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In recent years it has become increasingly apparP.nt. that Bacillus stearother
m.ophill~s spores are affected by various environmental factors that influence the 
perfonnance of the spores as biological indicators. One environmental factor is 
the recovery medium. The effect of different lots of commel·cial soybean casein 
digest agar on the number of colony-fonuing units per plate waR e~amined in two 
series of experiment.'!: (i) several lots of medium from two manufacturers were 
compared in ~-;ingle e-xperiments, and (ii) paired media experiment.c; with fotrr lots 
of medium were carried out and yielded three-point survivor curves. 'fhe results 
demonstrate that commercial soybean casein digest agar is variable on a lot-to
lot basis. The variation was lowe&. when recovering unheated or minimally heat.P.d 
spores w1d increased greatly Vlrit.h t.he severity of heating. 

The spores of Bacillus stearolhermophilu.<: 
are widely used as biological indicators in the 
food, drug, and health care industries lo design, 
validate, or monitor steam sterilization proc
esses. Our laboratory has been investigating the 
applications, advantages, and limitations of bac
terial spores as biological monitors, and we have 
become increasingly aware of the effect of envi
mnmeutal factors on the number of recoverable 
spores. One of the mm1t important of the envi
ronmental variables is the recovery medium. 

Several investigators (2, 3, 5) have found that 
different formulations of recovery media pro
duce various levels of viability for heated spores. 
However, there are no reports of the effect of 
different lots of the same mediwn formulation. 

The purpo,~;e of t his investigation was to de
termine whether differences existed in the B. 
stearothermophilu.<: spm·e recovery capabilities 
of different lots of commercial soybean casein 
digest agar from two manufactl.U'ers when plate 
count procedures were used. 

(This report was presentee! before the British 
Spore Group Meeting held at Cambridge Uni
versity, Cambtidge, United Kingdom, 18 to 21 
September 1979.) 

MATERIALS AND METHODS 

Two series (I and ll) of experiments Weill carried 
out. 

Experimental plan. (i) Series I . Several lot.~ of 
medium from two manufacturen; wm-e evaluated in 

t Scientific Journal SerieA pnpM no. J 1,507 from the Min
nesota Agricultural Experiment Station, St. Paul, MN 55108. 

each of four experiments. In the first two te.o.u, t.hree 
lots of medium from manufacturer B (H-1, B-2, and 
B -3) and three lots from manufacturer D (D·l, D-2, 
and D-3) were evaluated. In the third and fourth 
experiments, media B-1, B-2, B-3, D-1, and D-2 were 
tcawd. 

(ii) Series 11. Five experiments were carried out, 
each evaluating two lots of medium. Medium B-4 was 
used as ~ .~t.nndnrd nnd was evaluated in each teat 
along wiU1 a ~econd lot of medium (B-fi, B-6, D-4, or 
D-5). 

Spores. In Mries I experiments two strains of B. 
steamt.hermophilu.s were used: (i) one spore prepam
tion was produced from strain FS1518, received from 
C. F. Schmidt, Uontinenta.l C11n Co., Chicago, Ill .. and 
(ii) two spore preparat.ions were produced from strain 
ATCC 7953. 

Series II ~xperiments utilized one spore ctop grown 
from strain ATCC 7953. 

All spore crops were grown at 55°0 for 48 h on 
nutrient agar Aupplemented wilh 5 llg of MnS04 per 
liter. The apures were cleaned by using im;onation to 
free them from vegetative deb1is and repeatedly 
washed with clist.illed wawr by using centrifugation. 
After cleaning, the spore:; were resuspended in SOx 
Butterfield buffer (I). 

Spore carriers. Plastic rod hiological indicator 
units (BIUs) similar tAl t.hose described by Pflug et al. 
(6) were u~efl as .~ore curriers. Each BIU was filler! 
with 0.28 ml of spore suspension (5 X 106 spores) and 
was stored at 4"C unt.il te~ted. 

Heating proecdUl"es. For each experiment three 
replicate BIUs were heated at 12l.O"C at each nf 
several heating times with a miniature retort. Afwr 
heating, the BITJ11 were cooled and held in m• ice water 
hath until spore recovery procedures were started. In 
series I experiments three unheated BIUs were also 
evaluated. 
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R=overy procedures. A 0.1-ml AAmplA nf t.hA TABLE 1. Series I: ana.lysis of variance tablen 
spore suspension from 1;011.ch Bill wn.s placed in 100 ml 

Source• Sum of Mean of Butterfield dilution buffer. After shaking, duplicate Elfl)t df 

0.01-, 0.1-, or 1.0-ml samples of the dilution were plated 
squ8l'es square 

for each m~dimu lot. to h e evnlunt.ecl. 'T'hirt.y millilitArs 1 HT 3 16.589 5.52!)8 

uf the appropriate medium lot WllS poured inlo.cach Error, w 8 4.6712 0.5839 

plate. The plates were incubated at 55°C for 48 h, and M 5 2.A.'illl 0 .• ~7121. 
the number of colony-fonnin~: unitR W811 counted. MxHT Hi 1.1016 0.073437 

Error, sp 40 0.17870 0.0044675 

RESULTS Error, sub 72 0.30917 0.0042940 

Series I, statistical ana1yRiR of the data. Total 143 25.706 
Assessing t.he efficacy of different medium lot.'l GM 1 628.64 
for !lpore recovery wall measured by the number 
of colony-forming units per plate. The data for 
each experiment were treated as split-plot de- 2 HT 2 2.4680 1.2340 

signs with the whole plot in a completely ran· EIT{)r, w 6 0.032626 0.0054376 

domized design. A whole plot was taken to be M 5 0.50353 0.10071 

the number of colony-forming units for a single MxHT 10 O.AA2,go 0.01)8230 
Error, ~p 30 0.12031 0.0040105 

BIU. A logarithmic transformation of the. data EIT{)r, sub 54 0.13995 0.0025917 
was made and used in the analysis because we 
thought that the coefficient of variation was Total 107 3.9467 
likely to be constant, and effects were more GM 1 352.64 
likely to 'be p~·oportional than additive. Dupli-
cate plate counts were handled as subsamples. 

3 HT 3 16.178 5;3925 This is generally the more conservative ap-
proach and has the added advantage of being Error, w 8 0.031017 0.0038771 

equivalent to doing t.he analysis on the means of M 4 1.1771 0.29429 
MxHT 12 0.51172 0.042644 

the loga1it.hm of t.he two plate count!l, which Error, sp 32 0.054033 0.0016885 
should give a .better approximat.ion to normal Error, sub 60 0.15370 0.0025617 
errors. 

The analysis of variance is presented in Table Total 119 18.105 
1. The F tests for split-plot treatments and in- GM 1. 51)3.69 

teraction between medium lot and heating time 
were significant at the 99% level in all four 

4 HT 2 1.2143 0.60717 experiments. 
Error,.w 6 0.048101 0.0080169 The difference between the media of manu-

facturers D and B changed significantly between 
M 4 0.81271 0.20318 
M x HT 8 0.39252 0.049065 

zero heating time and the greatest heating time Errnr, sP 24 0.22404 0.0093350 
in all four experiments. In all cases the media of Error, sub 45 0.44206 0.0098234 
manufacturer D produced higher average counts 
of heated spores than t he media of manufactmer Total 89 3.i338 
B. The significance level of these results was in GM 1 209.68 

excess of 99% for three experiments and was 98% " F tests for split plot treatments and interaction 
for the fourth ex:periment.. are significant at 99% level in all four experiments. 

The logarit.hmic means for the fom experi- h Abbreviations: HT, heating t.ime; w , whole; M, 
ments are shown in Tahle 2. Bonfel'Toni's ine- media~ sp, split; sub, subsamples; GM, grand mean. 
quality (4) was used to test, at each time at the 
95% levels, the differences of the media of the when medium B-2 was eliminated. 
two manufacturers. We found no significant di£- The plate count data were analyzed to deter-
ference at time zero in three of the four experi- mine whether the relat.ionRhip between pairs uf 
ments. The treatment means for medium B-2 medium lots changed as the heating time in-
were smaller than those of B-1 and B-3 for all creased. The Bonferroni method was used to 
heating times in all four experiments. To inves- keep these tests r.ollectively at about the 95% 
tigate the possibility that the difference in man- level. 
ufacturers was simply due to the low counts fm· For manufacturer B, experiments 1 and 2, 
medium B-2, in Table 2 we also compared the media B-1 and B-3 produced equivnlent counts 
mean of B-1 and B-3 with the mean of the media. at all heatimg times. Mediwn B-2 gave lower 
from manufacturer D at each time. Significant. cormts than B-J and B-3 at the last two heating 
differences still existed between manufacturers t.imes. In experiments 3 and 4, medium B-2 
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TABLE _2. Series I : logarithmic mean of plate counts n.1ul. statistical sign ificance of data using Bon.ferroni 's 
inequality 

Heating Lug m~>nns of plate counts" on medium: Mean B - Signifi- {M cuo Fl-1 
Sigriifi· Expt time mcnn nh cance• + D-J) -
Cllncc~ 

(min) B-1 B-2 B-3 D-1 D-2 D-3 (meanD)n 

1 0 2.336 2.403 2.299 2.406 2.324 2.247 0.02033 N.S. - 0.0082 N.S. 
4.8 1.952 1.929 1.973 2.093 2.030 U l92 0.01300 N.S. 0.0242 N .S. 
9.8 2.523 2.368 2.531 2.670 2.587 2.146 0.00633 N.S. 0.059 N .S . 

14.8 1.647 1. .31 .~ 1.697 1~911 1.827 1.241 - 0.10733 Sig. 0.012 N.S. 

2 0 1.774 1.891 1.730 1.829 1.849 1.727 -0.00333 N.S. - 0.050 N .S . 
3.8 1.639 1.418 1.631 1.717 1.681 1.666 - 0.12633 Sig. -0.053 N.S. 
7.8 1.949 1.733 2.054 2.186 1.9£8 2.08.3 -0.16666 Sig. -0.0792 Sig. 

3 0 2.653 2.648 2.695 2.704 2.677 - 0.0585 Sig. -0.0665 Sig. 
3.8 2.263 2.162 2.281 2.376 2.325 - 0.1147 Sig. -0.078 Sig. 
5.8 1.970 1.772 2.027 2.190 2.039 -0.1905 Sig. -0.116 Sig. 
7.8 1.559 1.376 1.745 1.901 1.700 - 0.2-108 Sig. - 0.1485 ·sig. 

4 0 1.558 . 1.489 1.447 1.573 1.593 -0.085 N.S. -0.0805 N.S. 
N.S. 
Sig. 

3.8 1.673 1.600 1.699 1. 793 1.666 -0.105 Sig. -0.043 
5.8 1.324 1.087 1.462 1.578 1.456 -0.226 Sig. - 0.124 

~Logarithmic mean of six plate counts: duplicate plate cowtts for th\'ee replicate BIUs. 
• Logarithmic mean of media B-1, B-2, and B-3 minus logarithmic mean of media D·l, D-2, a.nd D-3 or D-1 

and D-2. 
• Statistical significance of differences at 96% level using Bonfarroni's inequality: N.S., not signifu:ant; Sig., 

significart t. . . 
d Logarithmic mean of media B-1 and B-3 minus logarithmic mean of media D-1, D-2, and D-3 or D-1 a.nd D-

2. 

produced lower counts than B-1 and B-3 at all 
heating times. Mediwn B-1 counts were smaller 
than B-3 at the longest heating time. 

For manufacturer· D, there were two experi
ments in which D-1, D-2, and D·3 were com
pared and four exp_eriments in which D-1 and D· 
2 were compared. In experiment 1 there was no 
significant difference between D·l and D-2 at all 
heating times. Medium D-3 gave lower-counts 
than D-1 and D~2 at all heating times. Fo1· 
experiment 2, D·l and D-3 were equivalent at 
all heating times, and D-2 produced lower counts 
at only the longest heating time. For experiment 
3, D-2 produced lower counts than D-1 at the 
two longest heating t imes, but in experiment 4, 
these two media were equal. · 

·Series ll experiments. The results of series 
I experiments caused our laboratory to change 
media purchasing procedures. A quantity of at 
least 25 lb (ca. 11.8 kg) of one lot of soybean 
casein digeet agar is ordered from a local distrib
utor, with the understanding that lib of the lot 
can be evaluat ed for effectiveness -before the 
remaining 24 lb are accepted. 

The evaluation test is carried out on a two
media basis. The existing lot that is sat isfactory · 
is used as a standard and is tested with the new 
lot. Series II experiments are the results of such 
evaluations. Medium B-4 was -the standard lot 
and was used in every teet along with the new 

medium lot (B-5, B-6, D-4, or D-5). 
The mean numbers of colony-fonning units 

per plate for the five experiments are presented 
in Table 3. 

TABLE- 3. Series II: paired media experiments for
B. stearothermophilus spores heated at 121 °C 

Expt 
Heating 

Mean pls.te count• (medium) time (min) 

5~ 2 323.3 (B-4) 324.7 (B-5) 
8 36.2 (B-4) ·. 22;8 (B-5) 

16 318.2 (B-4) . 96.7 (B-5) . . 

6. 2 318.0 (B-4) 827.8 (B--6) 
8 42.0 (B-4) 32.~ (B-5) 

16 254.6 (B-4) 93.7 (B·5) 

7 2 277.2 (B-4) 326.8 (D--4) 
8 34.5 (B-4) 7tli (D-4) 

16 19.3 (B--4) 106.7 (D-4) 

8 2 284.5 (B·4) 261.3 (D4) 
7 62.3 (B-4) 37.7 (D·4) 

16 36.7 (B-4) 6.7 (D-4) .· 

9 2 242.8 (B-4) 290.8 (D-5) 
7 69.7 (B-4) 87.7 (D-5) 

16 28.5 (B--4) 58.8 (D-5) 

a Dup\ieate plate counts for three replicate BIUs, 
mean of six plate Munts. 

b Replicate experiments. 
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All in series I. experiments, media from man
ufacturer D produced the .highest. plate counts, 
and the effect ofthe different lots on the number 
of colony"forming units per plate increased with 
increasing heating tim~. · 

Using representative data from these experi-. 
ments, tluee-point survivor curves were plotted 
and point-to-point D(121)-values were calcu
lated (Fig. 1). 

The effect of different medium lots on a sur
vivor curve is very apparent in Fig. 1. The num
ber of surviving spores after ·16 min of heating 
was 1 order of magnitude larger with medium 

ExpM I ... nt M•di l!l 

D~5, which produced the largest number of sur- · 
vivors, than with medium B-6 or B-6, which 
gave the Smallest number of survivors. 

DISCUSSION 

The formula, final pH, and method of prepa
ration-of the media were the .same for both 
manufacturers. titerature supplied by manufac
turer B indicated that the quality of each me
dium lot was biologically evaluated by using 
nonaporeforming, nutritionally. fastidious micro
organisms. These facts tend to in~;till a false 
sense of assurance in the equality of different 

··. Eic 121.0"CJ 0( 1 2.1".0~C l tlo. SUr vi Ytlrs 

~ ~ ...l:.2L Uof 2•B, <~~l n , . .u gf e-16. ~ln. at u ot·. l5 mrn . 

-"' 11> -... 
~ 

B . · 5 

c a 

05 9.07-: 4.3.<) , . ~s~· 

'" 6 .50 ~.66 7. 97("3 

66 ~.9~ ,,27 1.67£3 

5.20 ;, 3.1 ?.•7.!:3 

1 

HEATING TIME, U (MINl 
FIG. 1. Survivor curves for Bacillus stearothermophilus 1/pores heated at 121.o•c m plastic rod BlUR 

recouered by ming four different lots of soybean casein digeflt agar. 
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lots of mediiim from the same or diffet·ent man
ufacturers. 

Soybean casein digest agar containll 1.5% of a 
papaic digest of soybean meal, 0.5% of a pan
creatic digest of casein, 0.5% sodium chloride, 
and 1.5% agar. Specifications for the above in
gredients, which are obtained from organic 
sources, are listed in The United States Phar
macopeia XIX (7), and both manufacturers state 
that their ingredients comply with these speci
fications. However, the nutritional value of any 
medium component derived from biological ma
terial will probably vary greatly on a lot-to-lot 
basis. The complexity of the composition of the 
biologically derived ingredients is such that com· 
plete analysea and quality control by the man
ufacturer would be virtually impossible and 
would make the cost of the medium prohibitive. 

The results of these experiments indicate that 
the plate count results for heated B. stearother· 
mnphilus spores may vary with the manufac
turer and lot of soybean casein digest agar used. 
Experimenters can expect to find difference!\ in 
the media from different manufacturers, and 
variability among lots of ~edia from the l'.8Dle 
manufacturer may be as great as from different 
manufacturers. 

Curran and Evans (3) and Cook and Gilbert 
(2) reported that differences in the number of 
spores recoveTed by using different medium for
mulas increased with heat stress, indicating that 
heated spores have an increa.Sed senaitivity to 
the nub.itional environment.. Our results with 
different lots ofmedium of the same formulation 
confmn thill conclusion. 

.AI'PL. ENVIRON. MICROBlOL. 

For microbiologist<:; doing heat destruction 
stuclie!l on B. stearothemwphilus spores the 
message is clear: the performance oft he recovery 
medium must be validated using heated spores 
·when media from t.wo diffeTent manufactural'S 
are used. The cl'itical performance test is with 
heated B. stearothennophilus spore!l. 
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