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Abstract — In recent years, the excessive use of plastic packaging materials has increased environmental
concerns. Petroleum-based packaging causes serious environmental problems both. To overcome these
environmental problems, environmentally friendly and biodegradable packaging materials have been
developed. Many natural polymeric materials can be used to produce biodegradable packaging materials.
Among these polymers, flour and starch are the most preferred materials due to their low cost and
abundance. In this study, purple flour and tapioca starch were used at percentages of 2% and 3% of the
film solutions. The moisture content, moisture uptake, swelling index, surface pH and pH values of all the
produced films were determined. The moisture uptake capacities of films with low moisture contents
were high as expected. The highest moisture uptake was found as 55.5% for the film produced with
purple flour that used at 2%. Surface pH and pH values determined after dissolution of the films were
found to be close to neutral values. Swelling capacity values, which are a parameter indicating the
stability of the films, were found to be very high in all films produced with flour and starch. The results
showed that the films produced in experimental studies can be used as packaging materials by adding
some features to the films.
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I. INTRODUCTION

In food industry, plastics are the most commonly used packaging materials [1]. Plastics are largely
produced from non-renewable petroleum resources [2]. Therefore, enormous production of plastic causes
serious pollution in the environment globally, hence non-biodegradable plastic packaging causes water
and soil pollution [1,2]. As an alternative to synthetic plastics, biodegradable packaging that can break
down naturally can be used in the food industry [3].

Polysaccharides, proteins and lipids, which are natural polymers, are frequently used in packaging
material production. Starch is a natural polymer in the polysaccharide class and is a widely researched
material for film production due to its properties such as easy and abundant availability, low cost and
safety. Starch-based films are also biocompatible materials [4].

Starch-based biodegradable plastics account for approximately 66% of the global bioplastics market [5].
Starch-based films are applied as biodegradable packaging materials in the food industry involving fruits
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and bread. In the production of starch-based materials, the shelf life of food is extended by blending
different components to enhance the oxygen and water vapor barrier and by adding antioxidants or
antibacterial substances to the film solutions [2].

Wheat is one of the three major crops in the world [6]. Wheat contains major components that provide
health benefits such as vitamins, dietary fibers, and phytochemicals [7]. Colored wheat varieties contain
more bioactive compounds such as polyphenols and anthocyanins than normal wheat, thus providing
health benefits [6].

Since flour is a natural mixture of starch, protein and fibers, it can be used in the production of films or
coatings. The properties of the films produced from flour depend on the production conditions and the
many molecular interactions that occur between the components [8].

In this experimental study, purple flour and tapioca starch were used for biodegradable packaging film
synthesis. The physical properties were determined and compared to each other.

Il. MATERIALS AND METHOD

A. Film Synthesis

Purple flour and tapioca starch were used in film synthesis. Flour and starch were obtained from market
in Eskigehir, Turkey. The flour and starch were both added to distilled water at 2% and 3% by weight.
Glycerin (1 wt%) was added as a plasticizer in all solutions. The film solutions were mixed at 60°C for 90
minutes. After homogenisation, film were cast into Petri dishes and dried at 50°C overnight.

B. Physical Properties of the Films

The moisture content, moisture uptake, swelling index, surface pH and pH values of all the films were
determined.

For moisture content analysis, the films were cut and weighed (WO0). The films were then dried in an
oven at 105 °C until constant weight (W1) was reached. The moisture content of the films was calculated
using the following equation [4]:

Moisture content (%) = o)

2" %100 (Eq.1)

To determine the moisture uptake of the films, the samples were exposed to a humidity level of 99 + 1%
RH in a closed container. After 24 hours, the moisture retention capacities were determined as follows
where Ws and Wi are the final and initial weights of the films, respectively:

( f l) 100
W.

The swelling indexes of four samples were determined for each sample. Initially, the dried films were
weighed and immersed in deionized water at room temperature. At 10-min intervals, the samples were
removed from the water and excess water was removed using filter paper. Then, the weights of the
swollen films were measured. The swelling index was calculated as follows:

( f l)
i

mi is the initial weight of films and m is the swollen weight of the films [9].

The surface pH values of the films were determined. All films were moistened with 0.5 ml of distilled
water and waited for 30 seconds. After, the electrode of the pH meter was brought into contact with the
surface of the films and the pH values were noted [10].

The films were placed in tubes containing 2 ml of distilled water to determine the pH values. When the
films were dissolved, the pH values of the films were determined by measuring them with a pH meter.

Moisture uptake (%) =

Swelling index (%) =

I11. RESULTS

The moisture content of the sample is the free water bound to the film [11]. The moisture contents of
the samples are given Fig 1.
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Fig.1. Moisture content of the films

As seen in the Figure, the moisture content of the films prepared with tapioca starch were higher than

the films prepared with purple flour. The moisture contents of the films were decreased with increasing
percentage of the starch and flour.
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Fig.2. Moisture uptake of the films

The moisture uptake percentages of films produced with tapioca starch were found to be lower than
those produced with purple flour. The less moisture uptake value was 22.2% for the sample prepared with
3% tapioca starch and the highest value was 55.5% for the sample prepared with 2% purple flour. The
surface pH values of the films are given in Fig. 3.
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Fig.3. Surface pH values of the films
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The surface pH values of the films produced with purple flour were lower than those produced with
tapioca starch. The surface pH values increased as the percentage of the purple flour increased. The pH
values of the films after the complete dissolution are given in Fig. 4.
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Fig.4. pH values of the films

The pH values of the films were slightly increased after the complete dissolution. The swelling index of
the films prepared with purple flour and tapioca starch are given in Fig. 5. and Fig. 6.
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Fig.5. Swelling index of the films prepared with purple flour
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Fig.6. Swelling index of the films prepared with tapioca starch

Swelling index values were found to be very high at all rates for both types of films. High absorption
mechanism demonstrates film network stability that minimizes phase separation changes [12].
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IvV.DISCUSSION

The moisture content of the films prepared with tapioca starch were higher than the films produced with
purple flour and the values decreased with increasing flour and starch percentage. The moisture uptake
percentages were found to be inversely proportional to moisture contents, as expected, meaning that films
with low moisture content have high moisture uptake capacity. The high swelling index is a parameter
that shows the film stability. The swelling indexes of the films obtained from experimental studies were
found to be very high.

V. CONCLUSION

In this study, the usability of purple flour and tapioca starch as biodegradable raw materials in
packaging production was investigated and the important physical properties of the films were
determined. It was found that the moisture content of the films was high. The properties of the films can
be improved by changing the formulation values. In addition, different additives such as plant extracts can
be added to the film formulations to gain the films new properties such as antioxidant content.
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