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Abstract— The banana fruit’s peel was selected as it is a waste material rich of starch. In particular, starch is one of the most attractive 
feedstock for the development of biodegradable polymers because it is relatively inexpensive, abundant and renewable. Thus, starch-
based can be a replacement for conventional plastics which is becoming decrease.  The starch consists of two different types of polymer 
chains, which called amylose and amylopectin, made up of adjoined glucose molecules. Chemicals such as sodium hydroxide (NaOH), 
hydrochloric acid (HCl), Glycerol and sodium bisulfite (NaHSO3) were prepared since they are the most helpful agent for the formation 
of bioplastic film. The hydrochloric acid was used to remove the part of the starch which is amylopectin that will inhibit the formation of 
a film. The sodium hydroxide (NaOH) was used in the experiment for the starch neutralization and glycerol acts as a plasticizer which 
make the plastic less brittle. In order to improve the shelf-life, sodium bisulphite (NaHSO3) was added as an antimicrobial. Analysis such 
as water absorption was observed to determine the physicochemical properties of the biopolymer prepared. From experimental results 
showed that sample 1 seemed to have the strong cross-linked structure which it absorbed the lowest percentage of water of about 56.95%. 
This result may due to phase separation and crystallization of glycerol by making the film more soluble which high in absorption capacity 
and also affected by the concentration of NaOH and HCl in the biopolymer. 
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I. INTRODUCTION 

Plastic is derived from the Greek (plastikos) means fit for moulding, and (plastos) means moulded that is commonly known and 
used in daily life. Plastics are typically polymers of high molecular weight, which has molecules containing long carbon chains as 
their backbones with repeating units. The structure of these repeating units and types of atoms play an important role in determining 
the characteristics of the plastic. These long carbon chains are well packed together by Van der Waals forces between large 
molecules, and form a strong, usually ductile solid material [1]. Also, additives are usually added for the manufacturing of 
commercial plastics, in order to improve the strength, durability or give the plastic specific characteristics. However, commercial 
plastics can pose a serious environmental problem and human health impacts due to its toxicity and characteristics. Many kind of 
plastics are from polyethylene, polypropylene, polystyrene, polyamide, polysulfone, polyester, polyurethane, polycarbonate, 
polyvinylchloride, and polyacrylonitrile [2]. The source for most commercial plastics is petroleum which is considered as a non-
renewable resource. Even though less than 5% of the petroleum is used in plastics manufacturing, the renewability of the source is 
often a concern as it takes millions of years for fossil fuels to be replace [3]. Separation of different types of petroleum based 
recyclable plastics from other solid wastes is a difficult process, hence only a very small percentage of plastics are recycled. In 
addition, most of the commodity plastics such as bottles, cups and many others made out of petroleum are non-compostable and 
non-biodegradable.  
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Plastic has advantages such as cheaper, can be produced in a large amount, light, transparent, flexible, and good water resistant. 
However, plastic also has weaknesses which low heat resistant and poor ductility, easily torn, and can be polluted because it 
produces toxic fumes when it is burnt, since it is non-biodegradable materials [2]. In addition, plastics that usually use is one of an 
important thing to consider about because it affects our food in a packaging which presence of certain substances such as Bisphenol 
A (BPA). Using BPA helps to increase the shelf life of many food products, however, exposure to BPA has caused increased cases 
of thyroid and it is also potentially carcinogenic which can cause prostate and breast cancer due to high exposure of BPA [4]. 
Nowadays, people rely more and more heavily on plastic, for instance, the plastic bags because they are easy to use, more practical 
and widely available. However, in Malaysia, the usage of plastics has been reduced by the government since its enforcement in 
2011 which is Malaysia introduced the No Plastic Bag Day (NPBD) program to discourage the use of plastic bags for carrying items 
purchased from shopping store. In the programme, participating stores do not give out free plastic bags but instead it is charge a 
levy of MYR0.20 (USD0.06) for each new plastic bag requested by customers during the program. Furthermore, Malaysians on 
average produce an estimate of 19,000 tons of solid waste annually and plastic waste represents 24% of total solid waste as stated 
by Shahariah Asmuni [5].  

In recent years, there has been a great interest to use renewable biomass in the manufacture of high quality, cost-competitive 
and biodegradable consumer goods. Bio-plastic have been considered as the most promising materials for this purpose which it is 
also known as edible film because it has characteristic of biodegradable and harmless [6]. Bio-plastics are non-toxic and produced 
naturally from natural polymers. They do not contain additives such as phthalates or Bisphenol A (BPA), that are harmful to health 
and do not change the flavour or scent of the food contained. They are an organic compound that can break down much faster and 
recycling them take less energy. Bio-plastics are mostly made of starch such as soy bean, potato, corn and other plant starch, where 
the required raw materials are from renewable resources. Bio-plastics have a potential to be truly sustainable replacement for 
petroleum-derived plastics and the plastics industry could finally free itself from its dependence on fossil fuels. With global climate 
change challenges and its various effects on ecosystems, the issue of bio-waste has captured the attention of governments, 
environmental and social organizations, businesses and academics, becoming the first priority [7]. In term of biodegradability, bio-
plastics will degrade naturally by microorganisms, such as bacteria and fungi, over period of time. Manufacturing bio-plastics are 
significantly give less greenhouse affect which can reduce carbon footprint. Hence, they can absorb into the earth as they give no 
harm to plants and animals underground, instead of providing nutrients. 

This paper study on starch is a valuable component while being one of the most abundant on earth. Starch is a suitable raw 
material for the production of new environmentally-friendly bio-plastics. Starch is readily transformable using existing technologies 
and low-cost commodity that can be easily refined. Starch-based plastics can be transformed into edible and compostable products 
[8]. Banana fruit was selected as it is one of the famous fruits in Malaysia and easy to get with the greatest production and 
consumption. Hence, fruits rich with starch are preferred in the making of bioplastic and the banana peel is rich with starch. The 
composition of a banana peel in (g/100g dry matter) is approximately contains Protein: 8.6±0.1, Fat: 13.1±0.2, Starch: 12.78±0.9, 
Ash: 15.25±0.1 and total dietary fibre: 50.25±0.2 [9]. The starch is obtained from the banana peels as starch content declines from 
20-30% to 1-2%, but starch amount could be as high as 11% depending on variety [10]. Starch consists of two major components, 
amylose and amylopectin, which different in their degree of branching and molecular size. The starch will provide the repeating 
units of glucose molecules that form the polymer chains. The different composition of these starches will affect the mechanical 
properties of the resulting plastics form. Various combinations of additives such as sugar, glycerol, and glue will also be investigated 
to explore their contributions to the properties such as flexibility, brittleness, and clarity [11]. The use of waste in production of bio-
plastic, can significantly improve the economics of the biomaterials by leading sources of raw materials from starch which are 
renewable, biodegradable and non-toxic, thus can be extracted with high purity by simple industrial process. These factors are 
determining the agro-industrial potential immense of the starch [12].   

II. EXPERIMENTAL PROCEDURE 

2.1. Materials  

Sodium hydroxide (NaOH), Hydrochloric acid (HCl), Sodium Bisulphite (NaHSO3) and Glycerol were obtained from QRëC 
(Asia) Sdn.Bhd, distilled water, banana peels. 

2.2. Extraction of Starch  

Figure 1 shows the process of starch extraction. Firstly, banana peels were washed properly and were cut into small pieces. 
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Next, they were added to a beaker which filled with sodium bisulfite solution and boiled for 30 minutes at 300˚C (a). After the 
boiling process, the peels were transferred to an oven tray and decanted off the water until dry (b). This was done for removing any 
impurities and soften the peels for easy preparation of paste. Then they were mashed in a mortar and pestle (c) and sieved to obtain 
the starch (d). The starch was measured to a desired mass as shown in Table 1, Experiment 1. 

Table 1: Variation of Glycerol Concentration and Acid-Base Condition of NaOH and HCl 

Experiment Sample Starch 

(g) 

Glycerol 

(mL) 

NaOH 

(mol) 

HCl 

(mol) 

1 1 25.0 2.0 0.1 0.1 

 2 25.0 2.0 0.5 0.5 

 3 25.0 2.0 0.1 0.5 

 4 25.0 2.0 0.5 0.1 

2 5 25.0 3.0 0.1 0.1 

 6 25.0 4.0 0.1 0.1 

 7 25.0 5.0 0.1 0.1 

 8 25.0 6.0 0.1 0.1 

 

                                                                         (d)                                                                              (c) 

Figure 1- Preparation of starch 

2.3. Preparation of Bio-Polymer Film  

The banana paste was placed in a beaker. For the samples in Table 1, 3 ml of HCl, 2 ml of glycerol and 3 ml of NaOH were 
added, alternately, and the mixture was mixed together. Then, the mixture was poured into a moulding and put in the oven at 130˚C 
for 30 minutes, then let it cool overnight. It is necessary to bake in a proper composition of paste and proper time for the strength 

(a)  
(b)
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of the sheet. The experiment was repeated with a different volume of glycerol as shown in Table 1, Experiment 2. 

2.4. Determination of Water Solubility  

Solubility in water is important to take into consideration because it is kind of property of starch based films. This may be 
required to enhance product integrity and water resistance before it consumes to the potential applications. It was defined as the 
percentage of the dry matter of film which is solubilized after the immersion in water. Four samples were carried out on circle 
probes which the diameter, D is about 15.5 cm and 2 mm thick. The initial dry matter of each film was obtained after drying for a 
night. The samples were weighed and immersed in 100 ml of distilled water for 20h at room temperature and the weight loss was 
evaluated to obtain the final dry weight of the film. The percentage of water solubility (WS%) was calculated according to equation 
(1), where the solubility relates with the initial mass, Wi, and final mass, Wf. 

𝑊𝑆ሺ%ሻ ൌ  
ൣ൫𝑊௜ െ 𝑊௙൯൧

𝑊௙
ൈ 100%                                                                           ሺ1ሻ 

    

III. RESULTS AND DISCUSION  

3.1. Effect of the Palsticizer on The Biopolymer Films  

Glycerol is selected due to its low cost, non-toxicity and it is liquid at room temperature. It is a material that makes the polymer 
chain molecules bend and slide to each other more easily, which add to the flexibility and elasticity of the plastic even at the very 
low temperatures. Moreover, too much of it makes the plastic curl up in a microwave oven and turn into gum. Glycerol tends to 
lose its effectiveness as a plasticizing agent over time which is leading to a slow increase in brittleness. Hence, the addition of 
glycerol to the starch showed an influence on the opacity of the films which make it looks clear and has almost same with “synthetic 
plastic”. 

3.2. Effect on Biodegradability  

The degradation period for biopolymer is directly depend on the micro-bacteria that occur in the sample. By adding the sodium 
bisulfite (NaHSO3), the degradation period should be much longer than sample that is not added with sodium bisulfite which acts 
as antimicrobial. Without using it, the starch films will degrade quickly which it will turn from yellow to dark brown color. Before 
trial in Table 1 were running, one experiment was conducted where the banana peels were not dipped in NaHSO3 resulted to be 
brown black after drying and started to decay within a week. However, when banana peel is dipped in NaHSO3 the color of starch 
film still remains in its origin color as shown in Figure 2.  

 

 

 

 

 

 

 

 

 

Figure 2-Colour Analysis of Sample 2 and Sample 3 (Before and After) 

Based on Figure 2(a), it can be seen that after 10 weeks, the colour of sample 2 was a little darker than sample 3. Both samples 
contain same concentration of 0.5M of HCl, but different concentration of NaOH which contain of 0.1M and 0.5M of NaOH, as 
shown in Table 2. Through the observation, it can be concluded that high concentration of alkaline solution can slow down the 

(a) Sample 2 (b) Sample 3 
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browning effect that caused by oxidation and the microorganisms growth. 

Table 2: Effect of the Acid-Base Condition of NaOH and HCl on Sheet Formation of the Sample 

Experiment Sample Starch 

(g) 

Glycerol 

(mL) 

NaOH 

(mol) 

HCl 

(mol) 

Sheet Formation 

1 1 25.0 2.0 0.1 0.1 Formed 

 2 25.0 2.0 0.5 0.5 Formed 

 3 25.0 2.0 0.1 0.5 Formed 

 4 25.0 2.0 0.5 0.1 Formed 

 

Table 3: Effect of Variation of Glycerol Concentration on Sheet Formation of the Sample 

Experiment Sample Starch 

(g) 

Glycerol 

(mL) 

NaOH 

(mol) 

HCl 

(mol) 

Sheet Formation 

2 5 25.0 3.0 0.1 0.1 Formed 

 6 25.0 4.0 0.1 0.1 Partially Formed 

 7 25.0 5.0 0.1 0.1 Not Formed 

 8 25.0 6.0 0.1 0.1 Not Formed 

 

3.3. Effect of Water Absorption  

Table 4 shows the percentage of water absorption for the samples at different concentration of NaOH and HCl. The starch films 
prepared in water solubility test only for the first four samples, as the sheet formed was literally adequate. The water absorbed by 
the films increases gradually at the ranged of 55% to 75%. Sample 1 absorbed the lowest percentage of water of about 56.95%, 
followed by sample 3, sample 2 and sample 4 at the percentage of 66.79%, 67.88%, and 72.66%, respectively. The lower the 
concentration of glycerol used, the lower the percentage of water absorption of the sample [13]. This result may have been due to 
phase separation and crystallization of glycerol by making the film more soluble which high in absorption capacity. The addition 
increases the water content of material through sorption/desorption mechanisms which tends to uptake water molecules from the 
environment into the film [14]. 

Table 4: Mass of Starch Film and Percentage of Water Absorbed by the Sample 

Experiment Sample Starch 

(g) 

Glycerol 

(mL) 

NaOH 

(mol) 

HCl 

(mol) 

Sheet 
Formation 

Mass (g) Percentage of 
Absorption 

(%) 
Before After 

1 1 25.0 2.0 0.1 0.1 Formed 4.447 10.330 56.95 

 2 25.0 2.0 0.5 0.5 Formed 4.499 14.006 67.88 

 3 25.0 2.0 0.1 0.5 Formed 4.077 12.276 66.79 

 4 25.0 2.0 0.5 0.1 Formed 2.748 10.053 72.66 

 

Other than glycerol concentration, different concentration of acid-base condition also affects the differences in the solubility of 
the prepared starch films. High concentration of NaOH allows higher absorption of water (Sample 4) compared to high concentration 
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in HCl (Sample 3). Based on M.A. Bertuzzi, the amylose polymer is more flexible in alkaline solution than in neutral water [15]. It 
is found that, the HCl used in the procedure hydrolyzes amylopectin and prevents it from making hydrogen bonds with the amylose 
polymer chain and forming rows of polymer chains, acquiring a crystalline structure. Figure 3 shows the before and after weight 
differences of the sample and the percentage of water absorbed by the sample. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3 – Effect of water absorbed by four different samples 

IV. CONCLUSION  

The biopolymer synthesized from Musa Acuminata (Banana) peels provide an alternative for bioplastic production. The 
experiment succeeds in proving that banana peels could be one of the precursor for biopolymer production which able to reduce the 
adverse effect to the environment of plastic made up from non-renewable and non-biodegradable sources. Since, degradation of the 
biopolymer depends on the micro-bacteria occur in the sample, the banana peel was soaked with sodium bisulfite (NaHSO3) prior 
experiment to slow down the degradation effect and increasing the time before the biopolymer degrade. Glycerol concentration and 
the acid-base concentration affects the percentage of water absorbed by the biopolymer samples. Higher concentration of glycerol 
increases the water absorption ability of the biopolymer. Alkaline concentrated biopolymer has higher water absorption ability 
compared to acid concentrated biopolymer. For sample 1 to sample 4, it showed that the samples have polymer characteristic in 
term of plastic sheet formation and water uptake. Whereas, sample 5 to sample 8 seems to be failed to form polymer also do not 
have polymer characteristic and the samples’ color were darkening after drying. Hence, the selection of bananas is very important 
in order to get the large amount of starch content such as the green-yellow banana which is not totally ripe. Thus, molding container 
used also should take to account which it can affect the condition of the samples.  
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