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Abstract: Without a proper waste management, the organic wastes such as cassava peels could result in increased
amount of solid waste dump into landfill. This study aims to use non-wood organic wastes as pulp for paper
making industries; promoting the concept of ‘from waste to wealth and recyclable material’. The objective of this
study is to determine the potential of casssava peel as alternative fibre in pulp and paper based on its chemical
properties and surface morphology characteristic. Quantified parameters involved are holocellulose, cellulose,
hemicellulose, lignin, one percent of sodium hydroxide, hot water solubility and ash content. The chemical
characterization was in accordance with relevant TAPPI Test, Kurscher-Hoffner and Chlorite methods. Scanning
electron microscopy (SEM) was used to observe and determine the morphological characteristic of untreated
cassava peels fibre. In order to propose the suitability of the studied plant as an alternative fibre resource in pulp
and paper making, the obtained results are compared to other published literatures especially from wood sources.
Results indicated that the amount of holocellulose contents in cassava peels (66%) is the lowest than of wood (70 -
80.5%) and canola straw (77.5%); however this value is still within the limit suitability to produce paper. The
lignin content (7.52%) is the lowest than those of all wood species (19.9-26.22%). Finally, the SEM images
showed that untreated cassava peel contains abundance fibre such as hemicellulose and cellulose that is hold by the
lignin in it. In conclusion, chemical properties and morphological characteristics of cassava peel indicated that it is
suitable to be used as an alternative fibre sources for pulp and paper making industry, especially in countries with
limited wood resources.
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1. Introduction

cassava with approximation of 2,769 ha in 2010, has

Nowadays, rapid increase in population, accelerated
urbanization and industrialization processes had caused
depletion of wood resources as well as generated
environmetal problems due to the disposal of industrial
processing wastage. For instance, the amount of solid
waste generated in Kuala Lumpur from 3,070 tons per
day in 2000 to 3,478 tons per day in 2005 and is expected
to increase even more in 2015 [1]. Besides, the organic
waste is the major composition of solid waste that is
generated in Kuala Lumpur rather than other solid wastes
and it has increased from 1975 to 2000 is given in Table 1
[1].

Cassava (Manihot esculenta Crantz) peels are
obtained from the processing of tuberous root of cassava
industries [2]. Cassava peels is 1 + 4 mm thick and may
accounts 10 to 13% of the total dry matter of the cassava
root [2,3]. In Malaysia, with large area of plantation of

produced large quantities of cassava during harvesting
with annual production at approximately 37,187 tons [4].
The explosive development of plantation in this country
has generated large amounts of cassava peels in which
could inevitably create great environmental problems [5].

In 2005, Malaysia has a total production of pulp over
1 million tons per year where it was obtained from mature
pulp wood [6]. The increased demands for paper
consumption from virgin pulp have resulted in resources
depletion, massive deforestation and environmental
concerns due to the population growth. Therefore, to
promote the concept of sustainability, cassava wastes are
suggested as alternative fibre for pulp and paper
production, and in the long run could greatly reduce the
issues with environmental problems as wood
consumption has been significantly reduced. Although, in
pulp and paper making, organic wastes have some
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weaknesses when compare to woods, however in light of
the great shortage of wood fibre, cost-effectiveness and
abundance of organic waste materials, organic wastes are
proven to be reasonable candidates for pulp and paper
production.

Table 1 Solid Waste Composition (%) in Kuala Lumpur
from 1975 to 2000 [1].

Composition 4q75 1989 1990 1995 2000
of waste
Organic  63.7 78.05 408 6176 68.67
Paper 117 1148 300 1216 6.43
Plastic 70 057 98 527 1145
Glass 25 057 30 527 141
Metals 64 316 46 689 271
Textile 13 316 25 284 150
Wood 65 258 32 000 0.70
Others 09 043 61 581 7.3

The chemical properties of cassava peels fibre for
pulp and paper production have never been explored in
the literature. Therefore, in this study the chemical
properties and morphological characteristic of cassava
peels were investigated to estimate the potential
deployment of cassava peel fibres in pulp and paper
production.

2. Material and Methods

2.1 Material

Cassava peels were collected from Salleh Food
Industry, Parit Kemang, Batu Pahat, Johor. Cassava peels
were cut into 2 - 5 ¢cm and washed to eliminate sand and
other contaminants. Air-dried samples were grounded to
0.40 to 0.45 mm and stored in tight containers for further
chemical and morphological analyses.

2.2 Chemical characterization

Chemical compositions of cassava peel were
performed according to Technical Association of the Pulp
and Paper Industry (TAPPI) Test Method. The samples
were placed into soxhlet extraction for 6 hours according
to method T 264 om-88. The evaluation of extractive
substances was carried out in different liquids according
to common standards, namely: hot water solubility
(T 207 cm-08) and 1% sodium hydroxide solution (T 212
om-07). The ash content (T 211 om-07) also was
quantified to determine the inorganic material in this
sample. The amount of lignin, holocellulose,
hemicelluloses and cellulose were assessed by using the
following respective standard methods: T 222 om-06,
Chlorination and Kurschner-Hoffner Methods.
Experiments were conducted in triplicates.

2.3 Morphology characterization

The surface morphology of the cassava peel was
visualized in a JEOL JSM-6380LA analytical Scanning
Electron Microscope (SEM). The grounded sample (one-
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quarted spatula) was sprinkled and coated with a thin
layer of gold-palladium film followed by the visual
analysis under the SEM.

3. Results and Discussion

3.1 Chemical characterization

The chemical characterizations of cassava peels were
determined and the results are summarized in Table 2.
Results indicated that the cassava peels are characterized
by relatively high amount of holocellulose (66%) and
extractives, especially in 1% sodium hydroxide solubility
(27.5%) and lower value of lignin (7.5%), hot water
solubility (7.6%) and ash content (4.5%). The celluloses
content (37.9%) are quite similar with hemicelluoses
content (37%) obtained in cassava peels.In general, the
high content of holocellulose, cellulose and
hemicelluloses and lower content of lignin from cassava
pees are acceptable for papermaking application [5].

The holocellulose content of cassava peel was found
to be 66%, which was lower than that of Canola straw
(77.5%) and wood sources (70-80.5%). Holocellulose is
the total combination of cellulose and hemicelluloses
content in oven dry plants [7]. High holocellulose content
is considered advantageous for the pulp and paper
industry because it could produce high pulp yield after
cooking process [8]. Commonly, cellulose is the most
basic and important constituent of paper and the quantity
of cellulose in the main consideration in the paper making
process where the paper strength properties depends on
the cellulose content of raw material. Referring to
Table 2, although cassava peels contain lower cellulose
(37.9%) than wood materials; pine pinaster (55.9%) and
eucalyptus globules (53%), however it is higher than the
canola straw (36.6%) which has been proven to be a
successful pulp for paper making [16,18]. According to
Shakles [8], plant materials that contained 34% and
higher cellulose content were characterized as promising
candidate for pulp and paper manufacture from chemical
composition point of view. Therefore, higher amount of
cellulose content indicated that the high amount of pulp
yield will be produced after chemical pulping process [9].
However, cassava peels are higher in hemicelluloses than
wood sources (13.7 - 27.7%) but lower than canola straw
(40.9%) as shown in Table 2 which could contribute to
the strength of paper pulp.

Lignin is the component in plant structure that binds
the cellulose fibres together. Prior to paper making
process, the lignin must be removed from the pulp
because it affects the performance and decrease the paper
quality [10,11]. Based on Table 2, the lignin content was
found lowest in cassava peel than canola straw and wood
fibre (19.9 - 26.2%).

Lignin is considered to be an undesirable polymer
that must be removed during pulping process [12]. In
addition, lower lignin content could be advantageous as
less amount of chemical during pulping and bleaching
process [13] are needed and ultimately reducing hazard
release to the environment.
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Table 2 Chemical composition of cassava peels — comparison with other organic wastes and wood source

plants (%, w/w oven dried materials)

Organic waste Wood
Materials

Cassava peels Canola straw Pine EUIC ;t:z?;gs

[Presentstudy] [16] pinaster[19] g [19]
Components
Holocellullose 66.0 775 70.0 80.5
Cellulose 37.9 36.6 55.9 53
Hemicellulose 37.0 40.9 13.7 21.7
Lignin 75 20.0 26.2 19.9
1% NaOH 275 n.a 7.9 12.4
Hot water 7.6 n.a 2.0 2.8
Ash 45 6.6 0.5 0.6

Ash is an inorganic material and also defined as the
mineral component of lignocellulosic material that is
found in plant fibres [8,14]. The ash content of cassava
peel was found to be 4.5%. The ash content of cassava
peel was markedly higher than that of the wood fibre (0.5
- 0.6%) but still lower than canola straw [6.6%] as shown
in Table 2.

Water solubility content in the raw materials consist
of sugar, colouring matter, starch and protein which could
affect the pulping process [12,15]. As shown in Table 2,
cassava peel contained higher amount of hot water than
wood fibres. High content of hot water will generate low
pulp content and vice versa after pulping process.
Besides, cassava peel also show the higher amount of one
percent sodium hydroxide solubility rather than wood
fibres. This high value can be considered a drawback to
the use of this material for pulping process. The
consequence of such high solubility will indicate low
pulp vyield, especially from chemical pulping [16].
Therefore, from the content of 1% NaOH of cassava peel
it can be expected to generate a lower yield pulp than
pine pinaster and eucalyptus globulus.

From the chemical composition perspective, cassava
wastes contained acceptable amounts of holocellulose,
cellulose, hemicelluloses and lignin contents as an
alternative fibre in pulp and paper making industries from
non-wood resources.

3.2 Morpohology characterization

Changes in physical properties can be due to
differences in fibre morphology which can be observed
under different levels of magnifications to show major
character of the fibre physical structure [7]. Fig. 1
displays the scanning electron microscopy of cassava peel
observed under difference magnifications. The surface
morphology of cassava peel is depicted in Fig. 1(a)
which shows low pore size of structure because of the
predominance structure of the micro pores.
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In their natural state and before chemical extraction,
fibre surface have encrusting substances such as
hemicelluloses, lignin and pectin that form a thick layer
to protect the important substances, such as the cellulose
inside [7]. The presence of encrusting substance causes
the fibre to have an irregular appearance as shown in Fig.
1(a). Besides, the white colour that is shown in Figure
1(b) indicates the presence of impurities on the surface of
cassava peels due to the untreated material however,
before the pulping process this material will be pretreated
with alkaline solution [17].

18kU

Fig.1 Scanning electron microscopy of cassava peel; a)
and b) surface morphology of untreated cassava peel at
x27 and x300 respectively
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4. Conclusion

The cassava peel is one of the organic wastes that is a
potential substitutes for conventional wood resources in
pulp and paper making. The results from the chemical
characterizations indicated that the cassava peels contain
lower amount of the holocellulose and cellulose, but
higher in the hemicellulose content. The lignin content is
lower that canola straw (non-wood), however is
somewhat higher than other wood resources. Moreover,
higher amount of extractives such as 1% NaOH and hot
water solubility in cassava peels indicated that the lower
pulp yield will be produced during the pulping process.
Morphology study of grounded cassava peels showed the
presence of the hard surface and impurities.. In
conclusion, cassava peels contain comparable amount of
important pulp parameters and could be suitable as an
alternative fibre for pulp and papermaking industries,
which could promote the use of recyclable materials and
in the long run, reduce the environmental issues.

Acknowledgment

This research was supported by Ministry of Higher
Education of Malaysia (FRGS) and scholarship from
Universiti Tun Hussein Onn Malaysia (UTHM).

References

[1] Saeed, M.O., Hassan, M.A., and Mujeebu, M.A.
Assessment of Municipal Solid Waste Generation
and Recyclable Materials Potential in Kuala Lumpur,
Malaysia.Waste Management, Volume 29(7), (2009),
pp. 2209-2213.

[2] Adesehinwa, A.O.K., Obi, 0.0., Makanjuoa, B.A.,
Oluwole, O.0., and Adesina, M.A. Growing Pig Fed
Cassava Pees Based Diet Supplemented With or
Without Farmazyme 3000 Proenx: Effect On
Growth, Carcass and Blood Parameters. African
Journal of Biotechnology, Volume 10(14), (2011),
pp. 2791-2796.

[3] Ezekiel, O.0., Aworh, O.C., Blaschek, H.P., Ezeji,
T.C. Protein Enrichment of Cassava Peel by
Submerged Fermentation With Trichoderma Viride
(ATCC 36316). African Journal of Biotechnology,
Volume 9(12), (2010), pp. 187-194.

[4] Ministry of Agriculture and Agro-Based Indutrsy
Malaysia. Agrofood Statistic 2012,
(Www.moa.gov.my)

[5] Reddy, N., and Yang, Y. Biofibers From Agricultural
Byproducts for Industrial Applications. Trends in
Biotechnology, Volume 23(1), (2005), pp. 22-27.

[6] Jean, M.R. & Santosh, R. Feeding China’s
Expandingdemand for Wood Pulp: A Diagnostic
Assessment of Plantation Development, Fiber Supply
and Impacts on Natural Forest In China and In The
South East Asia Region: Indonesia: Center for
International Forestry Research. (2006).

[71 Rowell, R.M., Han, JS., and Rowell, J.S.
Characterization and Factors Effecting Fiber

33

Properties. Natural Polymers
Composites, (2000), pp. 115-134.

[8] Shakhes, J., Marandi, M.A.B., Zeinaly, F., Saraian,
A., and Saghafi, T. Tobacco Residuals as Promising
Lignocellulosic Materials for Pulp and Paper
Industry. Bioresources, Volume 6(4), (2011), pp.
4481-4493.

[9] Khiari, R., Mhenni, M. F., Belgacern, M.N., and
Mauret, E. Chemical Composition and Pulping of
Date Palm Rachis and Posidonia Oceanic-A
Comparison With Other Wood and Non-Wood Fibre
Sources. Bioresources Technology, Volume 101(2),
(2010), pp. 775-780.

[10] Akpakpan, A.E., Akpabio, U.D., Ogunsile, B.O., and
Eduok, U.M. Influence of Cooking Variables on the
Soda and Soda-Ethanol Pulping of Nypa Fruticans
Petioles. Australian Journal of Basic and Applied
Sciences, Volume 5(12), (2011), pp. 1202-1208.

[11] Abdul Khalil, H.P.S., Siti Alwani, M., and Mohd
Omar, A.K. Chemical Composition, Anatomy,
Lignin Distribution and Cell Wall Structure of
Malaysian Plants Waste Fibers. Cell Walls of
Tropical Fibers, Bioresources, Volume 1(2), (2006),
pp. 220-232.

[12] Rodriquez, A., Moral, A., Serrano, L., Labidi, J., and
Jiménez, L. Rice Straw Pulp Obtained by Using
Various Methods. Bioresource Technology, Volume
99(8), (2008), pp. 2881-2886.

[13] Marques, G., Rencoret, J., Ana, G. and José, C. D.R.
Evaluation of The Chemical Composition of
Different Non-Woody Plants Fibers Used For Pulp
and Paper Manufacturing. The Open Agriculture
Journal, Volume 4, (2010), pp. 93-101.

[14]Ai, J., and Tschirner, U. Fiber Length and Pulping
Characteristics of Switchgrass, Alfalfa Stems, Hybrid
Poplar and Willow Biomasses. Bioresources
Technology, Volume 101(1), (2010), pp. 215-221.

[15] Sridach W. Pulping and Paper Properties of Palmyra
Palm Fruit Fibers. Songklanakarin Journal of
Science and Technology, Volume 32(2), (2010), pp.
201-205.

[16]Hosseinpour, R., Fatehi, P., Ahmad Jahan, L.,
Yonghao, N., and Javad, S.S. Canola Straw
Hemimechenical Pulping for Pulp and Paper
Production. Bioresource Technology, Volume 101,
(2010), pp. 4193-4197.

[17]Boopathi, L., Sampath, P.S., and Mylsamy, K.
Investigation of Physical, Chemical and Mechanical
Properties of Raw and Alkali Treated Borassus Fruit
Fiber. Composites: Part B, (2012), pp. 1-9.

[18] Jiménez, L., Rodriguez, A., Pérez, A., Moral, A., and
Serrano, L. Alternative Raw Materials and Pulping
Process Using Clean Technologies. Industrial crops
and products, Volume 28, (2008), pp. 11-16.

and Agrofibers



