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Preface

International Conference on Climate Change, Agriculture, Biodiversity, and Environtment
Study (CABE 2021) was held in Tarakan, Indonesia. CABE 2021 was hosted by Biodiversity
of Fishery and Marine Center LPPM UBT.

The conference is organized by the Research and Community Services Center of Borneo
Tarakan University, Indonesia. The primary objective of The CABE 2021 is to promote
effective interaction and cooperation among scientists and technicians who are involved in
agriculture research and development in the world with the view of encouraging and
facilitating research activity, implementing research findings, sharing of information and
publication of research results. The CABE 2021 focuses on both theory, design and
applications. In addition to the technical sessions, there will be invited sessions, panel

sessions and keynote addresses.

At the moment, we are facing a new situation that has never happened before, the Global
Pandemic caused by Coronavirus Disease of 2019 (Covid-2019). This issue has affected the
lives of people globally, Including the lives of academics in education. The Covid-19
pandemic is an unprecedented phenomenon for us all. The situation is continually evolving,
and we must face new challenges every day. With the appeal above, the International
conference on Conference on Climate Change, Agriculture, Biodiversity, and Environtment
Study has been switch into virtually mode. Originally the coference was planned in a physical
conference. However, until mid-September 2021, the conditions for Covid-19 were not
normal. The participants really need the publication results as an annual performance report.
In this case, all participants refuse if the conference is postponed. At 23-24 December 2021,
all participants were invited virtually for preparation and simulation. In the conference day,
all committee were organizing the conference in virtually using zoom application from
Tarakan, Kalimantan, Indonesia. The structure were similar with the physical conference as
indicated in the following conference program. The keynote speakers session was cunducted
in the morning and continued with parallel sessions after lunch break. In the parallel session,
each participant was preset their paper for 15 minutes including questions and answers. The
CABE 2021 were attended around 170 audience with 121 presenters from academicians,

students, scientists, and other related professionals.
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Our special thank also goes to all individuals and organizations such as the international
program committees (IPC), the conference organizers, the reviewers, and the authors, for
their contribution in making CABE 2021 not only a successful international conference but
also as a memorable gathering event. We are also grateful for the support of the publication
service of IOP. We hope that it should give you a beautiful memory to bring home in addition
to new insights and friends gathered during the conference. We are truly grateful for your
contribution and interest. We hope that you will get pleasure from CABE 2021 in this
beautiful city, Tarakan, Indonesia.

Best regards,
Dr. Ratno Achyani, S.Pi, M.Si (General Chair of CABE 2021)
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Abstract. Bioplastics are plastics made from biopolymers as an alternative to commercial
plastics to reduce environmental pollution. Starch from rice bran waste is an essential biopolymer
material, and chitin from shrimp shell waste; can be converted into chitin nanowhiskers (CNWs)
that can strengthen biopolymer materials. A glycerol plasticizer was added to improve its
elasticity. This research aims to determine the potential of starch from rice bran waste and CNWs
from shrimp shell waste as ingredients in the production of bioplastics with the addition of
glycerol plasticizer and its degradation property through soil burial testing. This fundamental
research consists of chitin extraction, CNW production, starch extraction, bioplastic production,
tensile strength testing, water uptake testing and soil burial testing on the sand, humus, and
compost. The use of rice bran starch and shrimp shell CNW as ingredients in the production of
bioplastics are deemed potential. This bioplastic exhibited low mechanical properties such as
tensile strength and water uptake but outstanding degradation in the soil burial testing.

Keywords: Bioplastics, Biopolymer materials, CNWs, potential of starch.

1. Introduction

Waste is an unresolved problem in Indonesia. The increase in population and human activities increases
the volume of waste. Dependency on plastic materials is caused by activities carried out by humans who
use plastic as necessary [1]. In total, the waste production in Indonesia reaches 189-kilo tons per day,
much larger than other Southeast Asian countries [2]. Indonesia uses 100 billion plastic bags annually,
which places Indonesia as the second-largest plastic user country after China [3].

Synthetic plastic is hard to degrade even though it has been buried completely for decades. The
properties of plastic do not decompose naturally, ultimately causing environmental problems [4,5]. One
solution is developing environmentally-friendly plastics or bioplastics derived from natural materials.
The advantage of bioplastics is that they can decompose naturally quickly and improve soil quality
because their decomposition products increase nutrients in the soil [6,7].

So far, bioplastics that have been produced often using starch from cassava [6,8,9], potato [10,11]
and corn [12-14] with high starch content and the results are good, but these are non-waste materials
that are still widely used by many communities as a main source of food; so, it has caused some
disapproval of certain parties [11]. Besides, the technology is not yet widely developed, so production
is substantially more expensive than synthetic plastics. In the end, people still chose to use synthetic
plastics [15].

Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
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Rice bran is considered as a waste because its utilization is still limited, mostly known as a low-
quality animal feed ingredient [16,17] and starting to be used as functional food, but obstructed due to
the quality of the rice bran which is not standardized [18,19]. Rice bran waste is a suitable raw material
in the form of biopolymer for the development of bioplastic [20] to be used as a source of starch which
is hydrophilic [21]. Meanwhile, shrimp shells are the biggest pollutant of seafood production [22,23],
which contains chitin that can be processed further into nanowhisker chitin (CNW) that functions as an
alternative to synthetic reinforcement [24]. CNW can increase the mechanical strength of bioplastics by
forming intermolecular hydrogen bonds [25,26]. Meanwhile, hygroscopic glycerol plasticizer functions
to give elastic properties, locating between biopolymer bond chains and can interact by forming
hydrogen bonds [27,28].

Chitin from shrimp shells is extracted by performing deproteination to remove protein and
demineralization to remove minerals [29,30], as it is the most general and simplest method for chitin
extraction because sodium hydroxide and hydrochloric acid are easy to procure. Then CNW is produced
by performing acid hydrolysis to disperse chitin into rod-shaped particles [31], for it is the most
commonly used method, continued by being frozen at -80°C, then freeze-dried to remove excess water
in the form of ice by sublimation, following the reference method for which the equipment was readily
available. According to a statement from previous research, a specific freezing temperature of -80°C
shapes CNW in a sheet-like structure [32]. The CNW was then analyzed with the scanning electron
microscope (SEM), the easiest equipment accessible to view its structure.

Starch extraction from rice bran waste is carried out by centrifugation to save time and to ensure all
starch settles as pellets rather than by manual precipitation. Distilled water is used in this process because
it is easy to obtain, inexpensive, non-toxic, and does not damage the hydrogen bonds in starch [33].
Starch is not soluble in cold water; it can be easily separated [34]. The starch content is then measured
by the staining value of the starch-iodine chromogenic complex versus the iodine standard curve and
then read at its maximum wavelength [35], for it is the simplest method for the qualitative and
quantitative analysis of starch.

Bioplastic production is a physical mixing process where rice bran starch is mixed with CNW,
glycerol, distilled water and then heated to undergo gelatinization to produce a gel where the starch-
forming bonds form closely together [7]. A high amylopectin content is desirable in starch gelatinization
because it makes a lot of space in the starch granules, which utilizes hydrogen interactions between
chains that occur. After all, O or H atoms of CNW interact and bond with O and H atoms of starch which
consists of amylose and amylopectin [36]. Meanwhile, according to Industrial Research and
Consultation Institute in 2016, rice bran contained approximately 14.05% amylose and 21.8%
amylopectin [37].

The novelty and contribution of this paper are in the form of fundamental research aimed to
investigate the potential of materials that differ from previous methods for the production of bioplastic.
The materials used in this research are starch from rice bran waste, integrated with shrimp shells waste
in the form of CNW and glycerol plasticizer. Starch from rice bran waste and CNW from shrimp shells
waste are still rarely researched individually and have never been integrated into bioplastic production.

2. Material and methods

2.1. Materials

Materials used were shrimp shells from a fresh seafood stall Yeni Putra & Bu Yatmini Gede market in
Surakarta, rice bran from a rice mill in Boyolali, pure chitin, pure cassava starch, glycerol, distilled
water, demineralized water, hydrochloric acid, sodium hydroxide, iodine reagent, conventional
minimarket plastic bag (PM), plastic clip (PC), cassava starch commercial bioplastic bag (PS), humus
from Lidah Kota forest in Surabaya, compost from a corn plantation behind Lembah Harapan housing
in Surabaya and sand from a construction site in Universitas Surabaya. Equipment used were blender,
oven, UV-Vis spectrophotometer, centrifuge, Metrotex MBT 15 — 1000P Bonding tensile tester,
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magnetic bar, magnetic stirrer, analytical balance, freeze dryer, -80°C freezer, vortex, pH test strips,
desiccator, fume hood, watch glass, spoon, pestle, mortar, 100 mesh sieve, a nylon filter, thermometer,
beaker glass, filter paper, aluminum foil, glass funnel, pipette, filler, measuring cylinder, falcon tube,
cuvette, test tubes and a 16 x 8 cm (2.3 x 1.8 cm) silicone mold.

2.2. Methods

2.2.1. Chitin extraction from shrimp shell waste

Shrimp shells are washed and dried in the sun [29], then crushed and sieved using a 100 mesh sieve to
obtain a reasonably uniform shrimp shell powder. Then for deproteination, 90 g of shrimp shell powder
was added with 900 mL of 4% sodium hydroxide. The mixture was then heated at 80°C for 1 hour while
being stirred constantly. This mixture was cooled off, filtered using filter paper, washed with distilled
water until the pH was neutral and then dried in an oven at 60°C for 24 hours. After that,
demineralization was carried out by adding the results of the deproteination with 500 mL of 1M
hydrochloric acid and constantly stirring at room temperature for 1 hour. The mixture was then filtered
using filter paper and washed with demineralized water until the pH was neutral and then dried in an
oven at 60°C for 24 hours [38]. The chitin yield was determined as % yield = (dry weight of chitin
recovered from extraction x 100) / dry weight of shrimp shells (g) [39].

2.2.2. CNW production.

A total of 15 g of shrimp shell chitin powder was added with 450 mL of 3M hydrochloric acid and was
stirred constantly while being heated to boil for 1.5 hours. This mixture was then cooled at room
temperature and centrifuged at 4000 rpm for 20 minutes. The supernatant was discarded, while the
pellets were taken and washed with demineralized water until the pH was neutral. The washed pellets
were then put into plastic clips to be frozen in the freezer at -80°C and then freeze-dried for 48 hours
[31,40]. The CNW yield was determined as % yield = (dry weight of CNW recovered from production
x 100) / dry weight of chitin (g) [39].

2.2.3. CNW SEM analysis.

SEM analysis was carried out on CNW produced from shrimp shell waste and CNW produced from
pure chitin. This analysis was conducted at the Department of Materials and Metallurgy Engineering,
Faculty of Industrial Technology and Systems Engineering (FT-IRS), Sepuluh Nopember Institute of
Technology (ITS), located on the second floor of the ITS Sukolilo campus, Surabaya, East Java 60111.

2.2.4. Starch extraction from rice bran waste.

500 g of rice bran are added with distilled water and then blended. The result is then filtered and
squeezed using a nylon filter to separate the filtrate and dregs. The dregs were discarded, and the filtrate
obtained was centrifuged at 4000 rpm for 30 minutes. The supernatant was discarded, while the starch
pellets were taken and flattened in a petri dish to be dried in an oven at 40°C for 24 hours [41,42]. The
starch yield was determined as % yield = (dry weight of starch recovered from extraction x 100) / dry
weight of rice bran (g) [39].

2.2.5. Rice bran starch content analysis.

The rice bran starch content was carried out by mixing 1 mL of the sample solution with 1 mL of iodine
reagent. This mixture was then immediately homogenized using a vortex and then added with distilled
water until the volume was 50 mL. The sample was then poured into a cuvette, and the absorbance was
read using a UV-Vis spectrophotometer at A 580 nm. The rice bran starch's content was determined
using the absorbance read from the sample, put into the equation of the iodine standard curve and
multiplied by the dilution factor. The iodine standard curve was made using the same technique, but
pure cassava starch solution was used as a standard solution with modifications in several concentrations
(20, 10, 5,2.5,1.25,0.625 mg/mL).
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2.2.6. Bioplastic production.

The formula to make bioplastics using CNW consist of 2.5 g of rice bran starch, 0.125 g of CNW and
0.625 mL of glycerol are mixed then added with 50 mL of distilled water. This mixture is then heated
at 80°C [20] for 20 minutes and constantly stirred [7,41]. 1 mL of the gelatinized mixture is then poured
into a 2.3 x 1.8 cm silicone mold, then dried in an oven at 45°C for 20 hours [43]. The same method was
then repeated using pure cassava starch and pure CNW for comparison. Pure cassava starch bioplastic
without pure CNW is coded as BS, rice bran starch bioplastic without CNW is coded as BB, pure cassava
starch bioplastic with pure CNW is coded as BSK, and rice bran starch bioplastic with CNW is coded
as BBK.

2.2.7. Tensile strength testing.

PM, PC, PS, BS, BSK, BB and BBK samples measuring 2.3 x 1.8 cm as many as three pieces each for
replication were tested for tensile strength using the Metrotex MBT 15 — 1000P Bonding tensile tester.
The data results in the form of the distance traveled by the puller from the beginning to the breaking of
the samples were recorded [44,45]. Then the tensile strength value of each sample and its replications
was then averaged. This test was conducted at PT. Grand Premier Plaspack, located at Jalan Raya
Krikilan 436, Dusun Larangan, Krikilan, Kecamatan Driyorejo, Gresik, East Java 61177. Specifically,
the tensile strength values of BS with BSK samples and BB with BBK samples were further analyzed
statistically with two sample T-test (P < 0.05) using Minitab 2018 software to see if there is a significant
difference in the tensile strength value by the addition of CNW. The tensile strength values are compared
to ASTM D882 — 12 standard for LDPE plastic types.

2.2.8. Water uptake testing.

PM, PC, PS, BSK and BBK samples measuring 2.3 x 1.8 cm as many as three pieces each for replication
were weighed initially using an analytical balance and then immersed in distilled water for 1 minute.
After, the samples were removed and dried on a tissue for about 15 seconds. These steps were repeated
until the samples were destroyed or the sample weight became constant [46]. The water uptake value of
each sample was determined as % water uptake = ((final sample weight — initial sample weight) / initial
sample weight) (g) x 100 [36]. Each sample's initial weight and final weight and its replications were
weighed, put into the % water uptake formula. Each sample's obtained % water uptake and its
replications were then averaged. The water uptake values are compared to ASTM D570 — 98 standard
for all types of plastic.

2.2.9. Soil burial testing.

PM, PC, PS, BSK and BBK samples measuring 2.3 x 1.8 cm as many as three pieces each for replication
were weighed initially using an analytical balance and then wholly buried in 3 types of soil, namely
humus, compost and sand, each with a humidity of +50% and temperature of £27°C for 15 days. The
final sample weight on day 15 was compared with the initial sample weight [47]. The weight loss value
of each sample was determined as % weight loss = ((initial sample weight — final sample weight) / initial
sample weight) (g) x 100 [48,49]. The initial weight and final weight of each sample and its replications
were weighed, put into the % weight loss formula, then averaged the obtained % weight loss of each
sample and its replications. Then the % weight loss of each sample was further analyzed statistically
with Tukey 5% (P < 0.05) using Minitab 2018 software to see if there is a significant difference in the
weight loss value of various types of samples in each type of soil. The weight loss values are compared
to ASTM 5336 standard for PLA and PCL plastic films.

3. Results and discussion

3.1. Chitin extraction from shrimp shell waste and CNW production

From this process, as much as 18.373 g of chitin is obtained from 90 g of shrimp shell with a yield value
0f20.414% and a light brown color, as seen in Figure 1. Then, as much as 4.1852 g of CNW is obtained
from 15 g of chitin with a yield value of 27.901% and a dark brown color, as seen in Figure 2.
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Figure 1. Chitin extracted from Figure 2. CNW produced
shrimp shell waste. from shrimp shell waste chitin.

3.2. CNW SEM analysis
The SEM analysis shows that the CNW produced from shrimp shell waste shows that the structure

mainly was random sheets with smooth surfaces, as seen in Figure 3. This result agrees with previous
research that states at a freezing temperature of -80°C, the structures formed will be sheet-like.

(b)
Figure 3. Magnification of CNW produced from shrimp shell waste, (a) 5000 x, (b) 10000 x.

3.3. Starch extraction from rice bran waste
From this process, 87.88 g of starch is obtained from 500 g of rice bran waste with a yield value of

17.576% and a light brown color, as seen in Figure 4.

Figure 4. Starch extracted from rice bran waste.
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3.4. Rice bran starch content analysis

Then the rice bran starch's content was calculated using the absorbance read from the sample, which is
0.629, put into the equation of the iodine standard curve, which is y = 0.1523x + 0.1978 and multiplied
by its dilution factor, which is 10. The starch concentration of rice bran was 28.313 mg/mL.

3.5. Bioplastic production

Bioplastic made from the extracted rice bran starch resulted in brown color and a smooth surface without
trapped air bubbles, as seen in Figure 5. The resulting bioplastic also has different surface textures. One
side has a rough surface from direct contact with the air because there is no surface barrier, and the other
is smooth from direct contact with the mold [16]. The solution formed from the rice bran starch
gelatinization was not too dense due to rice bran starch's low amylopectin content.

(a) (b)
Figure 5. Extracted rice bran starch bioplastic, (a) without CNW produced from shrimp shell waste
chitin, (b) with CNW produced from shrimp shell waste chitin.

3.6. Tensile strength testing

The results from the tensile strength testing is compared to the ASTM D882 — 12 standard for LDPE
plastic types, which is 0.024 MPa. The BS sample met the standard while the BB sample did not, as
seen in Table 1. Then from the results of the statistical test of the two sample T-test, it can be seen that
there is a significant difference in the tensile strength value of BS with BSK samples and BB with BBK
samples due to the addition of CNW. Bioplastic samples that contain CNW showed an increase in tensile
strength values up to almost two times compared to samples that did not contain CNW. This result
agrees with the statement that the integration of CNW can double the value of tensile strength. When
compared again with the ASTM D882 — 12 standard for LDPE plastic types, the BSK sample already
met the standard, while the BBK sample still has not met the standard, as seen in Table 1.

Table 1. Data result of tensile strength testing

Sample Replication Tensile strength value
code 1 2 3 (MPa)*
PM 0.043 0.043 0.044 0.043 £ 1.4x107*
PC 0.044 0.043 0.043 0.043 +£3.8x107*
PS 0.063 0.061 0.062 0.062 +5.9x107*

BS 0.031 0.030 0.031 0.0312£2.6x107*
BSK  0.060 0.060 0.061 0.060° £ 0.9x10*
BB 0.011 0.010 0.010 0.011*+4.4x10™*
BBK  0.020 0.020 0.021 0.020° £3.2x10™*
*Compared to ASTM D882 — 12 standard for LDPE: 0.024 MPa.

** Averages followed by different notation on BS-BSK sample
and BB-BBK sample show significant differences (P < 0.05).

PM : conventional minimarket plastic bag
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PC :plastic clip

PS  : cassava starch commercial bioplastic bag

BS  :pure cassava starch bioplastic without pure CNW
BB : rice bran starch bioplastic without CNW

BSK : pure cassava starch bioplastic with pure CNW
BBK : rice bran starch bioplastic with CNW

The tensile strength value of the BBK sample has not met the standard due to the excess addition of
plasticizer, which is hygroscopic, resulting in more interactions between the biopolymer molecules.
Thus, the bioplastic became too flexible, and its tensile strength value decreased.

3.7. Water uptake testing

The results obtained from water uptake testing show that the BBK sample has low water resistance. That
low value is due to the high water-absorbing properties of bioplastics, caused by starch and glycerol,
which forms free spaces and increase the mobility of molecules to form hydrogen bonds. Compared
with the ASTM D570 — 98 standard for all types of plastic, which is 0.01%, both the BSK and BBK
samples did not meet the standard, as seen in Table 2.

Table 2. Data result of water uptake testing.

Sample Replication Water uptake value
code 1 2 3 (%)*
PM 0 0 0 0+0
PC 0.909 0.917 0.446 0.758 £0.516
PS 35135  33.043  40.271 36.150 +2.147
BSK 260.134 242.065 211.451 237.883 +14.208
BBK 55.491 58.188  33.368 49.016 +7.863

*Compared to ASTM D570 — 98 standard: 0.01%

3.8. Soil burial testing

The weight loss values obtained from the soil burial testing in 15 days show that the BSK and BBK
samples had good degradation results in three different soil types. The degradation that occurs is
characterized by cracks, leading to damage of small pieces until some are even entirely degraded.
Through the Tukey 5% test, it can be seen that there is a significant difference in the weight loss of
various types of samples in each type of soil. The BBK sample degraded the best, which was indicated
by the high weight loss values in the tested soil types. Compared with the ASTM 5336 standard for PLA
and PCL plastic films in 60 days, which is 100%, the BSK and BBK samples both have met the standard,
as seen in Table 3.

Table 3. Data result of soil burial testing

Sample Weight loss (%) in 15 days*, **
code Sand Humus Compost
PM 12.842% +1.493 50.5932 +£20.222 36.610* +10.187
PC 11.526°+3.579 42,963 +20.188 33.193Y +20.495
PS 29.119¢ + 13.604 55.549¢ + 8.938 44.737¢ £ 22.806
BSK 10.856¢ +5.525 75.1434+15.623 89.4329+£10.568
BBK 50.714¢ + 5.675 86.166° +8.361 100°+0

*Compared to ASTM 5336 standard: 100% in 60 days.
**Averages followed by different notation within the same column show significant differences
(P <0.05).
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The BBK samples produced had an excellent degradation character in various types of soil due to the
humid environment that supports the growth of microorganisms by providing a suitable habitat and the
conditions of the sample caused by the hydrophilic nature of starch also the hygroscopic nature of
glycerol that accelerates the rate of degradation. There is not much degradation in the sand because it's
neither dense nor compact so that water is not retained and evaporates quickly. This causes the sand to
be poor in water and microorganisms so that the degradation that occurs in the sample runs slowly
compared to other soils [50]. Humus and compost, on the contrary, trigger an excellent degradation
evenly because it is rich in various microorganisms and can draw water from the atmosphere [51]
because it often rained during the testing period.

4. Conclusion

Based on the results of this research, it was concluded that starch from rice bran waste and CNW from
shrimp shell waste has potential as a material for making bioplastics. The bioplastic from this research
has been successfully made with a tensile strength value just below the standard; still, the presence of
CNW almost doubled its value, compared to without using CNW. This bioplastic also has low water
resistance with a water uptake value of 49.016%. And it has an outstanding degradation character in the
soil burial testing; within 15 days, it was degraded with a weight loss value of 50.714% in the sand,
86.166% in humus and 100% in compost.

Thus, based on these results, there is an urgent need and a promising opportunity for the use of rice
bran waste and shrimp shells waste in the production of bioplastics. Further research, beyond this
successful proof of concept, should be able to improve the process, yield, and results — making this an
important contribution for the production of bioplastics in the near future.
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