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THESIS



AZ5TRAST

This siudy wes directed ;rivarily tcward tre ocjective reasure-
rent of flow of coc:ed, cut sars.es of starcr-tnickened clocoiate ;ie
fiilin: jrevared in &, &, Io, 12, snd .4-gal.on Zatcn sizes.

The selected forwuia used tnrcushout this study wec one in wrich
the proportion of ingredieris was ihe:d constant and the tiicicning agents
were iicited to cornstarch .and cocoa powder. Treze trnickening asents
were corbired in ejual weignts and tosether conctituted 7. per cent of

the tota. weight of ihe rixture.

Trie treatrent variabie, intrciuced at the ernd of tne heating

rrocess, consisted of Loldins the unase in tne ttean. jacacted kettl

(¢

after the rass had reached a tewperature cf €2°¢. Holding ueriods were
erbitrarily set at J, 3., end % rinutes.

Several riecee of cquirnent were decipnel for crezaring sanples
and deterninins the arount of spread fror cut sangies of ccoied fil:iing.
The testing ejuijrent uscl in this researcn and the censecutive ste:s
in the procelure for rouring the ro.d, cutting anl levelin- the sern.e,
reieasing the sanpie for fiow, recording tre ivage of tre sarp.e, and
measuring the sarjple area are photosraphically 1li.ustrated in the thesis.

“ror tne data of this investicetion it appeared trat fiow ciarac-
teristics of ccoled, cut carnies of starch-tnicieneld pastes are not
consistentiy affected by increasee in tatcrn size wren rrocelure and
vroportion of ingrelients rerain constant. ZBatcunes of Z, &, ., and

12-galion armounts produced ze! structures of sinilar cornsistercy. Al-

thourh tle ld-paliion arount proiuced a less statle ze!l ctructure than



3id any of the other tatci sizee tested, factors olier tiazn tatceh size
ray also have inf:ucnced the flow ol cauples.

In this linited study it wss found that a progreszively longer
cocking periol is reguired to reach the pcints of visibtle, initial
viscosity and end cooxing tenrperature for eacr. consecutive increase in
batch size. It appeared that the derree of swel. of the starch grenules
is lerendent upon hatcn sizce, rate of heatiry, and tengerature ol tire
vraes durins the heatins and nollinrs periods.

Tre :engtic of the no.ding tire, after tie tenjerature of £2%
is attaired, appeared tc afrfect thne stabiiity of trhe rel structure in
ali bater: sizes. Rigidity of gel structure increased rore durins thre
firet 3, rinutes of ho.dinz tine tian during the foliowing Ju winutes
of holdiny tiwe. This fact sugsests that the rate of heatin- and the
length of tne licidins pericd are contributineg factors in the finai fliow
of tie cooied raste.

The sels resulting fror tre Ji-ninute rollins feriod were juilsed
suitable for use es ;ulding for all baten sizes tested; saupies fron
the Si-rinute nolding reriod save reis acceptab.e for use ae .ie Pilling.
In ali cases ge. structure cf par;les reld oo iinutes was ternder and
stabie. These facte supgeet the jpossibiliity of regulating stabi.ity end
tenderress of cooled starch-thiiciiened rlxtures, for specific tatcen sizes,
by the contiroi of tiue and teuperature conditions c¢f the ccoking period.

The findings of this .irited study er;hasize t.at accurate pre-
diction of the stubiiity of rel stiructure cf starcn-tniciencd ravtes is
a cou;iex problen. Additional investigation cf the interaction of factors,

such as rate of heatir;, terperature of the rass Jurins the heating reriod,



end cooxing ter.perature, and lengti: cf ho.ding period after the eppii-
cation of stear is discontinued, neede to be nade before tie effect of

catcr size upon Llow can te accurately deteriined.
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INTRCOUCTICN

The lack of ebtility to predict accureately the amount c¢f flow
for cooled, etarch-tiickened pie filling is a very reaul prcblem to
quantity food precduction workers. Daily adjustuientis in fcod produc-
ticn ectedules often require butch-cize charnges in estatlisied foruu-
les. The usual practice cf increaeing bstch size by the direct multijii-
cation of each irnjredient in a tasic recipe, with all procedure fsactore
reraining constant, frequently has failed to broduce a filling conjparatle
to the one obtained fror the origiral foruule. Lerge betch foraulas
derived by this technijyue generally tend to produce a coneistency too
soft for serving. The pie-teaker's eolution fer tnis dilerra is coften
sirply to increase ilre proportion of thickening agent in an atteupt to
attair. corperatle consistency.

A survey of crocolate pie fillirg recipres ir iarge quantity cook
tooke revealed that wheat flour end cornstsrch are tre thickening asents
rost fregquently used. ‘Whole egg or egg yolk and crocciate or cocoa elso
ccntribute sorne thickening effect.

In an atteupt to control as neny ingredient varisbles as foseible,
cornstarch and cocoa zowder were used in the fcroula for this study to
obtain the desired consietency. Porrnulas including whole egg or egg
yolk were not considered. Whole dried milx solide and tap water were sub-
etituted for whole fluid rilk to obtain cilk of constant covrjposition.

The first ohjective of thie investigation wee to deterr.ine the
effect of batch size on flow cf the cooled filling ty objective reasure-
zent. Througrout this study the forzule contsined conctant proportions

of all ingredients.
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The literature contains reports of a few experinerntal etudies in
which the flow cf rot, starch-trickened pastes hae teen 1.easured objec-
tively by line-spread teste. The inveectigator hes not found arny regports
of the use of objective weasurerent of flcw for cut sarpies of cooled
filling. Scre fiow yredictione for cut sarples of ccoled £illing have
been based upon neasurable flow data cttained frou rot paete esanples.

The secord objective of this study, therefore, is to develcp a teckrique
to deterzine the arount of‘spread froz a cut sarple of covied filling
under specific conditicns.

Conterrorary starch crexists heve now generally azreed that vis-
cosity and gel strength are two separete and distinct prcperties c¢f
starch pastes and are rot synoryroue as believed eariier. Research work-
ers have subestantisted the thecry that tine and terperature relationships
of starch-thickened pnctes have a direct bearing on tlre physical creracter-
ietice of the finished product. Acceptance of this point of view tugrests
that the reasurenent of flow cf rot pastes and of cold pastes are, in
effect, testing totally different properties which are not cotjparatle.

It ie thre lope of tris investigator that the firdines of this study
will eerve as a besis from which a prcduction technique, in terms cf
tine—teﬁperature relationslipse, cen be developed for use in producing

starch-thickened chocolate pie filling with jpredictable stability and flow.



REVIEW CF LITERATLRE

Frankel (1€), in a treatise on etarch, stated that etarch or
starch-flour was known to the ancient Eryptians and Greeks. At that
time it was derived exclusively frou wheat. The production and appli-
cation of rotato starch appeared first in Eurcpe et the close of the
sixteenth century. rrcbably the greatest use of etarch prior to 1&3u
was as a hair gowder, slthcupgh it was used to a linited extent in the
textile and payper trades. Starch i1s not only one of the rost exten-
eively difrused but also one cf the rost useful incredientes conteired
in plants. Late in the nineteenth century Frankel reported that
products frown the vegetable world such as potatces, wheat, usize, and
rice were found to be useful esources for the nanufacture of cornercial
starck. 3ince the late 153C's, the research of carbohydrate chenists
has advanced rapidly and real prcgrese has been aclieved in trhe etudy
of tre corpositicn, structure and beravior cf etarch. larellel ad-
vancemnents in wodern cclloidal cheristry have been valuable factors

contributing toward this developuent.
Crienical Fractions

French (19), in reviewing the chenical properties of starch,
stated that couron starches ray be fractionated into ccr.ponents which
differ.both in cheunical properties and in physical tekavior. Apparently
starcres fron different sources, such as corn, pees, wheat, and rice,
differ fror. each other rarticularly in corposition.

In 1924 Alsberg and Rask (2) in ireir work with cereel starchres

discovered that certain of these starchee prcduced a blue color with



iodine and others gave a red color. Their lindings further indicated
that when a csuspencion of starch granulee in water was heuted, thoce
slurries which pave & red coler with iodine converteld into rore viecous
pastes than did those which gave & blue color. Brinkall and Eixon (1u)
stated that starch pestes are & heteroseneous syster, each constituent
of which ray resct differently toward chenges in the conditions of
reasuring viscosity. rany early investigatcrs rave advocated this
treory. Only since 1341 hes there been penerel agree.ent upon the
nature of etarch hLeterogeneity. The theory is now accepted that the
rajority of starches contain wolecules which can be clasegified according
to two quite different structural fpatterrns.

Anylose is designated as the frection which possesses unbranchred
etarch chaine, discolves in water withcut the foruation of a paste, and
gives a blue colcr with iodine. 3croch (39) indicated that the norral
starcnes, i.e. corn, wheat, rice, and potato, contain 1> to 3C rer cent
arylose. “ristler and Weatherwax (4£) analyzed 23 uniiproved varieties

of corn and reported an averajye arylose content of 2) to 26 per cent.

per cent, retrograde or revert to an inscluble state cn cooling. Hot
solutions of five per cent concentration of anylose set up rigid,
irreversitle gels when cooled to roow terpersture. The tendency of
erylose to retrograde decreases the stability of starcn pastes and is
considered a detrinental feature except in products where gel forration
is the prirary cbjective. Studies have enown that waxy etrsins of usaize,
rice, barley and rye contain O to 6 per cent arylose. Eanson and co-
workere (22, 23) have experinented with the use of waxy rice flour in

the rreparation of pre-cocked jpuddings, sauces, and gravies for freezing.



Tr.ey concluied that theze frocen ;roducts, thickened with wexy rice
flour, were rore cstable after thewing than eiilar yroducte thickered
with wheat ficur or ccrnstarch.

Atylopectin rejprecents the constituent of starch which res a
brancr.el crain structure, forue a paste with tot water, and gives a red
color with iodine., Accordiny to the literature, the relative prcper-
tion of auylose to exylopectin in etarch veries greatiy. Anylorectin
conprises the rajor preportion cf the commun starches, corn, potato,
wheat, ani rice. Ajuecus colutione of this fracticn are relatively
ostable on ccoking (3y). For this reason awnylopectin is contiiered the
nost irrortant elesent in ctarches whnich are used as tnickering egents,
eculeifiers, and sizing agents for paper and textiles. Sanec (5¢) con-
cludel trat the viscosity of a starch paeste derends on the relative
quantity of arylcpectin yrezent in the starch.

The preeence of saall ancunts cf ror-carbtciuyirate naterials, such
as prosirorouve, fatty acido, silicen, and nitror-enous uaterial in the
conmon starches has leng been an established fact. Cf these substances
the prcs;horous and fatty acids seer 1o te :resent in the largest acounts.
The juantity varies with the starch, and tnose estarches which are low in

trcevhorous cortent are ccrressondinely hiph in fatty-ecid content (43).
Effect of 3welling on fhyoical Craracteristics

In 1324 Alsbere and Rask (2, rerorted trat when an ayuecus sterch
suspeneion was reated, the rranulee swelled, then burst and finally, loet
their anistropic rroperties. The original susypeneion was converted into
a wore viscous product which was usually terzed a starch rsste. These

investirators further concluded that althcugh the exact crearges wnich



took place were not conpletely underetood, they protably involved the
atsorption of water by the etarch grains with ccnsequent swelling to

a point at wrhich the graine burst. Tre final result was conversion of
the starch suspension into a sol wnich formed a rigid gel on cooling.
This conversion they defined as gelatinization. 1In a later study
Alsberg (1) substantiated the view of earlier workers that rost iypes

of starch reated in a water susj;eneicn do not disintesrate to form a
colloidal solution. Starch grarules rerely swell and the process is a
gradual one. Different starches increaee their volures to different
decrees when heated in water, and even individual granuies in tre sane
sacple swell to different desrees. Cn this basis Alsberg ccrncluded that
viscoeity waes attributable to unbroken swollen granules which still con-
tained their quota of ccnstituent arnyloses.

Brirhall and Fixon (11) ernployed ricrcscopic lecknijue in ctserv-
ing the jprogrreesive swelling cf granules in water euspensiors. They
concluded that the starch sranules ceased ewelling and becare wrirkled
when the terperature was increased beyond the point of mexinun rigidity.
Since there was ro evidence of rupture ir the nenbrane, they attributed
these changes to the increased rerneability of the nerbrane. Because of
thie increased perreability the membrane then c¢ffered no resistance to
the excnange of cortents with the cutside mediun.. Anker ard Geddes (3)
cozr.ented that granule disintegration was uninrjortart to viscosity until
swelling had rrogressed to the joint where the granules becace cloeely
packed. The extent of gsranule rupture appeasred to incresee with concoui-
tant increzzes in internal shearire stresées. In 1550 Bechtel (j)
suprorted the theory that starch undergces a conplex eeries of changes

during the cooking period. Crrorologically these changes include swelling,



collapsse of tre pranule, solution of sore of the constituents, and ccu-
plete granule disintegration. Scroch (35) sugrested that the etarch
granule is coupletely inceoluble in water at room tenperature but swells
frosressively upon heating until ita outline tecores vague. The swcllen
granule is still present and tl.e consistency and jucte-like character-
istices of the starchn suepension are attridtuteble tc the necharical
jostling of these swcllen vassee. rerr (2{) reviewed the results of nany
research workers and rresented eviderce that swollen starch granules
2eintained in water in excess of ¢0° C slowly con£ract. Any aprlication
of high si.earing etresses to these distended granules could result in
their rupture.

Throurlout earlier literature concerning the prysical benavior of
starch, corifusicn resulted fro: the inconsistent use of deecriptive
terus, lore recent publicatione show greater cocpatibility in this
resrect. The tern gelatinization i.ey be defined as the process of con-
verting a starcn sus.ension to a sol which yels on cooling. Gelation is
the forzation of a gel or sclidification of a sol. Gel is the tern used

to describe the jelly-like precipitate of a colloidel solution.
Viecosity

According to Radley (37), starch granules occupy a nuch larper
volur.e in the syster after swelling and gelatinization than btefore. Vis-
cosity depende only on the voiure of the disyersed phase and not on
thie derree of dispereion. Freguent refcrences can be found in which the

consistency of starch jastes is Jescribed as "apparent viscoeity" (2, 7, 2¢).

Bechtel and Fischer (7) stated that ej;parent viscosity is essentially a



ehear-deyenlent viecosity and is eotatlished by the ratio of sheering

to rate of shear. Kerr (2f) rerorted thiat starch pzetes exnibit an
anonalous viscoecity., The effect neasured is the result of a corbiration
of wany inherent projerties of 3tarch wrich ras teen gelatinized in
aqueous nedia. Viecority reasurelents are couplicated by plasticity

and elastic effects wrich aerise from residual structure units of starch
granules or new structural unites in the paste wnich forn through asesocia-~
tive forces of the uwolecules. 5jostron (41) concluded that viscosity of
a pacte is rot identical to viscowity or fluidity of a lLenogencus liguid.
Viscecsity in the paste is attributable to whole or lisintegrated granules
in susrension and is a reasure of the desree to wnich the swollen jranules
crowd tovetner. 3Schoch (40) concluded that such cf the viccocity of a
cocked raete nuet be attributed to ewollen aggreqatée of pranular struc-
ture tecause such pastes can be readily trinned by avtoclaving or violent
rechanical action.

Caesar (12) stated that consistercy crhanfes in a pure starch and
water raste are coujrised of four broad phases: sturch and water euspen-
sion, gelatinization of the starch granule, pzrtial rurture of the etarch
cells, and aoscciation or retrnicrening. D3Sone of the variables wrich nay
affect the viccoeity of a starch jaste involve the inlerent starch char-
acteristics, treatient of starches during rarufacture, concentration of
the ctarcr, jresence of electrclytes, wecrianicai injury of the uolecules,

pH of the coocking nrediuw, and the tire and te:perature of cooking.



Interent Siarch “riracterictics

Tr.e finlincs of rany researcr. wcrkers Live indicated trhat tre
natura! cnaracteristics of starch granuies influence tre tcruvior of the
Franuies Juring reletinication. Kerr (2¢) asserted that sterch crarules
fromw different sources srow vast variety in chaje and eize. It nes long
been estatlicshed thet tre larger pranuies cf gny ;articular ty;e of otarch
gelatinize .cre €asily than the sialler -ranules. It now appears that
there 1oy be sore correiation between the liapereibility of a tyre cf
starch ard its avernge rranule size. Arnistier and Zrert (4)) stated that
starcrhes 1ray be dlstin-uished bty <cxw inuticn of tie sice and siape of
pranulies, tiie len.erature ut which they relztinice in wuter, the rate cf
swellinr in varicus sclventes, and the extent to which trney cc.tine with
iodine.

In 1332, Zreser (12) exieriierted with 20 jer cent starch pastes
of nirh rrade, corxzcreial briande of ta,ioca, ,otato, savo, corr, and
vi.eat, Treee ractes were frepured on Uie Susi. of woisture centent,
subiittel to tiorousn o-itaticn, end slcwly reated to tnhe tciiing jcint.
Caesar concluded thut the corsictency of the fastes tected wue irn tle
cece order as listed, ranging frow the rreatest to tre lesct.

varpels ond Sailey (33) exrerivented with hard s:rirg ;2tent, kard
wirter patent, goft winter rntent, end lurun wreat. OCold gelastinizing

v

rearents were uscd and tle cwellinr cijzcity was noted by viscoesi

i

o+
<

2

.easurenent. Fron the resuitec of tnis investiration trey ccncluded that

chenical differences which cause Qifferences in jiysical ;rorerties cf

etarch are cconrlex ir nature and ray be attrituitabls to structural dif-

fererces in thre ctarch granule.



Earris and Jesperson (2)) studied tne physiocchenical properties
of & seriee of experirentally jrepared wheat starcnee. Tney fcund that
the swellinz Lower cf wieet stsrch decroased with maturation irrecspective
of variety or enviromwental conditione. Gel strencth and viscosity
tenied to increase with rireness. Further.research indicated little
difference in visccsity and ewelling power anuong whéat, rice, and tariey
etarches. fowever, they reported data which surzested that potato starch
roszesced nuch highker viscosity and ewell than tre coucron cereel starcres.
In the cave year, Farris and Jespereon (2)) offered further cata which
substentiated the Lyjpotresis that factcrs effecting the swelling property
of the starch granule are conilex., They found tlhat differences in swell-
irg power were simificent a.ong rcdified wheat, tarley, and corn starches.

Woodruff and Faciasters (h?) gtulied ccrn snd wheat etarches and
concluied that the rasting results of come of these starcres varied aprre-
ciably. Ir etudying various covrercial etarcres Nutting (35) observed
that rotato starch ewelled rost and groluced the rest visccus, unstable,
and variable paste. Tris verified the eerlier firdings of Karris and
Jeererson (25). Reeulte c¢f the experizent of Tamnner =2nd Lnzlis (42
with different varietizs and types of corn indicated tneat cereal starches
tend to jroduce susiensicns of low viscosity at relstively Lish concen-
traticng, whereass rnon-cereal starchee, such as pctatc, tarioca, and arrow-
root, form Lighly viccous euspensions at relatively lcw concentrations.

Fror. tre stulies of Zar;bell ani cc-workers (13) it azpearsd trat
ereciflic use ci.aracteristice and finished rroduct sualities of sturch
were closely related to water absorption, ewelling, and crenule rupture.
In evaluating otarches for specific uses, viscosity and gel forastion

were judzed to be influential characteristics.



Treatient of Steren Jduring rzanulucture

Conetistency changes in rot iastes from three diffcrent comnercial
cornstarcnes were studied oy Caesar (12;. His findinss indicated that
the tnree starcies varied in swellins power and stability. Two starcres
thickened guicriy and to a rreater dersree tran trne tiird sample. OScre
investirstors (25, &5, 47) isoimtel starcres in tie laboratory. All
found theee jreirared sgtinrcres to difter ueasurably frow trne comuercial
tyres.

In ris zccount of tine aanufacture of zeodi€ied corn sterches, Kerr
(2€) asserted tnat the de-ree of alteration of native ctarcres affects
the chesical propertiecs of the 2tarch granule anl that theese changes uay
ranze frow tie siunple to tie conplex. OLowe industriul uppiications of
gtarch reyuire freeicu frcu uniecirabie cdors and uiscoioration. Kerr (2€)
recorted that sturch of sujyerior whitenese witnout oticsctionatle cdors
can be produced bty tre use of an oxilizing 2pent follcwed by a proionzed
drying action.

Starcnce in which the pavsical characterictics nuve teen nodified
are corunon.y ciassified a2s rotile, thin-toliing, and heavy-toiling starches.
Evidence of uobility in o eturch, zccordiny to Kerr (2£), ie characterized
by ite abiiity to creite duct vinen apitated, to slirnere and spread rore
evenly than nrorzal ctarch.ce, ard tc exnivit srester volune per unit cf
weirhit., HReascns for 1iffcrences in sobility of starcres are nct clearly
understocd.

Sjoztrou (4l; ctuted trat tre ro02ified etureh grarul:: in a thin-
boilins etarceh pastle etisl swell and dizinte-rote in Lot water but lLave

a leeser le-ree of iyiration tran ordinary staren srunules. Sjostron



sugsested that althouth o*her facters affected the iifference in fluidity
between thicrx-toiling and trin-boiling restes, tris relation in volune
waid the nest ir;ortant.

In 1,41 3croch (4u) reported that it was possible tc raise the
solubility of utarch by certain cheiical zcdificaticns. Trestruent of raw
s tarch with oxilicing arents, such ac alkaiine hLyjpochlcrite or jperoxide,
3 mxcreceed zclulility tut decreased viscoeity. With tnin-toilingz starches
= rcducel by ccid treatient tne reaction was one of zlucoeidic nydrclyeis

tarch rolecule from its hirnly scsociative

(@]

wr.ich reduced the size cf the
colleidal dinenvions. Reporte by Kerr (2¢) indicate that the wajority

of starches wrnich are uarxeted have viscocity below tnat of rative starch.
As e recuit cf tris reducticrn, a hijrer grerortion ¢f dry substarnce is re-
Jquired to thicien a ;iven volune c¢f jijuid than the rrojportion cf native

S tarch needed to thicken the cane volune cf ligquid. Furthernore, the
Pasted ;roduct fror thece go-called trin-boiling etarcies is fiuid enougn
tc te worwalie. The noet ccuicn nwethod used to r.odily starch for tnis pur-
j:cce is by treatient with dilute =2cid. A thin-btoiling etarch sranule ewells
coneiderably leass tran urtreated starch, and the reduction in Lot paste
viscesity is the Jdirect result of tlie decreased tuniency to swell.

ciochh (40 presented evidence that prolonced dry--rinding in a

(Y5

ball unjt disinterrated natural, vnrzcdified starch yranules. This re-
eulited in a rarred reduction in their rasting ability and furtier verified

the data of eariier workers (1, 3, 28).
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Effect of Electrolytee

A najor portion of tre experirental work rejported in tiie liter-
ature indicated that distilled water wac used as tre lijuid rediun of
contrecl on casting teute for starch. Bechitel (5) etated that starch
undergoes a conrlex geries of chenges during cocking arnd thst the rate
of chanpge is partly attributatle to the presence of unaterials otrer than
starchi. Bisno (%) conciuded that veriations in the cheiical coujposzition

nificant differences

>

cf the water supply were sufficient to result in si;
in the consistency of pie fillings. A change to distiiled or scftened
water freiuently resulted in ncticeatle changes in stability, viscoccity,
ard tenierncy to ;el. FKerr (28) investirated the effect of ealts on the
rrecipitation of starch granules. Kerr reported that tre starch frox e
geusyension which contained no sodiur chloride settled nore slowly than
did tke starch fro: 8 second sanple ccntaining scdiuw chioride.

Bechtel (0) studied the effect of differences of [H on the rasting
characteristics of several counercial starches. Adju:ttuents in pH were
achieved through the adidition of suall azounts of HCL or NaCh to starch
slurries irneliately preceding tre viscosity test. This nethod was
fellowed to arproximate the cournercial nrethnod of neutralizing starches
after their zodification and to avoid the introduction cf ions conteined
in buffers. Bechtel susrested that such ions nay rave inportant effects
on viscecsity as shcwn by the variabiiity found in results of tests at thre
same pF with different buffers., HKe concluded that differences in pH rave
different effects on unnodified and acid-zodified cornstarch. Tlhe tenper-
ature of initial viscocity rise and the tenperature at raxirun viscosity

were appreciably aitered. Bechtel found that a given dezgree c¢f alkalinity



rroved ncre effective in clhanging tre viscosity caaracteristics cf ail
etarcl.es tested than an ejuasl decree cf acidity.

Harris and Banacik (24) exarined the effects of ecue electrolytes
on cereal starcres during grejaration and zelatinizetion. Tects were
conductel with several laburatory-prepared wiieat starcnee and one coLmer-
cially ranufactured cornctarchi. Their findinge indicated trat chenical
treatrent during the preraretion of trnie starch rad a uarxed effect upcn
the starch (rcocrerties. Treatient with NaCE raiced tiie [H of the dry
starch ard greatly increassed tie ewelling fower. ire;aration with E2505
lowered starcn cH ard increased swellin- tower very slirntly. Expcsure
of wheat sturch to dilute =olutions cf ECL also lcwered the pH and aug-
nerted the eswelling power. Ccoking in tne presence of acid rreatiy
increased sranule swelling at terperatures of 7.° C and above. susien-
sions containing naCh increasel swelliny at a teuperature ae low a3 7.° C
but at 930 0 exhibited e lesser decree cf swelil tian tne acidified sus-
pensions. ilarris ari Barasix concluded tniat the presence cf electrclytes
conplicate the yrobiers involved in tre selutinization of stiarch grenules.

Fains (21) reported that additions of citric acid decreased the
viscousity of cornstarch pastes uade with no supar or witn 2u per cent
sugar. However, in pastes nade with 40 2nd 50 per cent supar Kains pre-
gsernted evidernce that acid did not Lcasurably'dscrease viccozity. OShe fur-
ther corncluded that {he el siren;th of cornstarch pastes, at all levels

of sugar tested, increiced when the rastes were coocked with citric acid.
Concentration cf 3tarch

The work cf Eechtel and Fischer (7) on the effect of starch con-

centration on viscceity verified the findinge of Anker and Geideec (3.
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Trheir findings irdicated trat each increrent in concentraticn resulted in

a greater increase in apjarent viscosity. As tie ctarch concentration

was increaced, the following changes astociated with gelatinization were

noted: 1) initial viscotity rise occurred at successively lower terperatures;

2) the rate of visccrity rise was zore rapid; 3) .axiwum viecos&ty occurred

at lower terperatures; and 4) the decrease in a;parent viscocity on con-

tinued coohinz wae nore rapid. Lowe (32) stated that reductions in vieccsity

of cocked pastes, resulting fron the rupture cf swollen granulies, was

sreater with a 20 than with a 10U or 1) per cent concentration of etarcun.
Brivhall and Fixon (1) confirued trhe fact that, beyond the point of a

critical ccnceatration of starcn, each increass in concentration resulted

in encruous increases in viccocity and rigidity of the resuiting pastes.
ffect cf Time and Tewrerature

Caesar and loore (14) studied tre viscous and plustic cranges of
several varieties of ctlerch at a 2uU per ccpt level of concentration.
Viscovity neasurenents were recoriei over a wile range in tenyperatures
with a Caesar coneistcreter. Trneir findings indicuted trhat a definitely
fixed and srecific te.perature of relatinization for all the granulies of
a starch is not  redictable. Althou;h the process cccurred over a con-
sideratle ranze in texperature, the majority of starcn granules geiatin-
ized within a narrow range. They concluded that the length of cooking
time is an inportant fuctor since the range of geiatinizaticn varied with
tre rate of reating. Caesar and ioore arreed with Cstwald (35) in the
theory tiiat the lowest teujerature in the gelatinization range elouid be
accerted as ti.e selatirization point of the etarch under ziven conditions

of cocking arnd corcentratiorn.



Alebers and Rask (2) re;orted findings concerning the relatiniza-
tion of scre courercial cornstarches bty neat. In 4.5 to > per cent concen-
tratiors of cornstarch in a water nzediuz they found no eignificant cranges

o -0 20 . s
C. Between 55  and 6€° C viscocities began to

in viscosity up to &5
increase pradually and a3t a uniforr rate. raxiruwm viscosity was rezcned

2t 21° C. They attributed these increasee in viscosity to esi:zultaneous

and rrajusl chanres in tre ctarch jruins over a te:perature range of 250 c.
Alsberg and Raex concluded tret the gelstirnizetion tecperature ie not tne
tewocrature st wrich relatinizetion is conpleted but only that of an early
pert of the rrocess. As a2 recult of trieir studies, these investipators
cffered tre follewing otzervatiors concerning the gelatinization of starch:
(1) srerply drying or trorou-iily wetiing a starch rodified the gelatiniza-
tion tewnerature, (2) relatinization was incenjlete unless aieyuate gusan-
tities of water were availatle, (3, the rate of rneating rad a .arked effect
on tre starch elatinization terperature.

Lowe (32, stated tiat ctarch uay swell to e certain extent at lower
ter;eratures, tut it loes not reach naxivun visceceity until a righrer
terrerature is attained. Tre te: jerature of iaxinur viscosity varies
with <he cazrle of otarch. Ore reported caxinun viccosity terperatures
for wheat as 55° C and corn as 51° C.

As early as 1725 Alsterg (1) rerorted that starch prarules are
ce;atle of swelling in cold water but are rectrsined fror doing so, teyond
a certain linited ldesree, ty tihe anatorical riridity of the gcrarnule
structure. Wren trnia riridity is relaxed by rneat, thie granule substance
swells furtner. Alcterg sugrested that the ease witii which the granule

structure i3 softened by reat and tre extent to which iieat will cause
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swelling are influenced by the inrerent swelling jower of the estarch
sranule ani the ral2ticn of the zaess cf cwelling eubstance to the surface
area of the yranule.

Tr.e findince of Anker and Geddes (3) er;hasized tne ir;ortance of
reintaining a urifora rate of lreating throurhcut the gelatinization
orocese for consistert resvlie. OStartinz tetperatures exceeding 43° ¢
resulted in a substantial increace in rexinzur visceoity.

Secinitel (J) reorted tret viscosity curvee indicated trat rapid
Leating lowers the le.rerature of tre initial viscocity rise and decrecsces
the tine re:vired for holding starch pastes at 93° £ to reach raxioun
viecocity. From hia findin;s Zecl.tel reasoned that there apnears to be
a ten;erature for each starch at wnich it gelatinizes rapidiy and at wrich
tubsejuert bresxlown is slow. For uncodified cornstarch tris was about
5.° C. 1Tris daia has been verifisd by other autrnors (3, 32);. Z2isno (3)
reconmerded tiet rapid neating to ine optimum tenperature and quick removal
cf the starch faste fron tre ccoxing kettle, followed by rapid cccling was
1.ost coniucive <0 tre rroduction of raxizun viccocity in conuercially

produced ;ie £illings.
Effect of Fatty Acidse

Accordinz to Schoch (40, some of the ;Lysical differences between
tuoer and ceresl starches are accribed to the jresence of fatty aciie in
the latter. Cornsterch restes are escrter, lees sliry, and ore cpajue
tr.an ractes fron tayioca starch. Scheoch (4] found trhat a yaste fron a
> per cent ccncentration of raw rice atarch reguired a viniur aging rericd

of 24 hcurs to rive a weak rel, whereac a sinilar paste of defatted rice



starcn set up a stron: rel 1roerizto.y uicn coG.ing Lo rocn teu;erature.
He conciuvied tn:t wnen unucdified starch was Jdelaotied, tac Laxizun vis-
coeity wss lowered to a::rroxizately D0 rer cent of the ori-inal starch.

These finiings were iater verified ty 3echtel (2.

Wnistler und Suart (45) astated thot fatty acids were firet tnou:ht
to be cowbinsd with the carbolyidrute but were l2tor Zound to be rerely
adsorbed on the cartorvdruie ani wcre counji:etesy recovabie by ucid
Lyiroiysis. 1owe (52) conrented tist futty ucide were found in the avy-
iopectin fraction of gtarcn. Fotuto sturcn was rercoried to contain rno
fatty aciis, whereas corn and rice j;casecced a relatively ni-h percentare.
Wristler and 3Susrt (4)) indicsted that waXxy cornaturch. contaiaedi oniy
V.0 per cent futty sudstunce.

Jordun ani acsociatee (27, conjared trne viccosity of ceornet.orern

fuddinegs uwale with roiogeniced and non-Loncreniied tiuk., Usins g Zrocu-

field viscosgiueter, they found trut ruddinee containin: e corcentration

XS

e
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of cornstzrch in excess of 3 per cent were .ore viscous wien .uze

b

hororenizel Li.k than when rale froc non-tfcropeniuel wiik. Tre investi-

ratore reascnel trat triece 1if'ferernices in viscogities vi-rnt te influcrced
by the corpurative surface area of the Izt riobuuse=z in tre twe vericties

of tilk tested. Jordan and co-worxerz cosaciuded troit fstiy watlorinile

i.e. soape, fatty acils and natural fate;, when jreeent in certain zro-

~~

rortions, jproduced un increcased viscosity in starcn rustes,

The effect of ncnfet dry nwilk s0liis on tre viscority 9nd pel
gtrength of starcrh pastes were stuiied bty orse end er co-worzars (34
Tney used the Stormer viccosiietir to ressure tre viccooity of thin

paetes and a Bloor resoreter to ueasure the <l siren in of thick pactes.



Trey found thiat nonfat dry rilk eolids 4id increase trhe vizcosity and gei

strenrth of astes in proyorticn to the azount of dry rilk solids u:zed.

crse and co-workcers wérc atle to waxe limited rredictions fron their data
conicerrning the gel strenpgth cf rixtures ccntaining di{ferent ;rojortions
of dried nilit solils and trhickenirz agent. These workers suggested tnat
calt, in tie ac.cunts ueed in tris ex;erivent, rhad 1ittle or no effect con
rel otreagth., However, in the tiin pucstcs tne Nall did increase thre

viscority to a eratll dersree.
2{fect 0f Cucrose

Starch chenists Lave lons reccrnized the a, iarent charnges in the
terevior ¢f the etarch ~ranule wlen ctarch is coroined with 1 2terials
~

otner tran water. Tre effect of curar cencentration ugon the guality of

the finished ;roduct hzs been a crallensinz prcblen to tnecve investi-ators.

In 1771 Woodruff znd Jiceli (48, exjerincated with ) per ceunt sus-
reneione c¢f corn, wheat, rice, ,otato, and cascavae starcres with varied
rrovortions of sucrose., At tlat tice ro satisfectery retiiods cf 1 eavur-
ing viscusily or gel strenzih ned been established. The cunclusione of
trhe investi~ators were drawn fron chianges observed in e};ecrance arnd
rhotorrarks of cranges in pasting. The addition of 10 or 3C rer cent
gucrose rroduced increacingly cofter gels in rcot ctarch pactes. Thre
aidition of 30 or 6u per cert zufur .roduced a syrup. Tie cave vercenti-
ares ¢l cucrose were added to the cereal starcnee. These reic were ncre
trancparert and tender with cach increacze of cunar. The adliticn c¢f >0
;er cent sucrcee ;roduced a rel wnich would not rold asvccessfully anl the

addition of £0 per cent sucrcse produced only 2 syrupy, viscous nzss. Cn



tl.e basie of trece lata, Voclruflf and I icull specuiated tiat tihe ;recence
of larze atcunts of sucrose zrevented the ctarch jranules lrcu iibibing
trh.e water required for swelling.

\

Accordinz to Trempel (44), tie addition of zuzar raised the zelatin-

<

ization te.;erature of a starch and water cuc;ension. He verified tre
findincs of Weolruff and Jicoli (<€) concerring the effect of hish con-
centrations of sucrcse on the swelling of starch grarules. Trenxpel
recor..ended trat the propcrtion of sucrcce thould not exceed three and
one-ralf tines tle anount of starch vesed. He re-orted that seven tc ei-nt
rounds of sugar to cne jocund of corrnctarch in & s;ecific voliune of water
recu.ted in a ccoied rel wrich was dull, thin and jossecsed a raw egtarch
taste wnen prejared under crdinary cenditions.

HYaine (2)) teeted the viscoietric effect of 20, 4. and 5. per cent
sucrose ccncentrations in 12 per c¢cent ccrnstarch pastee. JShe fcund that
visccelty ircreased wi.en sucrose conctitutel 20 [er cent of the liquid
weirnt. lowsver, with additions of 42 and 40 per cent cucroce, the :axinun
vieccsity of the ;nztes ;rc-resvively decreaesed. UYains presented evidence
thiat lLirrer terjeratures and nuch lonrer cooking pcriods were needed to
obtain naxirun viscosity when increaced :roucrtione of sucrcae were alded
to starch :rastes.

Perree (17) ectulied trne effect of the ccrcertration of sucroce on
tne viscoeity of ccrnstarch ;astes rade with different liguid nediurs.
5he used cucrose in zrcyortions of ;, 15, 21, and 27 per cent cf the
weirht of the liquid. Tre lijuid rediuue veed in rer regearch were tap
water, dictillied water, reconetituted nonfat dried nilk eocliids, and recon-

ctituted whoie dried rilk solide. Ferree reyortcd thet, except for tre
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raste nade with whole dried nilk e¢clids containing 21 per cent sucroee,
the raxicur viscosity of sweetened and ureveetensd pactes .cade with tagp
water was Lisher than that of eirilar pastes nade with other nediurs. In
all cases raxizun viscosity of those rastes nade with whole dried ailk
solids were aprreciably higher than that of pastes rnade with Jdistilled
water., Results of theee teete srowed the descending order of asaxizun
viscosity for thease rmediuus to be tap water, reconstituted wrole dried
1wilk esolids, distilled water asnd reconstituted nonfat dried zilk =zolids.
The otservations of Kains (21) ani Ferree (17) iniicated that the
effect of the proportiorn of sucrcse on the viscosity of cornstarch thick-
ened pastes canrot be sccurately predicted without taking into consider-

ation the fropcrtion cf the other ingredieits used.
Gel Froperties

Lowe (32) has stutel that there is no dietinct line of separation
tetween a sol and a gel. A typical sol is fluid; a typical gel has a
certain auwount of riyidity. Gels are unigjue in having a dispersion
rediun which is s8till liquid but ies held in the gel state bty the uiscelles
foruiny a definite structure. Gelation is a function of contraction and
the volune of thie dry ricelles plus that of the dispersion nediuw is
greater than that of the twoc corbined. The depree to wrnich a specific
starch paste gels on cocling is a prirary concern in the food industry.

Tr.e literature contains nu.erous references concerning differences
found in the jroierties of Lot and cold starch pastes. According to
Bechtel (5) the properties of starch gels depend upcn the natural variety

of etarch, treatrent during canufacture, and all conliticns to which the
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starch is subjected durirns cockine. Zechtel coniucted teste on unrodified
cornstarch sucpensions bty heating ther to 51° C. The resulting ;ustes were
poured into nollds and stored in a 2}0 C wuter buth for 24 lLours before
they were tected for gel strergth. Tre iata of Becr.tel presentel evidence
that the rercertare increace in riridity and breaking strenytrn of sels
during aging was depenuent ujcon the vcdification cf the starch. Thne acid-
ncdified etarcres which had Leen cocked to 91° C and cocled to roon tewjper-
ature exhibited preater increace in riridity and breaking sireastin than
did the unroiified starcunes wi.icn had been piven identical treutient. The
effect of final cocking teuperuture ¢ starches on ti.e projertiss of thLeir
Fels varies withi tie derree of nciification of thie starch. The findings
of 3echtel indicated that, with iit.creased nolification of tre starch, the
viscouity of the acid--ciified cornctarches decreaced to a8 greater extent
tran d1id tre ripidity and trechiing strensth of their reles.

veodruff and raciastere (47) fourd tnat there wes no relaticrehip
between the consistancy of hot uastee of urnciifiel cornstarch and the
rrogserties of its sels. It has Lteen estautlishel that wnen cornsturch is
oxidized, rirsidity and treukin:; etrength of rels decreuese ncre thaen dces
hot-paste corsistency. reze investigators prevel thet acil-zocdified
cornstarch proluced a s.ali!er decreace in riridity end treaking strength
than in viccesity. Wooiruff and Nicoii (4&) experizented with various
tuber and cereal ;acte: at a ) per cent starch-to-water concentretion.
Trey rezorted that naxiiun el strenzth wus obttained in each etarch
wr.err it was cooked to a e perature of 9;0 C or hirher. Tie cereal
starch gels were well-forued und rnad ciezriy defined outlines, wrereas

the tuber estarches zave poorly forued gels. Bisno (Z) verified the

findinge of wWoodruff and [licoli.



krowles ard Earris (3.) observed tie beravior of starch gels
frcr. different classes and varieties of wreat. They concluded thst s.° ¢
wa® the critical terperature for gel forration for > per cent starch
suspensions. Theoe inveeticators fourd thet gels rnever forued telow
this tenierature, trut gels so.etires fsiled tc fecrm at Quo C if tre
conlitions of seleatinization were not ileal, anld that the resuiting
pels were utually week and dispiayed evidence of synereeis. Ley
further decided that stercres derived frc: soft wheats possees lower
gel etrenzthe than thoee prepared frci hard wheat.

Trrourhcut the etarch industry it is a generally amccepted fact that
rrediction of cold paste'ccnsibtcncy of a starch fror its Lot raste vis-

coeity is inpozcible.
Effect of Batch Size on Flow Ircierties

The litersture ccntaine reports of relatively few stuiies in
which Jifferences in sturch benavior attributatle to batch eize lLave
been coneidered.

Billinrs and acscciates () experirented with crean pie fillings
frepared in nultiples of an £-pie batch. Frok preliminary tests the
investizators found it necessary to roiify the tultiple of the foruzula
by increasing the avount of soft wheat flour required to produce fillinge
of acceptable consistency. Using the £-pie tatch of pie fillins as a
base, tue workers increased the flour 10 per cent for tre 15-:ie and 24-pie

batches and 3> per cent for the 32-pie batch. Accerding to Billing
and asccciates, the increase in proportion of flour to liguid was neceesary

to ccopensate for thne reduced thickening effect of the flour. Factors



contributing to this reduced tnicxening pcwer were slower rate of leating
and lower final terperature as the batch size was increased. The radius
of spread of hot fillinge was corsidered a reliable and practical neasure-
cent for predicting the consistency of the final product. Theee workers
reported that they found subjective tasting for the disaypearance cf raw
ctarch flavor a nore reliable criterion for deternining the end peint of
cooking than final tewperature or tice of cooking. PBillinge and co-workers
concluded that both final ternperature and tine were directly dependent
uron the rate of heating.

Longr‘o (31) investizated the effect of increasing batch size from
1 to 4 gallons on cooking tice, terperature of betch, and final viscoeity
of nedium white sauces. Tre white sauces, designuted as mediur thick,
contaired € ounces of flour fer gallon. Tests were nade ueing all-purpose
flour and soft wheat flour. Tre 8oft wreat flour displayed a-greeter
thickening power thsn the all-purpcose flour. With increasing batch size,
the length of cooking tire was ircreesed and final viecocities of the fin-
ishied sauces decressed. Differences btetween the 1- and é-gallon batches
were slight. The cooking time in the 4-zallon batcrics was unduly long and
final viecosities were below the standard of control. Lcngrée conmented
that the additional stirring required during lcnger cooking may have been
partly responsible for the low viscosity cf the larpge batchee.

Caesar (13) stated that batch size Jdoes hLave a tresendous effect
on th.e properties of starch pastes and slso of dextri;g withh the possible
exception of the most highly soluble envelore type. 1In aldition, Caesar
surgested that trhe lencth of the reating period and the temperature of the

raste 1:ay be relative to hatch size but that the coocling period is even
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rore irrortart to thne jpaete cheracteristics of sturch than the heating
period. Agitation plays an irvortant role at all tiree and esjpecialuy in

the cooling prccess of sturch pastes.

Ctjective Tests for Starch lastes

The principle uees of starches in industry are lirectliy Jdependent
upgon their colloidel paste prcrerties. Cone of the cnaracterisctice cf
cocked gtarch jaetes are viscosity, plasticity, zel strength, and ripidityr.
Trese characteristics are reasured in terue of Lot puste viecozity and

cold pmsste body.

Viecceity reasurerents

Industry ras developed several procelures to test viccosity of
starches., Trnece objective reasurenents are rade on botn Lot and cold

Fastes,

Scott test for hot paste viscosity (2€). Trie test is ;robably the uost
wilely used sethod for deter. ining tne kot jeste visccsity of etaurch
rastes. A guantity of starch et known P is stirred to a slurry with 28
cubic centiseters of distilied water in a Gerusn-silver beaker. The
beaker and contents are then placed in a boiling water btath in which, with
stirring, tne starch is gelatinized and reated for 1) rirutes. Two nin-
utes preceding the end of tie cocxing period, 200 cublic certineters cf

the paste are transferred to a Scott viecceity cup which is also heid in
the water bath. At the end of the total Leating period, the pluncer valve

which closes the orifice or the bottom of the cup ie raisel and the tirce
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in seconds is noted for a given volune of the faste to fall into a grad-
uated cylinder. The epecific Scott test viscosity value of the starch
raste urnder consideration is neasured in terns of the seconds required
for the starch to flow fron the test cur.

Standard starcr.es are used to set up peruissable livits of varia-
tion in the viscoeity of other starches to be tested by tnis wethod. S8cott

test viscosity nay also be ccnsidered as a relative viscosity in this sense.

Storuer viscosiueter (2£). This instruient is veed to evaluate the viscoe-

ity of cold patte body. It is coxjprised of a cylinder irmersed in the test
paste which is contained in a metal cup surrounded by a water bath. The
irrersed cylinder is rotated by a free-falling weignt acting through a

gear and pulley systen., The tire in seconds neceesary for a given weight
to produce a certain nunber of revolutions is taken ae a Leasure of cold
raste body. A revolution ccunter ic a part of the instruwent.

The starch is yelatinized and cccocked for a 1)-uinute period. The
raete ig pleced innedintely in a conetant tenperature water tath, prefer-
ably 25° ¢ in & closed container. At tre end of a specified aging period,
any surface siin cn the rpaste is cafefully rercocved and discarded. The
reraining paste is very gently stirred with a s;yatula for several seconds
and then transferred to the cup of the Storrer viscosineter. The viscosity

of tire paste is noted at 23° C.

Lloerpler viscosireter (2£). This instrusent involves the uee of & prin-

ciple different froen that of the Storuer viscoeizeter. I}Meacure:zents are
raie of the tirme required for a given weight to fell, in vertical rnotion,

through a measured colunn of paste. Tre colwn is surrounded by a constant



terperature bath so that, with only elight uolifications, the instrunent
can be adapted to tne seasurerent of Lot paste viscosity as well ae cold

paste body.

Brookfield Viscceiret=sr (2€). This is tcorsional type of instruzent.

Srindles of various types are driven by a synchronous ctotor. The force
of tre thickening starch paste, acting on the spindle, is reccrded in

terns cf poiees and is tsken as a reasure of the vieccsity.

Brabender unylograph (2€). This instrunent ie a conparatively couplicated

i

one. It is a rvodification of the Brookfield viscosireter but involves thre
sane general principle. In this nethod the paste is held in a cup sur-
rounded by an air bath for te:perature control. The cup is revclved at
constant speed. The r.easuring and etirring device consists of a disc to
which are attached several short rode extending into the raste. The torgue
irpressed on the 1 easuring unit is transuitted to a recording torsion
talance. A continucus, graphical record of tue gelatinization process is
traced by thie instruwent over the entire period cof the test. The teuperature
of the starch ray be increased at a fixed rate arnd uay te checked at any
point and held at this level by tnerwostatic control. By switcning off the
neat supply, the paste nay be cooled to any desired temperature and the
change in viscosity noted.

A cooling coil ie provided for the circulation of cold water and the

acceleration of the coocliing of the cooked paste.

Caesar concistoneter (28). Thie instrunent may be used to neasure several

characteristice of starch eirulteneously. This apparatus recorde a contin-

uous history of the pasting orerstions. Characteristics of the starch paste
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which ray te evaluated fron this recori include the celatirizeticn roint
of the starch, peak viscceity obtairsatle with a definite cocking grocedure,
srecific viscocity after 2 frescrited cocking operaticn, rate of ircrease
in faste body with falling tevperature, and cold peete tody after a con-
trolled ccoling period. Fer tne test e standard paddle, connected ty a
shaft to an electric uctor, ie suspended in a beaker containing the starch
s.urry. The beaker is surrounded bty a Leatirg bati, and the tenperature
is raiced at a regulated rate. The paldle and wotor ncve at constant
epeeds. Changes in paste body are indicated by thre differences in thre
electrical input tc rairtain a constant Lotor speed. After the eterch is
cooked, cold water nay be introduced into the bath to cocl the paste.

Caesar and Moore (l4) reported that the princijple functicn of this
instrurent is to reasure tre viscous and plastic changes in starch pestes
at any tenperature at relatively high concentrations. They stated that
sirnificant differencee in observed values were ncre readily obtained with
a 20 per cent etarch solution than with starch sclutions of lesser

concentrations.

Corn Industries viscoueter. Keeler and Becntel (29) used tiis instrucent

in treir work on tre ccnparison of tne flow projperties of different tyre
starches. They felt that thie instrunent provided a contrclled and repro-
ducible retrod for lasting as well as a record of the change in consistency
as cooking progressed. The instrurent consiste of a stainless eteel beaker
jmrersed in a theruostatically controlled tath which containe water or a
iiguid with a higher boiling point. The starch slurry ie stirred by en
agitator wnich coneists of a scraper 2nd a propeller. The scraper serves

to rencve the layer of rpasted starch fron the walls of the vesvel. The
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propeller, driver trrough a gear iifferential, stirs the center of the
raste and also serves es a reans of neasuring the viscosity changes. The
force which the propeller encounters is continuously balanced by a dyna-
cometer, consisting of a weighted arn which roves throurh a vertical arc.
A series cf interchangeable weirlite are provided for tne dynancneter so
that it covers a relatively wide ranye of torgues tetween 2350 and 2030
gran-centineters. The pen, wiich is attacled to the dyracoreter, contin-
uously traces the reccrd of viscoszity clangee on a strip-type recorder,
Tre cover acts as a condeneer and prevents evajoration of water fron the
raste during the reating rericd. Tre viscosity chanrfes cf tie paste are
recorded in terrs of torjue which is the reasure of tre force tune propeller
ercounters as it turns thrcugh the gelatinizing paste.

To nake a deteruination the retal btezier is placed in the preheated
bath and tre stirring device is attacred ard set in rcticn. The starch
paste ie ;repared by etirrirg tke starch into the guantity of water reeded
to yield a slurry of 1000 grazs. The water should ke at roow teunjerature.
Tr.e slurry is poured intc tre visconeter and the recorder is etarted inme-
diastely. The condenser cover is then put in place end the reusainder of thre
test is accouplished uutcraticaily. Readings of tnc paste tenperature at
desired intervals are easily obtainable fror. the strip-type recorder chart

which unwinds at a constant speed.

Line-spread test

Grawereyer end Ffund test. Grawereyer and Ffund (20) have developed a

line-spread test for deteruining the flow of cooked pastes. This test is
effective in nessuring the spread of both hot and cold sawples. Craweueyer

and Ffund rade obtjective neasureriente on applescauce and cream fillings.
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Lonrree (31) used this type of viscosity measurement in her comjarzative

study of thin, rediun, ani thick white raucee.

[®9)

In this test a f£lat glaes ;late was placed on a szurface checked for
evenness with a spirit level. A diarran of concentric circies was [laced
Leneath tie gless plate. The diaseter cf the srallest circle wae 2 inches
end tre gredations cf the curroundinz circles were =2t one-eizhtn inch
intervals, A rollow cylinder of tl.e exact dia.eter cf tle cisllest circle
was used to hcold the zoured cacple. This cylinder was placed directiy
cver tne innerrost circle, filied with the paste to be tested, and then
leveiel with a cpatula. The cylinder was lifted carefully and the sarple
allowed to flow for two ninuiee. Resdinzs were tuken st four widely separ-
ated points wricn deegizruted tre outer liriis of fiow cf the sanple. Tre

averuge cf tre four readin;s was considered the vaiue regresenting the

iine-spread of the juste,

nrtr tests

~
3el str

y

A variety of instrur.ents incor;yorating different princijples Lave
besn used for thle neusure:.ent of the o=l strength of etarch pastss. Kerr
(2€) stated thut several cf the instrurents ucel in :ractice ure tre
riridoteter, Tarr-Buxer felly tester, and the penetroreter. The rizid-
cr eter weusures thie rizidity or lack of elasticity of a gel. The Tarr-3aker
jelly tester -~ives a value wilichi is progjortional to the force necessary to
rupture tre gei and wnich zay =2.s0 be a function of the elastic iicit.
Ferietroueters ere of two tyres. The blunt plunger type tects & ccubina-
tion of plastic and elastic effects. The tube type of plun;e} Leasures

the resicstunce cf the zel to cutting actioen.



(9]

xchange Ridrelineter (15). For tnic deter-instion tihe paste sauzlec

are stored in jelly zlassea provided with sidetoards. At the end of a
controlled aging period, the sideboards are rencved and the saiples
leveiel to the riu of trhe glass. Each sanple gel, after recoval frou

the rlese by invertingy it on a glase plate, is ailowed to stand for two
rirutes., A asicroseter screw is adjusted and the per ceut of sag is reed.

Thie test neusures the rizyidiity of a rel in terns of perce:ntsze of uag.

>

Tarr-2aker jelly tester (2€). The jrinciple of tris test is the ;radual

appiication of precsure to a plunger of known ures which rects upon the
surface of the gel. The rrecsure is read the instant tlat the gel breaks.

In this test the starch elurry is placed in e porcelaein cur and
cooked in & beiling water tath for 30 minutes. The cooked raste is cooled
quickly, immediately covered with a filr of light rineral oil, and aped
for one nour in a weter bati at 20° C. The oil is drained off ard the el
is rlaced under the plun;er of the tecter. With >u. cutic centiceters of
water in the teetin~ jar at the start, tne fiow cf water iu edjusted so
tnat ti.e manometer column rises 50 cubic ceatimetsrs per uinute. The ran-
oreter is read wren tne gel breeke. Tests are saie in triplicute and
resdinre are averared. The rel strensth is repcrted es tre reirrt in

.

centimeters reeched by tne liquid in tre nancueter at the breuking point

of tre gel.

Ferr ncdificaticn of 5aare and fartens test. Cne of the first tects rro-

pcsed for the ressurexsnt of gzel strength of a cold paste was developed
by 3aare and *ertens. This teet consiste of deteriining tre weirlht re-

quired to withdraw a disc from a fe! in which it ras been inbedded. A
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podification cf this retrhod by Kerr (2€) is used freguertly. In this
test the hot, cooked starch paste is inrediately poured intc a glass
contairer to a definite level, A circular wetali disc of hnown diaseter
is cuspended intc tne paste by weans of a retal rod connected to the
center of the upper gurface of the disc. The rnetal rcd is crcoked at the
toep and is hung over a bar which rests on the top edzes of tre container
holding the saxple. The lengtn of the rod is such trnat, when it is eus-
pended over the horizontal tar, it percits innersion of the test diec in
the raste to a depth of trree centiweterc. A thin film of lizht oil is
piaced on the *top of the jaste =3 econ as tre disc has teen irscrted and
groperly cerntered. The test vessel is iield in a constunt tenperature
tath at Bjc C fcr 24 rours. The teet contziner is then removed and
piaced on 2 bridge over one pan of a larce, eensitive tean tslance. A
specially rmede licok, euspended fromw this bean, fits into the bernd in the
rod attached to the disc. Su=2ll size elrot are added at a fixed rete to
the other pan. The wei nht of ehot ie ncted at the tire when the disc
frectures tre rel. ne welr:nt cf shot, less the weiprt ¢f Jisc and ail
conriections to the bear of the balance, divided by thie exact area of the
lower surfuce of tre disc ie taken as the gel strencth. 1The result is
expressed in praus per square centimeters for a riven ccncentration of

etarch.

Fucks peretroceter. kerr (28) reported trat nost penetrozetere are not

sufficiently sersitive to distinguish between the various grades of

acid-roiified industrial etarchres. Eowever, Kerr aduitted trat tne in-
strunent constructed by F. W. Fucls is as eencitive and accurate as thre

rodified Seare znethod of ieternining gel strength. The ccoked starch
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peste is in:edimtely pluced in a cloced, wide-ncuthed contuiner for

o

storaze in a conetant te.perature bsth. At the end of a specified uging
period tle cover is re.oved and about a one-fourth irch layer of cel is
cut off and dicscerded. The .luncer in tiiis instrui ent ic a nifnly
rolisned, sunarjaned, rol'cw retal tube wiich resertlies a corx berer. Thie
j-unzer is adiusted so tnet it rects on trne top surfzce of the gel. The
clunger ic reireced 3nd tne tise required for tie lLollow tube to cut tre

g2l uz to a predetersined depth of pacte is noted.



FRCCEZDURE

Developrent of Teeting Equiprent

Jeveral pieces of specially designed equipnent were necessary in
developing a technique to deter.ine tne spread fron a cut savple of
cooied chocclate pie filling.

A glass plate 12 x 12 x .25 inches fromw wnich a circle 9.375 inches
in dianeter had been renrcved was superinjosed upon a second glass plate
12 x 12 x .25 inches. These two plates were bound to-ether by four rubber
tands 3 x .37> incres. Cne rubber band was nounted one half inch from each
side for the jpurcoce of binding tre plates torether with an egual distri-
tuticn of tension.

A ro.d was devised frcz a etardard retal baking pan 1. inches Frigh
and & inches in diavreter with & circle 7 incree in didneter rewoved frown
the bottcu.. Before the hct sanple wes poured into tne mold the pan was
inverted and pleced witrnin the 7.%275 inch cut-cut area of the upper glass
plate.

The round, stuinless stcel surple cutter was constructed with a
diareter of 3.125 inches and a reight of 1 inch. An outer band cof retal
.37> inch wide znd .J625 inch thick was welded .25 incn fron tl.e top edge
of the cutter to fcru a base for the expansion band.

The round, stainiess steel expansion band was constructed with a
dianeter of %.25 inches and a heigkt of .7)> inch. When nounted in place,
the exjpansion tand rested upon the .C525 inch ridge formed by the thick-
nees of the ocuter band of the sacple cutter. The cutters and their respec-

tive expansion bards were natcred and ccded.
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Nine cor, leole cets of the testing ejuijuent doscriled abecve were

rejuired for each rerlication of this experinent.
L J

Basic Feriula

The forzula used in this liunited exjpericent was develored tarcugh
prelininary stuly of products raie Zreom ceiected forrulue in which cern-
etarch and ccoccoa powler were used as tiiciening esgenis. XNo ferwulas in
which whole ezpg or ecrg yolk constituted a jart of tne trickening effact
were ccnsidered.

The selected forrula consisted of constant :roportione of cornstarern,
whole dried vilk solids, cocos powder, pranulated supar, tutter, =alt,
vanilla and cold water, Freportions cof insredients Tor all btaten siues
tected are listed in Tabie 9. Fercertares of inrredients, TCased on the

tctal weirnt of trne nixture, follow:

Incredients Fer-ertaree

Cornvtarch 3.6 '
dr.ole dried rilx eolide Tev

Tocoa powder 3.L

Suger 1£.5

Zutter v.l

Sult v.el

Vanilia vl

nater, co!d _57.2

TCTAL 1J0.1

Cold water, in which the natural Jdegree of Lraririese rcd nct been
sutjected to alteration ty the addition of chexicaie, was used for 1.is
stuly. A sarple cf woter used in each replication was sent to the latore-
tory of the CToclleze Canitarian for aralysie of the dezree cf hardnecs.

All reaneining insredierts, except butter, were ottained fron the

Ccllege Fcod Stores and stored ot rcox teuperazure trrou-hout the study.



The ccrretarch and tre superfine rranuiated suzar were xert in
seraurate, covered, stairlese cteel bins. The cocoa gcwder end icdized
ceit were etored in treir oririnal fiber containers. Spzray process Fariac,
ranufactured by tl.e Eorden ililk Coazpany, was the type cf whole dried nilk
solids used throuzhout tnis experirental workh. The entire lot of Pariac
was purciaced in five pound, herretically sealed tins.

Initation vanilla was purciased in four l-palion glass jugs fron
the sare case lot and wae conrposed of varillin, cararel, water, propylene
clycol and O.1 rper cent benzoate cf scda.

Zutter, in chipiet forw, wae obtained frcx the College Dairy and
stored in a deep f{reeze unit.

It was neceesary to transport the inpredienits frow tiie laboratory
to the institutionz] kitchen fcr the cooking frccess. Ail ingredients for
each. batch were wel-red or 1ezcured in sdvance. The sugar, cornstearch,
and cocca were put into selarate, brown paper bags end the bags were fas-
tened with freecer tupe; tre dried nilk sclide were weirhed into a fpoly-
etheylene bag and fastened; anl the butter, esalt, arnd varilla were rlaced
in eeyarate, ccvered, plastic containers. No ingrelients were weirhed or
neesured for rore than two weexke in advance of their intended use. During
this interval, with the excepticn of the butter which was returned to the
deep frecze unit, the weirried ingredients were kept in dry etorage at

roor te: perature.

Treatrent

Cold water was rcasured into & 40-gallon steam jacketed kettle and

heated to a te:prerature of 33° €. This kettle was equipped with an
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Ashicroft 30# rreesure rauge and the water was hested ty ctear with a pree-
sure range of 15 to 15 pounde.

A centirrade thermcmeter was suspended in the kettie in such a
nanner that trhe bulb was centered within the sses. Adjucstients in tne
tosition of the thermcmeter were necessary in relation to batch size to
insure corxgarabie readinjs. This trermoweter registered thie tenpersture
of the nacs during tre ertire rrejparation ceriod.

Tre whole dried nilk eolids were blenled manual.y with arprexicately
one h:a:f of tre sugar. Tnis cugar and milk dry mwix wae scattered on the
surface o¢f the water, wrich hud been heated to 53° C, und blenled with a
french whip. After thorouyn tlending, the nixture was allowed to stand 20
Lirutes to allow tine for recorctitution of the dried milk eolids. Tine
rejuired fer tlending the surar and nilk Jdry ©nix with the water ard eny
changre in teuperature roted durirg this procedure were recorded.

The cccoa powder was esifted and trhen tliended for 10 1rinutes with
the cornctarcn and rewaining porticon cof the sugar witn the raddle attacn-
nent on & 3-speed rechanical nixer cperating at first epeed. At the end of
the 20U ninute reconstitution period for the sugar and rzilk nixture, the
dry »ix of cocoa, cornstarch, and sugar was ucattered on the surface of the
supar und «ilk solution and stirred ranually. The tire reguired for tlis
adlition and the final terperature cf ti.e nass at this stuge were recorded.

The stean was turred on and the rase was heated to £2° C, with fre-
quent, zoderate etirring. 3team pressure of approxinately 16 to 19 pounds
was naintained trnroughout the cocicing period. The teuperature cf the rase
and the pressure pourdage of the kettle were recorded at 2-rinute intervals.
The firct vieible evidence of thickening within the mass was noted in

reiation to thre Leating time required and thre tewperature attained.



Ti.e end cockin~ terperature was artitrariiy set at £2% C. Wren
this roint was recached, tiie stean waw turned cff and tie tutter, salt
end vanilila were nanually stirrel into the mass. Tre time required for
this blending and ti.e acconjuanying ter:ersture cranre cf the nass were

recorded.

Patches were prerared in 14, 12, 15, £, and 5 rallon arounts. An
end cooxing ‘enrerature of £2° C was kept constunt for all batch sizee.
After the incorporaticn of thie butter, salt, and vanilla, the nclling
reriods of tre maes in tre steam jacketed xettle rewained constant for
all batch sizes.

Triere were four repiicaticne for eacn tatcn zize indicated abdove.
Fre;jaration of 3anples

In this investijation it was the intent of tle werker to deternire

1

tre effect of tatch tize upon tie flow of crocolate pie filling unier con-

wreparation

ditions which nost nearly paralleled current quantity food ;
Fractices. Since ci.ocolate rie is rost freguently served at rcorn temper-

o

ature, it ceered nore res.istic to reasure the flow of a sarple cut frer a

roided arount of ccoled fillinz tran from a sacple of het fillinr.

g
[

Pouring of rold. Tre hot filling was rezoved frou tne kettle at the erni of

each of the stipulated hoiling periods in an arouny suificient to :rour 3
rolds of 3 pints each into specially deeirred retal rolds which had bteen

adjusted upon the doudble glass plates. The 3 rolds within each ferics were
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poured at l-wninute intervals and coded in the order in which they were

poured. lire rolds froo each replication were poured es follows:

Series lo. cf Sauples Finutes Beld st £2° ¢
A 3 o
B 3 30
c 3 60

Through prelivirary work on the technique of pouring and handling
the filling, it wae found necessary tc devise a nethod to prevent the
forration of a hesvy "ekin® layer on the surface of the poured nold.
Neitrer Saren wrap nor absorbtent paper alone offered sufficient protection,
but their cor.bined use served 4hie purjose sdegquately.

After the filling was poured through the cpening of the netal rold,
the opening was covered with a double thickness of esbsortent pajer plus an
outer layer of Saran wrap. The pcured nolds were allowed to cool undie-
turbed for 3 houre at roor tezperature. From this pcint, the individual
r.olds witnin each series were handled at 7-rzinute intervales. Thie reesulted
in prcpgressive cooling pericds of 3 hLoure, 3 houre 7 rminutes, end 3 hours
14 rinutes, respectively, for the 3 roldes of each ceries. The orler in
which the individusl ooids of the Ceriee A, B, and C were poured established

the seguence in which tre nolds were handled throughout subsegquent testing.

Cutting the ssmple. At the end of the cooling period, the rubber bands

were carefully severed to release the tension on the glase plates. The
layer of Saran wrap and the double thickness of absortent paper were reuoved
in a single, swift cperation. 3ince there was evidence of excess toisture

trappred between the atsorbent paper and the Saran wrap durirg the cooling
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period, care was taxen to prevent the condernsate frcu drainins tack con to
the surface of the nolded filling.

The cutting edge of the sajle cutter was lubricated by dipping it
into salad oil. The excess 0il was removed with en absorbent paper tcwel.
This etep was necesocary to less<n tl.e resistarice encountered when the
cutter care into ccntact with the filling. Cne sarple was cut frow tne
center of each mold of filling. After tne sacrle cutter, cocplete with
expansion band, was insertel into ihe nolled nrass, the uprer 2laus rlate
was elevated and reioved. Jext, the retal nold wes removed.

With the cutter still in poeition, the excees filling around the
outer edge of the cutter wus rezoved with the aid of a rubber scueegee
and a cornmon housenhcld rubbecr scraper. A dawnp, lint-free cloth wes used
to resove sny recaining £ilw frce the glaes plate. The exransion tand
was then removed from tre cutter end the sarnpie was lcveled, by means of
a thin-edged utility knife, to a constant depth of 1 inch. This depth was
equal to the Leight of the cutter without the exiansion cand.

The cutter wae reroved at the end of the sixth winute in the eeven
rinvte work period allottel for each sanple cutting. This procedure re-
leased tne sanple and allgwed it to flow freely. Each sanple was permitted
to flow for a period of GO ninutes before neasurenents of flow were taxen.

All sarple plates were coded for series and sanple cutters.

Recording the eaiple. The iamge of the sacple was recorded by reane cf a

protoflood laxp casting tne snadow of the eample upon Technifax Diazo tlue
line paper. The photoflood larp wae inserted into a 7-inch retal reflector
and rounted on a ring stand in such a ranner tiet the bulb wes euspended

12 inch.es above the upper esurface of the glass plate nholling the sample.



The lisht-sencitive ;aper was placed in ceeition under tie rliass piate.
Trie exyosure time was erbitrari.y set at 2 rinutes and renaired conetant

for all sauplee,

.
el

The araoria furee required for tre development of these irsages

were obtained ty lreating houserold errcenia to 1uu® C in a %-inch stainless
steel bowl. Tne expcsed Tecnnifax paper was held uzarveily in a rorizontal
rosition ayproxinately ¢ inches ebove tne surfuce of the tciling enmonia
for a tericd of 2 rinutes. All irares were developed withiin a period of

1> ninutes fcllowing the ccxvoleticon of the exposure tine.
Cbiective Measurenent

In deternining the amount of flow for each cut ssurle after the
o=t inute flow period, it was necessary to use an accurate reans of calcu-
lating the final area of the sanple end the initial area of the cutter
used to obtain tue sampie., A conpeneating polar planireter adejuetely
gerved this furction. This cciertific reasureing instruient was operated
ranuslly to trace the circu:zfererce of tre printed inare. The reccrling
wheel auvtoratically presented the area neasurenent in terus cf siuare
centineters.

To deterrine tre initial area cf tre sanplie befcre it wee released
for the >0-rivu*e flow period, trne cutting edre of the sanple cutter was
Leavily costed with a red wax jpercil., It wae then preeeed firr.y against
a sreet of write winvecrragh japer. This inprint gave an accurate outline
of tre cutter frc: which the area was deter:ined by the coupernsating
rlanineter.

Tre arount of fiow for eacr sarple vas deternined Ly subdtracting

the area of the cutter frou tlie erea of fiow of the cut sanple. TrLis value,



exuressed in sguare centimeters, was read to the nearest J.1 sgusre
centireter.

The reculits of the syread tests for all sanpies were conpiied for
four replications of each of the five tatch gizes teested. This data was
analyzed to deterrine the effect of batch size and holding tine on fiow.

Time-ter.perature curves, tased on the average for each epecific
batch size, were plotted. 1In evaluating the effect of tatch size cn flow,

trese relationships were also studied.

Illuetration of Tecrnnigue

The develoruent of the testing ejuiprent, rrevaration of the
samples, and the technique of objective measurement of flow of the cut
samples rave been previously deccribed.

The testing ejuiptent used in this reeearch and the consecutive
steps in the procedure for pouring the mold, cutting and leveling the
ceaxple, releasing the sanple fcr flow, recording the inage of the sanrie,

and zeasuring tre sanple area are illuctrated in Figures 1 tnrough 1lu.
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Key to Flrotograchs

Slass plate 12 x 12 x .25 inches

Glass flate 12 x 12 x .25 incres with circle reroved
Letal told 9 x 1.5 inches with 7 inch circle rezoved
Glass plates bound torether with rubber tande
Cowplete asserbly of rolding equiprent

Fouring the mcld

Saran wrag

Abscrbert seper circles

Stainless Bteel expaneion band fcr cutter

Stainless steel sauple cutter

Asgerbly of sanpie cutter and exrarnsion band
Inserting the sample cutter assenbly

Rexoving of glass rlate

Reroving the netal nold

Reroving the excees filling frox around the sample cutter
Leveling the cut sanple

Reroving the sauplie cutter

Rirg stand and pnotoflood

Techrifex diazo tlue-line fpaper in fosition

Cor pensating polar pianireter



Figure 1. Molding equipment: individual parts, partial and complete
assembly.

Figure 2. Pouring the mold.




Figure 3. Inserting the sample cutter. Individual parte and complete
assembly of sample cutter.

Figure 4. Removing the upper glass plate.




Figure 5. Removing the metal mold.

Figure 6. Removing the excess filling from the outer edge of the
sample outter,



Figure 7. Leveling the cut sample.

Figure 8. Releasing the cut sample for flow.




Figure 9. Recording the sample area on Technifax Diazo blue line paper.

Figure 10. Measuring the sample area with the compensating polar
planimeter.



DIS5CUS5ICY AD RaBULTO

Control of techniquee uced in the execution of tris croiect were
as conplete as posuit.e ia the prozuction center in wrich the testing
was done. Lcwever, treze physical iiiitatiore were taken into consid-
eration in interpreting the findings of the stuly.

The eteean-jaciieted xett.e was a part of a battery comsistirng cf
one 3-corpartrent steaser, ore traiser, ard tiree arpe steau-jacketed
kettles. The scurce cf stean. was also comnected to the rot and can sink
in adlition to this coocking battery. Tre stean pressure for tre kettle
used trroughcut this gtudy was not ther.cstaticaliy ccatrolled. Con-
stancy of steac. pressure was deprendent upcn rarusl aljustrent as indiceted
ty a gauge located near the point at waich the stes: enterei tiie tase of
trhe kettie. ilecranicaily controlled aritation wou.d rave seasurably
decreas=d tre variablies introiuced bty usnuasl etirring. Tre :roxizity cf
tre kettle to an entrance of tre tuiliius corpiicated control of heat
loss and evaporatiovn fron the surface of tre nass.

Froductiovn activitiec wiiich were necessary for tne operation of
dorcitory food scrvice were in progresse Jurirg the cocking periods of tnis
experirent and nade coijpiete controi of physicai i'sctors extreseiy diffi-
cult. Froduction screduiing ard tre detaiis of rrocedure were :ianned
by tre investirator witn tne dorzitory food service persounel in an
atteuyt to reduce prysical ard operational variables to a rinirua.

This study wus directed prir=ariiy *toward the ctjcctive reasurezent
of flow of cooied, cut ca ples of trne starcn-tiickened mixture prepared
in 6, &€, 10, 12, and lb-yailon tatch sizes. Tre treatient vsriable wes

introduced at tre end of the cooxing grccecs and corcerned trne iength of



tize the mues wuo le.d in tie tettie after it nal reacred a tewjperature

o

< . . s . .
of €27 C. Three ctacplee were taren fron each repiication et tne ernd cf

.~

tle erecified holdirg reriols ¢f L, 30, ard 50 uwinutec. Treatrents,

taced on tre len-th of the heiling rerioil, were iesiznated as Sericvs A,

~

Series B, and Serice 7.

Co.d Facte Tiscesity Teusts

~-

1i.e .ezcurezent of flow for usarples, exgrecsed in terrns of sjuare
centineters, was Jetiriined by rezcurineg Technifax irints of the sanples
with a couv,ensating polar pianinetcr. Averages for tnree resiinpse for
each. treatrent within c¢esch repiication ere srown in Table 1.

Twe sarpice in twc different replicaticns of tne {-rallon tatch
were lost throurh bLreaiaze of the lower glass plate during the coolirg
frocews., Trese vaiuez were stutiotically estinated and ireerted in thre
data (4). Replicstion three cf the {-;allon bLatch size chowed flow
readines for all nine sapplec which were relative wiinin the replication
but were not ccmparable to tne flow readinge of repiication 1, 2, or 3.
The investizator felt that this extrece variability misnt hove been sattri-
butable to an error in the 1ijuid neasurenent of the foruula. These flow
realinse were not discaried btut were statistically zcdified by the sppli-
cation of tne least .guare wetied (4. Tne incertion of thecte eleven
cztinatsd valives affected five cf trhe treat: ent averages.

An adjustment for tctal Jerrees of freedon wac nalde in the analyeis
of variarce to correc.ond to *‘lLe nissing velues chown in Table L. The analy-
s8is of variarnce of tre data, irciuding three treatuent averages for fcur

replicatione of cach of <he five batcn slzes, is shown in Takble 2.



ursary cof treotnernt averages of batlcn elzes tested.

3u
(sjuare ceatineters,

3atch Size Replication Treztiernt
A 3 c
4 rallon 1 122.5 78.4 57.C
2 72.3 73.2 €i.o
> 70 D71 L35
4 0.4 2.5 5.5
12 rallon 1 STV 41.6 51.4
2 53.4 32,4 2.2
5 72.5 LT 47,2
4 2101 £€.2 >4.€
30 gallon 1 72.3 3.0 £ €
2 \39.5 215.6 ,'i.':
3 el 57,5 7.7
L‘ 71#.3 L?.f "4:.14
& gallon 1 62.41 8.4 2.
2 ?3.4) 5{.}. §‘.§3
3 ST.4° 54,27 25,77
4 75.€ 41.3 35,2t
6 gslicn i 77.2 30.% Lo
2 ©3.1 45. 1500
3 5,.3 5004 5.7
4 45.3 27.9 22.3

1

SMiesing value for loct caiple.
“Fodaified vaiues,
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Table 2. Analveis of variarce for fllow.

Source cf variarce D.7. M.3. .
Total S
Replications 3 245.4 7.5%»
Treatment 2 5146,2 171.2ne
Replicaticon x Trestnent 5 21.5 .7
Batch Size 4 1>507.5 LE Enn
Rerlication x Batch 3ize 12 20204 .l
Treatnent x Batch Size e J7 .3
Error 19 32,1

Thie analysise si.owed that there were Lizhly eignificant differencee

in flow attributable to reglication, treatzent, ard batch size.

Production technisue. The effect cf variance due to repiication was

enalyzed within each batch sice. A sunmary of tiese analyzcs is srown in
Tatle 3.

Theee eraiysee indicated that varisnce due to replication wse eig-
rificant in the &4, &, 10, and 12-rai.on batch cizes tut srowed no eignifi-
cance in tre lk-galion batch eize. Incpection of tne original data
indicated that the flow readines for four of the nine tovred sawpies of
replication cne in tne lid-gallcn btetch were extrerely hirh in relation to
comparabie samples of replicetion 2, 3, cor 4. Fiilure to level sexples
1, 2, 3 of 3eries A and sauxple 1 of Series B to a constant deptn tefore

releasing then for flow resulted in unusualiy iarge flow readiinrs. This

v

factor nay heve been rreat enough to affect the nean ejuare vaiue of the

3

»

error term in the sralysis for repiication for the ll-gellon batch.

(Table 7, Arrendixj.

*#3irnificant at 1% level of prebability.



Table 3, 3urrery of analyses of variance withiin 4 repiicutions,
for 3 treetrents fcr eacrn ¢f > batcn eizes.

Source cf D.F. Fean Sjuare
Variance 10 gal. 8 gal. 6 gal.

[
+1

8]
©
-
—
i

m
[+
—

Tetal 11

Trestrent 2 1531.4we  1175.7%%  1206.5%*  1302.1%%  9GC. ise
Replicition 3 345.5 577 .2m 117.6n» 39. 5 315.7*
Error 5 EE.4L 11.1 5.9 10.8 .2

Tice and Te:veruture. The end cooxing tewperature cf tie starch pastes

was artitrarily set at €2° ¢ for all batch eizes tested. The tewperature
of the raes wae reccrded at two rinute irntervals tnrcurhout the cccking
reriod for all batches. These terjperatures were averayed for replica-
tione witrin each tatch size and errarged as tive-temperature curves.

The uverepge time-terperature relationsnip of each btatch eize during the
ccoxinr rrccess is illustrated in Figure 1l.

These cooxing curves indicatel thet thne 6 and £-rallon batch sizes
¢rnowed little difference in the time required for tre mmss to reach £2° ¢c.
In thece data the averare te-inning temperature for cocking in the &-gallon
batch sice was sii-htly rLi-rer tran the initial temjperature averace for
the £-zallon batch size. However, tl.e end cooking teuperature was reached
in the care nucter of rinutes. If trne beginnirgz ccokinzy temperatures had

teen identical, it is fccsibie that the average tine reguired for the

*5irnificant at 3% level of rrobability
*#Sipnificant at 14 level of grobability
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Figure 11. Average time-tenxperature relationshipe of batch
size during cooking process. ( indicates first

visible evidence of thickening.
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E-callon batech eizee to reach the end ccoking point rizht have teer
increased slirhitly. Tne curves of the 10, 12, and l4-gallon anounts
indicated an crderly prorreesion of increased tire rcjuired to reach €2° ¢
for each increrent in tatch size. .

Tre average®teuperature at which the first visible evidence of
thickening of the rnass, subjectively deterzined, rad been ncted was 79° ¢
for the 6§, €, 12, and l4-gallon tatch sizes, and 76° C for the 10-rallon
tatch size. Since this decieion wes pureiy a subliective one, this temper-
ature discrepancy was deered negiigibie. ThLe teunperature cf initial
viscosity rise for all batch sizes tested was considered to be 79° c.

The tine-ternsereture relationsnip of the ccoking curves snowed that
increase in batch eize irnicreaced the time required to reach the point of
initial viscosgity riee as well as tre tire required for the texperature
of the mass to rise frou 790 C to the end cocking teL perature of £2° c.
Frelicinary tests had erown that cooled sanplees na2de with the sane for-
mula ccoked to nigher teuperaturee had rel structure with an undesirable

degree cf rigidity.

Treatrent. The analysis of variance of flow, Teble 1, indicated tnat
there were highly significant Jifferernces attributable to treatuent.
Furtrer conparison indicated that the difference in fliow between Series A
and Seriee B was greater than the difference between Ceries B and Series C
for all batch sizes tected. This cbeervation euggested that the degree

of change in conesistency was nct directiy jroportional to time. Figure 12
shows the effect of holding time on the average flow of sarples from the

five batch sizes tected.
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Tre "skin" forzueticn cn tne ress during toue rciling reriods in the
kettle apreared ccurarable for all batch sizes. It did not seer desirable
to inciude it in tre finsl product. 1he rerova. =na diecuarding of thie
"skin" constituted approxisate.y three juarts cf the maes fcr all batch
eizes and nad an ircreased effect on thne fercentage loss cf trne finished
voluue as tre tatch sice decreased. It eeems feasible tnat rolding tne
mess in a covercd, stean—jacketed kettle airht eppreciably Jdecreacse the
thickness of the "sxin" and the percentare loss c¢f the finished volure.

Fiow readings for all sanplee of four repiicetions in euch batch
size were averazecd for Series A, 3eries 2, and Series C. These flow read-

irz averazee are licted in Toble 4.

e

Table 4. Sur.ary cf averare flow readincs of four reziications
cf eacn batch size for each treatment.

2atch Jize Series A series E Series C
6 rallon 62.7 4o 6 32.9
€ gallon odb. > 36D 2.y
U zalion SE L4 4.1 34,4
12 gal.on 7.8 47.5 38,5
i4 galion 75,6 5803 SO RY,

A coupariscn c¢f tre average fiow reasurezents of the cooled sauplee
on the basis of batch size indicated that the arcunt of flow was apuireciably
creater for each trestuent in tune .4-zallon batch size tran in the o, &, 1y,
and 12-gallon batch sices. It a;peured that tne l4-gualion tateh weuid re-
guire a longer roiding ceriod in the stean-jacketed kettie than wculd the

6, €, lu, end 12-va.lon batches tc rroduce co:garab.e consittency.



Corieideration was given to the variance of fiow sttributable to
batch size withirn each treatrent. Thece anaiyses were based upon the
average flow velue of the tnree poured samples for each of four replica-
tiona of tre five batch vizes tested.

The aralysis of variance of flow readirge for Geries A, Table 5,
showed no sipnificant difference attributable to tatch size for O rinutee
cf holding tire.

The aralyeis of variance of flow readings for Series B, Table 5,
indicateld virnificant difference attributable to batch eize for 30 nirutes
of rolding tire. 1In a corparison of the rean flow value for each batch
size, no eigrificant difference was established tetween the 6, €, 10, and
12-gallon batch sizes. However, significant difference was apparent
tetween the mean flow value of the lid-gallon batch esize and that of the
other four batch sizes studied.

Table 3. Analyses of variance for treatrert with 4 replications
ard > batch sizes.

Source of Series A Series B _ ceries C
Variance D.F. M.3. F. D.F. M.5.° F. D.F. .5, F.
Total 17! 1! 17!

Replication 3 1845 .5 3 62.2 .6 3 41.6 .5
Batch Size 4  £20.8 3.C 4 5701 D.be 4 358.7 4.6
Error 10 208.3 11 183.6 10 £7.5

»Significant differerce at the 5% level of zrobability

lkdjuated for sarrple everagee affected ty rissing values in
E-gellon batch eize.



Thie variance of flow readiny: for Series C indicated cignificant
differerce in flow attribtutable to batch zize for 60 wnirutes of holding
time. This analysis of variance is indicated in Table 5. In the com
rarieon of the mean flow value for each batch size of Series C the trend
of eigrificant difference was sinllar to trat cf Series B. Sigrificant
difference in flow was found between thie lh-;sllon tatch size and the
other batch sices tested. There was no significant difference between
the rean flow values for the &, &, 10, eand 12-gallcn ar.ounts.

According to subjective observations of cut eaupies of cooled
filling for Series A in all batch sizes, products cbtained by thie treat-
rent were considered too fluid for gerving. 3acples fcr Series B were
judzed accegptable for use as pudding, btut the consistency wae too eoft
for pie filling of satisfactcry consistency. The sauples cf 3eries C
fer tne &, €, 10, and l2-gallon batcn sizes ehowed dependable stability
and gel strength judged recessary for pie filling. GSanples of this
series fron the l4-zallon tatchies were fairly dependable fcr use as a
pie fillinz but were ecfter than thoce fron the othcr tatch eizes. The
cubjective standard used to deterrine suitakility of the cooled uwixture
for pie filling was desiznated 28 a filling which, after cutting, had
sufficient etructure tc sllow & slipht desree of bulge but which did not

contirue to flow durinec subuejuent standing.
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SU..ARY

The effect of batch size upon flow was studied by using a basic
foruula in wrich the projortion of ingredients was neid constant. Tie
end cockirng tenperature wes arbitrarily set at €2° ¢, and keldivg zeriods
after this teuperature wae rcacred were O, 30, ard Su cinutes.

Significant differences, cttritutable to repiicztion within a
tatch size, were fcund in tre &, &, 10, and 12-:allon arounts. DNo siz-
rificant differeice, resulting fron repiication, wss Found in ine ld4-rallon
arount. Tiris resu.t nay have been sttributabie tc the known e¢rrcr in
ireraration technigue for sove ¢f the saniles in tne first re lication of
tne lbd-gnllon auount.

Tire-tenperature ccoring curvee cunowed no differerce botween the
5 and €-gallon suounts in tire rejuirzd for the rase to reach €2° C. The
data indicated that the 2verace besinning cookine te:perature of tre
€-gfallcen tatch size was hicrer than tnat of the £-rallen ancunt. It is
voseitie that thic fact gave a comewhat Jdistorted effect to the sverege
cooking curve for the &-zallon atount. Average cooking curvee indicsted
that ccreecutive increases in batch size zhowed correepordins consecutlive
increases in the tice rejuired for tlie raes tc reach 790 C, the ;oint cf
visitble, iritial viscocity, and the additicnal time reguired to reach the
end cocking teuperature of €2° C.

Tariance resu.ting frox treatrent was found to be eignificant fer
all batch eizes. Differences in everage flow Leasurezents were greater
tetween Geries A and Series B {ihan between 3eries B snd 3eries C. This

result indicated trat tre dezree of changc in ccnsistency was not directly

proporticnate to the lergth of hoidins time. The degree of flow for cach



srecific beozisr pericd win a preciab.y rroster in the l4-7alion tatches
12-gzallon tatcres,

Araiyeis of the rean flow readings for ail batch sizes within each
cpecific trecatrent showed ne vipnificant Jifferance attridbutable to btatch
cize for Jeries AL Average Dlow values anelyzed for JSeri<s B and feries C©

‘
indiceted no ei, rificant Jifference in flew velue within each series ettri-
butable tc batcii eizse for tie £, &, 1J, ani 12-rgallcn srounte. CZifnificant
1iffererce wag ar;arent between tie uean flow value for tie ld-gallon
cizes both for tie 3C-rinute and for the

apovnt and ali ciher bLatcen

fe—uintte holding pericds.

ai

Trne cubjective stzndard uied to deterrine cuitability of tre cceoilcd
vtixture for ;ie fillins was decirnuted ae a Filling wiich, after cutting,
kal cufficient etructure to ellow a eli-kt derree of btulze but wrich 4id
rot continue to flow durirg subsejuent standing. 3ubjective observetions

“eries A were too fuuild for eerving. All

[

iniicated trat all tre can;.es ¢f
sanpies of Series B were ‘uidred to be acceptable for use as pudding but
too soft for use as pie filling. In Series C the sarypies frov the 4, €,
iv, and 12-rallon batcrer were rated as being entirely derendable for

use as rie fiiling. Sarnics in 3eries C from the i4-rallon batchee rroved
suitable for uce us rie fiilins but were rofter trnan those from the other

tateh siczes,
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froz tlis investiration it s .ears trat flow cruracteristics of

coo.ed, cut carples of starch-trickened pactes are not coacictentiy

el

affccted ' increases in tatch cize wren procedure and proportion of in-
gredients rernin corstant. Within the licits cf this study tre 6, &, 10,
and 12-gallon betcres produced gel structures of elrilar consistercy.
Aithourl tne l4-rallon enount produced a lees ectable gel structure tran
did any of tre otnsr tatch 3izes tested, factors ctler than batch eize nay
also have infiuenced the flow of sarfples.

A prcgrescively longer cconing period is required to reach thre
voints of viasible, iritia. viscocity ard end cooking terperature for each
congecutive increase in bztcn size. From the data of this investiration
it arpeared tiat tne depree of swell cf trne starch pranules is derendent
upon batch size, rate of lLeating, ard teuperuture of the ners during the
keating and holding rperiods.

Tr.e lergth cf tive that the cass isa held in the ctean-jacketed
rettle, after tie teujpereture cf €2° ¢ is attained, aprears to affect tre
etabi.ity of the gel etructure in all batch uvizes. Rirility of el struc-
ture increased nore during tre first 30  inutes of holding tire than
during the fcoliowing 30 rinutec of holiding tice. As tre lenginh of the
Lolding period increased frou C to &0 rinutes, visibie increacec ir het
paste viscouity of tre nass were noted. This fact indicated trhet ti.e
ztarch cranuies continue to swell after trhe appiication cf stear is dis-
continued. In all cases, the temperatures cf the zass renained between
75° € and £2° C for the GU winute holding period. These firdirge suggest
that the rate of heating and the iength of thne hcliing reriod are cerntributing

factors in the final flow of the cooled jpaste.
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Tospariccen of flow craracteriotics witnin eucn ©,ecific batch eize
irdicated trut the sajpies fron the l4d-gzilon ancunt did not nave the sare
cousiovtency as surp.es froz other taten oizew «hen all were reld for the
sare levrtn of tire unler tie tarve coniitions. The effect of batch elue
upon fiow fcr wiourts sreater toan 14 ~slloms i3 not preiictab.e frow
tris study.

Tne rele resulting fror tue 3u-ninute holling period were juigped

suitatie for use as ;ullinz for all batcen cizee tecteld; Lanples frow the

CU-ninvte relding rericd rave pels accectadnle for ute as pie filling.
In all caces rel structure ¢f carpples held SU winvtes was ilender Tut

stable. These f2cls vurrest the ;cesivility of reruluting etability and

tenderreczs of cooied siarch-thicrencd nixtures, for epecific baten sizes,
by c¢ontrcl of tine snd tewperature coriitions of the cooking jperiod. It
seens Tcusible trut tne saue forruvia car Le uscd for tre jroduction of
tudding and ple f£illing with the control of the Cinel cel structure teing
derendent uron tre neating aend coolinz conditions ¢f tre mase rather than
upon varying concentraticns of ctarch.

Recipee for starcen-tniciened puddinrze and pie f£illinrs renerally
contain two or ncre ingredients wrich cortritute 1o tre total tiickering
effect in tne finisted proiuct. Trne resuvlts of tri: study, u.creforc, are
only aiplicable to fornula: in which the tiickenins agents sre linited to
corrstarch anda cccoua powler which, when they ure coutined in eusuml con-
centrations, corstitute 7.5 per cent of the total wei.nt of the mixture.

The finlirgs of this stuly ecihurize thut accurste yrediction cf

the stability of ge. structure of starch-trickered pustes iv a couplex

preblem. Additionui investirztion cf the interaction of factors, vuch as



rate of heatins, tenperature of the rass during the Leating period, end
cooking terperature, and i1ernrth cf holdirg period after tne appiication
of stean is iiscontinued, wunich contritute to tre stability of a cooied
starch [iste reede to be nade btefore tne effect of batci size uron flow

can be saccurately deterwined.
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Tatlie 7.
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