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Executive Summary

The experiments were conducted m both countries, The Israclis worked only with mango
while the Costa Rican partner mvestigated both mangoes and melons

The Israch partners provided necessary technical mformation and consultations to the Costa
Rican partner as for the preparation of the facilities im CITA (Costa Rica) and for the work
with fresh produce The major contribution of the project 1s the establishment of a new
postharvest research laboratory m CITA and the trammng of its leader

The research was aumed to mmprove keeping quality of mango and melon fruits without
dechine of 1ts consumer charactenistics The keepmg qualities were mmproved by hot water
treatments followed by sealing the fruit with different films Packaging Tommy Atkns
mangoes m perforated films prevented disorders caused by non-perforated packages such as
mmpatred npenng, off-flavor development, discoloration, and at the same tmne markedly
alleviated physiological problems characteristic for non-sealed fruit such as wmadequate life,
desiccation, etc A senes of modified-atmosphere packages with different O and CO; levels
were obtamed by varymng the package perforation area In all these perforated packages, the
frwit was capable of ripenmg, but the npemng rate differed markedly depending on m-package
atmosphere This result opens a possibility to choose the characteristics of the package m
accordance wrth the destred duration of storage and or transportation period, m order to obtamn

Just by the end of this period a fruit combining low weight loss, absence of shnivelling with the
good quahty The addition of Ca(OH); — contamng pouches (CO; absorbers) to non-

perforated packages allowed the fruit to attam the yellow peel color wathout a noticeable
merease m weight loss However, hastened decay development m such packages canceled therr
posttive effects on mango color

The research has aroused the mterest of several Costa Rican exporters to carry on large
irials with these technologies 1 collaboration with the CITA reserch leader

A mathematical model was developed to study the wfluence of film preforation on 02
concetration and relative humudity n the atmosphere of the package contamng fresh fruit The
model mcluded equtions describing fruit respiration and traspiration as well as permeation of
oxygen and water vapor through the perforated film Closed-system experiments with mango
fruit revealed a linear dependence of respiration rate on Q2 concentration The model allowed
analytical computation of the time course of m-package O concentration and relative
hurnmdity, and the results were m good agreement with experimentally measured values
Perforations had a much more pronounced effect on 02 concentration than on relative

bhumudity The model enables practical predictions for designing modified-atmosphere
packagmng



A) Research Objectives
The overall aim of this project was to extend the storage life of mangoes and melons by the

use of modified atmosphere packaging, and to combme this techmque with treatments at ligh
temperatures, or with the addition of COp absoebers

The research was aimed at optimization of perforation level of the packages contamnmg heat-
treated mangoes

Increasing the storage life and mamtaming quality of fresh fruits and vegetables are the
primary objectives of applied research m postharvest physiology Controlled atmospheres
specifically reduced O, and mcreased COy have long been known to extend the postharvest
hfe of many horticultural commodities Modified atmosphere packagmg (MAP) provides an
alternative approach for altermg the gaseous environment and thus prolongmng the shelf life of
fresh commodities enabling its export to distant markets (Ben Yehoshua et al 1995) Seal
packaging technique, which 1s a simple, and original application of MAP, has been developed
by the principed mvestigator and used already for different citrus fruit as well as for vegetables
such as bell pepper In the past, the application of MAP to fropical frutt such as Mango was
not successful The sealed fruit became soft but cid not ripen well The application foe melons
was also controversial (Ben Yehoshua et al, 1996)

Postharvest heat treatment of fruit and vegetables, such as curing or hot water dips reduced

decay and accelerated healing of fruit myuries and reduced decay (Ben Yehoshua et al, 1996)

B) Methods and Results
Israel,

Mature-green mangoes of Tommy Atkans cultivar grown m Jordan valley m Israel were
obtamned from the packing house at the day of harvest The fruit did not receive any packing-
house treatment except washmg (1, 3)

The frurt were subjected to heat treatment withm 24 h after reachmg the laboratory Mangoes
were dipped for 5 min m a thermostatic bath containing heated tap water (51+1°C)

The fruit were sealed m packages of 40 - thick low-density polyethylene (LDPE) Two
frut of known mitial weight were sealed m each package The perforation levels were
characterized by total perforation area per package (TPA) which was ranged as follows 0, 1,
4, 19, and 69 sqmm Control frurt were kept n standard mango packages - open cardboard

trays



Packaged fruit were stored at 14°C and relative humudity (RH) of 85+3% The storage
duration varied from 2 to 4 weeks The storage period was followed by a shelf-life imitation,
when the packaged fruit was kept for 4 days at 20°C and RH 8513% At the end of shelf-life
penod, the packages were opened and part of the fruit was used for quality amalysis If
necessary, the rest of the frut were kept open for one addrtional week at 20°C to complete
ripemng

The following parameters were checked m the experments m-package atmosphere
composition, decay incidence, fruit weight loss, shrivelling, firmmess, percentage of total
soluble solids, titratable acidity, peel and flesh color, taste
Composition of n-package atmosphere

In non-perforated packages, the oxygen concentration decreased quickly to the level of 2-
3% The anaerobic fermentation process prevailed m fruit at those conditions Accordingly, the
atmosphere of non-perforated packages was rich m CO2, ethanol and acetaldehyde Even the
smallest perforation level tested (1 sq mm/package) practically prevented anaerobiosis In
perforated packages, the O2 concentration varied from 10 to about 20% with the mcrease of
total perforation area (TPA) from 1 to 69 sq mm/package Accordingly, the CO2 concentration
varied 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 highest and the most pronounced ethylene peak was observed at TPA of
4 sq mm/package At lower perforation levels, the ethylene production mught be whibited by
hugh CO2 concetration, while at higher perforation levels its accumulation could be reduced
because of better package ventilation As a rule, the m-package ethylene level mcreased after
transfer from 14C to 20C
Weight loss and decay

Seal-packaging prevented the fruit shrivelling Even when the fruit were taken out from the
packages and kept open for an additional week at 20°C, only neghgible shrivelling was evident
At that period, about 50% of non-sealed control fruit were shrivelled

Perforated seal-packaging reduced greatly the fruit weight loss, even at highest perforation
level As arule, the weight loss percentage was directly related to TPA value In non-perforated
sealed packages, the weight loss was surprisingly high, possibly, as a result of mtensive
exudation of hiquid from the frurt

The fruit seal-packaged without perforation had no decay until opening 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



days at 20°C, the decay meidence i perforated packages did not exceed 10-12% as compared
to 20% m the control

Fruit ripening
Softering Keeping mango fruit m non-pe}forated sealed LDPE packages mhbited their
softenmng, so that the fruit stayed hard even after 4 weeks of storage and 4 days of shelf Iife

The smallest perforation level was sufficient to enable softemng stmular to that of the control
fruit

Total soluble solids (TSS) Sumilar to fruit softening, the mmmimal package perforation was

enough to enable the normal accumulation of soluble sohds m mango fruit during storage In

non-perforated sealed packages, this process was completely mhibited and TSS percentage was
kept at the mtial level
Titratable acidity The rate of acidity changes depended on perforation level In highly

perforated sealed packages (TPA of 69 and 19 sq mm/package), as well as n non-sealed fruit,
the titratable acidity declined rapidly and had lttle difference at the three storage periods
checked Mangoes seal-pack'aged with TPA of 4 sq mm/package, at first storage period (2
weeks at 14°C and 4 days at 20°C) were more acid than , but a week later frust reached the
acidity level even slhightly lower than that of non-sealed ones After 4 weeks of storage and 4
days of shelf Iife, 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 acidity 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
fruit kept m perforated sealed packages over those from the non-packaged control, mainly
because 1t was not over-ripe The hughest taste score was given to the fruit packaged at TPA of
4 sqmm The fruit kept m non-perforated sealed packages was medible because of extremely
strong alcoholic off-flavor, excessive acidity and firmness The shight off-flavor was sometimes
evident also m fruit packaged at TPA of 1 sq mm

Flesh color After 2 weeks of storage at 14°C and 4 additional days at 20°C, the non-sealed
fruit and the frut seal-packaged with TPA of 69 sq mm, had the same ntense yellow flesh
color This color was reached by the flesh of fruit kept at TPA of 4 and 19 sqmm one week
later, and 1t was enhanced shghtly after additional week of storage TPA lower than 4 sq mm
per package was msufficient to allow full flesh color development The sealing prevented an
excessive flesh darkening observed i non-sealed control after prolonged storage as a result of

over-ripening



Peel color Of all npening-related processes, the peel color change was the most sensitive to
the condstions of n-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 The heat treatment enhaced color development enabling 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 life After openmg 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, 1t still did not reach the color mtensity of the
control fruit The TPA of 1 mmzlpackage was not sufficient for complete fruit yellowing

Direct relationship was observed between the advance of peel color and the m-package
oxygen concentration, as well as 02/CO2 ratio

In-package atmosphere and ripering rate Table 1 summarizes the approxumate time

necessary for mango fruit to reach "ripeness level" of different qualitative parameters, as

effected by m-package oxygen and CO» concentrations



Table 1 Effect of mn-package atmosphere on the number of weeks* necessary for Tommy
Atkins mango to reach ripeness level

Steady-state Ripening parameters

TPA, 02,% | COy, % | Acidity | TSS Firm Flesh color | Peel

color

mmzlpac (range) (range) | <025% |>13% <1kG 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

o 20 5-21 003-05 |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, keeping the fruit m sealed non-perforated packages of 40u-thuck LDPE

wrreversibly spoiled the commodity because of anaerobic fermentation, dark discoloration, off-
flavors and impaired ripening Altogether, these disorders canceled the benefits of non-
perforated seal-packaging for Tommy Atkms mango
Packaging Tommy Atkins mangoes m perforated films prevented disorders caused by non-
perforated packages, and at the same time markedly alleviated physiological problems
characteristic for non-sealed fruit (inadequate life, desiccation) A sertes of modified-
atmosphere packages wrth different steady-state O, and CO- levels was obtamned by varymg
the perforation area from 1 to 69 sq mm In these perforated packages, the rate of fruit ripening
was determined by the perforation level

The objectives of this research were to test the effect of packagmg m commercially
manufactured perforated heat-shrinkable polyolefin films and of the carbon dioude-absorbing




package mserts on postharvest life of ‘Tommy Atkins’ mangoes The performances of two
films having the same density of perforations (8 holes/sq inch) but differing by perforation
diameter (0 4 mm for Cryovac SM60M and 1 6 mm for Cryovac MPY8) were compared with
those of two different non-perforated Cryovac polyolefins, MD and MY The fruit were sealed
erther within a polystyrene tray (in different trials, one or two fruit per tray) or without a tray
(ndividual seal-packaging) The non-perforated film caused certam reduction of Op
concentration and enhanced the accumulation of COy and ethanol vapor m the m-package
atmosphere The atmosphere composition 1n perforated packages did not differ sigmficantly of
the ambient one

After three weeks of storage at 14C and up to one week of shelf-ife at 17C, the non-sealed
control fruit were of the mferior quality because of the over-ripening, shrivelng and decay
development Both perforated and non-perforated films practically prevented the fruit
shrivelmg Packaging 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 Packaging mn non-
perforated films mhibited 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 mside
the package No film removal was necessary for color development

The addition of Ca(OH)2 - contaiming pouches (CO, absorbers) to non-perforated packages
allowed the frurt to attam the yellow peel color without a noticeable mcrease 1 weight loss
However, hastened decay development i such packages canceled their positive effects on
mango quality

In addition to the practical expermments described above, a mathematical model was
developed to study and predict the mfluence of film perforations on Oy concentration and
relattve hunmdity mside a package contaming fresh fruit The model mcluded equations
describmg fruit respiration and transpiration as well as permeation of oxygen and water vapour
through the perforated film Closed-system experiments with mango revealed a lmear
dependence of respiration rate on Oy concentration The model allowed analytical computation
of the time course of m-package O) concentration and relative hunudity, the results wrere m
good agreement with experimentally measured values Perforation had a greater effect on Oy
concentration than on relative hunmudity The practical aspect of thus model was its ability to
predict gas concentrations m modified-atmosphere packages

New developments m MAP were described m a special report mvited by the journal
Plasticulture which 1s the major publication of the International Association of the Plastics in
Agriculture
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Costa Rica

CANTALOUPE MELON The effect of mdividual packagmng m plastic films and its
combmation with a hot water treatment on the quality characteristics of Cantaloupe melon was
evaluated

Fruit was sealed m the followmg films LDRE with perforation area from 0 04 to 0 12 cm®
per package, a heat shrinkable polyolefin (D-940 CRYOVAC), and an orentated
mucroperforated polyolefin (SM-250 CRYOVAC) The combmation of a hot water treatment
(55°C/2 mum) together with sealing m heat shrinkable polyolefin and onentated microperforated
polyolefin was examined later Unsealed fruit, treated and non-treated, was used as control
The efficacy of the hot water treatment on decay control and 1ts consequnces on fruit quality
were evaluated m prehmmary trials The product was evaluated after one, two and three weeks
of storage at 4 5°C 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 of the
frwit were determned

Individual sealng was very effective for weight loss control but other characteristics of the
product might be affected The heat shrmkable film tried m this study, although considered to
be highly permeable, significantly reduced the acceptability of the fruit Perforated LDPE
affected the wntensity of sweetness (0 12 cm’® perforation) and strange taste (004 cm’
perforation) Usmg highly perforated materials like and orentated microperforated polyolefin
ensures a considerable weight loss reduction together with unaltered sensory attributes A hot
water treatment of 55°C for 2 minutes showed to be sigmficantly effective for decay control of
Cantaloupe melon Though this treatment also made the fruit less juicy, sweet and tasty It also
stimulated a highter peel color and mcreased weight loss It 1s suggested that the effectiveness of
hot water treatments, mcluding shghtly higher temperatures, should be compared with the
commercial treatments under simular conditions

The combmation of mndividual seal packagng with hot water treatments still looks very
promusing as a way to obtain better quality characteristics m the final product The results of
this study have raised condsiderable interest among Costa Rican melon exporters and
packagmg material suppliers, who are willing to support further research

All the tables and data are enclosed m the Appendix

MANGO The effect of individual packaging m plastic films and its combimation with a hot
water treatment on the quality characteristics of Tommy Atkins mango was evaluated

Frutt was mdividually sealed mto four different films LDPE 40 pm thick with 0 08 cm’
perforation per package, orientated microperforated polyolefin (SM-250 CRYOVAC), heat
shrinkable polyolefin (D-940 CRYOVAC) and LDPE with 0 04 cm” perforation A hot water
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treatment, “HWT” (55°C/5 mun) followed by sealing mto the last two materetals was also
exammed 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 additional week of storage at 18°C
Sensory attributes, weight loss, external and flesh firmness, peel and flesh color, titrable
acidity, pH, total soluble solids and decay were measured

Our results show that perforation area as low as 004 cm’® allows for adequate color
development when mdividial seal packagmg m LDPE 1s used Packing the fruit m the heat
shrinkable polyolefin film did mterfere with peel and flesh color development The HWT
applied did not have detrimental effects on fruit quality but was not very effective for decay
control (shightly higher temperatures and/or exposure times should be tried m the future)
Trtratable acidity and pH were not affected by seal packagmg but significant differences were
found m the total soluble solids content Fruit sealed n LDPE at both levels of perforation and
m the heat shrmkable polyolefin showed TSS values and sweetness scores sigmficantly lower
along storage than the non-sealed control The use of LDPE with 0 04 cm’ perforation and heat
shrinkable polyolefin films had negative consequences on the sensory quality of the product
Conversely a delay m ripening apparently with no other negative effects was obtamed by the
use of LDPE with 0 08 cm’ perforation All the materals were very effective m weight loss
control

The use of packaging films with controlled levels of perforation 1s a favorable option to
achueve the benefits that seal packaging can provide It 1s clear that readily available low cost
materials ltke low-density polyethylene can be advantageous if the adequate levels of
perforation are carefully determined Heat shrimkable materials still seem to have ambiguous
effects on fruit quality

C) Impact, Relevance and Technology Transfer

The results described m this report, open a possibility to choose a package - characteristics
m accordance with the desired duration of storage and transportation period, m order to reduce
spoilage, extend the postharvest life and obtain just by the end of storage pertod a fruit
combining low weight loss, absence of shrivelling with the good quality

The Costa Rican mstitution (CITA) has 20-years practice m the area of food
processimg/engmeering but only a limited previous experience m the work with fresh fruits and
vegetables At the begmming of this project, the Costa Rican researcher, M Sc Ruth De la
Asuncion, was tramned i Israel m Ben-Yehoshua labratory i postharvest handling for a whole
year and returned to Costa Rica She carried out then Trials with Mango and Melon fruits with
the advice and gwidance of the Israch team
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The Israch partners provided also the necessary consultations to the Costa Rican part as
for the preparation of the postharvest faciliies m CITA Cold rooms for storage were built and
shrmk sealing machme (CLAMCO Co USA) was purchased

In March-May 1995, the Costa Rican collaborator participated i a postharvest science
course at the Institute of Natural Resourses (Chatam, UK) financed from sources other than
USA AID

During the experiments the CITA sensory analysis facilities were used and the postharvest
laboratory has been equipped with a colonmeter CITA 1s arrangmg with the OEA
(Orgamsation of American States) about the equipment for measurement and control of relative
humidity (RH) and for gas analysis Another source of funding agreed to provide Iterature and
subscriptions to periodicals m the relevant field
This project has opened possibilities for CITA to work with fresh produce, not only m research
activities but also mn extension and trammg/teaching As a result of thus project CITA has
broaden its capabulities to support and serve, not only the food processing sector, but also the
horticultural sector CITA provided a professional tramed m fresh produce handling and
packaging, new store rooms and packagmg equipment, as well as the experience gamed by
conducting storage trials Experimental results have been promusing, and have raised mterest
among Costa Rican enterprises exporting mango and melon Several exporters are mterested m
supporting the required additional research Larger scale trnials could be considered later
Several companies handling produce for the local market are also willing to support future
research related with packagmg of other horticultural commodities

Establishment of postharvest research laboratory n CITA and traming the approprate staff
will be the major contribution of this project to strengthenng the research and development

capacities i Costa Rica

D) Project Activities/Qutputs
The following meetings were attended and m each of these meeting a lecture about
our work had been presented and cited mn section G Litreture cited

1 The Australasian Postharverst Hotriculture Conference m Melbourne, Australia at September
1995

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

3 The 4th International Symposium Computer Modelng m Fruit Research, France,
September 1996

4 The 5th International Mango Symposium m Tel-aviv, Israel, September 1996
5 International congress of Plastics m Agriculture, Tel-Aviv, Israel at March 1997
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Trammg M Sc Ruth De La Asuncion, the Costa Rican reasearch leader had been tramed for a
whole year m S Ben-Yehoshua labratory in 1994
The publications that were submutted, and mostly already published, are histed m section G

In February 1998 S Ben-Yehoshua visited Costa Rica for 3 weeks During this time both
mvestigators have reviewed n detail all research done m both countries All the Costa Rican
work that have been carried out throughout this project had been summarized mto the 2

scientific reports m the appendix

E) Project Productiity

The project has accomplished all of the proposed goals

The research on both mango melon has come to the level that several exporters m Costa Rica
exoressed their mterest m carrying out together with CITA large scale trials to check the
possibility to reach its commercial application

The perforation and the modeling of the relative hunudity has been pioneermg pieces m the

rapidly developmg field of modified atmosphere packaging

F) Future Work

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

produce exporting companies face a number of constrants at different

stages of the marketing chain  Although handhing and packagmg were found

to be very relevant 1ssues, a more mtegrated approach is required m

order to get the desired mmpact

The mathematical model will be used for optimzing the design of perforated mango package
The search for decay-controlling measures for seal-packaged fruits will be continued Both
mangoes and melons have several options of effective fungicides They were not checked m this
project as 1t 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 of the life of the fruit by the seal packaging
Additional trials with melon will be conducted by CITA durmng the harvest season m 1998
(Feb -April)

The mdividual seal-packaging developed m this project for mango and melon has to be

compared to the modifical atmosphere packages of several fruit or a whole carton
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H) Appendix

The appendix comprises of last year reports of the two partners and all the published papers
resulted from this project

\

A Report of the work carried out in Costa Rica

Effect of packaging m plastic films and hot water treatment on the charactenstics of

4

Tommy Atkins’ mango

De la Asuncion R, Calderon S and Morales, I
Centero Nacional de Ciencia y Tecnologia de Alimentos, Umiversidad de Costa Rica, San Jose,
Costa Rica

Abstract

The effect of individual packagmg in plastic films and its combination with a hot water treatment
on the quality characteristics of “Tommy Atkins® mango was evaluated

Frutt was mdividually sealed mto four different films LDPE 40 pm thick with 008 cm’
perforation per package, orientated mucroperforated polyolefin (SM-250 CRYOVAC), heat
shrimkable polyolefin (D-940 CRYOVAC) and LDPE with 0 04 cm® perforation A hot water
treatment, “HWT” (55°C/5 mun) followed by sealing mto the last two materelals was also
examined 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 additional week of storage at 18°C
Sensory attributes, weight loss, external and flesh firmness, peel and flesh color, titrable acidity,
pH, total soluble solids and decay were measured

Our results show that perforation area as low as 0 04 cm® allows for adequate color development
when mdividial seal packaging m LDPE 1s used Packing the frutt m the heat shrinkable
polyolefin film did mterfere with peel and flesh color development The HWT applied did not
have detrimental effects on fruit quality but was not very effective for decay control (shghtly
higher temperatures and/or exposure times should be tried m the future) Titratable acidity and
pH were not affected by seal packaging but significant differences were found 1 the total soluble
sohids content Fruit sealed m LDPE at both levels of perforation and n the heat shrinkable
polyolefin showed TSS values and sweetness scores significantly lower along storage than the
non-sealed control The use of LDPE with 0 04 cm® perforation and heat shrinkable polyolefin
films had negative consequences on the sensory quality of the product Conversely a delay m
ripening apparently with no other negative effects was obtammed by the use of LDPE with 0 08
om’ perforation All the materials were very effective mn weight loss control

The use of packagng films with controlled levels of perforation 1s a favorable option to achieve
the benefits that seal packagmg can provide It is clear that readily available low cost materals
Iike low-density polyethylene can be advantageous if the adequate levels of perforation are
carefully determmed Heat shrinkable materials still seem to have ambiguous effects on frurt

quality
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Methods and Matenals

The effect of mdividual packagmg mn plastic films and 1ts combination with a hot water treatment
on the quality characteristics of Tommy Atkins mango was evaluated

Tommy Atkins mangos from plantations located in the Costa Rican Central Pacific area were
used Fruit harvested m the early hours, without bemg subjected to any packing house treatment,
was selected, placed wnto cardboard boxes, and transported to CITA Fruit was kept at room
temperature (20-25°C) until experiments were set, 24 hours after harvest

In a first experiment sealng m four different packaging films was evaluated The first two
materials were LDPE with perforation area 0 04 and 0 08 cm? per package contaming one fruit
These films will be referred to as LDPEO 04 and LDPEQ 08, respectively The other two
materials were a heat shrinkable polyolefin D-940 CRYOVAC (water vapor transmission rate
50g/100m?*24 h', oxygen transmussion rate 23000 cc/ m?* 24 h"), and an orientated
mucroperforated polyolefin SM-250 CRYOVAC (water vapor transmission rate 250 g/ 100 m*
*24h") These last two matenals will be referred to as HSP and OMP, respectively An
unsealed control was used

A hot water treatment (55 °C / 5mun) together with sealng m HSP and LDPEQ 04 was examumed
m a second expermment Non-treated fruit was also sealed m both matertals Unsealed fruit,
treated and non-treated, was used as control

Fruit was stored at 10 °C for one, two and three weeks Evaluations took place always after an
additional week of storage at 18 °C  When a storage tune of 2 weeks 1s mentioned 1t means one
week at 10 °C plus one week at 18 °C  Three weeks of storage include two weeks at 10 °C plus
one week at 18 °C A storage time of 4 weeks would imply three weeks at 10 °C plus one week at
18°C

An unrestricted random design was always applied Frve replications per treatment were used, 10

frmt per rephcation A complete set of any one experiment was used for each evaluation time

The followmg characteristics were evaluated 1n the stored fruit

e Titratable acidity was deternuned usmg 10g of homogenized pulp diluted m 100mL distilled
water A 10 mL aliquot was then titrated with NaOH 0 1M, using phenolphthalemn mdicator
Results were expressed as mL NaOH O 1M/ 10 g

» pH was tested m a 1 2 pulp and water blend

e Firmness was measured using an Instron (model 1000) texturometer with a 50 Kg cell
Penetration mn the equator of the frurt was used for external firmness (needle diameter = 1 cm)
Flesh firmness was measured through penetration with the same needle n the peeled pulp at
both sides of the fruit  Each fruit was tested twice

e Total soluble sohds were determumed 1n the juice usmng a digital table refractometer (ABBE
type)

¢ Peel and flesh color were measured with a colormeter (Hunter Lab DP-9000, sensor D25M)

e Weight loss was determined m four randomly selected fruit per rephication (scale accuracy
00lg)

® Decay was visually scored m every fruit usmg the followmg categories 0=no decay ,
I1=shghtly decayed, 2=moderately decayed and 3=severely decayed A weighed mdex was
calculated for each replica

All the analyses, except for weight loss and decay, were duplicated 1n two frut per replication
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Sensory attributes of the product were evaluated through descriptive sensory analysis using
categorical scales A panel of 24 experienced judges was used n the different evaluations
Judges were asked to assess the mtensity of the characteristic aroma, the strange aroma, the
characteristic taste, the strange taste and the sweetness Also hardness, juiciness, and general
liking were assessed A scale of 150 mm, with the categories “absent™“weak”-“moderate”-
“strong”-“very strong” was used to evaluate mtensity Simular scales with categories from “very
soft” to “very hard”, and from “very low” to “very high” were applied for hardness and juiciness
General liking was measured through a hedomical scale (150 mm scale, from “dislike a lot” to
“hke alot”) Samples were prepared by dicing the flesh of 15 fruit per treatment mto 1 cm
cubes

The SPSS software was used for statistical analysis Statistical differences were determned by
analysis of variance and Tukey’s sigmficant difference test

Results
INITIAL CONDITIONS

The mitial characteristics of the fruit varied from one experiment to the next Harvest season was
shorter than usual due to adverse climatic conditions  Earlier fruit had significantly lower

(P<0 05) values for “a” of the peel, “a” and “b” of the flesh, total soluble solids content (Brix),
and pH External and flesh firmness were sigmficantly lower 1 the later fruit  Values at the time
of harvest are mentioned in each table of results

COLOR

The flesh color varied along storage Parameters “L” and “a” sigmficantly decreased and
mcreased, respectively, with storage time The packaging film bad a significant effect on “a”
Values of frurt 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 packaging material but did
increase significantly with storage time when earlier fruit was used Differences between
packaging materials were evident m “a” values even when the mutial fruit was riper (Table 2)
Frut sealed mn HSP had the lowest values, LDPEOQ 04 had a bittle hugher and both had
sigmficantly lower values than the control

The color of fruit sealed mto OMP was always sumlar to the control Heat treating the frust did
not mterfere at all with the normal color development

The color of the peel also varied as related with the packaging material Values for “a” were
sigmficantly lower i the HSP sealed fruit than mn the non-sealed control (Table 3) The LDPE at
both levels of perforation, and the OMP did not affect significantly the color changes of the peel
(data not shown) Changes m hghtness and “b” were not affected by the packagmmg materials
The HWT applied had no significant effect on peel color development

FIRMNESS

External and flesh firmness decreased sigmficantly (P<0 001) with storage time but, 1n general,
were not affected by seal packagmg m the tested materials After 3 weeks of storage the LDPE
sealed fruit was significantly firmer than the control (Table 4) These difference disappeared
with longer storage time, and was not seen when mitial fruit was riper (Table 5) The HWT did
not affect the normal softeming of the fruit
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TOTAL SOLUBLE SOLIDS, pH and ACIDITY

Total soluble solids content and pH significantly mcreased (P<0 01) with storage ime  The
packaging matenials had a sigmficant effect on TSS Fruit sealed m LDPE at both levels of
perforation and n HSP showed TSS values sigmificantly lower (P<0 05) along storage than the
non-sealed control These three treatments did not differ among themselves (Table 6) Sealing in
OMP did not affect the TSS levels as compared to the control frut No differences between
treatments could be observed in TSS levels when the mitial fruit was niper (Table 7)

Seal packagmg m the tested films had no effect on pH The hot water treatment apphed had no
mfluence over the total soluble solids content, the pH or the acidity of the frut  Acidity
decreased significantly with storage time (P<0 001), and was not mfluenced by seal packagmg
(data not shown)

WEIGHT LOSS

Sealing m LDPE at both levels of perforation 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 period of time (Table 8) The hot water treatment
showed no sigmificant effect on weight loss

DECAY

No signs of decay were found up to 4 weeks of storage when earlier, non-hot water treated fruit
was used With later fruit shght decay became evident only after 3 weeks of storage (5-10% of
frurt shghtly decayed) After 4 weeks decay levels were higher (15-30% of fruit shghtly to
moderately decayed) Decay sigmficantly mcreased with storage time and no differences were
observed between sealed and non-sealed fruit The hot water treatment was significantly effective
m reducing decay levels (P<0 05) but reduction was only about 30%

SENSORY CHARACTERISTICS

The sensory quality of the fruit deteriorated along storage Storage time was related with
significant reductions n scores for general liking and characteristic taste, together with raising
mtensity of strange taste and aroma (Table 9)

Sigmificant influence of the packagmg matenals on the sensory attributes was found Seal
packing fruit m LDPEQ 04 and HSP lead to lower general liking, sweetness and characteristic
taste In addition LDPEOQ 04 mtensified strange aroma Sweetness was sigmficantly lower with
LDPEO 08 and no other adverse effects were found Fruit packed mto OMP was always sumular
to the non-sealed control

The hot water treatment apphied had no significant effect on the sensory characteristics of Tommy
Atkins mango Hardness evaluation by the panel gave no consistent results

Discussion

The application of modified atmosphere packaging to better preserve the quality of fresh mango
fruit has been the subject of numerous mvestigations Different authors mention advantages such
as reduced weight loss (Miller and Hale, 1983), reduced chillimg mjury (Ketsa and Raksritong,
1992) and delayed ripening (Sornsrivichai ef al , 1989) Higher decay levels, msufficient color
development of the peel and the pulp, and lugher mncidence of off flavors (Muller ef al , 1986) are
frequently commented as the major constraints m the application of this technmque

Fruit packed n LDPEO 04 and LDPEOQ 08, as well as OMP changed color normally Yantarasn
et al (1994) stated that a perforation area over 0 392 cm’ was required n order to achieve an
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acceptable peel color m packages contaimng three fruit  Our results show that perforation area
as low as 0 04 cm? allow for adequate color development when mdividual seal packaging with
LDPE 1s used According with Rodov et al (1997) frut sealed m highly perforated polyolefin
films, like the OMP used 1n these tnals, reached 1ts full color without any trouble Packing the
frurt m the HSP film did mterfere with peel color development

Peel color development 1s considered to be a more sensitive mechanism than flesh color
development Thus, 1t 1s contradictory that flesh color resulted more altered by packaging not
only m the HSP, but also m LDPEO 04 and LDPEO 08 Yantarasn et al (1994) mentioned that
acceptable flesh color development was posstble with perforation area as low as 0 002 cm” 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 sigmficant effect on any of the quality characteristics evaluated along the
study This HWT (55 °C / 5 mumn) did not seem to be very effective for decay control Though
decay levels were m general very low, the effect of the HWT was sumular for sealed and non-
sealed fruit It 1s suggested that longer storage time should be allowed for decay evaluations
Considering that thus HWT did not mterfere at all with the normal quality characteristics of the
fruit, 1t could be possible to try shghtly higher temperatures and / or exposure times m the future

Important factors 1n the normal ripening process of mangoes are a relatively rapid decrease m
acidity (Yoneya ef al , 1990) together with an mcrease 1n total soluble solids (Wang and Shuesh,
1990) This normal bebhavior i1s sometimes modified, delayed and even reversed because of
external factors Rodov et al (1997) show that fruit packed m non perforated films had
markedly lgher acidity than the non-sealed or the one sealed in perforated materials 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 of mangoes (Chaphin et al , 1991)

Our results showed that the pH and the titratable acidity were not affected by seal packagmg m
the tested matenals However, sigmificant differences were found m total soluble solids content
due to the packaging films Fruit sealed in LDPE at both levels of perforation and m HSP
showed TSS values sigmificantly lower along storage than the non-sealed control Delayed
ripening was also evident on the lower scores for sweetness that fruit sealed mto these materials
got The use of LDPEO 04 and HSP films lead to other detrimental consequences on the sensory
quality of the product Conversely a delay m ripemng apparently with no other negative effects
was obtained by the use of LDPEO 08

The use of packagmg films with controlled levels of perforation 1s a favorable option to achieve
the benefits that seal packaging can provide It 1s clear that readily available low cost materials
like low density polyethylene can be advantageous 1f the adequate levels of perforation are
carefully determuned In thus study a perforation area of 0 08 cm” per mdividual package granted
mportant weight loss reduction together with delayed npening and without detrimental effects on
the quality charactenstics The use of highly perforated materials hike the orientated
mucroperforated polyolefin tested can provide considerable weight loss reduction Though a
siular effect could be expected from a hughly perforated LDPE film, at much lower cost Heat
shrmkable materials still seem to have ambiguous effects on fruit quality

The effectiveness of hot water treatments should be further assessed 1n the Costa Rican
environment Trymg shghtly hugher temperatures and / or exposure times, as well as testmg fruit
from different sources 1s recommended for future work
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Table 1 Effect of packaging with different films on the flesh color (“L”, “a” and “b”) of
Tommy Atkins mango

Storage Time
(weeks) Packaging film
LDPEQ 04 LDPEO 08 OMP HSP Control
‘GL’?
2 75 652 73 712 74 61 75 50° 77 412
3 78 07° 78 012 75 66° 77 61® 77 25°
4 74 012 75 26* 72 01* 74 132 7357
“aSQ
2 2 96* 6 34* 6832 4212 3298
3 149 2 43° 6 47* 139° 415
4 562° 576" 10 04%® 4 99* 1225
ch”
2 42 71° 42 16° 43 73° 43 69° 43 39°
3 42 68° 4127° 43 28° 41 40° 42 82°
4 43 80° 44 43° 4331° 4413° 43 43°

*® Values m the same row with different superscripts are different (P<0 05)
Values at the time of harvest “L”= 80 43, “a”= -2 34, and “b™= 40 69
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Table 2 Effect of packaging with LDPEO 04 and HSP films, alone and mn combmation with a
hot water treatment, on the flesh color (“L”, “a” and “b™) of Tommy Atkins mango

Storage
Time Packaging film / treatment
(weeks)
LDPEO 04° HSP* Controf®
“L” cw HWT CwW HWT Cw HWT
2 76 52 7781 76 39 7776 7952 76 75
3 74 06 75 64 77 11 76 90 7478 76 09
4 73 58 75 04 76 92 76 64 73 40 7192
LDPEO 04° HSP Control’
“a” Ccw HWT Cw HWT Cw HWT
2 302 218 200 065 227 512
3 546 316 167 121 673 591
4 4 48 425 178 258 8 60 397
LDPEO 04° HSP* Control”
“b” Ccw HWT Ccw HWT Cw HWT
2 44 10 43 09 43 17 43 65 43 06 43 92
3 43 68 4371 43 44 42 85 43 88 43 37
4 42 87 43171 4342 43 69 43 07 42 35

2b Headings m the same row with different superscripts are different (P<0 05)

Values at the time tharvest “L>1= 81 44’ cca:a= 1 45, and “b”: 44 43
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Table3 Effect of packagmg with LDPEQ 04 and HSP films, alone and in combination with a
hot water treatment, on the peel color (“L”, “a” and “b”) of Tommy Atkins mango

Storage
Time Packaging film / treatment
(weeks)
LDPEO 04° HSP® Control®
“L” Cw HWT Cw HWT Cw HWT
2 42 48 44 44 44 95 55 60 53 66 40 65
3 46 40 49 32 4472 4392 5522 5174
4 40 56 37 34 45133 48 45 4093 5046
LDPEO 04® HSP* Control®
“a” Cw HWT Cw HWT Ccw HWT
2 26 11 18 16 19 06 633 2397 3274
3 2537 11 82 14 51 12 82 19 62 2191
4 28 37 2156 1831 20 06 3121 2522
LDPEO 04° HSP* Control*
“p” Cw HWT Cw HWT CwW HWT
2 1422 16 72 15 64 2268 2100 1338
3 16 40 1972 15 74 1504 2326 2234
4 1330 1023 16 07 1873 1303 2093

ab Headmgs m the same row with different superscripts are different (P<0 05)
Values at the tume of harvest “L”=41 02, “a™= 19 85, and “b™= 15 63



23

Table 4 Effect of packaging with different films on the external and flesh firmness of Tommy
Atkins mango

Storage Time
(weeks)
Packaging film
LDPEO 04 LDPEOQ 08 OMP HSP Control
External
firmmess
(Kg/om’®)
2 13 4° 117 1472 14 4° 157%
3 12 0® 135° 75% 64%® 33°
4 68?2 85° 47 60 472
Firmness of
the flesh
(Kg/em®)
2 58° 60° 70° 88" 88°
3 56° 61% 86 12 5° 103*
4 27° 34°% 14* 17° 10°

*® Values m the same row with different superscripts are different (P<0 05)
Values at the time of barvest “Ex firm ” = 18 83 and “Flesh firm ” = 10 44
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Table 5 Effect of packaging with LDPEQ 04 and HSP films, alone and m combmation with a
hot water treatment, on the external and flesh firmness of Tommy Atkins mango

Storage
Time Packa;gzng Sfilm / treatment
(weeks)
External LDPEO 04° HSP? Control®
firmness CcwW HWT Cw HWT Cw HWT
(Kg/em2)
2 68 59 77 64 75 717
3 42 50 43 44 39 54
4 24 24 33 22 35 35
Firmness of LDPEO 04° HSP? Control®
the flesh Cw HWT Cw HWT CwW HWT
(Kg/cm?)
2 10 18 17 23 16 16
3 08 12 11 10 08 11
4 07 08 07 05 07 09

** Headimngs m the same row with different superscripts are different (P<Q 05)

Values at the time of harvest “Ex firm ” =9 39 and “Flesh firm =5 20
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Table 6 Effect of packaging with different films on the total soluble solids and pH of Tommy

Atkmns mango after storage
Storage Time
(weeks) Packaging film
LDPEOQ 04 LDPEO 08 OMP HSP Control
Total soluble
solids (Brix)
2 73 8§2° 109 66° 12 0°
3 133° 12 0° 13 4% 120° 142°
4 135° 121° 136° 152 14 6°
pH
2 362° 366° 350° 406° 343°
3 3 44° 356° 348° 346° 319°
4 376° 358° 415° 379° 398°

*® Values i the same row with different superscripts are different (P<0 05)
Values at the time of harvest “Brix”=6 9 and “pH”"=3 51

Table 7 Effect of packaging with LDPEO 04 and HSP films, alone and m combmation with a
hot water treatment, on the total soluble solids and pH of Tommy Atkins mango after storage

Storage
Ttme Packaging film / treatment
(weeks)
Total LDPEO 04* HSP* Control®
soluble CwW HWT cw HWT Cw HWT
solids (Brix)
2 123 108 114 102 106 119
3 124 119 119 119 125 125
4 121 115 115 120 121 125
LDPEO 04° HSP* Control®
pH cw HWT cw HWT CwW HWT
2 351 355 355 348 334 347
3 361 351 346 346 376 343
4 392 6 96 361 384 396 401

= Headings m the same row with different superscripts are different (P<0 05)
Values at the time of harvest “Brix”=8 6 and “pH"=3 69
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Table 8 Effect of packaging with different films on the weight loss of Tommy Atkins mango
after storage

Storage Time
(weeks)
Packaging film
LDPEO 04 LDPEO 08 OMP HSP Control
Weight loss
(%)
2 01° 01° 17° 00° 22°
3 06° 03® 30° 04° 41°

*® Values m the same row with different superscripts are different (P<0 05)

Table 9 Effect of storage tume, hot water treatment and packagmg film on the sensory
charactenstics of Tommy Atkins mango after storage

Storage HWT |LDPE LDPE OMP HSP Mean of
tume 004 008 the
Control

General liking - NS -- ND ND -- 98
Juicmess + NS ND ND ND ND 78
Sweetness NS NS -- -- ND -- 95
Characteristic taste -- NS -- ND ND -- 93
Strange taste + NS + ND ND + 24
Charactenistic aroma | N S NS ND ND ND ND 76
Strange aroma +++ NS + ND ND ND 26

- Sigmficant, or significantly lower than the control (-) P<0 05, (- -) P<0 005, (- - -)

P<0 001

+ Significant, or significantly higher than the control (+) P<0 05, (+-+) P<0 005, (+ + +)

P<0 001

NS  Not significant (P>=0 05)
ND  Not significantly different than the control (P>=0 03)
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Effect of packaging m plastic films 1 combination with hot water treatments on the quality
charactenistics of cantaloupe melon

De la Asuncion R, Calderon S and Morales, I |
Centro Nacional de Ciencia y Tecnologia de Alimentos, Universidad de Costa Rica, San Jose, Costa
Rica

Abstract

The effect of individual packagmng 1 plastic films and 1ts combmation with a hot water treatment on
the quality charactenistics of Cantaloupe melon was evaluated

Fruit was sealed mn the followng films LDPE with perforation area from 004 to 012 cm® per
package, a heat shrinkable polyolefin (D-940 CRYOVAC), and an orientated mucroperforated
polyolefin (SM-250 CRYOVAC) The combmation of a hot water treatment (55°C/2 mun) together
with sealng m heat shrinkable polyolefin and orentated mucroperforated polyolefin was examuned
later Unsealed fruit, treated and non-treated, was used as control The efficacy of the hot water
treatment on decay control and 1ts consequnces on fruit quality were evaluated m prehmmary trials

The product was evaluated after one, two and three weeks of storage at 4 5°C followed by an
addrtional week of storage at 18°C Sensory attributes, weight loss, peel and flesh color, external and
flesh firmness, decay, TSS, pH and acidity of the fruit were determined

Individual sealing was very effective for weight loss control but other charactenstics of the product
mught be affected The heat shrmkable film tried m this study, although considered to be lughly
permeable, significantly reduced the acceptability of the fruit Perforated LDPE affected the mtensity
of sweetness (0 12 cm® perforation) and strange taste (0 04 cm’ perforation) Usmg highly perforated
materials like and orientated mucroperforated polyolefin ensures a considerable weight loss reduction
together with unaltered sensory attributes A hot water treatment of 55°C for 2 mumutes 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 stimulated a Lighter peel color and mncreased weight loss It 1s
suggested that the effectiveness of hot water treatments, mcludmg shghtly higher temperatures,
should be compared with the commercial treatments under simular condrtions

The combmation of mdividual seal packaging with hot water treatments still looks very pronusing as
a way to obtam better quality charactenistics m the final product The results of this study have raised
condsiderable mterest among Costa Rican melon exporters and packaging material supphers, who are
willing to support further research
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Methods and Materials

The effect of individual packaging n plastic films and 1ts combmation with a hot water treatment on
the quality characteristics of Cantaloupe melon was evaluated

Cantaloupe melons from plantations located n the Costa Rican North Pacific area were used Fruat
harvested m the early hours, without bemng subjected to any packing house treatment, was selected,
placed mto cardboard boxes, and transported to CITA  Fruit was kept at room temperature (20-
25°C) until experiments were set, 24 hours after harvest

The experiments described next were conducted durmg the harvest seasons of 1996 and 1997 at the
National Center of Food Science and Technology (CITA), University of Costa Rica

The effectiveness of a hot water treatment (55°C / 2 munutes) on decay control and 1ts consequences
on the sensory attributes of the fruit were evaluated m preliminary trials  Fruit was either treated
with hot water or only immersed 1 cold water for a sumlar time The product was then placed m
ventilated cardboard boxes and stored at 18 °C for 10 days Evaluations done after 3 and € days
mcluded the following Sensory difference detection usmg a duplicated triangular test, hking of
appearance, color, aroma, taste, texture, and general quality using 150 mm hedomcal scales with
categores from “dislike a lot” to “like a lot” (24 judges) Total and reducing sugars, sucrose,
glucose and fructose by HPLC (AMINEX HPX87C Bio Rad column, mobile phase deiomsed water
at 0 6 ml/mm, column temperature 85°C, sample extracted with water and filtered to 0 45 pum)
Weight loss, color, external and flesh firmness, decay, TSS, pH and acidity were determuned as
described later After 10 days at 18°C a group evaluation (8 judges) of the fruit was conducted

Sealing m low density polyethylene (LDPE) 40 pm thick with different levels of perforation was
tested m a first experiment Perforation area was 0 04, 0 06, 0 08 and 0 12 cm® per package
contamung one fruit These films will be referred to as LDPEQ 04, LDPEO 06, LDPEO 08 and
LDPEO 12, respectively An unsealed control was mcluded

In a second experiment sealing n four different packaging films was evaluated The materials were
LDPEOQ 04, LDPEO 12, heat shrinkable polyolefin D-940 CRYOVAC (water vapor transmission
rate 50g/100m?* 24 h', oxygen transmussion rate 23000 cc/m> * 24 h''), and orientated
mucroperforated polyolefin SM-250 CRYOVAC (water vapor transmussion rate 250 g/ 100 m 2%
24h") These last two materials will be referred to as HSP and OMP, respectively An unsealed
control was used

A combmation of the hot water treatment (55 °C/2mumn) together with sealing in HSP and OMP was
examined m a third experiment Non-treated fruit was also sealed m both materials Unsealed fruit,
treated and non-treated was used as control

Fruit was stored at 4 5 °C for one, two and three weeks Evaluations took place always after an
additional week of storage at 18 °C  'When a storage time of 2 weeks 1s mentioned 1t means one week
at 4 5 °C plus one week at 18 °C  Three weeks of storage mclude two weeks at 4 5 °C plus one week
at 18 °C A storage time of 4 weeks would umply three weeks at 4 5 °C plus one week at 18 °C

An unrestricted random design was always applied Five replications per treatment were used, at
least 9 fruit per rephcation A complete set of any one experiment was used for each evaluation time
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The following characteristics were evaluated in the stored fruit along the different experiments

e Titratable acidity was determimed using 10g of homogenized pulp diluted m 100mL distilled
water A 10 mL aliquot was then titrated with NaOH 0 1M, using phenolphthalein mdicator
Results were expressed as percentage of citric acid

e pH was tested m a 1 2 pulp and water blend

¢ Fumness was measured using an Instron (model 1000) texturometer with a 50 Kg cell
Penetration m the equator of the fruit was used for external firmness (needle diameter = 1 cm)
Flesh firmness was measured through compression of pulp cylnders with a 5 cm diameter head
Cylnders were 2 5 cm mn diameter, 2 5 cm m height, and were taken from the equatorial zone of
the frurt Each fruit was tested twice

e Total soluble solids were determmed m the juice using a digital table refractometer (ABBE type)
e Peel and flesh color were measured with a colorimeter (Hunter Lab DP-9000, sensor D25M)

e Weight loss was determued m four randomly selected fruit per replication (scale accuracy 0 01
g

® Decay was visually scored m every fruit usmg the following categories 1=shghtly decayed,
2=moderately decayed and 3=severely decayed A weighed mndex was calculated for each replica

All the analyses, except for weight loss and decay, were duplicated mn two fruit per rephcation

Sensory attributes of the product were evaluated through descriptive sensory analysis using
categonical scales A panel of 24 experienced judges was used m the different evaluations Judges
were asked to assess the mtensity of the charactenistic aroma, the strange aroma, the characteristic
taste, the strange taste and the sweetness Also hardness, juiciness, and general liking were assessed
A scale of 150 mm, with the categories “absent”“weak”-“moderate”-“strong”~“very strong” was
used to evaluate mtensity Similar scales with categories from “very soft” to “very hard”, and from
“very low” to “very hugh” were applied for hardness and juiciness General liking was measured
through a hedonical scale (150 mm scale, from “dislike a lot” to “like a lot”) Samples were prepared
by cutting the flesh of 15 fruit per treatment mto 2 cm hemispheres Whenever a difference m color
or appearance was percerved during sample preparation, the corresponding evaluation was conducted
under red hght

The SPSS software was used for statistical analysis Statistical differences were determmed by
analysis of variance and Tukey’s sigmficant difference test

Results
INITIAL CHARACTERISTICS

Charactenstics of the raw material varied along the study Fruit used for the trials mcluding hot
water treatments was riper Sigmficant differences (P<0 05) were found m the mtial color of the
peel Fruit collected later in the season had hugher “L”, “a” and “b” values This difference was
evident and a lighter surface could be seen m the later frurt  External and flesh firmness as evaluated
with the Instron were significantly higher (P<0 05) 1n the earhier fruit used only for packaging
evaluation The color of the flesh, total soluble solids and acidity at the time of harvest did not vary
significantly from one experiment to another
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COLOR

Lightness of the peel (Table 1) after storage was not affected by the packaging materials tested

Fruit packed i LDPE with 0 12 cm’ perforation showed “L” values sigmficantly (P=0 02) lower
than the control after two weeks of storage Nevertheless this difference was not evident after storing
for three weeks or longer  “L” was usually hugher mn stored fruit and varied sigmificantly (P=0 0001)
with storage time, showing a decrease after 3 weeks of storage with a subsequent increase after 4
weeks The hot water treated fruat had significantly higher (P=0 01) “L” values of the peel than the
control (Table 2) after three weeks of storage

Nerther the packaging materials nor the hot water treatment caused any consistent difference m “a”
and “b” values of the peel Although sigmificant differences associated with the packaging material
were found m “b” after two weeks of storage (Table 1), no differences between treatments were
found with longer storage times

The color of the flesh mtensified with storage, “a” and “b” values were always higher 1n the stored
frurt (Table 3) The packagimg films and the hot water treatment tested did not affect the flesh color
(Table 4) Some significant vanations (P<0 05) m “a” values, as related to different packagmg
materials, could be observed m the imitial evaluations Nevertheless, these differences disappeared
after a storage period longer than 2 weeks, and none of the treatments ever differed from the control
frut  No changes whatsoever were found m “L” and “b” - values did not change with storage tune
and were not significantly mfluenced (P>0 05) by any treatment along the study

FIRMNESS

The fruit softened normally and, m the overall, no significant differences (P>0 05) were found m the
external firmness of stored fruit due to packagmng film or storage time Firmness of the flesh was not
significantly affected by the packagmg material when storage time was higher than two weeks (Table
5) The heat shrinkable polyolefin (HSP) seemed to keep fruit flesh firmer (P=0 005) along storage
(Table 6) The HWT had no sigmficant effect on external and flesh firmness for frurt stored at 4 5°C
or at 13°C

SUGARS, TOTAL SOLUBLE SOLIDS, pH AND ACIDITY

A significant wcrease (P<0 05) of the sucrose content was observed mn fruit stored at 18°C,
associated with a sigmficant decrease m glucose and fructose after 3 and 6 days Sucrose raised
from an mitial 2 5% to 4% after 6 days Mean values for glucose and fructose decreased from 2 9%
to 1 75% and from 2 9% to 2 4% respectively Total sugars level remamned constant These changes
m sugars concentration were not affected by the hot water treatment

The total soluble solids content, the pH and the titratable acidity of the fruit (Tables 7 and 8) did not
change sigmificantly with storage In general terms these features were not affected by the packagmng
matenals or the hot water treatment  Significant differences were occasionally found that
disappeared with a longer storage time, or did not imply a difference from the control fruit
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WEIGHT LOSS

All the packagmg films tested reduced weight loss of the fruit very effectively (Table 9) Weight loss
values were always significantly lower (P<0 0001) than those of the control fruit The heat
shrmkable polyolefin (HSP) and the LDPE with 0 04 cm” perforation (LDPEO 04) were the most
effective m preventing weight loss  Fruit packed 1n these materials lost 95% less weight than the
control frmt LDPEO 12 and OMP reduced weight loss m 90 and 70% respectively, as compared to
the control Treatng the fruit with a hot water dip sigmficantly mereased (P=0 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 apphied was significantly effective (P<0 05) for decay control throughout
storage Treated fruit showed up to 66% less decay than untreated frurt Fruit packed mn the different
matenials without been treated with hot water showed simlar or hugher decay levels than the control
fruit (Table 11) Prelunmary trials also demonstrated the efficacy of the hot water treatment as decay
levels were significantly lower (P<0 05) for the treated frust than for the cold water dipped control
after 9 days at 18°C The commercially fungicide/wax treated fruit included 1n prelimmary trials
showed simular decay as the control (data not shown)

SENSORY CHARACTERISTICS

Scores for sensory attributes are presented m Tables 12 and 13 Table 14 presents the effect and
associated significance level for each treatment The fruit sensory characteristics were significantly
affected by the length of storage and the hot water treatment apphied A significant reduction

(P<0 05) m the scores for juicmess, sweetness, and characteristic taste was observed Additionally,
the scores for strange taste and strange aroma mcreased significantly with storage time (Table 14)
Though, when HWT was tested m prelimmnary tnials (without film packaging and after 3 and 6 days
at 18°C) no significant difference was found between the flesh of treated and non-treated fruit m the
triangular tests A group evaluation of the fruit stored for 10 days at 18°C indicated 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

Packaging films utthzed, with the exception of the heat shrinkable polyolefin (HSP), had little effect
on the sensory charactenstics of the fruit  Although sigmificantly higher scores for strange taste were
related with the use of LDPEO 04, the scores were very low, meamng absent to weak, and they did
not carry a sigmficant change mn the scores for general liking Sealmg the fruit in HSP did cause
significant detrimental changes higher strange taste scores and lower sweetness, juiciness and general
liking (Table 14) General liking scores of these frut markedly decreased with storage time, and,
after a storage period of 4 weeks, were sigmficantly lower than those of the control fruit (Table 12)

Discussion

Costa Rican melon 1s mostly grown m large plantations, and harvested following consistent and
adequate criteria for export quahty frut These criteria were relaxed i 1997 due to early ram that
caused severe losses to major growmg areas mn the Pacific region  Harvest season was considerably
shorter than usual, and the possibilities to gather very homogeneous lugh quality export fruit, even
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from large exporters, were somehow altered For these reason, the charactenstics of the raw
material, particularly the peel color, external and flesh firmness, varied sigmficantly along thus study

Normal color development of the peel along storage was not mterfered by any of the packaging
materials tested Lightness was usually higher n stored fruit and varied significantly with storage
time, showmg a decrease after 3 weeks of storage with a subsequent crease after 4 weeks Simular
variations m peel hightness were observed m different experiments, despite mitial color of the fruit
been sigmficantly different Changes m “L” seem to be more related to dehydration and brittleness of
the net -a lughly netted cultivar was used-, rather than to variations mn the ground color

Marketability of the export fruit 1s not dimunished by these changes The hot water treatment had a
significant effect in hightness of the peel Values for “L” were ugher m the treated fruit after three
weeks of storage

Weight loss reduction has been considered to be the major benefit when using film packagmg of fresh
produce Reduced water loss has been related with firmer fruit or delayed softening in melon when
packing m polyethylene bags (Mayberry and Hartz, 1992) In our study, all the packagmg films
applied greatly reduced weight loss However only the fruit wrapped m the HSP was significantly
firmer This nught be more related to delayed ripening, as evidenced by the sensory evaluations, than
to the reduction m water loss  Sensory evaluations of hardness showed no significant differences
between treatments

No significant effect of the hot water treatment applied was observed on external and flesh firmness
of the frut, as has also been reported by Teitel e al (1989) Though HWT significantly increased
weight loss Weight loss was hugher m treated fruit as compared to the non-treated by 12%, 38%,
and 85% for non-sealed, OMP sealed and HSP sealed frut respectively

Decay 1s usually not evident immediately after storage at transit temperatures, but it becomes a
problem when melon 1s left for some tume (3 days or more) at hugher temperatures to allow for
rpening  Heat treatments have long been studied as a means for decay control that could lead to the
reduction or the elmmation of fungicide applications 1n the postharvest treatment of melon fruits
(Carter, 1981, Tertel er al , 1991, Teitel et al , 1989, Dunlap ez al, 1990) As could be expected
from the most basic mucrobiological principles, treatments using wet heat, such as hot water
treatments, are more effective 1 decay control than dry heat procedures (Tertel ef al , 1989)

The hot water treatment apphed (55°C/2 mun) was sigmficantly effective for decay control
thronghout storage etther at 4 5 or at 18°C  Fruit packed 1n the different films without been treated
with hot water showed sumular or hugher decay levels than the control fruit  Hot water treatments
usimg higher temperature or longer exposure time have been reported to nduce heat damage to the
product (Tertel ef af , 1991) Nevertheless, Mayberry and Hartz (1992) found that a treatment of
60°C/3mun was very effecttve for decay control on muskmelon, obtamming a high quality product

The commercial fungicide/wax application seemed to be less effective for decay control than the hot
water treatment when fruit was stored at 18°C  Ths observation should be carefully considered
because of several reasons First, commercially treated fruit ran all along the packing house
production line, suffermg more superficial abrasion than the fruit treated at CITA  This superficial
damage may have rendered the fruit more susceptible to pathogens infection Second, 1t was more
exposed to recontamunation at the packing house level, while all the other treatments were set at a
pilot plant where recontamnation 1s less likely to occur It 1s suggested that the effectiveness of hot
water treatments, mcluding slightly lugher temperatures, should be compared with the commercial
treatment under similar conditions



34

Sugar content 1s an important aspect of fruit quality in melon Although total sugars content
remained constant, our results show a sigmificant increase n sucrose content along 6 day storage at
18°C, associated with decreases m the levels of glucose and fructose Sucrose accumulation after
harvest at full shp, along with reducing content of glucose and fructose has been reported by Lester
and Dunlap (1985) for “Perlita” muskmelon Reduction m glucose and fructose was also mentioned
by Cohen and Hicks (1986) for several melon cultivars Discrepancies with respect to sugar
metabolism can be found between different mveshigations Lingle ef al (1987) found the sucrose
content of netted muskmelon to remam constant until 12 days of storage at 4°C, followed by a decline
between 12 and 18 days These decline was not comcident with any mcrease i glucose or fructose
Accordmng to Lester and Bruton (1986) the sucrose content of netted muskmelon decreased and levels
of glucose and fructose mcreased durmg 10 day storage at 4°C

Heat treatments have been related with changes 1n carbohydrates metabolism after harvest Heating
muskmelon at 45°C for 3 hours mhibited the decline m sucrose during storage as described by Lingle
et al (1987) However, the changes 1n sugars content observed m this study were not significantly
affected by the hot water treatment

The effect of storage tume, film packaging and heat treatments on the sensory characteristics of melon
fruit has been the subject of several mvestigations Cohen and Hicks (1986) found no differences
between freshly harvested muskmelons of different cultivars and the respective fiuit stored for 7 days
at 5°C or 12 5°C  Our results show that the sensory characteristics of Cantaloupe melon are
significantly 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 (Tertel ez al ,
1989) However, strange taste and strange aroma were not among the characteristics where the effect
of the HWT could be observed m our study The treated frurt presented lower scores for juiciness,
sweetness, and characteristic taste  Though scores for general liking were not significantly reduced
by the HWT Scores for strange taste and strange aroma significantly mcreased with storage time
but were not affected by the HWT Hot water treated frutt could not be distinguished 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 of the seeds

Studies mvolving the use of heat shrikable films or other film wrapping, for muskmelon, pomt out
advantages such as weight loss control (Teitel et al , 1989), prevented overripening, reduced chilling
mjury (Ry and Ross, 1988, Edwards and Blennerhassett, 1990) and avoidance of remfection (Tentel
etal ,1991) However, most investigations did not take into account the evaluation of sensory
charactenistics Variable effects have been reported when sensory analysis has been included Collms
et al (1990) found that shrink film wrapping m high density polyethylene (12 7 pm HDPE Clysar 50
EHC-F) negatively affected the flavor and taste of muskmelon, while Yahia and Rivera (1992) did
not find off-flavors m PVC (20 3 pm) wrapped fruit

In our study the sensory characteristics of the fruit after storage were sigmficantly impaired when
packaged m the heat shrinkable polyolefin (HSP) Ths packaging film was associated with a
significant reduction of juiciness and sweetness that could be related to a delay m ripemng, as was
also suggested by the flesh firmness evaluations Unfortunately the detrimental effect due to the
presence of strange taste and the lower scores for general liking make this film madequate Other
films affected the mtensity of sweetness (LDPEQ 12) and strange taste (LDPEQ 04) but without
significantly reducing the scores for general liking

Fruit sealed i the OMP film did not differ from the control Fruit was most of the tunes scored as
moderately juicy, having a weak to moderately strong level of sweetness The mtensity of the



35

charactenistic taste varied from weak to moderately strong, while the presence of strange taste and
aroma was usually judged as lower than weak The mutial conditions of the fruit played a relevant
role 1n sensory results The mtensity of strange taste and strange aroma after storage were always
scored higher when the mitial fruit was riper

Individual sealing 1s very effective for weight loss control but other characteristics of the product
mught be affected The heat shrmkable film tried i this study, although considered to be highly
permeable, significantly reduced the acceptability of the fruit  Usmg highly perforated materals hike
an orientated microperforated polyolefin ensures a considerable weight loss reduction together with
unaltered sensory attributes 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 fruit less juicy,
sweet and tasty It also stimulated a hghter peel color and mcreased weight loss It 1s suggested that
the effecttveness of hot water treatments, mcluding slightly higher temperatures, should be compared
with the commercial treatments under similar condrtions

The combmation of mdividual seal packaging with hot water treatments still looks very promusing as
a way to obtain better quality characteristics m the final product The results of this study bave
raised considerable mterest among Costa Rican melon exporters and packaging material supplers,
who are willing to support further research
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Table1 Effect of packaging with different films on the peel color (“L”, “a” and “b”) of Cantaloupe
melon

Storage Time
(weeks)
Packaging film
LDPEO 04 LDPEO 12 HSP OMP
Control
“L”
2 59 43% 56 328 58 82% 58 24 60 55°
3 53 47° 53 382 53 742 52 992 53 30°
4 57 65° 59 348 57 26 57 012 56 05
“a”
2 6 43* 3342 3 348 531° 5812
3 438 4 75° 4 89° 4 93° 4128
4 3 00° 465° 487 475 5558
<4b37
2 21922 17 63° 20 04%® 20 92% 22 982
3 19 23* 19 09° 18 922 18 73 18 682
4 19 79* 20 06 20212 18 542 18 58°

*® Values m the same row with different superscripts are different (P<0 05)
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Table 2  Effect of packaging with HSP and OMP films, alone and in combination with a hot water
treatment, on the peel color (“L”, “a” and “b”) of Cantaloupe melon

Storage
Time Packaging film / treatment
(weeks)
HSP* OMP* Control”
CcwW HWT HWT cw HWT
“L” CW
2 60 79 60 96 61 95 62 57 61 95 61 14
3 52 89 5551 5075 5945 5549 5593
HSP* OoMP* Control’
“a” Ccw HWT HWT cw HWT
Ccw
2 608 739 720 703 743 681
3 18 44 2101 3094 1411 16 83 1130
HSP* OMP* Control®
“b” CwW HWT HWT cw HWT
Ccw
2 22 68 21 84 2431 2378 23 83 23 07
3 2200 23 16 2192 24 10 23 47 2272

** Headings m the same row with different superscripts are different (P<0 05)
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Table 3 Effect of packaging with different films on the flesh color (“L”, “a” and “b”) of

Cantaloupe melon
Storage Time
(weeks)
Packaging film
LDPEO 04 LDPEO 12 HSP OMP Control
“L »
2 65 67° 66 91° 66 012 67 93* 67 62°
3 66 99° 65 34° 66 03* 65 96° 66 62°
4 67 64% 64 232 68 33° 68 38 66 09
¢¢a7’
2 21 78 21 02® 21712 19 01° 19 88®
3 21 63° 22 46° 22 15° 21 65° 19 75%
4 20 15° 22 532 17 16° 19 25 2126*
Gcb”
2 31688 32322 3199 32182 32 16°
3 32477 32 29° 32 40° 32 298 32 36°
4 31932 32 00° 30 922 31 86° 32028

*® Values n the same row with different superscripts are different (P<0 05)
Values at the time of harvest “L”=69 14, “a”=16 11 and “b”=31 02
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Table 4 Effect of packagmg with HSP and OMP films, alone and m combination with a hot water
treatment, on the flesh color (L”, “a” and “b”) of Cantaloupe melon

Storage
Ttme Packaging film / treatment
(weeks)
HSP? OMP* Control®
Cw HWT HWT cw HWT
“L” CW
2| 6682 66 34 66 26 65 81 66 08 66 57
3 6752 66 60 6571 66 46 66 66 66 95
HSP* OoMP* Control®
“a” cw HWT HWT CwW HWT
Cw
21 2205 2212 2226 22 69 2292 2191
3 21 68 22 14 2301 22 47 2189 2220
HSP* oMmp* Control®
“b” Ccw HWT HWT CwW HWT
Cw
21 3251 3212 3271 3289 32 80 3274
3 3253 3233 3251 3216 3242 3236

*® Headings i the same row with different superscripts are different (P<0 05)
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Table S Effect of packaging with different films on the external and flesh firmness of Cantaloupe
melon

Storage Time
(weeks)
Packaging film
LDPEO 04 LDPEQO 12 HSP OMP Control
External
[firmness
2 38 44 42° 35° 42°
3 4 5° 49 45" 44 33
4 47 34 35 39 45"
Firmness of
the flesh
2 122 12® 14% 16® 18°
3 24 158 17 132 33
4 23° 142 15° 2 0a 21

*® Values m the same row with different superscripts are different (P<0 05)

Table 6 Effect of packaging with HSP and OMP films, alone and in combmation with a hot water
treatment, on the external and flesh firmness of Cantaloupe melon

Storage
Time Packaging film / treatment
(weeks)
HSP* oMP* Control®
External
Cw HWT HWT CcwW HWT
firmness CwW
2 44 438 40 44 41 45
3 68 40 36 32 30 44
Firmness of HSP* OMP® Control®
the flesh Cw HWT Cw HWT Ccw HWT
2 21 22 17 17 18 19
3 38 21 21 18 18 22

*® Headings m the same row with different superscripts are different (P<0 05)
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Table 7 Effect of packaging with different films on the total soluble solids, pH and titratable
acidity of Cantaloupe melon after storage .

Storage Time
(weeks)
Packaging film
LDPEQ 04 LDPEQ 12 HSP OMP Control
Total soluble
sohds (Brix)
2 8 4 67 61° 69 67
3 65° 72° 72° 59 512
4 77 g9 70° 72® 78®
pH
2 6 83° 6 69* 6 44¢ 6 44° 673"
3 6 66* 657 6 62° 6 63° 6 62°
4 6 69° 678 675" 6 58° 6 64°
Acudity
(% citric acid)
2 0 65® 0 68% 075® 0 80° 047°
3 062° 077 069* 0 66° 056
4 0822 078 073 0383 082*

** Values m the same row with different superscripts are different (P<0 05)
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Table 8 Effect of packagmg with HSP and OMP films, alone and 1 combmation with a hot water
treatment, on the total soluble solids, pH and titratable acidity of Cantaloupe melon after storage

Storage
Time Packaging film / treatment
{weeks)
HSP? OoMP? Control®
Total
CwW HWT HWT Cw HWT
soluble Cw
solids
(Brix)
2 84 21 90 87 89 32
3 89 86 84 88 87 30
HSP* OMP® Control®
pH Cw HWT HWT CwW HWT
Cw
2 673 670 655 6 59 664 6 55
3 670 657 650 658 655 653
Acidity HSP? oMp* Control®
(% citric CW HWT HWT Cw HWT
acid) Cw
2 075 080 093 094 086 098
3 100 093 093 084 095 090

*® Headmgs n the same row with different superscrnipts are different (P<0 05)
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Table 9 Effect of packaging with different films on the weight loss of Cantaloupe melon after

storage
Storage Time
(weeks)
Packaging film
LDPEO 04 LDPEQ 12 HSP OMP Control
Weight loss
(%)
2 05 17 05 06 62°
3 042 0 5° 06 28 91°
4 06 0 8® 06 38° 14 3°

*® Values m the same row with different superscripts are different (P<0 05)

Table 10  Effect of packaging with HSP and OMP films, alone and in combination with a hot water

treatment, on the weight loss of Cantaloupe melon after two weeks of storage

Storage
Time Packaging film / treatment
(weeks)
HSP* OMP* Control®
Weight loss
cw HWT HWT cw
(%) Ccw
2% 027 050 200 277 624

** Headings m the same row with different superscripts are different (P<0 05)
*  The HWT was signuficant (P=0 01) at thss storage time
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Table 11  Effect of packagmng with HSP and OMP films, alone and i combination with a hot water
treatment, on the decay of Cantaloupe melon afier storage

Storage
Time Packaging film / treatment
{weeks)
HSP* OoMP* Controf®
Cw HWT HWT Cw HWT
Decay Cw
2 41 14 18 9 9 11
3% 60 21 54 21 21 12
4% 90 75 87 75 75 30

2b Headings m the same row with different superscripts are different (P<0 05)
*  The HWT was sigmificant (P=0 01) at thus storage time
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Table 12 Effect of packaging with different films on the sensory charactenstics of Cantaloupe melon after
storage

Storage Time
(weeks)
Packaging film }
LDPEO 04 LDPEO 12 HSP OMP
Control
General llang
72 87 85 83 92
2
94* > 65° 100° gs5te
3
73 770 56° 87 95°
4
Hardness
94 65° 58° 58" 65°
2
62 69™ 93° 67 Vi
3
70% 61° 93t 69™ 61
4
Jurciness
68 89" 95° 94 87*
2
8o 75% 53° 87 77
3
76 31° 51° 87 96"
4
Sweetness
2 59 73 64 83° 74
3 2% 53% kY 82 59
4 60* 40 33 64° 9¢¢
Char taste
2 58 s1° 7% 38° 87"
3 79 70% 48° 89° 70®
4 62% 59% 45 85 82"
Strange taste
2 2 18 21 10 15
3 25 33 28 11 16
4 57 24° 51%® 22° 25"
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
3 120 8 9 16 18
4 58 26 a7 310 33

** Values i the same row with different superseripts are different (P<0 05)
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Table 13  Effect of packaging with HSP and OMP films, alone and i combimation with a hot water

treatment, on the sensory charactenistics of Cantaloupe melon after storage

Storage
Time Packaging film / treatment
(weeks) i
HSP* OMP? Control®
CwW HWT HWT Cw HWT
Gen liking cw
70 71 89 81 78 89
2
69 78 88 58 86 85
3
HSP? OMP® Control®
CWwW HWT HWT Cw HWT
Hardness CW
77 72 50 59 57 56
2
59 82 74 50 64 62
3
HSP* oMP® Control®
CwW HWT CwW HWT
Juiciness HWT Cw
2 61 79 85 67 78 83
76 65 91 75 86 79
3 *
HSP? OMP® Control®
Cw HWT HWT CwW HWT
Sweetness Cw
2 50 56 76 56 52 81
3* 43 59 72 30 84 75
HSP? OMP* Control®
Char taste Ccw HWT HWT CW HWT
CW
2 75 65 95 59 73 93
3% 66 64 76 48 82 80
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HSP* OMP* Control®
Stra taste CW HWT HWT CwW HWT
CwW
2 41 39 24 38 23 22
3 29 55 40 48 30 35
HSP? * OMP? Control®
Cha aroma Ccw BWT HWT CW BWT
CW
2 64 53 69 67 53 58
3 51 62 62 57 49 51
HSP? oMpP? Control”
Stra aroma Cw HWT HWT CcwW HWT
CwW
2 39 48 50 41 48 58
3 53 38 33 43 37 46

*® Headmgs n the same row with different superscripts are different (P<0 05)
*  The HWT was significant (P=0 01) at this storage tume

Table 14 Effect of storage time, hot water treatment and packaging film on the sensory
characteristics of Cantaloupe melon after storage

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

General liking NS NS ND ND -- ND 91
Hardness NS NS ND ND ND ND 67
Juicmess - - ND ND -~- ND 87
Sweetness -~ - ND --- “-- ND 74
Charactenstic taste | - - ND ND ND ND 30
Strange taste +++ NS ++ ND ++ ND 19
Characteristic aroma N S NS ND ND ND ND 66
Strange aroma +++ NS ND ND ND ND 28

- Significant, or significantly lower than the control (-) P<0 05, (- -) P<0 005, (- - -) P<0 001
+ Significant, or significantly hugher than the control (+) P<0 05, (+ +) P<0 005, (+++)

P<0 001
NS

Not significant (P>=0 05)

ND  Not sigmficantly different than the control (P>=0 05)
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B Work carried out in Israel

Testing perforated heat-shrinkable polyolefin films and carbon dioxide absorbers for packaging

Tommy Atkins® mango

Rodov V, De la Asuncion R* , Peretz J , Gothieb S , and Ben-Yehoshua S

The Department of Postharvest Science of Fresh Agricultural Produce, ARO - The Volcam
Center, Bet-Dagan, Israel, *CITA - Centero Nacional de Ciencia y Tecnologia de Alimentos,
Untversidad de Costa Rica San Jose, Costa Rica

Abstract

The objectives of this research were to test the effect of packaging m commercially manufactured
perforated heat-shrmkable polyolefin films and of the carbon dioxide-absorbing additives on
postharvest bfe of “Tommy Atkns’ mangoes The performances of two films having the same
denstity of perforations (8 holes/sq nch) but different perforation diameter (0 4 mm for Cryovac
SM60M and 16 mm for Cryovac MPY8) were compared with those of two non-perforated
Cryovac polyolefins, MD and MY The fruit were sealed erther withmn a polystyrene tray (one frut
per tray) or without a tray (individual seal-packaging) The non-perforated films caused certam
reduction of O, concentration and enhanced the accumulation of CO, and ethanol vapor m the m-
package atmosphere The atmosphere composition n perforated packages did not differ
significantly of the ambient one After three weeks of storage at 14C and up to one week of shelf-
Iife at 17C, the non-sealed control fruit were of inferior quality because of over-nipening, shriveling
and decay development Both perforated and non-perforated films practically prevented the fruit
shrivelmg Packaging 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 Packaging m non-perforated
films mhubited the development of yellow peel ground color and slowed down the reduction of
titratable acidity With perforated films, the fruit reached yellow color mside the package No film
removal was necessary for color development The addition of Ca(OH), - contaming pouches (CO,
absorbers) to non-perforated packages allowed the fruit to attam the yellow peel color without a
noticeable ncrease m weight loss However, hastened decay development m such packages
canceled their posttive effects on mango quality

Introduction

"Tommy Atkmns' 1s one of the major mango cultivars grown m Israel Its postharvest life-span does
not exceed 2-3 weeks and 1s lumted by physiological deterioration of the fruit related to its over-
npenmng, and by pathogen development Additionally, desiccation of mango during the prolonged
storage causes its shrivehng and reduces the market value of the frut Improving the keepmng
quality 1s necessary m order to reach the distant export markets by marme transportation with fruit
of hugh quality

Packaging 1 plastic films 1s steadily becommg more mportant as a tool to prolong the storage hife
of penishable commodities due to modified-atmosphere and modified-humudity conditions created
mside the packages (Ben-Yehoshua, 1985, Gorris and Peppelenbos, 1992) Although a number of
expeniments on modified or controlled atmosphere storage of mangoes have been conducted until
now (for review, see Yahlia, 1997), the results are not always consistent and depend much on
cultivar tested

Previous attempts to seal “Tommy Atkins’ mangoes i non-perforated films were unsuccessful due
to off-flavors and impaired nipening caused by the inappropniate atmosphere composition resulted
from the fruit’s respiration combined with too high barrier properties of packagmg material (Maller
et al, 1986, McCollum et al , 1992) In order to avoid these problems, the use of perforated films
was proposed and successfully tested with “Tommy Atkms’ cultivar (Ben-Yehoshua et a1, 1994,
Ben-Yehoshua et al , 1996), as well as with other mango varieties such as the Thai cultivar Nam
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Dork Mai (Yantarasn et al, 1995) The effect of perforation on oxygen and relative hunudity
levels m mango package was described by the mathematical model developed by Fishman et al
(1996) In agreement with this model, the beneficial perforation range for the Tommy Atkins
mango was estimated experimentally using the manually-perforated packages made of low-density
polyethylene (Rodov et al , 1997)

Elevated carbon dioxide level might be one of the factors affecting the quality of mangoes sealed mn
non-perforated films Accordmgly, msertion of CO2-absorbing chemicals mto the package may

serve as a possible alternative or an aid to perforation m order to mprove the quality of the sealed
‘Tommy Atkins’ mango Apphcation of various chemucal mserts (oxygen scavengers, carbon
dioxade absorbers and producers, ethylene absorbers, hygroscopic materials etc ) termed m general
as active packagmg (Rooney, 1995) was demonstrated to be helpful 1n achievement of desirable m-
package conditions with several commodities, such as tomatoes (Shiraz1 and Cameron, 1992,
Furlam et al , 1993), asparagus spears (Furlam et al , 1993), bell peppers (Rodov et al , 1995), and
fresh figs (Rodov et al , 1997a)

The objectives of the present research were to test the performance of commercially manufactured
perforated films and of carbon dioxide-absorbing materials m packaging ‘“Tommy Atkms’
mangoes

Matenials and Methods

Mature-green mangoes of Tommy Atkins cultivar grown mn Jordan valley (Israel) were obtamed
from the packing house at the day of harvest The fruit did not recerve any packing-house treatment
except washmg

Packaging and storage Several kinds of heat-shrikable polyolefin films (15-19 p thick) supplied
by Cryovac Grace Italiana Co (Milano, Italy) were tested for therr suitability for packagmg
"Tommy Atkins' mangoes The trials mncluded nonperforated films MD and MY, and perforated
polyolefins MPY8 (8 holes of 1 7 mm m diameter per sq mch), and SM60M (8 holes of 0 4 mm m
diameter per sq mch) The fruit were sealed erther within the polystyrene tray (one fruit per tray)
or without a tray (mdividual seal-packaging), the films were heat-shrunk as described previously
(Ben-Yehoshua, 1985) Control fruit were kept m standard mango packages - open cardboard
boxes, one layer of 10 fruit per box

Calcrum hydroxide Ca(OH), was used m the trials checking the effects of CO, absorption The
pouches of gas-permeable spun-bonded polyethylene (Tyvek, Du Pont Co, Geneva, Switzerland)
with 10 g of Ca(OH), were added to tray-packages contaming one or two fruit The trays were
sealed n non-perforated MD and/or MY polyolefin films

Packaged fruit were stored for 3 weeks at 14C and relative humudity (RH) of 85+3% The storage
period was followed by a shelf-life imitation, when the packaged fruit was kept for up to 7 days at

17C and RH 8513% At the end of the shelf-life period, the packages were opened and subjected to
quality analysis

The trials were conducted mn triplicate, at least 20 fruit per replication, and repeated three times
durmg two successive harvesting seasons The data presented m this paper belong to one
experimental series The repeated experiments brought simiar results Within each trial, data were
analyzed by analysis of vanance, and means were separated by Duncan’s multiple range test

Analysis of in-package atmosphere Septa of sticone rubber were stuck on the packages for gas
sampling Samples of m-package atmosphere (5 ml) were withdrawn from the packages using gas-
tight syrmges With mndividually shrunk-sealed fruit, the sampling was complicated because of
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extremely limited void space m the package In order to ensure sampling, some of the mdividual
shrunk packages contamed small pieces of foamed polystyrene (the dumensions ca 12 x 12 x 3
mm) between the fruit surface and the film, one piece per package The air samples were
withdrawn from the void spaces formed around these pieces

Concentrations of oxygen, carbon dioxide, ethylene, as well as ethanol and acetaldehyde vapors m
the sample were determmned by gas chromatography (GC) using external standards for data
quantification Oxygen and carbon dioxide concentrations were determmed by Packard 7500 gas
chromatograph (Packard, Downers Grove, Ill ) with thermal conductivity detector and CTR-I
packed column usmg helum as the carrier gas Ethylene concentration was determined with a
Varian 3300 gas chromatograph equipped with a flame 1onization detector and a C-5000 packed
column using 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 Varian 3300 gas chromatograph equipped with a flame omization detector and a 20%
Carbowax 20M packed column usmg nitrogen as the carrier gas, column, myector and detector
temperatures were 80, 110 and 180C, respectively

Quahty analysis Fruit firmness was determmed by Chatillion penetrometer The percentage of
total soluble solids m the fruit juice was measured refractometrically The titratable acidity was
determmed by titration of the juice with 0 1 N NaOH and expressed as citric acid concentration
(%) The flesh color was evaluated on the cut surface at the depth of 2 mm from the peel using the
CROMA METER CR-200 (Mmolta, Japan) The same mstrument was used for peel color
evaluation Additionally, the peel color was assessed visually by gradng the fruit m every sample
accordng to the following scale 1 - green, 2 - light-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 panelists according to a
5- grade scale

Results

Composition of in-package atmosphere

Fig 1 represents the typical time courses of O, and CO, concenirations m the atmosphere of
mango packages sealed with perforated or non-perforated films The non-perforated film caused
certamn reduction of O, conceniration and CO, accumulation These changes were espectally
evident m the packages mcludimg polystyrene trays Ethylene concentration i the packages was
low (0 02 to 0 06 ppm), without significant difference between films tested

Certain mncrease of ethanol and acetaldehyde levels was observed m non-perforated packages (10-
15 and 33-39 ppm, accordingly, agamst 2-6 ppm m perforated packages and less than 1 ppm m
ambient atmosphere) At the same time, the atmosphere composttion m perforated packages did not
differ sigmficantly of the ambient one

Addition of Ca(OH),-contamng pouches markedly reduced the m-package CO, concentration
durmg the period of low-temperature storage Interestingly, this effect was accompamed by the
enhancement of oxygen consumption by mangoes packaged i the presence of Ca(OH),, most
likely due to nulhifymg the mhibitory effect of CO, on the fruit respiration On the other hand, the
CO,-absorbing capacity of Ca(OH),-containmng pouches usually ceased after the transfer of the
fruit to shelf-ife (Fig 1) or even earher, probably because of saturation or caking of the
absorbent At this stage, the CO; level in such packages raised sharply, even exceedng that in the
control

Quality of Tommy Atkins mangoes sealed in heat-shrinkable polyolefin films
Weight loss Packaging 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% of the weight loss, respectively Within the same film type, the
mndividual shrunk sealing had a trend to a shghtly lower weight loss as compared to the tray-
packaging, although this difference usually was not statistically sigmificant Both perforated and
non-perforated films practically prevented the fruit shriveling which developed m non-sealed
mangoes durmg storage and shelf life imitation (Fig 3)

Decay The fungal decay of Tommy Atkins mango was represented m our experiments mamly by
the black rot caused by Alternara alternata, and by the stem-end rots By the end of the
experiment, almost 50% of the non-sealed fruit were infected by the decay agents Sealing Tommy
Atkins mangoes 1 non-perforated MD film consistently resulted m the lowest decay level, as
compared to the non-sealed fruit or to the frut sealed m other films tested Sealng m perforated
films also provided certamn decay reduction as compared to the non-sealed control (Fig 2)
However, this measure was not efficient enough so that by the end of the shelf-life mutation period
(one week at 17C after 3 weeks of storage at 14C) the decay meidence m perforated packages
reached 20-30%

Peel and flesh color The non-sealed mangoes changed their peel ground color during storage from
green to yellow, and the flesh color from pale yellow to yellow-orange Sealmg m non-perforated
films inhibited these color changes The strongest mhibition was observed m the frurt mdividually
shrunk-sealed n MD polyolefin, as documented both by wvisual observations (Fig 4) and
mstrumental measurements (Fig 5) The negative values of a/b ratio of these mangoes mdicate that
by the end of the shelf-life period their peel still stayed green Certam yellowmg was observed m
these fruit during several additional days at 17C after the removal of the non-perforated packages
However, the fruit usually deteriorated withm this period and never attamed the fully developed
ground color

In contrast to the ground color, netther mtensity nor area of the red blush on "Tommy Atkins'
mangoes were significantly affected by sealing (data not shown)

With fruit sealed mn perforated films within the polystyrene tray, none of the color parameters, -
peel ground color, peel blush color, flesh color - differed significantly of the non-sealed control
The fruit reached its full color inside the packages and did not need film removal for color
development

Firmness The non-sealed fruit underwent noticeable softenmng during storage and shelf-life pertods
so that 1ts firmness decreased from 70 to 9-13 N The fiuit packaged m Cryovac films, erther
perforated or non-perforated, softened by the end of the experiment sumular to the non-sealed
control, except for the mangoes mdvidually sealed m MD polyolefin which retamed firmness of 20
t026 N

Soluble solids, ntratable acidity and taste No sigmificant difference between the treatments was
found 1n the level of total soluble solids (TSS) (Fig 6) At the same tume, the titratable acidity m
fruit packaged m non-perforated film was markedly hugher than m the control or m the perforated
package (Fig 6) Consequently, the frwt packaged in perforated film got the highest score of the
taste panel (4 to 4 5 in 5-grade scale) while the non-sealed fruit got 3 8 score and the fruut sealed
m non-perforated film 3 7 to 4 0 The panelists marked certamn overnipening of the control fruit and
sourness m fruit kept m non-perforated film Additionally, some off-flavor was reported m
mangoes packaged with non-perforated film

Effect of CO; absorption on ripeming and storage life of 'Tommy Atkins’ mango

Fig 7 represents the quality of mangoes sealed mn non-perforated MD and MY films withm the
polysyrene trays (one fruit per tray) with or without CO, absorbers, as compared to the non-sealed
fruit
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Insertion of Ca(OH),-contaming pouches did not enhance the fruit weight loss which stayed as low
as m the non-perforated sealed packages without any addrtive At the same time, the CO, absorber
tended to reduce the mnhibitory effect of non-perforated package on the peel color development
This color improvement depended on the kind of film used, being stronger with mangoes packaged
m MY film rather than m the MD one (Fig 7) Indeed, the addition of CO, absorber to the non-
perforated MY packages allowed the fruit peel to attamn the yellow ground color without a
noticeable mcrease m weight loss However, the decay meidence m such packages mcreased in
parallel with color stimulation and eventually canceled their posttive effects

Discussion

General benefits of packaging frut in plastic films, 1e reduced weight loss and prevented
shriveling, are well documented for various commodities mcluding mango (Miller et al, 1983,
Shapiro et al, 1990, Somnsrivichar et al , 1989, Gonzales et al, 1990) The mam challenge of
applymg this techmque to chimacteric fruit, such as mango, 1s to combme the named advantages
with desirable ripening rate m order to reach good quality of the fruit at marketing stage As far as
retail packages are regarded, the fruit should attan optimal quality without film removal

Effects of non-perforated films In our previous experiments, sealing Tommy Atkins mangoes mn
non-perforated low-density polyethylene (LDPE, 40 p thick) completely and wrreversibly arrested
their npening and was aggravated by dark discoloration and extremely strong alcoholic off-flavor
(Rodov et al, 1997) In contrast to these results, the non-perforated heat-shrinkable polyolefins
MD and MY tested mn this work did not cause peel discoloration and allowed some ripenmng-related
processes, such as the fruit softemng and soluble solids mcrease This difference could be
explamed by better gas exchange through the polyolefin packages due to lower thickness and
different permeability characteristics of the films, as well as spontaneous perforations formed m
the package during heat-shrinkage (Ben-Yehoshua et al 1994)

However, non-perforated polyolefins still mhibited the onset of umportant ripening trats, first of all
the evolution of peel ground color from green to yellow-orange and the decline of juice acidity
Fruit kept m nonperforated mdividual packages never reached the full color and got mferior taste
scores because of the sourness and m certamn cases due to presence of off-flavor, m agreement with
early reports of Miller et al (1983 and 1986) These negative phenomena dimumshed the
advantages of non-perforated seal-packaging for the Tommy Atkms mango

At the same time, some other mango cultivars still may benefit from packaging m non-perforated
polyolefins For example, sealing typically green-colored Keitt mango i the MD film was not
accompanted by the off-flavor, so that after prolonged storage the panelists consistently preferred
the sealed fruit to the non-sealed one because of prevented overripeming (Rodov et al, 1994,
Yantarasn et al , 1995) Earher, seal-packaging m non-perforated films was found to be beneficial
for extending postharvest life of Thai mango variety Keaw Sawoey traditionally consumed
unripe state (Sornsrivichar et al , 1989) Tommy Atkins seems to be a mango cultivar relatively
sensitive to altered atmosphere composition Indeed, optimal CO, concentration for controlled-
atmosphere (CA) storage of Tommy Atkins mangoes was found to be twice as low as that for the
Kent variety (Lizana and Ochagavia, 1997)

It should be noted that changes in the composttion of m-package atmosphere as small as those
observed m this work (CO, accumulation not lgher than 2-3%) were enough to effect the ripeming
pattern of Tommy Atkins mango Usmg thicker films such as above-mentioned LDPE (40 p) or
mcreasing number of frurt per non-perforated package (Rodov and Ben-Yehoshua, non-published
data) brought about stronger atmosphere changes and, accordmngly, stronger negative effects on the
fruit quality
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The enhancement of peel color by CO, absorbent confirmed the mhibrtory effect of CO, on color
development demonstrated earlier m CA experiments (Bender et al , 1994) At the same time, there
15 no enough data to conclude if CO, accumulation was the only factor effecting mango ripenmng mn
plastic packages, and what was the influence of other atmosphere components on this process For
example, Jordan and Smuth (1993) showed that softenmg of Alfonso mangoes m controlled
atmosphere was effected by oxygen concentration rather than by CO, Recently Burdon et al
(1996) have proposed that acetaldehyde can retard mango npemng by mhubiting the ethylene
biosynthesis through supression of ACC oxydase In our work, the mhibrted rpemng m non-
perforated packages was mdeed accompanied by cetan mcrease m acetaldehyde and ethanol
accumulation, although no sigmficant effect on m-package ethylene levels was detected
Measurement of mternal gas concentrations m mesocarp tissue and determunation of ethylene
production rates, as well as the activity of the relevant enzymes, nught be helpful for mterpretation
of physiological basis of the phenomena observed

Effects of perforated films In accordance with mathematical model’s prediction (Fishman et al,
1996), the m-package CO, and O, levels were effected by perforation to much greater extent than
the air hummdity mside the package Because of relatively high perforation of both SM60M and
MPYS8 films, the concentrations of O, and CO, mside the perforated packages did not duffer
signtficantly of the ambient ones

Using perforated polyolefins prevented the disorders caused by the improper atmosphere mside
non-perforated packages, such as mmpaired 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 tume, these films alleviated frurt desiccation and to a certan extent
delayed their overripeming and reduced decay, altogether allowmng to mamtam the frut m
marketable condition for additional two or three days of shelf-life Of the two kinds of perforated
Cryovac filtms tested, SM60M was preferred over MPY8 smce 1t was more effective m weight loss
reduction Smce no significant CO, and Q; modifications were caused by these films, the delayed
overripening and reduced decay of mangoes kept in perforated packages mught be attributed to
alleviated water stress In fact, water loss was shown to hasten ripenmng and senescence m various
fruits, mcluding such typical chmacteric commodities, as banana (Burdon et al, 1994) and avocado
(Akkaravessapong et al , 1996)

On the other hand, the potential of the hughly-perforated polyolefins to prolong the storage of
mangoes was lmuted as compared to less-perforated films Sealing Keitt mangoes within 4-kg
cartons hined with microperforated plastic films sigmficantly slowed down their ripening (Pesis et
al, 1997) Perforated polyethylene packages (16 fruit/package) were successfully tested by
Sornsrivichat and Yantarasri (1997) mn trial shapment of Nam Dork Mar mangoes from Thailand to
Japan, extending the postharvest life by about one week In both works cited, early removal of the
film and keepmg the fruit for one to two weeks at retaill marketing conditions were needed m order
to reach a deswrable fruit quality, leaving the firuit unprotected at the final and the most vulnerable
stage of their postharvest life Combination of highly perforated retail packages like those tested m
our experiments, with less perforated bulk packages which can be removed after low-temperature
shipment (“package-mn-package” principle), may be promusing for mamtamnmng the fruit quality
durmg the whole postharvest chain Alternatively, the fruit may be repackaged mn highly perforated
“retanl” films prior to marketing period, after the removal of less perforated “transportation”
wraps

In sitnation when physiological deteroration of the frurt 1s alleviated by a plastic package,
pathogen development turns to be a major factor limtmg the storage hfe It was concluded that
seal-packagmg by itself 1s not enough to control mango decay and should be combmed with
additional means to prevent disease development Hot water dip was tested as such means m our
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previous experuments (Rodov et al , 1997) The successful use of perforated packagmng with Nam
Dork Mai mango m Thailand was allowed by its combmation with hot benomyl (Somsrivichar et
al, 1992) and vapor heat (Sornsrivichar and Yantarasr, 1997) treatments Recent development of
“hot water brush” method (Prusky et al, 1997) may provide a promising approach for the decay
control m seal-packaged mangoes
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Legend For Figures

Fig 1 Effect of film type, polystyrene tray and carbon dioxide absorber on time-courses of oxygen
(above) and carbon dioxade (below) concentrations m packages contaming one ‘“Tommy Atkimns’
mango sealed mn perforated SM60M or MPY8 or in non-perforated MD polyolefins

Fig 2 Effect of package type on the weight loss (above) and the decay mcidence (below) of
“Tommy Atkms’ 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 sigmuificantly different (p=0 05) by the Duncan’s multiple range test

Fig 3 Appearence of ‘“Tommy Atkms’ mangoes after 3 weeks of simulated shipment at 14C and 1
week of sumulated retail marketing at 17C

Package types, from left to nght non-sealed control, non-perforated MD film (without tray),
nonperforated MD film (wiih 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 index 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 sigmficantly different (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 nstrument NS - non-sealed control, MD and MY - non-perforated films, SM60M and MPY -
perforated films, INIT - mitial fruxt color before storage Bars signed with the same letter are not
significantly different (p=0 05) by the Duncan’s multiple range test

Fig 6 Effect of package type on the percentage of total soluble solids (above) and trtratable
acidity (below) of “Tommy Atkms® mangoes stored for 3 weeks at 14C and 1 week at 17C The
titratable acidity 1s expressed as concentration of citric 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 different (p=0 05) by the Duncan’s multiple range test

Fig 7 Effect of CO; absorbers on the quality of “Tommy Atkins’ mangoes sealed within
polystyrene trays m non-perforated MD (above) and MY (below) polyolefins, after 3 weeks of
storage at 14C and one additional week at 17C Within each quality parameter, bars signed with
the same letter are not sigmficantly different (p=0 05) by the Duncan’s multiple range test
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S Ben-Yehoshua, V Rodov, S Fishman, ] Peretz, R. De La Asuncon,
P Burns, ] Somsnivichatand T Yantarasn

PERFORATION EFFECTS IN MODIFIED-ATMOSPHERE
PACKAGING: MODEL AND APPLICATIONS TO BELL
PEPPER AND MANGO FRUITS

Shimshon Ben-Yehoshual, Victor Rodovl, Svetlana F 1shman2, Jacob Pere z1, Ruth De La
Asuncion! Peter Burnsl, Jinda Sornsrwichar’ and Thongcha: Yantarasr®
1Department of Postharvest Scence of Fresh Produce,?Department of Statistics and Operations Research

Agnicultural Research Orgaruzation, The Volcaru Center, Bet Dagan, 50250, Istael
3Department of Biology, Chuang Mai Unaversity, Chaang May, Thailand

Abstract: The techmque of modified-atmosphere (MA) packaging 1s steacily becoming more
important as an addifional tool to prolong the storage hfe of penshable commodites
Optimrusation of several parameters of the MA system for mango and bell pepper was promoted
by perforating the packaging film. This perforation greatly affected Op and COp concentratiors

and water condensation but much less the mrpackage relative humudity Consequently
regulation of the extent of perforation could be used to control atmosphere corrposition and
water condensation n the package without a sigruficant mcrease m fruit's weight loss

Bell peppers packaged mn perforated film lost less weight dunng storage and maintamned
higher quahty than frut stored m open carton boxes, and at the same time demonstrated lower
decay level than frint sealed in nor-perforated packages Perforation as well as the mtroduction
of hygroscopic matenals, such as NaCl, effectively reduced the percentage of Botrytis decay m
bell pepper frunt. Perforating the film cancelled mhibition of the mpering process that prevailed
m mango in non-perforated packages Perforated packaging of mango and pepper retamed most
of the advantages of the non-perforated packages

A dynamuc model of gas and water vapour exchange i perforated and non-perforated
packages contarrung fresh frunt or vegetables was developed on the basis of Michaelis-Mentent
equation n combimation with Fick's diffusion law Use of computer simulations enables
evaluation of package specifications which would provide optural conditions for storage of a
gven commodity Model predictions were confirmed by measured observations

Key words dynamuic model, modified-atmosphere packaging, respration, perforation, uv

| package hurmdity, mango, bell-pepper

-

Introducthion charactenstics  and temperature.  Several

The keeping quality of frunts and vegetables 15
affected by temperature, and by concentrations
of oxygen, carbon dioxade and water vapour
m the surrounding a (Kader et al,
1989) The tectruque of modified-atmosphere
(MA) packaging 15 steachly becomung more
irportant as an additional tool to prolong the
Storage life of penshable commodihes (Ber-
Yehoshua et al, 1985, Goms and
Peppelenbos, 1992) The search for the
Optumal set of parameters for an MA system
may be promoted by a theoretical analysis

which can predict the termporal changes in the
Package atmosphere m terms of package

models of MA packaging (MAP) systemns have
been discussed m the lterature Junn and
Karel, 1963, Hayakawa et al , 1975, Cameron
et al, 1989, Marmapperuma ef al, 1989,
Emondetal , 1991) In most cases the authors
restricted themselves to a choice of empinical
equatiors fithng the observed changes m gas
corcentrahon. Models of this are not
based on a consideration of biophysical
mechammsms for the processes occurmng m
MA packages, and utihsed different equations
m chfferent stuches, making the companson
and application of their results difficult.
Gas diffusion and frint respiration are
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the two maimn processes which affect the -
package atmosphere Fick's diffusion law was
found to govern gas exchange m apples and
several other fruits (Burg and Burg, 1965)
The respiration of frunts and vegetables was
treated m terms of kanetics by Tucker
and Laties (1985) Recently, several attempts
were made to apply the principles of enzyme
kinetics to MA package modeling (Lee et al,
1991, Cameron et al, 1994, Fishman et al,
1995, 1996)

Expeniments undertaken with bell pepper
and mango fruits showed problems with the
non-perforated MAP Previous data showed
that MAP of bell pepper m non-perforated
plastic film may promote decay when water
droplets condensate nside the package
(Rodov et al, 1994) and that seal-packaging
mhibited mango npening (Shapwo et al,
1989) In both cases perforatton appeared to
present a possible solution to these difficulties
Consequently, the aim of our team was to
evaluate the effects of perforation i modified
atmosphere packaging and to perform a
theoretical analysis of the gas exchange
dynarrics introducing a new model which also
corsiders the water vapour m a perforated and
non-perforated MA package (Fishman et al,
1995, 1996) This allowed us to precict the
time cowrse of water vapour, oxygen and
carbon dioxade corceniranons m MAP 1
order to perform optirusation of the MA
accordance with the commodity requirements
The absernce of the climactenc mse in the
respiratory processes of bell pepper simplified
the system for establishing the suitable model
described 1n the secton. Gas Dynamucs mn
Non-Perforated Packages (Fishman et al,
1995) The mango served as a good example
of the effects of package perforations
discussed 1 the sechon. Perforation Effects on
Dynamuics of Op and HpO Concentrations
(Fishman et al , 1996) This work established
the potential of perforated plastic packaging
mn extencding the Iife and reducing spoilage of
mango frunt presented m the section
Expenimental Tnals Perforation Effects on
Various Parameters of Modified Atmosphere
Packaging of Mangoes The bereficial effects
of perforation on water condensation and
decay were brefly descnibed m the section.

Perforation Effects on Water Condensation
and Decay (Rodov et al, 1995) In the first
two sections, only the highlights are given
since the matenal has already been published
(Fishman et al , 1995, 1996), but 1n the last
two sections, much of the data 1s presented 1n
this work.
MAP modeling
Gas Dynamucs in a Non-Perforated Package
A model for calculation of O, and CO,
concentrations 1N a nor-perforated package
based on a combimation of Fick's law with
Michaelis-Menten equation as applied to bell
pepper was presented In owr previous
commurucatton (Fishman et al, 1995)
Although packaging in plastic film extends the
storage Dife of bell pepper pnimanly by
alleviation of water stress (Ben-Yehoshua et
al, 1983), combiming the optmal relative
hurmicity with desirable concentrations of Oy

and COp bnngs additional benefits to bell

pepper storage (Polderdyk et al, 1993,
Rodov et al , 1994) The model developed by
Fishman et al (1995) wes utihised to optimmse
various package parameters to achieve the
desired MAP conditons Results were
validated by companison of its prechclions
with observations performed on the pepp;az
frunt placed mn the chamber closed with the
low density poly-ethylene (LDPE) film. Figure
1 demorstrates the results of the dynamuc
simulation (curves) as compared with the

experimental results (pomnts) for the tume
course of Op and COp corcentrations The

precicted gas dynamucs 15 1n good agreement
with the observed time course dunng the long-

term  expenments  The  steady-state
concentrations of Op and COp predicted for

thus system are 3 () and 4 2%, respectively
CO, maximum durmng the transient phase

~ An addiional important observation
was made first by theoretical analysis and later
validated with expenmental observations
(Fishman et al, 1995) According to the
prediction of the model, the COy tume course
for most plastic films does not reach steady
state smoothly but rather nses to a maxamum
and then declines to an equlibrium level, a
sort of overshooting effect. This phenomenon

was confurmed expenmentally The prechcted
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Figae 1 The curves represent tme course of Op and COp corcentrations predicted by the
model for bell peppers The pomts represent the experimental data carried out at 20°C.

g et

p maxumum on the COp concentraton curve  atmosphere under condiions of steady state
b 5 fits the recorded one and 1s about 8%, which The study of the transient period and the
1 = markedly exceeds the steady-state value (42 model will enable predichon of the O and
RS | i %) over a rather long tume penod. The COg levels over time, as well as estmating the
e maxamum on the curve for COp  kanefics has  yme necessary to approach the steady state
often been seen (Junn and Karel, 1963, Model Predichons

Hayakawa et al, 1975), but 1s not as yet
considered an mtrinsic charactenistic of the
system dependent on its parameters
Consequently, estmation of the optumal COp
content for MAP should be aware of this fact
because the COp maxarmum may erroneously

be considered to be the steady state The study
of the tramsient period, as performed in this
work, 15 mmportant because the produce may

spend a prolonged part of the storage period
under transient concitions and dunng pert of

the transient period, the concentration of COp
m the system may be markedly greater than
the evaluated steady-state value This
conclusion must be taken mto account when
optumal concitions for MA packaging of frunts
ard vegetables are under mvestigation. Most
previous works on MA  packaging
Concentrated on the analysis of the m-package

After being vahdated, the model can be
utilised to study other designs of the MA
packages by means of computer simulation
mstead of conducting hme consumung and

expersive experurents The model allows for

changing the design parameters of the package
(such as free volume, film thuckness, area of

the film, etc) and to compute how these
changes will affect the gas dynamucs and
steady-state gas levels

As a farst exaaple, thuckness of LDPE film
(AX) was varied. The model was run for AX=
2x105,  4x10, 6x10-5 and 8x10°5 m.
Figure 2a shows the model preciction for the
dynanmucs of Oy concentration with these four

values of AX The equlibnium values of Op

are reached at about 300 hours for all four
films Fagure 2b shows the prediction for the
ture course of COp The tire needed to
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»

approach the steady-state 15 markedly longer
and depends on the film thickness the thacker
the film, the longer the transient peniod and
the hugher the overshooting

Henceforth, effects of the free volume of
the package parameter, - V, were stuched
Figure 3 represents the results of the model

25 00w

which runs wath V=0 00124, 0001, 0 00075
and 00005 m3 The time course of Oy and

COy corcentratiors 15 shown m Figures 3a

and 3b, respectively One may see that the
variation of
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Figure 2 The model predictions for the films of chfferent thucknesses, DX= (2x105, 4x10-5,
6x10-5 and 8x109) m. (a) - ture course of Oy corcentration, (b) - tme course of COp
concentration. Predictions are for 20°C storage of bell peppers
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V changes the time scale but affects neither  specifications and the package dimensions to
the steady-state level of concentrations nor the provide the recommended conditons for
extent of the overshooting mn the COp storage of a given commodity Considerable
dynammics Dinurushing V. "deforms” the Saving of - expenments and ture could be
curves along the tme axis shortening the achieved by employing the model We have
nterval needed to approach the steady-state or 1ot yet dealt wath the interrelation between
the COp maximum  Rurming the model tempemﬁtgz mﬂ%@metrg etetg (1994%
. smulations with different sets of parameters TVESHER prototndty et o
g makes 1t possble to find the flm temperature on MAP of several frints
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Figure 3 The model predichons for the packages of chfferent free volumes, V= (0 00124, 0 001,

000075 and 00005) m3 (a) - ture course of Op corcentration, (b) - ture course of COp
concentration. Predictions are for bell peppers at 20°C
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Perforation effects in modified-atmosphere packaging- model and applications to bell pepper and mango fruts

Perforation Effects on Dynamcs of Op and
HyO Concentrations

As stated previously, a specific
problem appeared with mangoes (Shapro et
al, 1989), when the altered mn-package
atmosphere was shown to mmpair npening The
use of perforated films was recormmended for
mango fruit and was successfully tested under
certamn e concitions (Shapwro et
al , 1989, Rodov et al, 1994, Yantarasn et al ,
1994, 1995a and b) Optural conditions for
mango packaging could be found with the ard
of a model which mncluded consideration of
the film perforaton. Accordingly, such a
model was developed to help calculate Op
concentration and RH1n a perforated-film MA
package ammung at the optimusation of MAP
conditions for mango frnt (Fishman et al,
1996)

Respraton  and  transpirabon  of

mangoes were studied m independent
expenments to estimate the parameters
mcluded mn the model The results of

theoretical predichons were vahdated by

companison with expenments on MA
packages of mango Due to space hmutatiors,
only a few huighlights regarcding the data can be
presented here
Figure 4 shows the dramatic effects of
perforaton on the in-package oxygen
concentration. Four holes of 2 mm diameter
changed the steady state concentration of Op

from 1% (01 non-dimensional) for the non-
perforated to 19% (019) for the perforated
film

Completely cifferent results were found
for relative humicity (RH) The ture vanation
of RH dunng the same penod, shown mn
Figure 5, demonstrated good corresponderice
between prechcted and observed steady-state
RH levels and showed practically no
difference between the atmospheres inside
perforated and non-perforated packages,
which were both water saturated. The wisible
lag m the expenmental approach to the steady-
state RH (Fig 5), as compared wath the model
prediction, was related to the time necessary to
reach equbbrium between the m-package
atmosphere and the near-sensor environment.

031
Z
Q
5 c 4
[a 02 N
e~ (@) o [©) ~ (@]
Z
(1)
Q
Z
O
o
z
A}
é 01 x
3
* N=0
® L] [ ) L J
00 T T T T T T T T Y T T !
0 20 40 6Q 84 100 120

TIMF h

Figure 4 Effect of perforation on tme course of oxygen concentration in a plashc package
containing two mangoes at 20°C. N ~ number of pores (2 mm m diameter) Curcles represent

observations, curves - predichons
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Figwe 5 Effect of perforaton on relative humudity m a plastic package containg two

mangoes at
curves - the predicted steady state level

These results show that perforatons
affect the mrpackage dynamucs and steady-
state concentration of oxygen much more than
those of water vapour (Fishman et al , 1996)
The holes present a new route to transout
oxygen and water The relative contrnbution of
permeation through film and holes for the
creation of MA 1n packages was estmated for
oxygen and for water vapour Under the

conchtions of our expenments specified in Fig
5 the oxygen transmussion ability of LDPE

package, with an area of 003 m? and
thickness of 2x10-° m, contarung four holes
of 2 mm diameter 15 131 hmes greater than
that of the same package but, without holes
Whereas the water vapour transnssion abihty
of this perforated package was only three
lmes of that of non-perforated package

Thus, the effect of holes 1s more pronounced

—————

20°C. N - number of pores (2 mm 1n chammeter) Circles represent observations,

m 1mproving the transmussion of Op than m
that of water vapour

Model predictions

Changing the number of perforations
per package 1s equuvalent to changing the
transnussion  capebility of the film, while
alteration of the relatve humdity in the
ambient atmosphere means changing the
dnving force for water vapour permeation
through the film.

The relahve hunmdity changes as
predicted by the model for packages with four
levels of perforahon. N =0, 4, 20 and 40
holes per package, are shown in Figure 6
(Fishman et al, 1996) Three ambient
atmosphere RH levels (Ha, non-cimensional)

were stuched for each perforation level 08
(upper curve), 07 (muddle curve) and 06
(lower curve) The transient peniods for these
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Perforation effects m modified-atmosphere packagmng: model and applications to bell pepper and mango fruts

combinations of parameters were very short
and vaned neglgibly As can be expected,
lowering of Hp reduced the precicted m-

package RH because of the mcreased RH
grachent across the packaging film. Increase in
the number of perforations, N, makes the
package RH more sensitive to the ambient RH
and accordingly, the differences between the
steady-state ~ mrpackage = RH  values

1 00 permmer e
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RELATIVE HUMIDITY

0 90 +——r——r——————
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TIME, h
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090 T
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corresporhing to different Hp increased with

mereasing perforation level (Fig 6) It should
be noted that even at the lowest ambient RH
(Ha = 0 6) and hughest perforation level (N =
40) stuched, the m-package humdity wes
predicted to be as high as 093 Indeed, our
measurements  confirmed  these  predichons
This predichon of the perforation effect was
repeated also m other conditions
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Figure 6 Effect of perforation on steady state levels of relative humidity MA packages with
four levels of perforation. N=0, 4, 20 and 40 Three values of relative hundity m the ambient
atmosphere (FHa) were considered. 0 8 (top curve), 0 7 (nuddle curve) and 0 6 (bottom curve)

Predictions are for 20°C.

~m 1005

t

L
t

}

P ' .
R o

Y,

&
4

ki

b
w

i

il

i

AR ¢
i
rual 37

e |



S TR L B L

g ¥

S Ben-Yehoshua, V Rodov, S Fishman, J Peretz, R De La Asuncion,
P Bumns, ] Somnsrivichatand T Yantarasn

The model simultaneously describes
the dynamucs of oxygen and water vapour
corcentrations m perforated MA packages
Both predicted and observed data showed that
perforation allows to combine elevated
package RH, simular to that of a norr
perforated package with ligh oxygen
concentration, that of the ambient
atmosphere  This makes 1t possible to
mimmuse fruit weight loss while maintarung
the gas concentrations required for the normal
npenng of packaged mangoes The model
predicts the effects of the ambient humdity
and of package parameters, such as
perforation area, film surface, frut amount,
etc on irpackage Op concentration and RH

and on fruit weight loss It may serve as an
effecive tool for optmmsaton of MA
packages It 1s worth noting that the model
was parametnzed for mango fruits, but the
calculations for m-package RH would be vahd
for other commodities, subject to msertion of
the appropriate transpiraton coefficients
Another model descnbing the oxygen
behaviour 1n perforated mango packages wes
proposed independently by the Thair co-
authors of thuis paper (Yantarasn et al,
1995a)

Expennmental Trials
Perforation Effects on Various Parameters of
Modified Atmosphere Packaging of Mangoes
"Tormy Atkans' 1s an 1mportant mango
cultivar grown 1n Israel The storage period of
mango does not usually exceed 2-3 weeks at
14°C and 1s hmuted both by physiological
detenorattion of the fruat related to over-
riperung, and by pathogen development. In
additon, desiccabon of mango during
prolonged storage causes shnvelling and
reduces the market value of the frint. Reaching
distant  export markets via marne
ransportation with frunt retaming high quality
Is one of the major tasks of post-harvest
research on mango

In this research, modified atmosphere
Packaging (MAP) of mangoes was tested as a
neans to improve quality retention. The study
&Xamined the effects of perforaton level on

Storage hife and quality of mango i order to

design an optimal MA-package Expenments
were conducted dunng 1992-94  harvest
seasons, at the Volcaru Center (Bet Dagan,
Israel) In parallel, expeniments with the major
Thar mango variety Nam Dork Mar' were
conducted m Chiang Ma1 Unversity,
Thailand. The intensive research carmed out m
Thailand has been reported elsewhere
(Somsnivichar et al 1992, Yantarasn et al
1994, 19952, 1995b) and only hughhghts are
presented here The data m the two
laboratories were sinular  Most of the figures
represent the data collected mn Israel

In Israel, mature-green mangoes of
Tommy Atkans cultivar grown in the Jordan
valley were obtamed from the packing house
on the day of harvest. The frunt was dipped in
hot water (51+1°C) for 5 mun within 24 h of
arrival at the laboratory The mangoes were
sealed m packages of 40 thuck low-density
polyethylene (LDPE) The perforation area per
package (TPA) ranged as follows 0, 1, 4, 19,

and 69 mmZ2 Control frnt were kept m
standard mango open cartons

Packaged frnt was stored at 14°C and
at 85+2% relative hurmdity (RH) The storage
period of 2 to 4 weeks was followed by
mmtation shelf-life, when the packaged frunt
was kept for 4 days at 20°C and RH 85+2%
At the end of shelf-life peniod, the packages
were opened and part of the fruit was used for
quality analysis If necessary, the rest of the
frunt was kept open for one addiional week at
20°C to complete nperung

Concentrations  of oxygen, carbon
dioxade, ethylene, as well as ethanol and
acetaldehyde vapours in the package head
space were determined by gas chromatography
(GC) The quality analyses included
determnation of fruit firmmess, percentage of
total soluble solids and titratable acicity Flesh
and peel colours were evaluated usmng the
CROMA METER CR-200 (Minolta, Japan)
In addition, peel colour was assessed by a
visual mndex

Composition of m-package atmosphere
In non-perforated packages of 40p
thuck LDPE, oxygen content decreased quuckly
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Figure 8 Effect of perforation level on oxygen and carbon dioxide concentrations mside PVC
packages of Nam Dork Mar' mango stored at 20°C. The stretch PVC film (Fitwrap, MMP
Packaging Group Co, Japan) was 0 01 mm 1n thickness and each package had 2 frut

fermentation process prevailed in frunt at those
conchtions  Accordingly, the atmosphere of
non-perforated packages was nch m COp,
(Fig 7b), ethanol (Fig 7c) and acetaldehyde
(Figure 7d) At all perforation levels tested,
the m-package ethylene concentration peaked
after 2 weeks of storage (Fig 7e)

The highest and most pronounced
ethylene peak was observed at TPA of 4

mm? package At lower perforation levels, the
ethylene production may be mntubited by high
CO2 concentration, while at hugher perforation
levels 1ts accumulation could be reduced
because of better gas exchange As a rule, the
In-package ethylene level icreased after
transfer from 14°C to 20°C. Even the smallest
perforation level tested (1 mm?2fackage)
Practically prevented anaerobiosis In a siular

Independent  expenment carmed out with
perforated packages mn Thailand (Y antarasn et

al  1995), the steady state m the O
Corcentration vanied from 5% to about 21%
with the increase of total perforation area

———

(TPA) from 1 to 50 mm?fpackage (Fig 8)

Accordingly, the CO2 concentration varied m
those packages from 11% to about 0 8% The
same data were obtained 1n Israel with the PE
film

Decay and weight loss

Frunt that was seal-packaged without
perforation had no rots until the package was
opened, but then rotted rapidly The decay
level in frunt stored in perforated packages was
consistently lower than that in the control (Fig
9) In most of the cases, hot water dips
reduced decay as compared with untreated
fruat (Fig 10)

Perforated  seal-packaging  greatly
reduced frint weight loss, and prevented its
shnvelling even at highest perforaton level
(Fig 11 and 12) As a rule, the weigh

t loss
percentage was directly related to TPA value
In non-perforated sealed packages, the weight
loss was swrpnsingly high, as a result of
intensive exudation of hqud from the fruat.
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Figure 11 Effect of package perforaton and storage
period on the weight loss of Tommy Atkans' mango

o
(=]
1

:E 50 PERAFORATION sq.mm/pack: =i
5 Mo W1 B3 Flis Tlea [INonseated
X 40
i
o
él 30
w
2 20
£
0 104
3 4 34 1%

STORAGE AT 14 C weeks*
* + 4 days at 20 C  * unpacked at 20 C

Figure 12 Effect of perforated seal-packaging and
storage period on shrivof Tommy Atkins’ mango

Fruit npening

Keepimng mango frnt mn nor-perforated
sealed LDPE packages mhibited ther

ripenung, so that the fruit remamed firm and
medible with low TSS level, lugh acidity and
strong alcoholic off-flavour even after 4 weeks
of storage and an additional 4 days of shelf
life The frut mamtained 1ts green colour for
more than two weeks, and later showed dark
discolouration.

Perforaing the packages allowed the
riperung process to take place The perforation
level affected each of ~the frunt qualty
parameters  independently The  nummal
package perforation, 1 mm?/ackage, wes
enough to enable the normal softering and
accumulation of soluble sohds 1n mango frunt
during storage (Fig 13)
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Figure 13 Effect of perforated seal-packaging and
storage peniod on the fummess of Tommy Atlans'

mango
The rate of acidity changes depended
on perforation level (Figure 14) In highly
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perforated sealed packages (TPA of 69 and 19
mm? fackage) the acidity change followed the
samme pattern as m the control  Duning the first
storage period (2 weeks at 14°C and 4 days at
20°C) the mangoes seal-packaged with TPA of
4 o package were more acid than the
control, but a week later the frnt reached an
even shghtly lower acichty level than that of
non-sealed ones After 4 weeks of storage and
4 days of shelf hife, frnt sealed wath 1 mm? of
TPA also approached the acichty level of that
of the control

20
] PERFORATION q mm/pa k
Mo W1 B84 (19 CJee (InonseaL
16
]
k ‘l

g 124
“g 4
= 87

4—4

0_1

¢}
STORAGE AT 14 C, weeks
* + 4 days of shelf life at 20C

i PERFORATION sq mm/pack
506 Q1 %4 419 069 B NONSEAL
o
o
R o4
g
Q R
2 02
m
=
=

[¢]

2: 3: 4%
STORAGE AT 14 C, woeks
* + 4 days of shelf life at20C

=]

Figwe 14 Effect of perforated seal-packaging and
storage peniod on the level of total soluble solids (TSS)
and titratable acidity of Tommmy Atlans' mangoes A -
TSS, B - titratable acidity

After 3 weeks of storage at 14°C and 4
days at 20°C, the taste panel preferred the frunt
kept 1 perforated sealed packages over that
from the non-packaged confrol, maimnly
because 1t had not over-npered. The hughest
taste score was won by the frunt packaged at

TPA of 4 mm? (Fig 15) A shight off-flavour
Was sometimes evident in frutt packaged at

IPA of 1 mm?2
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Figure 15 Effect of package perforation on the taste of
Tommy Atkans' mangoes

Of all mperung-related processes, the
peel colour change was the most sensitive to
the condiions of mrpackage atmosphere
After 3 weeks at 14°C and 4 days at 20°C,
only frt packaged with TPA of 69 mm? had

turned yellow At least 19 mm? TPA was
essential for frunt to reach a yellow peel colour
after 4 weeks of storage and an additioral 4
days of shelf life After operung the sealed

packages, frut kept at TPA of 4 mm? also
turned yellow, while peel of frunt packaged at

TPA of 69 mm?package tumed yellow-
orange However, 1t shll did not reach the
colour intensity of the control fruit (Fig 16)

5
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Figure 16 Effect of package perforation and storage
peniod on the peel colour of Tommy Atlans' mango

The TPA of 1 mm?package was not
suffictent for complete fruit yellowing Direct
relation was observed between the advance of
peel colour and the m-package oxygen
concentration ( Fig 17), as well as O2/C02
ratio (Fig 18)

Australasian Postharvest Horticulture Conference, 1995

155

[P

e e T 2o

pa—

N e s e e o e

e

5

1

B L I Ty



Perforation effects m modified-atmosphere packaging: model and apphcations to bell pepper and mango fruts

- HEAT TREATED
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PEEL COLOR (HUE angle)
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o
o
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IN PACKAGE OXYGEN %
DETERMINED AFTER 3 WEEKS AT 14C AND 4 DAYS AT 20C

Figure 17 Effect of m-package oxygen concentration
ard heat treatment on the peel colour of Tommy
Atlans' mango sealed mn 40p-thack LDPE packages
Table 1 summanses the approxamate
tume necessary for Tommy Atlans mango frunt
to reach the "mpeness level" of different
quahtative parameters, as effected by -
package oxygen and COy concentrations

Expenmental commercial shupment of
MA-packaged mangoes to Japan was made by
the Thar co-authors together with a prvate
company, Krung Thar International Co Ltd
Thalland. The shipment was by sea, m
contamners equipped with ethylere scrubber
facility at 13°C. The level of Oy m the
perforated MA package was 5-7% 1n
comperison with 6 6% precicted by the model
developed independently by the Thar team.
The fruit in this erwironment reached full
nipeness only after transportation and one

additoral week of shelf Iife at ambient
temperature The fruit 1 nonrsealed trays had
become overnpe by that tme MAP also
reduced disease mcidence i comparison with
the contol ftreatment, but stll needed
supplemental treatment to control decay

PEEL COLOR (a VALUE)
“
e m 3 =
1 1 A,
o

05 § 50
RATIQ 03/ €O; (logarithmic scala)

500

Figure 18 Effect of m-package atmosphere on the peel
colour of Tommy Atlans' mango at 20°C.

Reducing In-Package Water Condensation by
Perforation of the Plastic Filmn Packages of
Mango

Perforation was observed to reduce the
condensahion of water droplets i mango
packages In order to charactense this effect
quantitatively, all the water droplets on both
frnt and film were absorbed on filter paper
and weighed. The amount of condensate n

Tommy Atkins mango stored at 14°C and
85% RH was reduced by mncreasing the TPA

(Figure 19)

Table 1 Effect of in-package atmosphere on the rumber of weeks* necessary for Tommy Atkans
mango to reach ripeness m each of 1ts ripening parameters

Steady-state Ripeming  parameters
TPA O2, % O, % Aadity TSS Firmness Flesh Peel
colour colour
mm?/pack | (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
Notsealed | 205-21 | 003-005 2 2 2 2 2
* followed by 4 days at 20°C, NR - never reached N

**1 adcihonal week unpackaged at 20°C
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Figme 19 Effect of perforabon level on water
condensation wside 40 p-thick LDPE  packages
contairung two Tommy Atlans' mangoes

Reducing  Botryts decay and water
condensation by perforation in Bell Pepper
packages

Saltveit (1994) summansed the
available hiterature for the recommended CA
corhtions for bell peppers which should be
the targeted condiions for MAP of this crop
He suggested concentrations of 2 to 5% for
both Oy and COp Four red peppers were
placed m a tray package of 40p thick LDPE

film and stored at 8°C and 90+2% RH. The i+
package atmosphere was after achieving
steady state 49% COp and 48-50% Op

These conditons fit Saltveit's (1994)
recommendations for CA well Unfortunately,
despite the successful acluevement of the
reconmmended CA specifications, the frnt m
these packages had a hugh incidence of decay -
above 30%, which was caused mamly by
Botrytis cinerea. This decay was probably
related to the large amounts of water droplets
which condensed on both the film and the
frnt. Thus, optimal Op and COy are not n
themselves sufficient to provide adequate
condiions for MAP of peppers Accordingly,
effects of perforahon and hygroscopic
matenals on decay mncaderce in  these
packages were mnvestigated

The great importance of the reduction
of the condensation was derronstrated with
Pepper fruit. Perforation sigruficantly reduced
the extent of Botrytis decay 1n bell-peppers
(Fig 20) Use of perforated polyolefin film

—————

(192 thuick) with 8 holes 04 mm m
chameterinch? (124 holes cmr?) and
reduced the amount of water condensate on
both the film and the frunt in a package
holdng 4 peppers This resulted m 5%
Botryhs decay as compared with 35%
observed 1n the smular package sealed with
non-perforated 20p thuick LPDE film. It 1s
mnteresting to note that perforation m these

did not reduce Altermana
altermata decay (data are not given) Addition
of 10g of hygroscopic matenals such as NaCl
or the Stocksorb polymer 1 a sealed sachet of
spun borded Tyvec effectively reduced both
the condensation and decay caused by Botrytis
cmerea, simular to  perforaton  These
treatments also reduced the RH in the package
from >99% to 92-95% and extended the hfe
of pepper (Rodov et al, 1995) Previously,
Shirazr and Cameron (1987) had shown that
NaCl additton extended the hfe of tomato
frint. 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 mn non-sealed
packages (Fig 20)

[McoNDENS WATER mg/pack B BOTRYTIS ROT %
B WEIGHT LOSS %

L=

@
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'
=
WEIGHT LOSS %

Botrytis DECAY %\

e e T e T T T
T T h

o
o
1
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(=]
J.

CONDENSED WATER mg/package

1]

v T T T T
NO ADDITIVES +S3TOCK +PERFORATION Cl
SOR8 et NON-

SEAL-PACKAGING SEALED

Figure 20 Effect of perforaton and hygroscopic
additives on in-package water condensation, weight loss

and Botrytis decay of seal-packaged bell pepper at
20°C

Dascussion
Perforated MAP

The effects of perforation on MAP was
evaluated both theoretically with our model
(Fishman et al, 1995, 1996) and

expenmentally with mango and pepper fruits
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The major effect was that perforation of the
film allowed for the nperung process m mango
which was mhubited m non-perforated sealed
packages Also, mn our experiments, decay n
perforated packages was sigruficantly lower
than m non-sealed control mango fruit.
Perforated packaging achieves many of
_the good results of norrperforated packaging
m reducton of water loss and shnvelling
without the possible deleterious effects of
- anaerobiosis such as off-flavours, fermentation
or COp damage (Ben-Yehoshua et al, 1994)

and without the deletenious condensation of
water droplets and enhanced decay that occurs
m non-perforated unshrunk bell pepper
packages (Rodov et al, 1995) Perforated
packaging techruques have also proved
effechive 1 retarding detenioration mn several
other crops, e g, decay of table grapes (Ber-
Arne et al, 1995), discolowation of washed
parsnups, and umproving sugar retention I
sweet comn {Geeson et al , 1988) In addinon,
perforation enables MAP for highly resping
produce such as mushrooms (Burton et al,
1987) Perforation may also enable MAP for
produce that 1s sensitive to even small ¢
m concentrations of Oy, COp and CoHy

The perforated films generally fall mto
two categonies—those which are directly
perforated and those which contarn additives
that interfere wath the contirunty of the plastic
matenals and thus alter their gas transmussion
rates (Ben-Yehoshua, 1994)

Perforation may be useful in solving a
major challenge in MAP research, which 1s to
- develop films that have greater permeability
and/br a hugher value of 8, which 1s the ratio
of the permeability of COp to Oy This 8 has a
value of between 4 and 6 for most available
polymers Because the permeability of plastic
films to COp 1s much higher than the
permeability to Oy, the level of CO» obtained
mwside the packages 15 hmuted by the Op
concentration. High COp corcentration inside
the package would potentially expose the
product to amaerobic conditions due to the
slow Op permeation. Accordingly, the use of

polymers 1s restricted to produce that requures
CO» corcentranons lower than 8%

(Marmapperuma et al, 1989) Emond et al
(1991) proposed the use of perforations for
produce requmnng high COp (>10%) wath
moderately low levels of Oy (2 to 10%)

Because the permeability ratios through the
holes 1s approximately 1, perforaton-mediated
MAP systems can obtan a high COp

concentraion without reducing the Op

concentration inside  the package below
critical levels tolerated by the produce

MAP Modeling

The use of mathematical models 1s
highly desirable as 1t reduces the time needed
for developng a package Such a model
substitutes for empirical methods, with a
planmed and programmed research which
attempts to match the best film to the
commodity Mathematical models, based on
characteristics of films needed to generate or
mamtain optmum mternal concentrations of
metabolic gases, could help maximuse storage
ife of penshable produce The models can
answer many queshons such as what would
the gas confent be 1 certan specific
thickness These 'Whataf' questions are an
essential pert of the design of a MAP for a
given commodity The model designed by
Fishman et al, (1996) went further than

evaluaing Op and COp dynmamucs and
wcluded water vapour as well Usmg thus
model proved advantageous m our attempt to
design a package with a speafied RFHL

Mango npenmg and MAP

Oxygen and COy levels were shown to
determmune the npering behaviour of packaged
mango (see also Yantarasni et al, 1995a,
1995b) A senes of modified-atmosphere
packages with dufferent steady-state Op and

COp levels was obtamed by varying the

perforation area from 0 to 69 mm? Scaling in
non-perforated LDPE film  completely

prevented mango nipering  The excessive COy
corcentraion (25 - 40%) was probably a
cause of the dark discolouration observed mn
rorr-perforated sealed LDPE packages sirce
this chsorder could be prevented by COp

1 Pestharyact Farhenthire Conference, 1995
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absorber (unpublished data) In all the
perforated packages, the fruit was capable of
undergomng nperung-related changes, but the
rate of change differed markedly
accordance with the m-package atmosphere as
shownin Table1 Thus phenomenon opens the
possibility to choose package characteristics m
accordance with the desired duration of the
storage/ransportaion peniod, m order to
obtam fruit combinmg low weight loss,
absence of shnvelling and good quahty at the
end of this period

On the other hand, Table 1 shows that
various npenmng parameters differed 1n
sensittvity to mochfied atmosphere and their
development under MA conditions was
desynchroruzed. This effect has been noted by
Jordan and Smuth (1993) Of all nperung-
related processes studied, the evoluton of
ground colour from green to yellow appeared
to be the most sensithve to mm-package
conditions, so that the yellow peel colour was
reached later than other mpeness traits The
phase of over-npening of the mango, which 1s
often the cause of the loss of the commercial
hife of this frnt was consistently delayed m
perforated MAP Consequently, 1t 1s stll
possible to achieve a desirable combination of
frait qualtative charactenstics and extended
hfe of Jordan and Smuth (1993)
showed that softerung of Kensmgton mangoes
m controlled atmosphere (CA) was effected by
oxygen concentration rather than by CO,

MAP and decay
In situations where physiological

deterioration of the frut 1s alleviated by MA
package, pathogen development may turn out
to be a major factor imting the storage Life
Although the perforated package 1tself reduced
decay, these effects were not adequate In our
view, addittional decay-preventing measures
are of great importance for thé applicaton of
this techruque A hot water dip (51°C, 5 mun)
was msufficient to prevent mango rots mn our
tnals, although demonstrated pathogen
Inhibition but not adequate for the expected
hife of 3 to 4 weeks wath an additional 4 days
shelf Iife at 20°C

The search for effecive decay-
confrollng measures for  seal-packaged
mangoes should be continued. Successful use
of perforated packaging with Nam Dork Mat
mango 1n Thailand (Sormsnivichar et al , 1992)
was achieved by 1ts combination with hot
benomyl applications Although benomyl and
several other fungicaades (carbendazim,
mmazahl, prochloraz) provide excellent control
of post-harvest diseases, thewr mtensive use
has resulted 1n the appearance of fungicide-
resistant pathogen biotypes (Prusky, 1991)
The non-fungicide approaches to the control
of post-harvest diseases of
discussed by Prusky (1991)

MAP and water condensation.

Recently, Joyce and Patterson (1994)
thoroughly reviewed the field of the control of
condensation mn post-harvest handling of fresh
produce Packaging that reduces desiccation
may ercourage water condensation, which m
tum, encourages pathogen development. This
problem 1s difficult to solve, but good practice
can munmuse the damage and a balance
should be achieved that would prevent
excessive  water loss and  excessive
condensation. Perforation, or the mtroduction
of a sachet contaiung hygroscopic matenals
may help achieve such a balance Shrnnk seal-
packaging 1s also very effective in reducing
both weight loss and condensahon. The
adherence of the film to the frunt peel, the
mherent perforation present m shrunk films as
well as the selection of the proper plastic film
all conmbute to the wirtual abserce of
condensation from the shrunk-sealed fruat.

In conclusion, MAP provides a useful
tool for extending hife and reducing spoilage
of penshable agncultural produce This
developing technology appears to be of
relatively low cost and to requre much less
mvestment compared with cooling or CA.
Furthermore, 1t has the great advantage of
being ervionmentally friendly utthsing
mamly the control of O, CO, water and
ethylene without exogenous chemuicals
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Progres récents du conditionnement
en atmosphere modifiée (I1)

New developments

in modified atmosphere packaging (Part I1)

CONDITIONNEMENT SOUS HUMIDITE MODIFIEE

Dans un emballage plastique, 'humidite relative (HR)
est en regle generale tres elevee De faibles fluctuations
dans la temperature de stockage peuvent suifire a pro
voquer des condensations, et par la a accelerer la pro
liferation et I'extension des micro organismes generant
les avaries (Grierson et Wardowski 1978) C'est pour
quol reduire fa HR interne a une valeur optimale peut
etre un facteur determinant dans la reussite du condi-
tionnement MAP de produits frais Shirazi et Cameron
(1987) ont ainsi lance le concept de "conditionnement
sous humidite madifiee” et ont multiplie les travaux dans
ce domaine En 1992 ils ont etudie la faisabilite du
controle de la HR par I'emploi de composes presentant
un comportement isotherme de sorption Type Ill Dans
I'emballage contenant une tomate verte mure, et avant
sa fermeture ils gjoutatent 10 g d un tel compose CaCl
sorbitol, NaCl, xyletol ou KCl A 20°C et pendant 48 jOUfg
ils parvenaient ainsi a stabiliser la HR a 35, 75 75 80,
et 85 p cent, respectivement HR etant fonction du rap
port des masses compose chimique/fruits Dans 1em-
ballage temoin HR etait en permanence de l'ordre de
96 -100 p cent Les auteurs ont decnit un systeme simple
faisant appel a des sachets PE nontisse pour | applica-
tion de cette methode de contrdle de 'humidite A 20°C,
la duree de conservation de tomates rouges est passee
de 5 jours pour le temoin sans sachet a 15 -17 jours
pour les sachets contenant du NaCl du fait pnincipale-
ment de | effet retardateur sur les moisissures de sur
face La technique du controle de | humidite relative
interne des emballages n est pas dependante de la HR
exterieure

Rodov et al (1995 1996) ont verfie ces observations

En abarssant | humidite relative (HR) a l'interieur de
femballage I'addition d un matenau hygroscopique (NaCl
par exemple) imite la pourriture de poivrons stockes a
8°C dans un plateau hermetiquement enveloppe de film
polyethyiene basse densite (PEbd) Sans materiau hygro-
scopique, la HR inteneure est proche de la saturation
et | eau se condense sous forme de gouttelettes a la sur
face des fruits et sur la face interne du flm Selon la dose
de NaCl la condensation est considerablement reduite
ou interdite Le niveau d'humidite varie de 86 - 90 p cent

Voir Premiere Partie dans Plasticulture 106 29 37

Shimshon Ben-Yehoshua,
Deqiu Fang, Victor Rodov

Department of Postharvest Science of Fresh Produce

Svetlana Fishman
Department of Statistics and Operations Research

Agricultural Research Organization
The Volcant Center P O Box 6 Bet Dagan 50250 Israel

MODIFIED HUMIDITY PACKAGING

The relative humidity (RH) i a plastics package s
usually very high Small fluctuation in the storage
temperature may result in condensation, which would
greatly increase the proliferation and spread of
spollage micro organisms (Grierson and Wardowsks,
1978) Thus reducing the in-package RH to an optimal
amount may be cntical for the success of MAP for
fresh produce Shirazi and Cameron (1287)
introduced the concept «modified humidity packaging»
and did much work in this field They (1992) studied
the feasibthty of controlling RH in MAP using
compounds possessing Type Il sorption isotherm
behaviour Ten gram each of CaCl2, sorbitol NaCl,
xyhtol, and KCI sealed with one mature green tomato
fruit at 20°C 1n simulated packages for 48 days
resulted in stable RH of 35, 75, 75, 80 and 85 p cent
respectively RH was a funtion of the ratio of chemical
to fruit mass RH in the control was in a range of 96 to
100 p cent throughout the experiments 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 contaming NaCl, mainly by retardation of
surface mould development The technique of
controliing in package RH Is independent of outside
RH

Rodov et al (1995 1996) verified their observation

Lowering the in-package relative humidity (RH) by
the addition of hygroscopic matenal (e g, NaCl)
reduced decay of bell pepper fruit sealed in a tray
low density polyethylene (LDPE) and stored at 8°C
Without hygroscopic material the in package RH was
close to saturation, and water droplets condensed on
the fruit and mner film surfaces Depending on the
amount of NaCl condensation was prevented or
significantly reduced Humidity level vaned from 86-90
p cent with 15 g NaCl to 96-98 p cent with 5 g NaCl

See First Part in Plasticulture 106 29 37



RELATIVE HUMIDITY

avec 15 g de NaCl a 96 - 98 p cent avec 5 g de NaCl,
lorsque I'emballage contient 0,5 0 6 kg de poivrons La
presence d'un materiau hygroscopique accentue le deficit
de la pression de vapeur d'eau (DPV) a l'interieur de
'emballage et accelere en consequence la perte de poids
des fruits Cependant, par rapport aux poivrons non
conditionnes sous emballage hermetique, la perte de
poids est moindre et la qualite superieure pour les pol
vrons conditionnes avec NaCl Le regime hydrique
genere par la presence de 10 g de NaCl dans des embal
lages de quatre poivrons (HR 92 95 p cent, DPV 77
65 Pa) optimise 'equilibre entre une dessiccation limitee
des fruits et une inhibition des pathogenes, allongeant
en consequence la conservation des poivrons apres
recolte
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for a package containing 0 5-0 6 kg of fruit Addition of
hydroscopic material increased the water vapor
pressure deficit (VPD) i1n the packages and,
accordingly the weight loss of the fruit However,
peppers packaged with NaCl still 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 g NaCl (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

Figure 1 — Influence d un materiau hygroscopique sur

I humidite relative d’'un emballage de pos-
vrons

Les powvrons etaient places dans des pla-
teaux polypropylene (4 fruits) scelles sous
film PEbd (20 pm) et stockes a 8°C temoin
sans materiaux hygroscopiques et traitement
avec addition de 10 g de NaCl contenu dans
des sachets nontisse PE

Figure 1 — Effect of hygroscopic matenial on the rela-

tive humidity in bell-pepper package

Fruit were sealed in low density polyethylene
(20 pm) within polypropylene trays (four fruit
per package) and kept at 8°C -~ package
without hygroscopic materials (control) add
tion of 10 g NaCl within pouches of spun
bonded polyethylene
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Finterieur de Pemballage, ainsi que sur la perte de poids des poivrons emballes

Fruits conditionnes dans les mémes conditions que sur la Figure 1 Les fruits non scelles sous embal-
lage hermetique etaient places dans des boites en carton On a mesure les etats stables de HR et
DPV au bout d’'une semaine de conservation les pertes de poids apres trois semames de stockage a

8°C puis apres trois jours supplementaires a 17°C

Figure 2 — Effect of NaCl dosage on in-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 determmed after 3 weeks
of storage at 8°C and three addihional days at 60
17°C

40

Figure 3 — Influences de I'epaisseur du film d’embal-
lage, de la presence NacCl et de la duree de
stockage sur la pourriture des poivrons

20+

Sans
Bl Without NaCl {3 + 10 g NaCl

Frutts condiionnes et stockes comme pre
cedemment Dose de NaCl 10g Ona
evalue le degre de pourriture au bout de 2
ou 3 semaines de stockage a 8°C puis
apres 3 jours supplementaires a 17°C Les
lettres differentes indiquent des valeurs
significativement differentes determinees
selon le test de Duncan (p =1 %)

DECAY (%) rourriture

60

Figure 3 — Effect of sealing in films of different thick-
ness, NaCl addition and storage duration on
bell-pepper decay

The fruit were packaged and stored as des-
cnbed in Figures 1 and 2 The amount of
NaCl added 10 g The decay percentage
was determined after 2 or 3 weeks of sto
rage at 8°C and 3 additional days at 17°C

2 WEEKS

NONSEALER  LDPE 20 u LDPE 80 u

Different letters indicate significantiy diffe-
rent values as determined by Duncan s mul-
tiple range test (p =1 %)
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NON SCELLE PEbd 20 p PEbd 80 .0




FILMS INTERACTIFS ET MICROPOREUX

It faudrait pour le conditionnement MAP des matenaux
d emballage capables de transmetire des quantites
contrblees d'eau O, CO, C,H, de fagon a maitriser les
concentrations de ces gaz dans le milieu interne de lem
ballage et a eviter I'anaerobiose C est ainsi qu'estne le
terme de "conditionnement intethigent" (smart) un
conditionnement qui serait a meme de percevolr d une
maniere ou d'une autre les.modifications du milieu interne
et d’admettre en consequence l'entree de O, de
I'atmosphere extenieure, ou bien de laisser s'echapper
le CO, en exces, voire de faire les deux transferts

Cette technologie s'est ensuite muee en condition-
nement actif notion gui recouvre un large eventail de
materiaux sensibles aux besoins des denrees embal
lees et aux caractenstiques de leur environnement par
exemple, sachets de composes chimiques Inseres dans
I'emballage pour absorber des gaz (O, C,H, ou CO,) ou
méme donner du O, ou du CO, quand le milieu interne
se trouve appauvri (Angei ef al 1992 Ben Yehoshua
1995 Kader et al 1989)

Les films microporeux sont congus pour transmettre
les gaz de faible poids moleculaire, comme O,, CO,
vapeur d'eau, azote, etc a la seule fin d ajuster les
concentrations gazeuses a l'interieur de I'emballage s
peuvent se classer en deux categories ceux gui sont
intentionnellement perfores de tout petits trous laissant
passer les gaz a un debit tres faible, par rapport a la sur
face totale, et ceux qui contiennent des additifs pertur
bant la continuite de la matiere plastique, modifiant ains
son taux de transmission gazeuse (voir Brody 1991)

Les films presentant une haute permeabilite aux gaz
du fait de leur nature, ou parce qu'll s'agit de melanges
de polymeres, ne sont pas microporeux techniguement
On peut citer les films PEbd a forte teneur en EVA (6
18 p cent) comme "Shields Bag" ou "Cryovac”, ou le
film (terpene polycychque) naguere fabnque par Bunzl
en Grande-Bretagne Leurs permeabilites a O, depasse
6 000 ml/m*jour aux temperatures et pressions norma-
isees (STP) Le film copolymere styrene-butadiene
sequence «K-resin» de Phillips et le film copolymere
ethylene octene ultra-basse densite "Attane de Dow
Chemical avec une transmission depassant
13 000 ml/m¥jour (STP) seraient egalement envisa
geables pour le conditionnement MAP de denrees qui
respirent (voir Brody 1991)

Le concept d'un matenau d'emballage presentant des
transmissions de O, et CO, compatibles avec les
“besoins” des produits conserves a fait 'objet de pro
gres Deux types de films de base ont ete identifies, ont
fait 'objet d'essais et ont ete dans une certaine mesure
adoptes dans la pratique les films microperfores et les
films avec charges minerales (microporeux)

A la premiere categorie appartiennent les films pro
poses par Courtaulds et Curwood Courtaulds fabrique
son "P-Plus" en pratiquant de tres fines perforations a
I'aide de rayons laser Selon Courtaulds les permeabi
Iites a O, et CO, vont de 6 000 a 300 000 ml/m?jour/atm,
et la gamme des films «P Plus» presente un eventail de
permeabilites permettant de repondre avec precision
aux exigences du produit conditionne Les permeabiiites
gazeuses sont congues pour equilibrer le taux de res-
piration du produit

Curwood propose de son cote un co extrude poly
ester/PEbdl, pourvu de micro-entailles qui ameliorent
les flux de O, et CO, et minimisent donc les rnisques
d'anaeroblose respiratoire

Les deux films microporeux les pius courants sont
rapvdaVanl ~~r{R~laiemi=) ~td~ Fr~~hHnld (1 ISAY o~

INTERACTIVE AND MICROPOROUS FILMS

MAP application may require packaging materials
capable of passing controlled quantities of water C,
CO, and C,H, in order to control the concentrations of
these gases In 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 O, from the outer atmosphere
or allow excess CO, to escape or both

This terminology then translated into active
packaging which encompasses a broad spectrum of
materials sensitive to the packaged produce
requirements and its surrounding environement The
latter group includes families of package supplements
such as in packaging sachets of chemical to absorb
O, C,H, or CO, and even to provide O, or CO, when
the package environment has been depleted of the
desired gas (Angel ef a/ 1992, Ben-Yehoshua 1895
Kader et al 1989)

Microporous films which are engineered to pass
low molecular weight gases such as CO,, O,, water
vapour nitrogen, etc, expressly for the purpose of
adjusting the gaseous concentration within the
package, generally fall into two categories those
which are perforated with very small onfices which
pass gases at a very slow rate relative to the total
area, and those which contain additives that interfere
with the continuity of the plastics materials and thus
alter their gas transmussion rates (Brody 1991)

Those films exhibiting high gas permeability by
virtue of thewr nature or by reason of being polymeric
blends are technically not microporous Among these
are high (6 18 p cent) EVA content polyethylene
films such as "Shields Bag" or "Cryovac", or polycychic
terpene film produced in the past by Bunzl in UK
Both are reported to have O, permeabilities in excess
of 6,000 ml/m?¥/day at standard temperature and
pressure (STP) Phillips «K-resin» block copolymer
styrene film and Dow Chemical’s 'Attane" ultra low
density ethylene octane copolymer films with
transmission of over 13 000 m¥m?day (STP), are also
being proposed as high gas permeability packaging
matenals for MAP of respiring produce (see Brody
1991)

The concept of a packaging matenal with O,/CO,
transmissions compatible with the «needs» of the
contained produce has been advanced Two basic
types of film matenals have been proposed, tested
and to some extent, introduced on a commercial
scale microperforated and mineral filled

Microperforated films include those of Courtaulds
and Curwood The Courtaulds films designated "P-
Plus' 1s manufactured by perforating a polyolefin film
with very tiny orifices by using laser beams According
to Courtaulds, permeabilities to O, and CO, range
from 6,000 to 300,000 ml/m?¥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
permeabilities are designed to balance the respiration
rate of the produce being packed

Curwood has introduced laminations of 0 00035
0 00048 inch gauge polyester and linear LDPE film
which has been microcut These microcuts permit
better flow of oxygen and CO, and thus minimise the
probability of respiratory anaerobiosis

The two most popular microporous matenals are
the~ of \/f~n | r{PD desiiimY A Ty LAl PO AN
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coupee Ce film permet de garantir une duree de survie
de deux semames a 0 2°C On emploie maintenant,
notamment en Europe du polypropylene oriente sans
enduction pour des salades melangees et predecou
pees emballees dans des sachets contenant de | air afin
gue la respiration naturelle modifie le milieu interne On
conditionne de la meme fagon pour la distribution des
oignons et poivrons verts haches des baguettes de
carotte, de celen (voir Brody 1991)

Une nnovation dans le copdiionnement MAP des
fruits et legumes consiste a introduire un melange gazeux
de la composition voulue dans | emballage avant sa fer
meture Des chercheurs de 'Universite de Colombie bri
tanmique (UBC) au Canada, ont mis au point des sys
temes qui amenent des fruits et legumes fraichement
decoupes a une temperature de 0°C et les enveloppent
de melanges gazeux pauvres en Oy et riches en CO»o,
avec de 'argon Des chercheurs de la societe L Air iquide
ont confirme certaines des durees de conservation de
qualite exceptionnelles obtenues par 'lUCB Iy a environ
trois ans cette soclete a procede a une estimation du
potentiel d utilisation des gaz non conventionnels' pour
les apphcations MAP Cette enquéte a mis | accent sur
les gaz appartenant au groupe helium argon neon
krypton et xenon (voir Brody 1991)

La societe L'Air hquide a egalement expernimente le
conditionnement des aliments dans les conditions
usuelles du MAP Dans | un des essals des tomates
coupees en tranches etaient placees dans des melanges
gazeux contenant soit 75% soit 8% de Oy, le comple-
ment etant de | azote ou de | argon Le taux de produc-
tion de CO» etalt tres different selon la nature du com-
plement Tandis qu en presence d argon la production
de COy etait iInversement proportionnelle a | epuisement
de 1 Oo, elle etait plus intense dans | atmosphere conte-
nantdu No sa concentration atteignant alors des niveaux
tres elevés en fin d essal (voir Brody 1991)

Bien que | on ne comprenne pas encore entierement
les raisons de telles differences entre les melanges conte
nant de | argen et ceux avec azote i, est permis de voir
dans la solubtiite tres superieure de | argon dans | eau
une exphication pouvant conduire a une reponse ration
nelle It ne faudrait toutefois pas ecarter | interference
possible de I'argon avec des recepteurs Oo chimiques
ou enzymatiques dans la mesure ou les deux gaz pos
sedent un diametre moleculaire presque identique res
pectivement de 3, 8 et 4 angstroms

(A suivre )

EVA/LDPE film The film permits precut lettuce to
guarantee two weeks life at 0 2°C Uncoated oriented
polypropylene 1s 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 tems being packed for distribution are
chopped onions, green peppers, carrot sticks, celery
{see Brody 1991)

One of the novel approaches in MAP of fruits and
vegetables 1s the introduction of the gas mixture of the
desirable composition into a package before its
sealing Researchers at University of British Columbia
(UBC), Canada have been developing systems in
which freshly cut fruits or vegetables were reduced in
temperature to 0°C and exposed to mixtures of low
Oo/high CO5 including argon Some of the exceptional
quality retention periods achieved reported by UBC
have been confirmed by researchers at the Liquid Arr
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 t e, argon neon
krypton and xenon (see Brody 1991)

The Liquid Airr company conducted experiments with
foods in standard MAP conditions In one series sliced
tomatoes were placed in gas mixtures containing either
15 or 8% O» and the balance being nitrogen or argon
The CO5 production rate observed was very different
depending on whether the gas mixture contained
nitrogen or argon Whereas in cases of argon
containing mixtures, the CO» production was inversely
proportional to the Op depletion in N» containing
mixtures, the CO5 production was more intense and
its concentration reached very high levels at the end of
the test (see Brody 1991)

Although the reasons for observing such differences
between gas mixtures containing argon and those
containing mitrogen are not yet entirely understood, the
much higher solubility of argon in water versus that of
nitrogen 1s a possible explanation in the search for a
rational answer The possible interference of argon
with chermical or enzymatic Op receptor sites 1s not to
be excluded as these two gases have almost identical
molecular diameter of 3 8 angstroms and 4 angstroms
respectively

(To be followed )

XIV CONGRES INTERNATIONAL DES PLASTIQUES EN AGRICULTURE
X1V INTERNATIONAL CONGRESS ON PLASTICS IN AGRICULTURE

TEL-AVIV - ISRAEL
9 - 15 MARS 1997 - MARCH 9 - 15

XIV CONGRESSO INTERNACIONAL DE PLASTICOS EN LA AGRICULTURA
XIV INTERNATIONAL CONGRESS UBER KUNSTSTOFFE IM LANDBAU
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hommes et faits

men and events

MEXIQUE

Les plastiques
dans l'agriculture mexicaine

Les entreprises de production et de distribution de
plastiques agricoles se doncentrent pour la plupart dans
[ agglomeration de Mexico (D F), ansi que dans les Etats
de Jalisco et de Mexico De nouvelles entreprises se
sont etablies au centre de la republique endroit strate
gique pour distribuer dans tout le pays

Comme la montre une enquete realisee par le
CIQA ™ aupres de 21 entreprises (13 transformateurs
7 distributeurs et 1 producteur distributeur), il se revele
que les ventes de plastiques agricoles concernent a pro
portion egale des materiaux d'ongine nationale et dim-
portation Les transformateurs, pour leur part, livrent leur
production a 60 % au marche national et exportent le
reste principalement en Amerique centrale et Amerique
du Sud

De la méme fagon qu'aux Etats Unus, la plupart des
entreprises de fransformation se specialisent dans un
type de resine et imitent a deux ou trois les produits
plastiques qu ils destinent a | agriculture

Selon une etude realisee par le CIQA ® en 1990, les
techniques dominantes a ce moment la etalent {irnga
tion goutte-a goutte en culture fruitiere (34,2 %) la micro
aspersion (20,82 %), ['rngation goutte-a goutte en cul
ture legumiere (18 61 %), les filets (8 96 %) le paiilage
(7,44 %) les pebts tunnels (7 09 %), avec 2 8 % pour
les applications diverses Le Tableau suivant detaille les
statistiques disponibles

MEXICO

Plastics
in Mexican Agriculture

Organisations for the production and distribution of
agricultural plastics are concentrated for the main part
around Mexico City as well as in the States of Jalisco
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 ® and involving
21 organisations in the sector (13 converters
7 distnibutors and 1 producer distributor) has revealed
that the sales of agricultural plastics are in equal
proportions of materals 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 Amernicas

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 carried out by the CIQA @ 1n 1990 the
main applications at that time were drip irngation for
fruit crops (34 2 p cent), micro-spray (20 82 p cent),
dnip irmgation for vegetable crops (18 61 p ceni) nets
(896 p cent), mulch (744 p cent) low tunnels
(709 p cent) with 2 8 p cent for miscellaneous uses
The following table sets out the available statistics

surface / area consommation / consumption

(ha) (%) ® (%)

PAILLAGE / MULCHING 3982 744 139297 41
DESINFECTION SOLS / SOIL DESINFECTION 520 097 178 60 053
BACHES A PLAT / DIRECT COVERS 1728 0032 709 0021
PETITS TUNNELS / LOW TUNNELS 3790 709 1664 90 49
SERRES TUNNELS / WALK IN TUNNELS 113 021 36160 106
BRISE VENT / WINDBREAK 100 091 280 008
FILETS / NETS 47924 896 347281 1022
SERRES / GREENHOUSES

Jeunes plants / seedlings 914 017 298 88 088

fleurs / flowers 53272 100 1658 30 488
MICRO ASPERSION 11135 20 82 9464 75 27 88
IRRIG GOUTTE A GOUTTE / DRIP IRRIG

frutiers / fruit trees 18 300 3420 14 460 05 42 57

légumes / vegetables 101085 18 69 980 96 289
TOTAL 58 484 14 100 00 33 968 81 100 00

Au Mexique I'utihsation des plastiques en tant qu in- In Mexico the use of plastics for agncultural

trants agricoles a deja atteint des niveaux respectables
dans le nord ouest du pays (Basse Californie Sonora
le Bajio) et commence a se developper avec vigueur
dans les autres regions
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purposes has already reached reasonable levels in
the north west of the country (Lower Califorma
Sonora Bajo) and 1s now beginning to develop
strongly in other regions
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Progres récents du conditionnement

en atmosphere modifiée

New developments

in modified atmosphere packaging

Recientes progresos en el embalaje
en atmosfera modificada

El embalaje en atmosfera modificada (MAP) es una
tecnologia nueva apar ecida en los anos 70 cuvo objetivo es
aumentar la duracion de los productos agricolas
perecedetos Sin embargo st no se 1espetan las condiciones
requeitdas esta tecnologia puede 1epiesentar riesgos
respecto a la seguridad biologica de los productos
envasados Los filmes peiforados permiten al MAP
mantener una atmosfera satuiada de H»Q con pequenas
modificaciones de 0 y CO Esto se traduce poi una
reduccion de las perdidas de agua y una disminucion del
stress hidrico sin 11esgos de efectos peijudiciales debidos a
los patogenos a la anaerobiosis o0 al CO

La umesngacion se ha oientado ulttmamente hacia el
desariollo de filmes interactivos o inteligentes  Se espera
que estos nuevos filmes logien detectar los cambios de
medio ambiente al nterior del embalaje y como
consecuencia que dejen entrar el ovigeno de la atmosfera
exterior o que favorezcan la salida del exceso de CO

El embalaje en atmosfeia modificada combinado a ia
wcorporacion de fungicidas en los filmes el tratanuento al
calor etc constituyen para la investigacion vias nuevas y
prometedoras La realizacion de modelos matematicos de
los intercambios gaseosos en el MAP esta basada en una
combinacion de la lev de Fick asociada a la ecuacion de
Michaelis Menten Este modelo permute prever los
parametros optimos para el embalaje de productos

INTRODUCTION

Le conditionnement en atmosphere modifiee (MAP)
est une technologie nouvelle apparue dans les annees
70 Elle peut permettre d'allonger la duree de vie des
produits agricoles perissables et parla de reduire la
proportion de produits avaries

Le MAP imphque gue le produit scit soumis a latmo
sphere engendree a I'interieur d un emballage par lin
teraction du produit de | emballage et de | atmosphere
exterieure L atmosphere initiale peut etre soit de lair
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Neue Fortschritte ber der Lagerung
in veranderter Atmosphare

Die Lagerung n veranderter Atmosphare (MAP) einer
neuen in den 70er Jahren entwikkelten Technologie cielt
darauf ab die Lebensdauer verderblicher Agiaipiodukte
cu verlangern Wenn alleidings die angemessenen
Bedingungen nicht ewngehalten werden kann diese
Technologie auch Risthen hunsichtlich der mikrobiologischen
Sicher heit der verpackten Lebensnuttel mut sich bringen Die
perforier ten Folien gestatten bet MAP die Aufi echter haltung
ewmer H O gesathgten Atmosphare mit ledighch schwachen
Verandeiungen ber O und CO° Das auflert sich in ewner
Reduzierung der Wasserverluste und in einer Entlastung von
Feuchtests ess ohne Risihen schadlicher Ewnflusse wie etwa
Krankheuserregern Anaerobiose oder CO

Die Untersuchung iichtete sich seit kurcem auf die
Entwicklung von nteraktiven oder intelligenten Folien
Man erwaiter von diesen neuen Folien daffi ste
Milieuverandeiungen im Innern der Veipackung bemerken
und entsprechend den Saueistoff der aufleren Atmosphare
eintreten lassen beziehungsweise ubeischussiges CO
austi eten lassen

Die Lagerung ber verandeiter Feuchtigkeit kombimert
mit fungizid behandelten Folien die Warmebehandlung
etc stellen neue und fur die Forschung vielversprechende
Wege dar Die mathematische Modelliechnung des
Gasaustausches 1m MAP grundet sich auf etner
Kombinarion des Fick schen Gesetzes und der Gleichung von
Michaelis Menten Dieses Modell gestattet eine Vorhersage
der optimalen Parameter fur die Lagerung

INTRODUCTION

Modified atmosphere packaging (MAP) emerged In
the 1970 s as a new technology that may extend the
Iife of perishable agncultural produce and reduce Iits
spoilage and decay

MAP nvolves the exposure of produce to the
atmosphere generated in a package by the interaction
of the produce, the package and the external
atmosphere The initral atmosphere may be either arr
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soit un melange gazeux Avant de fermer | emballage
on peut auss! introdutre divers additifs pouvant affecter
latmosphere Ce qui distingue le MAP de | atmosphere
controlee (CA) cest que dans le cas du MAP toute inter
vention humaine cesse des lors que | emballage est
ferme

La technologie du MAP comprend un large eventall
de techniques, a partir de la simple methode de lenro
bage individusl hermetique des debuts (Ben Yehoshua
1985, 1991, Ben Yehoshug.et Nahir 1977) ou chaque
fruit peut etre considere sous MAP Elle va jusqu au
controle beaucoup plus compiique de la microatmo
sphere dans les nouveaux emballages pour diverses
salades de 'quatrieme gamme (voir Brody 1991)

L. enrobage hermetique consiste a envelopper un
frut dans un film plastique avec ou sans retraction ther
mique, pour epouser la forme du fruit Generalement
cette technique n'a qu un effet mineur ou nul sur les
concentrations internes de O2 et CO, elle a en revanche
un effet marque sur la pression de vapeur d'eau, faisant
que l'atmosphere de I'emballage est presque saturee
Ben Yehoshua et al (1983) ont trouve que I'humidite
relative (HR) de | atmosphere etait de 97 % pour des
poivrons ainsi conditionnes individuellement L at
mosphere du fruit enrobe sous film plastique est [a resul
tante de nombreux facteurs, les microperforations du
film (non voulues) n etant pas le moindre de ces fac
teurs Au contraire il est permis de penser que ces micro-
perforations jouent un role important dans le succes de
cette technique 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) 1s that In the case of
MAP the active involvement of man stops at the
moment of sealing

MAP technology comprises a wide spectrum of
techiques varying from the simple early method of
individual seal packaging (Ben Yehoshua 1985 1991
Ben Yehoshua and Nahir 1977) which may be
cansidered as MAP for individual fruit to the more
intricate control of the microaimosphere In the new
packages for various salad bar items (see Brody
1991)

Seal-packaging involves sealing a fruit in a plastics
film with or without heat shrinking to conform to the size
of the fruit Usually this technique has little or no effect
on the internal concentrations of O, and CO, and a
large effect on the water vapour pressure amounting
usually to making the package atmosphere nearly
saturated Ben Yehoshua et al (1983) found that the
relative humidity (RH) of the ambient atmosphere of
sealed pepper fruit was 97 % The atmosphere of the
sealed fruit 1s 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 MAP !

Dans sa version plus complexe, le MAP vise a rea
liser une composition exacte de I'atmosphere interne de
lemballage, par une selection poussee de nombreux
parametres utiles et leur orchestration dans le but dar
river rapidement a | atmosphere souhaitee Le choix de
ces parametres doit etre prevu de telle sorte que I'at
mosphere puisse se maintenir aussi longtemps que le
produit emballe 'exige Ce type de MAP est en defini
tive coniréle avec plus de minutie que le conditionne
ment en atmosphere contrélee (CA), et avec de bien
plus grandes exigences puisqu'll faut programmer tous
les controles a linterieur de 1 emballage avant sa fer
meture

Le condittonnement en atmosphere modifiee (MAP)
est une technologie multidisciplinaire qui pour conserver
la fraicheur des produits, fait appel aux principes de base
de differentes sciences chimie physique phystologie
et pathologie vegetales microbiologie agroalimentaire
genie et plasturgie Une meilleure connaissance de ce
vaste domaine scientifique aidera le MAP a atteindre le
stade de I'application pratique
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Intricate MAP aims 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 period as the packaged commadity would
require Thus this type of MAP 1s 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 1s a multidisciplinary technology of maintaining
freshness that utilizes basic principles of different
sciences such as chemistry physics plant physiology
and pathology microbiology, food science engineering
and polymer chemistry Better understanding of this
wide scope will promote this technology into
implementation
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Ces dernieres annees, la technologie MAP a connu
de rapides developpements (Gorns et Peppelenbos 1992
Kader ef al 1989 Lioutas 1988) Cette evolution acce-
leree est due aux deux tendances contradictoires qui
aujourd hui caracterisent le traitement apres recolte des
fruits, legumes et autres produits perissables

(1) La distrnibution alimentaire moderne dans les pays
industnalises porte sur une quantite de produits peris
sables, dont certains font | opjet d une fransformation
mimmale laitues decoupees, batonnets de carotte ou
de celen salades melangees Méme minimale cette
preparation accentue la nature perissable des produits
ainsi que les nsques de pourniture et de dessiccation
le besoin en mesures de contrdle de la qualite et de 'etat
sanitaire est donc augmente

(2) Paralielement, les consommateurs manifestent
une mefiance grandissante a | egard des produits chi
miques de synthese utilises pour proteger les aliments
des pathogenes et ennemis, ou pour allonger la duree
de vie des denrees perissables Cette inquietude du
public entraine l'nterdiction d'emplot d un nombre tou
jours plus grand de conservateurs artificiels et de pes-
ticides

Dans la mesure ou le MAP n utilise que les compo-
sants naturels de l'arr ¢ est une technologie qui en repon
dant a ces deux tendances ne peut que gagner la faveur
du public Elle a | avantage de nutiliser aucun produit
chimique de synthese et de ne laisser aucun residu
toxique Elle est relativement respectueuse de {envi-
ronnement surtout si les films plastiqgues peuvent étre
recycles apres usage

L interet dans le condittonnement MAP des produits
frais s est egalement trouve stimule par de recents pro-
gres dans la conception et la fabrication de films poly-
meres presentant une paletie elargie de caractenistiques
en matiere de diffusion gazeuse Enfin, les divers absor-
beurs desormais plus facillement accessibles proposent
de nouveaux outls pour manipuler le micro environne-
ment du MAP absarbeurs de O, et CO, (Kader et af
1989) de vapeur d'eau (Shirazi et Cameron, 1992) de
CoHy (Ben-Arie et Sonego 1985, Scott et al 1970)

Toute une serie d'articles oni ete publies sur linteret
du MAP et | allongement extraordinaire de la duree de
conservation pour divers produits (voir Lioutas 1988
Kader et al 1989) En revanche il n'y a que peu de publ
cations gqui trattent de la vigilance microbiologique requise
pour une mise en ceuvre sans faille (Genigeorgis 1985,
Hinthan et Hotchkiss 1986 Palumbo 1987) Les travaux
futurs devraient sans doute donner priorite a la securite
des consommateurs, devant le maintien de la fraicheur

Cet article de synthese n'a pas la pretention de couvrir
tous les aspects traitant de 'emballage sous film plas
tique Il n'aborde que quelques domaines, princtpalement
ceux gqui ont connu des developpements importants

PRINCIPES DU CONDITIONNEMENT MAP

Le conditionnement MAP est un systeme dynamique
mettant en Jeu respiration et permeation Dans la concep
tion d'un emballage 1 convient donc de prendre en
compte les facteurs affectant a la fois la respiration et la
permeation On sait que la masse de la denree la tem
perature, les pressions partielles de O, CO, et CoHy
amnst que le stade de matunte influent sur la respiration
dans lemballage (Kader et al 1989) D autre part la per
meation est determinee par le type de film d'emballage
son epaisseur sa surface des perforations acciden
telles ainst que par la temperature | humidite relative
et le gradient des pressions partielles de CO5 et O, au
travers du film (Ashley 1985) Tous ces facteurs inter
agissent pour creer des niveaux d equilibre en CO5 et
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During past decades, MAP technology developed
rapidly (Gomms and Peppelenbos 1992, Kader et al
1989 Lioutas 1988} This rapid development 1s due to
two contradictory tirends affecting today the
postharvest handling of fruit vegetables and other
perishable produce

(1) The modern food distribution In developed
countries comprises many penshable food items some
of which are mimimally processed such as shredded
lettuce, carrot or celery sticks, fresh salad mixes The
minimal processing Increases the perishable nature
and susceptibiity to decay and dessiccation and
consequently greater need for quahty 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 i1s that more and
more synthefic food protectants such as certain
fungicide or pesticide are banned for use

The technology of MAP that uillizes only the natural
components of air, 1s \n great public favour due to these
two trends MAP has the advantages that synthetic
chemicals are not used no toxic residue 1s left and it 1s
relatively environmentally suitable particularly if the
plastics films utiized can be recycled

Recent advances in the design and manufacturing of
polymeric fiims with a wide range of gas-diffusion
characterictics have also stimulated interests in MAP
of fresh produce Also the increased availabiity of
various apsorbers of O,, CO, (Kader et al 1989)
water vapour (Shirazi and Cameron, 1992), and CoH,
(Ben-Arie 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 hfe for various
foods (see Lioutas 1988, Kader ef a/ 1989) However
only few publications deal with the microbiological
safety needed for successful MAP implementation
(Genigeorgis 1985 Hinthan and Hotchkiss 1986
Palumbo 1987) Future approach should certainly put
consumer safety first and freshness second

This review 1s not intended to cover every published
report dealing with packaging produce in plastic films
Only a few fields will be discussed manly those in
which important developments have been made

PRINCIPLES OF MAP

MAP 1s a dynamic system where respiration and
permeation are occuring simultaneously Factors
affecting both respiraton and permeation must be
considered when designing a package Commodity
mass, temperature O,, CO, and ethylene (CgoHy),
partial pressures stage of matunty are known to
influence respiration in a package (Kader ef al 1989)
Type thickness unintended holes and surface area of
the packaging film as well as temperature relative
humidity and gradient of CO, and O, partial pressures
across the film, are known determinants of permeation
(Ashley 1985) All of the above factors interact to
create equitbrium levels of CO, and O, In a sealed
package Package equiibrium or steady state Is
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O, dans un emballage hermetiquement clos On definit
| etat d equilibre d un emballage comme le pomnt ou les
taux de production de CO, et de consommation d'O»
par la denree emballee sont egaux aux taux de per

meation de ces deux gaz au travers du film a une tem

perature donnee Un emballage mediocre devient anae

roble ou genere des niveaux inacceptables de CO, avant
gue lequilibre ne soit attent En general le MAP ne tire
par un partt maximal de toutes les possibilites de controle
des concentrations de CO, et0, Le systeme d'embal-

= lage ideal devrait assurer les equilibres CO5/O5 et les

maintenir aux niveaux connus pour optimiser la conser
vation durant l'entreposage le transport et tout au long
de la chaine de distribution pour un produit specifique

Lioutas (1988) et Kader et al (1989} ont dresse un
bon tableau des avantages et inconvenients du MAP
Les modalites du MAP ont ete traitees dans le rapport
de Kader et al (1989), et dans d autres publications de
son laboratoire

L'effet favorable le plus frequemment cite est le chan
gement de pH lie a |la concentration en CO, (Daniels et
al 1985, Sinphanich et Kader 1986)

deflned as the point at which the commodity CO,
production and O, consumption rates are equal {o 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 CO, before equilibrium s
achieved Usually MAP does not utiize the full
potential of controlling the ambient concentrations of
O, and CO, An ideal package system will equilibrate
and maintain at the levels of CO, and O» 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 Lioutas (1988) and Kader ef al
(1989) The mode of MAP was handled in the review of
Kader et a/ (1989), as well as in other publications of
his team

The mechanism cited most for the favourable result
i1s the change in pH related to the concentration of CO,
(Daniels et al 1985 Sinphanich and Kader 1988)

Avantages

» Pertes de powds, dessiccation et dessechement
reduits

» Maturation retardee
Degats du froid moins severes
Possibilite de conditionnement semi centralise
Rayon des reseaux de distribution augmente
Moins de travail et moins de refus au stade du detait

» Conservation amelioree de la couleur de la teneur
en eau, du parfum et de la matunte

Excellentes aptitudes aux poliiques de marque

« Manutention et distribution mitees des produits
Impropres ou declasses

Benefices de la qualite transmis au consommateur
Inconvenients

Exigence d'investissements supplementaires en
machines et personnel sur la igne d'emballage

*» Risques d avane de produits en cas de condition-
nement inadapte ou de temperatures abusives

» Apparition possible de nouveaux nsques microbio
logiques dus au developpement eventuel d une flore
pathogene anaerobie

* Impact negatif des films plastiques sur | environne
ment en l'absence du moins d'un systeme de recy
clage efficace

La technologie MAP reste encore inapplicable a la
majorite des produrts

Advantages

Reduction of weight loss, desiccation and
shrivelling

Delay of ripening

« Alleviation of chiling injury
Semicentralized manufacturing options

« Expanded radius of distribution systems
Reduction of labour and waste at the retail level

Qualty advantages such as colour moisture
flavour and matunty retention

Excellent branding options

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

Quality advantages transferred to the consumer
Disadvantages

Requirement of additional investment in machinery
and labour in the packaging line

Risks of spoiled produce due to mmproper
packaging or temperature abuse

Possible occurence of new risks of microbiological
safety due to possible deveiopment of anaercbic
pathogenic flora

Plastics films may be environmentally undesirable
unless effective recycling i1s installed

MAP technology 1s still unavailable for most
produce

MAP ET ETAT SANITAIRE

Il est possible de freiner la croissance et | activite des
micro-organismes en augmentant le CO» et en dimi
nuant | O, Des teneurs en CO, portees jusqua 20 %
allongent a la fois les phases de latence et de croissance
logarithmigue des agents communs de degradation jus-
gu'a les doubler par rapport a la temperature ambiante
(Danels et al 1985) Il faut des teneurs de O, inferieures
a 1 % et de CO, supeneures a 20 % pour Interdire de
fagon significative | activite cryptogamique (El Goorani
et Sommer 1981) On peut utiliser des teneurs elevees
en CO5 (10 15 %) afin d'assurer un effet fongistatique
sur les denrees tolerant de tels niveaux de CO, (Kader
et al 1989)
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EFFECTS OF MAP ON DISEASE CONTROL

The growth and activity of micro organisms can be
retarded by elevated CO, and reduced O,
concentrations Levels of up to 20 % CO, extend both
the lag and loganthmic growth phases of common
spollage organisms by as much as double at ambient
temperature (Daniels et af 1985) Levels of below 1%
oxygen and/or above 10 % CO, are needed to
significantly suppress fungal growth (El Goorani and
Sommer 1981) Elevated COs levels (10 to 15 %) can
be used to provide fungistatic effects on commodities
that tolerate such CO, (Kader et al 1989)
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Un renforcement du CO, et une diminution de 'Op
permettent de freiner la croissance de la quasi totalite
des micro organismes aerobies, en particulier les psy
chrophiles (Barkai-Golan 1990 Daniels et al 1985)
Comme ces micro-organismes psychrophiles sont lar
gement responsables de la deterioration des produits
frais et de quatrieme gamme" Il est evidemment tres
souhaitable de blogquer leur activite

L'enrobage individuel hermetique sous film plastique
entrave la pourniure du fruit en prevenant toute infec
tion secondaire le fait est d'importance surtout pour
les fruits destines a un entreposage ou une expedttion
a long terme |l suffit d'un seul fruit atteint de Botrytis,
Geotnichum ou Phytophthora pour provoquer a bref delal
la pournture de 'ensemble des fruits du carton Ce mode
d'enrobage hermetique ou le MAP modifient egalement
la repartition des pathogenes chez les agrumes En
general on releve un peu plus d alternanose et moins
de moisissure gue sur les agrumes non hermetiquement
emballes Les pathogenes, notamment ceux qui sont en
etat de quiescence commencent en regle generale a
se developper rapidement dans I'atmosphere humide
C'est pourquot 'equiiibre entre hote et pathogenes peut
par moments pencher en faveur de ces derniers, avec
une augmentation du taux de pourriture 1l est donc de
la plus haute importance d'assurer un contrdle appro-
prie des pourritures sur les fruits hermetiquement
emballes (Ben-Yehoshua 1991)

Le conditionnement MAP peut parfois se reveler inca-
pable d assurer a lut seul un tel contréle 1l faut donc
envisager des methodes de lutte complementaires
L enrobage d Oroblanco ( Sweetie ) sous film polyoefine
«Cryovac MD» combine avec un traitement a 1 eau
chaude parvient a reduire la pournture en méme temps
que la sensibilite aux degats du froild La combinaison
de | enrobage hermetique et de | apphication de chaleur
(36°C 3 jours) se traduit par la diminution des pourri-
tures, de la sensibilite aux degats du froid et des cica-
tnces et par I'allongement de la duree de vie des
agrumes On a demontre que le mode d'action du trai-
tement a la chaleur consistart en

— une inhibition thermique du pathogene,

— I'induction de la synthese de matenaux de type
hignine etablissant un rempart mecanique face a l'in-
vasion des pathogenes,

~ la prevention de fa degradation des substances ant-
fongiques preexistantes
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The growth of almost all aerobic micro-organisms,
particularly the psychrophilic, can be retarded by
elevated CO, and the reduction of O, levels (Barkai-
Golan 1990, Daniels et al 1985) Since a significant
cause of deterioration of fresh and minimally
processed produce 1s the action of psychrophilic micro

organisms
desirable

Individual seal-packaging reduced fruit decay by
prevention of secondary rot infecton which 1s an
important factor for fruits, particularly for those destined
for longterm storage or shipment An individual fruit
infected by Botrytis, Geotrichum or Phytophthora
induces decay In the other fruit in the same carton at a
rapid rate Seal packaging or MAP also changed the
distribution of pathogens in citrus Sealed fruit
generally had slightly more Alternarna 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 reason adequate
decay control of sealed frut may be of paramount
importance (Ben-Yehoshua 1991)

retardation of their growth is highly

MAP by itself somettmes may not be effective
enough to control decay Thus, additional methods to
combat diseases In packages should be sought
Sealing in polyolefin «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 injury Combination of seal
packaging and curing (36°C 3 days) reduced decay
and sensitivity to chilling injury, healed mury and
extended the life of citrus fruits The mode of action of
curing 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 combinaison d'un traitement a I'mazalil et de I'en
robage hermetique des agrumes et poivrons permet une
reduction marquee des pourntures On peut appliquer
l''mazall de plusieurs fagons trempage, pulverisation
ou, depuls peu, par incorporation du fongicide dans le
film plastique Celul ¢ sert alors de reservorr et libere
peu a peu le fongicide, ce qui minimise les residus sur
les fruits (Ben Yehoshua et Nahir 1977 Ben Yehoshua
et al 1987, Miller et Risse 1988)

Le film joue ainst un rdle de barriere physique, ralen
tissant la dissipation des fongicides volatiles, comme
himazalll, le 2-aminobutane et le diphenyl C'est amnsi
qu'on peut enrichir a | aide d'un fongicide volatile appro
prie la micro atmosphere formee par le conditionnement
MAP |enceinte hermetique devient alors une sorte de
chambre de fumigation capable de lutter contre les pour
ntures sur de longues periodes Une telle methode pour
rait s averer d un grand interet pour lutter contre les patho
genes provoquant des necroses et taches apicales ces
pathogenes en effet sont profondement installes dans
le pericarpe sous la cicatrice pedonculaire, pomnt diffi
cile a afteindre avec des fongicides

MAP RISQUES A EVITER

Les fruits et legumes hebergent une microflore com-
plexe, comprenant des micro organismes de types mul
tiples mais dont la plupart contribuent a avaner les den
rees, tout en restant sans danger pour 'homme Les
micro orgamismes redoutables pour 'homme sont en
effet Incapables de se multipher a un niveau critique, car
ils subissent la concurrence de ceux qui s'attaquent aux
matleres vegetales Cependant, ce rapport de forces
peut fort bien étre aitere lorsque le MAP modifie le micro
milieu pergu par les micro organismes Un cas de deve
loppement de toxines dans du chou hache a motive une
etude de la Food and Drug Administration des Etats
Unis d'Amerique celle-ct a demontre que [a toxine pou
vait se developper en presence de niveaux suffisanis
d'inoculum et de temperature sur une periode suffisante
(voir Brody 1991)

Combine au froid le MAP ralentit la croissance des
micro organismes nuisibles qui en majonie mesophiles,
croissent le mieux entre 20 et 40°C, le MAP etouffe donc
leur competitivite Maus les pathogenes psychrophiles
comme Yersinia enterocolitica, Listeria monocytogenes,
Aeromonas hydrophiha et Clostridium botulinum qui
s'accommodent de temperatures basses (jusqu'a 3
5°C) peuvent alors trouver | occasion de proliferer
(Hinthan et Hotchkiss 1986 Palumbo 1987) Encas de
temperatures Inappropriees méme les pathogenes
mesophtles comme Staphylococcus aureus Bacillus
cereus Salmonella spp et Vibrio parahaemolyticus sont
susceptibles d une rapide multiplication surtout sur
viandes, poissons et produits laitiers (Brody 1988
Genigeorgis 1985 Hinthan et Hotchkiss 1986, Palumbo
1987)
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Combined imazalil treatment and seal packaging of
citrus and pepper frutts enabled a marked reduction of
decay The imazall could be apphed in several ways
either as a dip or as a spray or in a novel way, 1e,
incorparation of the imazall 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 Nahir 1977 Ben-
Yehoshua et al 1987 Miller and Risse 1988)

The film acts also as a physical barrier to slow the
dissipation of volatile fungicides such as imazall 2
aminobutane and diphenyl MAP thereby produces a
micro atmosphere that can be enriched with a suitable
volatile fungicide so that the sealed enclosure forms a
fumigation chamber o control decay over a prolonged
period 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

Fruts and vegetables are characterized by an
elaborate microflora consisting of many different types
of micro-organisms, most of which are involved in the
spotlage of produce but are harmiess to humans
Micro arganisms that are dangerous to humans usually
cannot establish a dangerous population density
because they have to compete with the spoilage and
other microflora However, MAP changes the micro
environment perceived by the micro orgamsms 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 Admnistration of the
United States of Amernica demonstrating that the toxin
could be developed if a high enough inoculum and
temperature were present for enough time (see Brody
1991)

Refrigerated MAP slows the growth of the spoilage
flora most of which are mesophiles and grow best at
temperatures between 20 and 40°C, and reduces their
competitive capacity Psychrophylic pathogens like
Yersinia enterocoltica Listeria monocytogenes
Aeromonas hydrophiha and Clostridium  botulinum
which are able to grow at temperatures as low as 3 to
5°C, may then get a chance to proliferate (Hinthan and
Hotchkiss 1986 Palumbo 1987) If inappropnate
temperatures are used even mesophylic pathogens
such as Staphylococcus aureus Bacillus cereus
Salmenella spp and Vibrio parahaemolyficus may
develop rapidly especially on meat fish or damy
products (Brody 1988 Genigeorgis 1985 Hinthan and
Hotchkiss 1986 Palumbo 1987)
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L'absence d O, cree des conditions favorables aux
micro organismes anaerobies, dont certains pathogenes
En outre, en interdisant toute vie microbienne aerobie
la concurrence exercee sur les anaerobies se trouve
estompee leur offrant alors des conditions presque
ideales lorsque la temperature depasse 4°C quily a
presence de spores et que | operation dure assez long
temps

H est encore possible de supprimer les aerobies par
un tratement a chaleur moyerine, ¢ est a-dire par une
pasteurisation qui couplee avec un taux d O, bas peut
creer un milieu ideal pour la croissance des anaerobies
la chaleur reste l'unique defense contre leur croissance
et la formation de toxines

La vaniante MAP s accompagnant d'un trartement a
moyenne chaleur, meme si elle est hautement efficace
du point de vue de la retention de la qualite peut donc
comporter des risgues dans une perspective de secu
rite microblologique La situation s aggrave quand les
regles d'hygiene de base et de controle ne sont pas res
pectees La forte contamination de legumes frais par
pathogenes anaerobies dans des chantiers de 'qua
trieme gamme sans discipline sanitaire constituerait un
exemple denongant | abus de stress microbiologique aux
nroduits de quatrieme gamme et illustrerait le besoin
dintearer de multiples disciplines pour atteindre les resul-
tats souhartes fl'y a en definitive de bonnes raisons pour
essayer de maintenir un certain niveau de O, autour de
la denree emballee Des travaux recents sur les mate
naux d'emballage visent precisement a surmonter le pro
bleme de la carence en O, (Cameron 1989, 1993)

Une note apaisante toutefois 1l faut souligner I'ab
sence quas! absolue d'empotsonnements par fruits et
legumes condittonnes MAP au cours de la perniode courte
il est vrar ou ce procede a ete applique Il conviendrait
enfin d'etudier les effets du conditionnement MAP sur
les micro organismes qui sont antagonistes aux micro
organismes pathogenes

MAP - APPLICATION
AUX FRUITS ET LEGUMES

Geeson (1988), Zagory et al (1988) Kader et af
(1989) Prince (1989) ainsi que Gornis et Peppelenbos
(1992) ont passe en revue le conditionnement MAP des
frurts et legumes Ben Yehoshua (1991) a de son cote
fait le point sur i'enrobage hermetique

Les films plastiques les plus communement utiises
pour les fruits et legumes sont PEbd, PEbd linearre,
PEhd et PVC On a experimente ces derniers temps
divers films destines a minimiser 'anaerobiose respira
toire et les rnisques d ordre microbiologique (voir Brody
1991)

En depit des multiples avantages de | enrobage her
metique son adoption a ete assez lente dans les pays
ou lon doit passer par la mecanisation des operations
La technique na donc pas atteint tout son potentiel d ap
plication Le mangue de machines a haut rendement
mais d un codt raisonnable et le pnx du film sont pro-
bablement les raisons majeures qui fremnent son appli-
cation a grande echelle En Chine et au Japon en
revanche ou | enrobage sous film plastique est realise
a la main la technique a ete rapidement adoptee En
fait le Professeur Huang Bangyan de | Academie des
Sciences Guangzhou, a declare que | enrobage her
metique est devenu une technique usuelle pour la conser
vation des agrumes en Chine reduisant les pertes apres
recolte et revelant une bonne efficacite economique
(communication personnelle) Kawada et Kitagawa
(1988) ont rendu compte de | utilsation actuelle des films
plastiques dans la conservation des agrumes et autres
fruits au Japon lIs ont soutenu que le film plastique est
I un des outils les plus puissants et economiques pour
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An absence of O, creates conditions for the growth
of anaerobic micro organisms some of which may be
pathogenic Furthermore, by supressing aerobic
microbial growth, competition for anaerobes IS
diminished, leaving almost ideal conditions for
anaerobes when the temperature 1s above 4°C, if the
spares are present, and if enough time 1s allowed

Aerobes may also be suppressed by mild heat, 1 e
pasteurization or heat filing, which coupled with low
oxygen, can create an ideal anaerobic growth
environment with only temperature as the barner to
prevent vegetation, growth and toxin formation

Thus, a vanant of MAP with mild heat — which 1s
highly beneficial from a quaklty retention perspective —
can create a condrtion of potential hazard — a subject
of concern from a microbiclogical safety perspective
The situation 18 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 nstance of the need to integrate multiple
related disciplines to achieve the desired benefits
Thus good reason exists to attempt to maintain some
level of Oy In proximity to the packaged food Recent
packaging material developments are directed towards
overcoming the problem of O 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 1s 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) Prince (1989) and Gorris and Peppelenbos
(1992) A spectal subject of seal-packaging was
summanzed by Ben-Yehoshua (1991)

Most common plastics films utiized for fruits and
vegetables are LDPE linear LDPE HDPE and PVC
Recently various new fims were used to mimmise
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 flm are
the main reasons limiting the commercial adoption of
seal packaging However i Chmna and Japan where
the film packaging is applied by hand this technique
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 fruts in Japan They
maintained that plastics film 1s 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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minimiser les pertes de poids et pour lorsgue I'on affine
plusteurs facteurs allonger la duree de vie grace a | effet
d'atmosphere contrélee Ces dernieres annees |emplol
des films plastiques dans | embaliage des denrees ali
mentaires a connu une forte expansion en raison non
seulement des vifs progres dans la conception des films
et la technologie de 'emballage mais ausst des evolu
tions dans la commercialisation

On trouve sur les rayons des supermarches nombre
de fruits et legumes sous enrobage plastique herme-
tiqgue Pourtant, dans bien des cas, cet enrobage est rea
hise juste avant la presentation et non pas au moment
souhaitable, juste apres la recoite Le conditionnement
MAP presente un grand interét pour les pays en deve
loppement, car les operations peuvent y etre effectuees
manuellement, sans les coGts qu impliquerait 'emplot
de machines nouvelles En outre le manque d'entrepots
frigorifiqgues adaptes accentue dans ces pays l'interet

d'une telle technique

On a recemment conditionne sous MAP, de fagon her
metique, toute une gamme de produits pommes (Geeson
et Smith 1989) asperge (Aharont et a/ 1990) poivron
(Rodov et af' ), myrtilles (Beaudry et al 1992, Cameron ef
al 1993), brocol (Aharoni et al 1985), petits fruits (Kader
et al 1989), concombre (Ben Yehoshua et al 1978), auber
gines (Temkin-Goroderski et af 1990) herbes condimen
tares (Aharoni et al 1989), goyaves (Combrink et a/ 1990)
kiwis (Ben Arie et Sonego 1985), laitues (Ben-Yehoshua
et al 1967), mangues (Rodov etal)} champignons (Burton
et al 1987) melons brodes (Lester et Bruton 1986) poires
{Geeson etal 1991) kakis (Ben-Anie et Zutkhi 1992 Pesis
etal 1986) fraises (voir Kader ef al 1989) tomates (Shirazi
et Cameron 1992), ainsi que d'autres denrees (vorr la
monographie de Kader et a/ 1989)

Il semble que la mise sous emballage plastique her
metique sans contrble complexe des concentrations
ambiantes reste I'application commerciale majeure du
MAP |l est toutefois permis de penser que l'avenir appor
tera une malirise plus elaboree de O5 et COp

On a conditionne avec succes sous film co-extrude
EVA/PEbd de la laitue lavee evidee, paree et prede

Dessins 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 s due mainly to the rapid
development of new films and packaging technology
together with changes in produce marketing

Sealed produce I1s usually available on the shelves of
supermarkets for many fruits and vegetables
However this sealing was applied In many cases just
before its display in the supermarket but not at the
desirable location just after harvest MAP has great
advantages in developing countries due to the fact the
operation there I1s carried out manually which saves a
large cost of new machinery Additionally the need
there for such technique 1s much greater because of
the lack of adequate refrigerated storage

Recently, more items were sealed in MAP such as
apples (Geeson and Smith 1989), asparagus (Aharoni
et al 1990) bell pepper (Rodov et al) blueberries
(Beaudry et al 1992, Cameron ef al 1993), brocoli
{Aharoni et al 1985) bush bernes (Kader ef a/ 1989)
cucumbers (Ben Yehoshua ef al, 1978) aubergines
{Temkin Gorodeiski ef al 1990) fresh herbs (Aharoni
et al 1989), guava (Combrink et al 1990) kiwifrun
(Ben Ane and Sonego 1985) lettuce (Ben Yehoshua
et al 1967) mangoes (Rodov ef al) mushrooms
(Burton et al 1987), muskmelons (Lester and Bruton
1986), pear (Geeson et al 1991), persimmon (Ben Arie
and Zutkhi 1992 Pesis ef a/ 1986), strawberries (see
Kader et al 1989), tomatoes (Shirazi and Cameron
1992) and other commodities (Kader ef al 1989)

[t appears that sealing produce in plastics film without
the intricate controls of its ambient concentrations are
still the major commercial application of MAP It 1s
expected that the future may bring more intricate
controls of Op and CO5 Into practice

Cleaned and cored, frimmed and precut letiuce were
successfully packaged by using co extruded

0

Sketches by Victor Rodov
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dernier farsant I'objet d'une couverture mediatique impor
tante Une charge minerale inorganique et inerte telle
que carbonate de calcium pulvense ou talc est melangee
au polymere Cette charge encapsulee en particules
tenues par le polymere, lut confere toutes sortes de pro
prietes, comme la ngidite

EFFETS DES PERFORATIONS

Les films perfores permettent au condittonnement MAP
d'atteindre la saturation en H,O avec des teneurs fai
blement modifiees en O, CO, et C,H, (Geeson 1989,
Ben-Yehoshua 1995) Orrpeut expliquer le phenomene
par le nombre de molecules impliquees dans les
echanges gazeux du poivron Un kg de povrons degage
79 x 10* molecules de H,O et 3 0 x 10* molecules de
CQ,, tandis quii consomme 3,0 x 10* molecules de O,
par heure, a 17°C et 85 p cent HR Pour chaque mole
cule de O, ou de CO,, 26 molecules de H,O sont donc
disponibles pour | echange En outre l'acces de ces
molecules aux pores est similaire et les poids molecu
laires de ces gaz qui determine leur degre relatif de
mouvement, sont relativement proches En consequence
bien gue la majorite des molecules qui s echappent sont
H,O le grand nombre de molecules H,O disponibles
permet a la HR ambiante d étre pratiquement saturee
Les pores empechent cependant des changements mar-
gues dans les concentrations de O, et CO,, tout en per-
mettant | echange des molecules O, et CO, disponibles
en nombre relativement limite

Les bons resultats de | emballage hermetique doivent
beaucoup a la perforation reduction des pertes d'eau
et allegement du stress hydnque mais sans les effets
noctfs de I'anaerobiose, tels qu’odeurs, fermentations
ou degats du CO, La perforation a d'ailleurs permis de
realiser le conditionnement hermetique de mangues
‘Tommy Atkins’ et ‘Keitt' avec les avantages du procede
mais sans inhibition de la maturation comme c'est le cas
pour les fruits enrobes sous film non perfore (Rodov et
al) La technique d'emballage sous film microperfore a
egalement fait ses preuves pour retarder la deteriora-
tion de plusieurs denrees par exemple en freinant la
decoloration des panais laves ou en ameliorant la reten-
tion du sucre chez le mais doux (Geeson et al 1988)
La perforation permet d allleurs d'appliquer le condi
tionnement MAP a des denrees a forte respiration
comme les champignons (Bruton et a/ 1987) amnsiqua
des denrees qui sont sensibles meme a des change-
ments minimes des concentrations en O,, CO, et C,H,

MODELISATION DE L'EMBALLAGE

Afin de reduire le temps necessaire a la mise au point
d'un emballage 1l est evidemment tres souhaitable de
faire appel a un modele mathematique substituant a la
methode par approches ("Pack an Pray") une recherche
previsionnelle programmee dans le but de definir le film
plastique le mieux adapte a telle denree Des modeles
mathematiques fondes sur les caracternistiques des films
requis pour etablir ou maintenir des concentrations
internes optimales seraient d un grand secours pour
maximiser la duree de vie des produits perissables lis
seraient particulierement utiles aux fabncants et aux uti
isateurs pour evaluer et definir des priontes dans le
choix le developpement et la synthese des films d’em
ballage Plusieurs modeles de ce type ont fait recem
ment {'objet de pubhcations (Cameron et al 1989 Emond
etal 1991, Mannapperuma et a/ 1989, Lee et al 1991)
modeles fondes sur les travaux anterieurs 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 i1s admixed with
an inert inorganic mineral such as crushed calcium
carbonate or talc The mineral fill 1s encapsulated in
discrete particulates by the polymer and imparts a
variety of properties such as stiffness

PERFORATIONS EFFECTS

Perforated films enable MAP that allows the build up
of H,O-saturation with only a slight change in O, CQ,
and C,H, (Geeson 1989 Ben Yehoshua 1995) These
facts may be explained by considering the number of
relevant molecules in gas exchanges of beli-pepper
frut One kg of pepper evolves 79 x 10 molecules of
H,O and 30 x 10* molecules of CO,, and consumes
3 0 x 10*® molecules of O, per hour at 17°C and 85 p
cent HR Thus, for each molecule of CO, or O,,
26 molecules of H,O are available for exhange
Furthermore the access of each one of these
molecules to the pores 1s similar and the molecular
weight of these gases which determines their relative
rate of movement 1is also relatively similar
Consequently, although most of the molecules
moving out are those of water, the large number of
water molecules available for movement still allows
the build up of the ambient RH to almost complete
saturation However these pores are able to aliow the
relative small number of O, and CO, available
for movement to be exhanged so that the pores
prevent marked changes in the concentrations of O,
and CO,

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
CO, damage Furthermore, perforation of polyolefin
film enabled achieving some of the advantages of
seal-packaging of Tommy Atkins’ and Keitt’ mango
fruits without inhibiting the ripening 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
detenoration In several other crops e g discolouration
of washed parships, and improving sugar reteniion In
sweetcorn (Geeson et a/ 1988) Additionally
perforation enables MAP to be used for highly
respinng produce such as mushrooms (Bruton et af
1987) Perforation may also allow MAP to be used for
produce that 1s sensitive even for small changes in
concentrations of O,, CO, and C,H,

PACKAGING MODELLING

In order to reduce the time in developing a package,
the use of a packaging parameter prediction 1 e
mathematical model, 1s 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 characteritics of films needed to
generate or maintain optimum internal concentrations
of metabolic gases would help greatly to maximise
storage life of perishable produce Such information
would be valuable to manufacturers and users of films
by helping them to assess and establish pnornties 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 al 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 modelisation d un systeme
d emballage consiste a trouver des equations mathe
matiques capables de decrire assez fidelement les pro-
cessus de respiration et de permeation La plupart des
modeles considerent la permeabilite du film aux gaz
comme un phenomene physique obeissant a la Lol de
Fick le taux des echanges de matieres entre les atmo-
spheres interne et externe est proportionnel a la drife-
rence de concentration entre les deux compartiments

Mannapperuma et al (1988) ont propose un modele
pour le conditionnementMAP en conditions d'equilibre
lis ont montre que dans ce cas existe une relation ineaire
entre les concentrations O, et CO,, qui est soumise a un
coefficient respiratoire constant

Lee et al (1991) ont ete les premiers a considerer la
respiration comme un phenomene biochimique en termes
de cinetique des enzymes Supposant que le CO, joue
un role dinhibition de la reaction enzymatique, 1is ont
utilise I'equation du mecanisme d'infubition (sans concutr-
rence), le 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 1s
treated In most models as a physical process which
obeys Fick’s Law 1e the rate of matenal exchange
between the internal and external atmospheres is
proportional to the concentration difference In these
two compartments

Mannapperuma ef al (1988) developed a model for
MAP in equiibrium conditions and showed that In this
case there 1s a hinear relation between oxygen and
CO, concentrations subject to a constant respiratory
quotient

Lee et al (1991) were the first who 1n MAP
modelling treated respiration as a biochemical
phenomenom n terms of enzyme kinetics They
assumed that CO, plays a role of inhibitor of the
enzymatic reaction and used the equation for
uncompetitive inhibiion mechanism [n this case, the
rate of reaction (r) 1s equal to

r=V.C,/[K,+C, (1+C/K)]

ou C, est la concentration du substrat (O, en I'occur-
rence, s'agissant de respiration),

V, et K, sont des parametres de la cinetique clas
sique de Michaelis-Menten V_ etant le taux maximal
de reaction enzymatique et K,, la constante de
Michaelis,

C, est la concentration de | inhibiteur (CO,, dans le
cas de respiration) et K est la constante d’equilibre
entre le complexe enzyme - substrat - mhibiteur et
Hinhibiteur libre

Combinant cette equation avec la Lol de Fick pour la
permeation de O, et CO, s ont obtenu une serie d'equa
tions differentielles, representant le modele mathema
tique pour le systeme en atmosphere modifiee A partir
des valeurs des parametres V_, K,, et K, obtenus par
vole experimentale, Ils ont ensuite procede au calcul
numerique des equations

Cameron et af (1993}, utiliserent une simple equation
de Michaelis Menten sans inhibition (K = 0) mais gref
ferent une dependance exponentielle sur les parametres
V_ et K,, afin de suivre les concentrations O, et CO, en
fonction de la temperature Leur but etait de prevorr les
conditions donnant naissance a une atmosphere anae
robie dans I'emballage

Fishman Rodov et Ben Yehoshua (1995, 1996) ont
explore un modele dynamique fonde a la fois sur la Lol
de Fick et I'equation de Michaelis Menten Selon les pre-
visions du modele pour la plupart des films plastiques
levolution du CO,, dans le temps ne conduit pas de fagon
reguliere vers f'etat stable, mais passe par un maximum
avant de redescendre a son equilibre (effet de depas
sement) L'expenmentation a confirme ce phenomene
Ce pic peut derouter les scientifiques dans leur recherche
des conditions d equilibre, ce qu est indispensable dans
les travaux de modelisation C'est pourquol, dans toute
etude MAP sur les conditions d'equilibre, 1l convient
d'avoir a l'espnit que le systeme MAP peut traverser une
longue periode transitoire et que la concentration en
CO,, excede pour un temps son niveau d'equiibre L'ecart
entre la concentration de CO, maximale et I'equilibre
depend des parametres numenques du systeme On a
montre que les previsions de ce modele au regard de
0O, et CO, s averaient correctes
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where C, 1s the substrate concentration (which 1s O,
concentration in the case of respiration)

V. and K,, are paramsters of the classical
Mchaelis-Menten kinetics V_ being the
maximal rate of enzymatic reaction and K,
the Michaelis constant,

C, 1s the inhibitor concentration (CO,
concentration in the case of respiration) and
K 1s the constant of equilibrium between the
enzyme-substrate inhibitor complex and free
inhibrtor

Combining this equation with Fick s Law for O, and
CO, permeation, they obtained a set of differential
equations which represents the mathematical model
for the modified atmosphere system They estimated
parameters of this model (V, K, and K} from
experimental data and then performed numerical
calculation of the equations

Cameron ef al (1993) used a simple Michaelis
Menten equation with no inhibition (K = 0) and
introduced exponential dependence into parameters
VvV, and K, to study O, ans CO, 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 Fick’s
law and the Michaelis Menten equation According to
the model prediction the CO, time course for most
plastics fims does not reach a steady state smoothly
but undergoes a maximum and then declines to its
equilibrium (the overshooting effect) This phenomenon
was confirmed experimentally This maximum may
mislead researchers searching for the equilibrium
conditions which I1s 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 period and the CO, concentration
temporarily exceeds that of the equilibrium The
increment between maximum and equihbrium state of
CO, concentrations depends on the numerical
parameters of the system The predictions of this
model regarding O, and CO, were found to be correct
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Ce modele, congu pour venfier les effets de la perfo-
ration sur les concentrations de O, CO, et H,0 a
demontre que dans un plateau contenant 4 poivrons
avec uné perforation de 0,25 mm, la HR etait pratique
ment a saturation tandis que ies concentrations de O,
et CO, restaient proches de celles de l'air

Their modei was designed to check effects of
perforation on the concentrations of Q,, CO, and H,0
The model showed that in a tray holding 4 pepper fruit
with a hole of 0 25 mm the RH was nearly saturated
but the concentrations of O, et CO, were close to that
In air

APPEL AUX PRODUCTEURS DE RESINES
ET AUX FABRICANTS DE FIFMS PLASTIQUE

Le conditionnement en atmosphere modifiee (MAP)
est une technique promise a une forte expansion,
notamment dans le secteur des fruits et fegumes

Son developpement cependant requiert non
seulement la poursuite des recherches en physiologie
apres recolte, mais aussi une connaissance plus
complete des matenaux plastique capables d’assurer
une meilleure maitrise des concentrations gazeuses

Si votre gamme de produits comprend des matieres
ou des films presentant une haute permeabilite aux
gaz, microporeux ou meme ‘interactifs”, merct de vous
mettre en rapport avec

AN APPEAL TO RESIN PRODUCERS
AND MANUFACTURERS OF PLASTICS FILMS

The modified atmosphere packaging (MAP), of fruit
and vegetables particularly, 1s a technique which
appears to have considerable potential

The development however depends not only on
continuing research In post harvest physiology but
requires also a more complete understanding of
plastics matenals which can provide better control of
the concentrations of the various gases

If your range of products includes materals or films
with a high gas permeability, microporous or even
Interactive’ please send information to

Prof Shimshon Ben-Yehoshua
VOLCANI CENTER
PO Box 6 Bet Dagan 50250 Israel

REFERENCES

AHARONI N PHILOSOPH HADAS S and BARKAI GOLAN R
(1985) — Modified atmosphere to delay senescence and
decay of broccoli Proceedings of fourth National Controlled
Atmosphere Research Conference July 1985 North
Carolina 169 177

AHARONI N REUVENI A and DVIR O (1989) - Modified
atmospheres in film packages delay senescence and decay of
fresh herbs Acta Horficulfurae 258 255 262

AHARONIN DVIRO AHARONZ GURG NOIM and LEV
M (1990) - Modified atmosphere in film package to improve
storability of asparagus Research Progress Report of Institute
for Technology and Storage of Agricuitural Products ARO
Israel N° 248 101

ANONYMOUS (1992) -~ Postharvest treatment a creeping
cnsis Citrograph January 1ssue 57

ASHLEY R J (1985) — Permeability and plastics packaging in
Comyn J ed Polymer Permeability Eisevler NY 269 308

BARKAI GOLAN R (1930) — Postharvest disease suppression
by atmosphernc modifications In Calderon M and Barkai
Golan R eds Food preservation by modifted atmospheres
CRC press 237 264

BEAUDRY RM CAMERON AC SHIRAZI A and DOSTAL
LANGE DL (1992) - Modified atmosphere packaging of
blueberry fruit effect of temperature on package O, and
CO2 Journ of Amer Soc for Horticultural Science 1177 436

441

BEN ARIE R and SONEGO L (1985) — Modified atmosphere
storage of kiwifruit (Actinidia chinensis Planch) with ethylene
removal Screntia Horticulturae 27 263 273

BEN ARIE R and ZUTKH! Y (1992) — Extending the storage
Iife of Fuyu persimmon by modified atmosphere packaging
HortScience 27 811 813

BEN YEHOSHUA S (1969) - Gas exchange transpiration and
the commercial deterioration of stored fruits Journ of Amer
Soc for Horticultural Science 94 524 528

BEN YEHOSHUA § (1985) — Individuai seal packaging of fruits
and vegetables in plastic film a new postharvest technique
Hortscrence 20 32 37

BEN YEHOSHUA S (1991) — New developments in applying
individual seal packaging for improved handling of fruits and
vegetables In Huang B Y and Yang Q eds Proceedings of
International Citrus Symposium Guangzhou China 1990 Int
Academic Press Beying 757 771

« Plasaculture » n° 107 1995/3

BEN YEHOSHUA S (1983) - Extending the life of fruit by
individual seal packaging in plastics film status and
prespects (Conservation prolongee des fruits par enrobage
individuel hermetique sous film plastique) Plasticulture 58
(45 57)

BEN YEHOSHUA S and NAHIR D (1977) — Seal packaging of
comestibles with high density polyethylene Israel Patent N°
52177

BEN YEHOSHUA 8§ AVIRAM C and BARKAI GOLAN R
(1967) — Rate of deterioration of lettuce kept under different
storage conditions simulating export in refrigerated shops
Sikumeem 80 121 123 Dept of Vegetabie Crops Ministry of
Agriculture Israel

BEN YEHOSHUA S KOBILER! SHAPIRO B APELBAUM A
and COHEN E (1978) - Maintaining qualty of various
vegetables by seal packaging in high density polyethylene
Hassadeh 572 576 ( In Hebrew)

BEN YEHOSHUA 8 SHAPIRO S EVEN CHEN Z LURIE S
(1983) — Mode of action of plastic film in extending lIife of
lemon and bell pepper fruits by alleviation of water stress
Plant Physiology 73 87 93

BEN YEHOSHUA S SHAPIRO B GUTTER Y and BARAK E
(1987) — Comparative effects of applying imazalil by dipping
or by incorporation into the plastic film on decay control
distribution and persistence of this fungicide in Shamouti
oranges indwidually sealpackaged Journ of Plastic Film
Sheet 3 9 22

BEN YEHOSHUA S RODOV V FISHMAN SVETIANA
PERETZ J DE LA ASUNCION RUTH BUMS P
SOMSRIVICHAI JINDA and YANTARASRI T (1995) -
Perforation effects in Modified Atmosphere Packaging Model
and apphcahon to bell pepper and mango fruits Proceedings
of the Australasian Postharvest Horticuiture Conference
Melbourne Australia 18 22 Sept 1995 (in press)

BRODY AL (1988) Controlled/modified atmosphere/vacuum

packaging of foods Food & Nutrnition Press Inc Trumbull
USA 159 174

BRODY AL (1991) - New developments in modified
atmosphere packaging in fruts and vegetables Proceedings
of Fourth Chemical Congress of North Amernica Abstract 75

BURTON KS FROST CE and NICHOLS R (1987) — A
combination plastic permeable film system for controlling post
harvest mushroom quality Brotechnology letters 9 529 534

39

t‘b



CAMEROCN A C (1989) — Modified atmosphere packaging a
novel approach for optimizing package oxygen and carbon
dioxide in 5 th International Controlied Aimosphere
Conference Washington US A 2 197 209

CAMERON AC BOYLAN PETT W AND LEE J (1989) -
Design of modified atmosphere packaging systems modeling
oxygen concentrations within sealed packaging of tomato
fruits Journal of Food Science 54 1413 1415

COMBRINK JC DE KOCK SL and VAN EEDEN CJ (1990)
- Effect of postharvest jreatment and packaging on the
keeping quality of fresh guava frut Acta Horticulturae 275
539 645

DANIELS J A KRISHNAMURTI R and RIZVI SSH (1985) —~
A review of effects of CO2 on microbia growth and food
quality Journ of Food Protectron 48 532 537

EL GOORANI M A and SOMMER N F (1981) - Effects of
modified atmospheres on postharvest pathogens of fruts and
vegetables Horticultural Review 3 412 468

EMOND JB CASTAIGNE S GOUDIN CJ and DESSILLEGS
D (1991) — Mathematical modeling of gas exchange in
modified atmosphere packaging Journ of Amer Soc for
Agneultural Engineering 34 239 245

FISHMAN § RODOV YV PERETZJ and BEN YEHOSHUA S
(1995) - Model for gas exchange dynamics in modified
atmosphere package of fruits and vegetables Journal of Food
Science 60 {In press)

FISHMAN § RODOV V and BEN YEHOSHUA S (1996) -
Mathematical model for perforation effect on oxygen and
water vapour dynamics in modified atmosphere of fruit
packages apphication to mangoes Journal of Food Science
{In press)

GEESON J D (1989) — Modified atmosphere packaging of fruits
and vegetables Acta Horticulturae 258 143 150

GEESON JD and SMITH S M (1989) - Retardation of apple
ripening during distribution by the use of modified
atmospheres Acta Horticuffurae 258 245 253

GEESON JD EVERSON HP and BROWNE KM (1988) -
Microperforated films for fresh produce Grower 109 31 34

GEESON JD GEORGE PM SMITH SM and SHARPLES
RO (1991) — The response of unripe Conference pears to
modified atmosphere retall packaging Internat Journ of
Food Science and Technology 26 215 223

GENIGEORGIS C (1985) — Microbial and safety implications of
the use of modified atmospheres to extend the storage life of
fresh fish and meat Internat Journ of Food Microbiology 1
237 251

GORRIS LGM and PEPPELENBOS HW (1992) — Modified
atmosphere and vacuum packaging to extend the sheif life of
respiring food products HortTechnology 2 303 309

GRIERSON W and WARDOWSKI W F (1978) - Relative
humidity effects on the postharvest hife of fruits and
vegetables Horiscience 15 570 574

HINTLIAN CB and HOTCHKISS JH (1986) — The safety of
modified atmosphere packaging a review Food Technology
40 7076

KADER AA ZAGORY D and KERBEL ED (1989) — Modified
atmosphere packaging of fruits and vegetables Critical
Review in Food Scrence and Nutrihon 28 1 30

KAWADA K and KITAGAWA H (1988) — Plastic film packaged
storage of citrus and some other fruits in Japan In  Goren R
and Mendel K eds Proceedings of the 6th International Citrus
Congress Tel Aviv lsrael 1555 1565

KNEE M (1980) Physiological response of apple fruits to
oxygen concentrations Annals of Applied Biology 96 243
253

40

LEEDS HAGGARPE LEEJ and YAMKL (1991) — Model
for fresh produce respiration in modified atmospheres based
on principles of enzyme kinetics Journ of Food Science 56
1580 1585

LESTER G E and BRUTON B D (1986) — Relationship of
netted muskmelon fruit water loss to postharvest storage hie
Journ of Amer Soc for Horticultural Science 111 727 731

LIOUTAS TS (1988) - Challenges of controlled and modified
atmosphere packaging a food company s perspective Food
Technology 49 78 86

MANNAPPERUMA J D ZAGORY D SINGH RP and KADER
A A (1989) — Design of polymeric packages for modified
atmosphere storage of fresh produce In Fellman K ed
Proceedings of the 5th International Controlled Atmosphere
Research Conference 225 233

MILLER W R and RISSE L (1988) - Recent research of film
wrapping of fresh produce in Florda In  Goren R and
Mendel K eds Proceedings of the 6th International Citrus

Congress Tel Aviv Israel 1521 1530

PESISE LEVIA and BEN ARIE R (1986) ~ Deastringency of
persimmon fruits by creating a modified atmosphere In
polyethylene bags Journ of Food Science 51 1014 1017

PRINCE T A (1989) -~ Modified atmosphere packaging of
horticultural commodtities In  Brody A L ed Controlled
modified atmosphere/vacuum packaging of foods Food &
Nutntion Press Inc Trumbuil U S A 67 100

RODOV V BEN YEHOSHUA S FIERMAN T and FANG D Q
(1995) — Modified humidity packaging reduces decay of bell
pepper frut HortScience 30 299 302

RODOV V BEN YEHOSHUA S FISHMAN S PERETZJ and
DE LA ASUNCION R - Modified humidity and modified
atmosphere packaging of bell pepper Mathematical modeling
and experimental trials Proceedings of the 6th Int Symp of
the European Concerted Action Program COST 94 19 22
October 1994 Qosterbeek The Netherlands (in press)

SCOTT K4 McGLASSON W B and ROBERTS EA (1970) -
Potassium permanganate as an ethylene absorbant in
polyethylene bags on the behaviour of apples stored in PE
film bags Australian Journ of Expenimental Agriculture and
Ammal Husbandry 10 237 240

SHIRAZI A and CAMERON A C (1987) — Modified humidity
packaging A new concept for improving the success of
modifled atmosphere packaging of fresh produce
HortScience 22 1055 (Abst)

SHIRAZI A and CAMERON A C (1992) - Controlling relative
humidity in modified atmosphere packages of tomato fruit
Hortscience 27 336 339

SIRIPHANICH J and KADER A D (1988) — Changes in
cytoplasmic and vacuolar pH In harvested lettuce tissue as
influenced by C0, Journal of American Society for
Horticulturall Sciencd 111 73 77

SMITH S GEESON J and STOW J (1987) - Production of
modified atmosphere in deciduous fruits by the use of films
and coatings Horisclence 22 772 776

TEMKIN GORODEISKI N SHAPIRO B APELBAUM A
GRINBERG S and ROSENBERGER | (1990) - Effect of
postharvest treatments on storability of eggplants Research
Progress Report of Institute for Technology and Storage of
Agricultural Products ARO Israel NO 248 111

ZAGORY D and KADER A A (1988) - Modified atmosphere
packaging of fresh produce Food Technology 42 70 77

ZHUANG X Z (1988) — Some techmques of handling fruits and
vegetables in ancient China Journ of Hebeir Agricultural
University 9 107 113 (In Chinese)

« Plasticulture » n° 107 1995/3



[ I 2 S T - [

<, -y
New ~2Zealpn (IH‘P“"")

MODIFIED-ATMOSPHERE PACKAGING OF FRUITS AND VEGETABLES
REDUCING CONDENSATION OF WATER IN BELL PEPPERS AND MANGOES

Shimshon Ben-Yehoshua', Victor Rodov', Svetlana Fishman® and Jacob Peretz’

! Department of Postharvest Science of Fresh Produce,
? Department of Statistics and Operations Research,
The Volcam Center, P O Box 6, Bet-Dagan 50250, Israel

Abstract

A dynamic model of gas and water vapor exchange in a package contaiung fresh fruit and
vegetables was developed on the basis of Michaehs-Menten equation in combmation with
Fick’s diffusion law A computer simulation was used to evaluate package specifications
which would provide best conditions for storage of a given commodity Model predictions
were confirmed by measured observations Perforating the film affected greatly O, and CO,
concentrations and water condensation but not the m-package relative hurmdity Bell peppers
packaged mn perforated film lost less weight during storage and mamtained higher quality than
fruit stored 1n open carton boxes, and at the same time demonstrated lower decay level than
peppers kept i non-perforated package Perforating the film negated nipening mhibition that
prevalled m mango mn non-perforated packages Perforated packages retamed most of the
advantages of the modified atmosphere Non-perforated film of the polyamide type had similar
effect to perforated polyolefin film Water condensation on the fruit and on the container wall
was practically prevented

Introduction

The keeping quality of fruits and vegetables 1s affected by temperature, and by concentrations
of oxygen, carbon dioxide and water vapor n the surrounding atmosphere (Kader et af,
1989) The techmque of modified-atmosphere packaging (MAP) 1s steadily becoming more
important as an additional tool to prolong the storage life of perishable commodities (Ben-

Yehoshua et al , 1985, Ben-Yehoshua ef al 1994, Gorris and Peppelenbos, 1992, Cameron et
al 1995)

Experiments undertaken with bell pepper and mango fruits showed that packaging 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-packaging mhibited ripening In both
cases perforation appeared to present a possible solution to these difficulties Consequently,
we evaluated the effects of perforation in modified atmosphere packaging and performed a
theoretical analysis of the gas exchange dynamics mntroducing a new model which also
considers the water vapor 1 a perforated and non-perforated MA package (Fishman et af,
1995, 1996) This work established the potential of perforated plastic packaging in extending
the hife and reducing spoilage of mango and pepper fruits The beneficial effects of perforation
on water condensation and decay were evaluated

Perforation effects on dynamics of O, and H,O concentrations

As stated previously, a specific problem appeared with mangoes, when the altered in-package
atmosphere was shown to impair ripening The use of perforated films was recommended for
mango fruit and was successfully tested under certain experimental conditions (Rodov ef a/,
1994, 1995, Yantarasnt ef al, 1995, Fishman e af, 1996) A model which included
consideration of the film perforation was developed to help calculate O, concentration and RH



m a perforated-film MA package aimmg at the optimizatton of MAP conditions for mango
fruit (Fishman ez af , 1996)

Respiration and transpiration of mangoes were studied in independent experiments to estimate
the parameters included in the model The results of theoretical predictions were validated by
companison with experiments on MA packages of mango Due to space limitations, only a few
highlights regarding the data can be presented here

Figure 1 shows the dramatic effects of perforation on the mn-package oxygen concentration
Four holes of 2 mm diameter changed the steady state concentration of O, from 1% (0 1 non-
dimenstonal) for the non-perforated to 19% (0 19) for the perforated film

Completely different results were found for relative humudity (RH) The time vanation of RH
during the same period, shown m Figure 2, demonstrated good correspondence between
predicted and observed steady-state RH levels and showed practically no difference between
the atmospheres mnside perforated and non-perforated packages, which were both water
saturated The visible lag m the experimental approach to the steady-state RH (Figure 2), as
compared with the model prediction, was related to the time necessary to reach equilibrium
between the m-package atmosphere and the near-sensor environment

These results show that perforations affect the m-package dynamucs and steady-state
concentration of oxygen much more than those of water vapor (Fishman et al, 1996) The
holes as compared with the film present a new route with a better ability to transmit oxygen
than water The relative contribution of permeation through film and holes for the creation of
MA 1 packages was estimated for oxygen and for water vapor Under the conditions of our
experiments, the oxygen transnusston ability of the LDPE film-package contamning four holes
of 2 mm diameter 1s 131 times greater than that of the film for the same package with an area
of 0 03 m” and thickness of 2x10°> m but, without holes The water vapor transmussion ability
of these four holes containing package was three times of that of the film of non-perforated
package Thus, the effect of holes 1s more pronounced i mmproving the transmussion of O,
than m that of water vapor

Model predictions for perforated film

Changing the number of perforations per package 1s equivalent to changing the transmission
capability of the film, while alteration of the relative humidity in the ambient atmosphere
means changing the driving force for water vapor permeation through the film

The relative humudity 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 al,
1996) Three ambient atmosphere RH levels (HA non-dimensional) were studied for each
perforation level 08 (upper curve), 0 7 (mmddle curve) and 0 6 (lower curve) The transient
pertods for these combinations of parameters were very short and varied neghgibly As can be
expected, lowering of Hp reduced the predicted mn-package RH because of the mcreased RH
gradient across the packaging film Increase in the number of perforations, N, makes the
package RH more sensitive to the ambient RH and accordingly, the differences between the
steady-state in-package RH values corresponding to different H, increased with increasing
perforation level (Figure 3) It should be noted that even at the lowest ambient RH (Ha = 0 6)
and highest perforation level (N = 40) studied, the mn-package humidity was predicted to be as
high as 093 Indeed, our measurements confirmed these predictions This prediction of the
perforation effect was repeated also i other conditions

The model simultaneously describes the dynamics of oxygen and water vapor concentrations
n perforated MA packages Both predicted and observed data showed that perforation allows



to combine elevated mn-package RH, sumular to that of a non-perforated package with hugh
oxygen concentration, that of the ambient atmosphere This makes 1t possible to mmimize fruit
weight loss while mamtamming the gas concentrations required for the normal nipemng of
packaged mangoes The model predicts the effects of the ambient humidity and of package
parameters, such as perforation area, film surface, fruit amount, etc on in-package O
concentration and RH and on fruit weight loss It may serve as an effective tool for
optimization of MA packages It 1s worth noting that the model was evaluated for mango
fruats, but the calculations for n-package RH would be valid for other commodities, subject to
msertion of the appropriate transpiration coefficients

Reducing m-package water condensation and Botrytis decay by perforation of the
plastic film 1n MA packages

Perforation was observed to reduce the condensation of water droplets m MA packages In
order to characterize 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 in mango packages

The importance of the reduction of the condensation was demonstrated with pepper fruit
Four red peppers were placed 1n a tray package of 40y thick LDPE film and stored at 8°C and
901+2% RH The m-package atmosphere after achieving steady state was 4 9% CO, and 4 8-
50% O, These conditions fit the recommendations for bell pepper storage m controlled
atmosphere (CA) Unfortunately, despite the successful achievement of the recommended CA
specifications, the fruit in these packages had a lugh mncidence of decay - above 30%, which
was caused mamly by Botrytis cinerea This decay was probably related to the large amounts
of water droplets which condensed on both the film and the friit Thus, optimal O, and CO,
are not m themselves sufficient to provide adequate conditions for MAP of peppers
Accordingly, effects of perforation and hygroscopic materials on decay mcidence m these
packages were investigated

Perforation significantly reduced the extent of Botryfis decay in bell-peppers (Figure 5) Use of
perforated polyolefin film with 8 holes 0 4 mm m diameter/inch * (1 24 holes cm ) reduced the
amount of water condensation on both the film and the fruit in a package holding 4 peppers

This resulted 1n 5% Botryfis decay as compared with 35% observed i the simlar package
sealed with non-perforated LPDE film It 1s interesting to note that perforation in these
experiments did not reduce Alfer nara alternata decay (data are not given) Addition of 10g of
hygroscopic matenals such as NaCl or the Stocksorb polymer o a sealed sachet of spun
bonded Tyvec effectively reduced both the condensation and decay caused by Botrytis
cinerea, similar to perforation These treatments also reduced the RH n the package from >
99% to 92-95% and extended the hife of pepper Previously, Shirazi and Cameron had shown
that NaCl addition extended the life of tomato fruit The loss of weight of the fruit kept in
perforated packages or in 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 1n cardboard cartons lined with different types of films The type of
film affected the rate of weight loss, the most effective i slowing weight loss was the non
perforated polyolefin type film, Cryovac MR The same type of film but perforated with 8
holes mch? Cryovac SM60M mcreased the rate of weight loss m comparison with the non-
perforated Cryovac MR but still effective in reducing weight loss when compared with the
control, non lined carton Another type of non perforated film made of polyamide affected the



fruit m a sumilar way to the perforated polyolefin type film Cryovac SM60M Al three types of
film used for lining the cartons had similar thickness (Figure 6)

The highest disease incidence caused by Botrytis cinerea was found m the carton lined with
non perforated polyolefin film Cryovac MR Ths type of package also had high level of water
condensation 0 346gr per 2 fruit and 2 99 gr on the ner top of the lined carton The carton
with the perforated film had the lowest decay level and only 0 013 gr of water condensed per 2
fruit and 0 O14gr/carton The carton lined with the polyamude film had shghtly ugher but not
significantly different decay mcidence than m the perforated film Condensation of water was
0 025 gr/2 frait and 0 033 on the mnner top of the carton In the control non-hned carton the
water condensed amounted to 0 016gr/2 fruit and 0 008gr mn the carton

Discussion

Perforated MAP

The effects of perforation on MAP was evaluated both theoretically with our model (Fishman
et al , 1995, 1996) and experimentally with mango and pepper fruits The major effect was
that perforation of the film negated the inhibition of the ripening process that occurred m
mango sealed mn non-perforated packages Also, in our experniments, decay i perforated
packages was significantly lower than i non-sealed control mango fruit Simular results were
obtamed also with several citrus fruit (data not given)

Perforated packagmng achieves many of the good results of non-perforated packaging in
reduction of weight loss and shrivelling without the deleterious off-flavors, fermentation or
CO; 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 al, 1994, 1995,
Yantarasri et al 1995, Fishman et al | 1995, 1996)

MAP and water condensation

Packaging that reduces desiccation may encourage water condensation, which i turn,
encourages pathogen development This problem 1s difficult to solve, but good practice can
minumize the damage and a balance should be achieved that would prevent excesstve water
loss and excessive condensation Perforation, or the mtroduction of a sachet contamng
hygroscopic materials may help achieve such a balance Shrink seal-packaging 1s also very
effective m reducing both weight loss and condensation The adherence of the film to the frurt
peel, the mnherent perforation present mn shrunk films as well as the selection of the proper
plastic film all contribute to the virtual absence of condensation from the shrunk-sealed frurt
(Ben-Yehoshua, 1985, 1994, Patterson 1993)

Conclusions

MAP provides a useful tool for extending life and reducing spoilage of perishable agricultural
produce This developing technology appears to be of relatively low cost and to require much
less investment compared with cooling or CA Furthermore, 1t has the great advantage of
being environmentally friendly utilizing mainly the control of O, CO, water and ethylene
without exogenous chemicals High decay levels caused by Bofrysis was found n packages
with relatively high water condensation

\(ﬂ
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Fagure 6 Effect of film type and perforation on
weight loss and decay 1ncidence of Bell peppers
afler 3 weeks 1n storage at 8C + 1 week at 17C

1= Control, 2 = carton Iined with non-perforated

polyamud film 3=carton lined wath pesforated

polyolefin film Cryovac SM60M 4=carton lined
with non-perforated polyolefin film Cryovac MR.
within each parameter, a different letier indicates
a significant difference (p=0 05) by the Duncan's

Multiple Range Test.
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Mathematical Model for Perforation Effect on Oxygen and
Water Vappr Dynamics in Modified-Atmosphere Packages

SVETLANA FISHMAN, V RODOV, and S BEN-YEHOSHUA

ABSTRACT

A mathemaucal model was developed o study the influence of tlm
perforations on O, concentration and relative hunmdity in the atmosphere
i a package contaiming fresh fruits The model included equations de
sirbing fruit respration and trinspiration as well as permeation of ox
vgen and water vapor through the perforated film Closed system
expeniments with mango fruit revealed a hinear dependence of respiranion
rate on O concentration The model allowed analyucal computition of
the time course of in package O concentrinon and relanve humidity
and the results were 1n good agreement with expernimentally measured
vilues Perforatons had a much more pronounced eftect on O coneen
tration than on relative humidity The model enabled practical predic
tons tor designing modified atmosphere pa kaging

key Words modified atmosphere fruit pack aging, pertoration 1n pack-
age humudity mango

INTRODUCI1ION

PACKRAGING OF TRUITS and vegetables n plastic films 1s com-
mon for prolonging the postharvest lite of fresh produce High
relattve humidity (RH) n the atmosphere surrounding truit di
muushes dehydration and preserves freshness (Ben-Yehoshua,
1987 Ben-Yehoshua et al 1994) Low O and elevated CO
concentrations in the modified atmosphere (MA) of the package
ruduce the respiration 1ate and hence improve storage hife Fruuts
have different tolerance limits to low O, and elevated CO lev-
els Excessive in-package humudity may stimulate microbial
pathogen development [herefore, the rangus of O,, CO, and
water vapor levels must be chosen for each produce and the
MA pachaging must be designed to provide opuimal storage con-
dinons A specific problem appeared for example with man-
goes (Shapuo et al  1989), when the altered in-package
atmosphere was shown to mmpair theirr ripening mechanisms
The opumal MA package should provide a deswrable (not too
low) oxygen concentration to ensure the ripening of mango fruit
and, at the same time, should maintain in-package humidity high
enough to minimize weght loss The use of perforated films
was recornmended tor mango fruit by Shapiro et al (1989) and
later was tested under experimental (onditions (Rodov et al
1994 Yantarasri ot al, 1994) Optumal conditions for mango
pachaging could be determuincd with the aid of a4 modd! which
would mclude consideration of the film perforation

Invesugation of gas exchange through perforated plastic was
undertahen by Emond et al (1991), who measured gas transport
through the pertorations and developed descripive empirical
equations based on the measurements Permeabilities were
measured on boxes made of perforated plastic of relatively deep
thicknesses and wide perforation sizes Empincal equations
wure included in a computer program to simulate various per
torated pachagings Results were applied to fit conditions for
broccolt storage Shnazi and Cameron (1992) indicated that op-
tumization of moisture content 1 the MA package must be done
i parallel with optimization of the O and CO luvels

Author Fishman 1s with the Dept of Statstics & Operations Re
search and authars Rodov and Ben Yehoshua are with the Dept
of Postharvest Science of Fresh Produce Agricultural Research
Organization The Volcanm Center Bet Dagan §0 250 Israel

A model tor calculation of O and CO concentrations tn a
non perfolated package conmtaiming fresh lruits was developud
and applied to bedl pepper (Fishman et al  1995) The modcl
based on two processes (fruit respiration and gas permeation
through a homogeneous film) was analyzed theoretically It re
vealed a maximum as an intrinsic charactenistic of the CO, ev
olution curve Then the systum was simulated numernically
Model predictions were compared with results of experiments
with red bell pepper truit tor validation

The main objective of our work was to develop a model to
caleulate the O concentration and RH 1n a pertorated film MA
package It was aimed at optimization of storage conditions tor
mango fruit The model compnsed a theorctical analysis of gas
purmeation through a paforated film Rospiration and transpi
ration of mangoes were studied mn indcpendent experiments to
estunate parameters in the model Theoretical predictions werc
validated by companson with ¢xpurunents on sunulated MA
packages of mango

MATERIALS & MEL1HODS

MAIURL GRFLN MANGOES cv Kent grown in the Jordan Valley (Isracl)
were obtained trom g packang house on the day of harvest The frut dud
oL ruteive any postharvest treatment except washing

Closcd-system experuments

A closed system was used to estumate the hinctics of oxygen uptake
by mango fruit Frusts ot known weight and volume were placed m 750
mL thambers  practically impermeable for gises Each chamber com
prised a 05 mm thick polyuthylene terephthalate polyester (PLT) ol
inder nghtly mounted on top of a massive rubber stopper (kg 1) One
fruit was placed 1n each chamber To prevent gas luakage the union of
plastic cylinder to stopper was lubricated with sihicone gel The gas
tighiness of each system was tested 1n prehiminary expeniments To elim
inate the ctfeet of CO, on respiratory acunity of the frut calcium
hydroxide was placed 1n the chamber as 4 CO absorber Sealed bags of
gas pormeable spun bonded polyethylene (Tyvek Du Pont Co Geneva ..
Switzerland) comtaimng, 10g of Ca(OH) were mounted 1n the tops 01(
the chambers without direct contact with the frun

Lach chamber had three openings One was ughtly plugeed with a
rubber septum about 1 cm thuck through which 5 mb gas samples were
extracted using a gastight 20 mL glass syringe with a 05 X 16 mm
needle A plastic tube with nner diameter | mm was installed 1n the
rubber stopper (Fig 1) i order to collect gas samples from the central
part of the chamber The sccond opuning was connected through a Luer
Joint with a gastight 35 mi plastic syringe to prevent the development
of nugative pressure i the systum as 2 result of regular samphing (0
wnsure accurate pressure maintenance and to prevent leakage during, sam
pling After cach sampling the syringe plunger was lowered by 5 mL
to compensate for the reduction of gas volume 1n the system then the
plunger was fixed with a sphint The homogencity of the atmosphere
within the chamber and the syringe was maintmned by pumping air with
a synnge plunger The third opening was connected 10 a water mano
meter via a rubber tube The partial vacuum formed tn the chamiber wih
CuOH) as a result of CO absorption was compensated bedure cach
samphng by mjectmg mitrogen 0 cquibbrium pressure botween the
chimber and 1ts surroundings Iruit were hept n the chamber tor 15-
25 br unui oxygen depfetion

Oxygen and cirbon dioxide concentrations in the samples from the
closed system wure determined on o Packard 7500 gas chromatograph
wath thermal conductivity deteutor and CTR | pached column using hic

956——JOURNAL OF FOOD SCIENCE—Volume 61 No 5 1996
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to manometer

"
Fig 1—Scheme of ciosed system The components of the appa
ratus are shown separated from one another in order to clanfy
the figure 1-—plastic cylinder 2—rubber stopper 3—CO; ab
sorber 4-syringe (pressure compensator) 5—splint 6—sam

phng port 7—rubber septum 8—plastic tube 9—connection to
manometer 10—fruit

Twm as carrer gas Resistance of the fruit surface to water vapor per
meatton was calculited from measurements of fruit weight losses
(Ben Yehoshua ot 2l 198%)

MA package imitation

In order to check model predictions experimentally the modified at
mosphere pachage was simulated (Fig 2) A domw shaped chimber
I 6L in volume with the open side 20 cm i diameter made of 4 mm
thick rigid polycarbonate plistic with flat 1 5 cm nim simulated the MA
package The walls of the chamber were practically gas impermeable A
low density polyethylene (LDPE) film 20u thick was stretched over the
open side of the chamber between two rubber rings of 15 cm width
climped against the rim by a rnigid plastic ring of the s ime dimension
The rings were lubricated with silicone gel to ensure gas tightness and
the system was fistcned with double clips The experiment involved two
chambers onc covered with nonperforated LDPE film the other covered
with the film with four holes each 2 mm in diameter The film was
perforated before stretching over the chamber by means of sharpened
steel tubes

Combined temperiture and humidity probes (model [ 100 Rotronic
Zunch Switzerland) were inserted mnto the bottom of cach chamber
through a tight gasket The sensors were protected agamnst condensed
water by sintered metal filters with 8 micron pore size as recommended
by the manuficturer (Rotrome {987) for work under mgh RH condi
tions Each chamber had an opening tightly plugged with a rubber sep
tum about 1 em thick through which 5 mL gas samples were withdrawn
by 1 gas tight syringe for analysis by gas chromatography

Two mature green mangoes of known weight and volume were placed
in cach chamber which was closed as described The chambers were
kept m a storage room at 20°C and RH 90 += 1% Oxygen and carbon
dioxide concentritions in the package stmulations were measured daily
The temperiure md hurmdity values inside erch chamber and n the
ambient itmosphere of the storage room were recordud every 6 hr with
a data logger (Picologger YM Electronics Ramat Gan Israel)

Statistical talysts of dat1 was performed on a Macintosh computer
using JMP (SAS Institute Inc  1989) sofiware The base units of the
Internationnl System of Units ST (see Downs 1938} were used through
out the study except for the unit of ime It was much more convenient
to cxpress time m hours because the main processes under consderation

Fig 2—Scheme of package simulation 1—chamber 2—rigid
plastic ring 3—two rubber rings 4—LDPE film (with or without
perforations) 5-~rubber gasket 6-—rubber septum 7—tempera
ture and hurmidity probe 8—sintered metal filter 9—fruit 10—
double clips

had charncteristic times on the order of hours The main dynamic van
ables oxvgen concentration mnd RH were expressed on a relative (non
dimenstonal} basis to simphfy the equations (Banks and Cleland 1993)

Model development and parameterization

Two mamn processcs contribute to change tn the amount (Q) of a gas
inside a package contaming fresh fruit physiological activaty {respira
tion resulting 1 oxygen consumption and transpiration crtting water
vapor) with 1 total rate f and permention of gases through the packaging
filmwithamte F

dQUdt = f + F M

The amount of gas 15 usually represented by the product of its partial
concentration (denoted as C for oxygun concentration and as C,, for
water vapor) and the free volume within the package V. which was
formerly called the headspace

Q=VvC 2

The level of watcr vapor 1s usually represented by relative humidity
{RH) defined as H = p'p , where p 1s the partial pressure of water
vapor and p., 1s the saturation vapor pressure (the partial pressure exerted
by the water vapor m equilibrium with purc water) According to the
Ideal Gas Law the concentration of water vapor C,, 1s equal to p/RT
where R 1s the gas constant and T s the absolute temperture (°K) Thus
Cy may be approxumated as C,, = H p /RT = aH wherc o = p /RT
1s the water vapor concentration under saturation vapor pressurc which
depends on temperature For 20°C 1n non dimenstonal units o = 0 023
(L/L) Dimension of C,, 1s the same as that of & C,, does not participate
n the following calculations beng substituted by oH In cquation of
water vapor balance o can be shortened leaving H as the mun vanable

To perform the calculations necessitates estimation of parameters in
volved n the mathematical description of the system Paramcterization
15 described below 1n parallel with the mathematical description of the
processes under consideration as an integral part of thc model devel
opment

Gas transfer through a polymeric film with macroscopic
perforations

The total permeation flow through a macroscopically homoegeneous
film 15 defined as flux J the gas quantity which crosses a umit of film
area multiplied by the film 1rer S F = J S If the film 15 perforated
the perforations represent an alternative route for gas transport which s

Volume 61 No 5 1996—JOURNAL OF FOOD SCIENCE—957




MODEL FOR PERFORATION EFFECT ON MA PACKAGES

0.5

Clu) = 0209 exp( 000009 u) u=TIME x W/V

0.0

06101

OXYGEN CONCENTRATION

005 1

000 - v . —
00 03 () 15 20

TIMExW/V/I100 hkgm3

Fig 3—Study of respiration parameter p {(Eq 10} The curve rep
resents O concentration as a function Clul = 0209 exp(—u u)
with u = t W/V (h kg m~3) and coeffictentp = 92 x 10 5 (m3kg 1
hr-1) determined by means of a curve fitting procedure using
experimental data (black points)

m parallcd to the bamer formed by the plastic materal In this case the
total flow 15

F=1JS+ S, 3)

whure S, 15 the total area of the holes and J, 15 the flux ot a4 gas throuph
umt area ot the hole A sumlar equation states tor the water vapor flow
F.

The steady-state diftusion flux of a pas through 1 non perforated film
obeys the {ollowing, equation (Cussler 1964)

J=-P(C—-CyHL 4

where C and C, are concentrations of gas inside the package and in the
ambient atmosphere respectively P s the purmeabiity coethicient of the
film 1o the pas and L 1 film thickness

Macroscopic pertorations i polymenc films have diameters of the
order of 107*m or greater whereas the mean free path of gas molecules
at atmosphenic pressure 15 much less bemg about (1 to 2) X 10 'm
(Kesting and Fritesche 1993) Thercfore transport throuph the perto
ration may be treated as mdwroscopic ditfusion in & cylindnical pathway
filled with air Diftusive flux in this casc obeys Fick s law

J, = —-D(C - CWYL, (5)

with diffusion coefficient of the gas 1n air D replacing the permeabihty
coeffictent P of kq (4) The dittusive pass length 1s denoted here as
L, lts evaluation 15 a comphicated diffusion problem If the distance
between perforations s much gredter than their radius  estimation ot L,
may be approximated by the model employed by Mcidner and Mansfield
(1968) and Nobel (1974) tor computation of the stomatal resistance
According to this approximation L, equals the lungth L ot the ¢yhn
drical pore enlarged by the hole radius R, 1¢

L=L+R, 6)

We exammed some addinonal models (unpublished results) with differ
ent symmetry for this diffusion problem and obtained similar results in
all cases considered Theretore Eq (6) wis used 1n subsequent com
putanons

Taking mto account Eq (3) to (6) the total flux through plastic film
of area S with N perforations of radius R, (with total area §, = wR,N)
may be represented as

F = (C, — C) [SP/L + S, DAL + R,)] N

The water vapor flux through the perforated film s represented mn a
similar way with aH replacing the concentration

Fo = a (H, — H) [SPu/L + 5 Dy/(L + R)] (8)

where H, is relaive hurmidity 1n the ambient atmosphere and Dy, 15 the
dittusion coefhuient of water vapor in arr

Parameters P and Py, were found from the LDPE film spectfications
and checked 1 our laboratories (Fishman et al  1993) The diffusion
cacfficients in air D and Dy, are known from published data

Ruspiration

Changes in gas amount due to frutt respiration are represented by
respranion rate (C) which 1s dufined as volume of O consumed per
umt weight of fruit mn unit nme Muluphication of K(C) by the frut
weight W gives the respiration vontitbution to changes tn gas amount
n the headspace V. The term t 1 Eq (1) 15 given by

f=-r(C)W ©)

Equations of Michaelis Menten type have been apphed (Lee et al
1991 Cameron et af 1994 Fishman et al  1995) to desenbe the res
piration rate as a4 function of concentration in MA package

To estimate the respiration parameters for mango fruit experiments
were performed in a closed system according to the scheme apphied 1o
bell pepper (Fishman et al 1993) A statisucal analysis of the observed
O, dupletion with mango truit showed that Michaelis Menten parameters
were strongly correlated and had broad confidence hmuts This usually
ndicates a model has redundant parameters, 1e¢  a simpler model with
reduced number of parameters would fit the observed data as well (Gar
finhel and Fegley 1984) Therefore the rectangular hyperbola was ap
proximated by a4 hinvar model with one parameter

HC) =pC (10)

The linear dependence of mango respiration rate on O, concentration
has also been reported by Yantarasn et al (1995) who worked with cv
Nam Dork Mai [n terms of enzyme kinctics this dependence indicated
a low athnity of cnzyme for substrate as compand with the athnity of
Lytochrome oxtdase for oxygen Forward (1965) and others {Chevillonte
1973 Tucher and Lanes 1985 Joles et al 1994 Cameron et al  1995)
considesed possible cxplananons of an ipparently low aihnsty observed
previously in lemon apple and avocado Lquation (10) was used 1 our
current study with parameter p fitied for mangows Combimng Eq (1)
(2) (9) and (10) subjuct 10 F = 0, results 1n the linear differential
equation for the closed system

dCidt = —p (W/V) C (1

whuch has a solution

C(t) = C, exp(—pt Wt/V) (12)

where C, 15 the mintal O concentratton It 15 convenient to represent
observed data as a function C{u) = C, exp{—uu) where u = (W/V) t
The use of the normaheed vanable u instead of time enabled us to
purform a joint statistival analysis of observations on truit with ditferent
weiphts and volumes The parameter & was tound to be (0918 = 0 033)
X 10 *m* kg™ h ! from statistical curve htung The ume course of the
O concentrations measured 1n the closed system (Fi, 3 circles) was
compared to the fitted curve C(u) based on the estimated parameter g

Transpiration

A transpiration flow f, replaces the flow f i Eq (1) in the case of
walr vapor [t s the amount of water vapor which passes away from
total frutt surface per unnt of ime Denoting, the water vapor efflux from
unit of truit surface area per umit of ume as ¢, and the fruit area as s
the total flow f, 1y calculated as

(3,

f,=d.s

As pomted out by Burg and Burg (1965) gas diffusion from plant
tissue should behave according to Fick s law Ben Yehoshua et al
(1955) used Fick s law to describe the flux of water vapor through unit
area of frmt surface n therr study of citrus fruit resistance to water vapor
transport Hence ¢, 1s proportional to the difference berween RH of
fruit internal atmosphere and RH of the MA 1n the pachage

¢w =9 o (H— H) (14

where H, 1s relative hummdity of fruit internal atmosphere and p 1 the
permeance of fruit surface to water vapor (definition given by Donhowe
and Fennema 1994) The mverse value o = 1/p 1s the resistance of the
fruit surface to water vapor transport often used for describing water
vapor flux The relative hunmdity of fruit internal atmosphere was con
sidered as a first approximation to be 10 (or 100%) This parameter
depends on solute content ot the frut and 15 slightly less than 1 0 (Pat-
terson et al  1993)

Transpiration reststance of mango fruit was estimated according to the
method described by Ben Yehoshua et al (1985) using weight losses
observed 1n 16 mangoes 1n the open air The mean resistance over 16
observations was 29 2s em ! with standard deviation 4 5s em ' The
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Table 1—Parameters and constants of the sy tem

Symbol Description Vailue Dimensions
Ca oxygen concentration in ambient

atmosphere 0209 1on dimensional
o] diffusion coefficient of oxygen in

air 0073 m2 hr 1
Dw diffusion coefficient of water va

por in arr 009 m2 hr 1
Ha relative hurmidity tn ambient at

mosphere " 09 non dimensianal
Hy relative hunudity of fruit intgrnal

atmosphere ! 10 non dimensional
L thickness of film 2%10 5 m
N number of pores Qord non dimenstonal
P oxygen permeability coefficient

of film 46%10 2 m2 hr 1
Pw water vapor permeabiiity coeffi

cient of ilm 35%10 7 m2 hr 1
Rh radius of pores 0001 m
] ares of the plastic ilm 003 m?
s area af the fruit surface 0045 m?2
v headspace (free volume within

the package) 78%x10 4 m3
Wy initral werght of fruits 1n a pack

age 08125 kg
M coefficient of respiration rate 92x105 m3kg Thr!
p permeance of fruit surface to

water vapor 1233 m hr 1
o water vapor concentration under

saturated atmosphere at

T=293K 0023 non dimensional

mean vilue of resistince was about one third of the transpiration resis
tince of citrus fruits (1065 cm '} found by Ben Yechoshua et al (1985)

Lquations for gas exchange in MA steadv state and transient
solution

Inserting Eq (2) (7) (9) and (10) into Eq (1) gnes the equation
describing dynamics of oxygen m the MA

dC/dt = —p CW/V + (C, = C) [SP/L + S, DAL F ROV (15)

Combining I'q (2} (R) (t7) and (14) with Eq (1) lead to cquation
deseribing dymamics of water vapor m the MA

dH/dt = s p (H, — HYV — (H — H,)[SPwL
+ S, DyAL F RYYV  (16)

The steady state solutions of Eqs (15) and (16) (denoted by super
script *) are obtained by cqualing the rate to zero

C* = C, [SP/L + S, DAL + RV W
+SPL + S, DAL +RY] (17)
H* = {sp Il + [S PwL + S, Du/(L + R} HV/
[sp+ SPL + S Du1 +RY] (18)

The gencral solution of linear differential Eq (15) and (16) subject
to inttial conditions of ambient atmosphere te, C = C, and H = H,
att =10 1s

C = C* — (C* — C,) exp (—t/t*) (19

H = H* - (H* - H,) exp (—t/ty,*) (20)
where t* and t§ are characteristic times for the dynamics of O, concen
tration and relative hummdity respectively The characteristic time 1s that
required for a dynamic variable to traverse a fraction 1 — exp(—1) =~
063 of the range from initial to steady state value It 1s analogous to the

lifetime —a parameter used for describing the first order processes of
decay i photo- and radio chemmstry (Nobel 1974) The charactenstic
times m Eq (19) and (20) represent the following combimations of pa
rameters

t* = Vi[u W + SP/L + 5, DAL + R,)] 2h

t,* = V/[sp + S P/L + §, DAL + Ry (22)
Equations (19) and (20) represent solution of Eq (15) and (16) on the

assumption that the coefficients of the cquations arc constant 1n time
For chimacteric frunts such as mango the parameters of respiration and
transpiratron 1re known to change with ime Nevertheless Eq (19) and
(20) provide good approximations when the chmncteric changes are
slower than charictenstic times of the svstem so that the coefficients
m1y be considered as constant within the time required to reach steady
stite The clunacteric related changes of the parameters may become
important n long term simulations and will be taken into consideration
n a comprehensive computerized model of MA packaging for mango
storage based on these analytical developments

RESULTS
Model vahdation

Equations (17) to (22) which describe the time changes and
steadv state lcvels of O, and water vapor ;n MA packages
formed by perforated film 1s well as the weight loss of the
packed fruit represent our theoretical results The mathematical
problem was solved analyticallv for mangoes, but this solution
may be applied to other fruits when the Michaelis-Menten equa-
tion for respiration rate can be hnearized with respect to O,
concentration

The model parameterization was based on experiments per-
formed with mangoes in a closed system and in ambient at-
mosphere as described Several parameters were measured for
the system (Table 1) some of which were physical parameters
of the package (weight of fruit headspace within package etc)
others were physiological characteristics of fruit studied from
independent experiments

To vahdtte the model its predictions were compared with
experiments on mangoe fruit mn simulited MA packages with
perforated and non-perforited films For all computations m
dependentlv estimated parameters were used (Table 1) Caleu
lation of steady-state oxygen concentrition from Eq (17) yields
C* = 00177 for non perforated film (N = 0 1e S, = 0) and
C* = 0193 for perfoiated ilm (N =4 1e §, = | 257 X 10-°
m ), whereas experimental values of stcadv-state oxygen con
centration were 0 01 and 0 19 with nonperforated and perforited
films respectively The steady-state relative humidities calcu-
lated from Eq (18) were H* = 0999 with N = 0 and H* =
0997 with N = 4 while observed relative hurmdity was close
to H* = 1 0 with both kinds of packaging film

The dynamics of gases in MA s governed by Eq (19) and
(20) which depend on charactenistic times The characteristic
tiumes for oxygen dvnamics calculated from Eq (21) were t* =
96 hr for N = 0 and t* = 08§ hr for N = 4 For water vapor
the values of t¥ computed from Lq (22) were 00139 hr and
00137 hr for N = 0 and N = 4 respectively The characteristic
times were much shorter than those of the climacteric changes,
which started to be observable mn our expertments more than
100 hr after the beginning of the study This justificd our as-
sumption 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-
onstrated simular patterns of predicted and observed results

The dynamics of RH duning the same period (Fig 5) dem
onstrated a good correspondence between predicted and ob-
served steady-state RH levels This showed practically no
difference between perforated and non-perforated packages (dif-
ference under given conditions < 0 2% RH) The visible lag n
experrmental approach to the steady-state RH as compared with
model predictron was related to the time required to reach equi-
librium between 1n package atmosphere and the near-sensor en-
vironment This time period was greatly increased by the
presence of a sintered metal microporous protective filter over
the sensor Our observations (not published) showed that re
moval of the protecting filter reduced the probe reaction time
from hours to minutes but greatly affected the longevity of the
mstrument when 1t was used at RH close to 100%

Results showed that perforations affected the dynamics and
steady-state concentration of oxygen m MA much stronger than
those of water vapor In our experimental system the oxygen
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MODEL FOR PERFORATION EFFECT ON MA PACKAGES

011

OXYGEN CONCENTRATION

o‘u K.U 106
TIME h

Fig 4—Model vahdation Effect of perforation on change of O»
concentrations in MA packages with time Calculated curves {Eq
19} for the fiims with (N = 4) and without (N = 0} perforations as
compared with experimental data at 20 C {(circles)

concentrations 1 perforated and non perforated packages dif
{ered by an order of magnitude while m-package RH levils
were practically equal Nuwrally these quantitative results de-
pend on spetific parameters of the system weight of fruits in
the package, ambient RH tree volume arca and thickness ot
Alm etc Results would be different with other parameters and
may be prudicted from Eq (17) to (22)

The contribution of pertoranons to tne creation of MA mside
the packages could be estunated trom the model by comparison
between 4 flow components (a) oxygen flow through the plastic
material F 0 = —SPA[ox)L (b) oxygen flow through the
holes ki, = —S5,DAfox]AL + R,) (c¢) water vapor fiow
through the plastic mtenal F, |\, = -SP,A[wv]/L, and (d)
water vapor flow through the holes, F| |, = —SDyA[wv]/(L
+ R,) Here Afox] and Afwv] are gradients of oxygen and watcr
vapor concentrations across the film The relation bolween ox
ygen flow through perforated and non putforated film was (F,
+ Fo o) Fio = 131, whereas the stoular rano of water vapor
flows was (F,,; + Fn) Flujm = 3 Thus, under our con
diions (parameters in Table 1 S » 8,), periorauons increascd
by 131 umcs the total oxygen flow through the packaging hlm
whereas total watet vapor flow was increased only by threc
umes This explams the much more pronounced eftect of per-
forations on oxygen concentration than thuir effect on water
Vapor concentration

Model prudictions

Changing the number ot pertorations per package 1s cquiva-
lent to changing the transmission capability ot the film Alter-
ation of relattve humidity 10 the ambient itmosphere would then
change the driving torce for water vapor permeation through the
film The relative humidity changes within the package prodicted
by the model (Eq 20) for films with four levels ot perforation,
N = 0 4, 20 and 40 are shown in Fig 6 The same three
ambient atmosphere RH levels (H,) wert studied lor each pur-
toratwon level O (upper curve) 07 (imddle curve) and 06
(lower curve) The transient periods for these comnbinations of
parameters were very short and varied shightly As expected
lowering ot H, reduced the predicted n-package RF because
of the increascd RH gradient across the pachaging film Increas-
ing the number ot perforations N makes the packige RH more
sensitive to the ambient RH and accordingly the diffcrences
between the steady state in pachage RIT values corresponding
to ditfrent 11, rose with ncretsing pertoration level (Fig 6)
Note that cven at the fowest ambient RH (1, = 0 6) and highest
perforation kvl (N = 40) studied, the m-package hunudity was
predicted to be as high as 093 Our prelimimary measurements
wonfirmed these predictions
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Fig 5—Model validation Effect of perforation on change of in
package relative humidity with nme Mode! predictions (Eq 20)
for the films with (N = 4) and without (N = 0} perforations
{curves) compared with expenimental data at 20°C {(circles)
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Fig 6—Model predictions Effect of perforation on change of rel
auve humidity with ume at 20°C (Eq 20) \n MA packages with
four levels of perforation N = 0 4 20 and 40 Three values of
relative hurmidity in the ambient atmosphere {Ha) were consid
ered 08 {top curve) 07 (middle curve) and 0 6 {bottom curve)

CONCLUSIONS

OuR 1ROPOSTD MODFL described simultancously the dynamics
of oxygen and waler vipor concentrations in perforated and non-
pertorated MA packages Itoincluded cquanons which charac
terized fruit respiration and transpiration as well as permeation
of oxygen and water through the homogeneous film and through

N4



the perforations The latter was treted as macroscopic diffusion
along cylindricat holes filled with air The equations were solved
analytically and thetr validitv was confirmed bv companson of
computed O and RH levels with experimental results Predicted
and observed data showed O concentrations were affected by
package perforations to a much greater extent than relative hu-
midity Thus 1t 1s possible to modify 1n package humidity to
mimimize fruit weight loss while maintaining gas concentrations
for the normal ripcning of packaged mangoes The model pre
dicts effects on n package O, concentration and RH of ambrent
humidity and package pirameters such as perforation arca film
surface fruit amount etc It may serve for optinuzation of O,
concentration and RH in MA packages The model was para-
metrized for mango fruit, but the equations developed here for
RH would be vahd for other commodities subject to msertion
of appropnate transpiration coefficients
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Dynamics of Carbon Dioxide

Concentration in Modified-Atmosphere

Packages
B Fimmod, B

Abstract BEn-YEHORHUA®,

Mathematical analysis of gas dynamics in modified atmo V Ropov®
sphere packages of frut and vegetables was performed, to  “Ospartigent of
study the time course of carbon dioxide concentration In a Satistics apd
package contaning fresh produce, O, concentration declines Cpprations Ressarch
from 1its level in ambient atmosphere to a lower steady state and
value, and CO, concentration increases from 1ts atmospheric *Pepartient of
value to a higher steady-state level We found that the increase  Postharuss! Sefence of
of CO, was monotonous only when the packaging material had ~ Fresk Produes
permeability to O, higher than or equal to that to CO, However, — Agoultual Reseauh
most of the existing plastic films have lower permeability to O, ~ ©yanizaon e
than to CO, In this case, the CO, concentration passes through ~ ¥kam Deater Bet
a maximum, exceeding the steady state level (overshooting mga”wzw&km}
effect), and approaches the steady state from above This phe e"fg’;b;am @ 2096
nomenon has been observed expenmentally by several authors & SRR
In the present work we have demonstrated that this overshoot-
ing effect is an intrinsic characteristic of the system This means
that the produce kept In a plastic package may spend most of
the storage period under conditions of CO, 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 Numer
cal solution of equations describing the gas balance must be
performed several times with different sets of parameters unti!
the parameters which provide the optimal in package gas con
tent are found The optimization procedure can be more effec
tive and the number of the iterations can be diminished If analyti
cal study of the mathematical mode! I1s carried out before the
optimization |n the present report, an analysis of the time course
CO, Concentration m MAP 31
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of carbon dioxide concentration In modified atmosphere pack
ages 1s performed in the framework of a model which has been
adopted during 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 Iiterature de-
scrnibe the gas diffusion by Fick’s law, which leads to the follow-
ing equation for the flux through a thin film

F=PAC, C)/L (1)

where the subscript 1 1s used for a gas specification {i=1 1s for O,
and =2 i1s for CO,), F, Is the flux of gas 1 through a film of area A
and thickness L, P, 1s the coefficient of the film permeabiltty to
gas 1 C s the concentration of gas 1 in the package and C, is its
conceniration in the ambient atmosphere From Eq (1) the dy

namics of O, and CO, concentrations in the package Is de

scrbed as

dC, /dt = -R,(C,.C,) W/ + P A(C,, C,)/(LV)

dC,/dt=R,(C,C)WN +PAC, CHALV) ()

where W i1s the weight of frut, V is the free volume In the
package, R,(C,,C,) s the rate of O, consumption due to produce
respiration which in general case may depend both on O, and on
CO, concentrations R,(C,,C,) 1s the rate of CO, evolution which
is refated to R,(C,,C,) by the respiratory quotient Q

Q=R,(C,C,)/R,(C,C,) @)

Q15 equalto 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 Egs (2) are concentra-
tions in ambient atmosphere C,(0)=C,, and C,(0) = C,,

To describe the fruit respiration rate, RB,(C,,C,), various equa
tions have been suggested in the literature For example, a
power-exponential equation depending on O, concentration with
three adjustable parameters was used by Beaudry ef af (1992)
for modeling modified-atmosphere packaging of blueberries
Lee etal (1991)followed by other authors (Ben Yehoshua etal,
1994 Cameron et al 1994, Joles et al, 1994, Renault et af
1994 Talasila et a/ 1994) atiempted 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
culivar (Fishman et al 1995) we found that the rate of O,
consumption could be fitted to the Michaelis Menten rate equa-
tion with noncompetitive inhibition by accumulated CO,
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R,C,C)=v, C,/(K,+C,+K C C) 4)

where v_1s the maximal rate of the reaction K, is the Michaelis
constant, and K, 1s the equilibrium 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, concentra
tion may pass through a maximum, independently of the form of
the respiration equation, f P, > P, {(which 1s the case for low-
density polyethylene (LDPE) packaging film) The experniment
performed for model validation revealed the predicted maximum
on the C, (1) curve

A study of the respiration of mature green mangoes cv Keitt
{Fishman et af, 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 Fiiting
of the observations of O, depletion to the Michaelis-Menten
equation showed a strong correlation among the parameters
which indicated that a simpler equation with fewer parameters
would fit the observations When K|, is large, a lnear equation
with only one parameter p follows from the Michaelis-Menten
rate

R1 (01,02) = “‘01 (5)

The respiratory quotient for mango was found to be 0 785 at
C,>005 A similar respiration equation was also reported by
Yantarasrt et al (1995) for mangoes cv Nam Dork Mai Inserting
Eq (5) into 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 etal, 1996a) The time course for CO, concen
tration follows a two-exponential curve which passes through a
maximum for certain combination of the system parameters
(Fishman et al , 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 O, and CO, gases, since the
diffusion coefficient for O, in air 1s greater than for CO,, the
condrtion for overshooting, P, > P,, was no longer fulfilled

Thus, the presence of a maximum in the time course of CO,
concentration was shown to be an intrinsic characteristic of the
packaging system in two important instances {a) no imiations
on the form of respiration equation, but with the respiratoty
quotient Q, being equal to 1 and (b} with a linear respiratory
equation and no resiriction on the value of Q In the present
communication, a general case 1s analysed mathematically with

CO, Concentration m MAP
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no restrictions of the form of respiration equation, and no limita
tions on the respiratory quotient

2 General analysis of CO, concentration
dynamics

Equations (2) may be transformed as follows multiply each
term of the first equation by Q and substitute R,(C,,C,) in the
secohd equation according to Eq (3)

QdC, /dt = QR,(C,C,) W/ + QP AC,, C,)/LV)

dC, /dt = QR (C,.C)WN + PACC, -C)/LV)  (6)

Define p, = PA /(LV) for I=1,2 and add the two equations This
results in an equation in which the term containing the respira
tion disappears

QdC, /dt + dC, /dt = Qp,(C,, C))+p,C,, C) (7
Reordering the terms in Eq (7) one obtains
dC,/dt+p,C,=p,C, +Qp,C,, QpC,-QdC /dt (8)

if the concentration C,(t) and its derivative dC, /dt are consid-
ered as given functions of time, Eq (8) may be solved as a linear
differential equation for the function C,(t), subject to the initial
condition, C,(0)=C,, The solution 1s

t
C,)=C, +Qp./p,)C,, Qp.exp(-p,H f exp(p,t)C,(t)dt

Qexp( p,) f " exp(pdC, 1) @)

The first integral iIn Eq (9) may be written in a form similar to that
of the second one by means of the rule of integration by parts

[ "exp(p,1C, 1)t = [ exp(p,t) C, (1) - G, - [ "exp(p,dC.{0) 1/ p,
[s] [+] (1 0)

Inserting Eq (10) tn Eq (9) and combining the similar terms we
obtain

C.(t) = Coa+ Qe /p.)C,. Qlp,/,)C,(1) + Qlp,/p,) 1lexp(p,b)

[} exeanccyty (1)

To analyse the time course of function C,(t), it Is necessary to
study the sign of its derivative Differentiation of Eq {11) leads to

dC,(tydt = Q[ dC,{t)dt + (p, p,) exp(p,t) J- texp(pz’t) dC1§t)]2)
° 1
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Function C.{t) 1s known to decrease monotonically, 1e dC,(t)/dt
1s negative and the integral in Eq (12) 1s also negatve There-
fore, in the case p, > p, both terms in brackets are negatve
which results in a positive dC,{t)/dt at all intervals of time, 1 ¢,
C,{t) grows monotonically When p, < p,, 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, leading to dC,(t)/dt = 0 At this point, the function C,(t),
which started to grow at t=0, passes through a maximum The
position of this maximum s defined by

dC,(t*)Vdt = (p, p,) exp(p,t") L t exp(p,t) [dC,(tydt]dt (13)

Introducing a new function, Y(t) = exp(p,t) dC,(t)/dt we have the
following equation for the time of maximum

Y) /(p,-p) = | Yot (14)

To the definite integral in Eq (14) an « intermediate value theo
rem > may be applied, which states that in the interval of
Iintegration {0, t*] a time t=t exists at which the function Y(1)
multiplied by the length of the interval is equal to the integral, 1 &

f Yyt = t* Y{x) with 0< <t* (15)
Combining Egs (104) and (15) gives
t=[1p, pNIYETWY(T) (16)

It can be seen from Eq (16) that a positive t* does not exist if p,
< p, It may be estimated also that when Y(t) 1s a dimmishing
function, the posttion of the maximum s t* < 1/(p, p,), whereas
when it 1s an increasing function t* > 1/(p, - p,)

Figure 1 compares time course of CO, cencentration calcu-
lated with the same set of package parameters but with two
different film permeability coefficients curve A was calcu
lated for P, = 2 0x10® m?h ", and curve B for the incident P,
=0 46x10° m*h* In both cases P, = 046x10°® m*h' The first
case corresponds to the film of LDPE and it reveals a maximum
in the CO, concentration The curve B represents a hypothetical
film with equal permeabilities for O, and CO, This may be
realised in perforated films, in which case, the maximum van-
ishes and the increase of CO, concentration to the steady-state
level 1s monotonic

3 Final remarks

The necessity for studying the dynamics of gas concentra-
tions in packages 1s well recognized and many authors have
reported their experimental observations and computer simula-

CO, Concentration in MAP

Plastics th Packaging 35 E §/4/98 358 AM




25 00 m

0Oy CONCTNTRATION %
I
o
<
1

tions of the gas
dynamics of the
B packagings of

different fruits
and vegetables
To adapt the
simulation
model for build
ing an expert
- system to the
optimal design

Figure 1 Time course of
CO, concentration calcu
lated with the same set of
package parameters but
weth two different film
permeabiity coefficients
Curve A was calculated
Sfor P, =2 0x10°m*h ' and
curve B for P, =0 46x10°
m’h! In both cases P, =
046x10° m*h' The first
case corresponds to the
nonperforated film of low
density  polyethylene
(LDPE)

L] 1
000 22500 45000 475 00 900 00

of modified-at
mosphere
TIME h packaging, its
response to pa
rameter changes must be carefully estimated by detailed nu
merical sensitivity analysis, as well as by mathernatical analysis
of the governing equations We performed the mathematical
study of CO, kinetics in modified atmosphere packages and
revealed an overshooting effect on the time course of CO,
concentration
An overshooting effect in the curves for CO, kinetics ap
peared In the data published by several workers (Tomkins,
1962, Jurin and Karel, 1963, Hayakawa et al 1975, Geeson et
al 1985) The phenomenon was not considered as an Intrinsic
charactenstic 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 experimentally for red
pepper (Fishman et al 1995) and mango (Fishman et al,
1996b) In the present study we showed that this effect depends
mainly on the difference between film permeability to CO, and
O, (P,>P,), but 1ts existence does not depend etther on the type
of respiration equation, or on the value of respiratory quotient
This means that during a prolonged part of the storage time the
CO, 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, sensitive commodities
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Abstract

A model was developed to study gas dynamics in a package contatming fresh fruit The
model calculates the gas balance taking into account the processes of fruit respiration
and transpiration as well as the permeation of gases and water vapor through 1
perforated packaging fiim Equations are suggested to describe the permeation of gases
1nd water vapor through perforations in the film The model enabled the time course of
0, consumption CO; evolution and the humidity changes m the modified atmosphere
enclosed n the perforated film to be computed analytically when the respiration rate
depends linearly on O, concentration as 1s the case tor nstance for mango fruit The
weight loss of the fruit in this modified atmosphere was calculated by means of the
model The model enables the investigators to evaluate the film specifications and the

package parameters which will provide the best conditions for storage of a given
commodity

1 Introduction

The quality of fruits and vegetables stored in pachages 15 affected by temperature and
by the concentrations of O, €O, and water vapor The in package atmosphere 18 usually
described as a modified atmosphere (MA) Its composition differs from that of the
ambtent atmosphere and depends on events happening at the boundanies of the free
volume of the package the surface of the enclosed product and that of the packaging
material

Reduced O, and clevated CO; concentrations m the MA of the pachage reduce the
respiration rate which benefits for the storage of many fruits and vegetables High in
package humidity reduces the dehydration of the stored commodittes The O, CO, and
water vapor levels have to be chosen individually for each stored produce and the
parameters of MA packaging have to be selected to furnish the optimal storage
conditions Among the most important parameters of the packaging are the
permeabilities of the plastic film to O, CO, and water vapor these may be varied by
choosing different materials for the film or by a change of the film thickness The
commercially available matcnals are limited in their range of variation but film
perforation provides a tool to ¢ xtend the possibility for control of the gas exchange i the
MA packages

Investigation of gas exchange through perforated plastic was undertaken by Emond er
al (1991) They performed laboratory experiments to measure the gas transport through
the perforations and developed empiricai equations based on the observations The
measurements were done with perforated plastic boxes of relatively large thicknesses
and perforation s17cs

A model for calculation of O, and CO, concentrations m a package containing fresh
fruits was presented 1n our previous communication and was applied to bell pepper
(Fishman et al  1995) The mun objective of the present work was to extend our model
by including a theoretical analysis of gas permeation through a perforated film and to
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calculate the mn pwkage gis concentrations and relative hurmudity (RH) The problem
allows analytical solution when the Michaelis Menten equation describing the
1espiration 1ate ¢1n be lincanized as n the case of mango fiuit The weight losses of
fruits pached with variously perforated films may be compared for various levels of RH
outside the pickage

2 Theoty

2 1 Gus transter through a polymeric tilm with macroscopic perforations

The steady state dittusion flux density of gas 1 through a macroscopicatly
homogeneous tilm obeys the Fich s law (in the tollowing subscripts 1 = 1 2 and W will
relate the vaniablc 10 O CO, and wter vapor respectively)

Jy= PC, C a)/L )

wheie C, and C, o are the gas concentrions 1n modificd and ambient wmosphere
respectively Ppois the permeability coefhicient of the film to the gas 1+ and L 1s the film

thichness It the tilm 15 perforated the perforations represent a barrier {or gas transport
which 1s 1n pirallel to the brrier ot the plastic material In this case the total flow 1s

Fi=ST+5 ) (2}

whete S s the ilm wiea Sy 1s the total wea of the holes and ) 15 the fHux of a gas:
through unit uca of the hole Macroscopic pettorations have diameters of order of 104
m o1 greater whereas the mean free path ot gas molecules at atmospheric pressure 15
much less being in the region of (I to 2)x10 7 m Thetetore the tnsport through the

pettorition may be ticated 15 macroscopice diftuston along 1 eyhndiical pathway filled
with att The diffusive tlux n this ¢ e 1lso obeys the Fick s law

hn= DG, Cia)/Lly (3}

The diffusion coctficient of the gis m air D, rteplaces here the permeability
coefficient in Fq (1) because there 15 no ur-plastic intertace on this pathway It the air
were perfectly strongly saned C, and C, 4 would represent the concennations at the
openings of the hole and the length of the cylindrical pathway Ly, would be equal to the
thickness of the film L In the real systems unstrted layers of air exist on both sides ot
the hole This cxtonds the path length by the thickness L, of the unstired layers o
that

Lp=L+L, (4)

If the distnce botween the pertorations 1s much gieater than thewr radius o model with
sphetical symmctry may be applied to calculite this diffuston problem and to esumate
the thickness of the unstiured layers as deseribed by Meidner and Mansfield (1968)
According to this apptoximation L 15 of order ot the hole radius Ry,

Taking 1into acccunt Egs (1) to (4) the total gas flow through the plastic film of area S
with N pettorations each of radmus Ry, (1 ¢ total pertoration area Sy, = NtRy,2) may be
represented s

F,= (C, C,A)[SP/L+SyD, /(L+Rp)] (5)
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2 2 Resprration

Equation of the Michaelis-Menten type may be applied to describe the rate of O,
consumption due to fruit respuation 1n the MA package as described 1n our previous

communications (Fishman et al , 1995) as well as adopted by other authors (e g Lee et
al 1991)

r(cl)= VmC‘/(KM"‘C]*‘I) (6)

where v, 1s the maximal rate of the respiration per unit wertght of fruit and Kpg 1s the
Michaclis constant The accumulation of CO5 1n the system may nhibit the respiration
The term I'mn Bq (6) was introduced to describe the inhibition This effect 1s neghgible
for mango fruit and henceforth I=0 15 assumed as a first approximation Study of the
parameters of Eq (6) from expeniments with mangoes reveals a strong correlation

between parameters vy, and Ky indicating that only the ratio u = v, / Ky can be

obtained from observations The best fit for mangoes was obtained when Eq (6) was
hineanized giving

(Cy=nC (N

Eq (6) may be approximated by Eq (7) when Ky » C; + 1 In terms of enzyme
kinetics the hinearization of the Michaelis Menten equation indicates a low affinity of
the substrate for the enzyme as compared with the affinity of cytochrome oxidase for
oxygen Forward (1965) followed by other authors (Chevillottc 1973 Tucker and

Laties 1985) discussed possible explanations of this apparently low afftnity which had
already been observed 1n lemon apple and avocado

The ratio between the respiritory CO, evolution and O, consumption rates termed the
resprratory quotient (RQ) 1s denoted by g RQ 15 constant over a wide range of O,

concentiations but rises steeply at low O, concentrations (for mangoes we found g =
constant for C; 20 05)

2 3 Transpiration

As pointed out bv Burg and Burg (1965) the gas diffusion from plant tissue should
behave according to Fick s law Ben-Yehoshua et al (1985) adopted the Fick s law to
describe the flux of water vapor through unit area of the fruit surface using the

difference of relative humidities as a driving foice 1n their study of citrus fruit resistance
lo water vapor transport

tw(H) =p (Hy H) (8)

where the parameter p 15 the permeance of the fruit surface to the water vapor
(permeability coefficient divided by the bairer thickness) which 1s inversely related to
the resistance r = [/p of the fruit surface to water vipor transport H 1s the m-pickage
RH and Hy 1s the RH inside the frutt which usually 1s very close to unity

The rate of change of fruit weight W due to transptration 1s

dW /dt= s p (Hg-H)P*/RT 9
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where s 15 the arca of the fruit surface P™ 15 the saturated vapor pressure R 1s the gas
constant and T 1s the absolute temperature When fruits are placed 1n the open an Hin
Eq (9) has to be replaced with Ha  In that case the nght-hand side of Eq (9) 1s constant

and 1ts solution represents the weight loss which 1s ltnear wath time
Wy W=(sp PY/RT) (H;-Hyt (10)

Observations of weight losses in the open atr as a linear function ot time enable us to
learn the patameter p as a factor of the line slope

3 Results wnd discussion

3 1 Solution of dynimic equanions for MA package
Taking 1nto account Eqs (5) (7) and (8) dynamics of oxygen carbon dioxide and

water vapor n the MA pichage 1s represented by the following set of differential
equations

dCy/dt= PWC/V+(C o-C)ISP/L +S, D/ (L+RYI/V  (11)
dC/dt=quWC /V+(Cap CHr)SPy/L+SyDy/(L+RYI/V  (12)
dH/dt=sp(H -H)/V+H, H[SPw/L +S,Dw/(L+Rpj/V (13}
Here V s the free volume in the package Eqgs (11) to (13) may be solved analyticaily
to yield C (1) Cy(t) and H(t) as functions of ume Eqs (11) and (13) contain constant
coethicients and could be solved independently Eq (12) 1s linear 1n vanable Cy(t) but 1t

also contains the time dependent C(1) It may be solved after the function C,(t) has been
determined 15 a solutton of Eq (11)

The steady state solutions of Eqs (11) and (13) (denoted by superscript *) are
obtained by equalling the time dertvatives to zero

Cy'=Cy AlSP /L+8, D/ (L+R]/[uW+SP, /L +S,D; /(L +Ry)]

(14)

H*=(sp H{+[SPw/L+S,Dw/(L+Rp)IHp} /[sp+SPw/L+
Sp Dw /(L +Rp)]
(15)

The solution of lincar differential equations (11) and (13) subject to initial condifions
of ambient atmosphete 1¢ C|=C| pandH=Hyatt=0 15

Cin=C, (C,* Cyalexp(-t/4;*) (16)

*

H=H" (H" Hp) exp-t/tw™) (7

where t,* and ty, * are characteristic times for the dynamics of oxygen and relative
humidity respectively defined as follows



6 =V/[UW+SP /L+S,Dy/(L+Ry)] (18)

tw* =V /[sp+SPw/L +8S;Dw/(L+Ry)] (19)

Eqs (16) and (17) represent solution of Eqs (11) and (13) under the assumption that
Wl coefficients of the equations are constant For chimactenic fruits such as mango the
pirameters of respiration and transpiration are known to change with time but in our
observations these chimacteric changes were much slower than the chatacteristic times
of the system Thus the coefficients may be considered as constant within the time

needed to approach steady-state
The steady-state solution of Eq (12) 1s obtained when the time derivative equals zero

Cyf=Cya+C qC YR W/ [SPy/L+8,Da/ (L +Rp)] (20

Denoting the second characteristic time as the followtng combination of constants
ty, = V/[SP2/L+S, Dy/(L+Rpy] (21
nd taking solution (16) 1nto account Eq (12) may be rewritten as

dCy /dt=(Cy* - C) /15" - (C1F -Cy A) (@ W / VY exp( t/ ™) (22)

As stated above g = const 1f C} 2005 Inthis case the solution of Eq (22) subject
to imit1al conditions of ambient atmosphere 1e Cy =Cj 5 att=0 15

Cy) = Cy (Cy" - Cy p) expl-t/ 1)
(CFCraar W o Texp( /g™ - exp-t/ 6917/ V" ™) (23)

Eq (23) contains two characteristic imes tl* and tzk which generally results 1n the
appearance of 2 maximum on the curve C;(t) under certain combinations of the svstem

pirameters The tume of the maximum s chiculated as

o = (0 27 (4" 1 ) I (4 65

+(C AV YHC AC qrW K] (24)

After the in package relative humidity 15 calculated as 1 function of ume Eq (17)
may be uscd for calcuiation of weight loss of packaged fruit Inserting Eq (17) 1nto Eq

(9) and integrating this differential equation yields
Wy W=(sp P*/RT){(Hp-H Y t+ (H*-Ha)(1 exp(t/tw ) tw'] (25)

Eq (25) gives the non-linear ime dependence of the weight loss in the package butif
the characteristic time tyy 15 much shorter than the time of observation (tw* «t) the
non lmear term becomes neghgible leading to an approximately hinear trme dependence
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3 2 Validation ot the model

The model parametrization 1s based on experiments with mangoes in a closed system
and 1n the ambient atmosphere The estimated parameters are displayed 1n Table |

The methods tor parameter estimation were described for bell pepper by Fishman er
al (1995) The value of g 1n experiments with mingo was found to be approximately
constant {g=0 785) for C1>0 05 When C| became less than 0 05 g was observed to rise
steeply being about 3 4 at Cp =002

Table t Parametcrs of the investgated system

Symbol  Meaning ot the parameter Value Dimcnsion

q tespudtory quotient for C1>0 04 0785 non dimensionadl
q resprratory quotient tor Cy=0 02 =35 non-dimensional
H coctficient of respiration rate 92x10° m3kg-ihl

p peime ince of fruit surtace to water vapor 1 233 mh !

To validate the theory 1ts predictions were compared with the results of expeniments
on mango tiutts 1 stmulated MA packages with perforated and non peiforated films
Steady-staic oxygen concentrations and RH levels were calculated from Lqs (14) and
(15) respectively The calculated and observed values tor perforated and non pertorated
packages are collected 1n Table 2 where a good agreement can be seen between the
theoretical and experimental results Concentrations Cz* are calculated trom Eq (20)
which depends on the value of C;* Taking into wcount that with non-perforated film
C,*~0 02 the value ot 3 5 was used tor the parameter q in this case tor C2* cvaluation

The computed oxygen concentration tor perforated tilm was C;"=0 19 with the
cortesponding v ilue ot the respiratory guotient q being 0 785

Tible 2 Compuison of steady state values of variables in petforated ind non periorated
pachages moddt predicted vs_observed vilues

Sy, =0(m?) Sy, = 1257X10 > (m?)
predicted observed predicied observed
C,” 0018 001 0193 019
C,' 015 014 0016 0017
H* 0999 10 0997 10

The dynamics ot gases tn a MA 15 governed by Eqs (16) (17) and (23} which depend
on charactenstic umes The characteristic umes for oxygen dynamics calculaied trom

Eq (18)ac ;" =96hforN=0and ;" =0795 h for N=+4 Similarly t,” computed
trom Eq (19) are 0 0139 h and 0 0137 h tor N = 0 and N = 4 1espectively Egs (21) and
(24) predict 12* = | 08 h and no maximum 1n the curve of Cy(t) vs 1t 1n the case of

perforated t1ilm In the case of non-perforated film tp* =26 h and a maximum 1s
predicted at time tyax = 17 8 b Duning the characteristic time ntervals C(t) remans at
the level which allows to approximate RQ by the constant q=0 785 Calculating the
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dynamic variables by means of Eqs (16) (17) nd (23) at this time intervil and
comparing the resuits with observations confirms the vahdity ot the model for studying
the transient period Fig | compares the observed (points) and calculated (curves) time
courses of O, and CO, concentrations in MA for both N = 0 and N = 4 showing a good
fit of the theoretical equations to the experimental values

Weight losses after 100 h of storage under various conditions were predicted using the
model and are shown m Fig 2 Three conditions are compared | open atmosphere 2
MA package with perforations and 3 - MA package without perforations Two values of
Hp the RH in the ambient atmosphere were chosen for the computations 07 and 09
All parameters of the system were chosen in accordance with Table | Reduction of Hy
from 0 9 to O 7 raises the weight loss nearly threefold A more important result 1s that the
weight loss predicted for the fruit stored in the open air 1s about 35 40 times greater than
that of fruit stored 1n an MA package with holes whereas the oxygen content in such a
package was calculated and measured to be close to that of the free atmosphere

The results show that the perforations affect the dynamics and steady-state
concentration of oxygen in MA much more strongly than those of water vapor A
quahitative explanation of this phenomenon may be seen by estimating the volumes of
0, consumed hourly by fruit i ambient atmosphere due to respiration and of water

vapor evolved hourly due to transpiration The first 15 p C, W = |1 56x10 S m* h !
whereas the second 15 a pyy (Hp- Hp) = 555x103 m3 h | Thus the process of evolution

of water vapor in a free atmosphere s about 350 times faster than that of O,
consumption This leads to very quick filling of the free volume ot the package with
water vapor even 1f there are small perforations 1n the packaging film

Tt may be concluded that the computed vanations 1n the effects of perforation level
may serve as a tool in furnishing the MA to supply optimal conditions for storage of
given product (together with film material thickness surface area and other package
parameters previously discussed as optimization tools) The model 1s also a tool for
prediction of the fruit weight loss under various combinations of the atmospheric
humidity and package film perforations
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MODIFIED ATMOSPHERE PACKAGING (MAP) OF ‘TOMMY ATKINS’
MANGO IN PERFORATED FILM

Vv Rodovl, S Fishman!, R Dela Asunc:1on2, J Peretz!, and S Ben-Yehoshua!
TARO - The Volcanf Center, Bet-Dagan, Israel,
2CITA - Center of Food Technology Research, San Jose, Costa-Rica

Additional index words Mangifera indica L, postharvest, polyethylene, carbon dioxide,
oxygene, ripening

Abstract

Packaging ‘Tommy Atkins’ mango m perforated polyethylene film delayed fruit
spoilage and allowed normal ripening together with a weight loss reduction by half and
prevention of firut shrivellng An wreversibly impawred npemng and anaerobic
fermentation were observed in the fruit sealed in non-perforated film A sertes of modified
atmosphere packages with different steady-state levels of Oy and CO5 was obtained by
varying the perforation area from 1 to 69 sq mm per package containing two fruit In all
these perforated packages, the fruit was capable of undergoing ripening-related changes,
but their rate differed markedly in accordance with the m-package atmosphere This
phenomenon opens a possibility to regulate the ripening rate i accordance with the
desired duration of storage and/or transportation period Various ripening parameters
differed m sensitivity to modified atmosphere, so that the yellow peel color was reached
later than other ripeness traits However, it was stll possible to achieve a desirable
combination of fruit qualitative charactenstics since the phase of over-ripeming 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 Atkins’ 1s one of the main mango cultivars grown both in Israel and in Costa-
Rica The postharvest life span of mango usually does not exceed 2-3 weeks and 1s limited
by physiological deterioration of the fruit related to its overripening, and by pathogens
development leading to fruit decay Additionally, desiccation of mango during the
prolonged transportation, storage and shelf-life period causes 1its shrivelling and reduces
the market value of the fruit Extending the postharvest life 1s necessary in order to reach
the distant export markets by marine transportation with the fruit of high quality

The techmque of modified-atmosphere (MA) packaging m plastic films 1s steadily
becoming more important as a tool to prolong the storage life of perishable commodities
(Ben-Yehoshua et al, 1985, Gornis and Peppelenbos, 1992) Previous experiments on
sealing Tommy Atkins mangoes in nonperforated films had shown that altered mn-package
atmosphere mmpaired the fruit npening (Shapuo et al, 1989) and caused the off-flavors
(Muller et al , 1986) The use of perforated films was recommended for packaging mango
fruit and successfully tested in storage experiments (Rodov et al , 1994, Yantarasn et al ,
1994) The development of perforated MA package for Thar mango cultivar Nam Dork
Mat has been described recently (Yantarasr et al , 1995)



The present research was aimed at optimization of perforation level in MA packages of
Tommy Atkins mango 1n order to improve keeping quality of this fruit without decline of
its consumer characteristics The work was conducted in 1994 m the Department of
Postharvest Science of Fresh Produce (ARO - The Volcam Center, Israel)

ey

2 Matenals and Metods

Mature-green mangoes of Tommy Atkins cultivar grown mn Jordan valley (Israel) were
obtained from the packing house at the day of harvest The fruit did not recerve any
packing-house treatment except washing Within 24 h after reaching the laboratory, the
fruit were subjected to hot water dip at 51+1°C for 5 munutes as a disease-controlling
measure

The fruit were sealed n packages of 40 p- thick low-density polyethylene (LDPE)
Two fruit of known mutial weight were sealed in each package The perforation levels
were characterized by total perforation area per package (TPA) which was ranged as
follows 0, 1, 4, 19, and 69 sq mm  Control fruit were kept in standard mango packages
- open cardboard trays

Packaged fruit were stored at 14°C and relative humuidity (RH) of 85+3% The storage
duration varied from 2 to 4 weeks The storage period was followed by a shelf-life
imitation, when the packaged fruit was kept for 4 days at 20°C and RH 8543% At the
end of shelf-life period, the packages were opened and part of the fruit was used for
quality analysts If necessary, the rest of the fruit were kept open for one additional week
at 20°C to complete ripening

The following parameters were checked in the experiments in-package atmosphere
composition (Varan 3300 gas chromatograph), decay mcidence, fruit weight loss,
shrivelling, firmness (Chatillon 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 in-package atmosphere

In non-perforated packages, the oxygen concentration decreased rapidly to the level of
2-3% The anaerobic fermentation process prevalled m fruit at those conditions
Accordingly, the atmosphere of non-perforated packages was rich m CO2, 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 anaerobiosts In perforated packages, the
O2 concentration varied from 10 to about 20% with the increase of total perforation area
(TPA) from 1 to 69 sq mm/package Accordingly, the CO2 concentration varied i those
packages from 10 to about 1% (Table 1)

At all perforation levels tested, the measured in-package ethylene concentration had a
peak after 2 weeks of storage The ethylene peak observed at TPA of 4 sq mm/package
(up to 0 045 ppm), was shightly higher than at other perforation levels (about 0 03 ppm)
while almost the same ethylene level was registered in the non-perforated packages (0 04
ppm) As a rule, the in-package ethylene level started to increase again during the fourth
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week of storage at 14°C (excepting the fruit kept in non-perforated packages), and
further increased after transfer from 14°C to 20°C

3 2 Weight loss and shrivelling

Perforated seal-packaging reduced greatly the fruit weigt 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 surpiisingly high, possibly, as a
result of intenstve exudation of hquid from the frutt

Seal-packaging prevented the frutt shriveling Even when the fruit were taken out
from the packages and kept open for an additional week at 20°C, only neghgible
shrivelling was evident At that period, about 50% of non-sealed control fruit were
shrivelled

3 3 Decay

The fruit seal-packaged without perforation had no decay until opening of the package
but then rotted rapidly The decay level in 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 n perforated packages did not
exceed 10-12% as compared to 20% 1n the control

3 4 Fruat ripenung

Softening  Keeping mango fruit in non-perforated sealed LDPE packages mhibited
their softening, so that the fruit stayed hard even after 4 weeks of storage and 4 days of
shelf ife The smallest perforation level was sufficient to enable softeming simlar to that
of the control fruit

Total soluble solids (TSS) Simular to fruit softening, the mimmal package perforation
was enough to enable the normal accumulation of soluble solids 1n mango fruit during
storage In non-perforated sealed packages, this process was completely mhibited and
TSS percentage was kept practically at the mntial level (Fig 1a)

Titratable acidity The rate of acidity changes depended on perforation level In highly
perforated packages (TPA of 69 and 19 sq mm/package), as well as in non-sealed fruit,
the titratable acidity declined sharply during the storage period of 2 weeks at 14°C and 4
days at 20°C At that shortest storage period, 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 fruit kept at TPA of 4
sq mm/package had by the end of that period the same acidity level as the non-sealed
mangoes (Fig 1b) 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 of non-sealed frurt

Taste After 3 weeks of storage at 14°C and 4 days at 20°C, the taste panel preferred
the fruit kept 1n perforated sealed packages over those from the non-packaged control,
mainly because 1t was not overripe 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 medible because of extremely strong




alcoholic off-flavor, excessive acidity and firmness The shight off-flavor was sometimes
evident also 1n fruit packaged at TPA of 1 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 sqmm, developed the same
intense yellow flesi color This color was reached by the flesh of fruit kept at TPA of 4
and 19 sq mm one week later, and 1t was enhanced shghtly after an additional week of
storage TPA lower than 4 sq mm/package, was insufficient to allow full flesh color
development The sealing prevented an excessive flesh darkemng observed n non-scaled
control after prolonged storage as a result of overripening

Peel color Of all ripening-related processes, the peel color change was the most
sensitive to the conditions of in-package atmosphere In non-perforated sealed packages,
fruit maintained 1ts 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 opening the sealed
packages, fruit kept at TPA of 4 sq mm also reached yellow color, while the peel of frut
packaged at TPA of 69 sq mm/package turned yellow-orange However, it still did not
reach the color mtensity of the control frut The TPA of 1 mm2/package was not
suffictent for complete peel yellowing (Fig 1c)

Direct relationship was observed between the advance of peel color and the in-package
oxygen concentration, as well as 02/CO2 ratio Table 1 summarizes the approximate time
necessary for mango fruit to reach "ripeness level" of different qualitative parameters, as
effected by m-package oxygen and CO7 concentrations

4 Discussion

The advantages of packaging fruits m plastic films, 1e reduced weight loss and
prevented shrivelling, are well documented for various commodities (Ben-Yehoshua,
1985) including mango (Miller et al, 1983, Shapiro et al, 1989, Sornsrivichai et al,
1989, Gonzales et al, 1990) The main challenge of applying modified atmosphere
packaging (MAP) to climacteric fruit, such as mango, 1s to combine these advantages
with desirable ripening rate and good quality of the fruit at marketing stage

As shown above, keeping Tommy Atkins mangoes 1n sealed non-perforated packages
of 40u-thick LDPE spoiled the commodity because of irreversibly inhibited mipening,
anaerobic fermentation, dark discoloration, and rapid decay after opemng the packages
The CO9 myury was probably a cause of the discoloration as reported earlier by Bender et
al (1994) This disorder could be prevented by adding pouches with CO5-absorbing
matenial into the package space (Rodov and Ben-Yehoshua, non-published data)
Recently Burdon et al (1996) have proposed that acetaldehyde can retard mango rnipening
by mhibiting the ethylene biosynthesis through supression of ACC oxydase In our work,
the ripening mhibition mn non-perforated packages was indeed accompanied by the sharp
increase in acetaldehyde and ethanol accumulation, although no complete supression of
ethylene production took place Measurement of internal ethylene concentrations n
mesocarp tissue and determunation of ethylene production rates would be helpful for
interpretation of physiological basis of the phenomena observed Altogether, 1n agreement



with the conclusions of Miller et al (1986) and McCollum et al (1992), the detrimental
effects of non-perforated seal-packaging canceled 1ts benefits for Tommy Atkins mango

It should be noted that response of other mango vareties to non-perforated film
packaging may be different So, use of non-perforated films improved both the keeping
qualities and the <onsumer characteristics of Keaw Sawoey mangoes traditionally
consumed 1n Thailand at the unripe mature-green stage (Sornsrivichar et al, 1989)
Positive results were obtamned also with shrink seal-packaging of typically green-colored
Keitt mango In contrast to Tommy Atkins vanety, the palatability of Keitt mangoes was
less affected by the non-perforated film, so that after prolonged storage the panehists
consistently preferred the sealed fruit to the non-sealed one because of prevented
overripening (Rodov et al , 1994, Yantarasn et al , 1995) The optimal CO; concentration
for controlled-atmosphere (CA) storage of Tommy Atkins mangoes was found to be
twice as low as that for the Kent variety (Lizana and Ochagavia, 1996)

Packaging Tommy Atkins mangoes in perforated films did not cause ireversible
disorders observed in non-perforated packages, and at the same time markedly alleviated
physiclogical problems himiting the storage life of non-sealed mangoes (overripening,
desiccation) Interestingly, in CA experiments the mhibition of chlorophyll breakdown in
Tommy Atkins mango was found to be reversible at 25% CO, + 3% O,, so that the fruit
was capable of yellowing after transfer to air, but ureversible at 45% CO, + 3% O,
(Bender et al, 1994) It 1s possible that also m our MA experniments the CO,
concentration could determune the character of color changes On the contrary, softening
of mangoes 1n CA conditions was determined by the O, level rather than by CO, (Jordan
and Smuth, 1993)

A sertes of modified-atmosphere packages with different steady-state Oy and COy
levels and concomutant rates of npening-related processes was obtained by varying the
perforation area from 1 1o 69 sq mm The TPA values between 4 and 19 sq mm/package
enabled achievement of full fruit npening with 1 to 2 weeks delay as compared to non-
sealed control This phenomenon opens a possibility to choose a package characteristics
in accordance with the desired duration of storage/transportation period, n order to
obtain just by the end of this period a fruit which would combine low weight loss, absence
of shrivelling with good edible quality Optimuizing the characteristis of perforated MA
mango package may be based on the newly developed mathematical model (Fishman et
al , 1996)

Because of different sensitivity of various fruit quality parameters (such as TSS,
acidity, firmness, flesh and peel color) to atmosphere composttion, they required different
time to reach the full ripeness level n the MA conditions (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
desynchromzation of rnipening was noted earlter in CA storage (Jordan and Sruth, 1993)
However, it was still possible to achieve a desirable combination of frut qualitative
charactenstics since the phase of overnipening was delayed m perforated MAP

In situation when physiological deterioration of the fruit (overripemng, desiccation) 1s
alleviated by MA package, pathogen development turns to be a major factor himiting the
storage life, especially if the fruit needs longer time to attain the destrable combination of
quality characteristics In this view, choice of additional decay-preventing measure 1s of
high importance for application of this technique In qur experiments, the combination of
perforated plastic package with hot water dip (5 mun at 51°C) was not sufficient to
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completely prevent the postharvest diseases, although the decay incidence in the
perforated packages was lower as compared to non-treated fruit Successful use of plastic
packaging with Nam Dork Mai mango m Thailand (Sornsrivichar et al, 1992) was
allowed by its combimation with hot benomy! applications Combmation of new non-
fungicide measures~to control the postharvest diseases of mango (Prusky et al, 1996)
with MA packaging mught be an attractive approach for simultaneous improvement of
keeping quality and consumer characteristics of the fruit
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Table 1 Effect of in-package atmosphere on the number of weeks* necessary for Tommy
Atkins mango to reach ripeness level

Steady-state level Ripening parameters
TPA, 0g,% COp, % Acdity TSS Firm Flesh Peel
color color

mm?/pac (range) (range) <025% >I13%  <1kG 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+

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

69 19-21 07-1 2 2 2 2 3
205-21 003-05 2 2 2 2 2

[0 0]
(N/seal )

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

o



PERFORATION saq mm/pack

Mo 1 Ta 1o Mes TINnONSEAL

AT nshe® 4 gt iy

TITR ACIDITY (% cltrlc acid)

COLOR INDEX (visual)

o a* q» B
STORAGE AT 14 C weeks

* 4+ 4 days at 20 C ** unpacked at 20 C

10 1T veny
GOOD

GOOD

FAIR jp—

2l N
BEARABLE 55%

2] ks
INEDIBLE | S5eip

h e
£) ¥ .
?%* = =
Pt %
Ay
o

iy
o JE==p | FEF

TASTE SCORE

e
et LA %‘;ﬁ%‘ d
Eey

o 1 4a 19 as NONSEAL

PEERFORATION sgq mm/package
STORED FOR 8 WEEKS AT 14 C + 4 DAYS AT 20 C

Figure 1 Effect of package perforation and storage duration on the quality of ‘Tommy
Atkins’ mango a - percentage of total soluble solids (TSS), b - titratable acidrty, ¢ - peel
color (visual scale YO - yellow-orange, Y - yellow, YG - yellow-green, LG - light-green,
G - green, DC - discoloration), d - taste score



