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ARTICLE DETAILS ABSTRACT

Article History: The fresh arils of durian fruits contained approximately one-third of the fruit's total weight; the remainder of
the fruit, including the rinds and seeds, is considered waste. As a result, researchers investigated and studied
the potential for these wastes to be processed into products or value-added products in various industries.
This review aimed to discuss the potential for waste products of D. zibethinus to be converted into value-
added products in a variety of areas. An extensive literature study was done on various search engines.
Related previous research was selected for discovering the potential of D. zibethinus waste. This review found
four fields of studies that gained interest in the invention of value-added products by using D. zibethinus
waste, including activated carbon precursor, bio-composite product, bio-based polymer product, and
bioethanol production. As Malaysia is growing in the food waste industry, more study needs to be done to
successfully invent new value-added products from D. zibethinus waste such as rind and seed. The effort of
this study could help in reducing unused D. zibethinus waste.
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1. INTRODUCTION

The world recognizes Durio zibethinus (Durian) as the King of Fruit. It is
indigenous to Southeast Asian countries such as Malaysia, Indonesia,
Thailand, and the Philippines. Thorny fruits, distinct and strong aroma and
fresh arils of the fruits contribute to the popularity and high demand of D.
zibethinus as a tropical fruit (Poerwanto et al.,, 2008; Raihana et al,, 2015).
Moreover, D. zibethinus fruits contain a high amount of carbohydrates,
protein, and various fatty acids (Berry 1980; Leontowicz et al, 2011;
Husin et al, 2018; Jennings 2019). Current research is focusing on the
potentials of D. zibethinus in various fields of study by identifying various
bioactive compounds of the fruits, which can be further explored for their
potentials in pharmaceutical industries (Leontowicz et al., 2008; Toledo et
al,, 2008; Haruenkit et al, 2010; Charoenkiatkul et al.,, 2015; Adegoke et
al, 2019).

The most intriguing studies on their medicinal properties have been those
on their antioxidant contents, antimicrobial properties; antipyretic effects
and therapeutic effects (Brown, 1997; Siriphanich, 2011; Ho and Bhat,
2015; Waay-Juico, et al,, 2017; Suprianto et al, 2018; Chigurupati et al.,
2017; Theapparat et al,, 2018; Aruan et al,, 2019; Evary et al,, 2019; Kam
etal, 2019; Adeniyi and Olatunji 2019). Most current modern research are
started after gaining knowledge on indigenous people's culture.
Indigenous people utilized D. zibethinus as part of their daily life in various
applications as fever reduction fertility treatment as well as in pregnancy,
and postpartum care (Husin et al,, 2018; Jasamai et al., 2018; Sah et al,,
2014; Sah et al,, 2014; Husin et al, 2018; Ansari 2016; Syamsiah et al.,
2016). Furthermore, some researchers identified the potential for D.
zibethinus to be used in future medicine for illness prevention and
enhanced food security (Shamin-Shazwan et al., 2021b; 2021c). However,
more research is needed to confirm the benefits scientifically.

Thailand, Indonesia, and Malaysia are the top three exporters of D.
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zibethinus to the rest of the world, particularly China. Malaysia has been
reported to be one of the best countries for producing high-quality durian
fruits that are suited to consumers' taste buds (Teh et al,, 2017; Neo,
2020). Durianis sold in the market as a paste or pulps in fresh or processed
durian fruits, primarily for export purposes. In 2018, only 5.8 per cent of
Malaysia's durian production (17,000 tonnes) was exported, with the
remainder sold on the domestic market (Bloomberg 2019; Hasnan 2019).
Due to the fact that Malaysia's durian production is geared toward the
domestic market, the fruit's waste production will also increase
significantly. Nowadays, research on fruits' functional properties is not
only limited to their consumable components but also their residues or
wastes.

Agricultural wastes comprise production and processing residues of raw
agricultural products such as fruits, vegetables, meat, poultry, dairy
products, and crops (Obi et al,, 2016). Agricultural waste management
(AWM) for ecological agriculture and sustainable production has recently
piqued policymakers' interest (Hai and Tuyet, 2010). Additionally, waste
management has become a critical issue for food industries, which process
millions of tons of feedstock annually (Donato et al, 2011; Donato et al.,
2014). Agricultural wastes can be a valuable resource for increasing food
security; however, if not properly treated, maintained, or disposed of, they
are likely to cause environmental pollution or even harm human health
(Sabiiti, 2011). Hence, this review discussed several prospects and
potentials for converting durian biomasses into value-added products in
conjunction with the global effort to maximize fruit yield utilization to
promote zero wastes.

2. INNOVATIONS OF D. ZIBETHINUS WASTES
Malaysia, the world's leading producer of durian, produced 377,251 tons

in 2019 (Hirschmann, 2021). In Malaysia, durian varieties typically
contained only approximately one-third edible fresh aril, with the
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remainder being inedible parts consisting of 67-70 per cent rinds and 20-
25 per cent seeds (Amid and Mirhosseini, 2012; Ho and Bhat, 2015;
Shamin-Shazwan et al, 2021a). This means that Malaysia has already
produced 300,000 tons of durian biomassesin 2019. This concern is
almost identical to that of Indonesia, where fruit waste totals 556,360 tons
on average, owing to the fact that unutilized fruit parts accounted for up

to 79 per cent of total fruits (Kusumaningtyas and Syah, 2020). D.
zibethinus wastes (rinds and seeds) should be fully utilized in industries
by extracting the goods from them; previous research demonstrated the
presence of valuable phytochemical components from rind (Table 1) and
seed (Table 2) that can be used as value-added products.

Table 1: Phytochemical Content of D. Zibethinus Rind

Component Amount References
Unhasirikul et al., 2013; Aimi et al., 2014;
_ o . H ) 3
Cellulose 30.00 - 57.00% Hirunpraditkoon et al,, 2014; Lubis et al., 2018
. Unhasirikul et al., 2013; Aimi et al., 2014;
_ o . H ) 3
Hemicellulose 13.00 - 22.00% Hirunpraditkoon et al., 2014; Lubis et al.,, 2018
Charoenvai et al.,, 2011; Aimi et al., 2014;
Lignin 7.00 - 13.50 % Hirunpraditkoon et al., 2014; Unhasirikul et al.,

2013; Lubis et al,, 2018; Obeng et al,, 2018

Moisture content

3.00 - 14.00%

Unhasirikul et al,, 2013; Hirunpraditkoon et al.,
2014; Manshor et al., 2014; Masrol et al., 2015;
Lubis et al., 2018

Protein 3.15% Unhasirikul et al., 2013
Ash 4.00 - 5.50% Charoenvai et a(l).ijﬁr(:;i;t[;ﬁh;(s)ilrékul etal, 2013;
Fat 0.26% Unhasirikul et al., 2013
Crude fiber 27.81% Unhasirikul et al., 2013
Total carbohydrate 57.85% Unhasirikul etal,, 2013
Glucan 42.00 - 45.00% Obengetal, 2018
Xylan 12.00-13.00% Obengetal, 2018
Galactan 1.20-1.30% Obengetal,, 2018
Arabinan 2.90 - 3.20% Obengetal, 2018
Pectin 6.00 - 9.00% Wai et al., 2009
Table 2: Phytochemical Content of D. Zibethinus Seed
Component Amount References
Moisture Content 12.00 - 15.00% Tongdang, 2008; Ginting et al., 2016; Ginting et al., 2017
Carbohydrate 81.00% Ginting et al., 2016; Ginting et al., 2017
Protein 0.80-3.40% Tongdang, 2008; Srianta et al., 2012; Ginting et al,, 2016; Ginting et al., 2017
Ash 0.13-1.58% Tongdang, 2008; Srianta et al., 2012; Ginting et al,, 2016; Ginting et al., 2017
Fat 0.07% Ginting et al., 2016; Ginting et al., 2017
Starch 10.00 - 20.00% Tongdang, 2008; Ginting et al., 2016; Ginting et al., 2017
Amylose 22.00 - 24.00% Ginting et al., 2016; Ginting et al., 2017
Amylopectin 54.00% Ginting et al., 2016; Ginting et al., 2017

According to the tables above, it evidenced that more research was
conducted on rinds than seeds. The rinds have been studied either on fresh
rind samples or processed samples (flour). The research interest on rinds
is primarily focused on two aspects: high cellulose and hemicellulose
contents and the presence of activated carbon. Several intriguing efforts to
develop value-added products from durian wastes are underway,
including (1) activated carbon, (2) bio-composite, (3) bio-based polymer,
and (4) bioethanol.

2.1 Potentials in Activated Carbon Productions

Activated carbon is widely used in various industrial sectors for the
adsorption of gaseous and liquid pollutants, including pharmaceutical,
petroleum, mining, nuclear, automobile, and vacuum manufacturing
(Chandra et al., 2009). It is an amorphous carbonaceous material with high
surface porosity and a large surface area of more than 800 m2/g, as well as
a high chemical inertness (Liew et al,, 2018). As a result of large pore
properties in durian biomass, D. zibethinus biomass may be used as a new
alternative activated carbon source as in Figure 1 (Chandra et al., 2009).
Additionally, researchers make a novel effort to reduce the cost of
adsorbent production by utilizing whole fruit wastes. Another study
examines the use of Tamarindus indica L. (tamarind) seeds as an activated
carbon precursor for the absorption of heavy metals from industrial
wastewater (Mopoung et al, 2015). A group researcher discovered that

activated carbon derived from T. indica seeds could efficiently absorb Fe
(III) and absorb in an alkaline solution (Mopoung et al., 2015).

Figure 1: Surface Morphology of Activated Carbon from Durian Biomass
(Chandra et al,, 2009).
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Due to the presence of cellulose, hemicellulose, and lignin, D. zibethinus
rinds and seeds have been identified as a new promising alternative for
activated carbon precursors by previous researcher (Foo and Hameed,
2012a, b; Hirunpraditkoon et al,, 2014; Ngabura et al,, 2018b; Lestari et al.,
2019). Additionally, several studies on D. zibethinus biomass have been
conducted to determine its suitability as an alternative physical or
chemical adsorbent for air pollution, oil removal for water treatment,
wastewater treatment, and hazardous dyes removal from aqueous
solutions such as (Yahya et al,, 2015; Wangetal., 2017; Kusrini et al., 2019;
Tham et al,, 2011; Husin et al,, 2012; Hameed and Hakimi, 2008; Adam et
al,, 2012; Mohammed et al,, 2012; Ahmad et al.,, 2014; Ahmad et al,, 2015;
Pimpa and Pimpa, 2014; Anisuzzaman et al,, 2015). Besides the relatively
high cellulose, hemicellulose, and lignin levels in the rinds, as shown in
Table 1, discovered another application of activated carbon derived from
D. zibethinus rinds: a high-quality bio briquette (Saudah et al., 2019). They
proposed using durian rinds as an alternative fuel source for briquette
production by incorporating charcoal durian rinds into janeng flour. The
application of janeng flour is also beneficial for this endeavor, as the flour
is readily available at a low cost.

The presence of cellulose has become a significant advantage for D.
zibethinus in terms of potentials as bio briquette and biosorption
materials. The biosorption capacity of fruit waste for removing heavy
metals has been investigated using the metal bonds in biological materials
technique. This is a novel method for removing heavy metals from
aqueous effluents (Lestari et al, 2019). The biosorption capacity of D.
zibethinus rinds has been evaluated for its potential as a bio sorbent for
heavy metals such as Zn (II), iron, Pb (II), gold; Au (III), cadmium; Cd (II)
and chromium; Cr (VI) (Kurniawan et al,, 2011; Wai et al., 2010; Lestari et
al,, 2015; Ngabura et al., 2018a; Lestari et al,, 2019; Firdaus et al., 2018;
Abidin et al. 2011; Saikaew and Kaewsarn, 2009).

However, additional research is required to exploit the bio sorbent
potential of D. zibethinus fully. Fruit biomass is frequently used to create
value-added products in this era of advanced technology. For example,
successfully produced enhanced microwave absorbers from jackfruit
carbon biomass incorporated with nickel hydroxide (Guan et al,, 2018). A
new alternative absorber produced from fruit biomass has been
developed; it is renewable, easy to mass-produce, and has a
straightforward fabrication method. One of the difficulties associated with
utilizing durian biomass is the presence of polysaccharides (such as
pectin) that are soluble in water and difficult to separate from aqueous
solution (Mirhosseini et al., 2010). A group researchers first discovered
that modified durian rind pectin improved heavy metal absorption and
potentially be developed into new nutraceutical products (Wong et al,,
2008). A group researchers successfully extracted the Ca-alginate
immobilized durian seed gel, overcoming the solubility issue of
polysaccharides gum (Lestari et al,, 2019). They immobilized durian seeds
in order to use them in industrial applications, and they evaluated durian
seed's bio sorbent potential for absorbing Zn (II) in a solution.

2.2 Potentials in Bio-Composite Productions

Bio-composite is a general term that refers to composite materials
produced from biological raw materials such as plant fibers, recycled
wood, or by-products of food crops (Ilyas and Sapuan, 2020). The concept
of incorporating D. zibethinus rinds into bio-composite products stems
from the global effort to reduce fruit biomass. This can be done by
converting undesirable plant parts into value-added products. Moreover,
D. zibethinus has high fiber content, implying that it can be extracted and
processed into a filler and integrated into a polymer matrix to increase the
strength and stiffness of the composite while using a lesser required
polymer (Lee et al,, 2018; Gowman et al,, 2019).

Cellulose fibers are frequently used as reinforcement to improve the
mechanical properties of bio-composites. A group researchers obtained
data on the physical and chemical properties, as well as the thermal
stability of D. zibethinus rind fiber, indicating that it may be one of the best
raw materials for textile production (Lubis et al., 2018). Recent research
has also piqued interest in the D. zibethinus rinds, as it has a cellulose
content thatis almost identical to that of oil palm, kenaf, and banana (Lubis
et al,, 2018; Sembiring et al., 2018). Despite the fact that research on the
characterization of bio-composite properties from D. zibethinus has been
conducted, new bio-composite products from D. zibethinus are still
lacking. A research group at the International Islamic University Malaysia
recently developed a biodegradable food container and 3-D printing
filament from durian skins. However, additional research is needed to
improve the bio-composite materials used in this product and lower its
manufacturing costs (International Islamic University Malaysia 2020).
Additionally, the bio-composite from D. zibethinus can be used to
manufacture a variety of other products, including (1) replacing synthetic

fibers, which significantly reduces the carbon footprint, (2) application on
construction sites for load-bearing parts and glass fiber composites, and
(3) medical devices and implants (Campilho, 2017).

2.3 Potentials in Biobased Polymer Productions

Nowadays, the world is concerned about food packaging waste, such as
waste bags, food packaging, and agricultural mulch films, which created an
environment where toxic plasticizers had a negative impact on the
environment (Ilyas and Sapuan, 2020). As a result, bio-based polymer
production has emerged as a viable alternative to synthetic materials used
in the manufacture of food packaging. Biopolymer and bioplastic are bio-
based polymers that have been extensively researched for years due to
their biodegradability and biocompatibility (Kosseva et al., 2020).

In general, a biopolymer is a polymer produced by combining several
repeating units containing carbon used in or originate from living
organisms. Fruit biomass application in D. zibethinus may also be a viable
alternative for biopolymer production, thereby increasing the value of
agricultural biomass waste. Previous research by indicated that the high
cellulose content and high tensile strength of D. zibethinus rinds could be
converted into a new biopolymer (Pimpa et al,, 2012; Rachtanapun et al.,
2012; Suriyatem et al,, 2019). This could be achieved by adding a film-
forming agent, binding agent, sustained release agent, and gelling agent, as
well as a metal absorber during the manufacturing process. For instance,
recently applied D. zibethinus cellulose to an unstable existing rice-starch
(RS)-film (Suriyatem et al., 2019). Their research discovered that a high
amount of carboxymethyl cellulose (CMC) and tensile strength extracted
from D. zibethinus rind improves the properties of RS-films for use in a
variety of industries including postharvest coating, packing, and
pharmaceuticals. Some researchers investigated the addition of CMC from
other plant species to starch film and observed a positive effect on the
film's physical and mechanical properties (Ghanbarzadeh et al.,, 2010).

Bioplastic is biodegradable plastic derived from sustainable materials
derived from natural sources. It has gained considerable interest in recent
years due to its capacity to reduce synthetic plastic waste harmful to the
environment. Starch is the primary component required for the
manufacture of bioplastics. D. zibethinus seeds (Table 2), which contain
between 10% and 20% starch, should be investigated for their potential
use as a bioplastic substitute. Handayani and Wijayanti transformed D.
zibethinus seeds into bioplastic products (Wijayanti, 2015). They
concluded that seeds could serve as an excellent raw material for
producing biodegradable plastic, which would help the world meet its goal
of reducing its reliance on synthetic plastic. It is stated that bioplastic
derived from D. zibethinus seeds can degrade in as little as 15 days and has
been proven to be environmentally friendly. Bioplastic production is not
limited to D. zibethinus biomass alone; successfully improved the
mechanical properties of bioplastic products from cocoa pod husk by
extracting jackfruit seed starch combined with microcrystalline cellulose
from cocoa pod husk (Lubis et al.,, 2017).

2.4 Potentials in Bioethanol Productions

Biofuel (such as biodiesel and bioethanol) has been a popular topic of
discussion for years to replace fossil fuels. Agricultural biomass could be
manufactured for use as a biofuel source; not only plant-based biomass
has demonstrated its utility in a variety of industries due to its low cost,
ease of acquisition, and ability to mitigate adverse environmental impacts.
Each country's primary source of raw materials for bioethanol production
is unique, such as wine surplus (France), sugar cane (Brazil), and wheat,
sugar beet, and corn (the United States and European Union) (Busic et al.,
2018). A group researchers classified raw materials for bioethanol
production into three categories: sugar-containing raw materials, starch-
containing feedstock, and lignocellulosic biomass (Busi¢ et al,, 2018). By
referring to Tables 1 and 2, D. zibethinus biomass can be classified as
category 2 or 3. Previous research has demonstrated that a significant
amount of carbohydrates, cellulose, and starch can be obtained from the
rinds and seeds of D. zibethinus.

In Thailand, research has established that the rinds of D. zibethinus can be
a good source of sugar for ethanol production as an alternative to reducing
environmental issues (Unhasirikul et al, 2013). This research was
supported by other studies reportingon an alternative method for
producing fuel from the rind of D. zibethinus and bioethanol production
(O'Garaetal., 2004; Purnomo etal., 2016; Obeng et al., 2018). The research
on raw materials and innovation in plant-based biomass for bioethanol
production is not limited to D. zibethinus. There are studies of this kind on
other plants' biomasses such as oil palm (kernel shell, frond, trunk, empty
fruit bunch, mesocarp fibre, palm oil mill effluent), paddy (husk, straw),
pineapple (leaf crown, fruit peel), and banana (pseudo stem, peels, and
spoiled fruits) are also being investigated (Aditiya et al., 2016). Thus, it is
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established that research on bioethanol production has been conducted
extensively using various plant species. Future research on the potential
of D. zibethinus as a material for bioethanol production should be
conducted by comparing optimizations performed on other plants.

3. CONCLUSION

According to this review, D. zibethinus has demonstrated significant
potentials in a variety of biomass innovation applications. Durian biomass
has been found to be capable of being developed into value-added
products such as activated carbon materials, bio-composite, biopolymer,
bioplastic, and bioethanol production. However, small-scale recycling
cannot keep up with the volume of agricultural waste generated daily in
the current agronomic process. In accordance with sustainable
development goals aimed at environmental protection, numerous
stakeholders, including government agencies, the private sector, and
research institutions, should take additional action to improve agriculture
waste management. Thus, comprehensive studies on the potentials of
durian fruit waste as a high-value product should be expanded. Numerous
researchers have recently reported and documented the value of durian
fruit waste. However, there are still numerous aspects to explore and
investigate in order to minimize fruit waste and conserve nature for future
generations. As a result, the findings from this study may provide valuable
information and findings for future research.
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