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uHd to evaluate the total lethal.. effeot of. heat on the baoterial. ,pop,. · 
: • •  ·, J : . 'f." . • • F. , • • 

ulatioa in .a sealed oontaine.r of �ood. material. _The ohemi.oal r��·�� 
, ��que has. &180 �led a atud,y to be made of tl;le,., ef�eot .that, � ··"'·� 
.lll:OVement .or. the material. 1li thin the container haiJ en. the, ].etb8:J.1 t;y � . _ 

" '" • ·• • • ; l( .  ' ; o I • . -.;.- • ., 

the .. applied heat. ·-� 

. _,:.. the 4egree ot deatruootian ot baotarial spores is shown to depend � 
on the aotivation energies and. deoimal reduotion times of the ohemioal 

• ' "' . :-·.: "" t. ' . · 
and bacterial qstema, and on the �heat penet�tion� 

J 
charaoter18t1Qa ot 

the material being prooeased • . 

Aaid �· ot IIUO�, iD'buf't'ere4 solution, waa ohotlell u-: 

the model obeld.o� reaction eyateu. · It -.. used in the exper1.melltal 

:·at� ot no twe• of. prooeaa, a with cans .tatic:mary, ... in.�� 
oCU�Hroial batch retorta, m4 the other with the oana -rota'*l "•5P�wa4" 
aa in some commercial agitating batoh retort a and oontim10WI ��� .. 

� etteat ot convection oil the extent of suoroee .bJ4rali'd• bae 
·been imeatigated. By cambin1ng recorda of oan t•peratun · )11. th 4at& -.,,,:. 
1:be rate ot suoro• �·• the f'in.al canosntraticm ot acl"O.,. hae ' "� �· -

been oaloulatea. for a raage of proceaeea. 'fbeae caloulated�...:tuea·b&ve 

been oc:a.pared with those actuall;y obtaine4 in the oan. 
!heoretioal oonld.derationa ahc)y. that the etreat of hot ili'\�al 

. Ana ohelllioal ' e1steu •• caioulated from . temperature a iAeaaUred at 'Pollti:-:: 
fiXe4 with resPect to the OCI1taiMr, i1 not Moessal'U7 the .... M � 
aotual.l7 obtained in the container if OOilYMUGD: taaa: p1aoe · ·c111Z'iag LtM 'f!'3r 

· proo•••• · Simple oOUYeoticm. aoclela han- been ue4 to relate th* utlllt .-,r 

ot!·IUOron �� o�oulatecl tram the te��paoat1ire 4&1:&:,> .to :tU.t '· · 
1Gtual.l.7 obtained iJl the OeDe · 'lhl80 OOD.Y80tiCI11101el8 mow that the � 

erature at the gecaetrioal centre ot t4e can could be oCDid.clered tpoal 
ot the whole oan tar both statio and. a.gi tated can prooeaMs. 



� 
!be degreea ot destruot1CII1 at two mioro-orgam •• 1d. th 41t'h1111l\ 

"beataoreaiataDoea" hll9'8 al110 been oaloulated. trca the oen temperatuN c1Ata. 

The .. haft enabled relationabipa between the auaro• �· aDil the 
apore 4estruaticn to be e.tabllab.e4. !be etteota ot -the Tarioua Pl'Oit...U.C 

taotora OD the .. relatiCIIlllld.pa, · an4 OD tt. rate ot beat tranaf'er to ti­
oan ha're been lltl141ed. !he hotara 111Y8atigate4 wre pl'OMaliDg p:N� 

Ul4 length ot prooeaa, tar statio oa aD4 agitate4 ea runs, Ul4 type.'IID4'. 

apeecl ot I'Otation tor agitated. om ruu ODly. 'lhe prooeallbg pre.aura·ta 

tbe qUated oan runa, an4 ttaa· J.eDath ot the prooeaa in MtJl· agS. tate&.ua 
atatia oa runa cSo DOt appea- to ban lligld.fioant etteota, but the ethota 

ot all other taotora studi.e4 are aigDitioant. 

•' · 
!he ocmaept ot equin.lent t1ae c!itterenoe, wbioh arises t'roll the 

relationllbip betwen the extent ot a ohemioal reaotian and the degree ot 
spore destruction haa been defined and examined. Jloclel temperature Ta 

tiu ourna for a greater rauge at prooesaea and oan siaea than that uaecl 

in the experiments have been oaloulate4 uld.ng heat tranater rate data 
baae4 on the agitated oan runs, en4 the 4qen4enoe ot the eqalftl.elrl tiae 

41tterenoe on the tn>e ot prooeaa an4 on the ld.se at oan ia aiaouaaecl.-. · · 

*ltiple reaction �tema in 11hiah llleatrurementa ot the matl ot 
HTeral ohemloal reactions, eaoh with titterdf aotintiOD aerglea, an 

UM4 to eatiaate the degree ot destruoticn ot QOrea haTe bee lDnftlgatecl. 

!be moclel tn;perature n t1llle ournt�, deri� tar the �· ot the ecpt..­
alat U. clitfer.moe ocmaept, were uee4 with data cm the atea ot the 

OUOl'OM �a·roootiCXl, 'liliah hu c·llllti.,..tiai>. -- ftr 22.35 �� 
ID4 cm the rates ot two hypothetical reaotiou llith aoti.T&ticll eMI'Sl•• ot 
30 an4 45 kaal/IIOle. latillatiCil ot th• degree ot .ore deatruotica wd.»,a 

reaotiona in pelra or in groups ot three ia daouan4. 

It a pair ot reaotiona ia uaed, a kncnddge ot rates ot hea� trauter 
to the oan ia required far aat1ataot017 eatilllaticm ot the lethal etteot ot 
heat. It three reaotiona are U88d, the lethality ot the prooeaa oen be 
e8tiaate4 111 thottt heat transfer rate data. 
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" 
Errors arising in the estim:ition of the lethal effect of heat an 

baoterial spores using chemical reactions singly 1 in pairs, or in groups 

of three are dieoussed. 'lhe maximum errors in the letha.ll ty of the 

process as estimated using the various chemical reaction techniques were 

fOWld to be leas than one qUArter of those arising from the same sources 

in traditional process calculation methods, in quite a number ot instances 

much less. It is also shown that unaertainties arising from the necessary 

experimental measurements can be evaluated much more readily 1'li th a ohem-

ical reaction technique, especially the three reaction system, than they 

oan in other methods of prooess evaluation. 
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