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Y cast extract agar, pork infusion agar, and modifications of these media 
were used to r ecover heated Clostridium botulinum spores. The D- and z
vahJes were dP.termined. Two type A strains and one type B strain of C. 
botu.lin.u.m were studied. In all cases tlie D-values were largest when t.he 
!'lpores were recovered in yeasL extract agar, compared to the D -values for 

·spores recovered in pork infusion agar. The z-vnlues for strains 62A and Alfi037 
were largest when the spores were recovered in pork infusion agar. The 
addition of sodium bicarbonate and sodium thioglycolate to pork infusion agar 
resulted inD-values for C. botulinum 62A spores similar to those for the same 
spores recovered in yeast extract agar. The results suggeRt that sodium 
bicarbonate and sodium thioglycolate should be added to recovery media for 
heated C . botulin.t.tm, spores to obtain maximum plate counts. 

There is no standard medium used for recov
ery of Clnstridium botulinum type A and B 
spores in wet-heat thermal resistance studies. 
The different types of recovery media that have 
been used for C. botulinum spores include 
fresh-meat infusions such as beef heart (4) , 
beef (15), pork (12, 17}, pork-pea (9), and liver 
(14) and formulated media such as yeast extract 
(8), tryptone-yeast extract (6), and T-Best agar 
(1). 

In survivor curve or fraction-negative studies 
(10), if a medium is used where some viable 
spores do not germinate and grow to produce 
colonies, then the calculated D1-value will be 
underestimated. The objective of. this study 
was to compare the effectiveness of pork infu
sion agar (12), yeast extract agar (3, 16), and 
modifications of these media for recovery of C. 
botulinum Mpores in survivor curve thermal 
resistance studiel'l and to determine how the 
recovery media affect the calculated D1 - and;;;
values. 

(Part of this work is from a Lhesis submitted 
by T.E.O. to the Graduate School, University 
of Minnesota, in partial fulfillment of the re
quirements for the Ph.D. degree. ) 

MATERIAJ,S AND METHODS 

Spores. The source of the strains of C. botulinum 
used in this st.udy and pN!pMation of the spore 
suspensions were previously described (8). 

Yeast extract agar (3). Yeast extract agar con-

l Scicnt.ific ,Journal Serie" no. 9897, Minneeota Experi
ment Station, St. Paul, MN 55108. 

tained: yeru~L extract (BBL), H).O g; soluble Atan:h 
<BBL), 1.0 g; K.HPO,, 2.0 g ; agar, 16 g; distilled 
water, 1,000 ml; pH 7.2. The medium was sterilill'ed 
for 15 m;n a t. 121"C in 500-ml amounts in 1,000-ml 
Erlenmeyer flasks. Immediately beforP. the plates 
were poured, the following additions were asepti
cally made to each flask (500 mll: 6.26 ml of a 10% 
sodium thioglycolate solution, 6.25 ml of a 40% 
derl.rMe !lolution, and 12.5 ml of a 4% sodium 
bicarbonate sohltion. Dextrose was sterilized by 
filtration through a 0 .45-p.m membralle filt.P.r, Bnd 
the other two compounds were sterilized by auto
claving for 15 min at l:U"C. 

Pork infuBion Rgar (11). One pound of fresh pork 
from which the fat had been removed was ground 
and mixed with 1,000 ml of distilled water, and t,ne 
mixture was boiled for 1 h. The pork particles were 
removed by filtering through two layerB of cheese
cloth , between which was a pad of glass wooL The 
filtrate w~s coolP.d in a refrigerator; ·after cooling, 
the fat was skimmed off, and the volume war! made 
up to 1 liter with distilled water. The broth was 
placed in a Rtraight-walled beaker, and the follow
ing ingredients wP.rP. Bdded: peptone, 5 g; tryptone, 
1.5 g; K1HPO~, 1.26 g; soluble star ch, 1 g; dP.rl.rose, 
1 g. 

The medium was heated and stirred to dissolve 
these ingredients. The pH was adjusted with 1.0 N 
NaOH t,o 7.6. FiftP.en grams of agar was added, and 
the mcdiwn wns autoclaved for 21> min at no•c to 
liquefy the agar and promote formation of a precip
itate. While still hot, the medium was placed in a 
refrigerator at about 4"C until it solidified. The 
solidified medium was then removed from the 
beaker by loosening it from the wall with a Rpatula 
and inverting the beaker. The layer containing any 
~~ettled precipitate was trimmed off and discarded. 
The remaining agar was .cut into small cubes, which 
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were returned to thP. beaker, and thP. medium was 
reliquefied by autoclaving for 25 min at uo· c. It 
was then dispensed into tubes in 20-ml amounta 
and sterilized hy autoclaving for 30 min at 121 •c. 

Modified pork infusion agar. In some tests. thP. 
pork infusion agar waa modified by adding 0.25 m1 
of a 10% sodium thioglymlate solution and 0.5 ml of 
a 4% sodium bicarbonate aolution to each tube of 20 
ml of medium immediately before pouring a plate. 
This medium i~ identified as pork infusion BT agar. 

Heating substrate. Sorensen's 0.067 M phosphate 
buffP.r (pH 7 .0) was prepared by mixing 61.1 ml of u 
stock solution of 0.067 M disodium phosphate 
(N112HPO,) with 3!1.9 ml of a Atock solution of 0.067 
M monopotassium phosphate (KH2PO.). The pre
pared buffer was autoclaved for 15 min at 121nC . 

Jlea.ting unit 11.nd hea.ting procedure. The alumi
num thermal death time unit-miniature rP.tort sys
tem (8) waa used in this study. The procedurn for 
inoculating and heating the units was previously 
described by Odlaug and Pflug (!l). 

Recovery of heated Rpores. Samples of the heated 
substrat.e containing the spores were either plated 
directly in duplicate or were added to dilution 
blanks and plated in duplicate . After the recovf.lry 
medium (pork infusion agar or yeMt extract agar) 
was added and th e aga r had solidified, the plates 
were inverted. The plat.P.R were then placed in an 
anaerobic jar under a GaRPak hydrogen-carbon 
dioxide otmORphere and incubated at 32•c for 9 
days. 

Some experiment.~ were carried out where yeaat 
extract. Agar and pork infusion agar werP. used in 
parallel testA. In these tests a portion of each sample 
for every dilution was deposited in four plat.cs, two 
plates for each of the two media . Four additional 
experiments were carried: out where yP.ast extract 
agar, mndified yeast extract agar {no bicarbonate 
and thioglY.colate added), pork infusion ag11r, and 
pork infusion DT agar were used in parallel ~.sts. 
In these teats a portion of each 11ample for every 
dilution was depositP.d in eight plateR, two plates 
for each of the four IDedia. 

Annlysi11 of colony count data. The semiloga~ 
rithmic modP.l . was used as the baeis for correlating 
the heat destruction data and determination of D
values (t ime for a 90% reduction in the microbial 
population) (8). ln the analYf!is procedure the survi
vor data for the unheated controls {N 0) werP. sepa
rated from the survivor data at the several heating 
times. The survivor data for the several test heating 
times (not including the unheated controls) were 
col'l'elated by using the simple linea r regression of 
the logarithm of the survivors veraus hcat.ing time. 
The slope ofthe regres::~ion line was used to estimate 
the thermal rP.sistance parameter (D ). The zern
t.ime intercepL of t.he regression line ( Y0) was calcu
lated. TheY~ and N 0 values were used to calculate 
the intercept ratio: intercept ratio =- log Y n/lo~;' No· 

RESUI!l'S 

· The results of the survivor curve tests for C. 
botulinum spores heated in SorP.nsen's 0.067 M 
phosphate buffer (pH 7) are !';ummarized in 
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Table 1. Two C. botulinum type A strains and 
one t.ype B strain were tested. All three strains 
showed larger v .•. -values when yeast extract 
agar was used as the recovery medium. 

The .z-values for the type A spores are also 
listed i.n Table 1. For strains 62A and A16037 
the .z-values for spores recovered using pork 
infusion agar were larger than those for spore!'; 
recovered using yeast extract agar. 

Using the 62A spores, a number of parallel 
tests were carried out comparing yeast extract 
agar, pork infusion agar, pork infu!';ion BT 
agar (thioglycolat.e and bicarbonate added) , 
and modified yeast extract agar (no thiQglyco
late or bicarbonate added). The reRults of these. 
tests arc summarized in Table 2. The results 
indicate that the D -values for C. botulinum 
62A spores recovered in pork infusion BT agar 
were similar to those obtained for spore<\ re
covered in yeast extract. agar. 

In Fig. 1 survivor curves for C. botulinum 
62A spores at 104.4"C arc shown; these illus
trate how spore recovery in pork infusion B1' 
agar (with sodium bicarbonate and sodium 
lhioglycolate) resulted in a large increase in 
the number of survivors recovered at each 
heating time compared with spores recovered 
in pork infusion agar. These sunivor curves 
are typical of the survivor clirves for the other 
experiments listed in Table 2 in that the inter
cept ratios are less than 1. 

At the three test temperatures the D-vahle!'; 
for the 62A Rpores recovered ill media without 
bicarbonate and thioglycolate were all smaller 
than those for the 62A spores· recovered in 
media containing these reag~ts. The differ
ences between the D-vaJues Were more appar
ent at 104.4 and 1 15.6°C than a.t 121.1"C. 

The D-values obtained for 62A spores using 
modified yeast extract agar (no bicarbonate 
and thioglycolate added) as the recovery me
dium were similar to those for 62A spores using 
pork infusion agar as the recovery mediwn. 

The cnlonies in yeast extract agar were more 
easily counl.ed than the colonies in pork infu
sion agar. The colonies that formed in yeast 
extract agar were visibly distinct, whereas in 
some plates the colonies in pork infusion agar 
were smaller and difficult to Bel! clearly. 

The frequency of spreaders in pork infusion 
agar was greate r than in yeast extract agar. 
The spreaders in yeast extract agar were the 
result of gas formation in the medium, which 
r arely occurred. The Rpreaders in the pork 
infuRion agar appeared to be aided by t.he 
presence of small pork particles or precipitated 
matter in the medium that imparted an 
opaqueness to the medium ann made colony 
counting difficult. 
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TABLE .1. D- and Z•Ualues and intercept ratios for C. botulinum, 62A, A16037, a11d B155RO ~pores heated in 
Sorcn.sen's 0 .067 M phosphate buffer (pH 7) and recoucred in- yeast extract agar or pork in{tiSil:m af!ar 

Spore strain Recovery medium and z· Test temp ("C) D-value (min) 115% CI• (min) IR' 
value ("C) 

62A Yeast extract agar 121.1 0.29C 0 .24-0.36 0.78 
z = 10.5 115.6 0.8l d 0.74-0.90 0.88 

115:6 0.75 0.69- 0.82 0.91 
115.6 0.80 0.73- 0.89 0.90 
110.0 2.89" 2.55-3.34 0.87 
110.0 2.72 2.34-3.21 0.89 
104.4 9.38' 8.02-11.29 o.s:J 
104.4 10.71» 9.37-12.51 0.93 
104.4 10.48 9.19-12.21 0.93 

62A Pork infusion agar 121.1 0.27' 0.20-0.42 0.119 
z = 11.9 115.6 0.60" 0.56- 0.66 0.83 

110.0 1.71• 1.37-1.95 0.81 
104.4 6.76' 5.68- 8.34 0.91 
104.4 6.179 4.61- 9.30 0.84 

A16037 Yeast. extract agar 121.1 0.4-i 0.40-0.49 0.79 
z = 11.0 121.1 0.60 0.5-1- 0.67 0.83 

121.1 0.51 0.46- 0.56 0.84 
115.11 l.J5A 1.18- 1.57 0.96 
115.6 1.27' 1.14-1.44 0.96 
110.0 4.291 3.83-4.88 0.94 
110.0 4.47 a.SS-5.23 0.98 
104.4 16.19'< 15.26- 17.2/i 1.00 
104.4 19.10 17.69-20.77 0.98 

A16037 Pork infu11ion agar 115.6 0.85 0. 74-1.00 0.81 
z ~ 12.8 115.6 0.98h O.A9- 1.09 0.87 

115.6 0.931 0.80-1.10 0 .77 
110.0 1.80 1.63-2.00 0.87 
110.0 1.84 1.63-2.10 O.Ail 
110.0 1.74 1.53-2.03 0.81 
110.0 2.18' LA6-2.62 0.82 
104.4 6.98 6.30-7.83 0.89 
10-iA 7.86 6.42- 10.14 0.90 
104.4 5.99" 5 .62-6.41 o.9a 

B15580 Yeast extract. agar 110.0 1.37 1.28-1.47 0.98 
110.0 1.34 1.23- 1.48 1.01 

B151i80 Pork infusion agar 110.0 0.53 0.41- 0.65 0.88 

" CI, Confidence int-erval for the D-value. 
b IR, lntercepL ratio (log Y.,{log N 0). 

__. D-values with identical superscript letters were from t ests run in parallel. 

'l'he pret~~ence of sodium bicarbonate and so
dium thioglycolate in the pork infusion BT 
agar did not appear to affect t he si:m or clarity 
of colonies. The only observed difference be· 
iween pork infusion B'l' agar and pork infusion 
agar was the change in colony count for the 
same dilution. 

DISCUSSION 

Andersen (2), 'l'madwell et al. (13), and 
Wynne et a l. (16) have confirmed an essential 
or stimulatory role of sodium bicarbonate or 
carbon dioxide for germinat ion of C. botuli.nt~m 

spores. In all of these studies, media with 
bicarbonate resulted in significantly highP.r 
counts than media withou t bicarbonate. 

·. Pork infusion agar is considered to be one of 
the better media for subculturing heated spores 
of putrefactive anaeTObP.S (e.g., C. botulinum) 
to obtain spore counts (11), but sodiwn bicar
bonate and sodium thioglycolate are no~ always 
included as ingredients. 

The National Canners Asoocintion's la bora
tory manual indicates that beef heart, Yesair's 
pork medium, liver broth, and tryptone-glu
cose-yeasL extract · broth are satisfactory for 
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T A BLE 2. Przralul suroivor curve tests with r.. botulinum 62A .9pores heated in Sorem~en's 0.067 M 
phosphat-e huffer (pH 7) 

Yeast enract ugo.r• Pork infusion BT agur • Pork infusion agarb 
Modified yeas t extract 

agar• 
Test Teat 
no. temp ("C ) n.value 96% CT• D-value 95% Cl D-value 95% Cl D-value 95% CI 

(min) (min) 
ffid 

(min) (min) m (min) (min) IR (min) (min) lR 

1 121.1 0.29 0.24- 0.J6 0.78 0.33 0.26 .. 0.14 0.71 0.27 0.20-0.42 0.ji9 0.26 0.21-0.33 0.62 
2 115.6 0.81 0.74-0. 90 O.RR 0.78 0.69--0.91 0.90 0.60 0.56-0.66 0. 83 0.60 0.46-0.56 0.89 
3 104_" 9.3R 8.02-11.29 0.93 10.13 8 .26-1~ . 10 0.90 6.76 5.68-8.34 0.91 6.19 5.07-7.93 OJI.~ 

4 104.4 10.71 9.37-12.61 0.9.1 10.33 9.08-11.99 0. 93 6.17 1.61- 9.30 0.84 

• Medium contains sodium bicarbonate and aodium thioglycolate. 
• Mcrlium does not contain sodium b:icarbonnl.e or sodium thioglycolate. 
< CJ, Confidence interval for the D-vnlues. 
• IR, Intercept rat io (log Y0/ log N 0 )_ 

lO'I11--1Ht-~m, 1!--f!J!t '-1~lllti~I+H1.11+1-B. 
1o' ~;~;. im~~#.4###1t~~~~~~~IJJ.JJ.I B ll ,_ _ .i ·-: r .. t Temperlture JOol. ~ c 

-' 
!.. 

l _ ;_ a Yoast Extract A!Jilr 
!. J "Port I nrusron BT A!Jar 

• rGrk lnfu<ion Agar to·-···-
· · rr • .• - -~ D ~ 10. 1 min -

- -; . - _. :_ f;:- J_I "-': 
I' ' , ,j ' ''j• I I I 

P 1 i .· ' , , 1::: 0 • tr.2 min 

lleotlnq time (mlnoolrs) 

FIG. 1. S uroiuor curue.s for C. botulinum 62A 
spores heated in Sorensen's 0 .067 M ph.n11phate buffer 
(pH 7) . Datu. are from test 4 in Table 2 . 

subculturing heated C. botulirw.m spores (7). 
None of these media fonnulations requires so
dium bicarbonate or sodium thioglycolatc. 
However, they do mention that 0_1 to 0.2% 
sodium bicarbonate can be added to make the 
medium more favorable for rapid germination 
of C. botulinum spores and that 0.1% sodium 
thioglycolate will improve anaerobic condi
tions. 

The r esults in this study indicate that to 
obtain maximum colony count.s, the medium 
used to recover C. botulinum sporeA in thennal 
r esistance survivor .curve studies should con-

tnin sodium bicarbonate and sodium thioglyco
late. Since yea!lt extract agar is easier to pre
pare and less expensive than modified pork 
infusion agar, we u~>e yeast extract agar rou
tinely in our laboratory for thermalmlliKtance 
studies with C. botulinum spores. 
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