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ABSTRACT KEYWORDS
Recycled fibres are important sources for paperboard industry. There are Blended pulp;
various approaches to enhance the strength of recycled fibres. These Rice straw;

approachesinclude mechanical treatment, chemical addition, and physical Antimicrobial activity.
fractionation aswell asblending with virgin fibres. In this study, two types
of deinked old newsprint (ONP) pulp were subjected to blending with
virgin fibres of rice straw. The ONP pulp was blended with rice straw pulp
a 4 intervalsranging from0to 100% addition. It wasobserved that blending
ONPwith rice straw pul p had enhanced the strength of the virgin fibreand
vise versa. The modification of rice straw fibreswasvisually evaluated by
scanning el ectron microscopy (SEM). It was observed that the addition of
the flexible ONP pulp type2 seemed to fill up the voidsin the paper sheet
and created more bonding with rice straw fibres. Shrimps exoskeletons
poweder, borax and cactus peel extract were added to paper board made
from 50% rice straw+50% ONP type2 pulp at percent of 2% based on oven
dry weight pulp. The antimicrobial activity of each of thesethree additives

was studied. © 2015 Trade Sciencelnc. - INDIA

INTRODUCTION

Pulp blendingisacommon practicein papermaking
to achievedesired properties of end productg!. showed
that themixing of hardwood chemicd pul pwith chemicd
mechanicd pulpimproved bulk and light scattering prop-
ertiesand dso improved interfiber bonding strength as
compared to chemica pulp aone. Theaddition of abaca
pul p to softwood pul pincreased tear strength, fracture
toughness, andfolding endurancefor theisotropic sheets,
but thetensilestrength dightly decreased?. Bananastem

can beblended along with agroresiduesraw materids
prior topulpinguptoaleve of 5-20%toimprovephysca
strength propertieswithout any noticeabledifferencein
pul ping and bleaching process®. Ricestraw isoneof the
most important raw materiasinthefuturefor pulpand
paper industry. Themgor problemsinricestraw pulping
aredlica, whichinhibitstherecovery of black liquorin
akali pulping processes, and the highamount of fines,
which causedrainage problem. Much effortshave been
madeto solvethese problems®. Unfortunately, no at-
tempt reached to commercidization. Thestrength prop-
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ertiesof sraw pulp arerdatively poor compared towood
pulp and therefore, gpplication to produce brown grades
such assack Kraft, bag Kraft and liner board isgener-
aly avoided. However, straw pulp asasemi-chemica
pul pisextensvely used to produce corrugating medium,
often mixed with OCC (old corrugated container) fiber.
Straw pulp component could be ashigh as 70 to 80%
blended with 30 to 20% of OCC fiber'®. Reatively
coarsemechanical pulps, with only 10-15% incorpora-
tion of bleached chemical pulp to provide sufficient
strength areused in the preparation of textured hanging
stock (wallpapers). Newsprint, whichisused for news-
papers, inexpensive magazi nes, paperback books, and
other low-cost publishing requirements, employsablend
of 15-35% chemical pulp stocks into the mechanical pulp,
to obtainan economicaly thinsheet of sufficient strength
toavoid breskagein modern high-speed printing presses.
Also about 10% or so of mechanica pulps, particularly
of stone ground wood types, may be blended into the
pul psthat are used for somefine paperstoimprovethe
smoothnessand opacity!”. Fibrefrom recycled paper is
animportant raw materid sourcethat offerssevera eco-
nomic advantagesto paper manufacturing. Convention-
aly, hydrogen peroxideisusad asaligninretaining bleach-
ing agent of highyidld mechanica and chemi - mechani-
cal pulp. Hydrogen peroxideiscommonly used toim-
provethe brightness of wastepaper furnishes®. Paper
and paperboard arethe most widely used materialsin
food and drink packaging®'¥. Improving thefunctiond-
ity of paper by impartingit with antimicrobid agentsand
ethylenescavengerscanhdpinreducing theuseof chemi-
cal additivesdirectly onfood™. Modern consumer opin-
ion suggestsadesirefor high quaity food that ismore
naturd, minimally processed and presarvativefree, while
remaining safe and with an extended shelf lifé*d. This
has drivenfood industry and food research towardsthe
searchfor natura antimicrobial compoundssuchasna
tivefood preservativeingredients, herba extractions, or
antimicrobial agentsderived fromanimals. Theuse of
shrimpsexoske etonsto produceantimicrobid activities
by chitin against marine and estuarine pathogenshasre-
cently received cons derabl e attention asanew source
of nove antimicrobid substanced™. Borax iswiddy used
inindustry, but it isforbidden asafood additive by vari-
ous countries due to its high toxicity!. Potassium
tetraborateand borax (Na,B,O,) wereeva uated for their
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invitro activity against Fusarium sul phureumand for
their curativeand preventiveefficacy against postharvest
dry rot infectionson potato tuberd®™. Theantimicrobia
activity, minimuminhibitory concentration (MIC) and
minimum sterilization concentration of theextractsfrom
cactuswerestudied*®, Theresultsshowed that thewild
cactus extracts (odh) had a strong inhibitory activity
agangt Escherichiacoli and Bacillussubitilis, but theac-
tivity of edible cactus (OpuntiaMiloaAlta) extractswas
weak. The MIC for two kinds of microorganismsare
listed asfollows: Escherichiacoli w (odh) =2.5%, Bacil-
lussubtilisw (odh) = 5%; and theminimum erilization
quality fractionsare: Escherichiacoli w (odh) =5%, Ba
cillussubtilisw (odh) = 10%. By orthogond experiments,
thebest conditionsfor extraction arevolumefraction of
acohol ¢ (C_2H_50H) = 85% and pH = 4.5.

EXPERIMENTAL PART

Materials

Ricestraw pulpwasprepared by cooking ricestraw
using 5% sodium hydroxide at 80°C in atmospheric
pressure and deinked old newspaper pulp (ONP).
NaOH was purchased from EL NASR
PHAMEUCITICAL chemicd CO., commercial pure
hydrogen peroxide 50% conc. was supplied by FMC
Co., Spain, MgSO,-7H,O was obtained from
Mallinckrodt Co., Germany. Borax, Shrimpsexoske -
etons powder and cactus mucilage extract were used
asantimicrobia additives.

Prepar ation of newspaper pulp

Typel: 100 O.d g newspaper were cut into pieces
and immersed in hot water containing 3wt% NaOH at
liquor ratio 1:5for 2 hoursat 50°C. After therequired
time, pulp was mechanically stirred and washed by
water till neutrdity andfindly ar dried.

Type2: 100 O.d g newspaper werecut into pieces,
immersedin 600 ml water and mechanicdly stirred. The
pulp durry wasput inaseded plastic bag submergedin
awater bath set at 70 °C. Commercia pure hydrogen
peroxide 50% conc. wasused in apercent of 5%. KOH
and magnesium sulphate were added at 3% and 0.3%
respectively based on O.d newspaper. After 2 hours,
the bleached pul p was then thoroughly washed with
water to stop the bleaching reaction and to prevent the
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ydllowing effect of theresidual alkali till neutrality fol-
lowed by acetonand finally air dried. The pulpyield
after repul ping was 89% dueto thelossof solublefines,
filler, dkai solublepaper componentsand contaminants
during repul ping and dewatering.

Hand made paper sheetstests

Carton sheetsof basisweight 120 g/m? weremade
from pulp durry according to Tappi-Standard Method
using the sheet former of AB Lorentzen (Stockholm,
Sweden).

Pulp durry containsricestraw pul p, newspaper pulp
typel and newspaper pul p type2 inthefollowing per-
centages.

100% rice straw pulp (S1)

33.3% rice straw pulp + 66.6% newspaper pulp
typel (S2)

50% ricestraw pulp + 50% newspaper pulp typel
(S3)

100% newspaper pulp typel ($4)

50% ricestraw pulp + 50% newspaper pulp type2
(S5)

33.3% rice straw pulp + 66.6% newspaper pulp
type2 (S6)

100% newspaper pul p type2 (S7)

Thedurrieswerewdll stirred to ensureauniform
distribution of thefibresof thetwo mixed pulps. The
sheetswerethen placed for conditioning at 65% rela-
tive humidity, and temperature ranging from 18 to 20
=%C. The sheets were tested for tensile strength ac-
cording to German Standard method by means of a
Karl Frank 468 tester (Weinhelm-Berkenau) and burst
strength according to TAPPI Standard test method
403.A.Mullen (Perkins, Chicopee, MA, USA) was
used. Stiffnesswas determined using TABER tester
model 150B. Also, scanning electron micrographs
(SEM) weretaken using FEI INSPECTS Company,
Philips, Holland.

Antimicrobial activity

Hand-made paper sheets made from 50% rice
straw pulp and 50% ONP type2 were considered to
Sudy theantimicrobid activity of threeadditivesnamely,
Shrimps exoskel etons powder, borax and cactus peel
extract. Each additive was added to the pul p mixture
and stirred before paper making by 24 hours at 2%
based on oven dry weight pul p. Paper board samples
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containing theseadditivesweregiven numbers7, 8, and
9respectively.

Theability toinhibit the growth of Gram-positive
and Gram-negative bacteria, yeasts and filamentous
fungi was observed using an overlay method™”.

Antimicrobial assay
Srainsused

The common pathogeni c and food spoilage micro-
organismswere selected for their relevancein bakery
products and other food: the gram-positive bacteria;
Bacillus cereus and the gram negative bacteria; Es-
cherichia coli, yeasts such as Candida albicansand

fungi (Asperagillusniger).
Media used

Thebacteriawere danted on nutrient agar (Merck,
Darmgtadt, Germany), yeast wasd anted and mentioned
on Sabaroud’s agar medium (Lab M., Bury, Lancashire,
UK) and fungi were slanted and mentioned on the po-
tato Dextrose Agar medium (Lab M Limited, Bury,
Lancashire, UK). Muéller-Hinton agar (Lab M., Bury,
Lancashire, UK) following themanufacturer’s instruc-
tionswas used for the assay.

Bioassay

Theantibacteria screeningwasessentially by the
disk diffusion agar method described by!*®. The or-
ganismswill bestreakedinradia patternson theagar
plates. Plateswill beincubated under aerobic condi-
tionsat 37°C and 28 °C for 24 h and 48 h for bacteria
and fungi respectively. In order to obtain comparable
results, all the prepared solutionsweretreated under
the same conditionsin the sameincubated plates. All
testswere performed for threereplicates. Plateswere
examined for evidenceof antimicrobial activities, rep-
resented by azone of inhibition of microorganism’s
growth around the paper disk and diameters of clear
zones were expressed in millimeters (mm).
Www.eucast.org, www.jac.oupjournal s.org/content/
vol48/suppl_1/2001

RESULTSAND DISCUSSION

Unblended paperboard properties
The properties of the paperboard madefromrice
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straw sodapulp or recycled ONPareshownin TABLE
1, Figure 1 and Figure 2. Compared to rice straw
pulp, fibresof recycled pulp aremoreeasly compressed
into thevoids of the sheet, indicating flexibility; how-
ever ricestraw fibresare stiffer and not so easily com-
pressible. Thismay beattributed to thehigh silicacon-
tent inthepul p. Pulping condition did not reducesilica
content more than 14.4%. Recycled ONP typel and
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type2 had tensile strengths higher than rice straw pulp
because ONPorigindly containschemica pulp. Inthe
deinking step, thelignin and variousextractives— the
coloured substances- weredissolved or modified, leav-
ing behind only thewhite cellulosg??. Also, TABLE 1
indicatesthat burst strength of rice straw pulp 0.5880
Kg/cm? islower than that of ONP deinked by hydro-
gen peroxide 1.1505 K g/cn?.

TABLE 1: Propertiesof paperboard fromblended ricestraw pulp and recycled old newsprint pulp

Rice straw% Recycled ONP% typel Recycled ONP% type2 Stiffness,Kg.cm Burst K g/cm?
100 0 0 25 0.5880
333 666 - 25 0.562
50 50 e 20 0.5369
0 100 20 0.6112
50 - 50 20 0.9715
33.3 66.6 25 1.124
o e 100 20 1.1505
Blended paperboard properties =l 7 -
The propertiesof the paperboard madefrom mix- 257 s3 s4 56 5
tures of therice straw soda- pulp and recycled ONP 20 - 52
are shown in TABLE 1. The paperboard properties = -
weregreatly affected by thericestraw pulpincorpo- & 1
rated, with the changes dependent on the particular 10
property, percentage of blending and the type of re- .
cycled paper used®. By blending both pul ps, asignifi-
cantimprovementin all propertieswasobtained. Ten- 0
1.83 1.925 2.45 25 3.105 1.965 2.64

slestrengthwasincreased by increas ng theamount of
rice straw pulp in the blend from 33.3% to 50% as
showninFigure2. Thisisduetoflexibility of ONPpulp
and inter—fiber bonding and the presence of short frag-
mentsinthestraw pul p producing ahighly bonded struc-
ture. Thus, virgin nature of ricestraw pulp improved
thestructural and mechanical propertiesof theblend.
Among these blends, 50/50 ONP type2 had the best
tensile strength more than other blends. 33.3% rice
straw pulp + 66.6 ONP type2 blend sample had better
burst strength and stiffnessthan 50/50 ONPtypel and
50/50 ONPtype2. Stiffnessand strength aretwo basic
paperboard propertieswhich haveamajor influence
on the mechanical paperboard performance of paper-
board. They haveacrucial effect ontheboard’s pro-
tective propertiesand also influence carton shape and
appearance. Thelawsof naturemakeitimpossibleto
maximize strength and stiffnesss multaneoudy. Every

Extension (mm)

Figurel: L oad-extenson curvesfor ricestraw pulp blended
with ONP
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Figure2: Theinfluence of blending rice straw pulp with
ONP on breaking length

applicationisacompromiseto find the best balance.
Thephysical propertiesof paperboard arelargely de-
termined by thetypesand amountsof fibresused. The
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two main typesof fibresused for paperboard are me-
chanically or chemically processed. Dueto thevery

1]

1uum
Figure3: Scanning electron micrographsof the surface of
hand sheetsof 50% ricestraw pulp +50% ONP typel (a),
50% ricestraw pulp +50% ONP pulp type2 (b) and ONP

type2 (c)

different treatment of wood in the mechanical and
chemical processes, theresulting properties of thetwo
typesof fibrediffer consderably. When apaper prod-
uct isrecycled, therepul ped fibrestill ultimately origi-
nate from the sametwo sources, i.e. mechanical and
chemicd fibres. During recydling, thefibresbecomecon-
taminated and worn (lose strength). Therefore primary
fibresareawaysneeded to maintain thequality of re-
cycled products. In other words, the strength of re-
cycled ONPwasgrestly restored when beaten virgin
rice straw fibreswere used. Beating has created inter-
na and externd fibrillation of thefibres. Thisinturn had
created morebonded areasin the blended handshests.
It isalso observed that the weak rice straw pulp was
modified by blending with recycled ONP.

18

I Bacillus subtilits

16 -

14

=
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-
o

Inhibtion Zone (mm)
o
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Figure4: Theantimicraobial activity of the paperboard made
fromricestraw pulp and /ONP pulp blend against Bacillus
subtitles

I Escherichia coli

Inhibtion Zone (mm)

Sample No.
Figure5: Theantimicraobial activity of the paperboard made
fromricestraw pulp and /ONP pulp blend against Escheri-
chia coli
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Scanning electr on micr oscopy

Themodification of rice straw fibreswasvisually
evaluated by scanning el ectron microscopy (SEM).It
was observed that theaddition of theflexible ONP pulp
type2 seemed to fill up thevoidsin the sheet and cre-
ated morebonding with rice straw fibres (Figure 3b).

Figure 3adepictsthe surface structureof 50%rice
straw pulp + 50% ONPtypel, Figure3billustratesthe
addition of 50% rice straw pulp to 50% ONP pulp
type2, while Figure 3c shows the ONP type2 fibres
which containmorevoids.

Antimicrobial activity of blended paperboard
Bacillussubtitles

Theresultsin Figure 1 showed that: the samples
no. 1,2,3,6 and 7 showed a strong inhibitory effect,
whileamoderateinhibitory effect wasobserved using
sample no. 5. On the other hand, aweak inhibitory
effect was noticed from samplesno.4, 6 and 9.

Escherichiacoli

Theresultsin Figure 4 showed that most of the
samples had aweak inhibitory effect, except samples
no. 1 and 2 that showed astronginhibitory effect, while
a moderateinhibitory effect was observed from the
samplesno. 8and 9.

Candidaalbicans

Theresultsillustrated in Figure4 indicated that a
strong inhibitory effect was determined from samples

I Candida albicans

Inhibtion Zone (mm

0 1 2 3 4 5 8 7 8 9 10

Sample No.
Figure6: Theantimicrobial activity of the paperboard made
fromricestraw pulp and /ONP pulp blend against Candida
albicans

no.1,2,3,4 and 9. Furthermore, samplesno. 5 and 6
showed amoderate effect, and aweak inhibitory effect
was observed from samplesno. 7and 8.

18

I Asperagillus niger
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Figure7: Theantimicraobial activity of the paperboard made
from rice straw pulp and /ONP pulp blend against
Asperagillus niger.

Asperagillus niger

Theresultsin Figure 5 showed that most of the
sampleshad not any inhibitory effect with theexception
of sampleno. 3which had astrong effect and sample
no. 1 which had amoderate effect.

CONCLUSION

ONP wasrepul ped by two methods using sodium
hydroxide and commercial hydrogen peroxide and
blended withricestraw pulp. Recycled ONPtypel and
type2 had tensile strengths higher than rice straw pulp
because ONP originally contain chemical pulp. The
paperboard properties made from the two blended
pul pswere greatly affected by therice straw pulpin-
corporated, with the changes dependent on the par-
ticular property, percentage of blending and thetype of
recycled paper used. Tenslestrength wasincreased by
increasing theamount of ricestraw pulpintheblend
from 33.3% to 50%. Thus, virgin natureof rice straw
pulpimproved thestructura and mechanica properties
of the blend. Among these blends, 50/50 ONPtype2
had the best tensile strength more than other blends.
Shrimps exoskel etons powder, borax and cactus peel
extract were added to paper board made from 50%
rice straw pulp + 50% ONP type2 by 2% based on
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ovendry weight pulp asantimicrobial. Samples1to 3
have amoderate antibacteria activity on most of the
pathogeni c microorganismsused such as Bacillussub-
titles, Escherichia coli, Candida albicans and
Asperagillus niger, except sampleno. 3which hasa
stronginhibition activity on Asperagillusniger
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