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The effect of various quantities of Butterfield phosphate buffer added to four
parenteral solutions on the survival of Bacillus stearothermophilus spores heated
at 121°C was determined, The effect of the addition of phosphate buffer on spore
survival varied with the parenteral solution. Spore survival was increased or
decreased, depending upon the composition of the parenteral solution and the
buffer concentration. The results obtained in these experiments attest to the fact

- thdt environmental factors, including the type of ions present and ionie concen-
tration, affect the heat destruction rate of B. stearothermophiiis spores. There-
fore, the sterilization requirements of a product such as a parenteral solution may
be affected by small changes in formulation.

There are a number of factors that have been
shown to affect the heat resistance of Bacillus
stearothermophilus spoves (2-4, 8-10). One im-
portant.factor is the chemieal composition of the
solution in which the spores are suspended dur-
ing heating.

We have observed during studies Lo determine
the effect of storage time and storage solution
on spore heat resistance (unpublished data) that
B. stearothermophilus spores behaved differ-
ently when heated in solutiona with different
levels of phosphate buffer.

Williams and Hennessee {11} noted that the
heat resistance of B. stearothermophilis spores
was affected by the concentration of the phos-
phate buffer in which the spores were heated,
but they did not quantify the effect other than
to observe that the heat resistance of the spores
measured at 120°C increased with a decrcase in
the concentration of phosphate in solution over
the range of 0.05 to 0.067 M. Cook and Gilbert
(3) concluded after studying the heat resistance
of B, stearothermophilus spores in water in
Mcllvaine huffer and in Sorensen bhuffer that
significant variation in heat rasistance may occur
when different buffers are used.

Apparently, the effect of ions ailso had been
observed by Brown (Ph.D. thesis, University of
London, London, England, 1962}, who sus-
pended B. stearothermophilus spores in 1/4-
strength Ringer solution, an ionic solution. Both
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Ringer solution and lactated Ringer solution
contain the major ions, Na*, K¥, Ca**, and Cl;
lactated Ringer solution contains additional so-
dium in the form of sodiwmn lactate.

This is the report of a study 1o determine the
effect of adding varying quantities of phosphate
buffer to four parenteral solutions (water for
injection, dextrose 5% in water, dextrose 5% in
lactated Ringer solution, and lactated Ringer
solution) on the heat resistance of RB. stearother-
mophilus spores. To simplify the addition of the
phosphate buffer to the solutions, increments of
Butterfield {1) phosphate buffer were added.
Standard Butterfield buffer is 3.1 X 10 * M.

MATERIALS AND METHODS

Experimental plan. The experimental plan was to
evaluate the heat resistance at 121°C of B, atearother-
mophiius spores suspended in four parentersl solu-
tions containing various concentrations of Butterfield
phosphate huffer. Three series of experiments were
carried outl. Serics I evaluated the behavior of the
spores in dextrose 6% in watcr and dextrose §% in
lactated Ringer solution with buffer concentrations
ranging from 0 to 32X. Series II evaluated the heat
resistance nf the spores in water for injection and
luctated Ringer solution with buffer concentrations
ranging from © to 160x. Series IIE evalusted Lhe spores
suspended in water for injection and lactated Ringer
solution containing buffer concentrations ranging from
0 to 80%.

Spores. Spores of B. stearothermophilus, grown in
our laboratory from strain ATCC 7953, were used in
all tests.

The aspores were grown on nutrient agar supple-
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mented with § pg of mangsnese sulfate per liter, In-
cubation was at 55°C for 48 h. The spore crop wus
cleaned by repeated washings with distilled water and
centrifugation, The wurking spore suspension was fua-
pended in water for injection and stored at 4°C.

Preparation of adlutions. Butterfield phosphate
huffer was prepared from dehydrated buffer manufac-
tured hy Baltimore Biological Laboratory. The atock
solution was prepared using label directions; 34 g of
dehydrated buffer was combined with 1 liter of water
for injection and then autoclaved for 16 min at 121°C,

A dilution of the stock solution was used to obtain
the levels of buffer concentration desired for thess
experiments. For a standard-sivength Butterfeld
phosphate buffer aolution, 0.63 ml was added to 500
ml of commercially prepared parenteral solution.

Thirty-five milliliters of sach parenteral huffer so-
lution was distributed inlo screw-cap teat tubes (25 hy
150 mm). Each tube was then inoculated with 0.26 ml
in series I and 0.2 m} in sexies II and IT of the same
crop of B. stearothermophilus spores that were sus-
pended in water for injection. The initial spore con-
centration was 7.7 X 10° per ml for series I and 4.4 %
10° per ml for series II and III experiments. .

The inoculated tubes were allowed to ethbrate at
4°C for at least 5 days before heating tests were carried
out.

Test procedures. Heating testa were carried out
in screw-cap test tubes; 3 ml of the cquilibrated inoc-
ulated substrate was transferred into the tubea (18 by
15¢ mm) immediately befare carrying out the heating
tests. The tubes were heated in a miniature retort at
121.1°C. Two replicates tubes were heated at each time
in gerios I and I1, and three replicate tubes were heated
at each time in serics I17. One tube was analyzed to
obtain the N, count in the geries Il and IIT experi-
ments.

Heating {imes were corrected for the lag in heating
and cooling, A lag correction factor of 2.0 min was
used for the 18- by 160-mm srrew~cap test tubes con-
taining 3.0 ml of solution.

At the end of the heating tlme the tubes were
removed from the miniatore retort, immersed in an
ice-water bath for cooling, and held in the ice water
until the spore recovery procedurss were initiated,

In the spore recovery operation, the substrate in
the tubes was first agitated to insure uniformity.
Where required, dilutions were made in Buiterfield
phosphate buffer (pH 7.2). Duplicate 0.01-, 0.1+, or 1.0-
ml aliguots were plated; about 30 ml of Trypticase soy
agar wag added to each petri plate. The plates were
incubated at 56°C for 48 h, and the colony-forming
units were counted with the aid of a Bavironic colony
counter. Solution preparation, spore ingculation, and
vecovery proceduras were carried out in & class 100
¢lean roorm.

Data analysis. The data, in terms of the number
of surviving organisms per tube as a function of heating
time, were analyzed with the aid of a:surviver curve
computer program. The D-value, the 95% confidence
interval of the D-value, and the intercept ratio (IR)
were calenlated (6). The IR is defined as the log of the
zero-time intercept of the regression lme dwxcled by
the log of the N, value.
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RESULTS

Series I experiments, Tests to determine
rates of spore survival were carried out in dex-
trose 6% in water and dextrose 5% in lactated
Ringer solution with added Butterfield phos-

-phate buffer in amounts of 0, 1, 2, 4, 8, 16, 24,

and 32x standard strength.

The results 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%

U = 10 min.

Logarithm of the number aof survivars

Relative cancaniration of buffer

Fia, 1. Logarithms of the number of survivors at
two heating fimes for spores suspended in vaerious
concentrations of Butterfield phosphate buffer in dex-
trose 6% in water (series I).

U = 4 min.

Lagarithm of the number of survivars -

Relative concantration of buffer

F1c. 2. Logarithms of the number of survitors at
two heating times for spores suspended in various
concentrations of Butterfield phosphate buffer in dex-
trose 5% in lactated Ringer solution {series 1),
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in lactated Ringer solution, arve shown graphi-
cally for each heating time and buffer concentra-
tions from 0 to 82X in Fig. 1 and 2, respectively.

In dextrose 5% in water, there was 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 32%. After 10 min of heating, the
increase in the number of survivors with increas-
ing buffer concentration wag greater than at 4
min. The number of surviving spores was great-
est at 8% buffer and then decreased through
32x. The number of swrviving spores in 32X
huffer, after 10-min of heating, was lower than
in dextrose 6% in water with no added buffer.

B. stearothermophiius spores heated in dex-
troge 5% in lactated Ringer solution exhibited
the same general pattern of heat resistance as in
dextrose 5% in water. There was an increase in
the number of survivors with increasing coneen-
trations of buffer after both 4 and 10 min of
heating. The highest heat resistance oceurred at
Bx buffer. After 4 min of heating, the heat
resistance remaiined fairly stable through 32x
buffer, whereas after 10 min, tha number of
survivors decreased umtil at 32X huffer there
were fewer survivors than when no buffer was
added. ) -

Series 1T and YiI experiments. In series II
experiments, spore survival lests were per-
formed in 20 huffer concentrations: 0, 1, 2, 4, 8,
12, 16, 20, 25, 30, 35, 40, 45, 50, 60, 80, 100, 120,
140, and 160x in both water for injection and
lactated Ringer solutions. In series IIf experi-
ments, spore survival tests were performed in 10
buffer concentrations: 0, 1, 2, 4, B, 12, 16, 20, 25,
and 30X buffer in both water for injection and
lactated Ringer solution.

The results for series I1 and II experiments,
in terms of the mean logarithm of the number of
survivora for each heating time and buffer con-
centrations from 0 to 30X 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
various buffer concentrations in both water for
injection and lactated Ringer solution were es-
sentially the same in experimental zeries II and
IT1. Survivor curves for B. stearothermophilus
spores in hoth wataer for injection and lactated
Ringer sohition at 121°C for buffer concentra-
tions of 0, 1, 2, 4, 8, and 16X for experimental
series II are shown in Fig. 5.

The number of spores surviving in both water
for injection 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).
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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 survival 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 30%. The maximum number of survi-
vors was found for buffer concentrations be-
tween 12 and 30x%. 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 160X seemed to have little effecl 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

Logarithm of the number ol suryivors

U = 20 min.

1 1 1 [ 1 1
20 25 ao 35

Refative concentration of buffer

Fie. 3. Logarithms of the number of survivors ot
four heating times for spores suspended in various
conecentrations of Butterfield phosphate buffer in wa-
ter for injection: (M) series II; (@) series 111,



460 GAUTHIER, S8MITH, AND PFLUG

= Sarles |IF axpsrimanis

U= ﬂmlﬂ.

B Series Il experiments

Logarilhm of the number of survivors

0 5 10 1§ 20 25 0 EL

Relative concantration of buffer

Fre. 4. Logarithma of the number of survivors ai
four heating times for spores suspended in various
concentrations of Butterfield phosphate buffer in lac-
tated Ringer solution: (M) series II; and (@) geries
nmr

-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
1% buffer concentration (Fig. 4). In series 11, for
buffer concentrations greater than 30 to 35X, the
spore survival pattern varied after 12 and 20 min
of heatinig. After 12 min of heating, the number
of surviving spores decreased slowly with in-
creasing buffer concentrations from 30 to 160x.
For spores heated at 20 min, the survival pattern
was variable; the general {rend was for the num-
ber of survivors to decreasc with increasing
buffer concentration.

D-values and IRs were. calcu.lated from the
regression line through the data peints, exclud-
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ing the N, datn; the D-values and IRs for series
II 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 Y./log
Np), which is a measure of the shape of the curve
and its location relative to Ny, changed. The
mean inlercept 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-
dientes that the shape of the survivor curve for
water for injection gradually changed from con-
cave upward for sfandard-strength buffer to a
straight line for 4% buffer to concave downward
for 8 through 30X buffer..

The effect of buffer concentration on the cal-
colated D-value was quite different for lactated
Ringer solution than for water for injection.
With no added buffer, the mean D-value was 5.4
min, with an increase to 5.7 min for standard-
strength buffer, The mean D-value then gradu-
ally decreased to a low of 2.9 min at 4% standard-
strength buffer and then gradually increased at
8 and 12x buffer to a high value of 5.3 min at
16 buffer. The mean D-value remained at
about 4 min from 20 through 30X buffer concen-
trations. The shape of the semilogarithmic sur-
vivor curves for spores of B. stearothermophilus
in lactated Ringer solution varied from slightly
concave downward (0x buffer concentration) to
sigmoidal {3 to 30X buffer concentrations).

Survivor curves for B. stearnthermophilus
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
survivor curve has usually been considered to be
an attribute of the spores, but in these results
with water for injection and lactated Ringer
solution plus buffer, it appears to 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, stearothermophilus spores
varied with relative buffer concentration in the
four pa.renteral solutions. The concentrations of
major ions in tha three parenteral sclutions and
in standard-strength Butterfield phosphate
buffer are shown in Table 3,

In the case of water for injection and dextrose
5% in water, where few ions are present in the
base solutlion, the combined effect of increasing
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TasLe 1. D-values and IRs for B.
stearothermophilus spores heated at 121°C in
various concentrations of phosphate buffer in water

for tnjection
. Molar
iﬂ::vi. concn of P-value  95% CI" I- R
buffe é‘q buffer  (min)  valne (min)
S {310
1] ] 3.12 2.86-3.43 0.97
1 0.31 568 5.06-6.47 0.94
1 0.31 5.06 4.24-6.27 0.89
Mean 5.37 i _ .92
2 .62 4.25 3.37.5.74 0.99
2 0.62 444 3.97-5.04 0.96
Mean 4.34 (.98
4 1.2 5.65 5.10-6.35 1.01
4 1.2 a.05 4.44-5.84 0.98
Mean 65.35 1.00°
8 25 518 447-6.17 1.03
8 2.5 4.96 4.47-5.24 1.00
Mean 5.07 1.02
12 3.7 492 418597  L0a
12 a7 5.05 4.62-5.68 1.00
Mean 498 1.06
16 4.9 546 - 4.76-8.41 1.08
16 49 5.00 4,34-5.80 1.07
Mean 523 1.08
20 8.2 494 4,26-5.90 1.01
20 6.2 530 - 4,82-5.89 1.03
Mean 5.12 1.02
2% 7.8 553  4.64-6.85 1.04
25 7.8 5.37 482602 ° 1.04
Mean 5.4b ’ 1.04
Jo 9.3 .15 4.28-5.47 1.09
30 9.4 4,65 4,09-5.38 1.09
Mean . 4.90 109

“ 1, Confidence interval.

amounts of the K* and H.PO,™ 1ons may cause
the rather parallel increase in spore survival.
Ordal and Lechowich (7) heated spores of
Bacillus coagulans subsp. thermoacidurans at
98.5°C in different concentrations of phosphate
huffer and found maximum heat resistance in
0.26 M buffer. When the buffer concentration
was inecreased or decreased from this level, the
death rate was accelerated. Cook and Gilbert {3)
evaluated spores of B. stearothermophilus
NCIB 89192 at 115°C in water and in (L0265 and
0.067 M phosphate buiffer. They reported that
tha spores exhibited less resistance in the two
buffer solutions than in water. Pflug and Smith
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(9) heated Clostridium sporngenes spores sus-
pended in water for injection and in 0.0003 and
0.067 M phosphate buffers at 105, 110, and
115°C, The survival rate of the spores al 105 and
110°C increased with increasing molarity. How-
ever, at 115°C, spore survival was the same in
water and 0.003 M buffer but increased in the
0.067 M buffer.

When spores were heated in lactated Ringer
solution, increasing the concentrations of the K*
and H:PO,” ions by adding phosphate buffer
first increased, then sharply decreased, and then
again increased spore survival, as shown by the

" TaBLE 2. D-values and IRs for B.
stearothermophilug spores heated af 121°C in
various concentratinns of phosphate buffer in

lactated Ringer solution

Relative Holar £ al 5% CI" D
conen of “omEn o D-value 8 e 1R
uffer (3) buffer {min) valwe (min)
i (% 107 C
0 0 5.73 5.29-6.23 1.4
0 0 5.15 4.83-5.51 102
Mean 544 1.03
1 0.31 6.01 5.00-7.54 105
1 0.31 539  4.83-6.00 1.03
Mean 5.70 o 1.04
2 0.62 422 3.69-4.91 1.06
2 . 0.62 3.93 3.32-4.83 102
Mean 1.08 1.04
4 1.2 3.20 2.97-5.43 1.08
4 1.2 2,87 2,43-2.05 112
Mean 2.94 1.10
8 25 3.91 3.02-5.23 1,02
8 26 1.06 3.42-5.00 0.97
Mean 3,08 1.00
12 3.7 OO 443-5.73 1.00
12 3.7 4.85 4.34-5.56 1.06
Mean 4.92 1.08
16 49 .52 4.74-6.60 1.08
T 49 6.07 4.48-5.86 1.02
Mean 5.30 1.05
20 6.2 5.38 4.63-6.41 107
20 6.2 474 418547 1.06
Mean 5.06 ' 1.06
25 7.8 5.40 4,50-6.74 109
25 78 4.85 4.51-5.26 1.02
Mean B.12 1.06
a0 8.3 563 4.88-6.72 103
30 9.3 4,39 1,66-5.48 105
Mean 501 1.04

# ], Confidence interval.
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TaBLE 3. fonic concentrations of the fo#_r
parenteral solutions and standard-strength (3.1 x
107 M) Butterfield phosphate buffer solution

Solution Major ion conen

L (meq/liter)

Dextrose 5% in lactaled Ringer Na*, 130
solution K* 4
- Ca™, 3
or, 108
Lactate™, 28

Dextrose 5% in water
Lactated Ringer solution Na*, 130
K* 4
Ca™, 3
clr, 109
* Lactate™, 28

Water for injection

Standard-strength Butterfield K* 031
buffer (pH 7.2) H,PO,", 0.31

data in Fig. 4. The changing effect on spore
survival with increasing concentration of But-
terfield phosphale 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 are large amounts of K*
ions in lactated Ringer solution, the variation in
the number of survivors may be due to some
éffect or interaction of the HyPO, ™ radical.

When the lactated Ringer solution contained
5% dextrose, the decrease in the number of sur-
vivors at 2, 4, and 8% standard-strength buffer
was not seen (Fig. 2). The differences observed
in spore survival between lactated Ringer solu-
tion and dextrose 5% in lactated Ringer solution
could be due to interaction between the ions 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
asmotic dehydration: The spore cortex contains
peptidoglycan groups and counterions 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
groups and loss of countetions that cause a de-
crease in osmotic pressure in the cortex and
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consequent. rehydration of the protoplast.

Apparently, the ionic makeup of the sporula-
tion medium, the solution in which the spores
are stored, and even the solution in which the
spores are heated all contribute to the compo-
gition of the spore cortex and its ability to reg-
ulate or influence conditions in the spore proto-
plast that in turn determine the heat resistance
of the spore,

The results {of these studies) indicate that
both the chemical compasition of the parenteral
solution and the phosphate huffer concentration
affect the survival rates of B. stearothermophi-
Ius spores, This finding that the addition 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.
stearothermophilus 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)
changes in the chemical composition of the so-
lution will also affect the heat resistance of the
normal microflora of the product. Therefore, a
reevaluation of the sterilization 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 spores must he evaluated in a speacific
system in order to know the survival character-
istics of the organisms in that system.
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