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oath was 100° C,  £11 reoplications of tie ctarcn slurries in tre inves-
tication were cooked to a final terperature or 9¢° C,

In this limiten study it was foune that tne rmaximum viscosity of
unsweetened and swectened pastes rade witn tap wzter were nisher tran
were those of similar pnstes race with other lijuic reciums with the
exception ot the pastes made with reconstituted wnole dry milkx solids
containins 21 per cent sucrose. The maximum viscosities of the conirol
and all sugar levels of pastes madas with reconstituted nontat dry milk
solids were lover thar tnose ot sirmilar pastes macde with tne other liquid
mediums. The maximum viscositiss of tre contrel and sueotened puctes
with all three su;ar levels made witn reconstitutec whole dry ritk solics
were ayppreciacly hisher than wers tnose of sirilar pastes nade with dise
tilled water with tre exception o!f itre raste conbtainine 27 per cen® sucrose.

In this investization it was found that trhe variations o!f pastes
made witih tap water were rore unsteule than wer? pastes made witn the
other limmia reaiwne., Tne pastes made with reconstitubes nonfat dry milk

solids were rore stibsle tnan were olher pastes made with other 1iguid

9]

mediums,

from the data o1 tris investi,:ticn, it avrpeared that sucrose, in
concentrations from U to 01 per cent did not show any consistent ef'lect
cn the length of ccookine time ronuires to reacn initial viscocity rise,
maximum viscosity, and initial viscesity itreakcowm of the prstes made
witnh the four liquid mediumse. The addition of 27 per cenwt sucros~ to
tne vtaric starcn slurries rmade witn all liquiz mecdirns increased the

length of tirme rennuired for the rastes to reacn maximum viscosity. The



additicns oY 1% and 21 per cen® sucroce did rnot always alter the cooking
time renuirec tor the pastes to reacn maxirmun viscosiity. rowever, ade
ditions of sucrose to the pasic slurries aopeares to decrense the bresgke-
Aown in viscosity cf the pastes =s cookine time increased,

Trhe tewperature ut maximun viscosity was anyrecianly increased by
additions of 27 per cent sucros: to the tosic slurrics marde with tre

four 1liwid redinms, rastes nacde with additions of 1Y and 21 per cent

ucros= ¢ild not snow any cetinite pattern in relation to temperatiure of

n

pastes at initial vaiscosit. rise or at masimurm viscosity.
Tre data from this limite study su;rzst thaet soolticnal invess
tifation neels to te made in crder to study more fwlily ithe elliect of

couxing tire and pnsiz term;erature on the viscosity or sweetened corn-

" 3. - 1a St - S B
starcn pastes made with dafferens licuid mediuwns,.
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INZRCLTUCTION

Cornstarch is irgortant in quantity food production because of
its exten:ive ure s a thickening cgert in sauces, grivies, ple
fillinge, &erd crean puddirgs. Prepuration of these 100:s involves
reletively sir:le rnethods of comtining «ra cocking the ingredie: ts.
Hovever, difficulties in the grepsration o9f starch mixtures are er-
conrntered freguently enoush to suggest the need of study of the
tehzvior of such rixtures during conkirg. The fin.l consistency of
cockrd starch rixtures is n-t =lways oredict-dle; this veristion in

1

consistercy of the cooked product 1: frequerntly observed in starch
rixtures wiiich contoin rel-tively kich rercentsges of sugsr.

In crean pudding the cornstarch rzy fsil to thicken the linuid
conpletely; or, &lthoush the cesired thickening esppears to hive
occurred, the pudding mzy become thin during the cooling oerlod. This
erratic behavior of cream pudding is usually attributed to carele:cs
measuring ard heniling of the ingredients. However, sturch cliemists
have also suggest«~d thet temperature of cookin;, rate of he.ting, the
pre-ence of electrclytes, and the provortion of sugar to cornstarch
in the mixture may =zlso be corntributing tactors.

Instructions for making cream ruddirgs erd nie t1illings presuratly
conzider s11 of the factors mentioned above. Slow hexting of the
combired mixture is recorvended. The instructions further state th-t
excessive sugar concentretions will prevert tl.ickening of the final

product. The exact sugar concentration wiich nay be expected to cause



this lacx of thickening is nnt rentioned in the literciure, nor is
irformztion availetle wnich adequztely explains the increased thick-
enin. effect of starch in mixtures contairing relutively low corncen-
trations ¢f sugar es ¢ ntrasted with control pzstes without sugaer.
he puroo:se o1 this investigsmtion is to ctudy the effect of the
proportion of sucrose on the viscoesity of cornstarch pastesmade in
four ditferent linuid mediums. The sus=r concentrations used lie
vithin the lover rarnge of th~:e found in cream t; pe puddinss ana pie
filliners. The lianid rmedium used in the first stuily is distilled
water. Flectrolytes are pre-ent ir the cecond medium in the rform of
the miner-ls commonly :cuna in unso:tened tap vater. ‘“he liquid
mediums used in the third =znd fourth series are solutions of dry milk
sollds in #istilled water. These dry milk solids are of the spray

dry type most frequently used in quantity food proauction. It is

hoped th=t the results of this study will te useful to those interested

in the prenaration of cream type puddingss and pie fillings <f high

quality.



REVIEW OF LITHRATURE

Prior to 1900, 1little was knnwn of the chemistry and production
of starch. In a review of the history of starch, *rzutlecht (13)
stated that starch =nd starch flour, manufactured exclusively from
wheat, was known to the anclient Greeks and Egzyptians. Potato starch,
first made in Europe during the sixteenth century, was used to stiffen
and give finish to linen. Late in the nireteenth century, ¥rankel (20)
observed thst commercial starches could be rmanufactured from potatoes,
wheat, maize, and rice. Since that time, carbohydrate chemists have
contridbuted :tuch to the »nrogress in the many phases of the study of
starch. Since 1930, starch research hes clarified the organization
of the starch granule and the structure of the starch molecules and

their behavior in uncooked suspensions and cooked pastes.

Chemical Fractions

In 1881, in the earliest record of starch behavior published in
Enzlish, Frankel (20) stated, "Starch belongs to chemically indifferent
substances, i. e., to the so-called hydrates of carbon, or to that
group of organic bodies which, besides carbon, contains hydrogen and
oxygen in such proportions that they could form water when combined
with each other."

Schoch (42), in a review of starch research, reported that as
early as 1834, the behavior of starch in warm water was interpreted

as evidence that starch washeteivgeneous in composition, that it



contained two or more different curtohyidrate substances. Frauxel (20)
indicated that 2 starch =n¢ water mixture, he=ted to 107° C temperature,
contiined no stsrch in snlution =nd th=t tlie pzste Iormed in this way
shold be regarded as a product of the cwelling of the sepirzte starch
granules.

In 1974, Alsberg end Eask (2) experime.ted with cere=l sturches
and fonAd thet certsin varieties of the sterchre guve a dlue color
with iorine snd th:t other varieties gave =z red cnlor. After treat-
ment of the various stzrches in a hot water Unth, Alsberg end Rask
concluled th-t the etzrches which gave a red color with indire producea
nore viscous pastes thsn did the sturches which g=ve & blue color.

Two yezrs later,Alserg (1) reparted th-t tlie power of starch to

form pastes might ve dependent upon a starch constitutent, arylopectin.
He attributed this to the ability of the amylogpectin to preserve the
suspensoil character of the bvoiled starcli.

Brimb: 11 and Hixon (17) testec the rigidity of corastarch pastes
made with nine difierent winrus of cornstarci. Results of the tests
snowed ..o deri:ite rel=tionship tetwee.. tne elacticity aud the btre:king
strengihh of the cooxed pnstes. Ficroscouic ouservations .ailed to
ghow noticeavie cliznge in the granules at the temperature of maximum
viscosity of the pastes. Erinvell zna Hixon concluced that the lack
of correlation tetween rigldity anu viscosity values i:cicated that
tuey mecswed differert properties of the pastes. The fincings of
Knovles erd Harris (33) substantizted this theory. By 1347, other
rescarch hed given z cornclusive answer to the prodlem of zutherntic

fractiors of starch melecules.



According to Schoch (42), the two starch fractions were first
isolated by leaching them from a starch solution. The soluble com-
ponent, called amylose, had a linear structure and gave a brilliant blue
color with iodine. The residue from the starch solution was termed
anylopectin. This fraction had a branched chain structure and gave
only a rea or violet color with iodine.

As a result of later research, Schoch (45) proposed that the
linear chain fraction bde called A-fraction and that the branched chain
fraction be called B-fraction. He considered the terms amylose and
amylopectin to be too indefinite. Kerr (32) stated that in expressing
the components as A- and B- fractions, it would be necessary to denote
the starch used, nzme the alcohol used in fractioanation, and to state
the conditions under which the fractionation was made. KXerr and other
authors (18, 28, 48) refer to Schoch's proposed A-fraction as amylose
and to his B-fraction as amylopectin.

The properties of the two starch components have been generally
agreed upon by starch chemists. Amylose 1s a linear polymer which is
composed of glucopyranoside units Joined at the first and fourth carbons
by alpha~-glucoside linkages. A solution of amylose in hot water shows
an exaggerated tendency to retrograde or revert to an insoluble state
on cooling. When a hot solution of § per cent amylose from corn is
cooled to room temperature, it imnediately sets up to a rigid, irre-
versible gel. At concentrations below 1 per cent, the amylose separates
from solution ag an insoluble precipitate. This tendency of amylose to

retrograde 1s often an undesirable feature because it impairs the
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stztility of starch pastec. INxerples ¢f this efrect can be found in
the formation cf insoluble skins on the surface of sturch puestes ard
ir. the tendency of starch zdhecives to thickern e#nd tecore less snlulle.
Tre tehavior of emylose in solution iz of prictical value especiclly
in threce rixtures where el fnrration ie desired.

In 19/4, Hixon end Rundle (27) resorted the arylose cortent of

the cornrorn sterches &s follous:

Taploca 17%
Rice 17%
Carn 21%
Potato 22%
Whert 4%

Schoch (43) fomd th-t Xy reroving the free fatty acids from
crrretarch, the smrlose preciplitated by fructionztion could be increesed
from 2?1 per cent to 28 ver cent. Schoch concluded that this trectrert
wo1ld produce siniler increaces of emylose from other starches vhich
contained free fotty acids.

Whictler 2nd Weutiervex (52) precented eviderce tlt tie znylose
coritent of 79 different sarples of unirpreved Indiwn corn from New

Mexico, Arizora, arnd South Arericz varied from 22.2 to 28.3 per cent.

n

Starches from 7 standard ccrn belt corrs averased 26 per cent :znylcse.
Amyloyectir ig the ctzrch component of mnst practiccl value in

the corron usws of etarch as thickening cgcerts, as eraleifying agents,

2nd gs sizirg ratericls for raper and textiles. Arylcpectin is &

brarched chair fracticrn of glucopyrenocide linkeges, Joired at the

first znd fourth carbons ty @lpha-glucosice unite, In adoition, at
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frequént intervals througshsut the struct ae, 2 glucopyrinocice unit

1s Joired &t the gixth corbon Yy « glucocice unit. Arlopectin coin-
stitutes the neajor pro.ortion o! the cowmnorn sturches, cor:, pot:ito,
wheat, =2nd rice. Arylcpectir is soluble in water at corce:sratiocns of
c ard 10 per cent, and cuch woluticns are relatively stuble (42).
Accordirg to Schnch end Elder (46), = 20 per cent cooked paste of the
brarched fr:ction will harden to = gel on stording but the gel can te
readily dicsolved Yy henting to 607 C terpercture.

Sch-ch «rd Elcer (L£) o%cerved thut the st-ling of tre:d vas te-
lieved to be due to crystallizetion of the trarched chein freoction.
This theory w:s supported by evicdence th:t corced Yre:d, congletely
etzled by e¢toring for 10 months, co'ldd te regerrrated to a fresh srd
editle conditicn by brief he:ting to 100° €. Schoch :nd Elder attri-
tuted the regcenerztion to the nronerties of arylooectir :ince amylove
ha: 2 terderncy to retr-irnce. They stated thrt the lirear starch
froction wes nlmost corle*ely retrograded cvuring the bakirg :nd coolirg
of treed ard th:t the hirdening of the bre.d crumt seemed to reprecernt
the slow zscociation of the btranclied chain fraction. EHeating of the
stzle tresd caused disassocistion of the brarched chein which resulted
in the trezd returring to its freshly taked state. Kerr (272) attrituted
the staling of tread to the hydrogen Yvoncing of the hydroxyl &£roups of
toth emyloce and amylopectin. Thie relsted bvorndirg, Kerr comtented,
probctly elirirctes vater molecules. Kerr wointed out thet the physioc-
cheriistry of refreshened bre:d has not becn proved to be idertical with

that ¢of frechly btaked bread.



Chemists from the Nationzl Storch Products Laboratory (3%) re-
ported thst a corn knowvn 2s waxy raize was brought from China to the
United States in 1908. Since that tine, plant gerneticists have re-
prrted waxy streins of potatc, rice, sorghum, and barley starches.
These waxy or glutirnous starches are entirely devoid of auylose and
consequently give the red iodine color typical of anylopectin. Schoch
end Elcer (46) stated thut a 5 per cent paste of waxy maize stzrch
wonld remain clear crd fluid for long periods of time. Schoch erd
Elder (4€) concluded thzt the eteXility of the waxy starches indicated
they have specific application there complete freedom from retrograda-
tion ie desired.

In 1951, Henseon @l co-workers (P4) tested starches fror various
sourcrs for their values in stabilizing precnoked frozen gravies and
sauces. The investigstors fourd thzt the nixtures thicizened with
starch fron the waxy cereszls renained more stable after frozen storage
thzn the mixtures thicrened with stzrch or flour from other sources.
In addition to these firdirg s, Hanson and co-workers discovered thsot
sauces and gravies thickered with waxy rice flour were more statle
than those thickered with flours fror other waxy cereals. The use of
waxy rice flour produced cauces and gravies which recaired conpletely
stable for alroc¢t a year under commercial froren storege cornditions.
In 2 lster study, Haneon and co-workers (25) used w.xy rice flour to
thicken cornstarch pudding-type descerts for frozen storage. The
desserts remained stable after six to mine monthc of storazge et -23.5° C

temperature. Harnson and co-workers rep-rted thzt toth plair and chocolate
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puddings which vere thickened with waxy rice flour showed no visible
change in eppezrince whern thaved for one hour at 25° C tempernture after

14 months of storage at =22.5% C temperzture.

Effect of Swelling on Physical Charscteristics

The changes which occur in starch granules during cooking have
been the sudbject of grezt intere:t and corntroversy among starch chemists.

On the tasis of microecopic observations, Alsberg and Eask (2)
reasoned thet each starch grorule wze¢ enclosed in 2 mendrare or suc
~rd that the granules first swelled ard then turst whin a suspension
of starch grarules wac heated. ZPrimball =nd Hixon (1¢) decided that
hest caused starch grinules to loce thelr rigiaity ~nd collapse,
giving e wrinkled appearsnce to the grznule valls. A few yecrs leter,
the sewe investigators (1L) precerted evicdence that cooked storch
pastes contzined granules which had swellen sufiiciently to tecome
deforned uncder jressure and as a result, the pastes were made up of
ernty runtle cacs and solutle ritericls which had diffused from the
grorules end changed the comprsition of the dispirsing medivm.

Bear and Samsa (6) explained the changes in sotatc starch granules
during cooking by couparing them with gas bubbtles which had swelled
rapidly in size and then collepsed. Beazr and Samsa reaconed that in
the initizl stages of heating the starch suspension, the gronules
expended more repidly than fluid could peretrate through them. There-

fore, the investigators concluced, = low pressure aurce developed in
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tre interior of the granule with the result that the cell wzlls cecl-
lopsed, Hixcon end Pundle (3@) reported thuat evicdence indicated there
was no separate mertrane or layer surrounding the stzrch granules.
These authors sucgested that enorrous forces within the grenule were
relexsed by the svellirg of the granule, snd the tangled starch iole-
culer, roving outvird in the swelling procescs, crested the illusion
of the :ac or mertrare which was otserved under thre wicroscope.

In 19570, Bechtel (S) rencured the viscosities of di;feront starch
pastes. He ectatliched the fact thet the changes which occurred cduring
tre coniring of sterch pastes vere comn,lex. Eechtel uescrived the
chungzes as swelling of the st-rch granules, collapse of the cell wells,
s-lutior ~f the constituents, and Tinzl disiuntegration of the srinules.

T

he findings ot Cirptell znc co-wnriers (1%) subctanti-ted the con-
clusions of Fechtel. Iy rewrns of rhotoricrogreprs, Canptell znc co-
vorizers showed thit little or nn chinge tnok place in the sterch
crinules prior to o rapid increcse in the viicosity of the sturch
p-.ste. After exariring the “hotomicrosraphs of the swoller sterch
grenules, the invesiigators sugcgested th t the ravid rize in viccosity

ol

of a starch pacte could be attributed to the congestion of the swollen
gr:nules. Campltell and co-workers conclulded thnt a decrease in vis-

cosity could be zttrituted to rupture of the starch grenules end

disversion of the st:rch.
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Viscosity

Eerr (32) stated that most storch pustes dc not possec.: viscosity
in the senre in which the ter: ig zpplied to the more perfect fluids
such as water; he suggested that inctecd they possess annmzlous vis-
cosity. A number of suthors (£, 10, 18) use the term "z:nrerent
viscosity" to descrite the concistercy of starch pestes. Kerr (32)
stated thot appirent viscosity 1s shear-deverdert viscosity which is
estetliched by the rztio of shenrin,: to the rate of shear. Alcberg
(1) reported thst the visgosity of a starch paste could be cttributed
to the jostling of the swollen granules. The firdin, s of schoch (44)
substantizted the conclucsion of Alsterg. Obs=rvations of Sjostron(47)
indicatcd thct starch poste is a suspension «f vhole and disintegrated
gr:rules #nd the decree of viscosity is a me sure of the extent to
wi:ich they cro:d each oth+r in passing through a narrow gla:s tube.

Revorts of early starch resesrch were confused ty a lack of
agreement o!f descriptive terrinology. A survey of the moire recent
literzture shows th:t much of the confusion hrs been eliminzted.

Kerr (3?) rescrted thet the ter:s, viscnsity and concsistercy are used
interchsr¢eadly ty modern starch chieniists. In the recent literature,
ielatinize is the term used to descrite the chznces which occur in

a2 suepension of etarch as it cooks. The term geletion is used to
deccribe the conoling &nd s0lidifying of cooked starch p:.stes. Gel

is defined as the Jelly-like mnterial forred by the co-gul tion of

a starc paste vhen it has cooled.
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It hes been nentioned previously in this investigetion th=t the
finsl viscosity of a sterch puste is affected by the time end terper-
ature of cooking, the presence of an electrolyte, zrd the presence
of materiels other than sterch. Acccrding to Kerr (32), other factors
which may affect paste viscosity are inherert st=zrch ch:ractericstics,
treatmert of starches during manufecture, mechanical injury of the

particles, corcentreti-n of the sterch, ard pH of the cooking medium.

Interent Starch Characteristics

Kerr (32) commented that it hac lorg been known thet the larger
graniles of =ny p:rticilar t;pe of starch gelatinize more easily than
the smaller granules from the same starch. However, Kerr continued,
it row appezrs that there mey be sore correlatior between the dis-
persibility of 2 type of stzrch and its averzge granule size.

In 2 corparison of corn, whezt, tanicca, ard potato sterches,
Czesar (1€) found that the pcstes mzde with wheut starch thickened
more slovly but were more stable than the pastes mcde with other
starches. After microscoplc exzmination of the stirches, Caesar
concluded that the stability of the wheat sturch cn'dd be sttrituted
to the fact thct the cell walls of the whest starch granules were
thicker thzn the cell walls of the other starches.

iangels and Beiley (34) tected the swelling oower of hard spring,
hard winter, soft winter, and durum whests in cold gelatinizing reagents.

From the results of the tests, the investigators concluded thzt the
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chenical differences which cause differences in physical properties
of starch are complex in nature and may be attributadble to morpho-
logzical differences in the starch granule.

Taylor and Beckman (48) commented that the characteristics of a
cornstarch paste are functions of the physical nature of the starch
granules rather than functions of the chemical nature of the amyloses.
When a starch paste is made in the ordinary way, the investigators
commented, & few of the starch granules rupture easily dbut the majority
of them rupture only with great difficulty after maximum viscosity is
reached.

In a study of physiochemical properties of unmodified starches,
Barris and Jesperson (28) found l1ittle difference in the viscosity and
swell of wheat, rice, and barley starches. However, they reported that
the viscosity and swell of potato starch was higher than that of the
cereal starches. Later in the same year, Harrils and Jesperson (27)
reported data which showed significant differences in granule swelling
among commercially prepared wheat, barley, and corn starches.

Campbell and co-workers (18) gave an account of methods of eval-
wating starch for specific uses., They stated that the importance of
starch for practical application 1s closely related to water absorpton,
swelling, and rupture of the granules. Viscosity and gel formation
are characteristics which affect the practical use of starch pastes,

according to Campbell and co-workers.
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Treatment of Starch During Manufacture

During the mgnufacturing process, native starches are frequently
modified or altered in some way to make them suitable for particular
uses. According to Kerr (32), the modification of starch may be a
relatively simple process of bleaching, or it may involve extreme
alteration of the chemical and physicalvproperties of the starch
granules. Alteration of the physical characteristics is the most
common modification of starch for food use. Starches which have been
subjected to this type of modification are classified as heavy boiling,
thin boiling, and motile starches.

Mobile or dry starch is sold for use as a dusting agent for
pastries and confections. It is characterized by its ability to create
dust, the ability to spread evenly, and great volume per unit weight.
Kerr (32) reported that it is not clearly understood why some starches
possess mobility and others do not. Heavy bolling starches possess
umsually higzh viscosity. EKerr (32) mentioned that treatment with
chlorine gas is one of the most acceptable methods of increasing the
viecosity of native starch. According to Kerr (32), most of the modi-
fied starches which are marketed have a reduced viscosity below that of
native starch. These are called thin boiling starches. The amount of
thin boiling starch required to thicken a unit volume of liquid must be
increased beyond the amount of nzative starch needed to thicken the same
volume of liquid. This is an important factor because the binding
power and other desirable characteristics of starch increase as the

amount of starch per unit of volume of 1liquid increases.



Caecsar and Moore (17) tested the cnnsistency ch-zrges of pastes
thickened with commercizlly preprred chlorinited znd acld-treated thin
boiling sti.rches. They fowid that the ncid-trested thin tolling stearch
prodéuced he:vy, plastic pastes. As heating wus continued beyond the
tenper: ture of maximum viscosity, thinring or the postes snd dispersion
of tre sturch zppe:red to occur simultaneously. The investigutors zlso
hrated the pnstes of the chlorinated storch teyornd the temper:ture of
maximun viscosity. They reported that in thece pzstes, the nhysical
ellect of storch dispersin: :ppecred to VYe mere pronnunced than did
the clreuical effect of Jdegener«tion of the p:=sgtes.

Sjostron (47) comrented thit the spuce occupicd by the suspernded
gronles of a thin boiling starch w-c smaller thun the soHuce occupled
by gramules of he vy boiling ctarch. Slostrom reasoned thit other
factors affected tie cifference in tluidity of prstes of he vy and
thin bcilirng starches; but he sy gested thet this reiction in volume
was, wvithout doubt, the mnst important.

Canpbell =rd co-wrrkers (1°) reuvorted th:t cieuicul and hest
treatment during nonutacture affected the characteristics of starch.

They poirnted out thot starch which hod bteen dried by heat had zelatinlzed
sligzhtly. The gelatinization increased the pover of the strrch to absord
vater and also incre sed the viccosity of the pastes mzde with the starch.

The findin_ s of Carnbell nmd co-workers were substantiated ty
Pechtel (8). In addition, Bechtel sta‘ed, "With incrensing mniific-tion

of the stzrch, the corsictency of the hot p-stes of =cid-modified corn-

starches decreases to a gre ter extent than ao the rigidity znd tresizing
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strencth of their csels." Alsterg (1) reported thut grinding notursnl,
untrected stnrch granules in a peblle mill cecreas~i thelr power to
prodice pastes vhen they were mixed with water in normal concentrntions.
Reocorts of other starch chemists (44, 32) suostintizted the finliingss

of Alsters. BRurris and Jesperson (29) studied the effect of vearious
factors on the swelling of 1l:loratory-extr=mcted cerezl starches. They
concluded that dota on starch rese.rch was of no velue unless the met od

nf starch monufzcture was reported also.

Corcentratisn of Starch

Anker znd Gecdes () exoerimented with sturch prstes thicizered
with diiferent concentratioansg of carn, wheat, 'nd pot-<to st-rches.
Ther fo'wmid th t #n increse in the concuntrotion of sturch resulted
in #n iritizl rice in vi.cosity #t a lower terperuture, a rore rapid
rise in viscosity, ond = more extensive bre-kdn'm in the body of the
p ste after maxinwa viscosity was reached.

The ohwservutions of Rechtel end Fischer (10) substantisted the
firndirs of Anrer and Seddes. In zddition, Eechtel and Fischer found

th~t incre:sed concentrztions of izploca and acid-nodlfied cornstarch

o

produced the sarne effects s increw-ed concantrutions of uwanoaifie:
csrn, vhe t, 2nc patzto starches. Brimdzll nd Hixon (1¢) estsblished
the fact th.t each increase beyord the point of a critical cnncentra-
tion of starch produced enormous increases in viscosity and rigidity

of the resulting psstes.



17

Presence of Electrolytes

The presence of ingredients other than stirch and liquid medium
affect the behavior of starch granules during cooking. Gelatinization
and subsequent viscoslty bre:zkdown during prolonged cooking of starch
pastes are accelerated by the addition of some ingredients and retarded
by the addition of others.

Kerr (32) demonstrated the effect of salts on the sedimentation
of starch granules. He washed a starch sample thoroughly with distilled
water gnd then used the washed sample to prepare a starch suspension
to which he added a few drops of a strong solution of sodium chloride.
Kérr reported that the sterch from this sample settled more rapidly
than did the st:rch from an identical suspension which contained no
sodium chloride. He concluded thzt the rate of starch sedimentztion
i1s increased by the presence of an electrolyte. Richcrdson and
Higgenbotham (41) reported that starch had gre:=ter swelling power in
the presence of any salt.

Harris and Banasik (26) investigzted the-effect of electrolytes
on the swelling of cereal starche;. One commercial wheat starch and
several lzboratory-extracted wheat starches were studied. The starches
were treated with 'BZSOB,INaOH, and HCl. The investigators found that
NaOH raised the pH of the dry starch and greatly increased the swelling

of the starch granules during cooking. Trectment with :8250 lowvered

3
the pH of the starch and increased the swelling very slightly. Cooking

in the presence of en acid markedly increased the swelling of the
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starch at 90° C temperature and above. BHarris and Banasik also tested
the swelling power of starch in a solution of water, NaOH, and acid,
They found that the two varliadbles tended to counteract each other and
the swelling of the starch during cooking was decreased. They con=-
cluded that the problems of cooking starch in the presence of elec-
txrolytes are complex and that the results are not always predictabdble.
Bechtel (9) adjusted the pH of modified and unmodified starch
slurries with HC1l and NaOH. He found that difterences in pH 2ltered
the temperature of initial viscosity rise and the temperature at
maxinmum viscosity. He ;;tated that the pastes with pH value which fell
within the range of 4 and 7 showed no breskdown after maxizum vis-
cosity was reached but the pastes made from alkaline solutions showed
a definite tendency to break. Bechtel used distilled water in the
experiments which he conducted because he found that tap water produced
unreliable results. Schoch (44) stated that the solubility of starch
could be raised by certain chemical modifiers. He mentioned that the
Peptizing of starches by alkalies or salts resulted in mushy pastes.
Anker and Geddes (5) reported that maximum paste viscosity de-
creased with an increase in pH value of 5.2 to 6.8. Chapman and
Buchanan (19) found that inorganic acids hasten syneresis of starch
€els., They stated that the inorgaric acids caused a decrease in the
V{scosity of starch pastes after maximum viscosity had been reached
and that the gels formed fl-'om these pastes showed definite syneresis.
White (51) presented evidence that starch gelatinized quickly in

Suspensions of pH value below 4 or above 7. He said that both
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celatinization and paste bre=kdown took plzce more slovly in pistes of

pH vnlue vhich fell within the range of L to

A 7.

Acéording to Bisno (17), voriatione in the water supply used i
mzscing ple filling- altered the vicscocity of the fillings. He steted
that a change from tap water to softened water frequertly orcduced
viclible charges In the concictency of ple tillinges. FEilsno obrcerved
that ple fillinge made with tup vater were more viscous than were the
£111in-s made with softened water. Eains (23) reported that the addi-
tion of =2 solution of citric acid at the teginning of the cooxing of
sweetened coranstarch pestes made it noscible to obtein moximuwm viscosity
in en aporecisdly shorter time than was required for simil:r susar-
starch pastes without acid. Haing fuarther reported that adiitions of
citric =#cid to cornstorch pastes decre:ced the viccosity of the pastes
cont~ining 20 per cent sucrose and of the control p=astes mzde without
sucronse., Hovever, citric acid solution dia n.t alter the viscosity
of the cornstarch pastes which contsained 40 and 60 per cent sucroce.

According to Baing, there was no decrease in gel strength of any of

the prstes to which citric 2cid solution was added.

Effect of Tire and Terperature

The cherists from the Nztional Starch Products Laboratory (3%)
reported thet the gelatinlzation terper:.tures of stzrches are not

Physical censtents. The gelatinization process t.kes place graduzlly

Over a wide renge of te peratures. The chenists zttributed the lack



of defirite gelatini-ation te per turesz tn the f-ct th=t starch ., r-rules
ciffer in size. In gen-r-l, the cheunists stated, the larce srinules
ct-rt to swell ¢t a lower terseva‘wre th-n do the em2ll sranules. vwhen
the te per: ture of maximum viscosity has been reached, White (51)
stnt.d, furtter cocking, even =t a constant temp-r-ture will result in
a bre:xdown in the viescnelty of the pzste.

Alcererg and Racl (2) ueed trhe Stormer viscomet-r to test the con-

mn

icterncy of 4.5 and ¢ per cent concentrations of whe.t z1d ccrn starches.

E]

ne vt:rch suspenciorns vere ¢29ked in =z water toth which was heated &t
such a riite thot the tempersture of the suspensions was raised frow

25° C to =iove 30° C in tre courre of 40 to 45 ninutes. Tre irvesti.a'ors
report:d no cherge in the viucoceities of the suspensions telow 650 C.
The vizcosities -f the p-ctes tesmn to rise ~t 652 C to 68° C nnd con-
tinued to ri-e ursil the ter.per:ture of maximum viucoeity was roached.
Terpersture of maximum viscosity was 91° C for corust-rch and 95° C

for whent stirch, zccording to Alsberg «nd Rask. The investigators
c~ncluded th:t the viscosity chrnges were caused by gradual charg-s

in tre storch granules which took place over a temperature range of

20° C to 30° C. From the rccults of their experiments, Alsbterg end
Rask concluded 2lso thit the gelatinization process of suspended starch
gr-nules is a gradual one. They r-de the folloing otservations corn-
cernins the gelatinization of stirch: (1) shzrply drying or therouchly
wettin- the starch granules altered the gelatinization terper: ture,

(?) gelatinization was incomplete unless ~deq-te quantities of water
were present, (3) the rate of hecting had 2 defirite effect on the

gel:tinization ter peri.ture of st:rch.



The findince of AlsYerg (1) indicsted thit three frctors wffected
the extent tn which hert c-used starch or-onules to swell: (1) the
ease vith whick the pronules were softered b roi-t hest, (2) the
inherent swelling gower of the -reniles, (3) the surfzce area of the
gri.miles. After conciderirg thece f£-ctors, Al-berg concluded that
different starches wowld incresse their vaolumes tn cifferent de;recs
when boiled rnd that individuwl ¢rirules, even in the sime sannle,
wni.ll swell to - different extent.

Feclzford rnnd Scrdstedt (11) uced & spectroshotoreter to study
the gelatinization pronerties of st:rch granules. Their findings
corfiried tre otservations of Alsterg. In cduition, they stated that

within the 1irits of 2.5 C, the rete of he.tins hed nc effect on the

viccozity rice S

corn »nd whe-t stirch suswpensinne.
Bechtel :nd Fischer (10) rerorted th .t m-st tyses of starch ap-

veared tn attain 2 plateau in vieccoclty after one hour or conking at

90° C to 32° C. Vignrous ~citntion procuced a rapld decrease invis-

cosity it 2ifferencee in the r+te of ~gitstion did not aope:r to
21ter the pasting wrocess ~f the stzrch.

Fechtel (3) uced the Corn Incuctries viscom ter to reisure the
p-stinz chrrecteristics ~f difforent starches. He I2und that both
tine «nd terper:ture affected the viscnzity of st.rch pastes. PRapid
hputingyof the paste lovwered the terper-ture nf irnitizl viscoszity
rise, decreased the lencth ol time the stearch pastes recded to be

held at 70° C to re-ch m ximum viscosity, . rnd lrcreased the viscosity

of the nastes. Pechtel concluded th:t th-re appe~red <o be a defirite

P s
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temperature at which each type of starch gelatinized at a uniform rate
and at which the paste could be held for a reasonable length of time
without exceseive breakdown of paste viscosity. Tor ummodified corn-
starch, this temperature was 90° C, according to Bechtel. The findings

of Bechtel have been confirmed by other investigators (17, 16, 6).

The Effect of Fatty Acids and Glycerides

It has been known for many years that some starches contain fatty
acids (32). Durirg purification, rice, tapiloca, and corn starches
yield relatively large amounts of combined fatty acids. However, the
tuber starches appear to bave no fatty acids associated with them.
Schoch (44) stated that the short, opaque characteristics of the pastes
made from cereal starches are attributable to the presence of fatty
acids. Schoch (44) found that the pasting characteristics of starch
from which the fatty acids had been extracted were different from the
pasting characteristics of natural starch. He reported that defatting
unmodified cornstarch lowered the maximum viscosity to about one-half
that of the original starch. Later research by Bechtel (9) substantiated
the findings of Schoch.

Mitchell and Zillman (35) studied the effect of fatty acids on
the viscosity of nonwaxy starches. Among the factors which influenced
the physical properties of the starch and fatty acid mixtures were the
proportion of starch to water and the amount of fatty acids present.
The investigators concluded that soaps, fatty acids, and perhaps natural

fats increased the viscosity of starch pastes.
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In practical usage, glycerides in the form of milk fats are fre-
quently present in starch pastes. The Brookfield viscosimeter was
used by Jordan and co-workers (31) to measure the viscosity of corn-
starch puddings made with homogenited and nonhomogenized milk. Nine
different levels of cornstarch were used to thicken puddings made with
each type of milk. The levels of cornstarch ranged from 2.41 to 5.63 per
cent, based on the weight of the milk. The puddings were cooked over
boiling water to 91.5° C temperature. Analysis of variance for the
puddings showed no significant difference in the consistencies of the
puddings which contained less than 3 per cent cornstarch. However,
the analysis of variance for all the puddings containing more than 3 per
cent cornstarch showed that those made with homogenized milk were signi-
ficantly thicker than were those mzde with nonhomogenized milk. The
investigators suggested that the differences in viscosities might be
attributable to the relative surface area of the fat globules in the
two kinds of milk. They reasoned that the increased surface area of
the fat globules in homogenized milk increased the amount of fat exposed
for colloidal reaction. They further reasoned that the increased
availability of the fat in homogenized milk mizht be considered equivalent
to an increase in the amount of fat in the starch paste.

In a second part of the study, Jordan and co-workers prepared
cornstarch puddings with skim milk to which they added varying amounts
of clarified buttorfa£ and refined cottonseed oil.v Jordan and co-
workers stated that the results of the second groﬁp of tests supported

the belief that the higher viscosity and greater firmness of puddings



24

made with homogenized milk -ere assoclated with the greater surfeauce
area of the fat globules.

Morcse and associutes (26) tested the effect of nonfat dry milk
golids on the viscosity snd gel strength of starch pastes. In the
first part of the tests, slurries vere mude of flour, nonfat dry milk
soilds, znd vater. The amount of flour weas kept corstent and the
amount of nonfsat dry milk solldes was varied. The investigators dis-
covered th:t increased amounts of nonfat dry milk solids increaced
the viscosity and gel strengt: of the starch pastes.

Morse &and ossoclztes also studied the effect of fat ard salt on
the viscocity and gel strerngth of starch pastes made with ediitions
of nonfet dry milk solids. They reported thut adcéitions of fut ep-
pezred to hive no effect on the viscosity of thin pastec. However,
additiorns of fat caused significant decreczses in the viscosity of the
thick pastes. Increzses in the anmount of salt only slightly decreased
the gel strength of any of the pastes, according to Morse and associztes.

In & report on the uce of starch in pie filling:, Trempel (50)
stated that large amounts of ergs, fat, dry milk solids, and sugar
interfered with the swelling of starch granules during the pasting

process.

The Effect of Sucrose

Nevenszel (39) used the Storrmer viscometer to study the effect of
varying concentrations of sugrr on starch gels. She found thet the

cold gel of a 5§ per cert cornstarch peste conteining 5 per cent sucar
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concentrstion did not Lold its sh:pe when turned out cf the mold. ¥ith
additions of 15 and 30 per cent sugar, the gel strength of the corn-
starch pastes grezdually increased. However, Nevenzel reported that

the cold gel from the paste contzining 30 per cent sugar was weaker

than the gel from the paste contiining 15 per cent sugar. When the
sugor concentrations were irncreased to 50 and 60 per cent, the resulting

gels were soft or liquid. PFrom the stulies of photomicrographs of the

gtarch pastes, Nevenrel concluded that, at a specific tenperature, the
gstarch graenules in the pastes conteiring sugar had swelled less than
the starch grenules in the pzstes without sugnr.

Woodruff and Nicoli (53) cooked § per cent slurries of corn, wheat,
rice, potito, and cissava starches with four different concentrations
of sucrose. The sanples were cooked, poured into molds, and &llowed to
stznd for 24 hours bYefore they were tested for firmness. With additions
of 10 and 30 per cent sucrose, the root starches formed increasingly
softer gels. The zdditions of 50 and A0 per cent concentrations of
sucrose produced syrups instead of gels. The scme percer.tzges of sucrose
were added to 5 per cent slurries of cereal starches.?QEach eddition of
sucrose produced an increase in trznsparency snd tenderness of the cold
gels. The eddition of 50 per cent sucrose formed & gel which would not
hold the shape of the mold and the sddition of 60 per cent sucrose to
the cereal starch slurry produced a syrup.

Trempel (50) stated that sugar raised the gelatinization tempera-

ture of starch and interfered with the swelling of the starch granules.

For making pie fillings, Trempel suggested that the amount of suger in



the mixture sho'lc¢ not te more than three and one-h:lf times the zmount
of stzrch in the mixture during the pasting process. If increased suger
is needed for pzlatetility, it should be added after the pasting of the
starch is completed.

The findir_s of Morse and essocictes (26) indicated that the

,
—

viscosity of thin starch pastes was increased by addition§>9f sucrose.
However, the investigitors stated th:t pzstes mede fror: flour and water
~vere proportionstely more viscous with added sug.r than were pastes
containing flour, water, nonfet dry milk solids, and sugar.

J§§ester (22) reported the effects of increazsing corcentrations of
sucroce on the pcste and gel strength of several t;pes of starches.
She stzted that a paste containing 6.5 grams of cornstz=rch and 100
grems of water formed a paste which was corsidered stendard. The
edditions of 15.9 grams of sucroce to the stzncard paste produced an
increase in viscosity. BHowever, further increaeses in the level of
gucrose progressively decreas;EVthe rmaxinum viscosity of the pastes.
Increases in the level of sucrose also increased the temperature of
the initizl viecosity rise and the temperzture of maximum viscosity
of the pzostes. Hester found thut the gels of the standurd pastes
contzining 15.?3;rams of‘sucrOSe wvere slightly less firm than those
of the stunderd paste without sucrose. Further increzses in sucrose
concentrations produced gels which would not hold the shape of the
molds. The highest sucrose concentrations, 31.6 grams and 39.5 grams,

>
formed thin pastes.
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BEains (23) tested the maximum viscosity of 12 per cent cornstarch
pestes in which sucrose constituted 20, 40, and 60 per cent of the
veight of the ligquid. ¥Bhe found thzt the pastes containing 20 per cent’
sucrose vere thicker than were the cortrol pzstes without sucrose.

With additions of 40 znd 60 per cent sucrose, the maximum viscosity of
the pastes progressively decressed. Hains stated that higher tempera-
tures and much longer cooking perlods were required to obtain maximum

viscosity of starch pastes when increased proportions of sucrose were

edded.

Gel Properties

It hos been mentioned that Brimball snd Hixon (1¢) reported dif-
ferencas in the properties of hot znd c¢old starch pastes. Further
stuiles Ly other investigrtors h:ive emphasized these differernces.

In experiments with various root and cereal starches, Yoodruff
end Nicoli (52) renorted that raxinum gel strength was obtained from
the starches which hzd been cooked to a temperzture of 90° C or above.
The report of Bisno (12) confirrmed the findings of ¥oodruff and Nicoldl.
Mzeximum gel strength, Bisno reported, was produced by rapidly hexzting
the stzrch poste to 90° C and then reroving it immediately from the
cooking contzinmer. The findings of Bechtel (8) indiceted that the
effect of tenper:-ture of cooking on the el properties of starch
pastes varied with the degree of mocification of the starch. The

rigidity and breaking strength of the sterch increased with increased
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modification of the starch, according to Bechtel. These conclusions
were supported by the evidence that acid-modified starches which had
been cooked to 91° C and then cooled to room temperature showed greater
increase in rigidity and breaking strength than did the unmodified
starches which had been given the same treatment. Bechtel (8) cooked
other pastes to temperatures of 94° C and above. He found that gel
strength of pastes cooked to 94° C was greater than the gel strength
of pastes cooked to lower temperatures but gel strength decreased if
the pastes were cooked to temperatures above 94° C.

According to Knowles and Harris (33), environmental conditions
during growth of wheat affected the gel strength of pastes made from
hard and soft wheat starches. Knowles and Harris also indicated that
the stage of maturity of the wheat affected the gel strength of the

starch pastes.

Objective Tests for Cooked Starch Pastes

The characteristics which determine the usefulness of starches
for practical application are viscosity, plasticity, gel strength, and
rigidity (32). Measurements of these characteristics are made in

terms of hot paste viscosity and cold paste body.

Viscogity peasurements

Objective measurements of viscosity are made on both hot and cold
pastes. Several accepted tests of this kind are described on the

following pages.
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Scott test for hot pzste viscosity (232). The Scott test is widely

used for determirning hot pzste viscosity. A slurry is cade of 2820
cubie centimeters of distilled water and a quantity of starch of
known pH value. The slurry is mixed in & Germen-silver beaker and
then the beaker and contents are placed in a boiling water dbath. The
starch mixture is heated for 15 minutes with constant stirring. Two
minutes prinr to the end of the cookirng period, 200 cubic centimeters
of the paste are transterred to a Scott viscosity cup which is also
in the water bath. At the end of the 15 minute cooking period, the
orifice on the bottom of the cup is raised and the time, in seconds,
is noted for a given volume of the p:ste to fall into a gradusrted
cylinder. The time, in secords, 1s the specific Scott viscosity value
of the starch.

The viscosity mey slco te concidered as relztive viscosity in the
sense th:t stznd-=rd sterches are used to set up permissable lirits of

variotion in the viscocity of other starches to bte tested by this method.

Stormer viscosimeter (32). This instrument is used to mezsure cold

paste body. The viscosimeter consists of a cylinder iruiersed in the
test paste which is held in a metsl cup surrounded by a water bath.

The imr.erced cylinder is rotated by a free-felling weight acting
throush & gear and pulley eystem. For the test, the starch is gel-
atinized in the manner descrited for the Scott viscosity test. Heating
ic continued for the full 15 minute cooking period without transferring

the paste to the Scott viscosity cup. Instead, the paste is placed in
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a closed conteiner and immediztely put into a 25O C constant terpera-
ture bath., At the end of a cdefinite aging period, the surface skin on
the paste 1s carefully removed. The rencining paste is gently stirred
with a spatuls and then trunsferred to the cup of the Stormer visco-

meter. The viscnsity of the prete is noted at 25° C tewpersture.

Brookfield viscosimeter (32). This torsional viscometer contains

spindles of vzrious capacities which are driven by a synchronous motor.
Vigcoglty, in terms of poises, is rececrded zs the force which the

thickening paste exerts on the spindles.

Caesar corsistoreter (16). This continuons recording instrument gives

a complete history of the consistency changes of starch pastes. The
record«d chunges include the zelatinizztion terperature of the gtarch,
peak viscosity which is obtained with a2 definite cooking procedure,
specific viscosity after a prescrited cookxing operctinn, rate of in-
crease in paste body with decre:csed terperatures, and cold paste body
after a specified cooling period. For the test, the stzrch suspension
is poured into a cooking teaker which is surrounded by a heating bdbath.
As the terper-ture of the heating tath is raised at a regular rate,
the stz=rch suspension is stirred by a psddle. The paddle is corrected
ty a sh-ft to 2 constant speed electric motor. Chgﬁges in viscosity
or paste body «re indicated bty the difference in the electrical input
needed to m=intain a2 cornstant notor speed. When the cooking of the
starch paste is completed, cold water may bte put into the b-th to

cool the paste. To obtain si;nificent differences in observed viscosity
values, it is reconmended thet relstively high starch concentrations

be used.
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Brabende ograph . The Brebender amylograph is used to measgure
the pasting characteristics of starches. With this instrument, the
paste is held in a cup surrounded by an air bath for temperature control.
The cup 1s revolved at a constant speed. The measuring device consists
of a disc to which are attached several short rods extending into the
paste. This mechaniam serves as a stirring unit also. The torque
impressed on the measuring unit is transmitted to a torsion balance.

A continuous, graphical record is traced by the instrument over the
entire period of the test. The temperature may be increased at a

fixed rate and may be held at any level by a thermostatic control. By
switching off the heating unit, the peste may be cooled to any desired
temperature. A cooling coil is provided for circulating cold water and

accelerating the cooling of the paste.

Corn Industries viscoreter. Bechtel (7) tested various cornstarches

with this instrument and showed its suitability for research. The

Corn Industries viscometer measures and records the viscosity of starch
pestes for any desired cooking period. The slurry to be tested is
poured into a stainless steel cooking beaker which is set in a ther-
mostatically controlled liquid bath. The operating temperature of the
1iquid bath is usuelly 92° C to 96° C. The cooking paste is stirred

at a constant rate by electrically driven paddles which remove the
layer of pasted starch from the walls of the cooking beaker., This con-
stant removal of the pasted layer improves the efficlency of the heat

trensfer to the body of the paste and results in a nearly uniform paste



terpersture. A sepirately mounted pr:opeller, driven through the gear
differential, stircs the center 2f the puste nnd slso cerves as & meons
of ncasaring viccosity chinges. The force which the propeller en-
counters is continuoucly bzlenced ty a dynamometer, corsisting of a
welzhted arm which moves throush 2 vertical arc. A series of inter-
chengeatle weights nre provided for the dynamometer so th:t it covers
a relatively wice range of torgues between 2?50 and 2000 grim-certimeters.
Attached to tlhe dynamoreter is a pen which automaztic:illy records the
continuous viscosity changes of the pirste. Evaporation of moisture
from the coozirg paste is prevented by the cover of the beaker which
acts as a condenser. The vigscocity changes of the puste 2are recorded
in terms of torque which is the me-sure of the force the sropeller en-
counters as it turns throush the thickening pzste. The cpparatus cen

ve adjusted for & cooling period if desired.

Line spread tests

Gruveneyer and Pfund (22) huave developed an objoctive test for
measuring the flow characteristics of hot or cold starch pastes. This
method, or its modification, ic often used to determine the spread of

crean pudding or pie filling.

Grewemeyer and Pfund test (22). In this test, a flit glass plate is

placed on a surface which has been checked for evenness with a spirit
level. A dizgram of concentric circles is placed deneath the gless.

The smallest circle has a diameter of two inches and the surrounding



33

circles are graduated at intervals of one-eighth inch. A hollow cylinder,

the exact diameter of the innermost circle, is put in place over the

center circle and filled with the material to be tested. The material

in the cylinder is leveled with a spatula and the cylinder is carefully

1ifted. The product is allowed to spread for two minutes and readings

are taken at 4 widely separated points which mark the limits reached

by the product. The average of the four readings is recorded as the

1l ine-spread of the sample.

Gel gtrensth tests

The gel strength of starch pastes has been measured by a variety

of instruments embodying different principles. Kerr (32) reported that

several of the instruments are the rigidometer, Tarr-Baker Jjelly tester,

blunt plunger type penetrometer, and the tube type penetrometer. The

rigidometer measures the rigidity of a gel or its lack of elasticity;

the Tarr-Baker jelly tester gives a vzlue which is provortional to

the force necessary to rupture the gel. The results of tests with the

blunt plunger type penetrometer ere a combination of plastic and

elagtic effects. The tube type of plunger measures the resistance of

€els to cutting action.

Exchange Ridgelimeter (29). For this test, the starch pastes are
At the end of a

Stored in jelly glasses provided with sideboards.

8P ecific aging period, the sideboards are removed and the excess gel

18 gsliced off even with the rim of the glass. Each gel is removed

from the glass by inverting it on 2 glass plate. The gel is allowed
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to stund on the plate for two minutes and tken a micrometer screw is
adjucted and the per cent of sig is re:zd. The rigldity of the gel is

interpreted in terms of the per cent of szg.

Tarr-Biker jelly tester (32). For tris test, the starch suspension

i1s placed in a porcelain cup and cookcd in a boiling water bath for
30 ninutes. The cooked pzste is cocoled and immediately covered with
a film of mineral oil. After the puste has aged in a water buth at
2509 ¢ for one hour, the mineral oil 1s poured from the psste and the
paste 1s then placed under the plunger of the tester. With 500 cubic
centimenters of water in the Jelly tester, the flow of water is ad-
Justed so thet it raises in the manometer column at the rate of 60
centimeters per minute. The manometer is rrzd when the gel breaxs.
The zel strength is recorded as the heizht in centimeters reached bdy

the water colunn in the mcnometer at the breaking point of the gel.

#Fuchs penetrometer. Kerr (52) stated that the Fuchs penetrometer

Provided a sensitive and accurate method of determining the gel
strength of a stargh paste. ‘.'_\gFor this test, the cooked stzrch paste

is =nged for a definite period of time and then the surface skin of
the gel is removed. The plunger of the peneitrometer is adjusted so
tha+t it rests on the top surfece of the prepared gel. A weight is
ir:posed on the plunger in & receptacle on top of a vertical rod which
1s attached to the top of the plunzer. The plunger consists of a
Sharpened, hollow tube that is highly polished. This tube resembles
B large cork borer. The plunger is released, and the tire, in seconds,
Tequired for the hollow tube to cut into the gel up to a certain depth

1s noted.



PROCEDURE

Ingredients

Four different liquid mediums were used in making the starch

slurries in this study. The four mediums were distilled water, a

single sarple of tap water with a value of 16 grzirs h:rdness, a
solution of nonfat dry milk solids in distilled wate«r, and &« solution
of whole dry milk solids in distilled water.

The cornstzrch for thls project was supplied by the Corn Products

Refining Compeny of Argo, Illinnis. The lot used was tsken from a

reguwlsr run of their commercial starch prepared for fnod uses. Ac-
cording to Bechtel (8) the standard Scott viscosity for this type of
st=arch is 76.

The entire lot of cornstarch, pack2ged in polyethylene bags, was
stored in a covered, stainless steel bin at room temperature,

Superfire gr-nulated sugzar was ottained from the Co_llege Food
Stores. The sug-r was kept at room temperature in a covered, water-
t 1 oht container.

The supply of nonfat dry milk solids for this investigation was
Obtained from the Michizan Milk Producers Associstion of Adrian,
Michigan. The nonfat dry; milk solids were manufactured by the spray

Ary process and were sold for home and institution food preparation.

Composition of the nonfet dry milk solids was as follows (3):
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Butterfat 1.00%
Minerals 8.00%
Moisture 3.00%
Protein 27.00%
Lactose 51.00%

The supply of whole dry milk solids was purchased from the Borden
Corpany of New York City, New York. These dry milk solids were manu-
factured by the spray dry process and sold under the trade name, Parlac.

Composition of the whole dry milk solids was as follows (40):

Butterfat 28.00%
Minersls 5.80%
Moisture 2.00%
Protein 26.50%
Lactose 37.70%

Because the minerzl content of tap water varies from day to day,
the erntire volume of tap water used in thic study was drawn from the
faucet at one time. The water vas stored at room temperature for a
Period of two days in a covered glass bottle. A sample of the tap

w2 t er was analyzed for hardness by the college sanitarian.

The distilled water used irn this investi:ation wag freshly distilled
8nd stored at room temperzture in 2 covered glass bottle for a period

Of not more than three days.

Formulas

AS tarch concentration

As & preliminary step in this study, cream pudding recipes for

h°me and institution use were checked. The percentage of cornstarch



in these recipes was found to vary from 8.3 to 13 per cent of the
weight of the liguid (4, 21, 43). Eleven per cent cornstarch was
selected for this study after tests with 11 and 12 per cent cornstarch
pastes. In these teste, it was found that 12 per cent cornstarch
p-stes made with the solutions of dry milk solids in distilled water
were too vigcous to be hzndled by the instrument used to record vis-

cosity. The proportion of cornstarch to vater was kept corstant in

all replications of the starch slurries in this study.

Sucroge concentration

In the cream pudding recipes which were checked, sugar content
vgried from 25 to 55 per cent of the weight of the liquid. Sucrocse
concentrations of 15, 21, =nd 27 per cent of the weisht of the liquid
were arbitrarily selected for this study. These low ranges of cucrocze
vere chosen because inforriztion concerning the effect of the proportion
0f sucrose on the thickening of starch pastes is limited and because
the incr-2sed thicrening effect of st'rch in mixtures containing
rel=tively low concentrxztions of sucrose has not been adequately ex-
Plained., A dasic starch puste without sucrose was used as the corntrol
for euch 1iguid medium. Because the beaker of the viscometer was
deSigned to cook =nd stir =2 totzl volurme of one liter, the weights of
Starch, sucrose, =znd liquid medium, based on the desired percentzge
Telationships, vere calculzted to yield a total volume of one liter of
€&ch mixture. Allovance for the displecement of the dry ingredients
in the liquid medium of each replication was based on zctual measure-

Ment of the starch slurrles in = preliiiinary step in the investigation.



Lo
(0]

L iguid nediums

Sexries A. The purczose of this series was to cdetermine the effect of
the proportion of sucrose on the viscosity of cornstarch pastes mace
with distilled water. Table 1lsts the ingredients ard the quantities

of each used for Series A of the study.

Sexries B. To study the effect of the proportion of sucrocse on the
v iscosity of cornstarch pastes made with tap water, Series A vwas
repected with tsp weter substituted for the distilled water., Table 2

1ists the ingredients and the quantities of exch uced for Series B.

Series C. Secries A was reperted vith adiition of 8.52 per cent non-

f=at dry milk solids, tased on the weight of the liquid. The purpose
of this study vas to determine the effect of the proportion of
sSucrose on the viscosity of cornstarch pastes mzde with z solution of
nonf=t dry milk soliés in distilled vater. The percentage of nonf=ut
drxry milk solids was consistent with the amount of non‘at dry milk
SOl14ds found in fluid skim milk. The formulas for Series C are

11 sted in Tadle 3. Allovance for the displzcenent of the dry milk
801 ids in distilled water was based on zctual measurement of the dry
ingeredients and the solution of nonfwt dry milk solids in distilled

wa ter.

Sexries D. To study the effect of the provortion of sucrose on the
V¥ L gcosity of cornstarch pastes made with a solution of whole dry milk

801ids in distilled water, Series A was repeated with addition of
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12.01 per cent wrole dry milk solids, based on the weight of the

liquid in the formula. The concentration of whole dry milk solids

used in the liquid medium for this serles was consistent with fhe

vhole dry milk solids found in whole fluid milk. Table & lists the
ingredients and quantities of each which were used in Series b. Allow-
ance for the displacement of the whole dry milk solids in distilled
water was based on actual measurement of the dry ingredients and the

solution of vhole dry milk solids in distilled water.
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Tadble 1. Frormulas for Series A, distilled water medium.

Cornsterch Sucrose Listilled Wwater
Varietion Gm. % Gm. ® M1,
I 106.7 11 0 0 970
II 100.3 11 136.8 15 912
I11 97.5 11 186.1 21 826
IV 94.6 11 232.2 27 860

Table 2, Formulas for Series B, tap water mecdium.

Cornetarch Sucroce Tap Water
Variation Gm. b On. % M1.
I 106.7 11 0 0 970
II 100.3 11 136.8 15 912
III 97.5 11 186.1 21 886
Iv 94.6 11 232,2 27 860

— -

Table 3. FYormulas for Series C, nonfat dry milk solids plus distilled
vater medium.

Cornstarch  Sucrose Distilled Water Nonfat dry milk

solids
Variation Gnm. % Gm. % M1. Gm.
I 102.1 11 0 0 927.8 79.0 8.52
II 95.6 11 130.4 15 869 74.0 8.52
III 92.1 11 175.8 21 837 71.3 8.52
1v 89.5 11 239.6 27 813.3 69.3 8.52

e

— e ]

Table 4. Formulas for Series D, whole dry milk solids plus distilled
water medium.

Cornstarch  Sucrose Distilled Water Whole dry milk

solids
Variation Gm. % Gm. % M1l. Gm. %
I 106.7 11 0 0 915 109.9 12.01
II 94.3 11 128.6 " 15 857 102.9 12.01
III 20.8 11 173.3 21 825 99.1 12.01

Iv £8.2 11 216.5 27 802 96.3 12,01
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Treatment

Preparation of the slurries. All the ingredients for the stzrch

slurries vere veighed on a T~rsion balance. Glazed weighing pzper
wasg used to line the balance pans for veighing the stzrch, sucrose,
and dry milk solids to minimize losses In tr:nsferring materials to
beakers for blending the ingredients. The water wzs weighed in a
1-—-1liter glass beaker. A narrow rubber scraper was used to remove the
residue of the ary ingredients from the welghinz pzpers. The quantities
o f ingredients needed tor the three replications of each starch slurry
were weighed at the tegirninz of each testing period but were not
m4 xed together until imneci:tely before starting the testingz procedure.
Because investig:-tors h.ve established th:zt meximum viscosity of
cooked stzrch pastes is nffected by the lensth of time the starch
slurry stends before cooking, cnore was tcken to mix the slurries
Quickly ¢né to keep the mixing time constant for each replication.
In the prelinirary tests, technique ves developed so that total mixing
time apuroxin:ted cne and one-hz1f minutes.
Terperature of the ingredients is another factor which hes been
found to affect the maximum viscosity of a cooked st:rch puste. The
- Yemper:ture of the uncooked st:rch slurries in this study was 26° C,
X 1°C vhen the clurries were poured into the preheated, steel cooking

be zkxer.
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Series A, For the control slurry, without sucrose, the starch was

Placed in a 1-1iter glass beazer. One-third of the c¢istilled rater

vras added to the sterch, an? the mixture wzs stirred +ith 2 narrow

r ubter scraper until it was free from lumps; then hulf of the rerzining

vater vas ¢dded to the slurry. The slurry was then poured quickly into

t he cookin: teesker of the viscorieter., The r-maining one-third of the

1 1quid was used to rinse the g1l:sc beaker, and this rinse wes added

immedi-~tely to the mixture in the cooking container.

The add¢ition of sucrnce to the starch mzde it more difficult to

produce a slurry vhich w:s free from lumps. For the variations with

sucroce, the sterch and sucroce were pl=ced in the gluss beaker and

vrere thoroughly dlenied in the dry form. Only ennush distilled water

to moirten the incrediente was added znid the mixture was stirred vig-

oroucsly to wvroiuce a smooth prste. With increase in the level of

sucrose, the first liquic addition wes grrdually decreased to produce

& smnoth slurry. When the clurry w:s free from lumps, @l1 but one-

t:ird of the remaining water was added. The remainder of the water

wag used to rincse the beaker and this rince vas then «:dded to the

slurry in the cookin:s teaker.

Series B. Tap vater at 26” C ter.per:ture was sutctituted for the

distilled w=ter in the uncook~d st:rch slurry. Propnrtion of inzredi-

ents and mixing proceiure was the sarie as described for Series A.

Series C. Series A was repe-ted with the addition of 8.52 per cent

nonfat dry milk solids, brsed on the weight of the water. In the
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t rial studies the st~rch,

sucrose, znd nonfat dry milk sclids were

Placed in a glass beaker and thorourhly mixed in the dry state. The

rater was added to the dry ingredients and the slurry was rixed in
t he manner described for Series A. It was found thwt this method of
c ombining 2nd rixing the ingredients did not produce a smooth slurry

within the tine lirit estoblished for tot=1l mixing in Series A and B.

Theretore, the investig-tor decidea to recoustitute the nonfat ary

milk solids for use in the repli-atiorns in thi. Lc1fee inctecd of com=

T iring the miik solius with the other dry ingredlients.
The nonfat ry iilk solids were rcconstituted in indivicdual

soluticns imredi:tely vefore the rixing time of each slurry. One-

third of the cistilled water rneedec for each replicaticn wes set aside

for uze in the final rinecing procedure. The rerzining two-thirds of

Lhe distilled water was used to reconstitute the nontat dry milk solids.
Because dry milk solids dissolve muk rore ewsily in warm veter, the
distilled water was heated to 2 45° C tempercture in & hot weter bath.

¥When the desired terper=zture was reached, the diztilled water was

rerioved fron the heat and the nonfet dry milk solids were sprinkled

nver the surf:zce of the water. The mixture was stirred with a nerrow

rubber scrarer only en-uzk to moicten £11 the dry milk solids and was

then ellowed to stard for 20 minutes. Durirg the standing period,

the colution vas stirred occesionelly with a narrow rubter scraper.

At the end of the ZC-minute pericd, the solution of nonfet dry

riilk solids in cdistilled water wus placed in & cold water bath and

cooled to a terperature of 26° C, 1 1° C. Tot:l cooling time was
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= ppreximately 10 minutes. In the replications in this series, treat-

mernt of the other dry irngredientc and mixirg of the slurries vere the

s&ne ag deccrited for Jeries A excest thit the solution of reconstituted

31k solids replaced distilled wzter.

Trhe beulker wrich had held tkhe solution of cry milk solids in

3 1stilled water vis rinsed wit)l the water cet aside earlier for tris

Purpose, The rirsings were poured into the teaker in wvhich the stcrch

slurry had been rixed and these total rinsings were 2dded lmmedi:tely

t o the mixture in the cookirg cortziner.
Series D. Series A v:.s repested with a@écition of 12.01 per cent vhole

A xry rilk solids, bised on the veight of the water. Hexting of the

S 3stilled wveter rnd recorstituticn of the wiole dry milk colids were

the coare s descrited for Series C. Treatrert of the other dry ir re-

A ients znd rixing of the slurries vere the sare ss described for Series

A exce;t thet the solution of reconstituted dry milk solids repl:.ced

the dictilled water. Rincing of the teckers was the seme as descrited

for Series C.

Conlzin:- preocednre #nd viccosity tests.

The Corn Industries Viscoreter,

descrited in the review of litersture, wig used for cooking the starch

glurriec and for measuring the viscocity of the hot pastes. Fijure 1

shows

1Y

o

cross csection diigram of the viscoreter. Pechtel (7) recomnends

that the stirrer of the viscoreter be operated at stund:rd cpeed during

gerer=1l leborztory tecting of sterch pastes. ¥or this rezson, standard

speed was used throushout the investizetion.
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Wren Ligslly viscous mixtures are tested in the visceoreter, it is

necessar; to exterd the range of thre weight zrm of the dynzmometer.

For testirg 11 per cent sterch nixtures, Bechtel (7) suggests that the

1 89 gran-centireter veight te used. This supplenentsry weight wes

Pl~ced on the veisht erm and wvas kept there for the duration of the

s tudy.

The viccometer has 2 hot water buth (Fiz. 1) which is therro-

static=1lly controlled. Distilled vater is used as the bdbath liquid

vinless @ cookirs teiperature of 100° C 15 desired. Vher the bath is

used =t boiling terperzture, stearirg may cazuse excessive evaporation

Ffror the buth vhick mokes 1t zdvisable to use antifreere or glycerol

heating mediums with boiling points atove 100° C. Fecazuse the investi-

&untor wished to conk the st rch slurries at th: boiling teniperature

of vater in this study, & glycerol-type verncrent :ntifreeze as used

&g tre buth liquid. Refore stirting the tests cdescrived in this in-

vestig.tion, the terpersture of the b:th was ad jucted. A therrometer

wis inserted into the liquid, the he .tirng element was tuwrned or, and

the thermostst vus adlucsted to hold the brth at a constunt terperature

of 100° C,4 1° C. The termpercture of the buth was kept constont

throushout the investigation.

When the b:th termperature had been 2djusted, the stainlecs steel

beaker and the cstirrer were plrced in pocition (Fig. 1). The coniencer

cover (Fig. 1) was put on the bezker ard the 2ir inside the tezker was

heated to 700 C terpersture. Ther the rotor which controlled the

stirrer vec etarted and the slurry wis mixed. The front hulf of the



Pizure 1, Sectional drswing of the Corn Industries Viscometer (7)
1. Recorder and dynamometer (Dynamometer not shown)
2. Cable from vigcometer to recorder
3. Cable drum
L, 5, 6, 7. Gesrs of sun and planet differential
8. Worm, turned ty synchronous motor (not shown)

9. Worm gear
10. Spring pins for holding center shaft
11. Coupling to attach stirrer
12. Condenser cover
13. Liquicd bath
14. Overflow
15+ Drzin cock
16. Starch beesker
17. Electric heater, thermostatically controlled
18, Screper dlades
19. Propeller
20. Thrermometer in paste

21. Therrometer in bath
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Sectional Drawing of the Corn Industries Viscometer.

PMgure 1.
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coudenser cover was removed and the slurry was poured into the cooking
container. The condenser cover was replaced imneciuately. Simultane-
ously with the start of the pouring procedure, the chart recorder
(Yig. 1) was started. On the chart of the viscometer, the continuous
wliscosity changes during the cooking of the starch pastes were auto-
matically recorded. The measurement of viscosity with the Corn Indus-
tries Viscometer is made on the basis of force which the propeller
encounters 2s it turns in the paste. This force on the propeller is
transnitted by a cable to the recorder pen which moves from left to
richt across the chart as the viscocity of the paste Increases. The
force or torque can be calculated, or Bechtel's tadles (7) can be used
for transposing chart readings into torque values. Becktel's tabdles
were used for determining the torque values in this study.

Fisure 2 shows a sample chart with a record of a viscosity curve
of a starch paste. In this study, the chart was operated at rapid
speed. At this speed, the chart moves downward at the rate of one
horizontal arc per minute.

Becauce the rate of temperature rice ig a factor which may affect
the rate of thickering and the finzl viscosity of a cormnstarch paste,
the investigztor decided to cook all the pastes in this study to a
temperature of 95° C. Paste temperatures were recorded at l-minute
intervals throughout the cooking period from a therriometer inserted

into the starch paste through the cover of the cooking container.
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DISCUSSION AND RESULTS

Viscosity Tests

Torqug velueg

The torque values of the three replications of ezch starch paste
in this investigstion did not very more than 35 gram-centimeters at
naxirum viscosity. The range in torque values in the viscosity tests
of the three replications of each variation 1s shown in Tatle 5.

The averages of the toraue values at maximum viscosity for the three
replications in each series are shovn in Tatle €.

Tadble 5. Range in torque values in the three replications of
each series.

Liquid Sugar level in terms of percentage of total liquid
Series Mediun 0 15 21 27

A distilled
wveter 1324-1358 1358-1331 1358-1331 1306-1341

B tep water 1454-1485 1454=1470 1391-1407 1407-1439

c nonfat dry

milk solids

in distilled

wvater 1222-1257 1257-1391 1222-1257 1222«1257
D whole dry

milk solids
in distilled
water 1407-1439 1357=1407 1407-1423 1291
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Table 6. Summary of average torque readings of the three
replications of each series at meximum viscosity.

Sugar Concentrations

Series Liquid Medium

0 15 21 27
A distilled water 1335 1374 1374 1329
B tap water 1464 1464 1396 1428
c nonfat dry milk
solids in dis-
tilled water 1239 1274 1233 1239
D  whole dry milk
80lids in dis-
tilled water 1423 1385 1417 1291

Proportion of sucrose

The effect of the proportion of sucrose on the viscosity of corn-
stcrch pastes mede with distilled water is shown in Figure 3. Analysis
of variance for the starch pastes made with distilled water, Table 7,
showved there was no significent difference in maximum viscosity of the
control paste and mexirum viscosity of the sterch paste conteining
27 per cert sucrose. However, the maximum viscosities of the pastes
vhich conteined 15 and 21 per cent sucrose were sigrnificantly higher
than the meximum viscosity both of the control and of the paste con=-
taining 27 per cent sucrose. Thig is in a2greement with results of
other investigztors (23, 29, 39) vho indicated that additions of
relatively low concentrations of sucrose to cornstarch suspensions
produced pastes with higher viccosities than obtained from starch

and water suspensions alone.
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Figure 3. YEffect oi croportion of sucrose on the initial
viecocity rise, maxirum viescosity, and final
viecosity ol cornstarch pastes mude with cistilled
vater.
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Table 7. Anzlysis of varlance for Series A, distilled water
medium, and Serles D, reconstituted whole dry milk
gnlids medium.

Source of variance D. F. M. S. F.
Total 23

Between the series 1 4ook .2 4.6*
Betwveen % of sucrose 3 A301.1 10.0%*
Interaction: series x sucrose 3 894.6 1.01
Error 16 877.6

Viscosity curves for the pastes m2de with tap water are shown in
Figure 4. Anzlysis of variance for the pr.stes, Table 8, showed there
vas no significant difference in the maximum viscosity of the control
paste and the maximum viscosity of the vaste contaiuing 15 per cent
sucrose. Hovever, the maximum viscosities of the control paste and
the paste conteining 15 per cent sucrose were significantly higher than
the maximum viscosity of each of the other pastes. There was no signi-
ficant difference between the meximum viscocsities of the pastes contalning

21 and 27 per cent sucrose.

Tatle €., Analysis of variznce for Series B, tap water recdium.

Source of variance D. F. M. S. F.
Totzal 11

Between # of sucrose 3 3586.3 56.,8%
Error 8 63.1

*Sisnificant at
**3jiznificant at

evel of probability

Sk 1
1% level of probebility



TORQUE CHART
1S44 —80
15% sucrose
1391~ —{70
i . ’.._,__Z_ﬂsucrou
.l
1222} I \ —{e0
ol
[ ] .
i
ol
Ife:
! ol
1039} 1R —so
o] !
I
1B
[ ]
1K
sa6l- i % 21% sucrose -l 40
J" ‘. ...
" - ‘o,
' J ///;’ °
{4
! 4 control
[
'
el [ —|30
'
|
[ ¢
¥
|
432 . & —{20
y ; °
|
217} " . —{10
I
b
o | | | | ] ] | 0
MIN (o] 6 12 8 24 30 36 42 45
Figure 4. KEffect of proportion of sucrose on initial viscosity
rise, naximum viscosity, znd final viscosity of

cornstarch pastes made with tap water.
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The effect of the pronortior of sucrose on the vicenzity of corn-
stzrch pastes made with a solutiorn of nonfat dry milk solids in dis-
t1lled water is shown in Figure 5. The analysis of variance for the
pastes shoved that the maximum viscosity of the starch paste containing
15 per cent sucrose wus significantly higher then the maximum viscosities
of the control and the pastes conteining 21 and 27 per cent sucrose.

Table 9. Analysis of variance for Serles C, nonfat dry milk
s2lids in distilled water medium.

Source of variarce D. F. M. S. ¥.
Total 11

Between % of sucrose 3 1023.0 3.68*
Error 8 277.5

Anelysis of variance for the cornstarch puastes mede with a solu-
tion of whole dry milk solids in di:tilled water, Tzble 7, showed
there was no significant difference between the maximum viscosity of
the control paste and the meximum viscosities of the starch pastes
containing 15 and 21 per cernt sucrose. However, the maximum viscosity
of the paste contzining 27 per cent sucrose was significantly lower
then the maximum viscosities of all the other pastes. Viscosity

curves for the pactes are shoymn in Figure 6.

Liquid mediums

Although the difference was not calculated statistically, data

suggest a prodshle significant difference between the maximum

®Siznificant at 9% level of prodability, according to Nair (37).
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viscosities of the pastes made with tap water and the maximum viscosities
of the pastes made with the other 1iquid mediums. The peak viscosities
of the pastes in each variation made with tap water were higher than
were the peak viscosities of the comparadle pastes made with the other
liquid mediums. The exception was the paste made with a polution of
whole dry milk solids containing 21 per cent sucrose.

The viscosity curves for the pastes made with tap water indicated
that they were more unstable than were the pastes made with the other
liquid mediums. According to the findings of this study, cormstarch
puddings or fillings made with tap water could be expected to thicken
very quickly. However, such mixtures may tend to be unstable and
these pastes could be expected to start to show a decrease in viscosity
within 2 to 6 mimtes after reaching maximum viscosity. JFrom the data
of this study, thinning of the pastes, after they have reached maximum
viscosity, could be expected to continue as the length of cooking time
was increased.

The maximum viscosity of the starch pastes in each variation made
with a solution of nonfat dry milk solids in distilled water was lower
than that of the comparable pastes made with the other liquid mediums.
This is in agreement with the findings of Morse and associates (36) who
reported that sweetened flour and water pastes were proportionately
more viscous than similar sweetened flour and water pastes to which
nonfat dry milk solids were added. The viscosity curves for the
pastes made with recornstituted nonfat dry milk solids indicated that
they were more stable than were the pastes made with the other liquid

mediums.
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The snalysis of variance for Series A and D showed that there
was 8 significant difference in the maximum viscosities of the pastes
attributadble to the difference in liquid mediums. The peak viscosi-
ties of the pastes made with distilled water were lower than were the
peak viscoslities of the pastes made with reconstituted whole dry milk
solids except for the paste conteining 27 per cent sucrose. The peak
viscosity of the paste made with distilled water containing 27 per
cent sucrose was higher than the peak viscosity of the paste made
with reconstituted whole dry milk solids containing 27 per cent sucrose.

The differences between the maximum viscosities of the starch
pastes made with solutions of two types of dry milk solids were probably
attributable to two factors. First, the total amount of milk solids,
including butterfat, in Series D was greater than the total amount of
nonfat dry milk solids in Series C, although the total amount of nonfat
dry milk solids in each serles was calculated to be the same. Second,
according to Mitchell and Zillmen (35), fatty materials such as soaps,
fatty acids, and perhaps natural fats increase the viscosity of starch
pastes. The effect of liquid medium on the viscosity of starch pastes

is shown graphically in Figures 7, 8, 9, and 10.

Time and paste temperature

The viscosity curves for the cornstarch pastes made with distilled
water, Figure 3, showed that the increases in sucrose concentration
cauged no appreciadble difference in the time required for initial

viscosity riee. However, as the sucrose concentrations increased, the
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time requirec for the pastes to reach maximum viscosity progressively

increased. The exception was the paste containing 21 per cent sucrose
which reached maximun viscosity in the same length of cooking time as

that required for the paste containing 15 per cent sucrose. The addi-
tions of 15, 21, and 27 per cent sucrose to the pastes made with dis-

tilled water caused a progressive decrease in bdreakdown of pacte vis-

coelity as the cooking time extended beyond 22 minutes.

The temperature-viscosity curves for the pastes made with distilled
water are shown in Figure 11l. The curves showed that each increase in
the proportion of sucrose caused a progressive increase in the paste
temperature at initial viscosity rise and at maximum viscosity. There
was also a progressive increase in the temperature at initial viscosity
breakdown except in the paste containing 15 per cent sucrose. The con-
trol paste without sucrose and the paste containing 15 per cent sucrose
showed initial viscosity breakdown at 91° C. It appeared that progres-
sive increases in the concentration of sucrose produced a stabilizing
effect on viscosity of the pastes at 95° C.

Viscosity curves for the starch pastcs made with tap water,

Pigure 4, indicated an extremely rapid rise in viscosity of each
variation of the series. Maximum viscosity of each variation was
maintained for & very short time &nd a rapid decrease in viscosity
followed. The increases in sucrose concentration caused no appreciable
difference in the time required for initial viscosity rise in the

pastes made with tap water. The control paste without sucrose, the

paste containing 15 per cent sucrose, and the paste containing 21 per
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cent sucrose required the same length of cooking time to r each peak
viscosity; only the paste containing 27 per cent sucrose reguired a
longer time to reach peak viscosity. The control paste without sucrose
showed the greatest breakdown in viscosity after 16 minutes of cooking
time. As sucrose concentration increased in the sweetened pastes made
with tap water, the rate of paste breakdown progressively decreased.

The tenperature-viscosity curves for the starch pastes made with
tap water are shown in Figure 12. The increases in sucrose concen-
tration influenced the temperature at which initial viscosity rise
was noted in the pzstes. Increases in sucrose concentration also
influenced the temperature of the pastes at maximum viscosity except
in the paste containing 21 per cent sucrose. At maximum viscosity
the temperature of the paste containing 21 per cent sucrose was the
same a8 that of the paste containing 15 per cent sucrose. The addi-
tions of sucrose made no appreciable difference in the paste tempera-
ture at the initial breakdown of any of the pastes. The breakdown in
viscosity of all the pustes took place rapidly after a temperature of
87° C was reached; at a temperature of 34° C there was no apparent
difference in the extent to which the pastes had thinned.

The viscosity curves for the pastes made with reconstituted non-
fat dry milk solids showed that increases in sucrose concentrations
made no appreciable difference in the time required for the initial
viscosity rise and the time required for the pastes to reach maximum
viscosity. The length of cooking time required for the pastes mede
with reconstituted nonfat dry milk solids to reach initial viscosity

breakdown was as follows:
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control paste without sucrose 36 minutes
paste with addition of 15% sucrose 28 minmutes
paste with addition of 21% sucrose 38 minutes
peste with addition of 27% sucrose 34 minutes

The effect of the sucrose concentrations on the time required to
reach initial viscosity breakdown was not consistent; but after the
initial breakdown, the control paste showed greater decrease in vis-
cosity than the sweetened pastes as cooking time increased.

The temperature-viscosity curves for the pastes made with recon-
stituted nonfat dry milk solids are shown in Figure 13. The additions
of sucrose to the starch suspensions made with a golution of nonfat
dry milk solids caused a progressive increase in the temperature of
initial viscosity rise and the temperature at maximum viscosity of the
pastes. There was no appreciable difference in the temperature at
initial viscosity breakdown of the pastes. Breakdown of the pastes
did not occur until a temperature of 93° C had been reached.

The viscosity curves for the pastes made with reconstituted whole
dry milk solids, Figure 6, showed that the control paste and the pastes
containing 15 and 21 per cent sucrose reached maximum viscosity in the
same length of cooking time. The paste containing 27 per cent sucrose
required a longer cooking period to reach peak viscosity. The increases
in sucrose concentration had no consistent effect on the length of
cooking time required to reach initial vigcosity breakdown. The time
required to reach initial viscosity bdreakdown was as follows:

control paste without sucrose 20 minutes
paste with addition of 15% sucrose 20 minutes

paste with addition of 21% sucrose 16 minutes
paste with addition of 27% sucrose 22 mimmtes
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The temperzture-viscosity curves for the pastes made with recon-
stituted whole dry milk solids, Figure 14, showed that the increases
in sucrose concentrations only slightly increased the temperature at
initial viscosity rise. The temperatures at initial viscosity rise

were as follows:?

control paste without sucrose 75° ¢
paste with addition of 15% sucrose 76° C
paste with addition of 21% sucrose 77° ¢

paste with addition of 27% sucrose 77° C

The increases in sucrose concentration had no consistent effect
on either the temperature at maximum viscosity or on the temperature
at initial breakdown in viscosities of the pastes.

The temperature-viscosity curves for the control pastes made with
each of the four liguid mediwms is shown in Figure 15. ZThe temperature-
viscosity curves for the variations of the starch pastes made with each
of the four liquid mediums are shown in Figures 16, 17, and 18.

In the control pastes without sucrose and in all the sweetened
pastes, the pastes made with tap water and the pastes made with recon-
stituted whole dry milk solids showed more rapid increase in viscosity
than did the other sweetened and unsweetened pastes. In similar varia-
tions of the starch pastes, there was no appreciable difference inm the
tenperature at initial viscosity rise attridutable to the different
liquid mediums. In similar variations of the pastes, there was no
appreciable difference between the temperatures at maximum viscosity
of the pastesmade with tap water and those made with reconstituted
whole dry milk solids. Temperatures at maximum viscosity in the varia-

tions of the pastes made with each liquid medium are shown in Table 10.
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Table 10. Temperatures at maximum viscosity for pastes made
with four different liquid mediums.

Liquid Control paste Paste with Paste with Paste with
Med ium no sucrose 15% sucrose 21% sucrose 27% sucrose
) ) ) )
Cc C C c
distilled
water 86 87 88 91
tap water 82 84 84 85
reconsti-
tuted whole 81 83 85 84
dry milk
solids
reconsti-
tuted nonfat 85 86 87 88
dry milk
solids

In 211 liquid mediums the pastes containing 27 per cent sucrose
showed higher temperatures at initisl viscosity rise than did the control
pastes. Temperatures at initial viscosity breakdown in the variations of
the pastes made with each 1iquid medium are shown in Table 1l.

Table 11. Temperatures at initial viscosity breakdown for pastes
made with four different 1liquid mediums.

Liquid Control paste Paste with Paste with Pagte with
Med ium no sucrose 15% sucrose 21% sucrose 27% sucrose
o¢c o¢ o o¢

distilled

water 91 91 93 S
tap water 85 86 87 87
reconsti-
tuted whole 89 89 87 91
dry milk
solids
reconsti-
tuted nonfat % 93 93 93
dry milk

solids
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SUMMARY

The maximum viscosities of 11 per cent cormstarch pastes containing
15 and 21 per cent sucrose made with distilled water were significantly
higher than the maximum viscosity of the control paste without suc}ose.
However, the maximum viscosity of the paste containing 27 per cent
sucrose was not significantly different from that of the control paste.

Data on pastes made with tap water showed that addition of 15 per
cent sucrose produced a paste with maximum viscosity comparable to the
control. However, additions of 21 and 27 per cent sucrose resulted in
pastes with maximum viscosities significantly lower than that of the
control paste.

Additions of 21 and 27 per cent sucrose to pastes made with re-
constituted nonfat dry milk solids resulted in maximum viscosities
similar to that of the control paste. However, the additions of 15 per
cent sucrose produced a paste with greater maximum viscosity than that
of the control paste.

The maximum viscosities of 11 per cent cormstarch pastes, con-
taining 15 and 21 per cent sucrose, made with reconstituted whole dry
milk solids were not significantly different from the maximum viscosity
of the control paste without sucrose. The maximum viscosity of the
paste containing 27 per cent sucrose in this series was significaatly
lower than that of the control paste.

The maximum viscosities of the control and all sugar levels of

cornstarch pastes made with tap water were significantly higher than
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those of similar pastes made with the other liquid mediums with the
exception of the paste containing 21 per cent sucrose made with re-
constituted whole dry milk solids.

The maximum viscosities of the control and pastes with all three
sugar levels made with reconstituted nonfat dry milk solids were lower
than were those of similar pastes made with other liquid mediums.

The maximum viscosities of the control and pastes with all three
sugar levels made with reconstituted whole dry milk solids were signi-
ficantly higher than were those of similar pastes made with distilled
water with the exception of the paste containing 27 per cent sucrose.

The control and pastes with all three sugar levels made with tap
water were the most unstable of the comparable pastes made with other -
liquid mediums in this investigation. The variations of the pastes
nade with reconstituted nonfat dry milk solids were the most stable
pastes in the study.

The control and pastes with all three sugar levels made with tap
water and those made with reconstituted whole dry milk solids showed
a more rapld rise in viscosity and attained maximum viscosity at lower
temperatures than did similar pastes made with other 1iquid mediums.

At a specific sucrose concentration, the difference in liquid
mediums did not appear to influence the paste temperatures at initial
viscosity rise of any of the pastes. |

There was no consistent effect of time on initial viscosity rise,
maximwm viscosity, and initial breakdown in paste viscosity attridut-

able to sucrose concentration of the pastes in this investigation.
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The addition of 27 per cent sucrose appeared to increase the tem-
perature at initial viscosity rise and the temperature at maximmm vis-
cosity of the pastes made with all mediums in this study. Pastes made
from the four mediums containing additions of 15 and 21 per cent sucrose
did not show any definite pattern in relation to temperature of pastes

at initial viscosity rise or at maximum viscosity.
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CONCLUSIONS

The effect of the proportion of sucrose on the viscosity of corn-
gstarch thickened mixtures cannot be predicted without taking into
consideration the 1iquid medium in the mixtures.

In this limited study it was found that the maximum viscosity of
unsweetened and sweetened pastes made with tap water were higher than
were the maximum viscosities of similar pastes made with other liquid
mediums with the exception of the paste made with reconstituted whole
dry milk solids containing 21 per cent sucrose. The maximum viscosi-
ties of the control and all sugar levels of pastes made with recon-
stituted nonfat dry milk solids were lower than those of similar pastes
made with other liquid mediums. The maximum viscosities of the control
and pastes with all three sugar levels made with reconstituted whole
dry milk solids were appreciably higher than were those of similar
pastes made with distilled water with the exception of the paste con-
taining 27 per cent sucrose.

The stability of desserts thickened with starch is frequently an
important factor in the quantity preparation of these foods. In this
investigation it was found that the variations of pastes made with tap
water were more unstable than were pastes made with the other liquid
mediums. The pastes made with reconstituted nonfat dry milk solids
were more stable than were other pastes made with other liquid mediums.

From the data of this investigation, it appeared that sucrose,

in concentrations from 0 to 21 per cent did not show any consistent
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effect on the length of cooking time required to reach initiul vis-
cosity rise, maximum viscosity, and initial viscosity breskdown of the
pastes made with the four liquid mediums. The addition of 27 per cent
eucrose to the bdbasic starch slurries made with all liquid mediums in-
creased the length of time required for the pastes to reach maximum
viscosity. The additions of 15 and 21 per cent sucrose did not always
alter the cooking time required for the pastes to reach maximum viscosity.
However, additions of sucrose to the basic slurries appeared to decrease
the breakdown in viscosity of the pastes as cooking time increased.

The temperature at maximum viscosity was appreciably increased
by additions of 27 per cent sucrose to the basic slurries made with
the four liquid mediums. Pastes made with additions of 15 and 21 per
cent sucroge did not show any definite pattern in relation to temperz-
ture of pastes &t initlal viscosity rise or at maximum viscosity.

The data frow this limited study suggest that additionsl investi-
gation needs to be made in order to study more fully the effect of
cooking time and paste temperature on the viscosity of sweetened

cornstarch pastee made with different liquid mediums.
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