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Abstract
Today's challenge is to produce a biodegradable materials for packing which 
can partially replace traditional plastic materials. Starch-based biodegradable 
plastics are less harmful to the environment and breakdown faster than 
regular plastics. The goal of this research was to produce and characterize 
a biodegradable film(BF) made from Sorghum bicolor (L.) starch and glycerol 
plasticizer. The produced film contained two amounts of Sorghum bicolor 
(L.) starch (5 g and 10 g) and three percentages of glycerol (25%, 30%, and 
40%). The Sorghum bicolor (L.) and biodegradable glycerol-based plastic 
film had the lowest density, water absorption, and thickness swelling of 0.99 
g cm-3, 55.72%, and 10.72%, respectively. The tensile strength is maximum 
at 9.97 MPa and and elongation obtained is 23.84%. The Sorghum bicolor 
(L.) starch and glycerol-based biodegradable film decomposed by 69.23% 
after biodegradability testing of one week. 
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Introduction
Bioplastics are made from biomass components 
such as  lipids, polysaccharides and proteins.1-3 
These synthetic materials derived from renewable 
organic resources have been demonstrated to be 
efficient alternatives for petroleum-based plastics, 
and they are expected to reduce our dependence 
on fossil fuels and the amount of plastic trash 
generated.4 Bioplastics have the potential to 
alleviate the problem of the world's ever-growing 

plastic waste because they are biodegradable 
and have applications in a range of industries, 
including packaging, opt-electronics, agriculture, and 
pharmaceuticals.5 Overall, sustainable bio-plastics 
offer an excellent alternative to petroleum-based 
plastics.6

Polysaccharides are one of the materials utilized 
to manufacture plastic film that are biodegradable 
and are useful in a range of industries, including the 
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pharmaceutical and food industries.7 Environmentally 
friendly polysaccharide-based bio-plastics have 
outstanding mechanical characteristics, resistivity, 
and the capacity to block the escape of O2 and 
CO2 gases at low or moderate humidity.8 Glycerol 
is a byproduct of the oil or bio-diesel industries, 
whereas starch (polysaccharide) with thermoplastic 
properties is widely produced domestically. Amylose 
and amylopectin, two of starch's most essential 
components, are biopolymers. 

These biopolymers are useful as barriers in raw 
material packaging materials. Starch is used in 
industrial foods and to manufacture biodegradable 
films that can partially or entirely replace plastic 
polymers since it is affordable, renewable, and has 
high mechanical properties.9 Because of starch 
abundance, renewability, cost-effectiveness, and 
biodegradability, its recognized as one of the 
best natural polymers.10, 11 Nevertheless, the poor 
mechanical strength and ability to dissolve in water 
of starch biopolymers have shown to be significant 
limitations. 

Glycerol, as viscous liquid is known as glycerin.  
It is the most basic trihydric alcohol with colourless, 
odourless, and sweet taste. It is slightly dissolved by 
solvent such as ether, ethyl acetate, and dioxane. 
It is completely soluble in both water and alcohol. 
Plasticizers increase brittle film flexibility while 
simultaneously weakening and increasing moisture 
permeability.12 Glycerol has a significant impact on 
the mechanical properties of the bio-plastic films  
(P < 0.05). Because of the lower glycerol 
concentration, the tensile strength of the film and 
barrier qualities will be superior to films with higher 
concentration.13 Biodegradable polymers based 
on starch are more environmentally friendly and 
decompose faster than ordinary plastics.14

Biodegradable polymers based on agricultural 
resources have evolved in recent years.15 Starch, 
a naturally occurring carbohydrate polymer, has 
gotten the most attention for its potential as a raw 
material for bioplastic manufacturing.16 Plasticizers 
are widely utilized in the fabrication of starch-based 
polymers due to their brittleness. It ensures that the 
resulting plastic is not easily breakable and brittle, 
but rather robust and flexible.17 Glycerol and Sorbitol 
are two common plasticizers used in the production 
of bioplastics.18, 19 Many researchers used fillers 

as reinforcement to improve the mechanical and 
physical properties of starch-based biodegradable 
polymers. When a filler is added to a biodegradable 
plastic, its tensile strength and Young's modulus 
improve.20, 21

The present challenge is to produce packaging 
material that are biodegradable to replace 
standard plastic. Biodegradable polymers based 
on starch are more environmentally friendly 
and decomposes faster than ordinary plastics.  
In separate investigations, Basilla 22 and Cheong et 
al. 23 developed biodegradable films from cassava 
starch, foamed disposable food containers made 
from nanoclay and starch, and bio-based polymers 
made from sago starch.

Current study focused on producing biodegradable 
bioplastics from natural sources, Sorghum bicolor 
(L.) starch, and increasing mechanical and physical 
qualities by employing glycerol as plasticizers, 
followed by characterization. 

Materials and Methods
Sorghum bicolor (L.) starch and glycerol (92.09% 
Ajax Finechem Univar ® Analytical Reagent) were 
used as plasticizers and film-forming agents to 
create a biodegradable film.

Film Preparation
Sorghum bicolor (L.) starch (5 and 10 g) and glycerol 
(25%, 30%, and 40%) were combined. After that, 
100 mL of distilled water was added to the resulting 
mixture. The entire solution was heated at 80°C for 
15 minutes while being stirred. The heated mixture 
was placed on glass and petri plates and left in a 
17°C temperature drop chamber for three to four 
days.

Characterization of the Biodegradable Film
The biodegradable film's density, water absorption, 
th ickness/swel l ing,  tensi le st rength,  and 
biodegradability were all evaluated.

Density
The biodegradable film’s density was calculated 
using the ISO 1183 (ASTM D792) test method.

Moisture Content
To determine the moisture content, a modified 
approach from Sanyang et al.,24 was employed. 
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The bioplastic samples were cut into 1.5 X 1.5 cm2 
pieces, the initial weight (Wi) of the sample was 
estimated, and they were then dried for 24 hours in 
a 90 °C oven. The final weight (Wf) was measured 
after drying the sample, and the moisture content 
was calculated using the following formula: 

Moisture content(%) =  Wi -Wf    X  100

Wi ...(1)
                                                                                                       
Water Absorption
The ASTM D570-98 method was adapted to test 
the water absorption of bioplastics. 1.5 X 1.5 cm2 
bioplastic samples were dried in an oven at 90 °C 
for 24 hours  to get their initial dry weight, which was 
then estimated gravimetrically using an electronic 
weighing balance (Wi). After that, the samples were 
immersed in 40 mL of distilled water for 24 hours at 
26 ± 2 °C. After 24 hours, the residual bioplastic was 
recovered by filtering with filter paper and its weight 
was gravimetrically (Wf) measured once again. The 
following equation was used to determine water 
absorption:                     
 
Water absorption (%) = Wf  -  Wi     X  100

Wi ...(2)
 
Water Solubility
Sanyang et al.24 approach was used to assess the 
water solubility behaviour of the bioplastic sample. 
Samples having a surface area of 1.5 × 1.5 cm2 
were dried in a 90 °C oven for 24 hours before being 
gravimetrically weighed with an electronic weighing 
balance (Wi). The samples were then placed in 
beakers with 40 mL of distilled water, sealed, and 
stored at a temperature of 26 ± 2 °C for 24 hours. The 
residual bioplastics were collected after 24 hours by 
filtering using filter paper, dried in an oven at 90 °C for 
24 hours, and their final weight was calculated using 
gravimetric analysis (Wf). The following equation 
was used to calculate the bioplastic sample solubility: 
water, sealed them, and stored for 24 hours at a 
temperature of 26 ± 2 °C .
             
Water Solubiblity (%) =  Wi  - Wf    X  100

Wi ...(3)
 

Alcohol Solubility
According to Sanyang et al. ,24 solubility in alcohol 
was assessed using the methodology as described 
in water solubility, with the exception that the samples 
were put in closed test tubes with 2 mL of ethanol 
rather than water. The following equation was used 
to determine the bioplastic sample solubility:

Alcohol Solubiblity (%) =  Wi  - Wf    X  100

Wi ...(4)

Thickness Swelling
It was possible to quantify the thickness swelling 
of biodegradable film during the measuring of 
water absorption by determine and recording the 
thickness of the specimen before and after soaking 
the samples at room temperature for 24 hours.

Mechanical Properties
The material's tensile strength and Young's modulus 
were determined using a Universal testing machine 
(Lloyd Instruments LF Plus) and a modified version 
of ASTM D882-91. The samples were cut into 
rectangular strips 80 mm long and 15 mm wide 
with scissors. The gauge was kept at 40 mm long 
and 15 mm wide, with the crosshead speed set 
at 10 mm/min. Prior to each trial, the thickness 
of the specimens was measured. At normal room 
temperature and humidity (73°F, 50%), standard 
operating procedures were followed. Using the 
instrumental data, the tensile strength and Young's 
modulus of the samples were calculated.

Test for Biodegradability
Tensile strength and Young's modulus of the material 
were determined using a Universal testing machine 
(Lloyd Instruments LF Plus) using a modified version 
of ASTM D882-91. Using scissors, the samples were 
cut into rectangular strips 80 mm long and 15 mm 
wide. The gauge was fixed at a length of 40 mm 
and a width of 15 mm, with the crosshead speed 
set to 10 mm/min. Before each trial, the thickness 
of the specimens was measured. At typical room 
temperature and humidity (73°F, 50%), the standard 
operating procedure was used. The instrumental 
data was used to calculate the tensile strength 
and Young's modulus of the samples. After 5 days, 
the residual samples were removed from the soil, 
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cleaned with distilled water, and dried in an oven 
at 90 °C for 24 hours before undergoing a second 
gravimetrical computation to determine their ultimate 
weight (Wf). The bioplastics' biodegradability, or 
percentage weight loss, was calculated using the 
equation below.:

Weight loss (%) =  Wi  - Wf    X  100

Wi ...(5)

Fourier Transform Infrared Spectroscopy (Ftir)
The chemical structure of the bioplastic materials 
were determined using a Fourier Transform 
Infrared Spectrophotometer (FTIR) (IRTracer-100, 
Shimadzu). The wave-number spanned from 4000 
to 650 cm-1, with a resolution of 2 cm-1.

Data Analysis
The acquired data was integrated and evaluated 
using a 2 by 3 factorial complete randomized 
design. The treatment of level of significance was 
determined using Analysis of Variance (ANOVA). 
Duncan's Multiple Range Test (DMRT) was 
performed to determine how the means differed 
from one another.

Results and Discussion
Description of Biodegradable Film
The biodegradable film is made from Sorghum 
bicolor (L.) starch, and glycerol (Figure 1). The 
biodegradable film was made by heating it for 15 
minutes at 80oC until it gelatinized. The heated 
mixture was spread on glass and petri plates 
and allowed to sit for 3-4 days at 17oC in an air-
conditioned setting.

using varied glycerol concentrations, which ranged 
from from 0.92 to 1.10 g cm-3.

Fig. 1: Biodegradable fruit bag made from 
Sorghum bicolor (L.) starch, and glycerol

Density
Table 1 demonstrates that decreasing the amount 
of starch and the percentage of glycerol enhanced 
the mean density of the film. This is comparable with 
Moore et al. 25 density measurements for keratin films 

Table 1: Density of biodegradable film

Starch (g)  Glycerol (%) 
 
 25.0 30.0 40.0 Mean

5.0 1.73 1.02 1.15 1.30
10.0 1.06 0.99 1.13 1.06
Mean 1.40 1.01 1.14 

Note: Means that do not share a letter differ 
substantially by DMRT at the 0.05 level of significance.

Water Absorption
Table 2 shows that whereas 10 g of starch with varied 
percentages of glycerol increased water absorption, 
5 g of starch with varying percentages of glycerol 
decreased water absorption. This is because starch, 
which has a low moisture content, absorbs more 
water.26 As a result of glycerol's strong attraction to 
water molecules, plasticized samples often exhibit 
low water absorption values.27 This action can be 
explained by glycerol forming a stronger hydrogen 
bond with starch, preventing water molecules from 
interacting with the plasticizer or starch. 

Table 2: Percent water absorption of 
biodegradable film

Starch (g)  Glycerol (%) 
 
 25.0 30.0 40.0 Mean

5.0 57.48a 71.32bc 55.72a 61.51
10.0 87.53c 63.85b 76.49c 75.96
Mean 72.51 67.59 66.11 

Note: Means not sharing letter in common differ 
significantly at 0.05 level of significance by DMRT 

Thickness Swelling
Thickness swelling (TS) is an important parameter 
that captures the stability performance of the 
composite. Because of the visco-elasticity of the 
polymer matrix, swelling rates for polymer matrix 
composites are typically low during the early stages 
of moisture absorption.28
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starch-based bioplastics are consistent with those 
reported by Mohan et al.,31 The biodegradability of 
a bioplastic is determined by physical and chemical 
properties such as surface area, hydrophilicity or 
hydrophobicity, chemical structure, and molecular 
weight.32

Fourier Transform Infrared Spectroscopy
Fourier transform infrared spectroscopy (FTIR) was 
used to investigate the functional groups present 
in the bio-plastic samples to see if the addition of 
plasticizers resulted in the production of any new 
functional groups. In all of the samples studied, the 
bio-plastics were found to have distinctive peaks 
ranging from 2610 to 3490 cm-1 (Fig 2). The addition 
of plasticizer resulted in the formation of additional 
peaks at 3032-3416 cm-1. In unplasticized materials, 
three to four distinctive peaks in the 890-1412 cm-

1range were found. 

FTIR is a commonly used analytical technique 
for analyzing molecular structures, determining 
component interactions, and detecting functional 
groups in a substance.33 The presence of starch 
was responsible for the usual peaks in the samples 
analyzed, which ranged from 2900-3010 cm-1 
(=C-H stretching).  Kumirska et al.34 investigated 
characteristic peaks within this range previously. 
As previously reported, the addition of plasticizer 
resulted in the formation of additional peaks at 3216-
3419 cm-1, which are indicative of the O- H functional 
group. The presence of these peaks can be attributed 
to the presence of a large number of hydroxyl groups 
in both glycerol and polyols, resulting in a broad peak 
ranging between 3600 and 3200 cm-1.35 This shows 
that adding a plasticizer to bio-plastics can result in 
the addition of new functional groups. Three to four 
typical peaks in the range of around 970-1034 cm-1, 
showing the C-O-C functional group, and 1025-1145 
cm-1, indicating the C-O-H functional group, were 
found in all unplasticized and plasticized samples of 
all types. Many previous studies have reported the 
occurrence of distinctive peaks due to C-O bond 
stretching between 990 and 1200 cm-1.36

The FTIR spectra can be used to study interactions 
between bioplastic components. If the bioplastic 
components do not blend effectively, no changes may 
be noticed in the spectra, however some changes can 
be seen if the components blend properly. 

Table 2: Thickness swelling of 
biodegradable film

Starch (g)  Glycerol (%) 
 
 25.0 30.0 40.0 Mean

5.0 43.29b 47.45b 19.26a 36.66
10.0 60.54c 45.83b 10.72c 39.03
Mean 51.92 46.64 14.99 
 
Note: Means not sharing letter in common differ 
significantly at 0.05 level of significance by DMRT 

Table 4: Tensile strength and percent 
elongation at break of biodegradable film

Level of Level of Max. stress, % 
Starch glycerol Mpa Elongation

 25% 4.13 19.85
5 g Starch 30% 3.09 21.73
 40% 3.17 23.84
 25% 3.16 20.07
10 g Starch 30% 6.13 16.83
 40% 9.97 13.98

Table 3 shows that as glycerol levels increased, the 
percentage of thickness swelling decreased. The 
swelling thickness of 10 g starch with 25% glycerol 
was greater, but the swelling thickness of 10 g starch 
with 40% glycerol was the least.

Tensile Strength and Elongation
Table 4 displays the tensile strength (Mpa) and 
elongation (%) of biodegradable film. At 10 g starch 
and 40% glycerol, the biodegradable film had the 
highest tensile strength (Mpa), with a value of 9.97. 
This is due to the high density of cross-linking 
reactions in starch films between hydroxyl groups 
and cross-linking agents.29 The highest % elongation, 
on the other hand, was attained at 5 g. Yamak,30 
attributes the decrease in tensile strength to a lack of 
inter-facial adhesion between the starch and polymer.

Test of Biodegradability
After one week of biodegradability testing, the 
Sorghum bicolor (L.) starch and glycerol-based 
biodegradable film decomposed by 71.13%. Current 
biodegradation results for Sorghum bicolor (L.) 
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Conclusion
Corn starch from Sorghum bicolor (L.) is a viable 
component in the manufacturing of biodegradable 
films. The biodegradable film based on Sorghum 
bicolor (L.) maize starch and glycerol had the lowest 
density, water absorption, and thickness swelling 
of 0.99 g cm-3, 55.72%, and 10.72%, respectively. 
The maximum tensile strength and elongation 
obtained are 9.97MPa and 23.84%, respectively. 
The amount of glycerol used influences the film's 
elasticity. A higher glycerol level increases tensile 
strength while decreasing elongation. The Sorghum 
bicolor (L.) starch and glycerol-based biodegradable 
film decomposed by 69.23% after one week of 
biodegradability testing.
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Fig. 2: FTIR of Sorghum bicolor (L.) starch bioplastic without plasticizer (MC) and Plasticized 
Sorghum bicolo (L.) starch bioplastic (MCB)

References

1.  Shafqat, A., Tahir, A., Mahmood, A., 
Tabinda, A. B., Yasar, A., Pugazhendhi, 
A. A review on environmental significance 
carbon foot prints of starch based bio-
plastic: A substitute of conventional plastics. 
Biocatalysis and Agricultural Biotechnology, 
27, 101540, (2020).  https://doi.org/10.1016/j.
bcab.2020.101540

2.  De Schouwer, F., Claes, L., Vandekerkhove, 
A., Verduyckt, J., De Vos, D. Protein-rich 
biomass waste as a resource for future 
bio-refineries: state of the art, challenges 

and opportunities. ChemSusChem. (2019). 
doi:10.1002/cssc.201802418 

3.  Yue, H., Zheng, Y., Zheng, P., Guo, J., 
Fernández-Blázquez, J. P., Clark, J. H., 
Cui, Y. On the improvement of properties of 
bioplastic composites derived from wasted 
cottonseed protein by rational cross-linking 
and natural fiber reinforcement. Green 
Chemistry. 22, 8642–8655, (2020).  Doi: 
10.1039/d0gc03245j 

4.  Bin Ahmad Shamsuddin, D. M., Chew, B. C., 
& Heoy Shin, L. Quality Function Deployment 



128JULIET et al., Mat. Sci. Res. India, Vol. 20(2), pg. 122-129 (2023)

for Bio Plastics Adoption in Malaysian 
Industry. Journal of Technology Management 
and Business, 2(2), (2015). https://publisher.
uthm.edu.my/ojs/index.php/jtmb/article/
view/1139

5.  Huang, K.-T., Chueh, C.-C., & Chen, 
W.-C. Recent advance in renewable 
mater ia ls  and green processes for 
optoelectronic applications. Materials Today 
Sustainability, 100057, (2020).  doi:10.1016/j.
mtsust.2020.100057

6.  Pellis, A., Malinconico, M., Guarneri, A., 
& Gardossi, L. Renewable polymers and 
plastics: Performance beyond the green. 
New Biotechnology, 60, 146–158 (2021).  
doi:10.1016/j.nbt.2020.10.003

7.    Freitas, F., Alves, V. D., Reis, M. A., Crespo, J. 
G., Coelhoso, I. M. Microbial polysaccharide-
based membranes: Current and future 
applications. Journal of Applied Polymer 
Science, 131(6), n/a–n/a. (2013). doi:10.1002/
app.40047 

8.  F. Galgano, Biodegradable packaging 
and edible coating for fresh-cut fruits and 
vegetables. Ital. J. Food Saf., 27, (2015). 
https://doi.org/10.14674/1120-1770/ijfs.v70

9.  Babu, R. P., O’Connor, K. Seeram, R.  Current 
progress on bio-based polymers and their 
future trends. Progress in Biomaterials, 2(1): 
8, (2013).

10.  Imre, B., Pukánszky, B. Compatibilization 
in Bio-Based and Biodegradable Polymer 
Blends. European Polymer Journal, 49, 
1215-1233, (2013). https://doi.org/10.1016/j.
eurpolymj.2013.01.019

11.  Zhang, Y., Rempel, C., Liu, Q. Thermoplastic 
Starch Processing and Characteristics—A 
Review. Critical Reviews in Food Science and 
Nutrition, 54(10), 1353–1370, (2014). doi:10.
1080/10408398.2011.636156

12.  Tongdeesoontorn, W., L. J. Mauer, S. 
Wongruong, P. Sriburi, and P. Rachtanapun. 
E f fec t  o f  ca rboxymethy l  ce l l u lose 
concentration on physical properties of 
biodegradable cassava starch-based films. 
Chemistry Central Journal, 2011, 5(1): 6, 
(2011).

13.  Souza, A. C., Benze, R., Ferrão, E. S., 
Ditchfield, C., Coelho, A. C. V., & Tadini, 
C. C. Cassava starch biodegradable films: 
Influence of glycerol and clay nanoparticles 

content on tensile and barrier properties and 
glass transition temperature. LWT - Food 
Science and Technology, 46(1), 110–117, 
(2012).  doi:10.1016/j.lwt.2011.10.018 

14.  Andres M Tuates jr, Development of 
Biodegradable Plastic as Mango Fruit Bag. 
International Journal on Advanced Science, 
Engineering and Information Technology, vol. 
6, no. 5, pp. 799-803, (2016).  http://dx.doi.
org/10.18517/ijaseit.6.5.892.

15.  Soykeabkaew, N., Thanomsilp, C., & 
Suwantong, O. A review: Starch-based 
composite foams. Composites Part A: 
Applied Science and Manufacturing, 
78, 246–263 (2015).  doi:10.1016/j .
compositesa.2015.08.014 

16.  Ma, X., Yu, J., Kennedy, J. F. Studies 
on the propert ies of  natural  f ibers-
reinforced thermoplastic starch composites. 
Carbohydrate Polymers, 62(1), 19–24, 
(2005).  doi:10.1016/j.carbpol.2005.07.015]

17.  Müller, C. M. O., Laurindo, J. B., Yamashita, 
F. Effect of cellulose fibers addition on the 
mechanical properties and water vapor barrier 
of starch-based films. Food Hydrocolloids, 
23(5), (2009). 1328–1333. doi:10.1016/j.
foodhyd.2008.09.002 

18.  Ng, J. S., Kiew, P. L., Lam, M. K., Yeoh, 
W. M., Ho, M. Y. Preliminary evaluation 
of the properties and biodegradability of 
glycerol- and sorbitol-plasticized potato-
based bioplastics. International Journal of 
Environmental Science and Technology. 
(2021).  Doi: 10.1007/s13762-021-03213-5 

19.  Lusiana, S., Putri, D., Nurazizah, I. Z., & 
Bahruddin. Bioplastic Properties of Sago-PVA 
Starch with Glycerol and Sorbitol Plasticizers. 
Journal of Physics: Conference Series, 
1351, (2019). 012102. doi:10.1088/1742-
6596/1351/1/012102 

20.   L. Avérous, C. Fringant and L. Moro. 
Plasticized starch–cellulose interactions in 
polysaccharide composites. Polymer, 42, 
15, (2001).  https://doi.org/10.1016/S0032- 
3861(01)00125-2

21.  Nwosu-Obieogu Kenechi, Chiemenem Linus, 
Adekunle Kayode, (2016). Utilization of Rice 
Husk as Reinforcement in Plastic Composites 
Fabrication- A Review, American Journal of 
Materials Synthesis and Processing. Volume 
1, Issue 3, September, pp. 32-36. Doi: 



129JULIET et al., Mat. Sci. Res. India, Vol. 20(2), pg. 122-129 (2023)

10.11648/j.ajmsp.20160103.12
22.  Basilla, B. A. 2011. Green packaging films. 

DOST, Taguig City: Industrial Technology 
Development Institute.

23.  Cheong, K. S., J. R. Balasubramaniam, Y. P. 
Hung, W. S. Chuong, and R. Amartalingam. 
2010. Development of biodegradable plastic 
composite blend based on sago derived 
starch and natural rubber. Pertanika Journal 
of Science and Technology, 18(2): 411-420.

24.  Sanyang, M. L., Sapuan, S. M., Jawaid, M., 
Ishak, M. R., & Sahari, J. (2015). Effect of 
plasticizer type and concentration on physical 
properties of biodegradable films based on 
sugar palm (arenga pinnata) starch for food 
packaging. Journal of Food Science and 
Technology, 53(1), 326–336. Doi: 10.1007/
s13197-015-2009-7 

25.  Moore, G.R., Martelli, S.M., Gandolfo, 
C.A., Sobral, P.J., & Laurindo, J.B. (2006). 
Influence of the glycerol concentration on 
some physical properties of feather keratin 
films. Food Hydrocolloids, 20, 975-982.

26.  Sujuthi, R.A.F., Liew. K.C.  (2016), Properties 
of Bioplastic Sheets Made from Different 
Types of Starch Incorporated With Recycled 
Newspaper Pulp. Trans. Sci. Technol., 3 (1–2) 
pp. 257-264.

27.  Sanyang, M. L., Sapuan, S. M., Jawaid, 
M., Ishak, M. R., & Sahari, J. (2016). 
Effect of Sugar Palm-derived Cellulose 
Reinforcement on the Mechanical and Water 
Barrier Properties of Sugar Palm Starch 
Bio-composite Films. BioResources, 11(2). 
doi:10.15376/biores.11.2.4134-4145 

28.  Adhikary, K. B., Pang, S., & Staiger, M. P. 
(2008). Long-term moisture absorption and 
thickness swelling behaviour of recycled 
thermoplastics reinforced with Pinus 
radiata sawdust. Chemical Engineering 
Journal, 142(2), 190– 198. doi:10.1016/j.
cej.2007.11.024

29.  Dick, M., Costa, T. M. H., Gomaa, A., 
Subirade, M., Rios, A. de O., & Flôres, S. H. 
(2015). Edible film production from chia seed 
mucilage: Effect of glycerol concentration 

on its physicochemical and mechanical 
properties. Carbohydrate Polymers, 130, 
198–205. doi:10.1016/j.carbpol.2015.05.040 

30.  Yamak, H.B. (2016). Thermal, Mechanical 
and Water Resistance Properties of LDPE/
Starch Bio-Based Polymer Blends for Food 
Packing Applications. Journal of the Turkish 
Chemical Society, Section A: Chemistry, 3, 
637-656.

31.  Mohan, T., Devchand, K., & Kanny, K. (2016). 
Barrier and biodegradable properties of 
corn starch-derived bio-polymer film filled 
with nanoclay fillers. Journal of Plastic 
Film & Sheeting, 33(3), 309–336. Doi: 
10.1177/8756087916682553 

32.  Tokiwa, Y., Calabia, B., Ugwu, C., & Aiba, 
S. (2009). Biodegradability of Plastics. 
International Journal of Molecular Sciences, 
10(9), 3722–3742. doi:10.3390/ijms10093722

33.  Porras, M. A., Cubitto, M. A., & Villar, M. 
A. (2015). A new way of quantifying the 
production of poly(hydroxyalkanoate)s 
using FTIR. Journal of Chemical Technology 
& Biotechnology ,  91(5), 1240–1249. 
doi:10.1002/jctb.4713 

34.  Kumirska, J. Czerwicka, M.  Kaczyński, Z. 
Bychowska, A.  Brzozowski, K.  Thöming, J.  
Stepnowski, P. Application of spectroscopic 
methods for structural analysis of chitin and 
chitosan. Mar. Drugs. 8 (2010) 1567–636. 
Doi: 10.3390/md8051567.

35.  Ano, Y., Hours, R. A., Akakabe, Y., Kataoka, N., 
Yakushi, T., Matsushita, K.,  Adachi, O. (2016). 
Membrane-bound glycerol dehydrogenase 
catalyzes oxidation of D-pentonates to 
4-keto-D-pentonates, D-fructose to 5-keto-D-
fructose, and D-psicose to 5-keto-D-psicose. 
Bioscience, Biotechnology, and Biochemistry, 
81(2), 411–418. doi:10.1080/09168451.2016
.1254535 

36.  Kohli, D., Garg, S., Jana, A.  (2012). Synthesis 
of cross-linked starch based polymers for 
sorption of organic pollutants from aqueous 
solutions. Indian Chemical Engineer, 54(3), 
210–222. doi:10.1080/00194506.2012.7512
08 


