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Abstract: The increasing demand for eco-conscious and sustainable biomaterials has propelled the exploration of alternatives to
petroleum-derived materials. This study delves into the utilization of dent corn (Zea mays L.) starch as a renewable resource for
crafting biodegradable packaging solutions. The physicochemical properties of dent corn starch were meticulously assessed through
a series of preparation steps, encompassing washing, cutting, grinding, drying, and pulverizing. Despite the inherent variabi lity in
dent corn sourced from local markets, the resulting starch exhibited commendable characteristics, including a pH of 7.02, moisture
content of 6.50%, ash content of 0.20%, bulk density of 0.47 g/ml, gelatinization temperature of 61.2 °C, protein content of 2%,
and a yield of 64%. Subsequently, employing the casting method, bioplastic films were synthesized using starch powder, water,
and glycerol as a plasticizer. A comprehensive evaluation of the chemical, mechanical, solubility, and biodegradability properties
of the films ensued. Remarkably, the films demonstrated notable values for tensile strength (2.58 MPa), elongation at break (24%),
and film thickness (1.4 mm), alongside exhibiting low absorption rates in various media and remaining insoluble in solvents, even
at elevated temperatures. Notably, the influence of glycerol content on the tensile strength and biodegradability of the films was
elucidated through a least squares model, underscoring its pivotal role. These findings highlights the potential of dent corn starch
as a viable alternative for the development of biodegradable packaging materials, despite the variability inherent in its sourcing
from local markets. The study significantly contributes to ongoing endeavors aimed at fostering sustainability and reducing reliance
on petroleum-derived materials, aligning with the escalating environmental consciousness.
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1. Introduction

The world is facing an ever-increasing need for
sustainable materials that can replace traditional petroleum-
based plastics [1, 2]. Biodegradable plastics are the perfect
solution to this problem, as they are made from renewable
sources and are environmentally friendly [3, 4]. One of the
most promising sources for the production of biodegradable
plastics is corn starch [5]. Corn starch is a renewable
resource that is abundant and relatively inexpensive [6].
Furthermore, it has the potential to create highly durable and
versatile plastics [6].

A recent and intriguing area of study is the creation of
biodegradable polymers using maize starch [5, 6]. Corn
starch is converted into polylactic acid (PLA) during the
process [7]. The by-product of fermenting glucose is called
PLA, and it is mixed with other polymers to make tough
plastic [8]. Due to its superior mechanical and thermal
characteristics, this material is a great option for a variety of
items, including construction materials, medical equipment,
and food packaging [9, 10].

In addition to being a critical step in the creation of
environmentally friendly materials, the synthesis of
biodegradable polymers from maize starch has several
additional advantages. For instance, the procedure is
reasonably straightforward and economical [10, 11], and it
doesn't require the use of dangerous materials or poisonous
chemicals [5, 6]. Additionally, the plastics made are non-
toxic, odourless, light, and remarkably heat- and chemical-
resistant [3].

The potential of biodegradable plastics based on corn
starch is immense, and research in this area is ongoing.
Future manufacture of these plastics is projected to be even
more effective and economical thanks to the development of
new and improved manufacturing techniques. Therefore,
biodegradable plastics made from maize starch can be a key
component in the creation of environmentally friendly
materials that can take the place of conventional plastics
made from petroleum.

Plastic pollution has emerged as a global environmental
crisis, necessitating urgent action to mitigate its adverse
effects on ecosystems and human health. Traditional plastic
materials, derived from non-renewable sources such as
petroleum, persist in the environment for centuries,
contributing significantly to pollution. Conventional waste
management methods, including burning and burying, are
ineffective in addressing the magnitude of plastic waste
accumulation,  further ~ exacerbating  environmental
degradation [14].

In response to this pressing challenge, there has been a
growing interest in the development and production of
biodegradable plastics as a sustainable alternative.
Biodegradable plastics offer the potential to mitigate the
environmental impact of plastic waste by breaking down into
natural compounds through microbial action, thereby
reducing long-term pollution [14].

A comprehensive understanding of  the
physicochemical ~and  mechanical  properties  of
biodegradable films is essential for their successful
implementation in various applications, particularly in the
food packaging industry. Several studies have focused on the

characterization and evaluation of biodegradable films
derived from renewable sources, such as plant starches, with
the aim of elucidating their suitability for packaging
perishable and cooled foods [12, 15, 16].

One such study, conducted by Charles AL et al [12]
investigated the comprehensive characterization of
biodegradable edible films based on potato peel starch
plasticized with glycerol. The microstructure analysis
revealed alterations in film properties, including increased
thickness, decreased swelling power, water solubility, and
vapor permeability, attributed to enhanced molecular
interactions with increasing potato peel starch content.
Additionally, low-starch films exhibited high transparency,
good mechanical properties, thermal stability, and
accelerated biodegradation in seawater and soil
environments.

Another study, carried out by Nigam et al. [14],
explored the formulation of biodegradable films by blending
cassava starch with a synthetic biodegradable polymer,
polyvinyl alcohol (PVA). The resulting film demonstrated
considerable biodegradability compared to conventional
polyethylene and paper, along with superior tensile strength.
Specifically, the biodegradability of the film was reported as
41.27%, whereas polythene and paper showed
biodegradability of 10.33% and 85.99%, respectively.
Moreover, the film exhibited a tensile strength of
24.87N/mm?, outperforming polythene and paper, which
had tensile strengths of 10.86N/mm? and 8.29N/mm?,
respectively.

Furthermore, research conducted by Sharon et al. [15]
focused on the synthesis, characterization, and
biodegradation of bioplastic films derived from Parthenium
hysterophorus weed. The study demonstrated the feasibility
of producing rapidly biodegradable films with desirable
mechanical properties. The highest tensile strength (11.5 +
0.23 MPa) and Young’s modulus (170 + 0.89 MPa) were
observed for the bioplastic film with a 10% concentration of
polyethylene glycol 600 (PEG600). Additionally, the film
exhibited an elongation at break of 9.13 + 0.12% and
displayed biodegradability of 69.29% in natural conditions
within 45 days.

Moreover, efforts have been made by Demiate et al.
[16] to standardize bioplastic production using various crop
sources, including banana peels, potato tubers, sweet potato
tubers, maize, and sorghum seeds. The study reported
promising results in terms of tensile strength, elongation, and
degradation characteristics of bioplastics derived from
different starch sources. For instance, maize-based
bioplastics exhibited a maximum tensile strength of 4.64
MPa, while potato-based bioplastics demonstrated
maximum elongation. Additionally, the degradation test
indicated variations in degradation rates among different
crop sources, with sorghum-based bioplastics degrading
more rapidly than others.

The aim of this study was to explore the feasibility of
dent corn starch-based bioplastic films and also to optimize
the operating Parameters and ecofriendly characteristics of
dent corn starch-based bioplastic films for sustainable
packaging application.

The following goals were used to achieve the study’s
aim:
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a. Careful selection of corn species that can assure high
starch content and stable starch structure.

b. Extraction and preparation of the starch for the
production of plastic films by the casting method.

c. Also, the properties of the film will be assessed at
different compositions, to determine the best suitable
composition for biodegradable starch production.

d. Lastly, the produced plastic film will be buried in the
earth to determine if it is biodegradable and the conditions
for degradability.

2. Materials and Method
2.1. Materials

This study used dent corn as a useful source for
producing bioplastic film. The dent corn was obtained from
the Ihiagwa market in the Owerri West district of Imo State.
The necessary chemicals, such as high purity glycerol
(analytical grade) and distilled water, were acquired from
New Concept Laboratory, Obinze, in the same district of Imo
State.

2.2. Chemicals and reagents

In this study, we employed various chemicals and
reagents from reputable suppliers. Tetra oxo-sulphate (V1)
acid (Sigma-Aldrich) was of analytical grade (99% purity),
while selenium catalyst (Alfa Aesar) had high purity (99.9%
or higher). Sodium hydroxide (Fisher Scientific) was ACS
reagent grade (minimum 98% purity), and boric acid (Merck)
was of high purity (99.5% or higher). Hydrochloric acid
(VWR) was analytical grade (37% concentration), and
glycerol (Thermo Fisher Scientific) had high purity (99.7%
or higher). Distilled water was prepared in-house, and
acetone (Honeywell) was analytical grade (99.5% purity).
Ethanol (MilliporeSigma) and methanol (Avantor) were
both commonly used with high purity levels.

2.3. Methods

Figure 1 below shows the schematic of the stages
involved in the processing of dent corn to biosplastc.

Figure 1
Experimental process showing stages in the production
of bioplasic
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2.3.1. Extraction of starch from dent corn

This study followed the method outlined by
Krishnamurthy et al. [12] for the preparation of dent corn
starch. The dent corn grains, weighing 5 kg, were cleaned
and soaked in 5 litres of water for a day. Then, they were
rinsed three times and blended. The blended mixture was
strained through a cotton cloth. The strained liquid was left
to stand for a day at room temperature. Then, the clear liquid
was poured out, and the solid residue was collected as wet
starch. It was oven-dried at 50 °C for 3 days. The dry starch
mass was gently pulverized into powders using a motor and
pestle and sifted with 100 mesh-size sieves. The starch
powders were kept in a sealed plastic bag to avoid moisture
and contamination before further analysis.

2.3.2. Physicochemical characterization of the
extracted starch from the dent corn

This study followed the method of Ezeoha et al and
Nigam et al [13, 14] to measure the physicochemical
properties of the starch obtained. The gelatinization
temperature, ash content, pH, moisture content, bulk density,
and protein content of the starch were analyzed as described
by recent literatures. The test was conducted according to the
analytical standards of the Institute of Professional Analysts
of Nigeria (IPAN) at the new concept laboratory, in Obinze,
Owerri, Nigeria.

a. pH: For the pH, 2 g of the dried corn starch
powder was dissolved in 50 cl of distilled water, after which
the PH was measured using a pH meter [13, 15]

b. Moisture content: For the assessment of moisture
content, 5 grams of starch powder were meticulously
weighed into a pristine porcelain dish. Subsequently, the
dish, along with the starch, was introduced into an electric
oven and subjected to a controlled temperature of 100°C for
a duration of 4 hours. Following this heat treatment, the
sample was carefully retrieved from the oven and transferred
into a desiccator to allow for gradual cooling, thus
preventing any condensation. Upon achieving ambient
temperature, the weight was meticulously recorded using an
analytical balance [14, 15]. The moisture content was then
calculated employing the following expression, as outlined
in Equation 1:

Moisture Content % = Wa=ws) 100% 1)

(Wz—wy)

Where:

Wia=Initial weight of empty crucible.

W.=Weight of empty crucible+Sample before drying.
W3=Weight of empty crucible+Sample after drying.

c. Ash content: According to Demaite et al. [16] the
sample for the moisture content was further sent into the
furnace and allowed to ash at a temperature of 400 °C. After
the completion of the ashing process, the sample was
removed from the furnace and placed in the desiccator to
cool, thereafter, the weight of the sample was determined

3
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using an analytical balance, and the % ash content was
determined using the expression in Equation 2 below:

Ash Content % = &= 41000 @)
(wy—wy)
Where:
Wi1=Weight of empty crucible.
W2=Weight of empty crucible+sample before ashing.
W3=Weight of empty crucible+Ash.

d. Bulk Density: For the bulk density, a 20 ml
graduated measuring cylinder was filled with distilled water
up to thel0 ml mark, thereafter 2 g of corn starch was
weighted and poured into the cylinder, the increase in the
volume of the water was noted [17]; the bulk density was
then calculated using Equation 3 below.

Weight
Volume

Bulk Density, g/ml = (3)

e. Gelatinization Temperature: 5 g of corn starch
was weighted and poured into a beaker containing 100 ml of
distilled water. The mixture was then placed on a magnetic
stirrer, the stirrer was then switched on, and the temperature
was gradually increased [18]. The temperature at which the
mixture formed because a gel was noted as the gelatinization
temperature [18].

f. Determination of Protein: The protein
determination process was done in three sections, the
digestion of the sample, the distillation of the sample, and
the titration of the sample [19, 20].

2.3.3. Digestion of sample

For the digestion of samples, we did the following:

Weighed 2 g of the starch sample into a 250 ml conical
flask, added 20 ml of concentrated H2SOa4, Also added was
7 g of selenium catalyst (this was prepared by mixing 1 g of
cupric sulphate with 7 g of potassium sulphate and a pinch
of selenium metal), We then heated the mixture using a
heating mantle till a yellowish, green, or greenish colour was
obtained and the smoke was reduced.

The digested sample was diluted to obtain the volume
of digest and the dilution factor, this was done by the
following steps:

50 ml of distilled water was added to the conical flask
containing the digested sample; it was then shaken well to
dissolve the particles into a measuring cylinder, we took the
difference in volume from the 50 ml of water added, this was
the volume of the sample, we made up the measuring
cylinder to 100 ml and took the dilution factor [20].

2.3.4. Distillation of sample

We carried this out using the Kjedah method as
described by Ismail et al. [20]

A precise volume of 10 mL of the digested and diluted
sample was meticulously measured into a flask using a
calibrated channel. Separately, 30 mL of boric acid solution
was added to another flask, ensuring a tight seal with a funnel

to prevent air ingress. To this solution, 3 drops of
bromocresol green indicator were carefully introduced.
Additionally, 10 mL of 40% NaOH was gradually added, via
the same channel used for sample addition, to the conical
flask containing the boric acid solution. The channel was
promptly corked to prevent the escape of ammonia gas.

Subsequently, the heating mantle was activated and set
to the highest temperature setting, initiating the distillation
process. As the distillation proceeded, the color of the boric
acid solution transitioned from yellow to green and
eventually to blue. Concurrently, a distinct audible "pop™
sound indicated the completion of the distillation process,
coinciding with the boric acid solution attaining a blue hue.

Upon reaching this stage, the boric acid solution was
promptly removed from the setup, and the distillate was
subjected to titration. It’s noteworthy that a blank distillation
procedure was performed in parallel to account for any
background effects.

2.3.5. Titration of sample

We titrated the distillate using 0.1 M HCL to a yellow
endpoint. The above procedure identified the nitrogen
content in the sample, and the protein factor was used to
calculate the protein content of the sample. The expressions
are given in Equations 4, 5 and 6 below :

_ 14x (vs—vp)XMxDF

%N =———"" "~ (4)

N%-=nitrogen content of a sample, expressed as a
percentage by mass

Vs=volume in ml of the standard hydrochloric acid
used for sample

Vb=volume in ml of the standard hydrochloric acid
used for blank test

M=Molarity of the standard hydrochloric acid
expressed to four decimal places

W=mass of test protein in g, expressed to nearest 0.1
mg

Express the nitrogen content to four decimal places.

Protein content % = N x protein factor (5)

Protein factor=6.25
D.F=Dilution factor

Yield is calculated using the expression below:

Weight of starch obtained after extraction
Weight of corn before soaked in water

Yield%=

(6)

2.3.6. Production of biodegradable film using
dent corn starch

A bioplastic film was produced using a formulation
comprising starch powder, glycerol as a plasticizer, and
distilled water. The specific method involved combining 15
g of starch powder, 8 g of glycerol, and 300 mL of distilled
water in a beaker. This mixture was then subjected to heating
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with constant stirring using a magnetic stirrer until
gelatinization commenced at 80 °C and 1 atm.

Following gelatinization, the resulting starch paste was
evenly poured and spread onto a large steel plate.
Subsequently, the paste-coated plate was subjected to drying
in a hot air oven set at 50 °C for a duration of 1 day. This

drying process facilitated the formation of the bioplastic film.

Once dried, the film was manually peeled off the steel
plate and carefully stored in an airtight container at room
temperature. This meticulous storage approach aimed to
preserve the integrity of the bioplastic film, protecting it
from external factors such as humidity and potential
contaminants.

By adhering to this well-defined procedure, the study
ensures the reproducibility of the bioplastic film preparation,
contributing to the reliability and validity of the
experimental outcomes. This methodological approach
aligns with established practices in the field, fostering
consistency and comparability in future studies. [5, 6].

2.3.7. Influence of components on the mechanical
properties (tensile strength) of produced
bioplastic film from starch

a. Impact of glycerol content on the properties of the
produced bioplastic film

This study aimed to investigate the influence of
glycerol concentration on the properties of bioplastic films,
particularly focusing on its effects on biodegradability and
mechanical properties.

The glycerol content, serving as a plasticizer, was
systematically varied within the range of 5.5 g to 10.5 g,
while keeping other parameters constant, as detailed above.
Two sets of bioplastic film samples were prepared, each
comprising 15 g of starch powder and 300 mL of distilled
water, with differing amounts of glycerol: 5.5 gand 10.5 g.

The mechanical properties of these films, notably
tensile strength, were rigorously assessed using a Shimadzu
AG-Xplus Series universal tensile strength testing machine.
By subjecting the samples to mechanical testing, the impact
of varying glycerol concentrations on the tensile strength,
elongation at break, and toughness of the bioplastic films
was quantified.

Furthermore, the biodegradability of the films was
evaluated through accelerated degradation studies under
controlled environmental conditions. Film samples with
varying glycerol concentrations were subjected to microbial
degradation tests to assess the rate and extent of
biodegradation over time.

b. Effect of amount of starch powder

The effect of the amount of starch powder on the tensile
strength of the prepared plastic film was investigated by
preparing two samples of bioplastic film with 10 g and 20 g
of starch powder, respectively, 300 ml of distilled water, and
8 g of glycerol, which is the plasticizer. The effect of the
amount of starch on the tensile strength of the prepared
plastic film was determined by a mechanical test on the

sample using a universal tensile strength testing machine [21,
22].

¢. Impact of water volume on the mechanical properties
of starch-based bioplastic film

This study examined the impact of water volume on the
tensile strength of the bioplastic film. Two bioplastic film
samples were made with the same method as above, except
that the water volumes were 250 and 350 ml, respectively,
while the starch and glycerol amounts were 15 and 8.0 g,
respectively. The mechanical test on the sample using a
universal tensile strength testing machine measured the
effect of the water volume on the tensile strength of the
bioplastic film [23].

2.3.8.  Physicochemical and  mechanical
properties of bioplastic film from starch

a. Water repellent properties of bioplastic film

This study followed the method of Varelis et al. [24] to
measure the water absorption of the bioplastic films. The
bioplastic films were immersed in water at room temperature
for an hour, and then dried with cotton pieces and weighed.
The water absorption percentage was calculated by using
Equation 7.

Water Absorption (%) = Wetwe;f;ltwggl:mght x 100 (7)

b. Acid resistance properties of bioplastic film

This study followed the method of Nigam et al. [24] to
evaluate the acid resistance of bioplastic film. A fixed
amount of bioplastic film was immersed in a 1M
hydrochloric acid solution. The weights of the bioplastic film
were measured at an hourly interval. The acid absorption
percentage wascalculated by using Equation 8.

wet weight—Dry weight

Acid Absorption (%) = Dry weight

%100 (8)
c. Base resistance properties of bioplastic film

This study evaluated the base resistance of bioplastic
film by immersing a fixed amount of bioplastic filmina 1
M sodium hydroxide solution. The weights of the sample
were measured at an hourly interval [24-26]. The base
absorption percentage was calculated by using Equation 9.

wet weight—Dry weight
Dry weight

Base Absorption (%) = *100 (9)
d. Moisture resistance absorption properties of
bioplastic film

This study followed the method of Ben et al. [25] to
measure the moisture absorption of the bioplastic film. The
bioplastic film was dried in a desiccator until its weight was
constant (W1). Then, the film was exposed to a normal
atmosphere for a day. After that, the film was weighed (W2)
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again. The moisture absorption percentage was computed by
using Equation 10.
W2-W1
Wi

Moisture Absorption (%) W 100 (20)

Where
Wil=initial weight of film before exposure
W2=weight of film after exposure

2.3.9. Dissolution behavior of bioplastic film in
water (solubility test)

In this investigation, the solvents employed comprised
acetone, ethanol, and methanol. The bioplastic film, once
prepared, was sectioned into small pieces, and 0.3 g of these
fragments was placed into individual test tubes, each
containing 3 ml of one of the specified solvents.
Subsequently, the solubility of the films was examined after
an incubation period of one hour, both at a standard
temperature range of (28-30 °C) and an elevated temperature
of (60 °C). The experimental methodology closely follows
the procedures outlined by Tafa et al [27].

2.3.10. Mechanical behavior of biodegradable
plastic film from starch

The assessment of tensile strength, film thickness, and
elongation at break for the fabricated bioplastic films was
conducted utilizing an AGX Series Shimadzu tensile testing
machine. The experiments were carried out at the
Department of Material and Metallurgical Engineering,
Federal University of Technology, Owerri, Imo State,
Nigeria. The methodology involved subjecting the bioplastic
films to controlled tensile stength, with measurements taken
to determine film thickness, tensile strength, and elongation
at break. This testing procedure adhered to established
standards and protocols, ensuring the reliability and
accuracy of the results obtained.

2.3.11. Bioplastic film biodegradability property

The evaluation of biodegradability was conducted
through the soil burial method, a procedure previously
conducted by Varelis et al and Ben et al. [24, 25], with minor
adjustments. The bioplastic film, post-preparation, was cut
into dimensions of 3 inches in length and 3 inches in width,
and its initial weight was recorded as W1. Subsequently, the
weighed film was buried in the soil at a depth of 3 inches for
a duration of one week at ambient room temperature.
Following this incubation period, the film was carefully
unearthed and re-weighed (W>).

The degradation process is attributed to soil
microorganisms consuming the starch content, resulting in
the fracture of the polymer chain and subsequent
biodegradation. The percentage weight loss of the film was
calculated using Equation 11.

This methodology, while influenced by the soil burial
method as detailed by previous researchers, was adapted to
suit the specific requirements of the study, ensuring a

standardized and controlled assessment of biodegradability.
The modifications made were in accordance with best
practices in the field, contributing to the reliability and
validity of the experimental outcomes.

W1-w2

Weight Loss % = — -

11

Where
W1=weight of film before burying,
W2=weight of film after burying.

3. Results

3.1. Physicochemical characteristics of corn
starch

Although the pH values, moisture content, and
gelatinization temperature of the corn starch differed by
being lower than the values reported in the literature, other
attributes such as ash content, protein content, and yield
percentage fell within the range specified in the literature, as
presented in Table 1. This discrepancy suggests variations in
specific characteristics of the corn starch utilized in the study
compared to the literature, underscoring the importance of
considering multiple parameters for a comprehensive
understanding of starch quality and composition. The results
highlight noteworthy distinctions in certain aspects while
reinforcing alignment with literature values for other key
characteristics.

Table 1
Result of physicochemical characteristics of corn starch
SIN Characteristics Corn Starch Corn Starch
From [28]
experiment

1 Moisture 6.52 6.50
content %

2 Gelatinization 64.3 61.2

temperature’
C

3 Ash 0.15 0.1-0.3
content %

4 Bulk density 0.43 0.47

(g/ml)

5 Ph 7.14 7.02

6 Protein 1.17 1.1-2.00
content %

7 Yield 67.0 50-70
percent %

3.2. Composition and effect of amount glycerol,
starch and water content

The influence of varying quantities of glycerol, starch
powder, and water volume on the tensile strength of the
fabricated bioplastic film is detailed in Tables 2 and 3. These
tables present a comprehensive depiction of the experimental

6
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outcomes, illustrating the impact of different amounts of key | 7 [ 15 | 8.0 | 350 ]
components on the mechanical property of tensile strength
in the developed bioplastic films.
From the model developed using the least square Table 3
method, where we consider the effect of starch content, Mechanical testing results for samples
glycerol content and water content on the tensile strength of Sample Films Tensile Elongation at
the film, the model is thickness strength break (%)
Y=2.61+0.01X1+ 0.02X2+ (2.22x107-16) X3 (mm) (Mpa)
Where Y is the tensile strength in Mpa 1 13 2.58 24
X1 is starch content in gram (g) 2 11 2.35 20
Xz is the glycerol content in gram (g) 3 14 2.45 22
And X3 is the water content in (ml) 4 10 2.30 21
5 11 2.40 19
In the obtained results, it was determined that the 6 1.3 2.50 20
combination of 8 g of glycerol, 15 g of starch content, and 7 1.3 2.50 23
300 ml of water demonstrated the highest tensile strength
compared to other quantities and volumes tested. This Table 4
particular set of conditions emerged as the most favorable, Results of absorption test on plastics films
as it consistently yielded superior tensile strength in the Samples Water Moisture Acid Base
prepared bioplastic films. absorption | Absorption | Absorption Absorption
resistance resistance resistance resistance %
Table 2 % % %
Composition of various samples L 24.00 15.83 30.54 Soluble
Saro Starch Gi | Wat 2 26.67 36.59 12.50 Soluble
ple arc ycero ater
content (g) content (g) content (ml) 3 25.00 32.78 17.18 Soluble
1 15 8.0 300 4 15.67 27.81 32.71 Soluble
2 10 8.0 300 5 31.00 25.22 17.65 Soluble
3 20 8.0 300 6 23.67 33.44 33.85 Soluble
4 15 5.5 300 7 29.00 41.91 17.52 Soluble
5 15 10.5 300
6 15 8.0 250
Table 5
Solubility test result on plastics films
Sample Acetone 30 °C Ethanol 30 °C Methanol 30 °C Acetone 60 °C Ethanol 60 °C Methanol 60 °C
1 Insoluble Insoluble insoluble Insoluble Swell insoluble
2 Insoluble Insoluble insoluble Insoluble Swell insoluble
3 Insoluble Insoluble insoluble Insoluble Swell insoluble
4 Insoluble Insoluble insoluble Insoluble Swell insoluble
5 Insoluble Insoluble insoluble Insoluble Swell insoluble
6 Insoluble Insoluble insoluble Insoluble Swell insoluble
7 insoluble Insoluble insoluble Insoluble Swell insoluble
1 2 3.10 1.40 54.84
3.3. Biodegradability test 1 3 3.10 0.50 83.87
1 4 3.10 0.00 100
To determine if the composition of the film affects the 2 1 3.20 2.30 28.13
degradation rates, a least squares analysis was used on the 2 2 3.20 1.60 50.00
degradation results for two weeks, after which a model was 2 3 3.20 0.70 78.00
formed. The model is 2 4 3.20 0.00 100
Y=49.001+ 0.051X1+0.108X2+0.0031 X3 3 1 2.97 2.13 28.28
Where Y is the degradation rate in % 3 2 297 1.47 50.51
X1 is the starch content in gram (g) 3 3 297 0.74 75.08
Xz is the glycerol content in gram (g) 3 4 2.97 0.00 100
Xs is the water content in (ml) 4 1 3.00 210 30.00
4 2 3.00 1.42 52.67
_ Table 6 o 4 3 3.00 0.61 79.67
Reg:rl:slior bloifr%irdabllll'%ttiglst on plgiglcs film \fliir;]hriles 2 2 3.00 0.00 100
(weeks) Mass (9) Mass (9) Loss (%) ) 1 2.80 2.00 28.57
1 1 3.10 2.00 35.48 5 2 2.80 131 53.21
5 3 2.80 0.53 81.07
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5 4 2.80 0.00 100
6 1 3.20 2.33 27.19
6 2 3.20 1.61 49.69
6 3 3.20 0.80 75.00
6 4 3.20 0.00 100
7 1 3.00 2.17 217.67
7 2 3.00 151 50.00
7 3 3.00 0.68 77.33
7 4 3.00 0.00 100

3.4. Discussion

The results obtained indicate notable disparities in the
pH value, moisture content, and gelatinization temperature
of dent corn starch compared to the literature values.
However, it is noteworthy that ash content, protein content,
and yield percentage align closely with the literature range.
This variation may be attributed to factors such as the
cultivation region and prevailing climatic conditions. The
distinct environmental parameters of the cultivation region
could play a significant role in influencing the composition
of dent corn starch. The observed discrepancies emphasize
the need for a nuanced understanding of the impact of
geographical and climatic factors on starch characteristics,
shedding light on the intricacies of starch composition and
properties in different agricultural contexts. Further
investigations and comparative studies considering regional
variations are warranted to enhance the comprehension of
these disparities and their implications on starch quality.

We noticed that the composition affects the properties
of the films. For the tensile strength, we observed that with
an increase in plasticizers, the tensile strength increases
proportionately. The sample with the highest tensile strength
is sample 1, followed by sample 6 and sample 7, It showed
that the best composition for tensile strength is sample 1,
which also had the best elongation. From the pieces of
literature that were reviewed, samples with 20% to 35%
plasticizers have an excellent balance in mechanical
properties and absorption rates. Our results also followed
that trend. The biodegradability rate showed that
compositions with high starch contents decayed faster than
those with relatively lower starch contents. This is consistent
with the findings of the papers reviewed in the literature
review.

The analysis of tensile strength and elongation at the
breaking point, as outlined in Table 3, revealed significant
insights into the mechanical properties of the bioplastic film
samples. Notably, the incorporation of glycerol as a
plasticizer was observed to enhance the film's flexibility by
reducing intermolecular bonds between polymer chains,
thereby modifying its mechanical characteristics. This aligns
with the findings of [29], who detailed how the mechanical
resistance of films against rupture improved with the
impregnation of rice starch, resulting in a nearly 1.5 times
greater strength compared to non-impregnated counterparts.

Additionally, the starch crosslinking through ether or
ester linkages among hydroxyl (OH-) clusters, as described
by [30], was found to enhance mechanical properties by
increasing density through crosslinking. The observations
from Table 3 suggest that Sample 1 exhibited favorable

tensile properties, implying that the specific formulation or
processing conditions associated with Sample 1 resulted in
superior mechanical characteristics.

These findings collectively showed the influence of
plasticizers and starch crosslinking on the mechanical
properties of bioplastic films, emphasizing the importance of
formulation variables in tailoring film characteristics. The
comparison with existing literature further contextualizes the
outcomes and contributes to the understanding of how
specific modifications impact the mechanical performance
of starch-based films.

From the model developed using the least square
method, where we consider the effect of starch content,
glycerol content and water content on the tensile strength of
the film, the model is:

Y=2.61 +0.01X1 + 0.02X2 + (2.22x10"-16) X3

Where Y is the tensile strength in Mpa

X1 is starch content in gram(g)

Xz is the glycerol content in gram (g)

And X3 is the water content in (ml)

It was observed that starch content and glycerol content
have a very large effect on the Tensile strength, with glycerol
having the greatest effect on the tensile strength of the film.

The assessment of bioplastic film thickness involved
measurements at ten different locations using a thickness
gauge, and the subsequent calculation of the average
thickness for each sample. The results indicated an average
thickness of (1.3 mm, 1.1 mm, 1.4 mm, 1.0 mm, 1.1 mm, 1.3
mm, and 1.3 mm) for samples 1 through 7, respectively. In
accordance with the regulations of the federal government of
Nigeria, which stipulates a minimum thickness of 50
microns for plastic bags, the prepared bioplastic films in this
study surpass the regulatory requirement. This implies their
suitability for use in the production of carrying bags.

However, a comparison with existing literature reveals
variations in the reported thickness of starch films. [31]
observed a thickness value of approximately 0.15 mm for
corn starch films, whereas [32] investigated various starch
films from sources such as potatoes, rice, wheat, gelatine,
and sorghum, reporting thickness within the range of 53 to
63 microns. The findings of the present study indicate a
higher thickness, potentially attributed to differences in
processing methodologies.

This discrepancy underscores the significance of
processing techniques in influencing the physical properties
of bioplastic films. The variations in thickness may be a
consequence of specific procedures employed in the current
study, emphasizing the need for a nuanced understanding of
processing parameters and their implications on film
characteristics. Further exploration of processing methods
and their effects on film thickness is warranted to enhance
the comprehension of these variations and guide future
applications of bioplastic films.

The absorption of the bioplastics films was tested in
water and was found to be (24, 26.67, 25, 15.67, 31, 23.67,
and 29 all in %) for samples 1, 2, 3, 4,5, 6, & 7 respectively,
from the result, sample 4 had the lower water absorption rate
of 15.67%, which means sample 4 will have a longer shelf
life when immersed in water.
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The absorption of the films was also checked when
exposed to moisture in the environment for 1 day. The result
is shown in Table 4.4, from the result, sample 1 has the
lowest moisture absorption rate of 15.83% meaning it will
have the longest shelf life should the sample be exposed to
moisture.

A similar test was carried out using an acid and a base.
It was observed that the samples were completely soluble in
the base, but the acid absorption resistance percentage
revealed sample 2 to have the lower acid resistance rate.

The samples were found to be insoluble in acetone,
ethanol, and methanol at a temperature of 28-30 °C. When
the temperatures were increased to 60 °C, the samples were
also found to be insoluble in acetone and methanol but
swelled in ethanol.

The evaluation of the biodegradability properties of the
sample involved studying the weight loss of the specimens,
providing insights into the process of biodegradation
facilitated by microorganisms. Notably, all buried samples
exhibited comparable degradation rates. This uniformity in
degradation rates across the buried specimens suggests a
consistent susceptibility to biodegradation, emphasizing the
effectiveness of the material in undergoing natural
decomposition by microorganisms. It was above 30% for the
first week, 52% for two weeks, 80% for three weeks, and
100% for four weeks, which means the samples were
completely degraded at four weeks.

Also, to determine if the composition of the film affects
the degradation rates, a least squares analysis was used on
the degradation results for two weeks, after which a model
was formed. The model is:

Y=49.001 + 0.051X1 +0.108X2 +0.0031 X3

Where Y is the degradation rate in %

X1 is the starch content in gram (g)

X2 is the glycerol content in gram (g)

X3 is the water content in (ml)

The molecular model shows that glycerol content has
the highest contribution to the degradation rate. | can say that
the plasticizer content, to a very large extent, determines the
degradation rate of plastic.

4. Conclusion

This study showed that bio-plastic film produced from
different compositions with different ratios has better
biodegradability than the existing plastic materials. Moisture
absorption changes with environmental temperature, but the
results obtained were not significant. The glycerol addition
improves the shelf-life of the products and improves their
mechanical strength. The average thickness of the bioplastic
is 1.2 mm. The average moisture content is 30.51%. The
biodegradability of the sample is 100%, which is achieved in
4 weeks. According to these effects, the obtained bio-plastics
can be used as substantiation for non-biodegradable plastics.
Hence, it can be concluded that it’s very possible to make
plastic from the above biomaterials as raw materials, and this
can facilitate the mitigation of the environmental problem.
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