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Abstract- Due to the increased environmental pollution 

caused by plastic, a sustainable and cost-effective way of 

production must be done. And also targeted to overcome 

the flaw of water absorptivity of conventional bioplastic. 

This study mainly aimed to develop a bioplastic film 

reinforced with silicone, silicon, clove, alum, and starch 

which can overcome the conventional bioplastic water 

absorption and microbial contamination. Here Silicone 

had added to the film, because of its inert, hydrophobic, 

non-sticky, and thermal stability properties. Whereas 

silicon was added to the film for its high rate of water 

absorption property in a way that it could help electronic 

gadgets against corrosion and increases food product’s 

shelf life, whereas alum and clove were used for the 

presence of active substance against microbes. Here for 

the film formation silicone was added in large amounts 

and an equal amount of starch and silicon had been 

added (here starch was added for faster degradation). 

Apart from that alum and clove were also added for the 

biofilm formation. After the production, characteristic 

studies had been done, antimicrobial studies were done 

against enterococcus for studying the antimicrobial 

activity of film (clove and alum were added as 

antimicrobial extract), and other film characteristics 

studies like Tensile strength, elongation break, water 

absorption, thermogravimetric, SEM analysis, and soil 

degradation studies were conducted. This bioplastic 

reinforced with silicone, silicon, and starch has the 

potential to overcome the conventional biofilm flaws. 

Keywords: Silicone, FGS-Food grade silicon, Starch, 

Polyvinyl alcohol. 

1. INTRODUCTION 

 

It showed that 99% of plastic is made from oil and gas. 

The remaining is made from natural raw materials 

such as corn. This study says that plastic production 

will increase by 40% in the next 10 years. This makes 

the ocean carry more plastic than fish by 2050. The 

United Nations warns that marine life will be 

destroyed. Coral reefs appear to be particularly 

vulnerable to plastic pollution. Plastic soup will 

endanger the food supply of millions of people. [1] To 

stop the use of plastic we made a film out of silicone 

which is non-sticky, able to repel water and form 

watertight seals, thermal stability, low thermal 

conductivity, and low chemical reactivity. Silicone is 

a polymer made up of siloxane. They are colorless oils 

or rubber-like substances.[2] Though many renewable 

resources are available for bioplastic production, 

starch is one used commonly for its ease of getting. 

Starch is made up of 2 polysaccharides namely 

amylose (linear) with few branches and amylopectin 

(branched) highly molecule that contributes to low 

mechanical properties whereas amylose contributes to 

film strength and also has gelatinization 

characteristics. The linear structure of amylose in 

starch usually produces bioplastics with stronger and 

highly flexible mechanical properties, whereas the 

branched structure of amylopectin produces bioplastic 

that shows lower resistance to tensile strength and 

elongation properties.[3] Using starch as a renewable 

source has several advantages such as low cost, 

inexhaustible and renewable. Glycerol plays an 

important role in forming hydrogen bonds with starch 

by breaking the strong interaction between intra and 

intermolecular hydrogen bonds in starch. others used 

are xylitol and urea. (www.healthjade.net.com). 

Vinegar helps the starch to dissolve easily. Vinegar is 

more commonly used than ammonium acetate for its 

ease of getting. Alum (Potassium Aluminum Sulphate) 

is used for its anti-bacterial properties 

(www.sciencestruct.com). Clove oil exhibits many 

properties such as antimicrobial, and anti-cancer due 

to the presence of eugenol, and β-caryophyllene. 

(Shokoh Parham et al, 2020). This hydrophobic 

bioplastic can be used in many applications, which 

include hydrophobic biodegradable cups, sealants, and 

Silicone tubes (for transporting food & liquid products 

through this tube in industries), the synthesized film 

can be used as an outer coating over instruments which 

is susceptible to corrosion, food packaging, bio bottles. 

The synthesized bioplastic can exhibit hydrophobic 

characteristics, unlike the conventional bioplastic 

which shows a higher rate of water absorption.  
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2. MATERIAL AND METHOD 

 

2.1 Collection of samples 

Food grade silicon dioxide, silicone sticks, starch, 

alum, clove. 

 
(Fig 1) Silicon dioxide                 Silicone sticks 

 

2.2 Fabrication of bioplastic film 

2.2.1 Bioplastic synthesized using Food grade 

silicone, silicone, and starch. 

Materials required  

a) Silicone sticks  

b) Silicone dioxide  

c) Starch 

 

Protocol  

• Firstly, collected silicone sticks were cut into 

pieces.  

• Then it was melted along with equal proportions 

of starch and silicon dioxide at a high temperature.  

• Along with that alum and clove were added. 

• Biobased silicone sticks were obtained. 

• For melting we did it at a plastic manufacturing 

place. 

Before getting an idea of using silicone. I tried 

producing film using starch, silicon, and PVA with 

various compositions.  

 

2.3 Anti-Microbial Activity (Fig 3) 

Materials required 

a) Bacterial culture (Enterococcus).  

b) Nutrient broth (beef extract, yeast extract, peptone, 

NaCl)  

c) Mueller Hinton Agar  

d) Sterile Petri plates  

Preparation of inoculum  

• Bacterial inoculums were prepared by transferring a 

loop full of bacterial culture to tubes containing 10 ml 

of Nutrient Broth and incubated for 24 hours at 37°C.  

 

Preparation of plates.  

• 2.5 g of weighed MH agar was added to the 

conical flask filled with 60 ml of distilled water.  

• Then it was sterilized and solidified in Petri plates, 

to which with help of cork borer wells were made.  

• A sterile loop was dipped into the bacterial 

suspension and then evenly spread over the 

surface of the entire plate.  

• To the well, samples were placed and left for 

24hrs.  

• The presence of an inhibition zone shows the 

presence of antimicrobial properties in the 

sample. 

 

2.4 Characterization of bioplastic  

2.4.1 Water absorption percentage (Table 2) 

First, the Initial weight of the film was taken. Then 

they were immersed in the water and the absorbency 

was noted and tabulated every 10 mins (0, 10, 20, and 

30)  

 

2.4.2 Water solubility test (Table 3) 

The water solubility of the film samples was 

determined according to the method determined by 

Saberi et al [4]. Bioplastic samples were dried at 60 °C 

for 2 h and weighed. The dried pieces were immersed 

in 20 ml of distilled water in the petri dish and kept on 

a rocker for 24 h at room temperature. Observed for 

solubility after 24hrs. The residues were dried at 110 

°C for an hour and then weighed to calculate the 

percentage of the solubility. 

where W0=initial dry weight, W1=final dry weight. 

 

2.4.3 Tensile strength and elongation break (Graphs 

1& 2) 

According to ASTM D882, a Testo metric machine 

performed the tensile strength test. The samples were 

cut into a dumbbell-shaped gauge of 50 mm and fixed 

onto the loading unit. The test was conducted with a 

speed of 50 mm/min. Elongation at break is the ratio 

between the initial length and changed the length of 

the specimen after breakage when external stress was 

applied. An average value was considered as a 

mechanical property from the obtained results.  

 

2.4.5 Thermogravimetric Analysis (Graph 3) 

The sample was subjected to TGA using a thermal 

analyzer. The temperature was gradually raised from 

room temperature 35 to 1000°C at the rate of 10 
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°C/min and flow rate of 20 ml/min. The mass loss was 

recorded, which shows the stability of bioplastic.  
 

2.5 Scanning Electron Microscope (SEM) (Fig 4) 

The samples were studied at 30 s of acquisition time 

and accelerating voltage of 15Kv, the d emission 

current used was 58 μA. The working distance was 

7.5mm. The samples were layered with gold before the 

analysis. 
 

2.6 Biological parameters  

2.6.1 Soil burial biodegradation (Fig5)   

Produced samples were buried under the soil for 

checking the microorganism degradation at regular 

intervals and were compared with each other. 
 

3. RESULTS AND DISCUSSION 
 

3.1 Fabrication of biofilm 

3.1.1 The bioplastic is produced using FGS, starch, 

silicone 

Firstly, collected silicone sticks were cut into pieces. 

Then it was melted along with equal proportions of 

starch and silicon dioxide at a high temperature. Bio-

based silicone sticks were obtained. (Fig 2) 

The same procedure was done by (W. E. Cady et 

al,1980) but they tried using silicone rubber for 

improving the property of the cushion by adding 

silicon dioxide. Here, we tried with silicone strands 

due to the unavailability of getting silicone as pellets 

and powder form, and the result came out well.  

The resultant biofilm using an equal proportion of 

silicon, starch, and 25 strands of silicone was 

combined by a melting process. It came out well as 

strands but there was no flexibility, because of its high 

thickness. If it was made as a thin sheet, it could have 

shown the flexible property. It showed both water-

absorbing (silicon) and water repellent (silicone) 

properties well. It also degraded fast due to starch, 

which is the main difference between the referred 

paper.   

 
(Fig 2) Silicone strands reinforced with starch and 

silicon dioxide 

3.2 Anti-Microbial Activity 

 
(Fig 3) Inhibition zone against Enterococcus 

 

The above-mentioned samples exhibited  

inhibited zone against Enterococcus due to the 

presence of clove and alum. Clove shows 

antimicrobial properties due to the presence of these 

active compounds like eugenol, eugenol, acetate, α-

humulene, 2-heptanone, and β-caryophyllene.  

Whereas potassium aluminum sulfate shows 

antibacterial properties and can take away the dirt from 

the water. 
 

3.3 Bioplastic films and their properties  

3.3.1 The physical property of biofilm  

External features of the bioplastic film developed in 

this study. Smooth texture and less flexibility were 

seen, whereas brittleness is less and finally it showed 

recasting ability. 

 
(Table1) 
 

3.3.2 Water absorption 

 

(Table 2) 

Sample which was made of silicone and silicon, their 

initial weight was 8.60g, after 5 minutes of immersion 

it got increased to 14.00g, it means 5.4g mass weight 



© August 2022| IJIRT | Volume 9 Issue 3 | ISSN: 2349-6002 
 

IJIRT 156381       INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 868 

was added up. Followed by after 15 minutes of 

immersion weight had increased to 14.25g (i.e 0.25 

weight had added up). Finally, after 30 minutes of 

immersion weight had to 14.26g (0.01 weight had 

increased)  

Weight of water absorbed (Gm/m2) = Final wt (g)- 

conditioned weight (g) ×100 water  

Absorption Index=W1/GSM  

Where W= Weight of water absorbed in GM/M2, 

GSM= Weight of sample in Gm/m2  

Water absorptiveness=(m2-m1) × F  

Where   

M2 = Wet mass of test piece, m1= Dry mass of test 

piece, and F=10.000/test area. 

Water absorptiveness for the sample was m1=8.60g, 

m2=14.26g  

= (m2-m1) × F  

= (14.26-8.60) ×100  

= 566. 

This says that the sample showed very less water 

absorption due to its hydrophobic nature. 

 

3.3.3 Water solubility 

 
(Table 3) 

Films with silicone showed less solubility because of 

their hydrophobic and nonsticky nature. 

 

3.3.4 Tensile strength and elongation break 

   
(Graph 1) 

 
(Graph 2) 

Tensile strength (TS) and elongation at break (EAB) 

show how film can withstand stress, which is a very 

important application to be studied. TS value of 

Silicone (Graph 1) was 70 MPa, and EAB (Graph 2) 

value was 1.05. The TS value had increased due to the 

presence of silicone which increased the interaction 

between silicon and starch, but in contrast, elongation 

strength was low due to the low ductility of silicone. 

TS value of starch (Graph 1) film was 10.54MPa, and 

EAB was 5.9%. (Graph 2). The addition of glycerol 

and silicon improved the mechanical property of the 

film, making the film flexible. TS value of PVA film 

was 43.5MPa, and EAB was 20.45%. From the above 

values, it showed silicone sample showed higher 

tensile strength, whereas elongation break PVA 

showed higher. 

3.3.5 Thermogravimetric studies 

Thermogravimetric analysis of silicone (Graph 3)

 

From the graph (Graph 3), it was clear that the initial 

decomposition of the silicone sample occurred at 

290 °C where around 4% of the sample weight was 

reduced. Then at 470 °C, the weight came down to 

70.9. This degradation process continued whereas, at 

670 °C, 50% of the weight of the sample got reduced. 

In the end at 900 °C, only 19.79% of the mass weight 
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was left as a residue.  Initially, the degradation process 

started at quite a higher temperature i.e at 250°C, it 

shows that both the silicone and silicon presence 

increased the thermal stability of the sample.  

3.4 Scanning electron microscope 

 
(Fig 4) 

Whereas, In silicone sample which was made of 

silicone and silicon showed a better smooth surface. It 

showed good interaction because when silicone sticks 

firmly solidified with silicon at high temperature, 

without leaving silicon on the top. 

 

3.5 Soil degradation 

 
(Fig 5) 

Biodegradation rates of samples were closely 

observed. The color and size of the film changed and 

started to degrade slightly. whereas the silicone sample 

showed shrinkage in its mass (compared to the 

conventional silicone, It showed faster degradation 

property might be due to the addition of starch). 

4. CONCLUSION 

This study was conducted to produce an eco-friendly 

and hydrophobic bioplastic to overcome the 

conventional bioplastic flaw of higher water 

absorption property. This study formulated biofilm to 

get hydrophobic film against water and antimicrobial 

property against microbes. The silicone sample came 

out well showing the hydrophobic property with less 

tensile strength. whereas anti- microbial studies, it 

showed an inhibition zone against  Enterococcus. I 

conclude by saying that this silicone sample can be 

used to make bioplastic which can serve as a safe and 

cost-effective alternative to a synthetic single use. 

 

ACKNOWLEDGEMENT 

First and foremost, I would like to thank god Almighty 

who gave me strength and hope that kept me standing 

and believing that this would become possible. 

I express my gratitude to my parents for being a pillar 

of support and never letting me down throughout 

study. 

I thank the management of Women’s Christian 

College and Dr. Lillian I. Jasper, the Principal of 

Women’s Christian College for providing me with the 

seed grant. 

I am deeply indebted to my guide Dr. Priya Iyer, Head 

of the Department of the PG and Research Department 

of Biotechnology, for her constant encouragement and 

support throughout the project. This endeavor would 

not have been possible without her guidance. 

 

REFERENCES 

[1]  Maria. 2011. Plastic Soup Foundation. Algemeen 

Nut Beogende Instelling.  

[2] Moretto., et al. 2005. "Silicones". Ullmann's 

Encyclopedia of Industrial Chemistry. Weinheim: 

Wiley-VCH.  doi:10.1002/14356007.a24_057. 

[3] Fakhoury FM., et al. 2012. Edible films made 

from blends of manioc starch and gelatin- 

influence of different types of plasticizers and 

different levels of macromolecules on their 

properties. LWT Food Sci Technol 49(1): 149-

154. 

[4] Saberi B., et al. 2017. Physical and mechanical 

properties of a new edible film made of pea starch 

and guar gum as affected by glycols, sugars, and 

polyols. Int J Biol Macromol 104 (Part A) 345-

359. 

[5] Bharat H Patel, et al. 2014. Nano silica loaded 

cotton fabric; characterization and mechanical 

testing. Research Journal of Engineering 

Sciences, 2-4 

[6] Z. Torabi, A. Mohammadi Nafchi. 2013. The 

effects of SiO2 nanoparticles on mechanical and 

physicochemical properties of potato starch films. 

Journal of chemical health risk. 35-37. 

[7] Jayachandra S, et al. 2021. Bio-based material 

from fruit waste of orange peel for industrial 

https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Ullmann%27s_Encyclopedia_of_Industrial_Chemistry
https://en.wikipedia.org/wiki/Doi_(identifier)


© August 2022| IJIRT | Volume 9 Issue 3 | ISSN: 2349-6002 
 

IJIRT 156381       INTERNATIONAL JOURNAL OF INNOVATIVE RESEARCH IN TECHNOLOGY 870 

applications. Journal of materials research and 

development. 3-4. 

[8] Zainab A., Al-dhaher. 2008. The antimicrobial 

activity of aqueous extract of cinnamon and clove 

against staphylococcus.Journal of AI-Naharin 

university. 2-4. 

[9] Marichelvam Mariappan Kadarkarai. 2019. Corn 

and Rice Starch-based Bioplastics. Fibers. 4-6. 

[10] Shokoh Parham., et al. 2020. Antioxidant, 

Antimicrobial, and Antiviral properties of Herbal 

Materials. 3-4. 

[11] Huma Khurshid., et al. 2019.  Antimicrobial 

property of hydrogen peroxide and potash alum 

alone and in combination against clinical bacterial 

isolates. Pure Appl.Biol. 2238-2239. 

[12] P.AWilliams and  G.O.Phillips. 2009. Gum arabic 

is one of the most abundant polysaccharides in 

nature, and has excellent water solubility and 

biocompatibility paired with low cost. Boron 

Nitride Nanotubes in Nanomedicine. 3-4 

[13] Farah Fahma, et al.  2017. Thermoplastic Cassava 

Starch-PVA Composite Films with Cellulose 

Nanofibers from Oil palm Empty Fruit Bunches 

as Reinforcement Agent.Hindawi International 

Journal of Polymer Science. 2-5. 

[14] Leela Sarena Dilkes-Hoffman. 2019. Exploring 

the role of biodegradable plastics. The university 

of Queensland.4-8. 

[15] Van Le. 2020. Bioplastic production from starch. 

Central University of Applied Sciences. 26. 

[16] Hanafi Ismail. 2012. The mechanical properties, 

water resistance, and degradation behavior of 

silica fillers sago starch /PVA plastic film. Journal 

of elastomers and plastics.99-102. 

[17] Dr JV M uruga Lal Jeyan. 2016. A  study of the 

superhydrophobic nature of lotus leaves and its 

application on aircraft.International Journal of 

green energy. 38-40. 

[18] JanJanesch., et al. 2020. Superhydrophobic 

coatings on wood made of plant oil and natural 

wax.Progress in Organic Coatings. 2-4 

[19] Asriadi Masnar and Ranil Coorey. 2017. 

Application of sago pith waste and nano silica 

from rice husk ash as hybrid bio-nanofiller 

composite for food plastic packaging.Ukrainian 

Food Journal. 620-622. 


