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ABSTRACT 

The effldenq of fUIIt culture media for recovery {)f beat-activated 
and heated C{Oilridium sporogenf!li :>_p<lros was ~tudied. Yenst extract 
lljplr gave the high~;~;t $por~ re<,.'Qvery. The effect of the method of 
vrepMiug !he ~;ct <"xtract agar on the recovery of heated spores was 
aJgo cwatuated. The results Indicate that (a) a slgnificanUy lower spore 
reCGvery was obtained when the dcxtro~c wa~ omitted completely ur 
when add~d to the medium before auto;~elav:ing, an(! (b) no significant 
difference In ~pore re.::nvery WM found between yeast extract agar 
freshly made or prepared and stored at 4 Cup to U day~ before use. 

Clmtridium Nporogenea spores are widely used as a 
heat process tc:.i. organism in the food and drug 
industries. Historically, Infusion type media have been 
used for rcooYI.'lj' and enumeration of these spores. 
Preparing infusion media h; time-consuming; therefore 
many workers have attempted to find other eqnally 
reliable media fur recovering C. sporogenes (1,2,5,6}. 

Yeast extract agar (YEA) appears tube a potentially 
good reoovecy medium for C. sporoge.ne.s spores; 
however, there are sevet:al compositional and usage 
points yet to 1x' rtsolved, These jndude tlte way YEA is 
prepared (2,5,6), the effect of added dextrose and the age 
of the medium at the time of use. 

This study was carried out to determine if YEA ean be 
cft1ciently used for recovery of C. spcrogenes sp\lfeS after 
heat-activation or for thermally-stressed spores, and to 
evaluate variation in the prepamtion and use of YEA, 
including the effect of adding dextrose to the medium. 

MATERfALS AND METBQllS 

Spcrnsll.l~ 

Spore W~fl(!<~5km5 were prepru:ed from C ~ff(g PA 3679, 
obtained from C. F. Schmidt (Cuntinenud Cm Co., Ct,~, minOO:), 
:tsmg B>xf&mt lnfusicn Medium IJ'I. 

Rtr.:wmy tmalia 

Y \Ut'it llrtrotl agaF\YF.--n Y Mit ~ft!ct, 10,1) g; roiuble ita!l:h, l.O g; 
KlHP04, ZJJ g; agar, !5.fi g; dktlllei water, liX'll! ml; pH 7.2; !lntf>' 
elavt:rl fur 15 min at Ill C, lkfute -poutingp!,Ue!;, the fulir.wingaddtrions 
were n~'lllly made to JOC!ml of molten mOOium: J.75ml of 10% 
!i<'l'dfum th~aw solution, 3.75 ml of 40% t1cxtrose wlution aOO 
7 .S ml of 4% mdium hicatbonMe mlution. The dextrt= StJ!ntJon find 
the l!Odhmt bicarbonate rolurion were sten11zed by membr;~.rw 
filmllitlfl, ttnd the smhum Uringl~ate J!Olu\km wu mrl]iztd by beat 
(121 C, 15 min). 

Mofl4fied YEA, All the YEA medhlm irogredieuts. ineiudiug 
dextrose, sodium th{ogl~late Al\d wdlmn btcarbnmte. \\"ere added at 

:paper Nn. 10,775. Seklmfie Jt,mm;>l Srriu. !otimuscr« AgricuJtutal 
2rimf1tt SiutlatL St. Pmif, MN S$108, 
"·WnJPJ' for irtjrt:tirJ'I is wmer pu'ifltd by dlffllkniml or by ~ 
o>miJ!;iJ tlmt mt"Cts m~ JJSP reqnfrtmenrs for purijkd wuter. 

the time the m~dium was prepared. The medl!lin v.a. thnn fiUtoduvOO. 
Simplifwd YEA. Prepared 11~ YEA, ex=pt thAt >l.ddltkJI ufthe 40% 

dextrose solution at the time of plating was totally elltlliMted. 
Pork infusion agar (PIA). Prepared lll!ing th~ pr~X"edure of Stumbo 

(~. 

Trypticuse suy ugar {TSA). Commen:ial dehydr11~cl meclhtnl (BBD 
wa.~ prepared according to manufacturer's directions. 

All media; exceptthe YEA, were mad~ 1 to II days in advance of the 
day of us~: The YEA wlls prepun>d on the dtly oC use ~xtept where 
inrlicaterl. 

Heat-activation experim~nt 

In this experiment, the Qbj~~tiv~ was to cvaluatc th~ c:ffuct of ~:Uiturc 
rnedill on the tl.!eovery uf heut~aL"th<a1ed spores. Ten 1'1 af the spore 
sus pen~ ion contalning_approxtmatcly 10' spore~ penni were added tn a 
tube cootainlng 10 ml of water fur injection !OSP)al. The tube with its 
contents ~<'as placed in boiling water fur 8 min. At the end of the 
heating time. the tube wus trnnsf~.rred to ar_ ke wat~.r hath until ~j)lfl"1-
recm·ecy procedure~ were carried out. 

T/rumul deitructi<m erpETifflffit:t 

In theoe experlm;;nts. the ub-jedl>-~ WIIS b} evn!unte the effect ;_;f 
mltnre n:edia on ~ery of ~hetmalty-rtre.tSed !heated} ~p.wes. Fk"tl 
mlnures before the start of !!eating. I mJ (oontalnlng: approximately Hi' 
spores) of:;; water sU'>pcn:rion of C. spm-ogn~G spo:rc> was adde-d t<J an 
18:.: 150 mm screw·cap test tn~c<lnti!lt!lng 10 mlof wmr fot In~ 
([JSP). The tube- ttn.:l crmlenl~ ~ 1-..::ated fDr' J min ln a minintnff 
retort at 121 C in tbe f"tut, and 7 min at l )I) C in the second tet of 
~nU. Afu:T itcating. the tubes 1\'o!t'e tran~fe-tmllmmCdiately w­
an ice wa:rerbatlt until~ recoveey WMCattled ou\. 

Rl.!oovery proceduros 

In a clean room, the iwat·act:ivat«< nt the heated !ipGte Sutpert&iml 
was diluted in Buttcrfirikl"s plrosphate buffi:r. Fivn replieaWs of the 
appropriate dih1tkm Wl.'l'e pipettOO inln JOIJ.mm diameter pt'1ri pho;tes 
and alhlut 20 ml of recrm:ry medium wa;; added ta £aeh plam, The 
dlltitkln !<:heme of the htat·activated or heated spore susp<!nslon wa11 
cl!.oocn on the basis of the number of spores added to the mitiai tnb<.: of 
water fQl' injection \USP) t:M the fengrll of the htl'itmg time, W gWe 
oounts in the range of .Nu. JOO col.ml.u pet plate-. 

Meilia that were pupaffi'l l:!dOte the day of n« wert stat«! at 4 c. 
On lbedayof use the medium wns melled by placing-it in M. Jill~{flye 

at 12J C for 5 min. 
The plates were incubated for 4a b at J2 C in BBL Gaspak ~ 

jars using hydrogen and carbon dioride Gaspak gcnCI'llfun. Colonies 
were eounted with the aid of a Bacttoniccolooyeonnt<Jr. 

RESULTS ANll DlJCUSSION 

The a\Wage plate counts, the standard deviation and 
coefficient of variation of colonies recovered using four 
culture media for heat-activated and heat-;;f:l"e<.;red C. 
sporogenes spores are presented in Tables 1 and 2 
respectively. 

The data in Tables 1 and 2 suggest that the recovery of 
heat-activated spore-s was-of the same magnitude for all 



TABLE 1. Number of hea;.aetwarenY>l Clomidirun ~ 
spores recUI'f!f'£d usb:gjburdf.tftrem ~ 

-,~ """"""' 
_, 

-~ 

_, - •nlri!ltioo ~n!\lr' """""" " 
.,,. 

YEA ,,. 4.32 0.091! 
Modified, YEA "'" 0.72 0.139 + 10.0 

P!A 332 5.49 0.16'5 "'·' TSA 33» '·" 0.1:1a ~ 13.2 

""~tmhlutcsat100C. 
tbiAverage of five plates. 
ie~ change from number uf oolonifs !'(et:<Veffii In YEA. 

media te$led, whetea$ tbe YEA was a better teoovery 
medium for-heated s_poce-S, These results suggest that the 
heat-stressed spores have a more specific- nutritive 
requirement than the heat-activated spores, and that the 
YEA as used in these experiments is the best of the 
alternatives evaluated. 

The PIA described by Stumbo (4} docs not contain 
sodium bicarbonatt:· or sodium thiog:lyoollatc, Odtaug: 
and Pflug (3) reported that addition of these compounds 
increased recovery of heated C. bf)tulinum sj?Otes. If 
these compounds had been added to the PIA in the 
experiments of this. study, the recovery of C. .rporogenu 
spores might have: been increased, 

T""tno. Recovery medium Ageolmedlum ID~Qr~l 

YEA 0 
Simplified YEA(c) 0 
YEA II 
Simplitwd YEA II 

YEA 0 
2 YF.A 10 

Simplified YEA 10 

YEA 0 
YEA 10 J 

YEA H11A 
MOO!fk:d-YEA 47.8 

MA 43.2 
't'SA (t!i 

19.77 
11.00 
t!Ail 
OM 
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-15.0 
-77A 
-q,!J:,6 

:~mluutes at l:lt c, 
Av4tt'agll nffuo platei., 

\~>t-ereent ehange from nu.mbu of enkmte> recnvued in YEA. 

After YEA was established as a better recovery 
medium for the heated C. .vporogenex spo-rer., four yeast 
extract medium variations we:re evaluated IT ablcs 3 and 
4), 

The numbet of heat-stressed {3 min, 121 C) C. 
spcrogencs sporeS recovered using fresh and old YEA 
and fresh and old simplUied YEA {addition of 40% 
dextrose eliminated) is reported io Table J, In most 
instancL'li where a compnrlson is possible, hlghe:r counts 
were obtained when dext::rose was added to the medium 
at the time of plating, The results do :not indicate any 
difference in spore recovery between media prepared the 
day of the test and media prepared ahead of time, 

Mean fll~IM etmhL(bJ'F( S~odard d<l'l'latWo ' Cootl!mcnt of vtll"!atlo'Jil "/N 
20.(1 "' 0.190 
5.0 2.34 0.4{!9 

48.2 2.05 0.042 
21.2 '"' 0.190 

101.0 9.25 0.091 
60.6 5.32 o.oss 
44A '"' 0.147 

$6,2 6.1)4 0.143 ,.., 6.56 (U4J 

P!Hented at 121 C fur three mkluw.'!. 
(b)Mean oount r:ifive p!att:li. 
klsimplificd YE..>\ ·the addirioo of40%dex:'tro3e at time ofplatingcliminatct:l. 

TABLE 4. Numf)er qf/JMf-·wmwt<aJ C'~inm. SJXU"Qi<J!l(IS ;pr.mJs reccwtffl/mft'IIJ :frislr_ ffll:;;::d~old=Y~EA=m~<d~m.::::...~~~~~~~~~-

Tubem>mllllr M"""fil'""""""'"t!lil 

1 "' 2 "' 3 95 
4 i4 
5 100 
6 "'' ' " ' 111 

• 1114 
10 " II 102 

-ven miniitfl: rt 110C. 
\h} Averngt' ffitwo cm:mts. 
(c~ prepaNd on rlayofpb.!Jug. 
{d>rEA preparerl H days before plating. 

014M.U!um!cl! O~bnwM1:.;,mto¢;tuU 
1-'Jl!:ll"llli!IJJ'IJko- MOOll plaw_,ld(hl lRgmomn -pl!lt!l ;;;;;.;;t" lr'n!!!MXd! 

2J)Jl8 116 2JJM4 1}.0074 
1.Q11B " 18731 !10981 
t.9777 102 :.t0086 ~ 110000 
t.9242 S4 19242 0 
2.0000 101 l.004J 0,0043 
2.0170 100 1..i:i»> o.orro 
t.qQll % 1.9812 O.i.Xl89 
2.0453 "" 2.02~ 0.0200 
201m 84 1.9242 QJH).1 

"""" U4 2A'569 -0.1124 
200!16 112 2-04-92 - {J.{H(lt; 

Arltflmetlc Average:-of!Ag Meanl>ttrem.u:e 
Standard Devhrtinn of Log Mean Diffmn«: lcl 



The results of a more extensive expr::rlrnent comparing 
the efficiency of fresh and old YEA for the recovery of 
heat"sttessed {7 min, 110 C} C. sporogrnes spores are 
shown in Table 4. 

The data lndude the variatlon in heat destruction 
\tube to tube) 115 well as the variation due to media 
diffcn:ncc (each tube number is a separate independent 
evaluation), The variation in heat destruction is the 
difference between the results for the fresh medium and 
ok:l medinm test fur each tube number. The results 
suggest that fresh medlum may be better than medium 
prepared a few days in advance of the test day; however, 
it appears that the differences are not significant. Since 
labctntory efficie-ncy l.ncte..V~es l:f media can be prepared 
ln advance, we condude that this .can be done without 
a $lgntficant decrease in the resulting spore m::overy. 

Yeast extract agar wlth additives nt time of plating is a 
good recovery medium for healed C. SJ)Qrof?enes spores. 
The r~.-sults suggest that the basic medium can be 
prepared in advance and stored at 4 C until used. 
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