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ABSTRACT

Cellulose, a biopolymer composed of glucose units, is a structural component of waste office paper. Different
masses of ink free office paper as well as office paper covered 50 % and 100 % with ink were treated with cellulase
from Trichoderma viride releasing fermentable sugars such as glucose thus exploring the renewable energy
potential of waste cellulose. Ink covered office paper resulted in less sugar formation compared to ink free office
paper. Although an increased amount of sugar was released when increasing masses of waste office paper was
hydrolyzed with increasing cellulase concentrations the efficiency of bioconversion was not increasing mass
dependent.
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INTRODUCTION

The search for costly and environmental effectemewable energy resources will intensity as thecefbf climate
change due to the combustion of fossil fuels besoawident with increasing droughts and rainfalilifierent parts
of the globe[1]. These changing weather pattesna eesult of global warming will not only have efifect on the
infrastructure of many countries but will also cagecision makers to re-think issues such as @itgtgeneration,
food productionand ways of protection against ggreinds and floods.

Biomass has been considered by many as an alterraatd renewable energy resource for the producfi@mergy
in the form of petroleum, electricity and heat gy?]. Biofuelssuch as bioethanol obtained frongagane is
already used by countries such as Brazil as adiduel for motor vehicles [3]. The production ofobi
pharmaceuticals from plant materials is also ggimmomentum [4]while electricity generation from vadoi@esources
is also receiving attention [5].

Another concern besides global warming is the pectido and accumulation of solid waste of which migavaste
is @ major component. Millions of tons of orgamniaste are produced annually occupying valuable, |pr@tucing
and release dangerous gases during natural fertiwenia landfills. Greenhouse gases such as methadecarbon
dioxide are produced thus also lower air qualitgt tbould stimulate certain bronchial conditionshsas allergic
respiratory diseasesin peoples living and workingcliose vicinity of these land fill areas[6]. Soldhste also
occupies land that could have been used for atpi@llor residential purposes. Organic waste camp®f many
substances of which paper, food and garden trimsrémg major components [7].
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An important structural component of organic wasta natural polymer known as cellulose composeglufose
monomers that are connected by chemical bonds idedcasp-1,4-glucosidic bonds. Besides acid catalyzed
hydrolyses these chemical bonds could also beayest by enzymatic action releasing glucose uhis ¢ould be
fermented into bio-products such as bio-ethanao$ tlinder organic waste a potential renewable enegpurce.
Cellulasea multi-component enzyme system preseadterial as well as fungal sources plays an itapbrole in
releasing glucose from cellulose which then cowldas an energy source for these micro-organismkulGse is a
structural component of foods, plants and consupneducts fromplant originsuch as paper products \&hen
classified and treated as waste all organic madgeaee discarded with their cellulose sectionsibad potential
resource of renewable energy[8].

Thousands of tons of paper materials are manufedamnually from trees and after use treated asqgbasblid
waste. Used paper can only be recycled a numbiémeg before the fibers become too weak to gueeaatpaper
material of high quality. At this stage recycledppr is landfilled, burnt or incinerated withoutpexing its
renewable energy potential [9,10,11,].

Various types of wastepaper materials are produgttdoffice paper a major component of paper presiand as a
result a foremost section of organic waste. Wafftee paper, representing organic waste,could daelbped as a
resource of bioenergythrough a cellulase catalypeacess of bio-converting its cellulose componemtb i
fermentable sugars such as glucose [12]. Amonilro most paper products are used in the printidgstry
causing waste paper to be covered to a certaimextith ink. When exposed to the saccharificatiatiom of
cellulase the ink covering waste paper could aa ahield preventing a physical interaction betwed#inlaseand
cellulose fibers that could result in a lower degod cellulose saccharification. The detailed effef ink, when
covering office paper, on the cellulase catalyzésbdgradation of waste office paper has not reckeirmich
attention in literature.

This study was aimed at investigating the effecinafon the relative saccharification of ink freffice paper, as
well as office paper covered 50 % and 100 % wikhvithen exposed to the biodegradation action ofutzde from
Trichoderma viride. The efficiency of the bioconversion process alas concluded.

EXPERIMENTAL SECTION

Enzyme and substrate

Commercial cellulase frorfrichoderma viride (0,5g) [Merck, EC3.2.1.4., Onozuka R-10]was predan 50 ml,
0,005 M Tris buffer, pH 5,0. Waste office papeskdi with diameter of 5 mm were prepared as freialgf50 %
and 100 % covered with ink. The paper disks welgitenasses of 0,0038 g, 0,0114 g, 0,019 g, and6,82vere
exposed separately to the hydrolytic action of ¢eéulase enzymes at different concentrations sh@ml*, 4
mg.mi*, 6 mg.ml*, 8 mg.mf* and 10 mg.mt.

Cellulase incubation and sugar deter mination

All waste office paper treatments with the cellel&anzyme were performed in triplicate. The différmasses of
paper materials were mixed with the Tris bufferq40) and finally mixed with the various enzymegans (100
ul). The incubation mixtures were incubated dumngeriod of 2 h at temperatures of@p4dC, 5¢C and 66C.
At the end of the incubation period the sugar catredion of each sample was determined with the DiN$hod
usingglucose as a standard [13].

RESULTSAND DISCUSSION

The development of renewable energy resources woetdme more topical as the effect of climate chaag a
result of fossil fuelcombustion is experienced bgldy. To counteract the effect of global warmirgditional fossil
fuel sources will have to be replaced with renewadsiergy resources. Also of importance is a ciafronment
and air ensuring healthy conditions for humansamichals. Various renewable energies such as sokgy [14],
wind energy[15] and bio-energy [16]have been idetias potential substitutes for fossil energy.st#ecellulose
has been identified as a major contributor of biergy resources as this biopolymer is the majauctiral
component of organic waste such as waste papdajrcevaste food substances, garden trimmings aesb til17].
Different types of waste paper like office papewsprint, foolscap paper have been implicated énditvelopment
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of organic waste as a resource of bioenergy[18]l thhese paper materials are used in the printimdustry
causingwaste cellulose substance to be fully digtigrcovered with ink with certain sections frekink.
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Figure (1): Saccharification of waste office paper with cellulase from Trichoderma virideat an enzyme concentration of 2 mg/ml

During the cellulase catalyzed degradation of wasiger it is important that the cellulase enzymghigsically in
contact with the surface of the paper materialtcfgom its hydrolytic acton. The presence of ink the paper
materialcould prevent the enzyme to a certain éxtem acting freely on the waste cellulose materialeasing
fermentable sugars.

The amount of sugar released from different maséawk free office paper as well office paper caei50 % and
100 % with ink when treated with different concatibns of cellulase frond. viridewere compared in order to
determine the effect of ink on the bioconversionvakte office paper.

Saccharification with acellulase concentration of 2 mg.ml™

When exposed to a cellulase concentration of 2 mfglioffice papersshowed an increase in sugar faomathen
increasing masses of the respective ink coveredrpapterials and ink free paper were degraded @figwith all
masses the ink free paper showed sugar concensdtigher than the amount of sugar produced framoffice
paper 50 % and 100 % covered with ink except ferdingar released from the lowest mass of 0,003&mm this
lowest paper mass the highest amount of sugarsedeaas from the paper 50% covered with ink, theepa
covered 100 % with ink showed the second highegtedeof degradation whilst the ink freeoffice papes the
least saccharified. This observation could be due¢he heterogeneous nature of the catalytic readiod the
relative low amount of substrate present in theauliation mixture which limits the possibilities fawmteraction
between cellulase and the substrate. When the ma$g@aper substrates were increased the degradatiibits a
pattern of increasing sugar production with incregsnasses of waste office paper incubated. Thaeuatrof sugar
released from 0,0114 g ink free paper when degraded38 % higher than the amount of sugar prodéroced the
paper 50% covered with ink and 316 % higher thagasproduced from the paper completely covered imikh
When 0,019 g of office paper was treated with tbkkutase enzyme the amount of sugar released fhenink free
paper was 52 % higher than the amount of sugaasetefrom the paper that was 50% covered with k12 %
higher than the amount of sugar released from #peipcompletely covered with ink. When the highmass of
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0,0266 g office paper was treated with the enzyoreentration of 2 mg.illa sugar concentration of 9,75 mg'ml
was obtained from the paper not covered with inkl d@imis sugar concentration was 22 % higher than the
concentration of sugar formed from the 50 % inkezed paper and 182 % more than the sugar produoedthe
paper completely covered with ink.
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Figur e (2): Sacchar ification of waste office paper with cellulase from Trichoderma virideat an enzyme concentration of 4 mg/ml

The amount of sugar produced from 0,0266 g of iak paper was 786 % higher than the amount of sargduced
at a concentration of 1,10 mg:fduring the degradation of the lowest mass of (Ba§3In the case of the paper 50
% covered with ink sugars were released from tlgadst paper mass at a concentration of 7,98 rigmatt was
329 % higher than the concentration of sugars sekéat concentration of 1,86 mgihreleased from 0,0038 g.
During the degradation of office paper 100 % codesith ink the amount of sugar released from thghbst mass

was 161% higher at a concentration of 3,45 mg.than the amount of sugar released from the lowesis of the
paper material.

Saccharification with a cellulase concentration of 4 mg.ml™

During biodegradation with an enzyme concentratéd mg.mi*(Fig. 2) similar trends of saccharification was
observed as concluded when exposed to an enzynecemation of 2 mg.rl. The highest sugar concentration of
11 mg.mi'was obtained from ink free office paper when 0,0868 the substance was biodegraded and this amount
was 337 % higher than the amount of sugar relefisadthe lowest mass of ink free office paper. Theximum
sugar value was also 39 % more than the highestiainod sugar released from office paper covered 8086 ink

and double the maximum amount of sugar releasexd éffice paper fully covered with ink. The sacdfieation of
office paper that was 50% covered with ink showednarease in sugar formation when an increasingsnoé this
substrate was exposed to the enzyme solution. higleest conversion was 214 % higher than the lowest
concentration of produced sugar.

When all masses fully covered with ink were treatétth the enzyme increasing amounts of sugar wiaased with
increasing masses bio-hydrolyzed. The amount gédisteleased was also the lowest compared to thesponding
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masses of ink free and half covered with ink offgper when saccharified. Compared to the amolustigar
released when all office paper materials were éckatith the lower enzyme concentration of 2 md-.ithe enzyme
concentration of 4 mg.Mresulted in a higher sugar concentration released &ll paper materials.
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Figure (3): Saccharification of waste office paper with cellulase from Trichoderma virideat an enzyme concentration of 6 mg/ml

Saccharification with a cellulase concentration of 6 mg.ml™

When exposed to a cellulase concentration of 6 miglinoffice paper materials showed the same incnggsiigar
formation tendency as observed when exposed tter enzyme concentrations (Fig. 3). The maxinamount
of sugar production was calculated at a sugar cdratéon of 11,1 mg.rfl during degradation of 0,0266 g of ink
free office paper and this sugar concentration tvassame as the amount of sugar released fromothesponding
paper mass when exposed to 4 mg.nmThe same was observed during the degradatioineod,0266 g of paper
half covered with ink that resulted in a sugar @nimation of 7,98 mg.riland this amount of sugar was the same as
the sugar concentration released from the correbpgrpaper when treated with an enzyme concentraiio4
mg.mi*. The mass of 0,0266 g of fully covered ink reéshsugar at a concentration of 7,34 md.thiat was 35 %
higher than the amount of sugar released duringade¢jon of the corresponding paper when treatél 4vimg.mil

! Similar to the degradation of these office papaterials with enzyme concentrations of 2 mg.amd 4 mg.mt

is the observation that the lowest increase in ist@yanation was calculated during the degradatibthe 0,019 g
compared to the degradation of the 0,0114 g ofevpaper.

Saccharification with a cellulase concentration of 8 mg.ml™

As observed during degradation with the lower ergyroncentrationa treatment of increasing massesffick
paper resulted in an increasing amount of suga&aseld when exposed to an enzyme concentrationnuj. 8l
Y(Fig.4). The maximum sugar concentration again eained from ink free office paper at a mass,0266 g but
this sugar amount was not equal but higher tharstigar released from corresponding masses whetedraath
lower enzyme concentrations. The maximum sugacemination of 12,12 mg.Mlobtained from 0,0266 gink free
office paper was 23 % higher than the amount ofr8g8mlI* released from 0,0266 g of office paper half cosgere
with ink and 60 % higher than the sugar releasedhfa similar mass of fully ink covered office papefhe

13



J.P.H.Van Wyk and J. B. M. Sibiya J. Chem. Pharm. Res,, 2014, 6(10):9-17

difference insugar formation between 0,0114 g afd®g is again not to the same extent as theasere sugar
formation between the highest mass and second stigheess when degraded wikhviridecellulase.
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Figure (4): Saccharification of waste office paper with cellulase from Trichoderma virideat an enzyme concentration of 8 mg/ml

Saccharification with a cellulase concentration of 10 mg.ml™

The amount of sugar released from the highest papsses when exposed to the highest cellulase mivatien of

10 mg.mI*(Fig.5)was more than the amountof sugar releasem the corresponding samples and masses when
treated with lower enzyme concentrations. The ésglsugar concentration of 13,06 mg‘mlas obtained during
saccharification of 0,0266 g ink free office pamtra value 15,5 % more than the maximum amountugérs
released during saccharification of paper 50 % @@ewnith ink and 48 % higher than the maximum sugar
concentration released during saccharificationfidé@ paper fully covered with ink.

The maximum amount of sugar released during thisstigation was obtained from the highest massbffiee
office paper when exposed to the maximum enzymeeasunation of 10 mg.rill The sugar concentration of 13,06
mg.mi* was 7,8 % higher than the second highest sugarentration of 12,12 mg.fireleased from 0,0266 g of
ink free office paper exposed to an enzyme conatotr of 2 mg.mf. The highest sugar concentration obtained
from ink free office paper was observed when 0,@266the material was exposed to an enzyme coraténtrof

10 mg.m*. When exposed to cellulase activity the maximugas concentration from office paper 50 % covered
with ink was obtained when 0,0266 g of this papasydrolyzed with an enzyme concentration of 10nmiiy
resulting in a sugar concentration of 11,31 mg.rffice paper fully covered with ink also resulteda maximum
sugar concentration of 8,8 mg:tmivhen 0,0266 g of this paper was treated with azyme concentration of 10
mg.mi*. From these results it can be concluded thatmihgimum sugar concentration was obtained when the
highest masses of the different office papers vesq@osed to the highest enzyme concentration bsitdbés not
indicate the relative efficiency of the bioconversprocess.
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Figure (5): Saccharification of waste office paper with cellulase from Trichoderma virideat an enzyme concentration of 10 mg/ml

Relative efficiency of bio-converting waste office paper into fer mentable Sugars

It has been shown that when increasing masses thieabffice paper materials were exposed to irgirgpcellulase
concentrations the amount of sugar released dsesirdrease. Although this increased sugar foomatvould
eventually result in more fermentation product(ent glucose it is also important to consider thiecieincy of the
saccharificationprocess.  The efficiency in teraispercentage office paper degraded showed thafinmougx
efficiency was obtained when 0,0038 g of ink fréfice paper were degraded with a cellulase coneagintr of 8
mg.mi* as well as an enzyme concentration of 10 m{ (fiable 1). Both enzyme concentrations resultea 41 %
saccharification of ink free office paper. The Ietvefficiency for ink free paper wasl4 % saccheaifonwhen
0,0038 g of ink free paper was exposed to an enzymeentration of 2 mg.ml

Degradation of the 0,0114 g of ink free office pagleowed an efficiency between 23 % and 27 % whposed to
all the enzyme concentrations. When exposed tovélni®us enzyme concentrations a mass of 0,01%k drée
office paper showed an efficiency rate between 1@rfb 18 % whilst the highest mass of ink free effiper
showed increased percentage of degradation frofb 18 25 % when increasing enzyme concentrationg weed
to degrade this amount of office paper.

The biodegradation of office paper 50% covered wikhresulted in the highest efficiency of 37 % d@arification
when 0,0038 g of the waste cellulose was exposeah enzyme concentration of 8 mg-mith the lowest degree
of saccharification of 10 % calculated when 0,016f gaper was degraded by enzyme concentratio@snag. mi*
and 4 mg.mt. A relative high degree of efficiency was observenen the lowest mass (0,0038 g) of this office
paper was degraded by all the enzyme concentratibith resulted in an efficiency between 25 % and@ The
efficiency of saccharification when 0,0114 g of teapaper was degraded varied between 13 % and 2Rd%
between 10 % and 17 % when calculated for the degjian of 0,019 g of office paper. Degradatiornhef 0,0266 g

of office paper showed a relative low percentagdexfradation between 15 % and 18 %.
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When office paper completely covered with ink wagpased toT.viridecellulase the maximum efficiency was
calculated at a percentageof 30 % when the lowassmof 0,0038 g was treated with an enzyme coraterirof 10
mg.mi*. The lowest efficiency of 5 % was obtained wibeBil9 g office paper was treated with 2 mg-cellulase
solution. A relative high degree of saccharifioatiwas obtained when the lowest mass of this offimper was
exposed to all enzyme concentrations which restulteghccharification rates between 17 % and 30R4elative
low efficiency was observed when the other threghési masses of this office paper was exposed tdifferent
cellulase concentrations. When 0,0114 g was degdréuk efficiency varies between 8 % and 12 % wthiiemass
of 0,019 g resulted in an efficiency rate betweeo and 16% whilst the highest mass of 0,0266 gltexsin a
saccharification rate between 7 % and 16 %.

Opposite to the tendency of sugar formation whimrealed that increasing sugar concentration wéeased when
increasing office paper masses were treated witlreasing cellulase concentrations is the efficierafy
saccharification not related to a positive relagiuip between increasing mass and increasing enzgnmeentration.
Higher efficiency of saccharification was obserwelden lower masses of all types of office paper wecabated
with a relative high enzyme concentration.

Cellulase catalyzed bio-conversion of cellulosehsas waste office paper into fermentable sugais é®@mplex
process due to the complexity of cellulaseenzymg8] [as well as the heterogeneous nature of the
saccharificationprocess[20]. To further complictite saccharification of waste paper is the padiatompletely
coverage of paper with ink that could prevent thgsical interaction between the cellulase enzymiethe waste
cellulose material a phenomenon further hampereatidwassociation of lignin with the cellulose fibg21].

Table (1): Percentage (%) saccharification of waste office paper with different concentrations of cellulase from Trichoderma viride

Massof ink free office Mass of office paper covered 50 Mass of office paper covered 100 %
paper (g) % with ink (g) with ink (g)
0,0038 0,0114 0,019 0,0266 0,0038 0,0114 | 0,019 0,0266 0,0038 0,0114 | 0,019 0,0266
2 14 24 16 18 25 18 1C 18 17 8 5 7
4 33 27 18 21 33 2C 1C 15 20 8 6 1C
6 25 23 16 21 25 20 13 15 20 11 9 14
8 41 27 16 23 37 22 16 18 26 11 14 14
10 41 27 18 25 30 13 17 17 30 12 14 14
CONCLUSION

The search for alternative energy resources wileta be intensified and the development of waffteeopaper as
a renewable energy resource could assist this gsarfdimiting the negative effect of fossil fuembustion on the
environment. In order to optimize the bioconvemnsid office paper into fermentable sugars the efééénk on the
saccharification process should be considered wdesigning a bioconversion process. Also of majgodrtance
will be the decrease of solid waste of which offpaper is a major component. This step would edsalt in less
land occupied by solid wasteresulting in cleanaaid more land available for agricultural and resiidé purposes.
The development of waste office paper as a renenarirgy resource would also encourage the use-a&hergy
thus decreases the dependence on fossil fuels.
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