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I. TIiroCotcricHd

Scoils.ce of non-scid cruned ve jguvavles is often
caused ty the activity of bacterisz or enz,mes wuich
Loy elaborete. Three srou,.s of ther.opiilic soore

e-

[}

feroin: hwecteria cof rajor l.cortunce Loeve been
finitely associeted vwith this sypecilee. Thiese zre:
(e) The “l=t sour t,.e, chrrscterizei by the gro-
duction of scilds vithcecuwt s fro.. cerbonyurctes,
(b) The L=rd swell ty e, &« thaersorhilic wacrove
climrecterized by the rroducticn of s#c¢id snd z¢s
(not hrdrc-en sul-hide) froiw curbohydirstes.
(c¢) The zuserobic ither.o-hiles, chorreterized by
tne rroduction of L,drccsen sulpiide -us. (1).
Crreron end Viillicns (~) in 19«6 reported on
'the bacteriolosicszl exeninetions of tue raw aa-
teriels used by & lsrse cenrning comneny. Toey
were atle to isolate the avbove nentioned :jroups
oi tlheruwophilic suoilare orzanisas from refined
white suszar. In tiis workx & definite reletion-
ship was establisned between the bacteriological
coniition of the suzer and the tvher.o-hilic snoil-
aze of non-acild cenned foods. Tnls led to & de-

sire on the mcrt of the cunuers to buy @ su T

that had been tecsted for suitevility for cecnning



and sterted investizetionsl work on the nurt of
the suzer refining compenies. This worx wes
follovizd ty an cnnounce:ent by scrie of the comx=-
penies thet they were ready to susz.2ly a sulitable
cenning suzer 2s Jud:ed by thelr ovm stuniurds (3).
This, in turn, crected 2 need for = sultehle
v*acterisl stand~rd for su-sr to be 1et by =211
refiners. The I'stion=1 Cznners Asscciztion in-
troduced 2 hscterisl standurd for succr in 193
which they usel in testinz susars for ienber
crnners. A revision of tihis stenarrd was nade
in 1922, end at tne present tiie in "Bacterial
Stanlards ¥or sSuzar™ (4) a metnod is »iven Tfor
the testin» of su-sar for the presence of tiece
ti.ree trnes of snoila:e cr=snilsus znd a 1li.nit is
set fer their tclerence. Five sr  les tfron ony
one srkipient of suer ere exz :ined bzcterioloziccl-
1y, Tue 1li.it of tolersunce for the fiet sour ty;e
'S

s..olle e or ;anlisis bedx= a .oiliwa of not sore thon
75 spores =nd en everc ‘e of not nore then SO0 sucrss
rer ten ar=os of suizr.

Wi:ile pvletine nwerous s<:irles cf beet surar to

detect the presence of the s oress of "{l=t sour"

)

~acterie, es reco.rended by the Intional Conners

Associztion, it was observed thut colenies of =2cid

"roducins or rznisns of the flot sour ty-e develoyed



on pl=tes incubzted et z3° ¢ and 20° C. It weas
rriznerily with the orwanisiis isolated ot the
ebove tewrerstures tlhat the ex~eri-ental wvorxz to

e

be discussed in this thesis was conducted. TFl:ot
scur tyes cof orroniscs capaoble of srowiny at these
temw eratires are of porticular interest beczuse of

treir rossihle relctionshis to this t:ie of = .cilu e

of 1...roverly :rocessed canned cous held in storuze.

- »



II. LABIILLULAL

A. Isol=tion =snd Descrintion of (Cr - =nis.s

distorical
The resecrch labvorctoriss of the l.rtionzl Can-
ners Associztion (4) :ive the Tollovin=: method for
the dctection of thie srtores of the flzt sour ty.e
Yeeteriz., "Plece ZC rers ¢f suvrr 1n = sterile
12¢ 1. wrlenceyver fleosk mwrxed to 1ndicate s
volu:e of 1C0 ml. Add sterile weoter to the 100 nl.
rar<. “rin~ re-icly to boilin: =nd bvoil for five
minutes., deplace eveosor+tion with sterile water.

Into ench of five retri dishes pirette 2 :1. of the

boiled su~sr solution. Cover =nd @ix the inoculun

[ X

with Zacto dextrose tryptone ezsr. (This azsr wes
develored ty Difco Lakorstories, Detroit, Lichir :n,
-nd contsins »n indicztor, broucresol purnle.)
Incubste the tletes at 55° C for frouw 36 to 48
hours. The conbined counts for the Tive ;lutes
renresent thie nu.ver of srores in two r:i.is of
sturar. .ultiply thuls by Tfive in order to cxjress
the results in ter.:s of nw:iter of s 'cres :zer ten
@rems of sunr." The colony formed bty flot sour
tecteria 1s rouna, messures Iro. tivo to five wili-

reters in diseter, mresents & tynicsl crogue

centr=1 srot =2nd by re-~son of =cid jrecduction =nd






the presence of the inuicator 1s usuzlly surrcun’ed
bty a yeilow Lalo in a field of rurdnle.

In 1925 Caueron and sty (9) rencrted on studies
carried out on orcenisis isolated {ron ecoiled can-
ned fcocs., Tl.ey isolated £l4 orcunilcrs arl civided
then into the fcllowin~ ~rouns:
20ie I01uieTrsS.

Groupn I--Tie aciovic s

Groun II--Tiie fccultative tleruophiilic orcunisus,

ck

Group III--The strict tleimophllic organlists,
Lewvers of Group I are not consideired as causative
acerrts in Icod stoilsze anc rno further mention will

be made of tneim, Orcoaunisis in Zroups 1T and ITI

are considered as tymicel in the procuction of Tlat

sour tyre spoilace. The followin~ table taken frcm
thils work zives the eszentiasl characteristics of

<

<
o3
o]
[
[
©
>
v
P
o’
@
=
1]
.

these orranisms in the itorm

Teble II (Cameron and Esty)
Iissential Charecteristics
(Index numbers -- Scc. Ax. Bzct., Descriptive Chart)

Groun II. 5221, 52220, 1222
5221, 52230, 2223

qrour III. 5212, 52120, 1222
9212, 2220, 1232
5212, 52120, 2232
£212, 52220, 2282

3

H

iefly the orgunisms in Zroup II weie ~ran

Dositive rods producing terminal endocypores,
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wxreri.entel

Waille rlatin su=r st les =sccoridin: to the
rreviously rentioned Lcllcd fovr sets of liotes

. =0 , . : s
200 C, 377 C «nd S5 C. At the end of 48 Lours

incubstion tlhese l-tes were exi.i, e ror lLie

[¢%

coleoaies of £lot cowr “ecteric. Tobtle I cives
8 cowat of the nurocr of

e verious incubation tur merctures azs co.. cred

. ' FON - - [ - e
VL. LoiE ST LiasIl CoU o L0 Cu c-

3 ore Cowunt of Flot Souvr T e Wocteriz in Teet Suwmr

Serle 1o, Incuvetion Te er ture

22N -, O -
-0 A > ~0 i 5 o c
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C

4C0

30

4z0
10

750

QUG 5 5
<07 10 0
=70 ) 20
7% 10 40
& 0 0
129 170 509
8 10 210 420
46 95 40 649
288 55 100 - 230
231 S 23 120 299
Kpe) 13 £5 100 180
279 9 -——— 176
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Bx»ressed ¢s scores cer 10 ruws of su-ur.
acid prcoduciny colonies rTowin: &t 3% ¢ und

@] R ~ N i N P O, Y
207 ¢ ere clioszn for tils Lork. A tronsfer of






a well isolated cclony was nmade on a plain azar
slant and incuhated at 300 C, 1In ell 23 cultures

were isolated from Tifteen sanples of refined beet

.\

surar obtained froa lactories in Lichican, Chio,
end Illinois., Cultuies nwrbers one to eizlit inclu-
ive were isolated at 23° ¢, nuibers 12 to 23 were
isclated at 200 C. 1Inas.auch ws conparative studies
were to be made at 30° C, 370 C and $3° C, stock
cultures cf these orecanisns were carried in the
luborateory abt 30° C., Three adiltionul cultures,
nuw:bers 292, 30, and 53; and two ty_iczl Tlat sour
cultures, nuibers &1 and 32, (the lotter two ob-
tained Irom the lational Cainiers association) were
used 1or corraiative purposes., all five cultures

were isoleted &t 55° Co In the future these will

4

rred to only by nuuber. As a checi uncn the

[
[¢1]

rel
2urity of thre cultures tuey wvere verioaicsally 2lated
end exanined for coenteciination. CL thae 23 cultures
oririnally isclated, 21 were satisfactcrily cearried
tharou-liout tiils work, the evrerimental data being
rezorted only on these.

The or~anisms isolated @1l conformed vithin
reascnable li-iits to the vreviously described

crour II of the flut sour tyre of Carcron and

Esty in that trhey were 2ll gram positive rods






ever~=in~ sbcut 1 By 4.0 microns in size, rro-
duecins ter:-inel endosmores viiich sonsties
cruced a bulzing of the rod. They were ell
facultative snrerobes rnd produced ecld without

ition

(3]

~=g 1in Zextrose -<nd sucrose %wroths. In o1
to the ebove srounpin; they were diviided into
~routrs sccoriins to their &bility tTo :row on
totrto sl=nts. [hose thet showed no ~2v.erent
~rowth on sot2to slants were desl nated =&s

sToun A vwhile those th#t showed ean sbundant
yellowish brown butyrous -~rowth were desina-
ted as Groun E. TZeinz interested in the ability
of these orzaenisms to produce ccid from czroohy-
dr~tes =01 the hest resistunce of the spores of

tliese or :anis:;is no further orx wss done on their

clzssific-tion. .
SUGLLery
irondnation of Table shows thot refined tect

21n8 srtore forainz or:~nisns thrst have

ct

sSusr con
the ebility to -~roduce acid =t 20° ¢. 1This le=zds
to trhe rossinility thet ticse or ~nligis iint

e cannin; in-

I

wrove to be 2 sioilese hezard in
dustry. The or-unis:as isol=ted conlori: very
closely to Zrour II of the fl=t sour becterie

descrived by Camercen and listy and due to their



>



70

hility to »rcduce & nonisceous acid feraentetion

it is the oninien of the =suthior thut they should

J

te consldered zs flat sour tynes. Thelr cbilities

L

to »nroduce zc¢id, to ~row in concentrated sucrose
solutions end to withstend hizh terserctures zare
rolnts th-t will be considered in sections 3 end

C of tne exrerirental nmert.

10~



3. Studies on acid Froduction

Fistoricel

the trpical flat sour tyne svollece is thnt of
a nonrtrsecus 2c¢id fernentation with slizht if eny

odcr 2nd the pH velue not :urxedly above 5.0. (6)

+3

There is en ezpsrent lzcii ¢f infor..aticn con-

cernins acii nroduction by flet sour tyve or en-

isms iscletz2d fro:: su:.T; however numuerous popers

heve ervesred concerning zcid groduction of flet

[P

socur ty.e or "enisiis 1soleted froi other =ources.
wWrant rnd Tweed (7) studied = ~roun of these
orzcnisms in rerrd to their ebility to »roluce
tize Tlat sour con.iition in cunned -cods. In tuis
work they rervorted 5.6 &s tne lowest pli value
that was obdtained. Caneron cnd ksty (3) found
triat their zroup of facultative thermconilic
ors=nisc-s vould :roduce acid in corn, :ecs,
horiny ond ctner nen-acid conned ve cetelbles
reiuciny the 7 value 1n =1l c=ses to Lelow

5.0, end 1n r.ost czses belcw 4.5.

-11-
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Zxnerilentel

Acid production in cextrose broth--.erobic

to Teruent dexticse vius deterained zs fcllcovis:
Tubes contuinine 1C ml. of one rer cent dextrose
broth vere inoculeted witihh C.3 1. of a 24 Liour
broth culture of tie orrznisss eni cleone vith wun-
inoculated coutiol tubes viere incubated at 30° S

r, e [ "O 1 . - : b L] ] S s
27° C and £5° C. After a six day incubation vperiod

a five ml. samnle {roz ezch of the inoculated tubes
vius Giluted with five ml. of distilled water and
titroted with 27/20 I'aCll usin~ rrenolphthalein indi-
cator. The uninoculzated control tubes were titrated
in the sare manner. The difference between the ti-
tration fircures ~ives tre total acidity »nroluced by
the microorcnisis. Jirlese ceta are rehorted in
Teble II unter ..P (zcicé oroauction). Groun a beins
the cranis:is shcewirn» no ~irowth on notuto slants,
sroun B the orcenisms shovins gsrowth cn the —otato

slants.

acld procduction in dextrose troth--.neerobic

Tubes containinz 10 nml. of one per cent dextrose

broth were Leuted in flcwin~ steunm to exrnel the oir,

-12~






~

cooled to <tout 40° C, incculatcd with 0.5 wl. of
a &4 houxr trotl culture of the o unisis, ccualed

withi two to tiree centimectzrs of

and alons with uninoculated control tubzs were incu-

hated ot 20° G, 37° C, and 55° ¢. These were titrated

at the end of a six day incubation p-;lO&, the acid
nrcduction bein: determined 1n tihie saine wanner &s
undex acrovlic concitions. The results cof this work

are rchorted in Table III under AP.

Acld production in rea juice.

Twelve orcanisms were studied to determine their

ability to produce a flat scur condition in reza

m

uice, This medium was obtained by pourinc the

Ce
(@]

juice from sound canned peas. Tubes containrning
10 ml. of this julice wviere autoclaved at 13 pounds
pressure for 20 minutss, cooled to about 400 C,
inoculated with 0.3 ml., of a 24 hour broth culture
cf the orruanisms, seuled witlh about two centimeters
of sterile melted paraffin an: along with uninocu-
lated control tubes incuvated at 3C° C and 55° C.
After a six éay incuvation poriod the pH velues of
these tutes were deteirained electrcocmetrically.
Table IV g¢ives the rll values of the inoculated

tubes &s coupared witii thie uninoculated tubes,

=13~
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anaeroblec concitions were em-lcyedl in tiuis work to

Pl 3

Siiulate the conditions found in canned fccd mrojucts,.
acld rroduction in and inhivitory acticn of sucrose.

Tvuelve cultures irow Troup A and .Jive cultures
Trem ircup B of tiLe cr-unisms 1soclated under rart A
were studled in recarcs to tiell avility to preduce
acid frouw sucrose and to Z2eter.ine the effect on
acid rrocuction of various concentrrations c¢f sucrose.
Tils work was curried cut aerovically to 8inulate the
conditions found in tihe canniag factory when tenks of
syrup Lnave been Leld for a proloired »nerioda. Tubes
of broth contuining 10 =l. of one per cent, 10 ver
cent, 20 ner cent, cnd 40 per cernt sucrose broth viere
nresared and inoculated with 0.3 nl. of a 24 hour
culture ol.the orrunlsns, (ne set each of these
alonz witnh unisnoculated corntrol tubes were incubated
at 30° ¢, 37° ¢, znd 55 C. At the end of a six day
incubaticn period a tive nl. sa:ile of ewcli tube was
diluted with five ..1l. of cdistilled water and titruted
wita 1./£0 llaClf usinz vhenclritualein indicator. These
ex>sricental duta wwe re_orted in Tuble V, the Qc;d

production belnz calculateld in tlhe saue nwanner as in

Tables II and III.

-14-






TASLE IT

(el

ucticn In Dextross Hreoth Unicr ..evosic Conditions.

¥
o
e
£,
o
H
O
fu

Q

Incubution Teun. 500 270 ¢ 050 ¢

AP DE™* AP D3 nt D3

1l .12 ? 10 ? .60 ?
2 «15 ? 2D ? «70 X
3 1% X e 20 X 00D X
4 29 X «20 X .00 -
o) e 20 X 30 X «29 X
3 «1Z X <40 X 3 X
15 «20 X «1b X 40 X
17 «10 X .10 X eSO b'e
<1l «C X NGTe! X «40 X
Grour A £ .03 X G X 40 X
25 «CS X <15 X «60 X
20 .CS X e 2D X .20 -
28 .00 X « 30 X e0D X
29 .00 - .50 X 1.70 X
5 .05 - e 4D X 1.90 X
31 . GC - «10 X «70 X
5 .OU - olo ? 040 X
3] 99 X o0 X .10 -
12 «45 X <530 X «45 X
13 «795 X 70 X «00 X
14 e 0O X « S0 X ) X
Group B 13 50 X e X 40 b'e
19 e 30 X «65 X .40 X
20 «49 X «00 X 3 X
23 « 60 X «0E X e 0D X
24 « 86D X «&0 X e 4O X
39 .00 X 1.C0 X 45 X

*AP denotes increase in titrstable ueidity. This is the

[o)]

ifference exvressed in ml. between the titration figures
for the ex,ericental tﬁﬁes gnd thie control tubes wien o 1nil.
sortions Ircm tlhess were *titrated with I1/20 I'aCH using
Flrienolrhthauleln indicator.

T*DB denctes crewth in tubes es judged by turbidity.

X srowth ? uestionable - Iio rrowtlh

-15-






acid Prcduction In Devtrose Troth Under anuerohiec Condi
Tncubetion Temrerature 409 ¢ z7° ¢ 55° ¢
ADX DR** Al DI aP DB
Qroanism umber
1 .0% - .02 - 0 X
2 .00 - .03 - .15 X
3 .05 ? .10 X .10 x
4 .10 ? .05 ? .00 ?
0 .15 X .05 e .50 X
2 <15 X .02 ? .00 ?
15 .05 o ] ? .00 ?
17 .00 ? .40 ? e 00 ?
Groun A 21 .CO ? .80 .CO ?
22 .C0 ? «12 ? e S0 <
29 el¢) ? .CC e .20 X
20 e ? .CO ? .CO ?
28 o 35 X G0 X .09 -
<9 .00 - .70 < oE5 X
30 .00 - .40 X S X
21 .CO - .CS ? .30 X
38 .CO - .CO - 4T X
o kel X .20 X .Co ?
12 .70 X .50 X .2b ?
13 .00 X oY) X «45 X
14 e X «0D X .25 X
Sroup B 18 .40 X o X 25 X
19 .70 X .70 X 25 X
20 0D X 0D X <25 X
23 L08 X 7C b'd CES) X
24 .80 X e 05 X .40 X
33 .80 X &5 X 2D b'e

*iP denotes increusce in titratable acidity. This is the

]

nl,., between the titration Ticures

[Ql]
,_J

dif7erence ex resce
for the exnerimental tubes end the cerntrcl tuves wien D :il.
nortions fron these were titrated with IN/20 I'aCH using

icutor,.

p,

nhenclpithalein inc
**pDB denotes zrowth &s judiced by turtidity.

X growth ? auesticnable -0 crowth






Acid Prodauction in

Incubation Terperature

Crzenism nwnber
1
b3
6

Group A 28
29
31
ce

12
13
14
24
33

Control (unincculated)

TABLE IV

T'ea Julice
30° ¢
Final pil Val
5.06"
5.94
5.91
5.41
RO
5.95
.80

(&)
-
(0¢]

.16
0.995
.38

S.37

*rH value determined electiometrically

-17~
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Suwanary

Exemiration of Tables II and III shows tThat the
crsunisms isolate: at £3° C wnd 30° C srcduced acid
in cdextrose bYroth wider both aerobic and snasrcbic
corditions at 20° ¢, 37° C and 55° C. Yazinuwa acid
rroduction occurred at 20° C and 37° C with the excer-
tion of two orcanisms which nreferrei £5° C for maxiiaum

Y

acid production., Since tre rreatest scid »roductio

as Jjudzed by titruatable acidity, was in the aercbi
tubes, the euthior fzels justiliied in ccneillerin~ tlhese
orranis.iis as facultative waaercbes.,

e hydrorc-en lon concentration of ez juice inccu-
lated witi these or-eniscs und iuncubated anaerobically
at 509 C was arkedly increased. Tae Tinal DI velus
vanced froml 9.18 to 5.94 in juice with an initial pil
of $.10, In pea juice with an initial pd of $.09,
incculated with the some osfenisass but incubated
anserobicully at £5° C, the finul vE velues ranzed
from 4,89 to 5.%4.

acid production, zweroticslly, was ncted in one
ner ceiit sucrose b:oth with decr-esin~ acid production

in tubes of incressine concentration of suciose,






C. EHeut iiesistence,

Eistoricsal

The resistance of becterial spores to heat ras
beer studied in ereat detail. In 1220 Rir~elcw and
ety (8) nade a conmrenensive study of the hLeat re-

starce of tiermonhilic rlet sour tyse srtores.
They stated tret the initial concentraticn of the
sroies &nd the hydro-en ion concentiration of the
medium influenced zreatly the therial death point
of the spores of resistunt ocrsanisus.

The eflect of the Lydrocen 1on concentration in
rexard to tie trhermal death point was ceteruined by
heatins a cefinite nu:ber of spores in fccd juices
of different »i values and it was councluded that, as
tle pll value of a nleciuwa 1s lowered the time recuired
for the comnlete destruction of tlie spcres is decreased.
They studled tne effect of the initlisal coucentration of
spores 1in corn Juice with a nlI value of 6.0 at ter era-
tures of tfron 100° ¢ to 130° ¢, 7The results of tzis
work led to their conclusion thet in a mediun of known
hydroren lon concertreztion, at a given teunerature, the
larzer the number of spores present the lon~ser will be
the tirme reouired to sterilize the riediwa. They report

f'indins spoies of thermorhilic oigesilsms that would

survive a tesverature of 1C0° ¢ for 20 hours.



Nyvent and Tweed (7) in 1623 made a stuly of the
thermal death tines of the svpores of flat scur tyre
orcunisms isolated Troa cold nacied canned teas. In
no cese did they have zn orrenism that would resist
a ter-ersture of 110° C fcr over 10 minutes.,

In 1¢28, cemeron and #illisus (2) mede an interesting
stucy on tle therial death tine of tlhe spores of flat
sour thermophiles isolated from surar. <They Tfcund that
tie etlective killius tie 1or a spore suscension of
1C0,CCC per wml., in pl.cepoliate solution of vil 6.37, at a

tenperature of 11C° C, veried from 5 to £40 minutes.

Zxperimental

Preparation of Stock Spore Sushensions

&

Susrensions of the orsganisiis containing between 20
and 100 rer cent spores witrout resorting to a lieat
treatient to kill the vesstative cells, ver#prenered

in the followins manner: Dexntiose arar slants were
inoculated with tne or-eniciis and incubated for 49
Lours at $0° ¢ (or-anisms nuwabers 29 to 33 beilis incu-
bated at,SbO C). These slants were then placed in jars
and incubeted for a period of ircm 4 to 8 cdays under
reduced pressure (apuvroximately 22 inches ol vacuuwn).
Sustenisions of these scres vere nwude by carsiully
wasling the slants with sﬁerile saliie (pL--3.9) and

transferring to sterile tubes. Tiiese spore suspensions

4
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were then exarined microsconically to detervine the
rercentare ol spcres and stuncarcized by diluticn
with sterile saline until one ml. of the sus:>ension
contained apuroximately one million spores as deter-

™

mined by the standard plzte count, allowznces being
made for the veretative cells. This wos considered
&s the stock srore susrersion and held in the ice

box for 1uture use.

Ie:t resistance Determinctions.

By experimentation it wss found that a temperature
of 100° C could be controlled by immersing a 2C0 ml.
Erlenmeyer flask containine saline in an oil bath held
at between 105° C and 110° C.

To determine the thermal resistance of the spores,
200 ml. Zrlenueyer flesks containinz ¢9 ml. of sterile
salire were imnersed in an cil bath held at between
105° ¢ and 110° ¢ until they started tc boil.
(Texperature--1C0° ¢). ‘hey were then inoculated with
1 =:1. of the stock snore susrension and thorou~hly

mixed., (Thiis mixine must be dorne by zeenin~ the

t

flasks immersed in the oll, otherwise there is a
ropid drop in tercerature.) At lefinite timne inter-
vals, enrici.ient tubes containing © zil. or dextrose

trystone broth were inoculated with cne 1. of the

v s A R O
s»ore susvenslon vwiich was bein> held at 100" C,
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ihe sterility or tuls srore susrtension was debteriined

tie eniicument tubes Tor four da-

}.Jo

by incubatinr
determinine the acld productica as indicated by

broumcresol purzle indicatcer. Tihe first tube slowin
no acid prouuction 3333; ccreliered sterile., TZabtle VI
sr.cws the heat resistarce ¢l tlese s;o.zs as celterined

o

v vi:e aveve metllod. As a cleck upon the efficiency of
tiils teticd for deter.ining tlhe btc;lll+" of the s-ore
sucs-ensions, dextrose tryntone a~ar rlates were neade
using one Ll. saaples Iroia the Tirst envicient tubes
wiich stcowed no &cid rrodaucticn after four days incu-
bation. Upon exeninaticn atter a 42 hour incubation
ceriod all of these rleaetes were Ifound to he sterile.
furtlier heat recsistence studies were ede con 10 of
he stcck sgore susrtensions wi.en subtseguently susoenaed
in peu juice 7l 6.1C. wrlenmeyer tflesks contai:
99 ml. of sterile nea julce were 1mzerced in an oil
bath, the temperature beins rezulated to keer the con-
tents of the rlask at 1C0° C. They were tlen inocu-
lated ﬁith cre ml. cf the stock srore susrensicn, the
theriial deatnn tine bteinc deterained by tle mreviously
descrited method. Table VII cives the tliermal death
times for these spores when susvended in rea juice
nH 6.10 as compared to their thermal dezath tites when
sus~ended in saline (rHd 6.9).
An attennt wus made to determine quantitatively the

tliermial resistance of thesec s»tores., rFor this work
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flasks containing ¢2 ml. of sterile éaline wele Leld
et 100° C in an oil bath and incculated with one zl.
¢l tae stancard soeore suscersicn and thorourhly mixed.
At deriinite tize intervz2ls tubes containing mine al.
of steriles saline were inoculated with: one wl. of the
spore suspension from these flasks. Diluticn plates
viere then meace 1n an attemzt to determine the nwaber
of viable stores ~resent et tic end corf tie varicus
tizie intervals, t was Jeteinnired that a ra-id rate
cf xillin~ was obtulnea durins tlle first intervzls

-

O Leatinz with a siall percerituce of leat resistant
s~cres survivins, Inconsiste.t results were obltalned
viien tiie nuwzber of viatle stores was. detsrinined by
platin: ietiicds. It vias often unoted thut when Tew
viable s-ores re:wined it wes irpossible to cbtein a
Gefinite trend ia the rate of kxillinr. Gualitative
methods ~ave results that incdicated a delinite und
orderly trend in the rete of killin~ when thre sam

riethiod of lieatins and sanrling was used.






TABLE VI
Therizal Death Tire at 10C° C
Snores suspended in suzline (pH 6.2)

Yinutes renuired to cestroy
shores at 100¢ C*

Orcarism 'uwaber Inerficiernt Lfficient
1 €9 100
b3 a0 100
3 60 $]0)
4 10 20
6 10 20
8 S 60
S 10 20
17 20 30
Croup A cl 5 10
z2 30 40
25 10 20
£0 10 20
23 10 20
29 130 240
30 180 240
31 350 ? **
22 560 ? x*
) 10 20
12 S0 80
13 50 60
14 60 70
Group B 18 5} 10
19 10 20
20 <0 20
23 60 70
24 ) 10
33 150 240

*Concentrution of spores 10,0C0 per uzl.

**Orcanisus I1 and 92 were the orsanisms received from
the lzutional Canners asscclation. They report tiat a
concentration of 100,000 spores ver sl. of these orcun-
isms, suspended in corn Jjulcs with a »niH value of ¢.1

~

vwould resist a tewpersature of 100° ¢ fer 17 houwrs.






TAabLE VII

Therwsal Deatlh Tire ot 100° &
‘inutes recuired to destror srores =zt 1CCO C*
Speores in nea juice socres in szline
+II 2.10 Dii ©.90C
InerTicient mificient Inellicient Lfficient

Cirranisn
sushber
1 50 60 20 1C0

8 10 20 o0 60
12 o 60 o0 ¢0
13 SO 60 o 60
14 60 70 00 70
15 10 20 10 <0
22 10 20 519 40
23 60 70 o0 70
29 o 10 10 <
17 ) 10 <l o0

*Ccncentration of szores 1C,C00 ver ml.
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Trhe thernal deutl tine =t 1000 ¢ for tine srercs cf

3 4 - ~ = S+ e 2N S ey P 1- oo £ v~ 03
destroyed witiiin 60 rirnutes wille tle rencinin. five

susyensions reoulred betwesn 7C wnd 10C irutes for

3

cciirlete Zdestruction.
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Ihe ther:a

There vas w adaecrease in the tirerasl ccati, tine at

10C° ¢ Tor the spores of these orceiiisis wien susnended

e

~
oY

Tew julce 7IT ©.1C 2s ccripared to the theirnzl decth

tize wien susrendaed in seline »i .00, Zive of the ten

&

or:;arnisns included in this work were destroyed within
20 minutes when suszenczed in pea julce zs coon~areld to
twe when susvended in caline. Threee additvicnal orzan-
isis were destroved within 60 2inutes when sucsrended

in pez Juice us,comnrered to five or-unisas wien sus-
rended in szline. 7Tlhe reruinirs two of the susrexnsions
in veu Jjuice were cCestrcyed wituin 70 winutes. we of

the reqeinin~ tlree suc-ensicrns in saline viere destreyed

2

within 70 uinutes, the trird reculiri:: between 70 an

1CC ziinutes for comnlete destruction.
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duce ucid at 2C° o, vith the noseibilit— that these
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otudies o tl.cse Co i e “ Ou v

Lodre-en len cencerntrition of rea julce len inccu-

unezrolbicully To. six duvs at 200 J. Uhe final 3@
vulue in scme cluses Leins £.17 as comrured Lo the
crlincl 7% vilue of ©.10. It is veary »rohuhle tha
with o lon~er incubaticen reriecd the »E value would
have reuched 5.0 to 4.5 wiicih 1s [re-vently attceined

n . . . ] A e s . L s
fhofs., Silrce it ving Soesircsd ho givulzte 2 Cconal-
s L e N - = P s T~ v N
ticrng £t mi~ht be found 1in cLoaed T0Cds o Ceonlt-

B T s e 5 i, R A -
winwtiones veore mule cercbicully.

In stuzying the he:t resistance c¢f the orsunisnse

it wos Tound thut for a szore concentrztion of
10,000 per ml. suspenrieu 1 jirsiclorical calt

solution (pil 6.20) at 100° § t4e effective ¥illin-
time varied from 10 minutes to 100 zinutes, Ior tie

s.ne cercentrotion of ghcres suegpended 1 pea Juice
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IVe GEIE.AL SULLLRY

Reilned beel suiar coutalns fa
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in pea juice lowering

Triere vias a definite relationciiip noted tetween

tlie therrnal dewtnh time for the
“er the ontizium terperature
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As tiie hydroren ion concentrat

increacsed, tlhe tine recuired f

truction of the s-ores is decr
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