < 0.01), then a further 

Duncan’s Multiple Range Test (DMRT) was used to 

determine the real difference between treatments. The 

analysis was performed using SPSS Statistic Version 25. 

The instrument was calibrated before use, and all 

analytical procedures were carried out according to 

applicable laboratory method standards to ensure data 

accuracy. 

 

Results and discussion 

Physical characteristic 

In the current study, eggshell calcium in gelatin-

chitosan edible films had a significant (p < 0.01) effect 

on physical properties that is thickness, swelling rate, 

solubility, transparency, and color (Table 1). Film 

thickness showed a consistent increase corresponding to 

higher eggshell calcium concentrations (0.25%, 0.50%, 

and 0.75%), attributed to the accumulation of solid 

particles within the polymer matrix. This might be due 

to calcium particles filling the space between gelatin and 

chitosan encapsulating the particle, which resulted in a 

denser film structure. These can be explained by the 

reports of studies [20] showed that calcium could 

improve the thickness of com-films as the result of 

particle fill effect. The increase in thickness occurred 

because the addition of CaCO₃ particles from eggshells 

increased the solidity and structural mass of the film, 

resulting in a thicker film.

 

Table 1 Physical characteristics of edible film with calcium eggshell addition. 

Parameters T0 T1 (0.25% Ca) T2 (0.50% Ca) T3 (0.75% Ca) 

Thickness (mm) 0.04a ± 0.01 0.05a ± 0.01 0.06a ± 0.01 0.07b ± 0.01 

Moisture content (%) 0.33 ± 0.07 0.30 ± 0.08 0.28 ± 0.09 0.25 ± 0.06 

Swelling Rate (%) 70.27c ± 0.35 69.96c ± 0.74 65.48b ± 0.19 61.90a ± 0.68 

Solubility (%) 0.0746b ± 0.04 0.0294a ± 0.01 0.0286a ± 0.02 0.0175a ± 0.02 

Transparancy (mm−1) 0.11a ± 0.02 0.25b ± 0.07 0.37c ± 0.07 0.85d ± 0.06 

L 80.01a ± 0.47 81.95a ± 0.51 82.28a ± 0.55 85.33b ± 0.71 

a* ‒5.05b ± 0.94 ‒3.68a ± 0.83 ‒3.31a ± 0.66 ‒3.00a ± 0.95 

b* 8.74b ± 0.58 7.23a ± 0.45 6.33a ± 0.07 6.23a ± 0.26 

Note: Different letters in the same column indicate a significant difference (p < 0.01). 
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Moisture content decreased in films with higher 

calcium concentrations. Calcium particles tend to 

reduce the free volume in the film, resulting in less water 

absorption. This decrease in moisture content was also 

reported in a study [21], where films with 1% - 3% 

Hydroxyapatite (HAP) showed lower moisture content 

than control edible films due to the interaction between 

Ca nanoparticles and chitosan hydroxyl groups, which 

reduces water affinity. 

The swelling rate and solubility of the film 

decreased with increasing calcium content. Calcium 

particles have the potential to inhibit water penetration 

into the film by filling the pore space and forming 

physical or chemical interactions between the polymer 

and Ca²⁺, thus making the film more stable against 

swelling and dissolution. The theory of polymer film 

properties states that good inorganic fillers can reduce 

swelling and solubility because they strengthen the 

polymer network and reduce pores. Previous research, 

such as gelatin - chitosan-based films without calcium, 

showed that increasing chitosan can reduce solubility 

and WVP compared to pure gelatin films [7]. The 

decrease in moisture content and swelling indicates that 

the film structure becomes denser and with smaller pore 

spaces, as well as the presence of intermolecular 

interactions (gelatin-chitosan-Ca) that inhibit water 

penetration. According to [22] which shows that fillers 

reduced the film’s affinity for water, reducing swelling 

and solubility. 

In terms of film transparency, the addition of 

calcium caused a decrease in transparency, making the 

film cloudier. This is because calcium particles disperse 

within the polymer matrix and cause light scattering. 

This decrease in transparency was also found in studies 

of edible nanocomposite films using nanoparticles as 

fillers, where the larger or more numerous filler 

particles, the greater the scattering and the reduced 

transparency value. Furthermore, visual variables such 

as transparency and color (L*, a*, b*) show that films 

with higher calcium concentrations have lower 

transparency and slight color changes (usually a slight 

yellowing or a decrease in the L* value). This reduced 

clarity can be attributed to the higher light diffusion 

phenomenon when solid particles (Ca) are dispersed in 

the film. The observed yellowish color is attributed to 

the presence of trace minerals in the eggshell or residual 

oxides formed during the calcination process [23]. 

The color parameters of the edible film (L*a*b*) 

produced significant variations between treatments, as 

shown in Table 1 and illustrated visually in Figure 3. 

The control edible film (T0) showed the lowest 

brightness (L*) and highest yellowness (b*) values, as 

well as a clear and transparent color. After enriching the 

eggshell calcium, there was a clear and observable color 

shift. Treatment T1 (0.25% Ca ESP) showed a slight 

increase in brightness compared to the control. As the 

percentage of calcium increased in T2 (0.50%) and T3 

(0.75%), the edible film tended to become whiter and 

cloudier, resulting in an increase in L* values. 

Conversely, the a* value showed a decrease, shifting 

towards green. This color change can be assumed to be 

due to the dispersion of calcium carbonate particles in 

the matrix, resulting in increased light scattering and 

giving the edible film a cloudy white color. 

Film color (L*a*b*) shifts with calcium addition: 

L* (brightness) value increases and a* and b* factors 

may decrease depending on the purity of the calcium, 

whiteness or grayness of the filler used (Figure 3). The 

calcined eggshells is normally white or off-white with a 

tint of cream waters only because of organic impurities 

and slow formed oxides. Polysaccharide-based edible 

film studies have reported that fillers can slightly 

increase the b* (yellowness) value [29]. The gelatin-

based edible films are inherently transparent with 

thickness and tensile strength, which could exhibit the 

potential for food packaging materials [24]. Color 

characteristics may differ according to the source of 

gelatin and the specific additives used. For instance, 

bovine gelatin typically has higher L* values than 

porcine gelatin, which is redder and less yellow [25]. 

This demonstrates that the colour attributes of edible 

films are significantly affected by their ingredients. 

Addition of minerals to edible gelatin films help in 

enhancing nutritional value as well the physical 

characterstics i.e color [26]. The L*, a* and b* color 

parameters according to the CIELab system were an 

important characterization since visual perception of 

film could affect the consumerʼs acceptance of food 

products. The incorporation of calcium has been found 

to influence the lightness, redness and yellowness 

values of edible films as a function of concentration. 
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Figure 3 Edible film with eggshell calcium enrichment. 

 

In addition, calcium is understood to interact with 

gelatin and chitosan to affect the structure of the film 

and modify its physical properties as well as mechanical 

properties such that they include visual aspects. A study 

by [27] found that chitosan and gelatin interaction could 

enhance barrier properties and modify water 

permeability. Hence the effect of calcium addition being 

as a stability modifier, affecting also filmʼs L*. 

Furthermore, highlighted that the development of 

biopolymer-based edible film formulation is influenced 

enormously by molecular interactions among 

ingredients, with calcium playing a role in altering 

microstructure which in turn would affect color 

properties [28]. 

The effects of mineral fortification on color 

properties (and example includes calcium) have been 

previously observed in edible films and are consistent 

with our current findings. Higher L* and b* values, and 

lower a* values represent that eggshell calcium could 

cause the film brighter, yellowish to slightly greenish. 

This not only adds to its nutritional value in terms of 

imparting additional minerals there to, but also increase 

the aesthetic value of the films as a food packaging [26]. 

 

Mechanical properties 

Tensile strength  

The tensile strength of gelatin-chitosan-based 

edible films Table 1 showed that eggshell calcium was 

added and had significant effect (p < 0.05) to tensile 

strength of gelatin chitosan film for the five treatments 

in all observation times. The addition of eggshell 

calcium increased the tensile strength value, from 13.24 

MPa (T0) to 21.81 MPa in the treatment with higher 

concentration of calcium (T3) (Figure 4). This rise 

indicated that the film was more resistant to the applied 

forces. The mechanism of calcium in this case is due to 

the formation ionic bonds with the functional groups of 

gelatin and chitosan leading to the reinforcement of 

polymer network. The amount of minerals added to 

gelatin-based edible films can enhance their physical 

properties, especially mechanical [26]. Similarly, [27] 

reported that gelatin-chitosan interactions improve the 

barrier properties of films and the presence of calcium 

increase film’s structural stability, contributing to a 

stronger internal network. 

The current findings were also in agreement with 

those conducted on the effect of calcium on the physical 

properties of edible films. The films with 10% gelatine 

and 10% chitosan, tensile strength value of 2.62 MPa, 

thus, that blend can be considered as strong enough for 

food packaging applications. The incorporation of 

calcium facilitates additional crosslinking between 

polymer chains, which resulted in an increased density 

of the film matrix [29]. Positive chitosan and negative 

gelatin can be combined with each other via 

“electrostatic interaction”, which causes the film to 

exhibit interfacial interactions and a certain mechanical 

strength [30]. 

Furthermore, tensile strength is not only affected 

by calcium incorporation but also by film-forming 

mechanism and the other end-use components. The 

films based on gelatin-chitosan blends offer better 

mechanical and structural properties relative to those 

formed from a single polymer, and this was attributed to 

their good miscibility [31]. The blend systems are kept 

compact to a large extent, which is important for 

applications. Increasing the chitosan content could 

improve the tensile strength of edible film by 

strengthening molecular interaction; however, too much 

chitosan can reduce film flexibility [15].

 

T0: 0% 

Ca 

T1: 0.25% Ca T2: 0.50% Ca T2: 0.75% Ca 
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Figure 4 Mechanical properties of edible film enriched with calcium eggshell. The mechanical properties of edible film 

measured are (a) tensile strength (MPa); (b) elongation at break (%); (c) Youngʼs modulus (MPa). 

 

 Elongation at break (EAB) 

The results of this experiment were significant (p 

< 0.05) in terms of the elongation at break on gelatin-

chitosan-based edible film due to the addition of 

eggshell calcium. The film also became more elastic as 

tensile strength increased. The value of elongation up to 

break was enhanced from 11.63% at T0 and reached 

15.07% at T3. This 13% increase indicates that the film 

possesses enhanced flexibility and ductility, allowing 

for greater deformation prior to failure. This indicates 

that the introduction of calcium permits to stable 

formation of a more regular polymer structure, which 

withstands deformation deeper before being ruptured 

[32]. The relation of variation of proportions in gelatin 

and chitosan to film flexibility, which, with the presence 

of Ca, favors intermolecular interactions, rendering 

elongation larger [29]. Therefore, the existence of 

calcium helps to maintain the relationship between film 

strength and elasticity, 2 important properties in food 

packaging films. 

EAB is one of the most important mechanical 

parameters for films used in food industry as it 

represents a function of flexibility and extensibility 

before breaking, which is essential to ensure to the 

product integrity during storage and transportation 

[33,34]. The matrix constitution, and incorporation of a 

few contents during production of ED film significantly 

affect the EAB value. For example, the flexibility of a 

film can also be increased by a combination of gelatin 

with another polymer and addition of plasticizers such 

as glycerol. Tensile strength and EAB values are the 

highest with 50% pullulan and 20% glycerol, which 

were not subjected to further study as they show a 

presence of interaction (as the interaction decreases the 

brittleness) between gelatin-based films [35]. 

Chitosan, being a polysaccharide also has 

significant influence on film mechanical properties. The 

mechanical properties of chitosan, such as EAB can be 

altered through changing concentration and pH and 

hence chitosan is a versatile material for the formulation 

of composite film [33]. It has been found that EAB value 

can be significantly improved for chitosan mixed with 

plant-proteins (e.g., quiona protein) without need of 

other plasticizers [36]. The addition amount of calcium 

could influence the mechanical properties of gelatin- 

and chitosan-based film [34]. In general, more cross-

linking by calcium ions will enhance the tensile strength 

but may lead to a reduction in EAB if not accompanied 

by an appropriate formulation. The results of this study 

revealed that eggshell calcium can even elevate the 

value of EAB, illustrating a good balance between 

enhancement to the cross-linking and flexibility of 

polymer matrix. The elongation at break of the calcium-

fortified gelatin-chitosan edible films was higher than 

that of unfilled ones, which was in good agreement with 

polymer interaction theory and other literature. These 

results proved that calcium not only enhances tensile 

strength but also can keep and even enhance the film 

flexibility; consequently, it is more trustworthy for 

sustainable food packaging. 

 

Youngʼs modulus 

The results indicated significant effects (p < 0.05) 

of eggshell calcium addition on the Youngʼs modulus. 

The Youngʼs modulus for the film rose from 1.13 Mpa 

(T0) to 1.44 MPa (T3), confirming that the film was 

stiffer as calcium was added. This stiffening response 

(a) (b) (c) 
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also implies that the film has an enhanced capacity for 

resisting elastic deformation, typically due to the 

presence of more cross-links in the polymer matrix. The 

combination of environmentally benign biopolymers 

with mineral additives may change the microstructural 

characteristics of film, including enhancing its stiffness 

[28]. This suggests that the introduction of calcium 

enhances the intermolecular interactions between 

gelatin and chitosan, generating a film with an increased 

elastic modulus. 

Understanding Youngʼs modulus is important to 

tailor the mechanical properties of gelatin-chitosan-

based edible films for food packaging applications. The 

Youngʼs modulus corresponds to the rigidity of a 

material and is closely linked to both the elastic and 

durability features of the film when it is used [37]. It is 

suggested from this study that tensile strengths but an 

opposite effect for percent elongation at break, by 

increasing the concentration of chitosan. Previous 

studies have explored the relationship between film 

composition and elasticity. For instance, optimizing the 

ratio to 60% gelatin and 40% chitosan resulted in a 

significantly lower Youngʼs modulus (0.41 MPa), 

indicating the formation of more elastic films [37]. In 

contrast, the current study found that calcium 

fortification increased the Youngʼs modulus, suggesting 

that the mineral filler acts as a reinforcing agent that 

enhances stiffness rather than elasticity. These results 

show that Youngʼs modulus is significantly dependent 

on the gelatin/chitosan weight ratio, and calcium can act 

as an additional reinforcement in order to obtain a 

balance between stiffness and elasticity. 

Protein edible films (sodium caseinate), the 

addition of some concentrations can highly improve 

Young’s modulus, even by thousands percent compared 

to control [38]. In the case of gelatin-chitosan films 

modified with calcium, increased stiffness is also 

observed if mineral is added. However, these properties 

still require tuning for a certain application as high 

stiffness can eliminate its flexibility. Youngʼs modulus 

is also greatly influenced by plasticizers in addition to 

minerals. Reduction in Young’s modulus of protein 

films with increase in the plasticizer content i.e sorbitol 

or glycerol increasing flexibility [39]. Further 

emphasized that the choice of plasticizer and film 

preparation method significantly determine the resulting 

stiffness and mechanical strength [40]. Thus, the 

formulation of gelatin-chitosan-based edible films can 

be optimized by combining calcium as a reinforcing 

agent and a plasticizer as a flexibility agent, to obtain 

balanced mechanical properties.  

 

Water barrier properties 

The water barrier properties of edible films are 

presented in measurements of Water Vapor 

Transmission Rate (WVTR), Permeance (P), and Water 

Vapor Permeability (WVP) shown in Figure 5 and 

Table 2. The results of the study show a consistent and 

significant trend (p < 0.05).  

As shown in Table 2, the WVTR value decreased 

significantly from 5.21 in the control edible film 

treatment (T0) to 4.55(g/m2s).10−10 in the edible film 

enriched with 0.75% Ca (T3). Similarly, the 

permeability value decreased from 1.72 (T0) to 1.13 

(g/m2s.Pa).10−13 (T3). This resulted in a significant 

decrease in WVP, which is influenced by film thickness, 

from 8.96 in T0 to 5.14 (g/m2s.Pa).10−15 in T3.

 

Table 2 Water barrier properties of edible film with calcium eggshell fortification.  

Parameters T0 T1 (0.25% Ca) T2 (0.50% Ca) T3 (0.75% Ca) 

WVTR 

(g/m2s).10−10 
5.21c ± 0.14 4.95b ± 0.19 4.73ab ± 0.09 4.55a ± 0.17 

P (g/m2s.Pa).10−13 1.72d ± 0.12 1.35c ± 0.25 1.29b ± 0.11 1.13a ± 0.09 

WVP 

(g/m2s.Pa).10−15 
8.96d ± 0.68 6.68c ± 0.71 6.11b ± 0.51 5.14a ± 0.34 

Note: Different letters in the same column indicate a significant difference (p < 0.05).  

 

The results of the study show that water barrier 

performance significantly improved with the addition of 

eggshell calcium, as evidenced by a consistent decrease 

in Water Vapor Transmission Rate (WVTR) and Water 
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Vapor Permeability (WVP) values. The downward trend 

in these values indicates a positive improvement in the 

filmʼs resistance to moisture penetration, making the 

edible film more water-resistant and less permeable to 

water vapor.  

The improvement in barrier performance is due to 

the tortuosity effect caused by the addition of 

impermeable CaCO3 particles into the polymer matrix. 

Mineral particles in biopolymer films are impermeable 

to gas and water vapor, causing molecules to travel 

longer distances and reducing film permeability [43]. 

The dispersed eggshell calcium particles trap water 

vapor molecules, thereby reducing the transmission rate. 

In addition, FTIR analysis confirmed the formation of 

hydrogen bonds and electrostatic interactions between 

ions present in calcium and functional groups of gelatin 

and chitin. These interactions produce a denser and 

more compact polymer network, thereby reducing free 

volume and limiting water molecule diffusion. These 

findings are in line with previous studies on biopolymer 

nanocomposites, which reported that the addition of 

mineral fillers can effectively reduce permeability by 

strengthening the matrix structure [44]. Furthermore, in 

a previous study on the use of clay minerals in films, the 

addition of hallosite reduced the water vapor 

permeability of edible films made from alginate 

compared to edible films without mineral fillers [45]. 

Specifically, the addition of 0.75% calcium (T3) 

produced WVP and WVTR values that showed the 

optimal barrier performance in this study. The WVP 

value also indicates the quality of the edible film, with 

its superior ability to retain water vapor. This 

characteristic is very important for maintaining the 

moisture content of packaged food products, preventing 

dehydration, and potentially extending shelf life. 

Therefore, the increased water barrier properties of the 

T3 edible film show potential for application in meat 

packaging to minimize moisture loss and maintain 

product quality.

 

 

Figure 5 Water barrier properties of edible film with calcium eggshell fortification. The water barrier properties measured 

are (a) Water Vapor Transmission Rate (WVTR); (b) Water Vapor Permeability (WVP). 

 

Fourier transform infrared spectroscopy 

(FTIR) 

Figure 6 shows the shift and broadening of the 

peaks in the FTIR spectrum, indicating the interaction 

between components or functional groups in the film. 

As seen from the results, the FTIR spectrum shows films 

made from different eggshell calcium contents. It is 

clear that the broad absorption band around 3,280 - 

3,330 cm−1 indicates hydroxyl (–OH) groups derived 

from polysaccharide and protein components in the film. 

The absorption peak at 2,920 - 2,875 cm−1 is related to 

the C–H stretching of the polymer chain. The shift of the 

–OH band to a lower wavenumber was recorded in 

treatments T1 to T3 compared to T0, indicating the 

formation of hydrogen bonds between Ca²⁺ ions from 

eggshell calcium and hydroxyl groups in the polymer 

matrix. Previous studies revealed that the presence of 

CaCO3 as a filler in films (starch-gelatin) confirmed the 

presence of calcium or calcium carbonate by the 

changes in OH and COO groups and the interaction of 

the filler with the matrix [20]. 

(a) (b) 
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In addition, the increase in the intensity of the band 

at around 1,630 - 1,640 cm−1, which represents the 

carbonyl group (C=O), after the addition of calcium may 

indicate electrostatic interaction or coordination of Ca²⁺ 

ions with the carboxylate group, thus strengthening the 

film structure. In addition, the presence of bands at 

1,415, 874, and 712 cm−1 or their increase in intensity 

can be attributed to the carbonate group, CO₃²⁻, which 

originates from CaCO₃, confirming the presence of 

eggshell minerals dispersed in the film.

 

 

 

Figure 6 FTIR spectrum results of calcium eggshell powder and edible film (T0, T1, T2, T3). 

 

 

In the 1,000 - 1,100 cm−1 region representing the 

C–O–C stretch, small changes in peak position and 

intensity are observed, indicating network 

rearrangement due to cross-linking by Ca²⁺ ions. 

Previous research revealed that the incorporation of Ca²⁺ 

with tannin observed the FTI spectrum to assess the 

interaction of the polymer with tannin and Ca²⁺ which 

resulted in a shift in the phenolic and COO− bands 

indicating that the presence of Ca can modify the 

chemical structure of the film and have an effect on 

mechanical properties [47]. Overall, changes in the 

FTIR spectrum indicate that increasing calcium 

concentration results in stronger physical and chemical 

interactions between the mineral components and the 

polymer matrix. This strengthens the suspicion that the 

addition of calcium acts not only as a filler, but also as a 

cross-linking agent that can improve the compactness, 

stability, and barrier properties of the resulting edible 

film. The results of the illustration of the interaction 

mechanism between gelatin, chitosan, and eggshell 

calcium can be seen in Figure 7.
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Figure 7 Interaction mechanism of gelatin, chitosan, and eggshell calcium in edible film. 

 

 

Films surface morphology with scanning 

electron microscopy (SEM) 

The film surface morphology was evaluated using 

SEM images (Figure 8). The film surface at T0 (without 

calcium) appeared smooth and homogeneous without 

any protruding particles. This reflects the good 

interaction between gelatin and chitosan as the base 

matrix. This reflects the good interaction between 

gelatin and chitosan as the base matrix. The combination 

of gelatin and chitosan has good compatibility and is 

evenly dispersed in the matrix [48,49]. Based on the 

image, the presence of eggshell calcium particles is 

evenly distributed on the film surface, resulting in 

objective roughness. The higher percentage of eggshell 

calcium added to the film results in a rougher and more 

heterogeneous film surface. However, despite being 

rougher, the matrix does not have pores or cracks. The 

addition of CaCl2 in previous studies resulted in a rough 

film but the composite was much denser [50]. The film 

surface at T1 remains uniform like T0 but with a slightly 

denser texture. The CaCO3 particles are well dispersed 

and do not cause lumps or agglomerations. This 

condition indicates that a concentration of 0.25% is the 

most optimal level for filler integration, as the film 

remains smooth, compact, and does not show any 

surface irregularities. The film surface at T2 and T3 

begins to show increased surface roughness and small 

agglomerations of CaCO₃ particles. The line or groove 

pattern on the surface is also more pronounced, 

indicating increased heterogeneity. However, the film 

still does not show pores or cracks, but the level of 

surface regularity decreases compared to T1. Overall, 

the addition of eggshell calcium affects the uniformity 

of the film surface. T1 shows the best particle 

distribution and the most stable surface, while T2 and 

T3 show a tendency for increased roughness and 

heterogeneity. Previous research has revealed that 

CaCO₂ from eggshell produces films (starch and gelatin) 

with a more compact structure and visible adhesion 

between the filler and the matrix [20].  

Although T3 (0.75% Ca) showed the highest 

surface roughness in SEM observations, this does not 

rule out the film as a viable packaging material. Another 

factor to consider is that the resulting matrix remains 

dense, without pores or cracks, ensuring that its moisture 

barrier (WVP) and mechanical strength are superior to 

the control, which is a key requirement for fresh meat 

packaging.
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Figure 8 Morphology of edible film (gelatin-chitosan based) with eggshell calcium observed using SEM with 1.000x 

magnification. 

 

Economic value, future application, and 

environmental impact 

Edible films made from gelatin-chitosan enriched 

with calcium from eggshells have the potential for 

further development. From an economic perspective, 

there are several factors to consider, particularly the cost 

of producing calcium from eggshells. The raw material 

used is eggshell, which is a cheap by-product available 

from the food industry and households, thereby reducing 

raw material costs compared to purchasing commercial 

calcium. This certainly supports efforts to valorize by-

products. The process of extracting calcium from 

eggshells incurs additional costs for grinding equipment 

and ovens. Cost efficiency can be reduced by using 

micronized eggshell powder technology to cut the 

calcination stage and collaborating with the egg 

processing industry to supply high-standard eggshells 

with the hope of reducing the costs of washing and 

drying eggshells. Previous research on simple cost 

calculations for edible films shows that the cost price 

fluctuates depending on the active ingredients, 

plasticizers, and the scale of production. The resulting 

economic analysis indicates that it is necessary to 

conduct edible film production trials on a pilot and 

industrial scale before commercial production [51]. 

The potential application of edible film 

formulations with gelatin-chitosan formulations can be 

used as active edible packaging, namely gelatin-

chitosan and eggshell calcium matrices that can carry 

bioactive compounds in the form of antimicrobials, and 

eggshell calcium can improve mechanical and water 

barrier properties to coat fresh meat products or be 

applied to processed meat products, cheese, and fresh 

fruit [52]. In addition, it can be used as an edible coating 

on fresh fruits and vegetables to reduce water loss and 

extend shelf life [9]. In the future, reformulated edible 

fortification and diversification of eggshell calcium 

enrichment food safety can be explored as a source of 

fortification by meeting food safety tests through 

toxicology and food safety regulations applicable in 

Indonesia.  
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In general, edible films with a gelatin-chitosan 

composition that have biodegradable properties to 

replace conventional plastics have been reported to 

reduce carbon footprints and reduce the amount of 

plastic packaging. These efforts are expected to reduce 

by-products by supporting the principles of a circular 

economy. The extraction of calcium from eggshells 

using the calcination method can be replaced with a low-

energy calcination method to minimize CO2 emissions, 

and edible gelatin-chitosan films can be applied to 

suitable products to achieve high plastic reduction 

potential. Furthermore, the edible film has the potential 

to be applied in the food industry as a new packaging 

material to be introduced and can serve as a material or 

base to support bioactive packaging design [53].  

 

Conclusions 

This study successfully developed a sustainable 

edible film by utilizing eggshell waste as a source of 

calcium and a reinforcing agent in the gelatin-chitosan 

matrix. The main objective of this study was to improve 

the properties of biopolymer-based edible films with 

various percentages of eggshell calcium. The results of 

the experiment showed that the incorporation of 0.75% 

calcium produced the most robust film, characterized by 

a significant increase in tensile strength to 21.81 MPa 

and an increase in elongation at break. In addition, 

eggshell calcium fortification can improve water 

resistance, as indicated by a decrease in water content, 

solubility, swelling ratio, and water vapor permeability 

(WVP). Structural analysis using FTIR and SEM 

confirmed that this improvement was due to strong ion 

interactions between calcium and the polymer matrix, 

creating a dense microstructure despite an increase in 

roughness. Although this edible film shows promising 

physicochemical and barrier characteristics, future 

research could prioritize direct functional validation on 

food products. Validation should be conducted to 

confirm its effectiveness in meat packaging 

applications. This waste shell valorization strategy 

could provide a scientific solution for the development 

of environmentally friendly food packaging materials 

and support the principles of a circular economy.  
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  M o i s t u r e   c o n t e n t    ( % ) =   ( W a − W b )  W b   ×   100 %


  S w e l l i n g   r a t i o    ( % ) =   ( W b − W a )  W b   ×   100 %


  W a t e r   s o l u b i l i t y    ( % ) =   ( W 1 − W 2 )  W 2   ×   100 %


  O p a c i t y =   A b s o r b a n c e   a t   600   n m  t h i c k n e s s   o f   f i l m   ( m m )


  W V T R    (   g  s . m 2 ) =   ∆ W   ×   ∆ t    A r e a  


  P e r m e a n c e =   W V T R    ∆ P


  ∆ P =   ∆ R H   100   × P s a t . v a p


  W V P    (   g  m . s .   P a ) = p e r m e a n c e   × t h i c k n e s s   ( m m )

