Extension of fresh Asian noodles at ambient shelf-life using high barrier
multi-layered, nanocomposite-fortified retortable trays Description 1 Field
of the Invention This Invention relates to use of multi-layered,
nanocomposite-fortified retortable trays to pack fresh Asian noodles.
These trays have high oxygen and moisture barrier properties as well as
high structural integrity properties such that after being submitted through
the retortlne%‘{)rocess the fresh Asian noodles will have an extended shelf
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package both during retorting process and during storage. The
cdrrent shelf life of food in the retortable trays stored at room temperature
is about 6 months, which is far shorter than that of canned food.
%e 6} rays with high barrier properties are currently made from
ermoforming of multi-layer materials produced by coextrusion, for

exa ylene (PP) with ethylene vinyl alcohol (EVOH), and
1%%%2&% )3/893)8 ylene terephthalate (APET) with crystallized
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terH§ ene terept ate da copo yes Isophthalic” an
terephthalic acid, ethylene glycol and 1,3 bis(2-hydroxyethoxy)benzene
was disclosed by Jabarin (Ohio, USA). The invented material was
2 ggégﬂ&)q(gg esypaRIRd Producing container parison, hollow containers,
sheet stock, and film due to high gas barrier properties, mechanical
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thdpanectsiedfodd. A blend of a graft copolymer of maleic anhydride onto
an olefin polymer or copolymer and an ungrafted propylene-based
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crystefiaped toothietothepe tecdghtittabstie (@PEThesive blend, EVOH, and nylon. 1
US Patent 4,617,240 (1986): Krueger and Odorzynski (Connecticut, USA)
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US Patent 4,578,295 (1986): A polyester based intimate fusion blend composition
comprising an admixture of a poly(ethylene terepthalate) and a copolyester of isophthalic
and terephthalic acid, ethylene glycol and 1,3 bis(2-hydroxyethoxy)benzene was
disclosed by Jabarin (Ohio, USA). The invented material was claimed to be suitable for
producing container parison, hollow containers, sheet stock, and film due to high gas
barrier properties, mechanical strength, and processability.

US Patent 4,588,648 (1986): A coextruded plastic film comprising a polypropylene layer
adhered to alayer of a nylon-type polyamide was developed by Krueger and Odorzynski
(Connecticut, USA). A blend of a graft copolymer of maleic anhydride onto an olefin
polymer or copolymer and an ungrafted propylene-based polymer was an excellent
adhesive for coextrusion of nylon and polypropylene. For coextrusion of a 5-layer film,
the structure included five layers of, in sequential order in the structural layering, from
outside surface to the other: polypropylene, adhesive blend, EVOH, and nylon.



layers. The adhesive layer comprised a blend of polypropylene and a graft
copolymer of maleic anhydride onto a polypropylene backbone. The graft
copolymer was produced in a reaction carried out at a temperature of
about 80 "C up to about 10 C below the melting point of the
polypropylene. Similar work was also developed by Krueger and
Odorzynski (Connecticut, USA). US Patent 4,640,852 (1987): A multiple
layer sheet structure with oriented layers of nylon and EVOH was
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US Patent 5,069,946 (1991): Moritani and co-workers (Kurashiki, Japan) developed a
gas barrier multilayered packaging materials for retort sterilization. They developed a
structure that contained an outer layer of a composition comprising 55-97 wt% EVOH
and 45-3 wt% resin (polyamide, polyolefin, polyester, or polycarbonate) and an inner
layer comprising a hydrophobic thermoplastic resin having low moisture permeability. A
gas-barrier multilayered packaging material was also developed by containing an outer
layer comprising a resin layer having a moisture permeability (measured at 407C, 90%
RH) of at least 40 g/m2 day, an intermediate layer of a composition comprising 55-97



RH) of at least 40 g/m2 day, an intermediate layer of a compaosition
comprising 55-97 2 wt% EVOH and 45-3 wt% resin (polyamide,
polyolefin, polyester, or polycarbonate) and inner layer comprising a
hydrophobic thermoplastic resin layer with a moisture permeability lower
than of the outer layer. US Patent 5,281,360 (1994): Hong and co-workers
(llinois, USA) developed polymer blends, such as aromatic condensation
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{hteror s? layer of the polyethylene material, and iii) a second layer
of the polyethylene material disposed interior to the oxygen scavenging layer. The
laminate structure comprised afirst layer of biaxially oriented polyethylene terephthal ate,
biaxially oriented polyamide, or biaxially oriented polypropylene, a second layer of a
high barrier oxide material disposed interior to the first layer, and a third layer of an
adhesive material disposed interior to the second layer and joining the second layer to a
fourth layer of a polyethylene material. The third layer of adhesive material contained an
oxygen scavenger material.

US Patent 5,876,812 (1999): Frisk and Laurent (Pully, Switzerland) developed a high

gas barrier container consisting a layer composed of a polymer material integrated with




biaxially oriented polyamide, or biaxially oriented polypropylene, a second
layer of a high barrier oxide material disposed interior to the first layer,
and a third layer of an adhesive material disposed interior to the second
layer and joining the second layer to a fourth layer of a polyethylene
material. The third layer of adhesive material contained an oxygen
scavenger material. US Patent 5,876,812 (1999): Frisk and Laurent
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aﬁc SCBI(’)TIS%SI Q eormpr gecr'faa) ah amorphous] matra 1X pglyamde contal ning (i) aresidue of
a dicarboxylic acid component comprising at least two diacids and (ii) a residue of a
diamine component, and (b) a layered clay material, which was dispersed in the matrix
polyamide.

US Patent 6,653,388 (2003): Barbee and co-workers (South Carolina, USA) developed a
polymer-clay nanocomposite comprising a melt-processible matrix polymer and a
mixture of at least two layered clay materials. The invention also involved articles
produced from a nanocomposite and a process for preparing a nanocomposite.



layer of linear low density polyethylene disposed interior to the scavenger
layer. US Patent 6,376,591 (2002): Lan and co-workers (lllinois, USA)
developed a polyamide-clay nanocomposite, products produced from the
nanocomposite, and a process for preparing a polyamide-clay
nanocomposite. The polyamide-clay nanocomposite comprised (a) an
amorphous matrix polyamlde containing (i) a residue of a dicarboxylic
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at least 6% to about 40% by weight Iayered silicate, preferably about 8% to about 30% by
weight layered silicate, intercalated with a nylon that was polymerized while in contact
with the clay, during ring-opening polymerization of the nylon reactants (monomers) and
melt processing.

US Patent 6,964,816 (2005): Schell and co-workers (Wisconsin, USA) developed
multilayer thermoformable structures for packaging film applications. The multilayer
structures having at least afirst layer of polyester, a second layer of afirst adhesive and a
third layer of anylon blend formed into aflexible non-oriented film by coextrusion.



polymer composition which was obtained through dynamic vulcanization
performed by mixing an ethylene-vinyl alcohol copolymer (1), a modified
block copolymer (Il) which comprised an aromatic vinyl polymer block and
a conjugated diene polymer block and which had a functional group
consisting of a carboxyl group and/or its derivative, and an amine
crosslinking agent (lll). The thermoplastic polymer composition was
excellent in both barrier properties to gases, organic liquids and the like
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Currently, fresh Asian noodles such as the wheat-based (yellow) noodles and rice-based
(white) noodles have a shelf life of only 3 days. Thus, noodle manufacturers have to
produce and deliver their fresh noodles to their customers daily. Asaresult, these noodle
manufacturers incur heavy logistics cost. Moreover, these manufacturers are unable to
export their products thereby limiting their growth potential.

As described in section 2 above, food packed using commercialy available retortable
trays has a shelf life of only 6 months. High oxygen and moisture barrier materials,



3. Summary of the Invention The Invention involves packing fresh Asian
noodles in multi-layered, nanocomposite- fortified retortable trays that
have high oxygen and moisture barrier properties, so as to extend the
ambient shelf life of these fresh noodles. The fresh Asian noodles can be
broadly divided into 2 categories: wheat-based (yellow) noodles and
rice-based (white) noodles. 4. Detailed description of the Invention
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mAREIBEIEE PRICESE R ﬂpﬂ{é'%e%‘f’ WRlkRe §Hrﬂﬁ&|m&?§!aﬂ1ﬁ@ha?féﬁoﬁﬂiﬁ§§t Rler is
baSRPSHeSHRIdRAYES ) WiEhstRAhARemateitnRg rﬁt%ﬁﬁfnﬁbtﬂéﬁ‘&ﬁ&f TR®IM dioxide
intBRASHRAE SHitly HiR¥RtARIbARsEEYeNtly treating these packages using the

retorting process, the ambient shelf life of packaged fresh noodles can be
Thexierdeask phtaaitdbmbeyes dterpenids td apravkidayrietbxygen and moisture),
mevhngican{psitefertidtbneta r(glisstiaysiton ceetenag feompearacliveg)iproperties,
wHagene pfeseaiei|pther saive: partypoandsanid cach poeitieshpeabihedvinai tyelt the
retoriabig tragstérascop the gubywithsthed rsaaiosptzites odth patioretnmetitegether
usingna donth gsitie | agbesty ebtos éaorom dnombigeayeo sbisediame tbed thermoformed to
producembigyrials including nanoclay and silicon dioxide into a polymer using

an extrusion process. The presence of nanocomposites is expected to
Foungyiee bhrpiy @stggén eprdbmeiinrend/ aieitebyidal e esieysethdriteyrringl ude
po(yrsciRytraRditiBh ax®met(hty e pahestnd ros) tpreniihatas (Rivhilcantt giretecd nyl
aleohethéFY&lNE cdhgspuRts wAMEedH e nbelbBweth e UBHationdRy othepackaging
applifitante fragyliyaysrertréhspIienBIstetR RGN Bt M peocess. The
trays RBIPRELESOY KRR ONXasH ANREY Sl G aRAESRRAGH KBFm a multi-layer

sheet and then thermaoformed to produce atray Four types of polymers

=

Aqﬂ' %B'PnB n%t?&??'érﬂ%?“i% Riuo%&ﬂ‘{?o‘é?@‘ﬁ‘%%ﬁf rlicon
%@H dertar tul e 9 ‘% H H%I\)’MHSH gfea“y

|m Ql AR ?F’ ce Because
areao nanopart| cles, It takesonly a antlty anomaterlaJs

to taln h concentration of constrained areas within the polymer. The increase in

barrier properties are aresult of the disruption of oxygen and water diffusion paths by the
presence of nanomaterials. The presence of nanomaterials can also improve the
structural integrity of trays when the trays are exposed to retorting conditions of
temperatures of 105°C-135°C and pressures of 3040 psig, under high humidity, as well
as during handling at the manufacturing stage or at storage.

The description of the invention set forth hereinisillustrative, and is not intended to limit
the scope of the invention as set forth in the above claims.



applications. The multi-layers are then form into trays via a thermoforming
process. The trays are sealed with an oxygen and moisture impermeable
film. Addition of a small quantity of a nanocomposite barrier such as
nanoclay or silicon dioxide into a low-cost matrix material can lead to a
low-cost product with greatly improved oxygen and moisture barrier
properties, strength, and heat resistance. Because of the large surface
area of nanoparticles, it takes only a small quantity of nanomaterials to
obtain a high concentration of constrained areas within the polymer. The
increase in barrier properties are a result of the disruption of oxygen and
water diffusion paths by the presence of nanomaterials. The presence of
nanomaterials can also improve the structural integrity of trays when the
trays are exposed to retorting conditions of temperatures of 105C-135C

Claighgressures of 30-40 psig, under high humidity, as well as during
handling at the manufacturing stage or at storage. The description of the

WY ety seigfgrth herein is illustrative, and is not intended to limit the
scope of the invention as set forth in the above claims. 7 Claims What are

1. Chaimediriembi RIS shribinaySIefoRANQr preRAS G Tortifies Pask AR es

coﬁﬁérf@{ﬁ? Asian noodles comprising: a. a multi-layered tray developed
from combining nanocomposite-fortified polymers and polymer layers,

a. SHORAS-REMHREP BER tRVE Bed YlomOEcOMbirpely BtRBRRE IS tepbitnRéd polymers
(BNpenchethydgse vioghaleo el Erd@tehdo(famn ahiah ®xgadn afethylene
WatesHiadec(PIRa)eHad, &ngl éndhverip clleshongeerltblsyienea high oxygen and
naaeeorpesiettaitifieddolymer into trays; and c. sealed using an oxygen
and moisture impermeable film. 2. The multi-layered

b. ninecvofopositetienifikt ayey ee orpeotompiesite-T dnéf est rmhgmen éotoetrdgal and
properties with high structural integrity that is able to withstand the

c. regalethgsipgoareexy Erildnd moilsives/enper mealdedposite-fortified tray
recited in claim 1 enables its contents, i.e. the fresh Asian noodles, to
have an extended shelf life, after being treated with the retorting process.

2. 4, Thee Mulli-layersd nReceBwRsSHTdietet vayaatatedrnaaim 1 ias strong

mqﬂ@mi@g&,@@p@ﬁgs widhshigh gamyfa,b,igwﬁgst_hgt is able to withstand the retorting

process.

3. The multi-layered nanocomposite-fortified tray recited in claim 1 enables its contents,
i.e. the fresh Asian noodles, to have an extended shelf life, after being treated with the
retorting process.

4. The multi-layered nanocomposite-fortified tray recited in claim 1 has high oxygen and
moisture barrier properties.



