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loa, l#t-k Meafcljig anS. ii^iae haf@ b@©B 

m»#« m tk mwm: ©r yi»g #f' ^argtslSM'i f&r 

©xampl#,. tb® ;S#»t«r- {•i^)-«ad ©tiarte-{ffl rnim cie* 

stgMlim hrnullmim* amA, SaS8*©jr^ asi Etrkfe^ia# C®®) mtth t&e 

ftt#««e#©«as. m»« m» a:tt«aaatloa o-r-m#-m& 

mfeteas fimsf It ^«s- atpBajf© tMt-fli#*'® 1# 'fifSslMMty of 

ateip@©'tg«i®as- #r resist 

( 5 0 ) ,  b y  s « l ® e t i # m , ,  t @ ¥ # i o p ® t  a  

•^•i-feaia Qf rnmnimm mm&Mm witb a ^m%»T i^#»istAB8® to b.m% 

'tfaat of til# at^aia:* 

m m S l u i s  ( e g )  & h m - m e m § .  - t k m t  Q f  

mafe#i>#al,aate is mmirn ©©alsial»f milk' 

atoiXi'^ "to--M^staat-a lii^iiti' tttaa Ba«te3*iitt» 

tuMgeml^aja; aQyaallj - p3?es#at is, milk, 

S»s®Mi it I,: •w©^lc:ia8. witti sitemiss of Esiatisgiehtm 

:j§0ii* f«a4 that tli«y''aiot^if®^ fssistaa©® to t&# baetexl©"^-

stati't aad ,g«imi#i&®l ^ aetiea ©f i&atioas -and also tiiat this 

mtim iaiae»4 « ©oayaralbi© 

¥@9istaae«' t©«aM otbw -©atioas. 4iff®r®iit ©hmi.eal 

lirti#S# ; 

' Qmmm aat •l®ttg®F (ii) «ttmp%e4 t©^ a@«li»atize 

a«tttt1b«3ps of tUm "safe'tiii® ®eou|i« by gratomlly raisiag tfa# 

t#Mf«ratw® ^©f iacttbatioa. After ©a© y#ar oaly ft aegiigible 

te^®# -of sii©0©#s -ms •appir®»t'# 

MahmtrnQB ibftiis'tM- that if 0«jftaia aitr^erpta-
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m 

Mat %h% 

pmmmm #f atap^llllfy , ap®#: tfen ®llMlaati#a mt water 

tmm %hm ©sil 

•m©:. wmM «f ^iteewi*g/-tfeat atyi^ieal 

stirataa of eerww. a>*UJ,aa Bimvlax. and Baellliai 

Mgiifctarl.m «««»%» ta ty^# ®r mfmil* 

age £b wraforatM- ailk^ m^mtm a ©©nflimtiGB ©f 

%hm mmtmntiom. that spoiiag® Is milk aay b# Sm© t© 

sa,ij«*^«tistant variants @f #««8. mm©* 

lr#tQQtiy© ftstioa* It/ te# %««a fey iraj-t-; 

®a» that m iai«taat alfttaf a,al@»» 

la resisting d©@truetioa. ly, teat is t&e #xi«t«so« 

0f « eoating, about tli« l^is mmf M mm 

^s»t &t t&# • saefe m. m mumiA mmm" 

tloa m a esfsmi©, #ir It my fe« «m siftifioiax' ©©wriagi, stteh 

aa i« '^-iga baeterla mm-, kmtei ta -mill. Soto-®ftsoa 

l.ftSl #3.#© »aiga§ts tto® isflti^## &t Myp^rmmirn 

s0latiaas. 

wof^tog, witli tb®' tafe#rei# ba©illtts, 

ms th« fi»t t©-' tliat atll: mffmr&M « protectIv® 

aetioa t® .»i@if®©r,pEatss«'.« tei#©il -saft Ratings. fSS} 

fivmA oh3erv0tiom-^ • W'iokmr W&M.tf ($1}^ 

9mx'm©i ma S$mstMm- (Sj, iSS, S4)» Ar^m aat J©Mm^ 

m0a is I, mi &mM' «ai b&WB rnXsm 

©# ailk. 
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MmUmm &% &X 'till ast f4fj ©M speres. tmm 

Tmt&%m% A© b@«t ftoaa yoaag •»f©f«s.. aM Starfe {f0) 

jmmE e®ilS' ot f»#aJ.ig Mrketly l®sa 

resistsat- ttoa tli# aatiir©.' ##lS.s.« W®ts® 168) aad Sstr aii4 

fgsl f#aaa jottag •sstat'SpM?©® wmm trnm reslstaat to 

mm^ ©M's.p©-r#0# 

#at Stai* fftl'stateij 

laf©r%^% milk bacteria sSlfe mj hm 

©I'imlaaiod -frea atil: '"bf • fa®t#mrisa%ioa ifeea til© @®lla ar® 

ift a fo-ttag aai g»'Owlag ©cuAttlda^ ititl# th®' ©li ©0lls ®f 

tl© mmm QrgaBi«. are abl® to tfe« 

ji»S- AiMs -If©) aoted ttoal" tto yetiag e®il» 

#eli wer# more r«^i€lf €@str©f^t by ha&tlag 

%0 r(9iatiir«lf low %Mp6riitar«8 tMa- ir#r# 0ld©r -©©lis*: 

Si,@»aii mA {fl'l t&at yonmg TOIIs ©f 

la®te®gl®kia -mli aay %© by a^Mist 

ofaaages wit&ia tb#- na-teal. rattg# of ,gr«wfefe %%m ©rganim,., 

Etl«tfv© 'to. soB-»p#r«»f®rai»g -l^act^ria 

CM-1 #aitp «a® rapMli-«ie©wtag • ®i@les#®mt #«lls 

mm mr<B mmm^%iMXm ^«m. 1&#- older • mllm to '• ••tti® Mli-la® 

tMfer&tares-*" -.Hg^er -aafi'Sws'oag t4f0) re-

statlar wmultm • wtth - mmmmrnrnm 

-mmwmrn Barfe® (M) aai Is-tyCSfl 

0ba®i»¥©a th# ^mmmm #f ImiiifM-' 

«als ia sf®r® s«8f«iygil©iis« aiaMl@y (Sfl B©t»l r&rt&ti&m ia 
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li 

tUm #f sfof©a mt ^ alff©reat m^mlm of t&© smm 

at«te©m mt «1 tarlaliosus' ia %h® 

tml&tm.m - of Clostridia M&0mm {40} 

s'ta'tfti, "!&# Fs^-tstaB#® @f mpoTm to hmmt 48 s#t a fl»€-

frop»rt? hnt a ©a#,, tfae i#gr#® -ef reststaae# tetlag 

lnf|,.tt«»©M .toy ag@.»-t:be ^tftafsratttr# -aiA feMililty ©f tli® eufi*-

^ Smm* eQasM^rabl'® aacp^ri-

m&&M% sk««liif tliat m in tkm siz& ot 

•tlie iaitisl n^etljag' thmm is sa Increas® -la %hm issgtfe of 

tl*o t&T mmplmrn cell deotynetioa or st^rtllgatl^a-.. 

fMa f«k©% 1« ao-tet ef S||*»« Cit|» -aig®!©* m€ 

Mstf is I, Isty -mM Mey^r Itety {Sfl:» &aa W&tfcias a»t 

|® f I ,  

&mvtM mmiltiomrn Bmm mmM. m 

(57), Sohllllnger {68}, aas iillt 

hmm smig®st«i #a» ft,® 

tmiarat tef' tk# aaroblc^ spo»-f#i3it»g. sps«t®s.» Bek«l»» 

tHat. tte® cultures tead tte® aMlitf t© 

.pMPtislly le®«- m wmo^BV their heat r<8S:i«taiiG®#. 0r®w%ii i» 

lltati a®41« tbe heat rcwsistaBe#, bu| l©Jig gyowth 

&jB s»4ia -ir^sistiaa##. 

Gm^m ('If) 'fQaai •%&#•&©«-* reststaa#® of s-p®r«s- fomefl ««ii 

ti«l.4'^©a mMm wmm less tlt^ that'©f tii«3se f»rw€ 

aat Im a Mttaral $wfir©i»»%# 
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ml* 

My mm mmwt-&<& fmit'' Mmrmsp. m 

tmy®@ !,.»' S, 9, 10, 11, -mmA 12. 

i« IselatM ^•irmtly tr^m noa-spoil©i. ®vaf©intt«Hi silfei 

0* by a. emmmt^ia.! fie* n©a-»pc3Jll#a 

allki eultuir®s 3, 4, 6^ 9^ 13, M# 

l$:,_ M* 

@i f^a imw milk heated at S©%» f®r 10 ,iaiaia.t®s, 
© %t It®' Sg®C., ani fl ®d at SI , tr*, 

» SS%»I oultureB 1,. 6.,, B;,, S;^ F>: % H, I, J,. 

aai E* 

©f tli® fy«llaimarF 

trials fms" 30t#mtatag tli# • tsaiataat® #f tl« apmrm &t 

wmtimm. w'wm la as issBla't®!, 

©yltttiefg «us.img. fm^w g«a#3mt«i %f fe^lllasg iil.@©ii®l as 

tih# soa^e« of hm%* ^ ft^gart i #!»&« m'^mp ®f ti.« 

Miit as -aatfl®!*®#'- to imm% --©f tfa# Jtpfir@xi-' 

m%«l.y lite:r-#-f glys^r®!,. fceyl Im «• 

agltato-^^ was- m»i «§!• •%&# -fe««t-iag wttfctm tit# •®yllii4®ifw 

•011® ©flt»t®r, as ofiglftiillf lit -a^t fewe mm ©atl.#t 

©f sts® t# p«»it t&® raftA fassa^ @f ¥af©i» ^ 
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\ :M \ • 

APPARATUS USED m PRELIMINARY TRIALS 

FIGURE / 

ASBESTOS INSULATION 

GLASS TUBING 

CORK AGITATOR 

H/Z DIAMETER 
CONDENSER 

BRASS TUBING 

\ ' \-RUBBER NOSE 
ASBESTOS INSULATION 

TWO UTER GENERATOR 

AND BATH 



www.manaraa.com
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ti# 'liat Amtm&t wam A mtl 

&mmm mB mM ta %h& fi»t f#w trial# A© 

mtf mum&mmrntlf* ^^is- mMmmr wa# aeelisnt^llf 

hmUm amd, »©pia@®t l*.f a ©©st#as#ir,„ aiffi-omltr 

waa •»eoiiii.t«ir«i- :ia- •t#ate®ia4»g fM«t»atie»s-* ?afi» 

mm w»» is t© 

m@k m & smmmy eoluMi aaalM ta tb# &M® ^ 

tk® i,@3.ttt.3ry aaes «t bf %li,® ©iitii'® 

S#at» #f '̂ •0. •i®fi0.@S' tri«i mmm- ©atlfely @atl»faet®r'̂ f» 

te«t It l,g that aajr p^ îr® fmltfiil.. It 

was flaaja®# to otbe# mg&nio iitmldg teavtsg a tooiXtog 

polat 6f mppm%tm.t&lw l«t,-aoait #oiiM f®«ai nb:te.lt. 

w&wm %©th «®ft %& «« oaly 

fea-tyl with a boiling point !)©%*#«& 11S*0® 

ii,Ht 3Jli*#p» -wm m#st sts- #©w©© ©f vmf©!" hmttmi$ tk© 

gl.f©®r©l. 

M®sl #f til# gr«l.i»lasi'r tyiais mk& til tb« «J#r 

fofti#® of tl® #teaf wera ta a PeHaotlasky mm^m% 

Mth «<iuipp©a witt m fctg]^ «pe@S 

Liglit mi-mml ©11 was s#tft as tfe# bsatiag aMiam# 

tuf@# •««« «»la.%aiia®d wl-tJiio tit© Halts of t O#S®0.. 

Mmm- amAlim» mmp% fm m wmim of 

total©' with. mtlk, Bt&rllm stetaailll:' ws-

•stlwstys «««a as tfe#- spm& ss4is».» 
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St@rll« afglmtiaatloja %m%«s. v®m -usM .©«• tfe® «©Bt«ta#i's f©x • 

tli« spoj"# ia- tW. W.̂ wwmi ara-sts-lasee trials, fh# 

tab#s wot® •*# i.m.''mtmMm hf f§ m&m 

l©Bg with alottt 1 mm.* thickness #f *11# 

|£; mmm mS^tm mm tm %m%tm&m 

la oM«r jrMtt#® tfe®-faster %& & 

.m&ll s«pi«s mm- »«t -|a all fcrntia  ̂ trials# -1^©. s.%#ylli.m»t 

.ag^«tiaatl#a tmh&m mmm fillet wttto Z*Q ©«• ®affipl#s 

©f %ti& mp&m »ttsp®a«loa- «g@« m& tli®a s«al©t is « felast Imp 

amltujr® a@aia# ^tiltur® »M,la *#»« «®©4 with 

%km Mttmmt ©ttlta^^i- ta 'thm- b@rt :p»s®l%l« 

•gm^Wk - -»i%r4«at smMs-

f«st©ry jTur it^wm «i^ •t«v#l#|««at of si?#^©s- -wtm ml^m 1.# 

S, S, 4, f, •&, S,; IS, IS,. 16-.^, -1,, §., ©, r., H,, I,^. Kg 

L, aai M« I-t ws »®@«#«ry te mm^wt • 1© fe«#f imftt®l©a «#9^r 

for sati.sffii#-taif -growlfe mat €«wl#^#6t ©f sp®y®s witli «1-

S, IQ.^ lit is, •«€ If# 1,1 to#- »llte- TO-® mB^A &b tl@ 

m«tim to with 1 aai t, wl^ll® witfc' 

ai 1 &tli» ®ttltiiir«i! tmtiros# hw&th ©©ataiaiag- toie«0©ir#s®l 

fierfl® m« ®mil®f®4« 1B: th® Mentlft©atl®ii »f t&@--rarteaa 

®?ptm4sa®, ii«ila tmstcKaarili' res#rt#i to- tm 'tbia 

w»-r-® -@me& -®a :̂ liitla, tte® î ar 
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it 

mm*- Ml i»taa mm *4© aeooi^iag to 

r©©M&«ii4e4 -lif, tm 'Bwtm 0mltsar# Stety 

.®f B*e%«rA«* prn-^vm. ^ ^y,:lfc0 m .B€«%#f*liil#fi©al 

f#eteie ®f a@#l&-fey ®f 

%mm&TSktmpmm * Using saitalil®- tmlto® itt#iifit 

tm th& farious naltufss, as 0mm mm was im^e 

t® s#®w« -©f orgftaim at l§®,. Si®, 4#'^ aai 

S^0» was mmv^ at •&#« mmm mt tJfe© ©rp®» 

I'sas .liM m lem^m tmm t® §»%. &® f®ll#wliig sua-

•»sy sboK# m% whim grmtM wm wl^ 

thm •f(torl#tts cult«r:»*» 
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WwrnmrnMrn^'^mt mtitimt m hmt 

4ttfa@t©a • a@ir mm^ with m mf 

tfe# #rgaii.i» te frew at-©«« ef t&« 

whim mm w&^& ^rnmtt aaS 

©f 

fpi-lgis- ©f m %li« 

t0ft;p©»tmrefi- wmm -t-ai'lits ik mi.m 1# pmimtt 'm Mr-m a 

tm-etiea ©f m poealbla mA jm% mmmm ir©afStrt®o» 

sf©i«s •#9h« -a .̂* iai«- f«#4ii«tioa &f 3--p®t©» 

i?i® :»I®»©r m%. X#w ®r#infc tl«tt «% 

t«r«» »«®gsl-tat--©€ a f«riM -©f tm«mfeat-ioa at'tfe® 

l#w ia' • -ip mmam •m'p$wmim% l̂t -sam® 

•sf®2p« a©»'#j.optoat- «s .WM tmrnfrnTrntUTrnM * mximm 

<»f i&mh&^tm mt tsaf«ip«ta^«» w®r« la fia^a 

.ll«i%©4 fef tk® injurious- «ffeet of IM® M^eir m 

tfa« -sf®r#-«» l#ag • ©f ia©m%t.ttes @t 

€mmmm4. thm. amte«ir #f- ea" %&• 

f®irl©is- wmm mm follow t 

&.W i «my# 

». ff®p# • ti^-

0» 4S%*. * -S M&m 

§S%. • ;S i«f»' 

A jp©rtt« -eaoli tr-aBsf«*r®t %o «#• 

«f %&« tlisa tî wmsly 

s«*-®tit-l. ulamt#®. af©r« -©oatest. ptir emit© ©«mtlai«t#ir 
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m 

©f tm '©ffisfa-ratitr© tirisi# wmm 

.#«sost«»t • €a© • t# ' til©-- mmm wfei#^ -fmaB-

titi«s #f fte® 

tetre wmm th& -mtj .factor. l«.»la ©.f-.ttglit 

t*ib#s *10 ftll-®!- with Z.mQ s#,* of 

tb# «.ttsp#Miiom ma in- m m»t %imp fk® 

w«F# ia tli#-©11 •featlj-esa 'tfe® t-is# 

l#twi«a jr«#fiyL. the Bporm tmm tb.# laeBMtai? amd lusejp-

mim Itt tb« oil bath tim&v ®i»#«4®4 tO atmite«* 

dijit fm ^aeli,-tfSal.|t ernlf :s®ir#m mcp&BwmB 

wiir#. tts®4 aM thiy eighth tals# was.©aiy wli®» a tmfeif was 

Isrokea.* 

fkm -isfe-ltetlfc r*alaiag aft®r filling 

t%m "teb#® mm at S0%» for .10.- flatM foi-

©0Bt«at m 'tb© as#i«f tl@a tb-at -tie .»p©r«s &mt a®t th® 

ir«g©ta%i^® ©tils w©iiM ©arflfe tUim'- i®p©s-u3r®# 

-Qt •mmmm îrnrnA^rnm. • la •%&# pr®|fa»tiJBa ®f 

sfor®. p@ira@r nutriaat broth cultures «» mM t© tii0#al&t® 

•tfee surface of nutrient or beef infusion .t» m »©irt@s -©f 

f#tri tisb®.®.# • tim iitms. -lissttfeat## ®,t w^f m €§^€.0. 

tmr &• M&yB &t -at iS^c.. f@y §• 4*fg,»-. it tti© «M of tk# !»©«!«•*• 

tioa -was tat® a .|it©rt.l# 

p@.t3ri tisfe and dried mer oaloiii® chloride is it •partiiil 

at -If C*. f©r 4S hours» Th© »t0rial was tfeea fPoaaA ia a 

«t«,ll®- .TOyt®-f-.«»€ w®ll 'Stlx®4 witli @t®rtl# p-©»t€rM l-it#to«©,» 
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if mg mmmmmf to-.wtfce s®v«ral i-iias teef©!-® . 

sati#f«t«t@-a?r w#re s««at®€ tm ®o«fat»atlir@ trials, 

iy tlii» meaas tli0 -©aly var-taMe tmtm r«sis%-

mm® ws Ifee 

Mmsmm tmmmmtum®, w»^ s3ip®s®4 to 

ii©at tef iaa#ip»lag •!&» ««al»i %%hm mmMlmtrng ttea »f@r@ swsp®m-

siea in t&# oil. hm%%m B&f&m tkm %'a'tom' su^Je^st^ %& tSie 

^mtwm. tmsfimmtwtm ito-^-wef© %m tli® 

tm IS smmm&B: -la & -©ti fcstb* ffe«- «xf©s«p# tmfm» 

ato®® a«@€g #xe©pt siigit warlatioas ®p#eifi© eal-

104.O^C 

1* 108.0^0 

G.;.. 112.0®0 

S* 116. 0*^0 

1* 120*0^0 

Wm #6sl ©®-a-

«f tit# .apw# ga®p«iisl©a.^- wm tim: 

€®st]r©4 tnw toflait# -f of tla#.* 

Tflth ea#b o il tare the ©xposurs wet is ifefe® 

pr@liala«®f tytal 'ifer# 5, 7,-1©,' t®, 2&» ast it ats»t»# 

after tbe first trial,̂  t&« expos^a*# w#  ̂ wwaallif 

jm !»•» -alsdmt #««# .a»ato«ap' "©f fei'lats atoi©v« amd 

fc#l®w lft#t mhmlmg ?## .«xffi®pl@,,' tt tits 

|i:reijtelbaty tttiil 8to#wtlast siirrival at.9 miamte® tk® 
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iismts 

of heat resistance of epoBss stisfsadei 
In sklMailk and in dvaporatei milk 

Vartems. aotattoly Af^s. m& iomsm ID# 

Bsr^®! :aBt St@iist^« It), mit Brown aa€ CM), hm& 

t«B0astrat@i- allk, «s«A as -tt© aa»i®a#t»m f©r 

tfe® Wi«te.tiir® e«lJt® .erf*'-aid® ^ia r«^ 

siitloi A&Btitmmim hf Umt-* %h.n 

mrnmrnl »sistma«® #f &ay-®p.g«mlM ta- ®ofigtt@r«ti©« ' 

itfeoiiia h® gives to -tto# tMlmm® &t tfe® gettna ©f 

li&n kl®i #f alik nm€m 

Is; s^tmdyiotiM-tmmmm' ©f gr.©wtb''t^peratmr® m 

t&« reslbtab-©:® #f -aer f̂ele-* s'pj*#«#®»|.ag 

'fia milk t%^ wmm 'fla»«4 to 'tJ®# ©tm#!' 

tlis»€ pkiaadllfe #ip atlfe m s«ap®®®.tos aoAiw 

testeat ©f »tert'l.«--«a-%e-f-©iP'«# thmt t-h& - mmttt&m ®f 

li®tt%t-ttg waaM hm: -tfeo®© ©xisttsg 

te^iag III# in 

to 'tti® tf my, h»%mtm' tli@ ffot&etiv® 

a.@ti'oa of #t#3rtl4»4 .silk,, a s®rl®s 

Qt @0fflpara%lt-«" trials w&b mm fiw#. ml* 

2t®f^ was mm&m t© %hm ©©aSlttoas as 

a^arly as yosstbl® f©r the %y^ &t 
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Sim .ib. ecaparism,. tb© spe-r© mnimt p@^ mM& 

mnt$M»t0T ®tet*41k «»i, eiraf#t^%#€ ailte oaly a 

llttl®, itat sitte# the spswmm *«r® ©ae .soarc© tto© gr^wtfe 

mm -ffe# ©fajpor t̂ei mttU asm 

^wa«- »©t jr®»t«rtiis#€ %bt wm tmmtm^^mO. aseptitmllf frtM 

©©M®r#tml ©aiui' oi tmppystM, siik# 1% 'Mi a pi ef- i*i while 

til® fl' «f , 1^# skiwllfc *as • $.m4em 

. Isa'ttlta or til© tTlmXm &r#' |5r»s»at#i la fatel® 1» 

S ©f S §©®p&ir|»oss -tit&i?# *as M a.lff«feae© 4a thm .fx-ot#©*" 

•feiT®. a#ti6n. ©f tto# tm Mmprnmi&m aediu# ' Hitto- S aiaa. 

It, hmmm^p tb© mkixmilk appsi*#stl,|^ had -a gligbtly 

p»0to©tlv@ %b&& ttt mm milk* la #«0k 1b-

th# wsa only tm niant^s al 

u»mA m& Ams ii©t •*©. b# -stgalfieaB-t, #af-#©i:a3.1y eta#® 

of tb® tiir#® ©-tfeef •eQiifaylB#as iili©Sit4 ao dlff«3r« 

®a«© ^s%w©#a %li® "iw© a®€l«« : 

Wmm -tfe© lata- tt' Tmnlts ©f 

tJaefml r«@istaa©@ • usiag-sfetmlife as thm 

sf#re suspea®l®»-ia#aiaa -to -tli© ip®sttlts s#0mr®fi 

wltfa' silk as tfe® sm^mmirn «©i-iaa« 

Whm It mm f&u^ 'tliat thmm vm 

hmtwmma th® ff©l«e%lTe •#f ateimilk' aad of-' ©»psr@t@i> 

atll:, it wm te us© ;sk,t*illf as th« • «#f#ast-€ia aMi® 

for til® im tba fstsists^e#- ieslslom 

was- &lm'hmmm& mp©» t»o ©tteip- first ̂  @wp»f«.'fe«t allk 
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I • 

Comparison oi lieat reslstan©® of spores 
•8asy®ad©d ia sk.i«llk aM -i& milk 

lTm.-p®rm%m® ©f exi»tir© 116• 

Culture used Is® Milk 
g@cur  ̂ smrm • ws#d 

1©. (irowth Age for Spores per ^@rt94s of l@atiag SmrtS-
temp©r-{da;ifs) aus- cc.of milk (ia minute®) Tal {la 
ature pen

sion 
heated aim*) 

i 5f § mk-im. 
mmw* 

17,400 
18,000 

2,3,4,5,7,9^11 
2,3,4,5,7,9,11 

7.® 
7.0 

i m •S s*at« 
3,500 
4,500 

16,18,20,gg,S4,26,IS 
16,18,20,22,24,26,2® 

20.0 
18.0 

4 m i sXto 
#r«ip» 

£50,000 
£90,000 

16,18,20,22,24,26,28 
16,18,20,22,24,26,28 

20.0 
1S*0 

i m ©trmp* 
450 
500 

26,28,30,32,34,36,38 
26,28,30,32,34,36,38 

30,0 
S0#0 

f 4§ s •mmpM 
40,000 
45,000 

2»0 
t.O 



www.manaraa.com

m 

Is ttffitml't to fafflail© la Imm ©©ataatsa--

t4oa|. aai sseoni, 4t mms- t© 

mlXk mim® fkear© ts ® ©f eMmglas its 

#«p©siti©a aai ©o«s©<|m@a%ly aodlfylng its fF©t«fi%lT# a©tioa 

mm sfofss# 

res-istmnci! ©f Tarl©®#' feaet@rta 
grow- m% two %«3psy®tar@® 

la ®a-effort •t#-8-€eure iafojpMtloa oa tii® iMtlmmm 

«f .gr®wtfe '©a • tfe# ••tksiaai- -©f •'b&eterisl. 

sforss,,, all ©f tit® ©xanilnet mhteh mlmwm€ mf atfpr#* 

©iable- r«®istaa©«'t® gf#«i «t •%!» 

atttir#e aat "t&s sp«f^#s- Jfei?' heat mmi&Mrnm-m fit® &l#i®r 

©f the t»0 was, ta all immimmB^ th# 

©ptlffim ©:!• at l«as'f tb® t«p«fatar© mmm^ thm® u&mA wliisji 

gaf« »st iia«rt-8«t- of- til® ««its»®' teisg  ̂

fli«' .opttw* ^©fî  w®3r«'-3f̂ .., 4#, etat 

will# lower gpowth ti.s«4. im ei»3psfis©a 

wttH tiimm t«ffiratur©s wem 21^,. msA 4S%#.> r®»f«©%it®lr* 

b®iag msti te trlal̂ ij mmh ealtef© ««s ' 

ca3pri»t at. least tM«© immtmm m% tii# jr«.sf«©tl*# 

growtl̂  t«tp®ieatwr©®* 

•f&® y#s«lts-'#f thm tS'ials wltli tfa© 'irar-

t©ws ©oltmres mm i>r«seatsd Im 'febl^-S* km: aoalfsts of tlw 

data slj«s tfeat^'-ia S®- ottt'of •trimliS tb©' iipor«s |>©s.8©ss@4 
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f abi# S 

C<MpaFatiTe reststaace ®f sf©#«s ©f 
tariotts bacteria gp®w, at two diffdfsitt 

Ho. t&i!sp<&3>' m, of aiillc Periods of heating SmrviTal 
a^ure heated {In minutes} siinutes) 

Cttltwe 1, $ 48f* oM» h«at®d *t 1I.4*S®C* fS ©f milk #.»1 

X ti 
Sf 

149»000 
24,000 

3,5,7,i0,15,3©,ti 
IS,S,7,10,15,^^gS 

5»0 
15-0 

II m 9,500 
7,000 

2,3,4,5.7,9,11 
7*9,12,15,00,25,30 

3»0 
12 .O 

3 «i 
If 

59,00® 
?§,OO0 

S,3,4,5,7,9,U 
f,9,12,15,^0,05,30 

f*0 
12^ 

4 
m 
Sf 

g4Q,00§ 
1S0,00@ 

8,3,4,5,7,9,11 
7,9,12,15,20,25,30 

§•0 
12*0 

g ii 
•Sf 

12,000 
45,000 

2,3,4,5,7,0,11 
7,9,1S,1S,20,25,30 

§•0 
20»0 

i m. 
m 

67,000 
77,000 

2,3,4*5,7,9,11 
7,9,12,16,20,25,30 

3.0 
8#,0 

t Sf 
S2,000 
40,000 

2,3,4,5,7,9,11 
f,®,li,15,20,2S,^ 

&•§ 
2©»t 

• @ 

« 
Sf' -a

cs
 

<3
»H

 

II
 

2,3,4,3,7,9,11 
f,t,is,£s,80,25>30 

§••0 
is.o 

9 SI 
m-

120,000 
57,000 

2,3,4,5,7,9,11 
f,9,IS,15,20,25,30 

• 5«0 
li»# 

io »i 
• 

If© 000 
94,000 ?,9,12,i5,ii,^^,30 

5*0 
20.0 

11 ti 
Sf 

145,000 
68,000 

2,3,4,5,7,9,11 
f,9,12,15,20,25,30 

3.0 
1S#0 
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TaMe t |Ooa%*J 

QtTmtk B'g&em ' 
»@» . «e»of atlk F©*t©tii mt tosatiag Smrftifal.. 

ature heatsd (In atattt®®) (ia atemtesl 
^g«- . . 

oaltoe s, § <&mfm om, mt 3jli»0®0, ^ mt allk 6*s 

3. m ISftSt-&w 
m^mm 
53,0@0 

3,5,?,10,15,20,85 
3,5,7,10,15,20,g5 

7.0 
1S»0 

B m 
m 

•»,:©do 
8ti§C»l 

3,4,5,7,9,12,15 
f,9,lg,15,a0,S5,30 

9,0 
25.0 

3 SI 
m 

56,000 
43,500 

3,4,5,7,9,18,15 
7,9,12,15,E0,S5,30 

9.0 
25,0 

4 21 
m 

86,500 
59,500 

3,4,5,7,9,12,15 
7,&,lg,15,g0,SS,30 

9,0 
25.0 

S Ml 
m 

gx,000 
3.00,000 

3,4,5,7,9,12,15 
7,9,ig,15,g0,25,30 

7.0 
25;o 

§ a 
if 

100,000 
35,000 

3,4,5,7,9,12,15 
f,9,lg,15,g0,S5,30 

9.0 
i5;o 

f SI 
m 

10,500 
10,000 

3,4,5,7,9,12,15 
f#9,lg,15,SO,25,30 

12.0 
20.0 

8 zx 
Sf 

26,000 
30,000 

3,4,5,7,9,12,15 
7,9,12,15,20,25,30 

9.0 
25 ;o 

t M 
m 

16,000 
13,500 

3,4,5,7,9,12,15 
7,9,12,15,20,25,30 

®.o 
ISiO 

m BX 
m 

13,000 
11,000 

S,4,5,7,9,l«,|15 
?.,î l2,15,20,gS»a0 

s*o 
9*0 

§ days old. -at lie*0®04 fM'mf latll:" §44 

X WL 
m 

1,goo,000 
1,S00,000 

3,5,7,10,15,20,ii 
3,5,7,10,15,20, 

Mm0 

g zx 
m 

5,000,000 
4,500,000 

1,2,3,4,5,7,9 
1,1*3,4,5,7,9 

Mm& 
3*0 
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'feial " ' '" 
So« temper- oa#of silk Periods of heattag SursriTal 

aJuT© heated (in minutas) (in minutesI 

Ottltur© S, 5 t®r« ©JjS-f heat®a at fK ©f sllfe &*4 

s Sk 
3f 

4,300,000 
5,500,000 

1,,S,S,.4,5,7,9 -
i,S.,S.-,4»i,7,9 

3»0 
S.0 

4 ii 
. Sf 

1,300,000 
1,100,000 l,t,a,4,5,f,t 

Wmm 
3*0 

§ 81 
3? 

i,eoo,ooo 
5,400,000 

1,8,3,4,5,7,9 
1,8,3,4,5,7,9 

M@a® 
3»0 

Crnltur® 4, S days old. h®at#d at 116 fS #f milk 

1 SI 
3f 

16,000 
27,000 

3,5,7,10,15,80,as 
3,5,7,10,15,20,25 

5.0 
10.0 

il 
3f 

16,000 
15,000 

3,4,S,7,9,iB,15 7.0 
20.0 

S •Bl, 18,000 
S2,000 

3,4,5,7,9,12,15 
5,7,0,12,15,20,25 

t.O 
25 .0 

4 m. 
3f 

18,000 
51,000 

3,4,5,7,9,12,15 
5,7,9,12,15,20,25 

7,0 
20.0 

S SI 
Sf 

ie,ooo 
10,000 

3,4,5,7,9,12,15 
S,f,t,Jli,i5,20,£5 

§*0 
ts^o 

§ sn 
m 

14,000 
12,000 

3,4,5,7,9,12,15 
5,7,9,12,15,20,S5 

5.0 
15*0 

f SI 
m 

18,000 
13,000 

3,4,5,7,5,12,15 
5,7,9,12,15,20,25 

7.0 
io.o 

8 m 
m 

11,000 
Id,000 

3,4,5,7,9,18,10 
.S,f,f,12,X5,20,25 

5«G 
li..Q 
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Table g tCon'fe-) 

fijal Growth' • Spores p@F ' 
lo# temper- oc.of milk feriods of heating Sttrrttal 

a^ure heated (in aiiautes) (ta mtaates) 
G * - . 

©iiltay# i, 3 days oM, ii% lg0.»0®C* fH ©f Milk %*4. 

1 4S 
§s 

iO§ 
Bm 

3,8,7,10,15,g0,S5 
3,5,7,10,15,20,25 

5.0 
go.o 

B 4S 
i§ :$^mQ 

3,4,5,7,9,12,15 
1,12,15,20,25,30,35 

7,0 
g5»0 

S 4f. 
§S 

5,000 
10,050 

3,4,5,7,9,12,15 
f,12,15,g0,25,30,35 

t*0 
ES,0 

4 4S 
.§§ 

1,000 
7,600 

3,4,5,7,9,12,15 
i,IS,15,go,25,30,35 

7.0 
25.0 

5 46 
SS 

goo 
100 

3,4,5,7,9,IS,1S 
S,1S,15,S0,S5,30,35 

5.0 
25.0 

& ' 45^ 
5i 

100 
BOO 

S,4,5,7,9,lg,15 
20,25,30,35 

5.0 
25.0 

f m 
1©0 
Mm 

3,4,5,7,9,IS,IS 
9,lE,15,aO,g5,30,3S 

5»0 
i0,.0 

Salter# f S t«ys ol4,,„ kmted at pB ©f ailk ft,.S 

1 13. 
Sf 

40,000 
70,000 

B,5,7,10,15,g0,g5 
3,5,7,10,15,SO,gS 

S*0 
• 7*0 

2 
21 
37 

1,000,000 
800,000 

1,2,3,4,5,7,9 
S,4,5,7,9,iS,li 

g.o 
7.0 

cmtar# S days old, li6at«a at 106.0%* |g ©f .ailM §•§ 

1 13. 
••3f 

450,000 
1,000,000 

3,5,7,10,15,S0,S5 
3,5,7,10,15,SO,85 

Wm& 
s..,0 

a 21 
3f 

800,000 
440,000 

1,2,3,4,5,7,9 
l,2,3,4,S,f,i 

iioae 
3.0 
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wlsl ̂  
Io« tMiper- oo*of milk Periods of heatinf^ Swvtml 

at«r0 heated {in minutes) (ia 

Culture 9, 5 days old, heated at 110.0®C. pH of atlk fi»3 

m 
m 

80,000 
@0,000 

3,5,7,10,15,20,25 
3,5,7,10,15,20,25 

f*0 
§,•0 

t m 
m 

100,000 
80,000 S,3,4,i,7,9,12 

s*o 
5,0 

s 
m 
4S 

200,000 
170,000 

1,2,3,4,5,7.9 
2,3,4,5,7,9,12 

5«0 
S.O 

m 
m 

250,000 
120,000 

1,2,3,4,5,7,9 
2,3,4,5,7,9,12 

3,0 
5»0 

i m 
m 

210,000 
170,000 

1,2,3,4,S,7,0 
2,3,4,5,7,9,12 

fi-*0 
7.0 

S' m 
m 

300,000 
280,000 

1,2,3,4,5,7,9 
2,3,4,5,7,9,12 

5*0 
§*6 

Culture 10, 3 Says ©1A» hm%^& at ,p2 ©f milk 

1 m 
m 

S0O 3,5,7,10,15,20,25 
15,20,25,30,35,40,45 

'im 
30.0 

I m 
m 

410 
500 

3,5,7,10,15,20,25 
15,20,25,30,35,40,45 ' 

10.0 
3Q,.0 

0mlt«»t 11, 3 days old. h®at«d .@t 116^0^0, ,pH silk S»S 

1 4k§ 
ss 

11,700 
17,800 

• 15,20,25,30,35,40,45 
I5,20,25,30,35,40,4i 

2S*0 
so»o 

t m 
m 

11,300 
3,000 

15,80,25,30,35,40,45 
15,20,25,30,35,40,45 

25*0 
35,0 
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B .{©out*) 

^ '• ' '  ' " 
!©• tfiap-er- co.of milk ferlods of b-eatlag 

•ture haated (in lalautes) fia iilaat«sl Q/\ 
Ml I,„|. in.,riroMfa«tTrr;,r--Mrr. lu |-.r Mj" n - rv,,,,,.,, • ..,,,: ^ l ..• u„i r.j.;i,n i- , n. - ma- ,. ...n , ,., ^- , , , •, , 

Cmlto,® IS, $• iftys.©14, at lis,.0^0« |fi #f milk &.S 

I m 12,300 
11,400 

5,7,9,12,15,20,25 
15,S0,S5,30,35,40,45 

5.0 

g m 
m 

9,000 
8,000 

5,7,9,18,15,g0,8i 
15,20,35,30,35^40,41 30,0 
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a at tk# opttam gr«>"»tfe 

t®af@rataaif%»- • fetsA t wltlj- #m3Lt«r« 3 &M • 9 p. aai •§ 

with eiiltur# S sb©w.e€ s# itff#i?'eae® la "te# yeslatmaa# 

tla spores mi the two 4iffor®at teresWltl^ 

i, Hewef'er, 'trials l.>- 4,,/aaa t (m 4 mt ©f i %rl-

• #^#*©11 « gr©st#f I'esistaace fo^ tfe® sf©y»s grom at tfa® 

©f%la«a tmpmmfum^g m was also tb&- ea»t la -teials 1, 4, AM 

S wt^ i» tt is well t# not© tbst itli#r© ma a© ia« 

#f sfi>r«® froil a eulturr «^-©wa «t a iwforatar® b#l©w 

tl# ©ftjyim «:xfe.tbitiiig -a re#l»Maft® gr^tei* tlat 

®f sf©-f«s frm a tmltasr®. sr®« at tM- pfiMmm tiiif®»ii.lmf®» 

f&t ®f#r® ,#©«%•©»•%,: ••per'••emfciie' ©f stimtillii 

•arigi. im tmirnla b«t »•$ 

Aiffrnmrnm ia mmlA If# to ©ay 

•rnrn'̂ mt̂ m  ̂ fltliiat fliii liaits 

of thm ^^atwats is %hm iwi&itMml tyisls, tli«« 

^•|i m&% mp^m t-o h& mmy •@©nr#latl®ii to^e'-twe-isa -tb#- #f 

®f©Fts pE»##«»t f:«w SUM:©- &£ -aa  ̂ %T&m tia« 

of -sacrrSfal ©f tl# s ports* 

til# in T%h%m- S afe ia faM® 3., 

s-ttwarj gmw tte-t ••&» t̂ © mrnms^ 'th® sp©r®' ©©iit#ii't 

#eatim®'t#r ©•f is. trt&is bmt lit-

It m%m &%mB thmt m&vy p©ig§@sg-^- a 

B.wmmm "tlnt&mml ireisistfeii©® '-Amm gr©m &% thm Qpttaxm gr©wtto 

t«ip®fatar# wkim-....gma3k^-lmlm th® ©•y-'wtae* ffct̂ e 
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Compilative thermal reaistance of sfoy@s 
various 1teast®ric grown at two different t^mpm^trnmrn 

•{•sumtr^yy of data in Table Sj 

G|»6Wt^ A^o-
HI* of temper amr® Spores per StlTfi- Mmm 
Imr# tri ature eul* t^^@r* ee.of milk valtin sarrif®! 

als •
 

o
 

o ttire ature 
®C. 

heated mis.) 
{days) 

ature 
®C. {averatfe©} (ayerae®) 

1, ^ 11 21 • •§• 114.5 71,363 4.6 3 * 7 
I 11 37 i 114.5 e3,0OO 16.9 la' - as 
i 10 El s 116.0 33»550 8.5 7 IS 
i .10 37 i 116.0 19.9 f « iS 
a •s SI 5 110*0 g,600,000 O.S 0 3 
3 § 37 . « •  110.0 3,S0C,000 3.0 s • 3 
4 ••a m 8, iie.o 15,870 6.3 § «» # 

€ .8 37 S 116,0 go,750 18.8 10 - g§ 
s f 45 .3 120.0 1,138 6.1 © .« f 
s f '55 • a igo.o 3,000 15.6 m • S:S 
f a SI 106.0 520,000 3.0 3 3 
? i 37 f 10€.6 435,000 7.0 7 7 • 
s i El S 106.0 675,000 0.0 0 * 0 
•fi a . Sf S 106.0 780,000 3.0 S - 3 
i § 3f S 110.0 190,000 4«5 3 • S 
i s m § 110.0 146,000 5»^ § f 

10 t m S iie.o 505 10.0 10 * 10 
10 i m 116.0 650 30.0 SO - 30 
11 g m S 116.0 11,500 gs.o M - m 
11 m i iie.o 10,400 32.6 30 • 3§ • 
IS •t m-' # 116,0 10,650 10.0 S - li 
l-g m 1 116.0 9,700 30.0 30 * 30 
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4S 

at ©ftimuji p^mth 

was, mm&§t tm mlmm %: wm^g ai:islft©aa,f» titto, sal tar# f-

til® ^emtm tlL#3Ml fe^iataa^' mm&0S. %j nt its Qpti.-* 

mm $»m%h tmpmrnturo mm %©lsg mif &m 

mlmt®* Itm.Mmtm wim mn ml'-

%mwm ^mth at « t&@ mptlmm de~ 

-%«*! la m%m$6 

mf llis »pmm #f the uti*!©!!® ^@,s 

gr#wa fit tli« tm tmu.'pmw&tmm mm QM&wly Bh&m la figure g, 

a® 'tmsrea##® ta xesis-taae-©. ©f tli# miltmmB whm 

gro«a at m@ .©.ftiaim grewl-lt te^ratui-es *«# 

atiriklttg witti ©mltures i©t iS, to#iag 

3.i«.S, If#11,^ -lO-*©, f»i,. i0-«0 MlattI®®,, 

mltmm wa» ®^o##4 -ts- «p jroxlmtlag tli« 

$.«fflip9»*ar# tmmS. tm silk. Ciiltua?© 

1 mm& ®xt©8@t t© oultures » 11, aa€ 18 t# 

ami tiiltmi'# s -1© 1s0,0®{i<» 4t m### t«p#rattw@ii 

the gp©f̂ 0.j|: «b@m groifm a% tli® cfttam grewlli tmp#fat«r#, 

smrtivM l#ag®3f fhm mmm&l hf3l&im feytoi asM i» »%#!•• 

lligiag iuiik wliiali is froa. IS t® If 

rnmmm surrlir&l was I#*#-, lf,*i, ll«t, ta»S.,, ^*0, S2#B, aat 

SO*Q- ®laat@s t&T mltmmm 1,. t,, -4.,: §-*. l©» 11,. eai l®, 

tiir®ly* ©«t«tiiB4ias in ]?#«£#%&&©# % lieat ?«s emltef® S 

liitii at .survi*.#t a t®ap«rate@ ©f lio»0%* 

tm :S8»t alati%©f* ftoi# ^«»al r«i4«ta»:s@ Is saffi-sinat t& 
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FIGURE 2 

comparative thermal resistance of spores of various 
bacteria grown at two oiffernt temperatures 

L E G E N D  
^ a growth temperature 
3 b exposure tempera ture 

c culture 
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•if 

• to-#arrl¥« .oipdisa-ry 

iis-@t iS;/l.«fe$-ra-tQify'-^ii@Fk' ^iiMh a«aa4s a teaperatwre ©t 

tm •i©--aiaat®s*:. 

4:a- S aafl. S £fi41-©at0 

or^€»isM- f&aai la. ©vitf©rat@a milk 

#aa ^^ma. «t -o.t"fe4a« aa€ pres* 

«at la liiy.i© prmmm  ̂ a®rsalXy «s.et 

ia "tt® sattiafs©tm?-© #f ev-ft̂ rat̂ A al3,lci%. 

^mmX I'tsistaas® ©poises of M©t«ia 
gimiwa &% thre® t«p«ratwrifs 

&*lsg. I4i« fte%. Iliat a 

toar# til® ©ft^jyww loii©2*«i %hm t.liejpaal mmlsMm-e of tli® 

silof©m ©f-tli® -@ul-teii'©s statistg 'It -was-tliovight'.-atTis-stol# %o 

tirf groiT'tfe'-t^psfatus##-* Cultures 4^ fg, S,. aii t 

•w®!"® til® -®Bly -©ttltax-e-s wbleli-  ̂ wl-tb to- msm* 

.-at -® optimiai tl#© at 

a 1>-©l#w tfe@- -oftiaiw* fhmm owltar^es w#jp®- @aiprl«i 

at -idast .tyaasf'#-!?®. «t- %ii© ®»-ir-tli 

^elî  lia ©©ĵ aja-tlf# resist-  ̂

aaae® %;?iai.s.», Wkm. pB of t-te- -sk-tMlllte- - S*,3 la all ©aK®-0«-«i 

f s M g f  4 t  • § m @ m % 8  t i l : ® ' t . e 8 - « l ^ s  . o - f . . , m ® .  ® @ - ® p e r s t - i i r «  

trials with tte@e.-growlii tiwpeipa'tmrw*, -Im § m% :®f 10 trl 4.. 

als, sforaa.. pi?©€a®®d tej* ea.lttty«s at tb-© ©ptiw» t«*. 

p®ra%«»® a gr©a,t#? tfeejml ^©sAaMasii mm ®f©r#s 
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faM# 4 

SomparatiTs thermal resistance of mt 
tar-twi® b&eterla growa at different t®sp@ratar#8 

frial tMper* 
J'io. a|ure 

G % 

Ag© 
Of 
cul
ture 

8p©r®s p@r 
cc^of milk 

iieated 
1  . . .  

Periods of heating 
{ia 

Survi-
f al (ia 
^ln«) 

Galture S, at 116 1® ©f ailk i«.S 

1 • 

Sf 
m 

S 
® 
S' 

13,000 
11,000 

300 

3,4,5»7,t>lg,l§ 
7^9,12,IS,80,25,30 

3,4,3,7,0^12,15 

3..0 
:t»0 
3,0 

n 
gJL 

4i 

© 
s 
s 

EjOOO 
1,500 
2,300 

3,4,S»7.9,1S,15 
f,9,12,lS,£0j25,30 

S^4^^7^9,l£,li 

3*0 
15.0 

7»0 

Culture 4, heated at IIS. ^ ©f ffiillE «»1 

1 
21 
37 
45 

s 
8 
S 

153,000 
171,000 
11,000 

3,4.S,7,t,lS,l§ 
5,7,9,is,lSJ0,ES 

3,4,a,f,i,lS,li 

3.0 
15.0 
3.0 

n 
il 
m' 
m 

5 
S 
3 

135,000 
100,000 
40,000 

3,4,&,7,t,lE,lS 
5,7,t,xl,lS,EQ,ll§ 

3,4,8,7,9,12,15 

9.0 
ao.o 
9.0 

Gviltvkm 7» fe®at@d at lOi .0®e» pH of milk 

I 
21 
37 
45 

S 
i 
S 

1,300,000 
700,000 

1,800,000 

1,2,3,4,5,7,0 
3,4,5,7»0,12,15 

l,2,3;4,5,l,t 

3,»§ 
?•© 
7.0 

t 
il 
if 
48 

§ 
;S 

2,100,000 
1,300,000 
1,200,000 

1^2,S.4,&,7,S 
S,4,8,f,t,iiai 

1,2,3,4,V,9 

3»0 
7^0 
7*0 
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Growth 
frial 

H©, 
G* 

Ag® 

©ul-
ture 

Sp«r@s p®r 
eo.ot -Tsllk Periods of heating 

iioated (in minutes It 
1 . ; 

val Us 
»iii *) 

0«Xt«r© 8, fesatM at • ^ rnim e.s 

1 
21 
37 
45 

5 
i . 
-f 

1,400,000 
1,300,000 

800,000 

1,S,3,4,S,7,9 
l,2,3,4,5.7,t 
l,2,S,4,i,nS 

Soa© 
3.0 

l©m® 

g. 
il 
m 
m 

S 
5 
3 

400,000 
700,000 
400,000 

1,8,3,4,5,7,9 
1,£,3,4,5,7,9 
1,2,3,4,5,7,9 

Hone 
3»0 

M&n® 

Gultiil'e 9, heated at 110.O^G, p-H Of milk .§.»S 

% 
W9 
m 
m 

S 
$ 
S. 

300,000 
060,000 
^6,000 

1,8,S,4,§,7,9 

1,E,3,4,5,7,9 

S.O 
S«0 
a..o 

M 
m 
4§ 
Si 

s 
t' 
•t 

31,000 
10,000 
10,000 

1,2,3,4,5,7,9 
S,3,4,5,7,9,12 
1,8,3,4,5^7,9 

&o 
i,0 
i.® 
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ftmk mltmms grown at %«l©w tfe® #p%i»aa* Tkm 

ala^@ ©»®ptl©a- t# • tMs treat ms tirlai § witli mltvLm 9 im 

•Ai-^h Wi» meet r»»i®taae« «as thii-s-aa© f̂ r spores-frq® eal-* 

%m@m ^mm mt tb& ttos© tares* With f ©at 1© trl--

ats, fr^a emltair«8 grows at. ti«s ©fttam •t«t#ratur« 

•pass®as®4 a @p«.at#f spoils fmm #ml» 

twtm ^#wa- ftt al»0*e te« opttsTO* frlidt.® 1. aa4 

® wltli ©ulttti*® f aad & wilfe #iiltttr© f stew«t tbe s«® 

i^sststaaoa tm mpQms fmm mltm'&m ^©wn. at a t©ttp#ra»" 

tor# ab©ire th&. #ptiaum m fur, .stisrcs tmsi ^nXtumm gr®*m at 

tb« ©fttswm# 'Ths t-ata als© stow t&at tu f ©mt df lO- trials, 

tlis spores fjrofi oaltiiyes grs-wa at tfc® ostimum 

©xlilbttsd great#? reBlstaae© te hmt tbaa s-pmm fv&m eml-

tttfsa btiow ©r mhmm. thm. sp©r« a-oat©at 

p«? eiafelo 4#a-i4met#r ©f t'slaailE fartst la IMlvidual Wi* 

als, fettt lafpftreatly tma fartatt̂ m *as ia'a©-mf i?©lat«4 

•%© tB.® l#agth «f .ti®« til# af#r#ii g«iririy©a %hm ii®«t tr®at» 

file atemge spore e.o»t©at p@r enBie ©aatisst#? ©f 

eltolaatlfc aad, tbe aterag© aarfivat ®f th® »por®s of ths mr-

iotts <gultttr#3 ara sitowa la "&© avefag@ mltte® for 

sayvlval ghoif atoout the saae dlffsreaees im heat yisslataae® 

f#r til® Tai"l<siis cultures as do th® iadivi^mal trials* W^wt 

©f tit® 5 ©ttltur##, iaam©iy, oaltur®® i, 4, S, and i, showed 

thmtT thmm&l reslstaaoe wliisa at .optlmus 
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F I G U R E  

•si 

q: 

::5 
<0 

25 

comparative thermal resistance of spores of various 
bacteria grown at three different temperatures 

a 
B 
C 

L E G E N D  
growth temperature 
exposure temperature 
culture 

2! 3745 
116̂ 0 

21 s74s 
lop.o 

I 
2! 37 45 
lom 

ill 
s7a5s5 
1/0,0 

JL 
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m. 

. . ®.f «fc sudd«n chaag«; la ®a 
Wl<& iifisistana© of of 

Is -sil %iri«i.s %hw»- far r©p©rtM^ «a0fe ©mltmr® 

was ©arflet a •»«?!-©« traa«f©2?s. ©f 

«* a #»f*ata It^ was us«4 ia %M 

tlt-«^l trials •• Sf«i«latioB a® t® thm iafl«©ii©© ©f 

m ^hmg® is thm grw-tl »^aFally aros® aat 

a mTtm^ trial®--*# -plaaa®& •%&- mm mftmie%- -to ©iralmt® tfei® 

factor# 

Aft«- ml%mm: 1, S» •$-,,'^4,- -6^ .»i'i Iis4 b#©© $smtnB 

tm B-mM ttmm «t tw© "brnmpmm^wtm.f «if - wfel®te: tfe» 

Ut0kmt mm Mm -tte# grostii 

t.«p«ratiir#s -©f tM -§itlttir-®s- wer®- muMmnlj- ©tesg-sA^. 1^© ssowt-

»#r# f-or -©aen-ettlter© s® fermeri.^ 

tsmt: tbt- tran^f©r®^ mt %km ©iiltnirds. »@r© -Mli at -a' t®»f@rat«re 

tiff#r«Bt "feli-aB ©a® 'assfi 'Wltfe thm #ttltiir«s froa- whitfe the 

ttmmfmm ©«••. ?»• if « -ta^asfar -w# -aa4@ fr©» m 

eult«r©- gri&wi«« at itfe#- optiawm t«f«ra,tar# f-or tfa® 

©ultmre) tl# «a#-grswa-at--21^0,,. wMl® it %to# traw* 

f©r was tmm »• falter#-©t -ths »mm mg&mim groiriiig at 

gl®Sf it w&B gr#m a% 

0 pr®s#afe, t^«---r8s«l.*s «-f tto© tk«mal resist-

aao© trial® ©a Bp&rm et culture# wii«#-@roirtb t«p@ra%mr®s 

liad. su4t#aly eh-Mig®d» In. It OQt of-SI trials-a stiMaa •' 

eba.ag® -©f. grow-'lli t-@ap#rat-ar« frra® b©l®w tfe# ©ptiaaa to tli© 
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if 

fmi® §• 

laflueace of a suddea'change ta growth temperature 
©a tb# tMrml resistancs of of tarious bacteria 

triaJL 
1©, Cttl.twr© 

Sr^wtJa Spor®® p®r 
temper- cc.of milk ©f M#ati»g 
aiure heated (_iM !alfta.t®s) 
%•% 

ml {la 

1, 5 Says old, ii©at®d at 114.S°C. pH of milk 6»3 

i 
i 

1*1 
1 

21 
y? 
ti 
37 

160,000 
200,000 
2ao,ooo 
120,000 

3,5,7,10,15,20,25 
3,5,7,10,15,20,25 
3,5,7,10,15,20,25 
3,5,7,10,15,20,25 

7.0 
10.0 
10.0 
20.0 

i 
1 
,i»A 
1-B 
I 

m 
m 
m 
m 

19g,000 
15,000 

300,000 
130,000 

2,3,4,5^7,9,12 
2,3,4,5,7,9,12 
2,3,4^5,7,9,1S 

7,t,lE,15,20,25,30 

5*0 
3.0 
7.0 

1S..0 

„ f ' 
1. 
3,*A^ 

1 

gi •. 
m 
El 
37 

280,000 
14,500 

320,000 
160,000 

2.3.4.5.7.9.12 
8.3.4.5.7.9.13 
2,3,4,5,7,0,12 

f,§,12,15,20,25,30 

3.-0 
M 
7.0 

li»0 

4 
1 

I.*® 
i 

B1 
37 
21 
37 

g£,500 
88,000 

400,000 
240,000 

2,3,4,5,7,9,12 
2,3,4,5,7,9,12 
2,3,4,5,7,9,12 

7,9,12,15,20,25,30 

3.0 

5*0 
25»0 

s,. 8 days old, heated at 116.0®G* pH of lallle S.3 

1. 
I 

.S 

• SI 
37 
Bl 
37 

100,000 
200,000 
40,000 
35,000 

3,5,7,10,15,20,25 
3,5,7,10,15,20,25 
3,5,7,10,15,20,25 
3,5,7,10,15,20,25 

7«0 
10.0 
10.0 
20.0 

g' 
i 
MmA 

i 

Sf 
^ tl 

10,500 
200,000 
50,000 
10,000 

3,4,5,7,9,12,15 
7,9,12,15,20,25,30 

3,4,5^7,9,12,15 
7,9,12,15,20,25,30 

7*0 
80^0 
7»0 

15.0^ 
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 ̂ dwim spores per 
frisl. teiiip#!^ CO.of milk 
10* Citltai'# atur® hsated 

0  ̂  ̂

F^rloda of .lifting 
(in »lattt«s} 

Sunri* 
val (im 
mlUrn} 

G.«lte^ f, § days oM, 'lieateA st 110»0®C« -pfi'of milk 6#2 

f m 250,000 
t-4 m 860,000 
f-# if- 240,000 
f 130,000 

••» If 210,000 
f-A m 205,000 
0-B »f- 830,000 
9 4S 170,000 

1,2,3,4,5,7,9 3*0 
1,2,3,4,5,7,9 5.0 
1.2,3,4,5.7,9 3.0 
1,8,3,4,5,7,9 5.0 

l.S,3,4,5,7,i 5.0 
l,S,3,4,i»7,f 5.0 
1,2,3,4,5,7,9 5.0 
1,2,3,4,5,7,i 7.0 
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optiaw m- laeif®as« im wmlBt&mm*. tkm tw©-

*© tt© wmm trial 2 *it& 1, la wfelel 

tfe# s«t4i,«a ©liaag© of'i^owti. teap«atttr# tmm b©l®w. thm 

%© %h& -ae-limlly- a-slig&t i®er@as# is ttoMsti 

resistaa©® of tb® m&O. tytftl' M wl^ wl-

tmr© t IB ttmmm. was •»© e&aag# l« -fe^M-taae®* la 

mmtm,0%, % mmMm efeaag# -©f swtb firm -fell® optl* 

am %# a lw#ir r©siilt®d ia- s ftsefsas# is •tb:® 

sal ^#sistsot« la mwmwy- ©a# «f tl- Am «piaaati©a 

tm tMe i«ci,r«as« in thm hmt vmimtmmm. la trl-ai t wltli ml" 

turn 1 when thm %mpmmtum w&s la©ye«set %q tto# ©pti-

sivm m&j b® ia tee 4if• la tb® .®for# ecm.t#at of tli®' 

skiMtlfe. With. sf03f«s @e©« at Sl%* mfmm mmtmmt p@r 

m* #f sfeiwllfc was' lfg,;®00:, whil® 'Witli thm &pomB at 

3f®a:» tfe® was -oalf li^OM pmwm-* fli# «3^1«a* 

tloa  ̂ is a©% «a%i3r#l|r sati®fa@te!r|'siae® a siailay 

eoaiitids to trial $• witfc ealtmjr© 1 aM ia litis ;©€sii 

th® i$h.mm ia 6^©»tli f»» b©l@w tji« ©ptimaB tm 

tk# opti«m @aM:®d m immmm ia thmml rsstataae-®# Sia». 

ilar 4lffer«a#e® ia the mm^m% ©f-tb« akimilk 

®#@mr3*®d .witto hm% a® ••sfeo« pr«vl©ti,@ly ia 

fatal®® g ant ,4.,. thmm appar«atlf 414 .not ®l^if l'@aii%lj ia-

tlmmm th® ^«ii»-%«s#e ©f the 

A sMttafy of the diata ia fable % is' fit®® la Tmhlm 

f», fh® sverag© t^hafmal r®»istma#@ ia Almtmm of 
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Isfluenc® of a sudden chang© ia growth temperature 
mi th© thermal resiatano© of spores of various bacteria 

t Summary cf data in. Table 6) 

'lo. Ag@ 
Oul- of teiBper* of surs Spores per Surri- Range of 
ture tjrl-» ature cul- tamper- oo.of atlk val surTival 

als C* ture a^ure heat@d mln«} 
i&mBi Qm immr&m) (aiattt«g| 

1 4- Bl S 114»S 103,600 4.5 3 •* f 
4 Sf © 114»§ 76,370 5.7 3 -m 10 

1-1 4 gl • .f 114»0 380,000 7*S § m 10 
1 4 if B m,i 16g,§00 m*$ 1§ mt 2§. 
g 4 SI •f 116*0 41,620 6.5 i •4m-7 
B«A 4 37 S 1M#0 leg,250 16.2 10 m 

4 21 ,.s 116.0 50,800 5.7 3 10 g. 4. 37 .. n 116.0 24,000 16.g Ifi go 

S S m s 110,0 1,900,000 0.0 0 'MT 0 
"S«>A » Sf - •S 110.0 g,933,000 4.3 3 •m g 
3-B $ , ti i 110.0 1,333,000 8.0 0 •m 3 

i •§ 110,0 2,133,000 6.0 § m 10 

4 § si § 116.0 11,200 5.8 s •««>- f 
S § 116.0 9,000 14.0 10 * 16 
i a s 116.0 12,000 9.8 7 li 

% § m s 116.0 14,800 19.0 IS as' 

i s • 46 s ISO.G 150 5.0 i i 
§*Jk s • ss .§• 120.0 316 21.6 so m m 

s 45 1 120.0 8.3 , s •mm If 
3 85 •..3̂  lao.o 183 23.3 so •m m 

t If .S 110.0 230,000 4.0 3 m i 
1 48 § 110.0 232,500 5.0 § •  •m s 

fti»S lr""W • #  37 110.0 235,000 4.0 3 «* i 
t i 45 S 110.0 205,000 «.o s « 7 

A Z eitog#- fwm. lower to higgler growth temperatur®# 
!• SMiige tmm high®r t© lower growth temperatur«-# 
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©f tto eal tares- mhovm %h® »®b® iaflu-iiaee 

of a sMtdsQ tbaog© la grewtfe tsapemtmr# es d© t&# iaiif 

trials*. fypl#al »f tM-iigs# is tMt ©fetaiaet wttto enl-
o 

t«r® 2*- 'ifefis ir©« a% -tl ©#» s but m aif#?ag@ smrflv-' 

ml tmp %b« gpsMs -Qf ainmt^s- at l>mt whmn a traas-

««fte at tit® «®»® %i»« a# ttat ^owa at was gsrewa 
. ©  

a% W §,• ©f- tli® s|Ki»s was I®,»S miawtes 

lit fb0 wmmmm mmmw^ mltttf# 1, gr^wiag at 

W8 sttMtaly -tynaaf^rifM .aat^ gri»«- ««• ii®0» siao® tfe.® 

.smi»ft¥al ttae of tli« #s#r®as«4''ff.<» 16 •S miamt©®- t© 

S#?-alBmt@s» fli« -#a«® s»«al t»n4#m«ies w«« «ftd«at witM 

mmh ©f tlt« ©iiltm^®s* -fit® -mt-mt of - tfe® averag®' im&wmm 

©F §.mwmmm lu tbeiaal reslstaa-e#- wife the iatiflAml 

e^ltmiP#®, tot til® ©fesaga- ia wm.mmmimtmt .m& • 

ttsmally apfx»-$l,a%l«#: fii-»© mmnltm tmtthm tfe-© 

mmvLl-m pmmntieA im tmhlm 1 aat -S tMt '^©wfli taaperatttres 

h®Xmm , ©f tlma 4:»er»a«- thmwMX 5«si#%att©#.» 

Wwm ta t&bXm f It ©pp«ats tliat tfe® 

®pe3f«» ©f g»®m -fmw- mmm Mmm thm ©r ofti-

a-» ^^w%k trn^mtme wmm'M&m t# heat titan 1^@ 

Bporms ot, ©ttltttj"* frown • fm mXf ©«« ^g®s©rattoa at tih-« S'la# 

t-«p@r®tQre# - ts pajr-iiaps m&wm ©Imrly in 

figur-© 4 it'ls s-iMsa, - mat, «itto tli# except ion af -eal-

ttiire all ©ttltofts wwm m&wm mmimtmrnt t& kmt .lAm grtwa 

tm mvwml smmmtlms at- tfedif- ^ptimm. flam 
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f i g u r e  4 
influence of a sudden change in growth temperature 
on the thermal resistance of spores of various bacteria 

A 
b 
c 

l e g e n d  
growth temperature 
exposure temperature 
culture 

Gl 
ea 

Zl $721 37 
114.5̂  , " m ̂  

i' 2'A 3 3'a j-bj 4 4A 4 B * 
37 45 3745 
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&ls, maa® mM tkm. only irartabl# 

f«©i«e 'tafla«a©i»g .©rewtfe to hmt was tit® growth 

0f contina-efl- ^«f3i 0f feaet#rt# ;at m #&iiag@i 
©f^wtii t^peafature #a tSt« tmmml ®f tte# sf«5y®s 

Ofes®ipirati©as irl«a wm a •@limag@ la 

ge'Wiib sttgf@s%«# l&«t »p^0r»s ©f ^©wa 

tow soa« tiae at %h© -tiaf̂ mta^e w#f® mmm 

%& t@at' %Um, Bp&ms &t -mltmrn- ft>T -mly oae 

at ttet ' la- mdmw- to mmmm %him t«aft«a®y., ©til-

'tmma hm& hm& s«4«l#aly ebftng«a «• %mm m to a 

feigb©-!? gr-owtfe t«femtnr@ w«3r© m mmim ©f 

traasftrs at tbst aafl thm fm •%»&% ir®sist~ 

fafel« 8 .tti# thmriml &t th® i®|>©r-®« 

aft®r tfa© fe«4/fe##n -na^riefi a «#ri®s et tmm 

i to 11 tmmf&m #f .gsa^fa-fctoa® at mm tsMagm %«-

-Im «#tltl-oa is gltm, f©f •«©©& ©ultttr®.,. thm 

mvm&m of %1« «s-porea wfe®® tit# emlttir® 

was miMimllf liata .from fatte S) aad aJL#® %&« 

awrag® themal of tb# sfas*®# wfeea • th® #a3.tw® 

mi î owa ©»ly oa# gea®?atl©a aft®r '©haoglai.- tb®- gy#ir«ii tern* 

f@ratmr@-Ctata ^®a -fatel,© y|» It s-beaM b« aotM- tliai;. 

wimu tte© wme ©s*tglaally, .teej hai b©®fl #®rrlifi 
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Effect ©f ©#ntijaiued growth of various bact^wla at a 
iprowtli tjMperature on tii© thermal resistaae® ©f t&© spores 

-  ̂  ̂ : 3^2etlvmi or!lg» 
No. Growth 1^1 culture 
of temper-Sp®res per Beriods of heating Stirvi*• (1} Sev-i £ J One 
tr.- atu.ro oc.of milk (ia minutes) iral eral traBS«» 
ana- 0. keated min») trans- f@r 
tm tern {mm.} 

, Ouitir® 1<»4, & <l®ys ©M, fe©at®4 at 114*i%» pH #f. irtlJfe 

f m 65,000 S,5,7,10,ir>,g0,2i IM ii.f S#7 

Ottltoe'l«wl» ,&.Aay® #M., faeatefl at 114»S^S» pH of milk' i»S 

f 11 71,000 2,3,4,5,7,9,12 3.0 7*t 

Culture 5 days old, liemted at 116*.€^0# of. atlk S«3 

i Sf 100,000 7.9,is,15,20,g5,30 SO^O lS»f X&-*^ 

Cult®# g-B, 5 fiay® old, heated at 116*0®©* pH of aflfe §#$ 

§ a 180,000 3,4,5,7,9,^12,15 7.0 8»f S#7 

Culture 3-A, 5 dafs oM, faeated at 110.0®C. pH ©f km 6#4 

f 3f g,000,000 1,2,5,4,5,7,9 5.0 3.6 4.5 
. , n . « , , , I . , . I . . , . , . , - I ,  . r . , . . y . . .  

#«ltur« S-1, i days old, &e«.t@4 mt 110.0 G, pH oJT silk i»4 

•f ai i».soo,,oo® i,,t,t,4,s,f',f M o*§ »•© 
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•fali® B co©a'l,]̂  

swfttal ofig-
growth ' imi etaxtmr# 

@f temper'-Spores per f»ri©4s of heattag Swrvi-{xism*[U)One 
tr,-^ ature oc.of milfc Cta stoutesj mal Ota ®ral trans-'-
ajis C. heated »ln.) trans- fer 
tmm fers (aire.) 

, cg?e>) 

Culture 5 days old, heated at 116.O^G. &f allk a*3 

11 m 4^^ 9,12,15,go,S5,30^35 15.0 18*B 14,0 

Gialtttr# 4-a, i iay» ©Id, hsatad at 116,0^0» pH ©f ailk- 6,S . 
Iim:nri..i„.iiri|...i,i., IWI..|„|,J .,||«,.VI|IUIU,...,| „ .Jill.,.,..).: I .11 .Ill )l.it,..ii..ii I Hji, .1111. I lit 11 J.iilln..iii..inil.i.iil.ii... 

11 il gi»W 5,4,5,7,9,12,15 ®.3 9.8 

Smltur® S-A, S oM, heated at lgO*0®C*. atllc: 6#4 

® i§ 100 t»lg,15,S0,,It,'»,3i tS.i gl.*i 

Cultwe 3 dfiifs #ia,-heated at 120,0^0. pH of mill: S»4 

5 4S • s»4,i,.f,9,l»,l§ S.® @a 8.3 

4 » Ctamf# from lower to hi^«r ijrouth' teaperatur®* 
B Z Ohaai© from higher to Xmmf growth temperature. 

Bata taiEi®» from Tabl© 
(ti Bata tidfeem from liable ?. 
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throttgli. mt l««st • 

Bssoi-ls p-rasmtM la tabl® 8 iatloat#. %h&%. %h® mm* 

ag®\tb«mal r©s-lstaaeo of -tli# mpm&M of .-'tti© v&itmm ©mltares, 

•ir!ie:ii tm a p®rl®i- mt a •j^aBge€,.^owth 

1J0 ayi^xtiiat# mmmm thmwm&l -res'tstaae# of tli@ 

mporm ©f %&© wh&xi ©iflgteally aftsr gmmHh &% 

ta# s«a« th.® sfotts of -©tiltMr® wMtfe *as 

©altur# 1 at 21^0 »• as# cfeaaged- t@ a 

•sf faaa. a tkmm&l mmtB'tm&m mf S*? »laat®s after mm ^ 

g«a©i'atioa» lat aftei" f %b® ,r®al.@t@3a©® 

feafi taiBr®a»#a te IS-# -He s«a@ %b©i«a 

^©slstaaee a» tfeal %!• tli® «f©r#s of the 

wikm testM %t%m 3f®C« Cmltuf# l-B, 

^i®b ms ©altiar# 1 grom a* aM %& a 

«f' ia.°G,, p«»4tt@«4 spoy©s wkieta !a4 ita 

jpesln-taa^® of f#i • after oa« g#a©rm%lon^, 

hn% aft®? %hm thmmmt. resistance Had 4e#r®as©€ 

to 3-.0 »lnmt©a- •wM.Qh wmm i#ss- -tfeiitn of the sf-ores ©f tli® 

©ml tares »lt«Q #3rigiiiall.F sf ©rowtii »-t Gul» 

twes i-ifc .aiii 4»4, f aaft :ll g®a«i'a%i©BS.>, .fe»p®etiv©l|r,,.. 

at ©Mag#4. .grow-tli pf©4tt®et sfofse wfe-i«h Md • 

a rmMi.BtmwLm al^st. m%uml to tftat of tfe© ©fores #f 

mltuTss'whm ©rigtaally %mt®A after m»vm at Sf^G. 

Spoi"#® of o-altmr®s .S*A aai 'S-^Ai aft©-i* ? aa4 3 •ig#a«ratioa».,. 

i*o»p#©tiv®Iyj ai:<@«©4®4-slightly the tfeerwal rsslstfta©® ®f 
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m 

Ihersaal realstaa©# 
a©lst i»t fleshly afl®a iif#r©« 

a® alr®a4f mmm ototftia^a wtth 

»ol#t .sfei*©s« Si»t® sfor## at-# pwmm% In a Airitt 

wBii«3? ffmetlcal se-Bllttsiis, a mmpmwtiBQm mo aatt #f 

Wm thmmml Tmim-̂ mm  ̂ &t mist and fye-slily firlM ©pot®s, 

Qmlf sp©re« f3?©« tit saittt g^mth m%m ©©ai«:f#a» 'Am t«st©A 

fur "feemt r^iata»#« -fell©- toisit. mp&ipmm mm-' «:»'©«• ftays ©litf 

tiiaa til# »ls:t s^ey#® &f %tm :fT@®©Aii.r® ©at tii® 

aethod tt# »-§mm mmtmt tM% mmm mm&t, 

mmk&jm la prepiriai ta® sfOTm tm tb@ 

©©spai-stlv# mm as f«Jl©irst. a .s«i#s of mtrnMa^ ©f 

tk® •altw-# %& stttdleu niS' Wii# oa .aai'fft©# of Bstflimt 

« mma- %m & p&fel it«b aa4 tli# 41«1 

at timfii'attti'# as tM saltmr# tmm.mhiQh- t% ms 

S -mt i 4®^® idpfrstiag m tk^ ls»sM-

ti#a ttafefatei'e IS iay® a* aai S tftfg ^at SI®, Sf®, 
0, 

&w 4S 0»l« A feyttoa ## tli© tontainlng tli# solst 

aforss w«« t»asfe#r«A tii m m-* of sfciiwtlfe 

m& tkm pwmwstm%$m *i» mS. testofi- f#ip teseftt resiatas©© 

fta€ . a« ^ otttllaet ma€<ii? 

p®yti©B ®f tint mmmth ©a tk« cgar »a» stimfed ls%o m 

tt#fe «i ari#4 over ttaloim, uhlerMt in- m. fNartlftl fmrnt'-

«B Sf%* f©r M hmm^ 'iietet «a ©rottnt ia a 

gt#3rlj.« a©*to aat wsll sixtft wttli sl̂ ril© 
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•Si« --df tlis was- i«4€r»ia«t •a»-/.®atli!i@4 

maft«r- sfor©'-©oa-teat of-'a0tst sfor©®-

aafeia ©f sskimsnilk f©r "&®- trial# ast %hm 

eeat#Bt iarIM spor®# pa* O^OI of sfor# p©»i«r^ t&® 

#1* ligdf iB frowati* tts«4 S0 «c» of #ki*llk ws «i-

|«st©€ so that tb# #oti»p«ratiiF# trials wttk raotst and 

»por#s ¥#jr« ottt wifeli affr©si®at#l.y s«« 

of spo-^r#® fef" caiblt ©©atlawt©!?* 

Is liaa%«a#«8 It. wm- wmmB&w to oak® two 

©r tiir®# #-©fflpfflrl.s#as fe©for« a«it.|»ftctory @0a»ta were 

la th®s# e©iafaris#a& it waa a®t^d tbal #ven «#asM--

©ratols vartattoss la s-ferm ©©ateats <»-f tli-e wscfS 

in til# Ii®at rosistas©# testssmad© ro disoernible is 

tlie ®f' tt»s til# ®f©r#s siiwlvdt %h% fi®a% ty^ataes-f# 

Whm mps^TmB wmm QM«ts#i fy®a ciatures at twoi t4f» 

t&® li-lglj,®i' of tlie tw® t«pi;3?&%iir-es 

was iLl«®.ya tli!i #ptiau» l&®a .tli3?#@ gstmth. 

mwm tfe® mmdl® • t©.ttf#rator®-w«--always tto« 

mm.* 

•fli® f»#sult» #f 'ES ©«p«i®o-sa^ €i€ s©igt -aad 

sfat«-8^ -«slag «i^s -aiffwmt are .pr«s«®.t®4 la fatole-

&• .S'iat© ©f til-® it trials «lK>we4-tm thm 

sp©i'#s| 4 f©s' tl?« teiei Mm& -#•-§«•© o© a f̂ftbtag© 

t© ©ithdf "Ijf# of sp«3?«» • 
© ttaisl ftP'Or®® rdltttr®. 1 §r®« a-t gJi-##,. 6«3ture s 
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ft 

Sif@wtk .Ag# 
%®mp©r- of 

®# ature apores 
rn^m® C. (days} 

Spores per 
do^of milk 

heated 

•p@rl@4s #f h.©attag' 
tim stftat#s) 

s*mp-
•if-
al 

cttt 
aiî  
m%@s) 

i 

sar-* 
viv-
al 

orig-
imX 
ouX* 
tur© 
aye#) 

CMJlture 7, heated at 106pH ®f milk 6*S 

Moist m t g,000,000 1,2,3,4,5,7,9 3*0 3*0 
Dried SI 8 . g,000,000 l»g,3,4,i,7,9. 3.0 
Moist Sf -i 1,000,000 3,3,4,5^7,9,12 7.0 7.0 
Dried 3f a 1,000,000 2,3,4,5,7,9,12 f*0 
Moist • § • 1,500,000 ?-,0 7»0 
Dried m s 1,300,000 2,3,4,5,7,9,12 7*0 

Culture 9, heated at 110,0®C# pH of milk 6«S 

Moiat W 5 300,000 1,2,3,4,5,7,9 4..3 
Pried 3f « 300,000 l«2»3,4,5,f.t 

2,3,4,5,7,942 
3«0 

Hoist 45 i 280,000 
l«2»3,4,5,f.t 

2,3,4,5,7,942 7,0 5.3 
Dried ii S 280,000 2,3,4,5,7,9,12 3..0 
Moist 55 76,000 2,3,4,5,7,9,12 S.:0. 4.0 
Dried m # 76,000 8,3,4,5,7,9,12 3*0 

Culture 10, heated at 11© ,0^0, pU «»i 

Moist 
Dried 
Moiat 
Dried 

45 
4§ 
fS 
IS 

3 
« 
3 

' i 

600 3,5,7,10,15,20,25 
600 3,5 ,7,10,15,20,25 
aOO 15,20,25,30,35,40,45 
800 15,20,25,30,35,40,45 

10.0 
15,0 
35.0 
35.0 

10 »0 

^#0 

Gulturs 11,, h«iL%©t at 116#0®C* pi mt milk 6#3 

Moffst 
Dried 
Moist 
Dried 

4i 
41 
§5 
ii 

1-
# 
3 

.s 

to© 15,20,25,30,35,40,45 
900 15,£0,25,30,35,40,45 
700 15,20,25,30,35,40,45 
700 15,20,25,30,35,40,45 

25,0 
25.0 
30.0 
35.0 

2t»0: 

32.5 
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ft 

@r0w» at' raltei*#' 4 groim- a%^- 'm ©til'tar® 

s .̂ o« at ii%-..,. tf®, 4#, ©r !§%• 

sli#»e<l « p»«ate'F r«sts%aa@)» of  ̂ S#0, 6.»0, 3*#, 5*0, 5*0, 

4»0, asi 2»0 ®iiiat«ii-,. r«sf»etiv#lf'f "ttaa did tb® 

twmhl^ sports ©f tli» Bmm Is toateast# tli& 
o fr®sl3l|F IfiM ©f 4 at 0*, ©altai*# 1® 

ipf^w at 48*^0., cultur© li ,_ps©« at .®s.4 ©ttitar# IS 

@e«n at 55^0 •, showed « t© §.#0, 

5.»#» ant §•## mlaa'tss', ^aa- ai€ ikb# ffi©ist 

«f©ir«s 'Of ti« sma®' •ea.ltKf.iMi*- »as -se in tli# 

'wmmim'tmm tfee two %fp®3 -of .s îr# *m®a emltaf® 1 

mm wpm& m% 3f®G*,, ©alter# i at wltiir® S gfom 

at ^mm. m% s3.®*- $f®,-or 4s%*^^ ewltiiw'l® 

igrewa at'. i§®g., ^mn «t 

r®»ml.t8 ¥«p:l#i m& .siioir©^- »q •wal,to»itf -m tm wmseh 

tff® ©f. #p©» -mm 'tti© gtî -tus' • tt.® t(iad«i@y 

to h% tor til®' a©tst '"lo-b® t&e- mm' 

f&® iAtu, af« «xfi?oss«i pfapM®allv S# 

fliis '"flg^« shmm tfeaf 'beiaw th©' •m'ptimm 

in li0%ii «i&tst «»i dried •»pQmm with a Wmwem^ 

' In- #3r»rf:.«»# of -t&«--aia» .f'-cmiortsoms Mi® «©lmt 

gp@.f»s rnhmmQ. m Immt- r»«t0lia»« -lii#® at ^mpme-" 

mtmem h®im optimxm %imm ^«a at ©ptj.*w:» &• 

-ei^t ®f fiiat-, €rf#t- & 'l.#w#3r 

^®n gitjuntiv %hm ''tltfta wh«a @p®wb mt th# 
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FIGURE 5 
5(y 

4S 

COMPARATIVE 
OF MOJST AND 

THERMAL REAC TANCE 
FRESHW DR/ED St- ORES 

40 LEGEND .  
MOiST SPORES 

SPORES 

55 45 5b 
ire.o \ 116.0 
// ' 12 

116.0 H6.0 
4 

/20,0 
5 

106.0 
7 

l/O.O 
9 

ai 
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m 

fbe sporaa. laf i the mmm 

t& ii®6t m all tl»# g^©wm -ffe#s® 

^aeral xm-altm »ot ©aif tlia 4at«, la fafel®# 

S, % «a€ ? femt Isaieat® fvkrtikm that, .mm t^mhly sfor®s 

ar® Mkmtm m&e&mA la r«4isto«.8 «ii©ii fer 

•amltay w .̂ sto at a b#lot ttelir ©ptiami. 

omitea® 2, 4, faai t tb® :oaiy sultiires wmi®li 

gy#w a-fe tte®@ 41fftrast tsmperiitttrss' sai froia wliiak 

mpmrm mmm pf#farsd* aŝ lfsi# c?f tht tate 4m fafel® 9 

miim.& tba  ̂a«i»t aaS -ffesliiy- firt«i spor# '̂ ©f 8 sat 

mmirn spmm. of mltxwma 4 %fi?®4m«.»l at a gr^wtii t®af©r«  ̂

iit«y« til® ©ytisnaj, w«i*@ imwrn ia yeatateae# 

sl®13.«f gp©:S»a g3?o«a at the o- t̂imiia tmpmrntuvm*. freshly 

tipiai «toi*m #f ®alttt3?#s 4 aai aat aai 

sp)0r#s 0f̂  ml^tm ha# tb® ga®# whm 

^mwn at a Jsst.ftfeef# optiiaiira «^«ii growa 

at %ikm 0t%4ai«#.^ TObsfaatl®t« tli® data 

•{fafcl̂ s 4 aad S| indicating tfeat %mp&wm%mm «!#•# 

tb® .©f%ima %.«b4 t®-4«ip«gis# til-# .2»®st3s-tit-ii0« ot moist 

M »m gitaa for tn# -fresllf tiri©i 

sp$ip0s' a©-t #3 îbt-ti-af "fek® t«t4®a®y* 

1., g.j 4» aaA -i Mt l>««a. emrrl«i f&w 

iMt®ly IS®, 130, m, m& •&# iarSf- ©» ayti#i®i^l 

©mite® a®tia At. thm'%tmfee Mm% 

m&m ©f moist ftsi twmh%f 4rtM ^pmm wm fa'fel® f 
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of m&%M% f I tp 40,. 11, «64 It ted to®eii ©at-

mlf SO, SO., IS,, li,;. 6.ai ii dajrs, rsBpaotivsly,, oa tli« 

artiflotal mltur© a©4ta wti#a series #f trials tos im» 

a©,samd.ss of tii« growth tmmpmwmtuwmB mMi,,. 10 uf .11 6oaf«rl»-

soss ©? mi fmrnhly 4.MeA aporm of eultaires 7, $, IQ., 

11, aa4 is slio«9d ao tiff«ir«a0©.8 la h«»t yesis-t** 

an©©* GompmiBom ef tli# tbmmMl rmlmtmsm of the fi'esh.ly 

dt-isi mpQTm with. tii@ res it tail©® o-f tli® moist spor«s 

of t&e ©lilttires wli#a qyigiaa.lly tested gaf« ifasnlts* 

In %hm Aaib-s suggest tliftt at tli© ©ptlaum garowtli t«m-

pmT&%mm lomg pes-iods of .gr©w-lli ealturaS' && a^rtifl^ial 

eul%«r«. Bftiife to t©ei*«ase tfe.® tMi-aal •r#«i.sta»e® of 

l3ot& ao.l.«.t aat fi^eslilf' tei®A s^Qi^sif. 

jm'laea&» #f mgm &m 1^# rft®i.staa@e ©f sp©r@.8 

%©r«s W9fm Srl«a %f Wi9 oirtllaafi aafiar 

#b4 tlî fiidl resjstaae# tr-lmla ir«s wiiem. tli©. mpOT® 

fOTffers mw» ft-m, 5 t# e tfefs oli 

tad agtim wtea -wmwm -tmm- 4? it fays ©M. Bi# sf©r« 

foi^-is» were .to#M im a t#®iccal#ir «t il%« mmt 

fllorii®* 

.Ilgh*l«e» t«pg»Mw© •^tals we«« ©.©Mwet@&, «s,iag 

#tg6t itfferont cultur€».,; and Table 10-sh©*® tfe.# r#»ults 

o%mla©4.* dried:. sp«r#t #f emltur®" t «fl 3?®e«.j 

tultai't 10 @p#wa at SS®0,.,. .aaA #«lture li gm'm at Si®G» 
i 
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m 

of temper-eo»of milk ^mrto^s of beatiag origliigtl 
\QTm atur© heated (1a minutes I al oultiir® 
Jifs) %* fta (is 

mlnJ immmmi 
Omlt«3P« Qg li@at®a at 10$#0®C« ^ :®f mil3fe &«S 

® SI 20,000 1,2,3,4,5,7,9 0»0 t*t 
Si SI g0,000 l,g,3,4,5,7,9 S»0 
S 37 20,000 1,2,3,4,5,7,9 3.0 3,® 

m 37 go,000 1,2,3,4,5,7,9 3,0 
S 45 80,000 l,g,S,4,§,7,9 0,0 ©•© 

m 45 a0,000 1,E,3,4,5,7,9 3.0 
n m luniiiiiwPiMnnir mi ir nm ••UH.I ui iipiiiii i m iui..ii.iiNiiM 

Culture #, heated at 110.0*^0. pH of milk i»S 

f m 1,000 3,3,4,5,7,9,12 5,0 4»S 
S8 3f 1,000 2,3,4,5,7,9,12 5.0 
f m 1,000 2,3,4,5,7,9,12 5.0 S»3 

i@ « 1,000 2,3,4,5,7,9,12 7,0 
f Si 1,000 2,3,4,5,7,9,12 5.0 4,0 

m BB 1,000 8,3,4,5,7,9,12 5.0 

Oalttire 10, heated at 116.0<»C. f» ef ailk 6,3 

5 45 100 3,5,7,10,15,20,25 0.0 10.0 
47 45 100 3,5,7,10,15,20,25 5.0 
§ 55 100 15,20,25,30,35,40,45 E5.0 30.0 

4f m 100 15,20,25,30 ,.35,40,45 feO.O 

imltur© 12, lieated at 116.0<*G. pE of 6.3 

5 m 40 15,20,25.30,35,40,45 15*0 m*Q 
m si 40 it*# 

%^m fmhlmm 3 s» 
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m 

rmtst&i. &t ubbA t&r -5 mimmtm ImngmF 

rnmm mm aget Gpcrm* nporm of euXturi g gmm at 

4 ^mn .at Sf^:, m- mlMre 7 gmm at 

4S%*, ©.a3,tti» 8 ^t>m. at or 4S%-», § groi® at 
•0 lof . 40 C»,, a»i. euitttip© 10 gr©wi at. ti 0..#. ^ssegsM s ^eat«F ttitie-

ml mmistmmm ©f &*0, 8»0-,, g»0, g.O, &«0, 3»0, S*Oj,, ami 

s»0 aito%#»g. tlima the ffesmy irtet spo»s,* 

Tk&m wm m Mftermim. Ie thm Wkmml. mstBt&tim of thw 

fmmhlf m-M #g#i' sp&mm whm- mltwm & wag mt 

m^G*^ mltmm f mt m mltmm © ©al-

tsu?© f at m 5s%, • 

t slws the. tn T&sMtmmm 

of m® «.g#s ffoii. tares &t diffisif-

®at t«p'®:r&.lM»w.* life© trials la wl ioh fr®sMy. tri#i 

8p©s'«0 MM th0 mmmtmw ^mwml TmMtmmm' Tmpmmm%M thitmm 

-m^tmrna {mxXtwemm Sj 10, a»i Ml» «a@h ^mw&.-mt Its 

optlaiw, gip(wt& tsffi^ei'atur#^. tet i #f tfce # trials fttoowlag a 

gri&«t«r fm tli« sge^ .-tper©#. mrnm al»® it?-

fmm% #al%iiy«», leiiltur®# 4 «a€ 9), &% ita ©ptt», 

miia ©aly af#i .sfor#® twmm- mltmm 4 showst &-

t® fco-nt' ttea tfe« f̂ smy «»i®t mp&wm m% 

all ^m%U t«pei?a%ttr@s.# li-tfa. '..•©altm^®® f ,.• •©» aaft 9,. .aay 

fB i'»s.tsl«a®» ma la @f th# ag®a-

ms ao with mmy ssaaH*!®. i»©»^ 

apf&y.itatlf, with til® ©s^ais» atmtiea.̂ , a»y iafl»a.@® ®f ftg#-

oa til.® tb@iaal rwla'taa#® of iir-t:@4 sitoi»«8 mtft the e.g®t spo®®® 
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FIGURE 6 

INFLUENCE OF AGE ON THE THERMAL 
RESISTANCE OF DRIED SPORES 

LEGEND 

SPORES 5 TO 8 DAYS OLD 
MMM SPORES 4.7 TO 69 DAYS OLD 
^ -GROWTH TEMPERA TURE 
B EXPOSURE TEMPERA TURE 
c —CULTURE 
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m 

sp©:r«a tm tb® 

Mwtmg %mm mrrlBi. tm apT^roxtast®!:!- SO Caps m mttt* 

flti«l. tmltttf© a©ai.a the B-§mm w&rm growm t&w irfimg* 

It i#- both • faet©r» • imw&M.v®€*: 

Iffett «f contianei fjrowtli of -verious bacteria on 
eultere media on the thermal re-slstanee^ of the ®p©jr®s 

S«# ®f tb® Is fstolss t mS. 10 

suggest tbal pr#wtb #a ml'tm-ist «#tia my 

r«4w0# til© tberaal t^eistaae® ©f tfe® spof©« e©.rtoia bsst#-" 

r i i t .  0f  muUmwM^ s^mtfi m mMflQtml 

m&Mm wmm .fey «©sfarliig t.k® rnmmm th&m&l y#st.®t-

mm Qt tfe© ®pores &t tiifi whm ©irtglaally t©3t^ 

with tfe® msiiitttse©t o spmm of tfe# emm ewltare® aft«t 

& amb®!' gt %m&btmws 011 ayttfislal maiia# T'h© ciiltmj?®# Mt 

fe©©a ©ar^lM thmn^. a serl#® ®f tmmBfeTB ti t© 5#] o» ar%i:-» 

fi#iml, .ftuitmr® duriag fr©® iS %& Iff 4ays# ft# tata 0m 

ta® lihsmsl^ #f -til# «p>r#s, ©f tb# wli#a 

rnwlutmllf 9mw9 t^m r̂or rsbi## s 5,». 

m.m- gtmn t» fafel® 11* 

Cultat'# Xi mitm. h»im a Bmwtm. of •teeaa«f#r® 

(St t^mmtms} m itftifleiai ml m® for Iff i.ar»» 

at l#tli si® ant W®8# mhimt ii*M¥it#i a l@*#r 

fes l#a.t tlia# sporoa of -ciiltur® ©.figtaallf 

t©.8t«a after gmwth at tb# mm» *©mf«]patar®»% aa «t3i|»®sw® 
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8S 

11 
Mt'mt of continued growth of various ba#t©ria oa 

media os this thermal resistano® of th® af©r#s 

— iispr 
growia  ̂nuffi- s«r- ¥iif* 

0i?owth on ar- ber Spores per ?«r|ots of h®iitiag vtf- al, 
temper- tlfi- of QO»of milk fla iainut®s| al ©rtg-

. - ^ , . • • 

Culture 1, heated at 116.0®C. pH of aiilk S.4 
iii...ijiiiiiMii.Mjitiiivii iimiiihiiiiiiiiiMiiiiiinWtiiWiiiniiniii Iiriiiiiiiii iiii'i|ii.ijiniiiiiWWiiwiiiiiii>ia^iittii^iiiii.Mt»i'i-iiiijiiii:iw iiriiirnii i' iim niiinn ru uLii uriiii-Timniir iIim 

m 197 m 94,000 S,5>7,10,15,80,g5 3.0 4*i 
m 197 m 70,000 3,5,7,10,15»g0,25 15»0 li*® 

OttltMT© ft, h®at©a at 11$.0̂ 0# pH of allk i»4 

U 168 31 13,000 3,5,7,10,15,20,25 3.0 8.1 
W 168 m 11,000 3,5,7,10,15,20,25 10.0 19»f 
m 168  ̂ 1,300 2,3,4,5,7,9,12 S*0 i»0 

Cttltar® 4, hoated at li6.0%* pE &t allk -«#4 

B1 130 16 153,000 3,5,7,10,15,20,25 3̂ 0 i»3 
if 130 m 171,000 3,8,7,10,15,20,25 1S»0 1S*S 
m 130 43 11,000 3,5,7,10,15,20,25 3*0 $*0 

Culture 5, heated at 120»0®0. p® of jEailk 6,4 

m m 30 310 3,5,7,10,15,20,25 5»0 sa 
m it 30 280 9,12,15,20,25,30,35 15.0 E3»S 

Omltior© t, h®at@d at IIO.O C« pH of silk i#4 

if m 7 81,000 3,5,7,10,15,20,25 3*0 4.S 
4i 34 11 10,000 3,5,7,10,15,20,25 5,0 5.0 
m 34 11 12,000 3,5,7,10,15,20,25 1*0 4̂ 0 

Cultur# 10, h@at«d at 116.0°C. pH of «llk 
I II • - - - • • 

4i li § 410 3,5,7,10,15,20,25 10.0 10.0 
m 15 § 500 115,20,25,30,35,40,45 ,̂0 30.0 
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m 

s«sn-* 

orlg» 
inal 

j cul-
twp® •, 

drowth huiq-
Growth on ar-^ ber Spores per 
tiwaper*- mt ec,of -mtlk 
ature oial tram- heated 
^C, meaia fers 

itays) 

F®riods of heatii^ 
(In minutesI 

i«r-
'9if~ 

ml 
cib 
aim# 

isAtar® 11, heated at lie^O C. pS ©f sllfe ft*4 

4S • 15 S 
S5 15 S 

16,000 15,20,28,30,35,40,45 SS*0 
12,800 l§,gO,S0,3O,3§,4O,45 15»0 

gs.o 
ss.»s 

-ctelteri li. -at 116*0®C,.' ^ ©f atlk -ft,.4 

45 IS t 
@S IS t 

12,SOO 15,20,E§,SO,35,40,4® 1§»0 
10,400 15,£0,25,30,35,40,4t S0»0 

10 •o 
30*0 

• Bsita S -aait 
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m, 

, wm eiipl©!'©# • wls.ea tb© emttoj?® wa® #?i®-

isally wb.il« @©atl»tti©i fti&wtli ©a artlflttal. enl-

lijr« a ttjapsratar® ©f was ii#M* 

©f in temperat«r# iii^t fartlally txplaltt tB# 

ttotiml fesistaait© ©f tli© Sf@r«s fyom th# emlturss m¥» 

rl#i tm m ii©a#it#revl>l© perldfi oa artifleial cttltmre ii©dlm» 

Cwlter#8 ,t, 4^ §., aai f •»!« a ©f 

tfaaufs^s ©a aytifitial ealttBre fej? i«S, IS©, ani 

S4 fToiwefe^ s|Jor«s. st all ^©wtfe. t«p»3rm« 

ta^©s wmsh ai®o,sh©«a a l«wer tfttrnal ttms tb® 

.sporea ©f tljs s»© ealtar©® vhmi oviglmullf mt tfe© 

©-am® teiip®«tnre, aft®? p»owth at l€©atteal t©»pef^ 

6tiKf#s« fh9 Aiftmrnms is lier«% reslstancd^ raagei twosa l«0 

to atnat^e wftfe t&e ^,:riottS Oiiitures^. emltiir© 11 wli©ii 

©aff-iei ttoreagfa f tmmBfmwm (IS Aajs) ©h artifiulal m®dla at 

ii^C.».. |i:r@a'a0M spoils wliteli a slisl'tlir'^^©ater r©-

glitaac© to- km% Cg«i sismtjes j tlwn fiii tlie spoye® of tfes 

ea-ltur# whmu 6iftgiii®ll.y tested at tlie SMje tespei'.at'ttr©# Th.% 

om® waa tfae of cultur# 12 1 ilS asFs) m 

ftrttfieial i»i4a m% 4S°C.* Wg%ii multmrn 1-0 at 4i® iS®C«,, 

©ttllai?# 11 &% i®L§ ©ultis-e It a,* #§%»,., fc«t j*®-* 

®lst&ste ©f 'Iht apores 4#¥#l#f#4 after S tmmtmB Cl§ teys) 

om artifteial aella ?«a tii© same tMt «f the eporeg. of 

tb® sultttre® wlieii orie;ittali|r at tli® tmi^ra^w#, • 

mf%#y g^ow*li at lientioal t«®f©ifate'8s, Affar«atlf, with 
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«.«pa'rati.irely p«rio«s ©f growtl ob ai-tl 

fielal sttltar#'»dia bav« no slpiifleant iiifltt@aa@ om th® 

ttomal r«sl»ta»#e -of mp&vm fieodu.©@fl. was mo @¥l-

d€at relatlOBSktp- fe©%w®ea tb« a«ato@r of tmmstmn mad© aad a 

etoaag® In t]b.#»Eal r#sist«e# wltfe aay -©f tfe© eultur#® 0tMl@d 

fli© iata -IMts wit% smm orgamlsaa, a leag perloi Qt 

growth m arttfltlal euifiir# me&im ratli#? thaa tl© ambei- of 

transfers ®aaa w«» tfe© fa«f«r eamslRg. a a@«r®ase ia tlie it@at 

resistaae# ©f thm #for®««- 1%. actt fe® bowsirer,. tliat 

any 4»ereass ia tii«ya»l wmsist^nm mm pr®f©rtt©iiaX %® tli® 

m%m%. of th®, ferioi af -.prewth ©a arttfieiai mltuwm «®tla 

siB«« th®- iata o1Jtal»ei. 4© aot glow tk« thmTm&l. r-eststaae© 

©f %fee gpsres of .tM respfietiv® $oltar#i! grom for ?ari-

oms |i#rtods ©a tlie asdls »%• %lie 41ff®r»at teap©ratiir®s* fb® 

#srf®a$ of "tbs 4®#r®as<as at the «ad of the growth periods us.®4 

f@rl#t iri-tli tb® tiff@r«at ©ulltir®'® th& dlff#r®at growth 

Iw-t ttt ail «as®s mm €-eflftlt-@. 

Bi®: r#:»«lta iail#at« tfaat, with th® o-ulturss stud-

i«d,, frol#i^«4 feri'OSs of ^©wtli on artifielal. ©mltmre media 

t@a4®d 'to t«-er#a®@' tlit«ir r#slstaa)B© to beat* 

Belatioa of th«r»al resistance 
t© growtli- as€ expisar® temperature# 

It Is apparemt tbat la mf Qm& saspeasioa metlian 

th® tb@ima.i. r#slstaa©© • of a gl¥®a nwrnhmr of spores of a par-

tleular s.peci@s of/Meterla-oa two-factors, t®mpera-

tmr® aad lime ^^of #i:i>osttr-© to- •• Sine.® trials oa I61it»al 
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m 

reslstaaee #f ttt© various eulteres la thm stttfij w@r# 

plaaaM %& s@©Mr« ft®%a on tli® Isfla-ene® of tli@ growtfe t^pera-

tttr©s it was tboii^t adfisaM« to mke am'©ffort t© eorrelate, 

If fOssiMe, tb@ tb^rml rmiBt&nm- ©f the spores witli both 

^owth ami ®i:poa«r® ^t«peratares. With this in aisd, aa. eii~ 

tlrelj ii«w series of ther»al rssistane© trials' was ma with 

a ©feral of the ©-ultorBs whioh had- (©Aihited eomsiderahle r©-

sistaa©© t© h»at* • Sfores of the cmltttr«s .g^-wa at tiff@r®at 

teap#ratares w®re •©xpos-ot • to t«p«rRtares; • of 1O4.0 , 108*0 , 

lli*©-^', aad ia0*0®0, fh@ results of th®s« trials ar® 

pres.©at®i. ia -IB.* -fh®--relatioa• of -^©riBal rosistaao# to 

^owth tsaporatur® -amd ®:spo8ttr« tmmpmmtwtm ®t oultares '1.,. Z„ 

4s, S, f,. 10, ll^"- aad- 12, ars' hatt«r mhmm graphioally in 

figures- 8» f, 10,. 11, IB, 13, ami- M:, r®sf#e.tivelf» ISt® 

falaos for th^e survival Im' aiam'.tes ha?# h#«a' plottot agaiast 

eat^osur© teap@ratttr«©'.«"' data w®r@. plottofi im this manner 

to fiatamiae- tha Tariatioss- ia 'th© p.@rl©'is of .survival with 

hoth the gr.®wth • t«para.tmr«.s •m'& th® taaparatMrea of, as^jos.ura* 

fha gra-phs elearly show that th© sporas' of aaoh of the ettl-

taras bao.aao prograasivaly laas raala'teat to heat whaa ©xfosad 

to highar t«p@ratttr@s •. ia othar worAs., tha surfiTal tlm© 

fori at laTarsaly-as some fuaetion of the • taBiparatura of aas^-

sura* Blffa.rese©B in tharaal' rasistaaaa ©f tha sama aultiiras 

grown at. 4iff#r®Bt teaparatttras war® smallest at tha hi^ast 

axposure t«p»ratiira» 
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MM m 

Relation of thesnaal resistanc© 
to growth and exposure temperatures 

Qw&mth Ag© 
temper- of sur© Spores per 
ature eul-temper-caof milk 

®C, ture ajure heated 
(days) 0» 

Periods of hsatlsg 
C in mlButes} ml 

aS.a*J 

Culture 1, pH of Mile S#4 

§ 104,0 80,000 130,135,140,145,150,155,160 13i#0 
Sf i 104,0 14,000 130,135,140,145»150,155,160 

55,60,65,70,75,80,85 
160,0 

21 8 108,0 65,000 
130,135,140,145»150,155,160 

55,60,65,70,75,80,85 60,0 
37 s 108,0 40,000 55,60,65,70,75,80,85 00,0 
21 i 112,0 300,000 80,85,30,35,40,45,50 30,0 
37 i 113.0 60,000 $0 ,35,30,35,40,45,50 40,0 
21 i 116,0 94,000 3,5,7,10,15,g0,g5 5.,0 
37 s 116,0 70,000 3,5,7,10,15,80,25 15,0 
£1 i. 120,0 80,000 i,S,3, 4 ,5,7,9 t#o 
S7 § 120,0 SS,000 3.# 

Sulture ^ of milfc 6,4 

21 § 104,0 11,000 140,150,160,170,180,190,gOO 150,0 
m g 104,0 10,000 140,150,160,170,180,190,gOO 190,0 
4i a 104,0 1,000 140.150,160,170,180,190,200 

70,80,90,100,110,120,130 
150,0 

i 108,0 17,000 
140.150,160,170,180,190,200 

70,80,90,100,110,120,130 90,0 
37 i 108,0 15,000 70,80,90,100,110,120,130 120,0 
4§ 3 108,0 4,000 60^80,90,100,110,1^,130 

15,go,E5,S0,55,40,45 
90,0 

gl i 112,0 6,000 
60^80,90,100,110,1^,130 

15,go,E5,S0,55,40,45 20,0 
Sf S 112,0 S,500 25,30,35,40,45,50,55 50,0 
4§ i 112,0 a, 000 15,^0,35,30,35,40,45 

3,5,7,10,15,80,25 
20,0 

El i 116,0 13,000 
15,^0,35,30,35,40,45 

3,5,7,10,15,80,25 3,0 
m •t 116,0 11,000 3,5,7,10,15,20,25 10.0 
m 116,0 3,000 3,5,7,10,15,E0,S5 3*0 
m. § 1£0,0 15,500 1,2,3,4,5,7,9 1.0 
57 § iao,o 14,100 1,2,3,4,5,7,9 4.0 
4§ igo^o 2,500 1,2,3,4,5,7,9 1,0 

4« 1^ ©f allfe 6*4 

U i 104»0 leOjOOO 100,110,120,130,140,150,160 13§»0 
af § 104,0 171,000 140,150,160,170,180,190,200 190 
4i S 104^0 8,S00 100,110,120,130,140;150,160 1SO.0 
m S 108,0 141,000 50,60,70,80,90,100^110 60.0 
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m fcnmt.'i 

ligd Smo-
temper- of sure Spores psr^ F®rlMs of h#atlag Soarfi-
atur® eul-tmper-ec.of milk i tm Tal Ha 

C. tur© ature heated aia.l 
C 4ays ) 

aia.l 

Culture 4, pH of fflilk 6.4 

if. i X08.0 193,000 ft,80,90,100,110,ISO,130 120.0 
4S S 108.0 11,000 SO,40,70,80,90,100,110 60.0 
tl f 112,0 192,000 15,20,20,30,35,40,45 20.0 
t? s 112.0 179,000 25,30,35,40,45,50,55 50.0 
m s 112.0 5,400 15,20,25,30,35,40,45 20*0 
m i 116.0 163,000 3,5,7,10,15,20,25 3.0 
if § 110.0 177,000 3,5,7,10,15,20,25 15*0 
4S 3 iie.o 11,400 3,5,7,10,15,20,25 3.0 
gl 120,0 176,000 1,2,3,4,5,7,9 1^0 
m § 120.0 183,000 1,2,3,4,5,7,9 7,0 

t igo.o 7,700 1,2,3,4,5,7,9 1.0 

Culture §• pS of milk t.4 

m S 104.0 300 100,110,120,130,140,150,160 130,0 
m i 104.0 £50 160,170,180,190,200,210,220 190.0 
m s 108*0 280 90,100,110,120,130,140,150 100.0 
m 108.0 340 130,140,150,160,170,180,190 130.0 
m s 112.0 410 £0,25,30,35,40,45,50 30.0 
m s 112.0 390 40,50,60,70,80,90,100 60,0 
m 3. 116.0 370 3,5,7,10,15,20,25 10,0 
m i 116.0 3E0 20,25,30,35,40,46,50 MM 
m i . 120.0 310 3,5,7,10,15,20,25 S.O 
iS t lao.o gao 15,20,25,30,35,40,45 15,0 

Culture 9. pH of milk 6.4 

Sf i 104.0 go,000 3,5,7,10,15,20,26 10,0 
4,S .3 104^0 17,000 3,5,7,10,15,20,25 15.0 
.Si S • 104.0 15,000 3,5,7,10,15,20,25 10.0 
m $ 108.0 100,000 3,5,7,10,15,20,25 5,0 
m S 108.0 5S,000 3,5,7,10,15,20,26 10.0 
.i5 3 108,0 12,000 3,5,7,10,15,20,25 6,0 
Sf i llg.O SI,000 1,2,3,4,5,7,9 2,0 
m 3 112 .0 11,000 1,2,3,4,5,7,9 4.0 
m S IIS.O 13,000 1,2,3,4,5,7,9 2,0 
m § 116.0 31,000 1,2,3,4,5,7,9 1,0 
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tl 

Age : -:i.- 'V. v . ...;i ; M.,';- . ^ r, ^ r 

#f sia»# Scores pet •&f hmtlm Sarrl-
atur© cul-temper-ee,of aim (ia vellin 

°Q« tur® attjoc© h©at®d hsIb.) 
{aaggl ' 

Ottltur# fl atl& fi»4 

4S S 116.0 8,700 1,8,3,4,5,7,9 g»0 
m i 116.0 7,900 1,a,3,4,5,7,9 1.0 
3f S lg0,0 19,000 1,8,3,4,5,7,9 0.0 
4f 3 120.0 15,500 1,2,3,4,5,7,9 1.0 
it 3 lEO.O 11,500 1,2,3,4,5,7,9 0»0 

10.* m of aillfe «#4 

4S 3 104.0 280 100,110,120,130,140,150,160 140.0 
ii 3 104.0 330 160,170,180,190,200,210,220 180•© 
4S 3 108.0 350 90,100,110,120,130,140,150 100.0 
m i 108.0 320 130,140,150,160,170,180,190 130»0 
45 3 112.0 210 40,50,60,70,80,90,100 60.0 
§5 S 112.0 170 40,50,60,70,80,90,100 90.0 
45 3 116.0 410 3,5,7,10,15,20, 25 10.0 
5S 3 116.0 500 15,20,25,30,35,40,45 30.0 
45 3 120.0 340 3,5,7,10,15,20,25 7.0 
55 3 120.0 410 - 3,5,7,10,15,20,25 10.0 

Culture 11» jpi. of ailt i»4 

4i S 104.0 20,300 100,110,120,120,140,150,160 160*0 
5® S 104.0 18,000 160,170,180,190,200,210,280 200*0 
48 $ 108.0 10,200 90,100,110,120,130,140,150 120.0 
§5 S 108.0 15,000 130,140,150,160,170,180,190 140*0 
45 3 112.0 11,700 40,50,60,70,60,90,100 60.0 
fS 3 112.0 17,400 40,50,60,70,80,90,100 t0»0 
4i 3 116.0 14,100 3,5,7,10,15,20,25 28*0 
5S 3 116.0 12,800 15,20,25,30,35,40,45 35,0 
45 3 120.0 8,300 3,5,7,10,15,20,25 7»0 
55 3 120.0 16,500 3,5,7,10,15,20,25 10.0 
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m 

• f»m-® %M- imm*} 

•  " •  • -
of s«ur® Spores per period- #f kmMtus Bwevt^-

afiur® eul- temper-eo»of ailk |i& alaat#®) *ai ̂  
G, ture a^ure heated aift») 

{&&yai 0* 

Oultur© IB# pS of milk Sr4 

m S 104.0 
m S 104,0 
m s 108,0 
5§ s 108.0 
43 .s 112.0 
SS 3 112,0 
45 a 116,0 
S5 s iie.o 
4§ 3 iso.o 
55 120.0 

16,800 
12,000 
7,500 
7,100 

IS.SOO 
12,100 
12,300 
11,400 
16,100 
10,200 

160,170,180,190,goo,SIO,220 180*0 
160,170,160,190,SOO,210,230 210.0 
100,110,ISO,130,140,150,1©0 110,0 
100,110,120,150,140,150,160 150 »0 

40,50,60,70,80,90,100 40,0 
40,50,60,70,80,90,100 SO.O 

3,5,7,10,15,g0,g5 lS*i 
15,SO,S5,30,35,40,45 30»0 

3,S,?,10,15,g0,g5 7,0 
3,5,7,10,15,a0,g5 10*0 
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was ®®asldera¥le ir«ria%iQn mmmg tb® farloos 

ia tli# sayvi?al at th® t^peratures* 

fU@ survttal in -all v&tM. witb th© t^psrstttr® of 

.growm.* Oftlaiiffi- growtla tteperatttres always -^t-e %h® greatest 

survl-ral of- -111-® spof©# a*, mmk t«peratar@* A stMy 

of- tbe data pf^seatet im tabids 4, f, 11, -ant IE atom tlm% tli® 

aaxiMm tksiTOl -r®sistas«e of a©i®t 8-po3P®8 was ©eared 

$^mth at thm- oftifflWM- tm-pmmt'mm is tS -omt of 3® e@aparatii^@ 

trials ®r ^f®r ••©•-«&% mf tfa© trials-* Mm -ajBalysls ©f th© 

data pr@s®ttt#t ia Salfel#^ E., 4, S> i, 11,. aad IS als© Bhma 

%h&t growth fe©l@ir th# «rftt»a 'deertassd the ther

mal r®stst®a©« -of so-tst spor» ia- It© #f' 10-4 eoaparatiim trials 

or f-6-«l i>#r-•;©#&% of' th<© trials*- lya-i-ag -tl# gp-ewth at th@ opti-

fflOffl t«ap@ratijr#a- for -eimfaria-lQa-, th# -tata ia ^-ble 12 show 
o 

-that th@ survival at -aa «if©«ar-® t«f®rat-iir©- ©f 104*-0 C« var-

1-ed from IS a-iawt«-0 wi-tk -e-altmr® t to -g-10 -mijaut-es with ©altmro 

IS. 0«lt^r-«s l-j- 4.j--S-,g -10,/-aM 11 mumiwM f©-r ISO.,, 190, 

ItO, IfO, 180, aat &Q& »tamtea,„ respe#tiv«lf.,. at 104»0®C-. the 

®a»® ©rft®r of sarv-ival-h«li t# -a-larg# -®3Et-®at with the «xp©-

s«r« t«p®ratmr#s ©f lOa*#, IIS.O®, aM 116.0^C» ^t 12O»O®0. 

th® sttrviirel r«ag®d fr©a l-Miawt# with @ml-tttre f to 1§ m%imtm -

with ealtwir-® -&•. It is-lat©r«stiaf to a«3t®-that at 11§».0-®0».|| 

-©r th® eij-osmr® t«Lp@rattir® ft^prox-lmtimg that a-sed in the 

st®rilisati©-a -ef «vap@r-at«t ai'lfe,' a stfrriiral mf li »iBttt©s or 

mor© wm mhmm hy -©ultares 1, 4^ §, lO', 11, aad XM which swr-
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^aafle .amb®r^ M piw mmy ^ sTMeii©® #f hm%mwl&l 

e©atay®l'iiatlon»'' S@i1;lieT Wx& fl.af#r aad c^©r m-o? tfe© li©4y of 

tk« aitlfe was rn&'rmml.j hf; ̂ is eoatMiai-

ti.©a» Otiltwar# If tob isolated froan-th©'atlk#/ Spoirea &t ewl-

If, gjfowm a% tl®, 45*^C. aiii fe©a%e4 la stsfile 
o 

sMmillc, w©r® t«-troyea -fey-a tmprnm^wtm-ms Im m 104mO C. 

.la, m atoft « perl&i ms 1-- fb# .Sfei's ®©at#at ©f tli®. 

sllaallk rasgea 'firfm lOO' •%#• tO© .p#r'«abte Apfai?-

eatly, tills m-gmiem TOOM lia*?® -to#®a ^©astly -iesty^yefi by the 

ortlaiiry »t«jpl3.1maittoa If It tea fe«@K - pr"«S'iMit • wboa 

tiie lollfe w«® b© It s-©;«& probaM®, timt tk« ooatamlm-

tloa after aterlllEatloa., It is ©atirBly 

posallil# that the ®f©r®s -i^igisiilly preseat aay hm® 

v&Tf reslstiiat f®y mm& -wmBGrnm 

,!#• tto» r#sa.lts. efta fea m :r#py®s®atatliP®, 

It a.pp#«s ttet til# pr«®@tt®© mt •lafel® »p©r®s,®i' feaet©rlal 

@«lis Im ©Wforatsd milk is 

^ersal r»iflstft««@ #f mmm ,«©»%!«, 
#3^r@«foriaiag ba«t«rta is^»,t«a trmm allk 

AmmhlQt hm® hmn 

ff®p®at#aiy la allki -sad-#©,®®-©f tli#ss. feav®; ©i^lbltet 

ratbar hl0. to 'liaa^*-. -!&#• work Qt I»ai«raa##-aad-

WqM (4t) ®a Inls subject is outstajitdlng* ia t© t©'-

taimlaa tk® ^p&aslblllty ®£ #i»tlaaiy raw milk ©©atalalag 
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pistes, •toa"tealJi©d only oae typ© ©f «oloay. Fr^t^aotly 

th© m-ma- tfpm mt colomy. wm pp@s#at ©s thB piste® immh&t&A a%. 

Mtf&rmt -aat Su thm® imt&m&m & mlmmy fmm 

m# plat© sfa#wiag, Immmimt gjr®*tl wa®.fiek«4» Cml-

tmmm mmmmA hy tkis, gj®a®al preeMarii mm a®gtga&t«4 as A.., 

8, B, 1, I, 0,^: H, I,,, I, I.-^ mmA M. lacli @f %hm 

was ~fip©tt a tiff ©feat saapi# of Milk «®«pt ©ultttres I. M 

whlGb w#t® ffoa til© S8B»® atopl®* 

asf^l r«sis^ttttt#e trials wmm ©« all tb© 

at llO-*^%.«. t]elmls mm ia tlie @wm 

msmm as tliosa iB-tii® mmm of %h@ ©iiltu?«# ls@lat«A trmi 

•eirft;f0tat«i a£lk» • sf»« ##at®ats of tl© »m.sf®«io-ii® 

twm l.|@©0 td 10,#f0 p©^ embi© •#®nttaet©r with tli® dlf-

Table 14 pxesents tik® y'©«ttl,%s 0fetaltt#4-

WmM ttoe iata it ia evliest tliat aoa® of tfa®' ©alttwes sli©wet 

a tb#f®ftl itmmlmtmmm which wouli y®w»t»ly s«^#st a possifel® 

sttrrlfal of tb» usual st©rillzati©a -^pl^y®# Is 

.fflamaffttturiBg-©mpoMtet «llk*-' ai® tb«m«l ^resist-

assif %y tfa# spores wm •1 -*Iaot®s tmFfifal at 110*0®G, 

this ©€#aiRr«i witli F and # gr®im at &m. 

wltb umltMi'e® 1 aai i grew mt 

the aiuab#i? of sfmples Qt wm milk #x«ai.B@a 

was liatteij 'tli® wmmttm ladteftte tliat raw alllc. sw^M&wiXy eoa«*> 

taitt® aayobic, sp©?®*f©mla«,'batftt«3»ia* !a©a© ©jrgaalsiis', bow-

mm^ .affarently t© a©t ttsttally a irajpy fiilgfc tliamal 

mm.iM-%mnm-m 0®»«-tta#iitlyj. »w ailk sl#iil'i a®t ©sdteai'lly 
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'Tkmmtl rmlBtQ&m of sultuF^s mitt 

s-ttrrifal 
initio# Cferowth m% - i®i«a «®m st. . . , ; "11^^ y,.,8^p ^g^„, 

4 # 4- m '  § .  •t -&• «. 
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« • •# + 4- m- i 0 © 
t . # • 
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a ©omoa MQum® feastefia ©ttpablt of surTlTiag 

%b© usual sttrilisatlos. proa-edtts?# ia the aanufaettar© 

©f ®T«posat#t ifilUE P'rssttm^JLy.,, it my b# a Sfaurm 

m&^T mwt&tu ©©afiitloas* 

Mmtittmtii&m. of tlie Mettfia msM mtu&j 

4 of m was a#@€ is tte« stmdy. Some 

»f tjfe® mltmmm notably. e.iilta.F#« IS, 1S,» 1®# aM 1?, 

•iit a&t .iOEfeiilblt a»y-atp»'@©-t&ljle TmmMtmmm t© beat aad, ©oa-

a@ttt@mtly,, w©r« •»©% -tts-st la^'aitf ©f ^tl«-b®at •a?@»lst«ao«. trials. 

la ©rt®!' -te- mkm f#«®lbl8 %m @aifaj?ls©a &t th© 

smltis with published mm m%%®apt ms ««i« t® Iden

tify th© eultures* Cultii^&s: $ ftM M wrnm mt iieati-

fiM as %li#y.w#3f® f®ma4 t© h& mmi^f 'ifcll# e«,ltti3f^»s H, J, i, 

'K, Lf attl M wmm m% as tte«y exhibitftt v^ry. littl® 

reststiiJtt®# t® li«at .ant ••mm mMmmtlj aalBf®iet®at la ®Tspomt@t 

ailk« trsiag ^mmT*s mi D«t#jmt®atif@ M«t@plol®gy»-

tsj «a a gatasj. tli® caltmi»®s w@» iaentifiti as f@ll©irsi 

•ialt«:r®. 1 » Baeillia# ae^thegiya laty 

aaltai'® 2 - Baoilltts freMeayeiohli (Miquel) Mi@il« 

QwCLtwm- S - Baeillma Rltag^laetis Migoia 

CmltttF® 4 - Baoilltts la^tiaorbtts jr©raaff aad a.ri'is 

Cultttr# 6 Bg-eilltts gftli6olft®tl& Hussoag m&& 

Gulturt 7 - Baoillus petasites aottk#il 



www.manaraa.com

0ml tur# 8- «• Baiiillias ' faafi FraaklaBbfl. 

Omltiart 9 BaclXlaa ^msmhmB Ha»®ir-

Caltoe 10 - !©•% lien t If lei 

Cmlt^e 11 - Not Mantified 

Gmlttt» 12 - Ba^illag Qallilolaotls Sttssoaf and H@»ey 

Ottltmf® 13 - Baeillma lifeetis flttgg© 

Ottltt t f® 15 * Baaillm mmmntmlmm trmimM 

6iilt«p®-16 - Baeillms vmliatiis freTtssa 

imltmr# 17 « Ba@llliia BViimTl^vm H«id© 

0mlt«r<t 1 • BaellluE meseateyi^tts fr^vlsms 

SttlMrt B - Batlllaa teanstopliilus Frlekett. 

•Cultw®' • 0 .l^eiilus flugge 

Qmltmm D - fl^gg® 

0ttlt«ar® 1 •» BaeillM# Be lauy 

Omltot'® F - Baotllus oer@us Fi-asklaad and Frai&:laB4 

a * Bcoillug s^bttlta a®te yraaaewstei 

Cultures 10 and 11 were m% identified «.s tb®!- lit 

mt .fit tb© «©@or4ptioii of aay #yg&al®m listed im fi©rf@j-»g 

lifiamai ia.l* 

It is iaterestiar t# ao4#.-tliat s@t#2'.al. ©f ©^gaa-

is» l®a w®r® pr«s»at im tetli yaw m& ailfe, . 

/Ba»«ly, Baelllus gefiatjtierittgi, Baetllaa 0©r#tt0« m&' Baeillas 

lii#illas^ aaa»tfe#.gl^ was t&® oaly #a« ©f 

«g«t«a»' thmt: was- from s-i»ile.4' 

fb« sfyftia @f aeisatherima tmmlmtmS. tmm speilefl empo--
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nx 

lailfc •& Mgh ftsis-tame® to heat, whiit-

mm #tr«in f»a 3f«ir ailk did not gliew wmaiutmrnm 

t© high Ba€iXl»s IsoialM t-mm. 

^fapo^tei vMm, grom m .stew^ a smuriir-

ml of #0 aiaiit®# at 108.0®C., SO minutes at 11S,0®G*, aai i 

sisttt-es m% •••?&«• ;s»#: ©alter®, wfe®a grsm at .Sf®0#, 
#% 

sM®ir«« «. #tt^iwl W Mattte® -mt I®®*© 0',,; mimmtm -at 

llE.O®e'*j» nat IS minm%®s at 116.0®C. In d®at®«at^ th.© strain 

Basilica- lwlitt«t frra raw, ailfc, iife«a m&m. at 

#ltfe®r tl® «r Sf®' ©•! did B@t «•#» ^a® alamt® at 

11§*0%« -fli# am©^ gr#itt®r tli»»*al rwis'taa#® ©f t&® strain 

Baetlltts .i-a#liit®A fr©a'-speil^t ©*«p®rat#4 

allt Is slgnifioaat «ai "Witfe tto@. ,w#rlE'©f K#ll|f (411* 

fMe only ©xplaaattea vhiQt mm fee gif©m .f#r tfa® greater tl®r« 

»al r@si»tftat® Is tfcat'fei^er- rtslstas## tet %®«n a©^ttir®i 

threrngb aataral • aM. '*®#li*ttl.£ati©a ©f • tfe» strain. 

fli« strain of B&eillmg Qmrmm fw&m @mp©^ 

rated atlk posseaaM approxiisa tely tM- am» tli««^l r®si®t-

aae# ms tbt strain isolatet :flr®B 'raw allfc.# fb®- strain fr» 

©-vaf^r&t®! milk surrivei .i »lmtes at 1®S«.^G=. ,®p®w at 

.ant tfe# s.train fmm .raw. «ilk ..«ar»lv»t •l-aimmt®® at 

110wlt« p»wi at 1?%#- «®ttlisr^ tli® sttalm -of Bifgi.llms 

a»a«a.t8riema l»@lst»€ fr« «»mf©riit©t -ailfe a#r tli© atralm 

' l»#lat«A twom •«« «tlfe.» sarvlfftt wa 'emfosw# ©f' li0».@®0.,... 

fs©r--«T@n ©m@ alam't©, wkmn 0mm at -21®, .3^?®, ®r 4i%. 
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©mewssioi m mmmm 

fh® Importanoe of l®if for toliiag mllfe 

wfelth is t© le-aaaufacturM' iato ©-rafftratei ail& is ia4i#®t@t 

%hm tata sMowiag ft® reiati*®ly low tliemal r^sistaae® ©f 

asrefeie.,. sp©r@*»f#aiag @r^»i:a»s gr®i»it at- tmferatures h^lm 

th® ©ftiatia. It •afp«ai?s,, tik«r®f.©3f#.:,, tliat tii« m-lsteaaa#© ©.f 
V 

low %m^mm%weem »mM aftrkMly Imwm thm xmimtmmm 

©f Materia lik#ly t© b.« fre#eat at th-e tia® mf s%«rili^ti©a 

aad tfcier®tey if »©t thm »p©il«ge @'raf®rmt®d 

ailk. Aa ®xo@pti®s t® tb® teea®fieial imflueno© ".©f I®* 

aturea wstili %m is tfe® ease #f a#ittg t.«p©ra%ttr«»' law ea©u^ 

to ioJfeibit lk« #f spoilage ©rgmisM. .still baviag. 

^.reseat ia ttee »tlfc. s^^ras wtoleli lafl 4ef©l€>f#t «%' It# .©r 

®.fti»wii t^afsyatuT'es* In this ia®.taa-ee the M.iateaaa®# ©f 

l@w t«f©ratare«- would perhaps .»-®t Mrfceily l#w@r %k@ thmfml 

mmimtm&m .©f tke .s.^res. The ^Is-er^atioa 

•a«.@«s®-itf mf miateiaiag lew t«s|i©ratur©, wh@mwm- -f^esibl®, 

ttms, th« ti»@ 'tM# ailk i#...ira««. -antll-tb# ti»« -©f «%#rili»-

ti#B« fie tate'•siw'-smfpsrt t® th® 6-fea®r^ati@as 

©f f«il (Bf) tteat,eratttre# influence the ability 

#f ait.r»»gMiJBM te . re«i.sit 

' fkm resets; •«!#» ttot--^.©-•te^©ratmr@ %&• tie'afoiiet 

in att«pti»g t@ memmm a l««r t&.®^il r«si.staa:ef tff'.®p.©r«.s. 

©rganii«s iao.lat®4 fr®a. e^aporatM milk i® the ©ptiam 
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gr©w"ft. 

f#j? ,s«T#ral #ay» X#ag't« pr©4ae@ mlgkt-

lB«3r@as© %km heat r#sistaBe« of %km spo,»» m t&at If 

th®y lalU'tfe# milk t&«y womli smrvi^« 

th® mmX biiat treatment given the evaporat#t ailk# 

flii! relative oonstancy of the results #tet«ls«il im 

t^« mwi^m ^hmmt trltls-wi^tli ©aeh as long 

m th® i3p©w^ t@*f#r®twj®^ mm thm »«®us, is in fearmoay 

th# wefk «f «€ S#ttf«3rs C5S| .Mt 4® a®t ia mgr#®* 

»tBt wltli th® •#bs@'-ri^ii.tioas ,©f Isty -aaA filliasa^ (t») aat • 

C4iK'' fh.# lat't@r •inT#sti®Rtors' toasMtr th« r«stst-

&t ®fore® t©, l@mt mm mmt a f ijssfi fTOp#rty %mt a v®fiall® 

©l»aipii#t@riisti#, hf a 'be-Mt ©f «®a41tions- rath«r 

tMa %y oae faetdr sa@li. m. t«f#ratttr@ ©f growth*-

• a® t«at#a«y for aoiat »f©r«® tn tevs m gr@mt®r 

th®r*l r©® la tame© ^t&aa @ltfa®r freshly irlst |S t# 8 tays ©14) 

m ag®t #ri«4' :sp#r#« |4f -t© tt i«y® ®li} is t« a^@«eat witu 

the «©rt #f Isty -ami Ktyer C28|» _ fh& praetltal ®sf®et ©f 

thl® is that although .fresh^ «©l®t st©.r©s my h® 

ji©r« r#®t»taat t® heat, driet spor«s a&y well hm th® e-attse of 

afQilftg® «tttte#«ks in evaporated milk If th@y hafp#a. t® get 

int© th@ ailfc. fwQ& a 4b th#- pl&at# Aay €©mtr©l- »«as-

ffir@s • iDam'g»«t#4 mmst, therefor#, iatlmi® • a® ©liMtaatleii ©r 

".©pores in -tM# fJL&at-. 

fh# -teai^aty #f^ spores from e^iltMres gr©iia f@r @;s-
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IM 

#m artlfiaasl ©alte# msAta t® to 

m@%w Me«t 1« im g®s#»4. tlt» 

f tttttag# ©f llil# ffe« reimtlemsblf %#%»«« tteeaal 

ir®sist«a#« ami &m. artificial swltar® s@4l« «a iaflm-

®tts-e€'-»#t %}• -ffe# ©f•-©^ »i» l>y mm 

tlffls fiiift 0ttl.tu^«s ft«iTi«4 @a If mm» 

%imm^ #f orgftnissa; m artlfieial tultar# aeftla 4e» 

mmmm tkm. -ti#!*!. »#4s't«a« oi mpmmm i% 

fallesg tfcft-t mpmrn sboiili wi^taM 

»»!«*«»»« ^.«-ii tm of 

tto# oy^aliitt. It tti#3P«for«, hm %M»% 

*ith til# cultures stuitiA-, natural eondltions ®f habitst 

mm ff^Mbly mu&nQtm t»- att*^a«, renistaaee# fi*«» 

a fl@wpoia% mphasls# thm m^m&itj 

&f tfcf mill ' fmm mBt^imtion o-n th# tmmm iQt 

m@ Btmm It im mm tlat a©«t mt t&® 

is milk-m^i mm mm mmmlt'&f im*-

f»®«metiea §afttiMlii&tS.@:0 m %1# fmmB-

«i®«feli«41y wottia te« witi sx^or®® ©r fmm»m%m$. tfe@i,^ 

m&ximm tm ^<owt̂  

tor®* 

that, la fda^rai,. ^i^#' gwirri*®! 

#f %M apBff®# iKr#r»«lf wttfe %hm 

mm $.tk wttl the we^rfc: of Big$i©« m€ M%f I®I* 

ffc# #f m%l» m mp&mm fwm mwHf 
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§• S^Aifa a#©x«aM#s.- ••la- t«mp«atm?© from thm ©ptt-

mvm ®3.»afs tto« Tmtntm&e th@ 

•Sf©!-#®, wMl® ®add©a liior«as« ia grswtfe %^®iaf«ratai'© to tli®-

oftlfflWffi ali»y» ias^®as©« tfe« m©Mtal y@sls-t«n&@, thms. estate* 

llgbiag tfe® Impof-titat influeae© -of -growth temperature oa th«r» 

aal r®«ista»©e# 

f». 'Coattem©!- gpowtfe mt at «feaag@d ipe#wth t^-

pstatur®# gda«3?al3.y r#s«lt@t ia m^mmm 'Wltfe -a tli03?mi feslst-

:aE0@ afprox:imattag that ©f «.f®;p«a &t tte# wham ©rigi-

aallf tested &% the saa# t©«p#-mtmr«s, 

8. Moist t#at#i t©. lave ® tterm&l rssist-

aae® thitm ©Itlier Arl-ei m-pQ^m {S to 8 4»ys ®ia) ©r 

ag®t tiri©! #pi3(i^»s C4f-t© SS 4«y«-©It)-# 

9 m  Tbk^ l i i f l u e n o « ' a g #  # a  the hm% r ^ s i s t a a e e  a f  t e l M  

•sfores w«s • tomt t&# t«aS#atf was f#r ti.® aget spo-3?es 

t© l>© is®r#-li@iit ie®fil#tattt tli® fwrnklf  The 

lirfim«ae® »f aa« ««s aot i® aaj- maaatip ©orrelatM. wlttot tk© 

®r©wtfa tmsmiprntwc'® #f tto ep©i*«s». 

10:» Proloagii-d p®flMs of pfontfa #b «rtift©i®l #ult*ire 

B*€ia t«B4®4 t# tif®3?«aa« tfe® thmtwal resistaae# ®f tfe® aoist 

sf©r«s ®f tto®- «al.t«y:®s atudi^i* • • Amy ir»l.®tl#aslilp exlstlag 

te©tw®«a th« tlierml resistance nM growth ®m artiftelal etil-

%VLm aMta iavelT©! tit# l«agtli ©f tin© tfa® e«l-

tttjr@s ir#r® weopt-l-et.-^a tto« m«€l,a aad ft#t ta® amfe@3P of tram-

tmm Mai® ia mTTjtmg tkm mltmmm^. 
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11. tli@»al ©f tlh® .spares -rariei iiiir@rs#ly 

as, siaae' jpiaaetl'csa ®f tfe© teafemtur® -ot ©xp©s«r®, m& the rat® 

©f iaer#as« %m t^«- timm #f smrvlwl wttli'a- a®o2f@«s@ la «%f©smr« 

tsaptratmr® %©• iitt#li ©leser t# a • g®«@trle. tbaa m 

arlthatti© pf6^««»l»a* 

1S«' sf&wm or ««tl» «f b«.e%»rla *®i?« a©t ©offlroa la 

thi® aoi»l evap©ra%#i-Bilk' 

13« Wm» 'tfc# %& mmmplm- r«w »lll^ ®ta4i«i m a©ri©l>i@,j, 

Mii'ferlm i«#s#s«l»g «B ©jf•#elftll,f hlgfc 

wmm •©Itaiaet,, %«t mw milfc. skomlfi alwafs le 

sid®r®4 &» a s©mr«« of 0«t«iBatt-oa ®f ®'r«por«%®fi 

mtlfe wltli l;#®t ^a«t®rla. • 

14» fli® 'Straia of laetlias: nemtheriatt t®©lats4 f3*« 

spotlai ®vaforat®A Ml:lk a feigk r«st@taa®@, 

Willi® th© strata ®f aaslllas- m#ga,tb!gglM 4s#iat®d twm raw 

milk ilt ' 

Baeillaa s^aaalaia-' w»r© fsaai fwmmmt la. »f©ll®4 ©vftporateA 

»llk« 

3-®* Baellltts fg»M#nr«iefal 1. Bselllttg all^el&etla. Ba£|l-

IMS.. 

MStot MffiSlEf 

smteerifflna were found present In normal ©iraporated milk# 

Baeillms aeamlNirtega. MgillaB tettst&Bhlliaa. B®#llltts 
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iai 

lialAlMS mmmB. tt^ Baeillm® 

.sm t̂jJLis.. w«re isolate f^m mv ailfe#-

l:ft» fli« 'wmults -Qt t&# stmty smgi»st tfeat' ia t© il®-

®mm& tl« .r»»lst«a-0@ &t hmt®Tim t© to© feisufi 

la ©fape^ateA aiik aai -toe minimize pi>»'r©ttt sp©IMg© l©s»@«, 

l®w iitoduM %© wttataiaei lit- -%&« r«w aillfe trem tb® 

%im» of -astil it tbe tmrnwrn-mmr or ppeh^atw* 

I»i&@wi-|i®,- imsliig my mWmM® i»i*i©4 f^evioms t® tai® «t@rlli'Ea--

%%mm. lew t«ap«rataie®s s&ottia hm fortberj^ 

aaj "#l«itji mp" sh®mli fm 

thm i®®ti'tni.t4©a ®f tri«i isfer#s fyesest im m® fla»t mafi om 

%U® »t*ipffl®a%.* 
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4>y«fs, S, E»» aai Jolmaon, ff. T*, <?r» Ability fiff s^©p» 
tooocol to surviTe pasteurization. 1®^* Agr* 
R©s» SJ321-350. 19J.4, 

Bayti®!# Chr., and Stenstrom, 0,^ 0ntersuchungen i&er 
die aiderstanflskraft der Tuberkelbaaillen gegea 
Srhit^uag in Molfeen. Ztsohr. f# Fleiscb-«« 
Milohhyg, 22:137-142^ 1912, 

Bartlett, C. and Kinae, f» B. Besistasoo ©f mt&r&r 
organisms suspended tm glycerine or oil im tli® 
sterilizing action of heat# 3oi©noe, n. »• 
S8i3fa* 1S13, 

Beaee&e^ und Lebea der lakterlea# feiidsaer, 
Leipzig* 191S. 

K. Sergey*# aanual ©f determinati'^® banteri-
ology, 4th ed# WillisM ^ Wilkias, Baltiaor®,, 

Bigelow^ 1» S., and Itty, J. H. fiie.tfaeiMl ieatb point 
ia relation to tiiae of son# i*#®lstAat oj^yalsata# 
4bst» iact, 4J10-11• 191®# 

M and . The theriaal death point in r«l®» 
tion to time of typical thermophilio orisnisM# 
Jour. InfwJDis. 27:602-617. 1920, aT&!¥. 
B» £• Coffiparatiire studies on the naturstl sad 
ac<i,uired resistance of certain strains ©f 
Ss^bei'icli.ia mli to the bacteriojstatic 
geahaioidal effects of cations. Jour. Ba@t tSi 
53.8-Stt* 103g, 

V. Pasteurization and its influence^ a stiMy of 
the factors which influence the resistaaee e^t 
lactic acid bacteria to heat* Mich. Agr* Ixpt. 
Sta. Tech. Bui. 30, 1916. 

Bttfi^saan, B. 1., and Fulmer, E. I# fl® physiology asi 
bloeb«aistry of bacteria:, WnA-* St 104. lilli«« 
ar.d ft'tlfcins, "Baltimore. It!^* 

1934. 
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3^* . . .. Thimpmm, G» Ore, F# «8a Bluett,. 1* U.^ 
'llotes on %feMSr ooaditions whioh lafXuesoe th©isal 
death points. Abst. Baiat. 2sS* 1918# 

^ • 

iS* . Tmimtmm&Qt «por@s to b®@tl»g Im 
anhydrous flalds'J^B'^glyesriiieand similar mtte-
mt&mm* low# %g. i3il68*I'?9» ItlS,. 

Or, S. Studies on tbe therra&l death time of spores 
Q^gtridiag batmliiffiHia* $• ]D0sa®a©y ®r ®l#w 

g@to3sallo5^^ mporm- umfier optimna ®p<mtli eciafti-
tl©as. 3'&wt» Iaf<Dig» 3Siif4*S04» lf23» 

C«i\. 

IS-#- 6««a, I* aail a«ttt®r, W* Limit&tim M©t«rlal 
r'm at hi^®r Jour# !«©%» Sisff* 

SSfc ItSS* , 

;^1,S» coag^atlW^of proteins, Flysi©!* 
I404«430, itlO. 

I f m  M m  3 i 0  W m & b &  4 @ r  M m i m t m s i  4 @ r  B ^ e r m  £ @ s » &  
tro0kae Hitze, Areh#f.Hygt 13:71-112. 1891 • 

•i®* » Dl« ZmsawsnsetaaaNB €#r Sp®r®® voa y®aieillt.i» 
^Ayi« Ihr# B®mt^mag m Am lta®r#'t^is-
^Ei^EelS 4#rs#lb«ii g«^& lft&pi@r« liafl^s®*--
Arch, Hyg* g0:19?-gl0. 1894* 

If# Uttiiwui, H* K* The iafluenee of seme enTlroameatal tm^ 
t©rs ctpQft tb® t&ii»el r@8l®ta&@@ #f baot^rlml 
spores# Jour, Baet. g7:2e-S7. 19M. 

i§» 1, G., Burke, G, S., Beak, aM J"#^" 
Studies OR th© thecal ̂ e&th tia© of spores of 

If» fb® reststaae# ©f 
m«- t# Sat a»a th# dos^uaey ®r delayed 
gemlaatloa of spores which have been sub-
4«et«4 t@ h^at* Jour* 36:4?2-^B^# 
IttS. 

,-f?sr 
LttS. 

. . . > . aM K%m* •  •  1 1 ]  i  i  n i  *  • i . .  . »  « «  4 ^  

©a %%® Weaml €mk̂  %$m® ©f spares ®f Glj^triaiim 
l^^limym# J^iir. jla®r, M«d, A«a#«» fSiSSPllWr* 

•. • * * «ail gar&»_ !• S» B©'tmllfi®» A sfei4y ©f , 
t» rrt tataae® »f"^p©r«« &f ^eill^ bfttalltti^ Mi 
vmimm ®t^lisi»i agettel#s^mIH«s^^^Il^^ 
In th© eartniag of fruits aud iregetabl^ssX Arch, 
lBt©ra* Ms801-.Sff. If It. 
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tS« e* iBbiMttf® iaflu«a0«lif &t salt 
m viability, gr&wth, aad toxla prM»(i%t#a mt 
B# fe©tmli»'tts» fowt* lafn^vDls* 35ill4*l®i* lii4» ffeS/St<*-n«e Op TT^iCY-O-ar^A-W ISWIS SUip»td€< 

,, ®r oH •To1-h& St«v-»l/sinfl oteftdv 
TM# SS^^ad Walk«, S. W» A» ' oc^ h€a.t 

, Jour- Tm%h, «st teet* If il4S-
14i. 1®12^1913, 

iefe#iaitaa, 1'#^ gl>®r Miktrnwim, w«l«M di® fraktl0at®rt« 
Stsrllilfeatioa l#besd ub®rftaiaren« Gentralbl. f# 
Bmkt, II|%8il€9-.lfS. 1»1»* 

» lijl»fcn, C» Die tfbariebungskurr® b©i Abtl?t\iBg von Bak» 
t®rl@a Bi©«fa«» ztselif'* lltlt»gO— 
1908. 

gf# Isftf j J. H« The heat reelstaac© of B# bottiltama Sf©r©s* 
3mjf^ Pmb» Wmlth IsaWs-TOTTlfe# 

;v f» b®®t »f>,»p®3P®® of , 
S« MSIMHE all4®a ms.mTQhsB'm^*Mwt'» 
WisTWIS^Hess* i9at« ^ •• , 

Hea-ir^is: la'fatiee s-ftt(i.ja£, a^Viow 
7^^* fllliaias, 0» O^XA mm fm 

op tiiHi heat T9B%mtmm of baet@jplal apmmm Mm* 
laf^i^Dls. Mi§l®-iS8. IfM# 

fstf, A« 6# fto^ of h.yp®rt©ai@ su^s? ©s 
" tfe® r«»l^taae# of bacteria 

I»wm Stat® Osllege, Ai»#, ^mm* 
If^, 41SO is Am* S#®, 48s4»-^«t. 1#M* 

U ^', 
SI# m; imb®F il» ron g»g®nw«i' 

Am. Tmrnmmn, ZUmr* t. Eyg, SSsiif-3f8* lfOS» 

SSi j&ls Auf@^©n ua4 Lsistuagea der Mllchsterili-
d®B DasitoaakfeMtss 4#r S&gliBge* 

f» %g» lfttfg»MB« lit*. 

30* Goriaij't̂ 'r t@i»r«8l®t«aza di mn^wi mn-
ml taut*. 1* Iiitltttt* l^bmM& 

ms^ 

« W®i^r» UntmmmMmism lb@r ^1® Bl«il©gl# 4@» 
Centsmlbl» f« It AM-* 

miMm^nm. imi. 
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MA"' ^#r ai« d®i» spetsa 
Bftei.lli3» /smbtlli^ s®g®a Wa®s®raa»ff TOU' 100®G» 

C#BtSHTfr/ratrWsf#«.5m I 2M. 
7. 

Si# &mi©r,' 1. f» Met«rl&logleal tfais eo®go2jatl#s 
©vaporatei I©iim A^, lxft» Bt&, B®s. l«l* 

It, IflS, 

* Flahiaasa la evaporataft stife* I»wa Agr* &p%*. at«» 
H@3. Bul* 38. 1917. 

®®» * Studies on abnormal ©vaporatefl silk*. Imm 
•lx:pt« Sta. !«• Sml. 5i, Itlf# • 

•: • ,: , -* Dai3?7 bacteriology# j§,« ISf»^4» i&hm f|l®y «t 
fcions. Hew Tork» 19^* 

rf' and Hassong, l,. f # ©iBer-rations on l&e &®at t@* 
sis tan© @ of some ropy ailk organisms* Dy» 
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