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Environmental pollution and fossil fuel combustion are issues threatening the well-being of all global 
communities, not only for the negative effect these would have and do have on the quality of life, but 
also the challenges accompany these topical issues in order to limit waste production and to develop 
alternative and renewable energy resources.  A major component of solid waste is organic of which 
waste paper is a major component with cellulose, a glucose biopolymer, as one of the major structural 
components of paper. Cellulase, a multi-component hydrolytic enzyme, has the ability to degrade 
cellulose into glucose, a sugar that could be fermented into bio-ethanol or biopharmaceuticals.  
Cellulase from Trichoderma viride was incubated at various temperatures with seven different waste 
paper materials to determine the temperature for optimum degradation of each paper material.  Office 
paper and foolscap paper were optimally degraded at 45

0
C, while brown envelope paper showed 

maximal degradation at 55
0
C.  Filter paper showed a wide temperature range between 40

0
C to 55

0
C for 

optimum degradation with Woolworth’s advertising paper maximally degraded at temperatures varied 
between 30

0
C to 45

0
C, newspaper between 45

0
C and 55

0
C, with Pick ‘n Pick advertising paper showing 

optimum degradation at a temperature range between 30
0
C to 50

0
C.  The relative saccharification of the 

paper materials at the various incubation temperatures were also concluded with maximum 
saccharification rates between 0.6% to 0.9%. In conclusion, sugars released during the cellulase 
catalysed saccharification of waste paper could be used for fermentation into various environmentally 
friendly bio-products. 
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INTRODUCTION 

Solid waste consists of any garbage, refuse, 
sludge from a waste treatment plant, water supply 
treatment plant, or air pollution control facility and 
other discarded material, including solid, liquid, 
semi-solid, or contained gaseous material 
resulting from industrial, commercial, mining, and 
agricultural operations, as well as from community 
activities (Nataraja et al. 2010). Organic waste is a 
major component of municipal solid waste (MSW) 
and the current global MSW generation levels are 
~ 1.3 billion tonnes per year, and are expected to 

increase to ~2.2 billion tonnes per year by 2025. 
This amounts to an increase in per capita waste 
generation rates, from 1.2 to 1.42 kg per person 
per day during the period 2010 to 2015 (Scarlat et 
al. 2015). 

Lignocellulose biomass comprises a high 
amount of MSW, crop residues, animal manures, 
forest residues, or dedicated energy crops (Sims, 
2003). Lignocellulose (Figure 1) is composed of 
cellulose, hemicellulose and lignin fractions with 
the cellulose component described as a linear 
polysaccharide polymer of glucose made of 
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cellobiose units (Delmar, 1995; Morohoshi, 1991). 
Glucose is the starting material during 
bioconversion (fermentation) processes that 
produce ethanol (Merino and Cherry, 2007), other 
biofuels (Wang et al. 2011), feedstock chemicals 
(Varel and Yen, 1997), and pharmaceuticals 
(Kundu et al. 2003). 

The biodegradation of cellulose wastes into 
fermentable sugars such as glucose by fungal or 
bacterial enzymatic activities forms a large area of 
research experiments concerning the influence of 
different physical and biochemical factors which 
are at aim to increase the susceptibility of 
cellulose for saccharification (Dashtban et al. 
2010). The survey of these important factors could 
supply useful information about the optimal 
parameters of cellulose biodegradation into 
sugars (Das, 2011). The main determining factors 
for cellulase production are carbon and nitrogen 
sources, temperature, pH, and dissolved oxygen 
in liquid broth (Li et al. 2013). Due to the 
complexity of the enzyme system in which 
cellulase is not only the product but also the 
catalyst for cellulose hydrolysis, controlling the 
environment conditions such as pH and 
temperature of the medium is of high importance 
for the optimal performance of the process 
(Kansoh et al. 1999). 

During this investigation the effect of 
incubation temperature on saccharification of 
various waste paper materials was studied. Seven 
different waste paper materials including, office 
paper, foolscap paper, filter paper, newspaper, 
brown envelope paper as well as advertising 
paper from retailers Woolworths and Pick ’n Pay 
were treated with the cellulase enzyme from 
Trichoderma viride at different incubation 
temperatures. 
 
MATERIALS AND METHODS 

Cellulosic materials 
Foolscap paper (0.0478 g), Woolworths paper 

(0.0673 g), brown envelope (0.1g), filter paper 
(0.0541 g), newspaper (0.0415 g), Pick ’n Pay 
paper (0.0445 g) and office paper (0.0638 g) were 
used as substrates for cellulase catalysed 
saccharification and the optimum temperature for 
maximum bioconversion of these paper materials 
was determined. The paper materials were 
prepared as circular discs with diameter of 6.0 
mm each. Thirty pieces of each paper were 
transferred to a test tube resulting in a total mass 
as indicated before. Each type of paper was 
investigated in triplicate for its ability to be 

saccharified by the cellulase enzyme at different 
incubation temperatures. 

Cellulase solution  
Crude T. viride (0.12 g) cellulase enzyme was 

weighed and mixed with 50.0 ml of Tris buffer 
(0.05 mol.dm

-3
), pH 5.0. The cellulase enzyme-

buffer solution was mixed with a magnetic stirrer 
until a homogenous solution was obtained at a 
cellulase concentration of 2.0 mg.ml

-1
. Aliquots 

from this cellulase stock solution were taken and 
mixed with the paper materials to degrade waste 
paper into glucose. 

Incubation procedure  
To determine the suitable temperature for 

maximum saccharification of seven waste paper 
materials, the T. viride cellulase enzyme (100 µl) 
was transferred to a test tube filled with Tris buffer 
(800 µl), methanol (100 µl) and pieces of the 
various paper materials. This reaction mixture was 
incubated in triplicate at temperatures between 
30-65

o
C for 2 hours. At the end of the incubation 

period the incubation mixtures were analysed to 
determine the amount of sugars released during 
saccharification of these paper materials by the 
cellulase enzyme.  

DNS method 
After cellulase catalysed bioconversion of the 

various waste paper materials with T. viride 
cellulase the cooled reaction mixtures 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 
UV-1800) at 520 nm. The sugar concentrations 
obtained during saccharification of the various 
waste paper materials were determined from a 
standard calibration curve using glucose as the 
standard sugar solution 
 
 RESULTS  

One of the variables that needs to be 
optimized ensuring a high rate of an enzyme 
catalysed reaction is the temperature of the 
reaction. Cellulose the most abundant global 
organic substance could be bio-hydrolyzed by 
cellulase, a multi-component enzyme system, into 
glucose a building block of cellulose as well as a 
fermentable sugar (Binder and Ronald, 2010).  
Cellulose is a structural component of paper 
materials and the relative amount of cellulose in 
each type of paper is determined by the purpose  
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Figure 1: Representation of lignocellulocose components (Mussato and Teixeira, 2010). 
 

 of the paper, its quality as well as how many 
times the paper has been recycled.  To ensure the 
maximum bioconversion of the cellulose section of 
waste paper into glucose it is important that the 
optimum temperature at which each waste paper 
material is bioconverted by T. viride cellulase, be 
determined. 

  The development of alternative and 
renewable energy resources could be supported 
by the cellulase catalysed bioconversion of 
cellulose, a structural component of many waste 
paper materials, into glucose a fermentable sugar. 
Renewable resources such as waste paper 
materials would not only be suitable for 
combustion purposes but could also produce 
chemical substances that could be utilized in the 
pharmaceutical industry as a renewable feedstock 
for synthetic purposes (Crutzen et al. 2008).   

During this investigation T. viride cellulase 
was used to degrade seven different waste paper 
materials into glucose.  In order to determine the 
optimum bio-action of the cellulase enzyme on 
each paper material, the various paper materials 
were incubated with the cellulase enzyme at 
different temperature-values. 

During the saccharification of office paper 
(figure 2) with cellulase at different incubation 
temperatures, the maximum degradation was 
obtained at a temperature of 45

0
C producing a 

sugar concentration of 0, 45 mg.ml
-1

.  Degradation 
at temperatures lower than the optimum 
temperature produced a relative higher sugar 
concentration than the amount of sugar released 
from office paper during incubation with the 
cellulase enzyme at temperatures higher than the 
optimum temperature.  The lowest degree of 
degradation was obtained at a temperature of 
65

0
C whilst the incubation at a temperature of 

55
0
C showed a slightly higher amount of sugar 

produced than at 50
0
C and 60

0
C.  The highest 

amount of sugar formation was 2,5 times more 
than the lowest amount of sugar produced. The 

maximum percentage saccharification of office 
paper resulted in a value of 0,73 % when 
degraded at the optimum temperature.  A 0,28 % 
of saccharification was obtained during 
degradation at the temperature responsible for the 
lowest degree of saccharification whilst the 
percentage saccharification at the two 
temperatures lower than the optimum temperature 
caused a 0,4 % saccharification of this paper 

Optimum degradation of filter paper (figure 3) 
showed maximum saccharification over wide 
temperature values ranging from 40

0
C to 55

0
C 

during which a sugar concentration of 0,3 mg.ml
-1 

was recorded.  At 30
0
C the second lowest sugar 

concentration of 0,2 mg.ml
-1

 was produced with a 
concentration of 0,1 mg.ml

-1
 calculated during 

incubation of this paper at 65
0
C producing the 

lowest amount of sugar.  The highest sugar 
amount was 3 times more than the amount of 
sugar produced at the lowest temperature. The 
maximum amount of sugar produced from office 
paper (figure 2) was 1,5 times higher than the 
maximum amount of sugar produced from filter 
paper (figure 3) with the lowest amount produced 
from office paper also higher than the lowest 
amount released from filter paper.  Maximum 
percentage saccharification resulted at 0,6 % 
during the degradation at optimum temperature.  
This saccharification was also lower than the 0,73 
% saccharification obtained from office paper 
during degradation at optimum temperature. 

Brown envelope (figure 4) was optimally 
degraded at an incubation temperature of 55

0
C 

that was 10
0
C higher than the maximum 

degradation of office paper (figure 2) and non-
similar to the wide optimum range for 
bioconversion of filter paper. The maximum sugar 
concentration of 0,7 mg.ml

-1
 was higher than the 

maximum amount obtained from office paper as 
well as filter paper at their distinctive temperatures 
for maximum degradation. The lowest amount of 
sugar produced was obtained at a concentration 



Khomotso et al.                                                                  Temperature optimization for saccharification 

 

    Bioscience Research, 2017 volume 14(4): 1269-1278                                                             1272 

 

of 0,3 mg.ml
-1 

 at temperatures, 30
0
C – 45

0
C. The 

maximum amount of sugar was 2,3 times higher 
than the lowest amount of sugar produced. 

 

Figure 2: The effect of temperature on enzymatic catalysed saccharification of office paper by 
cellulase from T. viride 

 

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0

0.1

0.2

0.3

0.4

0.5

0.6

25.0 30.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

%
 S

a
c
c
h

a
ri

fi
c
a
ti

o
n

 

S
u

g
a
r 

c
o

n
c
e
n

tr
a
ti

o
n

 (
m

g
.m

l-
1
) 

Temperature (0C) 

Sugar concentration Percentage Saccharification

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0

0.05

0.1

0.15

0.2

0.25

0.3

0.35

0.4

25.0 30.0 40.0 45.0 50.0 55.0 60.0 65.0 70.0

%
 S

a
c
c
h

a
ri

fi
c
a
ti

o
n

 

S
u

g
a
r 

c
o

n
c
e
n

tr
a
ti

o
n

 (
m

g
.m

l-
1
) 

Temperature (0C) 

Sugar concentration Percentage Saccharification



Khomotso et al.                                                                  Temperature optimization for saccharification 

 

    Bioscience Research, 2017 volume 14(4): 1269-1278                                                             1273 

 

 

Figure 3: The effect of temperature on enzymatic catalysed saccharification of filter advertising 
paper by cellulase from T. viride. 

 
 

 
 
Figure 4: The effect of temperature on enzymatic catalysed saccharification of brown envelope by 
cellulase from T. viride. 
 
The lowest amount of sugar produced from filter 
paper was also lower than the lowest sugar 
concentration obtained during the degradation of 
office paper and brown envelope.  Maximum 
bioconversion of brown envelope results in a 1,3 
% saccharification whilst the lowest degree of 
saccharification was calculated at 0,6 % at the 
temperature responsible for the lowest degree of 
brown envelope degradation. The maximum 
bioconversion of brown envelope was also higher 
than the maximum amount of saccharification 
obtained with filter paper as well as office paper. 
Woolworths advertising paper was maximally 
degraded at low incubation temperatures of 30

0
C, 

40
0
C and 45

0
C.  During incubation at these 

temperatures a sugar concentration of 0,5 mg.ml
-1

 
was obtained that was lower than the maximum 
amount of sugar released during degradation of 
brown envelope paper, higher than the maximum 
amount of sugar produced from filter paper and 
office paper.  At incubation temperatures higher 
than 45

0
C the amount of sugar released has 

decreased to the lowest amount of sugar at 0,3 

mg.ml
-1

 obtained during the degradation of 
Woolworths advertising paper at 60

0
C and 65

0
C. 

The relative saccharification of Woolworths 
advertising paper resulted in an extent of 0,8 % 
during maximum degradation that was higher than 
the maximum amount of 0,7 % observed with filter 
paper as well as 0,7% saccharification of office 
paper. The lowest degree of Woolworths paper 
degradation was obtained at 0,4% during 
degradation at 60

0
C and 65

0
C.  The maximum 

amount of sugar produced was 1,6 times more 
than the lowest amount of sugar produced during 
saccharification of Woolworths paper at the lower 
sugar producing temperatures. 
Similar to filter paper and Woolworths advertising 
paper the degradation of newspaper with T. viride 
cellulase also resulted in maximum bioconversion 
at a wide temperature range including 45

0
C, 50

0
C 

as well as 55
0
C.  A sugar concentration of 0,4 

mg.ml
-1

 was produced during optimum 
degradation of newspaper that was 100% more 
than the 0, 2 mg.ml

-1
 produced as the lowest 

sugar concentration during incubation at 60
0
C and 
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65
0
C.  The maximum amount of sugar produced 

was lower than the maximum sugar concentration 
obtained from Woolworths advertising paper and 
higher than the amount of sugar released from 
brown envelope paper and filter paper. 
The relative saccharification of 1% was higher 
than optimum values obtained during degradation 

of Woolworths paper, filter paper, and office paper 
whilst the lowest degree of saccharification (0,4 
%) at 60

0
C and 65

0
C showed a higher value than 

the corresponding values obtained from office 
paper, filter paper as well as brown envelope 
paper. 
 

 
 
 

Figure 5: The effect of temperature on enzymatic catalysed saccharification of Woolworths 
advertising paper by cellulase from T. viride. 
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Figure 6: The effect of temperature on enzymatic catalysed saccharification of newspaper by 
cellulase from T. viride. 

 

 
 
 

Figure 7: The effect of temperature on enzymatic catalysed saccharification of Pick ’n Pay 
advertising paper by cellulase from T. viride. 

 

 
 

 
Figure 8: The effect of pH on enzymatic catalysed saccharification of foolscap by cellulase from T. 
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The T. viride cellulase catalysed 
bioconversion of Pick ’n Pay advertising paper 
into glucose showed an optimum degree of 
degradation at a relative low incubation 
temperature which varied between 30

0
C and 

50
0
C.  During exposure to the enzyme at these 

low temperatures the maximum amount of sugar 
of 0,4 mg.ml

-1
 was produced from the paper 

material.  At incubation temperatures higher than 
50

0
C the amount of sugar production showed a 

strong decline until the minimum amount of sugar 
was produced at 60

0
C and 65

0
C (0,2 mg.ml

-1
) that 

was 100% less than the maximum concentration 
of sugar production. The amount of sugar formed 
at the optimum temperature for maximum sugar 
production was similar to the amount of sugar 
released by newspaper, less than the product 
produced from Woolworths advertising paper, 
brown envelope paper and office paper, but more 
than sugar released from filter paper. The relative 
saccharification of Pick ‘n Pay paper showed a 
profile of 0,9 % degradation at the lower 
incubation temperatures when maximum sugar 
was produced and less saccharification of 0,4 % 
at the higher incubation temperatures that 
resulted in a lower degree of sugar formation. 

Maximum bioconversion of foolscap paper 
was experienced at an incubation temperature of 
45

0
C at which temperature a sugar concentration 

of 0, 4 mg.ml
-1

 was produced.  This maximum 
amount of sugar released from foolscap paper 
was equal to the maximum amount released from 
Pick ‘n Pay paper and newspaper, less than the 
maximum amount released from Woolworths 
paper, office paper and brown envelope paper 
and more than the amount of sugar released 

during the degradation of filter paper.  The 
minimum amount of sugar released at the higher 
temperature of 60

0
C and 65

0
C was 0,1 mg.ml

-1
 

with a 0,2 mg.ml
-1

 sugar concentration released 
from the lowest incubation temperature of 30

0
C.  

The highest amount of sugar released was 4 
times higher than the lowest amount of sugar 
released at 0,1 mg.ml

-1
. A saccharification 

percentage of 0,8% was obtained at an incubation 
temperature of 45

0
C whilst the lowest degree of 

saccharification was calculated at 0,2% during the 
formation of the lowest sugar concentration. 

Table 1 summarizes the optimum temperature 
values at which each paper material is maximally 
bioconverted into glucose by cellulase from T. 
viride.  No paper material showed maximum 
degradation at temperature higher than 55

0
C with 

30
0
C the lowest incubation temperature for 

maximum cellulose degradation as experienced 
during the degradation of Woolworths and Pick ‘n 
Pay advertising paper, only. The majority of these 
paper materials including newspaper, Pick ‘n Pay 
advertising paper, Woolworths advertising paper 
as well as filter paper showed a relative wide 
temperature range for optimum cellulase 
catalysed bioconversion.  The other papers 
including brown envelope paper, office paper as 
well as foolscap paper showed maximum 
sacharification at a single optimum temperature.  
The maximum degree of saccharification was 
obtained from newspaper at a saccharification 
rate of 1,0 % whilst the lowest degree of 
saccharification was calculated at 0,6 % during 
the bioconversion of filter paper with T. viride 
cellulase. 

 
 
Table 1: Sugar concentration (mg.ml

-1
) and saccharification (%) of the various waste paper 

materials during degradation by cellulase from T. viride at optimum catalytic temperature-values. 
Paper 

material 
Optimum 

temperature(
0
C) 

Mass incubated 
(mg) 

Optimum sugar 
concentration (mg.ml

-1
) 

Maximum 
saccharification (%) 

Newspaper 45 - 55 42 0,4 1,0 

Pick n Pay 
advertising paper 

30 - 50 45 0,4 0,9 

Woolworths 
advertising paper 

30 - 45 67 0,5 0,8 

Brown envelope 55 100 0,7 0,7 

Office paper 45 64 0,46 0,7 

Foolscap 45 48 0,4 0,8 

Filter paper 40 - 55 54 0,3 0,6 
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Akhtar et al, Taniguchi et al, Mahamud and 
Gomes as well as Sharma et al. observed that 
optimum saccharification rate of cellulases were 
achieved at 50

0
C. Their results also indicated that 

increasing the hydrolysis temperature to 70
0
C 

decreased the saccharification percentage to 
27.31%. This behaviour was probably caused by 
an increase in enzyme deactivation at higher 
temperatures. Baig et al. reported 45

0
C as an 

optimal temperature for enzymatic saccharification 
of steam-treated leaves and pseudo-stem of 
banana, while Zhang et al. found 40

0
C as optimal 

temperature for saccharification of steam 
explosion pre-treated corn stover. 

CONCLUSION 
The enzymatic bioconversion of waste paper into 
glucose, a fermentable sugar will not only 
contribute towards the limitation of increasing 
volumes of solid waste, but will also support the 
process of developing alternating and renewable 
energy resources for bio-product development.    
It is however important that the bioconversion 
process be performed at optimum incubation 
conditions ensuring maximum sugar production at 
lowest possible costs. During this investigation, 
the relative saccharification of seven different 
paper materials by the cellulase from T. viride was 
concluded along with optimum temperature for 
maximum bioconversion of each paper material.  
The cellulase catalysed bioconversion of organic 
solid waste such as waste paper into fermentable 
sugars would not only limit environmental pollution 
but could also be effective in the development of 
alternative and renewable energy resources.   
These energy resources could be used a 
feedstock for the synthesis of many environmental 
substances such as biopharmaceuticals. 
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