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ABSTRACT

Objectives: Solid waste accumulation, renewable and sustainable energy development are topical issues
concerning many populations around the globe. Used paper is defined as part of organic solid waste, which
besides recycling is eventually dumped, incinerated or landfilled. A structural analysis revealed that cellulose, a
major component of waste paper, is a biopolymer composed of glucose units and when treated with cellulase
enzymes, cellulose can be degraded into glucose a fermentable sugar. The aim of this investigation was to
determine the relative saccharification of various waste paper materials when treated with cellulase from
Trichoderma viride as well as the initial rate at which each material was degraded. It was also at aim to determine
the amount of sugar produced when each paper material was maximally degraded and the time taken for maximum
cellulase catalysed hydrolyses.

Methodology and Results: Various waste paper materials such as office paper, foolscap paper, filter paper,
Woolworths paper (a local retailer) and cardboard were saccharified with T. viride cellulase during different
incubation periods producing different amounts of sugar concentrations. The different initial saccharification rates of
the paper materials were calculated by determining the amount of sugar produced during the initial period of
incubation and it was concluded that different maximum sugar concentrations were obtained during saccharification
of these used paper materials. Filter paper took the longest time of 100 minutes to obtain maximum
saccharification. The shortest period of 40 minutes to reach maximum saccharification was obtained during the
degradation of newspaper. The fastest rate of degradation was obtained from newspaper at 0.028 mg.min-* and
the lowest rate was calculated for filter paper at 0.0045 mg.min-!. Cardboard produced the highest concentration of
sugar at 8.0 mg.ml-* while filter paper produced the lowest at 1.4 mg.ml-!.

Conclusions and applications of findings: Different waste paper materials exhibit different susceptibilities for
degradation by T.viride cellulase into glucose a fermentable sugar and as a result, different maximum amounts of
sugars were obtained during bioconversion of the papers. The time needed for maximum degradation differs for the
different paper products, which indicates that each paper material should be exposed to an unique bioconversion
procedure ensuring a maximum sugar yield. Waste paper exhibits the ability to be bioconverted into fermentable
sugars thus could be applied as a renewable resource for bioproduct development.
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INTRODUCTION

The negative effect of increasing solid waste
production and the related pollution of the environment
would become more topical as the global population is
increased. Clean water, air and non-polluted soil are
prerequisite conditions ensuring a quality life. With the
world, population growing it is almost certain that the
amount of solid waste produced will also increase that
could have a negative effect on the environment if not
properly managed. To further hamper especially air
pollution, is the combustion of fossil fuels as the sole
energy source (Borjesson and Mattiason, 2008) in
many countries around the globe. The effect of
greenhouse gases released during combustion of
fossil fuels is already experienced with climate change
in different countries (Atilgan and Azapagic, 2015) and
the search for alternative and renewable energy
resources will have to be intensified in order to limit the
effect of global warming (Mercan and Karakaya,
2015). Besides the development of various clean
energies such as wind, solar and geothermal the
utilization of bioenergy could also be beneficial
especially by substituting oil with it (Li et al., 2015).
Liquid bioenergy can be obtained during the
fermentation of glucose (a natural energy rich
compound) into bioethanol (Thangavelu et al., 2016).
Organic waste, a major component of solid waste,
consists of materials such as waste paper, food waste,
garden trimmings and agricultural waste of which
cellulose, a biopolymer composed of glucose units,
acts as a structural component. Although cellulose is
strongly associated with other structural components
such as lignin and hemicellulose, it is possible to
recover this biopolymer (cellulose) from organic waste

METHODS AND MATERIALS

Used paper materials: Waste paper materials were
prepared as circular discs with diameter of 6.0 mm each.
Ten pieces of each paper were transferred to a test tube
with the total mass of each type of paper investigated,
indicated as follows: Foolscap paper (0.0162 g),
Woolworths paper (0.0213 g), Cardboard (0.1034 g), Filter
paper (0.0256 g), Newspaper (0.0150 g). Each type of
paper was investigated six fold for its ability to be
saccharified by the cellulase enzyme.

Cellulase enzyme and incubation procedure: Crude T.
viride cellulase enzyme (0.20 g) was dissolved in 100 ml of
Tris buffer (0,.5mol.dm®, pH 5.0) and dialysed against

materials. The various glucose units of cellulose can
also be obtained by destroying the chemical bonds
between different glucose molecules in the cellulose
structure (Wang et al., 2015). This saccharification of
cellulose especially when part of organic waste can be
performed by means of chemical hydrolysis (Zhang et
al., 2012) as well as enzymatic catalysis by a multi-
component enzyme system (Bommarius et al., 2008)
known as cellulase which is mostly of fungal (Saheed
etal., 2016) and bacterial (Keshk, 2014) origin. Waste
paper a major component of organic waste is
composed of different types of paper materials such as
newspaper, foolscap paper, cardboard and office
paper (Jimenez-Flores et al., 2010). Due to the
different structural compositions of various waste
paper materials, these waste paper materials exhibit
different susceptibility for a specific cellulase system
(Mokatse and Van wyk, 2016). Different susceptibilities
of paper materials towards a cellulase system is the
result of two structural features present in waste
cellulose known as amorphous and crystalline
components (Ruel et al., 2012). During this
investigation, the relative cellulase susceptibility of T.
viride, a fungus and biofungicide used against
pathogens, for five different waste paper materials was
investigated. The initial rates of saccharification when
these waste paper materials were treated with the
cellulase from T. viride were also calculated. The time
taken to reach maximum saccharification of each
paper material by the cellulase enzyme was also
determined as well as the maximum amount of sugar
produced during degradation of the various waste
cellulose materials.

distilled water for a period of 24 hours to remove sugars
from the crude enzyme extract. The dialysed enzyme (100
) was transferred to a test tube filled with Tris buffer (600
Ml) and a paper material and the reaction mixture was
incubated at 40 °C for incubation periods of 10 min, 20 min,
40 min, 60 min, 80 min, 120 min, 140 min and 160 min. The
enzyme activity was terminated by inserting the test tubes
in a glass beaker filled with ice cubes for a period of 10
minutes. The cooled samples were used to determine the
amount of sugars present in the supernatant because of the
degradation of waste paper by the cellulase enzyme.
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Sugar analysis: After cellulase catalysed bioconversion of
the various waste paper materials with T. viride cellulase
the cooled reaction mixture were mixed with the DNS
reagent according to the method described by Miller (Miller,
1959). The resulting mixture was heated in a boiling water
bath for a period of 10 min, with the resulting colour
intensity determined on a spectrophotometer (Shimadzu

RESULTS AND DISCUSSION

Waste paper is a major section of solid waste and is
classified as organic solid waste (Rivera et al., 2016). Used
paper can also be recycled for the re-production of paper,
but this process can only be repeated a number of times
before the quality of paper materials are of such a low
grade, which cannot guarantee the same quality paper as
obtained from virgin cellulose (Sahin, 2013). Most waste
paper even after recycled a number of times becomes part
of solid waste, which is either incinerated, landfilled or
dumped. All these waste management procedures results
directly or indirectly in environmental pollution. The
chemical structure of waste paper allows it to be developed
as a resource of bioenergy when its cellulose sections are
hydrolysed into glucose a fermentable sugar. This
conversion process can be achieved during acid catalysed
hydrolysis of cellulose using HCI or H,SO4 (Dussan et al.,
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UV-1800) at 520 nm. A sugar calibration curve was
constructed using glucose standards ranging from 0.5
mg.ml* to 8.0 mg.ml'. This calibration curve was used to
determine the concentration of the various sugar solutions
obtained during the cellulase catalysed degradation of the
different waste paper materials.

2014). This process of sugar production from cellulose is
however not environmental benign but could also be
performed with a more environmental friendly procedure by
using cellulase enzymes from organisms such as T. viride
(Mustchkener et al., 2015). To illustrate susceptibilities of
various waste paper materials for the T. viride cellulase
enzyme the initial rate of waste paper degradation was
calculated. Cardboard showed maximal degradation of 8
mg.ml*" sugar concentration after 60 min of incubation with
the initial rate of sugar formation equal to 0.07 mg.min-'.
During this period of increased saccharification the amount
of sugar increased by 40% during the second interval (10-
20 min), 28% during the third interval and 14% during the
last interval (40-60 min) while maximum sugar production
was obtained after 60 min of incubation (Figure1).
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Figure 1: The saccharification profile of cardboard when degraded by T. viride cellulase.

Filter paper showed an initial increase in sugar formation
during the first 10 minutes to a concentration of 1.0 mg.ml-*
that was maintained for the next 50 minutes (Figure 2). An
increase of sugar production was experienced between 60
min and 100 min at a rate of 0.0045 mg.min' with the
maximum sugar concentration of 1.4 mg.ml' reached after
100 min. During the period 60 min to 80 min a sugar
concentration increase of 16% was produced with an

increase of 22% obtained during the period 80 min to 100
min. No increase in sugar production was produced during
the period of 10 min to 60 min that could be the result of the
crystalline nature of filter paper (Singh and Akimenko,
1993). During the first 60 min short chain cellulose could
have been produced which have been converted into
sugars during the period 60 to 100 min.
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Figure 2: The saccharification profile of filter paper when degraded by T. viride cellulase.

During the saccharification of foolscap paper (Figure 3),
maximum sugar concentration was reached after 80 min at
a concentration of 2.3 mg.ml* with no more sugar produced
during the rest of the incubation period of 120 min. The
initial rate of sugar production was 0.018 mg.ml with an
increase of 18% during the period 10 min to 20 min, 22%
from 20 min to 40 min, 8% increase between 40 to 60 min
and 35% of sugar increase to reach maximum sugar

2.5

Sugar concentration (mg.mlt)

concentration of 2.35 mg.ml'. Newspaper (Figure 4) was
maximally degraded after 40 min producing a maximum
sugar concentration of 2.5 mg.ml" at a initial degradation
rate 0.028 mg.min-'. During the second period the sugar
concentration increased by 102% to a concentration of 2.1
mg.ml-" which was further increased by 17% during the third
period of incubation which eventually resulted in the
maximum sugar concentration of 2.5 mg.ml-.
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Figure 3. The saccharification profile of foolscap paper when degraded by T. viride cellulase.
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Figure 4. The saccharification profile of newspaper when degraded by T. viride cellulase.

Woolworths paper (Figure 5) showed the longest period of
saccharification of 100 min when the maximum sugar
concentration of 5.0 mg.ml' was reached at an initial rate of
0.026 mg.min-'. The sugar production increased by 15%
during the second period, 12% during the third period, 11%
during the fourth period and 10% before reaching the
maximum sugar concentration. The highest rate of sugar
formation was calculated for newspaper followed by
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Woolworths paper with the lowest rate of saccharification
obtained with filter paper (Table 1). The rate of sugar
formation as well as the time taken to reach maximum
sugar formation during degradation of waste paper
materials is influenced by the relative amount of crystalline
and amorphous sections present in a specific paper
material (Beck-Candanedo et al., 2005).
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Figure 5. The saccharification profile of Woolworths paper when degraded by T. viride cellulase.
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Table 1: Initial saccharification rates of different waste paper materials when degraded with T. viride cellulase as well as
time to produce maximum sugar concentration.

Paper substrate Rate of change in sugar concentration Period for change in concentration
(mg.min"") (min)
Cardboard 0.07 30
Filter paper 0.0045 90
Foolscap 0.018 70
Newspaper 0.028 30
Woolworths 0.026 70

Materials with higher amorphous sections will be degraded
faster than paper materials with a higher crystalline section.
From the rates of degradation (Table 1), it can be
concluded that newspaper has the highest initial rate of
saccharification followed by Woolworths paper with filter
paper known as a crystalline cellulose material, exhibiting
the lowest amount of sugar formation. Figure 6 indicates
the maximum amount of sugar produced by T. viride
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cellulase when degrading the different waste paper
materials. Cardboard produced the highest sugar
concentration at 8.0 mg.ml* followed by Woolworths paper
with the lowest amount produced from filter paper. The high
crystalline nature of filter paper is illustrated by the
observation that this paper material resulted in the lowest
amount of sugar produced as well as taken the longest
period to produce the maximum sugar concentration.
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Figure 6. The relative saccharification of different waste paper materials by T. viride cellulase and time for maximum

sugar production.

Currently used paper, which is part of organic solid waste,
is treated as typical waste of no value and as a result, it is
exposed to solid waste management procedures (Kirama
and Mayo, 2016). The chemical nature of waste paper
suggests that these waste materials could be developed as

CONCLUSIONS

Millions of tons of waste paper are produced annually that
are exposed to waste management procedures such as
incineration, dumping or land filling. Currently the potential
of organic waste to be utilised as a potential resource of
clean energy (bioenergy) is not fully realized. From the
investigation, it has been concluded that waste paper can

a resource of bioenergy by converting their cellulose
components into fermentable sugars (Jiang et al., 2016).
The bioconversion of waste cellulose does not only limit the
huge amounts of solid waste but also addresses the issue
of clean and green energy.

be converted into sugars with different types of paper
exhibiting different susceptibilities towards the cellulase
enzyme system from T. viride. The rates at which the paper
materials are hydrolysed also differ from each other as well
as the maximum amount of sugar produced from each
paper material during cellulase catalysed bioconversion.
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Waste paper is a potential alternative and renewable
energy resource which could be developed not only to
address the issue of clean energy but by developingitas a
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