1 PROCESSES FOR THE PRODUCTI ON OF PACKAG NG MATERI AL FOR TRANSPORTI NG AND
STORI NG PERI SHABLE GOODS FI ELD OF THE | NVENTI ON The present invention

rel ates to packaging material, and processes for the 5 production thereof,
for the storage and/or transport of perishable goods, and in particular
for the storage and transport of horticul tural produce such as fruit,

veget abl es and cut flowers. The present linvention also relates to nethods
of regulating the 02 content in the environnment surroundi ng packaged
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The atmosphere inside a package of horticultural praquce constantly changes as
gases and moisture are produced or consumed during metabolic processes. The
20 produce will continue to respire, using up oxygen in the headspace of the package, and
at the same time evolve water, increasing the bhumidity in the headspace. This
encourages the growth of spoilage microorganisms leading to damage of the produce
tissues. Further, evolved water condenses on packaging leading to the loss of structural
integrity (especially in the case of fibreboard) and the requirement for frequent defrost
25 cycles in shipping containers and cool rooms which increases energy requirements and
destabilises temperature control. Each produce type has its own optlmal gas |
composition and humidity level for keeping its deterioration to a minimum and with the |
cver increasing demand from consumers for improved quality, new technologies have
developed to keep perishable produce as “fresh” as possible during storage and
30 transport.
One approach has focussed on lowering the level of axygen in the packaging so
as to slow the rate of respiration of the produce. Lowering the levels of oxygen can




Anot her approach has focussed on the use of active packagi ng. Active
packagi ng enpl oys a packaging material that interacts with the internal gas
5 environnment of the package to prevent and/or retard deterioration of the
packaged produce, typically by continuously nodifying the gas environnent
by renoving gases fromor adding gases to the headspace. Active packaging
has found particular application in buffering the humdity in the

- environnment within a package. ldeally, the active packaging material
shoul d prevent condensation mettlng t he produce whilst at 10 the same tine
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hum dity. BRodi &@al(Kuraray Co. Ltd) describes a | am nated packagi ng
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food produghsiur $Pckd2shaTEAbmAN IndR Wikill is' fnpermeable to water vapour and liquid

20 water. Within the 'space there may be included a water-absorbing desiccant in the form
“of particles or beads. 7
US 4,977,031 (Temple) describes a material useful for packaging of moisture-
sensitive food such as cheese, comprising a support sheet with a bonded water-retentive
layer. |
25 GB 2,031,849 (Pfizer Inc.) describes a multi-layered container for storage of
particulate hygroéc_:opic substances such as anhydrous citric acid. The container
comprises an outer layer having low water-vapour transmission and an inner layer -
comprising paper, which may optionally be covered by a water-permeable layer.
EP 356,161 (Mitsui Toatsu Chemicals Inc.) describes a film for retaining
30 freshness of vegetables and fruits which comprises a synthetic resin film, a
microporous resin film and a water-absorbing layer interposed between the two, said
microporous resin film having & maximum pore diameter not larger than 30 microns
and a moisture permeability not lower than 100 g/m®/24 hr.
US 4,929,480 (Midkiff et al.) describes an absorbent structure including a
35 perforated upper layer for collecting and retaining exuded fluids from food products
such as meat and pouliry. | :




US 5,167,652 (Mieller) describes a thernmoplastic filmand its use in
di sposabl e di apers including an absorbent such as cellulosic fluff or
“noi st ure absor bing polymer e.g. ethylene vinyl al cohol copolymer, between
a noi sture perneable or perforated inner sheet and an outer |ayer
conprising a blend of copolyester and a noisture 5 absorbing copol yam de.
WO 94/ 03329 (Commonweal th Scientific and g ndustrial Research O ganisation)
descri bes a packaging material conprising a water-inperneable |ayer and a
wat er - absorbing | ayer. A sheet which is. perneable to water vapour nmay al so
be attached to Uﬁe{ beb ey (Myelten} desiribes alBetopsitic dilef angdi igiNisk ii€ apogyances
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SUMMARY OF THE INVENTION
In a first aspect, the present invention provides a process for the manufacture of
a packaging material, the process comprising
25 @) applying a tie layt?r of molten polyolefin to a water-absorbent layer,
(i)  optionallyexposing the product of {1) to pressure,
(iii)  applying an outer layer of polyolefin to the tie layer,
(iv)  exposing the product of (jii) to pressure, and ‘
(v)  allowing the material to cool,
30 wherein the tie layer of polyolefin partially impregnates the water-absorbent layer.
Hereinafter, processes involving the steps detailed in the first aspect are referred
to as "the tie process” or "the tie processes”.

This process: of manufacture has been found to produce a packaging material
with much improved mechanical properties, especially in use, when the water-
35 absorbent Iayer can become laden with water. In particular, the use of a tie layer which
partially impregnates the water-absorbent layer has been found to provide excellent




4 bonding properties between the outer polycilefin |ayer and the

wat er - absorbent |ayer, whilst not conprom sing the water-absorbent
function of the water-absorbent [ayer. Furthernore, the process is also

hi ghl y conducive to scale-up and may be carried out on an industrial

scale. In addition, the processes can utilize conponents which are 5
general Iy i nexpensive. These factors enabfe consi derabl e cost savings to be
made and a relatively cheap packaging material to be produced. In order to
prevent the mater absorbent | ayer comng into contact with the produce and

pot ent i al | y boadingspropergies befwea dhr euteh polyolefurcleyeraand thaewatpmghsorieny layer,
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bel i eved $eason for this is that many conventional adhesives tend
to bond poofdy t e lismixbwhtesanfl st vepoin-mspetteshie puteslpéred by pl astics such
as pol yol efifns. ghpgddhishi@he 1ot hough many conventional adhesives tend to
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The present inventors have also. found that many commercially available

adhesives are not suitable for the production of packaging material for storing and/or

transporting perishable goods because, as the water-absorbent layer became saturated

with water, the strength of the packaging became compromised. Without being limited

25 by theory, it is believed that the reason for this is that many conventional adhesives

~ tend to bond poorly to smooth surfaces such as those presented by plastics such as

polyolefins, In addition, although many conventional adhesives tend to bond better to

uneven surfaces such as those presented by many of the- materials used in water-

absorbent layers (e.g. fibrous cellulosic materials), the adhesive qualities of many

30 conventional adhesives are compromised when they come into contact with water.

This can result in the breakdown of the bond between the water-absorbent layer and the

outer layer when the packaging material is in use and even the leaching of adhesive
ghuie material into the packaging.

Although adhesives are available which adhere to smooth polyolefin-like

35 surfaces, these are often not suitable for use in packaging material as they are



35 surfaces, these are often not suitable for use in packaging nmaterial as
4they are 5 potentially toxic. In addition, they can conprom se the
function of the water-absorbent |layer to act as a reservoir for water. It
has now been found that two types of adhesive provide superior packaging
materi al, nanmely al pha cyanoacrylates and |iquid epoxy and am nes. .5 Thus,
in athird aspect, the present invention3provides a process for the

manuf acture of a packaging material, the process conprising (i) applying an

adhesi ve conpri si an ‘al cyanoacryl ate or l.i qui d oxy and amne to

one or bot hpn%im? 856y @&@E&S’Pﬂ cy ¢ Wﬂwpﬁetﬁ%ﬁ@%&% @E the Water-absorbent

vapour - i npelepaiablaet ot esedvairdor watkf) and (b) a surface of a water-absorbent
and t he .adhesive to

| ayer, (ii) con in al d.sur.faces 1) allown
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inner |ayer whi ciPE AEBEPERANSE |y i npermeable to liquid water in the

wat er - absor bent (Bpyera swtfiereaif lifid walt@r aid@patdr-REsITER PRt utkAlSEr, | S
bonded §@ the water-ghsorbent 25 layer. In a fifth aspect, the present
“invention provides a packaging material produced by the process according
“to first and thi(P aspasfase of havaprrebeorbentdynt or s have al so det erni ned t hat

when the WghPEr - RBARERENEail 3Fhces,GRAPT | ses cel lul ose fibres, specific
densities and thicknesses of thi's | ayer provide a 30 superior product.

Accor di ngl ¥V i n 340%1g the adhesiye tothgedeg, esent invention provides a packaging
lmat erial conpri dlargingitgr, proéagudsdinvdlvihig A Grepat @taildAPRUFId HRRT HBRRL 80Ut er
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» 15 referred to as “the adhesive process" or "the adhesive processes™.
' In a fourth aspect, the present invention provides a packaging material
comprising
(i)~ aliquid water- and water vapour-impermeable outer layer,
(ii) a water-absorbent layer,
20 (i) an adhesive layer comprising an ali)ha cyanoacrylate or a liquid epoxy and
amine bonded to the outer layer and the water-absorbent layer, and
(iv)  a water vapour-permeable inner layer which is substantially impermeable to
liquid water in the water-absorbent layer,
‘wherein the water vapour-permeable inner layer is bonded to the water-absorbent
25 layer.
In a fifth aspect, the present invention provides a packaging material produced
by the process according to first and third aspects. "
The present inventors have also determined that when the water-absorbent layer
comprises cellulose fibres, specific densities and thicknesses of this layer provide a
30 superior product.
Accordingly, in a sixth aspect, the present invention provides a packaging
material comprising
)] a liquid water- and water vapour-impermeable outer layer,
(i)  awater-absorbent layer, and .
35 (i) a water vapour-permeable inner layer which is substantially impermeable to
liquid water in the water-absorbent layer,




(11) a water-absorbent |layer, and 35 (iii) a water vapour perneabl e inner

| ayer which is substantially inperneable to liquid water in the

wat er - absor bent |ayer, 6 wherein the water-absorbent |ayer conprises
cellulose fibres and has a specific weight of fromabout 15 to about 30
g/n2 and a thickness of fromabout 60 to about 95 mcrons, and wherein the
wat er vapour perneable inner layer is bobded to the water- absorbent |ayer.
5-1n a seventh aspect, the present invention provides a nethod of storing
and/or transporting a perishable product, the nethod conprising inserting
t he productWhereisn therwatermahsorhent yescompaises aejlulese fihreviond hag 4 wesﬁ%kﬂgngbg

material acgORPiN @b B 9H5ut0S0 BhE® aRPEOBEbinbRUSE frond hfdul aeh Sbaithos
aspects of the invention. In an eighth aspec the present jnvention

. t,.
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the nethod finsiehslapa.the steps of; (i) inserting the product into an open
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e container, (il acin e ng ext.ensi gns.gver .t he,pro | ng
the open area of‘f’wf’%ﬁréi%%g%tagyn%q’e, Dg%e g%w&fii E?“‘ﬁ%a%ﬁ‘hj‘n& R ?)SrPcflg{r%eDE i
contai ner. |n ameentionaspect, the present invention provides a packagi ng
syst em congg;i Si ; L ner. -al ning. ' redu kaged
atcor di pg Tt na iy PRIAL OF pacER Mt REGIGIZR, Gndl ) S LR Ry
seal s thg cont aifaurthsifdhpadeixth spepin of dhe myeRianyer Hie pradugt faging fhe epen
the packagi ng sarésofttBe sb@winthendate of 30 respiration of the produce has

been shown ;t.q have.signi.ficant henefits for the transport and/or storage
of peri shatﬂ"ﬁ prpé%gﬁdon%ﬁe conainer. :

In a ninth aspect, the present invention provides a method of storing and/or
transporting a perishable product, the method comprising the steps of;

20 (@) inserting the product into an open container lined with packaging material
according to any one of the second, fourth, fifth and sixth aspects of the
invention, wherein the lining extends beyond the walls of the container,

(i)  placing the lining extensions over the product facing the open area of the
container, and

25 (i) placing a lid on the container.

In a tenth aspect, the present invention provides a packaging system comprising
a container containing a perishable product and packaged according to the invention
placed within an enclosure which substantially seals the container from the atmosphere.

Lowering the level of oxygen in the packaging so as to slow the rate of

30 respiration of the produce has been shown to have significant benefits for the transport
and/or storage of perishable prodﬁcts.

Accordingly, in an eleventh aspect the present invention provides a method of
storing and/or trénsporting a perishable product according to the invention further
comprising placing the container in an environment in which the O, content within

35 and/or surrounding the packaging material is regalated.



Accordingly, in an eleventh aspect the present invention provides a nethod
of storing and/or transporting a perishable product according to the
“invention further conprising placing the container in an environment in
which the Oz content within 35 and/or surroundi ng the packagi ng materi al
Is regulated. 7 The present inventors have devel oped a neans for
regul ating 02 content which relies, in payt, on a punp which is only
intermttently activated. According to a twelfth aspect, the present
i nvention provides a systemfor controlling an oxygen concentration of an .
encl osed at nosphée peesehbinveimory lesiei dovelgpeda pleasiiRe redilftingyO) st atitlei Ng:
an encl osur - a he encl psed atnosphere fr.o n exter nal
at nospher e; ?%}r?g’ol%?g{eth&ggﬁ%%ﬁ) V?@F ése%yﬁlg&?[ﬁ&e%ﬁ'ﬁéﬂé%ﬁncent ration of the
encl osed at nosphesading fpuaptwebith mspyitn thet presanx tinvendion girovislph @r eystemh ot he
encl osed at pRSRIGLE: 0 i p .1.0 C 2nce
operati on when an %%&%ﬁ%%ﬁ%‘%ﬁ‘bﬁg?@%ﬁ Elfgf‘:'rntc S&Z%C g’ég%ea%%%asl%ﬁ rregﬁ:%%n ess
than a p e dBTOSHFS. R yifom femprigiogcent rati on, and for causi ng the punp to
cease operati on #eRIAAOKYIARe HOBANHAAPLGE HdneEBebAsLanRlpRspNer
exceeds a predeterm ned maxi rrug(}‘r concentration; and 15 nmeans_to all ow

e

egress of the erf FXEELFBEPhETe SERERR tthe BNEFDHLERECTHIFHPRH ol dise reietoser of

t he punp. Deteacsphdrite presence of respiring produce, an oxygen concentration

of the enclose here .wi L, decrease duye t.o respirati.on. Thus, upon
desi gnati on of }%?&@3‘%&%@? ﬁ%@n%ﬁ@%ﬁ?@ﬁﬁ%%‘ O AEROSPRE D r oduce
is to bd0stored,? eondrod yagapsierf capgingtbe pumipfto lsomsract opdratidre whaw entoxggen
provides a dEaBdRn "B Thll AoRNED AROBIACH IEOMGEN ! BliORrd:ALE! minkiim
oxygen concentration level is cqntro? ed by bal anci ng"the "oxygen

concent r at i SRCERFbOpe ARk iffe capsing t thef PEBPIY £6756n Oppratioe Wheem oxygen
concent r at i @mcedigitiog ©GUHee leddlobyd t fithospliche SRR aipt&kter@inddU iRiAgutie
ext er nal até&%?ﬂ?frne jg&é) the enclosed atnosphere. 25 By providing a punp
- which is operate 8ﬂ1y when an oxygen concentration in the encl osed

at nosphéfe fal | $ndaas dov ablopr egresse ofrithee ehalvsed rmimvsphaefromathi amcloserbadinpent s

of the t""elcfﬁefhiﬁﬁ%?@ﬁeolﬂfm he present invention provi-de for operating the
punp- for only a\poortl of the time, and thus provide an atnosphere control

system with | oBolfers gereresefitisspirpe nrodicanee, oxgeh enpgdetion @ptcat i on
of the punenthyedatradsphetcawllBiibeeyscOf@s & REpPMR. TR ipoh HeRiRafbn GP M
D cel | -battd%gﬁgds or the like. to be. - .
oXygen conceniration range in which the produce is to be stored, the system of
20 rthe twelfth aspect of the invention provides a means to maintain such an oxygen
concentration level. The oxygen concentration level is controlled by balancing the
oxygen concentration, the reductive effect of respiration on the oxygen concentration

béing countered by the increasement effect of pumping the external atmosphere into the

enclosed atmosphere.

25 By providing a pump which is operated only when an oxygen concentration in
the enclosed atmosphere falls below a predetermined minimum concentration,
embodiments of the twelfth aspect of the present invention provide for operating the
pump for only a portion of the time, and thus provide an atmosphere control system
with low power requirements. For instance, such a mode of operation of the pump may

30 allow a battery-operated pump, requiring one or more D-cell batteries or the like, to be
used in cases where the enclosure contains a pallet of produce requiring storage for a
month. Even at low temperatures, such a system may allow a battery-operated pump
requiring as few as six D-cell batteries to be used in cases where the enclosure contains
a pallet of produce requiring storage for a month. Similarly, such a mode of operation

35 of the pump may allow a battery-operated pump requiring one 12 volt battery or the
like, for example a rechargeable battery of at least 12 V, to be used in cases where the




used in cases where the enclosure contains a pallet of produce requiring
storage for a nonth. Even at |ow tenperatures, such a systemnmay allow a
battery-operated punp requiring as few as six D-cell batteries to be used
in cases where the enclosure contains a pallet of produce requiring
storage for a nonth. Simlarly, such a node of operation 35 of the punp may
all ow a battery-operated punp requiring &ne 12 volt battery or the Iike,
for exanple a rechargeable battery of at least 12 V, to be used in cases
where the 8 closure I S | ar contalner such as a_shi ppi ng cont ai ner.
Purps havi rifclasess ar%\,g@p LﬁuP I A ASRIDpIRS F@t%ﬂl?ﬁ/emﬁﬁg&‘}?nﬁﬁ@c

accor di ngl ypovidrerdaue@Bhtsi B pélhivtly Ritey) dad, %cﬁ@fd!ﬂgwl el ¥yrdseﬁzx Bﬁa@ﬁh&!ﬁ
nmet hod of at n}%@ghere co roI for a.n enalw(?ure co talini ng Spl r|
produce. FUPHEP 3 RATHEWALLY GpesRsive g 1§ I‘f@n%?,‘s OUkR

present i nwentdiging respitingdprddave. c Beith@iosd) the §w61nféqﬁﬁ§hﬁént§ ol Iﬂfeeﬁ_,rstehe ad

for st oragdghe SR MyERTRa R R Bor B GULI TGS T P GENGE L gt b T
produce on use pé‘l sueh aspasphereAcomrditechniqnea behig teemelvidbpeiablet foe sprmnf
i nvention ppovie g&nﬁu@%gf%d&% oﬁ%&ﬁ&'&é@g gﬁ%rgé%ﬁgae&t %gﬂfe??%é’lgt lon of an

encl osed atnDsp re cont respirin
conprising: iso IASCPIRing b ag W@ﬂfﬁaﬁle% H@ﬁ%ﬂnﬂi AwyAnsien axevdenp racthed fher e;

sensi ng theoﬁ@mﬁ &Oﬂﬁ}egkhr @ ricBiitraont d¥arf BAIOSRa B Qb RiaiiRE I Wg
ern cft nosphere into the encl osed at nosphere en an

punpi ng of th‘f
oxygen Con@& 11"5{1 B %sed at nosphere is less than a
- predet erm ned i@lmnglmmdmeda&hbqihemﬁomaamnﬂmbme@t t he external

at nosphere i nton%%gﬁetﬂgl 92% %’tn preé%{‘%eee%do Qd%é){(%ﬁg concentratlon of

t he encl osed at erm ne M toncent r at | on; and
provi di ng meansceBMENPIHE PIGIEBS Oﬁthet exeraricitowsphere inse theeenwldsed mimosphere

encl osur & wHinddxyes %&eﬁ&&@éﬂ‘gfthla endlobQLithRgRdle AORECHah A pe?éﬁrﬁr&” :

|nvent| r.ovi des a nmet hod of storing and/or ransporting
product1 Y cpReepffatioyent i on, conbined with. a system for
controlli ng an oaayggrplmqﬁﬁgbfﬂ&témﬁfatmﬂslﬁ{wé ﬁﬁ@dleaéms@&ﬁ:@o@ﬁél%aﬂrﬁﬁnng

1[ EZFL: Iegganlgr g S ?Iél%(‘lteg F%Qﬁ/o one eéé%’@%f %&D{’f%ere a%&%% ' n pg?% cabl e
to many ot ﬁ@m@yé@ﬂ%eﬂ@fﬁﬁphemdnvent i on. Throughout this specification the
word "conprise” roQ{dlﬂg?tﬁieﬁﬁé RN EFre@Sof the ‘&HE’[BEcSFa?tEnoQﬁhe"rE BB {2 dAiosudd | |
be und%st gggngsoal g}l)m t he | ncl usion of a state
Ina fourteenth aspect the present invention provides a method of storing and/or
transporting a perishable product according to the invention, combined with.a systeﬁl
for controlling an oxygen concentration of an enclosed atmosphere containing respiring
produce of the invention.
25 As will be apparent, preferred features and characteristics of one aspect of the
_invention are applicable to many other aspects of the invention.
Throughout this specification the word "comprise”, or variations such as
"comprises” or “comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
30 any other element, integer or step, or group of elements, integers or steps. The
invention is hereinafter described by way of the following non-limiting Examples and

with reference to the accompanying figures.

BRIEF DESCRIPTION OF THE ACCOMPANYING DRAWINGS

35 _
Figure 1. Cellulose partially impregnated with polyethylene after co-extrusion or
mono-extrusion.




el enent, integer or step, or group of elenents, integers or steps, but not
the exclusion of 30 any other elenent, integer or step, or group of
“el ements, integers or steps. The invention is hereinafter described by way
of the followng non-limting Exanples and wth reference to the
acconpanyi ng figures. BRI EF DESCRI PTI ON OF THE ACCOVPANYI NG DRAW NGS 35
Figure 1. Cellulose partially inpregnated with polyethylene after
co-extrusion or nono-extrusion. 9 Figure 2. Exanples of quality scores
for curd blackening in.cauliflower: (A Quality score of 1: florets are
white wi t hPFigure i2s uBkdnyplep phadlity dicsies fauaat idackétiog bh eftl)iowe) (A)@Wadlityy

score of 3..m C bl ac i evi i J i.5Rl e on
sone flor etgsjf _t%’g{’%'sﬁgrrﬁt@ta;c‘l‘er%_a‘}r@gé g‘g ﬁ’el\({:liceéj_g%ﬁ ta{l%‘g%f i %@?C;g‘i&%é %?glslﬁi’s(s ore
of 5: high ppae e :m1aclkclg]ddwc Nl on vath $maalhbrovgl spetamgiole on
intensifie I 209 r .oched fie)<.

IQJaI i t;/ Iscg{r)%gof?u%t:s (%gc\]é’er e %}éa&c%ﬁﬁﬁﬁé@ﬁtﬁ I(;lge_ s Q/\? 'E?Qatl{tggg r?s(%afz:l& éﬁa@lgl ar
br eakdowh gBRFoRichlpsia sRota oBAflomriscel latger Siyst ardmnkamgitiesl colug (1:28% s¥facgence
caul {11 oney oy reepd) (KRR 1% 2 ‘?‘é‘ﬁg'%@?f T By
prior to qucﬁése @QH@FE’F%E&‘&%{( s ?é‘gﬁf%ﬁﬁfé’%ifﬁ%?twg}{?gﬁﬁse of moisture
|l oss (f se) fromcauliflowers stored at 3 Cin waxed boxes, standard
fibreboard n r.ot el (referred to in the Figur " C3l RO
e e S Tu A
5. Qual i& ycarliflowayistoceditortingaly st 20°G &) artstrediaf HFC Zong b dayaprdcie beingxed

‘ boxes, sta{}gﬁsﬁg&gﬁp@?{ . boxes and prototype | (referred to in the Figure
as "CSIRO s MCT Liner” I ned boxes. Boxes were transferred to 25 C on day

22. 20 Figure 6. Influence of liner and wapping' on the percentage of
vei ght | osBiguk@m CUings cowrk®bEdnsibtuge ©sh @ 2P HowscaliNEletsl siged at &f 8L dnt 0

prototype 2-liner). FEigur . Mean.consungr rchase .desire i flowers
D ver 36 ofpebdBodes, plafhd shren(GR0 viel PEroRUHEL TG AL ifindhs S 65 anc
C®2 condentCIAR@ndICH parert)dimsy boixes.| Bovess vosre ansfaged 0rideC podan22f sal e
conditions, 25 C and 21% 02 (checked bars). Data are neans (n=3) with

standard eryors. Figure 8. Influence of reduced CO2 (line scrubbed - | ow
C02) and higMIGsy QEIYFodeeplisanhidowen Ene) gtored faunh dinat Aile pwaxed
caul i f| onebsxes) atgtirdfib&boarkd tiikee afld plokdtiisd [ fefsred t6 Yibthe Rifioé ac LOSRAY'S | Ng

an oxygen ﬁﬁ?fﬁ?&er-’athjnga bgiies? "Bk l\a(r)e%g g'ansferred to 25 °C on day 22.
20 :
Figure 6. Influence of liner and wrapping on the percentage of weight loss from curds
stored at 3 °C for 28 days ("MCT liner" refers to prototype 2-liner).

Fig;n;r_c 7. Mean consumer purchase desire of cauliflowers afier 36 days of | storage

25 under modified atmospheres of varying O, and CO, concentrations (open bars)
followed by storage under point of sale conditions, 25 °C and 21% O (checked bars).
Data are means (n=3) with standard errors.

Figure 8, Influence of reduced CO; (lime scrubbed — low CO3} and high CO; (no -
30 scrubbing) on the O, consumption rate of cauliflowers stored at 3°C.

.Figure 9. Tlustrates a system for controlling an oxygen concentration of an enclosed
atmosphere containing respiring produce.

35 Figure 10. Ilustrates the oxygen concentration control achieved by the system of
~ Figure 9. '



at nosphere containing respiring produce. 35 Figure 10. Illustrates the
oxygen concentration control achieved by the systemof Figure 9. 10
Figure 11. Oxygen concentration in the atnosphere contained within the
tented pallet. Figure 12. Oxygen concentration within the head space of
standard fi breboard boxes (plain) or prototype 2. (referred to as MCT)

| i ned boxes both stored within a tented pallet. 'Top', "Md and 'bot'
refer to the top, mddle and bottom |l ayers of the three |ayer pallet.
Prototype 2 lined boxes in the first trial had the MCT |iner on hoth the
base and t Figweald: Qxegensonmensatioy pethe aimesphetsoontained within deetentgdpllel had
the base lined wth a | oose flttlng sheet of prototype 2 liner on the top
of the produce. Data are neans n=3) with standard errors. .10 - Figure 13.

Moi st ure | &amug &2 Dé:wg@aewqen@m%wgbm@é head gpase s\ sindard filrekoard boxes as
MCT) 1ined (ﬁl@ﬁﬁ?%x%ro%@ﬁé’ ar f}eﬂ‘eh@ﬂ &b A 181e8) bdxex %tﬂ"&bﬁ‘éﬂ WRER £idded

stored wthi utS| de't he t e cool

are for h@a@ co rg%cﬂéﬂ‘d g?bé”fs hii thesfog E‘%‘ﬁ%@?ﬁ ogog; JgYes 33‘%@}}{% t he
bﬁse i gedlewlet balalet OPS(ﬁmfylpEtQI hgedsheet 1ﬂfthelﬁrsmmﬁldiaﬂpiﬁe 2ICTrHaer on Hdtle thop of
t he produc n

I ni tPaI §a§e[gr%§1a ?rts;i}ee?ﬁdgg‘(o%étgw%&q*n%a §ug ’5 e%oﬁq %}agg&?%lri% b%é H%@% at
3 Ceit her withsi IdJ@Sa ﬁtt@ng shcepaf pretotate 2hin@bnohe tapt @ the prasuce. chetagre ML,

Caul i f | ovepg- $ gither plain fibreboard cartons or prototype 2
(referr d tto 2@:?% %@Hned cartons (base lined with a | oose-fitting

sheet of0liner over the top of the produce). Data are neans (n=3) with
-standard epiggs] 3Fi Mﬂi@uﬂémw%l lﬂohl SinaeAcWaré eforedl Itdlhbael (fdférréd”lﬁ) aystem

of Figure TAl LED TH I N\/E e

out or 1 ay e MG EET Batag oo Loteapey GPIRy fosr Rep it e i

| nper meabl e teri¢d peilst asowsidarthd ent otheabel rdom; sDﬁtacme tforethe wedomdaymbined

envi ronnent, er
vapour wh e A i BREFEhE naBHEd BEE 110 AN RTRS RN 9‘?@3‘9’% has
a per nebbi pm;tm@ M%pnﬁh@mrofdhe PIegYca. Hagta gre @P«'ﬁ@/@ﬁ% Vitlyatandagd eggEs- et y
of Testing Materials - Met hod E96 at 24 C and 50 RH). Suitably, the outer

| ayer is de f mate hISf| oxi C I, ght s wei ght
and cheap. -@?e{a{‘a— f@? 34'}’@&95?1?% %?"’r‘l@ﬂf'ﬁ’gmtﬁt%reﬁrg‘gﬁ%é@j‘% he
35 outer |alydr°Canitha nm:th hrtmtednyalbmatab%eq:emr ootsede gl tenprat 21% On.
plant -deri @g&hfilnjwers were stored in either plain fibreboard cartons or prototype 2 (referred to as
20 MCT) limed cartons (base lined with a loose-fitting sheet of liner over the top of the
produce). Data are means (n=3) with standard errors.

Figure 15. Circuit diagram for a controlier for the system of Figure 9.

25 DETAIL.ED DESCRIPTION OF THE INVENTION

Quter layer _
The outer layer of the packaging material is liquid water- and water vapour-

impermeable. It acts as a barrier to water loss from the enclosed environment and also

30 as a potential surface for condensation of water vapour which would otherwise escape.
In one exmbodiment, the outer layer has a permeability to water vapour of less than 4
g/m /day (American Society of Testing Materials - Method E96 at 24 °C and 50% RH).
Swuitably, the outer layer is made from a material which is flexible, non-toxic,
light-weight and cheap. Except for packaging materials made wusing the tie process, the

35 outer layer can be made from any suitable petrochemical- or plant-deriv_ed



organocar bon. Preferably, the outer |ayer conprises a polyolefin such as,
~for exanple, polyethylene, polyvinylchloride, polypropylene or any m xture
thereof. Wiere the packaging material is nade using the tie process, the
outer |ayer conprises a polyolefin such as, for exanple, polyethylene,

pol yvi nyl chl oride, 5 polypropyl ene or any i xture thereof. Suitably, the
outer layer is fromabout 10 to about 50,1 preferably from about 10 to
about 40, nore preferably fromabout 15 to about 30 and yet nore preferably
from about 15 to about 25 pmthick. 10 Tie laver The tie |layer acts as a
bondi ng | aysganoesrhern Préferably, ¢re duwigrdnyemmbmyaises apabfgtﬁfmeim‘»h aaﬁer exagapleabl y

the water Y at | east 90%

pr ef er abl ysgf?% ﬂé’%}% g%&gﬁ?ﬁm@éﬁélﬁgﬁoﬁ}gﬁ%ij east %I(?A) of the ’
.respective surfWbereathezpaskaging mat@“lalayemadﬂmng ite Heyngpcensisthe KHIalaNel e of

ensuring 1p,adgguate offh ! G B it OlanfiRl, CBToiY, GilRshyIABLoHe,

functi on_ of t e out er wat er - absor bent [‘ayers. The tie l'ayer wi |
pref er ab] ypHypr %?d?répéfdmixﬁ?@%ﬂleﬁé) packaging material using either the

t Ih e ltor ocless of tSiﬁ*taEIye&i%rﬁutér"l}iﬁﬁBﬁé ﬁﬂn:pa:ijb@t R0 a6 eBGuLaN] plrefétiﬁﬂ?mm aﬂ'()‘u‘.tllﬁlfﬂ ly,
etle aer r|a W ne rio a atl on er-
absor bent aYREWS n&fﬁ?&?ﬁﬁ@ﬁﬁ’ %%‘Hl CBhl g {’l%utglgt"g}gl 3{65%%? p é yofrv% t he

mat eri al Z&dutmﬂwmbohtl‘imtthekl ayer is made nust lend itself to such a
process and application. Suitably, the tie layer is made froma nmateri al
which is flexible, non-toxic, |ight-weight and cheap. Except for packagi ng
mat er i al%s Higdlayesi ng the tie process, the tie layer can be made from any

: Isui tabl e petrochgg ﬁé"la éirad@é %Btah%ﬁam dla?éﬂ@@@iﬁé%ﬁblﬁé outdy Bi %h&YWafe%% tie
ayer conprises a uch as rexa ol ye
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penetrates the water-absorbent [ayer refera the tie |la Chi nner
than the offesrialZyag, i thetiieyprogdse of P%?ﬁ%‘?‘ ‘Pgenuppcﬂﬁadﬁ%ﬁsg?[q"o%ﬁf%‘ﬂrt 20,
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Suitably, the tie layer is made from a material which is flexible, non-tfoxic,
light-weight and cheap. Except for packaging materials made using the tie process, the
tie layer can be made from any suitable petrochemical- or plant-derived organocarbon.
Preferably, the tie layer comprises a polyolefin such as, for example, polyethylene

25 (PE), polyvinylchloride (PVC), polypropylene (PPE) or any mixture thereof.

The tie layer partially impregnates the water-absorbent layer. This means that
the tie layer must extend beyond the surface.of the water-absorbent layer and penetrate
the matrix or pores below the surface. Typically this is achieved by applying the tie

layer as a molten material and, preferably, applying pressure before the tie layer
30 hardens so that the tie layer penetrates the water-absorbent layer.

Preferably, the tie layer is thinner than the outer layer. Suitably, the tie layer is
from about 3 to about 20, preferably from about 5 to about 15 and more preferably
from about 5 to about 10 pm thick. '

The tie layer may have the same or a different composition from the outer layer |

35 In a preferred embodiment, the compositions are the same, especially where the tie

process is used.




12 1In a preferred enbodinent, the outer and tie |ayers are conposed of

pol yol efins. Dependi ng on the particul ar pol yol efins or m xtures of

pol yol efins used, layers with greater or lesser flexibility will be
obtained. In addition, polyolefins may be chosen wth suitable viscosity
properties (as neasured through the nelt-flow index (MFl)) if 5 this
feature is inportant in the process of n@nufacture as discussed |ater.
Suitably, the polyolefins will have a MFI of from about 2 to about 20,
preferably fromabout 2 to about 10, nore preferably from about 2 to about
5, yet nore pr eIrea arafirred embediment, the enteransific Byensarecunposed of peleplsfian) y
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i ncl uded tthevastosity tshes adiquid.em of friction limting the application of the
mater il and L ss RGLGA! B! Al 0GR PACEARNN RIS UAdvaTRBMNACkUY &

i nc or

Sui tabl e surface s agent s exanp ‘ol eam de and Ftcham de.
-mix a polyethyiene w1th a polypropylene for the tie layer to increase the v150031ty o

tie layer.

The outer and/or tie layers may further comprise oné or more additives such as
colouring agents, adhesives and surface modification agents such as, for example, slip,
anti-static and anti-blocking agents. ‘ ' |

25 Suitable colouring agents can be prepared as a master batch of LDPE and TiO-
in a ratio of 1:1. This mix provides a white background against which pigments,
especially organic pigments, may be added. For a white or coloured layer, the master
batch may be added in an amount of up to 10 wi% of the total outer layer or total tie
layer composition. Colouring agents are largely aesthetic and this may be an advantage

30 for a horticultural packaging. _

Surface slip agents may be included to reduce the problem of friction limiting
the application of the material and thus facilitating high speed packaging material
manufacture,  Suitable surface slip agents include, for example, oleamide and
. erncamide. '

35 -




35 13 Adhesive laver. Instead of using a tie |layer, the present inventors
“have found that certain nore c¢onventional adhesives function well to bond
t he wat er-absorbent and outer |ayers together. 5 Suitable adhesives are

t hose which bond to cellulosic fibres and polyol efins, for exanple,

pol yet hyl ene. Suitabl e adhesives i ncl ud for exanple, alpha

cyanoacryl ates, such as super glue gels (e.g. |bex Super Jue Cel), and
epoxy resins such as two-part |iquid epoxy/am ne adhesi ves. Exanpl es of’
the | atter Aipsividgyar al dite (e.g. Selleys Araldite ex. Selleys Pty Ltd,
Padst ow, N I nj ng, art A, a liquid epoxy 10 resin (bi sphenol
A- epi chl or hydr |IH5tP@£€€|U§WgﬁY Bai%ter,(thamwabwentaxsﬁdhw&sfom thag ceriin ragigxy
har dener cegiveativnal a&ﬂeﬂ*féd filrfibh a1l 3HdRd the water-absorbent and outer layers

(di net hyl @?@gr opyl - 1, 3- propyl ene di am ne 1<10%
2,4,6-tri( Tyl ami no met hyl ) phenol 1<10% . Water-absorbent |[aver 15 The

vvzgt er- " assor ben tSdﬂable racﬂnmvbﬁma ﬁk{oﬁl.whljal@ Ibﬁndimd edlhvddsit fidtesiagd @@B@Hfmspfog
apsor pl ng :‘ a. SNO sture uptake,
ot i ng. ardtipie pofiediytthe SR Eiiellved PG, B FalBRea PR v aihatlisBin,
mat eri al aBKh agsuper ghl@egal@(erg fToex Wk wa$1q:|er GlekGnrb), aydl epaicg resinsauoli gh tweoparct
with wat erhc}{ﬁdp% PoxyMthate GANLRRSCSELINGIEE o E‘éﬁ@"l t%E ﬁélﬁdé %?’ Ardite F’h%r %%ge -

di stributi f"wat e our wthin tura
Whi ch ¢ her&mliE g Sallers PooLid dagiomt .8 GanAiEiag, by D mdighigiepoxy

di f f usilen mﬁmmtspﬁenwppupwm drﬂﬂ HehétsdnOprotihéd (NaﬁlMWd(Eﬁ)J lahg, 45 Bhan

relatively_sna | fferences aI ressuyre wat er pour

~given di ffeé)%%b%rqdﬂcrr mt@ %’E‘S‘PZ& tlg,ﬁaxagppf@yll pm&?l”' SI on
l'i mitati ordidrpined <d@%i Eafbﬁen(dnabﬂ:tylmmahmthﬂh}ﬂmnbl hglG¥ererial is as close as
25 possible to the horticultural produce. It is inportant that the

wat er - absqrbent | ayer still be able to absorb liquid water even after
equi |l i br at I 1 ative humdity environments. This is because the

{el ati ?1? humi di’ltlié W@&i‘%s&%@ﬁtﬂhy@ﬂ ! 88 Ay Qﬁ’fa‘bl&%a&éﬁaﬁ'thﬁtr i%dlsl&ﬁble; gf
i ca SQ as .no ou roduce e
7o ©os0d biBmgRefin , Mkaly G HaPaiL Sidubl R iropd yee it ks RRtaEE B e ¢ o
function a@nanisswuyﬁemmdﬂngmepmes even in these hi gh hum di ty
condi tions. Furiies oy %sd&gﬁhﬁﬁ*eglapﬁcﬂgoatseg tbfaboil '1'0 '&ﬁéu?%"%g 1][6
pin relative

function of the water-absor ayer 1Is to assl st
humi di ty Srgughsontag Yakk wates V&pOWpWM?m cquggpses Oﬂaﬂtf W@iﬁf ﬁé@éslémﬂ | ¥he¢ o act

as a reeedudiitutionr ofalhter Wap&ir Wihishe BYAARE BF @orifduRitdl heoRRE iis Raktie tRreduct .
are gradients of temperature is limited by the rate of diffusion of water vapour. The
diffusion limitation results from the relatively small differénces of partial pressure for
water vapour for a given difference in relative humidity. Accordingly, due to this
diffusion limitation it is desirable that the water-absorbing material is as close as

25 possible to the horticultural produce.

It is important that the water-absorbent layer still be able to absorb liquid water
even after equilibration in high relative humidity enviropments. This is because the
relative humidity inside sealed packages of horticultural produce is typically, and
preferably so as not to dry out the produce, above 95%, e.g. 98%. Consequently, the

30 water-absorbent layer must still be able to function as a liquid water reservoir even in
these high humidity conditions. Furthermore, it should be noted that in many instances
the function of the water-absorbent layer is to assist in keeping the relative humidity
inside the packages at optimal levels, and not necessarily to act as a reservoir for all

water which evaporates from the perishable product.



14 The water-absorbent |ayer is preferably capable of absorbing at |east
10% of its weight in water fromliquid water after being equilibrated with
an atnosphere saturated wth water vapour. Suitably, the water-absorbent

| ayer is able to absorb at |east 40, preferably at 5 | east 50 and nore
preferably at |east 60 g of water per nR. The water-absorbent | ayer may
conpri se polyners capabl e-of absorbing hgquid water or water vapour. Such
polymers tend to swell on absorption of liquid water. Suitable

wat er - absor bi ng pol ynmers include starch-pol yacrylonitrile copol rs (as
described in J%&&&&%E&bm&lﬁmﬂ btafmaulypmpyldbbflabmbmgiaﬂwﬂé&’/@ésfér| bed

B

sel f - cr osswith mktaryapotityacr yl at es obtai ned by a reversed-phase suspensi on

pol ymeri zati Onp yvtﬁzsﬁhé%ﬁ gﬁéﬁoﬁ!ﬁg ldaféf QEaﬁQ%é%Q&%QQt least 4@, pRAFGEDIG YL

products of a type mer and.,a cyclic anhydrlde (as
descri béd Yeast3p. anémyplwgiﬁly arladt PB S WWERP"H%)I yacryl ates (as descri bed

in JP 15 84305/ '1119@%ter%@&%%ﬁﬁﬁy&%ﬁﬁ%bm@n@@bSIYhﬁh‘ﬁCiﬂﬁm@‘mﬂﬁ@@fbﬁ"g Liyiid

al cohol s. For exanple a suitable water-absorbent rci al
filmof polyer Ay WASTCHIRAUT: Hateh; ROlymEEs e i@ sHel gt 8 téqugﬁfiqglgl m’rg in
wat er abovm&@lé:ﬁa?@v@so %ﬂolymérsmﬂcm&ybtaréﬁhﬂﬁmommfe sopolymers (as

wat er - abso b| sed d e dp
quantity of® )5@95%#9%( ’sCIOFSn %ig‘?%ﬁg‘g?a Efﬂ ﬁesﬁg?%ht g{]of 20
pr eser dét |3£ﬁ72§1966), tmaponigied| |wnylt dsteriethylenicallin gensgfuraied moatboayli¢ o aqidand

pref erabl y Jé‘r Bt erd ;%gﬁeskpo% P %3@?9?9178? Nsdifigrodeiiaithg %wéeg@ﬁtadobaam@a by

fruits. mers_are. preferably, provi t
filmin vmrmrqedr@h,@aﬁ espensien pobawsization Pweﬁéﬁéjéi%a?fﬂﬁ%o%rhf ?@7 1?8@?8 N of
the film tlhegaad%ﬁtﬁrsaﬁ@g oy apﬁ&?ﬁhypiﬁtfﬁlmaﬂp@mym& hﬁd\mmwadmhwdhzﬁ(asl ayer
conpri ses C S el lu e
soft, har d¥6 B‘Hb"&]!' ‘%e’% %HQ% 15@% ou’?oéﬁgmﬁﬁ gl ggrstogrdceg&]mse\&e J?t wood
such ad5 f%%i&@ﬂm ePrefiirreel pdlymisdc alataialyinefude pelyvimd elaohelsc &or gxmde a
materi al . d(g&ﬁ 88 Hiln B i hbéoﬁélolﬁ@ﬁﬁed
(pul ped) %ﬂt%ﬁf;e t gr B{] g%n?aﬂég q%?%\@%ggce T]% ulfg&lﬁ}bﬁﬁm | aI
conpri se prQlublmmwlﬁoW%ﬁﬂbb@F QS’XHbée i Wates aboyer&” ﬁ’a{?PV@I’fb’PetIhéX SI c 30
materi al rray COTRY h2@ufitbt ¥RfkerPAHsBrbatp uprﬁe@t@beuseaafmemebmdmgf drbtbe.
Sof t wood g es, typicall hav | bre tﬂggsme ers SRAHT 1P srta glyout
45 pm and lfJB g‘l‘%‘%ﬁ“ uty, g eg o) tit i bres typically
have f |210r epxdsavmtom steafbut msuall)ahomin the ramgaacbf)ﬁom:{lzo@m(ah dlld @F‘ﬁj@#ﬂbly Oy om
about o? B@ W 6.2 s 16: gl"{# sze gfglglgg blaﬁuﬂay further conprise
synt hetlc res such as: me wn po yet h }/ ene &) . : .
Water-absorbent polymers are préferably provided in the form of a film in
which the polymer is present in the range of from 1 to 100 g/m? of the film.
Ina particularly preferred embodiment, the water-absorbent layer comprises
25 cellulose. Suitable cellulose material can be derived from soft, hardwood or semi-hard
wood sources. A preferred source is a sofiwood such as, for example, pine. It is also
preferred that the ceflulose material be derived from a source which has been
mechanically processed (pulped) rather than chemically “processed. The cellulosic
material may comprise up to 100% softwood pulp fibres. Alternatively, the cellulosic
30 material may comprise softwood pulp and up to about 33% hardwood fibre. Softwood
fibres typically have fibre diameters of from about 35 to about 45 um and lengths of
“from about 2 to about 5 mm. Hardwood fibres typically have fibre diameters of from
about 14 to about 32 pm and lengths of from about 1 to about 2 mm. The cellulosic
material may further comprise synthetic fibres such as melt-blown polyethylene or

35 polypropylene, which may improve the bandling properties. In a preferred




35 pol ypropyl ene, which may inprove the handling properties. In a preferred
A5 enbodi nent, the water-absorbent |ayer does not conprise super-absorbent
materials such as carboxynethylcellulose (CMC). Preferably the
wat er - absorbent layer is a paper material conprising cellulose fibres. -
Exanpl es of suitable paper materials are those which have low |l evels of 5
conpressi on such as, for exanple, the PAB, BRL, EGF and BETA2 toilet tissue
papers (ex. Kinberley-Clark Australi'a Pty Ltd). Suitably the papers have a
specific weight (nmass per unit area) in the range from about 10 to about
40, prefer @m%wdamm theowater-2bspabent Isyendpordiosd qonuiise svbgr-aisothent Bxafesialbout
30 g/ n2. Sghg@ghﬁﬂﬁggﬁk Wodseqcvpaye a high level of "crepe”, having a
ce are

rati o of actual _sur ato projected area of 10 fromabout 1.3 to
about 1.6, for &¥eEMbY Hsoutter-absorbent lauerds o paps pasieriphgappaing selYlosas a

t1 BBCanSS @ordst Ofmx llbb f@sﬁﬁbﬁ@@i&p%roﬁﬁ&daw @:feeﬂﬁ»gb }Rrv]ﬁibﬂrﬂa&@?u{v &geLsoBﬂb?ut
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i ncl ude- f ag; i ssu f | T t ]

K mber ey PES kARG HnE AR Sronh aBFRCIT KBS A0 Grefich B i Bhvo .

del i cat e t abkutviSpurkmere prieriieky alyouti14rie shout Bl g/m’ Pt Suilable, papenthay gdis) s,

for exanpl tepin rl eﬁaég%g% ' |l E- ] pa 20
Pty Ltd ol i Ig?élr? f, &]Eegg “exanp %Qél%tadngi; ?&@%ﬁuﬁ%ﬁ%ﬁaﬁé&é@ﬁ@%ﬁtﬁ%ﬁi@b& ar k

paper towel |1
Aust ral 1% yli%\tﬂ?ﬁit% ut d ey €p% exapple abaidid No. 42 Ashless (0.01% filter
| Raper lex- -\Wat mhe v&a}%&r&ib@@bbﬂnmyg%tsditabéﬁhg}; Buhitheess ﬁaﬁ&hlsaboﬁollﬂfoeamhe ex.
ustralian per ) ctoria tralia. a
oref erreq LLbaaFEDY EinaBiRR ook 10 end SoB bREAHIEE oyt D Bieboutys
fibres and%hgs.a specific weight (mass per unit area) of from about 10 to

about 40, pref %@%@ferfﬁg%@&glr%?%%gﬁai%yg%% zg%hﬂ:{er@re%ﬂ Bndild] SEHEAE@S 0O

from abgut 40 to about 110, rom about 60 to about 95 m crons.
vat er  viapofiPHaboRe hVdSmanierabpay dP NS e i nner | ayer nust be wat er
vapour - per neabl Bxhuples dbstirnbhathble pappemanpaleincli@let facidl dsst@s, efor ieRatpre =
wat or - absoKBEAE | SR TS <& RUBPeisRLhEe MRAL: KD L deps foveotne
packagi ng foprezdunk, Kinewipesie delnente task evipeh el Kitnbedey-Cliryudestnatip Pty déd.avay .
/gdn; Bfgglhi SRR t\?\g?lg}; fog E%%ﬁﬁl? BR18ke 558 iRBFEREH Bval ok RIS ERF I HONERENAN MBY
20 thy Ltd, paper towelling, for example Kimdri™ roll towel ex. Kimberley-Clark
Australia Pty Ltd, filter papers, for examplé No. 42 Ashiess (0.01%) filter paper ex.
Whatman International Itd., and Butchers papers, for example ex. Australian Paper -
‘Mills Company Pty Ltd, Victoria, Australia. '
In a preferred embodiment, the water-absorbent layer comprises cellulosic
25 fibres and has a specific weight (mass per unit area) of from about 10 to about 40,
preferably from about 15 to about 30 g/m?, and a thickness of from about 40 to about

110, preferably from about 60 to about 95 microns.

Water vapour-permeable innex layer
30 The inner layer must be water vapour-permeable but substantially impermeable
to liquid water in the water-absorbent layer. This is to prevent water present in the
water-absorbent layer coming into direct contact with the surface of the packaging
produce, ie. the inner layer should "seal" liquid moisture away. Although some
confignrations of the packaging of the present invention may enable liquid water from
35 the water absorbent layer to penetrate the water vapour-permeable layer, such pressure




35 the water absorbent |ayer to penetrate the water vapour-perneable |ayer,
such pressure 16 is typically not exerted in the packagi ng of perishable
products such as horticultural produce. In some circunstances the water
vapour - perneabl e inner layer may allow liquid water to cross fromthe
surface facing the perishable product to the water-absorbent 5 |ayer,
however, it is preferred that the water }apour-pernmeabl e inner |ayer is
substantially i mper meabl e to the flow of liquid mater fromboth surfaces.
The i nner an be co d of .a .number o hobi c. or rogphilic
pol yners st Wrisally ot 2 ﬁlep?ﬁ ckoging|0 Gl ekl Do b %ale%gcrﬁgwmrs.
The physi galdusé.ate of the pol ymer shoul d be such that it is freely or
partly perneable to 10 water vapour. In a refer dlrrentIl ﬁﬂhqfer
sheet is conposdHSERE GIGERSIRNCER Sif BHALKIRD BF%(I‘ ers S8 P eliQRaE ¢ |
freely per maablte ciess\Wed rthe aptfte facﬁng)fﬁeepaishalﬁslp&bdlmeto tthe tamergmsmzbgat of

| d f h b Kk h
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% nore sst an rface
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ar ea %@ﬂ%ﬂ%rolrasvaﬂenawc%m F&%‘rﬂ O?reaﬁn Evalyfiag; af 2y
preferr ed MSorqferfd@ﬂaﬂi ifflghsi &f thysaapds@ﬁierer;rairtpagémemswobbraﬁbrﬂc@ naeieafiquine,

et hyl ene viny. and d rh | (o]~ S g[o]
| ayer The Eac a"g‘.sﬁ’éﬁ%% & & ]f‘ar%ﬁ Eé‘ &téc?%cﬁgﬂ%ee an e‘kker ngﬁp 0 ?dgﬁr tjfﬂr?g
| ayer. Typiodudtiop oftsheh watayialst is &rQOWayetha ag't,tf@medlplﬁse&ﬁﬁ to t he
outer |ayer, hOFﬁ‘:Y&ébly, e Rackagiadr- abfd iRdert lh%r NYERised sfun-tmd n
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at least 16 g/m” and can withstand a hydrostatic pressure of at least 10 mm H;O. The
degree of impermeability to water of this layer can be readily measured according to
methods known in the art.
The inner layer is preferably bonded to the water-absorbent layer. Preferably,
25 the bonding is over less than 5%, more preferably over less than 3%, of the surface area
of the inner layer. Any suitable mean of adhesion may be used. A preferred means of
bonding is by a heat-melt glue such as, for example, ethylene vinyl acetate and
hydrocarbon resin (ex Bostik).

30 Supporting laver
The packaging material may further include an external supporting layer.
Typically, the supporting layer is bonded in some manner to the outer layer, however,
the packaging material of the invention may be in the form a bag placed inside a
suitable container, wherein the walls of the container can be considered as the-
35 supporting layer(s). The function of the supporting layer is to provide mechanical




35 supporting layer(s). The function of the supporting layer is to provide
Jrechanical 17 strength to the packaging material and may be conposed of a
nunber of such materials well known in the field such as a corrugated
paper carton. Process of manufacture 5 For the avoi dance of doubt, the
features and enbodi nents of the outer, tie, adhesive, water-absorbent and
i nner layers of the packaging nmaterial déscribed above are equally
applicable to the tie and adhesive processes described bel ow The tie

process 10 The tie process involves applying the tie |ayer qf | ten,

pol yol ef i nstengiinie RaparkeciissHrtsemk Y?ée&a@wﬁ@goftw% r@%_svgij@ﬁ%&slﬁls
pol yol ef i nwielt knB®ntih ¢hd B1E EucheasRaBMfkatddepaptesdiidnl Ng product to pressure
and allowi ng the packaging nmaterial to cool. Preferably, the tie layer is

applied to the water-absorbent |ayer by an extrusion process. In the
ext rusi on Praessssf mirngadiure | ayer is applied as a coating of nolten 15

pol ymer b. Th er_l.ayer sQ. b ' |
extrusi oérll\/l:J ropgglgl,tﬁet %i‘é({l g|}ilsce Je?%oél- éxﬁ}eugeﬁgﬁggp?%gggg gﬁ@%@??y EZ‘L?Y iog%g’?lge’out er
| ayers hav e, wpisi-abshrbet endunnsy ilayers offthd prokgeingematgrinkdesgibet thave, tie

and out er LRYZhaS SftROS el A Gve FRRCREEASKIB.pBARES the | ayers

bond toget her "an Itates the inpregnation of the tie layer into
t hey-water 20 absorbent |ayer. Suitably, the pressure applied is in the
range fronTabgeprokéfy to about 1400, preferably from about 350 to about

1000, f ly f ; t 400 t bout 800 d t f bl

from athlt 430 Ahe ApBEeeSaRoREnarbpgredisfip Ayen e oy pisR i R ExEr T o
- means of agiplogheny layes sapphyeng shet outpabayer id prdydefimito tthy Gadhya, nkposistheoi nt .

A sui tabl eﬁhﬁn@%&%ﬁ@h@%u&%ﬁ aﬁﬁaﬁﬁghﬁ%a@hﬁ%ﬁﬁaﬁ#&@c&?@ced in close

proximty to ea he tie layer©is 1n State_ when applied in
the tie processPreferablyythertie joggicis apliad & thsrwater-abropbany layery taBrexdMa0B when
appl i ed :ﬁpxbth@s.t | B ![ﬂ?é’%ﬁm%sﬂtiﬂ @rdﬁ@dls; a:lnieft_&t aﬁy@{ ii§_a§j[diiécﬁ|a$3h a@:hi(}:%vgﬂ nthﬂtflgo t'
raisin e .t enper 0 e pol yo in material to fro about . o]
Sbout 350, PUVEPE B T SR HBEE 0500 B OUSoa Ml RSB BF 8ResalFyn 1 om
about 225 procedspthtit i2,/beCexthmionepracegpke, about 250 C.- Heating the tie layer
and optionally ut. er, ' I ' ' . r(s)
OBEE UBEE hud BUEF Infed 1305 REE UERIG, 1R AR WonipR it UG

as extrusion coatings In an extrusion p onal l'y
be cool ed Weter-Resogesingt tioandhewer yeragployporgd e asesgrie. Tiyspresiure RBFHsFsethe

chilled rolab&kDonBYopRhsSHMl BlilRat Bhd @hplegnatitid 8Pthe tié Sefaher thalwarsy be
20 absorbent layer. Suitably, the pressure applied is in the range from about 275 to about
1400, preferably from about 350 to about 1000, more preferably from about 400 to
about 800 and yet more preferably from about 480 to about-700 kPa, for example about
550 kPa . - |
A preferred means of applying pressure is to pass the material through a nip
25 point. A suvitable nip point may be that generated by two rollers spaced in close
proximity to each other,

The tie layer is in a2 molien state when applied in the tie process. The outer
layer is also preferably in a molten state when applied to-the tie layer. This moiten
state is suitably achieved by raising the temperature of the polyolefin material to from

30 about 150 to about 350, preferably from about 200 to about 300 and more preferably
from about 225 to about 275 °C, for example, about 250 °C. Heating the tie layer and
optionally the outer layer is also conducive to applying the layer(s) as extrusion

coatings in an extrusion process.
_ The material may optionally be cooled at the point or area of applying pressure. -
35 For example, chilled rollers may be used at a nip point. Suitably, the material may be




18 <cooled to a tenperature bel ow 100 C, preferably below 75 C and nore
preferably below 50 C, for exanple to 45 C, at the point or area of

appl ying pressure. After the material has been exposed to pressure, the
material nmay be cooled by passing it over one or nore rollers, which may
optionally be chilled. 5 Optionally, an additional pressure step may be

i ncl uded before the application of thel®uter layer to facilitate

i npregnation of the tie layer into;the water-absorbent Jlayer. If such an
addi ti onal ny be cooled

rogess step i s enployed, the two-1ayer construct e

at the poi 01?5 fﬂa?éamagra%%gﬁlagfs ¥h°C.sprefemsbly balaws75 oF andrippresticmalyd
cool i ng arkelew SO Foradmplices &451°0, hitha thodit drfaréahﬂ'a;ﬁﬁiyﬁig fesduge, Whi ch the
outer |ayer has,10 B%en algﬁl | eg. When an addition pres’fﬂg{le ﬁt e@?li

i ncl uded, it is"%ﬁ% e iapPHaligs Recp pRased (f Bressug.cthe aterighingsebe Fopled byt i n,
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of the&ée%{(})@g11 surface. In the case of 1iquid epoxy and am ne adhesi ves,
y

the ep n may be applied 30 to one surface and the epoxy hardener to
t he ot her. OptiSwmi@mbleyequifteepafokaigs rgnu@icidcadl pakache sxpeiabasing fhcedsur e
in order tp f.acihipa ' he surfaces and an even

di stributi oon eo a]%j%eéllfpve ?bg)t@gg%htg%g%tsgéér s. Packagi ng and perishabl e
products 35 The packagi ng material of the present invention nmay be used to
i nhi bit o7k atipdsthve frhesdet erioration of any perishabl e product during

storagg, and/ or .transport However . .
%o 'Ithe AdBesive process mvolves applying an adhesive to one or both of the liquid

water- and water'vapour-impenneable layer and the surface of a water-absorbent layer,
contacting the surfaces and allowing the adhesive to harden.-
The adhesive may be applied by any suitable means such a spraying or contact,
e.g. rolling. Preferably, the adhesive is applied over subsiantially the whole (e.g. at
25 least 90%, preferably at least 95%) of at least one of the surfaces to be bonded. Where
the adhesive is applied to both surfaces, then the adhesive is preferably also applied
over substantially the whole (e.g. at least 90%, preferably at least 95%) of the second
surface. ' ]
In the case of liquid epoxy and amine adhesives, the epoxy resin may be applied
30 to-one surface and the epoxy hardener to the other. Optionally, the packaging material
may be exposed to pressure in order to facilitate good bonding of the surfaces and an
even distribution of adhesive between the layers.

Packaging and perishable products
35 . The packaging material of the present invention may be used to inhibit or retard
the deterioration of any perishable product during storage and/or transport. However,




19 the packaging materials and systens have been found to be particularly
sadvant ageous as preserving horticultural produce such as fruit, vegetables
and fl owers. Exanples of such produce include: brassicas (e.g. cauliflower
and broccoli), leafy vegetables (e.g. lettuce, celery, bok choy and silver
beet), root vegetables (e.g. carrot, parsnip, radish), 5 fruit (e.qg.

citrus, table grape, tomato, mango, r anidut an, | ychee, stone and pone fruit)
and all cut flowers (e.qg. native or exotic species) The packaging
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fact that vvate at “a stantiall'y | ower
suitably stored and/or transported.

~ As used berein, the term “"substantially wrapping the product" means most, if

25 mnot all, of the perishable product is surrounded by the packaging' material. As noted

above, the methods of packaging of the invention do not necessarily completely

‘exclude the flux of air between the inside and outside of the packaged material.

Hewever, this flow is nonetheless typically by diffusion rather than mass flow. The

length of the diffusion pathway is typically .set by the amount of overlap between the

30 .layers as described in the seventh, eighth and ninth aspects of the invention and is

.dependent on the type of produce and the application. Ideally the length of the

diffusion pathway and the resistance it offers is sufficient to minimise the loss of water

vapour while enabling the sufficient flux of 0, into the package and CO, out of the

package. This process is aided by the fact that water diffuses at a substantially lower

35 rate than, for example, carbon dioxide. Furthermore, as used herein the term
"substantially seals the container from the atmosphere"” is defined in a similar manner.




35 rate than, for exanple, carbon dioxide. Furthernore, as used herein the
term "substantially seals the container fromthe atnosphere” is defined in
a simlar manner. | 20 Bioactive nolecul es The water absorbent |ayer may
conprise bioactive nolecules, or precursors thereof where the bioacttve
nmol ecul e is rel eased upon exposure to water. Preferably, 5 the bioactive
mol ecule is volatile and able, to penet3tate the water vapour-perneabl e

i nner layer. In one enbodi nent, the bioactive nolecule is used to limt the
group and/or reproduction of a m croorgani smsuch as fungus, bacteria and
moul ds. An exanple of such as nolecule is SO2 which is provided as a
precur sor, BioabtivxabkRbglesret abi sul phite, 10 and rel eased fromthe

wat er - absor bent_ Jayer on expﬁ)sure to water. In anot oj enbodl ment, the

bi oacti ve nol ec %“faéefaﬁq’;@rb% RYGTIMAYCHIRISE PIRgFiEH molequlesy OF RIRCHSOFhat
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qual ity _of the roduce can he nced I ncor ans of
regul a%(p léﬁ%fi&ﬁm e‘@??"g@?@é&ﬁf@ﬁ?“&’&ﬁ%ﬁoﬁlgﬁﬁ?%@d by any -means known
in the art, hovmveﬁothfﬁ emodmaﬁtetﬂeetﬂxdabﬁ&e t:ﬂmls(:ml& &clabRryv esl mgu]itcag: Platst em
conrprlsm encl osur ate t e en at mospher e .from an
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into the eaghasad 1ahsmsRbaL gontrol neans for causing the punp to
comencge operatlon \Aﬂﬁi g gm en 30 concentration of the encl osed

at mosphere is 1Q&er blwaﬁ:“f& pplsgdics oF Hesarh therrpt whsredhe biracne melacylsr
causi ng t ke rgleapd tupos RRBEOP &S alata fhes xﬁrth@meleagmg:@maﬁﬁlr@tt};erpxe&eﬂthe

encl osed %V%%BH%ﬁrea)éﬁ %dﬁmgwﬁrte e&sggﬂh&emtgam mum concentration; and

J

Control of oxygen content

20 ‘When transporting and/or storing perishable products using the packaging
materials, and methods of use thereof, of the present invention, the quality of the
produce can be further enhanced by incorporating means of regulating O content.
Oxygen content can be regulated by any means known in the art, however, it is

preferred that this is achieved using a system comprising:
25 an enclosure to isolate the enclosed atmosphere from an external atmosphere;
an oxygen sensor for sensing the oxygen concentration of the enclosed
atmosphere;
a pump for pumping the external atmosphere into the enclosed atmosphere;
a control means for causing the pump to commence operation when an oxygen
30 concentration of the enclosed atmosphere is less than a predetermined minimum
concentration, and for causing the pump fo cease operation when an oxygen
concentration of the enclosed atmosphere exceeds a predetermined maximum
concentration; and
means to allow egress of the enclosed atmosphere from the enclosure during
35 operation of the pump. '



nmeans to allow egress of the encl osed at nosphere fromthe encl osure during
+35 operation of the punp. 21 The neans to allow egress of the enclosed

at nosphere fromthe enclosure during operation of the punp preferably
conprises a flow path, the flow path being configured to allow mass fl ow
of the encl osed atnosphere out of the enclosure, while Ilimting diffusion
between the external atnosphere and thélenclosed at nosphere. Such 5

enbodi nents provi de a passive nmeans to allow egress of the encl osed

at nosphere from,_ the encl osure duri&g operation of the punp, wthout
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operation
stored For example an enclosure containing a pallet-load of respiring produce may

(l)rage

have a venting tube of not less than about 30 centimetres in length and no more than
- 25 about 4 millimetres in diameter or cross sectional dimension, However, where the
* enclosure containg a pallet-load of high respiring produce such as cauliflower or
broccoli, higher diffusion rates may be acceptable without causing a rise in oxygen
concentrations, such that a shorter flow path may be provided. For example, the
‘venting tube may be about 15 centimetres long and about 4 mm in diameter in some

30 such cases. High respiring produce refers to produce having a high respiration rate.

In alternate embodiments, the means to atlow egress of the enclosed atmosphere
from the enclosure during operation of the pump may comptise a plurality of baffles,
the flow path being provided by an aperture in. each baffle. Preferably, the baffles are
placed in substantially parallel alignment at small spacings for purposes of

35 compactness. Preferably, an aperture of cach baffle is distal from an aperture of each
adjacent baffle in order to increase an effective length of the flow path, thus increasing




the flow path being provided by an aperture in each baffle. Preferably, the
baffles are placed in substantially parallel alignnment at small spacings
for purposes of 35 conpactness. Preferably, an aperture of each baffle is
distal froman aperture of each -adjacent baffle in order to increase an
effective length of the flow path, thus increasing 7 22 a diffusion path

| engt h between the encl osed at nbsphere 2hd the external at nosphere. Again
the diffusion path | ength may be determ ned based on a respiration rate of
produce within the epcl osed at nosphere, such that diffusion into the
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supply e syste al.vani c cel| - e . .sensors ep i.cul ar sul tabl e
't he Dy stveoth® MEtsBune! e seceaiiohe fordh dbs gfayine B i) pe
oxygen sensmcsnipgiondt be nmmtained uxlry clapady thaidesiedlévde a substantial ly

cont i nuous i ndi ' : ' LA :

el ectrochemn calf@%% %%éeggﬁﬁgﬁéﬂgggﬂre?tg?%@?u%? &}tﬁgqﬁgﬁ\i}é%%)écbr%%ﬁ@vguch a
cont i nuous®f eiEeRcPRGsBrtiony Bseferablye thecamiveem sensar jsraogalyenicresll-rpe yemsom wi t h
a subst antdpkdble MHRLAER S 65H 85eRatt Poweh Sor%Y I} HERERRALEBtdoORot itpds8d

bel ow é?e %’ggtdqeﬁ&grm ned mini nrumconcentrati nullge el or I‘Iﬁlg}% abgve the

pr edet er'm HEGWEXPRIF EGHEEMERS: 9 A BRRAE| SUPP °| BTG EHIAMGEFY P
concent r atsensort ardpartiorlarly sosaily mrtiendyateneadf e mrestasinvegitibey diurthEh@onygen
sensor may, - r ' I . Of Lake
Ave. o5 oo can 5P SERA seRfRE LR WAL s PEvidtn SRR

whi ch pr ovicaEBuesyigdication v cyeen icorcerizasen: dratied oply dpry ok t dectgbsmical
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for tepgperature congﬁ sati on, f or, use, of uch aﬁgls}ensor i n varying
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mat eri al . thooxpgearpheniratiomailive below the predetermined minimuam concentration level
or rising above the predetermined maximum concentration level, thus allowing the -

oXygen concentration to be more closely maintained at a desired level. The oxygen
sensor may be a XE-25 sensor produced by Figaro USA, Inc, of 3703 West Lake Ave,
25 Suite 203, Glenview, Illinois, 60025, United States of America, which provides oxygen
concentration measurements from 0% to 100% concentration to an accuracy of within
1%, and incorporates a thermistor for témperature compensation, allowing for use of
such a sensor in varying temperature conditions. . '
The enclosure may be made from any svitable material. For example it may be
30 made from a plastic material such as polyethylene to form a polyethylene bag.
Preferably, the polyethylene bag has an opening large enough to enable respiring
produce, typically held within a container such as a carton or box, to be stacked into the
bag while on a pailet, sach that sides of the bag may be drawn up around the stacked
produce and the opening sealed in order to form the enclosure. Alternatively, the
35 enclosure could be a conventional freight container used to transport produce by road,
rail, air or sea. Such containers are typically metal.




30 made froma plastic material such as polyethylene to forma polyethyl ene
:bag. Preferably, the polyethyl ene bag has an opening | arge enough to
enabl e respiring produce, typically held within a contai ner subh as a
carton or box; to be stacked into the bag while on a pallet, such that
sides of the bag may be drawn up around the stacked produce and the
opening sealed in order to formthe enéPosure. Al ternatively, the 35

encl osure could be a conventi onal frelght contai ner used to transport
produce by roa ai,l ai,ners are typic
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and seal |ﬁﬁxttlﬁ|@ntggﬂcen{l;ggm§taﬁg of stacking the respiring produce may
conprise formng a.central vaid within the stacked produce, in order to

facilitate eveMCRCHREBRw © HWAErT8 08 homsiRgho AtmqshbererEodag cp¢ifpBher e.
during said pumping,
20 In preferred embodiments, the step of sensing is performed substantiaily
contimously. ’

The step of isolating the enclosed atmosphere containing respiring produce from
an external atmosphere may comprise placing a polyethylene bag or the like on a paliet,
stacking the respiring produce into the bag on the pallet, drawing sides of the bag

25 around the stacked respiring produce, and sealing the bag. The step of stacking the
respiring produce may comprise forming a central void within the stacked produce, in
order to facilitate even atmospheric conditions thronghout the enclosed atmosphere.

~ In embodiments in which the enclosed atmosphere comprises a container-load
of respiring produce, the method preferably further comprises providing a rechargeable

30 power source operable to be recharged from the container power supply when the
container is externally powered, and operable to power the pump and control means
when the container is not externally powered.

 The step of sensing the oxygen concentration may be performed by providing a
galvanic cell-type oxygen sensor, and carrying out the steps of commencing and

35 ceasing by reference to an output voltage of the sensor.




I n enbodi nents in which the encl osed at nbsphere conprises a contai ner-| oad
of respiring produce, the nethod preferably further conprises providing a
rechargeabl e 30 power source operable to be recharged fromthe contai ner
power supply when the container is externally powered, and operable to
power the punp and control neans when the container is not externally
powered. The step of sensing the oxyger4concentration may be performed by
providing a galvanic cell-type oxygen sensor, and carrying out the steps
of commencing and 35 ceasing by referﬁnce to an out put voltage of _the
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Si x types apbrtyp@per, potentially useful as the water-absorbent |ayer, were

assessed for their capacity to absorb noisture on a nmass and area basis.

Each - paper tgge was pre-wei ghed and separately placed between a | ayer of
pol yet hyl EBvol ution 15 fabric' (Kinmberley Cark). Four replicates

sanpl es of each of the six paper types were then adhered to the underside

of lids,of_ 3.5 lastic containers filled with approximately 1 cm of warm
(initi Z? Wgﬁuﬁa@ba&or aé‘é‘ae’\%’lcﬁ?ﬂ’aﬁf’é”pg Ht'ai ners were then
stored at 3.5 C for 16 hours. Each paper type was rewei ghed at the end of
t he experi nment |t I e LN I ; ter
absorption capgg{]g?;%&éaﬁ%}l’ é’geél?‘a@{/gge"?.ﬁ aggﬁg;%wh{%/%%%%nt} ?@%Q’ﬁ%%laglagﬁ]s? f1?&é\flence
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0. 1653 .0, 0023 t chers paper O. 3.0. )..1167 92 0. 0047
Paper g Glanand o5t FRlRTDB0AGEch SR TS FREeTTBEYOR 0724
0. 0163 12%hdd QdB&ed to the underside of lids of 3.5L plastic containers filled with

approximately 1 om of warm (initial temperature 40 °C) deionised water. The
containers were then stored at 3.5 °C for 16 hours. Each paper type was reweighed at
the end of the experiment and the results are presented in Table 1.

20 :
Table 1: Water absorption capacity of six paper types. )
Paper type Initial Final Difference | % weight g/em
weight weight _ gain
Filter paper 02232 02330 -0.0002 0 0.0000
Kleenex tissue 0.1419 0.2133 0.0714 50 0.0029
Hand towel - 0.1088 0.1653 0.0565 52 0.0023
Butchers paper 0.1263 0.2430 0.1167 92 0.0047
Paper towelling 0.0986 0.2203 01217 123 0.0049
Lens tissue 0.0561  0.0724 ~  0.0163 129 0.0029

The papers were also assessed for their transmissivity to water (i.e. their

potential to act as a wick). Ten replicate strips (dimensions 20 x 1.5 cm) of each of the

25 toilet paper, facial tissue and paper towelling were positioned adjacent to small
containers each having 15 ml of dye-coloured water, such that only 1 cin of each strip

was in contact with the water. The time taken for the coloured water to travel from the
point of contact to the end of the paper strip was recorded. The area of the strip,




The papers were al so assessed for their transmssivity to water (i.e. their

‘potential to act as a wick). Ten replicate strips (dinmensions 20 x 1.5 cm
of each of the 25 toilet paper, facial tissue and paper towelling were

. positioned adjacent to small contai ners each having 15 m of dye-col oured
wat er, such that only 1 cmof each strigs was in contact with the water.

The tinme taken for the coloured water to travel fromthe point of contact

to the end of the paper strip was recorded. The area of the strip, 25
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- wat er - absorbent ayer c I sting o at hroom € paper FIaVI ng a
20 densi t yAdRPEE-5" g/ n2 and thi ckness of 80 gm (ex Kinberley Cark: WSP);
and Layer 3 - a mater vapour - per neabl e i nner | ayer consisting of spun bond

pol ypr opyl | dens either, 18 or 20 g/ n2 (ex Kinberley
d ark: Evoq%baln?]gﬁ a(ﬁc?y%ycﬁqyﬁ%%’zgﬁpfmatﬁ re glued together through
bondi ng5with a web-pattern (150 x150 nm) of heat-nelt glue (Bostik).
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20  density of 16.5 g/m” and thickness of 80 pm {(ex Kimberley Clark: WSP); and

Layer 3 ~ a water vapour—permeable inner layer consisting of spun bond polypropylene

baving a density of either 18 or 20 g/m” (ex Kimberley- Clark: Evolution Fabric).

Layers 1 and 2 were glued together through bonding with a web-pattern (150 x150

- mm) of heat-melt glue (Bostik). . Layer 3 was then bonded to bonded layers 1-2 either

25 with a web pattern with heat-melt glue, or in the corners and margins of the sheets

when the prototype 1 was used as bag. '

Prototype 2 : Prototype 2 was manufactured in a two-st-ep process. Layer 1 was a.
‘polyethylene of 20 um thickness, which is thick encugh to be essentially impermeable
30 to water in liquid or vapour form. Four different cellulose-based materials (papers)
were used as the water-absorbent layer as detailed in Table 2. In a first step, the watex-
absorbent layer was was bonded to layer 1 using a polyethylene based tie layer (layer 2,
10 um). The layer 2 material formed a bond with the cellulosic material and was
compatible for bonding with the layer 1 material. Ina second step, the laminates fromm
35 the first step and a layer of spun-bond polypropylene (Evolution fabric) were bonded




were used as the water-absorbent |ayer as detailed in Table 2. In a first
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formed a bond with the cellulosic material and was conpatible for bonding
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treated pirhe

i te 52% 60% 65% 60%
unbl éached *therno- 32% 30%

30% 30% nechani cal - unbl eached bl eached bl eached bl eached

Table 2. Technical specifications of four paper types.

treated pulp

EGF PCB | BETA2 BRL
Density (g/m2) 19.5 20.0 18.2 26.0
Thickness (bulk) 70.0 70.0 64.0 90.0
(nm)
MD Tensile (N/75 20.0 16.0 20.0 30.0
mmy} 7
CD Tensile (N/75 10.0 7.0 10.0 16.0
mm) -
Wet CD (N/75 - - - 3.0
mm)
Stretch MD 20% 15% 20% 30%
- Composition bisulphite 52% 60% - 65% 60% -
treated pine unbleached | unbleached | unbleached | unb leached
* thermo- 32% 30% 30% 30%
mechanical- unbieached | bleached bleached bleached
treated pulp '
** converfed | 16% 10% 5% 16%
waste product

15




**converted 16% 10% 5% 10% waste product 15 27 * Therno nechanical pulp
.is anmore crude' formof fibre it results in a strong, tough and abrasive
fibre conpared to bisul phite-treated pine. Average fibre length for thereto
mechanical pulpis 2.8 to 3 nmand 2.2 to 2.3 mmfor bisulphite treated
pine. ** Converted waste product refers to product of simlar conposition
which is recycled 5 back into the prodfcti on system The bonding of the
spun- bond pol ypropyl ene layer to the | am nate was perforned as foI | ows.
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gl ue agéntlackjistohs produetiansysisern.f orm of a bag the bonding of the |aminate
to the pol ypropyl ene may be restricted to the corners and nmargins of the
bag. 15 Prototype 2 was exanmi ned by |ight m'croscopy (Figure 1). The tie
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t hr ough thﬂrﬂ@@dgﬂﬁtﬂnﬂg@m&)ﬁtﬁeb /er 2. 25 Exanple 3. Water absorbency
characteristic h ck n er.lal
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sat ur at i onhe Amfacexcas 9t wai astedithidnitle idhgetipdénd oftlhgdt 2 had impregnated into the
20  cellulose structure of the paper layer rather than simply bonding onto the surface, such
that cellulose fibres were embedded into the polyethylene. This provided a strong bond
and would prevent de-lamination of the packaging materiaL in that de-lamination
would require the tearing apart of the paper layer. However, the cellulose fibres did not
penetrate right through the polyethylene of layer 2.
25 ' )
Example 3. Water absorbency characteristics of the packaging material of Prototype
2 . _
The water absorbency of packaging material of the invention with four different
water absorbent layers prepared as described in Example 2 (Prototype 2) were tested.
30 From each of the four paper types, four 48cm® pieces were cut and weighed. Each
sample was then placed within a dry petri dish (positioned on a 45° angle) and slowly
irrigated with water until complete saturation. Any excess water within the petri dish
was drained and the paper samples were then re-weighed. Samples were transferred to
“a dry peiri dish prior to re-weighing.
35 The BRL paper showed the highest amount of water absorption, and also the

highest water absorption when expressed as a percentage of the water absorption of a




was drained and the paper sanples were then re-wei ghed. Sanples were
transferred to a dry petri dish prior to re-weighing. 35 The BRL paper
showed the hi ghest anpbunt of water absorption, and al so the highest water
absorpti on when expressed as a percentage of the water absorption of a 28
correspondi ng control paper sanple which was not bonded to any materi al
(BRL, 66% PCB, 44% EG-, 54% Beta2,2%4%)). Exanple 4. Function of the
packaging material in protecting produce. 5 An initial experinent was
“carried out to assess the effect of tenperature on caulif|ower curd
quality. Cautspbhdingcontnmapeisiample whishywas miot bertled;te igay maferist (BRLP%F by

abr asi on n @6 . tant tenperature of 20 C or stored at 3 C
for 1 da?@hgﬁuﬁ%g?i}@?g%é%%a?ég@%% 20 C. The incidence of curd bl ackening

was scored as a 10 visual quality index on a scalé of 1 to 8. Exanples of

t he severmmzﬁ@g.epu?&a(};,: (ﬁ%éa};yc ing MaterRi] MlprbréAwiprbwer are shown in

Figure 2. Arating o di cat ed no bl ackeni ng Ile arating of 8

i ndi cat®d extensive bl ackening. Cauliflower curd bl ackeni ng was tenperature
and time depenganiit{dti gpé@mdit. wasAbarBO€ oaunel abless ienieffgctontismperhtae e r api d
rate. Bl ackenjng was,significantly reduced,., 1 . :
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unsal eabl |ty rati . Lt dASscofedCa 4 enoved
from col dﬁﬁéﬁi%g,gﬁgeyggg%%l@kﬁé %K%rﬂg%:gféb‘g? Ig%ékaeﬁ%gt e }%gt was
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120 Pr ot ot yiiepladel LRG0 ShAkAENRigue2 €A ealripvspantioted itebpainigg ng
material in _protectipng. produce fro i sture | oss, experiments were
carried oEi‘fhﬂﬁ/iE‘tfﬁmt‘:%ﬁqn d&ﬁﬁ@%ﬁé@%@%ﬁ?ﬂ&%ed wi thin either standard
fi breboard carCafsflowaxadd biackaiisg ovascdampensirt iand dime depasiast Gligagph- 1
descri bed ve. Frashly. har d4i £1.0 ' odubed
wer ghed - a0e i PRt YR A O RRER MG G lanltRtod Predubed
21 dayks i hy stirageeof tfe cankifibwrtisafiands. Hovavgndwes ot i3prepdn Fxpaseddasir as
used by tpgo rt ' M whd GMSA T hoBBR toSHRRlT B tHY caflishwBe e,
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50 mi cr ongpelgkethbyuflBlackening proceeded at a rate that was similar to the initial rate of the
caunliflower stored at 20 °C (Figure 3).
20

Prototvpe 1

In order to determine the effectiveness of the packaging material in protecting
produce ﬁom moisture loss, experiments were carried out with cauliflower curds
contained within either standard fibreboard cartons, waxed cartons or cartons lined with

25 Prototype 1 described above. Freshly harvested cauliflowers were chilled to 3 °C,
weighed, wrapped in tissue paper and then stored at 3 °C in a cool room for 21 days in
either of the followiig: . '

1. Standard fibreboard cartons, as used by the export cauliflower industry and
supplied by Visy Board (Manjimup, Western Australia).

30 2. Waxed cartons supplied by Visy Board (Mildura, Victoria).

3. Prototype 1 lined carton which was prepared using a 50 micron polysthylene
outer layer (layer 1), 2 ply absorbent cellulose paper (layer 3) which was glued
to the polyethylene, and 16 gsm (grams per. square metre) Spunbond
polyethylene evolution fabric (layer 4). : _

35 The humidity and temperature within each box type was monitored with
calibrated CS-500 relative humidity and temperature probes connected to a CR10X



outer layer (layer 1), 2 ply absorbent cellul ose paper (layer 3) which was

» glued to the polyethylene, and 16 gsm (grans per. square netre) Spunbond

pol yet hyl ene evolution fabric (layer 4). 35 The hum dity and tenperature

w t hin each box type was nonitored with calibrated CS-500 relative

hum dity and tenperature probes connected to a CRIOX 29 data |ogger. After

21 days of storage at 3 C, the caul i fl o¥®rs were transferred to 25 T. For

each treatnent there were three replicate boxes, each of which contained 18
Vi sual quality |ndexes

kgs of caul |tflovver sﬁ% ét'fe sta t g experl nt .
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cool B0 R B D S o, B bbb ™
huni di ty &gopeipappliedtemperotics a?mece Mature heads of cauliflower {Brassica oleracea
variety ‘Chaser’) were harvested and temporarily stored at 3 °C during transport (<8
hours). Upon arrival to the laboratory, the cauliflowers ‘were trimmed by‘removing
green leaf material, individually weighed and placed into standard, non-waxed
25 fibreboard cartons with or without Prototype 2 liner, which was either 20 gsm PE-
cellulose with evolution fabric or 25 gsm PB-cellulose and evolution fabric (6 curds per
carton). The cartons were removed from 3 °C storage every 3-4 days and stored at
room temperature for approximar;ely 4 hours. When retuned to the cool room, a
relative humidity and temperature probe was installed inside one carton from each
30 treatment type. The wires from the relative humidity and temperature probes were
extended to a CR10x data logger programmed to log sensor readings every 5 mainutes.
An additional relative humidity and temperature probe was located within the cool
1o0Mm. ' ‘ _
Both types of PE cellulose wereé successful in maintaining high levels of
35 humidity in resp'ogse to applied temperature abuse. Relative humidity levels, within
the lined cartons, consistently stabilized between 90-95% after room temperature



extended to a CR10x data | ogger programmed to | og sensor readings every 5
mnutes. An additional relative humdity and tenperature probe was |ocated -
within the cool room Both types of PE cellul ose were successful in

mai ntai ning high levels of 35 humidity in response to applied tenperature
abuse. Relative humdity levels, within the lined cartons, consistently
stabilized between 90-95% after room t#hperature 30 storage, with the 25

gsm PE-cel lul ose liner having a higher relative humdity |evel by

approximately 3% Relative humdity levels within the non-lined cartons
wer e 5- 8¥stotagaewithhe 25 lzan RE-celhdose linsd heving anigherrrelative aoddifhisyel b¥sul t s
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di f fusi onElgﬁmE':[ﬁl(?fflﬁrlge/0 f %%w&eﬂﬂlaﬁ% l%%ﬁc"g{ﬂélﬁcm \gg éﬁggecgl;fgﬂ% *ﬁg&st oEyage

at mospher vt thprl dhast of the Lirady eartonsnatornd &8%.-st biress ew%%ltszlsld@ateat}%&
i ncrease bet&t?ge b9 (N%E WirBcifle iR Yreh Eile BANtsiBR Bf mdIgreCiadih OfMghin tthe ough

t he accumul at eat within the cau% curds and the carton
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excessi ve ter |oss Fresh we in t r ot | ined [tons
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' 2.4% in curds enclosed in the 25 gsm PE-cellulose Imer and 2.0% in curds enclosed in

the 20 gsm PE-cellulose liner. Both types of PE-cellulose were cifective in '

20 maintaining optimal storage conditions in response to temperature abuse, however the
25 gsm PE-cellulose was slightly more effective in maintaining relative humidity.
Table 3. Compression test parameters.
Compression Test 1 Compression Test 2
Probe Type: 6 mm Cylindrical 20 mm Cylindrical
Test type: Hold at distance until time | Hold at distance uniil time
Compression . 4 mm {0 mm
distance :
Hold time: 2 minutes 2 minutes
Probe speed: 10 mm/min 10 mm/min
Trigger force: (0.04903 N 0.04903 N
25 In a further, similar experiment, the effect of using the Prototype 2 liner on

turgidity of stored cauliflower was determined. Force testing was conducted three intact
florets from each curd. Each sample was positioned on the base plate of a TA.XTPlus
‘texture analyser so that the stalks of the florets were vertically aligned. Two




Hold tinme: 2 mnutes 2 mnutes Probe speed: 10 mmmn 10 mimn Trigger
sforce: 0.04903 N 0.04903 N 25 In a further, simlar experinent, the effect
of using the Prototype 2 liner on turgidity of stored cauliflower was
determ ned. Force testing was conducted three intact florets from each
curd. Each sanple was positioned on the_ base plate of a TA XTPlus texture
anal yser so that the stal ks of the florets were verti cally aligned. Two 31
conpression tests were applied per floret and the upper and | ower peak
forces wer recorded, from each.conmpressi test (Taple 3). .Table 4 shows
the aver agng e g%ﬂ:ﬁ Ve ?P(?%Egﬁﬁg@%&@gﬁﬁp? |u8%rrarﬁb et ?eﬁlﬁ? CeSSERS f i ed
di st ance (tgopsied fimak edohropejprepatdnaest (Bajde 8prce exerted by florets in
response to 5 i I I .farce).
Statistical ana ysi% sr!}r 0 aftsﬁzée P g‘%rg%ecfdgg{ ?@ugggélcp ﬁ%‘*&ﬁ??‘?@%"?ﬁ?ﬁ? e was
a si gni fi censeifiedsligtencgiunprier peak fonek) pndbecragd Beee exeBed by Gnidis warspensetoel ) .
Florets scup ohin@i®h O 1Eed SbRbRAsivA EM}: tagk AREPT ¥RRisicd iS00

hi gher levels of turgid] tyi)t hgn E( at r(#f} ]fl_ore?'s cu;tS ?Arloér?ﬁ%gﬁlrsds s'?'ofirae

wi thin t heSSHnrPpifeernied thatithem waget Yendicariregimeneticroanst Brope sifect
;:r a;:kl n_glj_ O{S%Efgﬁiﬁ' R8e \waél). 1Boehs @ﬁt\/ﬁgnit BurdB Qrof6H HHLRAL lﬂﬁell)ﬁﬁéf?ﬁe??sﬁﬂéfl
ests. Tabl e Aver a or required.to ress. cauliflower florets
after 4 Web%%gs Q?ﬁ’é%‘g ey s Qfﬁﬁﬁﬁﬂw%no@%@%%qgﬁs ChG o, teed gridin &}ﬁper
Peak Lowernddelied Bomae Shgie def@atationtofRhe ciiorets HelgC erdekingPoD behylps) avasi ner
21.08 13.5 l@ggﬁgg ' 0 : Prototype 2 Liner 83.81 47.17
120mm o Liér?égf3 70. e?g%p]r% c%nnz%réé)sg)éﬁggghow that use of the Prototype 2
~liner significantly reduced fresh weight |oss and inproving post-storage

ggag( ty lofTaM@d.Uﬁeethé €310 rdgd@redl €6 8HinbRAs hulFldvrbr flovdigaflbd ¥ wRBKs GbiagRNess.
anpl e

5..1nfluence on st packi ng cool down of produce. To determ ne
the effect™&ihe, é‘%&@?&g‘?‘r@gﬁﬁeﬁﬁaﬁP ‘i ner on the post-pack cooling of

produce, freshly harvested cauliflowers were individually weighed, wapped

:c gl I Z:M;:?];e gpte; egtr]?re11[1§:r] packed‘ (18 kg) [ﬂ;tp%rlf’%éﬁs whi ﬁgwgropesgkst e | of the
[Probe Type {Treatment ~_|Force (N) - Force (N)
6mm Prototype 2 Liner 21.08 12.50
J6mm No Liner 14.02 9.10
20mm Prototype 2 Liner 83.81 47.17
20mm . [No Liner _ 70.99 40.43

15 i
These data show that use of the Prototype 2 liner significantly reduced fresh
weight loss and improving post-storage quality of produce through the retention of curd
turgidity and crispness.

20 Example5. Influence on postpacking cool down of produce.

To determine the effect of the packaging material liner on the post-pack cooling
of produce, freshly harvested cauliffowers were individually weighed, wrapped in
tissue paper and then packed (18 kg) into boxes which consisted of the following

25 treatments:
1. Standard fibreboard boxes
2. Prototype 2 lined box with aeration holes closed
3. Prototype 2 lined box with aeration holes open




1. Standard fi breboard boxes 2. Prototype 2 lined box with aeration hol es
closed 3. Prototype 2 lined box with aeration holes open 4f 32 Headspace
relative humdity inside each box was neasured as before. T-type _
t her nocoupl es were placed into the core of one cautiflower packed in the
centre of each box, to nonitor tenperature changes. Adam 4018 unit's
acquired data fromthe thernocouples wHi ch were then | ogged on a PC using
Advant ech Vi si DAQ 3.10 5 software. The boxes of cauliflowers were all owed
to cool to 3 C t hen at 3 da i.nterval.s, were cycl ed series
of tenperature I?%%ﬁl{ﬂﬁgf?lgﬁ%eh %r'ﬁf'ﬁ?&a"bf P%t‘?{?ﬁt WETE\MSEL ?‘?‘Fgos
renmovi ng ttﬂierrbwoapleé mm pheed detb theeore opend oaulifhever pashetl &l ttmvwengetdfe
caul i fl owers rmto 13 C prior to hei I d_hack i. ol oom
ool 1 ng 1 o2 it B PhbforcimpsPing phhdect Afaf 4O5F SoRStulinty' Pl RRL T o°
over 10 ttheendoonplehevidch dvere rthay écbgged omnagBCofising Ad;vmte@h YisiBAGadyi0st at e
tenperaurg, g&%reg) Tgélﬂﬁ @fncalﬁﬁﬁg e{eeah we\ﬁeco%m%wcvm thed at ??d AQnd 97%
re t ho

for standar oar boxes ype boxes w aeration and
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Example 6. Alternative construction of lined boxes.

The above-mentioned experiments involved boxes which were lined on the
25 1inside of both the base and the cover/outer sleeve of the boxes. However, because of
brand name printing on the covers and the amount of liner used, incorporating the liner
. to the inside of covers might not be preferred. A suitable alternative to minimise the
amount of liner used was to line the inner sleeve as before-and then place a loose sheet
of the liner over the produce, under the lid, rather than lining the cover/outer sleeve.
30 These formats were compared, with standard fibre-board boxes as a control. The
results showed that the box with inner sleeve lined and a loose fitting sheet placed on
top of the produce was as effective as the fully lined box, both maintained a relative
humidity of ~95% compared to 87% for the standard fibre-board carton, and both

reducing moisture loss by 75% compared to the standard fibreboard box. '

35 '




hum dity of "95% conpared to 87% for the standard fibre-board carton, and
.both reducing noisture |loss by 75% conpared to the standard fi breboard
"box. 35 33 Exanple 7. Effect of wapping produce. To determni ne whet her
wr appi ng of produce m ght further enhance the effect of the packagi ng
material on reducing the noisture |oss of produce, cauliflower curds 5
were ei'ther wapped in tissue paper or 33eft unw apped, and stored at 3 C
for 28 days in fibreboard cartons with or without a |iner of Prototype 2.
Moi sture | oss for wapped or unw apped curds was substantially reduced
when t he |Exmnpleds Effeetlof(bapping poyduce\W appi ng of curds significantly
reduced noi sture loss fromcurds in standard cartons; but not to the
extent of the reduction when the liner was used (Figure 6). This 10
experi ment shovieddetérating whethsewodppittgeofl praducedhighh Girthes guhanse ithel effead wdl

wr appi ng : r @#L‘%Eg | I r Omf; | t he
liner eff gg% ?@gagmgﬁglgﬁﬁaﬁggd‘é or, @n%ﬁegr&zoggﬁ@?i&v@? g‘rﬁ{%s\t/:\%g%pi ng

al one. Exa¥§e &iter wrappqdig tisale RARST fsEIMvEPPEdrandistered pUR Y forodtadays ifhe
wat er absdfitketitlard dérton@Wath drowikRit hawer of PRERAR! B1difu\abarfoy dpgiped dpd

apnl 1 cat; ORHRARS Ry vesy RSkt Fause i e, oo i) yen DR Bht o ¢ he
surface ofWtdppinpodfyatdrydigmécaithoeducddahoisird lvas ol thds én biaydnd wasomjded.
ol yot byt b o 86 Hetextint e A7 PREGLA AL fhel Bfcras G P (Righle, 51 This

posi t | dRedxperimens showed that 8id wseddhe liperrdid et thqhive phdividupywiappingtsifdbs of

gl ue (one RARR: ith reRRE M&iRLIosE! FuffeSMHaNRimAMR! nd? icBEtlivelf shibditited Wwere.
left to dry for hours before testing. Eachh type of glue was tested for

24
bondi ng stPeAY HatmeL: e © thap. WHPPHE Aonondi ti ons. 25 Under dry
condi tions, approximately 50% of the glues tested were successful in

bondi t lLyet h , | 1 ul ) LUt i abrjc' | f th
" her " Bo & (¥l v D et ud e B PR DS vt odrtier e
condi t 1ondaehiaiqpdnee irpagecabie co wate dapaurtdnddigesd 8884 of t he gl ue types

tested successful in retaining their bonding strength. In nost instances,

the cel |l ul ose | ayer gf?ul d be pealed away. fromthe 30 pqgl yet hyl eng | ayer
with little tolgen ddfesentizres Nslpo M ialed neingdwesrpbsElongasiiiodseltheen

the two app figahiethvdghidodiss evERD Gheatd shtol the Werfidd &f theipifycghiensapicae .
. bondi ng n%%i!%?dthiescehﬁls sé& aiyl II'\tJVXS 58da%9ﬂ9 : Q:gco 8l ltﬂlog,s elucla g (saraplglcl)edt cr)] Yo the
pol yet hyl éne 9 ayer. a Far ge proportron o 18?ues § equirertr ougrhened

surfa tayfacy orfdihe ol ysthpdenst piget iy efraight limest hBbg hievolitem fabeicswas dben of t he
positioned on top of the cellulose layer, held in place by four blobs of glue (one blobin
each corner of the square sample piece). All glues were left to dry for 24 hours before
testing., Each type of glue was tested for bonding strength under both dry and wet
-conditions.

25 - Under dry conditions, approximately 50% of the glues tested were successful in
bonding the polyethylene, cellnlose and ‘evolution fabric’ layers of the liner. Bonding
strength was rated as being moderate to strong. Under wet conditions this percenfdge
decreased, with only 30% of the giue typés tested successful in retaining their bonding
strength. In most instances, the cellulose layer could be pealed away from the

30 polyethylene layer with little to no resistance. No bonding differences were found
between the two application methods.

The greatest issue with using giue as a bonding method is its ability to bond the
cellulose layer to the polyethylene layer. As a large proportion of glues require
roughened surfaces for bonding to be effective, it is thought that the surface of the

35 polyethylene layer is too smooth. Whilst the bonding of the polyethylene and cellulose



Is too smooth. Wil st the bonding of the polyethyl ene
have been rel atively successful under dry

pol yet hyl ene | ayer does reduce the
effectlveness of glue as a bonding agent. Options for gluing the cellul ose
pol yethyl ene layers are linited by the. inability of nost glues to provide
an effective bond under wet conditions.3#ccordingly, only 5 two glues
where found to be suitable for use in an adhesive |ayer of the pr esent

i nvention, nanely i Ibex Super G ue Gel which conprises a

cyanoacr yl davers piay havp besy relfivslyasusoenstul tg;sbkm@@nﬂm@as,nsaﬂw@n whithe,
conpri ses olfeibiyithe 18fer Hb@@edu&nﬁéyﬁe@ﬁen@% \Agluelag a%ﬁhﬁ % efgondi ng

capabilities of el.eve ue t r wet
condi ti ons. @BW%@W

35 pol yet hyl ene | ayer
and cellul ose 34 |ayers may.
conditions, saturation of the

fferent en tested
HEE Hacelitlase sRDa o lnyess éﬁ’pllnin\‘,té Py fic APl at i on
Selley's P@f msﬂglueEa@ fprovigé a;@reﬁbctﬁeﬂ@budsmakvet Bofiditibss. Wedkserdingly, kmBack

Acet at e cel.l ul se n evoI ut vol ut n fabr
fabric' g/va ‘gﬁ aﬁ’h‘f‘fg fé’é{‘é‘ﬁ";‘) i g" esfly%ﬁﬂeﬁe @‘F%?Wtene

| ayer. Sel leghion) Glanialygh) This Summ IQjms@eBahnbhlcempﬂaés alpienclyansassglate, andAipt hane
bondi ng ad LVE; b ri es
flexible, @E%éféé;fﬁfalﬁ}ég?ﬁ :c:’gﬂ Ikes’%(ss “"ég}éﬁi@?} {;l%%f etﬁgéggt; jf @ﬁ g{)‘%(;j

remai n bondediamingat er, away fromthe tenperature pol yet hyl ene and chem cal
| ayer. resistant. Magic 500- Bonds netal, No bond between No bond between

Hobby 58O/ L wood, |eather, any layers. any layers. d ue Acetate paper and
nmost pl ast Teide 5. BWdityo Bafabilticy 2@0elBandsi flefenBent typeyeiien Boed indevaak,

conditions.
Name | Components | Description Smear Line application
application
Selley’s | Polyvinyl Fast, wet-grab | Bond is weak, Bond is weak,
Stik-Back | Acetate wallpaper glue. | cellulose and only ‘evolution
‘evolution fabric’ | fabric’ can be
can be easily. removed.
pealed away from
the polyethylene
layer. '
Selley’s | 96% high Multipurpose | Bond is weak, Bond is weak,
Urethane | bonding adhestve; ‘evolution fabric ‘evolution’ fabric
Bond Isocyanates | flexible, and cellulose can | and cellulose
shockproof, be easily pealed remain bonded.
water, away from the
temperature polyethylene
and chemical layer.
resistant.
Magic 500- | Bonds metal, No bond between | No bond between
Hobby 550miL/L wood, leather, | any layers. any layers.
Glue Acetate paper and most
plastics.
Weldbon | Catalyzed Bonds to Bond is weak, Bond is weak,
d - Space | polyvinyl almost cellulose and cellulose and
Age acetate anything. ‘evolution fabric’ | ‘evolution fabric’
Adhesive can be easily can be easily
pealed away from | pealed away from
the polyethylene | the polyethylene .
layer. layer.




d - Space polyvinyl alnost cellulose and cellul ose and Age acetate
~anything. “evolution fabric' “evolution fabric' Adhesive can be easily can
be easily peal ed away from peal ed away from the pol yethyl ene the
pol yethylene . layer. layer. 35 Nane Conponents Description Smear Line
application application 1bex Al pha Slow drying Very strong bond Very
strong bond Super Cyanoacrylate fornmul38 that is . between all three
between all three due Gel e water resistant. |ayers. layers. Selley's
pol yur et hafre—A-selvent—DBonrdrbetween—Bongbet-ween—itigyi-a-based—bases
synt heti ¢ cg | ul ose_and cel ljul gse and Nails - adhesive rubber_ contagt
pol yet hyl len&ams yeCopmonentss  Bgsarinjosy | ype Surean; ng || alsine application
weakened |[and adhesi ve. al t-hdugh evol uti pn_ fapplication " evol ution fabrid nmay
be renovedbexny beAlghaoved eaSibiwydryiegsi | y VeryNardngrbohi quiVerBsinaly Bond
bet ween I/ Fupefont aClardadrylet ar foanula abmt fat, ebetoebh vll daee arldeerrnatlthiwearnd

Met hyl pliagkie@el Ywod, pol yethabersistahldPRbeisal Ethyl Keiere netal,
| eat her, Iayers moderately Strength al um nium strong, al t hough rubber and

*evol ut i {IC TEMOVER HO L NAFOT gse
with No B gﬂééﬁ et w POI {E§¥§‘I§§lﬁﬁl p ﬁ{i%%é@ laye, O%b \*‘gﬁﬁt YHU
Stic VA use Ver y vye A (ﬁagtﬁ et ween iilflr
car dboar d y L 33161;' ot ogr'd Comitac p ylene olye hy eneis
ast Gra% type building | layers strong, weakened and
adhesive. | although ‘evolution fabric’
‘evolution fabric’ | may be removed
may be removed | easily.
ecasily.
Norton Liquid Bonds Bond between N/A
Contact | Hydrocarbon | laminated cellulose and

Cement- | sand Methyl | plastics, wood, | polyethylene
Industrial Ethyl Ketone | metal, leather, | layers moderately

Strength aluminium, strong, although
rubber and ‘evolution fabric’
canvas. may be removed
| easily.
Humbrol | N/A For use with No bond between | N/A
-Poly ' styrene plastic. | any layers.
Cement
UHU Stic | N/A For use with Very weak bond N/A
paper, between all three
cardboard and | layers.
photographs.
Seliey’s | Part A: 100% | Multi-purpose | Strong bond N/A
Araldite | Liquid adhesive. between all three :
Epoxy Epoxy layers.

Resin—5 | Part B: 8%
minute | Amine

Chemlub | N/A | Pressure Bond between N/A
e New sensitive cellulose and
Contact contact polyethylene
Spray _ adhesive layers moderately
Adhesive suitable for strong, although
' bonding a large '| ‘evolution fabric’
range of may be removed

materials. easily.




Selley's Part A: 100% Mul ti - purpose Strong bond VA Araldite Liquid

adhesi ve. between all three Epoxy Epoxy |ayers. Resin- 5 Part B: 8% m nute
Amine - Chem ub N A Pressure Bond between NN A e New sensitive cellul ose
and Contact contact polyethylene Spray adhesive |ayers noderately

Adhesi ve suitable for strong, although bonding a large ' “evolution fabric
range of maybe renbved materials. easidg. 36 Exanple 9. Unsuccessful
prototypes for transporting and/or storing perishabl e goods Nunerous
prot ot ypes where prepared, before arriving at the clainmed invention, wusing
various priscampled. wincicasy@y proteiuras fou Measpartide gudioestoting periebé goady
and/or 5 storing perishabl e goods. These are described briefly below In
one unsuccessful attenpt, the pol yethylene, cellulose and, evol utiagn
fabric' | ayer SNWBemeup Ped@peswhert prgnatad, hgfopo eatying ¢ the glaimed igentan,
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‘evolution fabric’ layers, it could not be reproduced after thie middle cellulose layer had
been added. Tt was also observed that the ‘evolution fabric’ was highly susceptible to

tearing, particularly around those areas that had melted and bonded.

20 Example 10. Effect of packaging material on the quality of citrus fruil during
simulated storage.

Citrus is an important crop that is exported primarily fo markets in Asia and the
United States of America. The primary post-harvest problems associated with cold
25 storage and transport of citrus includes the 16ss of fruit moisture and the developmental
expression of chilling injury. Both conditions limit profitability due to the loss of
saleable weight and the reduced consumer appeal from decreased fruit turgidity and the
symptomatic expreé‘sion of sunken and often darkened rind lesions associated with
chilling injury. The aims of this experiment were to test the effect of the packaging
30 material fitted within fruit cartons for minimizing both fruit moisture loss and the
subsequent developmental expression of chilling injury following cold storage.

The experiment was conducted using 24 cartons each confaining 28 replicate
navel otanges of cv. Lanes Late. Fruit within cartons were arranged in a factorial
design to test the main effects of internal carton liner type (lined versus unlined) and

35 storage at a 1 or 5 °C environment for 56 days before being transferred to a common
observation room at 22 °C for 21 days. Fruit fresh weight and the incidence of chilling
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Example 11. Response of Cauliflowers to modified atmospheres

25 Three experiments were performed to determine the ideal storage atmosphere
for cauliflowers. The first was designed to determine the influence of a range of
oxygen concenirations from 0 to 21 % on the development of curd blackening and
consumer perception of quality during storage. The second experiment was designed to
test whether low oxygen concentrations resulted in the formation of volatile compounds

30 which may influence consumer perception of edour and taste. The third experiment
was designed to test whether the presence of high CO, concentrations at low O, was
detrimental to storage life.

Methods
35 Freshly harvested cauliflowers were defoliated and measurements were taken of

weight, colour (by scanning with 2 Minolta Chroma Meter CR-200), and bruise
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4 10.2% 78.70% 11.1%

5 15.3% 78.61% T 6.09%

6 Air atmosphere

15

0, concentration was measured with a single KE-25 O, sensor in each container.
Adam 4018 data acquisition modules were used to receive the mV outputs from each
KE-25 O, sensor and data was logged using a PC running Advantech VisiDAQ 3.10
sofiware. Raw data was later converted into O, concentrations from calibration curves

20 developed for each sensor. . -

The atmosphere treatments were applied for 36 days at 3°C followed by 5 days
at 25°C under air. A panel of consumers evaluated the cauliflower quality prior to and
after 5 days storage at air atmosphere and room temperature. Treatment 1, which
cons1sted of 0% O, was removed from the sensory evaluation, as cauliflowers stored

25 under this treatment were rancid, and not suitable for consumption. Cauliflowers were
weighed, scanned and assessed for bruise severity before consumer assessment.

Cauliflowers from each treatment group, as well as a repeated reference sample
(Treatment 4 = 10% O,) were displayed in a randomised order to the group of
consumers. Consumers were asked to rate the overall appearance of the cauliflowers
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to to those stored at 2% O,. However, the cauliflowers stored at 0% Oy had a very strong
off-odour and so were excluded from any further involvement in the experiment. Afcer
the cauliflowers had been removed from the modified atmospheres and transferred to
21% O, and 25 °C curd blackening proceeded at a rapid rate and ail cauliflowers were
25 unsaleable within 5 days.

The quality data obtained for the duplicate samples (1 0% 0O,) were not
significantly different. However, unlike the initial visudl assessment, the consumer
panel did detect a sighificant difference in quality of cauliflowers stored at 2 %
compared to 5% O,. Additionally, the consumer panel found that after exposure to 25

30 °C and 21% O, the appearance of the cauliflowers stored at Oz concentrations of less
than 10% were significantly better than those stored at 15 and 21% Oo. However the
actual values (score = 6) were much higher than the acceptable cut off point for
marketing (score =4).

After the consumer panel had completed the visual quality assessment the

35 cauliflowers were re-randomised and the consumer panel was asked to assess if they
would purchase the cauliflowers that were displayed. In this case the consumer panel
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each). The florets were sealed in 6 L containers (2 kg per container) which were fitted
with KE25 O, sensor, control circuit boards and battery powered pumps. After a
period of initial draw-down the O; concentrations were maintained by the pump system
at 1, 2 and 21% O3 and a 0% O; treatment-was imposed by sealing one set of containers
25 completely. There were three replicate containers for each O, concentration. Afier 10
days of storage the composition of volatile éompounds in the headspace surrounding
the cauliflowers was sampled by solid phase micro-extraction (SPME). Compounds- '
were separated by gas chromatography and analysed by mass spectrometry (GCMS).

30 Resulis
Cauliflowers stored at 21% O, produce very few volatile compounds with only
small amounts of beta-Myrcene and D-Limonene detected. At 2% O; octane and
cthanol were evident at short retention times and ethylbenzene and methyl-butanol
were detected at laier retention times, 6.5 to 8.2 mins respectively. These compounds
35 are not expected to have a strong influence on odour. At 1% O, an additional peak was
detected with a retention time of 5.7 min which was likely dimethyl-disuiphide. This
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scrub CO,, whilst the remaining three containers had no CO; scrubbing agent.

Table 7. Range of volatile compounds found in the headspace around cauliflowers

stored at 0, 1, 2 and 21% O2.

2%

Retention 0% . 1% 21%
Time
(mins)
2.1 Octane Octane Octane
2.8 Ethyl acetate
33 Ethanol Ethanol Ethanol
58 Dimethyl Dimethyl
disulfide disulfide
6.7 Ethylbenzene Ethylbenzene Ethylbenzene
7.5 beta-Myrcene  beta-Myrcene beta-Myrcene beta-Myrcene
7.9 D-limonene D-limonene D-limonene D-limonene
8.2 3-methy!

butanol




Time (mns) 2.1 Cctane Cctane Cctane 2.8 Ethyl acetate 3.3 Ethanol

Et hanol Ethanol 5.8 Dinethyl Dinethyl disulfide disulfide 6.7

Et hyl benzene Et hyl benzene Et hyl benzene 7.5 bet a- Myrcene bet a- Myr cene

bet a- Myrcene beta-MWrcene 7.9 D-linonene D-Iinonene D-Iinonene D-Iinonene
8.2 3-nethyl butanol 42 Retention 0% 1% 2% 21% Tinme (mns) 8.6 Hexanoic
acid ethyl ester 10.6 Dinethyl trisulfjpde 10.8 Hexanethioic acid nethyl
ester 02 consunption rates were neasured with a single KE25 02 sensor in

each container. MI1livolt output fromihe sensors were recejived by
ADAM 4018 ynid s .gand Ic')g(%d wth a PGe onput er rupsi ng Vi si DAQspftware.
CO2 | evel s were nonitored 5 peri odi caI/Fy with. an ANRI - BM2 Portable

Carbon Di oXii@8 Mnitor. Quality was assessed by a consumer panel before

t he experi @ﬁms)com‘renced, after 28 days storage at 2% 02 with high or |ow

Cx2 at 3 C—amt—after 5 days storage dat room tenperature and 219% 02, Thi s

exper i nent 8¢onsi st edledpngigo @ | evel s (high and 1ow) with 2 bruising

treatments. 10 Resulfys] estde | nfluence of CO2 concentration on cauliflower

02 consumti%? (predom ?,?tel y respiration) was evident fromvery early in
: S :

the experi né Fi gtiimeth
trisulfide
10.8 Hexanethioic
acid  methyl
ester

0O, consumption rates were measured with a single KE25 O, sensor in each
container. Millivolt output from the sensors were received by ADAM-4018 units and
logged with a PC computer running VisiDAQ software. CO; levels were monitored

5 periodically with. an ANRI — BM2 Portable Carbon Dioxide Monitor. Quality was
assessed by a consumer panel before the experiment commienced, after 28 days storage
.at 2% O, with high or low CO; at 3 °C, and afier 5 days storage at room temperature
and 21% 0,. This experiment consisted of two CO; levels (high and low) with 2
bruising treatments.
10

Results 7
The influence of CO, concentration on cauliflower O; consumption

(predominately respiration) was evident from very eatly in the experiment. Figure 8 is
a plot of Oy consumption rate of cauliflowers during the draw-down of the Oz within

15 the container with high CQ, (CO; concentration increases stoichiometrically with O
consumption) and the container with soda lime (fow CO;). The O, consumption rate at
20 to 21% O, was 0.6 mmol O; kg-1 cauliflower h-1. O, consumption rates declined‘as
the O, concentration of the headspace decreased. However, the rate of decline was
significantly greater for cauliflowers at high CO,.

20 The 02 consumption rates for the low CO, cauliflowers were corrected for the
influx of air through the 1 m length venting tube bjr mass flow which occurred due to
.the change in partial pressure of the atmosphere within the containers as O, was
consumed and CO, was absorbed by the soda lime. At the steady state O2
concentration of 2 %, the O, consumption of the cauliflowers stored at high CO, was

25 42% less than the O, consumption of cauliflowers stored at low CO». At steady state



a plot of 02 consunption rate of cauliflowers during the draw down of the
.02 within 15 the container with high CQ2 (CO2 concentration increases
stoichionetrically with 02 consunption) and the container with soda |ine
(low C02). The 02 consunption rate at 20 to 21% 02 was 0.6 mml 02 kg-1
cauliflower h-1. 02 consunption rates declined as the 02 concentration of
t he headspace decreased. However, the rage of decline was significantly
greater for cauliflowers at high CO2. 20 The 02 consunption rates for the
low CO2 cauliflowers were corrected for the influx of air through the 1 m
| engt h ven{d.0do CUB¢ By thmOs chhasntrativre withactherlage streblied contwnahangd.0 fo
partial pressur f .t at nosphere wdshin the containers as 02 was
consuned aﬁ@@éewgééﬁ?%gﬁg%ﬁ{‘?rﬁ%\ﬁs%da linme. At the steady state 02
concentration oAfigr 28 dayseofGRragmibawpoduorer pfnd hased thelhigh O@e canlflasyasgaba hi gh
CO2 was 25_,43%.!; t j c f | : | ow
. At st g‘g%i/{g’ s’?g%etc’g?}fj' (E'%?O&Eoﬁ:’g’h ST Rbs AT 0 e%grﬁg%%%%, it
li me scrubsdiflegrrsaveee silludtiabledonthegxport markss wiers tedoWdrParHBilowars was
18% Aft erwéf eiavfialib. Sthey &gRrdnbe v@@%ﬁér@baﬂéﬁﬂﬁ‘teﬂﬂ%&@ﬁmiﬁe&ﬁ 0% 0,

caul i fl owers ﬁiocﬁ [ ugjlzty i ndex of 2.4 and the | ow cauliflowers at
7.0. I—|ence?nq i(@%' 5 cauliflowers were still suitable for the export
mar ket wher eas Tinge ko HoBsceanibid diffsrnse weodbun s tistedidtweenTihi high #ifdloence
was al so appar fter 5 days of storage at 21 %02 and 25 C (Fig. 15).
There was ﬁ@?cgﬁ%@% bl e difference in odour or taste between the high and
low CG® cauliflowers. 10 Conclusions fromExanples 11 to 13 It was

possi bl e t@oﬁﬁgﬂﬁﬁsﬁgﬁﬁﬁﬁﬁ%ﬂ@ﬁﬁetoqg curd bl ackening by up to 70% by storing
caul i fl owers_at 2% 0Z - O ner

7 ] han the positive effect of |ow oxygen on
quality, thektavagerossibledpdediaed ¢ ancidasos Pf B WhHRhS Yipioo PR as
odour, tas¢mlidlothetLatt29 ©,f or both raw and cooked cauliflowers. Curd
respiratiop te s .dependent_.on concentration apd at 2%0
respiration b&% t%/y}eeg%sﬁf‘ﬁa?ﬁe t 0%0‘?'6”?%% 5% G |efeegasaréglc3ﬁ/$sﬁe§n%j ©
headspd6e affrpposisensmy pyof@ois suchlias axdenr, st at te@ire g bngin e endcioolsed bel ow
2% vol ati | g kilabQlercOMpounds were rel eased which had the potential to

~

i nfl uence odqur. Conpounds rel eased at 2% 02 and aboa}/]g V\%[%/e non-t hj. ol
conpounds &rfdeieepigationdaley Wb densident e PoRSRRtETIOBIANE A Z5n Qggtsipuation

was 75% less than at 20 to 21% Os.
s Detailed analysis of headspace composition by GCMS indicates that at O,
20 concentrations below 2% volatile thiol compounds were released which had the
potential to influence odour. Compounds released at 2% O, and above were ‘non-thiol’
compounds and were unlikely to have a detrimental effect on odour.
_e High CO2 had a beneficial effect on canliflower storage by inhibiting respiration and
reducing the incidence/development of curd blackening,.
25
Example 14. System’ for controlling an oxygen conceniration of an enclosed

atmosphere containing respiring produce.’

‘ Figure 9 illustrates a system 70 for controlling an oxygen conceniration of an
30 eénclosed atmosphere containing respiring produce. System 70 comprises a
polyethylene bag forming an enclosure 71 which isolates the enclosed atmosphere from
an external atmosphere. The polyethylene bag has an opening large enough to enable
the respiring produce to be stacked into the bag while on the pallet, and sides of the bag
have been drawn up around the stacked produce and the opening sealed in order to

35 form the enclosure 71.




High CO2 had a beneficial effect on cauliflower storage by inhibiting
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tenperature cond stem 70 f urt, conprises an air punp 73 for
puNpi ng t hieNEE: & ayarying temperaimesendiiing. t he encl osed at mosphere within
encl osure 71 t 8 s@@hem sfurth!ae ddnprizeficantirapu@p By faspubpiy. thEhexfermgd 73
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concentration by mass flow. The pump 73 is operated only when an oxygen
concentration in the enclosed atmosphere falls below a predetermined minimum
concentration. The pump 73 operates for only a portion of the time, and thus is
implemented as a low power battery operated air pump requiring D-cell batteries or

25 similar as a power supply. While in the present embodiment the pump requires six D-
cell batteries due to low storage temperatures, other embodiments with application at
higher temperatures such as room temperature may require only around two D-cell
batteries. The very low cost of such a batiery operated pump and D-cell batteries is a

.significant factor leading to the commercial viability of such atmosphere control

30 techniques for storage of produce on a pallet scale. Examples of sach air pumps
include the Hagen battery air pump (1.5 V) and the Sonpar CP-300 portable battery
pump. At room temperature such a pump is able to displace greater than 20,000 litres
of air over 4 days using two D-cell batteries for power. To meet the respiratory-
requirements of a 750 kg pallet of cauliffowers for a 21 day period, a pump would be

35 required to displace around 7000 litres of air. :
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external atmosphere and the enclosed atmosphere is limited to a rate less than a rate of

respiration of the respiting produce in the enclosed atmosphere, such that the limited

25 diffusion into the enclosed atmosphere does not cause a rise in oxygen concentration of
the enclosed atmosphere. Indeed, such diffusion further reduces the time for which the
pump 73 is required to be operated and thus further reduces the power requirements of
the system 70.

: The controller 74 is designed to be robust, with a minimal power consumption

30 and with no moving parts. Figure 15 is a circuit diagram for the controller 74 used in
the system 70 shown in Figure 9. While the output signal produced by the controller 74
is suitable for control of a solencid valve, this signal may be used to produce a suitable
control signal for a pump, or alternatively the output stages of controller 74 may be
altered to produce such a signal. |

35 An example of the oxygen control given by the system in an enclosed pallet is
shown in Figure 10, showing the system to be successful at maintaining a given oxygen
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e thr
Wit hin t hEoplEpPp@: on @Q@Lﬁi@qﬁ%@@ﬁeﬁay@i@g the tented pallet there were three layers o
20 boxes, most of the boxes were prototype 2 lined however there were three standard

fibreboard boxes, one of which was located on each layer of the pallet. Assessments of
moisture loss and quality were performed on:

* The three standard fibreboard boxes within the pallet (one from each layer).

* Three prototype 2 lined boxes within the pallet (one from each layer)

25 * Three standard boxes stored outside the pallet.

* Three prototype 2 boxes stored outside the pallet. . _

The O, control for the pallet was based on the output for a single O, sensor
located at the top of the pallet. Air from the pump was delivered by a tube which ended
approximately 20 cm away from the O, sensor,

30 Additionat O sensors were placed outside the cartons (within the tented pallet)
in the middle of each layer of boxes. O, sensors were also placed in the headspace of
one prototype 2 lined and standard carton per layer. Three temperature and relative
humidity probes were placed within the pallet; one probe was located outside the boxes

“on thie top layer, one was located within a prototype 2 lined box on the top layer and the

35 other was located within a standard carton on the top layer.




* Three prototype 2 lined boxes within the pallet (one fromeach |ayer) 25
~* Three standard boxes stored outside the pallet. * Three prototype 2 boxes
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output for a single 02 sensor |ocated at the top of the pallet. Ar from
the punp was delivered by a tube which ended approximtely 20 cm away from
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lined cartons ("MCT") lost 2% of their weight. Moisture loss from cauliflowers stored

inside the tented pallet was 5% for the cauliflowers in standard boxes and 1.8% for

cauliflowers in prototype 2 boxes (Figure 13).

25 Quality was assessed immediately after storage and the effect of treatments on
quality index was similar for both experiments. As such, data are presented for the
second experiment only. At the start of experiment the canliflowers had a mean quality
index score of 2, after 26 days the quality index of the cauliflowers stored outside the
tented pallet was 5.1 regardless of whether the cauliflowers were contained in prototype

30 2 lined boxes or standard fibreboard boxes. ' The average quality index of cauliflowers
stored within the tented pallet was 4.2 and there was no significant difference in the
quality of the cauliflowers contained within the prototype 2 lined boxes or the standard
fibreboard cartons (Figure 14).

It can be concluded that the oxygen controller accurately maintained the desired

35 O concenirations and there was no apparent gradient in O, concentration within the
tented pallet, except the low O, concentration recorded within the fully-lined prototype



inside the tented pallet was 5% for the cauliflowers in standard boxes and
1.8%for cauliflowers in prototype 2 boxes (Figure 13). 25 Quality was
assessed i mMmedi ately after storage and the effect of treatnments on quality
i ndex was simlar for both experinents; As such; data are presented for the
second experinment only. At the start of experinent the cauliflowers had a
mean quality index score of 2, after 268days the quality index of the
cauliflowers stored outside the tented pallet was 5.1 regardl ess of
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02 environnment” mght result in a significant reduction in 02 concentration
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journey. The average storage tenperaturé was higher in the MCT |[|ined
cartons (Hspleniiomiodithe fowney. Theagveraget $terage temperaiira wps bigher & thedICHhe
| evel lined cartons (approximately 0.6 °C) than in the non-lined cartons (0.3 °C). The level

of humidity within the shipping container was approximately 7% lower than that of the
fibreboard cartons. No significant difference in relative humidity was recorded
25 between the MCT lined and non-lined cartons. These conditions were close to the best
possible under current practices used for éxport, and expected to result in high quality
produce even in the non-lined cartons.
Cauliflower curds from the MCT-lined cartons lost 0.94 =+ 0.04 % weight
compared to 1.90 == 0.10 % weight lost from the non-lined cartons. Therefore, use of '
30 the MCT liner halved water loss compared to cauliflowers stored without the liner,
despite the conditions being close to ideal for the non-lined produce. Moreover, curd
quality at out turn as assessed by qualified staff was higher from MCT lined cartons
than from unlined cartons. Curds from MCT lined cartons were more turgid, appeared

fresher and appeared to have a whiter appearance than curds from unlined cartons.




of- humdity wthin the shipping container was approximately 7% | ower than
~that of the fibreboard cartons. No significant difference in relative
hum dity was recorded 25 between the MCT lined and non-lined cartons. These
conditions were close to, the best possible under current practices used
for export, and expected to result in high quality produce even in the
non-lined cartons. Cauliflower curds fr the MCT-lined cartons lost 0.94 f
0.04 % weight conpared to 1.90 f 0.10 % weight lost fromthe non-1ined
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av er agBOn g 90%The air temperature and relative humidity (RH) were recorded in the cartons
throughout the study. The mean internal carton air temperature differed tittle between

Liner types during shipping, averaging about 2.7 °C. During the subsequent cool
storage period, the average temperature in the cartons ranged between 5.5 to 6 °C. The
RH of airspace in unlined carton reflected the ambient conditions, averaging 90%
25 during shipping and 85% during cool storage. Fruit in the MCT liners, however,
| averaged a RH of 100% throughout the duration of the experiment.

At the end of the experiment, fruit in the unlined cartons had lost on average
approximately 0.5 kg in weight, representing loss of moistufe, compared to a loss of
approximately 0.06 kg of water per MCT-ﬁned carton, from an initial average carton

30 weight of 16.6 kg. Fruit in the MCT-lined cartons were also significantly (17%) firmer
than those firom the unlined carton. Chilling injury, oleocellosis and albedo breakdown
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cartons having the conventional plastic bag.w.th.carfons having a
liner. Sucpieps drenshrutctie: sy W‘B’é‘élshaé’faepﬁ?g%‘gﬂ @%HPP@“&Fﬁwlgﬂ%ltgﬁr age
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rot, and so wer so used in the trial. They may, however, 25 have sone
di sadvant ages. Use of these pads can cause sul phur damage which softens -
and bl eac g2 bEAYELon P YT PRSNERdpER be repl aced (f the
peri od ofl‘iﬁé?{(#lg&fg' g%istég?}r\%nsportmexceedsf%- 10 wee sfv The containers used in
the trial were dense polystyrene foamw th holes to enable cooling '

throughout. Th?& _M&%Sexiagggen %gse )carvr\i%[ieouqatgvtgs%tu%g Jf&RS bRt SR Sable

20 grapes. Current industry practice involves use qf a plastic bag inside a fibreboard or

polystyrene carton. This experiment therefore compared cartons having the

conventional plastic bag with cartons having a MCT liner. Sulphur-dioxide emitting

pads are often used to extend the storage life of the fiuit by preventing post-harvest

diseases such as botrytis rot, and so were also used in the trial. They may, however,

25 have some disadﬁantages. Use of these pads can cause sulphur damage which softens

and bleaches the fruit. Moreover, sulphur pads need to be replaced if the period of
storage and transport exceeds 8-10 weeks.

The containers used in the trial were dense polystyrene foam with holes to

enable cooling throughout. The grapes (Red Globe) were harvested less than 4 hours

30 prior to packing and were not prechilled before packing. All containers were packed by

‘staff on the commercial packing line at the grower’s packing shed. Eight treatments

were carried out with 3 replicates for each, as follows:



30 prior to packing and were not prechilled before packing. Al containers
wer e packed by staff on the commercial packing line at the grower's packing

~ shed. Eight treatments were carried out with 3 replicates for each, as

follows: 51 Table 8. Prechilling and SO2 storage conditions for packaged
grapes Liner Control liner -(plastic bag) MCT liner SO pad 0 0.5 1 0 0.5 1
Predrill tenp 0 COC0C4CO0CO0JCEC4 CHalf of the cartons

contai ned the standard plastic liner and the other half 5 contained the
MCT liner. The anmount of sul phur-di oxi de pad (UVASYS green) was varied to
det erm ne how nmuch woul d be required. The current industry standard is one
full sul phur d_per..10 k ... The prechil Li re was standard at
0 C, but hﬁ%‘ggg})’%\ﬁ@@ﬁ&%B%F@F@?Iﬁ%ﬁﬁlﬁnﬁ&rg{q %l%a%gﬁg%@%rjeduced t enperature
before packing,  nence @ 4 C prechill tenpperatiure was i ded for
conpari sqri4ine0 Cartons wereonEl srelrstiePagl erni ght pr é@ﬁ#ﬂﬁl’i‘eﬁg at 0 Clor 4
C, and t Hep—-after—10-and-20—nweeks—of—storage.Fruitywere tjhen graded; Wi th
t he nunbdrsofphinches rount efloisn gach fruit grlade: AD.Jerfiebt fruit, B
rare dandge, l()'i medi um damagel  D. thi.gh e&—Fruif—fromleach—grade—yas
di vided i hilflexdpdual | §eeri egeand @gsi ghed t@ ccdamp@e ypeo dat eddia es:
good frui[ﬁ,'l%gh pﬁﬁilp dampge friit, flruit IMth Bl ack spots, flruit 15 with
botrytis rot, and frurt wih nould. Fruit fromthese danage type categories

were weighed to provide the proportion for each damage type, as we]l .as to
enabl e cal cul d{algnf dhevedrtyins esmtainest g S@Qéﬁdaﬂéﬂﬁ—gﬁgﬁ Gﬁ) .th‘FLﬂﬂE‘ﬁe{"‘ﬂBr e,

h i f th PO A n f
ket o) cSoatpst e MET Had DF MRSu SIS e FETITEASKS BV RES Dl e

by i nhi bi tyap@d®abterngineviidw niubk waald baiseqifedi The moreu ipghwtry staddadrie one
eval uated at 10 weeks storage, while all._those with sul phur, padss i ved
full eval ulisylphyt PathpRe LR &2 box. wH ElngfmRge ﬁgaﬁ/ék%glfi?weag%cg’ﬁj g‘?]s '
general |y had grcmfge havgld{ﬁ%%q[ Lllaa&otmm@ tHeYrefifidtdt tefnpaRinge Wefordoprekrg, St em

browni ng was ‘greater 1n the ined cartons, nostly in the top |ayer of
t he cart onsncpedRagsediatidespetahee May indlpdadfoneonEodi d not 25 provi de an

airtight seal. erall, the results wer  Jfi ble .9 Heanpari son
of t ablqé gr ape P§ Py a i egtagépéage%gt%ﬁ Bg%h@iéﬁ/ rﬁe ?to(ﬁg Og? l\/hetgi'ell' ftlg%er .
Prechi || %uaae QopkaikeoStangar dFmii were B6R- graded] erifie ttat oumb& 6F bimchEsr or
counted in each fruit grade: A: perfect fruit, B: rare damage, C: medium damage, D:
‘high damage. Fruit from each grade was divided into individual berries and assigned to

damage type categories: good fruit, sulphur damage fruit, fruit with black spots, fruit

15 with botrytis rot, and fruit with mould. Fruit from these damage type categories were
weighed to provide the proportion for each damage type, as well as to enable
calculation of weight of overall good and bad fruit. Furthermore, the quality of the .
bunch stems was observed to determine if they were of marketable quality. As the

'presencc of a sulphur pad extends storage life by inhibiting mould growth, the cartons

20 with no sulphur pad were evaluated at 10 weeks storage, while all those with sullil'iur
pads received full evaluation at 20 weeks.

Tt was observed that the MCT-lined cartons generally had a lower volume of bad
quality fruit (Table 9). However, stem browning was greater in the MCT-lined cartons,
mostly in the top layer of the carons, perhaps because the MCT liners as used did not

25 provide an airtight seal. Overall, the results were positive.



plastic 0 0 54.6 7.8 plastic 0.5 0 22.9 2.1 plastic 1 0 35.3 - 6.2
plastic 1 4 39.5 10.0 MCT 0 0 26.1 4.3 MT 0.5 0 32.3 4.4 MCT 10 22.3
8.4 - MCT 14 17.81.9 51t will be appreciated by persons skilled in the
art that nunmerous variations and/or nodifications my be made to the
invention as shown in the specific enbodinents w thout departing fromthe
spirit or scope of the invention as broggly described. The present

enbodi ments are, therefore, to be considered in all respects as

illustrati d_not restr ive. ubl i cat. s di s ve are
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5 It will be appreciated by persons skilled in the art that numerous variations
and/or modifications may be made to the invention as shown in the specific
.embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects as
illustrative and not restrictive,

10 All publications discussed above are incorporated herein in their entirety.
Any discussion of documents, acts; materials, devices, articles or the like which
has been included in the present specification is solely for the purpose of providing a
context for the present invention. It is not to be taken as an admission that any or all of
these matters form part of the prior art base or were common general knowledge in the
15 field relevant to the present invention as it existed before the priority date of each claim

of this application.



further conprise an additive selected fromthe group consisting of a col our
agent, an adhesive and a surface slip agent. 20 5. A process according to
any preceding claim wherein the outer and tie |ayers have the sane
conposition. 6. A process according to any one of clains 1 to 4, wherein
the outer and tie layers have a difggrent conposition. 25 7. A process
according to any preceding claim wherein the outer layer is thicker than
the tie layer. 8. A process according to any preceding claim wherein the
tie layer has a thickness 30 of fromabout 5 to about 10 microns. 9. A
process ClexlMBi ng to any preceding claim wherein the outer |ayer has a

thi ckness of from about 15 to about 30 mcrons. 35 10. A process accordi ng

to any prece yler ayer | appl i ed by

ext s O o Pt Rehe MARIE LD o G o aﬁ%ﬁ&hﬁiﬁ;ﬁa b fres Spablndher ef n

pressure is &ppli &piyps aﬁémgomelwvagﬁé)«éeiirh temabsppepdayn, 12, A

process accoﬁﬁlngo@ﬂnﬂﬂﬁenmﬁ&@tmh@bémmofhpuquasumand tie layers forma

solid 5 progi t rocess according to any
%gmi Véﬁye ﬂr&terfa & dit Ble‘,Bﬁz'f' Ao thedie 1AydH!

precedi ng cl @ gf ron1about 400 to about 800 kPa.
10 14. A prof¥ss SHOsPg IPQ‘%P PPESFRE N the pressure is about 550
kPa. 15. A pfocessllavioptidimgena taegolpr ecedi ng claim wherein the outer

and/or tie | gnefeidhe ti@P4ylet Bf Pl hitialdin@ciRiRen ek abrienhtmy@bout 200
C tog,about 300 C. 15 16." A process according to claim15, wherein the outer

and/or tie layer of nolten polyolefin has a tenperature of about 250 C

17. A pPoces$ Rieesss #icaglinplogmimpl sdetithic ouier FyowlR &R step (v) conpri ses
passing the material over a series of rollers, and then winding the

materiak on g EI%@&I:SS a%go é;% B%%Q%ﬂqaaﬁ?tzer\ﬂﬁfelrprﬂ%d Zgleﬁﬂ{ BrptiQ&eSS

according to reced B@ﬁ?ﬁknﬁé F 8&%8?%F% Fg%aZS (||;|Zing (1)

aliquid matga' QW%PBYV

wat &% - absorbent layer, (iii) a tie |ayer bonded to the outer |ayer and the
wat er - a@sor banrote&y @Ecordiid to any preceding claim, wherein the outer and/or tic layers

further comprise an additive selected from the group consisting of a colour agent,
an adhesive and a surface slip agent.

20 5. A process according to any preceding claim, wherein the outer and tie layers have
the same composition.

6. A process according to any one of claims 1 to 4, wherein the outer and tie layers
have a different composition.
25
7. A process according to any preceding claim, wherein the outer layer 1s thicker
than the tie layer.
8. A process according to any preceding claim, wherein the tie layer has a thickness
30 of from about 5 to about 10 microns.
9. A process according to any preceding claim, wherein the outer layer has a

thickness of from about 15 to about 30 microns.

35 10. A process according to any preceding claim, wherein the outer and/or tie layer is
apphed by extrusion.



(iv) a water vapour-perneable inner |ayer which is substantially
inperneable to liquid water in the water-absorbent |ayer, wherein the tie

| ayer partially inpregnates the water-absorbent [ayer. 30 20. A packagi ng
material according to claim 19, wherein the water vapour- perneable |ayer
is bonded to the water absorbent |aygy. 21. A packaging material according
to claim19 or claim 20, wherein the outer |ayer 35 conprises a '
petrochem cal - or plant-derived organocarbon. 22. A packagi ng materi al
according to claim 21, wherein the organocarbon is a polyolefin. 55 23. A
packagi hf) nateproatssamcarddignty toy praicding 2;laiwh evleiran tiivesspiel igodpplicd bys

pol yet hyl enep,RRbYid RYyd:s HrQidtdenip B8lnyPr opyl ene or a m xture thereof. 5 24.
A packagi ng material accordinhg to claim19, wherein the outer layer and the

tie layer conprise polyethylene, polyvinylchloride, polypropylene, or

m xt ur e$2. t hér piofess 26cording de ledaiinnyl, rdteesin dhe aderomdt te laversclioanm sodid wher ei n
the guter | apRiimadd,@f at, itte: nig@oinayer further conprise an additive sel ected
fromthe group consisting of: a colour agent, an adhesive, and a surface
slip agent. 26. A packa in% materi al. according to claim19, wherein the
outer |ayer AnRFOFsSe 2ryane 1 apePicheding plaing owpraein tho Rressise B7rom aBatk agi ng
mat eri al accéd@iordpotiB0OIkdlam 19, wherein the outer layer and tie |ayer have
a different conposition. 28. A packaging material according to any one of

cl ai to,27, wherein the . outer .20.layer is thic than the tie | ayer.
0. 1 pdbiag ot S Pihe S a e E Y Birsty e B o 28, wherern
the tie |layer has a thickness of fromabout 5 to about 10 microns. 25 30.
A packags.ng meiretdsabkcodedifg b &y precediyg (bdig, oherirmiha®ukd ahdo2Se laphesfei n t he

out er 1 ayer s, ol NESS el BOLPRANLIR Jof -eigUbadGgmber ons. 31, A

packagi ng materrafl accor any one of clalns wherein the
outer |ayer contacts at |east 90% of a surface of the tie layer. 30 32. A
packagi b€ matepioadss accwdiigrtg domahy wineciofthe loafergnd/or tie 18vr offmelisinn t he
wat er - absor BeRblchiRYEY a £AIPeAGIS ofthbdueast °Q0% of a surface of the tie |ayer.

17. A process according to any preceding claim, wherein step (v) comprises passing
the material over a series of rollers, and then winding the material on a reel.
20
18. A packaging material produced by a process according to any preceding claim.

19. A packaging material comprising
@) a liquid water-and water vapour-impermeable outer layer,
25 (1)  a water-absorbent layer,
(iiiy  atie layer bonded to the outer layer and the water-absorbent layer, and
(iv)  a water vapour-permeable inner layer which is substantially impermeable
to liquid water in the water-absorbent layer,
wherein the tie layer partially impregnates the water-absorbent layer.
30
20. A packaging material according to claim 19, wherein the water vapour- permeable
layer is bonded to the water absorbent layer.

21. A packaging material according to claim 19 or claim 20, wherein the outer layer
35 comprises a petrochemical-or plant-derived organocarbon.

22. A packaging material according to claim 21, wherein the organocarbon is a
polyolefin.



33. A packaging material according to any one of clainms 19 to 32, wherein
the water- 35 absorbent layer is able to adsorb at |east 50 g of water per
n2. 34. A packaging material according to any one of clains 19 to 33,
wherein the water- absorbent |ayer conprises cellulose fibres. 56 35. A
packaging material according to any gne of claim 34, wherein the water
absorbent | ayer has a specific weight of fromabout 15 to about 30 g/nR2. 5
36. A packaging naterial according to any one of clains 19 to 35, wherein
the water- absorbent |ayer has a thickness of fromabout 60 to about 95

m crons. 37. A packaging material according to any one of clains 19 to 36,

wher ei nathe vwatgrra aRsQfNeM LaV¥Rlindas 2RiMBcHi etk Gt paybiensi Ise of from
about 15N 75 mm

bou terlal accordi ng
to any one of® lé(fzth?’]r?ﬁe %“JP r%e?oémo?ﬁgn%taé}nmgg@g%ﬁgﬂ t layer further
conprises a bioactive rml ecul e, or a precursor thereof where the bioactive
nol esg! g4l s lA @asgaﬂg mmaexm&ﬁﬁg:td elaivatl @r whérbin3fe oﬁtepm&a@imthemt ;ari al )
accordi ng to itﬂ g@ﬁ romthe
group consi s ng o g& e&e %Hgglgd én{é&%&li& a%ﬁgglg{nug mat eri al
accordi ng tohé’FﬁP ‘one of cI a| s 19 to 39 wherein the inner 20 |ayer
conpri ses hydrophobi c polyolefin. 41. A packaging material according to
Cl ai m 49 whar giRadihe tnﬁby&{a?ra&%@alﬁg ROLMeh el Rvheletn %&&H&IQ%}WXQVOPW ene.
pac nateria one of

whetBin’ the ﬁ\xﬁeﬁ%}w I R o A N .
over | ess thagﬁHS%laéheS!‘f‘Fealyiﬁﬂﬁ@ée%irré%e@‘f the inner layer. 43. A packaging
mat erial according to claim42, wherein the inner layer is bonded to 30

the vat gg- abg;lséa% eé @%A%hﬁf%card?@% @@tlgm cirlthe oﬁtepf’agrglaﬁidrl%l erial

according to aj s further conprising a supporting
| ayer that p %\(ﬁthféga%%qlilg}ﬁsﬁlg{l strength and which contacts the outer
layes. 35 45. A packaging material according to claim44, wherein the

support bng | ay@kkASn@matehl 4daldat Bapsh 1©AheRin Bé outblayéy ARINOEyaf storing

and/ or transgo‘;etal&}%erenp&rnllp%rsl%lgl e product, the nethod

28. A packaging material according to any one of claims 19 to 27, wherein the outer
20 layer is thicker than the tie layer.

29. A packaging material according to any one of claims 19 to 28, wherein the tie
layer has a thickness of from about 5 to about 10 microns.

25  30. A packaging material according to any one of claims 19 to 29, wherein the outer
layer has a thickness of from about 15 to about 30 microns.

31. A packaging material according to any one of claims 19 to 30, wherein the outer
layer contacts at least 90% of a surface of the tie layer.
30
32. A packaging material according to any one of claims 19 to 31, wherein the water-
absorbent layer contacts at least 90% of a surface of the tic layer.
33. A packaging material according to any one of claims 19 to 32, wherein the water-
35 absorbent layer is able to adsorb at least 50 g of water per m”.

34. A packaging material according to any one of claims 19 to 33, wherein the water-
absorbent layer comprises cellulose fibres.



conprising inserting the product into, or substantially wapping the
product with, packaging material according to any one of clains 18 to 45.
5 47. A nethod of storing and/or transporting a perishable product, the

met hod conprising the followng steps; (i) inserting the product into an
open container lined with packaging ggterial according to any one of
clains 18 to 45, (ii) placing a sheet of packaging material according to
any one of clainms 18 to 10 45 over the product facing the open area of the
container, and (iii) placing a lid on the container. 48. A nethod of
storing and/or transporting a perishable product, the method conprising

f.hﬁe]:j Olmh?w Ng Si&RShg Jréatéﬂsl)1aallce§;§gicglofrbglaﬁ Nend P dsitn Bmtwhaemomnv{gte{:t a|42er
ai s 0
wherein the %Fﬂ%%@ﬁg¥%2ﬁ3§ﬂ%@ygﬁﬁmgwxﬁ@&BTﬁxmg¥5&Hﬁm éﬁglner (ii) placing

the Iining extensions over the product facing the open area of t he
cont@i ngs., aAthadkhgingd mitefihlagtatding tb latly ome dtheainwnvas A&rwhetéin tife wattRod

according t 0 hey Bath BTt houtBFLFdut PEmRSEdsshabl e product s
horti cul turaf proauce,
37. A packaging material according to any one of claims 19 to 36, wherein the water-
absorbent layer has an machine direction tensile of from about 15N/75 mm to
10 about 35N/75 mm.

38. A packaging material according to any one of claims 19 to 37, wherein the water-
absorbent layer further comprises a bioactive molecule, or a precursor thereof
where the bioactive molecule is released upon exposure to water.

15

39. A packaging material according to claim 38, wherein the bioactive molecule is

selected from the group consisting of SO, and 1-methylcyclopropene.

40. A packaging material according to any one of claims 19 to 39, wherein the inner
20 layer comprises hydrophobic polyolefin.

41. A packaging material according to claim 40, wherein the hydrophobic polyolefin
is a spun-bond polypropylene.

25 42, A packaging material according to any one of claims 20 to 41, wherein the
wherein the inner layer is bonded to the water-absorbent layer over less than 5%
of the surface area of the inner layer.

43. A packaging material according to claim 42, wherein the inner layer is bonded to
30 the water-absorbent layer by a heat-melt glue.

44, A packaging material according to any one of claims 18 to 43, further comprising
a supporting layer that provides mechanical strength and which contacts the outer
layer.
35
45. A packaging material according to claim 44, wherein the supporting layer is a
corrugated paper carton.
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46.

47.

48.

49.

57

A method of storing and/or transporting a perishable product, the method
comprising inserting the product into, or substantially wrapping the product with,
packaging material according to any one of claims 18 to 45.

A method of storing and/or transporting a perishable product, the method

comprising the following steps;

@) inserting the product into an open container lined with packaging material
according to any one of claims 18 to 45,

(ii)  placing a sheet of packaging material according to any one of claims 18 to
45 over the product facing the open area of the container, and

(1i1)  placing a lid on the container.

A method of storing and/or transporting a perishable product, the method
comprising the following steps;

(i) inserting the product into an open container lined with packaging material
according to any one of claims 18 to 45, wherein the lining extends beyond the
walls of the container,

(i1) placing the lining extensions over the product facing the open area of the
container, and

(iii) placing a lid on the container.

A method according to any one of claims 46 to 48, wherein the perishable product
is horticultural produce.



