










































































The su,-v ivor curves for spores heated in Butte r f ie ld's tuffer shown i n 

Figure 14 are somewhat sim i Jar to the survivor curves for water fo r injection 

in that at I05°C the c urves are concave downward but at I 10 and I l5°C the 
su rvivor curves are straight li nes . 

The survivor curves for spores heated in Sorensen ' s M/15 phosphate 

buffer shown in Figure 15 are all generall y sim ilar in shape and a l 1 are 
concave downward . 

When Clostridium sporogenes spores GCDF were heat ed i n a so luti on con ­

taining not on ly was the heat resistance lower in these so lutions 

but t he sur vivor cu rves were alI sigmoida l in s hape at the lower test 

temperatures . The curves wer·e straighter at the higher test temperatures . 

It <Jppears that the Cdrbohydrate in ine so lution ( the 5% dextrose 

i s responsible for the decrease in heat resistance of the spores. The 

0( 100°C) value of the spores GCDF is 31.6 minutes in wate r for i nject ion 

and 3.51 minutes in dextrose 5% in water. The on ly d i ffe re nce between 

these two solutions i s the dextrose; however, t he dextrose does lower the 

pH from approx imate ly 5.7 to perhaps 5.0. In furt her tests it wou ld be 

inte resting to change the pH of the bu ffer so lutions t o f i nd out if it i s 

the ion ic strength and nature of the buffer so lut ion t hat gives t he high 

D- va lues or if pH i s al so invo lved . 

The reproduc i bi I ity of these uniquely shaped s urv ivor curves and th e 

rather smal I con fide nce in terval of the data a lI add val id ity to these 

observat ions . 

From these results , it is obv ious that if spores of Clostr i di um 

sporogenes simi lar t o GCDF are used as biol og ical i ndicators i n parentera l 

solut ions , the resistance of these spores in t he specific soluti ons must 

be eval uated befor e they can be used in a meaningfu l way t o moni t or heat 

processes. 

We believe that it is very important that additional z-va lu e stud ies 

be carried out using another strain of Clostri di um sporogenes t o det erm ine 

if th is pattern of res is tance variati on with the suspending so luti on ho lds 

for othe r strains of this organi sm. In carrying out additiona l tests it 

is suggested that perhaps on ly three or tour solutions be evaluat ed; t hey 

ar e: Sorensen ' s M/ 15 phosphate buffe r, water f or i nj ect ion , dextrose 5% 

i n water and pe rhaps dextrose 5% in saline. 
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SUMMARY AND CONCLUSIONS 

In thi s report we have presented the results of surv ivor curve tests 

using spores of two common t est organ isms, Baci I Ius st earothermophi !us 

a nd Clostridium sporogenes. The tests were carr ied out in a s ingle system 

using six different solutions in which the s pores were suspended during 

the heat t reat ment. Baci I Ius st ea rother moph i Ius t ests were carried out 

at four different t empe ratures and Clostrid ium sporogenes tests at three 

different temperatures. AI I tests were carried out at least two times 

on different days. Data have been included f or Baci I Ius stearothermoph i Ius 

where a s ing le spore crop has been evaluated over a three month per iod. 

We conc lude from the repeated test ser ies using Baci I Ius stearothe rmophi Ius 

that when a s ingle spore suspens ion is tested repeat ed ly in the same test 

system, t he s pores wit! p>f'Gd~o~ce es sentlaliy Jd~ntl~al survi-vor data for 
al I of the t ests. 

The spores of Bac i I Ius stea rothermophi Ius and of Clostrldlum sporogenes 

were suspended in six different solutions in this t est prog ram. From t he 

resu lts we obse rve that the shape of the semi-loga rithmic survivor curve 

change s with so lution and test temperature. The shape of the survivor 

curve appears to be a unique property of the micr oorganisms be ing eva l uated , 

the soluti on in whi ch it is s uspended and the temperature st whtch It Is be ing 

t est ed . 

The t emper at ure coeff ic ient of heat destruction a lso appea r s to be 

a unique property of the spores be i ng eva luated and the test so lution. It 

is ofte n assumed that when t he loga rithm of t he 0-va lue is p lotted ver s us 

t emperature 1 a stra ight I i ne w i I I res u It. The data that we have pr ese nted 

suggest s that in genera l over reasonab ly nar row r anges of t empe ratures, th is 

is a practica l assumpti on. However, the 0- va lue data do not prod uce a 

str a ight z-va lue I ine in a lI cases. The shape of the z- va lue curve appears 

t o vary with so lution a nd microorgan ism; fo r Baci I Ius stearothermoph i Ius 

SQores the z- va lue line varies from being straig ht t o be ing concave downward , 

l'ihE-.: reas for Clostridium sporogenes spores the z- va l ue I ine va ri es from be i ng 

·i-rc :Jhi io being concave upward. 

lwo too ls , t he semi - logarithm ic surv ivor curve and the semi- logarithmic 

it1 ~ rma l destructi on curve have been used in th is ana lys is . We be li eve that 

ii· is impor tant to emphas i ze that these are empiri ca l tool s t o a id the 
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researcher and the use r of microbial destruction data. These too ls offer a 

standard form for analyzing the data so that variations from this form can 

be observed. In this report large numbers of survivor curves have been 

included t o visually communicate the effect of the solutions and. test tempera­

t ure on the survival of the Baci I Ius stearothermophi Ius and Clostridium 

sporogenes spores. A wide range of survivor curve shapes have been obtained; 

on ly a few of these semi -l ogarithmic survivor curves are straight I ines 

through N • We conclude that the precise shape of the surv ivor curve and the 
0 

precise shape of the thermal destruction curve is a unique proper ly of the 

microorganisms being tested, the suspending solution, and the test system 

that includes alI environmental factors that can impinge on microbia l sur­

vival. We believe that the effect of measurable and non-measurable 

environmental conditions on microorganisms manifest themselves as changes in 

the destruction rate which appear as changes in the shape of the survivor 

curve . 

Since only a few of the semi-logarithmic survivor curves are straight 

lines through N , it must be concluded that the heat destruction of Baci I Ius 
0 

stearothermophi Ius and Clostridium spor ogenes does not exact ly follow the 

sem i-logarithmic model. However, there is no good reason why we shou ld not 

use the sem i-l ogarithm ic model as a framework for eva luating heat destruct ion 

data. The semi-logarithmic model can be used ef f ic ient ly as a standard form 

for the comparison of the performance of the same spores under different test 

cond itions or different spores under s imilar test conditions. 

The results of these experiments suggest strongly that the only way to 

determine how a spec ifi c spore wi I I perform under a specific set of environ­

mental conditions i s to eva luat e the organism under these condit ions . We 

be li eve t hat there are so many factors invol ved i n microb ial spore destructi on 

that we wi I I have to wait for major advances in t he understanding of spore 

death before we can generate the elaborate destructi on mode l that wil I be 

necessary to t ake into account a lI of t he f actors that impi nge on the 

microbia l destruct ion rate. 
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