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ABSTRACT:ABSTRACT: TheThe qualityquality ofof frozenfrozen foodfood isis knownknown toto deterior Indet rior tt in tortor 
ageage duedue toto waterwater migration,migration, in-packin-pack desiccationdesiccation andand frostfrost formform tlonlion 

froz nn foodoodTheseThese samesame factorsfactors cancan affectaffect foldingfolding cartons.cartons. TheThe raterate ofof roz 
andand foldingfolding cartoncarton deteriorationdeterioration isis furtherfurther dependentdependent onon temperatur 
fluctuationsfluctuations duringduring storage,storage, transportation,transportation, loadingloading andan unlounlo dingding 

compr ssion strengtll 

temper tur 

ThisThis studystudy waswas conductedconducted toto comparecompare thethe compression strengttl ofof 
foldingfolding cartonscartons mademade fromfrom CNKCNK (Coated(Coated Natur I KrKr ft),ft), SBSSBS (Solid(Solid 
BleachedBleached Sulfate),Sulfate), CRPCRP (Coated(Coated recycledrecycled paperboard)paperboard) andand PCSBSPCSBS 
(Poly(Poly coatedcoated SolidSolid BleachBleach Sulfate)Sulfate) afterafter subjectingsubjecting themthem toto multiplmultipl 
freeze-thawfreeze-thaw cycles.cycles. CompressionCompression teststests werewere performedperformed onon mptympty car­car­

Natural 

tonstons andand cartonscartons filledfilled withwith frozenfrozen peas. AA twotwo inchinch headspace was 
maintainedmaintained aboveabove thethe peaspeas toto preventprevent themthem fromfrom contributingcontributing toto car­car­
tonton compressioncompression strengthstrength TheThe moisturemoisture contentcontent ofof allall fourfour cartoncarton ma­ma­
terialsterials WaSWaS alsoalso determineddetermined forfor allall treatments.treatments. CNKCNK cartonscartons showedshowed 
betterbetter capacitycapacity toto withstandwithstand compressioncompression comparedcompared toto foldingfolding cartonscartons 
mademade fromfrom SBS,SBS, CRPCRP andand PCSBS,PCSBS, followingfollowing freezefreeze thawthaw cycling.cycling. 
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dama JC, 0 maged art nand main rid t _. ..., illi n d liar in 
ka Jin r th nn in-In­I	 e'> () the nn umerumer ppa k ,in' induindu tl\tt: f, \ ar -t [_].

dep<.:ndent audit mn undund thth tt mm l f the frfr zcnzcn f, dd an1 fth Ci a11 nn damuucdamag 
occurredJccum:d aftaft rea hin' thth ')up rmarl-. tt ladinglading dd h. [2].[2]. ThTh rr ~ rrrr rca hin J up nnarh. I-. f, ,, 
therethere ii<; aa rili I ne dd tt "elI P aa artart nn materialmaterial thatthat anan \\\\ ithith tandtandriti al n dd \ p
tI e rig r" f rr /cn/cn dd didi tributitributi nn J tern.the rigor'> fa }' tem. 

ff I--n \Yn te atat frfr tem-III heequalityqual it)- rr /cn/cn dd ii I-.n \\n tt deterideteri raler ezinzino tem­
vvaler I-. aliperatureperature,; duedue tI \\ater mimi 'rati·rati n,n, in-pain-pa h. dede ii ati nandnand frfr tt f,fi rma­rma­
ff r /cn/cn f, IdinIdin) cart nn dd t riri rali nn fur­fur­tion.tion. 'J'J hehe raterate I' dd andand art I rati ii 

thertI er epcndentepcndcnt Ou tuati inin theth torage chamberchamber andandnn temperature flutemperatur luati nn (oragc 
increa<,e tempcrature I ading adingading ofof prpI' d­d­<Ibrupt<Ibrupt in rea<;e<, inin t mperatur duringduring loading andand unlunl 

durin. I di<,tributiuti nand pp rtali Freezree Itha\ lingling II adaductuct durin' di<,tri n ancl trantran rtati nn [2].[2]. Ithaw c
toto ecry taltal Jf( wthwth andand r . t fi rmati nn nn f, dd urfa e rrtf, rmali fi urface idJr andand thethe inninn ride 

pad,a ' " u h 	 There ur-fac atin o theff pack[) "'>. uch aa Idin'Idin' artart nn .. Theref, rr urfa ating nn th 
e artart tt efTective inin topping m. 'tcriorterior wall"all f thethe 11n ii n11 eITe ti e t pping 111 ii hIre uptakeuptakelure 
r'rtlll1rom thethe cryc <,latalI fif, rrned ideide thethe pa k. r tal grrmcd inin pack. I' ta I grov thth andand frostfrost for­for­
mati n an bebe further \ ater migrationmation <111 ul1hcr ee 'plained bplained bater migrati n fromfrom thethe productproduct 
anddl1d in-padin-pad dc, icd i atiati n.n. 

Ihc temperatur idid ILime lowerlower thanthanhenhen the Lempcratur inin thethe lume ofof aa packagepackage ii
. II rr e1ulu L, wal r apap r" illtran ferfer fr hi"hert, water r v ill tran from thinin IhIh m the higher vaporvapor pressurepressure

r<.; Ii, nn wilhin pr elu I t nn flowerflower ap I' prepre ure,re Ii \ ithin pI' cluct to aa regiregi apor ure. i.e.i.e. productproduct
urfaee rI' inner,inJlcr urfaurfa cc pa kagc. notnot ableable toto migratemigrate'udil' fafa p;l kage, MoiMoi tureture isi

b[1	 k intint pr dulueL butbut aa umulate onon urface, ThisThis phenome­phenome­back thethe pI' t umulat, itit surface. 
n	 n i<, "n \\11 a, ater migrali n, hi enableenable cry talIl( 11 i'> h.n WI1 a. \\ atcr migrati n. Thi mailermailer crystals toto growgrow 
I,ll'loll' 'erJ 'I' bh a Ihcrin ,t I' IV aterater mIII I' ule [ ] thuadherin' t fr \i I eule [3] thus accumulatingaccumulating onon thethe 
pI"(pr( III t urfaurfa c urfa carton. SlIchlu'l I.: andand internalinternal L1rfac fthefthe foldingfolding carton, Such crystalscrystals 
grc fa, lcr ral \ ilh flu tuatingtuating tt mperaturesmperature [4,5].[4,5].gr \\ atat aa ra~Ler rat ith nu 

, il1librl pa I-. dc ati r uII fro tt f, rrnation onon thethe prod­prod­Si 111 i larl ,, inin pack de ii cali nn re Lilt inin fr fi rmation 
LIu ,['I ~urfa'!>Urf~1 e intcrnal pa ka e ... all.all. ThiThi mechanimechani has\ 	 mm ha beenbeen ex-andand internal packa ex­

piapia ill d II II a follo\ s:i 11 'd "" ~ II \\ : 

ul"id' tcmp ralureI11p raturc fafa papa kag lecreases, thenthen thethe insidein ideI.	I. "I"I ff thethe out"id ' I kage decrea es, 
S"rI~l" flit pa kapc will b I \\ the pr ductprodu t"lIfl~\" ol'lhc I a kagc \ ill drdr pp bel Ih urfaceurface tempera­tempera­
lurture kadinL:kadill~ 10tl) i 'ublil11ali nn frfr m pr duct111 produ I urfaceurface caucall con-ice ,L1blil11ati inging con­
I'll aliOIl Ollt th i I wawallII [thl; kage'".kage" ,ti 'n";11 iOIl )Ilt til' illill id r the papa

" illlilarl" , \\when thch~n tile Lit tcmperature "_._. "Silllil;Il" ut ideide temp ralure increaincrea ee , thethe processprocess ii 
r 'rscd all II \\~l1cr vapvap I'I' nd nn thethe productproduct urface'".I' '\	'\ '('scd 1111 \\ ater ndcnn e mface". 

.,~	 •. S Ihe fr'l:/ Illa\ yy lilllill c ntinlle ,." 	 sill' ['r'elC thaw talonntinues, thethe crycry tals on thethe productproduct 
ar'~Ir' IIIIn re illf1u Il d b th J JC t mp rature th produclr' illflucll cI th· aa kaka Je temp rahlrc thanthan the product 
11l:ISS. Thi.' resull' illin fUl1hf"rther ublil11atiublimati n ficef ice frfrom urfaceurfacel1l;\SS. Thi: I' '$ull~ r 11 In productproduct 
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th 

d tb l fr l'n r d P,IC"i~' 'ill h' ,\lhl'l~el. II' 

rt In til' r )U pI' IU'1 in"il '. I he P.II 'rl,),lr I 
an \\ 'II. Thi dcr rmll) 111 Ih' "olltn' '.lnt)ll ~ll11 '1111 ' 

lead in I art 1\ dama lC. I III \\ alcr mil.!. ,Hi n .Hld in-p,I'1.. I ':,i T,l­

ti n re aITe led b) pI' du t IIr~ 'c arCd I) \ lum' rali,. \ l1iull r.lli) 
make a fr Len Ii d pa I..ag' m rc lb Cllit I . It 1.11' 'eI' '1') ~t:ll I~ nnn 
Ii nand gre, ter fr t Ii nllati n on b III pI' lu '[ :-url~ll'C 111 I I :1 ''':)''l' 

\.-\all. hi an cau rapid del ri rali n ill r KI IlHilil all I 'arlon':­
tru tural inlegrity. 

early 57% f IIpennarl..cl relurn' arc tiu' ( pa'l..nnilll!, 1<111W" 

au ed during hipping, handlint', re i\ ing Clnd I 'I..illg r I' (Ill' r ':1­
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folding cart n material I I' duc~ lin 'aleabl " duc 10 'art n 1:\Inag '. 
A maj r mat rial upplier pI' lu a' [llcd alural Kraft' ( K) 
calion malerial I pped \\ illl a pr prietaI' ating I..no\\ n as . 'USIOIII 

Kate'. A research tudy done by an ind I endcnt audit finn, JlO\V~d tl1at 
'Cu 10m Kote' cart n board redu ed fr len r I 1111 alcabl" b <I % 
[2]. This siudy was done 1 d termille if thi' dama' ' rcdu lioll wa 
at least partially due to enhanced 111 pI' i 11 lrcll,tll 'ul11par'd to 

uncoated carton stock. This tudy C Il1pared the Inpr ,si n .tr'Il"111 
offolding cartons made from K ( ated alural Kraft) SI S (Solid 
bleached sulfate), RP (Coated recy I d paperb ard) and P , ns (Pul 
coated solid blcach sulfate) after subjecting fro n pea 1111 d Carl n' 10 

multiple freeze-thaw cycle. The carton tock wa pI' cur d fr III tw 
dirrercnt ul1plicr to clim'nat mat rial 'lour' biac in th finding or 
thi "tud)-. 
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to ASTMASTM D685D685 [j[11]11 pnor toto testmg. FrozenFrozen peaspeas werewere 
werewere purchased fromfrom aa locallocal grocerygrocery SloreSlore 

Intomto cartonscartons InL."'.H~""'''J FrozenFrozen peaspeas \vere\vere packedpacked m thethe 
aa moisturemoisture sourcesource thethe freeze/thawfreeze/thaw cycle.cycle. Fro-Fro-

chosenchosen toto provide thethe maximummaximum surfacesurface areaarea toto volumevolume 
cyclingfreeze-thawfreeze-thaw cyclmg abuseabuse ofof thethe foldingfolding cartons.cartons. 

AA c-offinc-offin freezer heldheld atat -18-18 cc CC (Kelvinator,(Kelvinator, Cleveland,Cleveland, 
waswas usedused forfor thisthis AA LansmontLansmont "Squeezer""Squeezer" compressioncompression testtest 

r>rH' ....-"nnl \vasCorporation,Corporation, CA)CA) was usedused toto detemlinedetemline thethe com­com­
presslOn m/mlIlusingusing aa fixedfixed platenplaten movingmoving atat 0.50.5 m/mm (1.27(1.27 cm!cm! 
min).min). TheThe soft\vare usedused toto interpretinterpret peakpeak loadload waswas aa SqueezerSqueezer ReaderReader 
versionversion 2.0.0.2.0.0. (Lansmont(Lansmont Corporation,Corporation, Monterey,Monterey, CA).CA). 

wIth w1thCartonsCartons werewere filledfilled w1th 900900 gramsgrams ofof frozenfrozen peaspeas wlth aa 22 inchinch (5.04(5.04 
em) headspaceheadspace (Figure(Figure I).I). CartonsCartons containing thethe frozenfrozen productproduct werewere 
placed In then Inch xx 6.96.9 cm)cm) 
cm) contain ing 

m thethe freezerfreezer onon the1r 99 mch 2-3/42-3/4 mchmch (22.8(22.8 cmcm xx 

maxim izesideside toto maximize freeze-thawfreeze-thaw abuseabuse onon thethe fourfour cartoncarton faces.faces. CartonsCartons 
werewere subjectedsubjected toto aa freeze-thawfreeze-thaw cyclecycle ofof 2323 hourshours atat -18°C,-18°C, andand thenthen II 
hourhour atat 2323°CDC 500/0andand 50% RHRH forfor fivefive daysdays pnorpnor toto compressioncompression testing.testing. 
ThisThis conditioncondition waswas chosenchosen onon thethe basisbasis ofof frozenfrozen distributiondistribution environ­environ­

[12]. wasmentment I: 12]. FromFrom aa preliminarypreliminary studystudy itit \vas determineddetermined thatthat thethe cartonscartons 
wouldwould be compresslOn testedtested onon thethe 99 mchmch xx 2-3/42-3/4 inchinch (22.8(22.8 em xx 6.96.9bc compressIOn cm 
crn)em) faceface asas itit showedshowed thethe leastleast variation.variation. InIn addition,addition, thethe compressioncompression 

differ­strengthstrength ofof emptyempty foldingfolding cartonscartons waswas measuredmeasured toto comparecompare thethe differ­

12.712.7 emem 

// // II5.085.08 emem 

~~

22.822.8 emem 

V/ V/ 16.916.9 emem 
FigureFigure 1.1. FillFill heightheight ofof frozenfrozen peaspeas inin thethe foldingfolding carton.carton. 



Freeze- ononEffectEffect ofof Freaze- ThawThaw 

entent cartoncarton materialsmaterials atat ambientambient conditionsconditions (23(23 fold­andand toto fold-
cartons freeze-tha\vinging canons subjectedsubjected toto freeze-thaw 

\vas determdererm inedined forfor thethe four car­car-PercentPercent moisturemoisture contentcontent \\'3S 

treatments. treauncntstonton materialsmaterials subjectedsubjected toto thethe threethree treatrnents. TheThe threethree treatments 
cartons; subjected to fivewerewere emptyempty foldmgfoldmg canons; emptyempty foldingfolding cartonscartons 

pca fivefivefreeze-thawfreeze-thaw cyclescycles andand pea filledfilled foldingfolding cartonscartons
thawthaw cycles.cycles. ForFor moisturemoisture analysisanalysis threethree cartoncarton samples weighingweighing ap­ap­

ditTerent from a f(jldingproximatelyproximately 1515 gg werewere cutcut fromfrom threethree different locationslocations froln 11 fl-'J1ding 
Tv·/o v/ere cm 12.712.7carton.carton. T\vo ofof thethe locationslocations were fromfrom thethe cartoncarton t11ces 22.822.8 em xx 

cm \,vas 12.712.7 emcmem xx OppOSite 22,8 cm6.96.9 em.em. TheThe thirdthird locationlocation \vas onon thethe opposIte 22.8 em xx 

\vasface.face. MoistureMoisture contentcontent ofof thethe cartoncarton materialsmaterials was determineddetermined accord­accord­
inging toto ASTMASTM D644D644 [13J.[13J. 

TheThe datadata vvas Minitab bybywas 13. [analyzedanalyzed usingusing statisticalstatistical softwaresoftware Minitab ]3.1 
MinitabMinitab Inc,Inc, Pennsylvania.Pennsylvania. AnalysisAnalysis ofof variancevariance waswas performedperformed onon thethe 
collectedcollected datadata forfor compressioncompression strengthstrength andand percentpercent moisturemoisture content.content. 
TheThe meansmeans werewere separatedseparated usingusing Fisher'sFisher's LSDLSD andand thethe standardstandard devia­devia­
tiontion forfor eacheach treatmenttreatment waswas noted.noted. 

RESULTSRESULTS ANDAND DISCUSSIONDISCUSSION 

CartollCartoll materialmaterial propertiesproperties (basis(basis weightweight andand thickness)thickness) werewere deter­deter­
minedmined priorprior toto conductingconducting thethe freeze-thawfreeze-thaw experiments.experiments. ItIt waswas foundfOllnd 
thatthat thethe CNKCNK providedprovided byby thethe firstfirst suppliersupplier hadhad thethe highesthighest basisbasis weightweight 

('fable(355.5(355.5 g/mg/m22)) followedfollowed byby CRP,CRP, PCSBSPCSBS andand CSBSCSBS Cfable I).I). TheThe CRPCRP 
providedprovided byby thethe secondsecond suppliersupplier hadhad thethe highesthighest basisbasis weightweight (382.2(382.2 
g/mg/m22)) followedfollowed byby CNK,CNK, PCSBSPCSBS andand CSBS.CSBS. TheThe thicknessthickness ofof aIaI IIcartoncarton 

suppliersboardboard materialmaterial providedprovided byby bothboth suppl iers waswas measuredmeasured toto bebe approxi-approxi-

TableTable 1.1. Material.BasisBasis WeightWeight andand ThicknessThickness ofof CartonCarton Mater/fiJI. 

SupplierSupplier 11 SupplierSupplier 22 

Bagis ThickrHHH,TtlickrH'S8BasisBasis WeightWeight ThicknessThickness Basis WeightWeight 
(g1m(glm 22)) (mm)(mm) (min)CartonCarton MaterialMaterial (rmn) 

'Custom'Custom Kote' CoatedCoated NaturalNaturalKate' 35553555 04570457 35683568 04570457 
KraftKraft (CNK)(CNK) 

CoatedCoated SolidSolid BleachedBleached SulfateSulfate 324.43244 04570457 33073307 04700470 
(CSBS)(CSBS) 

CoatedCoated RecycledRecycled PaperboardPaperboard 35323532 04570457 38223822 04570457 
(CRP)(CRP) 

PolyethylenePolyethylene coatedcoated solidsolid 35063505 04570457 35723572 04950495 
bleachbleach sulfatesulfate 
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0.457	0.457 ±± 0.002540.00254 mm thethe variationvariation InIn cartoncarton materialmaterial 
waswas mmanalmmanal betweenbetween thethe twotwo supplIerssupplIers 

UnderUnder ambIentambIent testtest conditIonsconditIons (23°C,(23°C, 50%RJ-f) therethere waswas aa sigmfi­
cantcant difference (p << 0.05) inin compressIoncompressIon strength betweenbetween thethe emptyempty 

sup­

50%RJi) sigmfi­

cartonscartons mademade fromfrom thethe differentdifferent cartoncarton materialsmaterials fromfrom bothboth SlIp­
22 andand 3). HoweverHowever cartonscartons fromfrom bothboth supplIerssupplIers diddid notnot 

show a compressIOn 
J). 

differencedifference mm compressIon strengthstrength betweenbetween CNKCNK 
and PCSBS emptyempty cartonscartons underunder ambientambient conditions.conditions. TheThe hIghesthIghest aver­aver­
age forceforce waswas observedobserved forfor cartonscartons mademade fromfrom CNCN KK atat 283.3283.3 NN 
(FIgure 2) forfor thethe firstfirst supplIersupplIer andand CRPCRP atat 274.3274.3 NN (FIgure(FIgure 3)3) forfor thethe 
secondsecond suppIJer. was dIf­TheThe lowestlowest averageaverage peakpeak forceforce \vas SIgnificantlySIgnificantly dIf­
ferent fromfrom thethe highesthighest averageaverage peakpeak forceforce forfor cartonscartons mademade fromfrom CRPCRP 
atat 235.8235.8 NN (FIgure(FIgure 2)2) forfor tIle firstfirst supplIersupplIer andand CSBSCSBS atat 245245 NN (Figure(Figure 
3) forfor thethe secondsecond supplier.supplier. ItIt waswas alsoalso observedobserved thatthat CNKCNK foldingfolding car­car­

the 

tonton hadhad thethe highesthighest bending stiffnessstiffness inin thethe crosscross directiondirection comparedcompared 
toto cartonscartons mademade fromfrom CSBS,CSBS, PCSBSPCSBS andand CRrCRr (Table(Table 2).2). TheThe cartonscartons 

bendIng 

werewere com pressed toptop toto bottombottom In thethe crosscross direction.direction. Therefore,Therefore, high­high­compressed 111 

erer bendingbending stIffness cancan contrIbutecontrIbute toto aa carton'scarton's compressioncompression strengthstrength 
r'14-l So,So, itit couldcould bebe expectedexpected thatthat priorprior toto exposingexposing foldingfolding cartonscartons toto 

stlffness 
1'14'l 
aa freeze-thawfreeze-thaw testtest protocol,protocol, CNKCNK cartonscartons maymay havehave thethe highesthighest com­com­
pressionpression strengthstrength atat 21°C,21°C, 50%50% RHRH followedfollowed byby SBS,SBS, PCSBSPCSBS andand CRr 
foldfold inging cartons.cartons. 

AsAs expected,expected, afterafter peapea filledfilled foldingfolding cartonscartons werewere subjectedsubjected toto freeze/freeze/ 

CRP 

thawthaw cyclll1g, thethe averageaverage peakpeak forceforce decreaseddecreased forfor allall cartoncarton materialsmaterialscycllllg, 
comparedcompared toto emptyempty cartonscartons testedtested atat ambientambient conditionsconditions (Figures(Figures 2,3, 
44 andand 5).5). ThISThIS trendtrend waswas observedobserved inin bothboth suppliers.suppliers. AfterAfter testingtesting therethere 

2, 3, 

waswas aa slgniflcantslgniflcant dlfference 10 thethe compreSSIOncompreSSIOn strengthstrength ofofca110ns mademade 
j fen ]1"' ...d IHfn:n nlU"ifH:UH"'. mntR 17iB L<:,O:;;gn J1:J~<: 4c:J rtcL)) ..EnrEn rllnth1lnth~"qJ{nJLer:s.th.e 

dIfference In cmions 
i fmn'Ld IffrtmntJi{) 'lVW, mntflrzwLc:,('h;i:,CLIJlJ':,<;; 4c::JIW~')) ~~llJ{Jll i.ers.the 
IIhighest averageaverage peakpeak forceforce waswas observedobserved forfor cartonscartons mademade fromfrom CNKCNK 

WhlCh hlgber(129(129 77 NandNand 139139 N),N), whIch waswas significantlysignificantly hIgher thanthan thethe lowestlowest 
averageaverage peakpeak forceforce forfor cartonscartons mademade fromfrom PCSBSPCSBS (45.9(45.9 NandNand 64.6N).64.6N). 
AverageAverage peakpeak forceforce forfor CSBSCSBS andand CRPCRP werewere notnot slgl1lficantlyslgl1lficantly dIffer­dlffer­
entent from eacheach otherother butbut \"lere SIgnIficantly lowerlower thanthan thethe averageaverage peakpeakf1'om were slgl1lficantly 

TableTable 2.2. BendingBending StiffnessStiffness ofof DifferentDifferent CartonCarton Materials.Materials. 

FoldingFolding CartonCarton MachineMachine DirectionDirection (TBU)(TBU) CrossCross DirectionDirection (TBU)(TBU) 

170,2 98,3CNKCNK 170.2 98.3 

CSBSCSBS 152.9152,9 83.483.4 

CRPCRP 176.8176,8 55.155.1 

PCSBSPCSBS 165.0165.0 83.183.1 
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CartonCarton SubstrateSubstrate 

FigureFigure 2.2. CompressionCompression strengthstrength ofof emptyempty cartonscartons atat ambientambient conditionsconditions (Supplier(Supplier 1).1). 

MeansMeans withwith differentdifferent lettersletters areare significantlysignificantly differentdifferent (p(p << 0.05).0.05). 
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EffectEffect ofof Freeze-Freeze- TtI8W 

fromfrom differem canoncanon materials. ItIt hashas beenbeen observedobserved thatthat moisturemoisture up~up~ditTerent materials" 
taketake isis main Iy fromfrom thethe peaspeas insideinside thethe canon. 'rhcrel'ore th(' surface 
coating onon thethe outerouter faceface doesdoes notnot aa major rolerole moisturt' 

mainly carton. the' surL'lce 
moisture 

f~)r frolll bothboth sup-absorption. ThisThis trendtrend \vas\vas observedobserved for allall canoncanon typestypes sup­
difference bet\veen ma­plierspliers (Figure 8).8). ThereThere isis aa distinctdistinct diA"erence between thethe cartoncarton ma­

tenals, whercwhere frozenfrozen peapea filledfilled CNKCNK cartons hadhad thecarions percent re­thc re-
lowest follO\vingtainedtained compressioncompression strengthstrength andand thethe ]O\VeSl moisturemoisture contentcontent 1'ollO\ving 

freeze/thaw fIbersfreeze/thav\' cyclingcycling (Figure(Figure 8).8). Since,Since, CNKCNK hashas unbleachedunbleached pinepine {lbcrs 
withwith higherhigher levelslevels ofof natural,natural, residualresidual internalinternal sizing,sizing, itit \\'ill\vill absorbabsorb 

mate­lessless moisturemoisture comparedcompared toto thethe otherother cartoncarton materials.materials. TheThe cartoncarton rlliHe­
\\,aterrialrial hadhad obstructedobstructed moisturemoisture ingressingress ofof condensedcondensed \vater dropletsdroplets onon thethe 

pcacartoncarton surfacesurface duringduring FTFT cycling.cycling. FrozenFrozen pea fdledfdled PCSBSPCSBS cartonscartons hadhad 
highesl afterthethe lowestlowest averageaverage peakpeak forceforce withwith thethe highest moisturemoisture contentcontent aHer 

FTFT cyclingcycling (Figures(Figures 44 andand 5).5). SinceSince thethe moisturemoisture uptakeuptake waswas observedobserved 
explained failuretoto bebe fromfrom thethe insideinside ofof thethe carton,carton, thisthis expla ined adhesionadhesion fai lure inin thethe 

PCSBSPCSBS foldingfolding cartonscartons betweenbetween thethe polyethylenepolyethylene layerlayer (inside(inside layerlayer ofof 
'Thiscarton)carton) andand thethe SBSSBS paperboardpaperboard substratesubstrate (outside(outside layerlayer ofof carton).carton). Th is 

compressionresultedresulted inin thethe carton'scarton's poorpoor performanceperformance duringduring eOlnpression strengthstrength 
testing.testing. ItIt appearsappears thatthat irrespectiveirrespective ofof thethe cartoncarton materialmaterial supplier,supplier, fold­fold­
inging cartonscartons mademade fromfrom CNKCNK holdhold theirtheir structuralstructural integrityintegrity betterbetter inin aa 

network.frozenfrozen distributiondistribution network. 

<>• SupplierSupplier 11 illIII SupplierSupplier 22 

% df)1dry 

FigureFigure 8.8. EffectEffect ofof freeze-thawfreeze-thaw cyclingcycling onon compressioncompression strengthstrength ofof folding.folding. 
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CNKCNK (Table 2)2) cancan bebe attributedattributed toto 
E''''rY'In"r£;>nf>Arn,,,\/),'prl toto thethe otherother cartoncarton matenalsmatenals thusthus posinve­posinve­

-111'·c.r-hhn carton strength. itIt waswas alsoalso observedobserved thatthat fro-fro­
zen pea filledfilled CNKCNK cartonscartons subjected toto freeze-thawfreeze-thaw cyclingcycling hadhad slgnifi-slgnifi­

h capacity toto withstandwithstand compressioncompression comparedcompared toto foldingfolding 
cartonscartons mademade from SBS,SBS, CRPCRP andand PCSBSPCSBS (Figures(Figures 44 andand 5).5). MultipleMultiple 
freeze-freeze- thawthaw cyclingcycling (Figure(Figure 8)8) ofof foldingfolding cartonscartons resultedresulted inin increasedincreased 

decrea.sedmoisturemoisture uptakeuptake andand decreased compressioncompression strength.strength. Since,Since, frozenfrozen peapea 
fllledfllJed mOlsturecartonscartons absorbedabsorbed thethe leastleast mOIsture fromfrom thethe innerinner surfacesurface 
ofof thethe cartoncarton duringduring thethe multiplemultiple freeze-thawfreeze-thaw cyclingcycling (Figure(Figure 8),8), theythey 
hadhad thethe highesthighest compressioncompression strength.strength. SurfaceSurface coatingcoating doesdoes notnot affectaffect 
compressioncom pression strengthstrength becausebecause moisturemoisture uptakeuptake isis duedue toto inin packpack desic­desic­
cationcation asas aa resultresult crystalcrystal formationformation onon thethe innerinner surfacesurface ofof thethe carton.carton. 
CoatedCoated NaturalNatural KraftKraft compnsecompnse ofof unbleachedunbleached pmepme fibersfibers providingproviding 

cartonstrongerstronger bondingbonding sitessites comparedcompared toto otherother cal10n materialsmaterials thusthus retainingretaining 
betterbetter drydry valuevalue strength.strength. ThisThis explainsexplains higherhigher compressioncompression valuesvalues forfor 
CNKK cartonscartons comparedcompared toto SBS,SBS, CRPCRP andand PCSBSPCSBS cartons,cartons, afterafter multiplemultiple 
freeze-thawfreeze-thaw cycling.cycling. ItIt cancan bebe concludedconcluded thatthat CoatedCoated NaturalNatural KraftKraft willwill 
provide moremore cartoncarton compressioncompression strengthstrength forfor packagingpackaging frozenfrozen foodfood 
comparedcompared toto foldingfolding cartonscartons mademade fromfrom SBS,SBS, PCSBSPCSBS andand CRP.CRP. 
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