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ABSTRACT

Organic waste, a major section of solid waste is composed of various types of paper materials of which cellulose,
a glucose-based biopolymer, is the major structural component. When exposed to the hydrolytic action of
Trichoderma viride cellulase a number of seven different waste paper materials have been saccharified at different
pH-values in order to determine the optimum pH-value at which each paper material is maximally degraded into
glucose. From this investigation it was observed that certain paper materials such as office paper and filter paper
were maximally degraded at two pH-values of pH 4,5 and pH 5,0 whilst materials such as foolscap paper, brown
envelope paper, Woolworths advertising paper, Pick 'n Pay advertising paper and newspaper were maximally
degraded at a pH-value of 4,5. The relative percentage saccharifcation of each paper material at the various pH-
values were also determined.
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INTRODUCTION

The accumulation of municipal wastes is a major concern worldwide [1]. The main component of municipal
wastes is paper of various types generated from food, packing and commercial materials. Currently used paper
materials are either recycled to a limited extent but eventually all are dumped or burnt, thus generating even further
environmental pollution [2]. A substantial constituent of daily life is paper and when used it is classified as the
most abundantly cellulosic biomass wastes produced, annually [3]. The biodegradation of cellulosic wastes into
high value bio-products by saccharification processes is an important step that could be applied to reduce
environmental pollution [4].

Paper materials can be classified as versatile or multipurpose commodities because they can be applied as a
protective agents or be used as packaging materials. The enzymatically catalysed bioconversion of organic based
waste such as used paper materials into soluble sugars like glucose is extremely important in the production of
bio-pharmaceuticals and bioethanol [5]. Biomass cellulose is described as the greatest abundant renewable organic
resource with approximately 200 billion tons accessible for bioconversion into biofuels and other value-added
products such as pharmaceuticals, organic acids and industrial enzymes [6]. Waste biomass such as paper are
structural polysaccharides of plants that comprise of cellulose (~ 50%), hemicellulose (~30%) and lignin (~20%)
[7]. Cellulose is a polysaccharide of a high molecular weight consisting of 3000 or more glucose components,
bonded by B-1,4-glycosidic bonds and cellulose is the building block for all fiber derived papers and textiles [8,9].

Cellulase is the most significant group of lignocellulolytic enzyme that could be used during the biodegradation
of cellulose into fermentable sugars such as glucose. Cellulase is categorized as a hydrolytic enzyme which
hydrolyse the B-glycosidic bonds of cellulose and related cellooligosaccharides. It is described as an enzyme
system with the potential to be used for industrial conversion of cellulosic materials into simple sugars [10].
Cellulases are mostly substantiated in fungi and bacteria however fungi is the most common cellulase producer
[11]. Among the cellulolytic fungi, Trichoderma and Aspergillus are the best cellulase enzyme producers [12].
Trichoderma, a filamentous ascomycetes class is used widely industrially because of its high secretary capacity
and inducible promoting features [13].

The effect of pH on saccharification of various waste paper materials was studied during this investigation. Seven
waste paper materials, office paper, foolscap paper, filter paper, newspaper, brown envelope paper as well as
advertising paper from retailers Woolworths and Pick "n Pay were exposed to the Trichoderma viride cellulase
enzyme activity at different pH values.

Corresponding Author: J. Pieter H. van Wyk, Department of Pharmacology and Therapeutics, Sefako Makgatho Health
Sciences University, South Africa. Telephone: + 2712 521 4450 email: bioenergy.res@gmail.com

18



Mokatse and van Wyk, 2017

MATERIALS AND METHODS

USED PAPER MATERIALS

Foolscap paper (0.0478 g), Woolworth 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 substrate for
saccharification and the determination of optimum pH value for maximum bioconversion of these paper material.
Thirty pieces were prepared from the paper materials as circular discs with a diameter of 6.0 mm and these 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 pH values.

CELLULASE SOLUTION

Crude T. viride (0.12 g) cellulase enzyme was dissolved in 50.0 ml of Tris buffer pH 3,5 ;4,0 ; 4,5; 5,0 ; 5,5 and
6,0. A homogenous solution of the cellulase enzyme-buffer at a concentration of 2,0 mg.ml"' was prepared.
Aliquots from this cellulase stock solution were mixed with the paper materials to bioconvert waste paper into
glucose.

INCUBATION PROCEDURE AND DNS DETERMINATION OF SUGARS PRODUCED BY
CELLULASE ACTION

To select the suitable pH value for maximum saccharification of each waste paper material, the enzyme (100 pl)
was transferred to a test tube filled with Tris buffer (800 ul), methanol (100 ul) and pieces of the various paper
materials. This reaction mixture was incubated at 40°C for 2 hours. The incubation mixtures were analysed to
determine the amount of sugars released during saccharification of the various paper materials by the cellulase
enzyme. Once the incubation between the enzyme and paper was completed, the mixture was cooled to room
temperature and followed by the addition of DNS reagent to determine the amount of reducing sugars described
by Miller [14]. The sugar concentration obtained during the saccharification was determined from a standard
calibration curve using glucose as the standard sugar solution.

RESULTS AND DISCUSSION

During this investigation seven different waste paper materials were exposed to the degradation action of cellulase
from T. viride. In order to determine the optimum bio-action of the cellulase enzyme on each paper material, each
material was incubated with the cellulase enzyme at different pH-values. Table 1 reflects information regarding
the optimum pH-values as well as the percentage saccharification which results during saccharification of these
paper materials at each pH-value. Besides the optimum pH-value it was also concluded that certain paper
materials produced maximum amounts of sugar at two pH-values such as filter paper and office paper that could
be maximally degraded at pH 4, 5 as well as pH 5, 0. The incubation masses of the various paper materials differ
and equal number of identical paper discs were used during the degradation process. From the results it was also
evident that the highest relative saccharification was observed during the bio-conversion of newspaper and
Woolworth paper. Figures 1-7 illustrate the bioconversion profiles of the seven different waste paper materials
when saccharified with 7. viride cellulase at different pH-values as well as the percentage saccharification of these
papers at the different incubation pH-values.

Table 1: Sugar concentration (mg.ml") and saccharification (%) of the various waste paper materials during
degradation by cellulase from T. viride at optimum catalytic pH-values.

4,5 41 0,5 1,2
45 44 04 0.9
4,5 67 0,7 1,2
5,0 100 0,9 0,9
45:50 64 0.4 0.6
45 48 0,4 0,8
45:50 54 0.4 0.8
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Figure 1: The effect of pH on enzymatic catalysed saccharification of newspaper by cellulase from 7. viride.
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Figure 2: The effect of pH on enzymatic catalysed saccharification of Pick ’n Pay advertising paper by

cellulase from 7. viride.
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Figure 3: The effect of pH on enzymatic catalysed saccharification of Woolworths advertising paper by
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Figure 5: The effect of pH on enzymatic catalysed saccharification of office paper by cellulase from 7. viride.
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Figure 6: The effect of pH on enzymatic catalysed saccharification of foolscap by cellulase from T. viride.
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Figure 7: The effect of pH on enzymatic catalysed saccharification of filter paper by cellulase from 7. viride.

The incubation pH of an enzyme catalysed reaction is an important variable that has to be optimized in order to
secure maximum catalytic action of the enzyme while acting on the substrate. Cellulase is a multi-component
enzyme system that is responsible for the degradation of cellulose into its building block, glucose a fermentable
sugar [15]. Cellulose is a structural component of paper materials and the relative amount in each type of paper
is determined by the purpose of the paper, its quality as well as how many times the paper has been recycled. For
maximum cellulase catalysed bioconversion of the cellulose component of waste paper into glucose it is important
to determine the optimum pH-value of cellulase that would result in the maximum degradation of the various
waste paper materials into glucose. Different waste paper materials are a major component of solid waste and the
bioconversion of the cellulose component of these waste materials into glucose a fermentable sugar could support
the process of developing alternative and renewable energy resources. These renewable resources 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 [16].

During the saccharification of newspaper (figure 1) with 7. viride cellulase at different incubation pH-values the
concentration of sugar produced has increased from an incubation at pH 3,0 until the maximum concentration was
obtained at pH 4,5. At pH-values higher than pH 4,5 the amount of sugar production has decreased until
newspaper was incubated at pH 6,0. The sugar production profile produced a symmetrical image on both side of
pH 4,5 when maximum bioconversion took place. Identical sugar concentrations of 0,3 mg.ml"!' was produced
during degradation at pH 3,0 and pH 6,0 whilst a sugar concentration of 0,4 mg.ml"' was produced during
bioconversion at pH-values of 3,5 ; 4,0 ; 5,0 and 5,5. Sugar of maximum concentration (0,5 mg.ml™') was obtained
during incubation at pH 4,5 and this amount of sugar produced was 1,6 times more than the minimum
concentration (0,3 mg.ml!). The relative saccharification of newspaper at the various pH-values follows the same
profile tendency as observed with the formation of sugars and the maximum degree of saccharification was 1,2 %
calculated for the bioconversion at pH 4,5. At the lowest saccharification rate a percentage saccharification of 0,7
% was calculated during the degradation of newspaper at pH-values of 3,0 as well as 6,0.Like newspaper,
maximum degradation of Pick ’n Pay paper (figure 2) was also maximally converted at incubation pH-value of
4,5. The lowest extent of degradation was observed at pH-values of 3,0 resulting in a sugar concentration of 0,2
mg.ml"! and at pH-value of 6,0 that produced the lowest amount of sugar at a concentration of 0,1 mg.ml!. At
pH-values of 3,5 and 4,0 sugar concentrations of 0,3 mg.ml"! was obtained while a concentration of 0,2 mg.ml"!
was calculated during the degradation of this paper at pH-values of 5,0 and 5,5. The maximum sugar concentration
of 0,4 mg.ml"! was recorded during the degradation at an incubation pH of 4,5.

Maximum bioconversion of Pick 'n Pay paper resulted in 0,9 % saccharification that is lower than the 1,2 % that
was obtained with newspaper during maximum degradation. The lower rate of saccharification was 0,2 % at an
incubation pH of 6,0 that was followed by a 0,4% during incubation at pH-values of 3,0; 5,0 and 5,5. The
maximum bioconversion of Woolworths paper (figure 3) is similar obtained at the pH-value of 4,5 where Pick ‘n
Pay paper and newspaper showed maximum degradation. With Woolworths paper the maximum amount of sugar
produced was obtained at a concentration of 0,7 mg.ml"'. Incubations at pH-values lower than pH 4,5 produced
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the same amount of sugar at a concentration of 0,5 mg.ml'. At pH-values higher than 4,5 the concentration of
sugar has decreased until the lowest sugar concentration of 0,3 mg.ml! was obtained at pH-values of 6,0. The
highest amount of sugar produced from Pick ’n Pay was 2,3 times higher than the lowest amount produced. The
percentage saccharification when maximum sugar from Woolworth paper was produced was 1,2 % equal to the
number obtained during degradation of newspaper at its optimum pH-value. During the formation of the lowest
sugar concentration at pH 6,0 a saccharification rate of 0,2 % was calculated that was equal to the lowest degree
of saccharification of Pick 'n Pay paper but less than the lowest rate of 0,7 % observed with newspaper.
Different to newspaper, Pick 'n Pay paper and Woolworths paper that were maximally degraded at a pH-value of
4,5, brown envelope paper (figure 4) was maximally degraded at an incubation pH of 5,0 producing a sugar
concentration of 0,9 mg.ml™! that was 3 times higher than the lowest sugar concentration obtained at a pH-value
of 3,0. The sugar concentration obtained at pH 3,5 and pH 4,0 was both 0,5 mg.ml"! whilst a level of 0,6 mg.ml-
! was calculated for the amount of sugar produced during an incubation at pH 5,5 and pH 6,0.

Maximum saccharification of brown envelope paper was obtained at a degree of 0,9 % with the lowest degree
equal to 0,3 %. The maximum saccharification of brown envelope paper was lower than the maximum
saccharification of newspaper and equal to the maximum rate of saccharification of Pick 'n Pay paper and higher
than the maximum saccharification calculated for Woolworth paper.Office paper (figure 5) is maximally degraded
at two pH-values of 4,5 and 5,0 both producing a sugar concentration of 0,4 mg.ml'. The lowest sugar
concentration of 0, 2 mg.ml"! was obtained during bioconversion of office paper at pH-values of 3,0, 5,5 as well
6,0. Maximally saccharification produced sugar at a concentration 2 times higher than the lowest sugar
concentration. The amount of saccharification during maximally degradation equals 0,6% whilst the lowest extent
of saccharification of 0,3 % was calculated at the pH-value of lowest sugar formation.Foolscap paper (figure 6)
showed a relative wide pH-range for maximum degradation by 7. viride cellulase into fermentable sugars at pH-
values between 3,0 to 5,0 although the highest amount of sugar was released at a concentration of 0,4 mg.ml"!
when degraded at pH-value of 4,5. At the other relative high sugar producing pH-values a sugar concentration of
0,3 mg.ml! was concluded except for the sugar concentration of 0,2 mg.ml' that was released during
bioconversion of foolscap paper at a pH value of 6,0. Sugar produced at the optimum pH-value for foolscap paper
degradation was 100 % higher more than sugars produced at the lowest sugar producing pH-value.Maximum
saccharification of 0,8 % was calculated for foolscap paper that was higher than the maximum saccharification of
office paper but less than the maximum saccharification of newspaper, Pick ’n Pay paper, Woolworth paper and
brown envelope paper.

Similar to the degradation of office paper the maximum degradation of filter paper (figure 7) occurred at two pH-
values of 4,5 and 5,0. Minimum degradation occurred at pH-values of 3,0; 5,5; 6,0 and 6,5. The maximum
amount of sugar produced resulted at a sugar concentration of 0, 4 mg.ml"! that was 100 % more than the lowest
sugar concentration produced. Maximum saccharification was calculated at a percentage value of 0,8% at the
pH-value responsible for maximum filter paper bioconversion by cellulase from 7. viride. The lowest
saccharification was calculated at 0,2 % that was equal to the lowest degree of saccharification observed with Pick
‘n Pay paper.

The issue of environmental pollution [17], climate change [18] and the decline of natural source [19] will become
more topical as the global population is increased. The amount of solid waste produced annually is increased
exponentially and this observation is evident in densely populated areas. Although the effect of non-managed
solid waste on the environment is well documented [20] the organic part of solid waste offers a sustainable option
to be developed as a renewable energy resource. As a renewable resource it would not only have a positive effect
on the environment, but could also be utilized as feedstock for synthetic routes such as the development of bio-
drugs in the pharmaceutical industry.

The pH-values for optimum degradation of the seven waste paper materials compare well with the values reported
by Mahamud and Gomes who concluded that the optimal pH for saccharification of alkali treated sugar cane
bagasse by Trichorderma sp was pH 5,0 [21] while a study performed by Rathnan er al., reported that the
maximum pH-value for saccharification of waste paper by fungal cultures from A. oryzae, P. citrinum and T.
viride was pH 5,5. A further increase in pH resulted in a gradual reduction of saccharification by the organism
[22]. A pH of 6,0 was reported by Baig et al. for optimal enzymatic saccharification of steam-treated leaves and
pseudo-stem of banana by cellulase from 7. lignorum [23]. Rhizopus oryzae PR 7 cellulase, as reported by
Karmakar and Ray, shown optimal saccharification at pH 7,0 of various agro-wastes, such as orange peel,
sugarcane bagasse, dried flower, water hyacinth, and coconut shell [24].

CONCLUSIONS
Waste paper a major component of organic solid waste contains cellulose that could be resolved into glucose a
fermentable sugar and building block of cellulose. In order to perform a cellulase catalysed saccharification of

waste paper it is however important that the cellulase-cellulose incubation takes place at a pH-value that would
result in the maximum action of the cellulase enzyme on the cellulose substrate thus producing the maximum
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amount of glucose. Seven different types of waste paper materials have been treated at different pH-values with
T.viride cellulase and it was concluded that each paper material was maximally degraded at a unique pH-value
whilst a number of papers were susceptible for maximum degradation at two different pH-values. The
biodegradation of waste biomass such as used paper into a fermentable sugar such a glucose would not only
support efforts to develop renewable energy resources for bio-product development but will also establish
procedures to limit environmental pollution.

10.

11.

12.

13.

14.

15.

16.

17.

18.

REFERENCES

Butu, A.W. and S.S. Mshelia, 2014. Municipal solid waste disposal and environmental issue in Kano
Metropolis, Nigeria. BJES., 2: 10-25.

Joshi, G., S. Naithani, V.K. Varshney, S.S. Bisht, V. Rana, and P.K. Gupta, 2015. Synthesis and
characterisation of carboxymethyl cellulose from office waste paper: A greener approach towards waste
management. Waste. Manag., 38: 33-40.

Saini, J.K., R. Saini, and L. Tewari, 2015. Lignocellulosic agriculture wastes as biomass feedstocks for
second generation bioethanol production: Concepts and recent developments. Biotechnology., 5: 337-
353.

Alrumman, S, 2016. Enzymatic saccharification and fermentation of cellulosic date palm wastes to
glucose and lactic acid. Braz. J. Microbiol., 47:110-119.

Isikgor, F.H. and C. Remzi Becer, 2015. Lignocellulosic Biomass: A sustainable platform for production
of bio-based chemicals and polymers. Polym. Chem., 6: 4497-4559.

Canilha, L., A.K. Chandel, T.S. Milessi, F.A.F. Antunes, and W. Freitos, 2012. Bioconversion of
sugarcane biomass into ethanol: An overview about composition, pretreatment methods, detoxification
of hydrolysates, enzymatic saccharification and ethanol fermentation. J. Biomed. Biotechnol., 2012: 1-
18.

Lee, H.V.,, B.A. Hamid and S.K. Zain, 2014. Conversion of lignocellulosic biomass to
nanocellulose:structure and chemical process. Scientific World J., 2014: 1-20.

Gielkens, M.M.C., E. Dekkers, J. Visser and L.H. Graaff, 1999. Two cellobiohydrolase encoding genes
from Aspergillus niger require D-xylose and the xylanolytic transcriptional activator Xln R for their
expression. Appl. Environ. Microbiol., 65: 4340 - 4345.

Acharya, P.B., D.K. Acharya and H.A. Modi, 2008. Optimization for cellulase production by Aspergillus
niger using sawdust as a substrate. Afr. J. Biotechnol., 22:4147-4152.

Sweeney, M.D and F. Xu, 2012. Biomass converting enzymes as industrial biocatalysts for fuels and
chemicals: Recent Developments. Catalysts., 2: 244-263.

Chinedu, S.N., A.O. Eni, A.I. Adeniyi and J.A. Ayangbemi, 2010. Assessment of growth and cellulase
production of wild-type microfungi isolated from Ota, Nigeria. Asian J. Plant Sci., 9:118-125.

Gautum, S.P., B.S. Bundela, A.K. Ponday, J. Khan, M.K. Awasthi, and S. Sarsaiya, 2011. Optimization
for the production of cellulase enzyme from municipal solid waste residue by two novel cellulolytic
fungi. Biotechnol. Res. Int., 2011: 1-8.

Mach, R.L and S. Zeilinger, 2003. Regulation of gene expression in industrial fungi: Trichoderma.
Applied. Microbiol. Biotechnol., 60: 515.

Miller, G.L., R. Blum, W.E. Glennon and A.L. Burton, 1959. Measurements of carboxymethylcellulase
activity. Anal. Biochem., 2: 127-132.

Devendran, S., A.M. Abdel-Hamid, A.F. Evan, M. Lakiviak, .H. Kwon, R.I. Mackie and I. Cann, 2016.
Multiple cellobiohydrolases and cellobiose phosphorylases cooperate in the ruminal bacterium
Ruminococcus albus 8 to degrade cellooligosaccharides. Sci. Rep., 1: 1-15.

Cuellar-Bermudez, S.P., J.S. Garcia-Perez, B.E. Rittmann, R. Parra-Saldivar, 2015. Photosynthetic
bioenergy utilizing CO,; an approach on flue gases utilization for third generation biofuels. J. Clean.
Prod., 98: 53-65.

Cheng, H and Y. Hu, 2010. Municipal solid waste (MSW) as a renewable source of energy: Current and
future practices in China. Biores. Technol., 101: 3816-3824.

Asante, F.A and F. Amuakwa-Mensah, 2015. Climate change and variability in Ghana: Stocktaking.
Climate., 3:78-101.

25



19.

20.

21.

22.

23.

24.

J. Basic. Appl. Sci. Res., 7(9)18-26,2017

Johson, D.G, 2002. The declining importance of natural resources:Lessons from agricultural land.
Resour. Energ. Econ., 24: 157-171.

Kumar, S., S.R. Smith, G. Fowler, C. Velis, S.J. Kumar, S. Arya, K. Kumar and C. Cheeseman, 2017.
Challenges and opportunities associated with waste management in India. R. Soc. Open. Sci., 4: 1-11.
Mahamud, M.R and D.J. Gomes, 2012. Enzymatic saccharification of sugarcane bagasse by the crude
enzyme from indigenous fungi. J. Sci. Res., 4: 227-238.

Rathnan, R.K. T. Balasaravanan, S.M. Anto, A.K. Tony, P. Anamika and M. Ambili, 2015.
Bioconversion of waste paper by co cultures of fungi isolated from lignocellulosic waste. Int. J. Curr
Microbiol. Appl. Sci., 4: 326-333.

Baig, M.M.V., M.L.B. Baia, M.I.A. Baig, and M. Yasmeen, 2004. Saccharification of banana agro-waste
by cellulolytic enzyme. Afr. J. Biotechnol., 3: 447-450.

Karmakar, R and R. Ray, 2011. Current trends in research and application of microbial cellulase. Res. J.
Microbiol., 6: 41-53.

26



