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Abstract 

Environmental, economic, and waste management concerns are growing as a result of the 

proliferation of plastics in the environment. As a potential solution to the problem of plastic pollution, 

glycerol plasticized starch-based bioplastics were investigated for their biodegradability. There are 

numerous uses of starch, a biopolymer derived from organic waste, due to its unique characteristics, 

such as its flexibility, degradable nature, and low cost. In the present work, starch was extracted from 

Solanum tuberosum (potato) peels, and starch-based bioplastics with different concentrations, i.e., 2.4 

%, 24.3 %, 36.5 %, 48.6 %, and 97.2 % of glycerol plasticizer were prepared by following the casting 

method. Starch and bioplastics were analyzed using Fourier Transform Infrared (FTIR) spectroscopy, 

and their physicochemical properties were evaluated. The water absorption test revealed that the 

bioplastic with high glycerol concentration, i.e., 97.2%, had a more significant percentage of water 

absorption, i.e., 79 percentage, compared to 37 % for bioplastic with low, i.e., 2.4%  glycerol 

concentration.  
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1. Introduction 

Different studies have suggested that around one-third of the food produced for human consumption 

is lost globally[1]. Food waste sources include household, commercial, industrial, and agricultural 

residues[2], while the compositional matrix of food wastes varies broadly based on source and 

type[3]. Even though numerous nations have established rules for minimizing food waste, they have 

not been able to implement them due to numerous technical obstacles. For instance, European Union 

guidelines for handling food waste specify that it should be delivered preferentially to animals, but 

this practice was made illegal due to fears of disease transmission to animals[4]. Therefore, it is 

essential to utilize the food waste by transforming it into various products with added value, such as 

fertilizers, bio-gas, and pesticides[5]. 

Now, food waste can be converted into bioplastics as an alternative to commodity plastics, which are 

an environmental burden due to their lengthy degradation time. Due to their durability, low cost, and 

adaptability, commodity plastics are widely used in our daily lives[6]. However, the manufacture of 

current commodity plastics utilizes non-renewable petrochemical compounds. In contrast, 

biodegradable polymers may be produced from various renewable sources[7–9], and they can be 

decomposed by heat, chemicals, microorganisms, and enzymes; this is why bioplastics have attracted 

much interest in recent years[7]. In addition, the polymer degradation process also alters the 

physicochemical features such as tensile strength, water absorption capacity, shape, molecular weight, 

and color.  

Similarly, several different bioplastics may be made from agricultural waste, such as cellulose and 

protein[9], as well as starch[10] by extracting them from the aforementioned agricultural waste. 

Because of its intrinsic biodegradability, overwhelming availability[11], and annual renewability[12], 

starch-based bioplastics have been widely used in food packaging[13], agriculture[14], 

pharmaceutical sectors, etc., as a replacement for existing plastics. Many renewable resources, such 

as cassava, jute[15], corn[16], potato peels[17], pineapple peels[18], mango seed[19], litchi seeds[20], 

banana peels[21] etc., can be used to extract this chemical compound. Potato peel is one of the 

essential bio-waste materials for bioplastic manufacturing as around 70-140 thousand tons of potato 
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peels are produced each year throughout the world[22]. Bioplastics can be synthesized from potato 

peels because of their high concentration of starch-containing polymer chains such as amylose and 

amylopectin[23]. Although starch is not a thermoplastic material, the starch granules melt and flow at 

moderate temperatures (90-180°C) to produce thermoplastic starch[24]. Because starch-based 

bioplastics prepared without plasticizers are rigid and brittle, a water-soluble plasticizer is added to 

the mix when the bioplastics are being made. 

Another advantage of using plasticizers in polymer manufacturing is that they are a valuable class of 

low molecular weight, comparatively non-volatile organic compounds[9]. Using plasticizers is 

projected to reduce modulus, tensile strength, hardness and density, and the glass transition 

temperature while simultaneously enhancing flexibility, elongations at the break, and toughness[25]. 

Research on a variety of plasticizers, such as polyvinyl alcohol (PVA), glycerol, ethylene glycol(EG), 

propylene glycol(PG), Tri-ethylene glycol(TEG), and diethylene glycol(DEG), as well as other 

biodegradable polymers, has been conducted using biodegradable polymer. Thermoplastic starch 

(TPS) degradation was shown to be reduced by the addition of glycerol, a biodegradable 

polymer[25,26]. As part of this work, we investigated the effect of glycerol concentration on the 

physicochemical properties of starch-based bioplastics by varying the concentration of glycerol 

plasticizers. 

 

2. Materials and Methods 

2.1 Materials 

Potatoes, Glycerol (99%), sodium metabisulphite (Na2S2O5), hydrochloric acid(HCl), and sodium 

hydroxide (NaOH). 

 

2.2 Method 

i) Extraction of Starch from Potato Peels 

The potato peels were washed with distilled water, sliced into small pieces, soaked for 30 minutes in a 

beaker containing 1% sodium metabisulphite solution, and then ground into a paste using a blender 

with minor adjustment[27]. The ground paste was filtered after being rinsed with distilled water. The 

filtrate was collected in a beaker and left for one hour to allow sedimentation and decantation of 

brownish-white particles with a muddy appearance. The remaining bottom particles were washed four 

times with distilled water[28]. The obtained starch powder was dried in an oven at 50 °C for two 

hours. 

 

ii) Preparation of starch-based bioplastics  

2.5 grams of extracted starch was dissolved in 25 milliliters of deionized water with continuous 

stirring. After adding 3 mL of 0.5 N HCl and 2 mL of glycerol as a plasticizer, 0.5 N NaOH was 

added to neutralize the acidic solution. The neutralized solution was heated for 15 minutes before 

being placed onto Petri dishes. The prepared sample was heated at 80 °C for five hours before being 

air-dried for three days. The same procedure was followed to prepare starch-based bioplastics by 

altering the glycerol concentration[20,24]. 

 

2.3 Characterization Technique 

The Fourier Transform Infrared spectroscopy (FTIR) analysis was carried out using the IR Prestige-

21 model, SHIMADZU, Japan. The FTIR spectrum of the sample was obtained at the wavenumber in 

the range of 4000-400 cm-1. 

2.4 Water absorption Analysis 

The bioplastics were cut in size approximately 30×10 mm and dried in an oven at about 50 °C. Then 

the dried bioplastics were weighed before being kept in water at room temperature. The weight of the 

bioplastic was recorded every two hours at intervals in day time while deep in water to till 50 hours. 

The amount of water absorption was calculated according to the equation[29,30]. 
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water uptake =
Ww−Wd

Ww
............... (i) 

where, Ww = wet weight (after absorption), Wd = dry weight (before absorption) 

 

2.4Soil Burial Test 

The soil burial test experiment was performed in the laboratory by taking the moist soil in a 250 mL 

beaker. The bioplastic was cut in 30×30 mm size and weighted, and then the bioplastic was buried in 

the soil at about 4 cm in depth. The degradation of bioplastic was inspected at every five days 

intervals for 64 days and was calculated by using equation[30,31]. 

weight loss(%) =
Wi−Wd

Wi
……………..(ii) 

Where Wd= dry weight of film after being washed with distilled water  

            Wi= initial dry weight of specimen. 

 

3. Result and Discussion 

3.1 FTIR Spectroscopy Analysis of Bioplastics in Different Concentrations of Glycerol 

Plasticizer 

The FTIR spectra of the synthesized bioplastics with different concentrations of plasticizers are 

shown in Figure 1.  

 
Figure 1: FTIR spectra of starch-based bioplastic using various concentrations of glycerol 

 

Table 1 displays the FTIR spectra of starch-based bioplastics with varying concentrations of glycerol, 

where the peaks at 3278 cm-1 corresponding to the stretching vibration band of the free O-H group, 

and 2924 cm-1 represents the stretching of the C-H bond which indicating the interaction between 

glycerol and starch. Similarly, the 1643 cm-1 and 995 cm-1 FTIR spectra were caused by C=O 

stretching and C-O stretching, respectively. The parallel readings were consistent with the research 

conducted on corn starch[34–38]. The band between 704 and 1014 cm-1 reflected the stretching of the 

C-O band, while the peak at 3270 cm-1 represented the stretching of the -OH groups. Table 1 

summarizes the principal absorption peaks obtained from FTIR spectra for starch-based bioplastics 

with varying glycerol contents. 

In addition, similar peak intensities were discussed in the literature[28,29] for the characterization of 

starch-based bioplastic using glycerol as a plasticizer. Thus the FTIR spectra of each bioplastics 

confirmed the formation of good linkage between the glycerol and starch.  

 

3.2 Water Absorption 

The bioplastic mostly used as the commodity for daily use, its life span in water is also important part 

to know the water uptake properties. The water uptake properties was investigated by the water 

absorption test. The water absorption of glycerol plasticized bioplastic is shown in Figure 2. 
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Figure 2: Water absorbability of different concentrations of glycerol plasticized film 

 

The plot of weight gain v/s time revealed weight gain of glycerol-plasticized film at various 

concentrations. In 6, 28, and 50 hours, the weight of pure glycerol-plasticized bioplastic reached 1.23 

g, 1.33 g, and 1.48 g, respectively. After 6 hours of exposure to moisture, the weight of glycerol-

plasticized bioplastics at concentrations of 97.2, 48.6, 36.5, 24.3, and 2.4 percentage w/w increased 

by 74%, 67%, 60%, 48%, and 30%, respectively; after 50 hours of exposure, their weight reached to 

79%, 78%, 70%, 59%, and 37% respectively. The plot of the water absorption test revealed that the 

97.2% glycerol plasticized bioplastic absorbed more water than the 2.4% glycerol plasticized 

bioplastic. Since the hydroxyl group of glycerol has a great affinity with water molecules to form 

hydrogen bonds[39,40], glycerol-plasticized starch-based bioplastics become more hydrophilic as 

glycerol concentration increases[32].  

 

3.3 Soil burial test 

The biodegradability of starch-based bioplastic as measured by its weight loss in grams after 64 days 

of soil burial was depicted in Figure 3. The plot of weight loss vs time indicated that the weight of all 

bioplastics raised for the first four days before beginning a slow decline after eight days. The increase 

in weight over the first four days is due to the bioplastic's ability to absorb water. 

 
Figure 3: Soil burial test of different concentration of glycerol-plasticized bioplastic 
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Due to the change in the amount of glycerol contained in the plasticized bioplastic, there is a 

considerable difference in the weight increase percentage of the material at different glycerol 

concentrations. Different quantities of glycerol in bioplastic decomposed at different times, but all 

followed a similar degradation pattern. Bioplastics with a high concentration of glycerol, such as 97.2 

% w/w, 48.6 % w/w, and 36.5 % w/w, deteriorated in 52 and 56 days, whereas bioplastics with a 

lower concentration of glycerol, such as 24.3 % w/w and 2.4 % w/w, took over 64 days to breakdown 

entirely. The deterioration of bioplastics may be caused by the attack of numerous bacteria, germs, 

fungus, etc. present in the soil and water[31], which initiated the hydrolysis reaction that caused 

potato starch to break down into microscopic fragments. Whereas the difference in breakdown rate is 

primarily attributable to the ability of different bioplastics to absorb water. The pace of bioplastic 

degradation will increase as the amount of water absorbed by the material increases the microbial 

process[41]. Due to the hydrolysis of the polymer chain of starch-containing hydroxyl (-OH), 

carbonyl (C=O), and ester (-COOR), biodegradation occurred[42] 

 

4. Conclusion 

The starch was successfully extracted from potato peels for the fabrication of bioplastics by using 

different concentrations of glycerol as a plasticizer and the synthesized starch-based bioplastic was 

characterized by using FTIR spectroscopic technique. The formation of starch-based bioplastics was 

confirmed by the presence of amylopectin, amylose and axial or equatorial C-H bonds to the ring in 

pyranose sugar. Further, the plasticizer i.e., glycerol showed the good interaction with the starch in 

the bioplastics. The physicochemical properties i.e., water absorption, soil burial test, and acid-base 

resistance of glycerol-plasticized starch-based bioplastics were investigated in different concentration 

(% w/w) of glycerol. The bioplastic plasticized using pure glycerol (97.2 %) absorbed a higher 

amount of water (i.e., 79%) and gradually decreased the amount of water absorbed in each 

concentration of glycerol-plasticized bioplastics in water absorption test. Similarly, higher 

concentration of glycerol (97.2%) plasticized bioplastic was degraded earlier at about 52 days and 

other concentration (48.6%-2.4%) of glycerol-plasticized bioplastics gradually extended the day of 

decomposition upto 64 days in soil burial test. Further, the concentration (97.2%) of glycerol-

plasticized bioplastics showed higher resistance to both acid and base in acid-base resistance test. 

 

References  

[1] Folino A, Karageorgiou A, Calabrò PS, Komilis D. Biodegradation of wasted bioplastics in 

natural and industrial environments: A review. Sustain 2020;12:1–37. 

https://doi.org/10.3390/su12156030. 

[2] Sadh PK, Duhan S, Duhan JS. Agro-industrial wastes and their utilization using solid state 

fermentation: a review. Bioresour Bioprocess 2018;5:1–15. https://doi.org/10.1186/s40643-

017-0187-z. 

[3] Tsang YF, Kumar V, Samadar P, Yang Y, Lee J, Ok YS, et al. Production of bioplastic 

through food waste valorization. Environ Int 2019;127:625–44. 

https://doi.org/10.1016/j.envint.2019.03.076. 

[4] Salemdeeb R, zu Ermgassen EKHJ, Kim MH, Balmford A, Al-Tabbaa A. Environmental and 

health impacts of using food waste as animal feed: a comparative analysis of food waste 

management options. J Clean Prod 2017;140:871–80. 

https://doi.org/10.1016/j.jclepro.2016.05.049. 

[5] Sindhu R, Gnansounou E, Rebello S, Binod P, Varjani S, Thakur IS, et al. Conversion of food 

and kitchen waste to value-added products. J Environ Manage 2019;241:619–30. 

https://doi.org/10.1016/j.jenvman.2019.02.053. 

[6] Gonçalves de Moura I, Vasconcelos de Sá A, Lemos Machado Abreu AS, Alves Machado 

AV. Bioplastics from agro-wastes for food packaging applications. Elsevier Inc.; 2017. 

https://doi.org/10.1016/b978-0-12-804302-8.00007-8. 



    BioGecko                                      Vol 12 Spl Iss 01 2023  

                                                      ISSN NO: 2230-5807 

 

14 
A Journal for New Zealand Herpetology 

 

[7] Lu DR, Xiao CM, Xu SJ. Starch-based completely biodegradable polymer materials. Express 

Polym Lett 2009;3:366–75. https://doi.org/10.3144/expresspolymlett.2009.46. 

[8] Sirviö JA, Visanko M, Ukkola J, Liimatainen H. Effect of plasticizers on the mechanical and 

thermomechanical properties of cellulose-based biocomposite films. Ind Crops Prod 

2018;122:513–21. https://doi.org/10.1016/j.indcrop.2018.06.039. 

[9] Jiménez-Rosado M, Rubio-Valle JF, Perez-Puyana V, Guerrero A, Romero A. Use of heat 

treatment for the development of protein-based bioplastics. Sustain Chem Pharm 2020;18. 

https://doi.org/10.1016/j.scp.2020.100341. 

[10] do Val Siqueira L, Arias CILF, Maniglia BC, Tadini CC. Starch-based biodegradable 

plastics: methods of production, challenges and future perspectives. Curr Opin Food Sci 

2021;38:122–30. https://doi.org/10.1016/j.cofs.2020.10.020. 

[11] Tarique J, Sapuan SM, Khalina A, Sherwani SFK, Yusuf J, Ilyas RA. Recent developments 

in sustainable arrowroot (Maranta arundinacea Linn) starch biopolymers, fibres, biopolymer 

composites and their potential industrial applications: A review. J Mater Res Technol 

2021;13:1191–219. https://doi.org/10.1016/j.jmrt.2021.05.047. 

[12] Jiang T, Duan Q, Zhu J, Liu H, Yu L. Starch-based biodegradable materials: Challenges and 

opportunities. Adv Ind Eng Polym Res 2020;3:8–18. 

https://doi.org/10.1016/j.aiepr.2019.11.003. 

[13] Peelman N, Ragaert P, De Meulenaer B, Adons D, Peeters R, Cardon L, et al. Application of 

bioplastics for food packaging. Trends Food Sci Technol 2013;32:128–41. 

https://doi.org/10.1016/j.tifs.2013.06.003. 

[14] Serrano-Ruiz H, Martin-Closas L, Pelacho AM. Biodegradable plastic mulches: Impact on 

the agricultural biotic environment. Sci Total Environ 2021;750:141228. 

https://doi.org/10.1016/j.scitotenv.2020.141228. 

[15] Mohammed AABA, Omran AAB, Hasan Z, Ilyas RA, Sapuan SM. Characterization : A 

Review 2021:1–27. 

[16] Marichelvam MK, Jawaid M, Asim M. Corn and rice starch-based bio-plastics as alternative 

packaging materials. Fibers 2019;7:1–14. https://doi.org/10.3390/fib7040032. 

[17] Hernández-Carmona F, Morales-Matos Y, Lambis-Miranda H, Pasqualino J. Starch 

extraction potential from plantain peel wastes. J Environ Chem Eng 2017;5:4980–5. 

https://doi.org/10.1016/j.jece.2017.09.034. 

[18] Nakthong N, Wongsagonsup R, Amornsakchai T. Characteristics and potential utilizations of 

starch from pineapple stem waste. Ind Crops Prod 2017;105:74–82. 

https://doi.org/10.1016/j.indcrop.2017.04.048. 

[19] Maulida, Kartika T, Harahap MB, Ginting MHS. Utilization of mango seed starch in 

manufacture of bioplastic reinforced with microparticle clay using glycerol as plasticizer. IOP 

Conf Ser Mater Sci Eng 2018;309. https://doi.org/10.1088/1757-899X/309/1/012068. 

[20] Bangar SP, Kumar M, Whiteside WS, Tomar M, Kennedy JF. Litchi (Litchi chinensis) seed 

starch: Structure, properties, and applications - A review. Carbohydr Polym Technol Appl 

2021;2:100080. https://doi.org/10.1016/j.carpta.2021.100080. 

[21] Chapain K, Shah S, Shrestha B, Joshi R, Raut N, Pandit R. Effect of Plasticizers on the 

Physicochemical properties of Bioplastic Extracted from Banana Peels. J Inst Sci Technol 

2021;26:61–6. https://doi.org/10.3126/jist.v26i2.41423. 

[22] Wu D. Recycle Technology for Potato Peel Waste Processing: A Review. Procedia Environ 

Sci 2016;31:103–7. https://doi.org/10.1016/j.proenv.2016.02.014. 

[23] Khazir S, Shetty S. Bio-Based Polymers in the World. Int J Life Sci Biotechnol Pharma Res 

2014;3:35–43. 

[24] Carvalho AJF, Zambon MD, Curvelo AAS, Gandini A. Size exclusion chromatography 

characterization of thermoplastic starch composites 1. Influence of plasticizer and fibre 

content. Polym Degrad Stab 2003;79:133–8. https://doi.org/10.1016/S0141-3910(02)00265-

3. 



    BioGecko                                      Vol 12 Spl Iss 01 2023  

                                                      ISSN NO: 2230-5807 

 

15 
A Journal for New Zealand Herpetology 

 

[25] Rahman M, Brazel CS. The plasticizer market: An assessment of traditional plasticizers and 

research trends to meet new challenges. Prog Polym Sci 2004;29:1223–48. 

https://doi.org/10.1016/j.progpolymsci.2004.10.001. 

[26] Diyana ZN, Jumaidin R, Selamat MZ, Ghazali I, Julmohammad N, Huda N, et al. Physical 

properties of thermoplastic starch derived from natural resources and its blends: A review. 

Polymers (Basel) 2021;13:5–20. https://doi.org/10.3390/polym13091396. 

[27] Shafqat A, Al-Zaqri N, Tahir A, Alsalme A. Synthesis and characterization of starch based 

bioplatics using varying plant-based ingredients, plasticizers and natural fillers. Saudi J Biol 

Sci 2021;28:1739–49. https://doi.org/10.1016/j.sjbs.2020.12.015. 

[28] Tester RF, Karkalas J, Qi X. Starch - Composition, fine structure and architecture. J Cereal 

Sci 2004;39:151–65. https://doi.org/10.1016/j.jcs.2003.12.001. 

[29] Paetau I, Chen CZ, Jane J. Biodegradable plastic made from soybean products. II. Effects of 

cross-linking and cellulose incorporation on mechanical properties and water absorption. J 

Environ Polym Degrad 1994;2:211–7. https://doi.org/10.1007/BF02067447. 

[30] Kamaruddin ZH, Jumaidin R, Ilyas RA, Selamat MZ, Alamjuri RH, Yusof FAM. 

Biocomposite of Cassava Starch-Cymbopogan Citratus Fibre: Mechanical, Thermal and 

Biodegradation Properties. Polymers (Basel) 2022;14:1–19. 

https://doi.org/10.3390/polym14030514. 

[31] Azahari NA, Othman N, Ismail H. Biodegradation studies of polyvinyl alcohol/corn starch 

blend films in solid and solution media. J Phys Sci 2011;22:15–31. 

[32] Prashar D, Kumar S. Synthesis, Characterization and Evaluation of Physical Properties of 

Biodegradable Composites from Corn Starch. DoajOrg 2012;1:20–6. 

[33] Kizil R, Irudayaraj J, Seetharaman K. Characterization of irradiated starches by using FT-

Raman and FTIR spectroscopy. J Agric Food Chem 2002;50:3912–8. 

https://doi.org/10.1021/jf011652p. 

[34] Amin MR, Chowdhury MA, Kowser MA. Characterization and performance analysis of 

composite bioplastics synthesized using titanium dioxide nanoparticles with corn starch. 

Heliyon 2019;5. https://doi.org/10.1016/j.heliyon.2019.e02009. 

[35] Tarique J, Zainudin ES, Sapuan SM, Ilyas RA, Khalina A. Physical, Mechanical, and 

Morphological Performances of Arrowroot (Maranta arundinacea) Fiber Reinforced 

Arrowroot Starch Biopolymer Composites. Polymers (Basel) 2022;14. 

https://doi.org/10.3390/polym14030388. 

[36] Ilyas RA, Sapuan SM, Ishak MR, Zainudin ES. Development and characterization of sugar 

palm nanocrystalline cellulose reinforced sugar palm starch bionanocomposites. Carbohydr 

Polym 2018;202:186–202. https://doi.org/10.1016/j.carbpol.2018.09.002. 

[37] Krishnamurthy A, Amritkumar P. Synthesis and characterization of eco-friendly bioplastic 

from low-cost plant resources. SN Appl Sci 2019;1. https://doi.org/10.1007/s42452-019-

1460-x. 

[38] Abral H, Basri A, Muhammad F, Fernando Y, Hafizulhaq F, Mahardika M, et al. A simple 

method for improving the properties of the sago starch films prepared by using 

ultrasonication treatment. Food Hydrocoll 2019;93:276–83. 

https://doi.org/10.1016/j.foodhyd.2019.02.012. 

[39] Sanyang ML, Sapuan SM, Jawaid M, Ishak MR, Sahari J. Effect of plasticizer type and 

concentration on physical properties of biodegradable films based on sugar palm (arenga 

pinnata) starch for food packaging. J Food Sci Technol 2016;53:326–36. 

https://doi.org/10.1007/s13197-015-2009-7. 

[40] Cerqueira MA, Souza BWS, Teixeira JA, Vicente AA. Effect of glycerol and corn oil on 

physicochemical properties of polysaccharide films - A comparative study. Food Hydrocoll 

2012;27:175–84. https://doi.org/10.1016/j.foodhyd.2011.07.007. 

[41] Wahyuningtyas N, Suryanto H. Analysis of Biodegradation of Bioplastics Made of Cassava 

Starch. J Mech Eng Sci Technol 2017;1:24–31. 



    BioGecko                                      Vol 12 Spl Iss 01 2023  

                                                      ISSN NO: 2230-5807 

 

16 
A Journal for New Zealand Herpetology 

 

https://doi.org/10.17977/um016v1i12017p024. 

[42] Syaubari, Safwani S, Riza M. Synthesis of biodegradable plastic from tapioca with N-

Isopropylacrylamid and chitosan using glycerol as plasticizer. IOP Conf Ser Mater Sci Eng 

2018;345. https://doi.org/10.1088/1757-899X/345/1/012049. 

 

 

 

 

 


