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Irving J. Pflug and Geraldine M. Smith 
University of Minnesota 

ABSTRACT 

Baci l Ius stearothermophi Ius spores and Clostridium sporogenes spores 

have been heated at several temperatures in parenteral solutions and in 

Butterfield's and Sorensen's phosphate buffer solutions. The survivor data 

have been analyzed by fitting a least-squares line to the data points; the 

intercept va 1 ue of this I i ne is reported as an intercept ratio and the 

slope as a 0-value. The Bigelow thermal death time model was fitted to 

the D-value data obtained for each solution at the several temperatures, 

and the z-value of the thermal de,ath time curve determined. In addition 

to the survivor curve parameters of intercept ratio and D-value, z-values 

have been calculated and survivor curve graphs have been prepared for al 1 

conditions. AI I tests have been carried out at least in duplicate. 

The results of these studies show the effect of the buffer solutions 

and parenteral solutions on the survival characteristics of both the 

Clostridium sporogenes and Baci I Ius stearothermophi Ius spores. When D-value 

results were plotted on thermal death time curves, the data for Clostridium 

sporogenes for alI parenteral and buffer solutions produce z-values that 

range from 9 to I3°C. When the D-value data for Bacil Ius stearothermo-

phi Ius were plotted on thermal death time curves, the data do not in 
alI cases fal I on a straight I ine. For tour of the six solutions two lines 

are required. The z-value at the higher temperatures is smaller than the 

z-value at the lower temperatures. 

(a)This research was reported at the 
England on December 16-18, 1975. 
this manuscript wi I I be pub I ished 
Wo I f , J . , E I I a r , D . J • , Dr i n g , G . 
Inc., London (1976). 

Spore Group Meeting held at Leeds, 
It is anticipated that portions of 
in Spore Research, eds. Barker, A. N., 
J. and Gould, G. W., Academic Press 

Scientific Journal Series Paper No. 9399, Minnesota Agricultural 
Experiment Station, St. Paul, Minnesota 55108. 
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INTRODUCTION 

Microbial heat destruction tests satisfy many objectives including: 

(I) the development of basic data on the behavior of biological systems, 

(2) the gathering of data for use in the design of sterilization processes, 

and (3) evaluating the performance of microorganisms that wi I I be used as 

biological indicators. 

The studies that are reported in this manuscript were carried out to 

assess the performance of Baci I Ius stearothermophi Ius and Clostridium 

sporogenes spores as biological indicator organisms. The survivor curve 

method of evaluation was used because it was anticipated that the final 

biological indicator system would be a count-reduction procedure perhaps 

refined to the point where a calibrated biological indicator system wi I I 

be used as a biological process evaluation unit. 

These studies were directed toward biological indicators for parenteral 

solutions; therefore, in this study four parenteral solutions were evaluated: 

water for injection, dextrose 5% in water, dextrose 5% in lactated Ringer's 

solution and dextrose 5% in saline. Two buffer solutions were also tested: 

Sorensen's M/15 phosphate buffer (pH 7.0) and Butterfield's phosphate buffer, 

APHA dilution buffer (pH 7.2), Butterfield ( 1933). 

A single suspension of Baci I Ius stearothermophi Ius spores and a single 

suspension of Clostridium sporogenes spores were used. Two survivor curve 

tests each on a different day were carried out for each test condition. 

Four different temperatures were evaluated in the Baci I Ius stearothermophi Ius 

and three temperatures in the Clostridium sporogenes studies. 

The objectives in th:s report are to show on the one hand, what we 

believe to be rather good reproducibi I ity of the spores when tested repeatedly 

under the same conditions, and secondly, the wide variation in the D and z

values and in the shape of survivor curves for the same spores tested in the 

same system as a function of temperature and of suspending solution. 
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We are Including in this report 24 survivor curves for Baci ll 1:s 

stearothermophi Ius and 18 survivor curves for Clostridium sporogenes. 

While D and IR values describe the regression I ine through the data points, 

these parameters fai I to convey completely the shape characteristics of 

the survivor curve. We be li eve that the only way of communicating the 

shape of survivor curves is to actually show the survivor curves themselves. 

MATERIALS AND METHODS 

Test So lutions 

Butterfield 's phosphate buffer <pH 7. 2). A stock solution was prepared 

by disso lvi ng 34.0 g of commercial ly prepared dehydrated buffer (BBL, 

Division of Becton, Dickinson and Co. , phosphate buffer, APHA, pH 7.2) in one 

I iter of disti Lied water. The working buffer solution was made by adding 

1.25 ml of stock solut ion to one liter of disti I led water, The prepared 

buf fer solut ion was autoc/aved at 121°C for 15 minutes. 

Sorensen's M/15 phosphate buffer. Sorensenrs M/ 15 phosphate buffer 

(pH 7.0) was prepared by mi x ing 61 . I ml of a stock solution of M/15 disodium 

phosphate (Na2HP04 ) with 38.9 m: of a stock solution of W15 potassium acid 

phosphate CKH2P04). Stock solutions were prepared using disTil led water . 

The prepared buffer was autoclaved for 15 minutes at 121°C. 

Commercial parenteral solutions. Four commercially preparod parenteral 

solutfons, water for injection, dext rose 5% In water, dextrose 5% in lactated 

Ringer's, and dextrose 5% in saline were used In t hese tests. The manu

facturer's specifications for the four parentera l solutions are presented in 
Tab le l . 

Table 

Manufacturer's Specifications for Parenteral So lutions 

Used in Heat Resistance Studies 

Ca I. Mi liequivalents per 
Sol ution Approx . per + K+ ++ -pH I iter Na Ca Cl 

Steril e Wat er 5.7 

Dextrose, 5% in water 5.0 170 

Dextrose, 5% in Latt. Ringer's 5. I 179 130 4 3 109 

Dextrose, 5% in Sa I i ne (0.9%) 4.7 170 154 154 
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Test System 

Preparation of the test solutions, the inoculation of spores, and 

the sampling and recovery procedures were carried out in a Class 100 

clean room. 

Preparation of test solutions. The day before a test, 18 x 150 mm 

screw cap test tubes with the cap I iners removed and replaced with neoprene 

gaskets were steri I ized, dryed and then transferred to the clean room for 

fi I I ing. Five ml of laboratory prepared buffer or commercially prepared 

parenteral solution were aseptically added to each tube using a 10 ml 

pipette. Enough tubes were prepared for alI heating times including tubes 

for determining the initial number of microorganisms per tube. The fi I led 

tubes were stored in the clean room overnight. 

Spore inoculation. Immediately before the start of a test, using an 

Eppendorf pipette, each tube was inoculated with either 0.01 or 0.05 ml 

of the spore suspension so there were about 106 spores per tube. Each 

tube was then tightly closed, shaken five times and placed in an ice 

water bath. The inoculated tubes in the ice water bath were transferred 

to the retort room. The tubes remained in the ice water unti I the heating 

test was carried out. 

Heating procedure. Two different methods of heating were used in 

carrying out these tests. For temperatures above I00°C the miniature 

retort system was used, while for temperatures below 100°C a water bath 

was uti I i zed. 

In the miniature retort system the inoculated tubes were taken from 

the ice water bath, shaken, placed in the miniature retort and heated at 

the desired temperature for the specified time. Three rep I icate tubes 

were heated at each time. After heating the tubes were placed in the ice 

water bath to cool and held there unti I recovery procedures were initiated. 

When the heating times were relatively short, heating of alI tubes in an 

experiment was completed before recovery procedures were started. When 

the heating times were long, recovery of the spores was carried out after 

each heat treatment. 

For water bath tests with temperatures between 90 and 99°C, a Lab I ine 
11Magnestir" water bath, model 3088, which has two magnetic stir bars to 
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agitate the water was used. AI I of the tubes for one experiment we re placed 

in a test tube rack and the rack pI aced 1 n the water bat·h at t ime zero . 

Three tubes were withdrawn after each s pecified heating time and placed in 

an ice water bath for cooling and holding unti I recovery procedures were 
started. 

For each temperature solution spore condition, two experiments 

on different days were carried out. The plan was to carry out at least 

four heating times in each experiment. 

The heating and coo ling lag correction factors for the 5 ml of 

so lution in t he 18 x 150 test t ubes were calculated usi ng the method 

described by Jaynes et al. ( 196 1) . AI I heating t imes were corrected 

using thi s factor. 

The temperature of the water in the water bath or steam in t he 

mini ature retort was recorded at regular interva ls and t he average tempera

ture for the test was determined and used in the z- va lue ca lcu lat ions . 

Both the experimental design temperature and the actua l t est temperature 

wi I I appear in thi s report. 

Data Analysis 

In the survivor curve exper iments t o eva luate t he effect of a heat 

stress on microbial spores, al I cond iti ons except heating time were held 

as constant as possible. The resu lti ng data were the number of co lony 

form ing units fo r each t est heating time a nd the unheated contro l. 

The sem i-logar ithmi c model was used as the bas is for correlati ng 

heat destruction data. The ge nera l equat ion is : 

log N = -U/D + log N 
0 

N =Number of surviving organisms after treatment (U) 

N = Ini tia l number of organisms 
0 

U = Ster i I izing value at test temperature 

0 = Heat res i stance parameter 

In us ing thi s model it was recognized, as di scussed by Pflug and Bearman 

( 1972 ), that al I microbial heat destruction data wi I I not t i t the semi 

logar ithmi c model exactly but that it is the most conven ient and usab le 

model ava il ab le today . 
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The data were analyzed with the a i d of a digital computer. 

anal ysis procedure the surv ivor data for the unheated contro ls 

separated from the survivor data at the severa l heating times. 

survivor data for the several test heati ng ti mes (not including 

In 

(N ) 
0 

The 

the 

the 

are 

unheated contro ls) were corre lated using the s impl e linear regressi on of 

the logar ithm of the survivor s versus steri I izing value (Draper and Sm ith , 

1966) . The s lope of the regress ion line was used to estimate the thermal 

resi stance parameter (0). 

(Y ) was a lso ca lcu lated . 
0 

The zero time intercept of the regress ion I ine 

TheY and N va lues were used to ca lcu late the 
0 0 

intercept ratio: 

IR = log Y /log N 
0 0 

The statist i ca l var iation of these parameters and the point-to-po int 

0-value of the data was calcu lat ed by the computer and printed out in 

approp riate tables. A survivor curve graph was also prepa red by the 

computer. 

For each t est condit ion the D-values at each temperature were analyzed 

t o determ i ne the z-value. 

The 0- va l ue and z-va lue are r e lated in the equati on of the therma l 

deat h rate cu rve : 
T

8
- T 

log D(T) = z 
T = Temperat ure 

T
8 

= Base t emperature 

D(T) = D- va lue as a funct ion of temperature 

An appropriate computer program was used to fi t the D- va lue data i nto the 

therma l death rate curve mode l using the least squares procedure . The 

z- value and conf idence interva l of the z- value were ca lculated as we t I as 

t he 0(1 00°C ) and 0( 120°C) va lues . 
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BACILLUS STEAROTHERMOPHILUS STUDIES 

Experimental Design 

Survivor curve tests were carried out at four temperatures using 

Bac i I I us stearothermoph i I us spores suspended in the six so I uti ons. 

The orlgina1 plan was to carry out the spore heat destruction tests 

in alI six solutions at 105, I 10, I 15 and 121°C, The high heat resistance 

of the spores in water tor injection and the two buffer solutions made tests 

at 105°C impractical; therefore, tests in water for injection, Butterfield's 

buffer and Sorensen's buffer were carried out at I 10, I 13, I 17 and 121°C 

and tests in the other parenteral solutions were carrl~d out at 105, 110, 115 

and 121°C. 

Spores 

Baci I Ius stearothermophi Ius spores, code PBDT, suspended in water for 

injection, were used in alI the tests. These spores were grown from the 

American Type Culture Collection strain No. 7953. 

Recovery procedure. A one ml aliquot from each tube was diluted in 

an appropriate volume of Butterfield's phosphate buffer (pH 7.2), and 

duplicate 0. I, 1.0 or 10 ml al iquots of the diluted suspension were plated. 

When the expected number of survivors was low, duplicate 0. I or 1.0 ml 

aliquots of the undiluted heated suspension were directly plated. 

Trypticase Soy agar (TSA) manufactured by BBL and prepared according 

to their recommendations was used for alI plate counts. When plating 1.0 

or 0. I ml of sample, 20 ml TSA was used for each pour plate, and when 

plating 10.0 ml quantities, 30 ml of 1.5 strength TSA was used. All plates 

were allowed to solidify before being incubated in an inverted position for 

48 hours at 55°C. Following incubation, the plates were counted with the 

aid of a Bactronic colony counter. 

Plastic Tube Tests 

Several hundred plastic tubes were fi I led on the same day with Bacil Ius 

stearothermophi Ius spores suspended in water for injection. During the 

tol lowing three months tubes were selected at random and survivor curve tests 

were carried out at 121°C. At least three tubes were evaluated at each test 

time. The prepared tubes were stored at 4°C. 
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Results and Discussion 

The r esu lts of the repeated tests over a three month period of Baci I Ius 

stearothermophi Ius spores In water for Injection in plastic tubes are shown 

graphically in Figure I. The mean number of survivors for each of the nine 

tests and the overal I means are indicated . There appears to be no difference 

in the results of these nine experiments. 

It seems logical that if spores from a single suspension are subjected 

to identical heat destruction tests, the results in terms of number of 

survivors should be the same for alI t est s. If there are differences in the 

results these differences wi I I be due either to differences in the spores 

from the single suspension or differences in the environmental conditi ons of 

the spores during heating. The problems fn obtaining reproduc ible results 

we believe stem largely from problems in assuring that the organisms in 

comparable tests are subjected t o the same amount of heat energy and that 

other experimental conditions are control led so there are no variations in 

the test procedure. We believe that microorganisms are sens itive to minute 

changes in environmental condi tions. In some cases methods may not be 

avai labl e to measure t he changes in environmental conditions that cause 

changes in the destructi on rate of the s pores. \ 

The results of the surv ivor curve tests of Baci I Ius stearothermophi Ius 

spores PBDT suspended in dextrose 5% in saline are presented in Figure 2 

and are summar i zed in Tabl e 2; dextrose 5% in lactated Ringer's in Figure 3 

and Table 3; dextrose 5% in water in Figure 4 and Tabl e 4; water for injection 

in Fi gure 5 and Tab le 5; Butterfie ld' s buffer (pH 7.2) in Figure 6 and Table 6; 

and Sorensen's M/ 15 phosphate buffer (pH 7.0) In Figure 7 and Table 7. 

AI I of the Baci I Iu s stearothermoph i Ius su rvivor curves are concave down

ward. There is wide variation in the amount of curvature as can be observed 

in Figures 2 thr ough 7. It appears that both the suspend ing so lution and 

the test temperature have an effect on the shape of the survivor curve. 
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Table ~ · 

Results of Survivor Curve Tests tor Baci I Ius stearothermophi Ius 

Spores PBDT Suspended in 5 ml of Dextrose 5% In Saline 

Temp. Test D-Value 95% c. I • Width of 95% oc No. (ml n) (min) c I • Cml n> IR 

105.0 CS5052A 36.0 30.4 - 44 . 0 13. 6 1.19 
104.8 GS5079B 33. I 28 . 9 - 38 .7 9 . 8 I .20 

Mean 34.5 I .20 

II 0. 0 CS5042A 13.0 12.0 - 14.2 2.2 1.28 
109. 9 CS5052B 13 . 4 11. 6 - 15.7 4.1 1.26 

Mean 13.2 1.27 

115.0 CS5042E 5.30 4.8 - 6. 0 I .2 1.19 
I 14.9 GS5079A 5.35 4.9 - 5.9 1. 0 I. 19 

Mean 5.32 I • 19 

120.9 CS5042B I .39 1.3-1.5 0.2 1.17 
121. 0 CS5044B I. 21 I • I - 1.3 0 . 2 I .21 

Mean 1.30 I. 19 

Table 3 

Results of Survivor Curve Tests for Baci I Ius stearothermophi Ius Spores 

PBDT Suspended in 5 ml of Dextrose 5% in Lactated Ringer ' s So lution 

Temp oc 

105. 0 
105.0 

109.9 

i 1 :i . i 

i ::: O. l 
120 . 9 

Test 
No. 

RG5 153A 
RG5 164A 

Mean 

RG5 139A 
RG5 149A 

Mean 

r<G5 133A 
RG5143A 

Mean 

RG5 126A 
RG5 136A 

0-Va lue 
(m in) 

54.4 
52 . I 

53.2 

28. I 
23 . 5 

25.8 

9.50 
8. 77 

9. 14 

2. II 
2.13 

2 . 12 

95% C. I. 
(ml n) 

45.5 - 67.6 
42. 9 - 66.4 

25.1 - 32.0 
21 .s - 25.6 

8. 76 - 10.4 
8 . 31 - 9.28 

I. 98 - 2. 25 
2. 01 - 2.27 

218 

Width of 95% 
C. I. (min) 

22. I 
23.5 

6.9 
3.8 

1. 64 
0.97 

0.27 
0.26 

IR 

1. 26 
I . 28 

I. 27 

I • 19 
I .20 

I. 19 

I . 16 
I. 16 

I. 16 

I • 15 
I. 16 

I. 16 
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Table 4 

Results of Surv ivor Curve Tests fo r Bac i I Ius st earothermoEhilus 

Spores PBDT Suspended in 5 ml of Dextrose 5% i n Water 

Temp Test D- Va lue 95% c. I • Width of 95% oc No. (min) (m in) c. I • (min) 

105.0 RG5 153B 9 1. I 70.7 - 127 . 8 57 . I 
105.0 RG5 167A 84 . 4 65.8 - 11 7. 8 52.0 --

Mean 87.8 

I I 0.0 RG5 149B 3 1 .4 27.0 - 37. 6 10. 6 
II 0.0 RG5 139B 32.5 27 .8- 39. 2 11. 4 

Mean 32 . 0 

114.9 RG5 133B 12.0 10.8 - 13. 4 2.6 
11 5.0 RG5140A II . 4 10.3 - 12.6 2 . 3 

Mean I I . 7 

120.9 RG5 126B 2 . 44 2. 30 - 2. 6 1 0.3 1 
120 . 9 RG5 136B 2. 40 2. 2 - 2. 6 1 0. 40 

Mean 2. 42 

Tab le 5 

Resu lts of Survivor Curve Tests for Bac il Ius stearothermophi lus 

Temp . 
oc 

109.9 
109.8 

l ]2. 8 
J .12. 7 

117 . 0 
{ 17.0 

120 . 9 
121.0 

Spores PBDT Suspended in 5 ml of Wat er for Injection 

Test 
No. 

CS5050A 
CS5055A 

Mean 

CS5036A 
CS5042H 

Mean 

CS5034A 
CS5042F 

Mean 

CS5042C 
CS5044C 

Mean 

D-Value 
(min) 

59.0 
63.2 

61. I 

33.4 
34.5 

34.0 

9. 9 
10.5 

10.2 

2,92 
3. 03 

2.98 
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95% c. I . 
(min) 

54.2 - 64 . 8 
58.8 - 68 . 3 

29. 8 - 38 .1 
32 . 2 - 37~ 1 

8. 9 - I I. 3 
10.2 - 10.7 

2 . 6 - 3. 3 
2.8 - 3 . 2 

Width of 95% 
C. I . (min) 

10.6 
9.5 

8. 3 
4. 9 

2. 4 
0. 5 

0.7 
0.4 

IR 

I. 21 
I . 24 

I .22 

1. 23 
1. 21 

1.22 

I. 17 
1.18 

I .18 

I. 16 
I . 16 

I . 16 

IR 

1.22 
I .22 

1. 22 

I. 13 
I . 13 

1. 13 

I. 16 
I . 12 

I. 14 

I . I 6 
). 14 

1.1 5 
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figure 4: Bacillus stearothermophtlus spores heated In dextrose 5% in 
water. 
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Ta b I e 6 

Resu lts of Su rv ivor Curve Test s for Bac i I Ius stearothermophi Ius Spores 

PBDT Suspended in 5 ml of Butterfi e ld's Phosphat e Buffer (pH 7. 2) 

Temp . Test D-Va lue 95% c. I • Width of 95% oc No. (min ) (min ) c. I • (mi n) IR 

!09.9 CS5050B 76 .2 61.2- 101 . 0 39 . 8 1. 22 
109. 9 CS5055B 68.6 58. 3 - 83.4 25 . I I . 28 
109.9 GS5085A 72 .7 62 .4 - 87. I 24.7 I. 22 

Mean 72 . 5 I . 24 

fJ2 . 9 CS5036B 42.7 37 .1 - 50 . 4 13 .3 I. 18 
112. 8 CS5042 1 41.1 36 . 8 - 46.6 9 .8 I . 23 

Mean 41. 9 I . 20 

117.0 CS5034B 16. 9 16. 1 - 17.7 I . 6 I . 09 
11 6. 8 CS5042G 15. I 13.0 - 17. 9 4.9 I. 17 
11 7 .o GS5076A 14. 3 ! 3. I - 15. 6 2 . 5 I • 15 

15. 4 1.1 4 

120.9 CS5042D 4. 82 4. I - 5. 9 I .8 I. 10 
121.0 CS5044D 4.3 1 4 . 0 - 4. 7 0.7 I • I I 
120 .9 GS5076B 4.97 4. 5 - 5.5 1. 0 1.08 

Mean 4.70 I . I 0 

Tab I e 7 

Results of Survivor Curve Test s for Bac i I Ius stea rot hermophi Ius Spores 

PBDT Suspended in 5 ml of Sorensen ' s M/15 Phosp hat e Buff er (pH 7. 0) 

Temp. Test D-Va lue 95% c. I • Width of 95% 
oc No . (min) (m in) c. I • (mln) IR 

I I 0.0 RG5 155A 88.8 76 . 6 - 105 . 3 28 .7 I. 13 
I I 0 .0 RG5163A 88 . 0 71. 7 -11 3. 8 42 . I I • II 

Mean 88 . 4 I • 12 

11 3.0 RG5150A 43. 8 37. 9 - 52 . 0 14. I 1. 09 
i i 2.8 RG5 162A 37 . 2 31 . 2 - 46. I 14. 9 I • 15 

Mean 40 . 5 I • 12 

117 .o RG5147A II. 7 10. 8 - 12. 8 2. 0 I • 13 
I 17. 0 RG5 150B II . 5 10. 7 - 12.5 I . 8 I . 14 

Mean I I. 6 I. 14 

121 .o RG5 135B 3.20 3. 06 - 3.35 0. 29 I . 13 
120.8 RG5 142A 3. 51 3.35 - 3.69 0. 34 I . I 0 

Mean 3. 36 I. 12 
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Figure 8: z-Value analysis for Baci I Ius stearothermophi Jus spores heated 
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The 0-value data for the spores heated in the four parenteral solutions 

and the two buffer solutions are shown graphically in the z-value anal ysis 

form in Figure 8. It is obvious from the data s hown in Figure 8 that the 

the rmal resistance curves of Baci I Ius stearothermophi Ius in parenteral and 

buffer so lutions are not always straight I ines. Two point z-values have 

been calculated for alI of the data as wei I as the z-value determined from 

a regression I ine through alI of the D-value points and these data are 

summarized in Table 8. Since there appear to be abrupt changes in z-values 

we have grouped 0-values at two or three temperatures together and calculated 

what we believe are the most appropriate z-va!ues. These results along with 

their confidence intervals are summari zed in Table 9. 

Four of the six so lu t ions eva luated produced a non-1 inear the rma l 

· ~ destruction I ine . The range of z- va lues for segments of the thermal 

dest ructi o n curve of the spores ac ross all so lutions va ried from 7 .3 to 15.6°C. 

There appears to be a gene ra l t endency for t he z-value to decrease with 

inc reas ing temperature. The t wo so luti ons t ha t yielded spore destruct ion 

data that produced a straight z-va lue I ine, Sorensen's M/ 15 phosphate buffer 

(pH 7 . 0) and dextrose 5% in saline appear to have little e lse in common. 

The D-va lues are at the opposite ends of the range of va lues obtained f or 

t he si x solut ions . Also, Sorensen' s M/ 15 phosphate buffe r has a low z- va l ue 

with a large D-va lue whereas t he dextrose 5% i n saline has a la rge z- va lue and 

a relati ve ly low 0-value. The one si mi larity is t hat they both have hi gh 

ionic concentrations. 

It is obvious that there is a measurable effect of the six different 

suspending solutions evaluated on heat destruction rates of spores PBDT. 

It Is also obvious that the effects are not the same at different tempera

tures. 

The D and IR values for the Bacl I Ius stearothermophilus spores in the 

si x so luti ons at 110 and 121°C are summarized in Table 10. The spores were 

t he least r es istant in the dextrose 5% in saline solution. At 12 1°C the 

spores were most resistant in Butterfield's buffer; however, at I 10°C t hey 

were most resistant in Sorensen's buffer. This change in re lat ive res is

tance between 110 and 121°C was due to the difference in the z-va lue of the 

spores in two buffer solutions <Figure 8). 
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Table 8 
z-Values (°C) for Bacillus stearothermophttus Spores PBDT Calculated 

Using Least Squares Fit With Four Temperatures and 

Two Point z-Values for the Three Sub-Intervals 

Two ~oint z-values 
z-Value °C Least Lowest Middle 
Square Line For Temp. Temp. 

Solution Four Tem~. Interval Interval 

Dextrose 5% in Saline II. 4 12. I 13.7 

Dextrose 5% In Lact. II. 3 15.6 II .2 
Ringer's ' 

Dextrose 5% in Water 10. 3 I I. 4 II. 3 

Water for Injection 8.4 II. 4 8. I 

Butterfield's Buffer 9.3 12.4 9.4 

Sorensen's Buffer 7.6 8.6 7.6 

Table 9 

Estimate of z-Values for Bacll Ius stearothermophi Ius Spores for The 

Specified Temperature Ranges for the Six Solutions Tested 

D-Value z-Value 95% c. I . 
So luti on Temp. °C oc oc 

Dextrose 5% in Saline 110 - 121 II .4 10.6 12.3 

Dextrose 5% in Lact. 105, 110 15.6 10.4 31.2 
Ringer's II O, 115, 121 I 0 . I 9.2 - II. 2 

Dextrose 5% in Water 105, I I 0, 11 5 J I .4 10. 9 11.9 
115, 121 8.7 8.4 - 9. I 

Water f or Inject ion II O, 113 I I . 4 9.6 - 13.9 
113, 1171 121 7.7 7.3- 8.2 

Butterfie ld's Buffer II 0, 113 12.4 9.9 16.8 
(pH 7 . 2) I J 3, J J 7, 121 8.4 7.7 - 9.3 

Sorensen's Buffer 110 - 12 1 7.6 7.2- 8. I 
(pH 7.0) 
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Highest 
Temp. 
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9.3 
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Tab le 10 

Summa ry of D and IR Val ues for Bacf I I us stearothermoeh i Ius 

Spores at I I0°C and 12 1°C 

/ )0°C 121°C 

So lu t ion D(m in ) IR D( mln) IR 

Dextrose 5% in Sal i ne 13 .2 I . 27 1.30 I • 19 

Dextrose 5% i n Lact . 25 . 8 1. 19 2.12 I. 16 
Ringer's 

Dext rose 5% in Water 32 . 0 I .22 2 . 42 I. 16 

Wat er fo r Inject ion 6 1.1 1.22 2 . 98 1. 15 

Butterfie ld's Buffer 72 . 5 I . 24 4 . 70 1.1 0 
(pH 7.2) 

Sorensen's Buffer 88 . 4 I. 12 3 . 36 1. 12 
(pH 7 . 0) 
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CLOSTRIDIUM SPOROGENES STUDIES 

Experimental Design 

Survivor curve tests using Clostridium sporogenes spores (GCDF) were 

carried out at three temperatures with the spores suspended in si x different 

solutions. It was hoped that the tests could be carried out at 105, I 10 and 

I l5°C; however, the heat r esistance of the spores varied widely with the 

solution in which the spores were suspended. The resistance of the spores 

in dextrose 5% in water, dextrose 5% in lactated Ringer' s , and dextrose 5% 

in sa I i ne was so low that it was necessary to reduce the test t emperatures 

to about 95, 99 and 105°C for spores in these solutions. When the spores were 

suspended in water for injection, Butterfield's phosphate buffer (pH 7.2) and 

Sorensen 1 s M/ 15 phosphate. buffer (pH 7. 0), the heat resistance tests were 

carri ed out at 105, I 10 and I I5°C. 

Spores 

Clostridium sporogenes , PA 3679, spor e code GCDF were used in these 

tests . Thi s spo re crop was grown from s pores rece ived from Dr. C. F. Schmidt, 

Contine nta l Can Co., Chi cago, I I I. The s pores were cu ltured in December 1972 

in beef heart infus ion medium as descr ibed by Wheaton and Pratt (1 96 1). The 

spores were stored in disti I led water at 4°C. 

Plating Procedure 

Supp lementa l yeast extract agar (Augustin and Pf lug, 1967) was used as 

the recover y med i um. Yeast extract: yeast extract <BB L) 10. 0 g; sta rch, 

so lub le CBBU, 1. 0 g; K2HP04, 2 . 0 g; agar, 15 g; di stilled wate r, 1,000 ml; 

pH 7.2. Supplements for one I iter of basic yeast ext ract med ium: 12 . 5 ml 

of a 10% sod ium thioglyco ll ate so luti on , 12 .. 5 ml of a 40% dextrose so luti on, 

25 ml of a 4% sod ium bicarbonate so luti on . Dextrose was steri I i zed by fi 1-

trati on , and t he othe r two compounds were ster i I ized by heat. The basic 

med ium without the supp lements was made up one to f ive days before a t est, 
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di s pensed in 300 ml amounts i~ 500 ml Erlenmeyer f lasks, steri 1 i zed at 

121°C and stored at 4°C. The day of t he test t he flas ks of medium we re 

heated in the autoclave at 12 1°C for five minutes and than coo led t o 60°C. 

Immediately prior to pouring the inoculated plates the sterl le sup plements 

we re added to each flask of medium. 

A I .0 ml sample of the heated spore suspension was diluted In Butter

fi e ld's buffer and duplicate 0.1 and 1.0 ml al iquots were plate d. Whe n the 

expected number of survivors was low, duplicate 0. I and 1.0 ml aliquots of 

the heated spore suspension we re directly plated. Approximatel y 25 ml of 

suppl emented yeast extract agar we re added to each plate. The pl at es we re 

incubated in BBL GasPak anaerobic j a rs, using hydrogen and carbon di ox ide 

Ga spa k generators)at 32°C for 72 hours. The colonies were couni ed with 

the a id o f a Bactronic colony counte r. 

Res ults and Discussion 

The results of the survivor curve tests for Clostridium sporogenes 

spores GCDF suspended in dextrose 5% in saline are presented In Figure 9 

and summarized in Table I I; dextrose 5% in lactated Ringer's in Figure 10 

and Table 12; dextrose 5% in water in Figure I I and Tab le 13; water f or 

injection in Figure 12 and Table 14; Butterfield's buf f er (PH 7. 2) in 

Fi gure 13 and Table 15 and Sorensen' s M/1 5 phos phate buffe r (pH 7 . 0) in 

Figure 14 and Tabl e 16. 

The D- value data fo r t he spores in t he s ix so lutions a re shown grap hically 

in the z- va lue anal ys is fo rm in Fi gure 15. The z-va l ue r esul ts a re t abul at ed 

in Tabl e 17. The z-va lues va ry f rom a low value of 9. 0°C f or Sor ensen 's 

M/ 15 phosp hate buf fe r to 12.4°C for wat e r for i njection. In Tab le 18 t wo po int 

z-va lues for high and low temperature po ints are shown. 

The thermal destructi on data f o r s pore s in a specific sol ut ion appea r 

t o have a gene ral t endency to f orm a z-va lue curve ra the r than a stra igh t 

I ine ; t he curve would be concave downward in four so luti ons and concave up

war d in two so luti ons . Since t he deg ree of curvature i s re lat i vely sma l I 

( for a lI so lu t ions except wat e r fo r i nj ect ion ) an d since both concave up wa rd 

and concave downward curves were obtained , we beli eve that a straight l ine 

z-va l ue corre lati on, res ults s hown in Table 17 and Figure 15, is war rant ed 

for the limited dat a ava i !abl e fo r Clostridium sporogenes spores GCDF. 
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Table I I 

Results of Survivor Curve Tests for Clostridium sporogenes 

Spores GCDF Suspended in 5 ml of Dextrose 5% in Saline 

Mean Test D-Va I ue 95% c. I . Width of 
Test No. Temp. oc (min) (min) 95% c. I • 

MD5080B 94.6 20.2 16.4 - 26.3 9.90 
MD5091B 94.8 18. I 15.5-21.7 6.20 

Mean 19.2 

MD5098B 99.7 7.92 7.09 - 8.96 I. 87 
MD5262B 100.0 6.88 6.50- 7.31 0.81 

Mean 7.40 

MD5171B I 05. I 2.70 2.54 - 2.87 0.33 
MD5279B I 05.1 2.65 2.46 - 2.87 0.41 --

Mean 2.68 

Table 12 

Results of Survivor Curve Tests for Clostridium sporogenes Spores 

GCDF Suspended in 5 ml of Dextrose 5% in Lactated Ringer's 

Test No. 

MD5080A 
MD5084A 

Mean 

MD5098A 
MD5101B 

Mean 

MD5171A 
MD5175A 

Mean 

Mean Test 
Temp. °C 

94.6 
93.9 

99.7 
99.7 

I 05. I 
I 05. I 

D-Va I ue 
(min) 

16.3 
13. I 

14.7 

5.33 
4.05 

4.69 

I. 12 
I • 17 

1.14 
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95% C. I. 
(min) 

12.0 - 25.5 
10.6- 17.2 

4.55 - 6.41 
3.68 - 4.49 

I. 0 I - I . 28 
I. 06 - I. 29 

Width of 
95% C. I . 

13.5 
6.60 

1.86 
0.81 

0.27 
0.23 

IR 

I .03 
I. 08 

I .06 

I .02 
I .08 

I. 05 

I. 13 
I. 17 --
I. 15 

IR 

0.99 
1.09 

1.04 

0.99 
1.18 

1.08 

I. 39 
I. 36 

1.38 
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Figure 10: Clostridium sporogenes spores heated in dextrose 5% in 
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Table 13 

Results of Survivor Curve Tests for Clostridium s~orosenes 

Spores GCDF Suspended in 5 ml of Dextrose 5% in Water 

Mean Test 0-Value 95% c. I • Width of 
Test No. Temp. oc (min) (min) 95% c. I • IR 

MD5084B 93.9 14.0 II .8 - 17.3 5.50 I . 21 
MD5091A 94.8 13.4 II. 4 - 16.3 4.90 I. 18 

Mean 13.7 1.20 

MD5101A 99.7 4.29 3.88 - 4.77 0.89 I .20 
MD5262A 100.0 4.38 3.96 - 4.89 0.93 I • 21 

Mean 4.34 I. 20 

MD5063A 105. I 1.28 1.16 - I. 41 0.25 1.44 
MD5171C 105. I I. 39 I .33 - I. 46 0. 13 I .38 --

Mean 1.34 I • 41 

Table 14 

Results of Survivor Curve Tests for Clostridium sporogenes 

Spores GCDF Suspended in 5 ml of Water for Injection 

Mean Test D-Va!ue 95% c. I. Width of 
Test No. Temp. oc (min) (min) 95% c. I . IR 

MD5087A 105.0 14.9 12.4 - 18.7 6.3 1.08 
MD5168B 105 . 0 12.5 10.3 - 15.8 5.5 1.09 --

Mean 13.7 I. 08 

MD5269A II 0. I 3.99 3.43 - 4.78 I .35 I. 15 
f'·iJ5273A I I 0. 2 4. 16 3.81 - 4.59 0.78 !.II --

Mean 4.08 I. 13 

MD5239A 115.2 2.01 1.87 2. 17 0.30 I .03 
MD5247B 115.0 2.23 I. 93 - 2.64 0.71 1.00 

Mean 2. 12 I .02 

.---~. 
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Table 15 

Resu lts of Survi vor Curve Tests for Clostr idi um seorosenes Spores 

GCDF Suspended In 5 ml of Butterf ie ld 's Buffer (pH 7 . 2) 

Mean Test D-Value 95% c. I • ~~~ dth of 
Test No . Temp . oc (m in ) <min) 95% c. I . 

MD4094A 104.7 22.8 20.5 - 25.8 5.30 
MD5 168A 105 .0 19. 6 17.3 - 22 . 7 5.40 

Mean 21.2 

MD5070A II 0.0 7.35 6.74 - 8. 09 I. 35 
MD52698 11 0 .2 6. 95 6 . 49- 7.47 0.98 

Mean 7. 15 

MD5247A 11 5.0 2.07 I. 90 - 2. 28 0. 38 
MD5252B 115. I 2. II I . 96 - 2 . 28 0.32 

2 . 09 

Tab le 16 

Resu lts of Survivor Curve Tests f or Clost ridium s porosenes Spores 

GCDF Suspended in 5 ml of Sorensen ' s Buffer (pH 7. 0) 

Test No. 

MD5087B 
MD50948 

Mean 

MD5234B 
MD5273B 

MD5252A 
MD 5279A 

Mean 

Mean Test 
Temp. °C 

105.0 
105.0 

I 10.1 
11 0.2 

115. 0 
115.0 

D-Va lue 
(min) 

42. 7 
42. 4 

42.6 

9. 87 
8. 47 

9. 17 

3.1 3 
3 .42 

3.28 

95% C. I . 
(m in ) 

40.5 - 45 .2 
38 .4 - 47. 3 

8.96 - I 1. 0 
7.39 - 9.91 

2.6 1 - 3 , 90 
2.96 - 4 .06 
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Width of 
95% C. I. 

4 .70 
8. 90 

2.02 
2. 52 

I . 29 
1.10 

IR 

1.12 
I. 14 

I. 13 

1. 09 
I . 03 

I .06 

1. 00 
1.02 

1. 0 1 

IR 

I. 12 
I. 15 

I • 14 

I .II 
1.11 

I. II 

I. 16 
I . 07 

1. 12 
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Tab le 17 

z-Value Resu lTs for ClosTr i dium sporogenes Spores in Six So lutions 

z- Va lue 95% c. I • Width of 
So lution oc of z, oc 95% c. I . 

Dextrose 5% in Sa line 12. 2 ~ I . 5 - 12. 9 I .4 

Dextr ose 5% in Lact 9 .9 8. 2 - 12. 4 4. 2 
Ri nger ' s 

Dextrose 5% i n Water 10 .7 9. 8- 11.7 1.9 

Water for Inject ion 12 . 4 10.0 - 16.5 6 . 5 

Butterf ie ld ' s Buffer 10.2 9. 4 - I I • I I . 7 
(pH 7 . 2) 

Sorensen's Buffer 9.0 7. 8 - 10.5 2 . 7 
tpH 7.0} 

Tab le 18 

z-Values (°C) fo r Clostridium sporogenes Spores GCDF Ca lculated 

Using a Least Squares Fit With Three Temperatures and 

Two Po int z-Va lues for The Two Sub- Interva ls 

z- Va lue °C Least 
Two- Point z- Va lue , oc 

Square Line For Lowest Temp. Highest Temp. 
So lut ion Three Temp . Interva l I nterva I 

Dextrose 5% i n Sa I i ne 12 . 2 12.4 I I . 9 

DexTrose 5% in Lact. 9.9 11.2 8. 9 
Ringe r ' s 

Dextrose 5% i n Water 10.7 I I • I 10 . 3 

Water for Injection 12.4 9.8 17.4 

Butterfie ld's Buffer 10. 2 II. I 9.3 

Sorensen ' s Buffer 9.0 7 .7 10.8 
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The Two-poinT z-values shown in Table 18 areal I wiThin the z-value 95% 

confidence interval in Table 17, except tor water tor injection and Sorensen's 

buffer. This suggests that The use of a straight z-value line for these two 

solutions is open to question. The z-value line tor Clostridium sporogenes 

spores in waTer for injecTion and Sorensen's buffer may be a curve. It is 

interesTing thaT the Clostridium sporogenes spores in these solutions form 

concave upward curves whereas the trend for Baci I Ius stearothermophi Ius 

z-value I ines is to be concave downward (Figures 15 and 8 respectively). 

Non-1 inear z-values have been previously reported: Esselen and Pflug 

(1956) evaluaTed the thermal resistance of Putrefactive Anaerobe No. 3679 

(a strain of Clostridium sporogenes) in vegetables in the temperature range 

of 121 to 143°C and found a trend tor the z-value to increase with increasing 

temperature. The average z-value for the temperature range 121 to 132°C was 

8.8°C and for 132 to I43°C was 12.2°C. Licciardel lo and Nickerson (1963) 

observed a z-value line tor Clostridium sporogenes spores in phosphate buffer 

that was concave downward, the z-value was I2°C between 90 and 105°C and 

9°C between 105 and 120°C. Wang et al. studied the heat destruction of 

Baci I Ius stearothermophi Ius spores and found that the thermal resistance 

curve was concave upward. These results taken together suggest That the 

z-value is a function of the particular organism being evaluated and that 

both Baci l Ius stearothermophi Ius and Clostridium sporogenes can produce 

straight concave upward and concave downward z-value I ines depending on the 

test system. 

Calculated D-values for 100 and l20°C are presented in Table 19. The 

spores GCDF have relatively high resistance in three solutions and low 

resistance in three solutions. The three high resistance solutions are: 

Sorensen's M/15 phosphate buffer (pH 7.0), D(I20°C) value of 0.84 minutes; 

water for injection, 0(120°C) value of 0.78 minutes; and Butterfield's 

phosphate buffer (pH 7.2), 0(120°C) value of 0.70 minutes. The low resis

tance solutions are dextrose 5% in saline, in water, or in lactated Ringer's. 

At 100°C the D-values in dextrose 5% in water and in dex-trose 5% in lactated 

R. ' Inger s are nearly the same, whereas the D-value in dextrose 5% in saline 

is more than 50% greater than for dextrose 5% in water or dextrose 5% in 

lactated Ringer's solution. 
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Table 19 

DT- Values for Spores GCDF i n the Six Solut ions as Part of 

t he z-Value Ana lys i s f or 100°C and 120°C 

Ca lculated DT- Value , (min) 

So I uti on T = 100°C T = 120°C 

Dextrose 5% in Sa l ine 7 . 07 0. 16 

Dext rose 5% in Lact . Ri nger' s 3. 96 0. 037 

Dextrose 5% i n Water 4.08 0. 054 

Water for Injection 31 .·6 0 . 78 

Butter field's Buffer 65.8 0.70 

Sor ensen's Buffe r 143 0 . 84 

Discussion of the Shape of the Clos!.c.!.dium ~porogenes Survivor Curves 

The shape of the survivor curves for Clostridium sporogenes spores 

GCDF in the six different solutions was found to vary with so lution and 

t est temperature. 

Su rvivor curves fo r spores heat ed i n dextrose 5% in sal ine a re shown 

in Figure 9. There appears to be a significant temperature effect on su rvivor 

curve shape. At the mi ddle temperature the surv ivor curves were approx i

mate ly straight I ines , at the lowest t emperatures the curves were sigmoidal 

in shape whil e at t he highest t emperatu re the curves were concave downward. 

The survivor curves for spores heated in dext rose 5% in I actated 

Ringer's solution shown in Figure 10 are sigmoidal in shape at the lowest 

t emperatu re. At the higher temperatures they are concave downward. 

The survivor curves for spores heated in dextrose 5% In water shown 

i n Figu re I I are sigmo ida l in shape at the lower temper atures and concave 

downward at the highe r temperatures. There is much s imi larity among the 

su rvivor curves of spores in dextrose 5% in saline , dextrose 5% in lactated 

Ri nger ' s so l uti on and i n dextr ose 5% in water. 

The survivor curves f or spores heated in water for inj ection s hown in 

Fi gure 13 are s l ightly concave downward at 105 and I I0°C bu t ar A general I~ 

stra: gt1t I i nes through N at I I5°C. 
0 
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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 dextros~ 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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