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D URING the summer of 1457 the authors made a
temperature survey of the warehouse of a Michigan pickle
manufacturer. Some of the temperatures, particnlarly neat
the ceiling, were over 100°F, How long, we wondered, will
these high temperatures prevail in a warehouse, and what
effect will they have on the quality of the products stored
there? A prcliminary test, condncted the following winter
(1957} indicated that such high temperalures have an
adverse effect on pickles, A more extensive study was
thercfore made to characterize the deterioration obscrved
at these lhigh temperatures, discover how mapidly tlus de-
trioration takes place at different temperatures, deter-
mine the cooling rate of the prodact stored in the ware-
house, and make recommendations regarding satisfactory
storage temsperature,

The Test

Tive 12-jar cases each contaiming three fresh cucumber
pickle products (predominantly varicty SR-6) which had
been packed on August 8, 1958, were brought to East
Lansing, Michigan. On August 15, one case of each prod-
uet was placed in each of five temperature controlled
rooms: 40, 72, 86, 90, and 100°F. The probable tempera-
ture of the products before the test was in the range of
§5-90°F. 'I'he products remained in the paperboard cases
and were not exposed to light, except when heing
evaluated.

In this study, quartl jars of fresh-whole dill pickles, the
most common fresh cucumber product, were used. These
are manufactured by placing fresh enenmbers in jars, then
adding brine containing salt, acctic acid, and spices, Oaly
the cucumber skin is exposed to view.

A second product studied was a fresh cucumber dill
strip, in whiclt the cucumber is cut length-wise, packed
vertically with the cut side next to the glass, exposing
the inoer - surface of the cucumber. They were covered
wilh a brine similar to that of the whale dill pickle.

The third product was a fresh cuenmber strip also
packed with the cut surface exposed to view, bul cevered
with a sweet liquor containing sugar in addition to salt
and acid,

Evaluation

Although there are many crteria by which te evaluate
fresh cucumber products—such as acid, salt, sugar, drained
weight, and height of fill—it was fclt that these were
secondary to thosc of appearance, flavor, and tlexture
which are the determining factors for conmsumer accept-
ance, In spite of the difficulties inherent in making these
evaluations, as well as the lack of agrecment as to what
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constitutes a good pickle, we nevertheless conducted
periodic tests on this basis,

The ideal fresh cucumber pickle has a bright, opaque
appearance, the skin being similar to thal of the fresh
cucumber; it also differs from a processed pickle, which
lovks translncent.

The inside surface of the cat, fresh cucumber is bright,
white, and opaque but under adverse conditions loses its
hrightness, hecomes darker, and appears translucent. ‘L'he
property described here as translucent can also be called
a cured look, If the covering liquor conlains sugar, de-
terioration is accompanied by a marked darkening of the
prodnct.

The ideal pickle is crisp; it parts with a distinet snap
when bitten, and chewing is accompanied by a definite
crunching. The texture of whole pickles can be measured
by the Magness-Taylor fruit pressnre tester. In this study
whole dill pickles were tested in this manuer using the
5/16”" head. 'The vesults of fruit pressure tests are re-
ported here as pounds pressure by convention.

Loss of crispness is generally evidenced first in the sced
cavity which loses body texture altogether; the flesh fails
to crunch upon chewing; and in the final stages of tex-
ture loss, the skin will tear with very little applied force.

Flavor is more difficult to discuss other than to say
that it is “off,” that it is not the same as the flavor of a
good pickle, nor is it desirable. In addition to the above
properties, a cloudiness of hrine was ohserved in the maost
advanced stages of deterioration.

The general appearance of these products was given a
rating based on a five-paint scale. The highest rating, 5,
18 that of the product just after pasteurization, and the
lowest rating, 1, 15 based on the appearance of thorough-
ly deteriorated pickles, examples of which were available
from a 1957 pack that had been stored under adyerse con-
ditions for one year. In general, 4 product rated as 3 can
be deseribed as edible and no doubt salable, but one
which has definitely suffered storage deterioration and
which, on the shelf, wounld leok inferior ta a prodnct that
had had better treatment,

Three jars of each type of product, one rating 5, one
rating 3, and one rating 1, were selected from samples in
various stages of quality deterioration available from the
1957 and spriug, 1958, trials; these were kepl at 40°F
Juring e Lests and were used as standards,

Color photographs of the products were taken pe-
riodically. These are available in department files,

RESULTS
Appearance
Storage at 40°F. All three products stored at this tem-



perafure remained in excellent condlition in all respects
throughout the test period (388 days). Afterwards, they
were rated at 434 in overall appearance, since they com-
pared favorably with siutlar products from the 1959 pack,
The reason for the down-grading was the presence of
“small, opaque areas on the cut surface of hoth strip prod-
ucts and on the skin of the whole dills.

Storage at 72°F. All products held up very well in all
respeets at thiy temperature, at least theough January 27,
1959, At that lime they could not easily be distinguished
from the same product stored at 40°F. By the June 4,
1559, evaluation, a cnred appearance (franslucent) had
devcloped to some extent in both the strip products, and
the brine in the whole dill jars had become somewhat
cloudy.

At the end of the test perind, the dill strips were rated
at 3% (acceptable), swect strips at 3, and whole dills at
114, Both strip products were rated down largely on the
basis of obvipus translucent areas; the whole dills were
rated down on the basis of the clondy brine.

Storage at 86°F and 90°F. These two storage tempera-
tures will be discussed together because the same remarks
apply to both. By Oclober 7, 1958, after only about 50
days in storage, all three products began to show a change
in appearance; they were graded down on the basis of a
lnss of brightness (the appearance of translucent regions)
compared to products stored at lower temperatures.

By December 1, 1958, the strip products had reached
5 score of about 4 on appearance bul by fanuary 27, 1959,
botle strip products had dropped to a score of 3 for the
86°I" storage and 2 or less for the 90°F storage. A scorc
of 2 is unacceptable.

By June, 1959, after abont 9 meonths in storage, the
two strip prodicts had deteniorated about as far as they
could go, although they were easily distinguished from the
products stored at 100°T. At the end of the test, the
rating was determined as 2 (liftle obvieus change from
the previons deteomination), but at this time the briine
was noticeably cloudy. '

Perlaps the only reason these were mot rated at 1 owas
that the prodncts stored at 100°F looked even worse.
Changes in appearance in the whole dill pickles were not
as rapid, or as obvions. By January there was definite loss
of brightness, and, by Junmc, the bome was distinctly
clondy; at the cnd of the test the skin was dehnitely
opaque and the brone, very cloudy. A rating of 2 or less
was assigned. '

Storage at 100°F. On September 23, 1958, after about
five weeks in storage (six woeks after processing) the two
strip products showed signs of deterioration and were
marked down because of the translucent aress. By the
end of December the strip products scored 3 or less and
by the end of January, 2 or less. At'the end of the test
they were ated at 1; the brine was guite cloudy.

The whole dill pickles did not show deterioration as
readily as the stip products. By January 1959, all the
whole pickles stared at 72°F, and higher, were less bright
than those stored at 40°F, but there was no obvious
distinction amoeng them. By June, 1959, the whole dills
stored at 100°F lad noticeably more cloudy brine than
those at lower temperatures, and hecause of the trans-
lucent appearance, were hardly distinguishuble from proc-

cased dill pickles. The product stored at 100°I" showed a
definite drop in the brine level.

General remarks on outward appearance. The dill strips
began to show deterioration somewhat earlier than the
sweet strips; however, the darkening of the sweet product
was greater at the end of the test. When the jars were
put on the examining table at random, it was siople to
rearrange them according to their increasing storage tem-
peratures. Deterioration cccurred at all storage tempera-
tures used in this study.

Texturc

Table I gives the average pressure (as a function of
time and storage temperature) of at least 10 cucumbers
from a single jar of the whole dill pickles. High pressure
readings are indicative of firm, crisp pickles, The test jars
were cooled or warmed as required le about 72°F before
determining the pressure with the Magness-Taylor fruit
pressure tester. In only one instance was a sccond jar ex-
amined at the same time and temperature. These pressure
data st be regarded as suggeslive rather than conclusive,
because they do not provide enough information for o

" statistical analysis. Since this was a commerciul pack, the

initial pressure of the cucumnbers before processing is not
kuown, but was probably about 15 lbs, Fickles testing
10 1bs. or more can he reparded as satisfactory to excellent;
those testing 5-10 Ths. shonld be suspecied of deteriora-
tion; and pickles testing 5 1bs. or less are sofl, and, there-
fore, unsatisfactory. In interpreting Table 1, bear in mind
that the variation in pressute frem jar to jar at a particular
time and storage temperature Is probably in the range of
2.3 Tbs.

The frnit pressure tester cannot be used to test strip
products. By the end of the test, the strip products stored
at 86°F, and ahove, were softened, as measured subjee-
tively by biting or fecling. Those stored al 100°F were
appreciably worse than those at 86°I" and 90°T". The pat-
tern of texture loss with time for the strip product proh-
ably follows that of the whole dills.

Table 1

Average pressure, |b., (10 or more pickles} in jars -
of whole fresh cucumber dill pickles

Storage Days in Sforoge

Temperature, °F 104 125 161 289 338

40 12.4 g.51 10.8 8.8 13.6
11.41

72 2.5 2.8 10.3 ] © 12,2
86 9.0 2.0 9.2 9.8 10.9
®0 9.2 8.1 .1 7.2 8.3
100 2.1 7.4 8.0 4.5 < 34

1 Two jars testod.

Flavor

The emphasis in this study was on appearance of the
products in the jars. Flavor 1s not only difficult Lo charac-
terize, but it also involves wide differences of opinion.
Suifice it to say that the authors judge the faver of all
products stored at 86°F and above to have macked ofl-
odor and tastc at the end of the test period.

‘Warehouse Temperatures
Some of the results of a study made -of products in a

warehouse are shown in I'igure 1. ‘The figure shows prod-

uct temperatures at several locations as a function of time,
These results are prescuted here to show how product
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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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