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ExecutIve Summary

The expenments were conducted m both countnes, The Israehs worked only With mango

wlule the Costa RIcan partner mvesngated both mangoes and melons

The Israeh partners proVided necessary technIcal mformanon and consultanons to the Costa

RIcan partner as for the preparanon of the facilines m CITA (Costa RIca) and for the work

With fresh produce The major contnbunon of the project IS the estabhshment of a new

postharvest research laboratory m CITA and the trammg ofIts leader

The research was aImed to lmprove keepmg quahty of mango and melon fruItS Without

declme of Its consumer charactensncs The keepmg qualItIes were lIDproved by hot water

treatments followed by sealmg the funt With drlferent films Packagmg Tommy AtkIns

mangoes m perforated films prevented wsorders caused by non-perforated packages such as

lIDparred npenmg, off-flavor development, wscoloranon, and at the same tlIDe markedly

alleViated phYSIOlOgical problems charactensnc for non-sealed fruIt such as madequate lIfe,

deSICcatIon, etc A senes of mochfied-atmosphere packages With drlferent 02 and C02 levels

were obtamed by varymg the package perforanon area In all these perforated packages, the

fruIt was capable of npenmg, but the npenmg rate differed markedly depending on m-package

atmosphere ThIs result opens a pOSSIbility to choose the charactenstics of the package m

accordance WIth the deSIred duratIOn of storage and or transportatIOn penod, m order to obtam

JUst by the end of this penod a fruIt combmmg low weIght loss, absence of shnvellmg With the

good qualIty The additIon of Ca(OHh - contammg pouches (C02 absorbers) to non

perforated packages allowed the fruIt to attam the yellow peel color Without a notIceable

mcrease m weIght loss However, hastened decay development m such packages canceled theIr

pOSItIve effects on mango color

The research has aroused the mterest of several Costa RIcan exporters to carry on large

trials With these technolOgies m collaboratIon With the CITA reserch leader

A mathematIcal model was developed to study the mfluence of film preforatlOn on 02

concetranon and relatIve hUffilwty m the atmosphere of the package contammg fresh fruIt The

model mcluded equtIons descnbmg fruIt resprratIon and trasprratIon as well as permeatIon of

oxygen and water vapor through the perforated filin Closed-system expenments With mango

fruIt revealed a lmear dependence of resprratIon rate on 02 concentratIon The model allowed

analytIcal computanon of the tIme course of m-package 02 concentratIOn and relatIve

hUffildIty, and the results were m good agreement With expenmentally measured values

Perforanons had a much more pronounced effect on 02 concentratIOn than on relative

hUffildIty The model enables pracncal predictIons for desIgnmg mowfied-atmosphere

packagmg
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A) Research ObjectIves

The overall aim of tins project was to extend the storage lIfe of mangoes and melons by the

use of modIfied atmosphere packagmg, and to combme tins technIque With treatments at lugh

\

temperatures, or With the addItlOn ofC02 absoebers

The research was auned at optImIzatIon ofperforatIon level ofthe packages contammg heat

treated mangoes

Increasmg the storage lIfe and mamtaI11illg qualIty of fresh fruIts and vegetables are the

prunary objectIves of applIed research m postharvest physIology Controlled atmospheres

specmcally reduced 02 and mcreased C02 have long been known to e'ctend the postharvest

lIfe of many hortIcultural commodItIes ModIfied atlnosphere packagmg (MAP) proVides an

alternatIve approach for altenng the gaseous envrronment and thus prolongmg the shelf lIfe of

fresh commodIties enablIng Its export to dIstant markets (Ben Yehoshua et al 1995) Seal

packagmg technIque, WIDch IS a slffiple, and ongmal apphcatIon of MAP, has been developed

by the prmciped IDvesugator and used already for drfferent CItruS frmt as well as for vegetables

such as bell pepper In the past, the apphcatIOn of MAP to tropIcal fruIt such as Mango was

not successful The sealed fruit became soft but dId not npen well The applicatIOn foe melons

was also controversial (Ben Yehoshua et ai, 1996)

Postharvest heat treatment of fruIt and vegetables, such as cunng or hot water dIps reduced

decay aIId accelerated healmg of fruIt IDJunes and reduced decay (Ben Yehoshua et al, 1996)

B) Methods and Results

Israel,

Mature-green mangoes of Tommy AtkIns cultIvar grown m Jordan valley m Israel were

obtamed from the packIng house at the day of harvest The fruIt dId not reCeive any packIng

house treatment except washmg (1,3)

The fruIt were subjected to heat treatment WIthm 24 h after reachmg the laboratory Mangoes

were dtpped for 5 rom ill a thermostatic bath contamJ.ng heated tap water (51±10c)

The fruit were sealed ill packages of 40 J.l.- thick low-density polyethylene (LDPE) Two

fruIt of known IDltlal weIght were sealed m each package The perforatIon levels were

charactenzed by total perforatIon area per package (TPA) whIch was ranged as follows 0, 1,

4, 19, and 69 sq mm Control funt were kept m standard mango packages - open cardboard

trays
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Packaged funt were stored at 14°C and relatIve hunnwty (RH) of 85±3% The storage

duratIon vaned from 2 to 4 weeks The storage penod was followed by a shelf-lIfe lffiltatlon,

when the packaged frrnt was kept for 4 days at 20°C and RH 85±3% At the end of shelf-lIfe

penod, the packages were opened and part of the frUIt was used for qualIty analysIs If

necessary, the rest of the frUIt were kept open for one admtional week at 20°C to complete

npenmg

The followmg parameters were checked m the expenments m-package atmosphere

composItion, decay mCIdence, frrnt weIght loss, shnvellmg, finnness, percentage of total

soluble solIds, tltratable aClmty, peel and flesh color, taste

COmpOSltlon ofm-package atmosphere

In non-perforated packages, the O'xygen concentratlon decreased qUIcldy to the level of 2

3% The anaerobIC fennentatlon process prevaIled m frUIt at those conmtlOl1S Accordtngly, the

atmosphere of non-perforated packages was nch m C02, ethanol and acetaldehyde Even the

smallest perforatIon level tested (l sq mm1package) practically prevented anaerobIosIS In

perforated packages, the 02 concentratIon vaned from 10 to about 20% With the mcrease of

total perforatlOn area (TPA) from I to 69 sq mm1package Accordtngly, the C02 concentratIon

vaned m those packages from 10 to about 1%

At all perforatIon levels tested, the m-package ethylene concentration had a peak after 2

weeks of storage The mghest and the most pronounced ethylene peak was observed at TPA of

4 sq mm1package At lower perforatIon levels, the ethylene productIon mIght be mh1bIted by

hIgh C02 concetratIon, whIle at mgher perforation levels Its accunmlatlOn could be reduced

because of better package ventIlatlon As a rule, the m-package ethylene level mcreased after

transfer from 14C to 20C

Welght loss and decay

Seal-packagmg prevented the fuut shnvelhng Even when the funt were taken out from the

packages and kept open for an addttIonal week at 20°C, only neglIgible shnvelhng was eVident

At that penod, about 50% ofnon-sealed control funt were shnvelled

Perforated seal-packagmg reduced greatly the fnut weIght loss, even at htghest perforatlOn

level As a rule, the weIght loss percentage was directly related to TPA value hl non-perforated

sealed packages, the weIght loss was surpnsmgly htgh, pOSSIbly, as a result of mtensive

exudation of lIqUid from the fruIt

The fruIt seal-packaged Without perforation had no decay untIl openmg of the package but

then rotted rapIdly The decay level m frUIt stored m perforated packages was consIstently

lower than that m the non-sealed control For example, after 3 weeks of storage at 14°C and 4
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days at 20°C, the decay mCIdence ill perforated packages dtd not exceed 10-12% as compared

to 20% ill the control

FrUlt npemng

Softemng Keepmg mango frmt m non-peIforated sealed LDPE packages mlubited theIr

softerung, so that the fruIt stayed hard even after 4 weeks of storage and 4 days of shelf hfe

The smallest perforatIOn level was sufficIent to enable softenmg slffillar to that of the control

frmt

Total soluble sollds aSS) Sumlar to frUIt softenmg, the mmnnal package perforatIon was

enough to enable the normal accumulatIon of soluble sohds ill mango frUIt durmg storage In

non-perforated sealed packages, thIs process was completely mhlblted and TSS percentage was

kept at the lDltIallevel

Tltratable aCidity The rate of aCld1ty changes depended on perforatIon level In hIghly

perforated sealed packages (TPA of 69 and 19 sq mmlpackage), as well as ill non-sealed frmt,

the utratable aCId1ty declmed rapIdly and had httle chfference at the three storage penods

checked Mangoes seal-pack1aged WIth TPA of 4 sq mmlpackage, at first storage penod (2

weeks at 14°C and 4 days at 20°C) were more aCId than, but a week later fruIt reached the

aCld1ty level even slIghtly lower than that of non-sealed ones After 4 weeks of storage and 4

days of shelf hfe, fruIt sealed With 1 sq mm of TPA also approached the aCIdIty level close to

that of the control In non-perforated sealed packages, the aClillty never reached the level of

non-sealed fruIt

Taste After 3 weeks of storage at 14°C and 4 days at 20°C, the taste panel preferred the

frrnt kept m perforated sealed packages over those from the non-packaged control, mamly

because It was not over-npe The hIghest taste score was gIVen to the fruIt packaged at TPA of

4 sq rom The fruIt kept m non-perforated sealed packages was meillble because of e~remely

strong alcoholIc off-flavor, exceSSIve aCIdtty and finnness The slIght off-flavor was sometImes

eVIdent also ill fruIt packaged at TPA of I sq mm

Flesh color After 2 weeks of storage at 14°C and 4 addItIonal days at 20Q C, the non-sealed

fruIt and the fruIt seal-packaged With TPA of 69 sq rom, had the same mtense yellow flesh

color ThIs color was reached by the flesh of :fruIt kept at TPA of 4 and 19 sq rom one week

later, and It was enhanced slIghtly after adilltional week of storage TPA lower than 4 c;q rom

per package was msufficient to allow full flesh color development The sealmg prevented an

exceSSIVe flesh darkenmg observed ill non-sealed control after prolonged storage as a result of

over-npenmg
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Peel color Ofall npemng-related processes, the peel color change was the most sensItIve to

the conditIons of 111-package atmosphere In non-perforated sealed packages, fruIt mamtallled

Its green color for more than two weeks, and later demonstrated a dark (grayIsh to dark-brown)

discoloratIon The heat treatment enhaced color development enablmg sealed and perforated

fruIt to achieve fruIt coloratIOn

After 3 weeks at 14°C and 4 days at 20°C, only fruIt packaged With TPA of 69 sq mm had

turned yellow At least 19 sq mm TPA was essentIal for fruIt to reach a yellow peel color after

4 weeks of storage and additIonal 4 days of shelf hfe After ope11111g the sealed packages, fruIt

kept at TPA of 4 sq mm also reached yellow color, while peel of fruIt packaged at TPA of 69

sq mm/package turned yellow-orange However, It stlll did not reach the color 111tensity of the

control fruIt The TPA of 1mm2/package was not suffiCIent for complete fruIt yelloW1l1g

DIrect relatIOnsmp was observed between the advance of peel color and the lll-package

oxygen concentratIOn, as well as 02/C02 ratIo

In-package atmosphere and npemng rate Table 1 summanzes the appro"'illllate tIme

necessary for mango fruIt to reach "npeness level" of chfferent qualItatIVe parameters, as

effected by 111-package oxygen and C02 concentratIOns
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Table 1 Effect of m-package atmosphere on the number of weeks* necessary for Tommy

AtkIns mango to reach npeness level

RJ.S dtea ly-state Ipenmg parameters

TPA, °2, % C02, % AClChty TSS Frrm Flesh color Peel

color

mm2/pac (range) (range) <025% >13% <lkG Hueo<85° yellow

0 2-3 25-40 NR NR NR NR NR

1 9-10 11-13 4 2 3 NR NR

4 16-17 4-5 3 2 2 3 3+1**

19 18-20 2-3 2 2 2 3 4

69 19-21 07-1 2 2 2 2 3

00 205-21 003- 05 2 2 2 2 2

(N/seal )

* followed by 4 days at 20°C, NR - never reached

** 1 addItIonal week unpackaged at 20°C

In conclusIOn, keepmg the fruIt m sealed non-perforated packages of 40~-th1ck LDPE

meversIbly spOiled the commodIty because of anaerobIC fermentatIOn, dark dIscoloratIOn, off

flavors and Impmred npenmg Altogether, these dIsorders canceled the benefits of non

perforated seal-packagmg for TOnImy AtkIns mango

Packagmg Tommy AtkIns mangoes m perforated films prevented dIsorders caused by non

perforated packages, and at the same tIme markedly alleVIated phySiologiCal problems

charactenstIc for non-sealed frmt (madequate lIfe, deSIccatIon) A senes of modtfied

atmosphere packages WIth dIfferent steady-state 02 and C02 levels was obtaIned by varymg

the perforatIOn area from 1 to 69 sq mm In these perforated packages, the rate of frmt npenmg

was detennmed by the perforatIOn level

The ObjectIves of tins research were to test the effect of packagmg m commercIally

manufactured perforated heat-shnnkable polyolefin films and of the carbon dIo'ilde-absorbmg
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package illserts on postharvest lIfe of 'Tommy AtkIns' mangoes The performances of two

films havmg the same densIty of perforations (8 holes/sq illch) but dtffenng by perforatIon

diameter (0 4 mm for Cryovac SM60M and 1 6 mm for Cryovac MPY8) were compared With

those oftwo different non-perforated Cryovac polyolefins, MD and MY The frutt were sealed

eIther WIthm a polystyrene tray (ill dtfferent tnals, one or two frutt per tray) or Without a tray

(mdtvldual seal-packagmg) The non-perforated film caused certam reductIOn of 02

concentratIOn and enhanced the accumulatIon of C02 and ethanol vapor m the ill-package

atmosphere The atmosphere composItIon m perforated packages dId not dtffer sIgmficantly of

the ambIent one

After three weeks of storage at 14C and up to one week of shelf-lIfe at 17C, the non-sealed

control fruIt were of the menor qUalIty because of the over-npenmg, shnvelmg and decay

development Both perforated and non-perforated films practIcally prevented the fruIt

ShnVelillg Packagmg mangoes ill the non-perforated films or ill the perforated SM60M or

MPY8 films saved respectIvely 70-90, 40-55 and 25-33% ofthe weIght loss Packagillg ill non

perforated films mhtblted the development of yellow peel ground color and slowed down the

reductIon of the tItratable aCIdity WIth perforated films, the fruIt reached Its full color tnslde

the package No film removal was necessary for color development

The additIOn ofCa(0H)2 - contammg pouches (C02 absorbers) to non-perforated packages

allowed the fruIt to attaIn the yellow peel color Without a noticeable illcrease ill weIght loss

However, hastened decay development ill such packages canceled theIr pOSItIve effects on

mango qualtty

In additIOn to the practIcal expenments descnbed above, a mathematIcal model was

developed to study and predict the mfluence of film perforations on 02 concentratIOn and

relatIve humIdity mSIde a package contammg fresh frUIt The model illc1uded equatIons

descnbmg frutt respIration and transpIratIOn as well as permeatIon of o'{ygen and water vapour

through the perforated film Closed-system expenments With mango revealed a Imear

dependence of respIratIon rate on 02 concentratlon The model allowed analytical computatIOn

of the tlme course of ill-package 02 concentratIOn and relatIve hUffild1ty, the results wrere ill

good agreement With e"'{penmentally measured values PerforatIon had a greater effect on 02

concentratIon than on relatIve humIWty The practIcal aspect of this model was Its abIlIty to

predict gas concentranons ill mod1fied-atmosphere packages

New developments ill MAP were descnbed ill a speCIal report illVlted by the Journal

Piasticulture wInch IS the major publIcanon of the InternatlOnal AsSOCiatIon of the PlastICS ill

Agnculture
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Costa RIca

CANTALOUPE MELON The effect of mdlVldual packagIng m plastIC films and Its

combmatlOn Wlth a hot water treatment on the quallty charactenstics of Cantaloupe melon was

evaluated

FruIt was sealed m the followmg films LDRE Wlth perforatlOn area from 0 04 to 0 12 cm2

per package, a heat shnnkable polyolefin (D-940 CRYOVAC), and an onentated

ffilcroperforated polyole:fin (SM-250 CRYOVAC) The combmatlOn of a hot water treatment

(55°C/2 mm) together Wlth sealmg m heat shnnkable polyolefin and onentated lllicroperforated

polyolefin was e,,-ammed later Unsealed frwt, treated and non-treated, was used as control

The efficacy of the hot water treatment on decay control and Its consequnces on frUlt qUalIty

were evaluated m prelnnmary tnals The product was evaluated after one, two and three weeks

of storage at 4 SoC followed by an addItIonal week of storage at 18°C Sensory attnbutes,

weIght loss, peel and flesh color, external and flesh firmness, decay, TSS, pH and aCIwty of the

frUlt were detennmed

InwVldual sealmg was very effectIve for weIght loss control but other charactensncs of the

product ffilght be affected The heat shnnkable film tned m this study, although conSIdered to

be lligh1y penneable, sIgm:ficantly reduced the acceptabIhty of the frUlt Perforated LDPE

affected the mtensIty of sweetness (0 12 cm2 perforatIon) and strange taste (004 cm2

perforatIon) Usmg lligh1y perforated matenals hke and onentated mlCroperforated polyolefin

ensures a consIderable weIght loss reductlOn together Wlth unaltered sensory attnbutes A hot

water treatment of 55°C for 2 mmutes showed to be sIgmficantly effectIve for decay control of

Cantaloupe melon Though this treatment also made the frUlt less JUlCY, sweet and tasty It also

stImulated a lIghter peel color and mcreased weIght loss It IS suggested that the effectIveness of

hot water treatments, mcludmg shghtly lligher temperatures, should be compared WIth the

commerCIal treatments under sImllar condItIons

The combmatIon of mWVldual seal packagmg Wlth hot water treatments stIll looks very

proffilsmg as a way to obtam better qUalIty charactensncs m the :final product The results of

tIns study have rIDsed condsiderable mterest among Costa RIcan melon exporters and

packagmg matenal supplIers, who are willmg to support further research

All the tables and data are enclosed m the AppendIx

MANGO The effect of mWVldual packagmg m plastIc films and ItS combmatIon With a hot

water treatment on the qualIty charactenstIcs ofTommy Atkms mango was evaluated

FruIt was mWVldually sealed mto four Merent films LDPE 40 J.Utl thick With 0 08 cm2

perforatIon per package, onentated nucroperforated polyolefin (SM-250 CRYOVAC), heat

shnnkable polyolefin (D-940 CRYOVAC) and LDPE Wlth 0 04 cm2 perforatIOn A hot water
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treatment, "HWT' (55°C/5 rom) followed by sealmg mto the last two matereials was also

exarnmed Unsealed fruIt, treated and non-treated, was used as control FruIt was evaluated

after storage at 10°C for one, two and three weeks, plus an addItlOnal week of storage at 18°C

Sensory attnbutes, weIght loss, external and flesh firmness, peel and flesh color, tItrable

aCIdIty, pH, total soluble sohds and decay were 'measured

Our results show that perforatIon area as low as 0 04 cm2 allows for adequate color

development when mdIVldIal seal packagmg m LOPE IS used Packmg the fruIt m the heat

shnnkable polyolefin film dId mterfere WIth peel and flesh color development The HWT

apphed dId not have detrImental effects on fruIt quahty but was not very effectIve for decay

control (shghtly mgher temperatures and/or exposure tImes should be tned m the future)

Titratable aCIdIty and pH were not affected by seal packagmg but sIgnIficant dIfferences were

found m the total soluble sohds content FruIt sealed m LOPE at both levels of perforatIon and

m the heat shnnkable polyolefin showed TSS values and sweetness scores sIgnIficantly lower

along storage than the non-sealed control The use of LOPE WIth 0 04 crrC perforatIon and heat

shnnkable polyolefin films had negatIve consequences on the sensory quahty of the product

Conversely a delay m npenmg apparently WIth no other negatIve effects was obtamed by the

use of LOPE WIth 008 cm2 perforatlOn All the matenals were very effectIve m weIght loss

control

The use of packagmg films WIth controlled levels of perforatIon IS a favorable optIOn to

acmeve the benefits that seal packagmg can proVlde It IS clear that readIly avaIlable low cost

matenals hke low-densIty polyethylene can be advantageous If the adequate levels of

perforatIon are carefully deterrnmed Heat shnnkable matenals stIll seem to have ambIguous

effects on fruIt quahty

C) Impact, Relevance and Technology Transfer

The results descnbed m tills report, open a pOSSIbility to choose a package - charactenstIcs

m accordance WIth the deSIred duratIon of storage and transportatIon penod, m order to reduce

spOIlage, extend the postharvest lIfe and obtam JUst by the end of storage penod a fruIt

combmmg low weIght loss, absence of slmvellmg WIth the good qualIty

The Costa RIcan mstItutIon (CITA) has 20-years practIce m the area of food

processmg/engmeenng but only a llffilted preVIOUS expenence m the work WIth fresh fruItS and

vegetables At the begmnmg of tills proJect, the Costa RIcan researcher, M Sc Ruth Oe la

AsunCIOn, was tramed m Israel m Ben-Yehoshua labratory m postharvest handlmg for a whole

year and returned to Costa Rica She carned out then Tnals WIth Mango and Melon fruItS WIth

the adVice and guIdance ofthe IsraelI team
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The Israeh partners proVIded also the necessary consultatIOns to the Costa RIcan part as

for the preparatton of the postharvest facIhties m CITA Cold rooms for storage were buIlt and

shnnk sealmg machIne (CLAMCO Co USA) was purchased

In March-May 1995, the Costa RIcan collaborator partICIpated m a postharvest SCIence

course at the Instttute of Natural Resourses (Chatam, UK) financed from sources other than

USA AID

Durmg the expenments the CITA sensory analYSIS facilitIes were used and the postharvest

laboratory has been eqUIpped With a colonmeter CITA IS arrangmg With the OEA

(OrgamsatIOn ofAmencan States) about the eqUIpment for measurement and control ofrelattve

hurntdIty (RH) and for gas analySIS Another source of fundmg agreed to proVIde hterature and

subscnptions to penodtcals m the relevant field

Thts project has opened possibilittes for CITA to work With fresh produce, not only m research

actIVItIes but also m extenslOn and trammglteachmg As a result ofthts project CITA has

broaden Its capabIllttes to support and serve, not only the food processmg sector, but also the

hortIcultural sector CITA prOVIded a professlOnal tramed m fresh produce handlmg and

packagmg, new store rooms and packagmg eqUIpment, as well as the expenence gamed by

conductmg storage tnals Expenmental results have been proffilsmg, and have ralsed mterest

alTIong Costa RIcan enterpnses exportmg mango and melon Several exporters are mterested m

supportmg the reqUIred addItIOnal research Larger scale tnals could be conSIdered later

Several compames handlmg produce for the local market are also Wllhng to support future

research related With packagmg ofother horncultural commodtties

Estabhshment ofpostharvest research laboratory m CITA and tratnmg the appropnate staff

Will be the major contnbutlOn of tills project to strengthenmg the research and development

capaCItIes m Costa RIca

D) Project ActiVitIes/Outputs

The followmg meetings were attended and m each ofthese meetIng a lecture about

our work had been presented and CIted m sectIOn G Litreture CIted

1 The AustralaSIan Postharverst Hotncu1ture Conference m Melbourne, AustralIa at September

1995

2 Internattonal Postharvest Conference m Taupo, New-Zealand at August 1996

3 The 4th International Symposmm Computer Modelmg m Frwt Research, France,

September 1996

4 The 5th IntematlOl1al Mango Symposmm m Tel-aVIV, Israel, September 1996

5 International congress ofPlastICS m Agnculture, Tel-AVIV, Israel at March 1997
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Trammg M Sc Ruth De La AsunciOn, the Costa Rtcan reasearch leader had been tramed for a

whole year m S Ben-Yehoshua labratory m 1994

The publIcatIons that were subnntted, and mostly already publIshed, are lIsted m sectiOn G

In February 1998 S Ben-Yehoshua VIsIted Costa Rtca for 3 weeks Durmg tins tIme both

mvestlgators have reVIewed m detaIl all research done m both countnes All the Costa Rican

work that have been carned out throughout this project had been sunlillarized mto the 2

sCIentlfic reports m the appendIX

E) Project ProductiVIty

The project has accomplIshed all ofthe proposed goals

The research on both mango melon has come to the level that several exporters m Costa Rica

exoressed therr mterest m carrymg out together With CITA large scale trIals to check the

possIbIlIty to reach ItS commercial applIcatIon

The perforatiOn and the modelmg of the relatIve hurmdtty has been plOneermg pieces ill the

rapIdly developmg field ofmodtfied atmosphere packagmg

F) Future Work

A survey conducted by CITA m 1996-97 determmed that Costa Rican fresh

produce e'<.portmg compames face a number of constramts at dtfferent

stages ofthe marketmg cham Although handlmg and packagmg were found

to be very relevant Issues, a more mtegrated approach IS requrred m

order to get the deSIred lffipact

The mathemattcal model will be used for optImlzmg the deSIgn of perforated mango package

The search for decay-controllmg measures for seal-packaged fruIts Will be contlnued Both

mangoes and melons have several optlons ofeffectlve fungiCIdes They were not checked m tins

project as It was meant to be free of any fungICIdes However, at present mangoes and melons

are bemg treated by posrtharvest fungiCIdes Such a decay control treatment would probably

combme synergIstIcally With the extensiOn ofthe hfe ofthe frUIt by the seal packagmg

Addttlonal trIals With melon will be conducted by CITA durmg the harvest season m 1998

(Feb -Apnl)

The mdtVldual seal-packagmg developed m this project for mango and melon has to be

compared to the modtfical atmosphere packages of several fruIt or a whole carton



14

G) LIterature cIted

1 Ben-Yehoshua, S , V Rodov, S Fishman, J Peretz, R De la AsunciOn, J SomsnVIchai

and T Yantarasn 1995 PerforatIOn effects m mochfied-atmosphere packagmg model and

apphcatiOns to bell pepper and mango frmts Australasian Postharvest Horticulture

Conference, Melboume, Austraha, Sept

2 Ben-Yehoshua, S ,Fang, S ,Rodov,V , FIshman, S 1995 Progre's re'cents du

cond1tiOnnement en atmosphe're modrfie'e/ New developments m modified atmosphere

packagmg / Plasticulture, Part 1 10629-37 Part 2 10733-40 (m french and m enghsh)

3 Ben-Yehoshua,S ,Rodov, V , Fishman, S ,Peretz, J 1996 Modified atmosphere packagmg of

frUit and vegetables reducmg condensatIon ofwater m bell peppers and mangoes

IntematIonal Postharvest conference, 1996, Taupo, New-Zealand (m press)

4 De la AsunCIOn R 1998 Effect of packagmg m plastiC films and hot water treatment on the

charactenstics of 'Tommy Atkms'mango New report attached to the Appendi""{ of this

final report

5 De la AsunCIOn R 1998 Effect ofpackagmg m plastic films and hot water treatment

on the charactenstics of cantaloupe melons New report attached to the Append1x ofthis

final report

6 Fishman S , Rodov V , and Ben-Yehoshua S , 1996 Mathematical model for perforatiun

effect on oxygen and water vapor dynamiCS m mochfieid-atmosphere packages

J Food SCi 61 956-961

7 Fishman S , Ben Yehoshua, S and Rodov, V 1997 Gas exchange m modified atmosphere

frUit dynamiCS ofcarbon dio'Ode concentratiOn IntematIonal congress for plastICS m

agnculture, Tel-AVIV, Israel, March 9-15,1997 (m press)

8 Fishman, S ,Rodov, V , Ben Yehoshua, S 1995 Potharvest lIfe offrmts and vegetable

Model ofmodified-atmosphere packages WIth film perforatIon Proc 4th Int Sym Comp

Mod on Frmt Research Ed R HabIb and Ph BlaIse Arch Hort 416 ISHS, pp 129-137

9 Rodov, V, De la ASunCIOn, R Peretz, J Ben-Yehoshua S and FIShman S 1996

ModIfied atmosphere packagmg (MAP) of 'Tommy AtkIns' Mango ill perforated film 5th

InternatIonal Mango SympOSIUm, Tel AVIV, Israel_September 1996

10 Rodov, V De laAsuncIOll, R Peretz, Y Gotheb, S and Ben-Yehoshua S 1997

Testlng Perforated Heat-Shnnkable Polyolefin FIlms and Carbon DIOXIde Absorbers

for Packagmg 'Tommy Atkms' Mango New report attached to the Appendi""{ oftlus

final report



15

H) AppendlX

The appenchx compnses oflast year reports ofthe two partners and all the pubhshed papers
resulted from tllls project

A Report ofthe work carned out In Costa Rica

Effect ofpackagIng m plastIc films and hot water treatment on the charactensttcs of

'Tommy AtkIns' mango

Oe la AsunCIon R, Calderon S and Morales, I
Centero NacIOnal de Clencla y Tecnologla de Ahmentos, Umversldad de Costa RIca, San Jose,
Costa RIca

Abstract
The effect of mdIVldual packagmg m plastIc :fihns and Its combmatIon With a hot water treatment
on the quahty charactenstlcs of 'Tommy AtkIns' mango was evaluated
Fnut was mdIvidually sealed mto four dIfferent:fihns LOPE 40 J.lIIl tluck With 0 08 cm2

perforatIon per package, onentated mIcroperforated polyolefin (SM-250 CRYOVAC), heat
shnnkable polyolefin (0-940 CRYOVAC) and LOPE With 0 04 cm2 perforatIon A hot water
treatment, ''HWT'' (55°C/5 mm) followed by sealmg mto the last two materelals was also
exammed Unsealed fruIt, treated and non-treated, was used as control FruIt was evaluated after
storage at lOoC for one, two and tlrree weeks, plus an addItIOnal week of storage at 18°C
Sensory attnbutes, weIght loss, external and flesh firmness, peel and flesh color, tltrable aCIdIty,
pH, total soluble sohds and decay were measured
Our results show that perforatIon area as low as 0 04 cm2 allows for adequate color development
when mdIVldIal seal packagmg m LOPE IS used Packmg the fruIt m the heat shnnkable
polyolefin film dId mterfere With peel and flesh color development The HWT apphed dId not
have detrImental effects on fruIt quahty but was not very effectIve for decay control (shghtly
hIgher temperatures and/or exposure tImes should be tned m the future) Tltratable aCIdIty and
pH were not affected by seal packagmg but sIgm:ficant dIfferences were fOllild m the total soluble
sohds content FruIt sealed ill LOPE at both levels of perforatIon and m the heat shnnkable
polyolefin showed TSS values and sweetness scores sIgm:ficantly lower along storage than the
non-sealed control The use of LOPE WIth 0 04 cm2 perforatIon and heat slrrmkable polyolefin
:films had negatIve consequences on the sensory quahty of the product Conversely a delay m
npemng apparently With no other negatIve effects was obtamed by the use of LOPE With 0 08
cm2 perforatIOn All the matenals were very effectIve m weIght loss control
The use of packagrng :films With controlled levels of perforatIon IS a favorable optIOn to achIeve
the benefits that seal packagrng can proVIde It IS clear that readIly avaIlable low cost matenals
lIke low-denSIty polyethylene can be advantageous If the adequate levels of perforatIon are
carefhlly deternnned Heat shnnkable rnatenals still seem to have ambIguous effects on frUIt
qUalIty
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Methods and Materials

The effect of mchVIdual packagmg m plastic films and Its combmatlOn With a hot water treatment
on the quahty charactensncs ofTommy Atlans mango was evaluated

Tommy Atkms mangos from plantations located m the Costa Rican Central PacIfic area were
used FruIt harvested ill the early hours, Without bemg subjected to any packmg house treatment,

\

was selected, placed mto cardboard bo'{es, and transported to CITA FfUlt was kept at room
temperature (20-25°C) untIl expenments were set, 24 hours after harvest

In a first expenment sealmg m four chfferent packagmg films was evaluated The first two
matenals were LDPE With perforanon area 0 04 and 0 08 cm2 per package contammg one fruIt
These films Will be referred to as LDPEO 04 and LDPEO 08, respecnvely The otller two
matenals were a heat shnnkable polyolefin D-940 CRYOVAC (water vapor tranSmISSIOn rate
5 Og 1 100 m 2 *24 h t, oxygen transmISSIOn rate 23000 cc 1m 2 * 24 hi), and an onentated
ffilcroperforated polyolefin SM-250 CRYOVAC (water vapor transffilssion rate 250 g 1100 m 2

*24h 1) These last two matenals WIll be referred to as HSP and OMP, respectIvely An
unsealed control was used

A hot water treatment (55°C 15mm) together WIth sealmg m HSP and LDPEO 04 was e'ffi.'llilled
m a second expenment Non-treated fruIt was also sealed m both matenals Unsealed fruIt,
treated and non-treated, was used as control

Fnnt was stored at 10°C for one, two and three weeks Evaluanons took place always after an
adchnonal week of storage at 18°C When a storage t1me of 2 weeks IS mentIOned It means one
week at 10°C plus one week at 18 °C Three weeks of storage mclude two weeks at 10°C plus
one week at 18 °C A storage tIme of4 weeks would Imply three weeks at 10°C plus one week at
18 °C

An unrestncted random deSIgn was always apphed FIve rephcanons per treatment were used, 10
fruIt per rephcanon A complete set of anyone expenment was used for each evaluatIOn tIme

The followmg charactensncs were evaluated m the stored fruIt

• Titratable aCIchty was determmed usmg 109 ofhomogemzed pulp ch1uted m 100mL chsnlled
water A 10 mL alIquot was then titrated With NaOH 0 1M, usmg pheno1phthalem mchcator
Results were expressed as mL NaOH 0 1M 110 g

• pH was tested mal 2 pulp and water blend

• Frrmness was measured usmg an Instron (model 1000) texturometer With a 50 Kg cell
Penetranon m the equator of the fruIt was used for external firmness (needle chameter = 1 cm)
Flesh firmness was measured through penetranon With the same needle m the peeled pulp at
both SIdes ofthe fruIt Each fruIt was tested twice

• Total soluble sohds were determmed m the JUice usmg a chgital table refractometer (ABBE
type)

• Peel and flesh color were measured With a colOrImeter (Hunter Lab DP-9000, sensor D25M)

• Weight loss was determmed m four randomly selected fruIt per rephcanon (scale accuracy
001 g)

• Decay was VIsually scored ill every fruIt usmg the followmg categones O=no decay,
1=shghtly decayed, 2=moderately decayed and 3=severely decayed A weighed mdex was
calculated for each rephca

All the analyses, e'{cept for weIght loss and decay, were duphcated m two funt per replIcatIon
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Sensory attnbutes of the product were evaluated through descnptIve sensory analysIs usmg
categoncal scales A panel of 24 expenenced judges was used m the drfferent evaluatiOns
Judges were asked to assess the mtensity of the charaetensnc aroma, the strange aroma, the
charaetensne taste, the strange taste and the sweetness Also hardness, jUICmeSS, and general
hkmg were assessed A scale of 150 mm, With the eategones "absent"-"weak"-"moderate"
"strong"-"very strong" was used to evaluate mtensity Srrmlar scales With eategones from "very
soft" to "very hard", and from "very low" to <'very lugh" were apphed for hardness and jUIemeSS
GenerallIkmg was measured through a hedomeal scale (150 mm scale, from "dIslIke a lot" to
"hke a lot") Samples were prepared by dIcmg the flesh of 15 frUit per treatment mto 1 em
cubes

The SPSS software was used for statIstIcal analySIS StatIstICal dIfferences were determmed by
analySIS ofvanance and Tukey's sIgm:fieant drfference test

Results

INITIAL CONDITIONS

The lllitIal charactenstIcs ofthe frUIt vaned from one expenment to the next Harvest season was
shorter than usual due to adverse ClunatiC condItIons EarlIer frUit had SIgnIficantly lower
(P<O 05) values for "a" ofthe peel, "a" and "b" ofthe flesh, total soluble solIds content (Bnx),
and pH External and flesh firmness were SIgnIficantly lower m the later frUit Values at the tIme
ofharvest are mentIOned m each table of results

COLOR

The flesh color vaned along storage Parameters "L" and "a" SIgnIficantly decreased and
mcreased, respectIvely, With storage tIme The packagmg film had a sIgmficant effect on "a"
Values Offnllt packed m HSP and LDPE at both perforatIon levels were lower than the control
after four weeks of storage (Table 1) "b" was not affected by the packagmg matenal but did
mcrease sIgmficantly With storage tIme when earher fruIt was used DIfferences between
packagmg matenals were eVident m "a" values even when the lllitIal frUIt was nper (Table 2)
FruIt sealed m HSP had the lowest values, LDPEO 04 had a httle hIgher and both had
SIgnIficantly lower values than the control

The color of frUit sealed mto OMP was always srrmlar to the control Heat treatmg the fruIt did
not mterfere at all With the normal color development

The color ofthe peel also vaned as related With the packagmg matenal Values for "a" were
SIgnIficantly lower m the HSP sealed frUit than m the non-sealed control (Table 3) The LDPE at
both levels ofperforatIon, and the OMP dId not affect sIgmficantly the color changes ofthe peel
(data not shown) Changes m hghtness and "b" were not affected by the packagmg matenals
The HWT apphed had no sIgmficant effect on peel color development

FIRMNESS

External and flesh firmness decreased sIgmficantIy (P<O 001) With storage tIme but, m general,
were not affected by seal packagmg m the tested matenals After 3 weeks of storage the LDPE
sealed frUIt was sIgmficantly firmer than the control (Table 4) These difference dIsappeared
With longer storage tIme, and was not seen when lllitial fruIt was nper (Table 5) The HWT did
not affect the normal softenmg of the fruIt
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TOTAL SOLUBLE SOLIDS, pH and ACIDITY

Total soluble sohds content and pH slgIllficantly mcreased (P<O 01) With storage time The
packagmg matenals had a sigmficant effect on TSS Frwt sealed m LDPE at both levels of
perforaTIon and m HSP showed TSS values sigmficantly lower (P<O 05) along storage than the
non-sealed control These three treatments did not differ among themselves (Table 6) Seahng m
OMP did not affect the TSS levels as compared ~o the control fruIt No differences between
treatments could be observed 111 TSS levels when the 1l11tJ.al fruIt was nper (Table 7)

Seal packagmg m the tested films had no effect on pH The hot water treatment apphed had no
m±luence over the total soluble sohds content, the pH or the aCIdity ofthe frutt ACIdity
decreased slgmficantly With storage t1me (P<O 001), and was not m±luenced by seal packagmg
(data not shown)

WEIGHT LOSS

Sealmg m LDPE at both levels ofperforatlOn and m HSP reduced weIght loss by at least 85% as
compared to the non-sealed control after 3 weeks of storage (p<0 001) The OMP reduced
weIght loss only by 26% after the same penod oft1me (Table 8) The hot water treatment
showed no slgmficant effect on weIght loss

DECAY

No SignS of decay were found up to 4 weeks of storage when earher, non-hot water treated frUit
was used With later frUit shght decay became eVident only after 3 weeks of storage (5-10% of
frUit shghtly decayed) After 4 weeks decay levels were higher (15-30% of frUit shghtly to
moderately decayed) Decay slgmficantly mcreased With storage t1me and no differences were
observed between sealed and non-sealed frUit The hot water treatment was slgmficantly effectIve
111 reduc111g decay levels (P<O 05) but reductlOn was only about 30%

SENSORY CHARACTERlSTICS

The sensory quahty of the frutt detenorated along storage Storage t1me was related With
slgmficant reductions m scores for general hkmg and charactenstic taste, together With ralsmg
mtenSlty of strange taste and aroma (Table 9)

Sigmficant mfluence ofthe packagmg matenals on the sensory attnbutes was found Seal
packmg frUit m LDPEO 04 and HSP lead to lower general hkmg, sweetness and charactenstlc
taste In addiTIon LDPEO 04 mtenstfied strange aroma Sweetness was sigmficantly lower WIth
LDPEO 08 and no other adverse effects were found Fruit packed mto OMP was always slffillar
to the non-sealed control

The hot water treatment apphed had no slgmficant effect on the sensory charactenstics of Tommy
Atkms mango Hardness evaluaTIon by the panel gave no consistent results

DISCUSSion

The applIcatIon ofmodrfied atmosphere packagmg to better preserve the qualIty of fresh mango
frmt has been the subject ofnumerous mvestlgatlOns Different authors mention advantages such
as reduced weight loss (Miller and Hale, 1983), reduced cmllmg mJury (Ketsa and Raksntong,
1992) and delayed npenmg (Sornsnvichal et ai, 1989) Higher decay levels, msufficient color
development ofthe peel and the pulp, and higher mCidence of off flavors (Miller et al , 1986) are
frequently commented as the major constramts m the apphcatlOn ofthts techmque

Fnllt packed m LDPEO 04 and LDPEO 08, as well as OMP changed color normally Yantarasn
et al (1994) stated that a perforatIon area over 0 392 cm2 was reqUired m order to acmeve an
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acceptable peel color m packages contammg three fruIt Our results show that perforation area
as low as 0 04 cm2 allow for adequate color development when mdlVldual seal packagmg WIth
LDPE IS used AccordIng With Rodov et al (1997) fruIt sealed m highly perforated polyolefin
films, lIke the OMP used m these tnals, reached ItS full color Without any trouble Packmg the
fruIt ill the HSP film did mterfere With peel color development

Peel color development IS consIdered to be a more sensItive mechanism than flesh color
development Thus, It IS contradictory that flesh color resulted more altered by packagmg not
only m the HSP, but also m LDPEO 04 and LDPEO 08 Yantarasn et al (1994) mentioned that
acceptable flesh color development was possIble With perforatIOn area as low as 0 002 cm2 for
three fruIt packages

In contrast to Rodov et al (1997), who found that a hot water dip enhanced color development,
we did not find any sIgnIficant effect of the HWT on peel or flesh color In fact the HWT
apphed did not have a sIgnIficant effect on any ofthe quahty charactenstIcs evaluated along the
sUldy ThIs HWT (55 °C I 5 rom) did not seem to be very effective for decay control Though
decay levels were m general very low, the effect ofthe HWT was smular for sealed and non
sealed fruIt It IS suggested that longer storage tIme should be allowed for decay evaluatIons
Considenng that tlns HWT did not mterfere at all With the normal quahty charactenstics of the
fruIt, It could be pOSSIble to try slIghtly higher temperatures and I or exposure times ill tlle future

Important factors m the normal npemng process ofmangoes are a relatIvely rapId decrease m
aCIdity (Yoneya et ai, 1990) togetller With an mcrease m total soluble solIds (Wang and ShIesh,
1990) ThIs normal behaVIOr IS sometImes modified, delayed and even reversed because of
external factors Rodov et al (1997) show that fruIt packed m non perforated films had
markedly higher aCIdity than the non-sealed or the one sealed m perforated matenals Kapse et
al (1988) commented that these processes were SIgnIficantly slowed down when mango was
stored at 10 °C rather than at ambIent conditIons Storage at low temperature (10 °C and less)
was related With an mcrease m the aCid content ofmangoes (Chaplm et ai, 1991)

Our results showed that the pH and the tItratable aCIdIty were not affected by seal packagmg m
tlle tested matenals However, sIgmficant differences were found m total soluble solIds content
due to tlle packagmg films Frwt sealed m LDPE at both levels of perforatIOn and m HSP
showed TSS values sIgmflcantly lower along storage than the non-sealed control Delayed
npemng was also eVIdent on the lower scores for sweetness that fruIt sealed mto tllese matenals
got The use ofLDPEO 04 and HSP films lead to other detrlmental consequences on the sensory
qualIty ofthe product Conversely a delay m npemng apparently WItll no other negatIve effects
was obtamed by the use ofLDPEO 08

The use ofpackagmg films With controlled levels ofperforatIon IS a favorable optIOn to aclneve
the benefits that seal packagmg can prOVide It IS clear that readIly avaIlable low cost matenals
lIke low denSIty polyethylene can be advantageous Ifthe adequate levels of perforation are
carefully determmed In this study a perforatIOn area of 0 08 cm2 per mdIVIdual package granted
Important weIght loss reductIon together With delayed npemng and WIthOut detnmental effects on
the qUalIty charactenstIcs The use ofhighly perforated matenals lIke the onentated
lnIcroperforated polyolefin tested can prOVide consIderable weIght loss reductIOn Though a
s1ill11ar effect could be expected from a htghly perforated LDPE film, at much lower cost Heat
shnnkable matenals still seem to have ambIguous effects on frurt qualIty

The effectIveness ofhot water treatInents should be further assessed m the Costa RIcan
enVironment Trymg slIghtly higher temperatures and I or exposure tlIDes, as well as testmg fruIt
from different sources IS recommended for future work
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Table 1 Effect ofpackagmg WIth dIfferent films on the flesh color ("L", "a" and "b") of
Tommy Atkms mango

Storage Tzme
(weeks) Packagmgfilm

LDPEO 04 LDPEO 08 OMP HSP Control

"L"
2 75658 73718 74618 75508 77 418

3 78078 78018 75668 77618 77 258

4 74018 75268 72 018 74138 73578

"a"
2 2968 6348 6838 4218 3298

3 1498 2488 6478 1398 41Y
4 5628 5768 10048b 4998 12 25b

"b"
2 42718 42 16 8 4373 8 4369 8 4339 8

3 4268 8 4127 8 4328 8 4140 8 4282 8

4 4380 8 4448 8 4331 8 4413 8 4343 8

ab Values m the same row WIth dIfferent superscnpts are dIfferent (P<O 05)
Values at the tune ofharvest "L"= 80 43, "a"= -2 34, and "b"= 40 69
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Table 2 Effect ofpackagmg WIth LDPEO 04 and HSP films, alone and m combmatlol1 With a
hot water treatment, on the flesh color ("L", "a" and "b") ofTommy AtkIns mango

Storage
Tlme

(weeks)
LDPEO 04a

Packagmgfilm / treatment

Controe

"L" CW HWT cw HWT cw HWT

2 7652 7781 7639 7776 7952 7675
3 7406 7564 7711 7690 7478 7609
4 7358 7504 7692 7664 7340 7192

LDPEO 04a HSpb ControlC

"a" CW HWT CW HWT CW HWT

2 302 218 200 065 227 5 12
3 546 316 167 121 673 591
4 448 425 1 78 258 860 897

LDPEO 04a HSpa Controe
"b" CW HWT CW HWT CW HWT

2 4410 4309 4317 4365 4306 4392
3 4368 4371 4344 4285 4388 4337
4 4287 4371 4342 4369 4307 4235

ab HeadIngs ill the same row wIth dIfferent superscnpts are dIfferent (P<O 05)
Values at the tlme ofharvest "L"= 8144, "a"= 1 45, and "b"= 4443
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Table 3 Effect of packagmg With LDPEO 04 and HSP films, alone and m combmatlOn With a
hot water treatment, on the peel color ("L", "a" and "b") ofTommy AtkIns mango

"L"

Storage
TIme

(weeks)
LDPEO 04a

CW HWT

Packaszngfilm / treatment

HSP3
CW HWT

Controla

CW HWT

2 4248 4444 4495 5560 5366 4065
3 4640 4932 4472 4392 5522 51 74
4 4056 3734 4533 4845 4093 5046

LDPEO 04ab HSpa Controlb

"a" CW HWT CW HWT CW HWT

2 2611 1816 1906 633 2397 3274
3 2537 1182 1451 1282 1962 2191
4 2837 2156 1831 2006 3121 2522

LDPEO 043 HSpa Controe
"b" CW HWT CW HWT CW HWT

2 1422 1672 1564 2268 2100 13 38
3 1640 1972 1574 1504 2326 2234
4 1330 1023 1607 1873 13 03 2093

ab Headmgs m the same row With chfferent superscnpts are chfferent (P<O 05)
Values at the tune ofharvest "L"= 41 02, "a"= 19 85, and "b"= 15 63
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Table 4 Effect ofpackagmg WIth drfferent films on the external and flesh firmness ofTommy
Atkmsmango

Storage Time
(weeks)

Packagmgfilm

LDPEO 04 LDPEO 08 OMP HSP Control

E~ema1

firmness
(Kg/cm2

)

2 13 4a 11 7 a l47 a 144a IS 7 a

3 120 a 13 Sa 7 Sab 64 ab 33 b

4 68 a 8 Sa 4r 60 a 47 a

Fmnness of
the flesh
(Kg/cm2

)

2 S 8 a 60a 70a g 8a g ga

3 S 6 a 61 ab 86 ab 12 Sb 103 ab

4 27 a 34a 14 a 1 7 a 1 Oa

a b Values ill the same row WIth chfferent superscnpts are drfferent (P<O OS)
Values at the tune ofharvest "E'( firm" = 18 83 and "Flesh finn" = 1044
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Table 5 Effect ofpackagmg With LDPEO 04 and HSP films, alone and m combmatlOn wIth a
hot water treatment, on the e'dernal and flesh finnness ofTommy Atkms mango

Storage
TIme

(weeks)
External
firmness
(Kglcm2)

LDPEO 04a

CW HWT

\

Packagmgfilm / treatment

HSpa

CW HWT
Controe

CW HWT

2 68 59 77 64 75 77
3 42 50 43 44 39 54
4 24 24 33 22 35 35

Fmnness of LDPEO 04a Hspa Contro{3
the flesh CW HWT CW HWT CW HWT
(Kglcm2

)

2 1 0 1 8 I 7 23 16 16
3 08 12 I 1 10 08 1 1
4 07 08 07 05 07 09

ab Headmgs m the same row With different superscnpts are different (P<O 05)
Values at the tIme ofharvest "E'<. firm" =9 39 and "Flesh firm" =5 20
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Table 6 Effect ofpackagmg With dIfferent films on the total soluble solIds and pH ofTommy
AtkIns mango after storage

Storage T,me
(weeks) Packagmgfilm

LDPEO 04 LDPE008 OMP HSP Control
Total soluble
sohds (Bnx)

2 73a 82 a 109 ab 66a 12 Ob

3 13 3 a 120 a 13 4 ab 120 a 142 b

4 13 5 a 121 a 13 6a 152 a 146 a

pH
2 362 a 366 a 350 a 406 a 343 a

3 344 a 356 a 348 a 346 a 3 19 a

4 376 a 358 a 415 a 379 a 398 a

ab Values m the same row With dIfferent superscnpts are dIfferent (P<O 05)
Values at the tune ofharvest "Bnx"=:6 9 and "pH"==3 51

Table 7 Effect ofpackagmg With LDPEO 04 and HSP filins, alone and m combmatlOn WIth a
hot water treatment, on the total soluble sohds and pH ofTommy Atkms mango after storage

Storage
Time

(weeks)
Total
soluble
sohds (Bnx)

LDPEO 04a

CW HWT

Packagmgfilm / treatment

HSpa

CW HWT
Controe

CW HWT

2
3
4

123
124
12 1

108
119
115

114
119
115

102
119
120

106
125
12 1

119
125
125

LDPEO 04a HSpa Controla

pH CW HWT CW HWT CW HWT

2 351 355 355 348 334 347
3 361 351 346 346 376 343
4 392 696 361 384 396 401

ab Headmgs m the same row With dIfferent superscnpts are dIfferent (P<O 05)
Values at the tune ofharvest "Bnx"==8 6 and "pH"=3 69
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Table 8 Effect ofpackagmg WIth chfferent films on the weIght loss ofTommy Atkms mango
after storage

Storage TIme
(weeks)

Packagmgfilm

LOPEO 04 LOPEO 08 OMP HSP Control
WeIght loss
(%)

2 o1a 01 a 1 7b oOa 22 b

3 o6 a o3 a 30 b o4 a 4 1c

a b Values m the same row WIth chfferent superscnpts are chfferent (P<O 05)

Table 9 Effect of storage time, hot water treatment and packagmg film on the sensory
charactenstlcs ofTommy Atkins mango after storage

Storage HWT LOPE LOPE OMP HSP Mean of
tIme 004 008 the

Control

General1tkmg NS NO NO 98

JUlcmess + NS NO NO NO NO 78

Sweetness NS NS NO 95

Charactenstlc taste NS NO NO 93

Strange taste + NS + NO NO + 24

CharactenstIc aroma NS NS NO NO NO NO 76

Strange aroma +++ NS + NO NO NO 26

Slgmficant, or slgrnflcantly lower than the control (-) P<O 05, (- -) P<O 005, (- - -)
P<O 001
+ Slgmficant, or slgmficantly hIgher than the control (+) P<O 05, (+ +) P<O 005, (+ + +)
P<O 001
NS Not slgmficant (P>=O 05)
ND Not slgmficantly dtfferent than the control (P>=O 05)
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Effect ofpackagmg m plastIc fihns m combmatIon WIth hot water treatments on the quaht)
charactensttcs of cantaloupe melon

De la AsuncIon R. Calderon S and Morales. I
\

Centro NacIOnal de CienCIa y TecnologIa de Ahmentos. Umversidad de Costa Rica. San Jose. Costa
RIca

Abstract
The effect of mdlVldual packagmg m plastIc films and Its combmation With a hot water treatment on
the qUallty charactensttcs of Cantaloupe melon was evaluated
FruIt was sealed m the followmg fihns LDPE With perforatIon area from 004 to 0 12 cm2 per
package. a heat shnnkable polyolefin (D-940 CRYOVAC). and an onentated IDlcroperforated
polyolefin (SM-250 CRYOVAC) The combmatIon of a hot water treatment (5soCI2 rom) together
WIth seahng m heat shnnkable polyolefin and onentated rrncroperforated polyolefin was exammed
later Unsealed fruIt. treated and non-treated, was used as control The efficacy of the hot water
treatment on decay control and Its consequnces on fruIt quahty were evaluated m prellmIllarY tnals
The product was evaluated after one. two and three weeks of storage at 4 SoC followed by an
addItIOnal week of storage at 18°C Sensory attrIbutes. weIght loss. peel and flesh color. external and
flesh firmness. decay. TSS. pH and acIdIty ofthe fruIt were determmed
IndIVIdual seahng was very effectIve for weIght loss control but other charactenstics of the product
IDlght be affected The heat shrInkable fihn tned m thIs study. although conSIdered to be hIghly
permeable. SIgnIficantly reduced the acceptabIhty of the frUIt Perforated LDPE affected the mtensity
of sweetness (0 12 cm2 perforatIon) and strange taste (0 04 cm2 perforatIon) Usmg hIghly perforated
matenals hke and onentated IDlcroperforated polyolefin ensures a conSIderable weight loss reductiOn
together With unaltered sensory attrIbutes A hot water treatment of 55°C for 2 InIllutes showed to be
SignIficantly effective for decay control of Cantaloupe melon Though thIs treatment also made the
fruIt less JUICY. sweet and tasty It also stmmlated a hghter peel color and mcreased weIght loss It IS
suggested that the effectIveness of hot water treatments. mc1udmg shghtly hIgher temperatures.
should be compared With the commerCIal treatments under srrmlar condItIons
The combmatIOn of mdIVIdual seal packagmg WIth hot water treatments stIll looks very proIDlsmg as
a way to obtam better qUalIty charactenstlcs m the final product The results ofthIs study have raIsed
condsiderable mterest among Costa Rican melon exporters and packagmg matenal supphers. who are
WIllIng to support further research



29

Methods and MaterIals

The effect ofmdIvidual packagmg m plastIc films and Its combmatlon WIth a hot water treatment on
the quahty charactenstlcs ofCantaloupe melon was evaluated

Cantaloupe melons from plantatlons located m the Costa RIcan North PaCIfic area were used FruIt
harvested m the early hours, WIthout bemg subjected to any packmg house treatment, was selected,,
placed mto cardboard bo'(es, and transported to CITA FruIt was kept at room temperature (20-
25°C) untIl expenments were set, 24 hours after harvest

The expenments descnbed next were conducted dunng the harvest seasons of 1996 and 1997 at the
National Center ofFood SCIence and Technology (CITA), Umversity of Costa Rica

The effectlveness ofa hot water treatment (55°C 12 mmutes) on decay control and Its consequences
on the sensory attnbutes ofthe fruIt were evaluated m prehmmary tnals FruIt was eIther treated
With hot water or only unmersed m cold water for a slffillar tIme The product was then placed m
ventIlated cardboard bo'(es and stored at 18°C for 10 days Evaluations done after 3 and 6 days
mcluded the followmg Sensory dIfference detectlon usmg a duphcated tnangular test, hkmg of
appearance, color, aroma, taste, texture, and general qualIty usmg 150 nun hedomcal scales With
categones from "dIslIke a lot" to "lIke a lot" (24 judges) Total and reducmg sugars, sucrose,
glucose and fructose by HPLC (AMINEX HPX87C BIO Rad column, mobIle phase deIOmsed water
at 0 6 mlIrnm, column temperature 85°C, sample extracted With water and filtered to 0 45 J.lltl)
WeIght loss, color, external and flesh firmness, decay, TSS, pH and aCIdIty were determmed as
descnbed later After 10 days at 18°C a group evaluatIOn (8 judges) ofthe fruIt was conducted

Sealmg m low denSIty polyethylene (LDPE) 40 J.lltl thick WIth dIfferent levels ofperforatIOn was
tested m a first expenment PerforatIon area was 0 04, 0 06, 0 08 and 0 12 cm2 per package
contmmng one fruIt These films will be referred to as LDPEO 04, LDPEO 06, LDPEO 08 and
LDPEO 12, respectively An tIDsealed control was mcluded

In a second expenment sealmg m four dIfferent packagmg films was evaluated The matenals were
LDPEO 04, LDPEO 12, heat shnnkable polyolefin D-940 CRYOVAC (water vapor transmISSIOn
rate 5 Og I 100 m 2 * 24 hi, oxygen transmISSIOn rate 23000 cc 1m 2 *24 h \ and onentated
mIcroperforated polyo1efin SM-250 CRYOVAC (water vapor transmISSIOn rate 250 g 1100 m 2 *
24h 1) These last two matenals wtll be referred to as HSP and OMP, respectIvely An unsealed
control was used

A combmatIOn ofthe hot water treatment (55 °C/2mm) together WIth sealmg m HSP and OMP was
exammed m a third expenment Non-treated fruIt was also sealed m both matenals Unsealed fruIt,
treated and non-treated was used as control

FruIt was stored at 45°C for one, two and three weeks EvaluatIOns took place always after an
addItIOnal week ofstorage at 18 °C When a storage tIme of 2 weeks IS mentIOned It means one week
at 45°C plus one week at 18 °C Three weeks of storage ll1clude two weeks at 45°C plus one week
at 18 °C A storage tune of4 weeks would unply three weeks at 45°C plus one week at 18 °C

An unrestncted random deSIgn was always applied FIve replications per treatment were used, at
least 9 fruIt per replication A complete set of anyone expenment was used for each evaluation tIme
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The followmg charactenstics were evaluated m the stored fruIt along the different e"'{penments

• Titratable aCIwty was detennmed usmg 109 ofhomogemzed pilip dIluted m 100mL dIstdled
water A 10 mL alIquot was then tItrated With NaOH 0 1M, usmg phenolphthalem mdicator
Results were expressed as percentage of cItnc aCId

• pH was tested mal 2 pilip and water blend

• FIrmness was measured usmg an Instron (model 1000) texturometer With a 50 Kg cell
PenetratIon m the equator ofthe fruIt was used for external finnness (needle wameter = 1 em)
Flesh firmness was measured through compressIon ofpu1p cylmders With a 5 cm diameter head
CylInders were 2 5 cm m wameter, 2 5 cm m heIght, and were taken from the equatonal zone of
the fruIt Each fruIt was tested tWIce

• Total soluble sohds were detennmed m the jillCe usmg a digital table refractometer (ABBE type)

• Peel and flesh color were measured With a colonmeter (Hunter Lab DP-9000, sensor D25M)

• WeIght loss was detennmed m four randomly selected fruIt per rephcatIon (scale accuracy 0 01
g)

• Decay was Visually scored m every fruIt usmg the follOWIng categones 1=slIghtly decayed,
2=moderately decayed and 3=severely decayed A weIghed mdex was calculated for each replIca

All the analyses, e"'{cept for weIght loss and decay, were duplIcated m two fruIt per replIcatIOn

Sensory attnbutes ofthe product were evaluated through descnptIve sensory analySIS usmg
categoncal scales A panel of 24 e"'{penencedjudges was used m the different evaluatIOns Judges
were asked to assess the mtensity ofthe charactenstIc aroma, the strange aroma, the charactenstic
taste, the strange taste and the sweetness Also hardness, JUlcmess, and general hkmg were assessed
A scale of 150 mm, With the categones "absent"-"weak"-"moderate"-"strong"-"very strong" was
used to evaluate mtensity Slffillar scales WIth categones from "very soft" to "very hard", and from
"very low" to "very lUgh" were applIed for hardness and jUICmeSs General hkmg was measured
through a hedomcal scale (150 mm scale, from "dislIke a lot" to "hke a lot") Samples were prepared
by cuttIng the flesh of 15 fruIt per treatment mto 2 cm hemIspheres Whenever a dIfference ill color
or appearance was perceIved durmg sample preparatIOn, the correspondmg evaluatIon was conducted
under red lIght

The SPSS software was used for statistIcal analYSIS StatIStICal dIfferences were detennmed by
analYSIS ofvanance and Tukey's sIgmficant dIfference test

Results

INITIAL CHARACTERISTICS

CharactenstIcs ofthe raw matenal vaned along the study FruIt used for the tnals mcludmg hot
water treatments was nper SIgnIficant chfferences (P<O 05) were found m the lDlt1al color of the
peel FruIt collected later m the season had illgher "V', "a" and "b" values ThIs chfference was
eVident and a lIghter surface could be seen ill the later fruIt External and flesh firmness as evaluated
With the Instron were sIgmficantly hIgher (P<O 05) m the earher fruit used only for packagmg
evaluation The color ofthe flesh, total soluble solIds and aCIdity at the tIme ofharvest did not vary
SIgnIficantly from one expenment to another
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COLOR

Lightness ofthe peel (Table 1) after storage was not affected by the packagmg matenals tested
Fnllt packed m LOPE With 0 12 cm2 perforation showed "L" values sIgnrficantly (P=O 02) lower
than the control after two weeks of storage Nevertheless this difference was not eVident after stonng
for three weeks or longer "L" was usually higher m stored fruit and vaned signIficantly (P=O 0001)
With storage tune, showmg a decrease after 3 weeks of storage wIth a subsequent mcrease after 4
weeks The hot water treated funt had sIgmficantly higher (p=0 01) "L" values ofthe peel than the
control (Table 2) after three weeks of storage

Neither the packagmg matenals nor the hot water treatment caused any conSIstent difference m "a"
and "b" values ofthe peel Although sIgnIficant differences associated With the packagmg matenal
were found m "b" after two weeks of storage (Table 1), no differences between treatments were
found With longer storage tImes

The color ofthe flesh IntensIfied With storage, "a" and "b" values were always higher m the stored
fruit (Table 3) The packagmg films and the hot water treatment tested did not affect the flesh color
(Table 4) Some SignIficant vanations (P<O 05) m "a" values, as related to different packagmg
matenals, could be observed m the 111ltial evaluatIons Nevertheless, these differences dIsappeared
after a storage penod longer than 2 weeks, and none ofthe treatments ever differed from the control
fruit No changes whatsoever were found m "L" and "b" - values did not change With storage tIme
and were not SignIficantly mfluenced (P>O 05) by any treatment along the study

FIRMNESS

The fruit softened normally and, m the overall, no sIgmficant differences (P>O 05) were found m the
e"'rternal firmness of stored fruIt due to packagmg film or storage tIme Fmnness of the flesh was not
SignIficantly affected by the packagmg matenal when storage tune was higher than two weeks (Table
5) The heat shnnkable polyolefin (HSP) seemed to keep fruIt flesh firmer (P=O 005) along storage
(Table 6) The HWT had no SignIficant effect on external and flesh firmness for fruIt stored at 45°C
or at 18°C

SUGARS, TOTAL SOLUBLE SOLIDS, pH AND ACIDITY

A SignIficant mcrease (P<O 05) of the sucrose content was observed m fruIt stored at 18°C,
assoCiated With a SIgnIficant decrease m glucose and fructose after 3 and 6 days Sucrose raised
from an 111ltIa12 5% to 4% after 6 days Mean values for glucose and fructose decreased from 29%
to 1 75% and from 29% to 24% respectIvely Total sugars level remamed constant These changes
m sugars concentratIon were not affected by the hot water treatment

The total soluble sohds content, the pH and the tltratable aCIdity ofthe fruIt (Tables 7 and 8) did not
change slgmficantly With storage In general terms these features were not affected by the packagmg
matenals or the hot water treatment SIgmficant dtfferences were occaslOna1ly found that
disappeared With a longer storage tIme, or did not unply a dtfference from the control frutt
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WEIGlIT LOSS

All the packagmg:films tested reduced weIght loss ofthe fruIt very effectIvely (Table 9) WeIght loss
values were always sIgmficantly lower (P<O 0001) than those ofthe control fruIt The heat
shnnkable polyolefin (HSP) and the LDPE With 0 04 cm2 perforatIOn (LDPEO 04) were the most
effectIve m preventIng weIght loss Frot packed m these matenals lost 95% less weIght than the
control fruIt LDPEO 12 and OMP reduced weI~t loss m 90 and 70% respectIvely, as compared to
the control Treatmg the fruIt With a hot water dip sIgmflcantly mcreased (P=O 01) weIght loss
(Table 10) The same effect was observed when fruIt was stored at 18°C (data not shown)

DECAY

The hot water treatment apphed was sIgmficantly effectIve (P<O 05) for decay control throughout
storage Treated fruIt showed up to 66% less decay than untreated fruIt FrUIt packed m the different
matenals Without been treated With hot water showed slffillar or higher decay levels than the control
fruIt (Table 11) Prelnnmary tnals also demonstrated the efficacy ofthe hot water treatment as decay
levels were sIgmficantly lower (P<O 05) for the treated fruIt than for the cold water dIpped control
after 9 days at 18°C The commerCIally fungiCIde/wax treated fnnt mcluded m prelnmnary tnals
showed slffillar decay as tlle control (data not shown)

SENSORY CHARACTERISTICS

Scores for sensory attrIbutes are presented m Tables 12 and 13 Table 14 presents the effect and
associated sIgmficance level for each treatment The fruIt sensory charactenstIcs were sIgmflcantly
affected by the length of storage and the hot water treatment applIed A sIgmflcant reductIOn
(P<O 05) m the scores for JUlcmess, sweetness, and charactensnc taste was observed AdditIOnally,
tlle scores for strange taste and strange aroma mcreased sIgmflcantly With storage tllUe (Table 14)
Though, when HWT was tested m prehmmary tnals (Without film packagmg and after 3 and 6 days
at 18°C) no sIgmficant difference was found between the flesh oftreated and non-treated fruIt m the
tnangular tests A group evaluatIOn ofthe fnnt stored for 10 days at 18°C mdIcated that the hot
water treated fruIt had shghtly better general appearance, was firmer, and the seeds were m better
condItIon as compared to the non-treated control and the commerCially treated fruIt

Packagmg films utIhzed, With the exceptIOn ofthe heat shnnkable polyolefin (HSP), had lIttle effect
on the sensory charactenstIcs ofthe fruIt Although sIgmficantly higher scores for strange taste were
related With the use ofLDPEO 04, tlle scores were very low, meanmg absent to weak, and they did
not carry a sIgmficant change m the scores for general hkmg Sealmg the fruIt m HSP did cause
sIgmficant detnmental changes higher strange taste scores and lower sweetness, JUlcmess and general
lIkmg (Table 14) General hkmg scores ofthese fruIt markedly decreased With storage tIme, and,
after a storage penod of4 weeks, were sIgmficantly lower than those ofthe control fruIt (Table 12)

DISCUSSion

Costa Rican melon IS mostly grown m large plantatIons, and harvested followmg consIstent and
adequate cntena for export qualIty fruIt These cntena were relaxed m 1997 due to early ram that
caused severe losses to major growmg areas m the PacIfic regIOn Harvest season was conSIderably
shorter than usual, and the pOSSIbIlItIes to gather very homogeneous high qualIty export fruIt, even
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from large exporters, were somehow altered For these reason, the charactenstics ofthe raw
matenal, partIcularly the peel color, external and flesh firmness, vaned sIgmficantly along thIs study

Normal color development ofthe peel along storage was not mterfered by any ofthe packagmg
matenals tested LIghtness was usually htgher m stored frUIt and vaned sIgmficantly With storage
tIme, showmg a decrease after 3 weeks of storage With a subsequent mcrease after 4 weeks SImllar
vanations m peel lIghtness were observed m dtff6fent expenments, despIte IDltIal color ofthe fruIt
been sIgnrlicantly dIfferent Changes m "L" seem to be more related to dehydratIOn and bnttleness of
the net -a htghly netted cultIvar was used-, rather than to vanatIons m the ground color
MarketabIlIty ofthe export frUIt IS not dImIDIshed by these changes The hot water treatment had a
SIgnIficant effect m lIghtness ofthe peel Values for "L" were higher m the treated fruIt after three
weeks of storage

WeIght loss reductIOn has been consIdered to be the major benefit when usmg film packagmg offresh
produce Reduced water loss has been related With firmer fruIt or delayed softenmg m melon when
packmg m polyethylene bags (Mayberry and Hartz, 1992) fu our study, all the packagmg films
apphed greatly reduced weIght loss However only the fruIt wrapped m the HSP was SIgnIficantly
firmer Thts rntght be more related to delayed npenmg, as eVidenced by the sensory evaluatIons, than
to tlle reductIon m water loss Sensory evaluatIOns ofhardness showed no SIgnIficant dIfferences
between treatments

No sIgnrlicant effect ofthe hot water treatment applIed was observed on e'Cternal and flesh firmness
ofthe fruIt, as has also been reported by TeItel et al (1989) Though HWT SIgnIficantly mcreased
weIght loss WeIght loss was htgher m treated fruIt as compared to the non-treated by 12%,38%,
and 85% for non-sealed, OMP sealed and HSP sealed frUIt respectIvely

Decay IS usually not eVIdent ImmedIately after storage at tranSIt temperatures, but it becomes a
problem when melon IS left for some tIme (3 days or more) at higher temperatures to allow for
npenmg Heat treatments have long been studIed as a means for decay control that could lead to the
reductIon or the ehrntnanon of fungiCIde applIcatIOns m the postharvest treatment of melon fruItS
(Carter, 1981, Teitel et aI, 1991, TeItel et al , 1989, Dunlap et aI, 1990) As could be expected
from the most baSIC mICrObIOlOgical pnnclples, treatments usmg wet heat, such as hot water
treatments, are more effectIve m decay control than dry heat procedures (TeItel et aI, 1989)

The hot water treatment apphed (55°CI2 rom) was sIgmficantly effectIve for decay control
throughout storage either at 45 or at 18°C FruIt packed m the dIfferent films WIthout been treated
With hot water showed sImllar or htgher decay levels than the control frutt Hot water treatments
usmg htgher temperature or longer exposure tIme have been reported to mduce heat damage to the
product (TeItel et aI, 1991) Nevertheless, Mayberry and Hartz (1992) found that a treatment of
60°C/3rom was very effectIve for decay control on muskmelon, obtaIDIng a htgh qualIty product

The commerCIal fungICIde/wax apphcatIon seemed to be less effectIve for decay control than the hot
water treatment when fruIt was stored at 18°C ThIs observatIon should be carefully conSIdered
because ofseveral reasons FITst, commerCIally treated frmt ran all along the packmg house
productIon lme, suffenng more superfiCial abraSIOn than the frmt treated at CITA Tlns superfiCial
damage may have rendered the frmt more susceptIble to pathogens mfectIon Second, It was more
exposed to recontammatIon at the packmg house level, wlnle all the other treatments were set at a
pIlot plant where recontammatIon is less hkely to occur It IS suggested that the effectIveness ofhot
water treatments, mc1udIng shghtly htgher temperatures, should be compared With the commerCial
treatment under slmtlar condItIons
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Sugar content IS an lIDpOrtant aspect of fruIt qualIty m melon Although total sugars content
remamed constant, our results show a sIgmficant mcrease m sucrose content along 6 day storage at
18°C, assocIated With decreases m the levels ofglucose and fructose Sucrose accumulatIOn after
harvest at full slIp, along With reducmg content ofglucose and fructose has been reported by Lester
and Dunlap (1985) for "PerlIta" muskmelon ReductIon m glucose and fructose was also mentIOned
by Cohen and lhcks (1986) for several melon cuitivars DIscrepancIes WIth respect to sugar
metabolIsm can be found between drfferent mveshgatIons Lmgle et al (1987) found the sucrose
content ofnetted muskmelon to remam constant untIl 12 days of storage at 4°C, followed by a declIne
between 12 and 18 days These declme was not comcident With any mcrease m glucose or fructose
Accordmg to Lester and Bruton (1986) the sucrose content ofnetted muskmelon decreased and levels
ofglucose and fructose mcreased dunng 10 day storage at 4°C

Heat treatments have been related With changes m carbohydrates metabolIsm after harvest Heatmg
muskmelon at 45°C for 3 hours mhIbited the declme m sucrose dunng storage as descnbed by Lmgle
et al (1987) However, the changes m sugars content observed m thIs study were not sIgmficantly
affected by the hot water treatment

The effect of storage tIme, film packagmg and heat treatments on the sensory charactenstics ofmelon
frUIt has been the subject of several mvestigations Cohen and lhcks (1986) found no dIfferences
between freshly harvested muskmelons of dIfferent cultIvars and the respectIve frUIt stored for 7 days
at 5°C or 125°C Our results show that the sensory charactenstIcs of Cantaloupe melon are
sIgmficantly affected by the length of storage and also by the hot water treatment

Heat treatments have been found to be accompanIed by the development of off-flavors (TeItel et al ,
1989) However, strange taste and strange aroma were not among the charactenstics where the effect
of the HWT could be observed m our study The treated fruIt presented lower scores for JUIcmess,
sweetness, and charactenstic taste Though scores for general hkmg were not sIgmficantly reduced
by the HWT Scores for strange taste and strange aroma signtficantly mcreased With storage tlIDe
but were not affected by the HWT Rot water treated fruIt could not be dIstmgUIshed from the non
treated after 3 and 6 days at 18°C After 10 days at 18°C treated frUIt was better than non-treated m
general appearance, firmness and condItIon ofthe seeds

StudIes mvo1vmg the use of heat shrmkab1e films or other film wrappmg, for muskmelon, pomt out
advantages such as weIght loss control (TeItel et aI, 1989), prevented ovempenmg, reduced chIllmg
mJUry (RIJ and Ross, 1988, Edwards and Blennerhassett, 1990) and aVOIdance ofremfection (TeItel
et al , 1991) However, most mvestigatIons dId not take mto account the evaluatIon of sensory
charactenstIcs Vanable effects have been reported when sensory analYSIS has been mcluded Collms
et al (1990) found that shnnk film wrappmg m lngh densIty polyethylene (127 f.1m HDPE Clysar 50
ERC-F) negatIvely affected the flavor and taste ofmuskmelon, whIle Yalna and RIvera (1992) dId
not find off-flavors m PVC (20 3 f.1m) wrapped frUIt

fu our study the sensory charactenstics ofthe fruIt after storage were sIgmficantly lIDpmred when
packaged m the heat shnnkable polyolefin (HSP) ThIs packagmg film was associated WIth a
SIgnIficant reduct10n ofJwcmess and sweetness that could be related to a delay m npenmg, as was
also suggested by the flesh finnness evaluatIOns Unfortunately the detnmental effect due to the
presence of strange taste and the lower scores for general hkmg make this film madequate Other
films affected the mtensity of sweetness (LDPEO 12) and strange taste (LDPEO 04) but Without
sIgmficantly reducmg the scores for general lIkmg

FruIt sealed m the OMP film dId not dIffer from the control FruIt was most ofthe tunes scored as
moderately JUICY, havmg a weak to moderately strong level of sweetness The mtensity ofthe
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charactenstic taste vaned from weak to moderately strong, whIle the presence of strange taste and
aroma was usually Judged as lower than weak The lilltIal condInons ofthe fruIt played a relevant
role m sensory results The mtensity of strange taste and strange aroma after storage were always
scored hIgher when the lillnal fruIt was nper

IndIVIdual sealmg IS very effectIve for weIght loss control but other charactensncs ofthe product
mIght be affected The heat shrInkable film tned m thIs study, although conSIdered to be hIghly
permeable, SIgnIficantly reduced the acceptability ofthe fruIt Usmg highly perforated matenals lIke
an onentated mIcroperforated polyolefin ensures a consIderable Weight loss reductlon together With
unaltered sensory attnbutes A hot water treatment of 55°C for 2 mmutes showed to be slgmficantly
effectIve for decay control of Cantaloupe melon Though thIs treatment also made the fruIt less JUICY,
sweet and tasty It also stImulated a hghter peel color and mcreased weIght loss It IS suggested that
the effecnveness ofhot water treatments, mcludmg slIghtly higher temperatures, should be compared
WIth the commercIal treatments under slffillar condtnons

The combmanon ofmdtVIdual seal packagmg With hot water treatments snlliooks very promIsmg as
a way to obtam better qualtty charactenstlcs mtlle final product The results ofthIs study have
raised conSIderable mterest among Costa RIcan melon exporters and packagmg matenal supphers,
who are WIllmg to support further research
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Table 1 Effect ofpackagmg WIth chfferent films on the peel color ("L", "a" and "b") of Cantaloupe
melon

Storage Tlme
(weeks)

Packagmgfilm

LDPEO 04 LDPE012 HSP OMP
Control

"L"
2 5943ab 56328 5882ab 5824ab 6055b

3 53478 53388 53748 52998 53308

4 57658 59348 57268 57018 56058

"a"

2 6438 3348 3348 5318 5818

3 4388 4758 4898 4938 4128

4 300a 465a 4878 4758 5558

"b"
2 21928 17 63b 2004ab 2092ab 22988

3 19238 19098 18928 18733 18683

4 19798 20068 20213 18548 18588

ab Values ill the same row With chfferent superscnpts are chfferent (P<O 05)
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Table 2 Effect ofpackagmg WIth HSP and OMP films, alone and ill combmatlOn WIth a hot water
treatment, on the peel color ("L", "a" and "b") of Cantaloupe melon

Storage
Tlme

(weeks)
Packagmgfilm / treatment

"L"

HSpa

CW HWT
cw

Controla

CW HWT

2 6079 6096 6195 6257 6195 6114
3 5289 5551 5075 5945 5549 5593

Hspa OMPa Controe
"a" CW HWT HWT CW HWT

CW

2 608 739 720 703 743 681
3 1844 2101 3094 1411 1683 1130

HSpa OMPa Controla

"b" CW HWT HWT CW HWT
CW

2 2268 2184 2431 2378 2383 2307
3 2200 23 16 2192 2410 2347 2272

ab Headmgs ill the same row WIth dIfferent superscnpts are dIfferent (P<O 05)
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Table 3 Effect ofpackagmg With drfferent films on the flesh color ("L", "a" and "b") of
Cantaloupe melon

Storage TIme
(weeks)

Packagmgfilm

LDPEO 04 LDPE012 HSP OMP Control

·'L"
2 65673 66913 66013 67933 676211

3 669911 653411 660311 65963 666211

4 6764ab 642311 6833b 6838ab 6609ab

"a"
2 21 7811 2102ab 21 713 1901b 19 88ab

3 216311 22463 22153 216511 19753

4 20 153 22533 17 163 19253 212611

"b"
2 31688 32323 31993 321811 32163

3 32473 32293 32403 32298 32363

4 31933 3200a 30923 31863 32023

ab Values ill the same row With drfferent superscnpts are dIfferent (P<O 05)
Valuesatthetlmeofharvest "L"=69 14, "a"=1611 and "b"=31 02
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Table 4 Effect ofpackagmg With HSP and OMP films, alone and m combmatlon with a hot water
treatment, on the flesh color ("L", "a" and "b") of Cantaloupe melon

"L"

Storage
Tzme

(weeks)

CW HWT

Packagzngjilm / treatment

HWT
cw

CW

Controla

HWT

2 6682 6634 6626 6581 6608 6657
3 6752 6660 6571 6646 6666 6695

HSpa OlVIPa Controe
"a" CW HWT HWT CW HWT

CW

2 2205 2212 2226 2269 2292 2191
3 2168 2214 2301 2247 2189 2220

HSpa OlVIPa Controe
"b" CW HWT HWT CW HWT

CW

2 3251 3212 3271 3289 3280 3274
3 3253 3233 3251 3216 3242 3236

ab Headmgs m the same row With d1fferent superscnpts are d1fferent (P<O 05)



40

Table 5 Effect ofpackagmg WIth drfferent films on the external and flesh firmness of Cantaloupe
melon

Storage TIme
(weeks)

Pac/cagmgfilm

LDPEO 04 LDPEOl2 HSP OMP Control

External
firmness

2 3 S3 443 423 3 53 423

3 453 493 4 53 443 3 33

4 478 343 353 3 93 453

FIrmness of
the flesh

2 I 23 12ab 14ab 16ab I Sb

3 248 158 1 78 1 33 3 33

4 2 38 I 43 158 20a 2 13

ab Values m the same row With dlfferent superscnpts are dlfferent (P<O 05)

Table 6 Effect ofpackagmg With HSP and OMP films, alone and m combmanon WIth a hot water
treatment, on the e'dernal and flesh firmness of Cantaloupe melon

Storage
TIme

(weeks)

External

firmness
CW HWT

Packagmgfilm / treatment

HWT
cw

CW

Controe

HWT

2 44 48 40 44 41 45
3 6S 40 36 32 30 44

Fmnness of HSpa OMPb Controlb

the flesh CW HWT CW HWT CW HWT

2 21 22 1 7 1 7 1 8 19
3 38 21 21 18 18 22

ab Headmgs m the same row With dlfferent superscnpts are drfferent (P<O 05)
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Table 7 Effect ofpackagmg WIth dIfferent films on the total soluble solIds, pH and tltratable
aCIdlty of Cantaloupe melon after storage

Storage TIme
(weeks)

Packagmgfilm

LDPEO 04 LDPE012 HSP OMP Control

Total soluble
sohds (Bnx)

2 848 678 618 698 6 78

3 6 S8 728 728 S 98 SIB
4 77ab 8 98 70b 7200 78ab

pH
2 6838 6698 6448 6448 6738

3 6668 6578 6623 6638 6628

4 6698 6788 67S8 6588 6648

ACIdIty
(% CItrIC aCId)

2 o6Sab 06800 o7Sab 0808 o47b

3 0628 0778 0698 0668 0568

4 0823 0788 0738 0838 0828

ab Values m the same row WIth dlfferent superscnpts are dlfferent (P<O OS)
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Table 8 Effect ofpackagmg WIth HSP and OMP films, alone and m combmanon WIth a hot water
treatment, on the total soluble solids, pH and tItratable aCl<hty of Cantaloupe melon after storage

Storage
TIme

(weeks)

Total

soluble
sobds
(Bnx)

cw HWT

Packagmgfilm / treatment

HWT
cw

cw

Controe

HWT

2 84 9 1 90 87 89 82
3 89 86 84 88 87 80

HSpa OMPb Controlab

pH CW HWT HWT CW HWT
CW

2 673 670 655 659 664 655
3 670 657 650 658 655 653

ACichty HSpa OMPa Controe
(% cltnc CW HWT HWT CW HWT
aCid) CW

2 075 080 093 094 086 098
3 100 093 093 084 095 090

ab Headmgs m the same row WIth dIfferent superscnpts are chfferent (P<O 05)
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Table 9 Effect ofpackagmg With chfferent films on the weight loss of Cantaloupe melon after
storage

Storage TIme
(weeks)

Packagmgfilm

LDPE004 LDPE012 HSP OMP Control

WeIght loss

(%)
2 058 1 78 058 068 62b

3 048 o58 068 2 Sb 9 lc

4 068 ogab o68 3 Sb 143c

ab Values ill the same row With dlfferent superscnpts are dlfferent (P<O 05)

Table 10 Effect ofpackagmg With HSP and OMP films, alone and m combmatlOn With a hot water
treatment, on the weight loss of Cantaloupe melon after two weeks of storage

Storage
Tzme

(weeks)

WeIght loss

(%)
cw HWT

Packagmgfilm / treatment

OMPa

HWT
cw

CW

Controlb

HWT

2* 027 050 200 277 624 701

a b Headlngs ill the same row WIth dlfferent superscnpts are dlfferent (P<O 05)
* The HWT was sigmficant (p::::0 01) at tills storage tune
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Table 11 Effect ofpackagmg WIth HSP and OMP films, alone and m combmatIon WIth a hot water
treatment, on the decay of Cantaloupe melon after storage

\

Storage
TIme

(weeks)
Packagmgfilm / treatment

Controe

Decay
CW HWT

cw
HWT CW

2
3*
4*

41
60
90

14
21
75

18
54
87

9
21
75

9
21
75

11
12
30

a b HeadIngs m the same row With different superscnpts are different (P<O 05)
-l< The HWT was sIgmficant (P=O 01) at thIs storage tIme
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Table 12 Effect ofpackagmg With dIfferent films on the sensory charactensttcs of Cantaloupe melon after
storage

Storage Time
(weeks)

Padmgmg fdm

LDPE004 LDPEO 12 HSP OMP

Conbol

General Wung

72' 87' 85' 83' 92

2

9411C ?lab 65b 100· 85abc

3

73ab 77ab 56b 87' 95'

4

HaF{hzess

94' 65b 58b 58b 65b

2

62' 69ab 93b 67 77ab

3

7000 61' 93b 69ab 61

4

Juzcmess

68 89b 95b 94b 87'b

2

89' 75ab 53b 87 77'

3

76 81' 51b 87 96'

4

Sweetness

2 59' 73' 64' 83' 74'
3 72"" 53ab 37b 82· 59'
4 60" 40ab 33b 64· 90d

Char taste
2 58 81b 77ab 88b 87b

3 79 70ab 48b 89a 70ab

4 62ab 59ab 45' 85b 82b

Strange taste
2 27' 18 21 10 15'
3 25 33 28 11 16
4 57' 24b 51ab 22b 25b

Char aroma

2 54 73 57 75 70
3 62 69 53 54 62
4 77 63 54 65 67

Stran aroma
2 38 44 35 38 34
3 12' 8 9' 16 18
4 58 26 47' 31' 33

... Values m the same row With drlferent superscnpts are different (P<O 05)
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Table 13 Effect ofpackagmg WIth HSP and OMP films, alone and m combmatIon WIth a hot water
treatment, on the sensory charactensttcs of Cantaloupe melon after storage

Storage
Tzme Packagmgfilm / treatment

(weeks) \

HSpn OWn Controln

CW HWT HWT CW HWT
Gen lzkmg CW

70 71 89 81 78 89
2

69 78 88 58 86 85
3

HSpa OWb Controlb

CW HWT HWT CW HWT
Hardness CW

77 72 50 59 57 56
2

59 82 74 50 64 62
3

HSpn OWab Controlb

CW HWT CW HWT
JUlcmess HWT CW

2 61 79 85 67 78 83
76 65 91 75 86 79

3*

HSpa OMPn Controlb

CW HWT HWT CW HWT
Sweetness CW

2 50 56 76 56 52 81
3* 48 59 72 30 84 75

HSpa OMPn Controlb

Char taste CW HWT HWT CW HWT
CW

2 75 65 95 59 73 93
3* 66 64 76 48 82 80
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HSpa OMPa Controla

Stra taste CW HWT HWT CW HWT
CW

2 41 39 24 38 23 22
3 29 55 40 48 30 35

HSpa OMPa ControJ3

Cha aroma CW HWT HWT CW HWT
CW

2 64 53 69 67 53 58
3 51 62 62 57 49 51

HSpa OMPa Controla

Stra aroma CW HWT HWT CW HWT
CW

2 39 48 50 41 48 58
3 53 38 33 43 37 46

ab HeadIngs m the same row With chfferent superscnpts are dIfferent (P<O 05)

* The HWT was sIgnIficant (p=0 01) at this storage tIme

Table 14 Effect of storage tnne, hot water treatment and packagmg film on the sensory
charactenstlcs of Cantaloupe melon after storage

Storage HWT LDPE LDPE HSP OMP Mean of
time 004 012 the

Control

General bkmg NS NS ND ND ND 91

Hardness NS NS ND ND ND ND 67

JUlcmess ND ND ND 87

Sweetness ND ND 74

Charactenstlc taste ND ND ND ND 80

Strange taste +++ NS ++ ND ++ ND 19

CharactenstIc aroma NS NS ND ND ND ND 66

Strange aroma +++ NS ND ND ND ND 28

SIgnIficant, or slgmficantly lower than the control (-) P<O 05, (- -) P<O 005, (- - -) P<O 001
+ Slgmficant, or sIgnIficantly illgher than the control (+) P<O 05, (+ +) P<O 005, (+ + +)
P<O 001
NS Not slgmficant (p>=0 05)
ND Not slgmficantly dIfferent than the control (P>=O 05)
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B Work earned out In Israel

TestIng perforated heat-shnnkable polyolefin films and carbon dIoXIde absorbers for packagmg
'Tommy AtkIns' mango

Rodov V, De la AsuncIon R* , Peretz J , Gotlteb S ,and Ben-Yehoshua S
The Department of Postharvest SCIence ofFresh\Agncultural Produce, ARO - The Volcam
Center, Bet-Dagan, Israel, *CITA - Centero NaclOnal de ClenCIa y Tecnoiogia de Ahmentos,
UmverSldad de Costa Rica San Jose, Costa Rica

Abstract
The objectives of tlns research were to test the effect of packagmg m commerCIally manufactured
perforated heat-shnnkable polyolefin films and of the carbon dtoXlde-absorbmg addttIVes on
postharvest hfe of 'Tommy Atkms' mangoes The performances of two films havrng the same
densIty of perforations (8 holes/sq mch) but dtfferent perforatIOn dtameter (0 4 mm for Cryovac
SM60M and 1 6 mm for Cryovac MPY8) were compared With those of two non-perforated
Cryovac polyolefins, MD and MY The fruIt were sealed eIther WIthm a polystyrene tray (one fruIt
per tray) or WithOut a tray (mdtVldual seal-packagmg) The non-perforated films caused certam
reduction of O2 concentration and enhanced the accumulation of CO2 and ethanol vapor m the m
package atmosphere The atmosphere compOSItion m perforated packages dtd not dtffer
slgmficantly of the ambIent one After three weeks of storage at 14C and up to one week of shelf
hfe at 17C, the non-sealed control fuut were of mfenor quahty because of over-npemng, shnvehng
and decay development Both perforated and non-perforated films praeucally prevented the fruIt
shnvehng Packagmg mangoes m the non-perforated films or m the perforated SM60M or MPY8
films saved respectIvely 70-90, 40-55 and 25-33% of the weIght loss Packagmg m non-perforated
films mhIbited the development of yellow peel ground color and slowed down the redueuon of
tItratable aCIdIty WIth perforated films, the frutt reached yellow color rnside the package No film
removal was necessary for color development The addItIOn of Ca(0H)2 - contammg pouches (C02
absorbers) to non-perforated packages allowed the frutt to attam the yellow peel color Without a
noticeable mcrease m weIght loss However, hastened decay development m such packages
canceled therr pOSItive effects on mango quahty

IntroductIOn
'Tommy Atkms' IS one of the major mango cultIvars grown m Israel Its postharvest hfe-span does
not exceed 2-3 weeks and IS Illmted by physlOlogIcal detenoratIon of the fruIt related to ItS over
npemng, and by pathogen development AddttlOnally, desiccatlOn of mango dunng the prolonged
storage causes Its shnvelmg and reduces the market value of the fruIt Improvmg the keepmg
qualtty IS necessary m order to reach the distant export markets by marme transportation With fruIt
ofhtgh qualIty

Packagmg m plastIc films IS steadtly becommg more wportant as a tool to prolong the storage hfe
of penshable commodttIes due to modtfied-atmosphere and modtfied-hutnldtty condttlOns created
mSlde the packages (Ben-Yehoshua, 1985, Goms and Peppe1enbos, 1992) Although a number of
expenments on modtfied or controlled atmosphere storage of mangoes have been conducted until
now (for reVIew, see Yalua, 1997), the results are not always consIstent and depend much on
cultIvar tested

PreVlous attempts to seal 'Tommy Atkms' mangoes m non-perforated films were unsuccessful due
to off-flavors and unpaired nperung caused by the mappropnate atmosphere compOSItion resulted
from the frutt's respIration combmed With too htgh bamer propertIes ofpackagmg matenal (Miller
et at, 1986, McCollum et al, 1992) In order to aVOId these problems, the use of perforated films
was proposed and successfully tested With 'Tommy AtkIns' cultlvar (Ben-Yehoshua et al, 1994,
Ben-Yehoshua et al , 1996), as well as With other mango vanetIes such as the That culttvar Nam
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Dork Mat (Yantarasn et ai, 1995) The effect of perforation on oxygen and relative hurrnmty
levels m mango package was descnbed by the mathematical model developed by FIshman et al
(1996) In agreement With this model, the benefiCial perforation range for the Tommy Atkms
mango was estImated e'qJenmentally usmg the manually-perforated packages made of low-densIty
polyethylene (Rodov et al , 1997)

Elevated carbon mOXlde level rmght be one ofthe factors affectIng the qUalIty of mangoes sealed m
non-perforated films Accordmgly, msertlOn of C02-absorbmg cheffilcals mto the package may

serve as a possIble alternative or an aId to perforatlOn m order to lffiprove the qualIty of the sealed
'Tommy AtkIns' mango Apphcation of varIOUS chermcal mserts (o'{ygen scavengers, carbon
diOXide absorbers and producers, ethylene absorbers, hygrOSCOpIc matenals etc ) termed m general
as actIve packagmg (Rooney, 1995) was demonstrated to be helpful m achievement of desuable m
package conditions With several commodities, such as tomatoes (ShirazI and Cameron, 1992,
Furlam et ai, 1993), asparagus spears (Furlam et al, 1993), bell peppers (Rodov et ai, 1995), and
fresh figs (Rodovet ai, 1997a)

The objectIves of the present research were to test the performance of commerCially manufactured
perforated fihns and of carbon mOXlde-absorbmg matenals m packagmg 'Tommy Atkms'
mangoes

MaterIals and Methods

Mature-green mangoes of Tommy Atkms culuvar grown m Jordan valley (Israel) were obtamed
from the packmg house at the day ofharvest The frUit did not receIve any packmg-house treatment
except washmg

Packagmg and storage Several kmds ofheat-shnnkable polyolefin fihns (15-19 J.L thick) supphed
by Cryovac Grace Itallana Co (MIlano, Italy) were tested for theIr SUitability for packagmg
'Tommy AtkIns' mangoes The tnals mc1uded nonperforated fihns MD and MY, and perforated
polyolefins MPY8 (8 holes of 1 7 rom m dIameter per sq mch), and SM60M (8 holes of 0 4 mm m
mameter per sq mch) The frUIt were sealed eIther Withm the polystyrene tray (one fruIt per tray)
or WithOUt a tray (mmV1dual seal-packagmg), the films were heat-shrunk as descnbed prevlOusly
(Ben-Yehoshua, 1985) Control fruIt were kept m standard mango packages - open cardboard
boxes, one layer of 10 fruIt per box

CalCllllTI hydro'{1de Ca(OHh was used m the tnals checkmg the effects of CO2 absorptiOn The
pouches of gas-permeable spun-bonded polyethylene (Tyvek, Du Pont Co, Geneva, SWitzerland)
With 10 g of Ca(OHh were added to tray-packages contatnmg one or two fruIt The trays were
sealed m non-perforated MD and/or MY polyolefin films
Packaged frUIt were stored for 3 weeks at 14C and relative hurrndity (RH) of 85±3% The storage
penod was followed by a shelf-lIfe umtatlOn, when the packaged funt was kept for up to 7 days at
17C and RH 85±3% At the end ofthe shelf-lIfe penod, the packages were opened and subjected to
qualIty analySIS

The tnals were conducted m tnphcate, at least 20 frUIt per rephcatIon, and repeated three tImes
dunng two succeSSIve harvestmg seasons The data presented m this paper belong to one
expenmental senes The repeated expenments brought slInllar results Withm each tnal, data were
analyzed by analYSIS ofvartance, and means were separated by Duncan's multIple range test
AnalySIS ofm-package atmosphere Septa of SIlIcone rubber were stuck on the packages for gas
samplIng Samples of m-package atmosphere (5 ml) were Withdrawn from the packages usmg gas
tight synnges WIth mmV1dually shrunk-sealed fruIt, the samplmg was complIcated because of
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extremely lumted vOId space m the package In order to ensure samplmg, some of the mchVldual
shrunk packages contamed small pIeces of foamed polystyrene (the chmenslons ca 12 x 12 x 3
mm) between the fruIt surface and the film, one pIece per package The arr samples were
Withdrawn from the VOid spaces formed around these pIeces

Concentrations of oxygen, carbon choXIde, ethylene, as well as ethanol and acetaldehyde vapors m
the sample were determmed by gas chromatography (GC) usmg external standards for data
quantification O.....ygen and carbon choXIde concentrations were determmed by Packard 7500 gas
chromatograph (Packard, Downers Grove, m) With thermal conductIVIty detector and CTR~I

packed column usmg helIum as the carner gas Ethylene concentration was determmed With a
Vanan 3300 gas chromatograph eqUipped With a flame IOmzation detector and a C-5000 packed
column usmg mtrogen as the carner gas, column, mJector and detector temperatures were 80, 50
and 56C, respectively The concentrations of ethanol and acetaldehyde vapors were determmed
With a Vanan 3300 gas chromatograph eqUipped With a flame IomzatIon detector and a 20%
Carbowax 20M packed column usmg mtrogen as the carner gas, column, mJector and detector
temperatures were 80, 110 and 180C, respectIvely

Quallty analySIS FruIt firmness was determmed by Chatilhon penetrometer The percentage of
total soluble sohds m the fruIt JUice was measured refractometncally The tItratable aCIchty was
determmed by tItratIon of the JUice With 0 1 N NaOH and e"'qJressed as Cltnc aCId concentratIOn
(%) The flesh color was evaluated on the cut surface at the depth of 2 mm from the peel usmg the
CROMA METER CR-200 (Mmolta, Japan) The same mstrument was used for peel color
evaluation AddItionally, the peel color was assessed VIsually by gradmg the fruIt m every sample
accordIng to the followmg scale 1 ~ green, 2 - hght-green, 3 - greemsh-yellow, 4 - yellow, 5 
yellow-orange The VIsual color mdex was calculated as a weIghted average of scores gamed by all
the fruIt of the sample FruIt taste was evaluated by 10 to 14 expenenced panehsts accordmg to a
5- grade scale

Results

ComposItIOn ofm-paclwge atmosphere
FIg 1 represents the typICal tlffie courses of O2 and CO2 concentrations m the atmosphere of
mango packages sealed With perforated or non-perforated films The non-perforated film caused
certam reductIon of O2 concentration and CO2 accumulation These changes were espeCIally
eVIdent m the packages mcludmg polystyrene trays Ethylene concentratIon m the packages was
low (0 02 to 0 06 ppm), Without sIgmficant chfference between films tested
CertaIn mcrease of ethanol and acetaldehyde levels was observed m non-perforated packages (10
15 and 33-39 ppm, accordmgly, agamst 2-6 ppm m perforated packages and less than 1 ppm ill

ambIent atmosphere) At the same tIme, the atmosphere compOSItion ill perforated packages chd not
dIffer SIgnIficantly ofthe ambIent one

Add11lon of Ca(0H)2-contaIDmg pouches markedly reduced the m-package CO2 concentratIon
durmg the penod of low-temperature storage Interestmgly, tlns effect was accompamed by the
enhancement of oxygen consumptIon by mangoes packaged m the presence of Ca(0H)2, most
hkely due to nulhfymg the mlnbitOry effect of CO2 on the fruIt respIratlon On the other hand, the
COz-absorbmg capacIty of Ca(OH)z-contammg pouches usually ceased after the transfer of the
fruIt to shelf-hfe (FIg 1) or even earher, probably because of saturatIon or cakmg of the
absorbent At tIns stage, the CO2level m such packages raIsed sharply, even exceedmg that m the
control

Quabty of Tommy Atkms mangoes sealed m heat-shrmlcable polyolefin films
WeIght loss Packagmg m non-perforated films MD and MY reduced the fruIt weIght loss by about
70-90%, as compared to that of the non-sealed mangoes (Fig 2) The perforated films SM60M
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and MPY saved 40-55 and 25-33% ofthe weIght loss, respectIvely WIthIn the same film type, the
mdIVIdual shrunk sealmg had a trend to a slIghtly lower weIght loss as compared to the tray
packagmg, although thIs dIfference usually was not statIsucally sIgmficant Both perforated and
non-perforated fihus practIcally prevented the fruIt shnvelmg wmch developed m non-sealed
mangoes durmg storage and shelfhfe lmltanon (FIg 3)

Decay The fungal decay of Tommy AtkIns mango was represented m our expenments mamly by
the black rot caused by Alternana alternata, and by the stem-end rots By the end of the
expenment, almost 50% of the non-sealed fruIt were mfected by the decay agents Sealmg Tommy
AtkIns mangoes m non-perforated MD film consIstently resulted m the lowest decay level, as
compared to the non-sealed fruIt or to the fruIt sealed m other films tested Sealmg m perforated
films also proVIded certam decay reducnon as compared to the non-sealed control (FIg 2)
However, this measure was not effiCIent enough so that by the end ofthe shelf-hfe mutatIOn penod
(one week at 17C after 3 weeks of storage at I4C) the decay mCIdence m perforated packages
reached 20-30%

Peel andflesh color The non-sealed mangoes changed theIr peel ground color durmg storage from
green to yellow, and the flesh color from pale yellow to yellow-orange Sealmg m non-perforated
films mh1blted tllese color changes The strongest mlubluon was observed m the fruIt mdIVIdually
shrunk-sealed m MD polyolefin, as documented both by VISUal observatIOns (FIg 4) and
mstrumental measurements (FIg 5) The neganve values of alb rano of these mangoes mdIcate that
by the end of the shelf-hfe penod therr peel stIll stayed green Certam yellowmg was observed m
tllese fruIt durmg several addIuonal days at I7C after the removal of the non-perforated packages
However, the fruIt usually detenorated Wlthm this penod and never attamed the fully developed
ground color

In contrast to the ground color, neIther mtenslty nor area of the red blush on 'Tommy Atkms'
mangoes were sIgmficantly affected by sealIng (data not shown)
WIth fruIt sealed m perforated films Wlthm the polystyrene tray, none of the color parameters, 
peel ground color, peel blush color, flesh color - dIffered signIDcantly of the non-sealed control
The fruIt reached Its full color mSIde the packages and dId not need film removal for color
development

FIrmness The non-sealed fruIt l.illderwent notIceable softenmg dunng storage and shelf-hfe penods
so that Its firmness decreased from 70 to 9-13 N The fruIt packaged m Cryovac films, eIther
perforated or non-perforated, softened by the end of the expenment snmlar to the non-sealed
control, except for the mangoes illdIVIdually sealed ill MD polyolefin wmch retamed firmness of 20
t026N

Soluble sollds, ntratable aCIdIty and taste No sIgmficant chfference between the treatments was
found ill the level of total soluble sohds (TSS) (FIg 6) At the same t1me, the tltratable aCIdIty ill
frmt packaged ill non-perforated film was markedly mgher than ill the control or ill the perforated
package (FIg 6) Consequently, the fruIt packaged ill perforated :film got the illghest score of the
taste panel (4 to 4 5 ill 5-grade scale) willIe the non-sealed frmt got 3 8 score and the fruIt sealed
ill non-perforated film 3 7 to 4 0 The panehsts marked certam ovempenmg of the control fruIt and
sourness ill fruIt kept ill non-perforated film AddInonally, some off-flavor was reported ill

mangoes packaged With non-perforated film

Effect ofCO2 absorption on npemng and storage life of 'Tommy Atkms' mango
FIg 7 represents the qualIty of mangoes sealed m non-perforated MD and MY films Wlthm the
polysyrene trays (one fruIt per tray) Wlth or Wlthout CO2 absorbers, as compared to the non-sealed
fruIt
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InsertIon ofCa(OH)rcontammg pouches wd not enhance the fruIt weIght loss whIch stayed as low
as m the non-perforated sealed packages WIthout any adwtIve At the same tune, the CO2 absorber
tended to reduce the mhIbitOry effect of non-perforated package on the peel color development
ThIs color nnprovement depended on the kInd of film used, bemg stronger WIth mangoes packaged
m MY film rather than m the MD one (FIg 7) Indeed, the adwtIOn of CO2 absorber to the non
perforated MY packages allowed the fruIt peel to attaIn the yellow ground color WIthout a
notIceable mcrease m weIght loss However, the decay mCldence m such packages mcreased m
parallel WIth color stunulatIon and eventually canceled theIr pOSItIve effects

DISCUSSion

General benefits of packagmg fruIt m plastIc films, I e reduced weIght loss and prevented
shrIvebng, are well documented for vanous commowtles mcludmg mango (Miller et ai, 1983,
Shaplfo et ai, 1990, SornsnVlchaI et al, 1989, Gonzales et al, 1990) The mam challenge of
applymg thIs technIque to clunactenc fruIt, such as mango, IS to combme the named advantages
WIth deSIrable npenmg rate m order to reach good qualIty of the funt at marketmg stage As far as
retaIl packages are regarded, the fruIt should attaIn optImal qUalIty WIthOUt film removal

Effects ofnon-perforated films In our preVlous experunents, sealmg Tommy Atkms mangoes m
non-perforated low-densIty polyethylene (LDPE, 40 /..I. thIck) completely and lITeversibly arrested
theIr npenmg and was aggravated by dark wscoloratIon and extremely strong alcoholIc off-flavor
(Rodov et al, 1997) In contrast to these results, the non-perforated heat-shrmkable polyolefins
MD and MY tested m thIs work ilid not cause peel iliscoloratIon and allowed some npenmg-related
processes, such as the fruIt softenmg and soluble solIds mcrease TIus ilifference could be
e-.-:plamed by better gas exchange through the polyolefin packages due to lower thIckness and
dIfferent permeability charactenstIcs of the films, as well as spontaneous perforatIOns formed m
the package dunng heat-shrmkage (Ben-Yehoshua et al 1994)

However, non-perforated polyolefins still mhIbited the onset of unportant npenmg traits, first of all
the evolutIon of peel ground color from green to yellow-orange and the declme of JUIce aCIility
FruIt kept m nonperforated mWVldual packages never reached the full color and got wenor taste
scores because ofthe sourness and m certam cases due to presence of off-flavor, m agreement WIth
early reports of MIller et al (1983 and 1986) These negatIve phenomena d1m1mshed the
advantages ofnon-perforated sea1-packagmg for the Tommy Atkms mango

At the same tune, some other mango culuvars sull may benefit from packagmg m non-perforated
polyolefins For example, sealmg typIcally green-eolored KeItt mango m the MD film was not
accompamed by the off-flavor, so that after prolonged storage the panelIsts conSIstently preferred
the sealed fruIt to the non-sealed one because of prevented ovempenmg (Rodov et ai, 1994,
Yantarasn et al , 1995) Earher, seal-packagmg m non-perforated films was found to be benefiCial
for extendIng postharvest hfe of That mango vanety Keaw Sawoey tradItIonally consumed m
unnpe state (SornsnVlchai et al, 1989) Tommy AtkIns seems to be a mango cultlVar relauvely
sensluve to altered atmosphere composluon Indeed, optuna1 CO2 concentrauon for controlled
atmosphere (CA) storage of Tomrny AtkIns mangoes was found to be twIce as low as that for the
Kent vanety (LlZana and OchagaVla, 1997)

It should be noted that changes m the compOSItIon of m-package atmosphere as small as those
observed m thIs work (C02 accumulatIon not hIgher than 2-3%) were enough to effect the npenmg
pattern of Tommy AtkIns mango Usmg thIcker films such as above-mentIOned LDPE (40 /..I.) or
mcreasmg number of frUIt per non-perforated package (Rodov and Ben-Yehoshua, non-publIshed
data) brought about stronger atmosphere changes and, accordmgly, stronger negatIve effects on the
fruIt qualIty
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The enhancement of peel color by CO2 absorbent confirmed the mlubitOry effect of CO2 on color
development demonstrated earher m CA expenments (Bender et ai, 1994) At the same tune, there
IS no enough data to conclude If CO2 accumulatIon was the only factor effectmg mango npenmg m
plaSTIC packages, and what was the mfluence of other atmosphere components on thts process For
example, Jordan and Sffilth (1993) showed that softenmg of Alfonso mangoes m controlled
atmosphere was effected by oxygen concentratiOn rather than by CO2 Recently Burdon et al
(1996) have proposed that acetaldehyde can retard mango npenmg by mlllbItmg the ethylene
bIOsyntheSIS through supreSSIon of ACC o"X.ydase In our work, the mlublted npenmg m non
perforated packages was mdeed accompamed by cetam mcrease m acetaldehyde and ethanol
accumulatIOn, although no sIgmficant effect on m-package ethylene levels was detected
Measurement of mtemal gas concentrattons m mesocarp TIssue and determmaTIon of ethylene
prodUCTIon rates, as well as the actIVIty ofthe relevant enzymes, ffilght be helpful for mterpretaTIon
ofphYSIOlOgical baSIS ofthe phenomena observed

Efftcts ofperforated films In accordance With mathemaTIcal model's predIctIon (FIshman et ai,
1996), the m-package CO2 and O2 levels were effected by perforatIOn to much greater extent than
the arr hUffildIty mSIde the package Because of relatIvely hIgh perforatIOn of both SM60M and
MPY8 films, the concentratIOns of O2 and CO2 mSIde the perforated packages dId not dIffer
sIgmficantly ofthe ambIent ones

Usmg perforated polyolefins prevented the dIsorders caused by the unproper atmosphere mSIde
non-perforated packages, such as unpatred ground color development and off-flavors The fruIt
reached the yellow color mSIde perforated packages and dId not need film removal for color
development At the same tune, these films alleVIated fruIt deSICCaTIOn and to a certmn extent
delayed theIr ovempenmg and reduced decay, altogether alloW111g to mamtam the fruIt m
marketable condItIon for addItIOnal two or three days of shelf-lIfe Of the two kInds of perforated
Cryovac films tested, SM60M was preferred over MPY8 smce It was more effectIve m weIght loss
reductIon Smce no sIgmficant CO2 and O2 modIficatIons were caused by these films, the delayed
ovempelllng and reduced decay of mangoes kept m perforated packages ffilght be attrIbuted to
alleVIated water stress In fact, water loss was shown to hasten npenmg and senescence m vanous
fruIts, mcludIng such typIcal cltmactenc conunodttIes, as banana (Burdon et al, 1994) and avocado
(Akkaravessapong et al , 1996)

On the other hand, the potentIal of the htghly-perforated polyo1efins to prolong the storage of
mangoes was lnmted as compared to less-perforated films Seahng KeItt mangoes WIthm 4-kg
cartons 1med With ffilcroperforated plastIc films sIgmficantly slowed down theIr npenmg (PesIs et
a1, 1997) Perforated polyethylene packages (16 fruIt/package) were successfully tested by
SomsnVIchat and Yantarasn (1997) m tnal shtpment ofNam Dork Mat mangoes from Thmland to
Japan, extendIng the postharvest ltfe by about one week In both works CIted, early removal of the
film and keepmg the fruIt for one to two weeks at retatl markettng condttIons were needed m order
to reach a deSIrable fruIt qUalIty, leavmg the fruIt unprotected at the final and the most vulnerable
stage oftheIr postharvest hfe CombmatIOn of rughly perforated retau packages lu(e those tested m
our e"X.penments, With less perforated bulk packages wruch can be removed after low-temperature
shtpment ("package-m-package" pnnclp1e), may be proffilsmg for matntmmng the fruIt quahty
dunng the whole postharvest cham AlternaTIvely, the fruIt may be repackaged m htgWy perforated
"retaIl" films pnor to marketmg penod, after the removal of less perforated "transportatIOn"
wraps

In SItuatIOn when phYSIOlogICal detenoratlOn of the fruIt IS alleVIated by a plastIC package,
pathogen development turns to be a major factor hffiltIng the storage hfe It was concluded that
seal-packagmg by Itself IS not enough to control mango decay and should be combmed With
addtuonal means to prevent dtsease development Hot water dtp was tested as such means m our
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preVIOUS expenments (Rodov et aI, 1997) The successful use of perforated packagmg With Nam
Dork Mal mango m Thal1and was allowed by ItS combInatIon With hot benomyl (SornsnVlchai et
al, 1992) and vapor heat (SornsnVlchm and Yantarasn, 1997) treatments Recent development of
«hot water brush" method (Prusky et aI, 1997) may proVlde a prOmlsmg approach for the decay
control m seal-packaged mangoes
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Legend For Figures

FIg 1 Effect offilm type, polystyrene tray and carbon dloXlde absorber on tune-courses of oxygen
(above) and carbon dloXlde (below) concentrattons m packages contammg one 'Tommy Atkins'
mango sealed m perforated SM60M or MPY8 or m non-perforated MD polyolefins

FIg 2 Effect of package type on the weIght loss (above) and the decay mCIdence (below) of
'Tommy AtkIns' mangoes stored for 3 weeks at 14C and 1 week at 17C
NS - non-sealed control, MD and MY - non-perforated films (With or Without polystyrene tray),
SM60M and MPY - perforated films (With or WIthout polystyrene tray) Bars sIgned With the same
letter are not sIgnrficantly illfferent (p=0 05) by the Duncan's multIple range test

FIg 3 Appearence of 'Tommy AtkIns' mangoes after 3 weeks ofslffiulated slupment at 14C and I
week of slffiulated retal1 marketmg at 17C
Package types, from left to nght non-sealed control, non-perforated MD film (WIthout tray),
nonperforated MD film (WIth tray), perforated SM60M film (With tray), perforated MPY8 film
(With tray)

FIg 4 Effect of package type on the ground peel color (assessed as Visual mdex) of 'Tommy
Atkins' mangoes stored for 3 weeks at 14C and 1 week at 17C
VISUal mdex scale 1 - green, 2 - hght-green, 3 - greemsh-yellow, 4 - yellow, 5 - yellow-orange
NS - non-sealed control, MD and MY - non-perforated films (With or Without polystyrene tray),
SM60M and MPY - perforated films (With or Without polystyrene tray) Bars SIgned With the same
letter are not signtficantly dtfferent (p=0 05) by the Duncan's multIple range test

FIg 5 Effect of plastIc film on the ground peel color of 'Tommy AtkIns' mangoes stored Without
polystyrene tray for 3 weeks at 14C and 1 week at 17C
The color expressed as ratio of a and b parameters measured by MInolta CROMA METER CR
200 mstrument NS - non-sealed control, MD and MY - non-perforated films, SM60M and MPY 
perforated films, INIT - tnlttal fruIt color before storage Bars SIgned With the same letter are not
signtficantly dtfferent (p=0 05) by the Duncan's multIple range test

Fig 6 Effect of package type on the percentage of total soluble sohds (above) and titratable
aCIillty (below) of 'Tommy AtkIns' mangoes stored for 3 weeks at 14C and 1 week at 17C The
tItratable aCIdity IS expressed as concentratton of Cltnc aCId (%)
NS - non-sealed control, MD and MY - non-perforated films (With or Without polystyrene tray),
SM60M and MPY - perforated films (WIth or Without polystyrene tray) Bars SIgned WIth the same
letter are not sIgmficantly dtfferent (p=0 05) by the Duncan's multIple range test

FIg 7 Effect of CO2 absorbers on the qualIty of 'Tommy AtkIns' mangoes sealed WIthm

polystyrene trays ill non-perforated MD (above) and MY (below) polyolefins, after 3 weeks of
storage at 14C and one adchtlOnal week at 17C WIthIn each qualIty parameter, bars SIgned With
the same letter are not slgmficantly chfferent (p=0 05) by the Duncan's multiple range test
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PERFORATION EFFECTS IN MODIFIED-ATMOSPHERE
PACKAGING: MODEL AND APPLICATIONS TO BELL
PEPPER AND MANGO FRUITS

Shlmshon Ben-Yehoshua1, 1lictor Rodov1, Svetlana Flshman2, Jacob Peretzl, Ruth De La
Asunczon1 Peter Burns1, Jmda Sornsnvlchaz3 and Thongchaz Yantarasn3

1Department ofPostharvestSoence of Fresh Produce,2Departrnent ofStabsbcs andOperanons Research
Agncultural Research OrgaruzatIon. The Volcaru Center, Bet Dagan, 50250, Israel

3Departmentof BiOlogy, Quang N!al UruVer51ty, Quang Mal, Thalland

Abstract- The techrnque of m:x::hf1ed-atJ::n:)sphere (MA) p3.ckagmg IS steach1y becommg !rore
J.1I1FOrtant as an adchnonal tool to prolong the storage hfe of r;enshable co~nes

Opturusahon of several prrarneters of the rv1A system for mango and bell pePf€I vvas prorroted
by p2Iforatmg the p3.ckagmg DIm TIns p:r£oranon greatly affected 02, and CO2 concentrahons

and vvater condensanon but much less the ID-pickage relahve hurruchty Consequently
regulahon of the extent of perforahon could be used. to control atr.rosphere cOII1fOSlhon and
water condensanon m the package Wlthout a Sigrubcant rncrease ill frtnt's Weight loss

Bell peppers pickaged ill perforated DIm lost less YVelght dunng storage and mamtaJ..ned
tugher quahty than fnnt stored m open carton boxes, and at the same t:u:re derrDnstrated lower
decay level than fnnt sealed ill non-perforated pickages PerforatIon as V'Rl1 as the mtroductIon
of hygroscoplc ID3.tenals, such as NaO, effecnvely reduced the percentage of Bob.yb.s decay ill

bell pepper fnnt Perforatmg the hIm cancelled rnJ:ubltIon of the np:rung process that prevalied
ill mango illnon-p:r£orated p3.ckages Perforated :fXl.ckagmg of mango and pepper retarned m::lSt
of the advantages of the non-perforated packages

A dynarruc rrodel of gas and vvater vapour exchange ill perforated and non-perforated
:fXl.ckages contammg fresh fnnt or vegetables vvas developed on the basIS of tvfichaehs-Menten
equatIon ill combrnahon With FICk's dJ.ffuslon law Use of computer s1II11.1lanons enables
evaluatIon of :fXl.ckage specIDcatLons winch ¥\tUuld proVide opb.ID3.l comhons for storage of a
gwencommochty Model prec:hctLons were confumed by measured observatIons

Key ¥\tUrds dynarruc mJdel, m:x:h£Ied-atmosphere :fXl.ckagrng. resprratLon perforatIon m
package hunuchty, mango, bell-pepper

-
Introduchon charactenstIcs and ~ture. Several
The keepmg qt¥hty of fnnts and vegetables IS rrodels of MA packagmg (MAP) systerrs have
affected by ten1ferature, and by concentrahons been chscussed ill the l.lterature (Turm and
of oxygeI'\ carbon dJ.OXlde and water va}X)m Karel, 1963, Hayakavva et al , 1975, Ca.Ireron
In the surroundrng atrrosphere (Kader et aI, et aI, 1989, Mannapp:nnm. et aI, 1989,
1989) The techruque of m:x:h.fIed-at:mJsphere Errondetal,1991) Inm:JStcases the authors
(MA) pl,ckagrng IS steach1y becommg m::>re restncted themselves to a chmce of empmcal
lJl"JfX)rtant as an adchnonal tool to prolong the equations fIttLng the observed changes ill gas
storage Me of penshable comrnxhtIes (Ben- concentration Models of thIs tyFe are not
Yehoshua et aI, 1985, Coms and based on a COI1S1deratIon of bIOphysICal
Pepp=lenbos, 1992) The search for the rra:harnsms for the processes occumng ill

opb.lm1 set of pararreters for an MA system MA p:tckages, and unl.lsed chfferent equahons
nay be prorroted by a theorencal analysIs ill ch£ferent studJ.es, Imkmg the compmson
wtuch can prechct the teI11p)ral changes ill the and apphcatLon of theIr results d1ffi.cult
~ckage atr.rosphere ill term; of package Gas dIffusIOn and fnnt resprrauon are
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the two maID processes V\inch affect the m- Perloratlon Effects on Water Condensatlon
p3.ckage atmosphere Flck's chffuslOn law was and Decay (Rooov et al / 1995) In the frrst
fOlmd to govern gas exchange ill apples and two sectlons/ only the htghhghts are given
several other fnnts (Burg and Burg, 1965) smce the matenal has already been publIshed
The resprratlon of fnnts and vegetables was (FIShman et al / 1995/ 1996)/ but ill the last
treated ill terms of enzyme kJ.netlC5 by Tucker two sectlons/ much of the data 15 presented ill

and Lanes (1985) Recently, several attempts tlus work
were made to apply the pnncIples of enzyme MAP modelIng
kJ.netlcs to MA p;lckage modeIrng (Lee et aI/Gas Dynamlcs m a Non-Perforated Package
1991, CaIreron et aI, 1994/ FIShman et al, A model for calculatlon of~ and CQ
1995, 1996) concentratlons ill a IlOn-~orated IXlckage

EXJ=€TIII'61ts undertaken WIth bell pepper based on a combmatlon of FIck's law WIth
and mango fnnts showed problems WIth the MIchaelIs-Menten equahon as applIed to bell
non-perforated MAP PreVIOUS data showed pepper was presented ill our preVIOUS

that MAP of bell pepper ill non-perlorated cOIIU1l1mlcatlon (FIShman et al, 1995)
plastlc fIlm may promJte decay W1en water Although p:1ckagrng ill plashC fIlm extends the
droplets condensate lI1SIde the IXlckage storage Me of bell pepper pnmanly by
(Rodov et al / 1994) and that seal-p;lckagmg alleVIatIon of water stress (Ben-Yehoshua et
mJ:ubIted mango npenmg (Shaprro et al, al, 1983), combrrnng the optImal relatlve
1989) In both cases ~orahon appeared to hurruchty With desIrable concentrahons of 0:2
present a p:>5SIble solutlon to these dIffIcultIes and CO2 bnngs addIhonal benefIts to bell
Consequently, the ann of our team was to pepper storage (polderchJk et aI, 1993,
evaluate the effects of perforatlon ill mJchbed Rodov et aI, 1994) The rrodel developed by
atmJsphere p;lckagrng and to perlonn a FIShman et al (1995) was uhhsed to optumse
theorencal analYSIS of the gas exchange vanous p;lckage prrameters to achIeve the
dynamIcs illtroduCmg a new m.xlel "WhIch also desrred MAP conchtIons Results were
consIders the water vap:>ur ill a perforated and vahdated by co:rnpmson of Its prechcuons
non-perforated MA p;lckage (FIshman et aI, WIth observatIons perfo~ on the pe~
1995, 1996) Tills allowed us to predIct the fnnt placed ill the chamber closed WIth the
t:une course of water vap:>ur, oxygen and I I
carbon choXIde concentrahons ill MAP ill ow densIty p:> y-ethylene (LDPE) fIIm FIgure

1 demJnstrates the results of the dynamIc
order to perfonn opUIl1lsatIon of the MA ill slIIl1.l1atIon (curves) as cornp;rred WIth the
accordance WIth the comrn::xhty reqt.nrerrents -na....~~l
The absence of the clImactenc nse ill the ex~J.."". -= u..c.u results (p:>mts) for the tJ.me

cotrrSe of 02 and COz concentratIons The
resprratory processes of bell pepper s1lTlphfIed
the system for establIshIng the SUItable model predIcted gas dynamIcs IS ill good agreerrent
descnbed ill the sectlon Gas Dynarrncs ill With the observed tJ.rre course dunng the long
l\JOn-Perforated Packages (FIShman et aI, term ~ts The steady-state

• 1995) The mango &erVed as a good example concentratIons of 02 and CO2 prechcted for
of the effects of pickage ~oratIons tlus system are 3 () and 4 2%, respechvely
chscussed ill the sectIon PerforatIon Effects on Co, :max:unum dunng the transIent phase
Dynarrucs of Oz and H20 ConcentratIons An adchhonal l.ITlfOrtant observatIon
(FIShman et aI, 1996) ThIs V\<Drk establIshed was made fIrst by theoretIcal analYSIS and later
the p:>tentIal of ~orated plashC plckagmg vahdated WIth expenrrental observatIons
m extendmg the We and reducmg sfOIlage of (FIShman et aI, 1995) Accordmg to the
mango frUIt presented ill the sectIon predIctIon of the mJdel, the C0:2 tJ.me course
Expenrrenta1 Tnals PerforatIon Effects on for most plastIC fIlms does not reach steady
Vanous Parameters of M<XhfIed Al:rrDsphere state smoothly but rather nses to a maxmn..nn
Packagmg of N1angoes The benefICIal effects and then declInes to an eqrnlIbnum level, a
of perloratlon on water condensatIon and sort of overshootIng effect Tills phenorrenon
decay were bnefly descnbed ill the sechon was confnm2d experu.rentally The prechcted

144 AustraJaslaI1 Postharvest Horheulture Conference, 1995

\
II

J'r
'1/

;;
"-
,;
.;-

t
~
7t.
-.

/

.f,
'¥
4:1
I#,

b1"%.....
!lc



S Ben-Yehoshua, V Rodov, S FlSlunan, J Peretz, R De La Asunaon,
P Burns, J SomsnVlcha1 and T Yantarasn

25

20

<.:>
~,

z
0
>-4

b

~
E-
Z

-~; U-l
U
Z
0
--.)

~

!;

15

10

'i
rI£:b n

3tH!

rI

\<;[)

Tnl1F It

FIgure 1 The curves represent~ course of Oz and CO2 concentratIons predIcted by the
model for bell peppers The pomts represent the expenrnental data earned out at 200C.

rnaxurn..rrn on the CO2 concentratIon curve atmosphere under condIbons of steady state
hts the recorded one and IS about 8%, wluch The study of the transIent ~od and the
markedly exceeds the steady-state value (42 model wIll enable predIctIon of the 0:2 and
%) over a rather long t:J.rre ~od. The COz levels over t:J.rre, as "",ell as est:umhng the
moornum on the curve for C0.2. kIneTICS has b.rne necessary to approach the steady state
often been seen atmn and Karel, 1963, Model PredIchons
Hayakawa et aI, 1975), but IS not as yet Mter berng valIdated, the mx:lel can be
consIdered an mtnnsIC charactensTIc of the uhhsed to study other desIgns of the MA
system de~ent on Its pmu:reters packages by rreans of computer slITIll1ahon
Consequently, eshmabon of the optImal CO2 mstead of conductIng t:ure consurnmg and
content for MAP should be aware of frns fact ex:pnsIve expmrrents The mx:lel allow'S for
because the C0.2. max:unurn may erroneously changIng the desIgn prrarreters of the package
be consIdered to be the steady state The study (such as free voll.lIT'e, hIm frnckness, area of
of the transIent penoct as p2Ifonred m frns the film, etc) and to compute how these
~rk, IS llTIfX>rtant because the produce may changes "WIll affect the gas dynarrncs and
Sf€TId a prolonged pnt of the storage ~od steady--state gas levels
under trarnlent cond:Ihons and chmng p:rrt of As a fust eXfunple, ttuckness of LDPE fIlm
the transIent r:enod.. the concentrahon of CO2 (~) was vaned. The mxlel "WaS nm for~=

m the system may be markedly greater than 2xlO-5, 4xlO-5, 6xlO-5 and 8xlO-5 m
the evaluated steady-state value ThIs FIgure 2a shows the mxlel pred1chon for the
conclUSIOn must be taken mto account when dynarrncs of 0.2. concentratIon "WIth these four
optuml cond!.bons for MA packagmg of fnnts values of 6.X The eqm1J.bnurn values of 0.2.
and vegetables are under mvestIgatIon Most are reached at about 300 hours for all four
ptevlous \\Jt)rks on MA p;1ckagmg films FIgure 2b shows the predIcTIon for the
~oncentrated on the analYSIS of the lI1:--package ture comse of CO2 The t:ure needed to
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approach the steady-state IS markedly longer
and dep:Tds on the bIm truckness the trucker
the bl.rn the longer the transIent ~od and
the lugher the overshoobng

Henceforth, effects of the free vol~ of
the pickage pmureter, - V, ~ studted.
FIgure 3 represents the results of the rrodel

wluch runs Wlth V=0 00124, 0 001, 0 00075

and 00005 m'3 The hrre comse of Oz and
CO2 concentratlons IS shown m FIgures 3a

and 3b, res~tlvely One rmy see that the
vanatlonof

4xlo-S

(a)

--------J:.--I--iI:.-.J~-------~-~

.0 oo...10~O-O-----2-2S'l"O-O-----4-5"'O-O-O-----61-;5r-O-O----9-0-0'00

IIME,h

90000

(b)

675.002'2500

Aust:ra1asJan PostharvestHomculture Conferenre, 1995

ooo:4------.......-------,-------;r-------,
0.00

TIME.h

FIgure 2 The mxiel prechctlons for the blms of chfferent tlncknesses, DX= (2x10-5, 4x10-5,

6x10-5 and 8x10-5) m (a) - t:ure course of 0.2 coocentrahon, (b) - ture course of CO2
concentratlon Prechcb.oIlS are for 20°C storage of bell peppers
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v changes the tJ.rre scale but affects neIther spnfIcatlons and the JXickage dJ.IrenslOns to
the steady-state level of concentratlons ror the proVlde the reco:rrrrrended comtlons for
extent of the overshootmg m the CO2 storage of a given coIl1II'fJdJ.ty ConsIderable
dynarrncs Dnnmlshmg V"defonrs" the savmg of exp=r.urents and 1J.Ire could be
curves along the ture axlS shorterung the achIeved by employmg the mx:leI We have
mterval needed to approach the steady-state or rot yet dealt 'WIth the mterrelatlon between
the CO2 maxunum Runnmg the m:x:lel ~ture and MAP Catreron et al (1994)
sID11.1latlons WIth chfferent sets of ~ters nwestlgated profmmdIy the effect of
makes It fXJSSible to ftrd the fIlm temperatureonMAPofseveralfnnts

zsco

TIME~b

FIgure 3 The m:x3el prechctIons for the packages of ch£ferent free vohlrr~, V= (000124, 0001,

000075 and 00005) m3 (a) - ~ course of 0.2 concentratIon, (b) - tIrre course of C0.2
ConcentratIon. PredIctIons are for bell peppers at 200C
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PerforatIon Effects on Dynarmcs of 02 and
H20 Concentratzons

As stated preVIously, a sp=cmc
problem awared WIth mmgoes (Shaprro et
aI, 1989), when the altered m-p:ickage
al:mJsphere was shown to lIJ.llX11I npmmg The
use of p:ITorated. fIlms was recorru.rerrled for

- mango fnnt and was successfully tested under
certame~ condlhons (Shaprro et
al, 1989, Rodov et aI, 1994, Yantarasn et al ,
1994, 1995a and b) 0pt:u:Dal conchbons for
mmgo p:ickagmg could be found WIth the aId
of a rmdel vvh1ch lllCluded consIderabon of
the fIlm reforahon Accordmgly, such a
m:x:iel was develop=d to help calculate 0.2
concentrabon and RH m a perforated-film MA
~ckage amung at the opbnusabon of MAP
conchbons for mango fnnt (FIShman et aI,
1996)

Resprrahon and transprrahon of
mangoes ~ stuched m mdefB1dent
expenm:nts to esb.mate the rararreters
mcluded m the model The results of
theorehcal prechctIons were vahdated by

cOII1pIDson WIth ex~ts on MA
packages of mango Due to spice l.umtahors,
only a few hIghlIghts regardIng the data can be
presented here

FIgure 4 shows the dramatIc effects of
perforatIon on the m-p:ickage oxygen
concentratIon Four holes of 2 rrrrn charreter
changed the steady state concentranon of 02
from 1% (01 non-dJ.rrenslOnal) for the non
perforated to 19% (019) far the p:ITorated
fllm

Completely ch£ferent results~ found
for relatIve hurmdIty (RH) The b.rre vanabon
of RH dunng the saIre ferlocL shown m
FIgure 5, deJronstrated good corresp:mdence
bet:vveen prechcted and observed steady-state
RH levels and showed pracncally no
chfference between the atrrospheres 1I1S1de

perforated and non-p:rfarated p:lckages,
vvtu.ch~ both water saturated. The VISIble
lag m the exp:nmental approach to the steady
state RH (FIg 5), as carrq:med WIth the model
prechchon, was related to the ture necessary to
reach eqrnhbnum between the m-p:ickage
atmosphere and the near-sensor envrromnent

03

Tli\ IF h

FIgure 4 Effect of f€rloratIon on t:I.rre course of oxygen concentrahon m a plasnc pickage
contammg mu mangoes at 20°C N - nurriber of pores (2 nun m charreter) Grc1es represent
observatIons, curves - prechctIons
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9080706050

TIME, h

403020

Model predIctIons
Changmg the number of perforatIons

IE' pickage 15 eqtnvalent to changIng the
t:ran5rrusslon caJXlbIhty of the fIlm, whIle
alteratIon of the relatIve hurruchty ill the
ambIent at:mJsphere rrearn changIng the
dnvmg force for -water vap::mI' pe:rrreahon
through the film.

The relatIve hUIIllchty changes as
prechcted by the m:x:Iel for p:1ckages With four
levels of perforatIon N =0, 4, 20 and 40
holes ~ pickage, are shown ill FIgure 6
(FIShman et al, 1996) Three ambIent
atrrosphere RH levels (HA, IDn-cIurenslOnal)

'Were studIed for each perforatIon level 0 8
(l.lpfe:' cmve), 0 7 (rruddle curve) and 0 6
(lo~ cmve) The transIent fGlods for these
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FIgure 5 Effect of perforatIon on relatIve hurru<hty ill a plastIc pickage contammg tv\U
mangoes at 20°C. N - number of FOres (2 nun ill <harreter) CIrcles represent observatIons,
curves - the prechcted steady state level

These results show that perforatIons ill lIT1p!OVIDg the transrrusslOn of D.2 than ill

affect the lfrpickage dynarrucs and steady- thatofwatervapour
state concentratIon of oxygen rrn.ICh m::>re than
those of water vaJX>ur (FlShmm et al , 1996)
The holes present a new route to transrrut
oxygen and water The relatIve contnbuhon of
p:nreatIon through fIlm and holes for the
creatIon of MA ill IXlckages was estJ.rnated for
oxygen and for water vapmI' Under the
conchhons of our expenmmts specilled illFIg
5 the oxygen transIl1lSSlon ability of LDPE
~ckage, With an area of 003 ID2 and

thIckness of 2x10-5 m, contaJ..nrng four holes
of 2 nun charreter IS 131 tures greater than
that of the sarre pickage but, Without holes
Whereas the water vapour transrrusslOn abIlIty
of thIs IBforated pickage was only three
tures of that of IDn-~orated pickage
Thus, the effect of holes IS rrore pronounced
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combmahons of JX:1lCllTeters w:re very short corresJX:>ndmg to dlfferent HA mcreased Wlth
and vaned neglIgtbly As can be exp2Cted, 1l1CreasIDg ~orahon level (FIg 6) It should
lowerrng of HA reduced the prechcted m- be noted that even at the lowest ambIent RH
pickage RH because of the rncreased RH (HA =0 6) and l:ughest JBforahon level (N =
grachent across the packagmg fIlm Increase ill 40) studied, the m-package hUInlchty was
the :number of IEforatl0D5, N, IJ:1akes the prechcted to be as l:ugh as 093 Indeed, our
pickage RHm:>re sensIhve to the ambIent RH rreasurerrents confmred these prechchorn

- and accordIngly, the chfferences between the Tl:us prechchon of the p2Iforahon effect "WaS

steady-state m-package RH values repeated also mother conmhons

100 N=O
100 N=4

~ 098
~

098
.....

I 096 I 096

~
094

~
094

m 092 ~ 092

090 090
0 20 40 60 80 100 0 20 40 60 80 100

TIME, h TIME, h

FIgure 6 Effect of p:noratlon on steady state levels of relatIve hurmchty MA pickages Wlth
four levels of FGforanon N =0, 4, 20 and 40 Three values of relanve hurruchty m the ambIent
atrrosphere (HA) w:re COnsIdered. 0 8 (top ctrrve), 0 7 (rruddle curve) and 0 6 (OOttom curve)
Prechctlons are for 20°C.

100 N =20 100
N =40

~
098 ~

098

! ! 096096
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~
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TIME, h TIME, h
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desIgn an optunal MA-JXlckage Exp:nrrents
were conducted durmg 1992-94 harvest
seasons/ at the Volcaru Center (Bet Dagan,
Israel) In p:rrallel, exp2!1II'fllt5 WIth the mal or
ThaI mango vanety 'Nam Dark MaI' "Were

conducted ill ChIang Mal UruVersIty,
ThaIland The mtenslVe research carned out m
ThaIland has been refXJrted elsevvhere
(SomsnVIchal et a1 1992, Yantarasn et a1
1994, 1995a, 1995b) and only hIghhghts are
presented here The data ill the two
laboratones "Were sllIUlar Most of the fIgures
represent the data collected m Israel

In Israel, mature-green mangoes of
Tommy Atkms culhvar grovvn m the Jordan
valley were obtamed from the plckmg house
on the day of harvest The fnnt vvas dIpp:xi m
hot water (51±1°q for 5 rom Wltlun 24 h of
arnval at the laboratory The mangoes were
sealed ill packages of 40jl thIck low-densIty
}X)lyethylene (LDPE) The ~orahon area p=r
package (TPA) ranged as fo11o\\"3 0, 1, 4, 19,

and 69 ~ Control fnnt "Were kept ill

standard mango opencartons
Packaged fnnt was stored at 14°C and

at 85±2% relahve hurrudIty (RH) The storage
pmod of 2 to 4 weeks was followed by
mntahon shelf-lIfe, "When the packaged fnnt
was kept for 4 days at 20°C and RH 85±2%
At the end of shelf-lIfe ~od, the plckages
were op:ned and JXltl of the fnnt vvas used for
qualIty analYSIS If necessary, the rest of the
fnnt vvas kept offfi for one addIhonal vveek at
20°C to complete npernng

Concentrahons of oxygen, carbon
dIOXIde, ethylene, as -well as ethanol and
acetaldehyde vafXJurs m the p3.ckage head
splce "Were deterrmned by gas chromatography r

(GC) The quahty analyses mcluded
detennmanon of fnnt frrmness/ JELentage of
total soluble solIds and ntratable aClChty Flesh
and ~l colours -were evaluated usmg the
CROMA lv1ETER CR.-200 (Mmolta, Japm)
In adchhon, ~l colour vvas assessed by a
VlSualmdex

The rrodel sImultaneously descnbes
the dynarrncs of oxygen and water vaPJur
concentrahons ill f€rlorated MA plckages
Both prechcted and observed data showed that
r:erforahon allows to combme elevated ill
p:lckage R1i surnlar to that of a ron
r:erforated p:lckage WIth hIgh oxygen
concentrahon, that of the ambIent
atrrosphere ThIs makes It PJSSlble to
rrnrurro.se fnnt "V\eght loss willIe rnamtammg
the gas concentrahons reqtnred for the nonnal
nf€Il1I1g of p:lckaged mangoes The m:x:lel
preehcts the effects of the ambIent hurrndIty
and of plckage pmureters, such as
perforahon area, fIlm surface, fnnt amount,
etc on m-fackage D.2 concentrahon and. RH
and on fnnt weIght loss It may serve as an
effechve tool for optmnsahon of MA
p:1ckages It IS worth notIng that the mxlel
was p:1farnetnzed for mango fnnts, but the
calculahons for ill-plckage RH would be valId
for other commx:hhes, sub)ect to~on of
the appropnate transptrahon coeffICIents
Another m:xiel descnbmg the oxygen
behaViOur m f€rlorated mango J:Xlckages was
profX'Sed mdependently by the ThaI co
authors of tlus pl~ (Yantarasn eta1,
1995a)

Expenmental Tnals
Perforatwn Effects on Vanous Parameters of
ModIfied Atmosphere Packagtng ofMangoes

'Torruny Atkms' IS an 11I1fX'rtant mango
culhvar grown ill Israel The storage pmod of
mango does not usually exceed 2-3 weeks at
14°C and 18 lmuted both by phYSlOlogtcal
detenorahon of the fnnt related to over
n~ and by fathogen developrrent. In
addJ.non, deslccanon of mango dmmg
prolonged storage causes shnvellmg and
reduces the J:n:U'ket value of the fnnt Readung
dIstant eX}X>rt J:n:U'kets Via rnanne
~rtahonWIth fnnt ret:auu.ng hlgh quahty
IS ore of the major tasks of JX)St-harvest
research on mango

In tlus research, mxhfIed atmosphere
f€lckagmg (MAP) of mangoes was tested as a CompoSlhon of m-package atmosphere
rreans to J.IrIprOve qualIty retenhon The study In non-p:norated fackages of 40J.l
exammect the effects of perforahon level on tluck LDPE, oxygen content decreased qtllckly
.:..torage hie and qualIty of mango ill order to to the level of 2-3% (FIg 7a) AnaerobIC
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plckages of Nam Dork MaI' mango stored at 20°C The stretch PVC fIlm (Fltwrap, M1v1P
Packagmg Group Co , Japan) was 0 01 nun m tJ:uckness and each package had 2£nut
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fenrentatIon process prevailed m fnnt at those
corntIons Accordmgly, the at:rn::>sphere of
non-p;rforated plckages was nch m CQ2,

(FIg 7b), ethanol (FIg 7c) and acetaldehyde
(FIgure 7d) At all perforatIon levels tested,
the lIl-p:lckage ethylene concentratIon peaked
after 2 weeks of storage (FIg 7e)

The lughest and mJSt pronounced
ethylene peak was observed at TPA of 4
mm2J;ackage At lo~ perforatIon levels, the
ethylene productIon rmy be mlubited by hIgh
CO2 concentratIon, wtule at lugher perforatIon
levels Its accurru..llatIon could be reduced
because of better gas exchange As a rule, the
U1-p3.ckage ethylene level lIlCreasecl after

t:ran5fer from 14°C to 20°C Even the smallest

~oraTIon level tested (1 ~;P3.ckage)
pracTIcally prevented anaerobIOSIS In a smular
mdep:ndent expernrent carned out WIth
p:rlorated p:lckages m ThaIland (yantarasn e t
al 1995), the steady state m the 02
concentratIon vaned from 5% to about 21 %
WIth the mcrease of total perforaTIon area

(TPA) from 1 to 50 m:m2A:ackage (FIg 8)
Accordmgly, the CO2 concentratIon vaned m
those p:lckages from 11% to about 0 8% The
sarre data -were obtamed m Israel WIth the FE
film

Decay and Weight loss
Fnnt that was seal-p:lckaged WIthout

perforatIon had no rots untIl the plckage was
opened, but then rotted rap.dly The decay
level m fnnt stored m perforated p:lckages was
COIlSIstently lower than that m the control (FIg
9) In mJSt of the cases, hot water dIp;
reduced decay as cornrered WIth untreated
fruIt (FIg 10)

Perforated seal-plckagmg greatly
reduced fnnt weIght loss, and prevented Its
shnvellmg even at hIghest perforaTIon level
(FIg 11 and 12) As a rule, the V\Ielght loss
percentage was dIrectly related to 1PA value
In non-perforated sealed p:lckages, the vveIght
loss was surpnsmgly rum as a result of
mtensIve exudatIon of hqUld from the fruIt
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FIgure 12 Effect of ~orated seal-p3.cl<agmg and
storage penod on shnvof'Tommy AtkIns' mango

FIUltnpenmg
Keepmg mango fnnt ill non-paiorated

sealed LDPE p:lckages mru.b1ted therr
npmmg, SO that the fnnt remamed fmn and
mechble VVlth low TS5 level, lugh aCIdJ.ty and
strong alcoholIc off-flavour even after 4 'W2eks
of storage and an addJ.nonal 4 days of shelf
Me The fnnt mamtamed Its green colour for
rrore than two 'W2eks, and later sho1MXi dark
dIscolouranon

Perforatmg the plckages allo1MXi the
TIfGllllg process to take place The paioranon
level affected each of - the fnnt qualIty
p:rrarreters mdeperrlently The Il1llllII1a1
p:lckage p2!foranon, 1 lIlrl:r2kackage, was
enough to enable the nonml softerung and
accumulanon of soluble solIds ill :mango fnnt
dunng storage (FIg 13)

F
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FIgure 9 Effect of ,Facl<age ~orahon and storage
fElod on tre decay lIlCld::nce of 'Tommy Atkms'
mango

100

o 4 19 69 NONSEAL

PEERFORATION, sq mm/packaga

*STORED FOR 4 WEEKS AT 14 C + 4 DAYS AT 20 C

Flgure 10 Effect of reat treatrrent and ~orated seal
p3.cl<agmg on tre decay of 'Tommy Atkins' mmgo
stored for 4 weeks at 14°C and 4 days at 2Q°C
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PERFORATION sq mm/package

~ 8 .0.1 11411119 069 ONONSEAlED

'"'"UJ
:z
~ 4
u:

12,---------------,

43

STORAGE AT 14 C, weeks·
* + 4 days of sholl ilia a\ 20 C

2

PERFORATION AREA aq mm/pacl<ago.0.1 00!4 B19 069 OOPEN

o

~ 4
<Ii
CIl
o
...I

f-a 2
iii
~

Figure 11 Effect of p:lcl<age ~orabon and storage
penod on the weght loss of 'Tommy AtkIns'mango

154



•

S Ben-Yehoshua, V Rodov, S FlShman,J Peretz, R De La Asunaon,
P Burns, J Somsm'1cha1 and T Yantarasn

I,
1
}'

I
r
i
I

1
tl1'
~

I
I 1

I{

PERFORAT10H~.0 qmmJp ok

., q.mm/p"

1!14 q.rnntfp ott

011 q.mmlp c:k

o.t q mm1p de

ONONeEALED

~ 3 4 3 + 1··
STORAGE AT 14 C weeks·

• + 4 day. at 20 C unpacked at 20 C

5..r--------------,
::::- YELLOW
l'lI -QAAHQll

iil 4
:2. 'YI!-LLOW

r;j "tI!L\.O~
o ·<:1fUlFH

:z 2
- 1I0H'Ta: QAe.e:H

9 1
a QRUM

(J 0
or.COLO
RATION

1 '---...,._-,::::---.-_--=:"",-,,_-,

6

10 VERY
GOOD

w
a:
8 6
en
~ 4
en
~

2

o 4 19 69 NON SEAL

PEERFORATION tq mmlpackags
'STOREO FOR 3 WEEKS AT 14 C + 4 DAYS AT 20 C

Figure 16 Effect of f8.ckage f6£orahon am storage
pencxi on the peel colour of Tommy Atkms' mango

The 11'A of 1~JPackage was not
suffICIent for complete fnnt yelloWIng Threet
relatlon'WaS observed betvveen the advance of
f€cl colour and the lIl-p:lckage oxygen
concentratlon (FIg 17), as -well as 021202
ratIo (FIg 18)

FIgure 15 Effect of f8.ckage perforabon on tte taste of
'Tommy Atkms'man~

Of all np:rnng-related processes, the
peel colour change was the rrost sensItlve to
the conchtlons of lI1-JXlckage atmosphere
M

OO
ter 3 weeks at 14 C and 4 days at 20 C,

only fnnt p:lckaged With lPA of 69 rrrrn2 had
turned yellow At least 19 mm.2 TPA was
essenhal for fnnt to reach a yellow~l colour
after 4 weeks of storage and an adchhonal 4
days of shelf lIfe After o~ the sealed
pickages, fnnt kept at 1PA of 4~ also
turned ye1lmv, whIle p2el of fnnt fElckaged at
11'A of 69 mm.2fl:;ackage turned yellow
orange H:>wever, It sbli dId not reach the
colour mtensIty of the control fnnt (FIg 16)
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~oratedsealed fElckages (1PA of 69 and 19

~,1:ackage) the aCIchty change follo~ the
satre p;lttem as ill the control Dtmng the frrst

o
storage :renod (2 "W'eeks at 14 C and 4 days at
20

0 q the mangoes seal-pickaged With TPA of
4 ~,1:ackage vve.re rrore aCId than the
control, but a vveek later the funt reached an
even slIghtly lov.~ aCIchty level than that of
non-sealed ones Mter 4 weeks of storage and

4 days of shelf Me, funt sealed With 1~ of
TPA also approached the aachty level of that
of the control

STORAGE AT 14 C, weeke
• + 4 day. of sholl life at 20 C

FIgure 14 Effect of Fdorated seal-f8.ckagmg and
storage renod on fre level of total soluble sohds (TSS)
an:!. htratable aochty of T 0lI'1l.To/ Atkrns' rrangoes A
TSS, B - htratable aad.1ty

After 3 -weeks of storage at 14°C and 4
days at 20°C, the taste panel preferred the £TInt
kept m paforated sealed fElckages over that
from the ron-pickaged control, marnly
because It had rot over-npa:1ed. The lughest
taste SCore "WaS -vvun by the funt pickaged at
1PA of 4 :rnrn'2 (FIg 15) A slIght off-flavour
'Was sorretures evIdent m funt p:lckaged at
IPAof1mm2
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t:errlf€rature The fnnt m ron-sealed trays had
becorre ovem~ by that ture MAP also
reduced chsease 1I1C1dence m cOII1fXlT1son With
the control treal:Inml:, but shU needed
supplemental treatment to control decay
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rnrn2/"Prl< (range) (range) <025% >13% <kg Hue°<85° yellow

0 2-3 25-40 NR NR NR NR NR
1 9-10 11-13 4 2 3 NR NR
4 16-17 4-5 3 2 2 3 3+1**

19 18-20 2-3 2 2 2 3 4
69 19-21 07-1 2 2 2 2 3

Not-5ealed 205-21 003-005 2 2 2 2 2

FIgure 17 Effect of lfrp:1ckage oxygen concentrahon
and reat treatrrent on tre peel colour of 'Tommy
AtkIns' mango sealed ill401l-l1uck LDPE packages

Table 1 srnnmanses the approxnnate
tJ.me necessary for Tommy Atkms mango fnnt
to reach the "nreness level" of chfferent
quahtahve parameters, as effected. by 111- FIgure 18 Effect of lIl-p3.ckage atrn:::>sph:!re on the peel
package oxygen and C0:2 concentrahons colour of 'Tommy AtkIns' mango at 20°C

Expen.rrental COI11l1"erC1al slupnH1t of Reducmg In-Package Water Condensatzon by
MA-plckaged rmngoes to Jaran was made by Perforatzon of the Plastzc Fzlm In Packages of
the Thal co-authors together With a pnvate Mango
comp:my, Krung ThaI Intemanonal Co Ltd per£oratJ.on was observed to reduce the
Thalland. The slupnH1t was by sea, m condensahon of water droplets In mango
contaIners eqmpp:d With ethylene scrubber p:lckages In order to charactense tlus effect
facIhty at 13°C. The level of Oz In the quanb.tahvely, all the water droplets on both
reforated MA JXlckage was 5-7% In £TInt and fIlm \ARre absorbed on fIlter JXlp:!
cOJ.11Fm1son "WIth 6 6% prechcted by the m:xlel and "WeIghed. The am::l1.mt of condensate m
develorro mdep=ndently by thE: ThaI team Tommy Atkms mango stored at 14°C and
The £TInt ill thIs erMIOnrrent reached full 85% RH was reduced by lllCreasmg the lPA
n~ only after transJX)rtahon and one (FIgure 19)

Table 1 Effect of In-plckage at:mJsphere on the number of weeks* necessary for T0IrlIl"o/ AtkJ..ns
mango to reach npeness m each of Its nperung parameters

Stead tate

*followed by 4 days at 20°C, NR - never reached
** 1 ;:Jrkhhonal week unpackaged at 20°C



5 Ben-Yehoshua, V Rodov,S FlShman, J Peretz, R De La Asunaon,
P Bums, J SomsnVlchaI and T Yantarasn

NON
SEALED

E!CONDENS WATER mg/plck lilI BOTRYTIS ROT % 6 '#.
.WEIGHT LOSS %

Ul
Ul

9
41

:J:
~

iii
~

2

NO ADOlTlVES +STOCK +PERFORATIOH +N.CI
SORS

SEAL-PACKAGING

o
III

.i!
u
ll. 60
"iii
E
a:
w 40
!;t
~
ow
~ 20
w
o
z
o
o 0 ~.,...--L-.,...-..L..--r--.L..-,....-L--...--'

FIgure 20 Effect of ~ombon ani hygroscopc
ad:hbves on In-p3.cl<age water condensabon,. \\6ght loss
am Botrybs decay of seal-p3.cl<aged bell ~f'P'!l" at
20°C

(19~ thIck) WIth Sholes 0 4 rnm ill

charreter;inclL2 (1 24 holes cm-2) and
reduced the am::>unt of water coroensate on
both the fIlm arrl the fnnt m a p3.ckage
holchng 4 f€Pf€TS Tlus resulted m 5%
Botryhs decay as col11f6!ed WIth 35%
observed ill the snrular p3.ckage sealed WIth
non-f€rlorated 20~ thIck lPDE fIlm. It IS
mteresbng to note that perforahon ill these
expen:rrents chd not reduce Alternana
altemata decay (data are not gIVen) Ackhtron
of 109 of hygroscopiC matenals such as NaG
or the Stocksorb polyrrer m a sealed sachet of
spm bonded Tyvec effechvely reduced both
the condensahon and decay caused by Botryt:Is
CmeTea, slIIUlar to perforatron These
treab.Tents also reduced the RH m the p3.ckage
from ~99% to 92-95% and exterrled the lIfe
of F€IJP2T (Rcxiov et aI, 1995) PreVIously,
S1urazJ. and Carreron (1987) had shovvn that
NaG adchtron exterrled the lIfe of tomato
fnnt The loss of "WeIght of the fnnt kept ill

perforated p3.ckages or m non-perforated
p3.ckages WIth hygroscopiC 1l15erhons, was shll
markedly lo~ than that m non-sealed
packages (FIg 20)
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FIgure 19 Effect of ~rforabon level on water
coI'lden5abon 1l1SI<E 40 Il-tluck LDPE p3.cl<ages
contammgtwo 'Tommy AtkIns' mangoes

Reducmg Botrytzs decay and water
condensatIOn by perforatzon m Bell Pepper
packages

Saltvat (1994) summansed the
avculable hterahrre for the recommended CA
conchhons for bell f€Pf€TS wluch should be
the targeted conchtrons for MAP of tlus crop
He suggested concentrahons of 2 to 5% for
both 0.2 and CO2 FotE red f€Pf€TS ~
placed m a tray p3.ckage of 40~ tlnck LDPE

fIlm and stored at SoC and 90±2% RH The In

p3.ckage atm::JSphere was after adllevmg
steady state 49% CO2 and 48-50% 0.2
These comhons fIt Saltvat's (1994)
reco~hons for CA well Unfortunately,
desp1te the successful aclueverrent of the
recoII1ITeI1ded CA sp2C1fIcahons, the fnnt m
these p3.ckages had a lugh ll1C1dence of decay 
above 30%, wluch was caused marnly by
Bohyhs cmerea. Tlus decay was probably
related to the large arrDunts of "Water droplets
winch condensed on 1:x:>th the fIlm and the
fnn t Thus, opbmal C>.2 and CC>.2 are not m
t:herrseIves suffICIent to proVIde adequate
conchhons for MAP of f€ppers Accordmgly,
effects of perforahon and hygroscopiC
matenals on decay :m:::Idence m these
packages were mvestrgated D1scusslOn

The great lIllfX'rtance of the reduchon Perforated MAP
of the condensahon was derronstrated WIth The effects of perforahon on MAP was
P=pp:t fnnt Perforahon sIgrnbcantly reduced evaluated both theorehcally WIth our rrodel
the extent of Botrybs decay m bell-f€~ (FIShrmn et al, 1995, 1996) and
(FIg 20) Use-of perforated polyolefm fJ.lm experurentally WIth mango and f€pp=T fnnts
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Perforatlon effects illmodJ.fied-atmosphere packagmg model and apphcatlons to bell pepper and mango £nuts

The rmJ or effect was that p?Iforatlon of the
fIlm allovved for then~ process ill mango
vvtuch was mhlbIted m non-~orated sealed
r:ackages Also, m our exp:mren.ts, decay m
FBforated p;1ckages was sIgrnhcantly loV\e"
than illnon-sea1ed control mango fruIt

Perforated r:ackagmg aclueves rmny of
.. the good results of non-~rforated p;1ckagmg
ill reductlon of water loss and. shnvellmg
"Wlthout the possIble deletenous effects of

-anaerobIOSIs such as off-flavours, fern:E1tanon
or CO2 damage (Ben-Yehoshua et aI, 1994)
and "Wlthout the deletenous coroensanon of
water droplets and enhanced decay that occurs
m 11On-~orated trrShnmk bell ~Pf€f

r:ackages (Rodov et aI, 1995) Perforated
r:ackagmg techruques have also proved
effectIve m retardIng detenoratIon ill several
other crop3, e g, decay of table grapes (B en
Ane et aI, 1995), chscolouratIon of washed
p::rrsrup3, and lII1pI'Ovrng sugar retentIon m
svveet com (Geeson et aI, 1988) In adchnon,
p2Iforanon enables MAP for hIghly resprrmg
produce such as mushrooms (Burton et aI,
1987) Perforatlon rmy also enable MAP for
produce that IS sensItIve to even small changes
m concentratlons of 02, C02 and C2t14

The perforated fIlms generally fall mto
mu categones--those "Wluch are chrectly
~orated and those vvtuch contaIn adchnves
that mterfere With the eontmulty of the plasne
.II\?tenals and thus alter therr gas transll11SSlOn
rates (Ben-Yehoshua, 1994)

Perforahon rmy be useful ill solvrng a
rmJ or challenge m MAP research, "Wluch 15 to

- develop films that have greater renreabIlIty
and))r a hIgher value of 8, WhIch IS the rano

_ of the ~abI11ty of CO2 to 02 ThIs is has a
value of betvveen 4 and 6 for rrnst aVaIlable
}X>1YJ.T'fl"S Because the r-enreablhty of plastIC
films to CO2 IS much hIgher than the
permeabIlIty to 0.2, the level of CO2 obtamed
lnSIde the r:ackages IS lumted by the 0.2
eoncentratlon High CO2 eoncentratlon lnSIde
the r:ackage vvould potentIally expose the
product to anaerobIC comhoIlS due to the
slow 0.2 p:nreatlon Accordmgly, the use of
polymers IS restrIcted to prOOuce that requrres
CO2 concentratloIlS luwer than 8%

(Mannapperuma et aI, 1989) Errond et al
(1991) proposed the use of perforatlons for
produce requmng lugh CO2 (>10%) "Wlth
:rroderately low levels of 0.2 (2 to 10%)

Because the ~abI1J.ty rahos through the
holes IS approXlImtely I, FBforanon-medIated
MAP systems can obtam a hIgh CO2
concentratlon "Wlthout reducrng the Oz
concentratlon 1I1SIde the p;1ckage below
cntlcallevels tolerated by the produce

MAP Modelmg
The use of rmthemahcal lllOClels IS

hIghly desIrable as It reduces the 1::tIre needed
for developmg a r:ackage Such a rrodel
substItutes for empmcal :rrethods, "Wlth a
planned and programrred research wTuch
attempts to match the best hIm to the
comm:x:hty Mathermhcal rrodels, based on
charactenstIcs of fIlms needed to generate or
rmmtaIn opbmum mtemal concentratIons of
rretabo1J.c gases, could help r:na.x:urnse storage
lIfe of p:nshable produce The rrodels can
answer rmny quesnons such as what vvould
the gas content be ill certaIn specIfIc
tluckness These 'What-If' questlons are an
essenhal r:art of the desIgn of a MAP for a
given corrun:xhty The mxiel desIgned by
FIshrmn etaI, (1996) -went fmther than
evaluabng 02 and CO2 dynamIcs and

111Cluded 'Water vap:n.IT' as 'Well USIng tlus
m:x:lel proved advantageous m our attempt to
desIgn a package With a speobed RH.

Nfango npenmg and MAP
Oxygen and CO2 levels were shown to

deterrmne the np=nmg behaVIOur of plckaged
mango (see also Yantarasn et aI, 1995a,
1995b) A senes of rn:x:hbed-atmosphere
p:1ckages WIth chfferent steady-state 0.2 and

CO2 levels was obtamed by varymg the

perforatlon area from 0 to 69~ Scalmg m
non-perforated LDPE hIm completely
prevented mango nperung The excessIve CO2
concentrahon (25 - 40%) was probably a
cause of the dark chscolouratlon observed ill

non-perforated sealed LDPE packages S111Ce
tlns chsorder could be prevented by CO2
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absorber (unpubhshed data) In all the
~orated rnckages, the fnnt was carable of
undergomg nf€IUI1g-related changes, but the
rate of change dIffered markedly m
accordance WIth the m-rnckage at:rrosphere as
shown ill Table 1 TIns phenorrenon opens the
pJSSIbIhty to choose rnckage charactenstIcs m
accordance WIth the desrred dt.rrahon of the
storagefiran5fX>rtatIon p:nod, ill order to
obtam fnnt combrnmg low ~ght loss,
absence of shnvellmg and good qualIty at the
end of thIs penod

On the other hand, Table 1 sho"W:' that
vanous n~ pmureters dIffered ill
SensItIVIty to m::xhbed atrrosphere and theIr
developn:'fi1t under MA conchhons vvas
desynchroruzed. TIns effect has been noted by
Jordan and Srruth (1993) Of all n~
related processes stuched, the evolutIon of
grOlmd colour from green to yellow app:med
to be the rrost sensIhve to m-rnCkage
conchtIons, so that the yellow peel coIOlrr was
reached later than other n:f'Gle5S traIts The
phase of over-np:nmg of the mango, wl:uch IS
often the cause of the loss of the comrrerClal
lIfe of thIs fnnt was consIstently delayed. ill
p:rforated MAP Consequently, It IS stIll
possIble to achIeve a desIrable combmatIon of
fnnt qualItahve charactensucs and extended
lIfe of mango Jordan and Srruth (1993)
showed that softenmg of Kensmgton mangoes
m controlled at:rrosphere (CA) was effected by
oxygen concentrahon rather than byC~

MAP and decay
In Situahons "'\Alhere physIolOgIcal

detenoratIon of the fnnt IS allevIated by MA
F2ckage, f2thogen development may hrrn out
to be a major factor hrrnbng the storage Me
Although the perlorated JXl.ckage Itself reduced
decay, these effects were not adequate In our
VIew, adchtIonal decay-prevenb.ng measures
are of great lII1fX'rtance for the apphcatIon of
thIs techruque A hot water dIp (51°C 5 nun)
vvas rnsuffIClent to prevent mango rots ill our
tnals, although demJnstrated rnthogen
mhIbitIon but not adequate for the exp=cted.
lIfe of 3 to 4 weeks WIth an adchtIonal 4 days
shelf lIfe at 20°C

The search for effectIve decay
controllmg J.TI:asures for seal-rnckaged
mangoes should be contlnued Successful use
of ~orated rnckagmg WIth Nam Dark Mal
mango m ThaIland (SomsnVIchaI et aI, 1992)
was achIeved by Its combmatIon WIth hot
benornyl applIcatIons Although benomyl and
several other f1.mgJ.cIdes (carbendazIrn,
J.IllaZa1It prochloraz) proVide excellent control
of PJSt-harvest dIseases, therr lIltensIVe use
has resulted m the aPf€arance of fungICIde
resIstant rnthogen blOtyp:s (Prusky, 1991)
The non-fungICIde approaches to the control
of PJSt-harvest dIseases of mango are also
dISCUssed by Prusky (1991)

MAP and water condensahon.
Recently, Joyce and Patterson (1994)

thoroughly reVIewed the fIeld of the control of
condensahon m JXlSt-harvest handlillg of fresh
produce Packagmg that reduces desIccatIon
may encourage water condensahon, "'\Alh1ch ill
tum, encourages rnthogen developn:'fi1t TIns
problem IS dIffIcult to solve, but good prachce
can n:u.rurrn.se the damage and a balance
should be achIeved that "WOuld prevent
excessIVe water loss and excessIve
condensatIon PerforatIon, or the illtroduchon
of a sachet contammg hygroscoPIC matenals
may help achIeve such a balance Shnnk seal
FBckagmg IS also very effechve ill reducmg
both ~ght loss and condensatIon The
adherence of the fIlm to the fnnt peet the
mherent ~orahon present ill shnmk fIlms as
"Well as the selechon of the proper plastIc fIlm
all contrIbute to the VIrtual absence of
condensahonfrom the shrunk-sealed fruIt

In COnclUSIOn, MAP proVIdes a useful
tool for extendrng Me and reducmg sp:ll1age
of penshable agncultural produce TIns
developmg technology appears to be of
relahvely low cost and to reqrn.re much less
mvestrrent cornp:rred WIth coohng or CA
Furthermore, It has the great advantage of
beIng envrronrrentally fnendly utIhsmg
mamly the control of ~ C~ water ani
ethylene Without exogenous chemIcals
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CONDITIONNEMENT SOUS HUMIDITE MODIFlEE

Dans un emballage plastlque, I'humldlte relative (HR)
est en regie generale tres elevee De falbles fluctuations
dans la temperature de stockage peuvent sufflre a pro
voquer des condensations, et par la a accelerer la pro
Iiferatlon et I'extenslon des micro orgamsmes generant
les avanes (Gnerson et Wardowskl 1978) C'est pour
quol redulre la HR Interne a une valeur optlmale peut
etre un facteur determinant dans la reusslte du condl
tlonnement MAP de prodults frals ShirazI et Cameron
(1987) ont alnSI lance Ie concept de "condltlonnement
sous humldlte modlflee" et ont mUltlphe les travaux dans
ce domame En 1992 lis ont etudle la falsabilite du
controle de la HR par l'emplOl de composes presentant
un comportement Isotherme de sorption Type III Dans
I'emballage contenant une tomate verte mure, et avant
sa fermeture lis aJoutalent 10 g d un tel compose CaCI?
sorbitol, NaCl, xyletol ou KCI A 20°C et pendant 48 JOurs
lis parvenalent ainSI a stablliser la HR a 35,75 75 80,
et 85 p cent, respectlvement HR etant fonctlon du rap
port des masses compose chimique/fruits Dans I em
ballage temoln HR etalt en permanence de I'ordre de
96 -100 P cent Les auteurs ont decnt un systeme simple
falsant appel a des sachets PE nontlsse pour Iapplica
tion de cette methode de controle de I'humldlte A 20°C,
la duree de conservation de tomates rouges est passee
de 5 Jours pour Ie temom sans sachet a 15 -17 Jours
pour les sachets contenant du NaGI du fait pnnclpale
ment de I eftet retardateur sur les mOISlssures de sur
face La technique du controle de I humldlte relative
Interne des emballages n est pas dependante de la HR
exteneure

Rodov et al (1995 1996) ont venfle ces observations

En abalssant I humldlte relative (HR) a I'mteneur de
I'emballage I'addltlon d un matenau hygroscoplque (NaCI
par exemple) limite la pournture de pOlvrons stockes a
8°C dans un plateau hermetlquement enveloppe de film
polyethylene basse denslte (PEbd) Sans matenau hygro
scoplque, la HR mteneure est proche de la saturation
et Ieau se condense sous forme de gouttelettes a la sur
face des frUits et sur la face Interne du film Selon la dose
de NaGI la condensation est conslderablement redUite
ou Interdlte Le mveau d'humldlte vane de 86 - 90 P cent
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MODIFIED HUMIDITY PACKAGING

The relative humidity (RH) In a plastiCS package IS
usually very high Small fluctuation m the storage
temperature may result In condensation, which would
greatly Increase the proliferation and spread of
spOilage micro orgamsms (Gnerson and Wardowskl,
1978) Thus reducing the In-package RH to an optimal
amount may be cntlcal for the success of MAP for
fresh produce ShirazI and Cameron (1987)
Introduced the concept «modified humidity packaging"
and did much work In thiS field They (1992) studied
the feaSibility of controlling RH In MAP uSing
compounds possessing Type III sorption Isotherm
behaViour Ten gram each of CaCI2, sorbitol NaCI,
xylitof, and KCI sealed With one mature green tomato
frUit at 20°C In Simulated packages for 48 days
resulted In stable RH of 35, 75, 75, 80 and 85 p cent
respectively RH was a funtlon of the ratio of chemical
to frUit mass RH In the control was In a range of 96 to
100 P cent throughout the expenments They
deSCribed a Simple system that uses spunbonded
polyethylene pouches for the application of thIS
humidity control method to packages The storage life
of packaged red-type tomato frUit at 20°C was
extended from 5 days uSing no pouch to 15 to 17 days
With a pouch containing NaCl, mainly by retardation of
surface mould development The techmque of
controlling In package RH IS Independent of outSide
RH

Rodov et al (1995 1996) venfled their observation
Lowering the m-package relative humidity (RH) by

the addition of hygroscopic matenal (e g , NaCI)
reduced decay of bell pepper frUit sealed In a tray In
low denSity polyethylene (LOPE) and stored at BOC
Without hygroscopic matenal the In package RH was
close to saturation, and water droplets condensed on
the frUit and mner film surfaces Depending on the
amount of NaGI condensation was prevented or
Significantly reduced Humidity level vaned from 86-90
p cent With 15 g NaCI to 96-98 p cent With 5 g NaGI

See First Part In Plastlculture 106 29 37



avec 15 9 de NaGI a 96 - 98 P cent avec 5 9 de NaGI,
lorsque I'emballage contlant 0,5 0 6 kg de pOlvrons La
presence d'un matenau hygroscoplque accentue Ie deficit
de la pression de vapeur d'eau (DPV) a I'lnteneur de
I'emballage et accelere en consequence la perte de pOlds
des frUits Gependant, par rapport aux pOlvrons non
condltlonnes sous emballage hermetlque, la perte de
pOlds est mOlndre et la quahte supeneure pour les pOI
vrons condltlonnes avec NaGI Le regime hydnque
genere par la presence de 10 g de NaGI dans des embal
lages de quatre pOlvrons (HR 92 95 P cent, DPV 77
65 Pa) optimise l'eqUillbre entre une desslccatlon IImltee
des frUits et une inhibition des pathogenes, allongeant
en consequence la conservation des pOlvrons apres
recolte

for a package containing 0 5-0 6 kg of fruit Addition of
hydroscoplc matenal Increased the water vapor
pressure deficit (VPD) In the packages and,
accordingly the weight loss of the frUit However,
peppers packaged with NaGI stili had lower weight
loss and better quality than the non sealed frUit The
water regime formed In four-fruit packages In the
presence of 10 9 NaGI (92-95 p cent RH VPD 77 65
Pa) enabled optimal balance between reduced frUit
deSiccation and Inhibited pathogen development thus
extending the postharvest life of bell pepper

100

HOURS / ~EURE:S

Figure 1 - Influence d un matenau hygroscoplque sur
I humldlte relative d'un emballage de pOl
vrons

Les pOlvrons etalent places dans des pla
teaux polypropylene (4 frUits) scel/es sous
film PEbd (20 IJm) et stockes a SoC temoln
sans matenaux hygroscoplques et traltement
avec addItion de 10 g de NaCI contenu dans
des sachets nontlsse PE

FIgure 1 - Effect of hygroscopIc matenal on the rela-
tive humidity In bell-pepper package

FrUit were sealed In low denSity polyethylene
(20 IJm) within polypropylene trays (four frUit
per package) and kept at 8°G - package
without hygroSCOpic matenals (control) adcil
tIon of 10 9 NaGI within pouches of spun
bonded polyethylene
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Figure 2 - Effet de la dose de NaCI sur I'humldlte relative et Ie deficit de pression de vapeur d'eau (DVP) a
I'mterleur de I'emballage, amsl que sur la perte de pOlds des pOlvrons emballes

Fruits condltJonnes dans les memes conditions que sur la Figure 1 Les frUits non scelles sous embal
lage hermetlque etalent places dans des bOltes en carton On a mesure les etats stables de HR et
DPV au bout d'une semalne de conservation les pertes de pOlds apres troIs semalnes de stockage a
aoc PUIS apres troiS Jours supplementalres a 1rc
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Figure 2 - Effect of NaCI dosage on m-package relative humidity and water vapour pressure deficit (VPD) and
on the weight loss of packaged bell-peppers

The sealed frUit were packaged as described
In Figure 1 The non sealed fruit were packaged
In carton boxes The steady-state RH and VPD
levels were measured after one week of sto
rage, the weight loss determined after 3 weeks
of storage at aoc and three additional days at
1rc

Figure 3 - Influences de I'epalsseur du film d'embal
lage, de la presence NaCI et de la duree de
stockage sur la pournture des pOlvrons

Fruits condltlonnes et stockes comme pre
cedemment Dose de NaCI 10 g On a
evalue Ie degre de pournture au bout de 2
au 3 semames de stockage a BOC pUIS
apres 3 JOurs supplementalres a 17°C Les
lettres dlfferentes mdlquent des valeurs
slgnlflcatlvement dlfferentes determmees
selon Ie test de Duncan (p = 1 %)

Figure 3 - Effect of sealmg m films of different thick
ness, NaCI addition and storage duration on
bell-pepper decay

The fruit were packaged and stored as des
cribed In Figures 1 and 2 The amount of
NaCI added 10 g The decay percentage
was determined after 2 or 3 weeks of sto
rage at BOC and 3 additional days at 1rc
Different letters indicate slgnrflcantly diffe
rent values as determined by Duncan s mul
tiple range test (p = 1 %)



FILMS INTERACTIFS ET MICROPOREUX

II faudralt pour Ie condltlonnement MAP des matenaux
d emballage capables de transmettre des quantltes
contr61ees d'eau 02 CO2 C2H. de fa90n a maitnser les
concentrations de ces gaz dans Ie milieu Interne de I em
ballage et a eVlter I'anaeroblose C est ainSI qu'est ne Ie
terme de "condltlonnement mteiligent" (smart) un
condltlonnement qUI seralt a meme de percevolr dune
mamere ou d'une autre les.modlflcatlons du milieu Interne
et d'admettre en consequence I'entree de O2 de
I'atmosphere exteneure, ou bien de lalsser s'echapper
Ie CO2 en exces, vOlre de falre les deux transferts

Cette technologle s'est ensUite muee en condition
nement actlf notion qUi recouvre un large eventall de
matenaux senslbles aux besoms des denrees embal
lees et aux caractenstlques de leur enVironnement par
exemple, sachets de composes chlmlques mseres dans
I'emballage pour absorber des gaz (02 C2H. ou CO2) ou
meme donner du O2 OU du CO 2 quand Ie milieu mterne
se trouve appauvn (Angel et al 1992 Ben Yehoshua
1995 Kader et al 1989)

Les films mlcroporeux sont con9us pour transmettre
les gaz de falble pOlds moleculalre, comme 02' CO2

vapeur d'eau, azote, etc a la seule fin d ajuster les
concentrations gazeuses a l'lnteneur de I'emballage lis
peuvent se classer en deux categones ceux qUi sont
mtentlonnellement perfores de tout petits trous lalssant
passer les gaz a un debit tres falble, par rapport a la sur
face totale, et ceux qUI contlennent des addltlfs pertur
bant la contmulte de la matiere plastlque, modlflant ainSI
son taux de transmission gazeuse (voir Brody 1991)

Les films presentant une haute permeabllite aux gaz
du fait de leur nature, ou parce qU'11 s'aglt de melanges
de polymeres, ne sont pas mlcroporeux techmquement
On peut clter les films PEbd a forte teneur en EVA (6
18 P cent) comme "Shields Bag" ou "Cryovac", ou Ie
film (terpene polycyclique) naguere fabnque par Bunzl
en Grande-Bretagne Leurs permeabllites a 02 depasse
6 000 ml/m2/jour aux temperatures et presslons norma
Iisees (STP) Le film copolymere styrene-butadiene
sequence «K-resm» de Phillips et Ie film copolymere
ethylene octene ultra-basse denslte "Attane de Dow
Chemical avec une transmiSSion depassant
13 000 ml/m2/jour (STP) seralent egalement envlsa
geables pour Ie condltlonnement MAP de denrees qUi
resplrent (vOIr Brody 1991)

Le concept d'un matenau d'emballage presentant des
transmissions de O2 et CO2 compatibles avec les
"besoms" des prodults conserves a fait I'objet de pro
gres Deux types de films de base ont ete Identifies, ont
fait I'objet d'essals et ont ete dans une certame mesure
adoptes dans la pratique les films mlcroperfores et les
films avec charges mmerales (mlcroporeux)

A la premiere categone appartlennent les films pro
poses par Courtaulds et Curwood Courtaulds fabnque
son "P-Plus" en pratlquant de tres fmes perforations a
I'alde de rayons laser Selon Courtaulds les permeabl
lites a O2 et CO2 vont de 6 000 a 300 000 ml/m2/jour/atm,
et la gamme des films «P Plus» presente un eventall de
permeabllites permettant de repondre avec precIsion
aux eXlgences du prodUit condltlonne Les permeabilites
gazeuses sont con9ues pour eqUilibrer Ie taux de res
piration du prodUit

Curwood propose de son cote un co extrude poly
ester/PEbdl, pourvu de micro-entailies qUi amellorent
les flux de O2 et CO 2 et mlnlmlsent donc les nsques
d'anaeroblose resplratolre

Les deux films mlcroporeux les plus courants sont
rO(lv(lQV::lnl "'-r{l:)-ll'1Inw) -trl- Fr--hl-'"Irl (I 1<::;11\ r~

INTERACTIVE AND MICROPOROUS FILMS

MAP application may reqUire packagmg matenals
capable of passing controlled quantities of water O2

CO2 and C2H. In order to control the concentrations of
these gases m the Internal package environment and
to aVOid anaerobioSIS Thus was born the term
«smart» packaging, or packaging that could
somehow sense the changing Internal packaging
enVIronment and admit O2 from the outer atmosphere
or allow excess CO2 to escape or both

ThiS terminology then translated Into active
packagmg which encompasses a broad spectrum of
matenals senSitive to the packaged produce
reqUirements and ItS surrounding enVironement The
latter group Includes families of package supplements
such as m packagmg sachets of chemical to absorb
O2 C2H. or CO 2 and even to prOVide O2 or CO2 when
the package environment has been depleted of the
deSired gas (Angel et al 1992, Ben-Yehoshua 1995
Kader et al 1989)

Mlcroporous films which are engmeered to pass
low molecular weight gases such as CO2 , 02' water
vapour nitrogen, etc, expressly for the purpose of
adjusting the gaseous concentration Within the
package, generally fall Into two categones those
which are perforated With very small onflces which
pass gases at a very slow rate relative to the total
area, and those which contam additives that Interfere
With the continUity of the plastiCS matenals and thus
alter their gas transmiSSion rates (Brody 1991)

Those films exhibiting high gas permeability by
virtue of their nature or by reason of being polymenc
blends are techmcally not mlcroporous Among these
are high (6 18 P cent) EVA content polyethylene
films such as "Shields Bag" or "Cryovac", or polycyclic
terpene film produced m the past by Bunzl m U K
Both are reported to have O2 permeabllitles m excess
of 6,000 ml/m2/day at standard temperature and
pressure (STP) Phillips «K-resm» block copolymer
styrene film and Dow Chemical's' Attane" ultra low
denSity ethylene octane copolymer films With
transmiSSion of over 13 000 ml/m2/day (STP), are also
bemg proposed as high gas permeability packagmg
matenals for MAP of respiring produce (see Brody
1991)

The concept of a packaging matenal With 0/C02

transmiSSions compatible With the «needs» of the
contamed produce has been advanced Two baSIC
types of film matenals have been proposed, tested
and to some extent, Introduced on a commercial
scale mlcroperforated and mmeral filled

Mlcroperforated films mclude those of Courtaulds
and Curwood The Courtaulds films deSignated "P
Plus' IS manufactured by perforatmg a polyolefm film
With very tinY onflces by uSing laser beams According
to Courtaulds, permeabllitles to O2 and CO2 range
from 6,000 to 300,000 ml/m 2/day/atm Courtaulds
claims their «P Plus» films represent a range of base
film substrates displaying permeabilities precisely
matChing the demands of the produce The gas
permeabllitles are deSigned to balance the respiratIon
rate of the produce being packed

Curwood has Introduced laminations of a 00035°00048 Inch gauge polyester and Imear LOPE film
which has been mlcrocut These mlcrocuts permit
better flow of oxygen and CO2 and thus minimiSe the
probability of respiratory anaerobioSIS

The two most popular mlcroporous matenals are
thr - nf \I~n I r (n Inll,m\ nrl r-r hI ',..drl f11'"" \



coupee Ce film permet de garantlr une duree de survle
de deux semames a a 2°C On emplOle malntenant,
notamment en Europe du polypropylene onente sans
enductlon pour des salades melangees et predecou
pees emballees dans des sachets contenant de I air afln
que la respiration naturelle modlfle Ie milieu Interne On
condltlonne de la meme fagon pour la dlstnbutlon des
olgnons et pOlvrons verts haches des baguettes de
carotte, de celen (vOIr Brody 1991)

Une mnovatlon dans Ie condltlonnement MAP des
fruits et legumes conslste a IntrodUire un melange gazeux
de la composition voulue dans I emballage avant sa fer
meture Des chercheurs de l'Unlverslte de Colombie bn
tanmque (UBC) au Canada, ont mls au POint des sys
temes qUi amenent des fruits et legumes fraichement
decoupes a une temperature de aoc et les enveloppent
de melanges gazeux pauvres en 02 et nches en C02'
avec de I'argon Des chercheurs de la societe LAir IIqulde
ont conflrme certaines des durees de conservation de
qualite exceptlonnelles obtenues par I'UCB II Ya environ
troIs ans cette societe a procede a une estimation du
potentlel d utilisation des gaz non conventlonnels' pour
les applications MAP Cette enquete a mlS Iaccent sur
les gaz appartenant au groupe helium argon neon
krypton et xenon (VOIr Brody 1991)

La societe L'Alr IIqUide a egalement expenmente Ie
condltlonnement des aliments dans les conditions
usuelles du MAP Dans I un des essals des tomates
coupees en tranches etalent placees dans des melanges
gazeux contenant soIt 75% SOlt 8% de 02, Ie comple
ment etant de I azote ou de I argon Le taux de produc
tion de C02 etalt tres different selon la nature du com
plement Tandls qu en presence d argon la production
de C02 etalt Inversement proportlonnelle a IepUisement
de 1°2' elle etM plus Intense dans I atmosphere conte
nant du N,2 sa concentration attelgnant a10rs des mveaux
tres eleves en fm d essal (voir Brody 1991)

Bien que I on ne comprenne pas encore entlerement
les raisons de telles differences entre les melanges conte
nant de I argon et ceux avec azote II, est permIS de vOir
dans la solubllite tres supeneure de I argon dans I eau
une explication pouvant condulre a une reponse ration
nelle II ne faudralt toutefols pas ecarter I Interference
possible de I'argon avec des recepteurs 02 chlmlques
ou enzymatlques dans la mesure ou les deux gaz pos
sedent un dlametre moleculalre presque Idel1tlque res
pectlvement de 3, 8 et 4 angstroms

(A sUlvre)

EVAILDPE film The film permits precut lettuce to
guarantee two weeks life at a2°C Uncoated onented
polypropylene IS now being employed for mixed cut
green salads packaged In pouches with air to modify
the Internal enVIronment by natural respiration for
consumer sizes particularly In Europe Other fresh
produce Items being packed for dlstnbutlOn are
chopped omons, green peppers, carrot sticks, celery
(see Brody 1991)

One of the novel approaches In MAP of fruits and
vegetables IS the mtroductlon of the gas mixture of the
desirable compoSItion Into a package before ItS
sealing Researchers at University of Bntlsh Columbra
(UBC), Canada have been developing systems In
which freshly cut frUits or vegetables were reduced In
temperature to aoc and exposed to mixtures of low
02/hlgh C02 Includmg argon Some of the exceptional
quality retention penods achieved reported by UBC
have been confirmed by researchers at the LiqUid Air
company About three years ago this company
evaluated the potential use of non conventional
gases' for MAP applications EmphaSIS was placed on
gases belonging to the helium group Ie, argon neon
krypton and xenon (see Brody 1991)

The LiqUid Air company conducted expenments With
foods m standard MAP conditions In one senes sliced
tomatoes were placed m gas mixtures contalnmg either
15 or 8% 02 and the balance being mtrogen or argon
The CO2 production rate observed was very different
depending on whether the gas mixture contained
nitrogen or argon Whereas In cases of argon
contammg mixtures, the C02 production was Inversely
proportional to the 02 depletion m NZ contamlng
mixtures, the C02 production was more Intense and
ItS concentration reached very high levels at the end of
the test (see Brody 1991)

Although the reasons for observmg such differences
between gas mixtures containing argon and those
contammg nitrogen are not yet entirely understood, the
much higher solubility of argon m water versus that of
nitrogen IS a possible explanation m the search for a
rational answer The possible mterference of argon
With chemical or enzymatic 02 receptor sites IS not to
be excluded as these two gases have almost Identical
molecular diameter of 3 8 angstroms and 4 angstroms
respectively

(To be followed)
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hommes et faIts

MEXIQUE

Les plastlques
dans I'agnculture mexlcame

Les entrepnses de Pf-oductlon et de dlstnbutlon de
plastlques agncoles se concentrent pour la plupart dans
Iagglomeration de MexIco (0 F), ainSI que dans les Etats
de Jallsco et de MexIco De nouvelles entrepnses se
sont etablles au centre de la republlque endrOit strate
glque pour dlstrlbuer dans tout Ie pays

Comme I a montre une enquete reallsee par Ie
CIQA (1) aupres de 21 entreprlses (13 transformateurs
7 dlstrlbuteurs et 1 producteur dlstnbuteur), lise revele
que les ventes de plastlques agncoles concernent a pro
portion egale des materlaux d'ongme natlonale et d'lm
portatlon Les transformateurs, pour leur part, hvrent leur
production a 60 % au marche national et exportent Ie
reste pnnclpalement en Amerique centrale et Amerique
du Sud

De la meme fagon qu'aux Etats UnlS, la plupart des
entreprlses de transformation se speclallsent dans un
type de reslne et IImltent a deux ou troIs les prodUits
plastlques qu lis destlnent a I agriculture

Selon une etude reallsee par Ie CIQA (2) en 1990, les
techniques domlnantes a ce moment la etalent Ilrnga
tlon goutte-a goutte en culture frUitlere (34,2 %) la micro
aspersion (20,82 %), l'lrngatlon goutte-a goutte en cui
ture legumlere (18 61 %), les ftlets (8 96 %) Ie paillage
(7,44 %) les petits tunnels (709 %), avec 2 8 % pour
les applications diverses Le Tableau sUlvant detaille les
statlstlques dlsponlbles

men and events

MEXICO

PlastiCS
m Mexican Agnculture

Organisations for the production and distribution of
agncultural plastiCS are concentrated for the main part
around MexIco City as well as In the States of Jallsco
and MexIco New businesses have also been
established In the centre of the republic being
strategically placed for distribution throughout the
country

A study carned out by the CIQA (1) and involVing
21 organisations In the sector (13 converters
7 distributors and 1 producer distributor) has revealed
that the sales of agricultural plastiCS are m equal
proportions of matenals of national production and
Imports The converters for their part deliver 60 p cent
to the national market With the rest being exported
mainly to Central and South Americas

As In the United States most of the converting
companies concentrate on one type of resin and limit
themselves to two or three plastiCS products Intended
for use In agriculture and horticulture

In a survey carned out by the CIQA (2) In 1990 the
main applications at that time were drip Irngatlon for
frUit crops (342 P cent), micro-spray (2082 P cent),
drip Irngatlon for vegetable crops (1861 P cent) nets
(896 P cent), mulch (744 P cent) low tunnels
(7 09 P cent) With 2 8 P cent for miscellaneous uses
The follOWing table sets out the available statistics

..

surface I area consommatlOn I consumption

(ha) (%) (t) (%)

PAILLAGE I MULCHING 3982 744 139297 41

DESINFECTION SOLS I SOIL DESINFECTION 520 097 17860 053

BACHES A PLAT I DIRECT COVERS 1728 0032 709 0021

PETITS TUNNELS I LOW TUNNELS 3790 709 166490 49

SERRES TUNNELS I WALK IN TUNNELS 113 021 36160 1 06

BRISE VENT I WINDBREAK 100 091 280 008

FILETS I NETS 47924 896 347281 1022

SERRES I GREENHOUSES
Jeunes plants I seedlings 914 017 29888 088
f1eurs I flowers 53272 100 1 65830 488

MICRO ASPERSION 11 135 2082 946475 2786

IRRIG GOUTTE A GOUTTE I DRIP IRRIG
frUitiers I frUit trees 18300 3420 1446005 4257
legumes I vegetables 101085 1869 98096 289

TOTAL 5848414 10000 3396881 10000

Au Mexlque l'utilisation des plastlques en tant qu In
trants agrlcoles a deja attelnt des niveaux respectables
dans Ie nord ouest du pays (Basse Callfornle Sonora
Ie Bajlo) et commence a se developper avec vlgueur
dans les autres regions
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In MeXICO the use of plastiCS for agricultural
purposes has already reached reasonable levels In
the north west of the country (Lower California
Sonora BaJlo) and IS now beginning to develop
strongly In other regions
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Progres recents du conditionnement
en atmosphere modifiee

New developments
in modified atmosphere packaging
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Recientes progresos en el embalaJe
en atmosfera modlficada

El embalaje en atmos!eJa modlficada (MAP) es una
tecnologw nue,a apGl eClda en los anos 70 cuvo Objetlvo es
aumental la dUiaclOn de los plOductos agncolas
pe' ecedelOs Slll embGl go Sl no se Iespetan las condlclOnes
Iequelldas esta tecnologw puede ,ep' esental nesgos
'especto a la segulldad blOloglca de los p,oductos
envasados Los ftlmes pe'fOl ados pe' mlten al MAP
mantenel una atmosfe,a satwada de H20 wn pequenas
modlficaclOnes de 0 v CO Esto se tl aduce pOl una
reducclOn de las peldldas de agua y una dlsmmuclOn del
stl ess hid, ICO Slll Ilesgos de efectos pe' jUdlClGles debldos a
los patogenos a la anaeroblOsls 0 al CO

La 1m esttgaclOn se ha Ollentado ulttmamente haclG el
desallollo de ftlmes lllteJactnos 0 lllteltgentes Se espeJa
que estos nue,os ftlmes log, en detectal los camblOs de
medlO amblente al l1lte'IOl del embalaje )- como
consecuencw que dejen entrGl el ongeno de la atmosfeJa
er:tellO' 0 que favorezcan la saltda del er:ceso de CO

El embalaje en atmosjeJa modificada comblllado a la
mc01pOl aClOn de funglcldas en los ftlmes el tl atamlento al
calm etc constltuyen pala la lllvesttgaclOn vws nuevas,
plOmetedmas La realzzaclOn de modelos matematlcos de
los l1lte,camblOs gaseosos en el MAP esta basada en una
combmaclOn de la lev de F1Ck asocwda a la ecuaClOn de
Michaelis Menten Este modelo permlte pI e,er los
pGl ametros opttmos pGl a el embalaje de productos

•
INTRODUCTION

Le condltlonnement en atmosphere modlflee (MAP)
est une technologle nouvelle apparue dans les annees
70 Elle peut permettre d'allonger la duree de vie des
prodUits agncoles penssables et par la de redUire la
proportion de prodUits avanes

Le MAP ImplJque que Ie prodUit SOlt soumis a Iatmo
sphere engendree a I'mteneur dun emballage par lin
teractlOn du prodUit de I emballage et de I atmosphere
exterleure L atmosphere mltlale peut etre soIt de I air

« PlastzwltuJe) n° 106 1995/2

Neue Fortschntte bel der Lagerung
III veranderter Atmosphare

Die Laf?elllllg III veJanderter Atmosphare (MAP) elller
neuen III den 70er Jahren enmlUelten Technologle :lelt
dGl auf ab die Lebensdauel ve, derbltcher Agi GI p' odulcte
:u verlangel n Wenn allel dings die angemessenen
Bedl1lgungen lllcht el1lgehalten ';t erden kann dlese
Technologle auch Rlsllcen hlllSlchtltch del mlkroblOloglschen
Sichel helt del ,elpackten Lebensmtttel mit slch b, mgen Die
perf01 lei ten Follen gestatten bel MAP die Auft echtel haltung
eme, H 0 gesamgten AtmosphGl e mit ledlgltch sch';tachen
VeJandel ungen bel 0 und CO' Das aufJe't slch III ellle,
RedllZlellmg del Wasserverluste und m elllel Entlastung von
Feuchtest' ess ohne RlSlA.en schadltcher Elllflusse wle etwa
KI anA.heltsel' ege' n AnaeroblOse oder CO

Die Untelsuchung Ilchtete slch selt lcur::em auf die
Entwldlung ,on lllteJaA.ttven ode, llltelltgenten Folzen
Man erwGI tet von dlesen neuen Folzen dafJ sle
Milteuverandel ungen 1m Innern der Vel packung bemerA.en
und entsprechend den Sauel stoff de' aufJe, en AtmosphGl e
ellltl eten lassen beZiehungsweise ubel schussiges CO
austl eten lassen

Die Lagelllng bel veJandelter Feuchtlgkelt kombllllel t
mit funglZld behandelten Folten die Wmmebehandlung
etc stellen neue und fur die Forschung Vlelversplechende
Wege dar Die mathematlsche Modelbechnung des
Gasaustausches 1m MAP grundet slch auf emer
KombmatlOn des Fld schen Gesetzes und der Glelchung von
Mlchaelts Menten Dleses Modell gestattet ellle Vorhersage
der opttmalen Pmameter fur dle Lagerung

•
INTRODUCTION

Modified atmosphere packagmg (MAP) emerged In
the 1970 s as a new technology that may extend the
life of penshable agricultural produce and reduce ItS
spoilage and decay

MAP mvolves the exposure of produce to the
atmosphere generated m a package by the interaction
of the produce, the package and the external
atmosphere The initial atmosphere may be either air
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soIt un melange gazeux Avant de fermer I emballage
on peut aussl IntrodUire divers addltlfs pouvant affecter
I atmosphere Ce qUi dlstlngue Ie MAP de I atmosphere
controlee (CA) c est que dans Ie cas du MAP toute Inter
ventlon humame cesse des lors que I emballage est
ferme

La technologle du MAP comprend un large eventall
de techmques, a partir de la simple methode de Ienro
bage Indlvlduel hermetlque des debuts (Ben Yehoshua
1985, 1991, Ben Yehoshua,et Nahlr 1977) ou chaque
fruit peut etre consldere sous MAP Elle va Jusqu au
controle beaucoup plus compllque de la mlcroatmo
sphere dans les nouveaux emballages pour dlverses
salades de 'quatneme gamme (vOIr Brody 1991)

L enrobage hermetlque conslste a envelopper un
frUit dans un film plastlque avec ou sans retraction ther
mlque, pour epouser la forme du fruit Generalement
cette technique n'a qu un eftet mmeur ou nul sur les
concentrations mternes de 02 et CO2 elle a en revanche
un eftet marque sur la pression de vapeur d'eau, falsant
que I'atmosphere de I'emballage est presque saturee
Ben Yehoshua et at (1983) ont trouve que I'humldlte
relative (HR) de I atmosphere etalt de 97 % pour des
pOlvrons alnSI condltlonnes Indlvlduellement L at
mosphere du frUit enrobe sous film plastlque est la resul
tante de nombreux facteurs, les mlcroperforatlons du
film (non voulues) n etant pas Ie mOlndre de ces fac
teurs Au contralre II est permIS de penser que ces mlcro
perforations Jouent un role Important dans Ie succes de
cette techmque avec nombre de prodUits

or a gas mixture Different additives that may affect the
atmosphere may be Introduced Into the package
before Its sealing The main feature distinguishing MAP
from controlled atmosphere (CA) IS that In the case of
MAP the active Involvement of man stops at the
moment of sealing

MAP technology compnses a Wide spectrum of
techlques varYing from the simple early method of
individual seal packaging (Ben Yehoshua 1985 1991
Ben Yehoshua and Nahlr 1977) whIch may be
considered as MAP for individual frUit to the more
Intncate control of the mlcroatmosphere In the new
packages for vanous salad bar Items (see Brody
1991 )

Seal-packagmg Involves sealing a fruit In a plastiCS
film with or without heat shnnklng to conform to the size
of the frUit Usually thiS techmque has little or no effect
on the Internal concentratlons of 02 and CO2 and a
large effect on the water vapour pressure amounting
usually to makmg the package atmosphere nearly
saturated Ben Yehoshua et at (1983) found that the
relative humidity (RH) of the ambIent atmosphere of
sealed pepper frUit was 97 % The atmosphere of the
sealed fruit IS a result of many factors and unintended
holes In the film were not the least of them However
these minute holes In fact may be an Important
reason for the success of thiS technique with many
commodities

Nice to meet you

Mr

Dans sa version plus complexe, Ie MAP vise a rea
hser une composition exacte de I'atmosphere Interne de
I emballage, par une selection poussee de nombreux
parametres utlles et leur orchestration dans Ie but d ar
nver rapldement a I atmosphere souhaltee Le cholx de
ces parametres dOlt etre prevu de telle sorte que I'at
mosphere pUisse se malntenlr aussl longtemps que Ie
prodUit emballe I'exlge Ce type de MAP est en deflm
tlve controle avec plus de mlnutle que Ie condltlonne
ment en atmosphere controlee (CA), et avec de bien
plus grandes eXlgences pUlsqu'l1 faut programmer tous
les controles a Ilnteneur de I emballage avant sa fer
meture

Le condltlonnement en atmosphere modlflee (MAP)
est une technologle multldlsclpllnalre qUi pour conserver
la fralcheur des prodUlts, fait appel aux pnnclpes de base
de dlfferentes SCiences chlmle phySique physlologle
et pathologle vegetales mlcroblologle agroahmentalre
genie et plasturgle Une meilleure connalssance de ce
vaste domalne sClentlflque aldera Ie MAP a attelndre Ie
stade de I'appllcatlon pratIque
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MAP

Intricate MAP alms at achieVing exact composition
of the ambient atmosphere of the package by selecting
carefully many relevant parameters and orchestrating
them harmoniously to achieve the desired atmosphere
rapidly The many relevant parameters should be
planned so that thiS atmosphere would be maintained
for as long a penod as the packaged commodity would
reqUIre Thus thiS type of MAP IS more carefully
controlled than CA and with much greater demands
since all the controls have to be programmed Into the
package before ItS sealing

MAP IS a multidisciplinary technology of maintaining
freshness that utilizes basIc pnnclples of different
sCiences such as chemistry phySICS plant phySiology
and pathology microbiology, food sCience englneenng
and polymer chemistry Better understanding of thiS
Wide scope Will promote thIS technology Into
Implementation
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Ces dernleres annees, la technologle MAP a connu
de rapldes developpements (Goms et Peppelenbos 1992
Kader et at 1989 Lloutas 1988) Cette evolution acce
leree est due aux deux tendances contradlctolres qUi
aUJourd hUi caractensent Ie traltement apres recolte des
fruits, legumes et autres prodUits penssables

(1) La dlstnbutlon allmentalre moderne dans les pays
Industnallses porte sur une quantlte de prodUits pens
sables, dont certains font I oj;)jet dune transformatlon
mlmmale laltues decoupees. batonnets de carotte ou
de celen salades melangees Meme mlnlmale cette
preparation accentue la nature penssable des prodUits
alnSI que les nsques de poumture et de desslccatlon
Ie besoln en mesures de controle de la qualite et de I'etat
sanltalre est donc augmente

(2) Parallelement, les consommateurs manlfestent
une meflance grandlssante a I egard des prodUits chI
mlques de synthese utilises pour proteger les ailments
des pathogenes et ennemlS, ou pour allonger la duree
de vie des denrees penssables Cette inqUietude du
public entralne I'lnterdlctlon d'emplol d un nombre tou
Jours plus grand de conservateurs artlflclels et de pes
ticides

Dans la mesure ou Ie MAP n utilise que les compo
sants naturels de l'alr c est une technologle qUI en repon
dant a ces deux tendances ne peut que gagner la faveur
du public Elle a I avantage de n utiliser aucun prodUit
chimique de synthese et de ne lalsser aucun resldu
toxlque Elle est relatlvement respectueuse de I envl
ronnement surtout Sl les films plastlques peuvent etre
recycles apres usage

L Interet dans Ie condltlonnement MAP des prodUits
frals s est egalement trouve stlmule par de recents pro
gres dans la conception et la fabncatlon de films poly
meres presentant une palette elargle de caractenstlques
en matiere de diffusion gazeuse Enfln, les divers absor
beurs desormals plus facllement accesslbles proposent
de nouveaux outlls pour mampuler Ie micro enVlronne
ment du MAP absorbeurs de 02 et CO2 (Kader et al
1989) de vapeur d'eau (ShiraZI et Cameron, 1992) de
C2H4 (Ben-Ane et Sonego 1985, Scott et al 1970)

Toute une sene d'artlcles ont ete pUblies sur I Interet
du MAP et I allongement extraordlnalre de la duree de
conservation pour divers prodUits (voir Lloutas 1988
Kader et at 1989) En revanche II n'y a que peu de publi
cations qUi traltent de la vigilance mlcroblologlque requlse
pour une mIse en csuvre sans faille (Genlgeorgls 1985,
Hlntllan et Hotchkiss 1986 Palumbo 1987) Les travaux
futurs devralent sans doute donner pnonte a la securrte
des consommateurs, devant Ie malntlen de la fra1cheur

Cet article de synthese n'a pas la pretention de couvnr
tous les aspects traltant de l'embaHage sous film plas
tlque II n'aborde que quelques domalnes, prrnclpalement
ceux qUi ont connu des developpements Importants

PRINCIPES DU CONDITIONNEMENT MAP
Le condltlonnement MAP est un systeme dynamlque

mettant en Jeu respiratIon et permeation Dans la concep
tlon d'un emballage II convlent done de prendre en
compte les facteurs affectant a la fors la respiration et la
permeation On salt que la masse de la denree la tem
perature, les presslons partlelles de 02 CO2 et C2H4
alnSl que Ie stade de matunte Influent sur la respiration
dans Iemballage (Kader et at 1989) Dautre part la per
meatJon est determlnee par Ie type de film d'emballage
son epalsseur sa surface des perforations acclden
telles alnSI que par la temperature I humldlte relative
et Ie gradient des presslons partlelles de CO2 et 02 au
travers du film (Ashley 1985) Tous ces facteurs Inter
aglssent pour creer des niveaux d equtlibre en CO2 et
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Dunng past decades, MAP technology developed
rapidly (Goms and Peppelenbos 1992, Kader et al
1989 Lloutas 1988) ThIs rapId development IS due to
two contradictory trends affecting today the
postharvest handling of frUit vegetables and other
perrshable produce

(1) The modern food dlstrrbutlon In developed
countnes compnses many penshable food Items some
of which are minImally processed such as shredded
lettuce, carrot or celery sticks, fresh salad mixes The
minimal processing Increases the penshable nature
and susceptibility to decay and desslccatlon and
consequently greater need for quality and decay
control measures

(2) The other trend Involves the growing anxiety of
the consumers against the use of synthetiC chemicals
In protecting food from pathogens and pests and
extending the life of penshable produce One of the
consequences of thiS publiC anxiety IS that more and
more synthetiC food protectants such as certain
fungicide or pesticide are banned for use

The technology of MAP that utilizes only the natural
components of aIr, IS In great public favour due to these
two trends MAP has the advantages that synthetiC
chemicals are not used no tOXIC reSidue IS left and It IS
relatively enVIronmentally SUitable particularly If the
plastiCS films utilized can be recycled

Recent advances In the deSign and manufacturrng of
polymerrc films With a Wide range of gas-diffUSion
charactenctlcs have also stimulated Interests In MAP
of fresh produce Also the Increased availability of
varrous absorbers of 02' CO2 (Kader et al 1989)
water vapour (Shirazi and Cameron, 1992), and C2H4
(Ben-Ane and Sonego 1985, Scott et al 1970)
proVides pOSSible additIonal tools for manipulating the
micro-enVIronment of MAP

Many articles have been pUblished on the benefits of
MAP and the dramatic extension of shelf life for vanous
foods (see Lioutas 1988, Kader et at 1989) However
only few publications deal With the mIcrobiological
safety needed for successful MAP Implementation
(Gemgeorgls 1985 Hlntllan and HotchkiSS 1986
Palumbo 1987) Future approach should certainly put
consumer safety first and freshness second

ThiS review IS not Intended to cover every published
report dealing With packaging produce In plastiC films
Only a few fields Will be discussed mainly those In
which Important developments have been made

PRINCIPLES OF MAP
MAP IS a dynamIC system where respiration and

permeation are occurrng Simultaneously Factors
affecting both respiration and permeation must be
conSidered when deSigning a package Commodity
mass, temperature 02' CO2 and ethylene (C2H4),
partial pressures stage of maturrty are known to
Influence respiration In a package (Kader et al 1989)
Type thickness unintended holes and surface area of
the packaging film as well as temperature relatIve
humidity and gradient of CO2 and 02 partIal pressures
across the film, ar-e known determinants of permeation
(Ashley 1985) All of the above factors Interact to
create eqUlJtbnum levels of CO2 and 02 In a sealed
package Package eqUllibnum or steady state IS
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02 dans un emballage hermetlquement clos On deflnlt
I etat d eqUilibre d un emballage comme Ie pomt ou les
taux de production de CO2 et de consommatlon d'02
par la denree emballee sont egaux aux taux de per
meatlon de ces deux gaz au travers du film a une tem
perature donnee Un emballage mediocre devlent anae
roble ou genere des niveaux Inacceptables de CO2 avant
que Iequllibre ne SOlt attemt En general Ie MAP ne tire
par un partl maxImal de toutes les POSslblhtes de controle
des concentrations de CO2 et'p2 Le systeme d'embal-

r lage Ideal devralt assurer les eqUilibres CO2/02 et les
mamtenlr aux niveaux connus pour optimiser la conser
vatlon durant I'entreposage Ie transport et tout au long
de la chame de distribution pour un prodult speclflque

Lloutas (1988) et Kader et a/ (1989) ont dresse un
bon tableau des avantages et mconvenlents du MAP
Les modalites du MAP ont ete traltees dans Ie rapport
de Kader et al (1989), et dans d autres pUblications de
son laboratolre

L'effet favorable Ie plus frequemment cite est Ie chan
gement de pH lie a la concentration en CO2 (Damels et
al 1985, Smphamch et Kader 1986)

Avantages

• Pertes de pOlds, desslccatlon et dessechement
redUits

• MaturatIon retardee

Degats du frOid mains severes

POSSlbilite de condltlonnement semi centralise

Rayon des reseaux de dlstnbutlon augmente

MOlns de travail et mOlns de refus au stade du detail

• Conservation amelioree de la couleur de la teneur
en eau, du parium et de la matunte

Excellentes aptitudes aux polttlques de marque

• Manutentlon et dlstnbutlon Ilmltees des prodUits
Impropres ou declasses

Benefices de la qualite transmls au consommateur

Inconvements

EXlgence d'mvestlssements supplemental res en
machines et personnel sur la Itgne d'emballage

• Rlsques d avane de prodUits en cas de condltlon
nement madapte ou de temperatures abuslves

• Appantlon pOSSible de nouveaux nsques mlcroblO
loglques dus au developpement eventuel dune flare
pathogene anaeroble

• Impact negatlf des films plastlques sur I enVironne
ment en I'absence du mOlns d'un systeme de recy
clage efflcace

La technologle MAP reste encore mapplicable a la
maJonte des prodUits

MAP ET ETAT SANITAIRE

II est pOSSible de frelner la croissance et Iactlvlte des
mlcro-orgamsmes en augmentant Ie CO2 et en dlml
nuant 1°4 Des teneurs en CO2 portees Jusqu a 20 %
allongent a la fOls les phases de latence et de croissance
loganthmlque des agents communs de degradation JUs
qu'a les doubler par rapport a la temperature amblante
(Damels et al 1985) II faut des teneurs de 02 Infeneures
a 1 % et de CO2 superleures a 20 % pour Interdlre de
fa90n Significative IactlVlte cryptogamlque (EI Gooranl
et Sommer 1981) On peut utlltser des teneurs elevees
en CO2 (10 15 %) afln d'assurer un effet fonglstatlque
sur les denrees tolerant de tels niveaux de CO2 (Kader
et al 1989)
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defined as the pomt at which the commodity CO2
production and 02 consumption rates are equal to the
permeation rates of the respective gases through a
package at a given temperature A poorly deSigned
package Will become anaerobic or develop
unacceptable levels of CO2 before eqUilibrium IS
achieved Usually MAP does not utilize the full
potential of controlling the ambient concentrations of
02 and CO2 An Ideal package system Will eqUilibrate
and mamtam at the levels of CO2 and 02 that are
known to be optimal for storage transport and
throughout the market chain of a specifiC commodIty

The benefiCial and detrimental effects of MAP were
well reviewed by Lloutas (1988) and Kader et a/
(1989) The mode of MAP was handled m the review of
Kader et at (1989), as well as In other publtcatlons of
hiS team

The mechanism Cited most for the favourable result
IS the change m pH related to the concentration of CO2
(Daniels et a/ 1985 SlrIphanich and Kader 1986)

Advantages

Reduction of weight loss, deSiccatIOn and
shnveliing

Delay of npenlng

• AlleViation of chilling Injury

Semlcentraltzed manufactunng options

• Expanded radiUS of dlstnbutlon systems

Reduction of labour and waste at the retail level

Quality advantages such as colour mOisture
flavour and matunty retention

Excellent brandmg options

Reduction of handling and dlstnbutlon of unwanted
or low-grade produce

Quality advantages transferred to the consumer

Disadvantages

ReqUirement of additional Investment In machinery
and labour m the packaging hne

Risks of spOiled produce due to Improper
packaging or temperature abuse

POSSible occurence of new nsks of microbiological
safety due to pOSSible development of anaerobiC
pathogeniC flora

PlastICS films may be enVIronmentally undeSirable
unless effective recycling IS Installed

MAP technology IS stili unavailable for most
produce

EFFECTS OF MAP ON DISEASE CONTROL

The growth and activity of micro orgamsms can be
retarded by elevated CO2 and reduced 02
concentrations Levels of up to 20 % CO2 extend both
the lag and loganthmlc growth phases of common
spOilage organisms by as much as double at ambIent
temperature (Daniels et a/ 1985) Levels of below 1%
oxygen and/or above 10 % CO2 are needed to
Significantly suppress fungal growth (EI Gooranl and
Sommer 1981) Elevated CO2 levels (10 to 15 %) can
be used to proVide fungistatic effects on commodities
that tolerate such CO2 (Kader et al 1989)
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Un renforcement du CO2 et une diminution de 1'02
permettent de frelner la croissance de la quasI totallte
des micro orgamsmes aerobles, en partlcuher les psy
chrophlles (Barkal-Golan 1990 Daniels et al 1985)
Comme ces mlcro-orgamsmes psychrophlles sont lar
gement responsables de la detenoratlon des prodUits
frals et de quatneme gamme" II est eVldemment tres
souhaltable de bloquer leur actlvlte

L'enrobage Indlvlduel hermetlque sous film plastlque
entrave la pournture du frUit en prevenant toute Infec
tlon secondaire Ie fait est d'importance surtout pour
les fruits destines a un entreposage ou une expeditIOn
a long terme II sufflt d'un seul frUit attelnt de Bofrytls,
Geotf/chum ou Phytophthora pour provoquer a bref delal
la pournture de I'ensemble des fruits du carton Ce mode
d'enrobage hermetlque ou Ie MAP modlflent egalement
la repartition des pathogenes chez les agrumes En
general on releve un peu plus d alternanose et mOlns
de mOISlssure que sur les agrumes non hermetlquement
emballes Les pathogenes, notamment ceux qUI sont en
etat de qUiescence commencent en regie generale a
se developper rapldement dans I'atmosphere humlde
C'est pourquOll'eqUlhbre entre hOte et pathogenes peut
par moments pencher en faveur de ces dernlers, avec
une augmentation du taux de pournture II est donc de
la plus haute Importance d'assurer un controle appro
pne des pourntures sur les frUits hermetlquement
emballes (Ben-Yehoshua 1991)

Le condltlonnement MAP peut partols se reveler Inca
pable d assurer a lUi seul un tel controle II faut donc
envlsager des methodes de lutte complemental res
L enrobage d Oroblanco ( Sweetie) sous film polyoeflne
"Cryovac MD" combine avec un traltement a I eau
chaude parvlent a redulre la pournture en meme temps
que la senslbillte aux degats du froid La combmalson
de I enrobage hermetlque et de I application de chaleur
(36°C 3 Jours) se tradUit par la diminution des pourn
tures, de la senslblhte aux degats du frOid et des clca
tnces et par I'allongement de la duree de vie des
agrumes On a demontre que Ie mode d'actlon du tral
tement a la chaleur conslstalt en

- une inhibition thermlque du pathogene,
- I'lnductlon de la synthese de matenaux de type

IIgmne etabllssant un rampart mecamque face a l'ln
vaslon des pathogenes,

- la prevention de la degradation des substances antl
fonglques preexlstantes
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The growth of almost all aerobiC micro-organisms,
particularly the psychrophillc, can be retarded by
elevated CO2 and the reduction of 02 levels (Barkal
Golan 1990, Damels et al 1985) Since a Significant
cause of detenoratlon of fresh and minimally
processed produce IS the action of psychrophlhc micro
organisms retardation of their growth IS highly
desirable

IndiVidual seal-packaging reduced frUit decay by
prevention of secondary rot infection which IS an
Important factor for frUits, particularly for those destined
for longterm storage or shipment An IndiVidual fruit
Infected by Bofrytls, Geoff/chum or Phyfophthora
Induces decay m the other frUit In the same carton at a
rapid rate Seal packagmg or MAP also changed the
dlstnbutlon of pathogens In citrus Sealed fruit
generally had shghtly more Alfernaf/a stem-end rot and
fewer moulds than those not seal packaged The
pathogens particularly qUiescent ones, generally start
to develop rapidly In the humid atmosphere
Consequently, the balance ~ between host and
pathogens may, at times, favour the pathogen, and
decay percentage nses For this reasoQ adequate
decay control of sealed frUit may be of paramount
Importance (Ben-Yehoshua 1991)

MAP by Itself sometimes may not be effective
enough to control decay Thus, additional methods to
combat diseases In packages should be sought
Sealing In polyolefln "Cryovac MD" film of Oroblanco
citrus frUit (Sweetie) combined With hot water
treatment achieved both reduction of decay as well as
the sensitivity to chilling mJury Combmatlon of seal
packaging and cunng (36°C 3 days) reduced decay
and sensitivity to chilling inJury, healed Injury and
extended the life of citrus frUits The mode of action of
cunng was shown to be

- thermiC inhibitIOn of the pathogen
- Induced syntheSIS of lignin hke matenals which

form a mechanical barner to the invaSion of the
pathogens

- preventing the degradation of the preformed
antifungal substances
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La combmalson d'un traltement a"Imazalll et de I'en
robage hermetlque des agrumes et pOlvrons permet une
reduction marquee des pourntures On peut appllquer
I'lmazalil de plusleurs fagons trempage, pulvensatlon
ou, depUis peu, par incorporation du fonglclde dans Ie
film plastlque Celul CI sert alors de reservoir et IIbere
peu a peu Ie fonglclde, ce qUi minimiSe les resldus sur
les frUits (Ben Yehoshua et Nahlr 1977 Ben Yehoshua
et al 1987, Miller et Risse 1988)

Le film Joue alnSI un role de barnere phySique, ralen
tlssant la dissipation des fonglcldes volatiles, comme
Ilmazalll, Ie 2-amlnobutane et Ie dlphenyl C'est alnSI
qu'on peut ennchlr a Iaide d'un fonglclde volatile appro
pne la micro atmosphere formee par Ie condltlonnement
MAP I enceinte hermetlque devlent alors une sorte de
chambre de fumigation capable de lutter contre les pour
ntures sur de longues penodes Une telle methode pour
ralt s averer d un grand Interet pour lutter contre les patho
genes provoquant des necroses et taches aplcales ces
pathogenes en effet sont profondement Installes dans
Ie pencarpe sous la clcatnce pedonculalre, POint dlffl
clle a attelndre avec des fonglcldes

MAP RISQUES A EVITER

Les frUits et legumes hebergent une mlcroflore com
plexe, comprenant des micro orgamsmes de types mul
tlples mals dont la plupart contnbuent a avaner les den
rees, tout en restant sans danger pour I'homme Les
micro orgamsmes redoutables pour I'homme sont en
effet Incapables de se multlpher a un mveau cntlque, car
lis sublssent la concurrence de ceux qUi s'attaquent aux
matleres vegetales Cependant, ce rapport de forces
peut fort bien etre altere lorsque Ie MAP modlfle Ie micro
mlheu perc;u par les micro orgamsmes Un cas de deve
loppement de toxlnes dans du chou hache a motive une
etude de la Food and Drug Administration des Etats
Ums d'Amenque celle-ci a demontre que la toxlne pou
vaJt se developper en presence de mveaux sufflsants
d'lnoculum et de temperature sur une penode sufflsante
(vOIr Brody 1991)

Combine au frOid Ie MAP ralentlt la crOissance des
micro orgamsmes nUlslbles qUI en maJonte mesophlles,
crOissent Ie mleux entre 20 et 40°C, Ie MAP etouffe donc
leur competltlvlte Mals les pathogenes psychrophlles
comme Yersmla enteroco!ltlca, L!stena monocytogenes,
Aeromonas hydrophlIJa et ClostridIUm botulmum qUI
s'accommodent de temperatures basses (Jusqu'a 3
5°C) peuvent alors trouver I occasion de prollferer
(Hlnthan et Hotchkiss 1986 Palumbo 1987) En cas de
temperatures mappropnees meme les pathogenes
mesophlles comme Staphylococcus aureus Bact/Ius
cereus Salmonella spp et Vlbno parahaemolytlcus sont
susceptlbles dune raplde multiplication surtout sur
vlandes, pOlssons et prodults laltlers (Brody 1988
Genlgeorgls 1985 Hlnthan et Hotchkiss 1986, Palumbo
1987)
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Combined Imazalll treatment and seal packaging of
citrus and pepper frUits enabled a marked reduction of
decay The Imazalll could be applied In several ways
either as a dip or as a spray or In a novel way, Ie,
incorporation of the Imazahl Into the plastiCS films The
films serve as a reservoir that gradually release the
fungiCide to the produce, thus redUCing the reSidues on
the produce (Ben-Yehoshua and Nahlr 1977 Ben
Yehoshua et al 1987 Miller and Risse 1988)

The film acts also as a phySical barner to slow the
diSSipation of volatile fungiCides such as Imazalll 2
amlnobutane and dlphenyl MAP thereby produces a
micro atmosphere that can be ennched With a sUitable
volatile fungiCide so that the sealed enclosure forms a
fumigation chamber to control decay over a prolonged
penod Such action might be of great Importance In
controlling the pathogens that cause stem-end rot
These pathogens are located deep In the frUit tissue
below the button a site difficult to reach With
fungiCides

RISKS IN UTILIZING MAP

FrUits and vegetables are charactenzed by an
elaborate mlcroflora consisting of many different types
of mlcro-orgamsms, most of which are Involved In the
spOilage of produce but are harmless to humans
Micro organisms that are dangerous to humans usually
cannot establish a dangerous population denSity
because they have to compete With the spOilage and
other mlcroflora However, MAP changes the micro
enVIronment perceived by the micro organisms and
may well Impair thiS balance One inCidence of the
growth of such tOXinS In shredded cabbage led to a
study of the Food and Drug Administration of the
United States of Amenca demonstratmg that the tOXin
could be developed If a high enough Inoculum and
temperature were present for enough time (see Brody
1991 )

Refngeraled MAP slows the growth of the spOilage
flora most of which are mesophlles and grow best at
temperatures between 20 and 40°C, and reduces their
competitive capacity Psychrophyhc pathogens like
Yersmla enterocolltlca Listeria monocytogenes
Aeromonas hydrophJIla and Clostridium botulmum
which are able to grow at temperatures as low as 3 to
5°C, may then get a chance to prohferate (Hlnthan and
Hotchkiss 1986 Palumbo 1987) If mappropnate
temperatures are used even mesophyhc pathogens
such as Staphylococcus aureus BaCillus cereus
Salmonella spp and Vlbno parahaemolytlcus may
develop rapidly espeCially on meat fIsh or dairy
products (Brody 1988 Gemgeorgls 1985 Hmthan and
Hotchkiss 1986 Palumbo 1987)
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L'absence d O2 cree des conditions favorables aux
micro orgamsmes anaerobles, dont certains pathogenes
En outre, en Interdlsant toute vie m,crob,enne aeroble
la concurrence exercee sur les anaerobles se trouve
estompee leur offrant alors des conditions presque
Ideales lorsque la temperature depasse 4°C qu II y a
presence de spores et que I operation dure assez long
temps

II est encore possible de suppnmer les aerobles par
un traltement a chaleur moygnne, c est a-dire par une

r pasteunsatlon qUi couplee avec un taux d O2 bas peut
creer un milieu Ideal pour la croissance des anaerobles
la chaleur reste I'unlque defense contre leur croissance
et la formation de toxlnes

La vanante MAP s accompagnant d'un traltement a
moyenne chaleur, meme Sl elle est hautement efflcace
du POint de vue de la retention de la quallte peut donc
comporter des nsques dans une perspective de secu
nte mlcroblologlque La situation s aggrave quand les
regles d'hyglene de base et de controle ne sont pas res
pectees La forte contaminatIOn de legumes frals par
pathogenes anaerobles dans des chantlers de 'qua
tneme gamme sans discipline sanltalre constltueralt un
exemple denon9ant Iabus de stress mlcroblologlque aux
'irodUits de quatneme gamme et Illustreralt Ie besoln
d'inteorer de mUltiples dIsCiplines pour atteIndre-fes resul
tats souhaltes II y a en definitive de bonnes raisons pour
essayer de malntenlr un certam nlveau de O2 autour de
la denree emballee Des travaux recents sur les mate
naux d'emballage vlsent preclsement a surmonter Ie pro
bleme de la carence en 02 (Cameron 1989, 1993)

Une note apalsante toutefols II faut soullgner I'ab
sence quasI absolue d'empOlsonnements par fruits et
legumes condltlonnes MAP au cours de la penode courte
II est vral ou ce procede a ete applique II convlendralt
enfm d'etudler les effets du condltlonnement MAP sur
les micro organlsmes qUI sont antagonlstes aux micro
organlsmes pathogenes

MAP - APPLICATION
AUX FRUITS ET LEGUMES

Geeson (1988), Zagory et al (1988) Kader et al
(1989) Pnnce (1989) amsl que GOrriS et Peppelenbos
(1992) ont passe en revue Ie condltlonnement MAP des
frUits et legumes Ben Yehoshua (1991) a de son cote
fait Ie pomt sur I'enrobage hermetlque

Les films plastlques les plus communement utilises
pour les frUits et legumes sont PEbd, PEbd IInealre,
PEhd et PVC On a expenmente ces dernlers temps
divers films destmes a mlnlmlser I'anaeroblose resplra
tOlre et les nsques d ordre mlcroblologlque (voir Brody
1991)

En deplt des multiples avantages de Ienrobage her
metlque son adoption a ete assez lente dans les pays
ou I on dOlt passer par la mecanlsatlon des operations
La technique n a donc pas attelnt tout son potentlel d ap
plication Le manque de machines a haut rendement
mals dun cout ralsonnable et Ie pnx du film sont pro
bablement les raisons maJeures qUI frelnent son appli
cation a grande echelle En ChlOe et au Japon en
revanche ou I enrobage sous film plastlque est realise
a la main la teChnique a ete rapldement adoptee En
fait Ie Professeur Huang Bangyan de I Academle des
SCiences Guangzhou, a declare que I enrobage her
metlque est devenu une technique usuelle pour la conser
vatlon des agrumes en Chine redUisant les pertes apres
recolte et revelant une bonne efflcaclte economlque
(communication personnelle) Kawada et Kitagawa
(1988) ont rendu compte de Iutilisation actuelle des films
plastlques dans la conservation des agrumes et autres
fruits au Japon lis ant soutenu que Ie film plastlque est
I un des outlls les plus pUissants et economlques pour
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An absence of 02 creates conditions for the growth
of anaerobiC micro organisms some of which may be
pathogeniC Furthermore, by supresslng aerobiC
microbial growth, competitIOn for anaerobes IS
diminished, leaVing almost Ideal conditIOns for
anaerobes when the temperature IS above 4°C, If the
spores are present, and If enough time IS allowed

Aerobes may also be suppressed by mild heat, I e
pasteunzatlon or heat filling, which coupled With low
oxygen, can create an Ideal anaerobiC growth
environment With only temperature as the barrier to
prevent vegetation, growth and tOXin formation

Thus, a vanant of MAP With mild heat - which IS
highly benefiCial from a quality retention perspective 
can create a condition of potential hazard - a SUbject
of concern from a microbiological safety perspective
The situation IS aggravated when the baSIC rules of
sanitation and control are Violated Contamination of
fresh vegetables With large loads of pathogeniC
anaerobes In unsanitary minimal processing
operations would be an example of applying undue
microbiological stress to minimally processed produce
- another Instance of the need to Integrate multiple
related diSCiplines to achieve the deSired benefits
Thus good reason eXists to attempt to maintain some
level of 02 In proximity to the packaged food Recent
packaging matenal developments are directed towards
overcoming the problem of 02 starvation (Cameron
1989 1993)

However, as a soothing remark one must POint out
to the almost absence of reported pOisoning by frUits
and vegetables In MAP throughout the recent penod In
which MAP IS already In use The effects of MAP on
these micro organisms that are antagonistic to the
pathogeniC micro organisms should be studied

MAP APPLICATION
FOR FRUITS AND VEGETABLES

MAP of frUits and vegetable was well reViewed by
Geeson (1988), Zagory et al (1988), Kader et al
(1989) Pnnce (1989) and GOrriS and Peppelenbos
(1992) A speCial subject of seal-packaging was
summanzed by Ben-Yehoshua (1991)

Most common plastiCS films utilized for frUits and
vegetables are LDPE linear LDPE HDPE and PVC
Recently vanous new films were used to minimiSe
respiratory anaerobiOSIS and potential microbiological
hazards (see Brody 1991)

Despite many advantages of seal-packaging
adoption of thiS technique has been rather slow In
countries dependent on machinery to apply It, and the
technique has not yet reached ItS full potential
POSSibly the lack of available fast and reasonably
priced equipment as well as the cost of the fIlm are
the main reasons limiting the commercIal adoption of
seal packaging However In China and Japan where
the film packaging IS applied by hand thiS technrque
has been adopted rapidly In fact Professor Huang
Bangyan from the Chinese Academy of SCience
Guangzhou reported that seal-packaging has become
a common new technique for Citrus frUit storage In
China and ItS application has reduced the postharvest
losses and resulted In good economic effectiveness
(personal communication) Kawada and Kitagawa
(1988) reVIewed the current use of plastiCS film In the
storage of citrus and other frUits In Japan They
maintained that plastiCS film IS one of the most powerful
and economical tools to minimiZe the weight loss and
when several factors are refined It can prolong the life
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mlnlmlser les pertes de pOlds et pour lorsque I'on affine
plusleurs facteurs allonger la duree de vie grace a I effet
d'atmosphere controlee Ces dernleres annees Iemplol
des films plastlques dans Iemballage des denrees ali
mentalres a connu une forte expansion en raison non
seulement des vlfs progres dans la conception des films
et la technologle de I'emballage mals aussl des evolu
tlons dans la commercialisation

On trouve sur les rayons des supermarches nombre
de fruits et legumes sous enrobage plastlque herme
tlque Pourtant, dans bien des cas, cet enrobage est rea
lise Juste avant la presentation et non pas au moment
souhaltable, Juste apres la recolte Le condltlonnement
MAP presente un grand Interet pour les pays en deve
loppement, car les operations peuvent y etre effectuees
manuellement, sans les coOts qu Impliqueralt l'emplOi
de machines nouvelles En outre Ie manque d'entrepots
fngonflques adaptes accentue dans ces pays I'lnteret
d'une telle technIque

On a recemment condltronne sous MAP, de fagon her
metlque, toute une gamme de prodUits pommes (Geeson
et Smith 1989) asperge (Aharonr et aJ 1990) pOlvron
(Rodov et aJ), myrtilies (Beaudry et at 1992, Cameron et
aJ 1993), brocoli (Aharonr et aJ 1985), petits frUits (Kader
et aJ 1989), concombre (Ben Yehoshua et aJ 1978), auber
grnes (TemkJn-Gorodelskl et at 1990) herbes condlmen
talres (Aharom et aJ 1989), goyaves (Combnnk et aJ 1990)
kiWIS (Ben Ane et Sonego 1985), laltues (Ben-Yehoshua
et at 1967), mangues (Rodov etat) champlgnons (Burton
et at 1987) melons brodes (Lester et Bruton 1986) pOIres
(Geeson etal 1991) kakls (Ben-Ane et Zutkhl 1992 Pesls
etal 1986) fralses (voir Kader atat 1989) tomates (Shirazi
et Cameron 1992), aJnsl que d'autres denrees (voir la
monographle de Kader at at 1989)

II semble que la mise sous emballage plastlque her
metlque sans controle complexe des concentrations
amblantes reste I'applicatlon commerclale majeure du
MAP II est toutefols permls de penser que I'avemr appor
tera une maltnse plus elaboree de 02 et C02

On a condltlonne avec succes sous film co-extrude
EVA/PEbd de la laltue lavee eVldee, paree et prede

Dessms de Victor Rodov
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by the controlled atmosphere effect In recent years
the use of plastics film In produce packaging has
Increased greatly This IS due mainly to the rapid
development of new fJlms and packaging technology
together with changes In produce marketing

Sealed produce IS usually available on the shelves of
supermarkets for many fruits and vegetables
However this sealing was applied rn many cases Just
before ItS display In the supermarket but not at the
desirable location Just after harvest MAP has great
advantages In developing countnes due to the fact the
operation there IS carned out manually which saves a
large cost of new machinery Additionally the need
there for such technrque IS much greater because of
the lack of adequate refngerated storage

Recently, more Items were sealed In MAP such as
apples (Geeson and Smith 1989), asparagus (Aharonl
at at 1990) bell pepper (Rodov et at) bluebernes
(Beaudry et aJ 1992, Cameron et aJ 1993), brocoli
(Aharonl et at 1985) bush bernes (Kader et aJ 1989)
cucumbers (Ben Yehoshua et aI, 1978) auberglnes
(Temkin Gorodelskl at at 1990) fresh herbs (Aharom
et at 1989), guava (Combnnk et at 1990) kiWifrUit
(Ben Ane and Sonego 1985) lettuce (Ben Yehoshua
et at 1967) mangoes (Rodov at a/) mushrooms
(Burton at at 1987), muskmelons (Lester and Bruton
1986), pear (Geeson et aJ 1991), persimmon (Ben Ane
and Zutkhl 1992 Pesls at at 1986), strawbernes (see
Kader at al 1989), tomatoes (ShirazI and Cameron
1992) and other commodities (Kader et al 1989)

It appears that sealing produce In plastiCS film without
the Intncate controls of ItS ambient concentrations are
stili the major commercial application of MAP It IS
expected that the future may bnng more Intncate
controls of 02 and C02 Into practice

Cleaned and cored, tnmmed and precut lettuce were
successfully packaged by uSing co extruded

~ rf#(ffi'
~

~~:A

Sketches by Victor Rodov
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dernler falsant l'obJet d'une couverture medlatlque Impor
tante Une charge mmerale morgantque et merte telle
que carbonate de calcium pulvense ou talc est melangee
au polymere Cette charge encapsulee en partlcules
tenues par Ie polymere, lUi confere toutes sortes de pro
prletes, comme la ngldlte

EFFETS DES PERFORATIONS

Les films perfores permettent au condltlonnement MAP
... d'attelndre la saturation en Hp avec des teneurs fal

blement modlflees en O2 CO2 et C2H. (Geeson 1989,
Ben-Yehoshua 1995) On'peut expllquer Ie phenomene
par Ie nombre de molecules Impltquees dans les
echanges gazeux du pOlvron Un kg de pOlvrons degage
79 x 1020 molecules de Hp et 30 x 1020 molecules de
CO2 , tandls qU'11 consomme 3,0 x 1020 molecules de O2

par heure, a 17°C et 85 p cent HR Pour chaque mole
cule de O2 ou de CO2 , 26 molecules de Hp sont donc
dlsponlbles pour I echange En outre I'acces de ces
molecules aux pores est slmllalre et les pOlds molecu
lalres de ces gaz qUi determine leur degre relatlf de
mouvement, sont relatlvement proches En consequence
bien que la maJorite des molecules qUi s echappent sont
Hp Ie grand nombre de molecules Hp dlsponlbles
permet a la HR amblante d etre pratlquement saturee
Les pores empechent cependant des changements mar
ques dans les concentrations de 02 et CO2 , tout en per
mettant I echange des molecules 02 et CO2 dlsponlbles
en nombre relatlvement limite

Les bons resultats de I emballage hermetlque dOlvent
beaucoup a la perforation reduction des pertes d'eau
et allegement du stress hydnque mals sans les effets
noclfs de I'anaeroblose, tels qu'odeurs, fermentations
ou degats du CO2 La perforation a d'ailleurs permls de
realiser Ie condltlonnement hermetlque de mangues
'Tommy Atkms' et 'Keitt' avec les avantages du procede
mals sans Inhibition de la maturation comme c'est Ie cas
pour les frUits enrobes sous film non perfore (Rodov et
a~ La techntque d'emballage sous film mlcroperfore a
egalement fait ses preuves pour retarder la deteriora
tion de plusleurs denrees par exemple en frelnant la
decoloration des panals laves ou en amellorant la reten
tion du sucre chez Ie mals doux (Geeson et al 1988)
La perforatlon permet d ailleurs d'appllquer Ie condl
tlonnement MAP a des denrees a forte respiration
comme les champignons (Bruton et al 1987) alnSI qu a
des denrees qUI sont senslbles meme a des change
ments mlnlmeS des concentrations en 02' CO2 et C2H.

MODELISATION DE L'EMBALLAGE
Afm de redUire Ie temps necessalre a la mise au POint

d'un emballage II est eVldemment tres souhaltable de
falre appel a un modele mathematlque substltuant a la
methode par approches ("Pack an Pray") une recherche
prevlslonnelle programmee dans Ie but de deflnlr Ie film
plastlque Ie mleux adapte a telle denr-ee Des modeles
mathematlques fondes sur les caractenstlques des films
reqUis pour etabllr ou mamtentr des concentrations
Internes optlmales seralent d un grand secours pour
maxImiser la duree de vie des prodUits perlssables lis
seralent partlculierement utlles aux fabrlcants et aux uti
Iisateurs pour evaluer et deflnlr des pnontes dans Ie
cholx Ie developpement et la synthese des films d'em
ballage Plusleurs modeles de ce type ont fait recem
ment l'obJet de publications (Cameron et al 1989 Emond
et a/1991 , Mannapperuma et a/1989, Lee et al 1991)
modeles fondes sur les travaux anteneurs de chercheurs
cites par les auteurs
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With the latter receiving major media coverage In thiS
type of matenal the plastiCS polymer IS admixed With
an Inert inorganic minerai such as crushed calCium
carbonate or talc The mmeral fill IS encapsulated In
discrete particulates by the polymer and Imparts a
vanety of properties such as stiffness

PERFORATIONS EFFECTS

Perforated films enable MAP that allows the bUild up
of Hp-saturatlon With only a slight change In O2 CO2

and C2H. (Geeson 1989 Ben Yehoshua 1995) These
facts may be explained by conSidering the number of
relevant molecules m gas exchanges of bell-pepper
frUit One kg of pepper evolves 79 x 1020 molecules of
Hp and 3 0 x 1020 molecules of CO2, and consumes
3 0 x 1020 molecules of O2 per hour at 1JOC and 85 p
cent HR Thus, for each molecule of CO 2 or 02'

26 molecules of Hp are available for exhange
Furthermore the access of each one of these
molecules to the pores IS Similar and the molecular
weight of these gases which determmes their relative
rate of movement IS also relatively Similar
Consequently, although most of the molecules
movmg out are those of water, the large number of
water molecules available for movement stili allows
the bUild up of the ambient RH to almost complete
saturation However these pores are able to allow the
relative small number of O 2 and CO 2 available
for movement to be exhanged so that the pores
prevent marked changes m the concentrations of O2

and CO2

Perforation allows many of the good results of the
sealing In reduction of water loss and alleViation of
water stress Without the pOSSible deleteriOUs effects
of anaerobiosIS such as off-flavours fermentation or
CO2 damage Furthermore, perforation of polyolefln
film enabled achieVing some of the advantages of
seal-packaging of 'Tommy Atkins' and Keitt' mango
frUits Without Inhlbltmg the npenlng process that
occurs In sealed frUit that was not perforated as
shown by Rodov et al Micro-perforated packaging
techniques have also proved effective In retarding
detenoratlon In several other crops e g dlscolouratlon
of washed parshlps, and Improving sugar retention In
sweetcorn (Geeson et al 1988) Additionally
perforation enables MAP to be used for highly
respiring produce such as mushrooms (Bruton et al
1987) Perforation may also allow MAP to be used for
produce that IS senSitive even for small changes In
concentrations of 02' CO2 and C2H.

PACKAGING MODELLING

In order to reduce the time m developing a package,
the use of a packagmg parameter predictIOn I e
mathematical model, IS highly deSirable Such a model
may substitute the method of « Pack and Pray» With a
planned and programmed research attempting to
match the best film to the commodity Mathematical
models based on the charactentlcs of films needed to
generate or mamtaln optimum mternal concentrations
of metabolic gases would help greatly to maXimise
storage life of penshable produce Such information
would be valuable to manufacturers and users of films
by helping them to assess and establish priorities In

the selectIOn, development, and syntheSIS of
packaging materials Recently several models of thiS
system were discussed by far In the literature
(Cameron et al 1989, Emond et al 1991
Mannapperuma et a/1989, Lee et al 1991) All these
models are based on early work of several researchs
who are Cited by these authors
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Le premIer pas dans la modellsatlon d un systeme
d emballage conslste a trouver des equations mathe
matlques capables de decnre assez fldelement les pro
cessus de respiration et de permeation La plupart des
modeles conslderent la permeabillte du film aux gaz
comme un phenomene physique obelssant a la LOI de
Flck Ie taux des echanges de matleres entre les atmo
spheres Interne et externe est proportlonnel a la dIffe
rence de concentration entre les deux compartlments

Mannapperuma et al (1988) ont propose un modele
pour Ie condltlonnement-MAP en conditions d'eqUlllbre
lis ont montre que dans ce cas eXlste une relation Iinealre
entre les concentratrons O2 et CO2, qUI est soumise a un
coefficient resplratolre constant

Lee et al (1991) ont ete les premiers a conslderer la
respiration comme un phenomene blochlmlque en termes
de clnetrque des enzymes Supposant que Ie CO2 Joue
un role d'lnhlbltlon de la reaction enzymatlque, lis ont
utilise I'equatlon du mecanisme d'lnhlbltlon (sans concur
rence), Ie taux de reaction (r) etant alors

The first basIc step In modelling the packaging
system IS to find mathematical equations which could
adequately describe the processes of respiration and
permeation The package permeability to the gases IS
treated In most models as a phySical process which
obeys Flck's Law I e the rate of matenal exchange
between the Internal and external atmospheres IS
proportional to the concentration difference In these
two compartments

Mannapperuma et al (1988) developed a model for
MAP In eqUllrbnum conditions and showed that In thiS
case there IS a Imear relation between oxygen and
CO2 concentrations subject to a constant respiratory
quotient

Lee et at (1991) were the first who In MAP
modelling treated respiration as a biochemical
phenomenom In terms of enzyme kinetiCS They
assumed that CO2 plays a role of inhibitor of the
enzymatic reaction and used the equatIon for
uncompetltlve inhibition mechanism In thiS case, the
rate of reaction (r) IS equal to

ou Cj est la concentration du substrat (02 en I'occur
rence, s'aglssant de respiration),

Vm et KM sont des parametres de la clnetlque clas
slque de Michaells-Menten Vm etant Ie taux maximal
de reaction enzymatlque et KM la constante de
MIchaelis,

C2 est la concentration de Ilnhlblteur (C02 , dans Ie
cas de respIration) et K est la constante d'eqUlhbre
entre Ie complexe enzyme - substrat - Inhlblteur et
Ilnhlbiteur hbre

Comblnant cette equation avec la LOI de Flck pour la
permeation de O2 et CO2 lis ont obtenu une sene d'equa
tlons dlfferentlelles, representant Ie modele mathema
tlque pour Ie systeme en atmosphere modlflee A partir
des valeurs des parametres Vm' KM et K, obtenus par
vOle expenmentale, lis ont ensUite procede au calcul
numenque des equations

Cameron et al (1993), utllrserent une Simple equation
de Mlchaelrs Menten sans mhlbltlon (K, =0) mals gref
ferent une dependance exponentlelle sur les parametres
Vm et KMl afln de sUlvre les concentrations O2 et CO2 en
fonctlon de la temperature Leur but etM de prevolr les
conditions donnant nalssance a une atmosphere anae
roble dans I'emballage

Fishman Rodov et Ben Yehoshua (1995,1996) ont
explore un modele dynamlque fonde a la fOls sur la LOI
de Flck et I'equatlon de Mlchaelrs Menten Selon les pre
VISions du modele pour la pfupart des films plastlques
Ievolution du CO2, dans Ie temps ne condUIt pas de favon
regullere vers I'etat stable, mals passe par un maximum
avant de redescendre a son eqUllrbre (effet de depas
sement) L'expenmentatlon a conflrme ce phenomene
Ce piC peut derouter les sClentlflques dans leur recherche
des conditions d eqUlhbre, ce qUi est indispensable dans
les travaux de modellsatlon C'est pourquol, dans toute
etude MAP sur les conditions d'eqUillbre, II convlent
d'avolr a I'espnt que Ie systeme MAP peut traverser une
longue penode transltolre et que la concentration en
CO2, excede pour un temps son nlveau d'eqUillbre L'ecart
entre fa concentration de CO 2 maxlmale et l'eqUlllbre
depend des parametres numenques du systeme On a
montre que les preVIsions de ce modele au regard de
O2 et CO2 s averalent correctes
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where C, IS the substrate concentration (which IS O2

concentration In the case of respiration)

Vm and KM are parameters of the classical
M,chaelis-Menten kinetiCS Vm beIng the
maximal rate of enzymatic reaction and KM

the Michaelis constant,

C 2 IS the Inhibitor concentratIOn (C0 2

concentration In the case of respiration) and
K IS the constant of equllibnum between the
enzyme-substrate inhibitor complex and free
Inhibitor

Combining thiS equation with Flck s Law for O2 and
CO2 permeation, they obtamed a set of differential
equations which represents the mathematical model
for the modified atmosphere system They estimated
parameters of thiS model (Vm KM and K,) from
experimental data and then performed numerical
calculation of the equations

Cameron et al (1993) used a Simple Michaelis
Menten equatIOn with no InhibitIOn (K = 0) and
Introduced exponential dependence Into parameters
Vm and KM to study O2 ans CO2 concentration In MAP
as functIOns of temperature They were trying to
predict the conditions In which an anaerobiC
atmosphere would eXist In the package

Fishman, Rodov and Ben-Yehoshua (1995-1996)
Investigated a dynamiC model for MAP based on Flck's
law and the Michaelis Menten equation According to
the model predictIon the CO2 time course for most
plastiCS films does not reach a steady state smoothly
but undergoes a maximum and then declines to ItS
eqUllibnum (the overshootmg effect) ThiS phenomenon
was confirmed expenmentally ThiS maximum may
mislead researchers searching for the eqUilibrium
conditions which IS necessary In model studIes
Accordingly, In a MAP study of the eqUilibrium
conditions, conSIderation should be given to thiS fact
that for conSiderable time the MAP system may be In
the transient penod and the CO 2 concentration
temporarily exceeds that of the eqUilibrium The
Increment between maximum and equllibnum state of
CO 2 concentrations depends on the numerical
parameters of the system The predictIOns of thiS
model regarding O2 and CO2 were found to be correct

« Plastrculture nO 107 1995/3



Prof Shlmshon Ben-Yehoshua
VOLCANI CENTER

PO Box 6 Bet Dagan 50250 Israel

Ce modele, con9u pour verifier les effets de la perfo
ration sur les concentrations de O2 CO2 et Hp a
demontre que dans un plateau contenant 4 pOlvrons
avec une perforation de 0,25 mm, la HR etalt pratique
ment a saturation tandls que les concentrations de 02
et CO2 restalent proches de celles de I'alr

APPEL AUX PRODUCTEURS DE RESINES
ET AUX FABRICANTS DE FltMS PLASTIQUE

1
Le condltlonnement en atmosphere modlflee (MAP)

est une technique promise a une forte expansion,
notamment dans Ie secteur des frUits et legumes

Son developpement cependant requlert non
seulement la poursUite des recherches en physlologle
apres recolte, mals aussl une connalssance plus
complete des matenaux plastlque capables d'assurer
une meilleure maltnse des concentrations gazeuses

SI votre gamme de prodUits comprend des matleres
ou des films presentant une haute permeablhte aux
gaz, mlcroporeux ou meme ' mteractlfs", merci de vous
meUre en rapport avec
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MODIFIED-ATMOSPHERE PACKAGING OF FRUITS AND VEGETABLES
REDUCING CONDENSATION OF WATER IN BELL PEPPERS AND MANGOES
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The Volcaru Center, POBox 6, Bet-Dagan 50250, Israel

Abstract

A dynanuc model of gas and water vapor exchange III a package contammg fresh fruIt and
vegetables was developed on the baSIS of Mtchaehs-Menten equatIon m combmatIOn WIth
FICk's dlffi.lSIOn law A computer SImulatIOn was used to evaluate package speclfications
whIch would prOVide best condItions for storage of a given commodIty Model predIctIOns
were confirmed by measured observatIOns Perforatmg the film affected greatly O2 and CO2

concentratIOns and water condensatIOn but not the m-package relatIve hUmIdIty Bell peppers
packaged m perforated film lost less weight dunng storage and mamtamed hIgher qUdhty than
frUIt stored m open carton boxes, and at the same time demonstrated lower decay level than
peppers kept m non-perforated package Perforatmg the film negated npenmg mhIbitIon that
prevailed m mango m non-perforated packages Perforated packages retamed most of the
advantages of the modlfied atmosphere Non-perforated film ofthe polyamIde type had SImIlar
effect to perforated polyolefin film Water condensatIOn on the fruIt and on the contamer wall
was practIcally prevented

IntroductIOn

The keepmg quahty of fruIts and vegetables IS affected by temperature, and by concentratIOns
of oxygen, carbon dIOXide and water vapor m the surroundmg atmosphere (Kader et al ,
1989) The techmque of modified-atmosphere packaging (MAP) IS steadily beCOmIng more
Important as an addItional tool to prolong the storage Me of penshable commodIties (Ben
Yehoshua et ai, 1985, Ben-Yehoshua et al 1994, Goms and Peppelenbos, 1992, Cameron et
al 1995)

Expenments undertaken WIth bell pepper and mango fruIts showed that packagmg bell pepper
m non-perforated plastIC film may promote decay when water droplets condensed mSIde the
package (Ben-Yehoshua et al, 1994) In mango, seal-packagmg mhIbited npenmg In both
cases perforatIon appeared to present a pOSSIble solutIOn to these dIfficultIes Consequently,
we evaluated the effects of perforatIOn m modmed atmosphere packaging and performed a
theoretIcal analYSIS of the gas exchange dynamICS mtroducmg a new model whIch also
conSIders the water vapor In a perforated and non-perforated MA package (Fishman et al ,
1995, 1996) ThIs work estabhshed the potentIal of perforated plastIC packagmg m extendmg
the lIfe and reducmg spoIlage of mango and pepper fruItS The benefiCIal effects of perforatIOn
on water condensatIOn and decay were evaluated

PerforatIOn effects on dynamiCs of O2 and H20 concentratIOns

As stated preViously, a specmc problem appeared WIth mangoes, when the altered m-package
atmosphere was shown to ImpaIr npemng The use of perforated films was recommended for
mango fruIt and was successfully tested under certam experImental condItIOns (Rodov et ai,
1994, 1995, Yantarasn et ai, 1995, FIshman et ai, 1996) A model whIch mcluded
conSIderatIon of the film perforatIon was developed to help calculate O2 concentratIOn and RH



m a perforated-film MA package annmg at the optmllzatlOn of MAP condItions for mango
fruIt (FIshman et ai , 1996)

RespiratlOn and transpiratlOn of mangoes were studIed m mdependent expenments to estnnate
the parameters mcluded m the model The results of theoretIcal predIctIOns were valIdated by
companson With expenments on MA packages of mango Due to space lInutatIOns, only a few
highlIghts regardmg the data can be presented here

FIgure 1 shows the dramatIc effects of perforatlOn on the m-package oxygen concentratlOn
Four holes of2 mm dIameter changed the steady state concentratlOn of O2 from 1% (0 1 non
dnnensional) for the non-perforated to 19% (0 19) for the perforated film

Completely dIfferent results were found for relatIve hUmIdIty (RH) The time vanatIOn of RH
dunng the same penod, shown m FIgure 2, demonstrated good correspondence between
predIcted and observed steady-state RH levels and showed practically no dIfference between
the atmospheres mSIde perforated and non-perforated packages, which were both water
saturated The VISIble lag m the expenmental approach to the steady-state RH (FIgure 2), as
compared With the model predIctIOn, was related to the tIme necessary to reach eqUlhbnum
between the m-package atmosphere and the near-sensor enVIronment

These results show that perforatlOns affect the m-package dynamICS and steady-state
concentratlOn of oxygen much more than those of water vapor (FIshman et ai, 1996) The
holes as compared WIth the film present a new route WIth a better abIhty to transmIt oxygen
than water The relatIve contnbutlOn of permeatIOn through film and holes for the creatIon of
MA m packages was estImated for oxygen and for water vapor Under the condItIons of our
expenments, the oxygen transnusslOn abIlIty of the LDPE film-package contammg four holes
of 2 mm dIameter IS 131 times greater than that of the film for the same package WIth an area
of 0 03 m2 and thickness of 2x10 5 m but, WIthout holes The water vapor tranSmISSlOn abIlIty
of these four holes contammg package was three tImes of that of the film of non-perforated
package Thus, the effect of holes IS more pronounced m Improvmg the transnusSlOn of O2

than m that ofwater vapor

Model predIctIOns for perforated film

Changmg the number of perforatIOns per package IS eqUIvalent to changmg the transnussion
capabIlIty of the film, while alteratlOn of the relatIve hunudity m the ambIent atmosphere
means changmg the dnvmg force for water vapor penneatIOn through the film

The relatIve hUlmdity changes as predIcted by the model for packages With four levels of
perforatIon N = 0, 4, 20 and 40 holes per package, are shown m FIgure 3 (FIshman et ai,
1996) Three ambIent atmosphere RH levels (HA, non-dimenslOnal) were studIed for each
perforatIon level 08 (upper curve), 07 (nuddle curve) and 06 (lower curve) The transIent
penods for these combmatIOns of parameters were very short and vaned neglIgibly As can be
expected, lowenng ofHA reduced the predIcted m-package RH because of the mcreased RH
gradIent across the packagmg film Increase m the number of perforatlOns, N, makes the
package RH more senSItive to the ambIent RH and accordmgly, the dIfferences between the
steady-state m-package RH values correspondmg to dIfferent HA mcreased With mcreasmg
perforatIOn level (FIgure 3) It should be noted that even at the lowest ambIent RH (HA = 0 6)
and htghest perforatIOn level (N = 40) studIed, the m-package hunudity was predIcted to be as
high as 0 93 Indeed, our measurements confinned these predIctIOns This pre(hctIOn of the
perforatIon effect was repeated also m other condItions

The model snnultaneously descnbes the dynanucs of oxygen and water vapor concentratIons
m perforated MA packages Both predIcted and observed data showed that perforatIOn allows



to combme elevated m-package RH, sllmlar to that of a non-perforated package Wlth lugh
oxygen concentratIOn, that ofthe ambIent atmosphere Tlus makes It possIble to ffilllinnze frUit
weIght loss whtle mamtatmng the gas concentratIOns reqmred for the normal npemng of
packaged mangoes The model predIcts the effects of the ambIent hUffildity and of package
parameters, such as perforatIOn area, film surface, frUit amount, etc on m-package O2
concentratIon and RH and on fruIt weIght loss It may serve as an effectIve tool for
optlnnzatlon of MA packages It IS worth notmg that the model was evaluated for mango
fruits, but the calculatIOns for m-package RH would be vahd for other commodItIes, subject to
msertion of the appropnate transprratIOn coeffiCients

RedUCIng In-package water condensatIOn and Botrytzs decay by perforatIOn of the
plastiC film In MA packages

Perforation was observed to reduce the condensatIOn of water droplets m MA packages In
order to charactenze the condensation quantItatIvely, all the water droplets on both frUit and
film were absorbed on filter paper and weIghed FIg 4 represents the relatIOn between the
extent of package perforatIOn and the amount of condensed water m mango packages

The Importance of the reductIOn of the condensatIon was demonstrated Wlth pepper fruIt
Four red peppers were placed m a tray package of 4011 thick LDPE film and stored at 8°C and
90±2% RH The m-package atmosphere after achIevmg steady state was 4 9% C02 and 4 8
5 0% O2 These condItions fit the recommendatIOns for bell pepper storage m controlled
atmosphere (CA) Unfortunately, despIte the successful achtevement of the recommended CA
speCIficatIOns, the fruIt m these packages had a htgh mCIdence of decay - above 30%, whtch
was caused matnly by BOtrytlS cmerea Tms decay was probably related to the large amounts
of water droplets wluch condensed on both the film and the fruIt Thus, optImal O2 and CO2

are not m themselves suffiCIent to proVIde adequate condItIOns for MAP of peppers
Accordmgly, effects of perforatIOn and hygroSCOPIC matenals on decay mCIdence m these
packages were mvestIgated

PerforatIOn slgmficantly reduced the extent ofBOtrytlS decay In bell-peppers (FIgure 5) Use of
perforated polyolefm film WIth 8 holes 0 4 mm In dIameter/mch 2 (124 holes cm 2) reduced the
amount of water condensatIOn on both the film and the fruit m a package holdmg 4 peppers
Tlus resulted m 5% Botrytts decay as compared WIth 35% observed m the Siffillar package
sealed Wlth non-perforated LPDE film It is mterestmg to note that perforatIOn m these
expenments dId not reduce AltellUllla altemata decay (data are not gIven) AddItIon of 109 of
hygrOSCOpic matenals such as NaCI or the Stocksorb polymer m a sealed sachet of spun
bonded Tyvec effectively reduced both the condensatIOn and decay caused by BOtrytlS
cmerea, surnlar to perforatIOn These treatments also reduced the RH m the package from ~

99% to 92-95% and extended the hfe of pepper PreVIOusly, Shtrazi and Cameron had shown
that NaCI addItIon extended the Itfe of tomato frUit The loss of weIght of the frUit kept m
perforated packages or m non-perforated packages WIth hygrOSCOPIC msertions, was still
markedly lower than that In non-sealed packages

Effect of different types of plastICS.

Bell peppers were packed In cardboard cartons hned Wlth dtfferent types of films The type of
film affected the rate of weIght loss, the most effectIVe m slowmg weIght loss was the non
perforated polyolefin type film, Cryovac MR The same type of film but perforated Wlth 8
holes mch 2 Cryovac SM60M mcreased the rate of weIght loss m companson WIth the non
perforated Cryovac MR but still effectIve m reducmg weight loss when compared Wlth the
control, non hned carton Another type of non perforated film made of polyamIde affected the



fruIt m a sundar way to the perforated polyolefin type film Cryovac SM60M All three types of
film used for lmmg the cartons had sundar thIckness (FIgure 6)

The highest dIsease mCIdence caused by BOtrytlS cinerea was found m the carton Imed wIth
non perforated polyolefin film Cryovac 1vIR ThIs type of package also had hIgh level of water
condensatIOn 0 346gr per 2 fruIt and 2 99 gr on the lIlI1er top of the lmed carton The carton
wIth the perforated film had the lowest decay level and only 0 013 gr ofwater condensed per 2
fruIt and 0014gr/carton The carton lIned wIth the polYamIde film had slIghtly hIgher but not
sIgmficantly dIfferent decay mCIdence than m the perforated film CondensatIOn of water was
o025 gr/2 fruIt and 0 033 on the mner top of the carton In the control non-Imed carton the
water condensed amounted to 0 016gr/2 fruIt and 0 008gr m the carton

DISCUSSIon

Perforated MAP

The effects of perforatIOn on MAP was evaluated both theoretIcally WIth our model (FIshman
et aI, 1995, 1996) and experunentally WIth mango and pepper fruIts The major effect was
that perforatlon of the film negated the mhIbitIOn of the npenmg process that occurred m
mango sealed m non-perforated packages Also, m our experunents, decay m perforated
packages was sIgmficantly lower than m non-sealed control mango fruIt Sundar results were
obtamed also WIth several CItruS fruIt (data not gIven)

Perforated packagmg achieves many of the good results of non-perforated packagmg m
reducuon of weIght loss and shnvellmg Without the deletenous off-flavors, fermentatIon or
CO2 damage and WIthout the condensatIOn of water droplets that enhanced decay that occurs
In non-perforated non-shrunk bell pepper and mango packages (Rodov et aI, 1994, 1995,
Yantarasn et a11995, FIshman et aI, 1995, 1996)

MAP and water condensatIon

Packagmg that reduces deSIccatIOn may encourage water condensatIon, whIch In tum,
encourages pathogen development This problem IS dIfficult to solve, but good practIce can
mmnruze the damage and a balance should be achieved that would prevent excesSIve water
loss and exceSSIve condensatIOn PerforatIOn, or the IntroductIOn of a sachet contammg
hygroscopIC matenals may help achieve such a balance Slmnk seal-packagmg IS also very
effectIve m reducmg both weIght loss and condensauon The adherence of the film to the fruIt
peel, the mherent perforatIOn present m shrunk films as well as the selectIOn of the proper
plasuc film all contnbute to the VIrtUal absence of condensatIOn from the shrunk-sealed fruIt
(Ben-Yehoshua, 1985, 1994, Patterson 1993)

ConclUSIOns

MAP proVIdes a useful tool for extendmg lIfe and reducmg spOIlage of penshable agncultural
produce ThIs developmg technology appears to be of relatIvely low cost and to requrre much
less mvestment compared WIth coolmg or CA Furthermore, It has the great advantage of
bemg envIronmentally frIendly utthzmg mamly the control of 02, C02 water and ethylene
Without exogenous cherrucals HIgh decay levels caused by BOtrytlS was found m packages
WIth relatIvely htgh water condensatIon
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Mathematical Model for Perforation Effect on Oxygen and
Water Va~or Dynamics In Modified-Atmosphere Packages

I

SVETLANA FISHMAN, V RODOV, and S BEN-YEHOSHUA

\

ABSTRACT
- A mathematlcal model wa~ developed 0 ,tudy the Illfluem.e ot him

ptlrforatlOn~ on O2 l.onCtlntratlOn and rLlauve humidity m tht. atmo~phen:
IU a packaj"e cont:lInmg fre~h fruits The model mcluded equatlon~ de
~l.nbmg trult respiratIOn and trmsplratlon a, wdl a~ permLauon ot ox

.. ygen and water vapor through the perforated film Clo,ed s),t..m
e"p"nmt.nb WIth mango trult revealed a llOt.ar dependem.e of re,plrallon
rate on 0 conl.entrallon The model allowed analytical comput Ilion ot
Ihe lime cour,e of 10 packaf,e 0 concentr l!Ion and relative humidity
,llld the re,ult, were III good agreement with expenmentally mLa,urt.d
\ Ilut.s PerforatlOn~ had a much more pronuunced ettel.t on ° COnl.Ln
lratlon than on relative humidity The model en..lbkd pr.tctlc.l1 prLdlL
!lon, tor dC~lgmng moddled atmo,phere P.l\ kagll1g

I\.Ly Word, modified atmo,phere trull pad ..lbll1b pLrtOlallon In pack
agL humIdIty Illanbo

INTRODUC lION

PACf-.AGI!'.G OF rRUITS and vegctablL, m pld~tlc films tS com
mon for prolongmg the po~tharvest 1l1e of tre~h produce High
relatl"e humIdity (RH) III the atmo~phere surroundmg trUlt dl
mll1l~hl.' dehydratIOn and pre~erve~ he~hnl.'~ (Ben-Yeho,hu<.I,
1987 Ben-Yeho~hua et <.II 1994) Low ° .nd e1evdted CO
l.oocentratlOm, III the modIfied atmo~phere (MA) of thl. pdl.kdge
n.dul.e the re,plr<.ltlOn l.lte dnd hl.\lCe ImprovL .,tor.lgl. hil.. Frulb
ha\e ulfterent tolerance hmlb to low 0, and elevated CO 1l.v
eb Exces,lve tn-package humIdIty may stlmul.ltl.. mIcrobIal
pathogen developml..nt fherefore, the rangl.~ of 0" CO, and
water vapor levels must be chosen for each prodUl.1. and the
MA packagmg must be deSigned to proVIde opumal ,torage con
ditIOn, A speCific problem appeared for example With man
goes (ShapIro et al 1989), when the altered m-pdckage
atmosphert. was shown to ImpaIr theIr npl.nmg mechamsm~

The opumal MA package should prOVide a deSIrable (not too
low) oxygen concentratIOn to ensure the npenmg of mango fruIt
.md, dt the !>ame time, should mamtam m-packdge humIdIty hIgh
enough 10 mmm11ze wl..Ight lo~s Thl. u~e of perforated hlm~

wa, recommended for mdngO frUit by ShapIro et.ll (1989) and
latl.r Wd, tested under expl..nmental (Ondltlon~ (Rodov et al
1994 Yantar~n I..t .II, 1994) Optimal condmons for mango
packagmg could be determml.d With the diU of d modd whll..h
would Include con,IderatlOo of the film perforatIon

Investigation of ga~ exchange through perforated pIa~tlc WdS
undertaken by Emond et al (1991), who mea,ured gdS tran,port
through the pertoratton~ and developed de~cnptlve empmcal
equations based on the measurements Permeablhttes were
measured on boxes made of pertorated plastIC of relatively deep
thlcknesse;, and wldl. perforation SILes EmplOcal equatIons
WLre mcluded m a computer program to ;,lmulate vanous per
torated packagmgs Re,ults were applIed to fit condltlons for
broccoli ,torage ShU.lZI and Cameron (1992) mdu.ated that op
tlml.latlon of mOl~tUf\. I..ontcnt m thl.. MA p.lck.lge must be donI.
m paraHd with optunlLatlon of the ° anu CO lI.veb

Author Fishman IS with the Dept of StatistiCS & Operations Re
search and authors Rodov and Ben Ye'loshua are With the Dept
of Postharvest SCIence of Fresh Produce Agricultural Research
OrganizatIOn The Volcani Center Bet Dagan 50 250 Israel

A model tor calculatIOn of ° and CO conCl.ntratJOns III a
non pl.rfOlated pad·.age containing fre~h lrulb W,l' developl.d
and applied to bdl pl.pp<:r (Flshmdn et al 1995) The modd
based on two proces~e~ (fruIt respIratIOn and ga~ pLnneatiOn
through a homogeneou~ him) was analyzed thl.Oretll.<.Illy It re
vealed a maxtmum as an mtrmslc charal..tcn~tlcof the CO2 ev
olullon curve Thw the systl.m wa~ ~Imulated numencally
Model predlctlons were I..Ompared WIth results ot expenment!>
WIth red bell pepper trult tor vahdatlon

Thl. mam objective ot our work wa~ to develop a model to
cukulate the ° concentr<ltlOn and RH m d pl.rtoratcd film MA
p..ld.c.igl. It wa, ,uml.d at optlmLldtlOn of c.;tordge condllions tor
mango frUit Thl.. maud compmed a theorLtlcal un.llY~I" of ga~

pl.nu<..ltlOo through d pl.lfor.ltl.d film RI.~plfdtlOn and tran~pl

fatlOn of mangoes Wefl. studll.d III mdl..penJent expl..nments to
l.:.tunatl. pdfameteI, 10 th... model Thl.oretll..al prediction!> wen:
vdliJdted by compdmon With LXpl.nml.nt, on ~lmLll.ltLd MA
p,lckagl.~ ot mJngo

MATERIALS &. MclHOD~

MAIURL \.JRI-L'" 'l.IANGOI:~ C\ Keitt grown 10 the Jordan Vall<::y (brae!)
WLrL obt,i1l1<::d lrom a P.ll.h.ll1J hou'L on thL da) 01 h.lrvL,t The lnllt did
not rl.l.~l\ I. any po,tharvl.,t tre.ttmem excLpt W.l,hlOb

Clo~l.d-sy~tem expenml.nts

A clo,ed sy~tem wa, u~cd to eStlmdte the h.IOLtIC, 01 oxygen upuke
by mango fruit rrulb ot known welbht dnd voluml.. were plaLl.d III 750
mL Lhambt.r~ pr.ictlc.1lly Impermeable tor g I'L' E..lLh chamber com
pmed a 05 mm thIck polyLlhylLnL lerephlhdl.lte polye,ler (PET) L\l
IOd..r tightly mounted on top of a m.l"lve rubber ~loppLr (hg I) One
1rmt wa:. placed 10 each Lhamber To prLvent gas lLakage thL umon 01
pla,tlc cyhnder to stopper WdS lubncdlLd with ,lhconL bel Thl. g.l'
tlghlne" of edl.h ,y,lem Wa> te,tLd In prehmmary eXpLnmLnlS To clun
mate the I..ttt-Lt ot ('02 on rl.,plralory dL!l\ Ity ot IIlL fruit c.llClUm
hydrOXide wa~ placed In Ihe ch.lmber a~ .I CO .lb,orbLr Se.lled bal,~ 01
b..l~ pLrmL.lble ,pun bondl.d polyelhykne (Tyvl.k Du Pont Co Genev.l _
::'wltLerl.lnd) COUl.lmlfib lOb 01 C.I(Olf) WLfl. mounll.d 10 lhe lOp, oj!
thL chambLr~ wllhout ,hred wnlact wIth thL frUIt "-

[ach chdmber h.ld IhrLL opel1l%~ One W.I' llbhtly plugbt.d wlIh a
rubber ,eptum .lbout I cm duck Ihroubh which 5 mL l,a, '.lmple~ WLrc
extracted u~mg a g.1~tlbhl 20 mL bl.l~' :.yrmge With a 05 X 16 mm
needlt. A pla,uc tube WIth lOner dl.lmetLr I mm wa:. m,talled 10 the
rubber stopper (Fig I) III ordLr to coLlel..t gas ~.lmple;, from the centrdl
part of the ch.lmber The ~LLond op..nmg wa, cOllnL(.tl.d throubh a LULr
Jomt wIlh d g.l,ught 35 mL pla,tlc ,yrll1bL to prevLnt thl. devLlopmLnt
of nLgatlve pre~;,ure m the ~y~tLm a, 1 re~ult of regular ~amphnb [0

...nsure accurate pres,urL mamten.lnl.e and to prevent It.akage dunnb ~am

phn!, After each ,amphnb thL ~ynnbe p!ullber was lowered by 5 mL
to compen~ate for the redu...tlon ot b.l, volum.. m Ihe ,y,tem Ih...n th~

plUnl,Lr Wd;, fIx..d wllh a ,phnt The homobenLlty of the atmo,phl.r~

wlthm the chamber and the syrmge wa, matntamed by pumpmg all With
d synnbe plunger The third opemng was cOlmected to a water mana
mLter Via a rubber tubL ThL partlal val..uum fonn~d In the chamber WJlh
l. 1(011) ...;, a r..,ult 01 CO ab,orptlOn W.I' ..ompLn,,,tLd bdorL L.lLh
,amphng by IllJel.lmg IlIlwgLn 10 LqUlhbnum pr..."urL bLlwl..t.n Ih~

ch Imber .lnd Ill> ,urroundllll,' frull Wl.rl.. "l.pt In thl. l.halllbLr tor 15
25 hr until oXYbLn dLplt.tlUIl

O'Yb..n and c Irbon dlUxlde COnl.Lntr.lIlOfl, In tilL ,ampk, trom Ih..
L1o",:d ,y,tem WLrl. d<.lLrnllned 011 .I P.ll.kard 7500 ba~ chromJtol:,r.lph
with thenn.tl l.OndULtlVIlY d"tLl.tor .lnd C fR I p.ll."Ld l.olumn u>lng h..
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Fig 1-Scheme of closed system The components of the appa
ratus are shown spparated from one another rn order to c1arrfy
the figure 1-plastfc cylinder 2-rubber stopper 3-COz ab
sorber 4-synnge (pressure compensator) 5-sphnt 6-sam
pIing port 7-rubber septum 8-plastlc tube 9-connectlOn to
manometer 10-frUit

FIg 2-Scheme of package Simulation 1-chamber 2-rlgld
plastIC ring 3-two rubber rings 4-LDPE film (With or Without
perforations) 5-rubber gasket 6-rubber septum 7-tempera
ture and humidity probe 8-slntered metal filter 9-frult 10
double clips

had chancten~tlc tImes on the order of hour~ The main dvn1mIc van
ahle~ oxygen concentratIon 1nd RH were eYpre"oed on a relative (non
dlmen~lonal) ba<;I~ to ~lmplJfv the equatlon~ (Bank~ and CJchnd 1993)

The amount of ga... I~ u<,ually rcprcsented by the product of ItS partIal
concentratIOn (denoted as C for o'(ygl"n coneentntlon and a~ C.... for
watLr vapor) and the free volume wlthm the package V which wa~

formerly called thc head~pace

Model development and parameterllahon

T\\o m1111 proces~e~ contrlhute to change III thc ,mount (Q) of a g1~

lllslde a p1ckage contallllng fre<;h frUlt phY~1010g1C11 1CtlVltv (rc<;plf1
tlOn re<;ultmg III oxygen con~umptlOn and transpIration emlttlllg water
vapor) with 1 total rate f and perme1tlon of ga~es through the packaging
film With 1 nte F

Ga~ tran~fer through a polymerIC him WIth macroscopic
perforations

The total permeation flow throu!,h a macro~coplcally homogeneous
film 1~ defined a~ flux J the ga~ quantity which cro~~e~ a umt of film
area multIplied bv the film 1re, S F = J ") If the film 1~ perforated
the perforatlon~ repre~ent an alternative r0ute for gas tnmport whIch l~

Thl. level of watcr vapor IS usually repre~entcd bv relative humIdity
(RH) defined a~ H = pip I where p I~ thc partial pre~sure of water
vapor and PUI IS the ~aturatlon vapor pre~~Ufe (the partial pres~ure exerted
by the water V3por m eqUlhbnum wtth pure w1ter) Accordmg to the
Ideal Gas Law the concentratIOn of water vapor CW IS equal to p/RT
where R IS the gJS constant and T " the ab~olute temper1ture (OK) Thu~

Cw may be approxImated as Cw = H p /RT = aH where a = p IRT
I~ the water vapor eonLentratlon under saturation vapor pressure whIch
depend~ on temperature For 20°C m non dlmemlOnal Units a='O 023
(LfL) DImen~lOn of CW IS the ~ame a~ that of a C.... does not partICipate
m the followmg calculatlon~ bemg ~ub~tltuted by aH In equation of
water vapor balance ex can be ~hortened IC1Vmg H a~ the m lin vanable

To perform the calculatlon~ nece~~ltat" e~tlm1tlOn of rarameter~ m
volved In the mathematical de~cnptl0n of the sy~tem ParametenzatlOn
IS de~cnbed below m parallel wtth the mathem1tlcal descnptlon of the
proce~~e~ under con"dcratlon ::IS an Integral part of the model devel
opment

(I)

(2)Q == VC

dQ/dt == f + F

hum as C1mer ga~ Re~l~tance of the fruIt ~urfacc to w1ter vapor per
meatlOn wa~ calcuhtLd from mea~urement~ of fruit weIght los~e~

(Ben Yeho~hu1 et al \98'1)

MA packa~e ImItatIOn

In order to Lhcck model predictions e'(perlmentally the modified 1t
mo~phere packa!,L wa~ simulatcd (rIg 2) A domL ~haped ch1mbcr
I 6L In volume with the open SIde 20 cm In dlameter made of 4 mm
thIck ngld polycarbonatL ph...tlc W1lh tht I 5 cm rim simulatcd the MA
package Thc wall~ of the chambc..f were practIcally ga~ Impermeable A
low den~lty polyethylene (LDPE) film 20fl thIck WJ~ ~tretched over the
<'pen 'Ide of the chamber between two rubber nng~ of I 5 cm WIdth
chmped agatn~t thc nm by a rigid rla~tlc ring of the ~ Ime dlmen510n
The nng~ wcre lubncatcd \\ Ith slltconc gel to en~urc ga~ tlghtne~~ 1nd
the ~y~tem wa~ f1~tcned wIth double chps The expenment mvolvcd h\o
ch1mbcf~ onc covered Mth nonperforated LDPE film the other covered
wIth the film wIth four hole~ each 2 mm In diameter Thc film was
pcrforalLd before ~trctchmg over the chamber by means of sh1rpLned
~tecl tube~

Combmed tempenture and humIdIty probe~ (model r 100 RotroOlc
Zunch SWlt2'erldnd) were Inserted mto the bottom of each chamber
through a tight gasket The sen~or~ were protected agamst conden~ed

"ater by ~mtered metal filter~ With 8 mIcron pore ~17e a< recommended
by the manuf'lcturer (RotronIc 19R7) fOf work under high RH cond!
lion... Each ch1mhcr had an openlllg tightly plugged WIth a rubber ~ep

tum about I cm thick through whIch 5 mL gas ~dmples were Withdrawn
by 1 ga~ tl!,ht syrmge for analySIS by g1S chromatography

Two mature green mangoes of known weIght and volume wcre placed
III each chamber whIch wa~ closed as descrlbcd The ~hambers were
kept In a ~torage room at 20°(. and RH 90 :!:: 1% OxY[,en and carbon
dlo'(IdL concentrltlon~ In the pack1ge ~lmulatlon~ were mea~ured dally
ThL tcmperllUre md humidity value'> ,""'de e1ch ch1mher and m the
Jmblcnt ltmo...phere of the 5toragc room were recordt..d every 6 hr With
a data logger (Plcologger YM ElectronICs Ramat Gan I~rael)

'5latJ~tlcal 1nalY"'I~ of dat1 wa~ performed on a M1cmto~h computer
\I~lllg JMP (SAS In~tltute Inc 1989) ~oftware The ba'oC UnIt~ of the
fntem1tJOmi Sv~tcm of UnIt~ SI (~ee Down~ I?'l'l) were u~ed through
out thc ~tudy except for the umt of tIme It wa~ much more conVLlllcnt
to e'(prc~~ tlmL In hour~ becau'oC the main processe~ under conSideration
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MODEL FOR PERFORA TlON EFFECT ON MA PACKAGES

III pJ.ralklto the bamer formL.d b) the plol~tlc nutL.fI..lI In thJ~ L.J~e thL.
total flow I,

(II)

(10)r(C) = Il C

Rt.~plr"tlOn

Changes m l:,olS amount due to fruit reSplr.lllOn are repre,ented by
rL~plr:1tI0n cate r(C) which I, ddinL.d as volume of 0 con,umed per
umt welbht of fruIt 111 umt time MultiplicatIOn ot r(C) by the frull
weight W blve~ the re~plratlon L.On[llbutlOn to change, 111 gas amount
111 the he.ld,pace V The term I m Eq (I) I, given by

f = -r(C) W (9)

Equations of MichaeliS Menten type h.lve been applied (Lee et a1
1991 Cameron et "I 1994 FI,hmcln et a1 1995) to descnbe the res
plcatlOn rate as d tunctlon of concentraUon 111 MA package

To estimate the respiration pdfameters for manbo frUIt expenments
were performed 111 a closed sy,tem aL.cordmg to the scheme apphed to
bell pepper (FIshman et al 1995) A statl~llcal anJlysl~ of the ob~erved

O2 dL.pletlOn with mango Irult showed that MlL.haeh~ Menten parameters
were ~trongly L.orrelated and had broad confidence hmlls Thl, usually
1I1dlcdtes a model hdS redundant parameters, I e a Simpler model with
reduced number of parameter, would ht the observed data as well (G.lr
hnlcel and Febley 1984) Therefore the rectangu(J.r hyperbola was Jp
proxlmdtt.d by a hnL.ar model Wllh one pardmeter

which h.l, a ,oluuon

The lmear dependence of mdngo resplrallon rate on O2 concentration
h&, <ll.o been reportt.d by Yant.lra,n et al (1995) who worked With cv
N'1m Doric M&I [n term~ of enzymL. IclndlC, thiS dependencL. II1dlC.lted
d low .llnmly 01 t.n'yme lor sub\trdtL. .1, wmpdrL.d With the dthmty of
L.ytot.hrome oXldJ~e for oxygL.n ForwJrd (llJ6S) JlIU other, (Chevlliotle
1973 [uL.lcL.r and Latles 1985 Jolc, et .II 1994 Cameron u al 1995)
L.on,lt1L.rcd pO'~lblL. t.xplanatlon, of .In lpp.lrently low alomty ob,ervLd
prL.vlou~ly III lemon applL. .lnd avoc.ldo Lquallon (10) was u,Ld m our
L.UIT"nt ~tudy wllh p.lrdmdL.r J.l. httL.d for mangoL.~ Combmll1g Eq (I)
(2) (9) .lnu (I 0) ~ubJ"Lt to F = 0, rc~ult, III the hnear differential
equallon lor thL. clo~eu sy~tem

2'

(3 )
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• •
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Fig 3-Study of reSpiratIon parameter f.l. (Eq 101 The curve rep
resents O2 concentration as a function Cluj = 0209 exp(-j..l u)
with u = t WN (h kg m-3) and coeffiCient J.l = 92 x 10 5 (m3 kg 1
hr- 1) determmed by means of a curve flttmg procedure usmg
expenmental data (black pomts)

whL.rt. Sh IS thL. totJl area of the hole, and J, I, the flux 01 a ga~ throubh
umt Jrea 01 the ho1L. A ,uUllJr equJllon ~tJtL.' lor thL. W..ltL.r vJ.por flow
Fw

ThL. ,tL.J.dy-,tJte dIflU,lOn flux of J. bJ.~ throubh '1 non pL.rforJlt:d film
obeys the lollowlfll:, equJtlOn (Cu,,1L.r 19h-l)

where C and CA are concentratlOIl~of gas IIlslde the packagL. and m the
Jmblent atmo,phere respt.L.t1vely P IS the pL.mleabthty coelhctent of the
hIm to the bas and L J~ hIm thlclille»

MJ.croscoplL. perlorJ.llon, m polymenc film~ hJ.ve dlJ.Jneters of the
order 01 1O-4m or greater wherea~ the mean tree pJ.th of ga, molt.cuk,
at atmo,phenc pre»ure I, mUL.h Ie» belll!:\ J.bout (I to 2) X 10 ' m
(Ke~tl1tg Jnd Fnt'~L.he 1<)93) TherLfore trdn~port throubh the pL.rto
rallon may be tredted .1, mdL.rOSCOpIC dllfu~LOn 111 J cyhndncal pJthwJy
filled with mr Ddfu~lve flux m thl~ L.J,L. obL.y' FIL.k , law

J, = -D (C - C,)/L, (5)

(12)

where Co l~ the 11lIllai 0 concentrdllon it t~ convement to repre,ent
ob,erved ddta a, a funL.tlon qu) =: CQ exp( -J.l.u) where u = (WN) t
ThL. u,e 01 the normah,ed vanablL. U m,tead of time enabled u~ to
pt.rform .1 Jomt ~tatl'llL..ll .maIY'I~ of ob,ervatlon, on lrult wuh dllferent
wt.lbhb dnd volumL.~ ThL. pdrameter Il Wd, found to be (0 918 :±: 0033)
X to • 013 kg-' h I from ~tatl,t1cal curve httmg The time course of the
o concentrdllons measured 111 the closed ~ystem (FIb 3 Circles) WJ.S

L.ompJred to thL. httLd wrve C(u) ba~L.d on the L.~umdted pardmL.ter Il

F" = a (HA - H) [SPw/L + ~h Dw/(L + Rh)] (8)

The water vapor flux through the perforated film IS represented 111 a
SimIlar way With aH replacmg the concentration

(14)tPw = P Ct (Hr - H)

Tr,lDsplr"lion

A transplrallon flow fw replaces the flow f 111 Eq (I) m the case of
wdtL.r VJpor It IS the amount of watL.r vapor whIch pdsses dway Irom
tot.ll fruit ~urface per umt of ume Denollnb the water vapor efflux from
umt 01 lrun ~urldce "red p"r umt at time d~ tPw dnd the frull .Ired a, ,
thL. total flow C I, cdIL.ulatL.d a,

where H r IS reldtlve humidity of fruit mternal atmosphere and p l~ the
pennednce of fruit ,urface to water vapor (defimtlon given by Oonhowe
and Fennema 1994) The II1verse value (T = IIp IS the resIstance of the
fruit surface to water vapor transport often used for descnbmg water
vapor flux The relative hunudlty {If fruit mternal atmo~phere WdS con
>ldered a, a hr,! <lpproxlm.ltlon to be I 0 (or 100%) ThiS parameter
depend~ on ,olute content ot the fruIt and I~ shbhtly le,s than I 0 (Pal
ter~on et al 1993)

TrJ.l1,plf.ltlon re,l~tance of m.lngo frult was e~tlmated accordll1g to the
mL.thod dL.~\.nbed by Ben Yeho,hua et.ll (1985) u~mb weight lo,~L.~

ob~ervL.d III 16 mdngoe~ III the open .Ilr The mean re,lstancL over 16
ob~ervJllOn, Wd, 292, rm I with ,tanddrd dL.VldllOn 4 5~ cm ' ThL.

A~ pomted out by Burg dnd Burg (1965) gas dltfuslOn from plant
ll~sue ~hould bL.have accordmg to Flck s law Ben Yehoshua et al
(l %5) u,ed Flck ~ l.lw to descnbe the flux of water vapor through umt
ared of frUit ,urface m their study of Cltru~ frull re>l~tance to water vapor
trdn~port Hence tPw IS proportional to the difference between RH of
frull lI1ternal atmo,phere and RH 01 the MA In the pac1..abe

(7)

(6)

F = (CA - C) [SP/L + Sh O/(L + R,,>}

We exammed ,ome addlllOnal models (unpubhshed re~ult~) wah dIffer
ent symmetry for thiS dIffUSion problem and obtamed "mlldr re,ult~ m
all cases conSidered Theretore Eq (6) w IS uhed m ,ubsequent com
putallons

Takmg mto account Eq (3) to (6) the totJ.1 flux through plastiC film
of area S With N perforation, of radlu, Rh (wnh total area S, = 'TI"R,N)
may be represented a,

wtth dlffu~ton coeffiCient of the ga~ III air D replJcmg the permeabthty
coetlklent P of l:.q (4) The dltlu~lve pa,~ length I~ denoted hue a,
Lh It, evalUdtlon I~ a comphc.lted dlffu,lllll problem If the dl,LiI1ce
between perforation, IS much gre.lter thdn their rddlU, e~llmJllOn ul L,
molY be approxImated by the model employed by Mudner .md Man,held
(1968) and !'.obL.! (1974) lor computation of thL. ,tomatal re,lst"nL.L.
Accordlllg to thl, apprOXlmdtlOn L, equal. thL. iL.ngth L 01 thc L.ylm
dncal pore enlarged by the hole radIUS R. I e

where H" IS relative humtdlly m the ambient atmo~phere and Dw I, the
dlttuslOn coefhLlent of water vapor m dlr

Par.lmeter~ P dnd Pw were lound from the LOPE film ,peL.I!ICJtlOn,
J.nd chL.cked In our I"boratone, (flshmdn et .11 1995) The thtfu~lOn

L.oL.fhclent~ m atr 0 and Dw dre known Irom pubh,hL.d d.ltd
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t* = V/(Jl W + SPIL + S, D/(l + Rh)] (21)

I:quatlons for gas e'(change In MA steady state and tranSient
solutIOn

me1n v11ue of re~l~t1nce W1~ 1hout one Ilmd of the tnn~plntlOn req~

t1nce of Cltru~ frult~ (1065 cm I) found by Ben Yeho~hua et 11 (198~)

tw " = V/[s P + S Pw/L + Sh Dw/(L + R,)] (22)

Equations (19) and (20) repre~ent solution of I:q (15) and (16) on lhe

RESULTS

Model valIdatIOn

EquatIons (17) to (22) which de~cnbc the tIme change<; and
<;te1dv state Ic\cls of O 2 and water 'l,apor In MA packages
fonned bv perforated film 1S Vvell a<; the weIght lo,s of the
packed fruIt represent our theoretIcal re<;ult<; TIle mathematical
problem wa~ solved analytIcallv fOT mangoes, but tillS solutIOn
may be applted to other fruIts when the Mlchaells-Menten equ1
tlOn for reSpIratIOn T1te can be Itneanzed WIth respect to O2

concentration
The model parametenzatlOn was based on expenments per

fonned WIth mangoes 10 a closed system and 10 ambIent at
mosphere a, de<;cnbed Several parameters were mea,ured for
the ,y,tem (Table 1) ,ome of which were phySical parameters
of the package (weIght of fruIt headspace \\ Ithm package etc)
others were phYSIOlogIcal charactel1stlcs of fruIt studied from
mdependent e'\(penment~

To vahd1te thc model Its predlctlon~ wcrc compared WIth
experiment, on m1ngo fnllt In slmuhted MA p1ck1ge~ WIth
perforatcd and non-perfor1!t-d films For all computatlOn~ In

dcpcndentlv estImated parameters Vvcre used (Table 1) Calcu
JatlOn of steadv-state oxygen concentntlOn from Eq (17) yIelds
C* = 0 0177 for non perforated film (N == 0 I C Sh == 0) and
C'l< =: 0193 for perfOlated film (N -= 4 Ie Sh = 1257 ><- 10-<
m ), whcrea<; expcrImental values of stcadv-state oxygen con
centratlOn were 0 0 I and 0 19 WIth nonpcrforated and perfof1ted
film<; re<;pectlvely The ,teady-statL- relative humldltle<; caleu
latcd from Eq (18) were H* == 0999 With N == 0 and H* ==
0997 WIth N == 4 whIle observed relative humIdity was close
to H* == 10 WIth both kInds of packagmg film

The dynamtc~ of gases 10 MA IS governed by Eq (19) and
(20) whIch depend on charactemtlc tIme, The charactenstlc
tImes for oxygen dvnamlcs calculatLd from Eq (21) were t* =
9 6 hr for N == 0 and t* = 0 8 hr for N = 4 For water vapor
the values of t: computed from [q (22) wcre 0 0139 hr and
00137 hr for N = 0 and N = 4 respectlvcly The charactemtlc
tImes wcrc much shortcr than tho<;e of thc clImacteric change<;,
whIch <;tarted to be obscrvable In our expcnment~ more than
100 hr aftcr the bcglnnlng of the <;tudy ThIS Ju<;t1fied our al>
sumptlOn of constant parameters The observed (CIrcles) and cal
culated (curves) tIme courses of oxygen concentration In MA
were compared (FIg 4) for both N= 0 and N == 4 They dem
on'ltrated SimIlar patterns of predIcted and observed results

The dynamiCS of RH dUring the ,arne penod (FIg 5) dem
onstrated a good correspondence between predicted and ob
served steady-state RH level, ThIS showed practIcally no
dIfference between perforated and non-perforated packages (dIf
ference under gIVen condltlon<; :; 0 2% RH) The VISIble lag m
expenmental approach to the steady-st1te RH as comp1red WIth
model predIctIon was related to the tIme reqUlred to reach equI
hbnum between m package atmosphere and the near-sensor en
vIronment ThIs tIme penod was greatly Increased by the
presence of a smtered metal mlcroporous protective filter over
the sensor Our observatIOns (not pubhshed) showed that re
moval of the protectmg filter reduced the probe reaction tIme
from hours to mmutes but greatly affected the longeVIty of the
Instrument when It was used at RH close to 100%

Re<;ults showed that perforatlOn<; affected the dynamICS and
steady-st1te concentratIOn of oxygen m MA much stronger than
those of water vapor In our expenmental sy,tem the oxygen

a,'umptlon that the coeffiCIents of the equdtlons are constant In tIme
For climacteric fruit' such as m1n60 the parameters of respIration and
tran'plr1tlon 1re known to ch1.nge With lIme Nevertheless Eq (19) and
(20) prOVIde good 1pprOlomatlon, when the chm1ctenc changes are
slower Ih1n ch,nclenstlc times of lhe wstem ,0 th1t the coefficlenl'i
m1Y be conSidered as constant wHhm the hme reqUlred to reach steady
st1te The etnnactenc related changes of the parameters may become
Import1nt m long term SlmuhtlOns 1nd Will be taken mto conSIderatIon
m a comprehenSive eompulert7ed model of MA packagmg for mango
,torage based on these analyttcal developments

(20)

(19)C == C* - (C* - CAl e'\(p (-tit")

H = H" - (H* - HA) exp (-tltw*)

H" = {s p II, + [S Pw/L + Sh Dw/(L + Rh)J HAll

(s p + S Pw/L + Sh Dw/(! + Rh)] (18)

The gencral solutIon of Imear differentIal [q (15) and (16) subject
to mltlal condItions of ambIent atmosphere Ie, C = C.. and H = H..
at t = 0 IS

where t" and t~ are charactenstlc times for the dynamIC'S of 0, concen
trall{ln 1.nd relatIVe humidIty respectively The charactenstlc tIme IS that
requIred for a dynamIC variable to traverse a fractIOn 1 - exp( -1) =
o63 of the ran~e from mltlal to steady state value It IS analogou~ to the

IIfellme -a parameter used for descrlbmg the first order processes of
decay In photo- and radIO chemIstry (Nobel 1974) The characteTlstlc
tImes In Eq (19) and (20) represent the followmg combmatlons of pa
rameters

rn~ertmg Eq (2) (7) (9) and (10) mto Eq (I) gl\ es the equatIOn
descnbmg dynamICS of oxygen m the MA

dC/dt = -11 CWN + (C, - C) (SP/L + Sh D/(L ~ Rh)lN (15)

Combining rq (2) (I') (t1) 1nd (14) WIth Eq (1) lead to equatIon
descnbmg dymmlcs of water vapor In the MA

dHidt =: S p (H, - HVV - (H - H,,)[SPw/L

+ Sh Dw/(L ~ Rh)JN (16)

The steady state solutIOns of Eqs (15) and (16) (denoted by super
scnpt ") are obtamed by equahng the rate to zero

C" = CA (SP/L + Sh D/(L + Rh)J/(1l W

+ SPIL + Sh D/(! + Rh)] (17)

Table 1-Parameters and constants of the sy tem

Symbol DescriptIon Value DImensIOns

CA oxygen concentratIon In ambIent
atmospherp 0209 10n dimensIonal

D dIffuSIon coefficIent of oxygen In

aIr 0073 m2 hr 1
Ow diffusIon coeffiCIent of water va

por In aIr 009 m2 hr 1
HA relatIve humIdity In ambient at

mosphere 09 non dImensIonal
HI relative humIdity of frultlntlit-;'al

atmosphere I 10 non dImensional
L thickness of film 2X10 5 m
N number of pores oor 4 non dimensIonal
P oxygen permeabIlIty coeffICIent

of fJlm 4 6x 10 9 012 hr 1
Pw water vapor permeabllrty coeffl

012 hr 1clent of fIlm 35'< 10 7

Rh radIus of porps 0001 01

S area of the plastiC fIlm 003 012

S area of the frUIt surface 0045 012

V headspace (free volume Within
the package) 7 8x10 4 013

Wo ,"Itlal weight of frUits In a pack
age 08125 kq

~ coeffiCient of re~plratlon rate 92)(10 5 013 kg 1 hr 1
p permea nce of frUit surface to

water vapOr 1233 01 hr 1

" water vapor concentratIOn under
saturated atmosphere at
T=293"K 0023 non dImensional
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MODEL FOR PERFORATION EFFECT ON MA PACKAGES
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.. Fig 4-Model vahdatlon Effect of perforatIOn on change of 02
concentrations to MA packages with timE' Calculated curves (Eq
19) for the films with (N = 4) and without (N = 0) perforations as
compared wIth experimental data at 20 C (circles)

1.11nct..ntrdtlon~ m pt..rtoIJtt.d Jnd non p... rJoratl.d pat..kJge~ dlf
{ert..d by an ordl.r of mal:,l11tuJt.. whlil. In-pd... kagt.. RH levt..l~

Wt..ft. plactlcJlly equJI N lturally the~e qUJutlt.ltlve II.:-ult:- dt..
pend on ~p ... t..lfic pdrc!meter~ of the :-y~tem welbht 01 fruits 10

tht.. packdgl., ambient RH frt..c volume Jft..d and thICknt..~:> ot
him etc Rt..:>ults would be dltterent wllh other parameler~ and
may be prl.thl.ted trom Eq (17) to (22)

The contnbutlon of per1oratlon~ to tnt.. creatIOn of MA lI1:>lde
the packagt::> could be e:-tunatt..d trom the model by companson
betwl.en 4 flow components (a) oxygen flow through the plilstlc
Tnatl.ndl F1 ')01 = -SPLi[ox]/L (b) oxygen flow through tht..
holes 1--["11 1 = -SIDMoxJ/(L + RI) (c) water Vilpor flow
through the pl1stlc m1tenal F,,,, pi = -I)p\'...l[wv)/L, and (d)
water vapor flow through thl. hole~, F1 jhl = -SDw..l[wv)/(L
+ RI) Here Li[o':) anu Li[wv] are gradient:. 01 oxygen and watl.f
vapor conc("nlratlOn~ acro~s tht.. film Tht.. rel.lllOn bl.lwel.n ox
ygl.n now through pt..rforatt..d ilnd non pt..lforall.u film W.l:> (I--[ .Jlll

+ flo )PI) Flo 101 = 131, wht..rl.a:- tl1l. ~l1mlar ratIO oj water vapor
ftow~ was (F[wvlhl + F[wvlll) F(w lpl = 3 Thu:>, under our t.on
dltlOn" (paramett..r~ III Table IS» $1,), perforatlon~ mcrea~l.d

by 131 tU11t.:> the total oxygl.n flow through thl. packagmg hIm
wherea~ total watel vapor 110w was Il1crea:>ed only by threl.
tlme:. Thl:> explam~ the mUt..h more pronounct.d eftect of per
foratiOns on oxygen concentratIOn than thl.lr effect on watt.r
vapor cont.t..ntratlOn

Model pn.du..tIOIIs

Changmg the number ot pertoratlon~ per packagt.. I~ l.qlllva
lent to changmg the transml~~lOn capabliny ot the him Alter
ation of relative humidity 111 the ambient Itmo:.phere would thl.n
change tht. dnvmg torce for walt..r vapor pt..rml.iltlon through lhl.

• him Tilt.. rdatlve humidity change:. wilhlll tht.. p.lck.age prt..dlctt..d
by tht. model (Eq 20) for film:. With four leveb 01 pt..rforatlon,
N = 0 4, 20 cmd 40 are ~hown m Fig 6 Thl. :'dml. thrl.e

_ ..lmblent atmo:.phl.rl. RH kvels (H A ) werl. :.tuull.d Jor e.lch pl.r
lol<1l!un kvd 0 l:. luppl.r cUlve) 07 lll1lddk l.urvt..) and 06
tlower curve) The trdn:'l<.nl penod5 for thl.~e comblilatlon~ 01
parameter:. werl. v<.ry ~hort and vaned 5hghtly A~ expected
lowenng at HA reduced the predicted m-package RH because
of thl. 1I1crt.ast..d RH gradtent <1l.fOS5 the p.lcj..agmg hIm Incre'1s
mg the number ot perforatIOn:. N make:> the pat..j..lge RH more
senSItive to the ambient RH and accordmgly the dlff<..rencl.~

bet..... een the ~te.ldy :>t1te m pad-.agl. RIl \ 11ue~ corrt.~pondlllg

to dltft..rt.nt llA ro~e with 1I1t..re1~mg pI.rloratton kvel (hg 6)
'\lot... tll.1t t..vcn at the low,-:.t ':UTlbll.nt RH lilA"" 0 6) .md hlblll.:.t
perlOldllOn It.vd (N = 40) ~tudll.d, thl. ll1-pad·..dgl. hunudlty Wd~

prl.dlctl.d to bl. a~ hIgh as 093 Our prdlmmary ffil.a:>uremenb
...onflrml.d thl.~e prl.dlctlon~

Fig 5-Model validation Effect of perforation on change of In
package relative humidity WIth time Model predIctIons (Eq 20)
for the films With (N = 4) and Without (N = 0) perforations
(curves) compared With expenmental data at 20°C (Circles)
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FIg &-Model predictIons Effect of perforatIOn on change of rei
attve humidity With time at 20°C (Eq 20) In MA packages with
four levels of perforation N = 0 4 20 and 40 Three values of
relative humidity In the amOlent atmosphere (HA) were consld
ered 0 8 (top curve) 0 7 (middle curve) and 0 6 (bottom curve)

CONCLUSIONS

OUR I RO['OS['D MODfL de~cnbt..d slmultdl1l.Ou~ly thl. dynamlc~

of oXYbt..n Jnd watt..r v lpor concentratIon:. III pI.rforatl.d and non
pl.rtor.ltl.d MA p.ld..agl.:> It II1duded I.l!u.1tlon:- which t.hilfac
terli:ed fruit r<.:,plrat!on and tran~plratlon as wdl as penneatlon
01 o\.ygen dnc.l Welter through tht.. homogeneous film and through
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the perforatlon'i The latter wa'i trelted a'i macro'>coplc dlffmlOn
along <..ylmdncal hole'i filled wIth aIr The equatron'> were '>olved
.malytlcally and theIr valJdltv was confirmed bv companson of
computed 0 and RH levels wIth e"l(penmental re'>ult'i PredIcted
and observed data showed 0 concentrations" ere affected by
package perforatIOns to a much greltcr c'(tent than rchtlve hu
mIdIty Thus It IS pOSSIble to modify m pack1ge humIdIty to
mInImIZe fnut ",eight loss whde mamtaInmg gas concentratIOns
for the normal npenmg of pa~l<aged mangoes The model pre
dlct'i effect'> on In package 0, concentration and RH of ambIent
humidIty and package plrameters ,>uch a'> perforatIOn area film
'iurface fnllt amount etc It may serve for optlml7atlOn of O2

concentratIOn and RH In MA package,> The model wa'> para~

metn7ed for mango frUlt, but the equatIOns developed here for
RH would be \ahd for other commodities subject to InsertIon
of appropnate transpIratIOn coeffiCients
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Dynamics of Carbon Dioxide

Concentration in Modified-Atmosphere

Packages

Abstract

Mathematical analysIs of gas dynamics In modified atmo
sphere packages of frUit and vegetables was performed, to
study the time course of carbon dioxide concentration In a
package containing fresh produce, 02 concentration declines
from ItS level In ambient atmosphere to a lower steady state
value, and CO2 concentration Increases from ItS atmosphenc
value to a higher steady-state level We found that the Increase
of CO2 was monotonous only when the packaging matenal had
permeability to 02 higher than or equal to that to CO2 However,
most of the eXisting plastic films have lower permeability to 02
than to CO2 In thiS case, the CO

2
concentration passes through

a maximum, exceeding the steady state level (overshooting
effect), and approaches the steady state from above This phe
nomenon has been observed expenmentally by several authors
In the present work we have demonstrated that this overshoot
Ing effect IS an Intnnslc charactenstlc of the system ThiS means
that the produce kept In a plastiC package may spend most of
the storage penod under conditions of CO

2
concentration higher

than that estimated from steady-state calculations With a
proper chOice of the package parameters the overshooting ef
fect may be minimized

1 Introduction

Calculation of the gas balance In the atmosphere within a
package containing fresh produce IS an Important step In making
deCISions concerning the optimal package parameters Numen
cal solution of equations descnblng the gas balance must be
performed several times with different sets of parameters until
the parameters which prOVide the optimal In package gas con
tent are found The optimization procedure can be more effec
tlve and the number of the Iterations can be diminished If analytl
cal study of the mathematical model IS earned out before the
optimization In the present report, an analysIs of the time course

CO
2

Concentratlon In MAP
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of carbon dioxide concentration In modified atmosphere pack
ages IS performed In the framework of a model which has been
adopted dunng recent years by several authors, for various
kinds of stored products

The main processes which affect the package atmosphere
are the produce respiration and gas permeation through the
plastic film Most of the models presented In the literature de
sCribe the gas diffUSion by Flck's law, which leads to the follow
Ing equation for the flux through a thin film

F,=PI A(C'A C,) / L (1)

where the subSCript I IS used for a gas specification (1=1 IS for 02
and 1=2 IS for CO

2
), F, IS the flux of gas I through a film of area A

and thickness L, P, IS the coefficient of the film permeability to
gas I C, IS the concentration of gas I In the package and C'A IS ItS
concentration In the ambient atmosphere From Eq (1) the dy
namlcs of 02 and CO2concentrations In the package IS de
sCribed as

dC)dt = R2(C"C2) WN + P2A(C2A C2) /(LV) (2)

where W IS the weight of frUit, V IS the free volume In the
package, R,(C"C2) IS the rate of 02 consumption due to produce
respiration which In general case may depend both on 02 and on
CO2 concentrations R2(C"C2) IS the rate of CO2 evolution which
IS related to R,(C"C2) by the respiratory quotient Q

Q =R2(C"C2) / R,(C"C2) (3)

Q IS equal to 1 In many cases but may be different depending on
the stoichiometry of the respiration pathways In different prod
ucts Initial conditions for the differential Eqs (2) are concentra
tions In ambient atmosphere C,(O) =C'A and C2(O) =C2A

To describe the frUit respiration rate, R,(Cl'C2), vanous equa
tlons have been suggested In the literature For example, a
power-exponential equation depending on 02 concentration With
three adjustable parameters was used by Beaudry et al (1992)
for modeling modified-atmosphere packaging of blueberries
Lee etal (1991) followed by other authors (Ben Yehoshua etai,
1994 Cameron et al 1994, Joles et ai, 1994, Renault et al
1994 Talaslla et al 1994) attempted to apply the Michaelis
Menten equation to Simulate frUit respiration In the package

In our prevIous study, with mature red peppers of the Ma'or
cultlvar (Fishman et al 1995) we found that the rate of 02
consumption could be fitted to the MichaeliS Menten rate equa
tion with noncompetitive inhibition by accumulated CO2
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R1(C"C2) =Vm C, / (KM +C, +K, C, C2) (4)

where vm IS the maximal rate of the reaction KM IS the Michaelis
constant, and K I IS the eqUlllbnum constant for formation of an
enzyme-substrate Inhibitor complex The respiratory quotient for
red pepper was found to be close to 1 We showed analytically
that In the case when Q = 1, the time course of CO

2
concentra

tlon may pass through a maximum, Independently of the form of
the respiration equation, If P

2
> P, (which IS the case for low

denSity polyethylene (LOPE) packaging film) The expenment
performed for model validation revealed the predicted maximum
on the C2 (t) curve

A study of the respiration of mature green mangoes cv Kertt
(Fishman et ai, 1996a) was undertaken as a step towards
developing a model of the effect of perforations on oxygen and
water vapor dynamiCS In modified atmosphere packages Fitting
of the observations of 02 depletion to the Mlchaells-Menten
equatIon showed a strong correlation among the parameters
whIch indicated that a simpler equation with fewer parameters
would fit the observations When KM IS large, a Imear equatIon
with only one parameter J.l follows from the Mlchaells-Menten
rate

R,(C"C2) = J.lC, (5)

The respiratory quotient for mango was found to be a785 at
C, >0 05 A Similar respiration equation was also reported by
Yantarasn etal (1995) for mangoes cv Nam Oork Mal Inserting
Eq (5) mto system of equations (2) transforms the system (2)
Into a linear one which can be solved analytically Solutions for
oxygen and water vapor concentrations for the cases of perfo
rated and non perforated films were found to be one-exponentIal
curves (Fishman etai, 1996a) The time course for CO2 concen
tratlon follows a two-exponentIal curve which passes through a
maximum for certain combinatIon of the system parameters
(Fishman et ai, 1996b) The curve for a non perforated package
shows the maxImum When the package was perforated the
maximum disappeared, because the air-filled holes formed the
main pathway across the film for 02 and CO2 gases, since the
diffUSion coefficient for 02 In air IS greater than for CO2, the
condition for overshooting, P2 > P1, was no longer fulfilled

Thus, the presence of a maximum In the time course of CO2
concentration was shown to be an Intnnslc characteristic of the
packaging system In two Important Instances (a) no limitations
on the form of respiration equation, but With the resplratoty
quotient Q, being equal to 1 and (b) With a linear respiratory
equation and no restriction on the value of Q In the present
commUniCation, a general case IS analysed mathematically With
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no restnctlons of the form of reSpiration equation, and no hmlta
tlons on the respiratory quotient

2 General analysIs of CO2 concentration
dynamics

Equations (2) may be transformed as follows multiply each
term of the first equation by Q and substitute R2(C"C2) In the
second equation according to Eq (3)

QdC1 /dt = QR,(C"C2) W N + QP,A(C'A C,) /(LV)

dC2/dt = QR1(C"C2) W N + P2A(C2A -C2) /(LV) (6)

Defme PI = PIA /(LV) for 1=1,2 and add the two equations This
results In an equation m which the term contammg the resplra
tlon disappears

QdC, /dt + dC2/dt = Qp,(C'A C,) + P2(C2A C2) (7)

Reordenng the terms In Eq (7) one obtains

dC2/dt + P2C2= P2C2A + Qp,C'A Qp,C, - QdC1 /dt (8)

If the concentration C,(t) and ItS denvatlve dC, /dt are consid
ered as given functions of time, Eq (8) may be solved as a linear
differential equation for the function C2(t), subject to the Initial
condition, C2(0)=C2A The solution IS

C2(t) = C2A + Q(P,lP2)C'A Qp,exp(-p}) fexp(P})C,(t)dt

Qexp( P2t) f exp(p2t)dC,(t) (9)

The first mtegralln Eq (9) may be wntten In a form similar to that
of the second one by means of the rule of mtegratlon by parts

t exp(p2t)C,(t)dt = [ exp(p2t) C,(t) - C'A - t exp(p2t)dC1(t) ] / P2
Jo Jo (10)

Inserting Eq (10) In Eq (9) and combining the similar terms we
obtain

C2(t) = C2A + Q(P,lP2)C'A Q(P,lP2)C,(t) + Q[(P,lP2) 1]exp( P2t)

f exp(p2t)dC,(t) (11)

To analyse the time course of function C2(t), It IS necessary to
study the sign of ItS denvatlve Differentiation of Eq (11) leads to

dC2(t)/dt = Q [ dC1(t)/dt + (p, P2) exp( P2t) f exp(p2t) dC,(t)]
o (12)
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Function C,(t) IS known to decrease monotonically, I e dC,(t)/dt
IS negative and the Integral In Eq (12) IS also negative There
fore, In the case P, > P2 both terms In brackets are negatIVe
which results In a poSItive dC2(t)/dt at all mtervals of time, Ie,
C2(t) grows monotonically When P, < P2' the second term In the
brackets has a sign opposIte to that of the first one and the time
t=t* may occur when the absolute values of these two terms are
equal, leadrng to dC2(t)/dt = 0 At this pornt, the functIon C2(t),
which started to grow at t=O, passes through a maximum The
positIon of thiS maximum IS defmed by

dC,(t*)/dt = (P2 p,) exp( P2t*) f exp(p2t) (dC,(t)/dt]clt (13)

Introducmg a new function, Y(t) = exp(p2t) dC,(t)/dt we have the
follOWing equation for the time of maxImum

Y(t*) / (P2 - p,) = f*Y(t)dt (14)

fo the definite Integral m Eq (14) an «Intermediate value theo
rem » may be applied, which states that In the Interval of
integration [0, t*] a time t='t eXists at which the function Y('t)
multiplied by the length of the Interval IS equal to the Integral, I e

f Y(t)dt = t* Y(t) With O<t <t* (15)

Comblnmg Eqs (14) and (15) gives

t* = [1/(P2 p,)] [Y(t*)IY(t)] (16)

It can be seen from Eq (16) that a POSitive t* does not eXist If P2
< P, It may be estimated also that when Y(t) IS a dlmlnlshrng
function, the POSitIon of the maximum IS t* < 1/(P2 p,), whereas
when It IS an Increasing function t* > 1/(P2 - p,)

Figure 1 compares time course of CO2concentration calcu
lated With the same set of package parameters but wrth two
different film permeability coefficients curve A was calcu
lated for P2= 2 Ox1 0 a m2h " and curve B for the inCident P2

=0 46x1 0 a m2h' In both cases P, = 0 46x1 0 a m2h' The first
case corresponds to the film of LOPE and It reveals a maximum
In the CO2concentration The curve B represents a hypothetical
film With equal permeablhtles for 02 and CO

2
ThiS may be

realised In perforated films, In which case, the maximum van
Ishes and the mcrease of CO2concentration to the steady-state
level IS monotonic

3 Fmal remarks
The necessity for studying the dynamics of gas concentra

tions In packages IS well recognized and many authors have
reported their expenmental observations and computer slmula-
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tlons of the gas
dynamics of the
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different fruits
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To adapt the
simulation
model for bUild
mg an expert
system to the
optimal design
of modified-at
mosphere
packagmg, ItS
response to pa

rameter changes must be carefully estimated by detailed nu
mencal sensitiVity analysIs, as well as by mathematical analysIs
of the governing equations We performed the mathematical
study of CO2 kinetics In modified atmosphere packages and
revealed an overshooting effect on the time course of CO

2
concentration

An overshooting effect In the curves for CO
2

kinetics ap
peared In the data published by several workers (Tomkins,
1962, Junn and Karel, 1963, Hayakawa et aI,1975, Geeson et
al 1985) The phenomenon was not considered as an Intnnslc
characteristic of the system, dependent on the package param
eters no model simulated this effect before our first attempt to
explain this phenomenon and to validate It expenmentally for red
pepper (Fishman et al 1995) and mango (Fishman et aI,
1996b) In the present study we showed that th IS effect depends
mainly on the difference between film permeability to CO2 and
02 (P2>P,), but ItS eXistence does not depend either on the type
of respiration equation, or on the value of respiratory quotient
This means that dunng a prolonged part of the storage time the
CO2 concentration may be higher than ItS steady-state value
This fact has to be taken Into account In the search for param
eters for optimal modified atmosphere packaging, especially for
CO

2
sensitive commodities
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Figure 1 TITne course of
CO, concentratIOn calcu
lated with the same set of
package parameters but
with two different film
permeabzllty coefficients
Curve A was calculated
for P, = 2 OxlO 8 m'h J and
curve B for P2 =0 46xlO 8

m'h j In both cases P
j

=
o46xlO-8 m2h 1 The first
case corresponds to the
nonpeiforatedfilm oflow
density polyethylene
(WPE)
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POSTHARVEST LIFE OF FRUIT~ AND VEGETABLES MODEL OF
MODIFIED ATMOSPHERE PACKAGES WITH FILM PERFORATION~

S FI~hmanl V Rodov2 and S Ben-Yeho'ihua2

I Department of StatIstIcs and OperatlOn'i Research and
2Department of PO'itharvest Suence of Fre'ih Produce
Agncultural Re'iearch Organl.'atlOn The Volcam Center Bet Dagan 50250 I'irael
ContnbutlOn No 1709-E 1995 'ienes

Ab'itract

A model wa~ developed to 'itudy ga'i dynamlc'i In a package contalntng fre'ih frUIt The
model calculate~ the ga'i balclnce taking mto account the proce'ises of frUlt re<,plratlon
and tram pI ratIOn as well a" the permeation of ga<,e'i and water vapor through \
perforated packagIng fIlm EquatIon" are "ugge'ited to de'icnbe the permeatIOn of gase'i
1nd water vapor through perforatIon" m the fIlm The model enabled the time cour'ie of
02 consumption CO2 evolution and the humidity changc'i In the modIfIed atmo~phere

enclo<,ed In the perforated flim to be computed analytIcally when the re'iplratJon rate
depend'i hnearlv on 02 concentratIOn a~ l'i the ca"e tor m"tance for mango fruit The
weIght los~ of the fruIt In thIS modifIed atmo'iphere wa~ calculated by means of the
model The model enables the Inve'itlgator~ to evaluate the fJlm 'ipeClfICallOn'i and the
package parameter'i which wIll prOVIde the be~t conditIOns for 'itorage of a gIven
commodIty

Introduction

The qualIty of frult'i and vcgctable'i stored In packages 1<, affected by temperature and
by the concentratlOn'i of 02 (°2 and watcr vapor The In package atmo'iphere I" U'iUdlly
dc"cnbed a" a modified atmo'iphcrc (MA) Il'i COmp0'iltlon dlffer<, fl0m that of Ihe
dmblent dtmo'iphue <lnd derend<, on event'i hdppenIng al Ihe bound,me'i of the free
volume of the package the 'iurface of the enclo<,ed product dnd th'lt of the packagmg
matenal

Reduced 02 and elevated CO2 concentratlOn'i m the MA of the package reduct. the
rC'iplratlOn rate whIch beneflt<; for the 'itorage of many frUIt" lnd vegetable., High In
package humIdity reduce'i the dehydration of thc stored commodltle'i The 02 CO2 and
water vapor levcls have to be cho"en tndlvldually for each 'itored produce and thc
parameter'i of MA packagmg have to be <,elected to furnI~h the optImal storage
conditIOn" Among the most Important parameters of the packagmg are the
permeabJlltle<, of the plastiC film to 02 CO2 and water vapor the'ie mdY be vaned by
choo'img dIfferent matenal~ for the film or by a change of the fIlm thIckness The
commercIally avaJlable matl.-nal" are limited In their range of varIatIOn but fJlm
perforation provldc'i a tool to ( xtend thc POS'itbllIty for control of the gas exchange In the
MA package<;

InvestIgatIOn of gas exchange through perforated pla<;tlc wa<; undertaken by Emond et
(// (1991) They performed laboratory experlment<; to mea~ure the ga<; tran<;port through
the perforations and developed empIrIcal equatIOn" based on the observations The
measurements were done With perforated plastiC boxes of relatIvely large thlcknesse<;
Jnd perforatIOn S17C<;

A model for calculatIOn of 02 and CO2 concentratIOn" In a package containing fre"h
frUlt'i wa" pre<;ented In our preVIOU'i commUnIcatIOn and wa<; applIed to bell pepper
(FI<;hman ct at J995) The m lin objectIve of the pre'ient work wa'i to extend our model
hy mcludmg a theoretical analy"ls of ga" permeatIon through a perforated film and to
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c.llculate the In p H..k.lge g 1S concentratlon~ .lnd relative humidity (RH) The problem
.lllow~ oln.llytlcoll ~olutlon when the Mlchaell~ Menten equation de~cflbll1g the
le~plr.ltlon l.lte c 111 be Ilnc.lnzl.d .l~ In the ca~e of mango fllllt 1 he weIght lo~~e~ ot
fruJt~ p.lt.!-.ed \\lIh \.lflous]y perforated fIlm~ may be comp.lred for V.lnou~ leveh of RH
out~lde the p Ick.lge

:2 Thl.OlY

2 I G.l~ tr.lmler thlOugh .l polymenc 111m with m.lcro~coPlcperforatlon~

The ~teady ~t<ltc dlttu~lon flux den~Ity of ga~ I through a mdcro~Loplcally

homogeneoll~ 111m obey~ the FH.J.. ~ law (In the tolioWIng '>ub'>cnph I = I 2 dnd W wIll
leldle the Vdfldbk to 02 CO2 dnd w Iter V.lpOl re~pt.ctlvely)

(I )

Whell. C I ,1l1d ( I A ..Ire the g.l~ concentr Itlon~ In modlfH..d and dmblent ttmo'>phere
re~pl.l.tlvt.ly PI I~ thL pelmeabillty cocftlclent 01 thc him to the g.l\ I dnd L I~ tht- film
thld.nl.\'> It the 111m I., pcrtor.lted the perforation,> repre'>cnt d bdfflcr tor g.l'> trdn,>port
which I'> In P Irdllel to the b Irnel ot the pldstlc mdtLndl In thl~ ca~e the tot.l! !low I~

(2)

whLll. S I'> thl. film .lIed Sh I~ the tot..!] 1rt-a 01 the holL'> dnd J I h I" the Ilux of ..I ga, I

through unI[ lIt-d of the haIL Macro~cop](, pettoratlon~ h.l\e dldmetcr~ of older oj 10"
m 01 gredter whLreJ~ the mt-oln Iree pdth ot ga:> molecule~ dt .ltmo\phenc [Jle\:>ure l~

much le.,,, bl.lI1g 1Il the regIOn of (I to 2)x 10 7 m Tht-ldOIc the tl m~port through the
pL.l for ttlon Ill.ly bL tlL.dtLd I" 111dLlo,>eoplc dlftll'>lOll ,dong I cylll1dlll.l1 pdthwdy jIlIt..t.1
with ..III filL. diltLhlVL. tlux In tim L I:>t- d'>o obey'> the flch. \ Idv-.

(3)

The dJ1lu\IOIl ,-odflLlLnt ot the g I'> 111 air D 1 Icpldce~ ht-rL the permeabIllly
coettlCll.nt In Eq (I) bLeau~c there I~ no ur-pla'>tlc Interf.lce on thl\ p.lthw.ly It the Jlr
were perkltly ,>trongly \tmed C1 .lnd C1 A would represent thL. concentlJtlon'> Jt the
openIng:> ot the hole Jnd the length of the cyhndneal pdthwdy Lh would be equJlto the
thlch.nt-\:> 01 the 111m L In the re,lI ~y~tl.m:> un:>tlncd layer~ of dlr eXI,>t on both ~Idr...~ 01
the hole fhl'> l.xttlHh thL pdth kngth by the thld.. nc~,> L u ot thL Ul1~tlllL.d ldyer" ,0

tho.\t

(4)

It the dl~tlllLL bltWl.U1 the perloratlon~ I~ much gll.dter th.ln theIr IJdIU\ J modLi Wllh
.,phetlc,lI ,>ytmnclIy m.lV be Jpphed to co.\lculltc thl'> dlffu~lOn plOblLll1 dnd to e\lImdtL
tht- tlllcknL'>:> 01 the un::.tllled [dyer:> 0.\'> de:>cnbLd by Meldner dnd MJn~11dd (1968)
Accordlllg to thl~ dPPIOXll11dllOn L u I::' of Older ot the hole rddlu:> Rh

T dklllg mlO dLCC unt Eq~ (I) to (4) the total g.I:> tlow through the pl.I:>tlC fIlm of .IrCJ S
wllh N peltordllon~ cdch of rddlU~ Rh (I c LOtJI pertoration ared Sh =NnRh2) may br...
repre\entL.d I'>

()
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2 2 Re~plratlOn

Equation of the Mlchaelt<;-Menten type may be JpplIed to descnbc thc rate of 02
con\umptlon due to fruIt re\pnatlOn In the MA package .IS described m our prevlou,>
commUnlcatlOns (FI<;hman et al • 1995) as well as adopted by other author~ (e gLee et
al 1991)

(6)

where vm IS the maximal rdtc of the respiratIOn per Unit weight of frUIt and KM 1<; the
Mlchaclts con<;tant The accumulatIOn of CO 2 In the sy<;tcm may inhibit the reSpIratIOn
The term I m Eq (6) was mtroduced to descnbe the mhlbltlOn ThiS effect 1<; neglIgible
for mango fruit and henceforth 1=0 IS assumed a<; a fIrst approximatIOn Study of the
parameter<; of Eq (6) from expenment~ With mangoe<; reveab a strong correlatIOn

between parameter<; vm and KM tndlcatmg that only the ratio J.l = vm { KM can be
obtamed from ob~ervatlom The best fit for mangoes was obtamed whcn Eq (6) was
lmeanzed glvmg

(7)

Eq (6) may be approximated by Eq (7) when K M » C I + 1 In term, of cnzyme
kmetlc, the linearization of thL. MichaelIs Menten equation mdlcate~ a low affmltv of
the ,ubstrate for the enzyme a'. compared With the affinity of cytochrome oXlda,e for
oxygen Forwclrd (1965) followed bv othel author, (Chevtllotte 1973 Tuckcr ,md
Latle<; 1985) discussed pO\<;lble explanatIons ot thiS apparently low affinity which had
already been ob<;erved m lemon apple and avocado

The ratIO between the re<;plr'1tory CO2 evolution and 02 con<;umptlOn ratc<; tcrmed the
rc<;plratory quotlcnt (RQ) 1<; denotcd by q RQ '" con<;tlnt over a WIde rangc of 02
concentl atlon.., but n,e<; stecply at low 02 conccntratlon.., (for mangoe, wc found q ""
con<;tant for C j 2005)

2 3 Tramplratlon

A~ pomted out bv Burg and Burg (1965) the ga\ diffUSion from plant tl,<;ue should
behave accordmg to Flck <; law Ben-Yeho~hua et al (1985) adopted thc Flck ~ law to
dc<;cnbe the flux of watcr vapor through Unlt clrea of the fruit ,urface u<;mg the
dlffcrence of relative humldltle, a~ a dnvmg fOlec m thclr ,tudy of Cltru~ fruit re<;l<;tance
lo watcr vapor tramport

tW(H) =P (Hr H) (8)

(

J

where the parameter p 1<; the' permeance of the frUit <;urfaee to the water vapor
(permeablltty coeffICient diVIded by the bm ner thlckne<;<;) whIch \<; Inversely related to
the re<;\<;tance r = l/p of the fruit <;urface to water v Ipor transport H IS the m-p lckage
RH dnd Hf IS the RH InSide the frUIt which usually IS very close to UnIty

The nte of change of fruit weIght W due to tran<;plratlOn IS

dW {dt = '> P (H r - H) p* IRT (9)
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where::. It> the dll d ot the fruit ::.urfdce p* It> the ,>,llUr<lled vdpor pret>t>ure R It> the ga::.
\..on::.tdnt <lnd T I::' the ..lbt>olute tempeldture When fruIl!> <Ire p1<lu~d IJ1 the open d11 H In

Eq (9) has to be replaced with HA In that case the nght-hand ::'Ide of Eq (9) It> com.t.int
..lod Itt> ::.olutlon repret>ent::. the weight lOt>::' whlLh IS linear with time

(10)

Ob::.erV..ltlOn::. ot weight 10t>::.es In the open <llr <lS <1 linear functIOn of time en.lble u::. to

le<1rn the pal ameter p <lS a factor of the line slope

3 I SolutIOn of dyn ImlC equ..ltlon'> tor MA p..ld.age

Tdk.11lg lllto dc\..ount Eqt> (5) (7) dnd (8) dynamiCs of oxygen cMbon dioxIde ..lnd
wdtel V..lpOf m the MA p lck.Jge I'> reprt.-::.entcd by the followlllg ::.et of dlfft.renlldl
equ..lllon,>

Here V I'> the free volume m the pack.age Eq::. (II) to (13) may be ::.olved analytically
to yIeld C,(t) C2(t) dnd H(t) a::. function,> of lime Eq::. (II) and (13) cont<l1l1 con::.tant
codltclent::. ..Jnd could be t>olved Independently Eq (12) It> lmedf m v..lnable C2(t) but It
..lbo contdln,> th\.. time dependent C I (n It may be ,>olved alter the tunctlon C, (t) ha,> been
determmed I::' ..l ,>olullon 01 [q (I 1)

Thl '>t\..ady ::.t..lll ::.olutlOnt> of Eq::. (I I) dnd (13) (denoted by '>uper'>cnpt *) ..Ire
obt..l1I1ed by equ..llhng the time denv..ltlvet> to zero

Cj-l=CIAlSPI/L+ShDj/(L+Rh)]/lI.l.W+SP,/L +ShDl/(L+Rh)]
(14)

H*={::. pHI + [5 Pw I L + Sh Ow I (L + Rh)] HAl 1[::. p + 5 Pw I L +
5h DW I (L + Rh)]

(15)

The ,>o]utlon ot hn\..dr dlfft.rentl..ll equ..ltlon::. (11) dnd (13) ::.ubJt.ct to 111ltldl condlflont>
at .lmblent .ltmo::.phelc I e C, = C I A dnd H = HA dt t = 0 1::'

C,(t) = C l {C j-!- C, A) exp(-t / t)-!-)

H(t)=H* (HI- HA)exp(-t/tW*)

( 16)

(17)

.. F
wht.re tl ..lnd tv.. ..lre ch..lr..lctenstlc tJme'> for the dynamIC::' of oxygen dnd reJdtlve
humidity rt.-::.peLtl vt.ly detmed J.::' tollow,>
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t l " =VI [fJ. W + S PI I L + Sh D) I (L + Rh)]

tw * =V / b p + S Pw I L + Sh DW / (L + Rh)]

( \8)

( 19)

Eq~ (16) and (17) represent ~olutlon of Eqs (1\) and (13) under the a~~umptlOn that
111 coefflclent~ ot the equatlon~ are comtant For climacteric frult~ ~uch a~ mango the
r lramcter~ of re~plratlon and tran5plratlon are known to change wIth tIme but In our
oh'>crvatlOn ~ the'>e c II mactenc (hange~ were much '>Iower than the chal actcn ~tlC tllne~

of the system Thu5 the coeffiCients may be con51dered a<; comtant within the time
needed to approach <;teady-state

The ~teady-~tate '>olutlOn of Eq (12) IS obtamed when the time denvatl\ e equal'. lL,ro

(20)

Denotmg thc ,>econd eharactenstlc time a'> the following combinatIOn of con,>tlnt~

(21 )

1nd takmg 50lutlOn (16) mto account Eq (12) may be rewntten a~

A~ ~tated abO\e q '" con~t If C 1 ~ 0 05 In thl5 ca~e the 50lutlOn of Eq (22) '>ubJect
to initial condltlOn~ of ambient atmo,>phere I e C2 = C 2 A at t=O I~

* •Eq (23) contain'> two charactcmtlc times t 1 cmd t2 whICh generally re,>ults In the
appearance of '1 maximum on the curve C2(t) under certam comblnatlon~of the w,>tem
r IrJmeter~ Thc time ot the mlXlmum I'> c Ilculated a~

+ (C2* C 2 A) V ( t 1* t2 ~ ) / [(C 1 A C I") q fJ. W t2*2]} (24)

Aftel the In package relative humidity I'> calculated a'> 1 functIOn of time Eq (17)
may hc u~ed for calcu JatlOn of", eight 10'>5 of packaged frUIt In~ertmg Eq (17) Into Eq
(9) and mtegratmg thiS dIfferential equation yields

Wo W=(<;p P*/RT)[(Hr-H*)t+ (H*-H A)(1 exp( tltw"'»tw"] (25)

Eq (25) gives the non-Imear lime dependence of the weight 10<;s In the pacl"age but If
the characten<;tlc tIme tw * 1<; much shorter than the time of ob5ervatlon (tw" cc t) the
non linear term become~ negligIble leadmg to an approximately Itnear tIme dependence
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3 2 Valtd.ltlon ot the model

The model par..lmetnzatlOn I!> based on expenments with mangoes In a closed ~y!>tem

and In the .lmblent atmo~phere The estimated parameter!> are dlspl.lyed In Table I

The methods Jor par<1meter estlm<1tlOn were de!>cnbed for bell pepper by FI!>hman el
al (1995) The v.llue of q 10 expenment!> with m mgo was found to be approxlm.ltely
con!>tant (q=O 785) for Cj>O 05 When C] b\..came Ie!>!> th.ln 005 q W.l!> ob:,erved to me
w..eply bemg <1bout 3 4 <1t C I == 002

Table I P.lrame[\..r~ of the mve~tlgated ~y~tem

Symbol Me<1ll1ng ot the p.lrameter V.l!u\.. DlmUl~lon

q le~pl1..ltory quotient Jor CI>O 04 0785 non dlm\..n~lOn.l1

q re:,plrJCOry quotIent tor C I ==002 ==3 5 non-dlmemlOnal

f.l codtlClent 01 rt-~plr<1tlon r.lte 9 2x IO ::, m3 kg-I h I

P pu me !nce at frlllt :,urt.lee to W.lter "apor I 233 m h I

fo "JhdJte tht.- theory It!> ptedlctlon!> were eomp.lr\..d wah the re!>ult~ of expenment!>
on m<1ngo flUlt!> III !>lmul<1ted MA p.ld.Jg\..~ with pt.-rJorJtld Jnd non pt-lfor<1ted fllm~

SIe..ddy-!>tJlt.- oxygl.n concentr<1tlOn!> .lnd RH level!> were c.lleu)ated trom Lq~ (14) dnd
(15) re"pt-cllvt..ly The cJkul.lted <1nd ob!>en ed v.llues tor pertor.llcd .lnd non pertorated
package'> are collected 10 Tdble 2 where a good agreement Lan be ~een between the
theoretical .lnJ expenmental rc!>ults ConcentratlOm C2.f' are calcul.lted trom Eq (20)

.f'which depend!> on thl. vJlue ot CIT.lklOg mto KCOllnt th.lt wllh non-perfor<1tcd hIm
C, *==002 the.. v<11ue at 3 5 Wd!> u~ed tor thl p.lrdmeter q III [111:' LJ.:'t, tor C2" \.. V<1!UdtlOn
The Lomputed ox ygen concentr<1t!on tor pertorated him W<1'> C ,'" ==0 19 With the
cone'>pondIng v tiue ot the re'>plrutory quotient q bemg 0 785

T Ihlt 2 Comp 111'''111 ot ,>tl..ldy '>l.lte v tlUl.'> 01 v InJbk,> 10 peltOlltl.d md non pl.rlorJtcd
pJ.Lh.Jge'> rnodLi pledlcted ,,'> ob,>el\ed" tlUl.'>

Sh = 0 (m2) Sh = 1 257X IO ::, lm2)

predicted ob,>erved predicted ob~erved

Cli< 0018 001 0193 019
C,," 015 014 0016 0017
H" 0999 10 0997 10

The dynamIC!> at gase!> In a MA I~ governed by Eqs (16) (17) and (23) which depend
on ch.lfaLtefl~tlc lime!> The chdractefl~tlc tlme!> for oxygen dyndmlc~ cdlculated trom

i< ~ *Eq (18) <11(, [I = l.) 6 h for N = a .lnd tl =0 795 h for N = 4 ~Imll.lfly tw computed
tromEq (l9)areOOI39handOOI37htorN=OandN=4 le~pectlvely Eq~ (21) and..
(24) predict t2 = 1 08 h and no maximum 10 the curve ot C2(t) v~ [ In the ca~e 01
perforated 111m In the ca!>e ot non-perforated fIlm t2" = 26 hand <1 mdXlmum I~
predIcted at time tmax = I7 8 h Dunng the characten~tlc time Interv<1b C I (t) remam!> at
the level which allows to approxImate RQ by the constant q=O 785 Calculatmg the
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dynamic vanable~ by meam of Eq<; (16) (17) lnd (23) 1t thl<; tIme Intervll and
companng the re<;ults with observations I-onflrm<; the validity ot the model for <;tudylng
the tranSient penod FIg I compares the observed (pOints) and calculated (curves) time
courses of 02 and CO2 concentrations In MA for both N = 0 ,md N = 4 ,howlng a good
fit of the theoretical equatIOn<; to the expenmental value<;

WClght lo<;<;e<; after 100 h of <;torage under vanou<; condltlon<; were predicted mlng the
model and are ,>hown In FIg 2 Three conditions are compared I open atmo<;phere 2
MA package with perforatlon<; and 3 - MA package without pcrforatlon<; Two value<; of
HA the RH In the ambient atmmphcre were cho<;en for the computatlOm 07 and 09
All parameters of the system were cho<;en In accordance with Table I Reduction of HA
from 0 9 to 0 7 ral<;e, the weight lo<;~ nearly threefold A more Import1nt re<;ult «; that the
weIght los<; predicted for the trUlt stored In the open aIr «; about 35 40 tlme~ greater than
that of fruit stored 10 an MA pal-kage WIth holes wherea, the oxygen content In such a
package wa<; calculated and mea'>ured to be close to that of the free atmosphere

The re<;ult\ <;how that the perforatlon<; affect the dynamIC,> and <;teddy-,>tate
concentratIOn of oxygen In MA much more ,>trongly than tho<;e of water vapor A
qualitatIve explanatIOn of thl<; phenomenon may be <;een by e<;tllnatlng the volume<; of
02 con<;umed hourly by trUlt JI1 amblent atmosphere due to re,>plratlOn and of water

vapor evolved hourly due to tr m<;plratlOn The flr<;t I'> p CAW = I 56x I0 'i m ~ h I

wherea<; the '>econd 1<; a PW (He - HA) =5 55x I0-- m3 h I Thu<; the proce<;<; of evolutIon
of water vapor In a free atmo,>phcre IS about 350 time,> fa<;ter than that of 02
eonwmptlOn ThIS leads to very qUIck flllmg of the free volume ot the package WIth
water vdpor even If there are small perforatIons In the packaging fIlm

It may be concluded that the computed vanatlons In the effect'> of perforation level
may <;erve a<; a tool In furnJ<;hmg the MA to <;upply optImal condltlom tor '>torage of
gIven product (together WIth fIlm matenal thlckne<;<; <;urface area and other package
parameter<; prevlOu<;ly dl<;cu<;<;ed a<; optlml7atlOn tool<;) The model «; al<;o a tool tor
predIctIOn of the frUIt weIght 10<;<; under V1nou<; combInatlon<; of the atmo<;phenc
humidIty and pdckdge fIlm perfordtlon,>
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MODIFIED ATMOSPHERE PACKAGING (MAP) OF 'TOMMY ATKINS'
MANGO IN PERFORATED FILM

V Rodov1, S Fishman!, R De la AsuncIOn2, J Peretz!, and S Ben-Yehoshua1

1ARO - The VolcanfCenter, Bet-Dagan, Israel,
2CITA - Center ofFood Technology Research, San Jose, Costa-Rica

Additional mde"'{ words MallJ51fela mdlca L, postharvest, polyethylene, carbon dIOXide,
oxygene, nperung

Abstract

Packagmg 'Tommy Atkms' mango m perforated polyethylene film delayed frUlt
spOllage and allowed normal npemng together With a weight loss reduction by half and
preventIOn of flUit shnvellmg An Irreversibly Impalfed npemng and anaerobic
fermentation were observed In the flUlt sealed In non-perforated film A senes of modified
atmosphere packages With different steady-state levels of 02 and C02 was obtamed by
varymg the perforation area from 1 to 69 sq mm per package contammg two flUit In all
these perforated packages, the flUit was capable of undergomg nperung-related changes,
but their rate differed markedly m accordance with the m-package atmosphere ThiS
phenomenon opens a pOSSibIlIty to regulate the npemng rate m accordance with the
deslfed duratiOn of storage and/or transportation penod Vanous npemng parameters
differed m sensItivity to modified atmosphere, so that the yellow peel color was reached
later than other npeness traits However, It was stIll pOSSIble to achieve a deSirable
combmatIOn of flUit qualItative charactenstlcs smce the phase of over-npenmg was
consistently delayed In perforated MAP CombInation of MAP With effectIve decay
controllIng measures can extend the postharvest lIfe of mango fruit

1 IntroductIOn

'Tommy Atkms' IS one of the mam mango cultIvars grown both m Israel and m Costa
RIca The postharvest lIfe span of mango usually does not exceed 2-3 weeks and IS lImited
by phYSIOlogical detenoratIOn of the fruIt related to ItS ovempenmg, and by pathogens
development leadmg to fruit decay AdditIonally, deSiccatIOn of mango dunng the
prolonged transportatIOn, storage and shelf-lIfe penod causes ItS shnvelhng and reduces
the market value of the frUlt ExtendIng the postharvest hfe IS necessary In order to reach
the distant export markets by manne transportatIOn With the fruit ofhigh qualIty

The techruque of modified-atmosphere (MA) packagIng In plastiC films IS steadIly
becommg more Important as a tool to prolong the storage hfe of penshable commodttIes
(Ben-Yehoshua et ai, 1985, Goms and Peppelenbos, 1992) PreVIOUS expenments on
sealmg Tommy AtkInS mangoes m nonperforated films had shown that altered In-package
atmosphere Impaired the frUlt npemng (Shapllo et ai, 1989) and caused the off-flavors
(MIller et aI, 1986) The use of perforated films was recommended for packagmg mango
frUIt and successfully tested m storage expenments (Rodov et al, 1994, Yantarasn et aI,
1994) The development of perforated MA package for ThaI mango cultIvar Nam Dork
MaI has been descnbed recently (Yantarasn et al, 1995)
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The present research was aimed at optmuzatIOn of perforatIOn level In MA packages of
Tommy AtkIns mango In order to Improve keepIng qualIty oftrus fruit WIthout dechne of
ItS consumer charactensttcs The work was conducted m 1994 m the Department of
Postharvest SCience ofFresh Produce (ARO - The Volcam Center, Israel)

2 Matenals and Metods

Mature-green mangoes of Tommy Atkms cultlvar grown m Jordan valley (Israel) were
obtaIned from the packmg house at the day of harvest The fruIt dId not receIve any
packIng-house treatment except washmg Wlthm 24 h after reachmg the laboratory, the
fruIt were subjected to hot water dip at 51±I°C for 5 nunutes as a disease-controlhng
measure

The fruIt were sealed In packages of 40 I-l- truck low-density polyethylene (LDPE)
Two fruIt of known Iilltml weIght were sealed In each package The perforatIOn levels
were charactenzed by total perforatIOn area per package (TPA) whIch was ranged as
follows 0, 1,4, 19, and 69 sq mm Control fruIt were kept ill standard mango packages
- open cardboard trays

Packaged fruIt were stored at 14°C and relattve hunudlty (RR) of 85±3% The storage
duratIon vaned from 2 to 4 weeks The storage penod was followed by a shelf-hfe
ImItatIon, when the packaged fruIt was kept for 4 days at 20°C and RH 85±3% At the
end of shelf-hfe penod, the packages were opened and part of the fruIt was used for
qualIty analySIS If necessary, the rest of the fruIt were kept open for one addItional week
at 20°C to complete npenmg

The followillg parameters were checked ill the expenments In-package atmosphere
compositton (Vanan 3300 gas chromatograph), decay mCldence, fruIt weIght loss,
shnvellmg, firmness (Chattllon penetrometer), percentage of total soluble solIds
(refractometer), titratable aCIdity, peel and flesh color (MInolta CR-200 and VIsual Index),
taste

3 Results

3 1 CompOSItIOn of m-package atmosphere

In non-perforated packages, the oxygen concentratIon decreased rapidly to the level of
2-3% The anaerobIC fermentation process prevaIled ill fruIt at those conditIOns
Accordmgly, the atmosphere of non-perforated packages was nch m C02, ethanol (2,000
to 3,000 ppm) and acetaldehyde (130 to 150 ppm) Even the smallest perforatIOn level
tested (1 sq mm/package) practically prevented anaerobIOSIS In perforated packages, the
02 concentratlOn vaned from 10 to about 20% With the mcrease of total perforatIon area
(TPA) from 1 to 69 sq mm/package Accordmgly, the C02 concentratIon vaned m those
packages from 10 to about 1% (Table 1)

At all perforatIOn levels tested, the measured m-package ethylene concentratIOn had a
peak after 2 weeks of storage The ethylene peak observed at TPA of 4 sq mm/package
(up to 0045 ppm), was shghtly higher than at other perforatlOn levels (about 003 ppm)
willIe almost the same ethylene level was regIstered m the non-perforated packages (0 04
ppm) As a rule, the m-package ethylene level started to mcrease agam dunng the fourth



week of storage at 14°C (exceptIng the fruit kept m non-perforated packages), and
further mcreased after transfer from 14°C to 20°C

3 2 Weight loss and shnvellIng
-~

Perforated seal-packagIng reduced greatly the fruit welgt loss, even at highest
perforatIOn level As a rule, the weIght loss percentage was directly related to TPA value
In non-perforated sealed packages, the weIght loss was surpllsmgly lugh, possibly, as a
result of mtenslve exudatIon of lIqUid from the fruit

Seal-packagmg prevented the fruIt shnvellmg Even when the flult were taken out
from the packages and kept open for an additional week at 20°C, only neglIgible
shnvellmg was eVident At that penod, about 50% of non-sealed control fruit were
shnvelled

33 Decay

The fruIt seal-packaged Without perforatIOn had no decay untIl opemng of the package
but then rotted rapIdly The decay level m fruIt stored m perforated packages was
consIstently lower than that In the non-sealed control For example, after 3 weeks of
storage at 14°C and 4 days at 20°C, the decay InCIdence m perforated packages dId not
exceed 10-12% as compared to 20% m the control

3 4 FruIt npemng

Softenmg Keepmg mango fruit m non-perforated sealed LDPE packages mhlblted
their softenmg, so that the fruIt stayed hard even after 4 weeks of storage and 4 days of
shelf life The smallest perforatIOn level was sufficIent to enable softenmg slmllar to that
of the control fruit

Total soluble solids (TSS) Sl1rular to flult softemng, the ffilmmal package perforatIon
was enough to enable the normal accumulatIOn of soluble solIds m mango fruIt dunng
storage In non-perforated sealed packages, this process was completely mhlblted and
TSS percentage was kept practIcally at the lrutIallevel (FIg 1a)

Titratable aCidIty The rate of aCidity changes depended on perforatIon level In hIghly
perforated packages (TPA of 69 and 19 sq rnm/package), as well as m non-sealed fruIt,
the tltratable aCIdity declIned sharply dunng the storage penod of2 weeks at 14°C and 4
days at 20°C At that shortest storage penod, mangoes seal-packaged WIth TPA of 4
sq mm/package were more aCId than the control (FIg 1b) However, If the cold storage
lasted a week longer (3 weeks at 14°C and 4 days at 20°C) the flult kept at TPA of 4
sq mm/package had by the end of that peflod the same aCidity level as the non-sealed
mangoes (FIg Ib) After 4 weeks of storage and 4 days of shelf lIfe, fruit sealed WIth 1
sq mm of TPA also reached the acceptable aCidIty value (Table 1) In non-perforated
sealed packages, the aCIdity never approached the level ofnon-sealed flult

Taste After 3 weeks of storage at 14°C and 4 days at 20°C, the taste panel preferred
the fruIt kept m perforated sealed packages over those from the non-packaged control,
mamly because It was not overnpe The hIghest taste score was won by the fruIt packaged
at TPA of 4 sq mm, followed by the fruIt kept at TPA values of 19 and 1 sq mm The fruit
kept m non-perforated sealed packages was medlble because of extremely strong



alcoholIc off-flavor, excessive aCidity and firmness The s11ght off-flavor was sometimes
eVIdent also m fruIt packaged at TPA of I sq mm (FIg 1d)

Flesh color After 2 weeks of storage at 14°C and 4 addItIonal days at 20°C, the non
sealed fruIt and the fruit seal-packaged with TPA of 69 sq mm, developed the same
mtense yellow flesh~color Tllis color was reached by the flesh of fruit kept at TPA of 4
and 19 sq mm on~ week later, and It was enhanced shghtly after an additIOnal week of
storage TPA lower than 4 sq mm/package, was msufficlent to allow full flesh color
development The sealing prevented an exceSSIve flesh darkemng observed m non-scaled
control after prolonged storage as a result of overnpemng

Peel color Of all npemng-related processes, the peel color change was the most
sensItIve to the conditIOns of m-package atmosphere In non-perforated sealed packages,
fruit mamtamed ItS green color for more than two weeks, and later demonstrated a dark
(grayish to dark-brown) discoloratIon

After 3 weeks at 14°C and 4 days at 20°C, only fruIt packaged With TPA of 69 sq mm
had turned yellow At least 19 sq mm TPA was reqUIred for fruIt to reach a yellow peel
color after 4 weeks of storage and addItIOnal 4 days of shelf life After opemng the sealed
packages, fruIt kept at TPA of 4 sq mm also reached yellow color, whIle the peel of fruIt
packaged at TPA of 69 sq mm/package turned yellow-orange However, It stilI dId not
reach the color mtensity of the control fruIt The TPA of 1 mm2jpackage was not
suffiCient for complete peel yellowmg (FIg lc)

Direct relationshIp was observed between the advance of peel color and the m-package
oxygen concentratIOn, as well as 02lC02 ratIo Table 1 summanzes the apprOXImate tIme
necessary for mango fruIt to reach "npeness level" of dIfferent quahtative parameters, as
effected by m-package oxygen and C02 concentratIOns

4 DIscussIOn

The advantages of packagmg fruIts m plastiC films, 1 e reduced weight loss and
prevented shnvellmg, are well documented for vanous commodities (Ben-Yehoshua,
1985) mcludmg mango (MIller et ai, 1983, Shapiro et ai, 1989, Sornsnvlchal et al,
1989, Gonzales et ai, 1990) The mam challenge of applymg modIfied atmosphere
packagmg (MAP) to chmactenc fruit, such as mango, IS to combme these advantages
WIth deSIrable npemng rate and good quahty of the fruit at marketmg stage

As shown above, keepmg Tommy Atkms mangoes m sealed non-perforated packages
of 40~L-thlck LDPE spoded the commodIty because of IrreversIbly InhIbited npemng,
anaerobIC fermentatIOn, dark discoloratIOn, and rapid decay after opemng the packages
The C02 mJury was probably a cause of the dIscoloratIOn as reported earher by Bender et
al (1994) ThIS disorder could be prevented by addmg pouches With C02-absorbmg
matenal mto the package space (Rodov and Ben-Yehoshua, non-pubhshed data)
Recently Burdon et al (1996) have proposed that acetaldehyde can retard mango npenmg
by mhtbltmg the ethylene blOsynthesls through supresslOn of ACC oxydase In our work,
the nperung mllibitton m non-perforated packages was mdeed accomparued by the sharp
mcrease m acetaldehyde and ethanol accumulatIOn, although no complete supreSSlOn of
ethylene productIOn took place Measurement of mternal ethylene concentrations m
mesocarp tIssue and determmation of ethylene productIOn rates would be helpful for
mterpretatlon of phySIologIcal baSIS of the phenomena observed Altogether, m agreement



with the concluslOns of MIller et al (1986) and McCollum et al (1992), the detnmental
effects of non-perforated seal-packagmg canceled Its benefits for Tommy Atkms mango

It should be noted that response of other mango vanetIes to non-perforated film
packagmg may be different So, use of non-perforated films Improved both the keepmg
qualitIes and the 'Consumer charactenstlcs of Keaw Sawoey mangoes tradltlOnally,
consumed m ThaIland at the unnpe mature-green stage (Sornsnvichal et aI, 1989)
POSItive results were obtamed also WIth shnnk seal-packagmg of typIcally green-colored
Keitt mango In contrast to Tommy Atkms vanety, the palatablhty of KeItt mangoes was
less affected by the non-perforated film, so that after prolonged storage the panelIsts
consIstently preferred the sealed fruit to the non-sealed one because of prevented
overnperung (Rodov et al , 1994, Yantarasn et al, 1995) The optimal CO2 concentratlOn
for controlled-atmosphere (CA) storage of Tommy Atkms mangoes was found to be
tWIce as low as that for the Kent vanety (Llzana and OchagavIa, 1996)

Packagmg Tommy Atkms mangoes m perforated films dId not cause IrreversIble
disorders observed m non-perforated packages, and at the same tIme markedly alleVIated
phySIOlogIcal problems lImltmg the storage lIfe of non-sealed mangoes (overnpemng,
desiccatlOn) Interestmgly, m CA expenments the mhibitlOn of chlorophyll breakdown m
Tommy Atkms mango was found to be reversIble at 25% CO2 + 3% 02' so that the fruIt
was capable of yellowmg after transfer to air, but IrreverSIble at 45% CO2 + 3% O2
(Bender et aI, 1994) It IS pOSSIble that also m our MA expenments the CO2
concentratIon could deterrrune the character of color changes On the contrary, softenmg
of mangoes m CA condItIOns was determmed by the 02 level rather than by CO2 (Jordan
and SmIth, 1993)

A senes of modified-atmosphere packages WIth dIfferent steady-state 02 and C02
levels and concomitant rates of nperung-related processes was obtamed by varymg the
perforatlOn area from 1 to 69 sq mm The TPA values between 4 and 19 sq mmJpackage
enabled acluevement of full fruIt nperung With 1 to 2 weeks delay as compared to non
sealed control ThIs phenomenon opens a pOSSIbIlIty to choose a package charactenstlcs
m accordance WIth the deSIred duration of storage/transportatIOn penod, m order to
obtam Just by the end of thIS penod a frUIt whIch would combme low weIght loss, absence
of shrIvellIng WIth good edible quality Opturuzmg the charactenstIs of perforated MA
mango package may be based on the newly developed mathematical model (FIshman et
aI, 1996)

Because of different senSItIVIty of vanous fruIt qualIty parameters (such as TSS,
aCidIty, firmness, flesh and peel color) to atmosphere compositlOn, they reqUIred dIfferent
time to reach the full npeness level m the MA conditlOns (see Table 1) The change of
ground color from green to yellow appeared to be the most senSItive to m-package
condItions, so that the yellow peel color was reached later than other rIpeness traits ThIS
desynchroruzatIon of nperung was noted earher m CA storage (Jordan and Snuth, 1993)
However, It was stIll pOSSIble to achIeve a deSIrable combmatlOn of fruIt qualItatIve
charactenstlcs smce the phase ofovernperung was delayed m perforated MAP

In sltuatlOn when phySIologIcal detenoratlOn of the fruIt (overnpemng, deslccatlOn) IS
alleViated by MA package, pathogen development turns to be a major factor lImltmg the
storage lIfe, especIally If the fruIt needs longer tIme to attain the deSIrable combmatlOn of
qualIty charactenstIcs In thIS VIew, chOIce of additIOnal decay-preventmg measure IS of
hIgh Importance for applIcatIOn of thIs technIque In Qur expenmentS, the combmatlOn of
perforated plastic package WIth hot water dIp (5 mm at 51°C) was not suffiCIent to



completely prevent the postharvest dIseases, although the decay mCldence m the
perforated packages was lower as compared to non-treated fruIt Successful use of plastic
packagmg with Nam Dork Mat mango m Thatland (Sornsnvlchat et aI, 1992) was
allowed by Its combmatlon with hot benomyl apphcatlOns Combmatlon of new non
fungicIde measures~to control the postharvest diseases of mango (prusky et ai, 1996)
with MA packagmg mIght be an attractIve approach for Simultaneous improvement of
keepmg quahty and consumer charactenstics of the fruit
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Table 1 Effect ofm-package atmosphere on the number ofweeks* necessary for Tommy
AtkIns mango to reach npeness level

\

TPA,

mm2/pac

Steady-state level
02, % C02, %

(range) (range)

ACIdIty

<025%

RIpemng parameters
TSS FIrm Flesh

color
>13% <1kG Hueo<85°

Peel
color
yellow

0 2-3 25-40 NR NR NR NR NR
1 9-10 11-13 4 2 3 NR NR
4 16-17 4-5 3 2 2 3 3+1 **
19 18-20 2-3 2 2 2 3 4
69 19-21 07-1 2 2 2 2 3
00 205-21 003- 05 2 2 2 2 2
(N/seal)

* followed by 4 days at 20°C, NR - never reached
** 1 addItIonal week unpackaged at 20°C
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FIgure 1 Effect of package perforatIon and storage duratlOn on the quality of 'Tommy
Atkms' mango a - percentage of total soluble solids (TSS), b - tltratable aCIdIty, c - peel
color (VISUal scale YO - yellow-orange, Y - yellow, YG - yellow-green, LG - light-green,
G - green, DC - dlscoloratlOn), d - taste score


