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INTERNATIONAL STANDARD

ISO 8682 : 1987 (E)

Apples — Storage in controlled atmospheres

0 Introduction

Storage in p controlled atmosphere is based on the regulation
of three fpctors: temperature, relative humidity and the
chemical cgmposition of the atmosphere in the store.

By using this method of storage, metabolic processes in the
fruits are rgduced in intensity and ripening is slowed down,
while the nltritive value and appearance for sale are maintain-
ed; thus tHe keeping period is prolonged. As a result of the
reduction ih oxygen content and increase in carbon dioxide
content, the development of pathogenic micro-organisms and
the appeargnce of physiological diseases are greatly retarded.

1 Scopg and field of application

This Interniational Standard gives general guidance.for the
storage of @pples in controlled atmospheres.

Because of|[numerous factors influencing the\quality and keep-
ing charactgristics of apples, the optimal conditions of storage
in controlldd atmospheres differ according to the variety and
area of profuction.

2 Refenences

1SO 2169, fruits and_vegetables — Physical conditions in cold
stores — Definitions and measurement.

3.2 Harvesting

Harvesting of apples intended for storage
mospheres is carried out.when their degree off
good keeping characteristics. The principal

n controlled at-
ripening ensures
criteria used to

determine, for a given variety, the time of harvesting are as

follows:

a) thefshade of colour of the seed;

b) ¢ .the presence of starch in the transverse section of the

apple (iodine test or potassium iodide test

c) the structural firmness and texture of

);
the flesh;

d) the number of days between flowerinI and harvesting;

e) the ground colour (green-yellow) of tl

f) the onset of increase in ethylene prod

Harvesting of apples intended for storage ir
mosphere should only be carried out manual

At the same time as harvesting, presorting 4
out to separate the fruits not suitable for sto
those attacked by disease (notably bitter pit)
showing traces of rot, those damaged or h
growth defects.

Apples should be handled and transported to
or boxes.

3.3 AQualitative characteristics of st

e skin;

uction.

a controlled at-
V.

hould be carried
rage, particularly

or insects, those
aving shape and

the store in bins

brage

ISO 3659, Fruftsand vegetables — Riperning arter cord storage.

ISO 6949, Fruits and vegetables — Principles and techniques of
the controlled atmosphere method of storage.

3 Conditions of harvesting and putting
into store

3.1 Varieties

For storage in controlled atmospheres over long periods, it is
preferable to store apples (notably winter varieties) having
good keeping characteristics.

Apples intended for storage in a controlled atmosphere should

lllll

correspond to quality
dards.

or “extra’ specified in quality stan-

Apples showing the following characteristics are not suitable
for storage over long periods in controlled atmospheres:

a) apples having poor keeping characteristics;

b) oversized apples;

c) apples harvested overripe or underripe;

d) apples which have remained for long p
temperature after harvesting;

eriods at ambient

e) apples taken from orchards which have been fertilized
or irrigated 2 or 3 weeks before harvesting.
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3.4 Putting into store

3.4.1 Chambers

The chambers intended for storage of apples in controlled
atmospheres are cells which can accommodate approximately
50 t to 300 t (volume 1 200 to 1 500 m3) of apples. These are
provided with insulation against escape of the atmosphere,
with doors forming hermetic seals and with apparatus for
regulating the composition of the atmosphere within the cell.

The chambers should be prepared before starting the storage

4.2 Relative humidity

The relative humidity of the atmosphere in controlled
atmosphere cells should be between 90 % and 95 %. To attain
these high values, the difference between the temperature of
the evaporator and that of the atmosphere in the chamber
should be as small as possible (2 to 4 °C).

4.3 Atmosphere circulation

4.3.1 Rate of flow

operation (cleaning; ; g
of the tightness to gas exchange, checking of the correct function-
ing of the refrigeration system, etc.).

After harvesting,
within 24 h.

pples should be put into the refrigerated cells

However, if two|or more varieties have the same keeping
characteristics angl the same degree of ripeness, they may be
stored together.

In general, do not Etore more than one variety of apple in a cell.

3.4.2 Arrangenient within the cells

The stacking of the packages should ensure good circulation of
the atmosphere. The height of the stacks should not exceed
about 6 m for boxes and about 7,5 m for bins. Depending on
the dimensions of|the cooling unit, a space of about0,5to 1 m
should be left abdve the stacks.

Orientate the pallets in a system which allows good penetration
of the atmosphere circulating in the cell.

Along the wall opjposite to that where the refrigeration equiip-
ment is installed, |leave a space clear so that the atmosphere
distributed by the|fan can descend to floor level.

In the main direction of flow of the atmosphere, leave a space
of about 10 cm between stacks to permit circulation. The orien-
tation of the pallets and bins should allow them to be opened in
the direction of agmospheric flow.

The stacking of the packages gives an‘average loading of 200 to
300 kg/m3, which| corresponds t6 about 1,6 t/m2,
3.5 Precoolin

Before storage, cejls'should be refrigerated to 0°C. Cells should

The velocity of storage atmosphere circulatidon-~between the
stacks should be at least 0,25 m/s.

4.3.2 Rate of atmosphere circulation

The rate of circulation should bé equal to 40 times fhe volume
of the empty store per hour ‘ddring cooling and 2(| times the
volume of the empty store per hour when the fruits have cooled
down.

‘4.4 Chemical composition of the atmosphere

Regulation-of the composition of the atmosphere in the storage
chambers should be carried out immediately after the optimal
storage temperature is attained. By using installationg for main-
taining controlled atmospheres (oxygen converter, s¢rubber for
absorption of carbon dioxide), this regulation may bejrealized in
2 to 3 days.

The chemical composition of the atmosphere in the| chambers
should be kept between the optimal limits for the variety
stored.

The carbon dioxide and oxygen content in the chamblers should
be maintained constant during the keeping period, ¢r the pro-
portions of these two components should be modifi¢d accord-
ing to the physiological state of the apples (dynamjcally con-
trolled atmosphere).

4.5 Checking

The keeping conditions (temperature, relative hurhidity and
atmosphere composition) should be checked daily, using either
a direct reading or recording instrument. r

be filled up within
indicated for storage and close the doors tightly.

4 Optimal storage conditions
(see ISO 2169 and ISO 6949)

41 Temperature

The optimal storage temperature (see annex A) should be
attained within 1 week after the cells have been filled and
should be maintained throughout the storage period.

During the storage period ensure that the cell temperature does
not vary by more than +1 °C.

Periodic checks of the quality of the product should be carried
out, the frequency increasing to once per week towards the
end of the storage period. (The samples for quality control are
obtained through the control window of the door.) Analyse the
deterioration in quality of the apples (see annex B) and from
that determine the storage life.

4.6 Storage life

The storage life depends on the period for which the apples
maintain their eating quality and on their degree of ripeness to
allow handling and transportation in good condition (see
annex A).
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5 Operations at the end of storage

Before taking apples out of store, open the doors and leave the
fans operating for 1 to 2 h. Excess carbon dioxide is thus dispers-
ed, making it safe for workers to enter without a protective mask.

To avoid condensation, increase the temperature in the
chamber to that recommended for storage in air.

If it has not been done before storage, grade the apples by
category, variety, size and quality, in accordance with the
relevant quality standards.

ISO 8682 : 1987 (E)
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Annex A

Optimal conditions for storage in controlled atmospheres and storage
life for the principal apple varieties

(This annex does not form an integral part of the standard.)

lTable 1
) Carbon d.ioxide Oxygen content
Vari Temperature Rela.t ".le content |n_the in the atmosphere Storage life
arigty humidity atmosphere in the | . )
chamber in the chamber (estimated)
°C % % (m/m) % (m/m) dpys
Belle de Boskoop| 3to4 92 to 95 0to3 2104 180 to 240
Reinette du Canafla 4 90 to 92 3 3 180 fo 240
Cox’s Orange 3to4 92 to 95 1to4 1.5t 3 120 to 150
Golden Delicious Oto2 90 to 95 1to 4 1,56t03 210
Granny Smith Oto4 90 to 95 2t05 2t03 180 to 240
Richared Oto4 90 to 93 2t0.5 2to3 180 fo 240
Jonathan Oto4 90 to 95 Pito 4 1,6t03 180 o 240
Mcintosh 2to 4 90 to 95 1to4 1,5t03 150 to 210
Morgenduft (Impgratore) 0to2 90 to 95 2t03 2to03 180
Mutsu Oto2 90 to 95 3tob 3 210
Delicious Oto1 90 to 95 1to4 1,6t03 210
Stayman Winesaf Oto1 90 t0l95 2to5 2t03 —
Spartan Oto2 90.to 95 2t03 2t03 180 o 210
Gravenstein 2to 4 90 to 95 3tob 2t03 150
Cortland Oto3 90 to 95 3tob 2t03 180 to 210

NOTE — The optimpl conditions for storage may vary/according to local cultivars.
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