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ABSTRACT

Soy protein, aswell as gelatin and a blend of them were selected as protein
raw material to prepare coating solutions for corrugated carton. Poly ethyl-
ene glycol was used as a plasticizer, and the soy protein was used without
treatment. The effect of pH of soy protein using NaOH on mechanical prop-
erties of corrugated carton was studied. It was found that the soy protein
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coating solution increases the thickness of carton more than gelatin coating
solution. Blending of gelatin with soy protein in aratio of 1:1 reduces the
defects of soy protein and improves the physical properties of the coated
carton. Microstructure, water uptake, water permesbility and dye uptake of
the coated carton were also studied. © 2011 Trade SciencelInc. - INDIA

INTRODUCTION

Corrugated board has asandwich material struc-
ture. It comprisesacentral paper (called the corrugat-
ing medium, or, smply, the ‘medium’”) which has been
formed, using heat, moisture and pressure, in acorru-
gated, i.e. fluted, shapeon acorrugator and oneor two
flat papers(caledliners) have been glued tothetipsof
thecorrugations.

Thebasic function of corrugated fibreboard pack-
aging isthe same as for any packaging — namely to
protect products during distribution until theproduct is
removed from the package. It may also protect theen-
vironment from the product — for example in the distri-
bution of dangerousgoodsand liquidsinglassor plas-
tic containers. However, because of their poor func-
tional barrier propertiesand, particularly, highmoisture
sengitivity, they are often associated with other materi-
als, such asplastic materialsand aluminiumfor their
good barrier propertiesthat could be advantageoudy
combined with the stiffnessof paper and board™®. Inan

effort to producemoreenvironmentaly friendly materi-
als, renewabl e and biodegradabl e biopolymers have
been investigated as paper coating material §2% Since
1980stheamount of research on protein-based mate-
rialshasincreased asaresult of the present interest for
renewable and bi odegradable materia sfor non-food
gpplications. Thecomplexity of proteinsand thediver-
sity of their different fractions can be used to devel op
materiaswith origina functiona propertiesthat differ
markedly from those of standard synthetic plastic ma:
teriads. Most of them have agood film-forming capac-
ity and, dueto their good gas barrier properties, such
materiasare highly suitablefor packaging purposes*9.
Among many plant and animd proteinsthat can be con-
Sdered asraw materia sfor producing films, cornzein
isused®. Zein-based filmsarewater insoluble, rela-
tively shiny and greaseproof. Although, zeinisrdaivey
expensiveto extract and purify, but their high barrier
properties against water vapor and oxygen, or their re-
tention and controlled-release ability of active com-
pounds are an advantage to improvefood shelf life.
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Trezaand Vergano® reported zein-coated paperswere
aseffectiveas PE laminated paper used for quick-ser-
vicerestaurant sandwich packaging.

Recent reports” pointed out theuse of soy protein
isolate (SPI) to deve op edible and biodegradablefilms.
SPI isabundant, inexpensive, biodegradable, and nu-
tritional raw materia. It isamixtureof proteinswith
different molecular properties. Among them, the7 and
11 Sfractionsthat make up about 37% and 31% of the
total extractable protein have the capability of poly-
merization. Sulfhydryl groupsof 11 Sproteinwerere-
ported to beresponsiblefor theformation of disulfide
linkagesthat resultsintheformation of athree dimen-
sional network!®9.

Unfortunately, SPI hasalight beany flavor. Itsfilm
rather brittle, and hasrdatively poor mechanica prop-
erties. Previous experimental results showed that the
properties of soy protein can bemodified by physicd,
chemical, or enzymatic treatments. One approachto
improve physical propertiesof biopolymer filmsisto
prepare compositefilmg? It wasfound that the prop-
ertiesof soy proteinfilmscan beimproved by blending
with starch, sodium a ginate, whey proteinisolation**
12 and layered silicates such asmontmorillonite.

Onekind of animd proteinisthegelatin bethat can
obtained by partia degradation of collagen hasgained
more attention asediblefilmsfor itsabundanceand bio-
degradability!™. Gdatinisuniqueamong hydrocolloids
informingthermo-reversiblewithametingpoint closeto
thebody temperature, whichisparticularly significant in
edible and pharmaceutical gpplicationd*. However, as
animd protein, gdainismoreexpensvethan plant pro-
tein, whichtoacertain extent inhibitsitsgpplicaionas
ediblefilm?. Thus, the objectivesof thiswork wereto
preparecompositefilmsbased on SPand gelatin, andto
utilizeeffectively thefunctiond meritsof SPandgdatinin
coating medium corrugated paper board.

MATERIALSAND METHODS

Materials
Corrugated paperboard (basisweight 100g/n?) was
obtained fromaCompany in October 6th City. Soy pro-

teinflour wasobtained fromAgricultureResearch Center,
whileacommercid gelatinwasusadfor theexperimentd.
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Prepar ation of coating solutions

Soy protein coating solution was prepared by dis-
solving 10g of SPflour into 100ml of distilled water at
30°C with stirring. 0.1g polyethylene glycol (molecular
weight 2000)\ g SP as a plasticizer was added. The
mixturewas stirred for 10 min. After that, the solution
wasstrained through nylon clothtoremovesmadl lumps.
The pH of SPsolution wasadjusted to 7, 8and 11 with
NaOH. Gelatin coating sol ution (10%w\w) was pre-
pared asfollows: Gelatin was hydrated at room tem-
peraturefor 30 min, then dissolving at 50°C in a water
bathwith mechanicd stirringfor about 20minuntil com-
plete dissol ution followed by addition of 0.1 g polyeth-
yleneglycol\g gddin. Very smdl amount of ethanol was
sprayed to eliminateair bubbles. Composite coating
solution of SPand gdlatin wasprepared by mixing equa
amountsof theabovetwo solutions(pH of SPsolution
=8) and stirredfor 5min.

Paper coating

Paper sheets (20x20cm) were coated by dipping
each sheet in coating sol utions prepared for one minute
andlefttodryinair.

Conditioning

Sincethephysical properties of paper depend on
its moisture content, it is necessary to condition the
sheets at adefinite and constant temperature and hu-
midity if standardtest dataarerequired. Thisisdone
by exposing the paper to the standard conditions until
itsmoisturecontent isin equilibrium with that of atmo-
sphere, thentesting the property in that atmosphere®..

Thickness of paper sheetswas measured using a
hand-held micrometer. Five thickness reading were
taken aong thelength of the strip, mean valueswere
reported.

In accordance with the German Standard Method
by meansof aFrank 468 tester thetensilestrength (TS)
of the sheetswas measured®. For each test, at least
five experimentswere carried out, and the arithmetic
mean of the obtained resultswas cal cul ated.

Water absor ptivity, water permeability and dyeup-
takeof board

Water absorptivity of paper samples was deter-
mined according to method of D 570-81 ASTM1,
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Paper sampleof knownweight wasimmersed inwater
for different times. Weight was determined after im-
mers on according to thefollowing equation:

- W, -W,
Water absorptivi ty % = —%—

x 100 )

Wherew  isthewet weight and w, istheinitial
weight. Water permeability of board wasmeasured ac-
cordingtoASTM D 895 method using Toyoseiki de-
vice

The uptake of the dye by the board was measured
by sampling the dye bath before and after dying. The
used dyewas C.I. Reactive yellow. The dye concen-
tration was measured at the wavelength of maximum
absorption at A max. on Shimadzu UV\ vis Spectro-
photometer (Shimadzu, Japan). Thedye bath exhaus-
tion percent (E%) was ca culated from equation 2:

E% =

Cl - Cz
c x 100 @)

Where, C,, C, arethe concentration of dyeinthedye
bath before and after dyeing, respectively.

Scanning electr on micr oscopy and infrared spec-
troscopy

Scanning el ectron microscopy (SEM) of surfaces
and cross section of uncoated and coated paperboard
test specimenswere conducted on JEOL JEM-100 S
€l ectron microscopeus ngthegol d-sputtering technique.
Fourier transforminfrared spectroscopy (FT-IR) spec-
trum of uncoated and coated board by gelatin and soy
protein were carried out using JASCO FT-IR type -
6100

RESULTSAND DISCUSSION

Effect of coating materials on surface of corru-
gated medium

Regarding the effect of soy protein concentration
(pH 8), itisfound that 5 g SP\100ml H,O could not
generate ahomogeneous coating on paper dueto the
excessamount of water'*” whichresultedinawrinkled
paper. Generdly coat thicknessisinfluenced by thesolid
content of coating solution*”, thoughit isnot propor-
tiona to thesolid content. Both SPand gelatin, aswell
astheblend of them resulted in athicker coat dueto
thehigher solid content and corrugation of medium de-

—=> [y|| Paper

creased. TABLE 1indicatesthat thethicknessof coated
paper is affected by the type of coating material*8.
Demonstrated through SEM imageanalysisthat WP
coating produced amore homogeneous and smooth
coating surfacethan itsuncoated counterpart. Inthis
case, the coating materials acted in asimilar way to
fillers, likeclay. Fllersfill thevoid areason thesurface
of the paper to provideasmooth surface. The smooth-
ness providesfor good printing resol ution and reduces
ink consumption.

Effect of pH of SP coating solution on mechanical
propertiesof corrugated board

Figure lillustratesthat TS and tear resistance of
paperboard coated with SP coating sol utionswere af -
fected by pH va ueof thissolution. Themaximumvaue
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Figure 1 : Effect of pH of SP coating solution on mechanical
propertiesof coated paperboard.
wasachieved at pH 8 at which TSreached 1416 com-
pared with 1103 at pH 7'%. Reported that treatment
with alkali and heating\dehydration could modify the
physical propertiesof SPI films. Sengitivity of protein
to pH changewas usually associated with ahigh con-
tent of ionized polar amino acidg*?. At pH>7, denatur-
ation and dispersion of protein waseasily, thusmore
protein-protein and protein-celluloseinteractionswould
occur. At pH 11 thetensile strength decreased which
may beattributed to increasing theamount of sodium
hydroxide added to adjust pH vaue. Sodium hydrox-
ide absorb morewater, water actsasaplasticizer be-
SidesPEG TABLE 1indicatesthat blendsof soy pro-
tein (pHB8) and gelain enhancetenslestrength of coated
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TABLE 1: Effect of coating material on mechanical properties
and thickness of coated paperboard.

: Thickness

Sample I|3reak|ng _ Tear incr ease,

engthm redstancegm um
Uncoated 1016.6 190 0
Coaed by SP* %685 184 56.78
Coated by SP? 1416.7 198 31021
Coaedby
SP24PEG 1300 196 273.33
Coaedby 2676 194 176.67
gelatin
Coaed by
gelat n+PE(;2 2571.12 194 9167
CoaedbySP+
gelati+PEG 26935 198 198.67

SP 5g SP\100 ml H,O
SP2 10g SP\100 ml H,O

carton.

Effect of plasticizer on mechanical properties of
coated paper boar d

Plasticizersare one of the basic additives of film
forming polymers. They reduceintermol ecular forceand
increasethemobility of biopolymer chains. Addition of
aplasticizing agent isnecessary in order to overcome
thebrittlenessof film, toimproveflow and flexibility, to
increase toughness, strength and impact resistance of
film coating and to prevent it from cracking during pack-
ing and transportationi?2, TABLE 1 indicates that
adding of PEG 0.1¢g\g SPor 0.1g\g gelatinreduces TS
of coated carton compared to that coated without PEG
Polar groups-OH dong plasticizer chainsarebelieved
to devel op polymer-plastici zer through hydrogen bonds
that replace polymer-polymer interaction inthebiopoly-
mer films?. The hydrogen bonding ability of PEG was
affected by factors such as the number of hydroxyl
groupsper mole, molecular size, solubility and pol arity.
It wasfound that hydrogen bonding interactions de-
creased asthe molecul ar weight of PEG increased24,
Inaddition, asthemolecular weight of PEG increases,
itspolarity and solubility decreased, causngadecrease
initsability tointeract with polymer chains. So, adding
of PEG 2000 to SP or gelatin reducestheinteraction
between cdlluloseand biopolymer. Also, theplasticizer
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TABLE 2: Water uptake of coated paperboard

Water uptake,%

Coated sample 2h 24h

Uncoated 196.03 204.6
Coated by SP pH7 1203 139.2
Coated by SP pH8 43.26 77.86
Coated by SPpH11 77.93 91.22
Coated by gelatin 185.36 194.80
Coated by gelatin+SP 210.2 2311

reduce pH of coating solution approximately by 0.3.

Swelling properties, water permeability and dye
uptakeof coated board

TABLE 2illustratesthe hydrophilic natureof cdllu-
losefibers. Coating with SP enhances water absorp-
tion of corrugated paperboard. The best result was at
pH 8. Thewater absorption wasreduced from 204.6%
for uncoated board to 77.86 %. Thismay beattributed
to sulfhydryl and hydrophobic groups. Such groupsas-
sociated upon drying to form disulfide and hydropho-
bic bonding forces. Gelatin coating had limited effect
onwater absorption. Thismight beascribed to thefact
that gelatin could swell morestrongly inwater than SP.
Thewater permeability test indicatesthat uncoated pa-
per board was cut at pressure 0 WG (water gauge),
but that coated with SP did not cut at the same pres-
sureand water flow. Theboard coated by SPand gelatin
compositeand raisngthepressureupto 10 WG showed
no water flow. Thismeansthat compositing of soy pro-
tein and gelatin with cellul ose fibersimproved water
permeability of corrugated carton. The measurements
of dye uptake gave 46.8% for uncoated board, 81.4%
for board coated with soy protein (pH 8) and 83.7%
for board coated by gelatin. Thisindicatesthat gelatin
trapped more dye than cellulose or SP coated cellu-
lose.

Microstructure of coated papers and infrared
Spectr oscopy

Sinceour first objectivewasto deposit athin but
continuouslayer of coating materia onthe surface of
the paper whichisaporouswith rough surface mate-
ria, SEM micrographs (Figure 2) was studied to show
that effect. Surfaceimagesillustrated infigure 2 show
that the coating layer isdifficult to differentiatefrom
paper, especiadly whenthetwo materia sinterpenetrate
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each other. Cross section of uncoated (C) and coated
paper by soy protein (D) and paper coated by gelatin
(E)isillustrated in (Figure3) Itisclear that paper coated
by gdlatinishomogeneousand regular. Thetypica FT-
IR spectrum of uncoated and coated board by gelatin
and soy proteinmixture(1;1) isshownin (Figure4a, b).

The band at 1057 cm* is due to the presence of
methoxyl groups which the characteristic groups of
lignin.(C-Odeformation)

Theband at 1428 cn isattributed to aromatic C-H
and CH, inmethyl or methylenegroups

Theband at 1379 cmt isbending vibration of OH
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Figure 2 Surface Scanning Electron Micrographs (magnifica-
tion x 500)

A- uncoated paperboard,

B- paperboard coated by 10% SP

bonds

The band at 1648 cm? is attributed to aromatic
Sretching

Thebandsat 2918 cm* confirmed C-H stretching

Full Paper
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Figure 3: Optical micrographs of cross-sections of uncoated and
protein-coated paper board
vibration of -CH_groups

The broad band at 3405 cm* is due to bonded
intermol ecular polymeric O-H.

The coating processdid not affect characteristics
band spectraof carton. Small frequency shift was ob-
served. Theprotein used in coating did not react with
cellulose when added on the surface. Theintensity of
bandsin caseof carton coated by protein. wasgreater

e, Natural Products
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Figure 4: FT-IR spectrum of uncoated (a) and coated (b) paper-
board

than theuncoated carton.
CONCLUSION

Corrugated paperboard iswidely used in packag-
ing. Most of thisfiber board wasmade from recycled
fibers. Soy protein, aswell asgelatin could be used as
anexcdlent coating materia for corrugated carton. The
hydrophopi ¢ nature of soy protein enhanceswater re-
sstanceof coated carton. Also, plasticizer and pH vaue
of SPhavea significant effect on mechanical proper-
ties of such carton. Blend of soy protein and gelatin
(2:1) prevents water flow from coated carton. Such
propertiesare often required in food packaging.
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