
3. The solution-holding time effect on 
heated spores of Bacillus stearothermo­
philus spores PCIF was markedly reduced 
when the spores were held at o•c com­
pared to 22•c. 

4. For the heated spores of Bacillus stearo­
thermophilus the holding time was a more 
important factor than the holding solu­
tion or solution concentration in the cul­
ture media. For the nonheated spores the 
holding solution was found to be m ore 
significant than the holding time. 

5. A carry ovt!r of parenteral or buffer so­
lutions, other than Water for Injection, 
into the petri plate can have an effect 
on the number of Bacill-us stearothermP­
philus spores that grow out. The effect 
,,•as not observed when the concentration 
of the added solution in the petri plate 

was 0.5 % but it was measurable when it 
was 10%. 
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Discussion of Paper 
DR. MICHAEL KORCYNSKI (Abbott 

Laboratories); Would you comment on the 
number of tubes you wed per analysis run 
and the level of inoculum per tube? 

DR. PFLUG: We used five in the an­
a lysis and we were running about 106. 

DR. KORCYNSK! : Would you com­
ment on Z value comparisons among the 
solutions? 

DR. PFLUG: We have not done Z value 
comparisons among the solutions. 

--~---- ( Ethicun) : Have you no­
ticed this dying off or this holding death in 
~pores other than B. stearothermophilus? 

DR. Pl<'LUG: I don't think ao; W"­

looked for the variation and this is what 
we found. We are going to evaluate it in 
B. sporogenes and B. subtilis. 

: In your D value curves 
how many samples do you use •o arrive at 
your point? What kind of variation did you 
experience around the points on the curves ? 

DR. PFLUG: The points are an average 
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of three; variation would be within a Jog. 

.. _ . __ : How might this affect 
the significance of the difference between 
the two curvea? 

DR. PFLUG: A meaaure of this would 
be the confidence interval. I should point 
out that in one telt we had a wider confi­
dence interval, one point apparently being 
not as precise as the other two. 

MR. SUMNER KAUFMAN (Miles 
Laboratories); Have you evaluated othe r 
solutions and could you speculate on a 50% 
glycerin solution? 

DR. PFLUG: We have not and I 
wouldn't want to speculate. I think that 
the .spores behave in their own way and I 
would want to test them before I lpecu­
latcd. The reason we selected the five ao­
lu tions above is because we felt they were 
in wide use. U ndoubtedly, we will be check­
ing others. 

MR. JOSEPH MciNTYRE (Schering 
Corporation - .Moderator ): Thank you 
very much, Dr. Pflug. 
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Effect of Holding Time in Pa.r~nteral Solutions on the 
Outgrowth of Bacillus Stearothermophilus Spores * 

ABSTRACT: The effect of holding 
heated and unheated Bacillus Jtearo­
thermophilus spores for 0, 40, 80, and 
120 minutes i11 parenteral and buffer 
solutionJ at 0 and 22°C was deter­
mined. It was found that the holding 
time, holding temperature and solution 
affected the number of organisms that 
were able to form colo11ies. The effect 
of th e addition of 0.5, 10, and 50% 
parenteral or buffer .rolution to Trypti· 
rase Soy agar medium at the time of 
plating was determined; the effect on 
the number of organisms that were able 
t o form colonies varied with both the 
type of solution and the concentration 
of solution. 

Int roduction 
Buhlmann, Gay and Schiller (2} 

suspended Bacillus stearothermophilus 
spores in both distilled water and Tryp· 
ticasc Soy broth and stored the sus­
pensions at 4°C and a t room tempera-

"Presented at the Annual Meeting of the 
Parenteral Drug Association in New York 
City on November 1, 1974. These studies 
were supported in part by DHEWIFDA 
Contract No. 72-306. Scientific Journal 
Series Pap"r No. 9055, Minnesota Agri­
cultural Experiment Station, St. Paul, Min­
n.,sota. Dr. Pflug and hiJ associates are in 
the Department of Food Science and Nu­
trition, Univcnity of Minnt'SOta, St. Paul, 
Minnesota 55108. 

IRV.NG J. PFLUG, 
MIRA SCHEYER, 
GERALDINE M. SMITH, 

and RICHARD G. HOLCOMB 
University of Minne~ota 
MinneapC:,Jis, Minneeola 

ture. After seven months of storage 
there was no decrease in either spore 
count or heat resistance. Brown ( 1) 
suspended Bacillus stearothermophilus 
spores in distilled water, heated them 
at ll5°C and then plated the sur­
vivors using media adjusted to various 
pH's. He found that heated spores 
were very sensitive to the pH of the 
recovery medium. 'M'.l:X.imum recovery 
of heated spores was~obtained with the 
medium at a pH ·of 7.4. Brown (1) 
also heated spores in M / 10 phosphate 
buffer pH 7.0 and plated aliquots of 
the bufl'er to recover suzviving spores. 
He obsezved that phosphate buffer in 
the recovery medium inhibited the ger­
mination of the heated spores. 

This study to detemline the effect 
of the holding of spores in parenteral 
solutions and of various parenteral so­
lution concentrations in the plating 
medium on the outgrowth of Bacillus 
stearothermophilus spores was initiated 
because of unexpected experimental 
variation in spore destruction tests in 
parenteral solutions. Inconsistencies in 
the number of surviving spores, among 
replicate experimental unit~, particu­
larly at the longer heating times, led 
us to suspect that the variations were 
due to: 1) the length of time the spores 
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were held in solution before being 
plated or 2 ) ~~ presence of parenteral 
solution in the recovery medium. 

The tests described and reported be­
low were carried out to separa te and 
define ( 1) the effect of holding time 
and suspending solution on heated and 
unheated Bacillus stearothcrmophilus 
spores suspended in Water for Injection 
5% Dextrose in Water, 5% Dextrose in 
Saline (0.99'o), M/ 15 Sorensen's phos­
phate buffer pH 7.0, and Butterfield's 
phosphate buffer pH 7.2; and (2) the 
effect of holding time in Water for 
Injection from the effect of parenteral 
solution concen tration in the pla ting 
medium on the outgrowth of heated 
Bacillus .rtearothermophilus spores. 

Materials and M ethods 
Spores of BaciUus stearothermophilus 

coded PCIF wer~ used in all tests. The 
PCIF spores were grown from a culture 
of NCA1518 spores originally supplied 
to our laboratory by Dr. C . F. Schmidt 
of Continental Can Co., Chicago, Illi­
nois. 

The spores were grown on nutrient 
agar supplemented with 5 ppm man­
ganese. Incubation was a t 55°C for 
-t-8 hours. The spore crop was cleaned 
by repeated washings with distilled 
water and centrifugation. The working 
spore suspension was in distilled water 
and storage was at 4°C. 

Preparation of ~olutipns 
M/ 15 Sqrensen'.s phosphate buffer, 

pH 7.0, was prepared by mixing 61.1 
ml of a stock solution of M / 15 d iso­
dium phosphate (Na.HPO.) with 38.9 
ml of a stock solution of M/ 15 potas­
sium acid ph,osphate (KH,PO.). Stock 
solutions were prepared using Water 

for Injection. The buffer solutions were 
autoclavcd for 15 minutes at 121°0 . 

Butterfield's buffer stock solution was 
made by dissolving 34.0 g of commer­
rjalJy prepared dehydrated buffer 
(BBL, Division of Bioquest, phospha te 
buffer, APHA, pH 7.2) in one liter of 
distilled water. To prepare the Butter­
field's phosphate buffer, pH 7.2, 1.25 
ml of the stock solution was added to 
one liter of Water for Injection. The 
prepared buffer solutions were auto­
clavcd for 15 minutes at 121 °C. 

Commercially prepared 5% Dextrose 
in Water, 5% Dextrose in Lactated 
Ringer's, 5% Dextrose m Saline 
(0.9%) and laboratory prepared M/ 15 
Sorensen's phosphate buffer pH 7.0 
were diluted into the appropriate con­
centrations with Water for Injection. 
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The proportions a re listed in T able 
I. In test MS4213 the solutions eval­
uated were: Water for Injection, 5% 
Dextrose in Water, 5 % Dextrose in 
Lactated Ringer's and 5% Dextrose in 
Saline ( 0.9%) . In test MS4226 Soren­
sen's phosphate buffer pH 7.0 was 
evaluated instead of 5% Dextrose in 
Water. 

TABLE I 
Solution Concentrations 

Solution Water for Jn ;,:ction 

10% 
20% 

100% 

90% 
80% 

0% 

Ten ml of each solution concentra­
tion was added to each of 8 sterile 25 
x 150 mm screw-cap tubes using a 
Cornwall 10 ml repetitive pipetting 
syringe. The same procedure was fol­
lowed in p reparing the 24 tubes con-
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taining 10 ml of Water for Injection. 
All the solutions were prepared and the 
experiment carried out under aseptic 
conditions in a Class 100 clean room. 

T est Procedures 
The experiments that were perfor­

med and the factors that were exam­
ined are summarized in Table II. 

Spore inoculum. In MS4169, MS­
-1-190, MS4213 and MS4226 hea ted 
spores were tested. The same spore 
suspension was used in all of these 
tests; the ratio of the volume of spore 
suspension to the volume of the car­
rier solution was 1 : 1000, to give a 
spore concentration of 107 spores per 
tube before the heat treatment. In 
MS4214 unheated spores were plated 
and a more dilute spore suspension was 
used. The ratio of the volume of spore 
inoculum to the spore carrier solution 
was 1 : 1000, to give a spore concen­
tration of 105 spores per tube. 

MS4169, holding heated spores at 
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22°C. Five minutes before the start of 
heating, 100 pl of a water suspension 
of Bacillus stearothermophilus (PCIF ) 
spores were added to a 18 x 150 mm 
screw-cap test tube containing 10 ml 
Water for Injection. T he tube and 
contents were heated for 8 minutes in 
a miniature retort at 121 °C. After 
heating the tube was cooled in an ice 
hath for 1.5 minutes and then taken 
to the clean room. 

In the clean room the heated spore 
suspension was agitated to insure uni­
formity and 1 ml was transferred to 
Erlenmeyer flasks containing 100 ml of 
each of the following sterile solutions : 
Water for Injection, 5% Dextrose in 
Water, 5% Dextrose in Saline (0.9% ), 
and Butterfield's phosphate buffer pH 
7.2. Immediately a fter the addition of 
the spores, the solutions were mixed 
and five replicate 0.1 and 1.0 ml ali­
quots of each solution were pipetted 
into 100 mm diameter petri plates and 



25 ml of single strength Trypticase Soy 
agar (TSA) was poured into each 
plate. 

The flasks of solution containing 
spores were then placed on magnetic 
l'tir plates at 22°C and aliquots were 
plated after 40, 80, and 120 minutes. 
The processing for all solutions at any 
one holding time was completed within 
3 minutes of the specified holding time. 

The plates were incubated at 55°C 
for 48 hours and the colonies were 
counted with the aid of a Bactronic 
colony counter. 

MS4190 holding heated spores at 0 
and 22°C. This test duplicated and 
expanded the holding time conditions 
investigated in MS4169. The proce­
dures tha t were changed are described 
below: 

Five minutes before heating was 
started. 150 JLI of a water suspension 
of Bacillus stearothermophilus (PCIF) 
spores were added to 15 ml of Water 
for Injection. In addition to the four 
solutions tested in MS4169, M/ 15 Sor­
ensen's phosphate buffer pH 7.0 was 
also included in this test. Duplicate 
flasks of each of the five solutions were 
prepared. After the 2 sets of solutions 
had been inoculated with the heated 
spores and the zero time aliquots had 
been plated, one set of solutions was 
held at 22°C and the other set of so­
lutions was placed in an ice bath at 
0°C. 

7 .0, and Butterfield's phosphate buffer 
pH 7.2 for 0, 40, 80, and 120 minutes 
at 22°C. One hundred ,.U of a water 
suspension of spores were added to a 
18 x 150 mm screw-cap test tube con­
taining lO otl of Water for Injection. 

MS4213 and MS4226, effect of hold­
iTig time and concentration of solution 
inculture media. These tests were car­
ried out to determine the effect of the 
concentration of the solution in the 
culture medium on the outgrowth 
of heated Bacillus stearothermophilus 
spores and also to evaluate the effect 
of holding spores suspended in Water 
for Injection at 22°C for periods of 0, 
40, 80, and 120 minutes. 

For the effect of solution tests, four 
sets of test tubes were prepared; each 
set contained 24 tubes. In each set 
there were 6 tubes of 10 ml Water for 
Injection and 2 tubes of 10 ml of each 
concentration ( 1% , 20%, lOO~fJ ) of 
the three different test solutions. In 
MS•l213 the solutions were 5% Dex­
trose in Lactated Ringer's, 5% Dex­
trose in Saline and M/ 15 Sorensen's 
phosphate buffer pH 7.0. In MS-4226 
5% Dextrose in Water replaced Soren­
sen's phosphate buffer. 

About 5 minutes before the start of 
a heating test 50 JLl of a water suspen­
sion of Bacillus stearothermophilus 
PCIF spores were added to a tube con­
taining 5 ml Water for Injection. The 
tube and contents were heated for 8 

l-fS4214, holding unheated spores at minutes in a miniature retort at 121 °C. 
22°C. In this test we investigated the After heating, the tube was cooled in 
effect of holding unheated Bacillus ir.e water for 1.5 minutes. The tube 
rtearothermophilus (PCIF) spo~ in was then taken to the clean room; 2.5 
'.Yater for Injection. 5% Dextrose in ml of the. heated suspension was trans­
Water, 5% Dextrose in Saline (0.9%), ferred to a sterile Erlenmeyer flask con­
M/ 15 Sorensen's phosphate buffer pH taining 250 ml of Water for Injection. 
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Immediately one ml aliquots of the 
suspension were pipetted into each of 
24 petri plates. Each of the 24 test 
tubes in one set of prepared solutions 
(6 tubes Water for Injection, 2 tubes 
of the 3 solutions at concentrations of 
1, 20, and 100%) was poured into one 
of the 24 petri plates. Fifteen ml of 
double strength TSA media were added 
to each plate and the plate was swirled 
to mix the contents. About 3 minutes 
were required to prepare the 24 plates. 
To maintain an uniform suspension, 
the contents of the flask were mixed 
using a magnetic stirrer during the 
entire test. 

The zero time procedure was re­
peated at the end of 40, 80 and 120 
minutes holding time. The resulting 4 
sets of plates were incubated at 55°C 
for 48 hours and the colonies were then 
counted with the aid of a· Bactronic 
colony counter. 

Statistical Analysis 
Experiments MS4169, MS4190, MS­

·4213, MS4214, and MS4226 were an­
alyzed using an analysis of variance 
fANOVA) procedure. The experimen­
tal designs were all of the factorial type 
(2 or 3 factors) with the treatments 
given considered as fixed effects. The 
original plate count data was trans­
formed to equalize the expected vari­
ances in the treatment cells. Since plate 
count data is thought to follow a Pois­
son distribution model, the appropriate 
variance equalizing transformation was 
the square root transformation. The 
analysis was carried out on the square 
roots of the original plate count data. 

Since there was significant interaction 
betv.,een treatment of factors in almost 

all cases the difference between treat­
ment means for any given factor must 
be thought of as an averaged difference 
over all other factors. There were many 
comparisons made between treatment 
means. The overall error levels within 
the analysis of a given experiment was 
kept at .001 for these contrasts by using 
Scheffe's (3) procedure to adjust the 
size of the critical difference for testing 
significance. 

Results 
MS4169. The average plate counts 

and the percent change from the zero 
time counts for heated Bacillus steam­
thermophilus spores held in the various 
solutions at 22°C for different time in­
tervals are presented in Table III. 

Holding heated spores in Water for 
Injection and 5% Dextrose in Water 
produced a large decrease in the num­
ber of spores recovered at all holding 
times. The reduction in the number 
of spores recovered from 5% Dextrose 
in Saline was small after 40 and 80 
minute holding times, but after 120 
minutes the counts were reduced by 
50%. In Butterfield's buffer the counts 
were decreased by 15% after 40 min­
utes and by 25% after both 80 and 
120 minutes of holding at 22°C. 

The analysis of variance presented 
in Table IV gives highly significant 
tests for the effects of suspending so­
lution and holding time on the plate 
counts. There was also a highly sig­
nificant interaction effect between the 
solution used and the holding time. 
This interaction indicates that the ef­
fects of solution and holding time are 
not simply additive. 

As we might suspect from the table 
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TABLE III 

Effect of Ho ldi ng Heated Spores at 22 Oeg. C CTest MS4169) 

Solution 

Water tor 
In jection 

5% Dextrose 
in Wat er 

5% Oextrose 
In Sa l lnEt (0.9'.C l 

Bu"tterf I e ld 1 s 
Buffer pH 7. 2 

Minutes in 
Solution 

0 
40 
80 

120 

0 
40 
80 

120 

0 
40 
80 

120 

0 
40 
80 

120 

a Average .of 5 pI ates 

of treatment means, Table V, there 
was a highly significant difference be­
tween Water for Injection and Butter­
field's buffer, and between Water for 
Injection and 5% Dextrose in Saline. 
Both Butterfield's buffer and the 5% 
Dextrose in Saline had the higher plate 

Mean Plate a Per cent change 
Count from zero 

time counts 

300 
113 - 62 
56 -81 
29 - 90 

266 
I 19 - 56 
69 - 74 
71 - 74 

241 
215 -II 
23 1 -4 
11 7 - 52 

295 
250 - 15 
224 -24 
226 - 23 

counts averaged across holding times 
than did the other two solutions. 

There was a highly significant dif­
ference {P < .001) between the 0 
time holding treatment and the other 
three holding times {40, 80, and 120 
minutes ) averaged across all solutions. 

TABLE IV 

Resu lts of t he Analysis of Vari ance o f the Trans formed 

Data of Test MS4169 

Source ss OF MS F 

Solution 407.4 3 135 .6 49. 86 

Ho lding time 490.6 3 163.5 
276. 4' J I nteractlon 218. 7 9 24 .3 335 . 3a 

Error 31. 2 64 . 5 

To"tal 1147.9 79 

II p '< .001 
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TABLE v 
Treatment l'vleans for Transformed 

Data of Test MSH 69 
Solution 

Water for Injection 
5% Dextrose in Water 
5% Dextrose in Saline 
Butterfield's Buffer, pH 7.?. 
Holding Time 

0 minutes 
40 minutes 
80 minutes 

120 minutes 

Mean 

10.17 
10.98 
1-t.0-1-
15.73 

16.58 
12.99 
11.45 

9.90 

In fact, all holding times were signifi­
cantly different from each ·other with 
an overall error rate for all contrasts 
held at the .001 level. 

MS4190. The mean plate counts 
and the percent change from the zero 
time counts for heated Bacillus stearo­
thermophilus spores held in the var­
ious solutions a t 22 and 0°C are pre­
sented in Table VI. 

The results at 22°C for Water for 
Injection, 5% Dextrose in Water, 5% 
Dextrose in Saline (0.9%), and But­
terfield's phosphate buffer pH 7.2 are 
similar to the results in test MS4169. 
M / 15 Sorensen's phosphate buffer, pH 
7.0 was also tested in this experiment 
and heated spores suspended in this 
buffer behaved in the same manner 
as when suspended in Butterfield's 
phosphate buffer pH 7.2. 

The results of the analysis of variance 
are summarized in Table VII. All 
treatment variables (solution. holding 
time, and holding temperature) and 
their interaction effects had significant 
tests a t the .001 error level. The most 
~ignificant treatment variable tested 

was holding temperature, followed by 
holding time and solution. 

There was a high significant differ­
ence (Table VIII) between the mean 
for Water for Injection averaged over­
all holding times and temperatures, and 
the other solutions: Butterfield's buffer, 
Sorensen's M _/ 15 buffer, and 5% Dex­
trose in Saline. 

There was a highly significant dif­
ference ( P < .001) between the effect 
of 0 minutes holding time and any of 
the other three holding times ( 40, 80, 
120 minutes) . The 40 minute holding 
time effect was significantly different 
also from the 80 to 120 minute holding 
times. 

No significant difference was found 
at the .001 error level between any 
pair of holding times (at 0°C) treat­
ment means. 

The 0°C holding temperature was 
significantly different (P < .001) from 
the 22°C holding temperature as might 
he inferred from the holding tempera­
ture contribution in the ANOV A table. 

MS42 14A. The mean plate counts 
and the percent change in plate count 
from the zero time counts for non­
heated spores held in the various so­
lutions are presented in T able IX. 

For nonheated spores held in Water 
for Injection and 5 % Dextrose in 
Water there was a large decrease in 
the number of spores per plate. In 
Water for Injection after 40 minutes 
of holding the reduction was 65% and 
after 120 minutes the decrease was 
75%. In 55~ Dextrose in Water after 
40 minutes the number of spores re­
covered had decreased by 10%. The 
largest decrease (88%) occurred after 
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TABLE VI 

Effect of Ho ld i ng Heated Spores at 0 and 22 Deg. C <Test r~S4 1 90A & Bl 

22°C 0°C 

Mean Plat ea 
Pe rcent Change 

Mean Platea 
Pe rcent Change 

Minutes In From Ze ro From Zero 
Solut ion Solution Count Time Counts Count T1 me Counts 

Wa ter for 0 164 137 
Inj ection 40 64 - 61 139 +I 

80 18 -89 133 -3 
120 16 -90 120 -1 2 

5% Dext rose 0 135 138 
In Water 40 75 -44 133 -4 -

I 
80 15 - 89 127 -8 ., 120 7 - 95 130 -6 00 

5% Dextrose 0 134 125 
t;:j in Saline (0. 9%l 40 98 - 28 11 7 - 6 :. 80 68 - 49 11 5 -8 
~ ;;· 120 64 -52 11 8 -6 
s. Sorensen ' s Buffer 0 143 136 
!1- <W15l pH 7.0 40 123 -1 4 145 +6 .. 
~ 80 91 -36 139 +2 
~ 120 93 -35 130 -4 
:I 
10 
! Butterfi e ld' s 0 157 132 
0 Buffer pH 7, 2 40 131 -1 7 131 -I 
i! 80 127 -1 9 121 - 8 
lq 120 11 4 - 27 100 - 24 > 
fi 
~ g a Average of 5 plat es 



TABLII VII 

Resu Its of the Analysis of Variance of the Transformed 

Data of Test MS4190A 

Sou rce 

I l Sol ut ion 

2) Ho lding Time 

3) Ho lding Temperature 

Interact ion I, 2 

Interaction I, 3 

Interacti on 2, 3 

Interaction I, 2, 3 

Error 

Total 

a P < . 001 

TABLE VIII 

ss 

156.62 

250.69 

248.80 

66 .80 

197. 65 

161.74 

94.96 

~ 
1253.93 

·or 

4 

3 

I 

li 
4 

3 

12 

1£2. 
199 

·14s F 

39.15 11 0.53
11 

83.56 2}5.908 

248.80 702 . 36
11 

7.23 20.4211 

49.41 139.49
8 

53.91 152.198 

7.91 22.34
11 

.35 

Treatment Means for Transfom1ed 
Data of Test MS·H90A 

80 minutes of holding, and did not 
change significantly at 120 minutes. 

In 5% Dextrose in Saline, Sorensen's 
buffer and Butterfield's buffer the 
counts did not change or the differences 
were ve:ry small. In Butterfield's buffer 
at 40, 80 and 120 minutes there was 
a small increase in the number of re­
covered spores. 

Solution 

5% Dextrose in Water 
Water for Injection 
5% Dextrose in Saline 
Sorensen's Buffer 
Butterfield's Buffer 

Holding Time (minutes) 
at 22 and 0 deg. C 

0 
40 
80 

120 

at 0 deg. C 
0 

4-0 
80 

120 

Ho!ding T emperature 
0 deg. C 

22 deg. C 

Mean 

9.07 
9.35 

10.15 
11.14 
11.21 

11.79 
10.65 

9.37 
8.93 

11.546 
11.495 
11.247 
10.910 

11.30 
9.07 
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The results from the analysis of 
variance (Table X) are similar to 
those found in experiment MS4169A. 
The effect of solution, holding time, 
and interaction between solution and 
holding time were all found to be 
highly significant. 

The transformed treatment means 
are presented in Table XI. A highly 
significant difference was found be~ 

tween Water for Injection and 5% 
Dextrose in Water and three other 
solutions: Butterfield's buffer, Soren­
ensen's buffer and 5% Dextrose in 
Saline. These solutions had signifi­
cantly higher plate counts, averaged 



TABLE IX 

Ettoct of Treatment on Non-Heated Spores, 2~ Ocg. C !Test HS4214l 

Solut ion Minutes In Mean Platea 
r-ercenT Change 
FrOfll Zero 

So lution Count Time Counts 

Water for 0 63 
Inject ion 40 22 - 65 

80 21 - 67 
120 16 -75 

5~ Dext rose 0 58 
In Water 40 54 - 7 

eo 7 - 66 
120 4 - 93 

5~ Dextrose 0 60 
In So l lne (0.9~) 40 61 +2 

60 64 +6 
120 60 0 

Sorensen ' s 0 66 
Buffer pH 7.0 40 61 - 6 

80 61 - 8 
120 66 0 

Butterfield's 0 62 
Buffer pH 7, 2 40 73 +1 5 

80 67 +6 
!20 69 +1o 

a Average of 5 plates 

'l'A:BLE X 

Resu lts of the Ana lys i s of Variance of the Transformed 

Data of Test MS421 4 

Source ss DF MS F 

So lut ion 21 4.0 4 53.5 193 .2911 

Ho i d l.ng Time 58.6 3 19 . 5 70.60a 

Interact ion 136.1 12 11 . 3 40.97a 

Error 22.1 80 . 3 

Tota l 430. 9 99 

a P < . 00 1 
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across holding times, than did the 
Water for Injection. 

There was a highly significant dif­
ference ( P < .001 ) between the 0 
holding time and the 80 and 120 min­
ute holding times averaged across all 
suspending solutions. 

MS421 3. T he mean plate counts 
for hl"ated spores held in Water for 
Injection at 22°C for various time in­
tervals and then plated with various 
concentrations of solution in the cul­
ture medium are summarized in Table 
XII. 

The results of the analysis of vari­
ance (Table XIII ) indicates highly sig­
nificant effects on plate counts due to 
both the solution in the media and the 
holding time in Water for Injection. 
T he efl'ect due to interaction was not 
shown to be significant at the .01 error 
level. 

TABLE XI 
Treatment Means for Transformed 

Data of Test MS42B 
Solution 

5% Dextrose in Water 
Water for Injection 
5t,lo Dextrose in Saline 
Sorensen's Buffer, pH 7.0 
Butterfield's Bufl'er, pH 7.2 
Holding Time 

0 minutes 
40 minutes 
80 minutes 

120 minutes 

M eat 

4.81 
5.28 
7.82 
7.98 
8.22 

7.87 
7.23 
6.22 
5.97 

The treatment means for the trans­
formed data are presented in Table 
XIV. There was a highly significant 
difference between the counts for 
Water for Injection and the 50% level 
of the other three solutions averaged 
across all holding times. A significant 

Pl at o Count i't.:sults
0 

In Exp6riment t-15421~, Effect o f Ho l d i ng T ime at 

n c .. g . ~ i n \'lat.or f or Injecti on end Concentrat i on of Various 

!:e lut ions In Plat&, l-lcated Spores 

Concuntratl or. Of 
Ho l d l og Ti mo, l·ilnut~s 

~ol ut lon In P.,tr l 
Sc lut l c.r. Pl dt" I n Percent (l 40 ao 120 

\l'ater t ur 50. 0 7 12 356 390 290 
l oj.,ctl on 50.0 641 4.82 364 293 

50. 0 585 4bf> 377 282 

5~ Ccxtrc&t: ., c 

' ·" 76c 40~ 340 302 
i n 1\'at ur IC. C ti25 32C: ~29 246 

5C. C 541 25{ 262 207 

~1 (..ey,t rCJ~t: 

in Lact . f.:i ngi"::r 15 ~1 . : 71 <> 420 36~ 268 
10 ,0 613 46(1 340 244 
so.u 333 141 202 16& 

s:: Dextrose 0 . 5 676 4ou 386 290 
i n Sa I i nc (0 . 9:;1:) IO. C So:> 3o& 275 270 

50. 0 256 164 154 l ie 

~Avo rage o f two ~la-te count s 
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TABLE XIII 

Resul t s of the Anal ysis of Variance of the Transformed 

Data of Test ~154213 

Source 

Sol uti on In med !a 

Ho lding Time 

Int e r act I on 

Error 

Tot a l 

a P < . 00 1 

ss 

568.1 

915.3 

85.5 

62 . & 

1631 . 7 

difference was not demonstrated at this 
error level between the mean count for 
Water for Injection and the .5 or 10% 
level of the other solutions. 

There was a highly significant ( P < · 
. 001) difference between the 0 holding 
time and the other three holding times 
(40, 80, and 120 minutes) averaged 
across all solutions. There was also a 
highly significant difference between 
the 40 minute and the 120 minute 
holding times. 

.MS4226. This test was a replicate 
of MS4213 except that M / 15 Soren­
sen's phosphate buffer, pH 7.0 was 
tested instead of 5% Dextrose in Water. 

·The mean plate counts are presented 
in Table XV. 

The results of the analysis of variance 
(Table XVI) indicates that the con­
centration of the solution in the plat­
ing media, the holding time, and their 
interaction all have a highly significant 
effect on plate count results. 

The treatment means for the trans­
formed data are presented in Table 
XVII. As in MS4213A there was a 
highly significant difference, averaged 
across all holding times, between Water 

DF t~S F 

II 51 . 6 39.45a 

3 305 . 1 233,06a 

33 2.6 1.98 

48 1.3 

95 

for Injection and the 50% levels of the 
other solutions. 

There was a highly significant ( P < 
.001) difference between each of the 
four holding times (0, 40, 80, and 120 
minutes) compared pair-wise . 

Discussion 
In Table II are listed the experi­

ment numbers as a Junction of all of 
the solutions that we have evaluated 
in these experiments and the different 
conditions to which the spores have 

TABLE UV 

Treatment ~ns f or Transf ormed Oat a c f Tost MS42 13 

So l~o~tion 

Water f or l.nj~ct io11 

1 5;; OOxtro~e in Wi1te r" 

5~ uext r ose i n Fd i•!;Jcr 1s 

5:£ t;o,>.. tros~ 

HvldiM T l tne 

•) minutes 

4i.l ml r.utos 

eo ~lnutus 
I ~0 rr.i r,IJ t oJ:s 
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I n !:l'J II ne 

~~~~~~=~lt~f 0~o~~ 1 
Pl :t te in Percen t 

50. 0 

0,!1 
W. v 
~o . c. 

0. 5 
IL.O 
5C. G 

•.), ~ 

\ O. v 
50 . C 

l·~~n 

Z0. 62 

20. 89 
19 . 22 
17 . 4 4 

2C.o 7 
20. 06 
15.55 

21 . 14 
19 . 07 
12. 95 

:..;.. 9E 

19. 09 

17 . cc 
15 .62 
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TABLE XV 

Plate Count Resu l t~ I n Experiment MS4226.' Effect of Hold i ng Time at 

22 Deg . C In Water f or Inject i on and Conceritp•t i o n of Varloos 

So lut i ons In Pl at e , Heated Spores 

Conc~ntratlon of 
So l ut ion in Potrl 

Sol ut i on PI ate I n Per cent 

Water f or 50. 0 
Inject i on 50, 0 

so.o 

Sorenson • s Uu fter 0 .5 
(M/15) pH7. 0 10.0 

so.o 

5~ Dextrose 0 , 5 
In Lact . Rl nger ' s 10. 0 

50,0 

51 Dextr ose 0 .5 
in Sa l i ne <0 . 9Sl 10. 0 

50. 0 

• Averag" ot two p l ate counts 

been suhjected to. Some of our con­
ditions have been replicated four times 
and approximately one-half have been 
replicated two times. The spores of 
Bacillus stearothermophilus have 
yielded consistent results in this series 
of experiments. The experiments in 
which we evaluated the holding time 
of heated spores in Water for Injection 
at a temperature of 22°C were eval­
uated in four experiments : MS4169, 

'rABLE XVI 

Ho lding Time, Mln4tes 

0 40 60 120 

400 249 110 76 
4}4 268 137 88 
452 267 146 98 

444 250 166 B5 
378 230 125 69 

I 2 5 3 

433 233 142 89 
386 232 130 68 
214 123 67 41 

._435 266 140 80 
' 356 232 11 2 66 

161 105 56 26 

MS-4190, MS4213, an(! MS-4226. The 
resuits were sinular· in ~ four experi­
ments. The holding ~e of heated 
spor~s in 5% Dextrose in. Water, 5% 
Dextrose in Saline, and in Butterfield's 
buffer at 22 °C were evalua ted in two 
experiments: MS4lp9 and MS4190A. 
The ~e5ults Were'. almost ide~tieal. 

The effect of "concentration of so­
lutions in the petri plate" experiment 
which was combined with a holding 

Resul ts of the Ana l y s i s of Vari ance of the Tr~nsformcd 

Data of Test 1154226 

Source 

Sol ution I n I'!Bd ia 

Hol d lng Ti me 

I ntcrac t i on 

t:rrors 

Tota l 

a P < . 001 

May-June, 1976, Vol. 29. No. 3 

ss 

D 37 . 3 

1306 . 2 

18 7. 0 

14. 6 
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OF 

I I 

3 

3-3 

48 

95 

r-15 F 

121.6 4QO. 73
8 

435. 4 132 1.40
3 

5. 7 18.67 " 

.3 

. ~ 



T,;BLB XVII 

Solut Ion 

Wator for lnjecti Ori 

Sor ensen' s Buf f er 

5S Dextrose i r. Rln3er•s 

5$ Ooxtroso In !>b l l ne 

Hold ing Time 

0 minutes 

40 rni nutes 

eo oi riutc~ 

120 rn i nut a5 

Cor.cetitr4ti'On oT 
Sol ution In Petri 
Plate In fJo rcenT 

50. 0 

v ,. ,, 
l ~. u 
50.0 

J . !i 
I '.I .V 
5o.·c 

~. 5 
l ~. o 

.50.11 

i.ieltf. 

14 ,46 

14.77 
13. 51 
1, 51 

14.34 
J3. G:: 
10. <..17 

14.46 
ll.20 
a.ae 

17.55 

13.7 4 

10 .4:0 

7 . 7b 

experiment at 22°C in Water for In­
jection was duplicated in experiments 
MS4213 and MS4226. The pH of 
mixtures of parenteral solution and 
double strength Trypticase Soy agar 
was determined. The pH did not 
change by more than 0.1 pH unit as the 
concentration of parenteral or buffer 
solution increased from 0.5 to 50%; 
If we look at the effect of solution con­
centration at each holding time, we 
find that the number of organisms 
recovered decreased with increasing 
concentrations of the buffer or paren­
teral solution in 11 of the 12 conditions 
tested in MS4213, and in 12 out of 12 
in MS4226. Sorensen's buffer produc.ed 
the la rgest count reduction and the 
effect was very marked at the 50% 
concentration level. Both the 5% Dex­
trose in Lactated Ringer's a~d 5% 
nextrose in Saline ( .9%) had a definite 
effect at the 50% level and probably 
a small effect at the 10~ level; the 
.'i% Dextrose in Water produced the 
least effect. The overall effects were 
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similar in the duplicate experiments; 
however; t_he;e 'were some d~erences 
in ·relative magnitude ·of the · effec~. 

The relative contribution of the fac­
tors (holding time, solution, holding 
temperature) in explaining the vari­
a tion observed in the data can be seen 
in the analysis of variance (ANOVA) 
tables. The contributions to the vari­
ation in the data can be compared by 
lookiug at relative sizes of the F -test 
statistics. In Table VII for MS4190 
the most important effect is seen to be 
the holding temperature factor. In 
the ANOV A tables for the hea ted 
spores (MS4169, MS4190, MS4213, 
MS4226) the holding time factor is 
seen to be more important than the 
holding solution or the solution con­
centration in the culture media. For 
the nonheated spores of MS4214, how­
ever, the ANOV A in Table X shows 
that holding solution here was a more 
important factor than the holding 
time. 

We have not carried out any experi­
ments to try to isolate further the cause 
for the change in the number of Ba­
rillu.r stearothermophilus spores that 
grnw out. It is very possible that the 
spores that are failing to grow out are 
not dead but have reverted into a dor­
mant state. 

CONCLUSIONS 
I. The holding of either heated or unheated 

Bacillus stearothermo phil us PC IF spores 
in parenteral solutions or in buffer so­
lutions at a temperature of 22"C for 40, 
80, or 120 minutes caused measurable 
reduction in the number of spores that 
grew out when the solutions were plated. 

2. The holding time effect varied with so­
lution. It was greater in the solutions 
without ions, i.e. Water for Injection and 
5% Dextrose in Water than in the so­
lutions with ions, i.e. the phosphate solu­
tions and 5 % D extrose in Saline. 
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