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Fig. 1. Product temparatures in fwo warehouses,

couling proceeds in a particular warchouse at a particular
location. Some of the factors which affect the rate of
praduct cooling are discussed below.

In general, the rate of cooling varies as the square of
the minimum dimension of the stack or pallet and direct-
ly as the temperature difference between the air in the
warehouse and the product that is being cooled.

RECOMMENDATIONS

Fimst, the product should be cooled as quickly as pos-
sible, and second, an average effective temperature of 72°F
ot less should be maintained for the entire storage period.

Tt should be nnderstood that there is no sunple break-
ing point above which storage deterioration is certain, and
below which no deterioration will occur. This study indi-
cates that the same amount of deterioration will result
from certain combinations of storage time and tempera-
ture, according to a pattern such as 100°F—1 day; 82°1"—
2 days; 58°F—S5 days; 40°F—10 days. That is, a product
stored 1 day at 100°F will show the same detericration as
the same prodnct stored for 10 days at 40°F {or 2 days at
82°F or 5 days at 58°F).

For example, the products in this study stored at 100°F
showed just perceptible change at about 6 weeks; those
stored at 40°F showed a similar slight change at approxi-
mately 13 months, or about 10 times as long a storage
period.

Another important fcature of storage deterioration is
the additivity of the adverse storage effects. For comparison
purposes a reference temperature of 40°F is chosen, and
one day of storage at 40°F is assigned the value of one
storage-day-temperatuze {DT) unit. To get the storage
DT nnits accumulated at other temperatures, a factor is
needed to convert the days of storage at that temperature
to equivalent days of storage at 40°F, or storage DT unils.

Equivalent days factors for several temperatores are listed
in Table 2.

Table 2
Conversion Factors for Yarious Storage Temperatures

Storage Temperature, °F Equivalent Days Factor

100 10.0
90 6.8
86 38
82 5.0
72 3.4
58 2.0
40 1.0

Table 3 gives the storage DT units corresponding to a
qualily classification based on the results of this study,

Takle 3
Fresh Cucumber Pickle Guality
Quakity Rating
Excelfent-fagaod ...

Good-to-fuir (still sala
Falrto-poor .. ...

Storage DT Units
Lass than 400

400 - 7400
1400 and aver

Storage DT units at a particular temperature are obtained
by multiplying the number of davs of storage at that tem-
perature by the equivalent days factor for that tempera-
ture. These factors arc based on a Qyq of 2,7 which ap-
peated to fit the data.

To illustrate the use of 'l'ables 2 and 3, the following
example is cited. Table 4 gives a representative storagc
history of a fresh cucomber product and the correspond-
ing storage DT units for each time-temperature combina-
ton.

The storage DT units accnmmulated during the 30
days of storage at 72°F is obtained Dby multiplying 30
days times 3.4, the equivalent days factor (from Table 2)
corresponding to 72°F,. )

1 Temparature coaflielant, Heve the rate of deteriorisiion doubles For every 10°C
inerease in storage temperatnre.



Table 4
Storage History
Storage Temp., °F. Days Storage DT units
1030 1. 10
20 5 34
72 a0 102
58 75 150
Total 111 294

This preduct has a total of 296 storage DT units at the
end of the 111 days of storage and is, thereforc, still
classificd as exccllent-to-good quality (Table 3). This par-
ticular product will have 104 days (400-296) of 40°F.
equivalent storage left (from 'table 2) before the quality
drops below the good-to-excellent classification. If, at the
end of the 111 days of storage, the preduct moves into
markcting channels where the temperature is 82°17., then
there will be 21 days of storage life remaining {104 — 5);
if the temperature in the marketing channcls is 72°F,,
there will be 30 days of storage hifc left (104 — 3.4).

It must be understood that the above example is worked
ant for good-to-cxecllent appearance at the time of pu-
chase, since the homemaker cannct be expected to pick
a poor product off the shelf. The best guess that can be
made based on the data in this stady for the equivalent
days’ storage for a product that is just acceptable is 1400
equivalent (to 40°F.) storage DT units. The products
stored at 72°F. in this stndy were kept for 388 days and
were judged to he acceptable; this length of storage cor-
responds to 1290 storage DT units,

The procedure for a manufacturer to follow is pri-

marily one of learning what lus wareliouse conditions are
during the storage period. l'emperature should be meas-
ured regularly in the stacks of goeds at several points,
particnlarly at snspected trouble spots such as points near,
the ceiling, points exposed to direct sunlight, and points
near heaters, boiler rooms, or processing plant entrance.
Some of the factors that will influence the Hme spent
at high temperatures arc the initial temperature of the

‘product leaving the processing line, the method of stack-

ing (whether solid or on pallets), position in the stack,
location of the stack in the warehouse with tespect to
tronble spots, gencral design of the warehouse with respect
to artificial or natural ventifation, and the outdoor tempera-
ture.

1t will be necessary for the manufacturer to know his
warehouse and the condition of the prodnet in it before
he can decide whether his warehousing procedures need
revision,

SUMMARY

Deterioration during storage of fresh cucumber pickles
was found to be a function of temperature, the mate of
degradation being faster at higher temperatures. The basic
recommendation for quality retention is to cool the prod-
uct quickly and keep it cool. A method is described for
predicting quality as a function of storage conditions.
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