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Cassava is very popular in Nigeria, Brazil, Thailand and Indonesia. The global cassava production is currently estimated at
more than 200 million tons and the trend is increasing due to higher demand for food products. Together with food products,
huge amounts of cassava wastes are also produced including cassava pulp, peel and starchy wastewater. To ensure the
sustainability of this industry, these wastes must be properly managed to reduce serious threat to the environment and among

the strategies to achieve that is to convert them into biosugars. Later on, biosugars could be converted into other end products
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such as bioethanol. The objective of this paper is to highlight the technical feasibility and potentials of converting cassava
processing wastes into biosugars by understanding their generation and mass balance at the processing stage. Moreover,
enzyme immobilization technology for better biosugar conversion and future trends are also discussed.
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1. Introduction

Cassava is one of the major crops in the world and is ranked sixth as the
most important food crop (Rattanachomsri et. al., 2009). The major world
producers of cassava products are Nigeria, Brazil, Thailand and Indonesia
(Hermiati et. al., 2012). Wuttiwai (2009) reported that the global production
of cassava in 2007 was 228.14 million tons. Currently, Thailand is the largest
exporter of cassava products in the world which represents more than 80% of
its global trade (Hermiati et. al., 2012; Wuttiwai, 2009). Among the important
cassava root products are tapioca starch and flour. Tapioca starch (95%
starch) could be used in many industries such as food, textile, chemical and
pharmaceutical (Hermiati et. al., 2011). There are seven major stages
involved in the production of starch from cassava root including washing,
chopping and grinding, fibrous residue separation, dewatering and protein

* Corresponding author at: Tel.: +603-5543-5538, Fax: +603-5543-5563
E-mail address: dr_alawi@salam.uitm.edu.my (A. Sulaiman).

separation, dehydration, drying and packaging (Chavalparit and Ongwandee,
2009). During these processing stages, large amounts of solid as well as liquid
wastes (starchy wastewater) are produced. The solid wastes include cassava
pulp (also known as cassava bagasse) and cassava peel (Hermiati et al., 2011).

Pandey et. al. (2000) reported that processing of 250 to 300 tons of
cassava root results in approximately 1.16 tons of cassava peels, 280 tons of
cassava pulp and 2655 m® of starchy wastewater. The wastewater contains
high amount of starch and fibers. If not properly handled, these wastes and
wastewater could pose serious threats to the environment (Djuma’ali et al.,
2011) such as strong unpleasant smell as a result of microbial decomposition
of organic matters to volatile matters and contamination of rivers and
underground water resources located in the vicinity of the industry (Hermiati
et. al., 2012). Looking from another perspective, starch and cellulose in
tapioca waste materials such as peel and fiber are potential sources of
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carbohydrates which could be converted into different kinds of chemicals or
bioproducts such as biofuels, biochemical and biomaterials (Hermiati et. al.,
2012; Olaniwoninu and Odunfa, 2012).

Utilization of organic waste materials for renewable energy is currently
one of the hottest topics in the market. One of the demanded intermediate
products for renewable energy (e.g. bioethanol and biobuthanol) is
fermentable sugar. Therefore, the need for cheap biosugars supply such as
glucose has recently increased remarkably and one of the potential sources to
generate a considerable amount of biosugars would be the cassava processing
wastes. In better words, cassava wastes such as peel, bagasse and starchy
wastewater can be utilized to produce biosugars since they contain starch,
cellulose and hemi-cellulose (Srinorakutara et al., 2006). As discussed earlier
the source of cassava wastes is abundant and therefore their utilization is
economically feasible and promising because of their availability and
continuous supply by tapioca industries as well as consistent quality and
characteristics. At the same time, this strategy could also help to address the
problems related to wastes treatment and disposal.

Hence, this mini review paper will highlight the cassava industry in terms
of wastes generation and mass balance at the processing stage, potential of
biosugars production from cassava wastes. Moreover, the potential
application of enzyme immobilization technology for better biosugar
conversion is briefly discussed.

2. Industrial processing of tapioca starch and its agrowastes

Figure 1 shows the stages involved in the processing of cassava roots into
tapioca starch with its mass balance. As presented, it is clear that large
amounts of solid and liquid wastes are produced along with tapioca starch.
The liquid wastewater, however is produced in much greater amount i.e more
than 3 times of cassava roots mass (Virunanon et. al., 2012). The liquid
wastewater usually contains about 1% solids and is generally treated using
open lagoon systems. On the other hand, the solid wastes are generally
discarded in the environment as landfill without any treatment and therefore
can cause serious problems to the environment (Pandey et. al., 2000). The
basic chemical compositions of tapioca processing wastes are shown in Table
1.

Table 1
Chemical composition of tapioca agrowastes.

Solid Agrowastes content Cassava

Parameters Unit Cassava Cassava Wastewater®
Peel® Pulp®

Starch 9/100g 42.6-64.6 66-68.89 14.98-25.5
Fibers g/100g 11.7-12.5 21.10-27.75 -
Ash 9/100g 5.0-6.4 1.50-1.70 -
Protein 9/100g 1.6-8.2 1.52-1.55 -
pH - - - 6.21
TDS® g/L - - 13.52
COD mg/L - - 20433
BOD mg/L - - 9750
Cyanide mg/L - - 64.0
Glucose 9/100g - - 5.62-6.09

# Oboh (2006) & Obadina et. al. (2006).

°Woiciechowski et. al. (2002).

Virunanon et. al., 2012, Nasr et. al., 2013 & Akponah and Akpomie, 2012.
dTotal Disolved Solid.

2.1 Cassava Peel

In the processing of cassava roots, the roots are normally peeled to
remove two outer covering layers i.e the thin brown outer layer and slightly
thicker but softer and leathery parenchymatous inner layer (Kongkiattikajorn
and Sornvoraweat, 2011). This process is usually being done manually and
the peels constitute 20-35% of the total weight of the roots (Olanbiwoninu
and Odunfa, 2012). Ubalua (2007) reported that the peels are usually
discarded as waste and are let to decompose naturally leading to major
environmental concerns such as bad smell and river and underground water
contamination.

2.2 Cassava Pulp (Bagasse)

Together with cassava peel, huge amounts of cassava pulp are also
produced (Woiciechowski et. al., 2002). Cassava pulp is a fibrous byproduct
of the cassava processing industry and is generally used as low-value animal
feed. According to Rattanachomsri et. al. (2009), cassava pulp contains about
50-70% starch on dry weight basis and 20-30% fibers which are mainly
composed of cellulose and other non-starch polysaccharides. Therefore,
cassava pulp is an ideal substrate for the bioconversion into value-added
product due to its high organic and low ash contents. Cassava pulp also offers
other advantages such as easier hydrolysis process, low collection cost and
lack of competition with other industrial uses (Rattanachomsri et. al., 2009).
In a study, Hermiati et. al., (2012) reported that, besides starch, some other
carbohydrates such as cellulose, galactan, xylan, ramnan, arabinan and
mannan are also present in cassava pulp.

Cassava Roots
(4.21 tons)

|

Roots rinsing and peeling

Sand and Ped (70%)

(0.38 ton)

-

LIE

| Chopping’ Grinding

-
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-
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-
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-
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Wastew ater
[ ] (19.1m"
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Fig.1. Processes involved in tapioca starch production and mass balance (Source: Chavalparit
and Ongwandee, 2009 with modifications).

2.3 Tapioca Starch Wastewater

As clearly illustrated in Figure 1, in the tapioca starch manufacturing
process, starchy wastewater is produced at the root rinsing and peeling, fiber
and pulp separation, starch separation and starch dewatering processes. In the
conventional tapioca starch wastewater treatment process, the wastewater is
treated using a series of open lagoon treatment system before being
discharged into the river (Aisien et. al., 2010). In an investigation, Sangyoka
et. al. (2007) elaborated that, 1 kg of fresh cassava roots leads to the
production of about 0.2 kg of starch, 0.4-0.9 kg of cake and about 5-7 liters of
wastewater. The generated wastewater has a very high chemical oxygen
demand (COD), biochemical oxygen demand (BOD) and total solid (TS). A
study by Kamaraj (2006) reported that the total BOD, COD and TS in the
cassava starch wastewater were at 6820, 10363 and 5290 mg/L, respectively.
Therefore, the treatment and disposal of this wastewater require high cost and
impose additional burden on the tapioca starch manufacturers.

3. Potential utilization of tapioca agrowates for biosugars production

Biosugars are one of the important intermediate products that can be
produced from tapioca or cassava processing wastes (Ayoola et. al., 2012).
As mentioned earlier, one of the main waste feedstock generated by the
tapioca processing industry is cassava peels. Due to the presence of high
amounts of starch, this feedstock could be well used to produce biosugars
(Yoonan and Kongkiattikajorn, 2004; Ubalua, 2007; Olanbiwoninu and
Odunfa, 2012). Yoonan and Kongkiattikajorn (2004) compared the
production of glucose from cassava peels using both diluted acid and
enzymatic hydrolysis processes. They argued that enzymatic saccharification
using amylase followed by amyglucosidase led to better results. They also
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found sequential treatment by alpha amylase and amyglucosidase more
promising than the other hydrolytic enzymes i.e. cellulose, xylanase and
pecticnase (Yoonan and Kongkiattikajorn, 2004).

Another waste feedstock that could be used in biosugars production is
cassava bagasse. According to Woiciechowski et. al. (2002), cassava bagasse
could be ideally converted into reducing sugars (mainly glucose) due to its
richness in organic materials mainly starch. To obtain reducing sugars from
cassava bagasse, this waste must also undergo acid treatment or enzymatic
hydrolysis. Woiciechowski et. al. (2002) also reported that reducing sugar
recovery from cassava bagasse by using enzymatic hydrolysis stood at about
97%. This rate was only slightly higher than that of acid hydrolysis (95%).
But the major weakness of using acid hydrolysis is that the equipment used
must be designed to withstand corrosive conditions as well as high
temperature and pressure. These lead to higher production cost which could
jeopardize the economic viability of the whole process (Yoonan and
Kongkiattikajorn, 2004). Beside economic issues, enzymatic hydrolysis is
also preferred over acid treatment due to the prevention of unwanted
browning compounds (Srinorakutara et. al., 2006).

According to Chotineeranat et. al. (2004), sachharification of cassava
pulp using mixed enzymes (alpha-amylase and glucoamylase) compared to
using a single enzyme resulted in higher yields of reducing sugar at 9.88
mg/mL. More specifically, combined application of alpha-amylase and
glucoamylase led to about 4 and 1.3 times higher biosugars yield than by
alpha-amylase and glucoamylase alone. This is ascribed to the fact that alpha-
amylase supplies the non-reducing end groups to glucoamylase
(Chotineeranat et. al., 2004).

Akaracharanya et. al. (2011) also reported that glucose levels climbed up
by increasing glucoamylase levels from 0.4 U/g (11.8 g glucose/L) to 2.0 U/g
and that the maximum glucose yield of 22.6 g/L was achieved when cassava
pulp underwent enzymatic saccharification process using both alpha amylase
and glucoamylase enzymes. In an earlier study, Ubalua (2007) reported the
multi-enzyme hydrolysis of cassava residues by cellulase and pectinase at 28
°C for 1 hour, followed by alpha-amylase treatment at 100 °C for 2 hours and
finally glucoamylase treatment at 60 °C for 4 hours. In that investigation, it
was found out that cassava residues with an initial non-water-soluble
carbohydrate concentration of 11% (w/v), could yield 122.4 g/L of reducing
sugars. The significantly increased amount of produced reducing sugars was
achieved owing to the synergistic action of cellulase, alpha-amylase and
glucoamylase (Ubalua, 2007).

4. Enzyme Immobilization

Immobilization can be defined as the limitation of movement of
biocatalyst, such as enzymes, through the application of chemical and or
physical treatment (Abdelmajeed et. al., 2012). Some other researchers have
defined immobilization as a biocatalyst which has been confined or localized
so that it could be reused continuously (Murty et. al., 2002). Abdelmajeed et.
al. (2012) and Sheldon (2007) studied and compared free and immobilized
enzyme systems and concluded that the latter offers several advantages as it
allows enzymes to be easily reused multiple times for the same reaction.
Immobilization also results in longer enzyme half-life and less degradation
and moreover, it provides a straightforward method for controlling reaction
rate as well as reaction start and termination times. Immobilization also
prevents the contamination of the substrate with enzyme/protein or other
compounds, which consequently results in decreased purification costs. These
benefits attributed to enzyme immobilization have highlighted the
applicability of this technology in a wide range of biotechnologies including
biosugars and biofuel industry (Abdelmajeed et. al., 2012).

Currently there are different methods commonly used to immobilize
enzymes which involve different degree of complexity and efficiency. The
common methods to immobilize enzymes are listed in Table 2 which include
adsorption, covalent binding, cross-linking, entrapment, and encapsulation
(Murty et al., 2002; Abdelmajeed et. al., 2012). In recent years, using
immobilized enzymes in starch processing has been extensively studied to
obtain high purity sugars from starch. Currently in the cassava industry,
biosugars such as glucose is commonly produced by processing the cassava
starch. However, the tendency of using cassava for producing biosugars
would affect supply of cassava as food. Therefore, the utilization of cassava
wastes from the tapioca industry combined with the application of modern

technologies such as enzyme immobilization could offer promising outcomes
in this vast industry. (Hermiati et. al., 2012).

Despite the fact that to date there has been an increasing number of
studies on the utilization of the cassava wastes for biosugar production,
however, most of them have applied free enzyme systems. To the best of our
knowledge, so far just a couple of studies have reported the utilization of
cassava wastes for biosugars production by using enzyme immobilization
technology. Recently, Abdul Rahim et. al. (2013) investigated enzyme
encapsulation for glucose production by using cassava starch as substrate. In
their study, multi-enzymes (o-amylase, cellulase and glucoamylase) were
successfully encapsulated within the alginate-clay beads and the beads were
reused 5 times with remaining relative activity of 12%. A few years before,
Baskar et. al. (2008) investigated enzyme immobilization through gel
entrapment. They immobilized a-amylase enzyme through this technique in
order to produce glucose from cassava starch. These few examples highlight
the necessity of using enzyme immobilization technology as a replacement
for the free enzyme system for glucose production from cassava waste to
increase efficiency and lower production cost.

5. Future trends

In dealing with global warming and other environmental crises caused by
the increasing utilization of fossil fuels and consequent emission of
greenhouse gases, renewable energy resources has been increasingly
highlighted (Ayoola et. al., 2012). One of such renewable alternatives is
bioethanol obtained from waste-oriented biosugars. As mentioned earlier,
cassava roots processing wastes could be used for producing biosugars which
could be then fermented into bioethanol (Ubalua, 2007, Hermiati et. al.,
2012). In a study conducted by Oyeleke et. al. (2012) revealed that the yield
obtained through enzymatic production of bioethanol from cassava peel was
higher than that of sweet potato peels. This could be due to the presence of
higher amount of carbohydrate (starch) in cassava peel which could be
fermented into bioethanol.

Other ways to utilize cassava wastes such as pulp would be for the
production of various fermentation products, including citric acid by Candida
lipolytica, Lactic acid by Lactobacilli, and glutamic acid or xanthan gum
(Rattanachomsri et. al., 2009; Hermiati et. al., 2012). There were also some
reports indicating that the cassava pulp could be used as a medium for the
production of amylase enzyme as well as for preparing composite materials
(Hermiati et. al., 2012). In an investigation, Pandey et. al., (2000) managed to
generate fumaric acid; an important organic acid, by using cassava pulp.

Fumaric acid has a wide range of applications as an intermediate in
chemical synthesis involving esterification reactions. It is non-toxic and non-
hygroscopic in nature and due to these properties is also used as an acidulant
in food and pharmaceutical industries (Pandet et. al., 2000).

As mentioned earlier, starch recovery from cassava roots is commonly
achieved by wet processing which generates a large volume of high strength
liquid stream containing volatile fatty acid (VFA). These VFAs i.e. acetic,
propionic and butyric acids are the intermediates for the production of
biohydrogen (Reunsang et. al., 2006; Sangyoka et. al., 2007). Biohydrogen is
expected to receive more attention in near future as a promising alternative
energy due to the fact that its combustion is clean and non-polluting.

Cassava wastewater also can be used as fertilizer, herbicide, insecticide,
biosurfactant and etc. (Aisien et. al., 2010) and last but not least, Virunanon
et. al. (2012) reported this wastewater can be utilized to replace the fresh
water used in fermentation practices to produce bioethanol form other
resources. This not only results in saving water and preventing the discharge
of polluting wastewater, but also in an increased ethanol yield, due to the
starch content of the cassava wastewater.

6. Conclusions

The applications of tapioca or cassava wastes such as peel, pulp as well
as the processing wastewater containing high amounts of carbohydrates in
generating valuable products such as biosugars and bioethanol were
discussed. Moreover, since the conversion process of tapioca wastes mostly
involves enzymatic processes, therefore, the application of immobilized
enzyme technology in order to enhance sugar (glucose) vyield was
recommended. Finally, the utilization of tapioca wastes to produce biosugars
and the other valuable product such as bioethanol and biohydrogen seems like
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a critical step in order to achieve a fully-economized process while preserving
the environment in the developing countries.

Table 2.
Methods of enzyme immobilization.

Methods Definition Advantages Disadvantages Ref.
Physical Adsorption Nonspecific physical binding Cheap. fast, simple processes,  Leakage of the enzyme fromthe Abdelmajeed er al.,
e between the enzvme protein and ~ no chemical changes to support  support, the possible steric 2012
the surface ofthe matrix brought  or enzymes are necessary, hindrance by the support and the
HM about by mixing a concentrated reversible immobilization nonspecific binding.
D solution of enzyme with the solid
Entrapment Enzyme is freein solution, but Allow free diffusion of low The supportactsas a bamierto  Abdelmajeed et al,
~C b X restricted in movement by the molecular weight substratesand mass transfer. 2012
"‘Lj@ o lattice structure of a gel the reaction products Only low molecular weight
<9 | ™ substrates can diffuse rapidlyin
the enzvme
Cross-linking Intermolecular cross linking of The enzyme easily separated Very low immobilization yields. Abdelmajeed ez al.,
protein, either to other protein from the reaction mixture and the absence of mechanical 2012
ol molecules/ polymerized gel orto  reused properties and the poor stability
functional groups on an insoluble
supportintra matrix
Covalent binding The formation of covalentbonds ~ The strength of the bonds and High costs and low yields, as Abdelmajeed et al,
between a support material and the consequent stability of the enzvme conformation and of 2012
some functional groups ofthe immobilization course activityis be strongly

amino acid residues onthe surface
of the enzyme

influenced by the covalent
binding

Enveloping the biclogical
components within various forms
of semi permeable membranes,
usually microcapsules varving
from 10-100 pm in diameter.

Large proteins cannot pass out
of or into the capsule, but small
substrates and products can pass
freely across the semi
permeable membrane

Acute diffusion problem

Park et_al., 2010
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