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Abstract: The usage of biodegradable materials is gaining 
mounting applications owing to the environmental pro­
blems created by petroleum-based synthetic materials.
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Agro-waste materials are finding more scope as reinforce­
ment materials in polymer composites, mainly because of 
their cost-effectiveness and availability. The main aim of 
this research work is to utilize agro-waste material in the 
form of mango seed waste (MSW) as a reinforcing material 
with polyvinyl alcohol (PVA) to form biocomposite. The 
biocomposites were fabricated using the solution casting 
technique. The research work focuses on the influence of 
varying ultrasonication periods (0-20 min at 5-min inter­
vals, i.e., 0, 5,10,15, and 20 min) on the properties of PVA/ 
MSW biocomposites. The fabricated biocomposites were 
subjected to tensile test, fracture morphology, moisture 
absorption (MA), Fourier transform infrared spectroscopy, 
and thermogravimetric analysis. The results revealed that 
the material with the highest tensile strength was 3.95 MPa 
obtained with the 20-min ultrasonication sample. This 
value is 49% higher than that obtained in the sample 
without ultrasonication. The scanning electron microscopy 
analysis shows that the 20-min ultrasonication sample indi­
cated a good distribution of MSW fillers in the PVA con­
trasted with the rest of the samples. The thermal stability 
of the samples treated with ultrasonication was found to be 
significantly higher than that of the untreated samples, 
whereas the MA value decreased with increasing ultraso- 
nication time. It can be observed from the results that
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biocomposites can be a potential alternative to the syn­
thetic materials used in packaging applications.

Keywords: biocomposite, polyvinyl alcohol, mango seed 
waste filler, ultrasonication effect, mechanical properties, 
thermal stability

1 Introduction

Plastics are commonly utilized in daily life in the form of 
polyolefins (polyethylene and polypropylene) because they 
are strong, lightweight, and stable, but they are not easily 
broken down by microorganisms in the environment, 
causing huge environmental problems [1,2]. Efforts are being 
made to reduce this problem through several approaches, such 
as recycling, plastic waste treatment, and the development of 
biodegradable plastic [3-6 ]. Accordingly, it was discovered that 
the focus on creating novel polymer systems and materials 
based on polymers that had an ecological advantage was 
expanding in the field of polymer science and technology. As 
a result, numerous studies have used polymer composites with 
the addition of natural fillers to improve the performance of 
the matrix and to be more environmentally friendly [7- 12].

Biodegradable plastics are generally produced with renew­
able raw materials like polylactic acid, polyvinyl alcohol (PVA), 
and starch. PVA is soluble in water and falls under the category 
of synthetic polymers. The reasons for choosing PVA material 
are based on its nontoxic and water-soluble properties. Despite 
being synthetic, these polymers are known as biodegradable 
materials. Apart from being used in medical applications, PVA 
is also widely used in food packaging applications because it has 
a hydrogel characteristic that makes it suitable for the forma­
tion of bioplastic films [13-15].

However, PVA material alone is not sufficient for 
making biodegradable plastics. This is because mechanical 
characteristics are poor and moisture absorption (MA) is signifi­
cant [16,17]. The addition of natural fiber can improve these 
weaknesses, as reported by previous studies [16,18-21]. Many 
researchers have attempted to infuse various waste fillers into 
polymer matrices to improve the performance characteristics of 
the ensuing biocomposites [22,23]. Waste fillers obtained from 
brewed coffee [24-26], coconut shell [27], tamarind nut [28- 30], 
banana peels [31], rice starch [32], sapodilla seeds [33], fish scales 
[34], corn husk [35], etc. were utilized for this purpose.

One of the most widely grown fruits is the mango 
(Mangifera indica L.), which is native to tropical and sub­
tropical areas, including India, Malaysia, Sri Lanka, and 
Thailand. Mango seeds are readily available as a byproduct 
of mango fruit consumption and can be obtained in large 
quantities. The mango seed is currently not used for any

commercial applications; instead, it is thrown away as gar­
bage, contributing to pollution [36]. Utilizing mango seed 
waste (MSW) as a reinforcing filler promotes sustainable prac­
tices by reusing agricultural waste material, reducing envir­
onmental impact, and contributing to waste management.

Hence, MSW filler powder was chosen as a suitable filler 
and reinforcement in PVA matrix-based biocomposite because it 
has enough cellulose content that is quite competitive among 
other natural fibers [37]. Unfortunately, the addition of natural 
fiber alone in the matrix is less effective at improving mechanical 
properties [38] because these fibers have a few downsides despite 
their many advantages, including poor wettability, incompat­
ibility with some polymeric matrices, and significant MA 
[39- 43]. Researchers recommended particular physical and 
chemical techniques for fiber surface modification to address 
this issue. Natural fiber composites frequently use alkali treat­
ment, one of the easiest and most efficient surface modification 
procedures [26,44]. Furthermore, ultrasonication of the bio­
composite materials helps to maximize their mechanical, 
thermal, and moisture resistance properties [45- 47].

Previous researchers conducted a study on plastic-based 
yarn bean starch reinforced with water hyacinth fibers 
to evaluate the mechanical properties of the biocomposites 
by varying the duration of vibration in the ultrasonic bath 
during their fabrication. After ultrasonic treatment, they asserted 
that the mechanical attributes improved [48]. According to a 
comparable study, the gelatinization process’ ultrasonication 
might disperse the matrix’s fibers [49]. The main working 
principle of the ultrasound device is to provide sound waves 
through the water medium, resulting in the breakdown of fiber 
agglomeration in the matrix [48,49].

Several previous studies used a long time duration of 
ultrasonication, resulting in expensive production costs. 
Therefore, this research provides a new perspective on the 
use of short time duration of ultrasonication with low power 
ultrasonication to enhance the traits of environmentally 
friendly biocomposites plastic. The current work stems 
from the use of PVA and alkaline-treated MSW filler-based 
composites, which were characterized by tensile test, scan­
ning electron microscopy (SEM), MA, Fourier transform 
infrared spectroscopy (FT-IR), thermogravimetric analysis 
(TGA) and differential thermal analysis.

2 Materials and methods

2.1 Materials used

MSW was procured locally from mango sellers in Tanjung 
Market, Jember, Indonesia. PVA (under Chuang Chun
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Petrochemical merk) with a molecular weight and density 
of 30,000 and 1.080 g-cm-3, respectively, was obtained from 
UD. Aneka Kimia store Jember, Indonesia. Several chemi­
cals for the filler extraction process, such as glycerin (con­
tent 99.7%; moisture 0.3%), sodium hydroxide (NaOH) with 
purity 98%, and sodium hypochlorite (NaClO), were pur­
chased from the Makmur Sejati Chemical Shop, Jember, 
Indonesia. The distilled water was provided at the Laboratory 
of Material Testing, University of Jember.

in the sun for one day. The dried MSW fillers were pre­
pared for the bleaching process. The aim of the bleaching 
process was to remove residual lignin and impurities in the 
filler, as evidenced by changing the color of the filler pow­
ders to a whiter color. The bleaching process was con­
ducted by using a 5% NaClO solution at a temperature of 
60°C and a speed of 500 rpm for a time period of 4h. After 
the bleaching treatment, it was dried in a hot air oven for 
60 min at a temperature of 40°C. Then, it was crushed for 
15 min using a grinder to obtain a finer filler powder.

2.2 Isolation of MSW powder fillers

MSW was washed under running water five times to remove 
dirt. It was dried in the sun for 3 days until a constant weight 
was obtained. It was crushed using a grinder for 10 min. MSW 
was obtained in the form of fine powder. Then, the MSW filler 
was treated by alkalization using a 10% NaOH solution at a 
temperature of 80°C and stirring constantly at 500 rpm for 
2 h. The purpose was to remove lignin and waxy substances. 
Equation (1) can be used to calculate the quantity of removed 
contents as a result of the reaction between the MSW powder 
and alkali solution [20].

Filler-OH + NaOH ^  Filler-O-Na+ + H2O. (1)

The MSW powder was then washed in water to obtain 
a pH neutral. Then, the alkalized MSW powder was dried

2.3 Fabrication of biocomposite

A flow chart depicting the fabrication of the biocomposites 
is presented in Figure 1. The fabrication of biocomposites 
in this study was done via the solution casting method by 
mixing 10 g of PVA and 3 ml of glycerin in 100 ml of distilled 
water. They were stirred and heated at 500 rpm and 70°C 
for 1 h, respectively. Then, the mixture was added by 1 g of 
MSW filler gradually at a temperature of 70°C and 700 rpm 
for 10 min until it became a homogeneous gel texture. 
Thereafter, it was poured into a rectangular glass mold 
(120 mm x 60 mm). Then, the ultrasonication treatment 
was applied to the biocomposites using BAKU BK-2400 
(Guangzhou Hanker Electronics Technology, Guangdong, 
China) ultrasonic bath machine with various time

Figure 1: Schematic diagram of production biocomposite.
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duration, namely 0, 5, 10, 15, and 20 min. In all the cases of 
ultrasonication, five replications were made. For the testing 
of mechanical properties in each case, five identical samples 
were tested, and the average values were recorded. After 
that, it dried at a temperature of 40°C for 18 h in a drying 
oven. Subsequently, the biocomposite was released from its 
mold and stored in a rectangular chamber with 45-55% 
relative humidity.

biocomposite films’ thermal behavior, including TGA and 
derivative thermogravimety (DTG), was measured using the 
DTG-60 apparatus from Shimadzu in Japan. The heating rate 
of the samples was maintained at 20°C-min-1, while the flow 
rate of nitrogen was kept at 50 mL-min-1. The TGA curve of all 
biocomposite samples was measured using a thermal analysis 
instrument, with a nitrogen flow rate of 50 mL-min-1 and a 
heating rate of 10°C-min-1 within 25-475°C. The weight of 
each sample was between 5 and 10 mg.

2.4 Characterization of biocomposites

2.4.1 Tensile test

Biocomposite tensile test specimens were manufactured 
and cut in accordance with the ASTM D882-02 standard. 
Thereafter, tensile tests were performed on the specimens 
using the HT-2328 Universal Testing Machine (Hung Ta 
Instrument Corporation, Thailand). For the testing of 
mechanical properties in each case, five number of iden­
tical samples were tested and the average values were 
recorded. The test was done at a temperature and tensile 
speed of 25°C and 10 mm-min-1, respectively.

2.4.2 SEM

The morphological features of the biocomposites were 
observed using SEM analysis. TM3030Plus tabletop micro­
scope (Hitachi High-Tech Corporation, Japan) machine 
model was used to examine the fracture morphology after 
a tensile test with an operation voltage of 15 kV. The test 
was conducted at room temperature. The magnification 
of the biocomposite fracture image was taken at 2,000x. 
SEM observations were carried out three times for each 
variation.

2.4.3 FT-IR

FT-IR spectrometer (Frontier, Perkin Elmer equipment, USA) 
was used to analyze the PVA and its biocomposite films’ FT-IR 
spectra. The scanning was carried out in between 4,000 and 
600 cm-1 wavelength at a resolution of 4 cm-1.

2.4.4 Therm al analysis

This experiment followed a similar process to the one that 
was more fully detailed in a prior work [17]. The PVA and

2.4.5 M A

In accordance with the ASTM D570, the MA test was con­
ducted [50]. Rectangular PVA and biocomposite film sam­
ples measuring 20 x 15 mm2 area were dried in an oven 
(Model: KLAZ Universal Oven) till the weight was satu­
rated. A closed chamber containing a saturated NaCl solu­
tion was utilized to achieve a relative humidity of 75%. 
After that, the dried samples were put in the enclosed 
chamber for 7 h at a temperature of 27°C, and they were 
weighed every 30 min using a digital balance (Keknko KK- 
LAB) with an accuracy of 0.001 g. The MA was calculated 
using Eq. (2) as follows [51- 53]:

W -  WoMA(%) = * ° x 100%, (2)

where Wo is the dry weight and Wt is the weight of bio­
composite after test.

3 Results and discussions

3.1 Tensile strength

Three mechanical features of the tensile test findings 
were examined in this study: tensile strength, modulus of 
elasticity, and elongation (Figure 2). The maximum load 
received by the biocomposite was the maximum tensile 
strength that occurred during the test. In Figure 2c, the 
trendline for the lowest tensile strength was 2.32 MPa in 
the pure PVA sample. This tensile strength result of the 
biocomposites varies along with the variation in vibration 
duration during ultrasonication. The tensile strength of 
biocomposite with 0 min ultrasonication is 2.65 MPa, which 
is 14.22% higher than that of pure PVA film. A similar phe­
nomenon occurs in biocomposite with 5 min ultrasonica- 
tion for 2.61 MPa. This could be attributed to the porosity 
and voids present at the interface of matrix and mango
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Figure 2: Tensile characteristics of biocomposite samples: (a) modulus of elasticity, (b) elongation at break, and (c) tensile strength.

seed filler reinforcement [14,54]. Poor performance results 
from porosity and gaps because the reinforcement’s matrix 
and reinforcement cannot transmit loads effectively [55].

Biocomposite samples with 10, 15, and 20 min ultraso- 
nication also showed an increase in the tensile strength of 
2.99, 3.36, and 3.95 MPa, respectively. These results were 
significantly higher when compared to previous research 
conducted on biocomposites with water hyacinth fiber 
reinforcement exposed to different ultrasonication dura­
tions [48]. Tensile strength is growing due to the matrix 
and filler’s strong adhesive bonding, lack of porosity, small 
gap, and compact structure [48,49]. This phenomenon was 
supported by SEM observation, which showed good inter­
action between matrix and filler (Figure 3d-f).

Unfortunately, the resultant modulus of elasticity did 
not rise along with the tensile strength. This is due to the 
difference in PVA hydrophiiicity conditions before and after 
testing [18]. The highest modulus of elasticity (Figure 2a) was 
0.73 MPa found in biocomposite 0m in ultrasonication. It 
indicates that this sample was inelastic (brittle). Meanwhile,

the modulus of elasticity of the 20-min ultrasonication 
sample was 0.71 MPa, which means that this bioplastic prop­
erty was also brittle. The brittle nature was influenced by 
the ultrasonication effect, which produces a compact struc­
ture [45,48].

The percentage value of elongation at break became 
higher as the ultrasonication duration increased (Figure 
2b). It was indicated in another study that the addition of 
the ultrasonication effect causes the change in the fracture 
length of the biocomposite sample to be short [54]. As a 
result, the biocomposite sample becomes more brittle than 
the pure PVA film. This is in line with the results of pre­
vious studies [54,56].

3.2 SEM analysis

The SEM observations on the fracture surface of all bio­
composite tests can be seen in Figure 3. Figure 3a depicts 
the fractured surface of a pure PVA film after the tensile
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Figure 3: Fracture morphology of biocomposite by SEM observation: (a) PVA, morphology after a time duration of ultrasonication in minutes; 
(b) 0 min; (c) 5 min; (d) 10 min; (e) 15 min; and (f) 20 min.

test. It can be seen in the figure that the fracture of this film 
shows a smooth surface. This is consistent with previous 
studies, which showed that PVA without filler added had 
fine fractures [57]. Another appearance has been shown in 
Figure 3b and c, namely 0 and 5 min ultrasonication. In this 
figure, biocomposite fractures show agglomeration and por­
osity at several points. The biocomposite’s tensile strength is 
reduced as a result. This demonstrates that adding ultraso- 
nication for 0 or 5 min, respectively, is insufficient to dis­
solve filler clumping in the PVA matrix. A similar scene is 
demonstrated in Figure 3d (10 min ultrasonication). In this 
biocomposite fracture, the fillers were not evenly distrib­
uted within the PVA matrix. Previous studies also reported

the same phenomenon, according to which agglomeration, 
voids, unevenly distributed fillers, and the mechanical char­
acteristics of biocomposites were decreased because of gaps 
between the filler and matrix [45,48].

Meanwhile, at 15 and 20 min ultrasonication, Figure 3e 
and f displays multiple images on the biocomposite’s frac­
ture surface. The biocomposite samples with 15 and 20 min 
of ultrasonication displayed acceptable structure, homoge­
neous filler distribution, and strong matrix-filler bonding. 
[49]. This is presumably because the ultrasonic bath’s kinetic 
energy improves the link between the mango seed filler and 
PVA matrix, which causes the uniform dispersion of the filler 
throughout the PVA matrix and dissolves filler clusters [48,58].
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This observation is supported by previous studies showing 
that the addition of ultrasonication during the gelatin phase 
of the sample helps to spread evenly in the matrix. The bio­
composite’s tensile strength therefore increases [58].

3.3 MA

In general, natural fiber composites are moisture-prone 
[39,51], and this PVA-based biocomposite is not an excep­
tion. Whereas, one of the factors to consider in selecting a 
packaging material is its moisture resistance [16,18,59- 61]. 
Therefore, in this study, PVA was combined with natural 
fibers to overcome this problem. Figure 4 illustrates how 
ultrasonication time affects how much moisture PVA and 
MSW-based biocomposites absorb. The pure PVA film has a 
maximum MA value of 19.1% after 7 h when compared to 
the biocomposite film. This value is the highest compared 
to biocomposites. This is due to the hydrophilic nature of 
PVA, as reported by previous researchers [57,62- 65]. Dif­
ferent phenomena were shown by biocomposites with 
ultrasonication of 0, 5,10,15, and 20 min. At the 7th hour, 
the MA values of the biocomposite samples were 17.2, 15.8, 
13.3, 12.8, and 11.2%, respectively. From the 1st hour until 
the 7th hour, conditions showed an increasing trend of MA 
in each biocomposite sample. This indicates that water or 
moisture molecules were able to penetrate into the bio­
composite system through the surface. This case is similar 
to that reported by previous studies [57,58].

The lowest MA value was found in the biocomposite 
sample with ultrasonication for 20 min (11.2%). In general, 
the addition of ultrasonication helps to spread the MSW

Figure 4: MA of all biocomposite samples.

fillers evenly within the PVA matrix [45]. In addition, the 
ultrasonic kinetic energy of the ultrasonic bath was able to 
improve the bond between the matrix and the filler. This 
can be supported by the SEM imaging in Figure 3e and f. 
The good adhesion bonding between matrix and filler pre­
vents moisture from entering the biocomposite system 
through the surface [58]. This phenomenon is similar 
to previous studies that reported that strong hydrogen 
bonding interactions between matrix and filler will 
reduce the number of free OH groups, causing a decrease 
in MA [49].

3.4 Thermal analysis

Figure 5a and b shows the TGA and DTG curves for each 
pure PVA film and its biocomposite film with a variation of 
the ultrasonication for 0, 5, 10, 15, and 20 min. Figure 5a 
reveals that both the PVA film and biocomposite film 
undergo three stages of decomposition, as determined by 
TGA analysis. The initial decomposition of pure PVA takes 
place at a temperature range of 75-110°C, resulting in a 
mass loss of 0.06%/min due to the release of water mole­
cules associated with the polymer [20].

Between 250 and 350°C, the most significant degrada­
tion took place, resulting in a dramatic weight loss of 
approximately 1.5%/min due to the breakdown of both 
the PVA and MSW fiber structures [66]. In this temperature 
range, the matrix and filler structures are damaged by high 
temperatures. Further decomposition and degradation 
occurred between 350 and 475°C, resulting in a mass 
loss of 0.15%/min, with the final product being ash [66,67].

Meanwhile, the DTG curve (Figure 5b) clarifies the 
temperature point shift from the TGA curve. In the DTG 
curve, the addition of ultrasonication duration shows a 
temperature shift towards a higher direction. In the tem­
perature range of 250-350°C, the biocomposite with ultra- 
sonication of 20 min has a temperature point of 311°C. In 
comparison to other biocomposites at 0 min (266°C), 5 min 
(293°C), 10 min (302°C), and 15 min (306°C), the temperature 
yield was greater (253°C). The higher thermal stability 
of MSW fillers increased the decomposition temperature 
compared to pure PVA [14,66]. The biocomposite film’s 
thermal stability increased by 53°C when the ultrasonication 
time was extended to 20 min (compared to pure PVA), and a 
reduced mass loss of 1.5%/min as depicted in the graph with 
the maximum residual content. The reason for this trend 
could be due to the dissolvation of agglomerates by the 
ultrasonication process, where a more uniform distribution 
of the filler particles took place. The better interfacial
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Figure 5: Thermal stability of mango seed fiber/PVA biocomposite samples: (a) TGA and (b) DTG.

connection between the filler and matrix as a result of 
improved dispersion can increase thermal stability. The 
resistance of the composite to heat degradation can be 
increased by preventing the onset and spread of micro­
cracks or voids through a strong interfacial connection.

Due to its high decomposition temperature, MSW filler 
has greater thermal stability than PVA, which is attributed 
to the presence of amide groups. Moreover, the strong inter- 
molecular hydrogen bonds formed between the hydroxyl 
groups of PVA and the amide groups of MSW fillers in the 
biocomposite contribute to increased thermal stability and 
mechanical strength [14]. The final residue produced by the 
biocomposite after thermal analysis is charcoal [68]. Based 
on this, it can be inferred that the reduction in mass loss 
observed with increasing ultrasonication duration is pri­
marily due to the thermal stability properties of the MSW 
fillers present in the biocomposite [14].

3.5 FT-IR

Figure 6 shows the functional group of pure PVA and its 
biocomposite observed by FT-IR. The spectrum peak 
obtained for all samples tested at 3,290 cm-1 is for the OH 
and H groups, which are the bonds between the hydroxyl 
groups [57]. The C-H bond stretching in methyl and methy­
lene for hemicellulose and cellulose groups is shown at 
2,855-2,950 cm-1 peaks [69]. Furthermore, the peak at 1,640 
cm-1 is due to the strain for the C =O  bond [68].

Due to the hydroxyl group being stretched, the FT-IR 
spectrum exhibits a significant absorption peak at 1,640 
and 3,290 cm-1 (PVA) [57]. On the other hand, the FT-IR

spectrum of the fiber shows a distinctive amide-I band at 
1,640 cm-1 and a wide peak at 3,290 cm-1 according to the 
O-H hydroxyl stretch [69].

For all PVA/MSW filler biocomposite with ultrasonica- 
tion, the C =O  and O-H stretching appeared broader and 
more intense than pure PVA. This widening is mainly due 
to the strong hydrogen bonds that occur between the 
hydroxyl and -N-H or C =O  groups of the PVA and the 
MSW fillers [14]. No prominent shifts in the FT-IR peaks 
were observed, confirming that there was no functional 
group change in the biocomposite film.

2 0  m in  U ltra so n ic a tio n
-----1----1----1----1----1----1----1----1----1----1----1----1—

4000 3500 3000 2500 2000 1500 1000

Wavenumber (cm '1)

Figure 6: FT-IR spectra of all biocomposite samples.



D E  G R U Y T E R Properties of alkaline-treated MSW filler reinforced PVA biocomposite ----- 9

4 Conclusion

The development of a PVA-based biocomposite with MSW 
filler has been successfully made. The tensile properties of 
the biocomposites varied with the variation in the duration 
of the ultrasonication. The tensile strength of biocomposite 
without ultrasonication was found to be 2.65 MPa. However, 
the biocomposite with 5-min ultrasonication exhibited a 
strength of 2.61 MPa, which is lower than the composites 
without ultrasonication. This could be attributed to the por­
osity and voids present at the interface of matrix and mango 
seed filler reinforcement. Poor performance results from 
porosity and gaps because the reinforcement’s matrix and 
reinforcement cannot transmit loads effectively. On the 
other hand, a biocomposite sample with a 20-min ultrasoni- 
cation had the greatest tensile strength result (3.95 MPa). 
This value was 170% higher than the pure PVA sample. 
SEM observations also showed a good structure, followed 
by an even distribution of fibers in the matrix. Thermal 
resistance increased significantly by 53°C compared to 
pure PVA film. The addition of ultrasonication duration 
has also succeeded in increasing the resistance to moisture. 
The findings in the research are results that are quite 
superior around 25-30% in terms of tensile strength com­
pared to packaging products made from polypropylene (film 
grade). PVA-based biocomposite and MSW powder can be 
recommended as potential economic and environmentally 
friendly food packaging materials that can serve as a sub­
stitute for synthetic plastic.
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