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Indonesia generated approximately 12.87 million tons of plastic waste in 2023, 
highlighting the urgent need to develop biodegradable alternatives such as 
edible films. This study investigated the effect of sodium alginate - gum arabic 
ratios on the physical and mechanical properties of edible films, combined with 
a calcium lactate spray activation technique aimed at enhancing film 
crosslinking, fasten gelling speed and improve performance. A completely 
randomized design with four treatments (1:1, 2:1, 3:1, and 4:1 ratios of sodium 
alginate and gum arabic) and five replications was applied. Parameters 
evaluated included thickness, water vapor transmission rate (WVTR), tensile 
strength, elongation, and microscopic morphology. Results showed that higher 
sodium alginate concentrations significantly increased film thickness (0.023– 
0.094 mm) and significantly improved barrier properties, as indicated by lower 
WVTR values (69–94 g/m²/day). Tensile strength varied across treatments, 
reaching the highest value at the 1:1 ratio (8.24 MPa), while elongation peaked 
at the 2:1 ratio (30.94%), suggesting an optimal balance between flexibility and 
strength. Microscopic observation revealed fewer air bubbles and more 
homogeneous structures at higher sodium alginate levels. The introduction of 
calcium lactate spray activation, rather than conventional immersion or solution 
mixing, represents a novel crosslinking strategy that is suitable for edible film 
production. This method demonstrates a promising pathway toward the 
development of sustainable and high-performance biodegradable packaging 
materials. 
 

 

Introduction 

Plastic packaging waste has emerged as one of 
the most pressing environmental problems worldwide. In 
Indonesia alone, plastic waste reached 34.2 million tons 
in 2025, much of persist in ecosystems due to its non-
biodegradable nature. This persistence contributes to 
soil, water, and air pollution, underscoring the urgent 
need for sustainable packaging alternatives. To address 
this issue, sustainable and biodegradable alternatives 
such as edible films have gained increasing attention. 
Edible films are thin, edible layers derived from 
biopolymers that function as food coatings or barriers, 
helping to extend shelf life, reduce moisture loss, and 
inhibit oxidation without altering the sensory properties of 
foods (Rahmawati et al., 2024).  

The functionality of edible films is strongly 
influenced by the type of biopolymers used in their 

formulation. Carbohydrates such as starch and alginate 
provide film-forming ability, proteins like soy protein and 
casein contribute structural stability, and lipids improve 
resistance to water vapor (Oliveira et al., 2025). To 
achieve desirable characteristics, these polymers are 
often combined with additives such as plasticizer or 
antimicrobial agents. 

Among carbohydrate-based biopolymers, sodium 
alginate is widely recognized for its favorable film-
forming ability. Sodium alginate is an anionic 
polysaccharide composed of guluronic (G) and 
mannuronic (M) acid units, capable of forming three-
dimensional gel network through ionic interactions with 
divalent cations like calcium (Li et al., 2025). This 
mechanism, described as the “egg-box model,” results in 
dense and compact structures with strong mechanical 
resistance (Cao et al., 2020). Furthermore, sodium 
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Table 1. Formulation of edible films for 100 ml film solution 

Material T1 (1:1) T2 (2:1) T3 (3:1) T4 (4:1) 

Sodium alginate 1 g 1.33 g 1.5 g 1.6 g 
Gum arabic 1 g 0.67 g 0.5 g 0.4 g 
Peppermint oil 1 g 1 g 1 g 1 g 
Glycerol 1 g 1 g 1 g 1 g 

alginate is water-soluble, biodegradable, biocompatible, 
and safe for food applications, making it one of the most 
promising polymers for edible film production.  

However, application of sodium alginate as a 
single polymer source has some drawbacks. Films 
produced solely from alginate tend to be brittle, with 
limited flexibility, suboptimal mechanical strength, and 
relatively weak antimicrobial activity (Eslami et al., 2023). 
These shortcomings restrict their industrial applicability 
and necessitate the incorporation of other natural 
polymer blends are frequently employed to enhance the 
strength, elasticity, and barrier properties of alginate-
based films (Olivas & Barbosa-Cánovas, 2008). 

One potential blending agent is gum arabic, a 
natural polysaccharide that is highly soluble in water and 
known for its molecular flexibility. Gum arabic acts as a 
natural plasticizer, reducing brittleness and improving 
the elasticity of films. Previous studies have 
demonstrated that the incorporation of gum arabic into 
alginate matrices enhances polymer compatibility, 
decreases pore size, and leads to more uniform 
microstructures (Kocira et al., 2021). This combination is 
expected to produce edible films that are more resistant 
to mechanical stress while maintaining desirable barrier 
properties.  

Building on previous research, this study 
examines the effect of sodium alginate–gum arabic 
ratios on the physical and mechanical properties of 
edible films. In contrast to common practices where 
calcium lactate activation is applied through immersion 
techniques in edible coatings (Parreidt et al., 2018), this 
study introduces a spray application method during the 
film casting process. Immersion method is more common 
in the production of edible coating, whereas it is 
impractical in the preparation of edible film. Furthermore, 
the repeated use calcium lactate bath in the immersion 
method may affect its concentration and consequently 
the quality of crosslinking polymer (Parreidt et al., 2018; 
Jeong et al., 2020; Tordi et al., 2025). Our current 
approach represents an innovative adaptation aimed at 
simplifying the activation step and potentially improving 
process efficiency. The main objective is to optimize the 
formulation and activation method to achieve a desirable 
balance of thickness, water vapor transmission rate, 
tensile strength, elongation, and microstructural integrity 
for application in biodegradable food packaging. 

 

Materials and Methods 
Sodium alginate, gum arabic, and calcium lactate 

were obtained from Subur Kimia Jaya Semarang, 
Indonesia. Whereas glycerol, silica gel, and peppermint 
oil were sourced from CV. Indrasari Semarang, 
Indonesia. 

Preparation of edible film in this study was based 
on (Pratama et al., 2019; Liah et al., 2023), with several 
modifications. Initially the required materials were 
weighed according to the concentration of each 

treatment (1:1, 2:1, 3:1, and 4:1 ratios of sodium alginate 
and gum arabic), with the solid content adjusted to 2% 
w/v (Table 1). Sodium alginate and gum arabic were 
dissolved in mineral water using an overhead stirrer (IKA, 
Germany) and heated simultaneously on a hot plate 
(Thermo Scientific, USA) at 80 °C for 15 minutes until 
reaching the gelatinization stage. After which, glycerol 
(1% v/v) and peppermint oil (0.5% v/v) were added and 
the mixture was homogenized (Ultraturrax, IKA, 
Germany) at 10,000 rpm for 15 minutes. A volume of 160 
mL of the prepared film-forming solution was cast into 
each plastic tray. Calcium lactate (2.87% w/v) spray was 
applied five times (center and four corners) from a 
distance of ±20 cm. The trays containing the film solution 
were subsequently placed in a cabinet dryer (Maksindo, 
Indonesia) at 35 °C for 24 hours to obtain dried edible 
films. 
 
Parameter Analysis 
Thickness 

The thickness of the edible film was determined 
following the method to Suhasini et al., 2023. Dried film 
samples were measured using a micrometer screw 
gauge with a precision of 0.01 mm. Measurements were 
taken at five different points on each film, and the 
average value was calculated to obtain the final 
thickness of the edible film.  

 
Water Vapor Transmission Rate 

The measurement of water vapor transmission 
rate (WVTR) was conducted following the method of 
Malaka et al., 2024 with slight modifications. The edible 
film samples were cut into circular shapes and used to 
cover the mouth of glass container (diameter 2.8 cm) 
filled with 3 g of silica gel. Vaseline was used to ensure 
no vapor transmission from the side. Each container was 
weighed and then stored in a desiccator with a relative 
humidity of approximately 55% for 24 hours. Weighing 
was performed at one-hour intervals. The WVTR was 
calculated using the following equation: 

 

𝑊𝑉𝑇𝑅 =  
[
𝐺
𝑡

]

𝐴
⁄  

Description: 
𝐺

𝑡
 : Difference in weight gain of water absorbed by glass 

(g) 
A : Film area (mm2) 

 
Tensile Strength 

Tensile strength (TS) of the edible film was 
measured following the method described by Liu et al., 
2023. Film samples were cut into pieces with dimensions 
of 5 × 5 cm and tested using a texture analyzer (CT3, 
Brookfield, USA). The initial grip separation was set at 50 
mm with a probe speed of 1 mm/s. Each measurement 
was conducted five times on randomly selected samples, 
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and the average value was recorded. The tensile 
strength was calculated using the following equation: 

 

𝑇𝑒𝑛𝑠𝑖𝑙𝑒 𝑠𝑡𝑟𝑒𝑛𝑔𝑡ℎ =
𝑃

𝑏 𝑥 𝑑
  

Description: 
P : Maximum force (N) 
b : Film thickness (mm) 
d : Film width (mm) 
 
Elongation at Break 

Elongation at break (EAB) of the edible film was 
determined according to the method described by Liu et 
al., 2023. Film samples were cut into 5 × 5 cm pieces and 
tested using a texture analyzer (CT3, Brookfield, USA). 
The initial grip separation was set at 50 mm, with a probe 
speed of 1 mm/s. Measurements were conducted five 
times on randomly selected samples, and the average 
values were recorded. The EAB was calculated using the 
following equation: 
 

𝐸𝐴𝐵 (%) =
𝐿 − 𝐿0

𝐿0
× 100% 

Description: 
L : Film length at break (mm) 
L0 : Initial film length (mm) 
 
Microscopic Observation 

Microscopic observation of the edible film was 
conducted following the method described by 
Chakravartula et al., 2019 with slight modifications. 
Samples were placed on glass slides and observed 
using an Olympus CX23 (Japan) microscope under 
standard illumination at a magnification of 40×. 

 
Data Analysis 

The data obtained from the measurements of 
thickness, water vapor transmission rate (WVTR), tensile 
strength (TS), and elongation at break (EB) were 
analyzed using Analysis of Variance (ANOVA) at a 5% 
significance level. ANOVA were performed to evaluate 
the effects of different treatments, and when significant 
differences were observed, further analysis was 
conducted using Duncan’s Multiple Range Test (DMRT). 
The DMRT was applied to identify specific differences 
among the treatments. 
 
Results and Discussion 
Thickness 
 As can be seen in Table 2, the thickness of the 
edible films varied according to the ratio of sodium 
alginate to gum arabic. The highest thickness value 
(0.094 mm) was observed in T4 (4:1 of sodium alginate 
to gum arabic ratio), while the lowest thickness (0.023 
mm) was recorded in T1 (1:1 ratio). Increasing sodium 
alginate concentration corresponded with greater film 
thickness. This trend can be attributed to the hydrophilic 
nature of sodium alginate, which forms hydrogen bonds 
with water molecules, thereby enhancing water retention 
and contributing to a denser structure after drying 
(Venkatachalam et al., 2025). As the proportion of gum 
arabic decreased, the overall water-binding capacity 
became more dominated by sodium alginate, which 
retains moisture longer and slows the drying process. 
This extended drying time facilitates the formation of a 

stronger polymer network, resulting in thicker films 
(Parreidt et al., 2018). 

Furthermore, the application of calcium lactate 
spray during casting likely intensified this effect. The 
ionic interaction between Ca²⁺ ions and the carboxylate 

groups of alginate chains promotes crosslinking, 
reinforcing the three-dimensional gel network. This 
additional crosslinking not only strengthens the film 
matrix but also reduces structural shrinkage during 
drying, thereby contributing to the increased film 
thickness observed in alginate-rich formulations 
(Parreidt et al., 2018). 
 
Table 2. Thickness of edible films with different ratios of 
sodium alginate and gum arabic 

Sample Thickness (mm) 

T1 0.023 ± 0.001a 
T2 0.038 ± 0.002b 
T3 0.055 ± 0.001c 
T4 0.094 ± 0.012d 

*Edible films with sodium alginate and gum arabic ratio 
of 1:1 (T1), 2:1 (T2), 3:1 (T3), and 4:1 (T4). Values are 
presented as means of five replicates ± standard 
deviation. Different superscript letters within the same 
column indicate significant differences (p < 0.05) 
 
 The thickness of the edible films in this study 
ranged from 0.023 to 0.094 mm, which falls within the 
common range reported for alginate-based films. These 
values are slightly lower than those reported by (Rojas-
Graü et al., 2007) who obtained film thicknesses of 0.11–
0.12 mm in alginate–apple puree edible films, and 
significantly lower than those reported by Syarifuddin et 
al. (2025) with 0.14-0.17 mm for sodium alginate/gum 
arabic/gluten edible films. This difference may be 
attributed to the lower total solids content and the 
absence of protein components, which typically increase 
viscosity and yield thicker films. In addition, the volume 
of film solution applied per casting area can also 
significantly influence thickness. Smaller volumes 
spread over the same surface area naturally produce 
thinner films, which may partly explain the lower 
thickness observed in this study. 
 
Table 3. Water Vapor Transmission Rate (WVTR) of 
edible film with different ratios of sodium alginate and 
gum arabic 

Sample 
Water Vapor Transmission 

Rate (g/m2/day) 

T1 94 ± 4.66c 
T2 80 ± 4.07bc 
T3 75 ± 4.37b 
T4 69 ± 4.07a 

*Edible films with sodium alginate and gum arabic ratio 
of 1:1 (T1), 2:1 (T2), 3:1 (T3), and 4:1 (T4). Values are 
presented as means of five replicates ± standard 
deviation. Different superscript letters within the same 
column indicate significant differences (p < 0.05) 
 

On the other hand, the present thickness range 
is higher than that reported for pure alginate films 
(~0.045 mm) (Tupuna-Yerovi et al., 2025), indicating that 
the addition of gum arabic and the use of calcium lactate 
spray activation enhanced the polymer network 
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formation. The calcium lactate spray likely promoted 
localized ionic crosslinking between Ca²⁺ ions and the 

carboxylate groups of alginates during film casting, 
reducing matrix shrinkage and resulting in slightly thicker 
structures compared to non-activated films. Overall, the 
observed thickness values are consistent with previous 
findings for polysaccharide-based edible films and 
demonstrate that the spray activation approach can yield 
compact yet moderately thick films suitable for food 
packaging applications. 
 
Water Vapor Transmission Rate 
 The water vapor transmission rate (WVTR) of 
the edible films ranged from 69 to 94 g/m²/day (Table 3), 
with the highest value observed in T1 (sodium alginate 
1:1 gum arabic) and the lowest in T4 (4:1). This result is 
comparable to other edible film study using 
hydroxypropyl methylcellulose and nanochitosan with 
WVTR ranging at 50 - 120 g/m²/day (Muna et al., 2023). 
WVTR decreased with increasing sodium alginate 
concentration, indicating enhanced barrier properties 
against water vapor. This trend was consistent with the 
observed increase in film thickness, as thicker films 
exhibited a denser polymer network that impeded vapor 
diffusion (Buchwalder et al., 2023). 

The reduction in WVTR with increasing sodium 
alginate content and decreasing gum arabic 
concentration can be explained by their relative 
hydration capacities. Although gum arabic contains 
hydroxyl groups capable of binding water, its overall 
hydrophilicity is lower than that of sodium alginate 
(Setyorini & Nurcahyani, 2016). However, higher 
alginate content promotes stronger alginate-calcium 
complex formation as result of spraying treatment. This 
results in the formation of a more compact polymer 
matrix, enhancing water retention and reducing vapor 
permeability. Consequently, alginate-rich films in the    
current study exhibited superior moisture barrier 
properties, in agreement with trends reported in the 
literature for polysaccharide-based edible films (Parreidt 
et al., 2018). 
 
Tensile Strength 

As presented in Table 4, the tensile strength of 
the edible films increased with higher proportions of 
sodium alginate. Specifically, T1 (1:1 of sodium alginate 
to gum Arabic ratio) exhibited a tensile strength of 3.4 
MPa, while T4 (4:1 ratio) reached 8.24 MPa, 
demonstrating a clear enhancement with increasing 
alginate content. All tensile strength values also 
complied with the minimum threshold of ≥ 0.39 MPa, 
indicating that each formulation met the required 
mechanical performance criteria (Rahmiatiningrum et al., 
2019). This improvement is attributed to the greater 
number of polymer chains formed as sodium alginate 
concentration increased. Compared to other polymers of 
similar type, sodium alginate is known to provide both 
greater strength and flexibility (Erben et al., 2019). With 
more polymer chains and intermolecular bonds present, 
the material structure becomes more uniform, effectively 
filling voids within the edible film matrix and allowing it to 
withstand higher tensile forces (Yao et al., 2018). 

The reduction in gum arabic content also 
influenced the tensile strength values obtained. Lower  

Table 4. Tensile strength of edible films with different 
ratios of sodium alginate and gum arabic 

Sample Tensile Strength (MPa) 

T1 3.40 ± 0.74a 
T2 5.32 ± 0.69b 
T3 4.81 ± 1.16b 
T4 8.24 ± 1.10c 

*Edible films with sodium alginate and gum arabic ratio 
of 1:1 (T1), 2:1 (T2), 3:1 (T3), and 4:1 (T4). Values are 
presented as means of five replicates ± standard 
deviation. Different superscript letters within the same 
column indicate significant differences (p < 0.05) 
 
concentrations of gum arabic tended to decrease the 
tensile strength. This is because gum arabic possesses 
an amorphous and highly branched structure, which 
results in a less organized film with weaker molecular 
cohesion (Syarifuddin et al., 2025). The numerous 
branches in gum arabic’s chemical structure hinder the 
formation of a compact and uniform film network 
(Mohamed et al., 2025). Consequently, physical 
interactions such as hydrogen bonding between polymer 
chains become less efficient. The uneven molecular 
distribution leads to a less integrated film structure, 
thereby reducing its ability to withstand high tensile 
stress. 

The tensile strength values observed in the 
present study fall within the expected range for alginate-
based edible films and represent the higher end of 
performance under favourable formulation conditions. 
For comparison, alginate films reinforced with tragacanth 
gum have been reported to achieve tensile strengths 
exceeding 67 MPa at optimal reinforcement levels, 
though these results were obtained under a significantly 
different film matrix and formulation context (Hadi et al., 
2022). Whereas sodium alginate–gum arabic–gluten 
films with high plasticiser content exhibited very low 
tensile strengths (0.01–0.13 MPa), highlighting the 
sensitivity of mechanical properties to plasticiser level 
and film composition (Syarifuddin et al., 2025). 
 
Table 5. Elongation at break of edible films with different 
ratios of sodium alginate and gum arabic 

Sample Elongation at Break (%) 

T1 13.50 ± 1.74b 
T2 30.94 ± 3.71c 
T3 14.05 ± 0.95b 
T4 7.50 ± 0.23a 

*Edible films with sodium alginate and gum arabic ratio 
of 1:1 (T1), 2:1 (T2), 3:1 (T3), and 4:1 (T4). Values are 
presented as means of five replicates ± standard 
deviation. Different superscript letters within the same 
column indicate significant differences (p < 0.05) 
 
Elongation at Break 
 Table 5 presents the elongation at break of 
sodium alginate-gum arabic edible films. The elongation 
values obtained in this study fall within the range of 10 – 
50%, which is classified as indicating good extensibility 
(Rahmiatiningrum et al., 2019). Based on the analysis, it 
can be observed that an increase in the proportion of 
sodium alginate leads to a decrease in the elongation 
value of the resulting edible film (T2-T4, 2:1 to 4:1 ratio). 
This phenomenon is primarily attributed to structural 
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factors and polymer-polymer interactions occurring 
during film formation. Sodium alginate, which possesses 
a rigid and linear molecular structure, forms a dense and 
highly ordered polymer network. However, as its 
concentration increases, the flexibility of the film 
decreases. Higher sodium alginate concentrations 
enhance intermolecular bonding, which strengthens the 
film matrix but restricts the mobility of polymer chains, 
consequently reducing the elongation value while 
increasing tensile strength (Luan et al., 2025). These 
interactions improve the cohesive strength of the film but 
simultaneously limit its extensibility.  

The initial elongation increase observed in 1:1 to 
2:1 ratio likely reflects a transitional phase in which ionic 
cross-link formation has not yet become predominant, as 
in higher-alginate formulations, but is sufficiently 
developed to reduce elasticity relative to the lowest 
sodium alginate treatment. At this intermediate stage, a 
portion of the polymer chains is already ionically cross-
linked, whereas the remaining segments retain 
substantial mobility. This partial network development 
produces a film structure that is not yet fully stabilized, 
leading to detectable variability in elongation values 
across replicates (Malektaj et al., 2023). The increase 
observed at treatment T2 (2:1 of sodium alginate to gum 
arabic ratio) suggests that this ratio represents an 
optimal formulation. At this optimum level, hydrogen 
bonding and electrostatic interactions between sodium 
alginate, gum arabic, and water molecules are well 
balanced, resulting in improved flexibility and integrity 
(Parreidt et al., 2018). However, the subsequent decline 
in elongation observed in T3 and T4 treatments is 
attributed to the excessive increase in sodium alginate 
concentration, which promotes denser cross-linking and 
over-aggregation of polymer chains. This reduces the 
available free volume within the network, making the film 
structure more rigid and less extensible, thereby 
decreasing its elongation capacity (Malektaj et al., 2023). 
 
Microscopic Observation 
 The microscopic observations revealed distinct 
morphological differences across treatments. In label A 
(1:1 of sodium alginate to gum Arabic ratio), large and 
irregular phase separations were visible on the film 
surface. In contrast, label B (2:1 of sodium alginate to 
gum arabic ratio) displayed a more uniform and 
smoother surface morphology. Pores appeared more 
evenly distributed, with smaller and dispersed air 
bubbles, and no major phase separation was detected. 
The entrapped air observed was attributed to incomplete 
degassing during mixing, which left voids after water 
evaporation in the drying stage (Lan et al., 2018).  

The morphology of label C (3:1 of sodium 
alginate to gum arabic ratio) showed less homogeneity, 
with uneven sodium alginate distribution and noticeable 
voids (Figure 1). This condition was caused by the higher 
alginate proportion, which reduced flexibility and 
homogenization due to the limited contribution of gum 
arab. Such an imbalance resulted in weaker molecular 
interactions and microcracks in the film structure (Sun et 
al., 2023). Meanwhile, label D (sodium alginate 4:1 gum 
arabic) presented the most stable structure among all 
treatments. The surface appeared coarse with evenly 
distributed pores, consistent with the increased cross-

linking potential of alginate carboxyl groups as alginate 
concentration increased (Giz et al., 2020). The formation 
of large aggregates in several areas can also be 
attributed to the coagulation of sodium alginate with 
calcium lactate droplets during the spraying process 
(Soazo et al., 2015). Therefore, ideal spray gel activation 
can be achieved when small droplets of calcium lactate 
are spread evenly on the surface of the alginate film 
solution. 
 

 

 
Figure 1. Microscopic observation of edible films with 
sodium alginate and gum arabic ratio of (A) 1:1, (B) 2:1, 
(C) 3:1, and (D) 4:1 

 

Conclusion 

This study demonstrated that variations in the 
sodium alginate–gum arabic ratio significantly influenced 
the physical and mechanical properties of the resulting 
edible films. Increasing the proportion of sodium alginate 
consistently enhanced film thickness and tensile strength 
while reducing water vapor transmission rate (WVTR), 
indicating improved structural integrity and barrier 
performance. Conversely, higher gum arabic content 
promoted flexibility but reduced mechanical strength due 
to its highly branched and amorphous structure. A key 
innovation of this work was the use of calcium lactate 
spray during the casting process, which represents a 
departure from the conventional immersion-based 
activation typically applied in edible coatings. Compared 
with values reported in previous studies, the films 
developed here exhibited competitive tensile strength 
(up to 8.24 MPa) and a moderate WVTR range (69 – 94 
g/m²/day), suitable for practical food-packaging 
applications. The findings confirm that the calcium 
lactate spray activation technique offers an efficient and 
controllable approach for improving the 
physicomechanical quality of alginate-based edible films, 
potentially expanding their applicability as biodegradable 
packaging alternatives. 
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