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Summary: The rapid rise in the production of hazardous waste in the environment, particularly single-

use plastics, has prompted the development of sustainable yet cost-effective alternatives. This research 

aims to create bioplastic films using renewable energy sources. To prevent toxic side products, the 

composite bioplastics synthesized from sweet potato starch are incorporated with biogenically 

synthesized ZnO NPs. Biocomposite films were characterized by their morphology, water vapor 

permeability (WVP), biodegradability, thermal and mechanical properties. It was noted that the ZnO 

NPs had substantial effects on the tensile properties of the nanocomposite films. The addition of ZnO 

NPs to the starch bioplastic films considerably enhanced tensile strength from 1.41 to 2.26 MPa, 

elongation from 78.20 to 114.91%, and Young’s modulus from 1.62 to 2.40 MPa. The incorporation 

of ZnO NPs lowered the degree of WVP and film solubility value compared to those of the starch 

films. The bioplastic film incorporated with ZnO NPs had effective UV absorption and transparency. 

The shift in the peaks in the FT-IR spectra confirmed the relationship between the polymer matrix and 

the ZnO NPs. Thermal degradation of bio nanocomposite at 339.60 °C is shown by a consistent 

reduction in TGA between 240 °C and 410 °C. The high melting temperature (Tm) of 144 oC for starch 

film and 201.86 oC for bio nanocomposite was found using DSC analysis. SEM analysis revealed that 

biocomposite films had better compatible morphologies with small cracks and the roughness of films 

increased with the addition of ZnO NPs content. The biodegradability of the biocomposite films was 

analyzed through the soil burial method. The bioplastic produced in this study has the potential to be 

a viable alternative to existing conventional plastics in the packaging industry. 
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Introduction 

 

Petroleum-based plastic materials are being 

used in an extensive variety of applications owing to 

their valuable properties. A significant amount of the 
plastics at present have been produced from 

conventional petroleum-based substances and 

therefore not prepared from natural sources [1]. Global 

plastics manufacture and consumption have been 

growing each year and consequently is a rising 

concern about its influence on the surroundings due to 

the incapability of conventional petroleum-based 

plastic materials to decompose which is also 

condemned by environmental scientists [2]. The 

disposal of these materials into the environment may 

lead to severe consequences due to their low 

biodegradability. Hence, extensive research is being 
done and underway to develop new biodegradable 

biocomposites from renewable resources [3]. 

Compostable plastic materials are prepared from 

cellulose, starch, chitosan, and protein obtained from 

sustainable resources. 

 

New methods have been investigated 

resulting in a significant reduction in both energy 

consumption (as much as 60 %) and conservatory 

gases compared to methods used for the production of 

traditional plastic materials [4]. Bioplastics are 
currently being used as disposable materials and the 

effect of diverse environmental conditions has been 

studied on the degradation of these bioplastics [5]. For 

this purpose, primarily starch bioplastic composites 

are being explored for developing sustainable 

materials because of their renewability, cheap and 

exceptional biodegradable properties [6, 7]  but many 

of the studied starch-based polymers exhibited low 

thermal and mechanical stability [8,9,10]. Plastic 

manufactured by use of bio-based starch from selected 

starch-rich roots has also been analyzed and evaluated 

for its stability and biodegradable properties [11]. This 
type of bio-based plastic material has demonstrated 

better physio-mechanical and thermal properties with 

great decomposability that marks them an appropriate 

substitute for the prevailing traditional plastic [6]. In 

the laboratory, bioplastics based on sweet potato 

starch (Ipomoea batatas) have also been prepared for 

being cost-effective and biocompatible [12]. 

 

The use of additives such as nano-sized fillers 

and bio cross-linkers has been investigated to improve 

the lifespan, viscoelasticity, conductivity, and thermal 
characteristics of the bioplastic nanocomposite [13]. 

Moreover, a comparatively compact, and integrated 

structure is achieved by the addition of the glycerol 

plasticizer to starch bioplastic due to the packing of the 

vacant spaces between starch polymer chains. The 

plasticized starch composite blended with various bio 

fillers has been shown to improve the physical 

characteristics by various physical and chemical 

modifications [14]. Composite materials containing 

NPs and glycerol as a plasticizer have proven 
themselves as high-performance advanced materials 

with exceptional interfacial interactions [15].  

 

The properties of Nano-fillers persuade the 

durable inter-facial connection between Nano-fillers 

and polymer medium that develops the polymer 

characteristics. ZnO NPs have been drawing excessive 

attention as a multipurpose Nano-filler [16] due to 

their antimicrobial action and demanding UV 

captivation. Green synthesis of ZnO NPs using guava 

leaves has been described to be effective due to its 

enhanced antibacterial characteristics [17]. Different 
fragments of neem trees such as stems, leaves, and 

fruits have also been studied for the synthesis of ZnO 

NPs. Biological techniques have been proven as an 

appropriate route to produce ZnO NPs in a well-

ordered and accurate way.  

 

Numerous investigators have examined the 

strengthening of polymeric mixtures by using ZnO for 

food packaging [18, 19].  Dynamic packing has been 

developed to prolong food shelf life and preserve food 

quality. Instead of exploring unconventional ways to 
reduce the global demand for plastic, another way is to 

increase the efficiency more sustainably by 

manufacturing bioplastics that showed maximum 

degradation and had no effect on bacterial diversity 

and Nitrogen circulation activity[20].  Oleyaei et al. 

[21] developed starch films by assimilating TiO2 NPs 

into the potato starch polymer substance. Kanmani and 

Rhim [22] fabricated bio-nanocomposite films 

through solvent casting techniques based on different 

biopolymers (agar, carrageenan, or CMC) reinforced 

with ZnO NPs. Sanuja et al. [7] and Jayasuriya et al. 

[23] prepared chitosan based bio-nanocomposites by 
integrating ZnO NPs. 

 

As starch is the main component (85% of the 

dry matter) of sweet potato root tuber, Hence, the 

consumption and development of sweet potato starch 

improved considerably owing to its fundamental 

characteristics [24]. Some properties like cost-

effectiveness and transparent grains make it a suitable 

polymer for the production of bio-nanocomposite [25].  

 

Nowadays, medicinal plants-based 
nanomaterials such as biogenic nanoparticles have the 

primary portion in green medicine and 

nanotechnology. The development of reliable and eco-

friendly processes for the synthesis of nanoparticles is 

a significant step for the introduction of applications 
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of nanotechnology into biocomposite research. 

Environmentally safe biosynthesis of ZnO NPs using 

plant water extracts leads to the novelty and 

enhancement in the formation and characteristics of 

biocomposite materials [26,27]. 
 

Therefore, numerous researchers have 

investigated a range of biocomposites prepared from 

biogenically synthesized metal nanoparticles 

exhibiting enhanced properties, however, the use of 

ZnO NPs presents a novel approach to the synthesis of 

bioplastic materials. Therefore, this research work 

investigates the synthesis and characterization of 

thermal and biodegradable properties of sweet potato 

starch-based bioplastic composite reinforced with 

ZnO NPs. The study also aims to produce novel and 

safe ZnO NPs to be used as nanofillers in the polymer 
matrix with antimicrobial properties leading to the 

improved resultant biodegradable plastic films. 

Biodegradability has been the new demand for 

composite bioplastics due to the rigorous 

accumulation of plastic waste in the marine 

environment causing solid waste pollution affecting 

the living organisms. 

 

The novel approach of using NPs synthesized 

from green methods for the fabrication of 

biocomposites offers biodegradable characteristics for 
use in various applications. Consequently, the 

fabrication of bioplastic composite films proceeded by 

incorporating the different amounts of ZnO NPs i.e., 

1%, 3%, 5%, 7%, and 10% in a certain amount of 

sweet potato starch followed by inspection of their 

thermal stability, UV-absorbance, and soil-

biodegradability properties are done in this research 

work. 

 

Experimental  

 

Collection of Material 
 

Sweet Potato starch was collected from a 

local market in Lahore and its roots were washed, 

skinned, and sliced for starch extraction according to 

the method mentioned in the literature [28]. Zn 

(NO3)2.6H2O, NaOH, Deionized water, Glycerol, 

Vinegar, and Ethanol used in this study were obtained 

from Sigma Aldrich and are of analytical grade. 

 

Preparation of ZnO NPs 

 
Figure 1. shows the schematic representation 

of the synthesis of ZnO NPs using leaf extracts of 

Psidium guajava (guava) and Azadirachta indica 

(Neem) as reducing agents and zinc nitrate 

hexahydrate as a precursor salt according to the 

procedure mentioned in the literature [29]. For the 

preparation of 10% leaf extract, 10 g of Psidium 

guajava (guava) and Azadirachta indica (Neem) 

leaves with a ratio of 1:1 was weighed and washed 

before being air dried for 4-5 hours at room 
temperature. Weighed leaves were cut into small 

pieces and drenched in 150 ml of water overnight. The 

leaves mixture was then poured into 100 mL of de-

ionized water, boiled, and stirred on a hot plate for 25-

30 minutes at 80-90oC to ensure complete isolation. 

The mixture turned yellow on heating at a high 

temperature which showed the successful formation of 

extract.  The extract was filtered after cooling and then 

placed at 4 °C in a refrigerator with proper labeling. A 

0.2 M Zn (NO3)2 .6H2O solution was prepared and 

heated at 60-70 oC on a hot plate followed by dropwise 

addition of 50 ml of 10% leaf extract. This led to the 
settlement of bio-reduced salt at the bottom of the flask 

which appeared as a white precipitate. Since the pH of 

the blend was slightly acidic (4.53), it was changed to 

12 with a 0.4 M sodium hydroxide solution. The 

mixture was then heated for 10-15 minutes on a hot 

plate magnetic stirrer at 60-65 oC with intense stirring 

followed by sonication in an ultrasonic bath containing 

1L deionized water 0.1% (w/w) of the sample, central 

position on the bottom of the tank for an hour. After 

ultra-sonication, the mixture is in the form of a 

transparent suspension. The powdered material Zn 
(OH)2 was then oven dried for 3 hours at 60-70 oC and 

was fully converted to dark yellow-colored ZnO. This 

paste was placed in a porcelain crucible and calcined 

for 2 hours at 400 oC. After calcination, the ZnO was 

ground into a fine powder and stored.  

 

Characterization of ZnO NPs 

 

The prepared ZnO NPs were analyzed using 

SEM analysis and Fourier transform infrared (FTIR) 

techniques as mentioned below. 

 
SEM and FTIR analysis of ZnO NPs  

 

A scanning electron microscope was used to 

study the surface morphology particle size analysis of 

the ZnO NPs using NOVA-NANOSEM-450. ZnO 

NPs were mounted on aluminum stumps and protected 

with double-sided glue friction tape. Finally, the 

specimens were perceived using a 5 KV increasing 

voltage and an 11 mm operational space. FT-IR 

spectroscopy was used to examine the functionalities 

associated with ZnO NPs. The FT-IR spectrum was 
recorded using Cary-630 FT-IR Spectrometer at 

wavelengths ranging from 400 to 4000 cm-1 at a 

resolving power of 4 cm-1. Data examination of each 

film has been executed through the FTIR Spectrum 

Software.  
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Fig. 1: Schematic representation of ZnO NPs synthesized from Psidium guajava and Azadirachta indica leaf 
extracts. 

 

Fabrication of starch bioplastic and composite bioplastic 

 

The biodegradable starch and composite 

plastic films were fabricated using the solution casting 

method [30]. Starch bioplastic was fabricated by 

taking 5g of sweet potato starch in a beaker followed 

by the addition of 2 ml (40% of the weight of starch) 

of glycerol, 0.5ml of vinegar to adjust the pH of starch, 

and 60 ml of di-ionized water into the beaker.  

 
The blend was mixed on a hot plate magnetic 

stirrer with the temperature gradually rising to 70 oC 

for 40-45 minutes and the pH of the resulting plastic 

solution was checked with a pH meter.  The mixture 

was cooled to about 25 oC and cast into the petri dish, 

dried in an oven for 12 hours at 60 oC, and followed 

by cooling in a desiccator for 4-5 days. The simple 

starch bioplastic films thus obtained were stored in 

airtight plastic bags at room temperature. ZnO 

incorporated bioplastic nanocomposite films were also 

prepared by the above-mentioned method, with water 
being substituted by the ZnO NPs solution in water 

during sonication. ZnO composites were prepared 

using different concentrations of ZnO NPs i.e., 1% 

(0.05 g / 5 g starch), 3%, (0.15 g / 5 g starch), 5 % (0.25 

g / 5 g starch), 7 % (0.35 g / 5 g starch), and 10 % (0.5 

g / 5 g starch).  

 

Characterization of starch and composite bioplastic 

films 
 

Mechanical properties and Water vapor permeability 

(WVP) 
 

Mechanical properties of composite 

bioplastic films such as tensile strength and percentage 

of elongation at the break were determined by a TA 

XT Plus Texture Analyzer. Film samples were 

evaluated with some modifications and the tests were 

conducted according to the ASTM D828–97 standard 

test methods (ASTM, 1997). ZnO nanoparticle 
composite films were cut into strips (16×10 cm). The 

clamp distance was 20 mm, and the draw rate was 100 

mm/min. Tensile strength was calculated by dividing 

the maximum load by the cross-sectional area of the 

film. The percentage of elongation at the break was 

expressed as a percentage of change of the original 

length of a specimen between grips at the break. 

Before the testing, the samples were preconditioned at 
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67% RH for 48 h at room temperature (25± 1oC). All 

samples were collected in triplicate. 
 

Before the Water vapor permeability (WVP) 

testing, the films were conditioned at 25 oC for 48 h in 

a desiccator with a relative humidity of 65%. Circular 

film samples were put over the mouth of the test cup 

and wrapped with melted paraffin in the desiccator. 

The test cup was about 10 mm in diameter. Anhydrous 

calcium chloride (0% RH) was placed inside the test 

cup while a saturated sodium chloride solution (75% 

RH) was placed in the desiccator. The change in the 

weight of the cups was assessed every 12 h over two 

days. The gravimetric method was employed to find 

out the WVP of starch and composite bioplastic films. 
The WVP was determined as follows: 
 

WVP = 𝑚 × 𝑑/( 𝐴 × 𝑡 × 𝑃)  (1) 
 

where d is film thickness (m), m is the weight 

increment of the cup (g), A is the area exposed (m2), t 

is the time lag for permeation (h), and P is water vapor 

partial pressure difference across the film (Pa). All 

samples were carried out in triplicate  The thickness of 

the composite bioplastic films (t) in mm was 

determined by using an electronic micrometer (Micro-

master®) that was accurate to about 0.001 mm 

according to the method mentioned in the literature 

[31].  

 

SEM Analysis of Bioplastic Films 
 

A scanning electron microscope was used to 

assess the micro-structural analysis of the composite 

bioplastic (NOVA-NANOSEM-450) by the same 

method as described above.  
 

Functional group Analysis through FT-IR 
 

Functional classes of starch bioplastic and 

composite bioplastic films were revealed from FTIR 

spectrums recorded at wavelengths ranging from 400 

to 4000 cm-1 using a Cary-630 FT-IR 

Spectrophotometer.  
 

UV Absorbance and transparency of bioplastic films 
 

The UV absorption and transparency of the 

bioplastic samples were measured using an Agilent-60 

UV-visible spectrophotometer according to the 

procedure mentioned in the literature [32] with minor 

adjustments. To balance the height and width of the 

cuvette, the bioplastic was cut to 1cm x 3.5cm. 

Bioplastic composites were then put in the cuvette's 

crosswise direction and absorbance was recorded 

between 750 nm and 200 nm [33]. The UV absorbance 

of composite bioplastic films was determined by 

dividing the maximum absorbance at a given 

wavelength (600 nm) by the thickness of the bioplastic 

film. The transmittance was calculated by using the 

equation below. 

 
%T = antilog (2 – Absorbance)  (2) 

 

Where, %T = Transmittance at 600nm     

 

The transparency of films was calculated 

using the equation, 

 

Transparency = 
𝑙𝑜𝑔%𝑇

𝑏
    (3)  

 

where, b = Thickness of bioplastic (mm) 

 

Conventional polyethylene plastic bag was 

used as a reference. 

 

TGA studies 

 

TGA of bioplastics was performed with 

TGA- Instrument TGA-50. The mass of the starch 
bioplastic and composite bioplastics were 13.286 and 

9.778 mg respectively, and the temperature was 

increased by 10 oC per min, starting at 30 oC and 

increasing to 500 oC, using aluminum cell in N2 

atmosphere with a flow rate of 30 ml/min. The TGA 

graphs were evaluated to reveal the onset, peak, and 

end temperatures, and the weight loss changes of 

biocomposite films.  

 

DSC Analysis 
 

DSC analysis of the bioplastics was 

performed using a DSC-60A instrument in an 

aluminum cell under N2 atmosphere using a sample 

weight of 6 mg for starch bioplastic and 5.2 mg for 

composite bioplastic. The temperature was increased 

by 10oC per min beginning from 30 oC up to 400 oC 

with a flow rate of N2 gas of about 45 ml/min. The heat 

flow rate profile was measured as a function of 

temperature. The DSC thermograms were assessed to 

indicate the onset, peak, and end temperatures, and the 
enthalpy changes of the phase transitions. 
 

Soil burial decomposition analysis 
 

In the laboratory, biodegradation tests of 
bioplastic films were carried out using the method 

suggested in the literature [34] with some minor 

modifications. Starch bioplastic and composite films 

with dimensions of 60 mm x 30 mm x 2 mm were 

buried at a depth of 20 cm in the soil.  
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(a) 

 

 
 

(b) 

 

Fig. 2: (a) FT-IR spectrum (b) SEM images of ZnO NPs synthesized from guava and neem leaf extracts. 
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Table-1: Water vapor permeability (WVP) and Physical properties of starch and composite bioplastic films. 
Physical Appearance ZnO NP reinforced composite bioplastic 

0% 1% 3% 5% 7% 10% 

Texture Smooth surface 

and less flexible 

Smooth 

Surface 

Slightly rough 

and elastic 

Highly 

Even 

Smooth 

surface 

Flexible with a 

smooth surface 

Brittleness High High Moderate Moderate High Moderate 

Surface Transparent Transparent Transparent Transparent 

 

Highly 

Transparent 

Highly 

transparent 

Film thickness 

(mm) 

0.12 0.28 0.27 0.38 0.28 0.01 

WVP 

(10-10 g Pa-1 s-1 m-1) 

5.36 3.79 2.98 1.58 2.32 2.65 

 

The soil was kept in the research lab using a 

plastic container, and the soil's humidity was 

maintained by watering after various periods i.e., 15, 

30, and 60 days. Synthetic polyethylene plastic was 

utilized as a reference and mass loss of the sample over 

time was used to determine the decomposition rate of 

the soil burial test. The following equation was 

employed to calculate the biodegradation mass loss 
after a 15-day break. 
 

Mass loss % = 
𝑀1−𝑀2

𝑀1
× 100%  (4) 

 

Where, 
 

M1 = Initial mass 
 

M2 = Final mass of the sample after drying 
 

Results and Discussion 
 

Characterization of ZnO NPs 
 

The presence of several functional groups in 

green synthesized ZnO NPs was examined using the 

FT-IR spectrum [35]. Fig. 2 (a) displays the FTIR 

spectrum of ZnO NPs synthesized from guava and 

neem leaf extracts. The metal oxide peak appeared at 

a wavenumber less than 1000 cm-1 in the fingerprint 

region of the spectrum. The deformation of the ZnO 

bond has been indicated in the form of a sharp band at 

834 cm-1, while the stretching can be seen in a peak at 

1550 cm-1. The morphology and surface structure of 
ZnO NPs was examined using SEM. Fig. 2 (b) shows 

the SEM image of ZnO NPs at a particular resolution. 

The SEM photograph revealed the spherical shape of 

NPs with diameters ranging between 80-100 nm. 

Accumulated ZnO NPs and the individual NPs 

exhibited relatively smaller sizes in the range of 20-

100 nm. A similar structure was reported in some 

studies when an aqueous extract from Azadirachta 

Indica was used [36]. 
 

Characterization of the starch and composite 

bioplastic films 
 

Mechanical properties and Water vapor permeability 

(WVP) 
 

The water vapor permeability (WVP) of 

starch and composite bioplastic films is shown in 

Table-1. WVP of the films is important when it is used 

as packaging material. In such cases one of the 

functions of the film is to avoid, or at least to decrease, 

moisture transfer between the food and the 

surrounding atmosphere; WVP should be as low as 

possible. As can be seen from Table-1, the pure 

bioplastic films had the highest WVP (5.36610210 g 

Pa-1 s-1 m-1), which was significantly higher than starch 
composite films containing ZnO nanoparticles. When 

the content of ZnO NPs was 5%, the blend films had 

the lowest value of WVP. The enhancement in water 

vapor resistance with the addition of ZnO NPs can be 

due to their nanometric size, which increases the 

surface volume ratio and promotes a better dispersion 

of the nanoparticles in the starch matrix. The well-

distributed nanoparticles can generate a curved path 

and force water molecules to flow through the 

composite in a tortuous path, decreasing their 

diffusion through the film. In addition, the ZnO NPs 

are less hydrophilic than starch, making the film more 
hydrophobic. It had been previously acknowledged 

that the nanoparticles could prevent the formation of 

hydrogen bonding between starch molecules, giving 

rise to a more compact structure with smaller inter-

chain spaces that can reduce the water vapor diffusion 

through the film. In general, ZnO NPs composite films 

showed better barriers to water vapor.  

 

The effect of ZnO NPs content on mechanical 

properties is presented in Table-2. Food packaging 

usually demands resistance to high stress with 
deformation according to the proposed applications. 

The pure bioplastic films had the lowest mechanical 

properties. The addition of ZnO NPs significantly 

improved tensile strength, elongation at the break, and 

Young’s modulus, which increased from 1.41 to 2.26 

MPa, 78.20 to 114.91%, and 1.62 to 2.40 MPa, 

respectively. The tensile strength of the films 

increased with the addition of ZnO NPs content up to 

5% and then decreased as the increase of the 

nanoparticle content went on. It appeared as if loading 

more than 5% of the nanoparticles did not lead to a 
greater effect because of the phase separation between 

the nanoparticle aggregates and starch matrix. The 

increased mechanical properties might be attributed to 

the good dispersion state of nanoparticles and the 
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interactions between ZnO NPs and chain segments of 

bioplastic starch, which reduced chain mobility and 

hence improved the macroscopic rigidity of ZnO NPs 

composite films. Further, it is reported that 

nanocomposites exhibited a remarkable improvement 
in the mechanical properties, especially in the Young’s 

modulus and this was due to the filler surface-polymer 

chain segments interactions which reduced chain 

mobility and hence improved macroscopic rigidity. 

Nanofillers act efficiently as matrix reinforcement, but 

only if they are well dispersed, so the interface with 

the matrix would be extended. Film thickness reveals 

crucial details about the structure of bioplastics and 

was also used to calculate the transparency of 

bioplastic films. The thickness of the films varied from 

0.01 to 0.38 mm which decreased with an increase in 

the concentration of NPs by the values mentioned in 
the literature [37]. All the physical characteristics 

related to the structure of the starch bioplastic film and 

composite bioplastic films made were analyzed and 

presented in Table-1. 

 

SEM Analysis of Bioplastic Films 

 

Fig. 3(a) demonstrates the SEM micrographs 

of starch bioplastic comprised of particles representing 

that the starch has not been entirely gelatinized 

through the materialization procedure. Furthermore, 
composite bioplastic's open-to-air exteriors are 

abnormal with channels and show appearance of non-

gelatinized ZnO NPs. The surface structure presents 

few gaps which had no or little effect on mechanical 

properties of biocomposite and reduced interfacial 

linkage indicating a lower level of attachment between 
the constituents as shown in Fig. 3(b). 

 

Hence, starch bioplastic had a stable and even 

surface due to the small amount of residual starch 

particles and the absence of non-gelatinized ZnO 

compared to composite bioplastics. The presence of 

ZnO NPs increased the surface unevenness of the 

starch bioplastic and decreased its consistency. 

 

FT-IR analysis of composite bioplastic 

 

Fig. 4(a) and 4(b) show FTIR analysis of a 
bioplastic film made from starch and 5 % ZnO NPs 

giving highly even texture. The presence of -C-O-H, -

O-H, -C-H aliphatic, and -C=O groups in bioplastics 

were confirmed according to Fourier transform 

infrared spectra. 

 

The interaction between the biopolymer 

matrix and the NPs is confirmed by the significant 

change in peaks between 849.7 cm-1 and 872.3 cm-1 

and the highest values of the polymer matrix shift 

occur at 849.8 cm-1.  
 

 

 
(a) 
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(b) 
 

Fig. 3: SEM micrographs of (a) starch bioplastic 10000X 5µm and (b) composite bioplastic 10000X 5µm 

prepared by using 5% ZnO NPs. 
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(b)  

 

Fig. 4: (a) FT-IR spectrum of simple starch bioplastic film (b) FT-IR spectrum of 5% ZnO NPs reinforced 

composite bioplastic films. 

 

 

Table-2: Mechanical properties of starch bioplastic and composite bioplastic films. 
ZnO NPs 

composite bioplastic films 

(Type %) 

Tensile strength/MPa Elongation at break/% Young’s modulus/MPa 

0% (Starch bioplastic) 1.41 78.20 1.62 

1% 1.86 107.67 1.97 

3% 1.94 113.32 2.13 

5% 2.26 114.91 2.40 

7% 1.93 108.91 1.92 

10% 1.83 105.57 1.84 

 

Table-3: FT-IR data of the starch bioplastic and composite bioplastic. 
Types of vibrations  Peak Values (cm-1) For ZnO NPs Incorporated Composite Bioplastic 

  0% 1% 3% 5% 7% 10% 

O-H Stretching  3265.1 3265.1 3265 3265 3265.1 3265.1 

Zn-O bond Deformation  - 849.8 849.7 872.3 849.8 849.8 

C-H Stretching linked to H-

atoms 

 2929.3 2929.7 2929.1 2922.2 2937.1 2929.7 

Symmetric and Asymmetric –

COOH vibrations 

 1416.4 

1654.9 

1416.4 

1654.9 

1654.9 

1565.5 

1416.4 

1647.5 

1572.9 

1416.1 

1647.6 

1416.4 

1654.9 

-C-O Stretching of C-O-H group  1334.4 1334.3 1410.4 1150.3 1341.8 1341.8 

-C-O Stretching of C-O-C group  1021.3 

849.8 

1013.8 1021.3 991.5 1021.3 998.9 

 

The electrostatic attraction between ZnO NPs 

and the hydroxyl groups of the polymer matrix is 

responsible for the change in (i) C-H stretching of 

methyl and methylene groups from 2929.7 cm-1 (in the 

case of starch bioplastic) to the lower absorption band 

2937.1 cm-1 (in the presence of 5% ZnO NPs in case 
of composite bioplastic) (ii) C-O bond stretching of 

the C-O-C- group of the simple starch composite from 

1021 cm-1 -1013 cm-1 to 998-991 cm-1 in the presence 

of 10% ZnO composite. Polymer-nanoparticle 

interaction is evident from the regular shifts in the 

absorption peaks with subsequent ZnO incorporation. 

All the peaks acquired were referred to the prior 

literature [38] for confirmation and presented in the 

tabular form Table-3. 

 

UV Absorption and transparency of starch and 
composite bioplastics 

 

The bioplastic is capable of shielding food 

products from UV rays and avoiding photo-oxidative 

decomposition which would alter the odor and 
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contribute to the creation of free radicals [39]. 

Additionally, the free radicals produce lipid rancidity 

and DNA transformations that trigger various illnesses 

like skin cancer, damaged nervous system, and 

coronary heart disease. 
 

Fig. 5 displays the UV spectrum of starch 

bioplastic and ZnO NPs incorporated composite 

bioplastic with the maximum absorption in the 

wavelength range from 200 nm to 400 nm. The greater 

the amount of ZnO NPs in the bioplastic, the greater 

the bioplastic's ability to absorb UV radiation.  The 

bioplastic containing 5% ZnO NPs exhibited 

maximum absorbance at 600 nm and 10% ZnO NPs at 

200-400 nm. The transparency of the bioplastic was 

examined by measuring the transmitted light at 600 

nm to obtain numerical results using a 
spectrophotometer.  

 

 

 

 
(a)  

 

Fig. 5: UV spectrum of starch bioplastic and ZnO 
NPs incorporated composite bioplastic films. 

 

               Table-4. showed that bioplastic was 

transparent, and the composite bioplastic film 

reinforced with 10% ZnO NPs exhibited higher 

transparency compared to other composites. The 

transparency of bioplastic was calculated using the 

percentage transmittance by equation (2). 

Transparency values displayed by the composite 

bioplastic appeared relatively intermediary to the 

simple bioplastic film. 

 

Thermo-gravimetric Analysis (TGA) 

 

            Fig. 6 demonstrates the curves of starch 

bioplastic and composite bioplastic respectively 

acquired through thermo-gravimetric analysis. The 

primary breakdown of the starch bioplastic film 

sample occurred at 172.60 °C implied by the reduction 

in specimen mass followed by single phase breakdown 

up to 333.62 °C, losing about half of its mass. It is 

revealed that the breakdown of both starch bioplastic 
and composite occurred in two steps (1) the moisture 

confined in starch bioplastic is evaporated along with 

vinegar removal (60–210 °C) and (2) thermal 

breakdown of starch bioplastic (220-339 °C) and 

composite bioplastic (at 339.60 °C between 240-410 

°C) occurred along with vaporization of glycerol 

(249.48-333.62 °C). The fragmentation data of starch 

bioplastic and composite bioplastic showed that 50 

percent of mass loss occurred at 276.56 °C and 275.13 

°C for starch bioplastic and composite bioplastics, 

respectively.  
 

 
 

Fig. 6: Thermogravimetric analysis (TGA) curve for 

starch bioplastic and 5% ZnO NPs reinforced 

composite bioplastic.  

 

 
 

Fig. 7: Differential Scanning Calorimetry (DSC) 

thermo-gram of starch bioplastic and 5% 

ZnO NPs incorporated composite bioplastic. 
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Within the range of 33.14°C–500 °C, the 

overall results of the physical and thermal 

characteristics investigation of the bioplastic indicate 

that the key reduction in mass is -99.416 % and -

99.616 % with 5% ZnO incorporated composite 
bioplastic and starch bioplastic, respectively. The 

addition of ZnO NPs to bioplastic raises the 

breakdown temperature leading to the improved heat 

stability of composite bioplastics. 
 

Differential Scanning Calorimetry (DSC) analysis 
 

Starch and composite bioplastics are found to 
have the highest melting temperatures of 144.44 °C 

and 201.86 °C, respectively, as presented in Fig. 7. It 

has been reported that the melting point of the films 

has increased radically by the presence of NPs[40] due 

to intensification in the degree of nanocomposite 

crystallinity and interfacial interaction between the 

NPs and the amorphous region of the chain. 
 

The Starch Bioplastic has a semi-crystalline 
structure having a crystallization temperature of 147 

°C and exhibiting two contemporary peaks between 

260 °C and 340 °C in the DSC curve. The glass 

transition temperature (Tg) of starch bioplastic and 

bioplastic composite films is found to be the same, 

nearly 76.5 °C, as calculated by the results of DSC 

levels. The higher the glass transition temperature of a 

polymer, the better its resistance properties.  

Consequently, glass transition temperature 

(Tg) specifies the uniformity of the constituents with 

biopolymer. ZnO NPs can make chemical bonds with 

O-H of the starch molecules. Therefore, the results 

indicate the higher thermal stability for the starch and 
ZnO NPs reinforced composite bioplastic films. 

 

Soil burial biodegradation test 
 

The soil submerged bioplastic samples were 

removed from the soil at different time intervals for 

soil biodegradation analysis. It was found that the 

color and mass of bioplastic films began to exhibit 

slight change on day 15.  
 

Fig. 8 represents the appearance and 

percentage of mass loss of bioplastic films after soil 

burial.  The highest percentage of mass loss was 

observed as 85 % and 74 % for starch and composite 

bioplastic respectively after 30 days of soil burial 

while no difference in polyethylene occurs. Starch-

based films, both with and without NPs, have already 

been reported that disintegrate completely within 60 

days [41]. So, compared to traditional plastics, starch 

bioplastic composites have the potential to decompose 
quickly, and all the plastics manufactured in this study 

decomposed easily and hence can be called 

decomposable products. 
 

 

 
 

Fig. 8: Biodegradation of (a) starch bioplastic, (b) 5% ZnO NPs reinforced composite bioplastic, and (c) 

polyethylene plastic. 
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Table-4: UV absorption and transparency analysis of starch bioplastic and composite bioplastic films 
ZnO NPs 

composite bioplastic films 

(Type %) 

Absorbance 
Transmittance 

(%) 

Thickness 

(mm) 
Transparency 

0% (starch bioplastic) 4.317 0.098 0.12 0.08 

1% 4.129 0.118 0.28 0.37 

3% 4.332 0.097 0.27 0.44 

5% 4.469 0.084 0.38 0.65 

7% 4.336 0.096 0.25 0.41 

10% 3.781 0.168 0.01 1.22 

Polyethylene film 5.3 0.03 0.01 0.47 

 

Conclusion 

 

This investigation was conducted to produce 

biodegradable and economical bioplastic from plant 

sources. Bioplastics were developed using sweet 

potato starch with and without reinforcement with 

biogenically synthesized ZnO NPs. These bioplastics 

have impressive decomposable properties as well as 

strong interfacial bonding and thermal properties 

rendering them a viable alternative to existing 
traditional plastics. Furthermore, starch is a low-cost, 

renewable resource. The durable interaction between 

polymer matrix and ZnO NPs confirmed the formation 

of bio nanocomposite through FT-IR analysis. It was 

observed that the ZnO NPs had significant effects on 

the tensile properties of the nanocomposite films. The 

addition of ZnO NPs to the starch bioplastic films 

substantially improved tensile strength, elongation, 

and Young’s modulus. The integration of ZnO NPs 

lowered the degree of WVP and film solubility value 

contrasted to those of the CS films. The thermal 
stability and transparency of the prepared bioplastic 

are increased by the addition of ZnO NPs for its 

application in the packaging industry. Biodegradation 

of these bioplastic films under natural conditions has 

proven that the composite bioplastic is compostable 

(85%) according to the international standards of 

bioplastic disintegration EN13432. Hence, it is 

concluded that the prepared composite bioplastic from 

renewable resources provides UV protection, 

mechanical strength, thermal stability, and 

biodegradability.  
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