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Recent and Current
Work on High
Temperatures in
Storage and
Transportation

W. L, Porter

The work of the Environmental
Protection Division on high tempera-
tures in storage and transportation
has taken three forms: (a) studies
of short-duration, high-temperature
extremes, (b) studies of slow, eumu-
lative stress due to the entire high-
temperature history, and {e) corre-
latien of storage and transit space
temperatures with climatic variables.

The present project was initiated
as part of Research Project 7-83-02-
009 in June 1952, at the request of
representatives of the QM Food and
Container Institute for the Armed
Torces. In essence, the stated prob-
lem was to conduet surveys of tem-
perature trends within shipholds
railroad boxears, and warehouses for
use in analyzing effects of tempera-
ture on packaged food items during
shipmeni and storage with special
reference to the frequeney and du-
ration of iemperatures above 100°,
110°, 120°, and 130° F. An addi-
tional part of the problem was to
determine world-wide frequeney and
probability of ecertain ambient air
temperatures above the limits stated
in order to deyelop a method of cor-
relating storage and fransit condi-
tions with ambient conditions.

History of the Problem

Theoretical considerations. The
problem as stated was of necessity
defined in general terms. Scientists
of the Division, after reviewing the

Food and Container [Institute, Ine.)

literature and history of previous
work, were convinced that the an-
swers ecould not be simply stated
since they invelved fundamental
philosophies of testing. Definition
of the terms ‘‘temperature trends,”’
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“effects,”’ ete., used in the problem,
depends upon a definite statement of
what action is to be determined by
the results of research and what type
of results will be significant in terms
of that action. Such a definite state-
ment requires answers to four ques-
tions: (1) What laboratory testing
method is used to simulate field con-
ditions? (2) What is the particular
temperature mechanism- of food deg-
radation in relation to which storage
environments sheould be analyzed?
(3) Is design or acceptance predi-
cated upon a calculated small loss
or upon the assumption that prod-
ucts must be given absolute protec-
tion in storage at any observed ex-
treme, providing that the extreme is
observed at a position and wnder
conditions in storage analogous to
those which confront the tested prod-
uet in the laboratory? (4) Is it de-
sirable to design and test products
for different geographic areas, or for
different modes of storage and trans-
port?

Although these questions may
seem obvious, it was found they
have separately or together often
been neglected in the demand for a
simple, general, all-embracing state-
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ment of chimatic extremes. For ex-
ample, a host of additional questions
is implied by the fundamental four.
In the case of packaged subsistence,
is it reasonable to assume that indi-
vidual, unpackaged cans of beans
should be subjected to temperature
regimes in testing ovens like those
whieh prevail in the hottest air at
the top of any econceivable storage
space? Beans in storage or transit
will almost always be packaged in
fiber containers with dead-air spaees
and moderate radiation shielding
which aet as effective heat-transfer
barriers. A survival ration, on the
other hand, which may be placed in
dark metal containers within three
inches of an airplane wing surface,
might very well be tested under such
conditions. Thus, the point of tem-
perature measurement with 1'ela‘ti0n
to the subsistence in field eonditions
is critical.

The particular mechanism of food
degradation must condition all
analysis of femperature in food
storage environments. Brief periods
of excess of temperature over eertam
eritical values may produce diserete,
irreversible changes like the melting
of fats. Migration of sueh materials
into other components of a multi-
component packaged food item can
then cecur. In this case short-dura-
tion temperature extremes are
sought in the analysis.

For other food items, however,
there is a cumulative degradation
which is a summation function of all
temperatures at moderately high
levels. For these items mean values
resulting from the integration of the
entire temperature history are the
aim of analysis.

In connection with short-term tem-
perature extremes, is a so-called eal-
culated risk a more compelling stan-
dard for determining test eycles than
the possible marked deterioration of
even the smallest fraction of subsis-
tence shipped? It is argued that any
such deterioraiion might, through
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spoilage, lowered nutritive value, or
unaeceptability, prejudice the effec-
tive operation of troops in the field.
However, design for less than ob-
served extremes based on calculated
risk allows much greater diversity
of items, lower cost, and heightened
initial aeceptability.

In attempting to estimate proba-
bility of deterioration of a given
item under either sudden or slow,
cumulative stress, a considerable
number of logistic situations must
be considered, even with the assump-
tion of a statie logistie picture. Al-
terations of this picture in the future
make caleulation of probability of
deterioration extremely complex.

Lastly, the determination of corre-
lation with ambient conditions will
have value under either of two sup-
positions: (a) that predictive for-
mulas may be derived which will
enable extrapelation beyond the
range of the data available, in order
to determine near-absolute extremes
in remote areas of maximum heat
stress, or (b) that the geographie
area. and the method of shipment
and storage may be determined for
certain items, facilitating differen-
tial testing.

In actual laboratory practice, oven
testing of individual produets in
cans, or ration packages {rather than
in shipping cartons) is the rule.
Temperatures withirr air spaces in
cartons have therefore been those
sought in the field as the closest an-
alogy to simulated oven conditions.
It also appears that it is not now
possible to determine in advance the
route, destination or method of stor-
age and transport for any important
Quartermaster subsistence items.
Therefore, corretation with ambient
eondifitons has been pursued only-to
obtain estimates of storage condi-
tions in world-wide areas of extreme
heat stress which are remote and in-
accessible for research or during
periods of more extreme stress than
those prevailing during research.

Short-duration extremes of stor-
age temperature. The question of
calculated risk versus near-abzolute
protection from temperature ex-
tremes has not been answered for
situations where storage tempera-
tures briefly exceed eritieal values.
Aware of the logistic intrieacies in-
voived in estimating caleulated risk,
Environmental Protection Division
research originally sought for occur-
rences of short-duration extreme
high temperatures, where measured
in situations analogous to test-oven
conditions. It was felt that if such,
extremes could be shown to be with-
in present ramges, or if relatively
simple techniques of storage could
bring them within these ranges, there
was little need to assess the ecaleu-
lated risk. The search for short-term
extremes is like finding the weakest
link in the chain of subsistence hand-
ling from acceptance to consumption.
Situations originally sought for in-
tensive study were therefore those
storage or transit conditions ex-
pected to produce either sustained
or sudden maximum heat stress with-
in storage spaces. Situations of slow,
cumulative stress were given less
attention,

Cumulative stress. More study has
recently been devoted to long-term,
cumulative heat stress and the use
of effective mean temperatures for
simulation of its effects. Bvidence is
mounting that all forms of subsis-
tence are semiperishable, no matter
how preserved. Degradation is a
function of the entire temperature
history for many classes of foods.

Because many degradation reae-
tions in foodstuffs {other than pro-
nounced baeterial spoilage) follow
an exponential relation with temper-
ature, the arithmetic mean of wide-
ly cycling temperatures is only a
rongh approximatiion to temperature
experience of food in eartons, if it
be desired to estimate storage life
under ecyeling, from constant tem-
perature trials. For many foodstuffs,
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however, a uniform effective mean
temperature ecan be computed, ex-
posure to which will produce rough-
Iy the same amount of degradation
as the fluetnating temperatures of
actual storage in the same length of
time. This will of necessity be higher
than the arithmetic mean. However,
the excess of this temperature over
arithmetic mean is relatively con-
stant for a specified rate of change
of reaction rate with temperature
and for a specified range of cyeling,.
Hielts has computed the theoretical
excess of effective mean tempera-
ture over arithmetie mean tempera-
ture for various reaction rates and
cvele ranges (1),

Present results indieate that for
packaged subsistence the daily or
monthly arithmetic mean earton
air temperature is normally less than
one degree above the food tempera-
ture mean. In addition, even over
the rather extreme type of diurnal
cyele in food temperature experi-
enced in boxears at Yuma, ecomputa-
tion following Hicks’ method indi-
cates that the arithmetic mean of
food temperature is less than one de-
gree lower than the effective daily
and monthly food temperature {for
210 rating of 2). Therefore, we have
considered arithmetie mean tempera-
ture (derived from maximum and
minimum) in earton air of the ear-
ton experiencing greatest extended
or peak heat stress as the eritical
parameter for investigation, since
effective mean food temperature may
be derived from it. When the mech-
anism of food degradation is known,
food storage experience can thus be
reduced to a series of monthly effec-
tive temperatures or to a single ef-
fective temperature where one static
mode of storage is eoncerned.

Correlation of interior with ambi-
ent conditions. It now appears that,
in the case of boxcar studies at
Yuma, the effective mean storage
temperature, which ecan be derived
from a simple means of carton air




maxima and minima, is reliably cor-
related with free air monthly mean
temperature.

Further study is necessary to de-
termine whether similar correlations
with monthly means exist in areas of
less static air mass eonditions than
Yuma in the summer. Prediction
may also be possible for analogous
storage like tarpanlin-covered dumps
or tents. Domestic and foreign ware-
houses and ships, where eonditions
are complicated by ventilation, move-
ment of stoved items, varying con-
struction and orientation, present
more difficult problems of correla-
{ion. In any ease, however, simple
effective temperature history may be
construeted for storage trial dupli-
eation.

Current research using data gath-
cred in Army warehouses indicates
that correlations of the order of sig-

- pificanee found in the Yuma boxear
study exist between specific ware-
house and free-ajr temperatures. For
example, the correlation cocffieient
of mean monthly temperatures over
a period of one year in a typieal
warehouse at the Atlanta General
Depot, and mean monthly outside
temperatures as reported at a nearby
United States Weather Burean Sta-
tion is 0.99; the line of regression is
y==0.8 4 1.10x (standard error of
estimate of 1.6° ¥.), where y is the
warehouse and x the weather bureau
mean monthly temperatures.

The eurrent study of temperature
regimes in Army warehouses had
corroborated empirieal findings of
the Nationa!l Canners’ Association to
the effect that: (1) in most domestie
warehouses mean annual tempera-
tures do not reach 80° F., and (2)
the average warehouse temperatures
are from 3° to 10° F. higher than
the average outside temperature.

The National Canners’ Association
also reports that vitamin loss in food-
stuffs stored for one year at a con-
stang temperature is similar to that
of foodstuffs stored under flnetuat-

ing warchouse temperatures if the
constant temperatire be equal to the
vearly mean of warehouse tempera-
tures (2}, Caleulations based on
Hicks’ work with effeetive food tem-
peratures would suggest that for
many warehouses where yearly range
of monthly mean warehouse iemper-
atures is less than 25° I", such a
yearly arithmetic mean is a good ap-
proximation to effective mean tem-
perature.

Figure 1 is a map showing for the
Quartermaster warehouse research
during 1949: the location of the
warechouges, the annual average
warehouse temperature, the effective
average, and the average annual
free-air temperature.

Figure 2 shows similar averages
for the hottest month, 1949, It shounld
be remembered that temperature
will vary with loeation within the
warehouse. The relationships dis-
cussed above are based on measure-
ments taken at a high storage level;
that is, at a level as high as stores
can be stacked.

The effective yearly mean temper-
atures shown in the figures may be
used as a constant oven-testing tem-
perature to duplicate the fluctuating
warehouse temperatures of any spe-
cific warehouse in fthe 1949 study
for foodstuffs with @10 rating of 2.

History of problem prior to as-
signment as a phese of Project 83-
02-009. High temperature oceurrence
in storage and transit with emphasis
on short-term extremes has been
intermittently the concern of Quar-
termaster research and development
sinee the beginning of extensive op-
erations in the Pacific in 1942, Table
] gives the spyeifie data. During
sumnier 1943, two temperature-meas-
urement fests in open and covered
dump storage were condueted, one at
Blue Hill, Massachusetts, and a
more ambitious and carefully instru-
mented test at Blythe, California,
under desert eondifions. The region
from Yuma to Death Valley was se-
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leeted as the nearest American anal-
ogy to hot-dry conditions found in
the Sahara and in Iran. In the
Blythe test, there was recorded a
maximum temperature of 126° F.
within the air in the top center ecar-
ton of a tight-tarpaulin-covered
dump {a five-foot cube of cases of
canned peas). Ambient temperature
at the time was 113° F. Tempera-

below it, were between 1507 and
160° .

Confirmation of these results was
obtained from replies to a question-
naire distributed to actual Quarter-
master storage dumps in lecations of
extreme heat accumulation all over
the world, in the summer of 1945.
Both hot-dry and hot-wet situations
were embraced in 19 replies from

29 @9

el +3
\;:\(/
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Max. or Hourly Food

TABLE 1. Extreme Temperatures in Storage or Transit Observed or Reported in Literature. Degrees Fohrenheit
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