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This invention relates to a novel process and reusabl e

pl astic storage container for the nodified atnosphere

preservation of fresh fruits and vegetables. Mre

particularly the invention pertains to the preserving
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Modification of the gas composition in the atmosphere within a package around the food
can prolong the storage life of the fruit, vegetable or other food products. Modified
Atmosphere Packaging (MAP) is an application which uses the respiring food to reduce
the oxygen level and accumulate the carbon dioxide levels within a package. The lower
oxygen and higher carbon dioxide atmosphere slows the respiration rate and quality loss
of the food and suppresses microbial vegetative growth and spore germination leading to
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4, The lid may be constituted from a range of plastic materials including but
not limited to polyamide (nylon 6, 11, 12 or 66 and blends thereof),
polycarbonate, polyethylene, polyethyleneterepthalate, polypropylene,
polystyrene, polyvinylchloride, and mixtures thereof.

5. The differentially permeable film membrane hermetically sealed between
the lid and the container may be constituted from a range of plastic
materials including but not limited to: polyamide (high barrier to oxygen
and carbon dioxide, permeable to water vapour), polyethylene,
polypropylene, polyvinylchloride and mixtures and / or laminates thereof.
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pol yvi nyl chl ori de, and m xtures thereof. 5. The

differentially perneable fil mnmenbrane hernetically

seal ed between the Iid and the contai ner may be

constituted froma range of plastic materials
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Oxygen transmission rates of : 25,000+ over cm’per m” per 24 hours at

25°C at 1 atm

Carbon dioxide transmission rates of : 75,000+ cm’per m* per 24 hours at
25°C at 1 atm.

The films for the three categories ideally are color coded for simplicity of application to a
particular food group. The color coding may be applied to the film or the plastic frame.
As examples, green color coding of Category 1 would apply to green leaf salads ((low to
medium respiration rates), red color coding of Category 2 would apply to fruit pieces
(intermediate respiration rates), and white coding of Category 3 would apply to
mushrooms (high respirations rates).

The film selections must allow carbon dioxide transmit through the film at rates 3 to 4
times the oxygen transmission rate and therefore have a carbon dioxide:oxygen diffusion
ratio of 1:3 to 4. For the example which employs micro-perforations the oxygen:carbon
dioxide diffusion ratio will be 1 to 1.0 to 1.5.
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rate and therefore have a carbon di oxi de: oxygen

diffusion ratio of 1:3 to 4. For the exanple which
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specification is to be regarded in an illustrative, rather than a restrictive, sense.

This invention provides a novel packaging application involving the preparation of
washed, sanitized, peeled, deseeded and pre-cut fruits and vegetables followed by
modified atmosphere packaging of the product for ready-to-eat consumption at a later
time. The fresh product continues to respire in the sealed container and consumes oxygen
and releases carbon dioxide into the chamber environment and are subject to modified
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restrictive, sense. This invention provides a novel
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2. Category 2 :



1. Category 1 : High Barrier Film: Oxygen

transm ssion rates of : 100 to 1500 cnBper nR2 per 24
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rates of : 300 to 4500 cnBper nR2 per 24 hours at 250C

at 1 atm Sanple product applications : Baby carrots,

beets and other root crops; fresh cut sal ads. 2.

Category 2 :MediumBarrier Film: Oxygen transm ssion

rates of Medi2Q®Bat@rFRRP. cnBper n2 per 24 hours at 250C

at 1 atm Carbon di oxi de transm ssion rates of : 4500

to 15, 00Q, %nﬂ%sd%{ rakés d1OUIsB0ab Sgé@gﬁaﬁgg 224 hours at
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cherri €S, cHL P 1§xid€ ?r%gsl?ﬁal?sionng ?etsac{ %90 tg 1¥000 cm’per m? per 24
€s, cucunbers ‘(I'n denéral "citrus,

strawberrjes,

pone and h(??‘"ifﬁé %t?sa?mberri es and greenhouse crops).

4. t%?or%s : ng.Bar(ier.(Hi h Per neabi | it Film:
Oxy ¢ BiPdheLspPOrRtiont e Lryfs suclhis garjalouRrahopmpiey: fopratoes,
per a@ﬂlehBEﬁr§,°§Frr§50@?%qs= ROAGH Ty éﬁ?tﬁréﬂ?sad]i‘_%%i %@Wbeme& tomatoes,
t r arf¥R¥BRSTY Ainy genseal gritrus, omsomnd divpp druitsp bprsies 2ud Hpgngouse
at 25@0)-at 1 atm Sanple product applications :

Mushr oons, asparagus. The novel apparatus provides

addi4.i ondlategaiynd enance of food product quality with
options to regulate the relative humdity within the

seal ed pdekeBarithfHigigPerdeabiisf) &dti:on of |id, container
and filmmaterials. Fabrication of the film container
and / or Gxyded hi@Mndsdie@Lesadf 8,008/ HRr BRLRE indfl Ser 24 hours at
(wat er vaper gabsey ption / perneabilities of 1.0 to 2.5
g-mm per nmR2-day at 75%to 100% rel ative hum dity)

provi des Lt W : i 9

relative Sga?@;f g&af gelﬁesﬁlslg\?\?l tqrﬁ??]g?hzig%(grl %ﬁggﬁlk g%?@hours at
Mai nt enance of I nternal relative humdity |evels at
apprsoxi mat e

Ly.75%RH.t o .85%RH mai nt ai ns. product quality
P hGecs o s MR B BRIt ho o oduct

rovi ding slight noisture reduction of_ th rqduct, . .

THe, el PR e 85#“{?;‘@1]1 PR EEF oth Bpg et qislity with
opp@gi)}orrgg\plgrﬁ the, eelatiye hpmiigity within the sealed package through the selection
of lid, container and film materials. Fabrication of the film, container and / or lid from a
range of polyamide materials (water vapor absorption / permeabilities of 1.0 to 2.5 g-mm
per m*—day at 75% to 100% relative humidity) provides the ability to absorb moisture
and regulate relative humidity levels within the sealed package. Maintenance of internal
relative humidity levels at approximately 75%RH to 85%RH maintains product quality
by removing residual surface water from the product, providing slight moisture reduction
of the product, removal of water vapour generated from product respiration and maintain
a relative humidity level that suppresses microbial vegetative growth and spore
germination (below 80%RH). Pre-cut salads have been shown to double the effective
shelf life if the product is stored without residual moisture after washing and dried to

original of -1% (wt/wt) of its original weight.
Example 1 :

The process for preparation and preservation of perishable kiwi fruit using the invention,
involves the following :



a relative humdity |evel that suppresses m crobial

vegetative grow h and spore germ nation (bel ow 80%RH).
woéneyraws77sal ads have been shown to doubl e the eETBGRIGM00S4

shelf life if the product is stored w thout residual

noi sture after washing and dried to original of -1%

(wt/wt) of its original weight. Exanple 1 : The

process for preparation and preservation of perishable

Ki Wi fruifeadstdlght il mBNENLHORiwil FAUOLUERedsNT T &) Bish Rt are
- 1. ReadyydeQsrelyidub B 4yBd @ae&écp%wdghé/& withWbdp &dd HAREES 100
of ‘1 to 3Kafdn élh&ﬂ%tlfﬁfaﬁal;lé)eﬁd @K»{ﬂh%tb?gr% ¥ Rl

Sﬁ: ect ed, sod wat er 0 ppm
gl ' %.' neé{:t&gs of%I Sligése@d @g}gﬁg%é &?{P# tanl;'d w%aag Bal&gs\’\@%%:?ernts or

sllced as’ alves segnbnts or sllces of deS|red si ze;

. pr ox rrat e 0] .
(oo ot i métegv a 00fo Tl bty gl v
cont ai ner fCOH ainer constructe of
pol yet hyIR é’f eé‘ﬁfteFFQ aée 4 The kiwi fruit were
seal ed in_the package (silicon gaskets) with a plastic
fil rfwi t EhgrTwk g vere sqadedi s dhopackagee(saicon gatke ?rwéra plastic
n2 per 24ilpowits ampxgmodransmissian miaAb3 0o aeam” BerC4 kmurs at
15 days (Q0Ppt 1 heangussdred st SOE forhld depP(MAR). frui t
conpared to non- MAP controls (consisting of identical

THer quiatityi of tipeMAGY ldtvé fuit lcampdred tosjonvida Psopteolis Gronsiktiey of identical
friiib inegerfbaated clamslichispgas supeidrradier fhidei daysiar goragd. iCoaabl fyuit were
notRtly Wageadggedi Witha fridiskriCpPiaraRpLaiIRBRS, codt hlea Jsofy flesh
teRifcCaridl 168, ofchhractbH@RIkiWERAVIUE IGRM fluRSFacedl in clamshells were rated

as%ﬁ&%%a%l’e‘ ok icbndtinprioh ba¥Oody- 3 BF Worakt Wyta Phiefr trfined sensory
ells were rated as unaccepta | e"for consunption

after day 3 of storage by a 3 nmenber trained sensory

afrﬁ f{h&—i“l\;IAﬁtc%'ﬁﬁgl& Q/e&hﬁtew 9%@1@0 antf 3? e)]gcellent on
da 1é st d g‘s ac tX lg (?ay F?lﬁf: ri nLgreen Und ogaque
g g?u&% 1& 8 aj %@ Iiactlgrést clﬂw VOH{‘ wtas mtaﬁl?amed
y%) 5 rB%r{Oéir P‘& Rﬁ’t\‘/ﬁi P aV6lEY %s(etha“" and

eﬁ ‘b“ Hl?g’ﬁ%? e 15 days storage period

Wi t hout not i ceabl e off-flavors (ethanol and
Expaitlef dehyde) found in the control fruit. Exanple 2 :
The process for preparation and preservati on of
Ther prgrdse ferapyyparatich andtpressevation atifragilenipby Heafilefnensilad using the
inventiohyigsolvessthé fdllowwigyg : 1. Baby | eaf lettuce m xtures
consisting of red romai ne, green oak, red oak, green
| eafl. | ol Babyrlesfdettuct awixtueafconsistihigoathred rorhaind, |geeeganak, red oak,
tango andreggneraf, lolla rossa, red leaf, radicchio, little gem, tango and green
romaine was commercially prepared and packed in a MAP bag with
oxygen transmission rate 1800 cm’per m? per 24 hours at 25°C at 1 atm;

2. With six day of shelf life in the package and with 6 days remaining to
code date (coded for 12 days of shelf life at 5°C), the bag was opened and
100 grams of the baby lettuce blend repackaged in either in a 500 mL
ventilated clamshell (ambient atmosphere) or the invention consisting of
container, lid and film constructed from a polyamide blend.

3. A 60 micron perforation was inserted in the film to provide an oxygen and
carbon dioxide transmission rate of approximately 2500 cm’per m* per 24



romai ne was commercially prepared and packed in a MAP

bag with oxygen transm ssion rate 1800 cnBper nR per
wa4oitauswzat 250C at 1 atm 2. Wth six day of peisiGR006/000054

life in the package and with 6 days remaining to code

date (coded for 12 days of shelf life at 50C), the bag

was opened and 100 grans of the baby |ettuce blend

repackaged in either in a 500 nL ventilated clamshel

(anbi ent [RUADSAIFECE) 104tmt 4R the HEEa® BeAQN St i 1R8N %faskets and

cont ai nergiorkd & POl JekiBUELHB 6! It LD ddygm a pol yami de
blend. 3. A 60 mcron perforat|on was |nserted in the

Bitfij@ghft ggt:fc@\éﬂope% lﬂfﬂh@%ﬂéﬁ@%m%% lp s%ﬂ yé(;%mﬁc nt wi tlng of
surfal

ofzs% f%h@éo%\‘é t@t %ﬁwfc' e c%é\g% ent Owﬁﬁi
th i %?ce ta a ay Bt c Pis unacceptable
W ﬁeh i
daa(é’ea ?gg%s%a}s\ﬁa gt ‘B‘rﬂb%’g kg v oG moul

e@@ﬁﬁﬁﬁBﬂPgm-W%%W“ﬁ%ﬁably t he radi cchio and ot her red
conponents. Wiile the product was rated as margi nal |l
Bahycleptrapdust sioreddy i, MAEeCOp’iawu gfterrigtdagls eSsterage veprasdsl as 4 of
a fudlrscele g artpbeing eb«)ellda@ans 3odecwed tabremaiinalisipc@ptabled. Browning
andpvailting0sfilof lettime Wasaibt guideniti A ftand2 deys dfetoragel the M AP product was
scdred ao| 30U et fdund o he géceptaplyeior bensemsti@n dduoffexed drrevidegce of
mouhld s Hedaly weByideatified, a si gnificant off-odor was

evident with product breaking down due to sline nould

Af QUIMbBIaBp&BR- to th:e LHDRE IR SheSRP vithBathscl ®ahe B6R6ME tdisclosures,
m8ityodiRFations bR mYTiceidHs B Bdssidle Brthd Araf@deSorahisShRMAGE without
dé{c‘@ﬁl e%%%’th@%plfllt 8f scBpd tkteot QL0 (%1)5 tlfei‘c@ﬁé (thee?ﬁ'?&{t ofif to be

I ng
and wlting o &Wﬁﬁt ehgﬁgggmg@ﬂﬁoﬁang entg ﬂ?ﬁg 12

days of storage, the MAP product was scored as 3.5 and
found to be acceptable for consunption. No off odors
or evidence of nould or decay were identified. As wll
be apparent to those skilled in the art with respect
to the forgoing disclosures, many alterations and

nodi fications are possible in the practice of this

i nvention wthout departing fromthe spirit or scope

t hereof. Accordingly, the scope of the invention is to
be construed in accordance with the substance defined
inthe followng clains. WHAT IS CLAIMED IS : 1. A
system and reusabl e plastic container for preserving
fresh ready-to-eat fruits and vegetabl es by packagi ng
peel ed, deseeded and cut pieces in a nodified

at nosphere package between 1% and 15% oxygen and 1%
and 209 % carbon dioxide at relative humdity between
75%RH and 1009%RH. 2. A reusable plastic container
(Fig. 1, Fig. 2) that be designed in various shapes,
including but not limted to round, square,
rectangul ar or oval and may consi st of



two or three pieces including: a) A container body may

be constituted froma range of plastic materials
woOned7udsr1g but not limted to pol yam de (nyl onP6T/S68006/000054

11, O 12 and bl ends thereof) pol ycarbonate,

pol yet hyl ene, pol yet hyl enet er ept hal ate, pol ypropyl ene,

pol ystyrene, polyvinylchloride, and m xtures thereof.

b) Alid nay be constituted froma range of plastic

WL RIS @LAINMRBDI8di ng but not limted to pol yam de
(nylon 6, 11, 12 or 66 and bl ends thereof),

1. poI . @?ﬁ@r@%g rel@bi¥ lﬁb\/ﬁ: Q:B@tam@f)k‘df%r@ékﬁﬁ?ﬁ"@ﬁ?@aﬁ?k@&ﬁ fruits
pol wao\rzagmes 0h ae baihe eelepoélexy d@ar B Q| fi&es 3% modified
m Xt f r}éeﬂa% e, bk eeI onﬁ}i 184 ejnd 1%. and 20%% carbon
R G A8 Qg bl Bech Jnefsvatﬁ%sd%wa

m cro-perforate or a tWo pi'éce app |on c) The

2 di ff}? ! 111%19' 24t 5nq!31ab| fl l l%a%ri)e e(selr & glc\%lrlo}ﬂs shapes

coaigyd et PR LM D
i ncI VAR P RCHSNYIRE ed to: pol yani de (high barrier

to en and car di oxi de, per rreabl e to water
Vv ap yg F@Efemabgqe pg}p xé)m a range of plastlc materials

pol yvi nyI“é‘WI‘ g B@ r@hamﬁeﬂmp@ga@ﬁe (nylest 64 @rilhafrel and blends
t her eof . tipreok) sy pobipmbenate.he prlysibdenence nolyeguddneteyepthalate,
and pres @plyatqpai;nefpm@tymen@quigvimidﬁllfmi@ aid mbgpies thegsof.
consisting of 1% to 50% carbon di oxide and 1% to 15%
oxyden; 4 lid nsaysheeennstifucid fipono i rdegeaofSiheictmateriaf irfcluding but
opti ons bt finttey ge payuthida(ingon @, axj de qreséraadibldntly thereof),
desi gned pbcarbpess,f ipelyphgkage pé fp 6BlethyRB et tHalad] Ug6lypropylene,
respi r at ipelys@rihe "By GRMISHISH &) fand GAkRBA Merdof. THe ARl may either
Barrier Fklnifcio-pfi@Red Fdrab ks piebda gpﬁ%ﬁ%n@r micAd rfo‘?ated for
1500 cnﬁgegvorlg?ecpglgplggu&pur s at 250C at 1 atm Car

di oxi de transm ssion rates of : 300 to 4500 anper nQ

per ¢ 4 h%@ iR 9 @;me]abﬁtﬂmsl%gﬁbx%ngﬁlg %au sealed between
appl Cat Itl?enﬁd angﬁaﬁ 9% {am%&q Ogg D &H K%;}g y ‘ge of ;lastlc
iln }rg? Polya % oxygen

crops; fre er1a mc
Film: X ‘;déll €s vl
cBper MM HeFoIa wr e?% o ey % qr? deFBéene
transni séP Hrqul(egg, pgtyviny, ldF&n BG5S ARB o amnajse fhereot.
24

3. A system for the maintenance of quality and preservation of food using modified

atmospheres consisting of 1% to 50% carbon dioxide and 1% to 15% oxygen;

4. A system which provide a selection of film options with oxygen and carbon
dioxide permeability designed for specific package volumes and produce
respiration and may consist of:

Category 1 :
High Barrier Film :

Oxygen transmission rates of : 100 to 1500 cm®per m* per 24 hours at
25°C at 1 atm

Carbon dioxide transmission rates of : 300 to 4500 cm®per m” per 24 hours
at 25°C at 1 atm.
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hours at 250C at 1 atm Sanple product applications :

Fruits such as cantal oupe, honey dew, tomatoes, apple,
woeen7s08Therri es, grapes, peaches, nectari nes, PRTi8G2006/000054

strawberries, tomatoes, cucunbers (in general citrus,

pome and drupe fruits, berries and greenhouse crops).

Category 3 : Low Barrier (H gh Perneability) Film:

Oxygen transm ssion rates of : 25,000+ over cnBper nR

per 24 h%ﬁ@l@bro@ﬁ&@f@hcémﬁ& MEGBY Rafod Qéé'tsdgnd othﬁr root crops;

transm SSH&QR kR8s 0 75, 000+ cnBper n® per
at 250C at 1 atm Sanple product applications :

Mushr oo jagus. 5. A systemthat can regulate
rel ative u%%gfty within the container within a range
of 75 to 34 I y between 75% and 85% for sone
f oods by I\?GJ;{%I\?%%Q%DE%& ure fromthe food and the

noi sture generated .fromr COE]StrL‘I,_CtI ]
f %@b A Sttt b 28 s

the lid, o) F%Lr%‘ésfmfﬁsr‘o? 9%

wat er ab§§ f5o#Y  transmission properties within the
renage of . 1.0 to 2.5 g-nmper n2- day at 75%t0,100%

rel ative Q?tﬁl?ﬁ“d‘ih?yde TResmigsien ety e4|589 itey &5 R00ican pey m” per 24
suppr essd8uisbductatdeémy due to ni cro-organisms; 6. A
system whi ch i ndependently controls nodified

at nospherSempingradueti atiptligatwing hi Rrufith esucloras adantatqupd, héney dew,
syst em whengotshearpbal pehrpacheages, ofrapeds peatheg, feetafines, kiwi,
f ood can stanbeaiies, aomatobx dﬁaﬁﬁba{rlr(aﬂgénew diptal popac Kfrkg@lrupe
vol une ( dini}y, lefridehigeenibude é0pd). 6. The headspace gas
conposition of the seal ed package can be between 1 and
50% car b@me@b 3 de and 1% to 15% oxygen with internal
relative humdity of 75%RH to 100%=H.

Low Barrier (High Permeability) Film :

Oxygen transmission rates of : 25,000+ over cm’per m> per 24 hours at
25°C at 1 atm

Carbon dioxide transmission rates of: 75,000+ cm’per m? per 24 hours at
25°C at 1 atm.

Sample product applications : Mushrooms, asparagus.

5. A system that can regulate relative humidity within the container within a range
of 75 to 94%, preferably between 75% and 85% for some foods by removing
moisture from the food and the moisture generated from respiration by
constructing the lid, container or film of polyamide materials with water
absorption / transmission properties within the renage of 1.0 to 2.5 g-mm per m*-
day at 75% to 100% relative humidity. The resulting relative humidity suppresses
product decay due to micro-organisms;

6. A system which independently controls modified atmospheres and humidity
within the container;

7. A system where the sealed package of respiring fresh food can contain a ratio
mass (grams) to total package volume (cm®) of between 0.3 to 0.6. The headspace
gas composition of the sealed package can be between 1 and 50% carbon dioxide
and 1% to 15% oxygen with internal relative humidity of 75%RH to 100%RH.
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