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SU~lMARY . 

Calculations. from heat-penetration data and the destruction of spores 
of bacteria of known heat resistance have served to establish processes 
for the commercial canning of low-acid foods such as meats and vege
tables which are subject to spoilage by numerous types of facultative 
and anaerobic organisms including toxin-produdng Clostridium botulinum. 
Home-canning pl:'OCeSBeB generally reconllnended have been derived hy 
the rather arbitrary extt'nsion of comnu:rcial proccsses. Since the home 
canner is accustomed to using glass jars and since home procedures and 
steam-pressure elluipment diffcr from commercial, the processes have not 
bccn wholly satisfactory. Failure to consider thc extra process value of 
the cooling period for gla'.,'· jars, together with the praetice of adding a 
large margin of safcty to thc proceSs time, has resulted in home-canned 
low-acid produets whieh were often overprocessed ami. lUlattraetive. 

In the devclopmmlt of processes reported herc [or home canning of 
low-acid foods, cssentially the same rescarch techniques applied with 
success in the commcn'ial fidd werc employed. .Hl'at-penctration data 
on meats and vegetables, prepared, packcd, and proeessed under home
canning conditiOns have bcen obtained. Adcquate processing times were 
computed on the hasis of these data and on the Il(~at resistance of Cam
eron's putrefactive anaerobe No. 36i9, the spores of which are more 
resistant to heat than those of C/. bOlulillum. Ca\euhlt('d processes were 
('\l(~cked by experimental packs inoculated with spore suspensions of 
culture No. 367Q. 

Exploratory work with meat was cnrri(,d out with chunk pork at tem
peratures of 2·Wo and 2500 F., at different process times. :From t~ese 
data process times were estimated for all. inoculated-pack study for proc
essing at 2·Wo F. After inl'ubation at 98.60 for at least 4 months, gross 
spoilage occurred among inoeulated quart jars processed 60 minutes, 
SOlllC spoilage from an SO-minll te proccss, and no spoilage from 90- and 
IOO-miJllltc pro(·csscs. No spoilage occurrl'd among the lin inoculated or 
control jars similarl.\· treated. A total of 36t. quart jars wcre processed 
to obtain thc heat-penetration and ill(l(·ttlau'd-pa('k data for establishing 
the gO-minute pro(,('5s for pork. 

Heat-penetration data were obtained from a total of 74 containers to 
establish processes for othcr meats at 2_.100 F. Equivalent proces!ies for 
other eontainers \H'rc determined from the mean values and their stand
ar(J devintions ealrulat('(1 (1"0111 heat-penetration data on 12 each of pint 
jars, L\o. 2 and '\0. 3 canS. These processes were found to be 75, 65, 
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and 90 minut~s, respectively. Processes for beef and boned' cllicken. in ,. 
quart jars were found to be the samt) as that for pork. The equivalent 
process for chicken packed with the bone in quart jars was derived from 
heat-penetration data on 11 jars, and found. to be 75 minutes at 2'100 F. • 

Process times at 2·lQo F. for 12 commonly canned vegetahles were 

developed from heat-penetr;ltion and bacteriological data on 2,034 pint 

jars, and heat-penetration data on an additional 1,052 jars and over 700 

tin cans. These tests show that when foods are horne cann~d in glass 

jars the long cooling periods required contribute significantly to the lethal 


" values of processes. With vegetahles in pint jars the sterilizing value of 
the cooling period a\'eraged 50 percent of the total. In quart jars an 
average of 36 percent of the process. value was contributed by the cooling 
period. In No. 2, and ;\0. 2M tin canS the corresponding averages were 
15 and LL percent, [(·spel'tivdy. 

Relatively high values of cooling periods for glas~ packs did not. how
ever, lead to generally shorter processes as compared with packs in tins. 
The exhaust given the laW'r hefor.e scaling [(-suited in higher initial tem
peratures which tended to balan('e the steriliy.ing value of the cooling 
period for proeesses in glass containers. 

The data ohtaincrl have permitted the re{'ollllllendations of reduetion 
in prol'esses for vcgetables in pint jars. With quart jars, lower initial 
temperatures and greater variahilil) of heat-penetration data have made 
it necessary to re('Olllmcnd slightly longer processe~in a few instances. 
Processes derived for packs in tin containers arc in good agrecment with • 
those u'ICd ('oIllIlH'reially. 

t~' 
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Il\TIWDL CTION 

In 1l1(1 [lJ'l'H('l'\'ntioll of foods by cllnning tI\l' objN't of the process 
01' Iwnl tl'('tltnu'n t i:; to uN; troy 01' inIH'th'lltl' flll ol'gllllisms pl'(~sent 
whit'll 11I'l' (,t\.pllbll' or ('lwHing spoilngl' of the C'IlI1IlNI product under 
eonditlons l'xisting witllin till' Hl'tlkd ('onlilitll'I' during stol'!~ge. This 
(,lid is IIlUlillt'd w'l1l'tl till' IH'odllct is ('olllpll,tl'ly stl't'iliz('(l. For pl'fiC

lieuL plll'pO:;PS it nlny nlso lw nttllilwd in till' 11bs('11('(' ot complete 
~tl'I'i1itv it' sUl'viving ot'gnnisms 111'(' inl'tlpnhll' of prolif('\'Ilting IU1cl ealls
ing ..;pt;ilflgl'. Adpqltllh l (11'(J('lISSl'S Haist Iw b!Hil'd, tlH'Il, upon th(' time
tc'lnpl'l'fttllt'(' t'{'ltltioIlS IIl'{'PS:;t1I'), 1'01' dpstl'lll'tion 01' inllC'tivlltion of 
spoihlg't' ot'g'nniHlll<; in YIlL'iollS ty[>l'S or protluets, 

• 
L Arku()wlNlgIIH'nt' .IS 1I1!l<i(' to :\!nr.\' S. HhoL'h fu;' (·arly work on buct('riological

prohh'tl1~. nnd to :O;ophi(' ).1!LrCllli(' fm a,.;:<istll!l('(' in till' slnLis\i('ILl intt'rprctntion of 
r,',;lIlIs. Tluwks ILn' chI(' to Olh'(' AII('lI, .Ruth Bc'rgr('II, l~tLtlll'rin(' Ebner, Phylli::i 
(ir(>('Ill',OlivilL lInnmll'rlt" Alil'!' Harkin, (irac(' ~('hoJltnP,n'r, :\fnbel Sterling, and 
Eli.:nb!.'th ~lok(''{ for minnhlp n,.;~istnnrl' in th(' lahoratory work_ 

1 
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In nddition to destroying spoilnge ol'gnnisms the process serves to 
cook the food bein~ ennhed, When proiol)O"ed, it brinttg nbout un
desirable changes such nS the dcvelopJDent of overcookecl flavors, loss 
of cha1'llcteristic texture, nnd excessive destruction of heo,t-Iabile 
nutdents, As It result, ('Ilnnillg technologists have recognized the 
necessity fOl' cnrl.'flllly pitmlll'd studies designed to develop pl"Ocesses 
that nrc sllfe and Ill; the silme time hELve thc minimum udvel'Se efrect 
upon c\uality of th(' cltlllwd food, 

"Whi e numel'OllS typ,,·s of ol'gllnisms may C/luse spoiJtlge of c/luned 
foods, only Onc, Clostridium botulimun, is significant itS a hellt-I'csist
ant, food-poisoning typ£', Sitle{~ this ol'gnnism exhibits It resistnnce 
to heat ('omplll'lthle to 01' gl"(,lltPI' thlln thlttof other common spoilngc 
types, it hils b(,(,1t 1l('(,ppU'd ns nxiollllltie by commel'cinl processors 
and by Il mnjol'ity 01' th08(' ndvising on hOllle efllming methods thllt all 
process(>s fOl' low-twid products should fulfill tlw bllsic requit'cment of 
being ndN[Ullt<:' to d('stI"OY til(' Sp01"('8 of ('t, botulin1tm, thp most hent
resistlmt, food-poisonill~ typ(>, 

SitH.'p til(' Jh'l'iod 191 ~ to 192.1, Whpll .ntt('ntion wus focused upon 
the probl('lll by 1H1I1l('I"OUS oulbl'pnks of botulism cn.\Ised by commer
cially cftlllH'd prodm·ts, tIll' indll~tl"Y hus 1"('{'ognizNI thp pl'lme impor
tance Of(·IUlnNI-food-pl"o(,p....s stlldips .. Its inv('stigntions hav(1 rpsultNI 
in the dpvplopIlll'nt of PI'()('PSSpS whieh IItw(' pmf'tielllly eliminatNI 
botulism ItS n buzlIl"(l fl"Om ('OJlllll('l"dnllv (,1I11IlNI pl'oduets nnd redu(,Nl 
over-fill spoilag(' to "pl'Y low h'V(lls, ' 

OutbrNd{s of botulism ('IHlS('(\ bv honw-pl'o(,(,SSNI foods contillllP to 
oe('ur nt thp rnt(' of 10 to 12 P(,1" y('ill', In 11 t'('cent publiclltion Esselpn 
(12) hns SU1l1H1II1'izNL l'pPOt"tNI olltl)!'Nlks, pointing out thnt cn.r.e\ess
nesS nnd fllliity (,lInning t('('hniqlll's WNp Ln.rgdy l"('sponsiblp, 

:Mnny irw('stiglltions hflYP b('('11 l'l'port('d, sllch fiS those by ~[ngoon 
nnd CulP('pPP1' (Ill, 20), Thompson e27, 28), Bigplow find others CD, 
Burns (fJ), Lnll('pfi('ld (18), ,'fH'kson (76), n.lId ,}I1('ksol1 Ilnd Olson (17), 
These fi ndinl,.,'S hftv(' ])I'O\'i(\('d l'xtPll8l\'p in fonnation I"PgHrding the 
l'ntps Ilt whi('1! food in ('ltllS 1\(Illts dlll:ing pro(,(,8sillg Ilnd thp l'frects of 
such fllctors ItS fillill~ t<'mpl'l'nturps, pll('k w('ight,. Ilnd fluidity, upon 
those mtl·s, Rim UltIlIH\O usly, Big('low nnd Esty (5), Bigplo\V (3), 
"Weiss (38,84), Eflty fllld :-'1('Y('I' (I.n, Di('kson and othpl"S (11), Esty 
nnd '''Yilliallls (1 fj), Ilnd otlH'l" hllrtl'I'iologists W('I"(' d('tPI'min ing tit<> 
thcl1l1nl-d('llth tillH'S of (,l, botuliuum ,!tlld of otlH\l' ('flllIlPd food spoil
age orgrlllisllls, 

r·ig(,llow Ilnd otb!'l's (.1) Hrst soh-I'd the' PI"OHl'lIl of tlPplying the 
above type of bact(>l"iolo~i('nl and phy:;iC'nl t1ntn. to tl\(' ('nlcuilltion of 
thcrIllnl pro('cssNl fOl' CIUUH'cl foods, lhll (1, 2) d(>\rC'lopl'<1 more 
f\('xiblc Illllth('.:l1 !tticlll fOl'll! Illations fOt" tlwl'llIlll-pl'o('('ss CII\(, lllntions, 
li'ul,tlwl' modifi('lltioIlR hn \'P 1)('l'l1 stlg~('sl('d by Olson Ilnd St('v('ns (23) 
f.lnd Schultz Ilnc! Olson (2.',). ('n\('ulnt('(1 P"O('('ssPs hlwP b('(,\l\ ('hc·('lwd 
hy (·xperinwntnl plll'ks ino('ulllt('c\ with bud('I"inl SPOt'('S of known hent 
!'!'sistlu1('(' ns clNl('l'ib('d by ('lllll('I'On (7) Ilnd \VillinIlls (35), 

For thp most pHd, ('(;nUllPI'('illl PI'O('P:;Sl'S !U'(> bmwd UpOll techno
logical dHtll l'plllting to IWllt IWIlPtmtion in cftntwd foods and the 
tlicrmnll"('sisf nuee of spoiln~(' ol'~nllisms, In SOIl1(' instnn{'('s, ft('('ol'd
ing to Cnml'l"on (8),\vlwl'c less information is avnilable thl'Y nre 
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HOME CANNING PROCESSES FOR LOW-ACID FOODS 

• 
based llpon analogy with processes Jor similar prcducts for which 
the information is adequatol or, upo'n generall'experience of the iIidus
try_ • 

HOll1e-canninll' processes nmv generally recommended are not so 
well founded, To a considel'nble extent they have been derived by 
the rather arbitrary extension of commercial pl'Ocesses, This practice 
doC's not take into considcl'lttion thnt home nnd commereia:l canning 
('quipment and methods diH'N' greatly and that such differences are 
I'(lf\('(;tcd in the sterilizing values of processes, Slower heating and 
(~ooling times with home-eanniI1g processes represent probnbly the 
greatest diffm'ellce, Foods home canned in glass containers under 
steam Pl'(-SSUl'O takc a long tim{' to cool, which ndds to the lethal 
ynluc of the procc;>ss. 

• 

[{('cent studies on home-canning pl'Ocesses .have boen reported by
N {.Ison and BCl'rigJLIl (2.t) , N (~lson and Knowles (22) I and Covel'l 
Tlll'k, nnd [((lI'llS (10), In the two lntter rcports the increased steri
Ijzill~ eifl'ct l'csulting Crom slow cooling in glass jnrs was recognized, 
Essclcn and TisclH.'I' (13) rcpolted home-canning studies in two 
instances of which procC'ss('s cnJ('lIlnt('d fl'oIn tllCl'mal-death-time and 
lH'at-penetration <tntn, w(,I'e eiwckl'd by inoculated packs, In spite 
of the fact that till' initial tl'lllpl'atlll'l'S of the foods canned in these 
exp(,I'inll'llts W('1'(' low (tnd thC' pr(-SStIre cnnllCI' and wat!,'r wero cold at 
tIlP sbut, till' r('stIits indieat{'d that home-eanning processes nt 2400 

II'. \\>\rieh haY!,' b('(-[t gNIN·tdly recommended for many foods may be 
more sewerI.' tiuUl I1('('PSS1U'Y, 

The stuclic's I'eport(>(l hero W(!l'O undertaken to gather sufficient 
infol'lnation on whieh to base scientifically sound homo-canning 
pl'o('esscS, Uellt-pC'l1ctrution data for meats, poultry, and the com
monly canned vpg~'tttbies have been obtained in experiments in 
whidl home-canning PI'Qc('{llll'es and equipment were used, These 
datl\ have bee'Il combined with th('l'll1al-death-time data for the com
putation. of ndequn,tp tl\('l'Il1al pr'O('('sses, Inoculated packs have 
been tIs('d to check the calclllttt('(1 PI'OCPSS times, 

GENERAL METHODFOH CALCULATION OF PROCESS 
VALUES 

Th{' O'('neml mrthod for calculation of process values is derived 
frOIll (,(,fating tinw and t('mpPI'ntur(' data given by the thermal-death
time (,II1'YI~ of thl' spoilnge OL'gttllislll and the heating-cooling curve of 
the container of food, 

TIIEIDIAI.-1)EATII-TulE CURVE 

A th{'I'mal-c\{'ltlh-tinw ('un'{' is constrll('ted by plotting on the 
locru,rillunir srale of sl'miloglu'itilmic papC'r til(' tinl(' in minutes re
ql~h'ed to dC'stroy thC' ol'gftllism against t(lmpel'll,tUl'(, on the linear 
gC'ILlc (fig. L), Bigrlow (.:3) noted that thcnhitl-death.-time data 
plotted ill this manner yit'ldC'd curves in which the relation between 

• t{,ll1peratllre and logarithm of killing timo wasl for practical pur
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poses, approximately iinear, Bal! (2) introduced the use of the fol
lowing symbols to describe sl!.,r.:h thermal-death-time cUrves: 

F=thc time in minutes required to destroy the organism at 2500 F. • 
z=the sldpe of the thermal-death-time curve expressed as the abscissa interval 

in degreel'j Fahrenheit intercepted by the lille in passing through one 
logarithmic oycle on semilogarithmic paper. 

':vhe eurve can be reconstructed using these two factors. FOl' 
al, botulinum in neutral phosphate with a concentration of 30,000 
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l~IOUTlE I,-Ideal thel'mnl~death-lillle Cun'e for Clostridium botulinum ill lleutrn.J 
phosphnto burfer, 

million spOl'(~S pl'r millilitC'l', Esty and S{C'YC'I' (14) l'epol't~d data which 
gave 11 thel'Innl-dC'ath-timc Clll'Ve from which values of F=2,7S and 
z=18 wore lateL' del'lvNI. Substantiation of these data with slight 
corrections was obsrl'ved by ':vownsend, Esty, and Basclt (30). Theil" 
l'l'su1ts indicated thllt the ideal thel'l11lll-dellth-tiInc curve for Ct. 
bot1dinmn in neutral phosphate is more Ilcclll'lltrly d('fined by F and z 
vnltws of 2.45 and 17,6, l'esp('ctivl.'ly. Since the yalues derived from 
the data of Esty Ilnd SIeyel' have been genel'!llly used in canned-food
propcss studies, they have been lIR(>d without the latel' corrections fOI' 
detl'1'Inining processes I'epo~,t(>d hL·re. •• 
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LETHAL RATE 

• The lethal rato at any given temperature is the ratio of the time in 
.minutcs required to dcstI·oy an organism at 2500 F. to the time in 
minutes required to destroy it at the given temperature. This I'atio 
is known as [11ft. From the thelmal-death-time curve (fig. 1) a simple 
geometric relationship between the sides of similar righ,t angle triangles 

, 10(' t-log F 250- T ' 
is expnlssed by the equatIOn ,., log Us"· z· from whIch log 

,J ,,=250- T Given T in degre.~s :Fahl'enheit and z, the slope of the' 
Ji. z 

thermal-death-timc curve', this equation CIUl be solved for ~ from 

whirh the l'('.('i p1'0('Ill} FIt, CIUI be found, Schult;" and Olson (24-) 
ga\'(' tabh's of lethal rntes at vnrious temperatures calculated for differ
en t vnlues of z, 

Th(' h·thnl l'nt('s for z= 18 I1re sml\ii I1t Fnhrcnhcit temperatures 
oral' 200, bllt· in(,I'ells(' rllpidly I1S the tempemture approaehes 250, as 
shown by the following tnbuliltion: . 
Tt1llC~(:!lfLre (,tthal ralr Lelhal rale 

100 •. 0, OOOolG ??:" U,0409~~~. ~.~~--------~-----.-
Hlii. .00088 230 _ .... _ • _•.... , ,07'74 .,1235_ .••• _' ____ • ____ • ___ _
200. ,OO1G7 .1468 

• 
240__ ._., ....• _. ___ • ____ _

20iL. ,00310 ,2783245 ______ .. __________ _
,00(10 ,5275210. 250 ______ •• ___________ • __ _215__ .0114 1. 0000 

220___ ._._ .••• .0215_0' 

HEATI~C ANn COOLING CURVES 

1)ul'in~ tIl(' PI'ocC'ssing of /1 contnineJ' of food, the temperature in
('I'(,Il!'les to Il lllaXimuIllllnti then c\C'cl'C'uses on cooling, To illustl'ate this, 
/1 I.enting-cooling ClII'Ve' mlly be constl'llctcd by plotting temperature 
ngllillst time on coord innt(' pllp(,[, (fig, 2), Jn this bulletin the initial 
tpmp('I'atUl'C'. (To) is d('filll'd us th(' tempel'lltul'c attl1ined by the food 
wlwo the t('mp(,l'IltUl'(, in tht' stN11l1-PI'(,SSUI'C' cllnne)' I'euches 240 0 F. 
Ilnd ('ounting of PI'{)(,('ss time bl'gins. Initia.l tcmpcl'atur.'e is thus 
di::;tinguisliNI I,'ol1\ pu('kin~ t('mp(,I'ntul'l' and sl'ltling temperature. 

LgTllAL RATgS ANI) PHOCgSS VALUgS 

• 

It is oot ('ss('ntinl to ('onstl'uet /1 hNlting-cooling curve in order to 
('niC'uIn.t(' pt'o('('ss '-u.1UN:l from Iwftt-pcI1('ll'atioll dnta. The tempera
lUl'('-limc dn.tll 111'(' nl'l'nngC'd as iIIustl'llted in table 1. For each tem
Pl'l'Iltlll'C' of tbe food at <i(·Hlli t(' time inte'l'ynls, the lcthlll value, F'it, 
fOl' thllt t('mpC'I'atUL'C' is C'ntC'I'('(1. in tll<' tublC', A lethality curve is 
constructed by pIoUing IC'tlinl ynluc Ilguinst time on coordinate paper, 
IlS shown in figm'c 3. The MC'ft under the lcthnlity curve may be 
d('U'l'miu<.'d by counting SqllfU'(,S Ot' by mellsuring with a planimeter, 
IlS shown in figuI<.' 4, This /11'('11. I'<'PI'<'s<'uts til(' totallcthlll value of the 
hC'llting-<,ooling p(·dod. It is d(lsignttl('d fiS Fo und is a mellsure of 

717161 "-4(;--2 
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period, without tt'ahsposing tho CU1:VO. ' '1'ho sum of ]i'J{ and Fa rep~ 
resents ]i'a, tJ,le totnl value of tlJe process. 

ThE} process ynlues fol' shorter periods interpolated from experi- • 
mentnldata nrc subject to 01'1'01' when nn attempt is mndo to apI)lv 
the method over too groat n ~'al1ge in pro<!css times. Expcl'imentn,l§, 
the curve for ehol,t pl'OCI~SS tunes shows that the tempCl'llturc of tho 
load may remain ('oh!'lblnt fot' som(\ minutes or incJ'c>.lsc slightly 
hefol'o cooling, 
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PROCESS T I ME ( MINUTES) 


FJ(tUHI{ 5, A\'{,I'Il!-\(' prOC('HIi yahw-llI'O('('XH tiul(' CUI"\'C for ;;IIR(J bellns proccs:!~u.ln 
pillt jnrli III 2·10° F. 

1.'1'CllSf'. the "nlu(' of til(' prO('N;S, With this inCI'('J11l'nt una('('ollntNL 
fol', th(' t('ndcncy 1s to obtnin longcl' PI'O(,PS$ tilllcs than 1I11lY be 1'1.1

{lUlt('d for !l given PI'O('f'SS nlhH' , HOWC\'f'I', this is more c\csil'llble 
tJ1IUl if the 1'(1\'('1'5(1 Wt')'(, trill', Rinc(' it tends to yii'ld 11 gl'C'utpl' HUll'gin 
of sufety, 

"~hl'll the, teJ1l1)(,1'1ttUl'C of thl' fo()d in the con tllinf'~' hils l'cllC'.hpu the 
cannel' tf'mpco1'lltUl'P (240 0 F,), VI\lucs of lonf;t'I' pI'ocess('s mn}' be 
obtained by uddi:ng 0.278 (.:~<""lS) fOL' ('ncll ndditiolllli milllJ to of the 
process timt'. 

DgTF.1UII:'i'A'P10"l 01' Pnocgss Toms .'OR SI'ECIFI.C :Fool)s 

A If'thality ('Ul'\'t' is constl'ud(·d fol' f'nch ('ontain('I' of'Jood at ('flrh •cxpel'imentlll pn)('eSS tillH'. PI'()('NiS YIlIul's 111'(' obblinNl COl" 11 mini
mum of three pt()('('!lS IH\l'iods, A PI'ON'SS \TllltH'-PI'O('NiS time Clll','r, 

http:proccs:!~u.ln
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If 

• 
such as L" shown for snap beans (fig. 5), is constructed on coordinate 
papel~ by plot'(,ing Fo on the ordinate and process time on the abscissa. 
Froin this curV3 process times can be read fOI' this food WhilCh will 
yield processes adequate to destroy any spoilage organism for which 
the thOl'IDul-donth-tirne em've hns a slope of z=18 and a known F 
value. In a like mannel', pI'ocesses for other foods 01' for spoilage 
organisms with thermal-death-time curves defined by other z values 
can be computed. 

EXPERIMENTAL ME'fROn 

F'OODS STUDIED 

Hent-pc.'netmtion data have b('('Il obtltin(~d for processing of pork 
in quart ,wd pint, jill'S, and in No.2 !lIld No.3 tin cnns; btlo( and 
chidwn in qUlu't jIll'S; 12 commonly ennned vegctables-nspara~us, 
limn beltllS, sunp bNUlS, beets, CIll'l'ots, corn, okrn, peas, pumpldn, 
spinach, SlllllmOl' squush, and swcetpotn,toes-in quart and pint jars, 
and in No, 2 and No. 2X till cans. 

Monts nnd poultI-y WCH'e obtnined from the Bureau of Animal 
Industry nt the .Agl'ieultlu'nl Research Center, Beltsville, Md., and 
from the commet'cilll nutl'ket. 

Vcglltubh's werc obtained from !l. locnl market while they were in 
senson. These included vcgetnbles Jrom many t'egions in the country. 

• PREPARATION AND PACKING 

Mcthods of prepul'Iltion and Ihwkipg of the vegetables and meat 
followed proccd m'cs given in depfu'tmentul pUblications AWI-93 , 
and AW'I-110 (81, 82Y ('xcept ,,~here preliminary work made changes. 
seem nc1visnble, (Sec AppendL", p. 27.) Within tho restrictions of 
htbol'l1tot,y tt'C'ilniquc, all caIlning was done as neal'ly as possible as it 
would be in the home. 

'1'he pnclwd weights of precooked vegetables in pint jars and the 
dmined weights Ilfter processing nre given in table 2. 

TABLE 2,-Al1erage packed weight and dra-ined weight for vegetable8 in pint jar8 

Average weight of

Pro\ll1ct Precooked Dmined 
vegNnble processed
pucked Vegetable 

Grams Gram! 
412 361,)~r.~~~W:~;i_·=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::: 201 360 
338 349,{~~~[~;, snn~:: ..::::::::~::::::::::::::::::::::::::~:::::::::::::::::::::::::::::: 374 372 

Cnrrots .. _....................................................................... . 3,18 377 

Okrn. sliced.......... , ........................................................... 267 •••••••••••• 

Okm. whole _....... -< ••• _. __ ......................................_ •••••••• 2(H •••••••••••• 

I)l'as ' ... ' '" "~ " ,..... _..... ~ ....... ~ ," ........ .......... __ ,. .................... "' ................_.. ______________ _ 288 •••••••••••• 


• 
PUlllpkln, ~lJb!"1 .' ............... " ............................................. 400 •••••••••• _. 
PUlIIpkln. JIllL~hl'(L._ ............................. _............................ . 
Spiulleh..._ .... . ................................._......... _._ ••__... J~g ·· .. ·····348 

Sqll[lSh. ~Ulllllll'r..... ........................ . ....._•••_._......__.......__ 414 367 

Swrl'tpo!lIlors, dry pfl('k... ................... . ............________ ......._•• 4,12 """""" 

SwcctIJotnW('s. WI't nnck........____••_..........._......___•____•__••• ___••••••• 385 410 
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RA'ms 01·' HEAT PENE'l'HATJON 

Tomp('mtUl'cs W(\1'O obtnilllJd by means of coppor~com"tantan 
thm'mocoupl('s plo.ced in tho' contu,inel's of food at tho conier of the • 
region which is slowest to heat. Thcrmoeollp\es were ('onnectcd to n, 
1'(!col'cling pot('ntiorrwt(1l'. The wires W('I'O 24-gauge, dupll1x onamol 
cov(\L'cd, aild individlHtlly glnss-wl·fLppcd. 'l'hol'lllocouplcs were Il1ltdlJ 
by twisting thc Lwo btu'c' wiTes ttnd sold('l'ing tho junetion, anel' which 
tho twist WIlS elippN[ short. '1'11(1 insnln,tion neiLl' the junetioll WitS 
wl'upp{'d with lirwlt tlll'{,lld 1L1le! cOltt('(1 with liLeC(lwl', Tlwl'Cno('ollplc 
wiJ'ps W{'i'(' s('nkcL illlo thr lid of tLI(' ('fiIllWI' tlll'ough a fiXtUI'l' ('ontainillg 

• 
l~lOt:IU~ O.--l'rcssllrc 	C!U\lIl~1' on hcn!; l'Oll1'Ce, w.ith lcmperntUl'c-llIcnsllrilJg ('qllip

lUCHt- IIRscrnllh'd 11K lI~('d in the stlld.\', 

six stuffing boxes, A singlr sLuffing box was made to Icnd the wires 
tlu'ough Il mctnl lid for NtC'h glass jaL·. Stulling boxes wel'(.\ also used 
fOl' lending wil'('s into tin eallS. Hcrc the nut holding the dovicc) in 
pIneo WitS soldel'l'CL to the undel' side of tJl(llid into which It hole of the 
prop(lI'size hnd been drilled. 'rhe th!'('nds wel'C clearcd with It tap so 
that tho stufling Lox could easily be· sC'l'cw{'(1 into the lid. In this way 
thc thcl'mocouple wir~ did not int(·I'fN'o with the opel'ation of the 
can sealer. 

The scaling t{'mpet'fLtUl'e of fll! tin eontnifl('l's WfiS at lrust ,170° li'. 
Filled, unsealed CILIIS, wlit'lh('\' paekpd with hot or cold foods, 1"(1rc 
placed in a cov~'I'{'(1 boiling Wit U' I.' bnth with tl!n Wlttel' fevel 2 inehcs 
bolow the top of the cttns and iwttLt'd un til the tempcl'ntul'e at Lito 
contOL' l'Pfi('iled 170°. Hnw m{'nt in glllss contlLiners WitS nlso tl'eatt'd 
in this IniUlIIN', Glnss jm's pn.('kpcl with bot foods W(H't' phLet'd ill the 
CI1Il1H'l' without furtilt'I' ll('ntilw. 'l'lwnnoeouplcs W('I'(! IS('l'{'WNI into • 
t1w tops of tin ('nilS 01' W(lI'r pl!l,~'d in jat·s which Wt'I'C' put inlllledi!Ll(,ly 
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HOME CANNING PROCESSES FOR LOW-ACID FOODS 

in the canner. The arrangement of the temperature-measuring 
equipment is shown in figure 6. 

Aluminum steam-pressure canners of the regular household size 
holding 16 pint htrs) 7 qUl1rt jars, 16 No.2 cans, or 10 No.2}' or No. 
3 cans were used for all processing. In each case a full load of con
tainCl's was processed. All but '<lui1rt containers were stacked in two 
tiers. Jars 01' cans with thel'rnocoup~es were distributed so as to be 
in the center aud at the sici') in each tier. 

'rhe cttnncr when loaded contained boiling water. It wa_operated 
on a 2,000-watt unit connected through a variable transformer and 
wattmeter to register the energy input. After the lid had been fast.; 
ened H,nd the cannel' temp('l·1Ltul'e reached 212° F., tlie canner was 
exlllLllsted for 10 minutes. Temperatures of the container!') and the 
canrwl' w(\l'el'(~col'ded con ti n Hously from the timn the lid W!l~ iastened. 
Proc('ssing time was counted from the'instant the canner reached 
240°. A cannel' with pint or qun.rt glass jars' or No.3 cans was 
I'cmovod from the heat source at the cnd of the process and allowed to 
cool at room temperature away from drafts. When the canner tem
perature reached 212°j the lid was removed and the glass jars placed 
on It table to continue to cool at room temperature. The cans were 
immersecl 111 a pan of cold water. A cannel' with No.2 or No. 2~ 
tin containers was removed from the heat source at the end of the 
processing time and the steam pn'SSUl'e released. All mins were 
removed immediately and immersed in a large pan of cold water, 
l'Uplenished to assure rapid cooling. The cans were rotated to hasten 
Moting. Recording of the tcmperuLllre of the food within all con
tainers continued until it WftS below 190°. 

INOCULATED PACKS 

The inoculttted packs were carried out essentially as outlined by 
Williams (35), For meat) quart jars packed with pork chunks were 
used. The jars were the type having glass lids with rubber rings and 
wire-bn.il closures. For vegetables, all inoculated packs were run in 
piliL jars with metal closures. In interpreting the results of theinocu
lated pitcks, the data on the survivn.l or destruction of the test organism 
ill pork in quart jars and vegetn.bles in pint jars 1).llder defined process
ing conditions have been I1ppliecl to meats and vegetables in other' 
sizes and types of containers. . 

'rhe test organism was putrefactive anaerobe No, 3679, isolated ,by 
Cl1meron in 1927 in the laboratories of the National Canners Associa
tion (Townsend, Esty, and Baselt, 30). Since that time it has been 
widely used in canning laboratories as a test organism for evaluating 
the adequacy of calculated thermal processes for low-acid canned 
foods. At 250° F. in phosphate buffer at pH 7.0 the spores of this 
I1nu.erobe exhibit a resistance to heat somewhat less than twice the 
ma}"'lmum resistance l'eported for OZ. botulinum under the same condi
lions (30), and the slopes of the thermal-death-time curves of the two 
orgl1,nisms are similar in such media. In most meat and vegetable 
products this organism grows readily with rapid gas production, 

Spor~ suspensions were preparpcl by growing No. 3679 in pork 
oxtruct, broth. After incubntion for 3 weeks, pork solids were removed 

http:wire-bn.il
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by filtration through cheesecloth and the spores concentrated 'by 
centrifugation, Vegetiltive cells were killed by heating suspension$ 
at 1850 F. for 10 minutes. Spore .counts were made in deep agar in 
flat culture tubes. 

'l'he heat resistance of spore suspensions was checked by thermal • 
death-time dcter'minutions using pyrex thermal··death-time tubes. 
Oorrections of 0.85 minute werD deductccl.from observed heating times 

• 


FIGeRl~ 7.-Iuoculated anel control jars of foorl under incubation at,S6° F. 

to correct fOt' heuting lug (Sognefest and Benjamin, 25). In phos
phate buffer, prj 7.0; wi th 'spore ('Olleen tmtions of ] 00,000 pel' milli

'liter, F and z values Df 5.6 and 19.0, I'cspecti vcly, were detel'miIied. 
Appropriate dilutions of til(' pl'l'pm'C'Ci sllspensions were made in 

sterile water for lise in inocuio,ti ng cxpcrimen tal packs. For the in
oculated-pack checks on meat proc('sses, 1 mL of sllspension contain
ing apPl'oximate\y 30,000 spores was injected with a hypodermic 
nCNlle into a chunk of pork loeatcd at the center of the jar. Vege
tables in pint jars were inoculated at the jar centet· with 1 ml. of a • 
10,000 per milliliter SpOI'C suspension. 



From pl'plimiLULI',V ilPltl-(J!'nt'trll.lion dnttL tll ll'itM lhl'('(' pro('pss('~ 

• 
\\,pl'(, e\to:;pll for mn.king- til!' ino(,ltial('<i-pltl'k ('hpek on (,Ilch product 
studi('d. Thl' shortt'sl ()I'O('f'SS was l'stimllll'd to yil,ld ('oll1pkt(\ 01' 
woe;;,; spoiing'<' I1ft('I' (ll'o('p,,;,;illg' nnd incubatioll of inoculated jnl's IW(t 
to S(ll'\'[, It;; It ciw('k on til(' tlll'I'lllill 1'(';;i~tnlH'(' of lhl' ll'sL SllR(W!U;ioll, 
Thl' inl{,I'llll'diull' IIlld Inllg'('sl P"()('PSS!'" WPI'!' ('slilllnlPd to yi('1l1 litLie 
lind 1[0 spollng'l'. I'('sp(·(,th'ply, For (,H('h or til!' (,lIll'ulul('(\ Pl'o('pss('s 
thl' (Hl!'k ('OIl'-1isl(ld or II Illinillllllll 01' :2·l illo('ulnll'd und 1:2. ('onll'Ol jilL'S, 
~I('nl;! W('I'I' illl"uimtl'd nl (lS,(j\l F.lllid "pgl'tIlIJIl';; III Xli" 1<'. (fig, 7) foL' 
!)(J dny,.; ol'lollg-PI', t1II1'illg whil'h Ii Ill!' jnl's 1\'('1'(' ('Iu'('kl'd dnily for siglls 
{II' ,.;poiiugl', ./IlI'S of \'('w,tubll'''; whi{'it sllr\,in'c\ ill('uhnlioll \\'pl'P suh

• 


1'1;1111. .'-,. fI:u""rilllll:.:wail'\lIIl1i!Ultin!1 "I' jnr~ or rood tcr(('r jl({'llimtiol1 to check 
fll[' ..,111'\ i\ alnf "'pl1i1agl' (!n.utni"'lll~. 

{'lilt III'!'!! illlo appropl'iull' 1lII,din 10 ('111'('k 1'01' slII'vjvnl of tht' tr'st 01'

gllllism lli~, :-il. 

PIWC(·::-;SES FOB. \II<;\TS 

• 

Th(' Il11'HI\ 1'1'0('(1';;; ,':tlll!' nlld slllll<inl'd dl'l'inlioll 1'01' ~(j jnl's of pOl'k 
luiLl (ll'p('ook!'t! ill hroth. alld PI'()!'!',.;,.;"d I'DI' 1:1() milllllps al 2;'10" F. 
hy II tlIlltiifil'utioll of till' 1lH'lh()(l t1p,;(,,'iIJ1·d h,l' Sllllll!','" Stil'niJitl'gl'l', 
alld Slltlllk (iii) \\'('1'(, fOlllld to hI' oO.n tilld 11,1. I'l'slwetin,ly. 1<'01' 

:>tj jill'''; or POI'\.; plll'kl'd I'H\\", I'xllllll";ll'd. Hilt! prr)(·p';'-1(·d XO minutl's fit 
:2."jIl) by till' IIwt hod dl's('l'iill'd 1>,\' ('OYI'I', Turk. nnd 1(,,1'11;; (/O)! til{' 
Illf'llll ill'[)('p,;", "nlll!' wn,.; ,IS.li nud lill' slandnrd d('I'jnlion 11.2. Tltp 
"tl'rtli/.ill~ I Hil1L'S ur lhl''';!' ('1'1)('(''''-1['''; HI'!' 111111'1\ gl'('l1tpl' lh:llll'l'qllil'pd to 
dl ..... u·oy klloWI\ "'pllilng!' lll'g'lIuiSII1S. 
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Reduction of the process temperature from 2500 to 240" E. and 

rer;,cstii:u~i~~~!o~~~nSl~~l~ j~6)b:a~~e fh~~~~~~dsi:~~~e!b£a~l~a~~ 
'l,'ABLE 3.~Proce88 values for pork loin processed at 2400 F. in quart jars 

l>rQcil.'t~ time 
JUn!ut 2·10" F. 

M(lIu/e,1 Numoer 
1:15 Ifo 
110 Ii 
100 Iii 

From thesn data proc('ss limN; w('rc ('stimatf'd for an inoculated 
pack sLudy for proc('ssing at 2400 'F. lnoculll.ted pucks wcre processed 
60,80, 90, and 100 minutes, Rpsults of this work arc given in table 4. 
After at least 4 months at 98.6 0 F. the inoculated and control jars 
were romovod from the incubator and hdd at room temperature. 
An spoilage of inoculated jars occurred during the first month of 
incubation and nOlle during an additiol1nl IS-month holding period 
at room temperature. No control jars spOlled. As expected from 
Fo values, gross spoilage OCClllTN[ mnong the inoculated jars proc
essed 60 minutcs, somc SPOilltgl' nmong the JILl'S processed SO minutes, 
and no spoilagc umong th(> jill'S PI'O('PSSN[ 90 nlld 100 minutes. 

TAB[iE ,1.-liTJOilaoc 0/ jars 0/ pork illoci/lated 1vith 80,000 Ilpore.~ 0/ putrefactive 
U1lUcrobe No. 8879 per qllClrt awl of COll/rols afler processing in quarl jars Cit 2400 F. 
and illcubaUlIU Cli ,1)8.60 

Process \'tlltws Control Jars 

Ifcat-penctmtion dn,ta W(,l'(~ oblaltwcl from 73 (\UlU't jflrs of pork 
prorcss('d for 90 min Ull'S at 2400 F. The cnlculatc( Fo ynlucs mngcd 

. from 5.9 to 21.6 with a menn of 15.0 and a stlmdard deYit~tion of 3.8. 
Theso vnIucs wcre tested for confol'mity to the. normnl distribution 
and fo\md not to dcpllI·t significantly ftom llormnlity. In a normal 
dis~riblition 99 p('l'cent of the items lie within mellll plus 01' minus 
2.6 times tho stnlldnrd cll'Vintion. rl'he probability of nll item fnIling 
bolow mean minus 2,6 times the standurd devintioll is only 0.005. 
Tho (':\.,])crimt'lltlll values fOI' pork in quart jars were all within this 
1'IlngOj the lowor limit of whidl is 5.1, For this reason, the mean 
minus 2.6 timcs tIt!' slllnclnrd dcvin,tion has been chosen us tho lowor 
limit of the runge of dutlL to be used for proeC'ss cnlculntions. 

Processes fOI' meftts al'(~ bnR('(1 0)1 tilt, pl'(~viously 110tNI inoculnLed 
pncks nlld tlll' eXPC'I'i.llll'nlnlly d('lprmi)1pd pl'oe('ss vltilws (tltblc 5). 
The latter dltta. sho\\' th4~ 90-rninutH pl'Ocess('s for pork, beef, and 

• 


• 

• 
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chicken without bone: in quart jars yielded mean process values rang-,. 

• 
ing from 12.6 to 21.3. In each case the Fa valu(.} derived b:y sub
tracting 2.6 times the standard deviation from the mean was 5.1 or 
higher. Since 5.1 is almost twice the F value of 2.8 for oz. botulinum 
in neutral phosphate, the 90-minute processes may be considered as 
having wide mnrgins of safety. They are also spoilage-free processes 
since inoculntcd pncks processed 90 minutes at 2400 F. yielded no 
spoilage. 

Proc(>ss('s r('comuwnd('d on til('. bnsis of these investigations are 
pl'os('ntrd in tnbl(' 6, along with those previously recommended by 
the United Stnt('s D('pnrtmenL of Agriculture. 

'rARI,H 5,--Pro('es,~ v(llue,~ for ment (Inri poultrll in differe1lt c01ltni1lers 

Process valurs ·"--·~'~:d~:C~·· '--\\ t;~~~l~~ I~_____.. c_.o-,-nl.!l_in_ers__-:___l 

240" ~', Kind StandardNumber Mean, dovlaUon 

·-~-----r.\~i~'~~~ . Fa 
llr('( .. • .. ................... j 00 Qunrt Jllrs .................. 8 12. 6 2.0 

Chicken ;{ oo..!lf) ..................... 11 21,3 4.1 


" ................"., 75 i ... do ...................... \I 17.2 4.1 ':J 


C'h[ck('l), boned ••••••••••.•1 00,' ..... do .................... 8 17.7 3.6 


I{ 
70 Pillllurs .................... 12 11.8 1.5 

Pork ... ................ 90 qUlIrt lllrs.. .. .............. 73 15.0 3.8 
·t 10 NO,2cnns ................... 12 18.3 3.7 

i OOtNQ.3cnns.~ ... ~ ... " ................... .. 12 16.2 2.1 


__.,.....,... ,.....-~ ____..,.,...'" ....._ H_:""<"'-~__ ~~<~"',...&;'-t_________...!.__.....!.__.....!.___ 

• oTAm,~} 1I.-Pror~s,~ times at 2..W P. for meat ami chicke1l recomme1lded from the 
reported t/ai(! aud tJw~e at £500 previously recommended by United Sia/tis Depart
mNtt of Agru'u/tl/.re 

Processes 

l'rmlurt Contllln('r 
PreviouslyNow rec.. recomommcnded mended 

i .\[llIlIle. at .\flnult. atI 140· P • !50" P.In.·(·( . ..1QllnrtJnrs _.............,.. 90 120 
Ch[rk('11 ., ... do ............... 75 75 
ClIlrk"ll. bOlwtl .; ... tlo _.......{ 90 120 

I'llltlnrs ., _. .•.•.•.. 75 8ij 
120

Pork :!{~~:I~t~~~ . :::".::::::::::1 ~ 85I No.3 cnns ....... ........... 90 • 120 


-~.--.~---------~------.---

CALCFLATlOX OF PROCESSESFOn VEGETABLES 

• 

A soml'whnt diff('('ent, technique WItS employed in using heat
pen('tration nnd inol~1I111t('d-pack datnfol' the del'ivntion of adequate 
PI'ON'SS('S fol' Yeg('tnbles. With nil of the (\xpel'imcntnl datnobtained, 
it WAS obs('t'\~('d that plotting of Fa \Talu('s against process times 
inti icfltrd t1l1lt the I·(·lntionshi p b('tw('en the two vlll'iabics over the 
mng('S irnT('stip,nted WAS approximo.tl'iy liu('al' (fig. 5). 

In vil'w of that observation, the lin('!u' l'(\gl'('ssion line was fitted to 
tll(' F~rPI'()C('ss-till1(, dlltll for (,licit product, and its standard error of 
estimate ('oll1put{'d. 'rhis lilll' of l'('gr'('ssiou is ddiu('d by the re
gl'l'ssion rquatioll, 1Ir--:-(L+b.t, in whieh x equals the process time; 

http:Agru'u/tl/.re
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1/1 the process '~, )lUei a, the constant locating: the line vert1callYi • 
imd b, the slope of the line. A parallel line wa!') then. constructed at 
a distance of 2.8 times the standard arror of estimate below the com
puted regl'cssioil line (fig, 9). Assun1:l.ng normal distribution of Fo 
vltlues as demonstrated for the meat processing data, the probnbility 
of .?tXt individual contain()l' yielding all Fo value falling below the 
lower line is only 0,005. Proce!')!') times required to yit'ld dt'sit'cd proc
css values wer(\ then 1'I'ad f,'om the above cUI'yes as indicated in 
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PROCESS TI M E (MINUTES) 
FI(1l'HE 9,-Hegressiolt of pro('(·.~s v(J/II/' on process tillle for 2;;00 

[". proC('ss/'S of 
$71l1p uCII71sin 'pillt jars; parallel ('Olls/rue/ctl at 2.f1 lillle.- lhe sla1l(/a/,l/ error 1)1 
esUlllale below the rell/'/:s.~ion lillf', . 

fig\[)'c 0, ~finimum Baft, Pl'o('('ss<'s lu'e gi\·t'll by thl' villue or til(' 
ordinate inh'I'S('cting Itt 2,8 the CUI'\'(' showing the chos(,11 10\\,(,1' 
limit or distl'ibution of tht' dntn, Th('s(' prOCess('S cannot, howey('L', 
be reeonml(~n(it'd Ilt pI'es('nt bt'caus(' of inndequnte infol'llwtion 
regllrding the thel'Illll1-(\ellth time of Ct, botulinum in the vlll'ious 
vegcblble mcdin, 

Values of tht' Pl'ot't'Ss timps for pint jill'S of \'pgpt/lblps nnd tht, 
number of ('ontrol Ilncl ino('ulntN\ jill'S which spoiled on incubutiolt 
nppcnl' in bible 7, 'With Ol1P PX('('ption, BOUt' of the ('ontrol jill'S 
spoiled, inilicllting tbll t thp spoilllgt' obs('I'\'('(l IUl10ng the inocnillted 
jill'S was dut, to till.' SUl'vivlll find growth of the', h'st Ol'gllUis1l1 ancl not 
to tht', fOl'tuitous PI'N;eJl('e of other cqulllly Ot' mOl'p I'('sistnn t organisms, 
The exception lIot('d wns in n jill' of SUHlIlWI' squn:;h whieh spoil<,d 
nft('r a 10-minute l)[~oc(,ss at 2400 F. Sinc(~ the 1l\'Cl'Ilg<' F'o Yll\UP of 

• 


• 


• 
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HOME CANNING PROCESSES FOR LOW-ACLDFOODS 17; 

this process was only 2.2, spoilage organisms of moderato rosiatance 

• might be CXp(·,ctcd to sUl'yiyc. Spoilage among the inoculated jars 
WIlS Ilpproximntcly that anticipated from tho Fo ynines of the process, 
times used. ExceptiOlis were noted in pens, lima beans, nnd corn, 
wh('l'c spoilage occurred at Fo ynlues greatcl' thnn 5.0, and for snap 
benns and enrrots, where no spoilage occur['cd at 3.9 and 3.0, l;cS[lcC
tively. Th('sl' disel'epnnrics WE're pl'Obably due to til(' yarintions in 
thcl'!11l11-dcllth time's and thl' !'llopes of the thcrmill-dcnth-time Clll'YOS 
for th(' U'Rt organism in difl\1I'cnt Y('get/lble medin. (Seo Diseus
Rion, p.21.) 

T,\ 1Ir.1~ 7. SpoiltlflC o[ vegct(/bl('.~ inoell/II/cd with J(),OOO spore,~ o[ putrefactive anaerobe 
No. [Wi!) [Ier pint (wd o[ cOlltro/s, a[trr processill(J ill pint jars at 2400 F. and 
iltcubatillga/ 86° -.".-_........_- .."..,..------.---;,-----:----- 

['r'Jc~ss \'Ulll~$ 1 ('ontrol jllrs Inncllinted Jnn. 
, \'ro('~s.~ 	 [neu- ..~____t~________ 

i LIIlIl' , :\UlIl- bilLIOn,!l'rmlurl lit 1 ( 	 ~ I Sluml- lit IS f '.. 
; 210 ' I~. '~~lj";t~'. '\'JS~~ IITt! 80' f'. '['olnl I~?t ! 'rota! S(loUcd 
! tfous ('TrOT I I 

'_ _ ,~ ; 1 
.\Iill'''·-'·~ .~". -- -,.•_- ----i~.;,;:~:-;:;:-! "'ILm' N/tl/l'j";:
~ h ~ ~i~:~ W ~ 

41 I '2.21 Ot2S: 100 1:l O~!!7 26 06 
i'I ' S' ,I. IS I af, , 100 ' 12 , 0 2$ I 2 I 7 
:Ig " 12' n.:l2 ,2:1 i 110 t 12 ' () 21 ! 0 i 0 

IlflUlS• .limn • , 12 :1 7, • 17 i I~'O , 12 0 36 I 3n 100 
15! ., [O,H I .271 12.51 12. 0 27' l!l 48 
2.5 	 12 0.:1 . IV I.li ; 12 I n 24 I 0 0 
; ~ 1. 7·1 , ~I l!.'\) j 12 0 2.5 I 13 52 

l:l H I a.lIl • ftI 135 12 I 0 2$ I 0 0 
:!II 'I J::' 7. H .31 135 1 12 !' 0 24\ 0 0 
Ii IS' 2. I . 11\ 120 t 12 0 27 I 4• 	

10 , \I 2,7 'r; I!." i 12 U . 27 I 21 7 

I~ ; I! ~. tMI I .:. ¥,2aI~_:l I~ gig : ~~ 19 I ~ 
(I, x :1.01 ,110 I'll 0 2."1 0. 0 

Hi !J 	 ,,t,Hj .32 ! l~'i 12 0 !H 01 0 
ZI,II ( !1 I" ~ I 77 ' I!X 12 0 27 I 0 '\ 0 
, II 15: 0 I' . :1') Ii 1M 12 I I) 21,0 0 
2\1 . U, ~ [,. .:11 1:11 I'! t II 27 i 21 78 
311 U ' S ,H Ir,1 I" , II 2i ! fi i 22 
.\11. 12, 11'19\ ,.\1! 11\1 12: Il 211' 2 j 8 
,"At ~J l~. it • t} i lZl ! 12 t u 27 0 ! 0 

In i ~; 1 i. ~ .,\~ I' H~ j 12 1 g ~~ ~ ! 3tj 
:!II I~ n Ii :; ,lIill :~ ! Il 21 ; 0 0 

Olin. wh(ll< Ii; i:~' ~ JH l~~ G ~ ~~ ! I~ ! ~;
I,. 12; :J I~ . I~(J 10 0 "'j l 23 ; lOll 
''}r. 1.\ 7, :; .' ,,1,_,1. t t2:i 1,1 ~ II at; ~ 1 ' 3 
;U) "," r. lao 12 0 27 : 0 ' 0 

[',',\5 

~~I \1 ;).11 • ,HJ ! S!l 1 12 ' 0 27 ! !I 78 
:111 "1Ii .[,2 Sf> 1'\ () 27; LF 4 
;~l \'" ,'. Co ,Ii I un 12 ' 0 21 0 j 0F 

all q: 	 a 3 :m t ,~t. 12; 0 27 t 4 j 11; 
~:nli .•11 20'

l'mllpkm. mtl~lll'd 
iiI ii' 1 i;()' 11 0 \' 4 
I~I \11·, .,12 UII i U () 21 , 0 ) 0 
~.. I:l:.!. 15 ' , In , 135 I: 15 . fl : afi 36 : 100 
;Ill li 2. ,Ill • 15' lin (2 0 : 27 2-1 I 89 
;I;, : 7 .\. 11 • ao I' !m : 12 ; 0 . 21, , 1\ I ~2 
'I~ , " .J.1~1 .3t 1,,0 ' 12 0 28 0 0 

Squnsh. ~umnwr ill ' ~ 2.2 .2\) 1[,7 ! ._I'~I' I 27 23 ! 85 
15 -	 :1.5 • .Ji I US ' 0 55 ' 3~1 I li6:'~l !l 5.0 .3·1 107 I 12 0 2:.1 0 

SWI'\'\ pot:\t!k'~. '\rl' ; 

• 
30 In·:J..I ,:1« 12:1 ' 12 I 0 27 .1 15 
III I ,,' .1. Il .!!!l ! 1211 ; 12 ' I) 27 : 0 , 0 
f;U '" 9. I •"'I 1:''(1 I 12 II 27 : 0 I 0 
!!II II I'!. J •,15 t:JI 12 (I 20 ' 1 . 4 

~.Wf'(.. tt\nt.atfH·!{( ; 

{ltlf'k 

25 u 	 2.'1 • ·1:1 ! 1:10 . 12 (I ~ 27 ' 2:11I 85\\'l"Ill:\l'k 
,I:; 11·\.·1 • IS I (;IIi' 12 0 27 ' 13 48, 

...~,__~~._~~_'_...:"~r .2S I lH 12 21 I () 0(I 
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Tn-ble 8 is a compilation of heatingl cooling, and total process values 
of experimeJl'Lal process times for vegetables in the various containers. 

TABLE 8 • ..,-llealing and cooling data and sterilizing values of prOCeBSI18 at 13400 F. •for vegetables in various con/ainer8 

Containers Pack· l'r~ccss \'ulu~s 

___~ Ingar Initial 
Product 

KI d 
:f::' :~r~~ :t!~:;' S~~d.Num· IIellt· Cool· Totnl 

n ~ ~ ~ ~ ~ ~ 
turll l atIon 

~-----I--- ---- --------
Min· 
Utt3 O}'. 0 F~ RIl jr'c Po 

{ 7 7 • •• 217 0.4 1.11 2.3 0.73 
AsPtlrn~ns......... Pint Jars . 8 14 212 1.1 3.1 -1.2 1.112 

12 30 143 2'~O D.S 3.6 0.3 .84 
Rnurl Jars. ". 12 is ].13 ~'11 12.2 3.0 158 1.81 
No. 2cnlls ...... 12 15 180 234 4 'J 1.0 5.2 ,44 
No. 2H rons. 12 16 18·1 235 4.5 .9 5.·1 .36 

12 7 1.0 2.7 3.7 .50 
Denns, limn ....... PlutJurs .. . 8 15 2.0 3.2 5.S .75{ 12 25 1M 5.2 4.1 9.3 • f>6 

OnartJ!lrs .... . 12 50 !GO 8.9 4.4 13.3 2.23 
No.. 2 C4<:IS ... ~~_ 10 30 180 8,1 1.0 9.1 .ns 
N(,J,2HcIIUS. 12 3() 188 i,9 1.1 0.0 .50 

8 208 .1 1.6 1.7 .81Denus, sunp......... Pint Jars. "" { 8 1~ 219 1.2 2.7 !I. 9 .61 
12 20 1M Z~ 3.0 :1.5 7.1 1.08 

OU!lrt Jars •. 15 40 166 2'~O 8.3 2.7 11.0 .00 
No. '2 ~lflS" .... _"' 12 3tl 1&1 232 9.7 .8 10.5 .8.1 
No. 2l-~ rous.. 12 ·111 183 2'n 11.5 .i 12.2 1.12 

8 5 214 .2 1,9 2.1 .44
2 .) .. " 9 10 212 .5 ".1 .32Deets............... Plut Jurs..... { 
 11 15 IIG 211J 1.6 :1.8 5.4 .77 •tI :10 218 4.2 4.5 8.7 1.73 

11 SO wi 109 13.7 18.0 2.14§~~~tJ;:~~:. 11 3() 178 Z25 6.5 
5 
J.:I 

.) 
7.8 .85 

No. 2~~ cuus. 11 40 180 2'12 8.u 1,1 1O.Q .79 

8 tl ... 212 .2 1.9 1.01 
Plntjurs.. !{ 8 9 21n .5 2.5 3.02.1 I .85 

., 0 
RUllrtjllrs", . 12 39 1711 215 3.0 11.5 .1\:1 
NI)~ 2 (1m'L~.~~~ 12 :10 lSI 2:12 8.2 .8 9.0 .57 

9 15 16:1 Z.!l 3.5 5.5 .97

7:°1 
No. 2~ allis .. I 12 61 IS! !!:Il 15.R .7 16.5 • iO 

!l 70 102 i.l 12.8 2.32Corn. cream·style 5.71Pinqurs... . ',{ 11 80 167 lSI 8.6 7.:1 15.0 1.07 
f No, 2 aU1S...~ ~ 11 80 182 193 9.5 1.8 . 11.3 1.78, 

o 20 214 2.0 5.5 .. 92

j{ 9 30 212 3.2 7.8 1.31Corn, whole-gmln Pint j!lrs... 12 40 164 214 5.7 10.9 1,41 
9 ro 218 9.-1 15.0 1.23

I 12 SO, 169 202 13.1 15.8 2.36~~~~t~~ ... 12 ,185 218 11.0 12.5 1.05 
No.2HC!lIIs. 'I ~l11 177 214 13.2 14.8 .91, 

9 5 217 .2 2.1 2.3 .40 
Okm, slfCt:d 9 10 215 .6 2.9 3.Ji .85:{ 12 ~'O 1211 215 2.0 4.5 6.li .94 

Runrtjars 12 ·15 118 201 5.6 5.4 11.0 1.25 
;:';0.2 rons I 12 20 187 223 3.7 1.5 5.2 .50 
No.2}2rons , 121 30 182 ?!I 6.0 t.4 7.4 1.58 

:; 219 2.2 2.5 .12Okra, wholQ IPint jars.. _I{ 10 ... ,. 219 2.5 3.2 1. 02 
~ I 

15 104 2'14 '2.4 4.0 .m1: I 7.3\25 2''!() 
T.!2 3.0 8.5 .. 77 

RtllIrt Jars. .12~ j' 3g ,:. lSI I 213 5,1 3.9 9.01 .8·1 

IPlnt)nrs t{ 
:~I 

3.1 1.5 I. 15Ul",NQ. 2 cnns . 12 20 . ISg 2:1-1 5.6 I.l fl. 7 .41 
No.2H CUllS., I 12 15 I 185 !!:14 • 4. I .0 5.0 .31 • 

" 
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TABLE S.-lleatin~ and cooling dala a7!d sterilizing. values oj p.roce88es at 1140'" F. 
for vegetables in variotts contqiners-Continued . 

I Containers Pack· ProccSll values 
(ng or 1111tlilll'rO()O sClll· 

PrQt!uc~ cs.~ (Ilg t~m· Stand·peru·Num· tern· lIeal· Cool· nrdK(nd Unm turo '('otalher 	 perno Ing (ng dov(·
luro l atlon 

-.I,.~-'--"- --,"._-
..\[ill'" ; 

Q-.PIt. QP. FI/ Fc FoUlt~ i

9 ,. lilS 0.8 2.2 3.0 1.48 


I'!:)I!lpklu, cubed... I'ln! jllrs•••••• { 8 30 I .. --. 21Xl l.5 3.1 4.0 1.48 

12 ro 4.:1 8.6 1.62 


(~Ilnrt jars._. 10 l().'ii "his IllS19:1 I 4.a 
224 4.1517.0 5.4 

·10 !~o. 21;<111$._ .•• ISO 210 0.3 1.0 7.3 1.78 
No. 2~~ cans .. lqI; I 80, 191 208 13.9 1.3 15. 2 3.68 


I
30 I . " lO~i
! 1.3 2.0 3•. 3 1.60 


PUlllpkin. lJuL~hcd. Pint Jars. .. 188 , 1.0 '2. 6 3.6 .28
{ illS I~I! , 3.4 4.0 8.0 1.32IQUllrt jllrs. I~ I ~r 159 189 I 6.3 3.4 9.7 2.68 

No. 2 (~UI,S .•.• 197 10.4 1.8 12, 2 1.52
121 
 S5 ! 	 IllS I
I ~o. 2h cons~_ 12 95 183 W~ 8.2 1.4 0.6 1.15 


I La t 25 ! .... Iga 1 .3 1.8 2.1 .59 

30 ,_ .•••• 	 1111 I .5 2.0 2.5 .42


II ~ f 
~ 

S"Innch .•••..• " .. j 1.'lnt Jllrs :J.~ r......l l~ I 1.0 3.4 4.4 .77
8~ as .•.•• 1,3 :1.7 5.0 .88 

!!O 115 	 170 ISO 11.5 5.8 12;3 2. 01 


QUlin jllrs.. .I 13 Sf> I .... ISO 8.8 4.3 13.1 1.50 

Xo. 2 mns-'H.j 12 so .1:'0 !!Ot 12. 9 1.7 14.6 1.26 


I Xo. !!~!I mils HI 12 1M 171 196 10.6 1.4 18.0 2. 43 


8 10L...... 208 .3 I•. ll 2.2 .82 

IIftUII••ll, $Ulllllll'r. 1l'intjnrs.....:{ \l 210 .8 2.7 3.5 1.41 


11 t~11"'ilJf 207 1.2 4.3 5.5 1.13 

<(ulIrllnrs_: 10 50, HJ,~ 20.~ 8.1 3.7 11.8 1.10 

;0.;0.2111115,.. ! l2 10 I In 235 2.0 1. t 4.0 .46 

No. 2H ~111lS .·1 12 ~'Il J 173 ZH 5.7 1.2 6.0 .79 


0 30 • 188 .5 2.9 3.4 1.18 
SWl,<,tll(IU\Wt's. dr)' I'lnt JIII'$. 8 ·10 .. "-.", 184 1.1 3,S 4.0 .83 


lll\~k. 	 S 00 183 ·1.0 0.1 9.1 I.Mj{ --'iss'"II 00 183 1 10.4 7.7 18.1 1.51 

QUllrt 1I1rs.. . 11 ltO 13~ 167 12.5 5.2 17.7 2.M 
~o .. 2 ('1U1~L,__ ~ 12 ~ 00 ISO IUS 11.0 2.1 1:1.1 I. \l6
Xo. 2\~ (!tIns: 12 100 1;2 191 12. 1 1.0 13.1 3.19 


! 1
9 25 	 .<-. • 193 I .6 1.8 2.4 1.30
"W!'l'II~llllloos, W\'t PInt Jllrs I)' :15 I ISO I .Il 3•.5 4.4 .53
pack. 	 { 12 45 	 iis.. t 174 { 1.1 4.6 5. i .OS 

QUMtj!lrs . 12 	 U.S I).n 13.4 3.61"'L l;>;0. 2 {~III$ 12 1iI1' m ~i5 ! 9.0 1.0 10.9 3.68 
:\0. 2l!1 cmlS 12 n, i J7ii ' .lOt! O. L l.n 10.7 3.70 


.,-'.... ,. 
i 


'-="'''''""*,,,',~ <-r.'" 	 ''',"-~...~-..-.",,-,....~....-....,.~.,..,.-

t l'nckln!: t~IllI>t!I1IIlIrO orglnssjars; senllng t~lIllll·rtll.ure!lf tlr~~. 

For nspal'llgus, b~alls. bN'ts, (,lllTOts, okrl1, pumpkin, spinach, 
squn...,h, and SW(\~tpotntoes) proe~ss tiulCS were chosen to yield Fo 
vnlues of 5.0. This value was chosell ns being II,dequl1te for those 
pl'Oclucts on the. bm~is of thl' inoculated-pack results (table 7).' The 
inoculated-pnck results indicltt(l(l thnt the test organism is more 
l'eSistlUlt in lima benI1s, eoI'll, aud P(,IlS than in Doutt-al phosphate. 
For this reason, process times for those produets W(~I'C chosen to yield 
Ti'o valu(''s, IlS giv(,l1 in lItblc 9, whieh wer(' considl\l'Nl ndequate on the 
bnsis of tbo inoculnted-pn('k dntn. Th£'. dntll fm process value-process 
time l'clutionships I\S shown by the lim' of .l'l'gt·('ssioll, the coefficient 
of l'e&'T('ssi.'ou, nne! tll(\ stnndnrcl ('ITO l' of estimate fOI' ench product are 
summnrizrd in that blbll'. C'111eulated process times and recom
mend('d pro('ess tim('s Ilrc int'llldee!. 
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TAllLE 9.-Regre8slon equation and standard error of estimate oj regrcSSiQJl of prO(:eS8
value 01~ process time; calculated and recm7lmelll/.ed process timos for vogelabl1!8 in 
variQl/s containcrs proclUIsed ttl ~40o F. 

-
R~grcsslon equation Y.=<a+b:r Rccom· •C'nlculnled mcnell'dPro!.'ess pwC(!sslng

Product Container 	 processingSt:mdnrd "ulno UIII\\ at time nt a b ~rrQr ot 2·10 Of'. 240 Of.
esthll!l~,- ---_. 

Fa ;\[irillte., Minutt& 
+0.172 D~305 o.S06 ,~,O 23 ~5Irlltll1nJ ' Quart Jars .• -S.ms .282 1.708 5.0 JI.1 M 

,\splU'BgllS.4......... Xo. 2 callS, • +.S3!1 .203 .:1..-;8 5.0 IS t'O 
+1.2·1(1 .273 .3ff.) Ii. I) 17 ~'OINo. 21

'1 cans , 

+1.100 •.:11-1 "tttl2 0.3 ~J2 35
r'IJl~Jllrsf (Juan Jilrs,,, -\. 11r.:! ..~'\)7 2. ZR!J 0.3 f,i no 

DeIlJlS" limn..........! :"11 2 ('I\llS, +.~Ob ~ 27S ~ {)rIU 0.3 3. 40 

q ..... ' :17INu.2 I J('IlIlS . +,1l.~7 ... '1 .5i8 !l.a '10 

I 
I 
 .Sit 6,0 !!O 20
C11lIJnrs -11.JU j •,1011 I


qunrl Jars - 'I!)., .'..'IlO .!lItJ 6,0 2G 2,tj
]leans, snap ....... '" "...."'..... 	 ~o" 2. ('Urt'~. +,M9 ' .iH 5.0 2:1 ~fj 

~o.21.'.!(i"~ns -,:Hl :~f~ t •!lS9 5.0 '..'9 :10 

' n:!9 5.0 24 2f 
qUlIrt Jats "'I.UI~ 2.2f;'1o) 6.0 liS liSrintJilr!{ 

I 

+ss'll .275.~G t 
. 

1I~'C18~ .............. , 
 :-io.2('l1ns - 221 .1t;1 ,S2;! , 5.0 28 30 

~o.21~(·nns -1.272 J .2!il SS.1 5.0 :10 30 


i -.111 I .;\,'>:] : ,!;!H 1i.1l lU 20
rlntllll'SqUllr! jurs -1-t.;1 i ,:112 I • ;!13 5.0 25 l5
Cnrro18........... ·• 	 Xo 2 I'tlJlS "W/) 5.0 20 20
+7MI i 


l
, ~u"~~L.ie:.U1S I -I-!;''>I,. r;~ I ,·100 5.0 2:! 25 


-J.\ 012, .air~ ~ 12.8 8:.1 86
Com, cn'am.style, .. 11171;(/ ' 2itj 12.11 102 lOr. 
i 


12. ~ M 55
kr~(ll
.... ,Ih.'l It.X 82 ll.'i •12.S; (iJ Ii() 
.)H6 12.8 j}J 00

1.030 I 

-.mr. ! 	 (lOI 5.0 2:1 25 


-,1.1112 Ula 11.0 as 40 

- S!I'J': ,",,0 t.O 25
2,1 

-1.IlO\' ), n:l2 5.0 au an 
;~<;l'llltlfil'i\. I 

-110 	 lUi 40 

Qunr! lilt"! ' 	 S.1i ·10 40 


l'CIlS................ {:\0, 21-:\1I~ +1 ~!:~ ,'5 :U) :10 
~IJ. '.ll ~!'allS ( +."~,I ii.5 :lO ao 

: -~,I;~O, .213 1../'lHi 5:1 r,r

fl.O I II{)-12.1,.7 i .12') 	 tr';l(/ [i,0 liS\I -2. :,.,,2 .212 LfiUi (',0 ·17 DO 

f ,.,.,!i.ll(jl' .2m :1.211 !i.a " 7:1 7f) 

i 


I.fI79 ii.O r~) r.o
; ..i?·;\~I·· 2.2;,:) 5.0 
t 

70 80 

-J2.I~~;: \.721 5.0 70 7.1 

-ti.;i,j9 ; ,U12 .'i. 0 h8 I~) 


.IlSO 6.0 H 45
-r..!i:.'32 I'
-11110 1.'I~U ItO 71 70 

-6..11J t.aH it. 0 liS 00 

-,I.:l'Jlj j,80$ 5.0 70 75 


1.0.30 6.0 28 30 

i -:I,.l!l· l.(~ /i,0 37 40

I -",IO! 

Squnsh, summer, I +117:\ .·tt.' 5.0 IS 20 

! +1.;\O(j. .771 /i. 0 20. 20 


T'lntJars. I -r. "-"7 I 	 5.0 6.11 65 

!i. 0 	 Uil ~ Uf>SW!.'etf\oln\()('S, dry 	 Quart jlU'!' ; :'lc, ~:'_':fo'i, i,' 5,0 SO
{

;';0.21.t'aIl$. -11, -II 1 i {J.O, b~ ! Va

lJllck. ~", 2 cnlL~ 1 , 

• 0 I 
 MI 	 M
.LliO ! 	 !;S i. (H) 


67 ' 70 
 •5.	 Si 1
5.0 
0 1 

I 
00 
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HOME CANNING PROCESSES FOR LOW-ACID FOODS 

DISCUSSION 

Proeess~s for canned foods arc adequute when every particle of 
food within the contain('1' has been raised to a l('thal temperature and 
hdd Ilt that temPl'I'll.tw'c fOl' n sufficient leul?th of time to kill tht< 
most I'('sisllmt spoilng(' orgnnism preSl'l1t, AS pointed' out in the 
intl'odudiol1, it is possibl(' to ('nknlnt(l thcrmnl PI'OCCSSE'S for cnnned 
roods whkh IH'P j lIst ndNlunU' to d('stl'o~' nil)' known spoilage organism. 
l:-'U<'ll ('ompu lillions IU'C' pl'C'di<'ntNi upon ac('ul·n.t(l definitions of the 
thpl'.I11nl-d('nlh lil1lP find slop(1 of Uw t1H'l'l11ltl-d{liLth-tinw CUt'YB of the 
ol'gllllism in qU(lstlOtl. alld upon thp IlUIlli>PI' of individuals pl'es~ut, 
i. (>" tht' bn('lpl'ial lond. or thl' two t"pl'S of infoJ'mation required 
fot' slwh ])ro('(>ss ('n.l('ulntiolls, hrllt-IH'Il(ItJ:o,lion dnliL t.~l\n be obtained 
und('I' l'ig:<)f'OliSly ('onll'Ol1('<1 ('olldiliolls !tnd tht' Vlll'ious fnctol's n.£fect
ing il ('nil Ill' <i('filll'd with ('ollsidpl'nbll' !I('('UI'It(OY. '1'11(' bn('teriolo~ical 
<1n111 I'l'«uil'pd ennl1()[, III PI'PS('llt, 1)(> (h-Sl',.;I)('d wllh equal precision 
nnd t1l11S UH'Y iutl'Odu(t(1 itH'oll1pll'tl'lv d('fill('(l ('ollsUmts into process 
('omplIt:n,liom:;. Bl'l'lllIS(, of this htek 'of bllSic' dllll). it bC'('ol]wS ncces
san' to s('I(I('[ fl'om nntiJllhlp information, bn('t('l'inllond n,nd thermal
dl·,itlHinw datIL whi(,h (11'1', if nt nil, :.11 til(' direction of yielding p1'oc
(,SSl'S ",hi('h Ill'l' IOIlP'I' lhull IH'('('SSllr:., 

li'(H' IHl'd,iul1l- !lIlt!. low-twid foods whi('h are subj(lct to spoilage by 
toxin-pl'odll('illg' ('I. bolulil/um, PI'O('PSS('S, to 1)(\ SHC(', must be at least 
IldNILlUll' to dl'sll'OY til<' spon's of tIlIlt organism, PL'eviously oited 
wOI'k of Esty and :\1<'),(11' (l~) with 8[>01'(' SlIspl'llsiollS in phosphate 
bull'pl' lit pIT =7.0 dl'lilH'd lIH' idpnl lltl'l'l1laL-d(luth-timc cur'HI of Cl. 
b(}luiillltlnwilh F Iwd ,; \'UhH'S of ~,7X nnd 18, I'('sp('('tively, Subse
q llPnl i Il\'psl ign,l ions htl \"l', ill g'l'nPl'ttl. [('lIded to (,Ollfirm these values 
with mlllot' ('OI'I'p(,tiolls. In otl\('I' llH'di:t slI('h fl.S foods, however, z 
\'nh[('~ llllly\'I1I',\ $('\'('1'111 <lPg'I'('(':; On pitlH'1' :;it\p of til(' idl'al. Town
SPilt!, l~:;ly, and BIt~l'll (,m) hIlYP, for ('XHIlIP1P, rt'ported z vn.lues 
rnng-ing' (I'om .faA to Li,n fol' till' thl'l'Il1HI-{\(luth-timc curves of Ct, 
boLlllilll.l1nin rOlli' food Illl'din, SlI('1t diII'PI'PIH'('S will introduce COll
sicl!'l'nbl{l vuriation into I'~, "1111l('~ dl'l'ind fl'om 1)1'0('('SS calculations. 
~ (lYl'I't11('I{'ss, it hilS 1>(ll'n ('US(OIllIlIT, (,X(,l'pl \\'hl'I'(' dc·(jni tcly COlltrn.
ineli('lIft·d. (0 lIS(, :::=" 1:-. fOl' PI'()('(I~:; i'lliellllttiollS, ILnd in t111~ absence of 
sulIiciPllllllOl'P l'pliHI,1 illfol'lllll.lioll, lhlll yuill!' hns b(,pn used here, 

\\'111'11 (-ncb of 11 IIlllnlH'r of 1'~, YHItIl'S fll'l' ('OIl1IHI(('d for It given 
pl'OdUel from indl'p('n(\PII( hl'nt-IWIl<'tl'ution Il1PHSlIl'PIllPnts, it mn.y
I){' (lxI)('rtpd thnl tlips(' VUllll'S "'ill)!> l'nndoml,Y di::;tl'ibutpd about the 
nWHn. Sill('l' tIt(· 111('1111 f~) will 1)(> g'1'l'utt'l' than til(' minimum vlllue 
obs('('ypd, thp dil)'<'I'('I\('P dl'IH'lHling- upon thl' di:;tl'ibution of tho data, 
it is pvidt'ul lbut ('JlOi('(' of Pl'O('('SSPS hu:;t'd on m('lln Fo values would 
fl'PquPlltly!t'nd (0 till' dl'l'inllioll of iUHd(l([llHl<' pro('('sSCS. 

TIll' lowl'st PJ'()('('~S vnhl(1 t'XPl'l'iIll(,lIllllly o1>tnill(ld ('ould, with some 
n'I1SOll, hI' ('hos(,11 nil tlw lo,,"!'!' limit hpJo\\" whieh spoilage might be 
('XI)!'('l!'l!. 'r\1l'1l tlH' snmpl(l of l'~J \'ttlups tlYfliluhl<, is limited to 12 
to ~() ilpllls. it is wry (>1'01>111>11' tllllt n !tug-l'r sn.mple would yield 
"!litH'S Iwlo\\" til(' lenl"pst ()h~('I'\'I'(l. Thus, it is 11(,('pssnl',Y to ('hoose a 
su.f(1 [lI'()('('SS 1'('PI'('s['lltl'd hy nu i';, \'ltlU(' whif'h tilt' dntn indientc will 
h(' nltllilll'd OJ' I'x('(,l'd('d h,," !llm(1s!. nIl of tIll' {'olllnilH'l's PI'OI'Psscd • 
.Fol' tIll' PI'O('I':;S(,S ('OmplIll,d 111'1'(', tltnll(lw('J' limit has bcellciloscn as 
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tho proccss vahle repI:csentcd by a1l1'i'o whieh is 2.,6 tim(1s t1~c standard. 
error of cstimn,te below th~ mean obscrved Fa, ASSllmll1g normal 
distribution of obscn'ed Po vnluest expected values would not fall • 
below' thn,t limit mOI'(.) thttn once Itmong cltch 200 containm's of food 
processed, 

The aboyo outliued ('hoic(I of It 10wN'limit fol' f11'ocess values which 
011 tho suda<'l1 nllows COl' 0\'('1'-1111 spoilage of 0,5 pel'cent would bo 
highly qUNltiollilblr in til(' iLbs('[wc of other snfety factOl's, The 
mol'C sigrlifit·all t of tlws(' fn('tOl's IH'!' the h(\fit l'psisttu)('C' of the test 
ot'gnnism and th(' t(l('hniq ul' of lin' ino('lIlaled-pnck cheeks un ('al
culnted PI'O('('SSNI, 

While infoJ'llmtioll is vC'ry limitNl, lhC't,(, b good 1'('1\9011 t,o b('\iC'yc 
lhtLt 1I1(1 SpOI'N, or tho Lest Ol'gt1llism. putl'('fncLin' nllll('t'obl' No, ~~679. 
111'0 oC dc·finit(.tv gl'('ltl('r l'('sislnlH'!' lhnn thosn of ('ommonlv onCOUll
tt'rNI soil fol'll)s whi('\t might ('llllS!' spoi!nge, COHn (9) riotcd Llmt 
soil SUSlwl1siol\s hNtll'd n\, R5° C, fof' 15 to 20 mlnllt('s gn.vo spore 
cQunts Iw('rngillg nppl'oximitlC'ly 50 P('I'('(,11 t of cOlin Ls made aft(']' 
}H'llling snsl)(,lIsiolls I~L 7ri° fol' til{' SIUll(l (WI'joel!; of timc. These r('
suits indicnt(\ It low OI'dt'I' of hptl t 1'('sisllllH'C rot, the SpOl'CS of nuulY 
soil forms, 'I'isdl!'l' l1.n<1 Esspl(1U (2m l'l'pOI'l('(l tIH'rmlll-<IcMh tilm:s 
of fOUl' ol'gnnisms isolu.ll'd from spoill'd lOW-Mid foods, All hnd F 
YnIues below thflt of No, 80iH ill pIIOSpIHl.t{' bllfi\'/' fit pH 7.0 and in 
two foods. 

Thnt tho (!'st OI'gnnism in til(' ('oll('(\ntrn.tion lIsNl {'xhibits gl'cn.t('I' 
r('sistnnco thnn is ('ltllrfl('\('ristie of no/'mill ('ontlimination is also 
shown by till' l'('sultS 1'('IHll'tt·d lu\('p, or!\ totnl of 653 control jars of • 
mcnts and Y('g!'lnbl('s pl'oe<'HsNl t\s pn.l't of' lll(' i(1oculntNI pncks, only 
1 jnr spoi1Nl, ('V('ll nft(ll' S]WI't PI'()('('SS('S whkh pc'!'mlU:(1d gross to ]00 
pefc('nt spoilng'n of inocuiltlt'd jltlS (to,bIN'l 4 nnd 7), 

In nddition. tlw ntunl)(\l' of 81)0I'('s URNt for inoeuln.ted pneks wns 
somowhat ill (,X(,(,88 of til(' nornlll Iy ('xp('('tl'<lIlI1tIII'ul SPOl'(' lond. The 
choice of inoelllulH nil!! ils ('()IH'('ntl'nlioll by pllH'Pllwnl ILl the slow('st 
heating point of lite> ('onlnin(ll', tIltH:; inslIl'jng IJ1llxirnlll11 pl'obnbiliLy 
of Sl1l'ViVIlI, ronstitui(' iHlditiollll1 safp[y fnMors, • 

PrO('(1Ss('s l'N'OIl1Il1('lhh'd OIl tllp hnsis of til('se inv!'stigntions are 
prrs('ntNl in lnbl(\ 10 (Llong with IhO$(' l}l'('viollsly 1'('.('.onunendNI by 
the "UJlitrcl SlntN~ DflIHU'jllH'Jlf, of Agri('uJLuJ'P find b;\r commel'cial 
proc('ssol's. In l'V(lI',Y il1"tnn('.(' PI'O('('SS('S for Yt'gdnblps in pints nrc' 
shorter than those' PI'PViOllsl~r 1'('('omn1('1\(1('(1. For qUfil'tS, how(,N!'r, 
th(1 dallt obtnhU'd ItIW(' 1('<1 to til(' dt'dvntion of 10llA'l'I' pl'oe!'ss('s in Jl, 

Cow' instnl\c('s nnd o\'£'['-U II PI'O('(1SS I'('el udions htw(' not b(,('11 ns gl'(,I1L 
I\S for pints. This is prohnbly rt·lnt('d dil'('('lly to I'uddng nad pl'OC('SS
ing techniqtl('s, 'PIll' <tnln of tnhlp R show lhnt thp initilll t!'IllP('I'II
turc$ 01' qUlll't plleks W('I'(, g!'IH'I'n.Ily b('\()w \,hos(l of pints, 'rb!' efl'ect 
of lower 'lnd more vlll'inbh· U'IIlI)(ll'ntllr('''l find oLh(,I' fll('Lol'S n.ffceling 
process('s in qUllrt nnd pint ('onlnilH'l's nr(' illustrnt('(l by the dattl of 
tu.ulo 9. 1;'01' It Il1l1jOl'it;\' of the y(\gdl\hlcs, the stnndlll'd ('ITOI' of 
('stimatc of obs!'l'Y('<l Fo vnluN; wns ('onsid('l'nhly high(,I' w'ilh quar~;s 
than with pin ts, Low('I' tni tinl l('mpOllttUl'('s nn<l larg('I' Nl'or e:.ti
mate's both 1N1d to .the dC'l'ivalioll of long('1' PI'O('('SS!'S by the nppli<:d • 
proccdurC', 
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;.rA.BLE lO.~Procea8 times. at 240.°' F. fO.r lIefletable8: Recommended fro;'" the re;orted
data, prel!iously recQmmende~ by United /:Jt~te8 Department 'of Agriculture, and by
commercial proces8ars, ... 

Process time at ~40o F. 

Previous 
'Product Oontalner United 

Recom States OOmMel"mended Depart· eflll i 
Agrlcul· 

ture t 

from dnta ment o( 

----------------------11----------------1-------·1-----
Mlntlle8 Minute! Mlnules

Pint Jars ••.••...••••••••••• 	 25· ·3~ .. 1""' .....,.. .......~. 


Aspnrngus. 	 uertJllrs................. 65 '40
......................... ~o 2 cuns 	 ·•.... ··'··26
{	 20 ...... * ... <11 ............


No: 2~ Cluls::::::::::::::: ................. .,. ......
20 2li 
Pin t Jllrs~ ............. "' .. 35 '45 ...................."' .... 


uart Jnrs.................. 60
Deuns, limn. ~o 2cuns 	 '55 
••••••• >0................ 
{	 40 40 ·••••.. • .. 36 

No: 2~ en';;:::::'::::::::. 	 40 lliO ........... -,............ 

Pint Jars................. . 	 20 '30 
 .- .... .......-
JJ S S Inp 	 Quart Jars................. 25 ·iO 

---~ 


cun ,I "........................... {No.2 cuns................ . 25 30 
..........~ 


No. 2~ crnls............... 30 .. ~ .. ..,. ........ -......
~ 

Pint Jllrs•••. 	 25 '40 ..-....---...........
QuurtJlIrs........ 	 55 '45
neut.~..... .................. No 2CllnS 	 -..•·•·..·30
{	 30 30No: 2~ cUlis:.:.:·· ........ 	
~ 

30
30 130 
Pint Jura................ . 	 20 '40 ........ ,.. ....__....... 

25 '45{'nrrot.~.. ............. ................ ~~~~LJI~I~~:::::: ::::::::::: 	 •·..······30
{	 20 30
No. 2~ cnns............. .. 	 25 30 


• 	
30 

Pint Jurs........... ~ ..... . 	 85 ......_.....................
Corn, crellltl·style ... ................ {No.2cuns................ . 105 .. .... ···'00 

~"""""''''' .......-


Pint Jars.................. 	 55 ·65 
 ..-.......-........... 

Corll, whole.gn,ln . .. ................. O\ll\rt Jars ................. 85 '75 


{~o. 2 CIlIlS................ . 00 IiO """""00 

., 	 No. 2~ cunS............... 60 1 65 -...... _- .......... ., .. 


Pint Jars.................. 25 °35 -- ..................... 

uurt Jllrs................. 40 '40
Okm................. '" .... -. •........ 0 2 CIII18 	 ··---.. · .. i'i
{~ ~ ........... w' ................. .. 25
~ 	 25 

No, 2~cuns............... 3~ 
' 30 ........-...... _---


PlntJUrs........ ' ......... 40 '45 ...... -...............-.. 

Quar~ Jllrs................. 	 40
PQl\.q.................................... 

{
No 2 Clms 30 ..•••.. ·40 .. ·····_··U. 

No: 2~ cuns::::::::::::::: 30 ..........-........ ....._- ..---..-....
~ 

(Pint Jars.................. 65 '85 ............ 

Pumpkin, cubed... J~ullrt Jnrs................. Iln "105 ......~~•••• 


.................. [kg: ~~~I~~~iIS::::::::::::::: n:::::::::::: :::::::::::: 

Pint Jurs... " ......... .••• 60 .........~.............. 


f) kit 'h II Quurt Jnrs.... ............ 80 ........................ 

,ump I, tlllt.~ e ...................... No.2 cuns......... ...... 75 ............ 170
{

No. 2~S CUtis ...... "'.. • 00 ............ 195 
Pint Jurs..... ..... 45 '9& ............ 

S I • 	 Quart Jars...... . ... .. .. .•. 70 '105 ............

PDBCll,~.".~ ... ., ...... ¥,. ..................... "' ......._ ... __ No~Zcllns~ .. ~ __ ~_~,",~ ... _~." 60 .......... .., ...._• ..,._......... __ ......... _..
{

No. 2H (,'lIllS. ........... ... 75 .................... , •••• 

Pint Jnrs.... .............. 30 °85 ............ 


SqutlSh. $ummer. .............. {~~~~t~~~~:: .:-:::::::::::: ~ .......~~~~. ::::::::::~: 

No 2~ rollS.... • •••••. ••• 20 ....................... . 

Pint Jnrs._................ 65 ........................ 


• • GUllrt Jnrs.... ............ 95

Swcot(l(ltntocs. dry pack............... ~o. 2 ('11119.... ............ 80 :::::::::::: •••••••..'85
{ 

• 

No. 2~ cllns.... .......... 95 ............ 195 

PllltJars ... ............. 05 °100 ............ 


Swe~tpotl\tocs, wet puck.......... {~~~~t~~~;::.:.::::::::...: ~ 'l~~ ~::::::::::: 

".~_ :-<0. 2~~ cllns _ 90 '111i ............ 


I ProCMscs tnnrk~d by ° nro front AWI·9:.I, others (rom ~'nrrners' Bulletln 1762, Unltcd States Depnrtment
o( AKrlclllture. 

, l?rO\~'!l.<e~ (rom bulletin 211-1•• NntlonulCnnners Aqsocilltiolt, 

J No. aCUllS. 


"'I," 

,\,1;~ 

~:. 

,. 

I Oloslng tcmpemturo speclfled lIS ISO' F. 
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Differences botween, processes recommended for glass. and tin con
tainers are Hot as grcat as, and frequ('ntly not in tho <lit'cction, antici
pnt('d, Genoml conside~'ntions would indicate ShOl'tOl' processes for 
foods in glass tllldcr home-canning conditions thlUl in tin conto,illtH's •
of similar capacity, Since glass containc1's m.ust cool slowly, tho 
cooling redod mfty bo ('xpecLed to contributo substllntially morc to 
the lothn'! vnJlle of tho pl'OCOSS than whon tins al'e uSNl ILnd tho tcm
pC1'atUL'n is rOdllCtIllmpidly, This is illustratl'd by the data of: table 8 
whidl show thu.t fat' v('gl.'tnbh's I)I'O('<,ssl'd in pint jal's the pl'oeL'SS 
vltluo of thl) ('ooling peL'io~ n\'I'I'ltg()~1 50 pt'l'{,t'nt, or the tO,tnl PI'~~'P~s 
vnlue as cotnplu'l'd wlth 10 IWI'N'nE fol' pro{'l'ss('s In N'o, 2 tins, 8IIllI
li~r1Yl for qUIU'!i jStI'S n.lld No. 2l~ tins, the,li'c V/Lllll'S as lH'I'('l'utllg('s 
of Fo Iwol'ILgNI au Itllcl U [)l'L'C'C'nt, \'('SIW('tIV('!Y, In l'ontl'llst to the 
results (lXlwetNl 011 the abov(' basis, ('ompfu'ison of the pint JILl' Stnd 
No, 2 Un PL'oc('sses l'e('omltll'IHI('d (tttble to) shows thn,t in u of 15 
instn.ne(>s, 1>1'0('('88('8 fOl' pi 1\ ls 111'(\ l'q lIltl to OL' gl'Ofttt'L' thltll thos(\ 1'('('

omnH'lHled fot' No, 2 tim" Only tllt'('(' pt'O(,('f,S(,S fo!' q lIiLl'tR !tl'l', Shot'tN' 
thltn those 1'('comlll('lll\ell fol' the snnl(' pl'odnets in No, 2~.~ tins, This 
fnilun' of ~h(\ long(,I' ('oolill~ IWl'joli fOl' foods Pl'O('(,SSNI. in glllSS to be 
l'c{J('(:t(ld ill gC'tI('I'fLIly ShOl'tt'lINt J)I'O(,C'HS limps must be r't'In.lt'd to iniUnl 
t('Il1P{\l'!ttul'('S, 

In tin contltin(,I's whi('h Wl'I'e l'xlIlHlslt'd U.\H{ l:)('ulPd Itt 170° F, 01' 
nbove, the iniUnl LPmp('I'lttul.'('S \\,('1'1' ge'lwl'nlly highol' tllitH with glilss 
contain~rs of sim.ilat' ('apncity whi('h WPl'l' packed hot n,nd PI'oct'ss(,d 
with.out oxhausting (lttbll\ 8), TIlt's('. higlH\I' initiltl tcmpl'L'lttul'('S 
could I1.ccount fot lho gelwl'ally 10wN' el'rol' ('stimatcs of obsl'1'vl'C1 Fo 
values obtn,illNl from pr'o('(lssl'S using tin eonhtil1l'l'S (litble 9), 1'hns, •
with tho cxpPI'in1('llln,l pro('('tiul'('s llSNI, the hight't' and moro uniform 
initial tompt'nLLul'c of till pnd;:s tpJ\(lPd to hu.1nl)(l(' tlH' inel'(ln,st'd Pl'O(,('SS 
values L't.:'sultiug fl'om slow ('oo\ing of glnss putl\s,

'Vith tho l'X(,t'ptions notl'd, till' PI'O('l'8S(,S 1'('('oIl1ll1('lld('d ItnV(I l)('('[l 

dcsign(ld to yit'\d flo vltlu('s of 5,0 01' higlm' on the nssumptioH. tilM 
thcl'mttl-dt'fl.th-Limc CUI'VP;; of spoilngl' ol'ganisms to b(l d{'stl'oYl'd Imvl1 
siop(ls of Z= 18, ,\:itll gl'lll\.t('l' Z YIlI mIS, thc' <·hosen prOt'PSs valuc \\Tollld 
be ItUn.itll'd ill ShOl'tN' 1)L'o('t'ssing limps, lJ(lss(IL' Z YILltWS would yipld 
COL'l'('spondingly 10ngl'I' PI'O(,(,SS('s, As hns bN'n not(ld, infol'll1iLtion 
is nvuiln.bl(, which shows thnt t\t(' th('I'mtLl-(\PI1.tlt Limt's Illld ;;lo»('s of 
thl'l'tnit.l-doltth-Lill1o CUI'V('S of Cl, botulil11tm nml othcl' spoilnge Ol'gnn
isms v!try with tho llH'din. in whi<!\t the oL'glLllisms IU'C hl'lttl'd, Be
C/tLlse of this vftriation, p"oc('ss('s whieh nl't' n<iN{lIlLto without bpitw 
exc(lsslve must ultinllttl'iy lw bnsl'(\ upon dn,tn, I'l'gn,('(ling the thCI'I1lI.j 
cht\.I'Il(~t('l'istics of spoilngo oL'gnnisms in NL('h Pl'OtLuet fot' which a 
Pl'0cossis to be esb~blisb('(1. . SulJidpnt iufoJ'JJ.lfl,tioJ1 of this ))jttUI'C js 
not !tvailltbln Itt pl'cson~, and PI'O(,(.'Rsl'smust be bnsNI In.l'gl'ly tlpon 
phosphltte-buf[el', tlll'l'mnl-d(·n,tb-timc <I n.tlt , 

'rho reported dntn. iudi('jtle thnt I)l'o('l'SSCS bnsed on ino(~uln,ted pllCks 
with putl'ci'll{'tiYe nnnl'l'ol)(\ No, a079 arc mOre S(Nl'l'e thlln ]1(\(\(ISS\U'y 
to destroy the natl/I'nl sporc toad nOL'uHtlly pt'(lsen t Otl \'t'getabl('s nnd 
mmLts as pl'rplu'cd l'oL' home ('anning, They providl'. oyidenee foL'sus
pecting tLIILt hom(\-cn.nlling-pl'o(~(,ss tinl('s Illlty be snfl'ly bns('d onlow('1' 
storilizing vulul's tltnn f1I'C' ('ollsid('('('(l lle('l'SS!l.I'Y in commel'('inl (,fUllling, •:Much ndditionai infol'llIltlion is IH'('('SS!l.I'Y, hOWl'Yt'L', bl'fol'(1 that 
question call be properly evttltlltLcd, Absence of adequate data on 
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• 
normal spore loads and the resistance of spoilage organisms indifferent 
food media make it necessary' to choose processes which are probably 
excessive in mnny instartces. Further reductions may be justified 
when sufficient experimental data are obtained which will define more 
precisely the heat resistance and slopes of thermal-death-time curves 
of spoilage organisms in various food media. . 
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APPENDIX 

METHODS USED FOR P.REPAltlNG, PRECOOKING, AND PACKING 
, VEGETABLES AND MEATS INTO CONTAINEUS 

LOW-ACID VEGET,\BLES 

Asparagus.-Only the tender .part of asparagus staiks waS used, The scales 
were t.rimmed from t.he stal.ks to eliminate sttnrl. The stalks were cut into 
inch picees, coverNI with boiling wut('r, lind boiled a minutes, Asparugus was 
packed hot and cO\'ered with hoi cooking liquid. 

Beans, IIma.-Frelih y()ung. tender heiUlS wcre shelled, covered with boiling 
water, and brought to a boil. 'rhey werc packed hot, covered with fresh boiling 
wIlier, • 

lIeans, !lnap.-BeILrlS were cut into iJl(~h pieecs, covel'ed with boiling water, 
ILnd boiled 5 minut~~s. Thcy wcre packed hot and covered with hot cooking 
liquid,

Beets. -·Bcels werc sortNI ILnd pn'pnred ~('parately lLl'cording to size. Tops 
WNC trimmcd ofT, lea\'ing 1 illPil of st('IlI. Baby beets wcre boiled H\ mfnutcs, 
lIledium size 20 minlltes, iLlld lilrg(' b('('tH 25 minutl's, to loosen their skins. 
After being skinned and trimmed, buby l)('(~f.s W('re pl\cked hot and covl~red with 
fresh boiling waler. All nll\('r beels wcre ('ut into !z-inch slices. halved or 
quartcred for uniformity, The>' were packed hot and covered with fresh boiling 
wat.er. 

Carrots.- Carrots were, l'lIt leng!-hwise in quartcrs or smalJer, depending on 
the size and tlH.'f1 cut cr(Js~wise into I?~-inch pieces, . 'rhe pieccs were covered 

lwith bOiling wllter tLnd precooked 5 minutes, pMked hot, and covered with the 
hot cooking liquid. 

Corn, (~realll-style."-C(lrn \l'tlS cut from the cob at about the center of the 
kernel, and the cob Ill'raped. Boiling wlLter was added in the proportion of 1 
pint of wah'r to 2 pints of cum, The mixture was brought to a boil and packed 
hot. No extm liquid WIlS added. 

Corn, whole-graln.--C'orll was [,lit from the ['O\) as close as possible without 
including hits of lht' ('uh. Boiling wat('r was addl'd in the proportion of 1 pint
of watpr to 2 pints of (,lit ('01'11, The mixture was brollght to boiling and packed 
haL No extra liquid WIlIl added. 

Okra.--Only telHlpl' pods of okra were USN!. The trimmed pods were 
hlan('ll(~d for 1 minute in boiling \\'ILler ILnd plwked whole or cut into I-inch pieces 
Ilnd thl'n puekN!. Fresh boiling watpr was used to cover the vcgetables in the 
con ttti IH'I', 

Peas.~-HIl('Il('ll gr<'l'n (WM werl' {'()\'l'I'rd with boiling watcr and brought to a 
boil. TIH'Y \\'('rr pa('k('(l hot and {'()\'('n'd win! fr('sh boiling water. 

Pumpkin, diced.. Pumpkin was (w('lpd lwei rut into I-inch cubcs. Three 
quarls of [lumpkill to 1 qUlu't boiling wal('1' \\'pr(' brought to a boil. The diced 
PUllipkill was p!lekNl hot !lnd ('ovI'('('d with hot cooking, liquid. 

I'uml,klll, mashed. -PullIpkin was (Jl'pipcl and ('ut into i-inch cubes. It 
WllS steallH'd until trnc\rr nnel pn'~H('d through a food mill. The strained mixture 
WllS \)('at('(l to HlO° II'. ILnd (larked hot with no snit arid no add('d liquid. 

SI,lllach.·-'t'ough Iltl'II1Il Ilnd midribs Wl're put out of freshly picked, tender 
flpinllch. About 2~2 pounds of trirnml'<l, thoroughly washed greens were placed 
in a cheesccloth bag and stclll1wd ill a larg(" closed vrRsel for about 10 minutes 
or until well wiitecl. Th('y were packed hot, loosely, and covcrcd with boiling 
water. 

S(IUash, summer.-Half-inrh sikes of slImmcr sqllash, halved or quartered 
for uniformity of size, ",err ('overed wilh boiling water, brought to a boil, packed 
hot, and covered with the hot ('ooking liquid. 

SWe(~tl)()tat()(!s, dr), lJ3ck.~-H\\'eelp()tnt()rs Wl're sorted according to size and 
stC'ullIl'd sepllrately, :!() millute~ for small OIH'S, 25 minutes for the medium size, 
lind 30 minutes for large SWCl'tpolalops. Tlw:: wcr(~ preted, cut into lengthwise 
pi('ees, llnd pal'ked. HWl'etpotalOl's werc packed solid with no liquid and no 
sal t added. 

8weetpotatoes. wet pa('k. .\\)u\'(1 dir('{'tioIlS W(lr€' followed to the point of 
packing pieces in jill'S. Builing water WitS used to cover the vcgetable. 
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Pork.~Lean pork was cut fromthc bones, trimmed of excess fnt, cut into 
chuuks, tLnd precooked until IlW(iitIlU done in hroth macl(' from tho bOIlCS, 

Quart ~Jnss JILl'S \\'ere parked with mcnt, C!Lre b~'ing tuken to pIneo u chunk of 
lllCl\t so tht\t its tcnler would 1m just below the center of tho jill', Tho mcthod • 
of procedure for pint JILl'S of ~()rk loin wus the Stlllle liS for qlllLrL jill'S,

For cunning pOl'k loin in 1\0, 2 and No. a till ('ILlI!;, the raw, trimllled loIn WIlS 
cut into ('hunkH appr()xilllILlt'ly lhe h(·jgltt of llH' ('IIIl, TIlt' ment II'IlS pll!.'ked 
solid, level with tlw lop of the ('/In, with lilt' gl'llin of the tnt'al running verli('Il11y, 
'['tIe c'anRwerr ('Xhallst('d itt boiling WILtl'l' to a dt'pth of \\'ithill 2 ilwlws of til(! 
tops of the CIUIR until the l('lIIpl'mtlll'l' of til(' ('hllnk o( lI1l'tlt: Ilt t!ll' ('('nter of Lllll 
('lUI \\'US 1700 F. Euough jlll('\' 1\IlS rl'l('H"l'd b\' tilt' IlH'H,l to fill till' ('all, AII\' 
lOlls of liquid in ('Xhllllstill~ W!l~ fl'plnt'('d with ilOiling watl'I' just before tho (,ttil 
was sNtlNl, 

lIeef.--Bt;lef was ('(LltIH'd ill quart jar." lIsiug Ill!' SUIIl{' It't'itlliqlto liS des('l'ibed
for pork.

Chkken. C'hic'kc'lI with Jlurl (If til!' btllH' r('t1\()v!'d WIIS ('Illlllt'd ill qllllrl jnrs. 
TIll' lIlt'nt wns ,'pnHJvpr!, from tll(' ill'l'IISlbotll', 'I'll!' llH'tlly piN'''s, lhigh~. se('oIHI 
wing joinbl, Ilon wj..hblHW WI'rt' pu('k('(\ with til(' IWlI!'. Tit" clr\llllslil'ks \\'1.'1'(1 
cut olT shurt. TIll' pUl'king \\'lts stu'h thltl It IInlf hr('tlst l)('('npil'd t it(l renter of 
l'tL('h jM. Chi<'kel! (l"PNIUkl'd ill !Jmth wnll Ptl(·kl'd hot; rll\\" p!leks wt're cxluuwtcd 
beft)rt~ pro('('lllling. 

Bon(~d ritirk!'ll was IIn'PIII'PI! both by ('Iltlil\~ tltp raw "WILL from thr bOllrs, 
Ilncl bv "('lllOying I\l(' "'Pill [mill t h(' 110m's IlUt'I' it hud iJecn prce()()kcd ill broth, 
Only the meaty pip!,!,'; WPr!' IIKl'd, 
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