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HEATING CHARACTERISTICS OF CREAM-STYLE CORM
PROCESSED IN A $TERITORT: EFFECTS OF HEADSPACE,
REEL SPEED AND CONSISTENCY

MAURICE B BERRY, JR., ROBERT A, SAVACGE and IRVING L FFLUG

ABSTRACY

The hesl penetration factors f, and 1) and steelfivation value (F )

for cans of creamatyie sorn hesled inoan FMO Swaiiorr wers dotes-
mined from time-temperature daiz 35 3 fumciien of wontiner heud-
spaca, real speed, and produst oomiitiency. Four commarcial instra.
monfs were wead o messurs praduet constency. Fov cammeroially
preparsd cregreElyie goen in 363 o 408 wung heudspare for §IE
weicht} = the mast oriticatl of thewe parsmetere Storilization values
that reneed frars 39 o 78 wmin o 1/ B grods hoadipaoe wiRe
redused o less than § omin whae the headspess bubbls was elimi-
aated. Positive hesdepacip dovicss of nobaoightl sorsors s mwoom-
mended for control of produet Hnes Other marametort that signifl-
cantly mfiuenes he dogms of agitation induced within the cen ars
rotational speed of {hw pogkor wod prodist convistenay. AL low reed
spaeds or hiph produci constswencies, sterflization values docrdase
drunaiioatty.

INTROPUCTION

AS EARLY AS 1939, agitating cans of food during heating
. was shown to be effective as & means of increasing the rate
of heat penatration {Adam and Stanworth, 1939, Far vig-
cong products sich a8 cream-atyie somn (C80), aghtation in-
dnces convection within the ¢an that allows short-lime,
high-temporature provessing ihal improves appearance, fla-
vor, and iexlure. :

Tise Sierilmatic cocker {FMC Corp., Canning Machinery
Dniv., San Joge, CAL recommanded in 1949 for processing
of £8C, = foday the most widely used continnous spitating
processing machine in the Urited Srazes. Cams enter ths
retert and are indexad into 2 revolving resl) the cans mowe
through the maching v 2 spivs! patiorn, Agitation i prove
ded Wy alinwing the cans fo rall froely sovoss the botiom of
the retnrt.

The ahjective of this investigntion wis to determine the
sipnificance of the seversl sriticl parametors thal affesi the
rate at which hes! s fransforred to gans of C8C hegted in e
Rteritort {FMO Corp.} and, o furn, the storiizalion value
received by the product. The rosudes of these stodies using a
Steritort wonld b spolosbit o commereiaf 080 processed
in the FMO Steriimatic prossssing muaiunes.

MATERIALS & METHODS

Experisranial plan

Tads sindy o determine the offget of headspase, product sonss
fency, and Sleriioni potationad spead on the heating mte snd lag
factor of cregmestyle comrno was carriad out st the pikt planl Seilily
of the Green Gisnt Comipany, Le Sosgr, MM The U3 was obiained
fremn the preduction line of an adlacent CBC canning plant.

The crsers [ox C8C was prepared from corr, stareh, sogar, falt,
and water. Lhe gream and sht gorn kesnels were oombinad and
passed through a DeZurik congiztency conutrollsr (Dedurik Corp.,
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Sartell, MNL The inrque reguired to rofate a paddls in the £330 &
measured and snafl amounts of hot waler sre added by theunit fo
aranisn & consint iorgue, which 8 empinesily resfed fo peodust
onsiency, The produet twn lows directly fo thy [iHay mechines,

Stnce commereial L5C vanies within rather brosd manninotuting
Hmitz, 11 wes raonpnized o the onset of this proised fhat we wosld
B working with 8 varkbhis product. Tt wes docided the twe seguen-
tiad tears of sie cang exch would be oarrisd eu frogn euch boted of
2512, The CSC for (he duphoale tesi weeld b eid under comtrofisd
emprrature condidons while $he tirst fesf was carricd oud In this
way each product st condition was svelilarad twire.

Cream-style comn physical characteristien

CSC st or above 1BO7F was collected immediateiy below the
fifler bowl ie fhe omning phink Approximately 10 gl of corn was
divaried into o I5-gsl, stainless steel sfopk-pol.

fn s report, we use the term “consttency™ to deseribe the
product characteristics. Censistency measurements were made on
the proaduct hefore heating and afterward on fhe fastest and slowes:
Leating vans. Four commercial instruments were wsed 0 mexsupe
this quantity: the FMC consisiomcter (paddle A, ©.W. Brabender
Tstr., Ine., South [lackensack, NT), the Brookfield viseomaiar
iMadel HBT, Spindle 2, Breokfield Fagineering Lab., Stoughton,
MA), the Adamy consistometer (Celaly Experimontal Cp., Mreng
wond, M), and the Stormer viscometer {AJF. Thomas Co., Phila-
delphia, PAY ' .

Boik ike Biooklield viscomeler and the FMIT consigdometer waroe
used 0 messure tolal consizioncy, Hach of these inshoments meas
sires the torgue required to rotate a paddie in the prodoect. The
Adznt consistomasr measuras the spread of a preseasured amonnd
of O80 on ¢ calibraled fat surlsee in 20 see. The Bigrmer viscoms
s 1 gesd fn measure the charackenistics of the omeam portion of
the product. The U8 was snezived through s Moo 8 siwe, die oresrg
poriten waes placed ig & cup, aad the Sme reguired for o consant
amount of egersy to be dissipated in rofaling & wibnder i 0w
cienm wat determined. The Swrmer vircomelsr was nied {0 monitor
consisteney it ihe plan!, where product valocy wore narmally bee
tweon 5.0 and 5.4 oo .

Washed, drained restdue {WDR) & the peroent of solids emmuin-
ing oz Noo B siove sffer washing the prodoct with water and
dosining. The WOR of the product In each o8 was msammed, The
WDH of the product from the plant voried from 259 w409

In some coses, H owas desired v evgluule & range of product
comditions By wodifying the product 35 obizined From the canwing
plani. Two fochniguss wore used: ' ) '

1. Fo vory the cream consizterey and mointain the sume WDHE,
wiirs oream wat endiected i the vonning plen? bofore the oroar and
#iF cors kemels were poxed. The 530 sumyrie was then splif in the
plot plant ind caual amountt of aeam and waner were ndded. The
addition of gbowt I 4t of cream or water te § g of C8€ rewslted in
¢ diffzrence of shaut 4 secin tha Stormer consisisney readings

2 To shiaiy ¢ mmape of WDR's [or the same crmam consistancy, a
CHC sainple was divided into iwe cqual parls, and the Rernel were
stpained from one part and added to the other,

Filing and scaiing cans

The test cans weze hund Hlled. Four fitling condivions were nsed:
fill weights of 480z, 488y, and 493g {all & 0.2g) and full to avep-
Qowing {approx 510g). A fill of 488z in a 303 ® 406 can resuls in o
grous headspace of approximately 0025 in. and wus considered nor-
mal fill, After filling, the gross headspace was mewsured and then the
cans were closed.

Heat penetration measurement

All heating tesls were carried oul using 303 x 406 cans, An
Ecklund (Eckiund Custom Thermocougles, Cane Coral, FLY Lok
ing-type resepiacl was Incated in the worter of he munulactorers
end of the can. Feklund CNS copperconstanian thermorouphes,
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2316 in teng and 0.067 in in digmeter, were installed alony the
gonier fine of the can at the géometric contay,

An Ecklund thermocouple lead wite hagness (rotdry contactot)
was gaed. The device inchaded g slip ping unit that attached to the
focking recentacke nn the can and iead wire thst connsciced fo ihe
shermuocouple funviion unil oo S reel buk Ths fhermecoupis lead
wites were brought ont of The Stenitont thipugh wi ex el commas-
rsso it ad fhe end of the redl shaty

The dfip ring unlt thal attached 0 sach con wir inspeoted befors
and sfter saoh et to be sare thet thers was Dee muovemant betwaen
parts, The redniis of some heading tosts had fo bo disearded cither
becaure sz developed in the ship ring unit or the slip sings sropped
rodating sllageihesn

The twmperatarc in six insiramenisd cans wis messvrad during
sach heating test, Two thermocouples wore located in the Steritext
near the nissouny-lneglass thermometer to obiain the heating me-
i feperaiure.

The thermocopple cutpuis, which wem reconlsd nsing o strip-
chart, mpemiureasscording potentiometcr, wers aise moasured, o
sapdad, and sunched on paper ahe by 2 Dorle Digitrend 234 data
goquisition system (Dosio Rciemific Orop., 821 Diese, CA)L Both
systurs were conneied n pumpllel fu uil the thermonouples, Tam-
pEialnres wore mepsured at 30.vc mtovesls
Breritort aperation

Four Steritor( reel rufetioas] spasds ware evalunisd - .8 6.3,
8.4 and 10.6 rpm. Normzily, within sseh yun wl o given ceel speed,
fwa seds of theeo cans cach had &lfvrent product-contamer paame-
ters, The difference was usually i} welght, since conshuency znd
WDR vared routinzly for the commerciat product But to better
wrderstund the eifecis of consisiency and WIDIR, for sotne runs the
commercial product was modified as previowly described, A vuriu-
tlon of these chareaferistics could thus be obtained within the same
Sariion fegl

Fhe six thermoconple-equipped mons plos rwo additionai cans for
cpistency levling worc loaded Inin the Sierdtorl Thurmowsupls
foadds wers oonreeted, ree! rotadon was Sarisd, and he movoment
of enns was obsérved to be sora that ol cang were rofling freely. The
Sforitor! door was then closed and seuded

The automatis emperature contred was w0 for #n opursiing vme
peratire of 2YFF, and the stevm hpass valve wat npened At time
ware, the main deam valve wus opsred. The venty wars cosad af the
snd of | min of beafing, and the by-pass valve was closed as the
iernreratuie appvoschad 270°T,

The heating time (measured from 2taame-on to stermenff) was 22
min for tests at 5 epm and 16 min {or all other tests, AL the end of
the heating periad, the steam valve was dosed, ard the 4-n. drain
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vaive was opetied wlong with the cooling water speay valve.

When cooling was completed (al o producl temperature of ahout
HWYFY, the door was cpensd and the rotation of reel snd cuns
vhserved Lo he Anea ihat all cans were 1l rolling fresly. The recl
was Then stopped.

Fort-heating svsfuztion

The cans weis mmoved fiom the Switort and the veomum mea-
sred 1o make gorfaln the twrmoeouple peching plunds lod not
fmbed The oant were openad and tw hosdspace measussd. The
conslsency of the C8C in the fasmst and slowest hosting cans was
determined. The WHER of the C80 in two cans was abie determined,
Data aualysis '

At the and of each day of testing, the wat pepetration duiz on
the ponched paper tapes record was transferred to the University of

‘Minnusota computer where, using uppropriate software, sterifization

valtes {F,) were calenlated by the general methiod and heating rata
parameters {fy, £, and j) were caleniated. Thiz rapid redoction of
data produced 1endfs that wers wsed to decide which subsoquent
{#aiy wiere oosded io best accomplish the ahjsotvd in the Himited
dme avaflyble

Beorilization values were dlso wmitulaivd Bom mungally deter
mibned hoeting mfe parametses Troms the compuier gensiated hest
pamsedrniion gmpézz The Ball method wat wied and lothalithes vare
salevlswed using The sctual miflal tempestwee Tl Tur such can and
wit nasumed inltia! temperanure of 170F,

RESULTS

Results for each of the variahles evaluated (headspace,
reel rofational speed, and produet congistency) will be pre-
senled separately evan though they inferact,

Haadspace

Agitation of the product in ¢ ven heated ino Sterltort &8
fas ?35.{3%{3 by the presency and movement of the headspace
bebble. The sizge of the bubble, the rolations! speed of the
cen, and the consistency of the product togather datermine
the rare of beat penctration.

{yrowin huadspace belore and sfler processing as a fune-
tion of (i weight is shown in Figurs 1 Both the mearn
(dats symbols) and rengs (vertigsl fines) of headspaces &
each fill weight are shown, The curves shown in Figure 1
repressnt linear regression analysis of the data. The two
curves labeled “hefore procesging’” are for the first and dup-
licate lesis miade from a givan sample of {80, The differ-
env in measured haadspacas hators aeocessing for T two
issts It probably doe to deseration of the CSC. The vapor
was nartially removesd and the (8 sonled gy i stuod for
zhout 4% min between fesds, Thiv offeot was not vignificant
for the afrerprocessing duis, snd s ouly one curve is
ghows, Headspace increased approximately 6/37 in doring
proceszing. Gross hesdspazes before pracessing for cans
with no headspace bubble are shown 23 4732 i {the ap-
proxisate cotinter-sink depth of the oan) ?hme Cans were
filled to overflow before saagting bt hesdspaces wore nof
actually megsnred. We believe that the variation in fill
weight (496—5122) for the cans with no headspace is pri-
marily due tovariations in enfrapped gases in the C8C,

Te. this study, we varied the {1 weight of ihe cans Lo
produce vavishens I boadenses, The mindmom sierilization
vajue {oalouisted with T, of VIO for noamedified prod-
uet for saoh fil weight Tor the various reel speeds isshown
in Figure 20 The mintmum Ty dats shown are For cans with
4 Blgh cowsistency, however, we have exciuded the dals
from tosts where we purposely changed the produck (e
where WER or consistenev was modifiedy Changes in fil
weight of as Bitle as 5z were easily detested by the heat
peaetralion data and snbseqguent steritization vatug eateulss
Hoans. The most obvious offect is the significant reduction
in sterilization value as the ingoing headspace bubble is re-
duced o 2ego. i’

The sffact of fill weight on the Reating rals parametor
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{fy, or mimsdes required for the heal penelmation curve o
traverse one fog cvele) is shown in Figure 3. Tlhe dJata repre-
sent the messused heating rate parameter for (he slowesi
heating cans. No data are ghown for the 6.5 rpm lesis be-
causg broken-lieating ourves were ublained and 2 single
value of the heating rale could ant be compuled. The heaf-
ng mie parmnersr incressss unifonmdly with ncrexsing
weight at all reet speeds. The data are shown approaching
an f value typleal of a atill conk for C8C In 302 x 404
cans at the brireful condition (Pflug, 1973} Above about
300, ma data ave showr sincd the prosess time was nob
iong encagh to fully develop the stright-dine poction of the
hesting earve,
Rest apend

The Influence of resl spesd on the sieriBzailon values
and Beating rate parametery ar 2 function of fill weight and
congisioncy arg shows i Homres 2 and 3, and 4 and 5,
respocitvely. The resulis indicats fhat the higher the reel
speed, the more effegtive the spitation and the larger the
sterihizaiion vaine Tor the some procew Hme ABbough sfer-
ization valuss wereslighily lrger of 8 rpm, there way fittle
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difference between the 8.5 and 8.0 pm rung, The most
inleresting difference was the broken-healing phenomenon
that consistently ocowmred at 6.5 rpm. After 48 min, {he
heating rate parameter increased by 30 100%., Straight-line
heating securred only with high consistencies or 2ero head-
space.
Consistency ) i

In Pigure § are shown ihe FMO consstometer readings
as a function of WDE. The FMO consBiometer measures in
Brahender units (8.1, snd the messwre i fluensed by
the fwo sompanents of C80) ersam and Zersels To shaw
the role of the crgam portion of the €8C, the dafs haw
heen keved to the relative Biormer readivgs: lowfs 605,
medivm/7.5—%.0, and high/9.9--18, 7 300 33 ropresonied by
the different symbols

Lines have been drawn zpproximating Stormer values of
7.5 and 9.4 In genersl, FMO U valuey can be the sexulf
of thick emzm and @ low percenizye of komels, or thin
cream #nd 8 high perceniege of kernels Either s Stormer
consistency of 0.0 sec und o WDR of 26%, or s Stormer of
7.5 soc and & WDR of 34% have an FMO consistongy of 70
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R.1. {¢ashed tnes, Fig 60 A gimilsr corsslation was found
for the Rromkfigld congistency data.

Consistency is g moeasare of g prodoet™s intornal resis-
fznoe in [low when subjeoted Lo st exteroal stimulus, The
highur Lhe comsistency, Lhe Lhicker the produst, or the more
resisianl i would be fo movement sash gy agitetion in 2
Starilmatie vooker. For a prodost Hie O8O, somsistenay &
mituenoed both by the fhicknegs of the oream 4nd the
amaunt of partienlate matter (WHR) in the mifvture {Hig
&1 Consistency measuremant iy Toriber somplested hy the
procuct tomperaiare and rhoologiest offeciz. Congsioncy
compatisons must bw made at the same empemiure {nor
mzlly 170 or (8GTF for O8O with the same viscometer.
Even ihon the unkopwn sheologics! offects of holdiug and
mExing may influsncs the regulis

Conlrol of product temperanes for the sonsistensy men-
surzrments was not possible. Some nsighi as to the effect of
temperature on consiztency zan be ohiained by cempari-
sens of the same sampls of Corn st differant temparaiures,
For most cambinations of processing parameters, an injtisl
run was failowsd immedigtely by a duplicate ron, The aver-
age product femperature was [GE°F for the ingoing EMO
congistency measurements for the initial rons, Far the dupe
ticate rng, the temperature was 148°H Fhe eombined re-
sult of the holding time and the dearease in product tem-
parature was to Increase the averape FMO consistenay from
70 ta 81 BU. Based on the close sgreement between the
sterilization values (corrected to an initis] temperature of
170717 fn the first and second tests of sach sample of 08C,
wp conclode that the differencs In measured consistancies
aze primacily the result of the fewoerture differanes and
ondy o3 meeh Jesser avtent o changes in rheologica! props
ertiog. 1f only a tempemtors effect is assumed, 2 cormeation
faetor of abomt (.5 BALSTF appesrs reasonahiz. For the
Brookfield and Stosmer viscommelers, the Tacfops ars - 25
centipuise/ F and 8.1 secfF, respactively,
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Bath the FMO consisiomaler and the Brookfisld viscom-
cter muasure lodal cousistency, whereas the Stormsr vis
comelar characterizes the cresm portion only. FMOC and
Brookfisld consistencies wers in agrecmeni, probably be-
cause the two insinnenis ao ginilar and bBoth measure-
ments were faken from one sanige and af the zame femper-
atare. fuar the FME consisfomeisr was more sonsilbe to
WIN, probably begguee of the dillerenees in the shupe of
the shearing devices. The Brookfield spindle was T-sheped
snd mude of sngib-dismeler rods, wheress the FMO puddle
v g flag, rectanzulsr plete. For the same Brosokfield oon-
sistency, C8C with higher WDR vicided higher FMCT consis-
iencies.

The effeet of progducy conaistency o the sterifization
vajue is shown in Figure 4 at reel spends of £, 4.3, 8, and
14,8 rpm. Dals points shown are for o il waight of 488
and represant the slowasi-heating can of sach ron 27 2 gleen
consistency. FMO consistometer {paddia A} resdings are for
the ingoing éaroéuct and bave been oarrected te 3 tempera-
ture of 170°F, Readings graater than 10 have been anirs-
polated from actual date taken with the B paddle. The data
indicate a definite decresse in sterilization value with in-
creasing consistency at abl real dveeds. All rons conducted at
5 rpm were processed Yor 22 min, & min lonper than at
other reel speeds. Hvan with the additional pracessing time,
sterilization values for the tests conducted at 5 rpm were
minimal at all FMC consisiencivs over 63 B.UL, which repre-
senis ghout half the C3C iesied. Heal penelaiion was
greatly reduced al 3 o,

The affect of the reduced spitetion on the measured
hearing rate parameter at 5 rpe Is shown in Dlgurs 50 AT
GG and B rpn, the changs in heating rafs narameter aver
tha range of conmisfensy readings s reladively small. Wher
the rea! speed iz 3 rpm, & deamatiz change ogours in the
heating rate paramuter wilh invressing consisiency. At low
FMC consistometer readings, 1he hesting mle parameler is
about 12 But i incregses Lo moee than 30 when ihs consis-
ivncy reaches 30 B UL A singlevalued healing rete pamme-
ior vould nol be shows in Flgare 8 for the 8.5 rpo tesds
sinee broken-hegting owured

DISCUSSION

THE GBIFCTIVE of this investigation was (o delormine
the 2ffects of voristion in protessing paramciers on the
heating pararieiess sind sterilization valnes of cammercially
funmulated U84 hsated in g Steritert The study required
that z Iarge namber of haat penptration fests be carsiod ot
duriag the F-wk C5C pack. Bince commarcial C3C ways used
we did not have pracise control of product formudation and
true replicate or repeat fests coutld not be madce,

For most processas, an initial run from a sampke of C8C
was followed immediately with a duplicate run. At the stard
of processing, initial terperatures of the CSC varied (rom
120 -175"F. Tha averape initial temperature of the (st run
was 158°F, This tenserature had dropped to 130°F for the
duplicate runz becanse of the deley before filing the dupli-
cate cans, even though {ilind vans were placed in a 170°F
halding hath to wwail processing. The effect on the sverzge
sterilization value (genergl method) was a reduction of 1.3
min betwsen iniilal and duplicate runs. When the Gall for
mule method (T, = 70°F) wes nsed, the difference was
0.5 min. Thiz reuid indicated good sareemont between dup-
Hoate rung, nonsidening the possibic rhuologien? offecls due
to holding the product gl eleveted jomperatums Consis
tenoy readings {or the fugoing product were comected o3
temperature of 170°F. ¥, volue comparisons are based on
itk lemperaiure-correctsd data. The dats Trom minimum
F, vaine {slowest heating} cans av2 used in the discussion
and figures.



Produst sgitation in a Stedlmatic cocker is a conse-
gnznes of the motion of the hesdspace bubble within the
cak. For fii weights above 308 sterflization values arz doa-
matically reduced (Fig. 2), oven though gross headspace
measurad after processing is 025 in. (Fig 1), Comsequantly,
a positive Indication of headspace after procassing doss not
insire an adeguate beadspace during processing.

Within limits, the data show that the agitation aud the
rale of heat transfer increase with the reel speed. For a
fixed-sapacity coaker, however, an fnerease in reel speed is
accompanied by a redueed retention (process) time.
Whethar this reduction is compensated by the increased
heal pepetration ate depends on the characteristics of the
praduct baing heated,

The sffectivenasy of the inducad convection for O5C de-
pends an azcurate filling machines io control headapace,
precige formalation sud préparation to controd produst
consistensy, and avnidance of delays hatween filler and re-
tart that fand to ‘ncreazs prodast consisfensy and lowsr
infiial femperatires (Kueneman, § 953 Wilkkon, 1933} Until
redently, hawever, very few additdonal data on centinuous
aptating reforis have boen publishied (Boglzer and L
1977

CONCLUSIONS

THE RESULTS of thiy vventigetion warman! the {ollowing
conelusions reparding the srecessing of C8C in 363 x 446
cans o s Steritar: : :

1. Iieadspace is the most oritical processing parameter,
Regardiess of consistency or resl spead, an Insdegusate head-
space ramited a2 low sferlization veloe, The oritical na-

rure of headspace sugpests the aee of positive headspacing |

devices or neteweighi gsensors for contrel on produstion
fines, .
L Agimstion of the product in the container 15 deter-

STERITORT PRODESSED DRVAMBTYLE CORN ...

mined by reel spesd. AR resl apesde e? Hand {18 rom, the

But 28 5 rpm, the &) value tnereased dramatically with in-
creasing product congisteney.

3. Comsiytency of 080 1w influenced hy hoth cream con-
sistency znd WDR, and hoth megsurements are nacessary o
charscierize the produst completely, Devices that measire
total produet consistency such as the FMO comsistomater
and the Brookfield viscomeiar werg halpful in establishing
the clfvct of consistency on the sterilization value and can
be used to cstablish consistency limits for elfective proces-
sing.
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