


















TABLE VI 

Effect of Ho ld i ng Heated Spores at 0 and 22 Deg. C <Test & 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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