




















increasing D value with heating time (U). The effect
of the number of samples on the experimental variation
to be expected was also discusscd. The increase in ac-
curacy of any test that might be achieved by increasing
the numbcr of samples was demonstrated.

It would thus appear that at [east many of the apparent
deviations from the logarithmic order of death that have
heen indicated on a basis of reported experimental data
may be due in large part to limitations in lack of uni-
formity of heat resistance in spore suspensions used, ex-
perimenta techniques and methods of evaluating such
data. In spitc of the limitations and as yet unresolved
problems encountered in thermal destruction work, the
preponderance of available data indicates that the thermal
destruction of bacterial spores closely approximates a log-
arithmic order of death, The successful application of
this concept in the derivation of process times for canned
foods provides a massive backlog of experience in sup-
port of this theory.

Thermal Destruction of Enzymes

Information relating to the thermal destruction of en-
zymes in acid foods, such as fruits, fruit juices, and
pickles, was reviewed by Esselen (1950). Tt was pointed
oul that some of the enzymes concerned have a thermal
stability comparable to or greater than many of the spoil-
age organisms encountered in such products. Failure to
inactivate such enzymes during thermal processing may
result in deleterious changes in the product during subse-
quent storage. Thus, consideration should also be given
to the destruction of enzymes as well as microorganisms
in the development of processing procedures for acid
fruits and vegetable products.

Kaplan, Essclen, and Fellers (1949) showed that
through the application of procedures commonly used for
determining processing conditions nccessary to sterilize
canned foods, the cffect of heat preservation upon their
enzyme systems could be observed and the nature of the
thermal inactivation of the enzymes could be studied.
Processing timmes necessary to inactivale enzymes of canned
foods at specific temperatures could then be predicted.
Thermal destruction curves obtained for ascorbic acid
oxidase and peroxidase zpproximated a straight line,
within certain temperature limits, when plotted on semi-
logarithmic paper, and indicated that such enzyme systems
arc relatively heat labile. Since then, further work on the
thermal resistance of peroxidase and pectolytic enzymes
in pickles and fruit juices has been carried on at this lzbo-
ratory as reperled by Nebesky, Esselen, Kaplan, and

Fellers {1950), Anderson Ruder, Essclen, Nebesky, and

Labbee (1951), Essclen and Anderson (1952), Kohn
Esselen, and Fellers (1953), Labbee and Esselen (1954),
and Esselen and Anderson {1954). The thermal inactiva-
tion af phospharase has been widely used as a measure
of the adequacy of pasteurization of fresh fluid milk.
The thermal inactivation characteristics of this ensyme
in milk have been discussed by Ball (1943), Hetrick and
Tracy (1948), and others, Typical destruction time
enrves for peroxidase and pectolytic enzymes as deter-
mined in this laboratory and for phosphatase in milk
(Hetrick and 1'racy, 1948) arc shown in Fig. 7 together
with a destruction time curve for 3679 spores. The rcla-
tively low heat resistance of enzymes as compared with
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Fig, 7. Thermal destruction time curves for enzymes and bac-
terial spoves.

Curve | —Pectin polygalacturnnase in dill pickle brine.
Fio = L83 2 =177
Curve 2.—Pectin esterase (Pectinal A) in apple juice,
Fuw=72; =113
Curve 3.—Pectin polygalaciuvonase (Pectinol A) in apple jnice.
Fxm = 255,‘ P s I?._S
Crrve 1~—Peraxidase in fresh puck pickles.
Py =1.7; 2 =22
Curve 5, —Pernxidase in peaches.
F!E!l =0»‘ﬂ.‘ = 31
Curve 6.—Perovidase in apple cider,
439:3.2,‘ =325
Curve 7 —Phosphaiase in milk.
Fuye=35.0; 1=28.8
Cuyva 8.—PA 3679 spores in nentral phosphate,
Fasa == 5.5;‘ zZ= 16.8

bacterial spores is apparent. On a basis of available in-
formation, peroxidase would appear to be-thc most heat
tesistant of the enzymes that might be encountered in
food processing. As s the case with microorganisms, the
thermal resistance of enzymes appears to be affected by
such factors as concentration, substrate, and acidity. These
factars should be considered in the design of heat treat-
ments to inactivale enzymes in foods.

Althcugh the present discussion is concerned primarily
with heat processed foods, it should be pointed out that
the thermal inactivation of enzyme by heat (blanching)
is an important step in the successful production of maay
dehydrated and frozen foods.

Summory

Evidence relating to the thermal destruction of micro-
organisms and enzymes in food products is indicative of
the logarithmic order of destruction, since thermal destruc-
tion time and rate curves tend to apptoximate straight
lines when plotted on semilogacithmic paper, The success-
{ful and widespread application of this concept in the
thermal processing of foods provides lutther convincing
evidence of its validily, Refinements in methods and tech-
niques of determining thermal resistance and a better
understanding of the naturc of death should ultimately

“lead to & more complete understanding of the thermal

destruction rates of microorganisms and factors that in-
fluence them. Developments in the field of high tempera-
ture and aseptic canning methods point to the need for
some fundamental knowledge regarding the behavior of
bacterial spores at temperaturcs above 250 deg. F.
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