












some spores than· to kill others. They further 
indicated that this is probably the case and that maxi'mum 
spore counts may be only rarely, if ever, obtained by spore 
counting techniques employing pasteurization. Youl.and 
and Stumbo ( 1953) obtained maximum spore counts for 
Bacilt11s coagttlens by a thermal activation treatment of 
0.14 minutes at 220 deg. F. · 

Reed, Bohrer, and Cameron (1.951) obtained evidence 
that boiling spore suspemions for five minutes might not 
provide sufficient thermal activation to give maximum 
spore counts. 

D:eviotJon$ from Logarithmic Desfrudion Rafe 

Rahn (1.947) hM pointed out that although the avail
able (;Vidence was overwhelmingly in favor of logarithmic 
order of J ealh in bacleria, !.here were reports of excep
tions that should be considered. He h as emphasized the 
fact that uniformity of experimental conditions and of 
th(; suspension of being tested is essen
tial for a demonstration of a logaritl1mic order of death. 
Such factors :ts lack of uniformity of heat resist:tnce in the 
cells of a test sw;pension, dumping, age, and protect.ion 
of living cells by dead tells have been emphasized as 
havin;; an influence in altering the shape of the death
rate curve. 

Reed, Bohrer, and Cameron (1951) presented exten
sive data on thermal destm ction rates of spores. Many of 
their survivor curves could not be represented as single 
straight lines passing through the origin. These devia
tions from the logarithmic order of death were taken as . 
evidence that the spores in the suspensions tested were 
not of uniform res istance to heat. When D values arc 

from thermal destruction data by the method 
of Stwnbo, Murphy, and Cochran ( 1950), there is gen
erally an apparent trend for the D value to increase with 
heating time at a given temperature. This trend is esc 
pecially obvious when extensive data are available, sud1 
as presented hy Pfl11g and F.sse.len (l953). Reynolds and 
Lichtenstein (1952 ) studied this observed increase in D 
value with healing time through the analysis of data re
ported by others as well as by. themselves. They proposed 
methods for statistical evaluation of variation in such data 
and that data presented arc not consistent with 
the ilssu.mption that thermal death-ute curves for PA 
3679 spores are exponential. Increasing rates of death 
during the first intervals of exposure of spores to lethal 
heat and the regular observance of increasing D values in 
the neighborhood of complete spore destruction indicate 

sigmoid type of Sllrvivor cnrve characteristic of popu
lations made up of individuals of varying resistance. In 
a. continuation of lhis work, Kapla.n, Lichtenstein, and 
Reynolds ( i9 53) reported that the initial deviation f rom 
linearity of the thermal death-rate curve of PA 3679 is 
real and not an artifact of experimental methods. 

Anderson, Esselen, 1111d Fellers ( 1949) found that a 
number of destruction rate cnrves for Bacillus the1'mo
aciditran.r were not straight lines. Youland and Stumbo 
(1953) were of the opinion lhat U1e nature of the above 
curves might have been due to f.a.ctors associated with the 
experimental methods employed. These authors deter
mined the order of death of Baci/lu.r coagulan.r (Bacitl!IJ 
Jhermo(/cidtlrans, Berry) by the newer Ledmique devel
oped by Stumbo ( 1918b) using four different spore con-

Fig. 6. Placing samples inomlated with bacterial sporn and 
t!ihcs i11 therm11l 1'csist1mcc apparatus prior to mak

itzg tbermal deatb lime test. 

· centrations at four different temperatures. No significance 
was found for .. differences in "D" values representing 
rates of destruction of spores subjected lo any of the four 
temperatures. lt was concluded that the logarithmic order 
of death was indicated by all the data obtained. 

Pflug and Essclcn ( 1954) reported that D values oh· 
laineJ for three JiJierent concentrations of PA 3679 
spores at 280 deg. F. (Figure 2) were in good agreemen.t, 
thus indicating a logarithmic order of death. In an analy

..lis of thermal death-time for spores of P A the 
apparent increase in D value with heating time when cal
culated by the .method of Stumbo, Murphy, and Coduan 
( 1950) was considered. When large numbers of samples 
were tested and the calculated probable numbers of sur
yivihg spores (b) were ·plotted on a destruction rate 
curve, they aligned themselves around a line that required 
more time to traverse one log cycle than the lines con· 
neding any of these points with the initial point. It was 
suggested that in the use of this method of calculating D 
v.tlnes, the calculated number of surviving spores (b), 
for a h igh percentage of positive tubes is somewhat low, 
especially when they are compared to a destruction rate 
mrve having an average calclllated D value. Preliminary 
data obtained from quantitative rounts of surviving spores 
indicated that this might well be the If the calcu
lated nwnber of surviving sp ores (b) were in agreement 
with the straight line destr.ucrion rate rurve hased on the 
average D value, a uniform cak ulated D value would be 
obtained. Because of the diiference in slope of the calcu
lated destruction mte curve as con1pared to the mrve 
th rough the ·of (b) calculated from the 
numbt:r of positive tubes,· there could not help but be an 



increasing D value with heating time (U). The effect 
of the nw11ber of samples on the experimental variation 
to be expected was al.~o discussed. The increase in a<:
curacy of any test that might be achieved by increasin.g 
the number of samples w as demonstrated. 

It would thus appear that at least many of the apparent 
deviations from the logarithmic order of death that have 
been 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
perimental techniques and methods of evaluating s~1ch 
data. ln spite of the limitations and as yet unresolved 
problems encountered in thermal destruction work, the 
prepondemnce of available data indicates that the thermal 
destmction of bacterial spores closely approximates a log
arithmic order of death. The successful application of 
this concept in the deriv~tion of process times for <:anneJ 
foods provides a ma.~sive backlog of experience in sup
port of this theory. 

Thermal Destruction of Enzymet 

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 
out 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 Juring subse
quent storage. Thus, consideration should also be given 
to the destruction of enzymes as well as microorganisms 
h1 the development of processing procedures for acid 
fruits and vegetable products. 

Kapll!-n, Es~clen, and Fellers (1949) showed that 
through the application of procedures ('ommonly used for 
J.etetmining p rocessing conditions ne<:essary to sterilize 
ca.nned foods, the died of heat presetvation upon their 
enzyme systems could be observed and the nature of the 
thermal inactivation of the enzymes could be studied. 
Processing times necessary to inactivate enzymes of canned 
foods at ·specific temperatures could then be predicted. 
Thermal destruction curves obtained for a.~corbic acid 
oxidase and peroxil'lase approximated a straight line, 
within certain · temp<.-rature limits, when plotted on semi
logarithmic paper, and indicated that snch enzyme systems 
arc reJalively heat labile. Since then, further work on the 
thermt~l resistance of peroxidase and pectolytic enzymes 
in pickles and fruit juices I1as been carried on at this labo
ratory as reported by Nebesky, Esselen, Kaplan, and 
Fellers (1950), Anderson Ruder, Essekn, Nebesky, and . 
Lab bee ( 19 51) , E~sekn and Anderson ( 19 52), Kohn 
F.sselen, and Fellers (1?53), Labbee and F.sselen (1954), 
and Esselen and Anderson (l954). The thermal inactiva
tion of phosphatase has bccn widely used as a measure 
of the adequacy of pasteurization of fresh fluid ni.ilk. 
The thcrmal inactivation characteristics of this en:.:yme 
in milk have been cl ismssed by Ball ( 1943) , Hetrick and 
Tracy (1948), and · others. Typical destwcHon time 
cn rve.s for peroxidase and pectolytic enzymes as deter
mined in this laboratory an<l for phosphatase in milk 
(Hetrick and T racy, 1948) an; shown in Fig. 7 together 
with a de.~truction time curve fot 3679 spores. The rela
tively low heat resistance of enzymes as compared with 
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Fig. 7. Tbennal destruction time c11rves for ti1ZJ'mes nntl bac
terial spores. 

Curve 1.-Peclin flrllygalacturntz<Jse itJ dill pickle hri,rc. 
F,~ = 1.85; : = 17.7 

Curve 1.-Pcctitz esterase (PerliJJ<tl A) in apple juice, 
. F,.. = 7.2; z = 11.~ 

Curve 3.-Pecthf. polygalacturo,tasc (PccliTJrll A) bz tlf/Ple i11icc. 
Fm = 255; z ;....::. 11 •. 5 

Curfle 1.-Pet·o:ridase in fre.<h pack pick.ll!.f • 
. F;, = 1.7,- z = 22 

Curve 5.-Pernxida.fe in peaches. 
J:',.. = 0.41; z = 31 

CuYve 6.-Perovid~Jse itz aJ,plc cid~r. 
F1110 = :1.2; :z =32.5 

Cun1e 7.-P.bospbatase i1J milk. 
F,,. = 5.0,· : = 8.8 

Curva R.-P A 3 679 sporlls i11 11111/lr.tl pbospbare. 
F •. ,.= 5.3,. z = 16.8 

bacterial spores is apparent. On a basis of available in
fonnation, peroxidase would appear to be -the most heat 
resistant of the cnzymcs that might be encountered in 
food pro<:cssing. As is the case with microorganisms, the 
thermal resistance of enzymes appears to be affected by 
such factors .ts concent ration, substrate, and acidity. These 
factors should be considered in the design of heat treat
ments to inactivate enzymes in foods. 

Although the present disrnssion is concerned primarily 
with heat proce~sed foods, it should be pointed out that 
the thermal inactivation of enzyme by he:tt (blanching) 
is an important step in the successful production of many 
dehydrated and frozen foods. 

Summcrry 

Eviclence relating to the thermal destruction of micro
organisms and en:.!ymes in food products is indicative of 
the logarithmic order of destruction, since thermal destruc
tion time and rate mrves tend to approximate straight 
1 ines when plotted on semilogarithmic paper. The .~uccess
ful and widespread application of this concept in the 
thermal processing of foods provides f ufther convincing 
evidence of its validily. RefinemeBts in methods and tech
niques of determining thermal resistance and a better 
understancl ing of the nature of death should ultimately 

· lead to a more complete understanding of rhe thermal 
destruction rates of microorg:~.n isms and factors that in
fluence them. D evelopments in the field of high tempera
tu re and aseptic canning methods point to the need for 
some fundamental knowlcclge regarding the behavior of 
bacterial spores at temperatures above 250 deg. F. · 
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