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Abstract: The purpose of this paper is the development of fully biodegradable and edible biopolymer 

materials used for the packaging of powdered food products. Stevia is a natural sweetener used in the 

food and beverage industry. The films were obtained through cast method, from agar and sodium 
alginate, plasticized with glycerol. Stevia was added in proportion of 1,25% of the total ingredients 

used. The films made with stevia added were fine, soft, transparent, odorless, but sweet, resilient and 

elastic. Their surface was free of cracks and, where there were pores, they did not pierce the material. 
Microbiological determinations and the absence of tested microorganisms indicate the safety of 
consumption of these membranes. The results indicate the possibility of using these materials to the 

detriment of the synthetic ones, as well as their transposition on an industrial scale. 
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1. Introduction 

 

Nowadays, population growth and 

increased food consumption have led to the 

need to pack products in order to keep 

them for a longer time. But with this 

necessity, the industry has created and 

developed plastic packaging that is 

extremely damaging to the environment. 

[1-3] Studies have shown that even the first 

piece of plastic ever thrown can be found 

in nature. Besides the environmental 

problems and the impossibility of selective 

waste recycling, plastics can interact with 

the constituent compounds of the products 

they contain. A viable alternative to plastic 

packaging is the use of bio-packages 

entirely made of biopolymers. [4-7] They 

have advantages in use; are completely 

biodegradable and compostable, obtained 

from renewable resources, at low cost, are 

edible and can be enriched with various 

additives (essential oils [8], antioxidant 

substances, medicinal herbs, spices, natural 

dyes or flavorings, etc.). Edible films and 

coatings made from biopolymers have 

become a real alternative to conventional 

packaging materials. The importance of the 

use of films and coatings derives, in 

particular, from the advantages of their 

use: they extend the shelf life, improve the 

quality of fresh products, prevent the loss 

of nutrients, volatile compounds, maintain 

or even improve the appearance of the 

products they protect [9]; there are a 

selective barrier to moisture transfer, 

prevents access to oxygen and, implicitly, 

to lipid oxidation, but also to harmful 

microorganisms. In addition, the 

replacement of conventional packaging 

with edible or completely biodegradable 
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packaging has the effect of reducing 

environmental pollution. [10]  

Polysaccharides are most commonly used 

to develop edible films because of their 

outstanding film forming capability. 

Polyols, such as glycerol or sorbitol, are 

especially used to plastify the films. 

Glycerol is often used as it improves 

physical properties and solubility, but 

modifies the mechanical properties of 

hydrophilic films; prevents the destruction 

of the films during handling or storage. It 

is a non-volatile substance that reduces the 

hydrogen bonding between polymeric 

chains, increases molecular volume, and 

improving film flexibility. [11]  

Stevia (Stevia Rebaudiana) is a natural 

sweetener used in the food and beverage 

industry. Due to its chemical composition, 

it is considered to be the best substitute for 

sugar, especially for patients with diabetes 

[12-14], due to the chemical and nutritional 

composition; this is a good source of 

carbohydrates, proteins, fibers, minerals, 

amino acids, sterols, chlorophyll, organic 

acids and inorganic salts. [15], [16] The 

most important bioactive compounds are 

tannins and phenolic compounds alkaloids, 

flavonoids, that are able to improve and 

prevent many diseases. [17-20] Because of 

these benefits, stevia is the ideal substitute 

for sugar. 

The purpose of the research was to obtain 

edible films from bioplymers, enriched 

with stevia. They can be used for packing 

instant drinks such as soluble coffee, 

capuccino (when replacing sugar in their 

composition), or for coating powdered 

mixtures of the type of dehydrated 

vegetables. They can also be eaten by 

adults, children, elderly people or special-

purpose individuals. In this way, they 

successfully replace conventional, multi-

component, composite packaging made 

from plastic and metal, difficult to select 

and recycle when they become waste. 

 

 

2. Materials and methods 

 

The biomaterials were obtained from agar, 

sodium alginate, and glycerol in variable 

proportions; the mass of the stevie 

remained constant (1,25% of total 

ingredients). Water was used to solubilize 

the constituents and to plasticize the 

biofilms. Except for agar (which was made 

available by B & V The agar company, 

Italy), the sodium alginate and glycerol 

were purchased from Sigma Aldrich 

Company. Stevia was obtained from local 

certified manufacturers. In this way, 30 

samples were obtained by the cast method. 

The main objectove of this survey is to 

obtain an intelligent material tested for use 

as edible packaging for dehydrated food. 

 

2.1. Determination of microstructure, 

physical and optical properties; texture 

profile analysis evaluation.  

In order to determinate the physical 

characteristics and microstructre of each 

membrane, a number of determinations 

were made, such taste or smell, adhesion to 

the drying surface, thickness, retraction 

ratio, and transmitance. Film transmission 

was identified with the Ocean Optics HR 

4000 CG-UV-NIR spectrometer at 660 nm 

wavelength. An important property of the 

material intended for the packaging of 

products that may be affected by light is 

transmitance. To  establish the roughness 

and observe the microstructure, the films 

were tested with the Mar Surf CWM 100 

microscope (MahrSurf Company) and the 

images obtained were processed with the 

Mountain Map software. The texture 

profile analysis (TPA) - the adesivness, 

elasticity and rupure point were made with 

the Perten TVT 6700 textrometer (Perten 

Instruments of Australia). Specific test 

accessories, probe, perforated device, and 

10 kg loading cell were used. The 

determinations were performed according 

to the standard method for gelatin sheets 

described in the user manual. [21]  
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2.2. The evaluation of mechanical 

properties.  

The samples were tested for tensile 

strength and elongation at break by using 

ESM 301 - Mark 10 texturometer and  the 

grips for thin films and films as 

attachments. For determination purposes, 

STAS ASTM D882 (Standard Test Method 

for Tensile Properties of Thin Plastic 

Sheeting) was used. [22] Tests were 

performed at ambient temperature of 

24.4°C.  

 

2.3. Solubility assesment.  

To establish the suitable film for the 

development of a completely soluble and 

edible material, determinations were made 

in order to characterize the material from 

this point of view: moisture, water 

solubility, and water activity index.  For 

moisture determination, film samples (3x3 

cm) were weighed and maintained for 24 

hours at 110°C. They were then reweighed, 

and the results were noted in the moisture 

calculation formula. Solubility in water 

implied the use of the same type of sample; 

thus, 3x3 cm pieces were cut, weighed, 

immersed in water for 8 hours (22°C 

temperature), dried in an oven for 24 hours 

at 110°C and reweighed. [23]  

The water activity index (aw) was 

determined using the AquaLab equipment 

at 22.8°C ±1.5°C. The value recorded 

represents the sum of five determinations. 

 

2.4. Determining antimicrobial safety.  

In order to be safe for consumption, the 

material must also be tested from a 

microbiological point of view. Thus, both 

the obtained films and the ingredients used 

were tested for the identification of 

coliforms, enterobacteria, E. coli, 

Staphylococcus aureus, and yeasts and 

molds. For this purpose, specific culture 

media Compact Dry type were used. 

All determinations were made in triplicate. 

 

 

3. Results and discussion 
 

3.1. Characterization of the materials 

obtained.  

The films obtained were soft, fine, thin, 

flexible, without pores or cracks into 

structure, with intense gloss, no odor, but 

sweet taste; exhibited low adhesion to the 

silicone support used for drying, had 

regular edges, and were pleasing to touch.  

From the point of view of physical 

characteristics, they can successfully 

compete with conventional packaging.  

 

      Fig.1. Values obtained for thickness     

determination 

        

 

      Fig.2. Values obtained for retraction ratio  

 

Thickness was reduced, sample S30, with 

high glycerol content (1,50 g) into 

composition showed a value of 37,80 μm 

(fig. 1). The thickest film was S24 (0.75 g 

glycerol), with a value of 52,00 μm. The 
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retraction ratio (fig. 2) is an important 

parameter when the production recipe is 

used at industrial level so the results 

indicate the possibility of controlling the 

final thickness of the membrane (e.g., if a 

film with the ingredients and sample 

thickness S1 is desired and the value of the 

withdrawal ratio is known - 35,78 μm in 

this case - then the manufacturer must pour 

the film-forming solution and level it so 

that it has an initial thickness of 

approximately 73,15 μm). 

Sample S2 (without agar into composition) 

was a very thin film, smooth, glossy and 

transparent, with no pores or cracks, no 

non-solubilized particles, regular and well 

defined edges, no odor, low sweet taste, 

low solubility, medium mechanical 

properties. It can be successfully used for 

packing whole or sliced meat products, 

cheeses, cut fruits and vegetables or other 

high moisture products. S9 (with 1,25 g 

agar and 1,70 g sodium alginate) is a film 

with low transparency and gloss, but 

uniform, homogeneous, with regular edges, 

without pores or cracks in the structure. 

With good mechanical properties and high 

solubilitycan be used for packaging 

products with medium (reduced) moisture 

content or powdered products. S12 

(without agar into composition and 0,50 g 

glycerol) showed intense gloss, was 

transparent, soft, without pores or cracks, 

with regular edges, allows multiple 

bending, very flexible, odorless, slightly 

perceptible sweet taste, rapid total 

solubility. In terms of solubility, is best 

suited for packaging pulverulent products. 

Although the S20 (high amount of agar) 

film is thick, unlike the other films, the 

film is flexible but with low gloss and 

transparency. High solubility promotes it 

to pack instant drinks, but requires 

improvements (increasing alginate content 

could be a solution). Medium mechanical 

properties. The S24 sample (0,75 g 

glycerol) was a touchy, lightweight film 

with medium gloss, flexible, moderate 

sweet taste, odorless, very low solubility as 

opposed to other samples, reduced 

mechanical resistance but elasticity above 

average; can be used for packaging high-

moisture or high-fat products or light-

sensitive compounds (dyes, antioxidants, 

etc.). The images and microstructre of 

these films can be observed in fig. 5. 

 
Fig.3. Values obtained for transmittance 

determination 

 

 
Fig. 4. Water activity index values for biofilms 

           

 

Film transmittance is an important 

parameter when the packaged product can 

be degraded due to light radiation. Sample 

S10, S20, S24, and even S28, due to their 

low transmittance values, can be used as 

packaging materials for food products with 

high lipid concentration into composition 

(fig. 4). For the other biofilms, S2, S12, 

S30, with high vales of transmittance, the 
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films can be improved by the addition of 

substances that can lower the values 

obtained, such as natural food dyes, for 

example. The table 1 shows the 

correlations that can be established 

between the thickness and the mechanical 

properties and texture profile of the 

membranes with stevia. Considerable 

positive correlations between thickness, 

breaking strength and rupture point are 

noted. Elasticity correlates negatively with 

roughness and adhesion. From the data 

obtained, it is not possible to establish 

clear connections between thickness and 

elasticity. Roughness correlates negatively 

with the break point, which is absolutely 

normal. 
Table 1.   

Pearson correlation of stevia-added biofilms 

 
 T TS E R RPT

PA 

ATP

A 

ETP

A 

T 1 0.90 0.10 0.35 0.70 -
0.04 

0.09 

TS  1 0.34 0.24 0.20 0.12 -
0.11 

E   1 -
0.76 

0.04 -
0.19 

0.13 

R    1 -0.15 0.14 0.20 

RP

TPA 

    1 0.13 -
0.18 

AT

PA 

     1 -

0.24 

ET

PA 

      1 

T – thickness, (µm), RT – tensile strength, 

(MPa), E-elongation, (%), R-roughness, (nm), 

RPTPA- rupture point (TPA determination), ATPA – 

adhesiveness (TPA determination), ETPA – elasticity 

(TPA determination). 

 

The complete solubility of samples 

S2, S12, S26 and S27 highlights the ability 

of sodium alginate to produce biofilm that 

is completely dissolved. Thus, rewinding 

was impossible, hence the lack of values in 

table 2. The other samples with agar in the 

composition retained their integrity even 

after 20 minutes immersion in water at 

ambient temperature (21 ± 2°C). 

According to the results obtained, we can 

conclude that sodium alginate has the 

ability to form films with higher solubility 

than agar (which prevents water 

absorption), although biofilms obtained 

from equal or relatively equal amounts of 

biopolymers (S17, S18, S29, S30) showed 

high solubility. 

The moisture content increased directly in 

proportion to the increase in the amount of 

sodium alginate in the composition - S2, 

S3, S19 (table 2). However, the maximum 

moisture content of sample S10, obtained 

from approximately equal amounts of agar, 

sodium alginate and glycerol, can be 

observed. 

 
Table 2.  

Solubility determinations of membranes with 

stevia into composition 

 

Sample Moisture 

(%) 

Water solubility, 

(%) 

S1 11.09 ± 0.08 40.24 ± 0.48 

S2 13.70 ± 0.65 solubilization 

S3 12.72 ± 0.57 62.85 ± 0.66 

S4 8.00 ± 0.64 43.73 ± 0.41 

S5 8.36 ± 0.81 41.24 ± 0.23 

S6 11.53 ± 0.56 69.07 ± 0.33 

S7 10.32 ± 0.70 48.70 ± 0.85 

S8 10.89 ± 0.25 38.30 ± 0.50 

S9 7.01 ± 0.30 61.13 ± 0.21 

S10 15.96 ± 0.16 58.03 ± 0.18 

S11 8.46 ± 0.36 54.61 ± 0.74 

S12 11.12 ± 0.50 solubilization 

S13 9.31 ± 0.34 51.60 ± 0.59 

S14 7.56 ± 0.12 59.50 ± 0.75 

S15 8.76 ± 0.36 65.01 ± 0.31 

S16 8.51 ± 0.54 72.26 ± 0.96 

S17 6.89 ± 0.46 86.60 ± 0.51 

S18 8.33 ± 0.95 76.63 ± 0.48 

S19 12.85 ± 0.70 63.12 ± 0.94 

S20 9.71 ± 0.17 87.03 ± 0.64 

S21 10.87 ± 0.91 91.00 ± 0.17 

S22 7.22 ± 1.09 13.12 ± 0.80 

S23 8.16 ± 0.38 12.83 ± 0.38 

S24 8.47 ± 0.58 12.19 ± 0.92 

S25 9.03 ± 0.81 11.93 ± 0.10 

S26 11.67 ± 0.70 solubilization 

S27 11.13 ± 0.43 solubilization 

S28 8.94 ± 0.50 71.00 ± 0.41 

S29 9.52 ± 0.91 73.81 ± 0.33 

S30 7.11 ± 0.33 96.00 ± 0.92 
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Fig. 5. Images and microstructures of stevia-added films 
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After microbiological testing, no 

microorganisms have been developed on 

the culture media. Thus, the consumption 

of this material is safe from the point of 

view of the incidence of coliforms, 

Staphylococcus Aureus, Escherichia Coli, 

yeasts and molds.  

Reduced values of the water activity index 

(fig. 5) indicate the probability that on the 

surface of the membranes will not develop 

microorganisms on the entire shelf life. 

 

4. Conclusion 

 

Stevia is considered the best substitute for 

sugar, the benefits of consumption 

referring to the nutritional and biochemical 

composition. The addition of stevie has 

improved the physical characteristics of the 

material, which was transparent, fine, very 

glossy, with no odor, but sweet taste, with 

homogeneous microstructure, without 

pores or cracks. The presence of pores was 

identified on the higher agar-containing 

membrane in the composition; but it 

should be noted that the pores are at the 

surface of the material that has not been 

pierced. At the same time, solubility has 

increased, the desired aspect in this case. 

Though added in small quantities, stevia 

has moved from the relatively sweetener 

threshold to the ingredient ingredient of 

materials that can be used successfully in 

the food industry and other adjacent 

industries.  

In conclusion we can remark the 

possibility of using stevia as an ingredient 

in biofilm production. 
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