
APPLIED AND ENVIRONMRNTAL MICROBIOLOGY, Sept. 1078. p. 457-464 
0099-:.!:!4!1( 71l( llO:*i-04!i7$02.00/ 0 

Vol. ali, No. :J 

Copyri!Jht © 1978 American Society for Microbiology Printed in U .&.A. 

Effect of Phosphate Buffer Concentration on the Heat 
Resistance of Bacillus stearothennophilus Spores Suspended 

in Parenteral Solutionst 
CHRTEJ'T'JNE A. GAUTHIER, GERALDINE M. SMITH, AND lH.VING J. PFLUG• 

Environmental Sterilization Labora.tory, University of Minni!Ratn, MinneapaliR, Minnesota 55455 

Heceived for publication 28 June 1971:! 

The effect of various quantities of Butterfield phosphate buffer added to four 
parenteral solutions on the survival of Bacillus stearothennuphilus spores heated 
at 121 oc wall detennined. The effect of the addition of phosphate buffer on spore 
swvival varied with the parenteral solution. Spore survival was increa,sed or 
decreased, depending upon the composition of the parenteral solution and the 
buffer concentration. Theresults obtained in these experiments attest to the fact 
that enviroruncntal factors, including the type of ions present and ionic concen
txo.tion, affect the heat destruction rate of B. stearot.herm.ophilu6 spores. There
fore, the sterilization requirements of a pTodur.t. su~h Rs R paTenteral solution may 
be affected by small change!! in foTmulat.ion. 

There are a nwnber of factors that have been 
shown to affect the heat resistance of .Bacillus 
stea.rothennophilus llpn-reR {2-4, H-10). One im
portant. far.t.m i!! t.he chemical composition of the 
ilolut.ion in which the spores are suspended dur
ing heating. 

We have observed dUring studies to de termine 
the effect of slorage time and storage solution 
on spore heat resistance (unpublished data) that 
B. stearothcnnophilus spores behaved differ
ently when heated in solutions with different 
levels of phosphate buffer. 

Williams and Hennessee (11) noted that t.he 
heat resistance of R. sten.rothenn.ophilru~ P.pOTel-1 

wa!'l affected by the concentration of the phos
phate buffer in which the spores were h~ated, 
but they did not quantify the effect other than 
to observe that the heat resistance of the spores 
measured at 120°C increas·cd with a decrease in 
the concentration of phosphate in solution over 
the range of 0.05 to 0.067 M. Coolt and Gilbert 
(3) concluded after studying the beat resistance 
of B. stearothermophilu.s spores in water in 
Mcllvaine buffer and in RorenRen buffer that 
l-lignificant variation in heat resistance may occur 
when different buffers are used. 

Apparently, the effect of ions also had been 
observed by Brown (Ph.D. thesis, University of 
London, London, England, 1962), who sus
pended B. stearotherrrwphilus spores in 1/ 4-
strcngth Ringcr solution, an ionic solution. Both 
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Ringel" solution and lactat ed Ringer solution 
contain the major ions, Na+, K+, Ca2

• ·, and Ct··; 
lactated Ringer solution contains additional so
ilium in the form of !-!odium lactate. 

This is the report of a study to determine the 
effect of adding varying quantities of phosphate 
buffer to foW' parenteral solutions (water for 
injection, dextrose 5% in water, dextrose 5% in 
lactated Hinger solut.ion, and lact<lted Ringer 
solution) on the heat resistance of R. sten.rother
moph.ilus spores. To simplify ths addition of the 
phosphate buffeT t.o t.he !!olutionR, increment!; of 
Ruttemeld (l) phosphate buffer were added. 
Standard Butterfield buffer is 3.1 X 10 • M. 

MATERiALS AND METHODS 

Experimental plan. The experimenta.J plan was to 
evaluate the hen.t resistnnce at 121•c of B. ste(l.l·other
mophilus spores suspended in fuur parenteral solu
tions containing various concentrati(ms of Butterfield 
phosph:~t.e huffer. 'l'hree s eries nf experiments were 
carried nut. Series I evnludted the behavior of the 
spores in dextrose 6% in water and dextrose 5% il1 
lactated Ringer solution with buffer concentrations 
ranging from 0 to 32x. Series !I evaluated the heat 
resistance of the F!pOrP.R in water for injection and 
lllctaLed Ringer solution with buffer concentrat ions 
ranging from 0 to l60X. Seriea III f:!valuaLed lhe spores 
suspended in water for injection and lactated Ringer 
solut ion containing buffer concentrations ranging from 
0 to 30x. 

Spores. Spores of B. :~tearuthermuphilWJ, grown in 
our laborat ory from strain ATCC 7953, were used in 
nil t estl!. 

The spores were grown on nutrient agar supple-
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mented with 5 l'g of manganese !!nlfate per liter. In
cubation was ot M °C for 48 h. The !lf!Ore crop was 
cle~tned by repeated watihings with distilled water and 
centrifugation. The working spore suspension was ~us
pended in water· for injection and 11tored at 46 C. 

Preparation of solutions. Buttemeld phospha~c 
buffer was prepared from dehydrated buffer manufac
lured by.Baltimore Biological Laboratory. The 11tock 
solution wAA prepared ·using label directions; 34 g .crf 
dehydrated buffer was combined with lliter of water 
for'injection ond then ·autoclaved for 1 f'i min at 121 °C. 

A dilution of the stock snlution was used t.o obtain 
the levels of buffer concentration desired for the~~e 
experiments. For a standard-strength Butterfield 
phosphate buffer llillution, 0.63 ml ~~~ added to 500 
ml' of commercinlly prepared. parenteral solution. 

Thirt,y-i;'ive milliliter!! of each parenteral buffer SO• 

lution was distributed int.oscrew-cap test tubes (25 hy 
150 nun). Each tube was then inoC\Iiated with·0.36 ml 
in series I and 0.~ ml in series 1I and llT of the same 
crop of B. stearothcnnophilus spores that were sus
pended in water for injection. The initial spore· con
centration wsa 7,7 X 106 per ml for series I and 4.4 x 
l<r per ml for seri~R fl and ill experiments; 

The inoculated tube.o. wm.e allowed to equilibrate at 
4 nc for at least 6 days before heating tests were carried 
out. 

Test procedures. Heating test~> were carried out 
in 110rew-cap tesl tubM;· 3 ml of the equilibrated inoc
ulated substrate was tranRferred into the tube~~ (18 by 
150 mm) immediately before r.arrying out the heat.ing 
tests. The tubeR were heated in a miniature retort at 
121.1 gC. Two replir.ate tube.s were heated at each time 
in Reries I and 11, and three replicate tubes were heated 
at eaCJh tune in series Ill. One tube was analyzed to 
obtain the No count. in the sarles ll and .lll experi
ments. 

Heating.times werP. corrected for the lag in heating 
ond cooling. A lag cotrection factor of 2.0 min was 
used for t.he 18· by 150-mm screw-cap test tubes r.on
taining 3:0 ml of solution. 

At the end of the heating time, t.he tubes were 
removed ·from the miniature retort, immer11ed in an 
ice-wat.er bath for cooling, and held in the ice water 
until the spore recovery procedures were init.inted. 

In the spore recovery operation, the substrate in 
the tubes was. fir~t. agitated to insure uniformity. 
Where required, dilutions ·were made in Butterfield 
phosphate buffer (pH 7.2). Duplicate 0,01-, 0.1-, or 1.0-
ml aliquots were plated; abuut.30 rnl of Trypticasc soy 
agar was added to each petri plate. The plates were 
incubated at 55°C for 4R h, and the colony-forming 
units were counted with the aid of a Ba<:I.J'onic colony 
count.cr. Solution preparation, 11pore inoeulation, and 
recovery procedures were carried out in a class 100 
clean room. 

Data analysis. The dat..a, in terms of the number 
of survivin~t organisms per. tube as a function ofhe11ting 
time, were analy2ed with the aid of &·.survivor curve 
computer program. The D·value, the 9/i% confidence 
interval of the D-vnlue, · and the intercept ratio (lR) 
were calculated (6). TheIR is defined as the log of the 
zero-time iutercept of the regre1111ion line divided by 
the log of the N0 value. 

APPr .. ENVIRON. MICROJ!TOL. 

RESULTS 
Series I experiments. Tests to determine 

rates of spore suTVival were carried out index
trose 5% in water and dextrose 5% in lactated 
Ringer solution with added Butterfield phos
phate buffer in amounts of 0, l, 2, 4, 8, 16, 24, 
and 32x at.andard strength. 

The re1mlts for the series I experiments, in 
terms of the mean logarithm of the number of 
survivors estimated from plate counts in dex
trose 5% in water for injection and dextrose 5% 
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in lact.ated Ringer solution, are shown graphi~ 
cally for each heating time and buffer concentra
tions from 0 to 32x in Fig. 1 and 2, reRpectively. 

In dextrose 5% in water, there W:tR an increase 
in the number of survivors at the 4-min heating 
time with an increase in buffer concentration up 
to 2x; then the number "Of survivors remained 
stable through 32X. After 10 .min of heating, the 
increase in the number of survivors with increas
ing buffer -concentration was greater than at ·4 
min. The number of surviving spores was great
est at 8x buffer and then decreased through 
32X. The number of surviving spores in il2X 
hnffer, after 10· min of heating, was lower than 
in dextrose 5% in water with no added buffer. 

B. stearothermophilus sporeR h eated index
trose 5% in lactated Ringer ROiution exhibited 
the same general pattem of heat resistance as in 
dextrose 5% in water. There was an increase in 
the number of survivon;· with increasing concen
trations of buffer after· both 4 and 10 min of 
heating. The highest heat resistance occurred at 
sx buffer. After 4 min of heating, the heat 
resistance remained faiily stable through 32X 
buffer, whereas after 10 min, the. number of 
survivors decxeased until at ::\2x buffer there 
were fewer swvivors than when no buffer was 
added. 

Series II and ffi experiments. In series II 
experimentJ::, spore survivll.l tests were per
formed in 20 buffer concentrations: 0, 1, 2, 4, 8, 
12, 16, 20, 25, 30, 35, 40, 45, W, 60, 80, 100, · 120, 
140, and 160X in both wawr for injection and 
lactated Ringer solutions. In series III experi· 
ments, spore survival tests were performed in 10 
buffer concentrations: 0, 1, 2, 4, 8, 12, Hl, 20, 25, 
and 30X buffer in both water for injection and 
lactated Ringer solution . 

The results for serie11 II and III experiments, 
in terms of the mean logarithm of the number of 
survivors for each heating time and buffer con
centrations from 0 to SOx in water for injection 
.and lactated Ringer solution, are shown graphi
cally in Fig. 3 and 4, respectively. 

The results of the Survivor experiments with 
varioW:l buffer concentrations in both water for 
injection and lactated Ringer solution were es
sentially the same in experimental series II and 
III. Survivor curves for B . .<ltearothermophilus 
spores in both water tor injection and· lactated 
Hinger solution at 121 "C for buffer concentra
tions of 0, 1, 2, 4, 8, and 16X for experimental 
series TI are shown in Fig. 5. 

The number of spores surviving in both water 
for i~jection and lactated Ringer solution for the 
4-min heating time at 121 °C was relatively con
stant for all concentrations of buffer greater than 
4X (Fig. 3 and 4). 

The critical nature of low concentrations of 
buffer, 1 to 30X, on the survival of spores in 
water for injection, is apparent. at heating times 
greater than 4 min (Fig. 3); spore survival in
creased with an increasing concentration of 
buffer in water for injection. The sU4vival. of 
spores in water for injection at the 12- and 20-
min heating times in both series II and III (Fig. 
3) increased when the buffer was increased from 
0 through aox. The maximum number of survi
vors was found for buffer concentration1-1 he
tween 12 and SOx. In series II, the number of 
survivors varied with buffer concentration and 
with heating time between concentrations of 30 
and 120X. Buffer concentrations between 120 
and l60x seemed t.o have little effect on the 
number of survivors in water for injection. 

In lactated Ringer solution, after 12 and 20 
min of heating at 121° C, a major decrease in the 
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Ftc. 4. Logarif.hmll nf the number of survivors at 
four healing tim.cs for spores suspended f.n. vn.1inw:: 
concentrations of Butterfield phosphate buffer in lac
tated Ringer solution: (•) series II; and (e) series 
III. 

spore survival level occurred with an increase 
from 1 to 2x buffer strength. However, after the 
initial decrease at lower buffer concentrations, 
the number of surviving spores increased be
tween the 8 and 12X buffer concentrations and 
approached the survival levels detected at the 
lX buffer concentration (Fig. 4). In series II, for 
buffer concentrations greater than 30 t.o 3.1x, the 
spore survival pattern variecl after I 2 and 20 min 
of heating: After 12 min of heating, tht'i number 
of surviving spores decreased slowly with in
creatling buffer concentrations from 30 to 160X. 
Fnr spores heated at 20 min, the survival pattern 
was variable; the general trend was for the num
ber of survivors to decrease with increasing 
buffer concentration. 

D-values and IRs were ca.lculatt'id from thA 
regression line through the data points, exclnd-
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ing the No data; the D-values and IHs for series 
ll and III experiments for water for injection 
and lactated Ringer solution, respectively, are 
shown in Tables 1 and 2. For . spores heated in 
water for injection, the relative change in the D
value was small after the initial increase from 0 
to 1x buffer over the entire range of concentra
tions evaluated. However, the IR (log Yo/log 
No), which is a measure of the shape of the curve 
and its location relative to Nn, changed. The 
mean intercept ratios varied from a low of 0.92 
for standard-strength buffer to .a high value of 
1.09 for 30x standard-strength buffer, which in· 
dicates that the shape of the survivor curve for 
water for injection gradually changed from con
cave . upward for tlt.andard-strength buffer to a 
straight line for 4X buffer to concave downward 
for 8 through 30X buffer. 

The effect of buffer. concentration on the cal
culated D-value was quite different for lactated 
Ringer soluti.on than for water for injection. 
·With no added buffer, the mean D-vabie was 5.4 
min, with an iUcrease to 5.7 min for st.andard· 
strength buffer. The mean .D-value then gradu· 
ally decreased to a low of 2.9 min at 4X standard
_strength buffer and then gradually increased at 
8 and 12x buffer to a high value of 5.3 min at 
16x buffer. The mean D-value remained at 
about 5 min from 20 thruugh 30x buffer concen
trations. The shape of the semilogarithmic sur
vivor curves for spores of B. stearothennoph.ilus 
in lactated Ringer solution varied from slightly 
concave downward (OX buffer concentration) to 
sigmoidal (3 to 30x buffer concentrations). 

Survivor curves for R. stearothermophilus 
spores in both water for injection and lactated 
Ringer solution at 121 °C for buffer concentra
tions of 0, 1, 2, 4, 8, and 16X are shown in Fig. 5 
for experimental series II. The shape of the 
su.rvivor cUrve has usually been considered to be 
an attribute of the spores, but in these results 
with water . for injection and lactated Ringer 
solution pl]JS buffer, it appears t.o be at least 
partially an attribute of the . concentration of 
ions in the solution. · · 

DISCUSSION 

At this time we· can only speculate as to why 
the survival .of B. stearotherm.ophilw; spores 
varied with relative buffer concentration in the 
four parenteral solutions. The concentrations of 
major ions in the three parenteral solutions and 
in atanclard·strength Butterfield phosphate 
buffer are shown in Table 3. 

In the case of water for injection and dextrose 
5% in water, where few ions arc present in the 
base solution, the combined effect of increasing 





462 GAUTHIER, SMITH, AND PFLUG 

'I'Al!LE 1. D·valu.e~ and IRs {or B. 
stearothermuphilus spures heated at 12rc in 

various cuncrmtration.s of phosphate buffer in water 
fur inJection 

·--- ·--- ·--- --- -----
0 

1 
l 

2 
2 

4 
4 

8 
8 

Mean 

Mean 

Mean 

Mean 

. 12 
12 

16 
16 

20 

Mean 

Mean 

20 
Mean 

25 
2.'> 

Mean 

ao 
30 

Meall 

0 

0.31 
0.31 

0.62 
0.62 

1.2 
1.2 

2.5 
2.5 

3.7 
:t7 

4.9 
4.9 

6.2 
6.2 

7.8 
7.8 

9.11 
9.3 

3.12 

5.68 
6.06 
5.37 

4.25 
4.44 
4.34 

5-.65 
s.o.c; 
5.35 

. 5.18 
4.96 
5.07 

4.92 
5.05 
4.9.8 

5.46 
5.00 
5.23 

4.94 
5.30 
5.12 

6.53 
5.37 
5.45 

5.15 
4.65 
4.90 

" CI. Confidcnr.e interval. 

2.66- 3.411 

5.00-6.47 
4.24-6.27 

3.37·5.74 
3.97-5.04 

5.10-6.35 
4.44-5.84 

4.47-6.17 
4.47-5.24 

4.18-6.97 
4.62-5.58 

4.76-6.41 
4.34-6.80 

4.25-5.90 
4.82-5.89 

4.64-6.85 
4.82-6.02 

4.28-5.47 
4.09-5.38 

0.97 

0.94 
0.89 
0.92 

0.99 
0.96 
0.98 

1.01 
0.98 
1.00 

1.03 
1.00 
1.02 

1.05 
1.05 
1.05 

1.08 
1.07 
1.08 

1.01 
1.0!1 
1.02 

1.04 
l.04 
1.04 

1.09 
1.09 
.1.09 

amounts of the K+ and H2P04- ions may cause 
the rather parallel increose in spore survival. 

Ordlll and Lechowich (7) heated spores of 
Bacillus coagulaM subsp. tlu:rmoacidurans at 
98.5"C in different concentrations of phosphate 
buffer and found maximum heat resistance in 
0.25 M buffer. When the buffer concentration 
was increased or decreased from this level, the 
death rate was accelerated. Cook and Gilhert (3) 
evaluated spores of B. stearuthcrmophilus 
NCTB 8919 at 115"C in wate.r and in 0.025 and 
0.067 M phosphate huffer. They reported that 
the spores exhibited less reRistance in the two 
buffer solutions than in water. Pflug and Smith 
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(9) heated Closlridiu.m sporogenes spores sus
pended in water for injection and in 0.0003 and 
0.067 M phosphat.e buffers at 105, 110, and 
l15°C. The survival ra,tc of the spores at 105 and 
lJO"C increased with increasing molarity. How
ever, at 1l5°C, spore survival .wM the same in 
water and 0.003 M buffer but increased in the 
0.067 M buffer. 

When spores were heaied in lactated Ringer 
solution, increasing the. concentrations of the K + 
and H2PO .. - ions by adding phosphate buffer 
first increased, then sharply decreased, and then 
again .increased spore survivii.l, as shown by the 

. 'l'ABLE 2. D-ualues and IRs {or B. 
stearothermophilus spores heated af; 12rc in 
various concentratinn.s of phosphate buffer in 

lactated Rin,ger Bolutiqn 

Molar 
Relsttiv~ ~oncn of 1J.value 95% cr• D-
concn ° buffm· (min) vo.lne (min) 

'ouff.,r (X) (X 
10

_,) 
lR 

----------~~-------0 
0 

1 
1 

2 
2 

4 
4 

Menn 

Mean 

Mean 

Mean 

8 
8 

12 

Mean 

12 
Mean 

16 
16 

Mean 

20 
20 

Mean 

25 
26 

Mean 

30 
30 

MeM 

0 
0 

0.31 
0.31 

0.62 
0.62 

1.2 
1.2 

2.5 
2.6 

3.7 
3.7 

4.9 
4.9 

6.2 
6.2 

7.8 
7.8 

9.3 
9.3 

5.73 
Fi.15 
5..14 

6.01 
5.39 
5.70 

4.22 
3.93 
4.08 

3.20 
2.67 
2.94 

3.91 
4.06 
3.98 

5.00 
4.85 
4.92 

5.52 
6.07 
5.30 

li.JS 
4.74 
6.06 

5.40 
4.85 
6..1 2 

5.63 
4.39 
5.01 

a Cl, Confidenct~ int.erval. 

5.29--6.2.1 
.4.83-6;51 

5.00-7 .• c;4 
4.83-6.09 

3.69--4.91 
3.32--4.M 

2.27- .'5.43 
2.48--2.95 

3.02-5.23 
3.42-5.00 

4.43-5.73 
4.34-5.56 

4.74-6.60 
4.48-5.86 

4.63-6.41 
4.18-5.47 

4.50- 6.74 
4.51-5.26 

4.86-6.72 
3.66-5.48 

1.04 
1.02 
1.03 

1.05 
1.03 
1.04 

1.06 
1.02 
1.04 

1.08 
1.12 
1.10 

1.02 
0.97 
1.00 

1.09 
1.06 
1.08 

1.08 
1.02 
LOS 

1.07 
1.06 
1.06 

1.09 
1.02 
1.06 

1.0.1 
1.05 
1.04 
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TABLE 3. Ionic concentratiom of the four 
parenteral solutions and standard-strength (3.1 x 

ur• M) Butterfield phosphate buffer solution 

Solution 

Dextrose G% in lactalcd Ringer 
solution 

Dextrose 5% in water 

J.ar.t.ated Ringer solution 

Water for injection 

Sta.ndard-strength 
buffer (pH 7.2) 

Butterfield 

Major ion concn 
(meq/liter) 

Na+, 130 
K+, 4 

CAH,3 
ct-, 109 

Lactate- , 28 

Na+, 130 
K~.4 

Ca2+, 3 
cJ-, 109 

La eta te-, 28 

K '-,0.31 
HJ>04, 0.31 

data in Fig. 4. The changing effect on spore 
survival with increasing concentration of But
terfield phosphate buffer in lactated Ringer so
lution may be caused by the effect of the ions 
present in lactated Ringer solution (Table 3) 
interacting with the ions present in the buffer. 
However, since there lll'e large amounts of K+ 
ion,<; in IRct.ated Ringer solution, the variation in 
the number of survivors may be due to some 
effect or interaction of tlte H2PO,- radicaL 
. When the lactated Ringer solution cont.ained 

5% dextrose, the decrease in the number of sur
vivors at 2, 4, and Bx standard-strength buffer 
was not·seen (Fig. 2). The differences observed 
in !ipore ~mrvival between lact.ated Ringer solu
tion and dextrose 5% in lactated Ringe-r solution 
could be ~ue tO interaction between the ion!l in 
the lactated-Ringer solution and the dextrose, or 
to interaction between the dextrose and mole· 
cules in the spore cortex. · 

Gould and Dring (5) report that spore survival 
is due to the stabiliZation of vital molecules in 
the protoplast of the spore brought about by 
munotic dehydration; The spore cortex contains 
peptidoglycan group~;· and .connteriona that can 
vary the osmotic pressure in the cortex. They 
suggest that heat resistance-occurs when ex
panded electronegative peptidoglycan molecules 
and mobile counterions exert ·a: . high osmotic 
pressure on the spore protoplast that leads to 
osmotic dehydration. Heat sensitization of the 
spore is explainable in terms of electrostatic 
cross-linking of peptidoglycan electronegative 
group11 and loSR of counterions that cauae a de
crease in osmotic pressure in the cortex and 

conSP.qnent rehydration of the protoplast. 
Apparently, the ionic makeup of the sporula

tion medium, the solution in which the !!pores 
are stored, and even the solution in which the 
spores are heated all contribute to the compo
sition of the spore cortex and its ability to reg
ulate or influence conditions in the spore proto
plast that in turn detennine the heat resistance 
of the spore. 

The results (of these studies) indicate that 
both t.he chemical compoRition of the parenteral 
solution and the pho,<;phate buffer concentration 
affect the survival rates of B. stearothermophi· 
lus spores. This fmding that the addit ion of mi
nute amounts of simple ions to a parenteral 
solution may have a dramatic effect on spore 
survival has importance in two ways: (i) since B. 
stcarothermophilus is used extensively as a wet
heat biological indicator organism, a change in . 
the response of a biological indicator inoculated 
into a product should be anticipated if there is 
any change in solution composition, and (ii) 
change~; in the chemical composition of the RO· 

lution will also affect the heat resistance of the 
normal mit.TOtlora of the product. Therefore, a 
reevaluation of the sterilht.ation process design 
and monitoring program must be carried out 
when new chemicals are added to parenteral 
solutions. · 

These results show the extreme sensitivity of 
bacterial spores to environmental factors and 
substAntiate the conventionAl wisdom that mi
crobial !!poreR mmrt he evaluated in a .<~pecific 
system in order to know the survival character
istics of the organisms in that system. 
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