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HEATING CHARACTERISTICS OF CREAM-STYLE CORN 
PROCESSED IN A STERITORT: EFFECTS OF HEADSPACE. 

REEL SPEED AND CONSISTENCY 

MAURICE R. BERRY, JR., ROBERT A. SAVAGE end IRVING J. PFLUG 

------ABSTRACT····----~ 

The heat pene~rutiou factt:~V; (J'h and l) and s«:riliZAtlmJ value \I'u} 
ror eang of cr<:am.~tyk cmn he4led in ,,;t FMC :;ttUI0H were deter
mined fmrn tirr.e-rernpcraturc dab a5 a fuudit!n of CIJ1lbiiner t~w:J~ 
~J"tt<\ r<>d spud. ;wd pr(>(luct ron!iitcncy. Fotu oommercialmstm
mcnts were u~ to m"<<SMe prUilud consWtency. Fm comme<ciaT1y 
prepared cream-style rom ir, J.03 x 406 WiltS, h.euds;xx""' (e,: fill 
weJsht} i~ the moH critical cf tlli:t.e PJr1r::nctctlt Stcrillution v:rlue;, 
iliul rungt>-tl fv:tn :!9 to 7R mlo :r1r I f4 in. pM~ headspaee weN 
rcdu~--..l to tl.':.:> tlmr. l min when ~he l~ad!i?U~ bubbli\ was elh::.l
:~ared. Pui~h>! head!lpactng devicet or nct·woigh.t !cmor~ ar~ NOO:Tl
n:enCed fo: control ,,f pro<;Llr' lir_es. Other fll!U1!e~ers that signlfi· 
cantly infiuenue :h" devoo u: agitJtiilll lnd\!t:ed within the cor nre 
rotational speed o-r :rtc c<X)kcr and product coMoter;;:y, AI Ww we-l 
iiJl~ed~ "~ high product consittt:Jdes, sterilization values dccr:::u" 
drum~tically. 

INTRODUCTION 

AS EARLY AS 1939, agitating cans of food durillg heiltin[!; 
was shown to be e.fft'.c:tive as a means of incre~Rinp.; the rate 
of heat penetration (Adam and Stanworth, 193'1). For vi~· 
cons products snell 11~ cream-My!e corn (CSC), agitation in· 
duce~ convect<o:>1 within the can that alloW:l shorl·lime, 
bjgh-tc!Tlpcra!urc proccwing tl::a( ir:1proves i!ppearan<.::e, f!a
vo:::, and ~eJ~Lltre. 

The Sleril:nat:c cooker (FMC Cor;::., Candng Machin('.ry 
Div., San Jose, CA}, ft'comn:encled b :949 :or jltOC?s'linr; 
of esc, ;s today the :nest w:dely used cor;tir.uous ;u;5t;;t1'ift 
pmcessJig machine :.n the L!r.ited SUite'<. Cans enter ti!e 
retort an(! :ne 'nrlexerl in~:-; J revolvir.g re:c!; !he ca:ts move 
thro:tgh the machine in a n;:n~a: tHt!fCrn. Agihtinn :-; pm;.-i
de-d hy a;Jnwing the can;; to raE f:-cely ae:o&J the bottom of 
the retort. 

The ohjectlve of this invc~iig::tion was to Jetennine the 
s1gn!ficance of the scnral critical parJmt·tcrs thaL affl){.;l tl1e 
rate at which he:~t ls transferred to cans of esc heated in a 
Steritort (FMC Corp.) and, m turn, the :.tDnhtaLkm value 
received hy the product. Thu n;:w.lts of theJe studies using a 
Stelitort would he appl:ica!Jii.: to commvn:illl CSC pru,_essed 
m the FMC Sti>rilmatic pmceM>mg macinneJL 

MATERIALS & MhTIIODS 
Experim01nta[ plan 

TC11~ ,-;rudy to determine the effect c: l",CJdopacc, prod'Jct oors!J;
te.'lcy, !11d St'Ml:PH rotation~! spefld on thfl tw-<~tlr?; mte ~nrllag 
tilctor of ~rfl·'ityle com was carriud out ~;t the pilvt p!ar.l !i<cili:y 
~f the Green Giant Company. L<=- Sueur, MN. T!'!e CSC was obtained 
frcm tlte pn: ... illctlon line ni an 11d:.1cent CS<: canni:~g P111flt, 

The cp>am fer esc was pmparnd fr;;:m ("'<.lfn, ~wrcll, ~~~~;t:", salt, 
and \Vater. 'l h~: cwam und &lit com kr-rneJs were -.>t~mbiHcll and 
passeC: thrnugl". a DeZur:ik consbtency ccnt:ollcr (DeZnrik Corp., 
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Ssrtell, MN). ~ !orque required tn mtate A paddle in the CSC ,j& 

J!W41Aiti>rl and small amounts of hot wnfi•r me adcif.d by tlw unit to 
nmintain a oo;numl totq<.te, which 1~ empirit"lliiY rcbfv;l tu ptcda!lt 
oonsi~reney. 1h" product then nom iliredty tc th11 fllhng macllme1i. 

Suuc tommcrcu\ {$( vane,~ >~-ithlll rather brood manufactJtlns 
:imitt, it w1s rt:cr.g:1iUd llf the oo~t nf thi1 pmjet7 thar \Ve wn:;!d 
!Je workirg with a vnrbhle pmduc:t. H WM decided l!mt two requcn~ 
tlll :es:s u:' six t.utso ~_,ell would tt-. uurieG. .cm fcum e-mll tuh;J, nf 
esc. The ("$(" k'l the <.L•?li~-at-e "'~' W<;(!:]d be held ur.der llCJ"I:Jollvd 
!cmp:oratur.o wndl~k>n3 wtatc Ho:c Hrn :~:H WJ.S carried out. tn :hi$ 
'li>"a}' each prodc.ct te~t conditicn wa3 e\';;,luated twice, 

Crearn-.<ltfle ct>rfi phyY::.~I chara<:teri;.tic.<; 

CSC at or abov" liS/f'F wa~ collected immediatc!y before the 
~ller howl itl the cmning -pbnt. A';"J\1fnximately 10 f!~-1 (If .mrn war 
tlivar!ed uno a 15,gal, stain!Ms steel slc•~Ck-J;no!. 

ln tith ro;:porl, voc uoc tOO t<J.nr: "ronfi~Wncy" to dcscril'!: the 
product cha~acteristic.~. Con:V.Stency mea5uremen~s t<'e:e made- on 
the pwduct hefwe heaLin~ and afterward on tll-1)- faliiMt and ~l<"lWMt 
heating cans. Four commercial imtruments were used Vi Jllf,;t$1.11'<'1 
this q11antity: the FMC eonsiswmc!l.'r !,paddle A, C.W. Brab..:ndcr 
Jnstr., Inc., South \Jacken~~ck, NJ), the Bror,kf!eld \'iR<lome1et 
\Model HBT, Spindle 2, Brookfir.ld Fng:ine<"rine, Lab., Stou,ghhm, 
MA), tlw Adam~ oonsistomdl'r (Ceraly Exprnm~nta1 Cp., Hrcn!· 
weed, MD), and the SLormer viscometer \A. H. Thomas Co .. Phib
delp111tt, Pi\). 

BoUt the. Bmukfitld vis~um~ter anil the FMC '-"!JmliJ1.ol!l<'-ter w:>-ru 
uood to mc<nurc total consis-:cncy. Ea<;h of these in;;trumcnts me.a
~ures the_ torque .-equired to ~iltate a pa.dd!t in t'lt -pmduct. T11(l 
Ai:.Jm~ cu.'\si"ont"t6r menrur<".S t~l<'l S;:>>ead of a ;:>retn<'aS4ted ;UUO:t:lt 
of esc un ~ e.Ji-tlra:"'d flat o~Lfaot in 10 occ. roo Sto:mc: •i•eomM 
;(l;:r i£ t'l'::d t<: me-Jsure the charact.-r:isti:;;s cf the Cl1':am r;<>nim"l 0f 
the -pmducL The esc was;(:!3ined ;bo:lph c Nr-, S sieve, lhe nerm 
pt.>rticll 'WI!f piMl·ed in a ct:P, ual the t:m~ re'l'.fir•.od [(;r ll con~tan 
anoum of tn~gy :o be dissi-p<l!ed in :o!a~ing a cyli.,dcr m the 
croom WM determined. TT1e S•wrner vi,'>v:rnelet was u~ed t;; m\'lnlti'lt 
ccusl"ene-; In HI<' phmt, where produ<ot vafu;;s were nnrmlllly be· 
!w~<:n 6.() anrl9.C scc 

Washed, drained recidue (WI)R) i~ the pen:<>rt of svlifh tHlllllrl· 
irlg on a No. n sieve afler wasiting thf product with wat<:r and 
draining. The WUR of the product in each test wa~ m4l.lmlrmi. Tlw
WDR of the prodact fmm the pl;mt -ndeci from 15% tu 40% 

Jn >rome <:::l""'' it was de!ired :u eval114\e a nmgc of pnduct 
<Ocm:lliioos by m<..•dlfying the ;:rodJc( JS ob!ltined from the crnning 
plunL Two kcl:mques were t:scd: 

L To van· the cream mnsi~hwcy nnri maintain OW< same WDR, 
extra ~~;n wa~ n>li~cted in :t~- c~mtin~ J>lan! bt:forc tho c-ream and 
~lit n:»n kerr.els ~>.-e? rr.ixed. Tfu.· CSC $amp:<: was then split In tho 
pilnt plaLt ;:nd equal arr.ounts of cr>..am :md \VJtllt V/0N added. Ti1e 
adeinor, of abau~ l !lJ nf c:"earn ::r w..•er tl' :; g.ni uf esc rf'~'~u:tt<d ir: 
a diff,;,rem:~ nf ~boct 4 sec ir lh-;<; Stermer WlL~i'l:enuy r'.'adlngs. 

:l To cbt~ln a ra __ ogilo ofViDR's. for ~he ~ami.' c.~m ::on~Jisf<Jll\.f, a 
('}iC ~ample waS Ji>ided mto !we equal ?Mts, and :hot kernel~ '11¥,\'V 
slr>ultell from \Xl<.< part a:-~d add<::d tc the other. 

Filling and :~Caling can~ 

Tf<e tfl!lt cam wer~ lmnll fil!eJ. F o\lr fJJling condidans were used: 
fill weights of 4i;Og, 488g, and 493g !.all J IJ,2g) and full to) oW<)f~ 
Oowing (apprcx SlOg). A till of 41f8g in a ]OJ 'II: 406 •::lin J'<'t.ults in a 
gro~~ headspace of apprtlximately 0.25 jn_ ~ud was tomiden>J nor· 
mal fill. After fillin;-;, the gross h~.adspace wa> mcaoured and then the 
c~n~ wen~ closed. 

Heat pcn<:trntion tMasurement 

AU Jwnting tests were carried out using 303 x 406 outs. An 
E<:kluni.l iEcklund Custom Thermocouples, ('ape C'ornl, FL) to<:k· 
ing-rype rece!ltacle wa~ loC:Jteil fn the re!ttM ui l!Js manufa.;tnrcr's 
e:-.d rtf t!:c 0.111. F.ddumi CNS c<JppeH;;ms!anun thct!llnr:=pkm, 
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2·· 1/ tO in. k.n:; and 0.067 in. in diameter, l'fl:tc imtalkd aiong the 
(:~nler line uf th~. can at the f!:eometrk .::WHH. 

An hcklund tt'.'C:rnocouple lead wiw ltatlll"SS (rDiary co1nactm) 
was used. The C:eviu L'lc!udcd a slip rmg unit :hat attacl!ed to the 
W~lting :r<X-ept~de nn the car. and lead WiN •!:at co:u::<lc!cd to th~; 
thotn:ocouple jun~tion :mil CD tl1e :t>;el blb. 'De therm<:>Cnaple lead 
'Wires were hrol.!ght ot<t of the Steritort thwugh an e:- ;ernll.l co..11mc· 
llHOf llnit at CM end :.f the reel Jhaft 

The slip ring unit that attacl;ed tD e;'F'h ¢'In w~" in~d before 
and lifter each Wtt to be sure that thero. was. ftkff muve;W1l! between 
parts. The resulrs of Some heating test~ hOld tc '1:0 dbC~~Tded eith.or 
b:nmre drug developed in th1 slip rin.r; tmlr or the slip rings s':oppcd 
rntuting: :Jlog<:<U:e-r. 

The :emJX"raturc in six in~tr;.~mcmud ctm> WM3 meii.>uted during 
eoch heMlr,g tes:. Two thermor.ouptes were located in the Stcritort 
near Llw. nul!cury-ln-glas~ thermometer t<l ohtnin the henting me· 
tlium 1J:mp<:ratuftl. 

The thunocouplc outpu~~. ·,.·.:uch wu.."\1 rN:oni"d using a strip· 
chart, temperature·recording potentiomctcr, were alw mcwurcd, rc
co~~:le!l Md ')nnrhed ,.,, m:p¢1 t:M:e by a Dork Dlgltrend 220 da<~ 
acquihltloll sy~re:n {Doric Sde1r!fk Crop., :ltn tile~,, CA.). Dnf'l 
sy~t<:rlh wau coo:J:Wded iu pur.-fld h; ;Ill \lw t!:ermoouup!M. Tem
perature; were mcasun:d at 30-S~.":: mwrvah. 

Steritort operation 

Fon; $teriturl rool ,-ulu:iillml speeds Wl"h'· ..vnhn:ed- 5.0, 6.5. 
!1.0 and 1U.6 rpr:~. :'km:?Jly, wi:tin fll!d> ru:-t \h a g:nm :eel;;~, 
tv.\1 sets of' three. can~ e-ach lmd dii:'~r<:nt t::oduct-contl:ner p~:~m~,
te:s. T'!:Je difference waa usually fill '.l.>clght, since conSim:ncy and 
WDR V(ttied routinely for the oom:rrerda! product. Buc to better 
understand the elfeds uf con>istooncy illld WDR. for SO!Ilfl runs the 
(;Ommcrcial product was mo(li.ficd as pr~viou~ly de~~ribt;d, A varia· 
tiQfl of thMc characteristics could thus be obtained within !he ~arr:c 
St~J.ritott te9:" 

T:w six th<\T!IU>U>!lf~-equtp?erl nns plu\ rwo Jddition~l cans for 
Cilllsi:Stl'ncy tc:rtins were loa&e into th' SroritorL T:t:orr.Joooupk< 
kMd\ were crrtl'li':cted, reel mtatiun was &tarwd, and the :movement 
,,f <:~us w.:s 01Mrrnd to be wre t!:;H i!ll ;.an~ we,.; mlling freely. The 
Stcritort door w:u then closed und ooaled 

The a:.~toma:k temperature control ms ~~fer lUi opc.rn.ting tem
l*t!ltn:e ;,f 11ff'F, .1nd the stoom hy·pM.~ nlve wst 0pened. At :irne 
:!::ro. :he main stetL-n VJh'e ,.= upeJ:ud. Thn \R'!ts were cin~d at tl!e
<:nd of l mir. of hcatbg, and the by-palll> valve w::n do;t.•d as the 
temperature !tj~pro:<ched 210°Y:, 

£Jw lwnling iim(l (meJsured from ~team·on to ~te.~m·,~ff) wa~ 22 
min for tc~ta at 5 rpm and 16 min [or all nlhN tests. At the ~.nd of 
~he hea~lrtg period, the ~team valve was clo~cd, ;md th~ 4.ffi. drain 
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Fi!L 1-·Hesdspam.· corre!Btion fDr cr!Uif'·.~lv!n cor" in 303 X 40S 
(.Yif!!i. 
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valv.l was ~·pened ulung with the cnolltlfl WJter ~pny valve. 
When (;(){llillg wa~ compl\lted (at 11 pr,)diJCllempemtur~ of aiJnut 

100YF), the doM was cpetw«i 111\d the rctutlon oi ret!! und cuno 
e~hsNveci to be ~~H~ fl·at all t:3n~ we-re still :ollirt,t; ftee!y. The red 
WlW itwn Ho;rped. 

rosHteatitlg evnluaoon 
Tl:w oms "-tie rem•;vild fwm th"< St<Hitort an(! the VJC!lUill me;;.~ 

&Jrcd to rna~ ccrtu!n the ttwrmrn:ouplu pm:lung g!mds lwd llN 
ie1ked The r.a:nt were opened and the !wad::.pllce m~. The 
'"-~ll~ittrJKY of the esc in the fast<.:tl and slowest he.ati~ cans was 
determ;,le.:L Tlte \VDR of J!ie C~C h twn <.iM was aloo determined. 

Dlltaannly~i;; 

At the nn.-l nf wch day of te~tlng, the heat JX"netratJOfl datli on 
the pundw.d paper tape< ~~·Jrd wn.• tran~fem:d tn ~he Univer:s:ity of 
Mlnnc~ota computer where, using 1l-PP!"Oprii!te ~oftware, sterili~atl,ln 
values {F,.) ""'re calculated by th'.' ljt'·n<'ltlll method and h~->llinr. rata 
pa-:'ltme~ers <fh, f 1 ar:d j) were cal\:clated. Thh rapid rcducti-un L'f 
dam produced 1e.'i1t1t~ that wert llscd tD d.ccldc wbic!t sabscq:ucnt 
teau ..... e:e OC\lded w test ~•c<Mpli~·, flee "~jec:h-c in the limited 
time nvall:!b!t.'" 

Sttrrilim\inn Y:Jlues wc;c a1sv caiculuud from lill!n\';dly r.ilite-T· 
mitwd hedlillg rnte perJmet;;rs fr\lm the computer genn;;tcd hen< 
po.'Tlelndiuft #fuphs. The Ball method wa~ lt~ed .1nd lethailth!$ \Vllre 
calCt:lllttd uri.ng -:h" zctual initial tempefll.tme IT 0 ) fur twch can and 
;;.u M~Ul"lled intilit tempera~urc cf J 7ft F. 

RESULTS 
Results for each of the v~riahlef> evaluated (headspnce, 

r>Jel rotational sper:-d, and proilnct cons,~tcnc.y) will be pre~ 
senled scpurutely even though ~fiey interact. 

Ilea& pace 
AgitaU011 of tl1e prmb-ct :n 1 <.."li-!\ he.:. ted b a Ster!.wrt is 

facilitated by the prncnc~ and mo•;,.•me.r.t of the litadspt.ce 
bnbble. The ~ze of thc bubble, the mtational speed of the 
can, ;md the consistency ur the pwdw:t toi¢ther &.tArmine 
the rn'l:e of heat pc::1ctrati.oJL 

ffro;;s headspacc bo.;fore aml uftc:- fl!OC<'!Ising as a fun<:" 
fior :d fill welgl",t i~ :;how;t in Figu;e t Both the me:tr_ 
(datil sy:nhol~) ar.d range (w-::lknl liuesl of h&ndspar:<;'.S a~ 
e~ch fill weight an: :;howa. Tlw curves shown in F!gnre 1 
r~pre.~ent linear n:gressiun analysis of the data. The tw;) 
curves htl::lckd "before proasslng:" are f()r the fir.~t ~nd dup· 
Jicatc ~esi.S :rtB<Je from a giv~n Mm!)le of CSC, Tile dcffer
en-.-e. ir: 1:1easu~ed heads_pac1"S b1'lt0"'e fl"I>Ce~~1:1g fo~ Et,.: two 
tests is probably dne tc de~erahm of the CSC. Th~ npc; 
was ?ilrtlally removed a,r; the CSC cooled as it :;tuoti for 
aho\lt 45 min between tes!s. This cfft·d wa:; nut s-ignlfic.:mt 
for the .Rfter~proce~ing dda, ami Lhus only one curve is 
shown. Headspacc ln;:n;;t~ell approxicnately 6/32 b. dnring: 
pnx::cssil:tj. Cru:>5 heudspa;;es br.fme prccersinr; ~·o-r uns 
w:tr. no headspat:e 1::-uJHe are shown JS 4/32 i:1. (the ap" 
ptcximata counter-sbk depth of 1~e Clln). The>e ::ar_s wen: 
filled to overflow before. S1':~Jing bnt he~ctspaces were not 
actually measured. We believe lh.1t the v~riation in fill 
weight (496-512g) for the can~ with no headspace is pri· 
marily due to variations in entrnp-;wtl gases in th~ esc. 

It thls smdy, w~ varied the fiE weight of the t:ans to 
p::od·Jce vari.'1t1M.• :n llC<ld:lpacc. The :r::nimum ner:Iiza:i·.)D 
value (ca~culated wrd! T 0 of 170'-p) fur no;tmodified_ prod· 
uct fm each fill wc1ght for tlte varier? rulspeeds is shown 
1>1 F1gure 2 The minimnm F 0 datn shown ue for cans with 
a high consistency; howevtr, we have l"X.duded the d~t~ 
from tc~h where we pmposely clvmgt'6 t::te product {r_e._, 
where "\IO'DR e-:: consistency was modified). C'"l':>nges in f11! 
W(:tg:ht of as E~t:e as 5g we!e naslly dete::ted hy -the J.eaf 
pe:re~ralion :lata and subseq;1tnt strtili?MiM value eaku!a· 
l-ions. The most obvious effect is the ~ip;nificant re.duction 
in sterilizutiott value as the ingoing headspace huhhk is rc· 
!lw::ed iD zero 

Thv uffect of fi:l ~ight en t~1e l":eatmg rate parameter 
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(fh, or mirRtl.es require:.! fm the heat penetmliDn curve tu 
traverse on~ log cycle) is shuwn in Figut'e 3. Tlte <,lata repre
~ent the mNtSUled heating rat<!- patameler for the slowest 
healing UJ.ns. No dat::: are shown f!)1 the 6.$ rpm tests be
cause broken-heating curvvs we.r.: ublait:ed and a single 
vr,Jue of the lwating r<tle cot~ld lll.ll be computed. The heat
Ing rute p;umnrter increuses uni!'ormily witil increasi11g fi;J 
weight at i\il reel speeds. The data are sho\~n approuohing 
UJI ft.. Value typical of a stJ:l rook for CSC i;l 303 X 406 
.-;ans at the brlr.1ful conditio!: (Pflq; 1975). A:::ove about 
SOOg, i"Jl data are sho::.wr. since f:te pro;:t'ss tioe was not 
long <:not:gh to fully develcp t:'te stmighHine port:o:~ of tbo 
h<>~>ti:rg cun:r 

Re.<!l llfll'!t!d 

The influence of reel speed on the sleriEz!!Jll>n \alues 
~nrl htmbp, rate pua;r:etN~ a; a fu:J;;tior:. of fiE weig;:'1t and 
C(!Ml:.:ten-.y ;~re '~::hown ill liir.;ures 2 unrl 3, und <'I- and 5, 
rcspcdi:vely. The re11ults indJCilte ih:lt the higher the reel 
speed, the more effectiv;; ll!c agitation and ihe larger the 
stexiliudon value for the N>me proccst time, Although sfer· 
ill.zation va1ues wer¢ shghdy largl:I at S rpm, there w:~s little 
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Fig. :3-Effecr of fill weighr on rht heating r.tte parameter. 

diffen:nce bd.ween Lhe 6.5 ;m:l 8.0 tpm runs, Tho; m<J~l 
interesting UiffCrent:e was the broken·heuUng phenomenon 
that consistently occurred at 6.5 rpm. Afler 4-8 min, ~he 
heating rate paramt.ter increased by 50 100%. Straight,Jin<l. 
heatiug occttrred only with high consistencies or tew head
space 
Cou~i&ttney 

Ir, Figure 6 rtr.,; shown the FMC '-"<!JlsiStometc.r rt'-adings 
as a :uncr~M of WDR. The FMC tons::Etomcrcr ;ncasut¢3 in 
!:lrahe:~dcr uni~ (!:l.U.), a':ld the rnw;;:u:c is inilm:nccd by 
the ~wo co;npone':lts d CSC; ec1.m ard <crndx To sr_ow 
the role o-: the c:cam portion of 1'1¢ esc, the data have 
heen keyed tD t"tle relat:ve Stormer resd!r.g:;:: :ow/5.6 -- 7,5, 
rnediurr:/7.5-9.0, and high/9.0~16.2 sc.:.as representee by 
the different symhol& 

Lines have ~ccn drawn :q:prox:mahng Stor:ncr valm:s of 
7.5 and 0.0. In genera!, FMC R F vaiu;n; can be HK result 
of thick cn:am 11nd a low p<.:r"-·<.:ntagr; of kerneL!, or thin 
neam and a high pen:cntage of kernelll. Ell her a Storm;;r 
con::u:rtcncy of 9.0 l!l:C and a WiJR of 26~ or u Stormer of 
7.5 :>tc <Ltd a WDR of 34% ha·•c an FMC comllitcncy of 70 

FNC COIISISTOMfTft JIUDI!lGS, ll:.lt. 
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n. U. (C~;;;he(l lines, J<ig. 6). A similar correlation w.as found 
f0r the 11mDkfle!ct consistency data. 

Crms!;;;t~n::y is :t m..:asu~c of a product'g ir;wrr:al r~::>cs
~nc;; to How •,vhcn :nbjecteC lu ac e~te:mJ $li:r.ll:\J~. Th<' 
h~g.'I~.:r lhe ccns:~Lency, Lhe Lhicke:· lhe prmtJ~t, o: the mol'€ 
resistant ]L wcu!ti be h; movement such a~ agimtio:~ in a 
Ste.ilmatic woker For,; produ{:t !ike CSC oonaist;o;ncy is 
ir.fluenced both by the thidrnes.s or the cr~m :md tne 
amount of part!cnla!e matter (WDR) in the mixture {Fig. 
0). Conshtcncy measurement is further comphcated hy the 
product tcmp::rature and rht·olog<cal dkcb. Con:>ist<:ncy 
cumpari.Joru> must tw made at the same tempemlurc (nur
rn:::Uy l70 or l SO"F fur CSCI. wilL the same viscometer. 
Even lb.:n the unknown rheol~ical eft''"cts of holtling and 
mhdng may influenre the 1esu!t& 

C ontrcl of prod:1<;t tempc;.otutc. for the- cmuistency 111~\
sme.rJ~nts was not possible" Some insight as to the effect of 
tempeature on consistency can bt> oHalned by c.t~m~Mri
sons of the same sampltl of co:n nt :liff~Nn! h".r.'Jp11n!ure~, 
For mos~ ;:-aml;-lr~1tlcms of p:oc&ssing pa:ccL'i>ete.r~, an initial 
nm was follow~d immed:at!lly by~ 0uplic.,:'.tC run. The aver
age product te;nper,ltnc wa& l68°F for the it1go£n~ FMC 
eonsis.tf.ncy measurements for the initial run;;, I ot the dllp· 
licate rnns, the temperature w~~ 14X~F. Tile combined re
s·uJt of the. ho1dinp; time ~nd the decre~~e in prodttet tem
perJture w~s to Jncrea~e the ~ver~p:e FMC consi~tency from 
70 to 81 B- U- fi~sc.d on the clo~e agreement l:letween the 
-sterili1.ation valnilil (corrected to tlll inlti.;l temper~tu·n of 
!70°f') i;1 the '"ir~t nnd secDnd te~ts of eat-~ sam-ple <lf esc, 
wr: zo'"lc:u::k t1;~: the difference in mea~ured crm.~is~encles 
~~e -pri41ati!y the re.nlt Df th! ~.e:r,peramre ctlfferet1t.es and 
only to a r.11:c-1 len~e~ extet1t tl.'l c~anges h ~heologi~l pmp• 
ertim;_ 1 f !'l"lly ~ ter1perJ~u~e effect i~ Jssamed, :; c..>rt<:cti0-:1 
factor of ahnut ~0.5 ltUJ'p appears reasonah;e. Po:- the 
Bmokfield ar:.d Stmnc;: viscom~teu, the. factors a~ ~ 25 
centipoUic/"F ani ... o.t sectF, f("Spet.tively. 

c.rw srnt t:~"" 
•20 S'1JP.II!Hf ~IS:!IMHU !iUII!to:CS, m. 

a 5 s 1" 

Moth the FMC con~i:lwr:acte: .o.nd ll>e Brookfield vlscom
etl.!r rn~~SIU¢ lvlal l.!unsitJte-tKY, wlwreus the Stormer vis
cometer chara:terizes the cre.:m rortlo:1 only_ FMC and 
B~ockfield co,r_sistt>.ndr.s were 1n egree;nert, p"'o'::iably ho>
cause the two instru:rerts ;<·e s'rrilat A'ld hr.~h M-eaS'j_ft
ments we~e taken f;om one '41m;:l1c ard at the S11"11C ~em;:RT· 

P.tnre_ nut the FMC wnsistomct::r was :more s:nsiL:vc to 
WIJR, prnhahly bccwnv; of til<.: CHZ<.:xno:: in the s:mpe of 
the shearing d<.'vic~.:s. Th;; Bmokfiehl spindle was T-shzped 
and m<~.de of ~mul!-Jhlnl>!ler rods., whereas the FMC paddle 
was a flat, rectangular plate. For the $\trle Brookfield u::m
sistency, CSC with hlghex WDR yiddNi higher FMC comi~ 
lencies. 

Tte effect vf produ<:t cor.slstenry 011 the sterilization 
v~1J0 is shown in Flg:ure 4 at reel tper.ds of 5, 6.5, 8, and 
10.6 rpTii. Dala po;nt? shown :ue fo: t m; weight o~- <:SSg 
a::Hi represent the slowwst-heatbg ;:an of each rJr. a~ a gi.vFn 
cons.isteJ:cy. FMC .;ons.:stometer fpaCd:t A) rt',;'idinss an fo:: 
the ingoi~g J)roduct ~rt.d :1ave been ec:recte:i tc a temper.'_· 
ture of I tO F. Rrad~ngs gce.tt(>r chan l 00 have hf"M> extt.'1-
polated frorr: actual dntn taker. wtt:1 the B ~1addle. Tf'.r, data 
indicate a definite decreuse ir. sterl!lzation value. with :n
creasing ,-,onsf:.tency at <~ll ff'(ll Sl1~.eds. All nms co'ldncted .'t~ 
5 rpm wen~ processed tor 22 min, 6 min longer than at 
other tt'e1 speeds. Even with the addtth)nat pmcessmg l.ime, 
stermr.ation values for the tests conducted at 5 rpm wr.;rr.; 
minimal at all FMC comistcncics ov(~r 65 B.U., which repre
~<.mts ah;,ut half the esc lCStetl. Heill peneuation wa:. 
greatiy reduced al 5 rpm. 

Th~ ""ffect of the. rtdueed agitrtion on the me.a-s'_ned 
hearing ratr- ~1araru~ter ;;t 5 tpr-~ fA ~h0Wt1 it1 l>'igure <;, At 
I 0-6 ~nd S rrm. tl>tJ t.hi>'1f\C in hrJt.1ng rate pllrA"'rieleT oveT 
the range of cor:~1uency readi"h" ;.; re!;;tiv:;;y •n:-ta!l. Whcr: 
r.he rce' speed i:r 5 rpm, a dn;matic change oteur~ in t:ie 
ht:ating rat" parameter with :m:re<t~il:_g co:rt~i~te:J..:y, At low 
FMC ~un:>ntom~ter readings, lh>Z heaLng ::-ate ;::arv:nelcr is 
about 12 But it in<..:re~ses Lu wure !ha;: 30 "'lu:t ille coustii
tcncy reaches 80 B.U. A sing:le"va!ued heatiag mte pa_rame
ter could not be shqwn in Fig:ur;;: 5 fur the 6.5 rpn; tesrs 
sint:e broken-Jwating occvue:l 

DISCUSSION 
THE OBJECTIVE of thio; Jnvet.hj.ytt:a-, was w dctcrrnim: 
:he effects of vc,rJction :n fW0C<'JI'F:ng pammctcrs o::r. the 
~tea;ing paramelets and stl'r:llzation v~lue& af C<>!'tmerdally 
furmdated CSC ittated ln. a St~r:tort, T:te ;;tudy re-quired 
that:;_ large nn.mbe.J of h11at penet~1"iM, test& fx? ~~arricd om 
during tfte ~-wk; esc pack, Since, cmr,merci~l esc W!l~ us.;:d 
we did not have precise control cif prod:~ct f;:mr.u!ation and 
true rt.p1kate or '·eper~t te~t~ could no-t he made. 

For most proce<.,~t"h~. :1n initial run from a ~ample of esc 
wa~ followed imm11di~tely with a ctuplrcatr: mn. At lhc slarl 
of proce.ssing, initial temper~tures of the esc varied from 
120 -175"P. Thl' ~verage initi~ltempcraturc of th'-' fir:;l run 
was 158"F Tri~ te---niJer;Jture had dropped to 150"F for lhe 
duplicate rum because of: the dck:y bcfor~ filling llte dupii
::~te c,~ns, eve., ~ho:~gh fill-r:d t'a:1;; we:e placed in a l 70"F 
!:olding hath to await pwt'essing. Tit"' eff<!ct on the avenge 
s~crili·latio:> v.alue (gc.nera! n:ellwd) w;H :t lt:.ducti::n\ cf 1.5 
r1in 'wtwee1: hitiv.l ar:d d'Jpllcate n:ns, When the n~ll fM
nmb m~thod (T 0 "' 110"F) wM. 11~ed, ~he rtitference was 
J. 5 min Tl:',l;; result i10ica1:r.d gond agn:cmcnt b::twcen dup
liG~te r:tnil, GOlli\Hlenng the possible rhtPiogi..:a: effe>.:::S dJe 
to holdmg t:!c produ::t at elevated temperntun%, Co:!Si!>
tency n:uding:; for lhe iugving prud:;.:.t were ccnected w:; 
temperature uf 170"E F 0 value comparisons are b:.ood on 
Irril-iitl-:emperaLure-cont<cted data, The data from minimum 
F0 value (slowest hetti!\g.l ctns am nsed in the discn%i;:n 
and figures. 



i'toduct agitati.on in a St.!rilmatlc cooker is a conse, 
qn~n~ of tl:.e motiofl o'f t:le hend~pih"e bub?k- witt;in 6e 
can. For :m weights abovt 505g sterilization -vulurs z:::e. d::-a
:natica::y rr.duced (Fig. 2), evrn thotlg_i gross headsp2.ce 
measured after processbg is 0. 25 111- (fig. I). Consequent:y, 
.a positive bdicat!c:t cf hMdsp;lce :;fter pmc-<1ssing does r:ot 
insure au adequate headbpace dnring processing. 

Withln limits. the data show that the agitation and t!1e 
rate of heat transfer increase with the reel speed. For a 
flxHd~capacity cooker, howevc;:r, an h1ctease in reel speed is 
accompanied by n redvced retention (NOC(ISS) time. 
Whether this reduction is comramsated by the incrensed 
heal penetration lute depends on the characteristk~~ of the 
prodtwt b.:ling heated. 

The effectiveness of the induced .;onve-ctiOJ: for CSC d\1-
pend'> on a::ct:rate filling machines to control hea:ispace, 
rmodse form;1:ation a'!d pref>;lratio::l to oontro.l p<oduct 
conFi~te-ncy, ard woidnnce of dei.Jys between fillo:Or andre
t.-nr that tent! to ·-ncre.o.se prndnr.t com(,<te;t~y and lower 
bitial tempe-ratn ""C& (Kuenema>'L ; 'fSJ; Wil~on, 1953). Until 
recent:y, h<nvevcr, very few additional dahl on C(J:'Jtinuous 
ag;:tating retort:> have hccn published (Hout:zer and Hill, 
1977). 

t1lNCUISlONS 

THE RE..<::UL TS of this inveBtigntitm warran! lh~ followmg 
oonclnsions regarding: the pro.:essing of esc in 303 x 406 
Cl:M £11 a Ster~tort · 

L HearlSpi!c(l is tht most critical proce-ssi::J.g parnmeter
Rcgard:e~~ of t.()1'1'liStl'.ncy or reel spertd, an in;Jdequute he:ld
sp.!lce resulted ''' :. low sterJ;i:t~tion value The critkal na
ture of l:eadspace suggest>: the use o~· por.itive headS;'!Jci"l£ 
devices <lr net-we1gl"r sensor~ fCor trmtrol {'IM pr('ld:to:tio-n 
!i:Je•L 

L Agitation of L'tl: product in the container is derer-

STERITORT PROCESSED CREAM-STYLE CORN ... 

m:rcd hy rw: spentt Ar reel speed~ of X ;~nd I 0 6 r;;m, the 
cf:cct :Jf a change in consistency 0:1 heating rate wa~ ~nwll. 
B:.tt zr 5 rpm, the :11 val:te increased dram~t!cally with in· 
crea-sing prod;.~::t co:-~si'itency. 

3. Con:JMtncy of CSC N 1nf!uenrerl by both ere~m COT'J· 
si~kncy and WDR, and hot!"! -:neasu:e:nent» are nece~,;ary to 
characterize the product completely. Devken that rr.easnre 
total product consistency such as the t-'MC coos.is.toml?.te.r 
and th(; Brookfield viscometer were he.lpf11l i!'l establishing 
the cfff.'ct of comi3tcncy on the sterilizntion value ~nd can 
be used to cstabli~h consi~tt:ncy limit~ for effec.tive proees
sing. 
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