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 One factor contributing to the environment's waste is industrial activity both large 
and small scale. During this time, the waste collection is done by dumping it into a 
ditch and flowing it into the river, thus worsening environmental sanitation. This 
study aims to analyze the character of edible films of corn starch with protein isolates 
from the extraction of tofu processing industry wastewater. Samples were analyzed 
to determine the tensile strength and elongation of the resulting film by varying the 
amount of protein isolates, 0%, 3%, 5%, 7% and 9%. The protein extraction process 
was carried out by centrifugation, while the water vapor transmission test was by the 
saucer method, while the identification of functional groups was through FTIR 
analysis. The results showed that the highest mechanical properties were obtained in 
the variation of 5% protein isolates with a value of 52.16 MPa and elongation of 
38.4%. For water vapor transmission rate (WVTR), film comparisons were made with 
5% variation of protein isolates and 0% protein isolates. Films with 5% protein 
isolates have a smaller water absorption of 0.56%, than films with 0% of 0.66%. The 
value of water vapor transmission rate shows a very significant ratio, at 5% protein 
isolate of water vapor transmission at 0.00176 g/m2/day, much smaller than 0% 
protein isolate at 0.00864 g/m2/day. IR spectra showed the presence of amide groups 
I and II on the results of the analysis of protein isolates. While the globular structure 
of proteins is shown by the absorption of wave numbers 1667 and 1650 cm-1. 

 

1. Introduction 

Food industry waste in general does not endanger 
public health, because it is not seen directly in the transfer 
of disease. However, the high content of organic matter 
can act as a food source for microbial growth [1].The 
importance of knowledge about the properties of waste is 
very helpful in establishing effective waste collection and 
disposal methods. Biological subscriptions need to be 
applied to liquid waste containing dissolved organic 
solids [2]. 

Tofu industry in its processing process produces 
waste, both solid and liquid waste. Solid waste is produced 
from the screening and clumping process. Whereas the 
liquid waste is produced from washing, boiling, pressing 
and printing tofu. Therefore, the liquid waste produced is 
very high. Tofu liquid waste with characteristics 
containing high organic matter, temperatures reaching 

40°C-46°C, BOD levels (6,000-8,000 mg/L), COD (7,500-
14,000 mg/L), TSS and pH are quite high as well. If it is 
discharged directly into water bodies, the liquid waste can 
pollute the environmental ecosystem. Based on this, it is 
very necessary a way of processing waste that aims to 
reduce the risk of pollution [3]. 

The study of waste, not only focuses on liquid waste, 
solid waste also has a very negative impact on 
environmental pollution, especially human health. In 
addition, solid waste is also a large volume and must be 
handled properly. Solid waste that mostly comes from 
domestic waste is plastic, including plastic packaging 
obtained from snack packets that are consumed daily. 
Food packaging plastics that are often found, are made 
from synthetic polymeric products derived from 
petrochemical materials which are non-renewable 
natural resources [4]. 
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Many factors affect the increase in the volume of 
waste, one of which is human needs that cannot be 
separated from the use of plastic. Because limiting the use 
of plastic is considered impossible, one way that can be 
done is to replace plastic raw materials with natural 
polymer materials that are easily biodegradable in the 
environment and have good physical properties, so they 
can replace conventional plastics. Edible film is an 
alternative packaging material, where the main material 
for making edible film is a type of starch that is renewable 
and easily decomposes in the environment. 

Cereals such as corn are a source of starch with a high 
starch content of 90%, so corn starch is very potential to 
be used as the main ingredient in making edible films [5]. 
So far, the main ingredients sourced from starch have 
been widely used and research results show that the 
addition of cornstarch can increase the rate of water 
vapor transmission which is quite high and low 
mechanical properties. Therefore, hydrophobic nature of 
edible film is needed in order to reduce the rate of water 
vapor transmission in the resulting film. On this basis, it 
is necessary to do research on the characteristics of edible 
films that have protein isolate-strength extracted from 
tofu industry wastewater. Where the interaction between 
starch and protein isolates is expected to influence the 
rate of transmission of water vapor and produce 
characters from better edible films. 

2. Methodology 

2.1. Material and Equipment 

The materials used in this study were tofu boiled 
water, which was obtained from the liquid waste of the 
tofu processing industry. The corn starch was 
commercially obtained, while other materials were 
sorbitol, distilled water, NaOH, HCl, potassium hydroxide 
and copper sulfate, all of which were technical grade and 
were obtained from the Chemistry research laboratory, 
MIPA, Syiah Kuala University. The instrument used to 
analyze the film was a spectrophotometer, WVTR petri 
dish method, tensile test equipment, hot plate, magnetic 
stirrer and oven. 

2.2. Extraction of Protein Isolates 

Tofu stew liquid waste was obtained from processing 
soybeans for tofu production in the city of Banda Aceh. A 
total of 2 liters of liquid waste was added with as much as 
250 mL of water until the volume of the solution became 
2.25 liters and then added 45% NaOH solution with a ratio 
of 2: 1 (v/v). The mixture was heated at 80°C, and stirred 
for 20 minutes. The stirred solution was filtered to 
remove pulp particles and centrifuged at 6000 rpm for 30 
minutes. Supernatant was decanted and precipitated 
using 0.1N HCl. The precipitate formed was washed with 
distilled water until clean and centrifuged at a speed of 
3000 rpm for 15 minutes with 2 repetitions. The 
precipitate that has been clean was dried with a vacuum 
pump and sunlight to dry. The resulting protein isolate 
was mashed and stored in a closed container. 

2.3. Protein Testing 

3 mL of protein solution was added with 5 mL of 
distilled water and then mixed with a solution of 
potassium hydroxide (1%) at a ratio of 1: 1. Next, 3 drops 
of copper sulfate solution (1%) were added to the mixed 
solution. The color of the solution was then observed. 

2.4. Preparation of Edible Film 

Edible making of this film refers to Mirdayanti et al. 
[5] [5] with the following procedure. Extracted protein 
isolates were prepared according to the concentration of 
the treatment, i.e. 0%, 3%, 5%, 7% and 9% by weight of 
corn starch. Furthermore, 10 grams of corn starch were 
added to the protein isolate with 2 mL sorbitol and 140 mL 
distilled water while stirring using a magnetic stirrer for 
30 minutes, with gelatinization temperatures of 80 
degrees. Then the mixture was vacuum for 30 minutes. 
Then, the mixture was poured in a mold made of glass 
with a size of 20 cm x 20 cm and flattened. Subsequently, 
the film mixture was dried in a 35°C drying oven for 24 
hours. The dried film was then removed from the mold. 
The resulting edible film was wrapped in a plastic wrap 
and kept in a desiccator. 

Table 1. Material composition in the preparation of 
Edible Film 

No Protein Isolates (g) Cornstarch Sorbitol 

1. 0 10 g 2 mL 

2. 0.3 10 g 2 mL 

3. 0.5 10 g 2 mL 

4. 0.7 10 g 2 mL 

5. 0.9 10 g 2 mL 

3. Results and Discussion 

3.1. Extraction of Protein Isolates 

This research was started by extracting protein 
isolates from wastewater from tofu processing using 
centrifugation methods. Extraction of protein isolates 
was made by centrifugation method using 45% NaOH 
centrifuged at 6000 rpm to remove pulp particles. The 
extraction product was precipitated using 0.1N HCl. One 
kg of tofu waste produces 2.5 grams of protein isolate. 
From the extraction results, pure protein isolates were 
obtained. 

 

Figure 1. (a). Results of Protein Isolate Extraction (b). 
Biuret Analysis of Protein Isolate Extraction Results 
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3.2. Visual Appearance of Edible Films 

Edible film sheets can be seen visually in Figure 2. 

 

Figure 2. (a) Film with 0% Protein Isolate (b) Film with 
5% Protein Isolate 

Figure 1 shows the edible film produced by 0% and 
5% protein isolates. Overall there were five variations of 
protein isolates from 0, 3, 5, 7 and 9% of the films 
produced. Gelatinization of the film is done by heating the 
protein. The gelatinization process occurs when starch 
granules consisting of amylose and amylopectin that 
have hydrogen bonds are given water and heated. 
Formation of edible film made from starch starts from the 
breaking of the granules and followed by the release of 
amylose which forms the tissue that surrounds the 
granules, so that there is an interaction between amylose 
one with another amylose. When there is an interaction 
between amylose, it is assumed that the structure of 
amylose molecules from one another is homogeneous. 
Likewise, with protein isolates, causing the film matrix to 
form more closely. 

The dense film matrix is difficult to penetrate by 
water vapor. The mechanism of protein film formation 
occurs due to endothermic polymerization and protein 
denaturation due to heating followed by surface 
dehydration. The mechanism of polymerization involves 
disulfide molecules and hydrophobic bonds. Warming 
causes a three-dimensional protein structure between 
sulfhydryl and the hydrophobic side chain so that the 
non-folding protein chains will come closer to each other 
and are interconnected through disulfide and 
hydrophobic bonds. The addition of sorbitol as a 
plasticizer in the formation of edible films can reduce the 
film's permeability to oxygen, it is also able to reduce the 
agility of the film so that the tensile strength of the film 
increases. 

In the five films produced mechanical properties 
were tested. It was found that films made from 5% protein 
isolates had the highest mechanical value. Then this film 
is further characterized. Films with the addition of 
protein isolates appear slightly more yellowish turbid and 
coarser structure due to the presence of hydrophobic 
protein grains that because it is not easily dissolved 
evenly in water. Protein isolates from liquid waste 
extraction containing globulin which have isoelectric 
point 4.1-4.6 g. Globulin settles at pH 4.1 while other 
proteins such as proteose, prolamin and albumin are 
soluble in water [6]. According to Koswara [1], soy protein 
mostly (85-95%) consists of globulin which is the most 
important protein in soybeans. This protein is insoluble 

in water at its isoelectric point. In order for the mixture to 
be homogeneous and evenly distributed, it is necessary to 
physically reduce the size of the protein isolate powder 
and increase the heating temperature. Resulting in an 
interaction between starch and protein isolates in 
physics. Whereas the film without using protein isolates, 
the resulting film looks more transparent and is slightly 
thinner. Edible films derived from 0% and 5% protein 
isolates are presented in Figure 3. 

 

Figure 3. Edible Film Samples from Protein Isolates of 
(a) 0% and (b) 5% 

3.3. Characters of Edible Films 

3.3.1. Mechanical Properties 

Tensile strength and percent elongation are very 
important test parameters of edible film. High and low 
mechanical properties can affect the function of edible 
film as a food packaging material and as a protector of 
food products, both water vapor and gas. 

Table 2. Mechanical Properties of Edible Films in various 
Protein Isolate compositions 

No Protein 
Isolate (g) 

Tensile Strength 
(MPa) 

Elongation 
(%) 

1. 0 49.44 36.28 

2. 0.3 39.66 27.44 

3. 0.5 52.16 38.4 

4. 0.7 38.11 18 

5. 0.9 41.44 19.25 

Table 2 shows the process of increasing tensile 
strength and elongation from 3% protein isolates to the 
preparation of 5% protein isolates, with the highest 
values being in protein isolates of 5%, i.e., 52.16 MPa and 
38.4% respectively. The mechanical properties of edible 
film can be influenced by the thickness of the film due to 
differences in the concentration of protein isolates. This 
increase in tensile strength can also be affected by the 
presence of space between the layers (intercalation) 
affected by the polymer [7]. According to Gontard et al. 
[8], the mechanical strength of an edible film material is 
very dependent on the type of forming material, 
especially the nature of structural cohesion. Structural 
cohesion is a measure of the strength of the polymer to 
form molecular bonds between polymer chains [9]. 

Increased tensile strength is caused by increased 
interaction of protein isolates in the edible film matrix 
network. The increase in attractive forces between the 
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molecules making up the edible film causes an increase in 
structural strength. This condition is related to the nature 
of proteins that produce dense structures through 
increased inter and intra molecular forces [10]. 

 

Figure 4. Comparison of research results of edible film 
based on protein isolates 

From Figure 4 shows that the optimum tensile 
strength on edible corn starch films is the addition of 5% 
protein isolates, with a value of 52.16 MPa. This is in 
accordance with the standard tensile strength of 
biodegradable plastics in the range of 10 -100 MPa. This is 
due to sorbitol plasticizer interfering with compactness 
of starch, where plasticizers will reduce intermolecular 
interactions and increase polymer mobility [11]. 

For the elongation value of edible film corn starch 
with the addition of 5% protein isolate with a value of 
38.4%. This value also approaches the biodegradable 
plastic standard range of 21-220%. It was concluded that 
the formulation of protein isolates affected the product 
elongation. The character of edible films from tofu waste 
water processing protein isolates, when compared with 
previous studies, has better mechanical properties and 
approaches conventional plastic standards. 

3.3.2. Water Vapor Transmission Rate (WVTR) 

Water vapor permeability is carried out to analyze the 
rate of transmission of water vapor or gas. The water 
vapor transmission rate indicates the rate at which water 
vapor penetrates, or the film's ability to inhibit water 
transmission. So the permeability of the film to water 
vapor must be as low as possible [12]. In this study a 
comparison of the rate of transmission of water vapor 
from the film which has the best mechanical properties is 
a film that is prepared by adding 5% protein isolates and 
0% protein isolates. From the test results it can be seen 
that the minimum water vapor transmission rate is at 5% 
protein isolate, that is 0.00176 g/m2/day while at 0% 
protein isolate, the water vapor transmission rate is 
higher at 0.00864 g/m2/day. These results indicate that 
films with 5% protein isolates produce lower water vapor 
transmission rates compared with films with 0% protein 
isolates. This condition is due to the presence of 
hydrophobic groups in protein isolate compounds that 
occur from a mixture of starch and protein isolates. 

 

Figure 5. Water vapor transmission rate (WVTR) 

According to Japanese International Standard (JIS) 
(1975), the value of the rate of transmission of water 
vapor from edible films is a maximum of 10 g.m-2.day-1 
and elongation of at least 70% [13]. The results showed 
that the physical surface of the edible film with the 
preparation of 5% protein isolate was rough and there 
were spots of protein isolate that were not completely 
bound. In theory, the resulting protein isolate contains 
globulin which is a component that is non-polar and 
hydrophobic [2]. Therefore, the addition of protein 
isolates in the film matrix can reduce the rate of 
transmission of water vapor. The rate of water vapor 
transmission affects the ability of edible films to hold 
water vapor [8]. Edible films which have low water vapor 
transmission rates which are suitable for wrapping the 
product at high humidity [14]. 

3.3.3. Water Adsorption 

 

Figure 6. Water absorption from edible films 

Water absorption occurs easily on the surface of a 
polysaccharide-based film, because of its hydrophilic 
nature [15]. The results showed that the physical 
absorption of edible film without the use of protein 
isolates or 0% protein isolates produced a slightly higher 
water absorption of 0.66%, while the addition of 5% 
protein isolates produced films with smaller water 
absorption that is 0.56%. These results indicate that the 
film with corn starch polysaccharide as a basis does not 
provide protection against water, but when the material 
is mixed with 5% protein isolates the water absorption is 
slightly lower. It is also influenced by soy protein which 
consists of a grabular protein mixture, around 90% of soy 
protein [14]. Grabulin protein has hydrophobic properties 
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which causes the ability to absorb water to be slightly 
smaller. 

3.3.4. Functional Groups Analysis 

Films with a mixture of protein isolates and without 
protein isolates were characterized by FTIR to determine 
the existing functional groups. 

 

Figure 7. FTIR Spectra (a) Corn Starch (b) 5% Protein 
Isolate (c) 0% Protein Isolate 

Figure 7 shows the absorption band in the wave 
number area of 1900 -1650 cm-1 which indicates the 
presence of stretching C = O, that is, amide. According to 
Chen et al. [16], at wave numbers 1656 and 1535 cm-1 
there is an amide 1 group which is located in protein C = O 
and amide II is located in the binding N-H and C-N 
protein bonds. According to Kumosinski and Unruh [2], 
the presence of globular structures in proteins is 
indicated by the absorption of wave numbers in the 
regions of 1667 and 1650 cm-1. This globular structure is 
also strongly influenced by the presence of amide I and II 
groups in protein isolates. 

3.3.5. Edible Film as Packaging for Food Products 

The resulting edible film was tested for packaging on 
snacks. Packaging with an edible coating is one of the 
relatively new food preservation techniques [8]. This 
packaging test is carried out for 24 hours. Sample tests 
were carried out with film layers without protein isolates 
and with film layers with the addition of 5% protein 
isolates. 

  

Figure 8. Snack packaging using edible film compared to 
conventional plastic 

The test results show that the resulting edible film 
can be used as food wrappers. Food conditions for 24 

hours of testing showed that the structure of the food or 
product quality was in good condition, the ability of the 
envelope of 0% edible film and 5% protein isolate was the 
same for each sample. Likewise, the ability to protect food 
from outside air with good conditions. Food becomes soft 
after 18 hours of testing. Whereas the wrapping test with 
conventional plastic, the quality of the food was slightly 
better, as seen from the tougher food structure. 

4. Conclusions 

This research succeeded in preparing and 
characterizing edible films made from corn starch with 
protein isolate-reinforced corn from the liquid waste 
extraction from tofu processing industry. Protein isolates 
can be used as ingredients in the preparation of edible 
films. The addition of 5% protein isolate increased the 
tensile strength by 52.16 MPa and the extension by 38.4%. 
The results showed that the addition of 5% protein 
isolates reduced the water vapor permeability by a value 
of 0.00174 g/m2/day and water absorption by 0.56%. The 
results of this study approach the standard range of 
biodegradable plastics, so that it can be applied as a food 
packaging. 
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