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·ABSTRACT: The wet heat destruc
tion characteristics of Bacillus stearo
thermophilus spores suspended in four 
parenteral solutions and Sorensen's 
MJIS phosphate buffer.were evaluatea 
by both end-point and survivor curve 
methods. 

The spores exhibited the largest 
D{l21°C)-values in Water for Injec
tion and Sorensen's buffer. The D
values were about one minute less for 
5% Dextrose in Water and 5% lJex:. 
trose in Lactated Ringer's solution. The 
lowest D-ualues were in 5% Dextrose i.n 
Saline ( .9%). 

The effect of initial numbers on des
truction characteristics of Bacillus stear
othermophilus spores suspended in 
Water for Injection and heated at 
f21°C was determined. The initial 
inoculum· was of the order of lOS, 3 x 
10' and 3 x 107 spores per replicate 
unit.. The results suggest ·that the in
itial number of spores per replicate unit 
does not appear to affect the destruc
tion rate. 

0 Pl'elented at the Annual Meeting of the 
Parenteral Drug Auociation in New York 
City on November 1, 1974. 'Th.eae studies 
were tupported in part by DHEW /FDA 
Contract No. 72-306. The work is repre
sented in Scientific Journal Series Paper 
No. 9054, Minneeota A,ricultural Experi
ment Station, St. Paul, Minnesota 55108. 
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Bacillus .rtearothermophilus spores 
have many attributes as biological in
dicators; they have high heat resistance 
are generally nonpathogenic and are 
relatively easy to culture. However, 
they are sensitive to many environmen
tal factors. Brown ( 1) found that a 
lower percentage of Bacillus stearo
thermophilus spores germinated when 
they were heated in M / 10 phosphate 
buffer than when they were heated in 
distilled water. Buhlmann, Gay, and 
Schiller ( 2) found that Bacillus stearo
thermophilus spores suspended in phy
siological saline had an appreciably 
higher heat resistance than when they 
were suspended in distilled water. · 

One method of monitoring the heat 
sterilization process received by bottles 
of parenteral solution i.J to inoculate 
directly the parenteral solution. At 
least two questions quickly arise: 1) 
what is the effect of the parenteral so
lution on the survival characte!Utics 
of the spores, and 2) is there an effect 
of spore concentration? This study was 
carried out to develop data that would 
help answer these questions. 

In this study the wet heat resistance 
of Bacillus stearothermophilus spores 
suspended in four parenteral solutions 
and M/15 Sorensen's phosphate buffer 
(pH 7.0) was determined. Both frac
tion negative and survivor curve spore 



survival tests were carried out in ad
ditiol'l to preliminary work to deter
mine the volume of recovery medium 
to be used in fraction negative tests 
and the effect of the initial number of 
spores per replicate unit on .spore sur
vival characteristics. 

MATERIALS AND METHODS 

Spores 
Spores of Bacillus stearothermophilus 

coded PCIF were used in all tests. The 
PCIF spores were grown from a cul
ture of NCA 1518 spores originally 
supplied to our laboratory by Dr. C. F. 
Schmidt of Continental Can Co., Chi
cago, Illinois. 

The spores were grown on nutrient 
agar supplemented with 5 ppm man
ganese. Incubation was at 55°C for 
48 hours. The spore crop was cleaned 
by repeated washings with distilled 
water and centrifugation. The working 
spore suspension was in distilled water 
and sto!""..tgc was at 4°C. 

Prepartltio<t~. of Cor.nnercial 
Parentr.ral Solution 

The manufacturer's specifications for 
the commercial ~ol.1tions are presented 
in Tahle I. 

Screw cap test tubes, W x \!'10 mm, 
whose cap liners had been removed 
and replaced with neoprene gaskets 
were sterilized by heating in an auto
clave at 121 °C for 30 minutes and 
then dried in an oven at 125°C for 30 
minutes. The sterile tube:; were trans
ferred to a Class 100 cle:1n room for 
filling. 

The bottle of parenteral ~olution was 
aseptically opened and 2 or 5 ml of 
solution was added to each sterile tube 
using a Cornwall 10 ml repetitive pi
petting syringe. Enough tubes were 
prepared to complete one heating test 
plus two tubes to be used for determi
ning the pH of the solutivn. The pH 
of each solution was measured using 
a Beckman Zeromatic pH meter before 
heating and after the longest heating 
time. 

In the event that sufficient paren
teral solution remained in the bottle 
to run a second test, the rubber stopper 
was aseptically replaced in the bottle, 
the top of the bottle covered with 
sterile aluminum foil and the bottle 
stored in the clean room. The filled 
tubes were stored in the refrigerator 
until used. 

TABLIO: I 

Manufacturer's Specifications for Parenteral Solutions 

Used In Heat Resistance Studies 

Mlllequlvalents par 1000 ml 
Solution Cal HCO; Approx. per 

Na+ K+ Ca++ -
pH liter Cl Precursor 

Sterile Water 5. 7 
Dextrose, 5% In water 5. 0 170 
Dextrose, 5~ In l<1ct. Rl nger 1 s 5.1 179 130 4 3 109 Lact. 28 

Dextrose, 5~ In Saline C0.9J) 4. 7 170 154 154 
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Pr•Jiaration of Mj 15 Scwen.;:m'~ 
Phosphat• Buffn 

The Sorensen's phosphate buffer 
(pH 7.0) was prepared by mixing 61.1 
ml of a stock solution of M/15 diso
dium phosphate ("N~HP04) with 38.9 
ml of a stock solution of M/ 15 potas
sium acid phosphate (KH2PO.) . To 
minimize variability between the buffer 
and parenteral solutions, stock solutions 
were prepared using Water for In
jection. Two ml or 5 ml were pipetted 
into each tube and then the filled tubes 
were autoclaved for 15 minutes at 
121°C. The tubes were stored at 4°C 
until used. 

The Effect of the Volume of 
Trypticase SOIY Broth on the 
Outgrowth of Heated Bacillus 
stearothermophilus Spores 

The procedure we proposed to use 
in performing fraction negative tests 
wa., to suspend Bacillus stearothermo
pltilus spores in 5 ml of parenteral so
lution. After heating, a measured 
amount of single strength BBL Trypti
case Soy broth (TSB) plus .04% brom
cresol purple indicator would be asepti
cally added to each tube and the tubes 
incubated for two weeks at 55°C. 

Tests were carried out to determine 
the optimum amount of Trypticase Soy 
broth to be added to give the lowest 
number of negative tubes after heating. 

About 1()11 spores were added to 5 
ml of M/ 15 Sorensen's phosphate buf
fer (pH 7.0) in 150 x 18 mm screw
cap test tubes. The tubes were heated 
in a miniature retort at 121 °C. The 
heating time was chosen to give both 
positive and negative tubes. In some 
of the tests two different volumes of 
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broth were added to the tubes while 
in other tests three different volumes 
of broth were evaluated. When two 
broth volumes were evaluated, 16 rep
licate tubes were used making a total 
of 32 tubes per test. When three broth 
volumes were evaluated, 15 tubes of 
each volume were tested for a total 
of 45 tubes. Since all of the tubes 
could not be heated at the same time 
in one retort, the tubes heated in any 
one retort were divided equally among 
the media volumes to be evaluated. 
In this way, the tubes in any one test 
all received exactly the same heat 
treatment regardless of the volume of 
media that was being added. 

;~fter heating, the measured amount 
of Trypticase Soy broth was aseptically 
added to each tube of spore suspen
sion. In the test program 5, 10, 15 and 
20 mi amounts of broth were added to 
5 ml of spore-buffer solution. The 
tubes were incubated at 55°C for two 
weeks and scored as either being posi
tive (growth) or being negative (no 
growth). 

Procedure for the Study to Determine 
the Effect of Spore Concentration 

The spores were suspended in 5 ml 
of Water for Injection in screw cap 
test tubes. The initial spore concen
trations in each experiment were about 
1.0 x 105, 3 x 108, and 3 x 107 spores 
per tube. The inoculum volume was 
.05 mi. Three replicate tubes were 
used at each test condition. Tubes 
from all three spore concentrations 
were heated at the same time in the 
same retort whenever possible. Dupli
cate experiments were carried out; 
each experiment consisted of three sur
vivor curves. 



The tubes were heated in the mini
ature retort at 1Zl°C. After heating, 
the tubes were cooled in an ice bath 
for 1.5 minutes, and then taken to the 
clean room· for processing. 

A 1.0 nil aliquot from each tube of 
the heated solution was appropriately 
diluted in Butterfield's phosphate buf
fer (pH 7.2) and duplicate 0.1, 1.0, 
and 10 ml aliquots of the dilution were 
pipetted into 100 mm diameter plastic 
petri plates. BBl. Trypticase Soy agar 
(TSA) medium was used; 90 ml of 
single strength was added to plates 
inoculated with 0.1 and 1.0 ml aliquots 
and 25 ml of 1.5 strength TSA was 
added to plates inoculated with 10 m) 
aliquots. 

Tests were carried out to enumerate 
the number of surviving organisms as 
this number approached one per tube. 
This Wa! done so we would have plate 
counts near the fraction-negative por
tion of the survivor curve. Our proce
dure was to plate the entire 5 ml of 
solution. Four 1.0 ml aliquots were 
pipetted into four petri plates and 30 
ml of TSA added. Thirty ml of TSA 
were then added to the parenteral so
lution remaining in the tube and the 
contents poured into a fifth plate. The 
cotmts from all five plates were added 
together for the total plate count of 
surviving organisms in the 5 m) of 
heated solution. Plates were incubated 
at 55°C for 48 houn and the colonies 
counted with the aid of a Bactronic 
colony counter. 

Surz•ivor Curve Procedures for 
Study of the Five Solutions 

A distilled water suspension of spores 
( 0.05 ml) was added to each tube con-
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taining 5 ml of parenteral solution 5 
minutes before heating was started. 
Three replicate tubes were heated at 
each time interval and three unheated 
tubes were processed to obtain the No 
count. In the first series of survivor 
curve tests performed, 106 spores were 
added per tube. This number of spores 
proved to be too low for solutions 
where the spores had low heat resis
tance; therefore, in the second series 
of survivor curve tests, 106 spores were 
added per tube. 

The heating, cooling, and recovery 
of the spores were the same as described 
above. 

Fraction Negative Procedures for the 
Study of the Five Soluti-ons 

For the first. series of fraction nega
tive tests performed, the spores were 
suspended in 5 ml of parenteral solu
tion. The results of these tests showed 
a definite difference in the heat resis
tance of the spores suspended in the 
various solutions. The possibility exis
ted that these differences were caused 
by the effect of the solution present in 
the incubated tube on the outgrowth 
of the spores rather than by the effect 
of the solution on the spores during 
heating. A tube containing 5 ml of 
solution plus 20 ml of Trypticase Soy 
broth has a parenteral solution con-. 
cenbation of 20%. A study was car
ried out to determine if the presence of 
parenteral solution· in the culture me
dium affected the outgrowth of the 
heated spores. 

The results of the solution concen
tration studies indicated that in some 
cases a concentration of 20% of pa
renteral solution in the culture me
dium could have an effect on the out-



growth of spores. Therefore the second 
series of fraction negative teats were 

· performed using 2 ml of solution per 
tube. This resulted in a parenteral so
lution concentration of 9% in the in
cubated tube. 

A · distilled water suspension of 
spores. (0.05 ml) was added to each 
tube of solution five minute& before 
heating was started. Ten replicate 
tubes were heated at each time inter
val. Heating was done in a miniature 
retort at 121 °C. After heating the 
tubes were cooled in an ice bath for 
1.5 minutes and 20 ml of TSB was 
added to each tube. The tubes were 
incubated at 55°C for two weeks. The 
initial population of spores per tube 
(No) was determined by plating 1.0 
ml of inoculated solution from three 
replicate unheated tubes. 

RESULTS 
The results of the several experi

ments to determine the effect of TSB 

media volume are summarized in Table 
II. The results suggest that larger 
volumes of broth added to the 5 ml 
of spore-buffer solution show no sig
nificant tendency to increase the out
growth of the surviving spores. The · 
dilution factor therefore appears to be 
without effect. The use of 20 ml of 
broth to 5 ml of spore-buffer solution 
or 2 ml as used in later experiments 
should produce results that are not in
fluenced by relative volume of broth 
and buffer. 

The results of the survivor curve 
tests to evaluate the effect of initial 
spore concentration on the heat resis
tance of Bacillus stearothermophilus 
spores are summarized in Tables III 
and IV. The results are presented 
graphically in Figures 1 and 2. 

\Vhen we compare the results of the 
six tests on the basis of 0-value and 
intercept ratio (Table III}, the data 
indicate that the initial number of 
spores swpended in water has little 

TABLE II 

Test No. 

104010 
MS4015 
MS4039 
MS4039 
l·lS4043 

~l$4045 

Results ~s Numbers of Negative Tubes of the Tests 

to Determine the Effect of Madill Vol uma on the 

Outgrowth of Spores Heated 11t l2l°C 

Heat. tlme No. of tubas No. of neg11tlve tubes 
(min) heated ml of TSB added 

5 10 15 

18 16 10 
18 16 2 

18 16 12 
18 16 10 
18 15 8 2 

18 15 7 2 
-- -- --

Total fraction negative 12/32 37/62 4/30 

Ratio 0.38 0.60 0.13 

132 

20 

I 
2 

5 

3 
2 

0 
--
13/94 
0.14 

Bulletin o£ the Parenteral Drug Auociation 



Test No. 

MS4101A 
MS4101B 

MS4101C 

t~S4112A 

MS41120 
~\S4 1 12C 

TABLE III 

The Effect of Initial Spore Concentration on the Heat 
Resistance of Bacillus stearothermophllus Spores 

Suspended In Water and Heated at 121°C 

N 
0 

per tube o-value(a 95% 
(min) C. I. 

t . l X ro5 3.5 3.2 - 3.8 
2.9 X ro6 3.2 3.0 - 3.4 
3.3 X 107 3.2 3.1 - 3.4 
2.9 X ro4 

3. 5 3.Q- 4.1 
3,2 X ro6 3.4 3.1 - 3.7 
3.3 X ro7 3.4 3.2 - 3.6 

(a 
Ti mes have been correct ed tor lag In heating and cooling. 

(b 
Intercept ratio {IR) = log y

0
/logN

0 

IR(b 

.92 

.92 

.92 

.86 

.91 

.93 

effect on the heat resistance character
istics of the spores heated at 121 °C. 
The D-values ranged from 3.2 .to 3.5 
minutes and the intercept ratios from 
0.86 to 0.93. 

The semilogarithmic survivor curves 
in Figures 1 and 2 are not straight 
lines but curve slightly. The survivor 
curves are concave upward ; therefore 

the rate of destruction is higher (smal
ler D-value) at the beginning of heat
ing than at later times. The intercept 
ratio reflects this in that the intercept 
ratio in all tests is less than 1.0. We 
have calculated a D-value for the line 
connecting adjacent data points in 
Figures 1 and 2. 

In Table IV are shown these two-

Heati ng t ime 
Interva l 

!min) 

0- I 

I - 4 

4 - 7 

7 - 10 

10 - 13 

13- 16 

16 - 19 

TADLE IV 

Point to Point 0-values for Baci l lus s t earothermophllus 

Spores Suspended In Water and Heated at 12t •c 

D-val ue 1" (min) 

MS4 10 1A 5 MS4112A 4 MS4101B 6 ::.:~ ~~ 1 06 MS41 0.1C 7 
N ~ l.lxiO N =2.9x l0 N =2.9xl0 N ~3.3x l0 

0 0 0 0 0 

1.88 1. 79 1.87 1.72 1.68 

2 . 57 2 . 2 1 2.31 2.38 2. 17 

3 ,84 2 . 51 2. 76 2 .76 2 .93 

3 .66 7.60 3.56 3 .73 3.00 

3.96 4 .98 4.02 5 . 15 4 .25 

3.72 3.75 4.17 

2 . 96 

1" n mes have been corrected lor the lag In heating and coo l ln9 
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2.16 

2.40 

2.56 

3.55 

3 .56 

5.62 

3.64 
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FtGuaE 1 : Survivor curves for Baeillus 
.ltearothermophilus ( PCIF) aporea sus
pended in 5 ml of Water for Injection, 
heated at 121"0. The 95% confidence 
band iJ shown around each plotted mean 
survivor data point. 

point D-values for the. results from 
tests MS4101A, B and C and MS 
4112A, Band C. The trend in all tests 
is for the D-value to be smaller during 
the initial heating periods and larger 
at the later heating periods. The two
pojnt D-values for the same time inter
val data for the six tests are in close 
agreement. 

pH of Parenteral Solutions 

The pH of the parenteral solutions 
before and after heating for the longest 
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time are summarized in Table V. The 
pH of Water for Injection was higher 
than the manufactUl'el''s specified ap
proximate pH in all cases. After heat
ing it remained the aame or changed 
by ± 0.2 of a pH unit. The 5% dex
trose in water solution was very close 
to the specified pH before heating. In 
three of the five tests, the pH increased 
by about .2 but in two teats it decreased 
by .35 and .75. 

The pH of 5% Dextrose in Lactated 
Ringer's solution and 5% Dextrose in 
saline was very stable and changed 
very little after heating. The ions 
present in these solutions probably act 
as a buffering agent. Dextrose in Lac
tated Ringer's solution had a pH very 
close to that specified, but the dex
trose in saline solution was conaiatently 
lower by 0. 7 of a pH unit. 

Survivor Curve Tests 
The results of the survivor curve 

tests are presented in Table VI. The 
heat resistance of &cillus st~arother
mophilus spores suspended in M/15 
Sorensen's phosphate buffer (pH 7.0) 
was higher than for spores IUipended, 
in Water for Injection. The mean D
values were 3.8 minutes and 3.6 min
utes respectively. 

The D-values at 121 °C for both the 
5% Dextrose in Water and 5% Dex
trose in l..actated Ringer's were about 
one minute less than for the Water 
for Injection and Sorensen's buffe;~ 

' mean D-valuea were 2.6 and 2.5 min-
utes respectively. The spores had the 
least resistance in 5% Dextrose in Sa
line ( .9%) ; the mean D-value was 1.5 
minutes. 

The intercept rati01 for the surVivor 
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FroUJu~ 2 : Survivor curvea for Bacillus 
Jllarolh•rmophilus (PCIF) apon:a IIU
pcnded in 5 ml of Water for Injection, 
heated at 121•c. The 95% confidence 
band ia ahown around each plotted mean 
survivor data point. 

curves for the five solutions were less 
than 1.0 indicating the survivor curves 
were not straight lines but were slightly 
concave upward. 

Fraction-Negative Tests 
The results of the fraction-negative 

tests are reported in Table VII. The 
spores had the highest heat resistance 
when suspended in Water for Injection 
with a mean D-value of 3.3 minutes. 
In M/ 15 .Sorensen's phosphate buffer 
(pH 7.0) the mean D-value was 3.1 
minutes, slightly lower than in Water 
for Injection. The spores in the 5% 
Dextrose in Water, 5% Dextrose in 
Lactated Ringer's, and 5% Dextrose 
in Saline have mean D-values of 2.4, 
2.1 and 1.4 minutes respectively. The 
D-values of the spores decreased in the 
same order as the pH value of the so
lutions decreased. 

Changing the volume of the solution 
in the tube from 5 ml to 2 ml lowered 
the concentration of the solution in 
the incubated tube from 20% to 9% 
and raised the concentration of spores 
per ml from about 4.0 x "10' to 1.0 x 
10'. Decreasing the volume of the so-

TABLE v 
pH of Parenteral Solutlom; Maasure4 Before end After Each Experiment 

14fg s NO. Of ua Plf 
Solution Appraoc. tests Be ore heat nq 1\f er ea no 

pH Mean Range Mean Range 

Water for 5.7 6 6.52 6.15-6.95 6,48 6." - 6·. 85 
InJection 

5~ Dextrose 5.0 5 5. 04 4.75- 5.36 4.93 4.55 - 5.30 
In water 

5~ Dextrose I n 5.1 5 4.96 4.90 - 5.00 4,94 4.90- 5.00 
t.act. Ringer's 

5~ Dextrose 4. 7 5 4.01 4. 00 - 4.05 3.98 3.90 - 4.05 
In saline (.9,:) 
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lution djd not seem to affect the heat 
resistance of the spores suspended in 
the solution except for 5% dextrose 
in saline. For spores suspended in 5 
ml of saline, the D-value was 1.2 
minutes and in 2 Ip1 of saline the D
value was 1.7 minutes. 

DISCUSSION 
The D-values for the survivor curve 

tests shown in Table VI are all larger 
than the comparable fraction negative 
tests (Table VII). This is an expected 
result since the intercept ratio of the 
survivor curves is less than 1.0 indi
cating that the semilogarithmic sur
vivor curve is concave upward. With 
this shape of survivor curve the two
point method of calculating D-values 
required when FN methods are used 

TABLE VI 

Comparison of the Heat Resistance of Spores PCIF Heated 

at 121•c Suspended In Various Parenteral Solutions 

as Determined by Fraction-Negative Tests 

Solution Test N
0 

X 10-5 D-value<a 
95% C. I. No . <•In> 

Water ' for MS4078A 2.76 3.4 3.3-}.6 
Injection MS4136B(b 2.47 3.2 }.Q-}.3 

MS4143B(b 2.03 1:.! 3.2-3.7 
Mean 3.3 

5% Dextrose MS4066A 3.38 2.2 2.0-2.4 
In water MS4061B 2.36 2. 7 2.6-2.9 

MS4162A(b 1.36 £:1 2.1-2.5 
Mean 2.4 

5% Dextrose MS40668 2.70 2.1 2.o-2.3 
In tact. MS40658 2.65 2.2 2.1-2. 4 
Ringer's MS4162B(b 1.41 .!..:.! 1.8-2.1 
Millin 2.1 

5% Dextrose MS4078B 2.90 1.2 t.l-1 . 4 
In sa line~,. · MS4085A 2.45 1.2 1.1-1.4 
( .9%> MS4162c<b 1.22 h! 1.6-1.9 
Mean 1.4 

M/15 Sorensen's MS4064A 1. 24 3.2 3.1-3.3 
buffer pH 7.0 MS4061A 2.50 2.9 2.8-3.0 

MS4136A(b 3.00 2.8 2.7-2.9 
MS4143A(b 2.28 ld 3.1-3.4 

Malin 3. I 

(a 
Times have been corrected for the lag In heating and cooling 

(b Tube contained 2 ml of parenteral solution 
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will give a smaller D-value than the 
slope of regression line through the 
points of the survivor curve determined 
at many heating times by plate count 
methods. 

The mean D-value for spores in 
Water for Injection by the fraction 
negative method is larger than the 
~an D-value for spores in M/ 15 
Sorensen's phosphate buffer; however, 
in the survivor curve tests the reverse 
is true. The differences are small and 
the range of D-values overlap and there-

fore suggest that the D-value for spores 
in Water for Injection and for apores 
in M-15 Sorensen's phosphate buffer 
are not different. 

The three formulated parenteral so
lutions show the same pattern of heat 
resistance in the survivor curve tests 
as in the fraction-negative tests; the 
lower the pH of the solution, the lower 
the heat resistance. 

SUMMARY AND CONCLUSIONS 

The effect of initial numbers on des-

TABLE VII 

Comparison of the Heat Reslsterice of Spores PCIF, Heated at 121•c, 
Suspended In Vartous ·Paranterat Solutions es Determined by Survivor Curve Tests 

N X 10-5 
D-value(a Solution Test 0 95~ C. I. 

No. per tube <min) 

Water for MS4087A 1.53 4.1 3.4-5.0 
InJection 14540948 2.03 3.2 2,9-3.6 

MS4101A 1.15 3.5 3.2-3,8 
MS41 .12A ,29 g 3.o-4.1 

Mean 3.6 

5~ Dextrose MS4098A .42 2,4 2.1-2.8 
In weter MS4148A 29.10 2.8 2.6-2.9 

MS4163A 33,70 !:! 2.5-2.8 
Mean 2.6 

5~ Destrose 14540988 ,51 2.5 2.0--3.4 
In Lec:t. MS41488 29.80 2,5 2,3-2.7 
Ringer's 14541638 35.10 ~ 2.3-2.7 
Mean 2.5 

5~ Deoctros. 14S4105A . 54 1.6 1.5-1.8 
In Saline MS4156A 30.60 l:i 1.3-1.4 
(.9~) 

14Mn 1.5 

lo4/ 15 Soren- 14S4091A 1.53 4.5 3.9-5.2 
Hn's Buffer MS4094A 2,40 3.5 3,4-3.6 
pH 7,0 MS4156B 33.90 ~ 3.3-3.5 
MMn 3.8 

(a Tlnres have bMn corrected for the leg In heating and cooling 

(b Intercept ratio (IR) • log y
0
/log N

0 
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.89 

.92 

.86 

.87 

,92 
,91 
~ 
,92 

.83 
,91 
£ 
.88 

.79 
£ 

.84 

.90 
.92 
.:21.. 
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truction characteristics of Bacillus stear
othermophilus spores suspended in 
Water for Injection and heated at 
121°C was determined. The initial 
inoculum was of the order of 105, 3 x 
106 and 3 X 107 spores per replicate 
unit. The initial number of spores per 
replicate unit did not appear to affect 
the destruction rate. D-values varied 
from 3.2 to 3.5 minutes; intercept 
ratios varied from 0.86 to 0.93. The 
semi-logarithmic survivor curves were 
not straight lines but curved slightly. 
All six survivor curves were similar in 
shape. 

The destruction characteristics of 
Bacillus stearothermophilus spores in 
four parenteral solutions and Sorensen's 
M/ 15 phosphate buffer were deter
mined by both fraction replicate unit 
negative (FN) and ·Survivor curve 
methods. The spores had the largest 
D(121°C)-values in Water for ln.iec
tion and Sorensen's buffer; the range 
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of the means was 3.1 to 3.8 minutes. 
The range of mean D-values was 2.1 
to 2.6 minutes for 5% Dextrose in 
Water and 5% Dextrose in Lactated 
Ringer's; this was about one minute 
less than in Water for Injection or 
Sorensen's buffer. The lowest mean 
D-values, range of 1.4 to 1.5 minutes, 
was for spores in 5% Dextrose in Sa
line (0.9%). 
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