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* INTRODUCTION

Developing and maintalning desirable consistency in
cream puddings and ple fillings are often problems in quantity
food preparation, Ordinary cornatarch is the thickening agent
most frequently employed in making these producte. At normal
starch concentrations, cornstarch puddings are fluid when hot
but undergo the process of gelation when allowed to cool.

The freshly cooled product has a delicate, gel-like character
with a slightly firm body and creamy consistency. These
characteristics are very desirable in cream ouddinpgs and pile
fililnga.

‘The longer holding periods often required in lnstitution
food service, however, frequently result in excessive stiffness,
oracking, and some liquid separation in these oroducts. The
dse of cornstarch in combination with a non-gelling type of
thickening agent has been suggested as a possible way to
elimlnate these undesirable characteristics and still retain
the fairly firm body which is desirable in cream puddings and
pie fillings. Tavloca, which does not retrograde on cooling,
has been used to some extent in thls role,

The war period eaw the developmént of the commercial
production of waxy cereal starches which make pastes possessing
the non-gelling oroperties of tabioca t0o an even greater degree,
The starch from waxy maize has been processed in the largest

quantities. Industry has developed methods for chemical



treatment to modify the raw waxy malze starch; and, as a result,
aome of ita lese desirable pronertlies have been overcome,.
Several of these modified gtarcheg are now avallable for use

in inrtitutionns,

The ovurpose of this study was to -investligate the effects
oroduced upon hot and cold paste characteristics by modified
waxy malze etarches used in combinatlion with ordinary corn
starch in preparation of cream-type puddings. Two waxy mal:ze
gstarches, renresenting different levels of modification, were
used in this investigstion. It ia hoped that the results of
thle study ma; reveal some basic information concerning the
behavior of these modifled, wexy starches when they are used
ag part of the total starch concentration in cream fillings
snd ouddings. Such dats could voint the way to future explor-
ation of nossibilities for the use of these waxy starches in

similsr products in large quantity food production.
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REVIZW OF LITERATURE

Braytlecht (1)) fescrihe? starch sos that material formed
in all green nlents wvhich ls euhgeguently <tore? ag miero-
aconlie granules to be uged as » future fond sunnly for the
germinating seed, Starch is commercially ohtalnebls from
cereal gralna, tubsrs, rnots, and the nith of certaln nalme,
The Egyotians, nrior to 3000 B.C,, obtained the firat star:ch
from vheat and utilized 1t for purnoses of food nné.for hind-
inpg fibere to make nadyrus. Whistler and Smart (59) renorted
thet since that time starches have been made 1in increscin
quantities. During the fourteehth century the incdustrial
nreoaratinn of starches first became nrevslent in Eurooe,

Today the manufscture of gterch 1s a vorld-wide incdustry of
great imnorteance. Schoch (51), in a review of starch reaearch,
atated thet only since the 1late 1930'g hac real nrngregs heen
made in exnlalning the basle structure, comnonsition, and
hehavior of starch. This advancement nea varalleled the Jevel-

ooment of modern collold chemistry.
Starch Frections

According to Frankel (2A), starch belonzs to that grouo
of organiec substances which, besides carhon, contain hydrowen
and oxyrsen in the same onronortiona found in water. Among
other aubstances belonging to this classification are the

cellulosea, dextrins, and sugars. Schoch (51) stated that



starch 1s a polymer of glucose units which, on comolete hydrol-
ysls with acid, ylelds 100 ver cent of this hexose sugar,

As early as 1834 the behavior of a cooked starch suspension
wag interpreted as evidence that starch contained two or more
carbohydrate substances (51). In 192L Alsbery and Rask (2)
reported that starches of certaln varieties of cereals gave
a8 red color with lodine and those of other vsrietliea show=d a
blue color., Pastes made from the starches giving the red color
with 10dine were more viscous than those that colored blue,

In a discussion of the physical oroverties of starch,
French (27) stated that with the verfectlion of fractinnating
orocedureg two extremes of starch tyoes are recognized. These
fractions sre thought to be homogeneous with regard to chemical
tyve but heterogéneoue with regard to mnlecular size and the
degree and order of branching. Current deflnitigns are made
on the basls of chemical structure, although earlier defini-
tions were based on such oroverties as solubility, enzyme
digestibility, and lodine color. Whistler and Smart (59)
refer to the linear molecule as amylose and to the branched
structure as amylopectin. Some investigstors prefer to call
these the A-fraction and the B-fraction, resvectively.

Schoch and Elder (52) described the linear fraction as
being made up of a long chaln of glucose units. The intro-
duotion of other glucose units along these linear chains re-
sults in a branched structure and, ultimately, in a tree-1like

molecule, Ordinary corn, whent, potatn, and taplocs starches

.



contain both the linear and branched molecules. The ratlo of
these comvonents 1s falrly constant for any given pvlant svecies,
The amount of linear materimrl ranges from 17 per cent in

taninea astarch to 23 per cent in ordinary corn starch. Starches
degienated asg waxy starches contain only the brancheéd fraction.
On the other hand, starches of wrinkled-geeded garden peas

and certaln varleties of sweet corn contain a larger proportion
of the linear frection. With regard to molecular size, Kerr
(40) stated that there is considerable varlation among the
mnlecules of each structural type, even in one variety of
starch. Thnls investigator renorted that Beckmann snd Landis
estimate the average molecular siz= of the amylose fraction

ag 309 to LOO glucose units and the amylovectin fraction as
1000 times larger.

Radley (L9) revorted that, according to several invesati-
gatora, the oresence of phosnhoric acid in the amylopectin
rolecule and its registance to enzyme action distinguish this
fraction from the amylose fractlon. Schoch (51) discussed
some of the differences between the A and B fractions. Five
to ten per cent solutions of the linear A-fractlon show
exaggerated tendencier to retrograde and to set up to an
irreversible gel on cooling. This behavior 1s attributed to
the strong associative forces between the long, linear molecules.
The buah-like gtructure of the B-fraction orevents sny such
orderly narallel alignment of molecules., Only in instances

where gel formation 18 a desirable characteristic 1s the



A-fraction alone technolowically useful. The B-fraction 1is
the comoonent of starch which makes it useful as a thickening
agent, orotective collnid, or as s eilzing material for paper
and textiles. Althoush the oresence of the A-fraction makes
a starch unsuitadle for certain ournoses, the undesirable
charecteristics can b= reduced to a minimum by chemicel modi-
ficatilon,

Many inveaticotors have studied the nature of the 1odine
resction with starch. Bates and co-workers (£) used a
votentiometric method for quantitative determination of amylose
components of starch. His oreliminary results showed that
affinity for 1odine varlied inversely with the depree of
branching of the starch chaling but cdirectly with the length

of the starch chain.
Structure of Sterch Granules

Whistler anéd Smart (59) stated that starches tyvically
occur in nature s8g discrete granules. The aopearance and size
of starch granules are characterlistic of the vnlant tvne from
vhich they originate, Sterches from various sources can bhe
diffcrentintod by careful physicel examination of the eranules
under a microscooe. According to Schoch and Eléder (52),
eranules of notatn starch ere relstively laree, ranging from
15 to 100 microns in diameter, The smallest of the common
starch granules 2re those from rice with a dlameter of 5 tn 6
mierons. Corn stearch granvles are gimllasr in annearance to rice

starch granules but are considerably larper,



Brautlecht (14) described the starch franule as a minute
structure built of layers of molecules arrangeéd concentrically.
According to his invnatlpntlons; shaoes ranged from small
polygons tno large spherical granules with a dark soot, the
hilum, eccentricsally located in each. 1In addition to this
concentric organization, Schoch and Elder (52) obsgerved the
pregence of a radisl structure vhich resulted in the tyolcal
radlal direciion of cleavare, Sjoatrom (5°) sunnorted this
latter view,

Radlay (b9) concluded@ that the inner vortion of the
starch eranule consisted@ of soluble amylose anéd the outer layer
vag comnosed of amylopnectin which gave the nasting character-
istics tn a cooked starch susvensisn. Alsherg (1) and Katz
(39) sunnorted this theory. In 1955 Badenhulzen (5) found
no such decrease in content of the linesar fraction from
center to verinhery. This investigator concluded thrat the
linear molecules are cdistributed uniformly throuchnut the

layers of the starch granules in most starches,
Swelling of Starch Granules

Starch granules are insoluble in ¢921é water. In 1924
Alsbery and Rask (2) observed that when a susoension of
starch granules in water wasg heated, the granules first gwelled,
then burst, and finally lost thelr anistroov. The resultant
viscous oroduct they termed a atarch naste., These investi-

gators reoorted that thils swelline wag not s sharp transition



point, as previously ovnatulated, hnut s vhenomenon occurring
over a range of temmerstures sdeclflc for =ach of the various
starches. I!'sing s viscometric technigue, they determined that
increases in viscoslty were gradual snd extended over a ranyge
of 25° to 300 C. They defined tre temnerature of gelatinization
ag the ooint at whlch the initlal steage 1n the nrocese bepins.
Whistler and Smart (57) renorted thet the gelatinizatinn
ranges may be used ar sn 81d 1n distingulishing starches from
various aou~ces. During the orocesas of swelling, the starch
granules absgorb water glowlvy At filvret and the viscositv of

the snuavension l1le not orecentablv altered, At the criticnl
temperature the granules undergn sudden ranid gwelling to
several hundred times thelr original size, and the viscosity
of the susnension 1s greatly incressed. Crossland and Favor
(22) remorted that some starches =xhibit more than one stage
of gelatinlzation.

In 1326 Alsberg (1) made tne nhservation that ayvollen
starch granules did not burst even after many hours of boll-
ing. He 8stated that boiled starch suspenaions were nont true
solutions unless the cooking period had been unduly prolonged
or ofher treatment had been apnvlied to disintexrate the sus-
pended particles, This lnvestlg=tor interorsted gelatiniza-
tion tn be dfopndant unon the softening of the ricid structure
of.the granuler by molst heat, From thlis he concluded that
the amylovectin frectlinn, located in the outer layer, pre-

gervesg the susnensnid charscter of the boiled atarch., Katz



and co-workere (39) reported that the swollen starch granules
were surrounded by vesicle walls which enveloved tre soluble
starch materisl. Whistler and Swart (59), however, stated

that estarch granules haé no definite membranes and that the
svperent sace were artifscts produced in the proceas of swelllng.

Bechtel and Fischer (10) reported that starch granules
from the notato and those from highly modified starchee were
easlly ruotured. Granules of native or unmodifieé corn starch
they found tn be strongly resistant to ruvture even at high
temperatures and with vigorous agltetion,

Radley (L9) described a gtarch paste as 8 mixture of
granules 8t various stages of swelllng, eome soluble material,
snd debrie from the outer vortion of the burst granules,
According to this invesgtigator, the larger granules apveared
to swell at 8 lower temperature than did the smaller granules.
Fe volnted out that this éifference 1in swelling behavior of
large and small granules may be due to & difference in the
ratio of the amylose and amylovectin fractions.

French (27) reported that swelling of starch granules
could be induced at room temperature by many alkalies and

metsllic salts.
Visccsity

Radley (L9) gtated that sterch granules occunied a
much larger volume in the gystem after swelling and gelati-

nizing than before and that viscosity altered more or less



with tre swelling. Kerr (10) etated that atarch pastes
vogseseed an anomalcus viscogsity instead of viscosity in the
sare sense as that observed in the more nearly verfect fluid
bodles., The effect measured enpearsd to this investigator to
be due to s combination of oronerties, Bechtel and Fiecher
(10) referred tn trie phenomennn in starch pastes as aonerent
viacosity snd attributed it to the presence of swollen granules,
granule fragrenta, and colloldal varticles. Anker and Geddes
(L) etated that arparent viscosity devernced on the extent of
saggregation of the granules, of swelling, and of grenule
disintegration,

Schoch (51) attributed viecosity to be the result of the
meclianical Jostling of tlhe swollen starch granules. He re-
norted@ that these gwollen masses could be cdisintegrated to
oroduce a nagte of greatly recuced viscosity by sutoclaving.
Katz and agsocintes (39) stated that viescoslty was due to
the friction of the swollen starch granules acairst one another
and to the inhibition of trhe flow of water by the suspension
of starch veslcles,

Whistler and Smart (59) attributed the great difference
in viscosities of various starch nastes to the degree of

swelllirg and the ease with which egrsnules were ruptured.
Gel Formation

Accordirg to Brimhall ancd Hixon (16A), viscosity measgure-

renta shonuld be made only on Lot pastes. When a gtarch naste
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18 cooled, portions of the dimnersed material tend tn revert
to a more insoluble sterte by a process called retrogradation.
The workers belleved that the setting-up of sterch gels was
caused by the interlacing of crystalline stsrch fragments
between and within the aggregated starch granules. Therefore,
they explajned the rigidity of cooked starch pastes as the
result of crystallization as well ag an incresse in the degree
of structural viscosity.

Kerr (4n) attributed retrogradation of cocked starch
vagtes to the amylose molecules with the stralght chains,
Schoch and Elder (52) state@ that the branched starch fraction
had lege tendency to retrograde and also had s modersting
influence on retrogradation of the linear fraction. They
found that only extremely high concentratioﬁs of the branched
fraction would harden to a gel on standing st room temperature.
Retrograded linesr fraction could not be reversed by autoclav-
ing, wheresas agsoclated branched fractions returned to their
original state uvon heating to a temperature of 50° to £0° C.

Anker and Geddes (4) observed from thelr studies that
starch pastes had gel properties when qulescent, became more
fluld on the application of shearing force, and agailn formed
gels after the disturbing force had been removed. Brimhall
and Hixon (15) studled the rigidity of starch vastea and
observed tha: viscosity snd gel strength measured two éiffer-
ent proverties in starch. Woodruff and MacMasters (60)

studied corn anéd wheat starches from various sourcee and
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concluded that viscosity differences in the starches studied
were very small, whereas differences in gel strength were more
cronounced., Knowles and Harris (42) conducted a similar study
and found no correlation between viscosity and gel strength.
Schoch (50) stated that the speed of retrogradation was
devendent on the starch concentration and varied directly with
it. He corcluded that the associative force between the starch
molecules themselves was more powerful than that between the
starch and water. Kerr (40) pointed out that retrogradation

could be hastened by freezing.
Factors Affecting Behavlor of Cooked Starch Pastes

Some of the factors which have been reported to affect
properties of starch pastes Aare inherent starch cheracteristics,
treatment of sterch during manufascture, starch concentration,
nresence of electrolytes and nnn-electrolytes, mechanicel

agitation, ané the time and tempmerature of coanking.

Source: inherent characteristics

Whistler and Smart (59) stated that, although starches
may be almost identical in chemicnrl comvosition, those from the
various snurces prnduce vnastes of very different character,
This difference 1n hehavior they attributed to the complexity
of the colloidal properties of the stasrch vastes.,

Beckford and Sandstedt (11) studied gelatinization of

two types of wheat starch by means of a light transmission



13

device., These investigators observed that large and small
granule wheat atarch preparations gave similar swelling
curves and concluded that these two tyves of wheat atarch
granuleg were similar in gelatinization characteristics.
Vorgan (L6) emrloyed a similar nhotoelectric method to follow
changes Iin tuter and grain starch vastes during heating. The
tuber tyoe of starch showed steeper pasting curves than did
grain atarches. Waxy corn starch pasted comnletely over a
narrow temnerature range below 80° C. This was also charac-
teriatic of the belavior of sweet notato and taploca starches.

Tanner an¢ Englis (57) studied etarches from different
varieties of corn and found éiastinct Alfferences hetween hard
ard egoft corn starchesa, Granules of hard gtarches appeared
tno be gmaller and lees roundecd then eo2ft granules which c¢on-
tained more non-carbnrydrate material, FHard starches formed
more viascnue nastes then did the soft atarcres of anoroxirately
the game granule slze,

Mangela and Balley (kL) compared the viscosities of four
tynes of wheat starches treated with cold gelatinizing reagents.
These different wheat starches showed great varlations in
swelliny capaclity; the extent of swelling apoeared to be deter-
mined by the type of gelatinlzing agent employed. These
Investigetore concluded trast variatiore in properties of starches
vere due in part to morprological differences in the starch

granules as vell as to certaln comilex chemical differences.
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Harrie and Jesnerson (33) made a study of the effects of
various factors on the swellling of a variety of ceresl starches.
These invesgtigators noted that all the astarches studied varied
among themselves in swelling capnacity &t all temveratures;
barley starch showed the lowest and corn starch the highest
values. Woodruff and Nicolil (61) observed the behavior of
cooked starch vastes made from various cereal and root starches.
The gelatinizatlion temveratures varied with each incdividual
tyve of starch and ranged from €92 C for notato starch to
87° C for wheat starch.

Hughes and co-workers (37) compared temperature and time
periods for g=lailnlzatlon of starches and cerenals of wheat
and corn. These investigators observed that the gtrrches were
more repidly and completely gelatinlized at any glven temper-
ature or time period of heating than the cereals containing
those starches,

Harris and Jesoerson (3%) found that swelling oower de-
creased as wheat matured, irrespective of variety and environ-
mental factors. At the same time, gel strenyth snd viscosity
tended to increase with degree of riveness. These chanyges with
maturity were assoclated with changes in other factors such
ag molsture content and density. Little difference in viscos-
1tles was noted between wheat, rice, and barley astarches.
Potatn starch, however, exhibited a much higher viscosity and

swell than did the cereal starches,
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Woodruff and MacMessters (60) studled gelatinization and
retrogradation changes in corn and wheat starches. These in-
vestigators noted that gel strength fluctuated widely with the
variety of corn and with the growing conditions under which it
wag nroduced. Knowles and Harris (42) made observations on the
behavior of starch gels from different classes and varieties
of wheat. Environmental and climatic conditiona under which
wheats were grown showed definite effects on gel strength.
Differences were noted between the same varietiea'grovn in two
different years. Teats also revealed an increase in gel strength
with increasing maturity of the wheat.

Bechtel (9) stated that certain native starches, such ss
taploca, protsto, and waxy malze, showed less §endency to form
firm gels than 4id the ordinary cereal starches aucﬁ ag ocorn

and wheat,

Effect of treatment during manufacture

Tanner and Englie (57) studied effects of grinding hard
and soft corn starches. Grinding corn 624 hours Qas sufficient
to disintegrate hard starches but dld not completely disrupt
goft corn starches. French (27) stated that the apolication of
physical stress to the starch éranule dlsarranged the molecules
rather than merely breaking the crystals apart. He concluded
that bonding between orystals was stronger than the forces be-
tween the polyesacchsride chalns within the orystals. Acéording
to Radley (49), starch granulee injured by grinding formed pastes

of lower viscosity than thoee formed with uninjured granules.
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Kerr (40) stated that after the native starch has been
nreonared, 1t 1s frequently modified to make 1t more sultable
for snecific uses, Thege varlioue treatments during manufscture
may nrofuce very minna» to very significant chenges 1n the
nhysiecal and, in some cases, th- chemlcnrl structures of the
starch granule. Treatments have been developed to produce
starcnes of very high viscnsitles at snecific temperatures,
gstarches of reduced vi%cosltlps or thin-bolling starches,
and starches which oroduce a paste with cold water,

Schnch and Elder (52) described some of the types of
modificatinng used in commerclsl starch manufscture. The
simnleat tyoe of manufactured starch i1s the thin-bolling
gtarch, which 1s orenared hy susnending ungelatinized starch
in warm, dilnte acid@. The acld hydrnlyzes a few of the gluco-
sidiec bnnds and weakeng the intermicellsar structure within the
granule without altering the outwsard annearance. Such starches
nroduce naastee of relatively low viecoslty. Enzymes can bhe
annlied in a gimilar way to wesken the intermicellar structure.
Thick-cooking nroducts are nrevared by chenleally cross-bonding
these intermicellar areag with such agents as formaldehyde.
Tres> granules swell more slowlvy and show an incr-aaed resigtance
to mechanleceal dlisintegration, produclng a naste of high and
stable vliscoslity. Heatlins dry starch with traces of acid brings
‘about vartial hydrolysls to oroduce dextring. Ordlnary starches
can be oxidized to reduce the influence of the linear fraction

80 that 1t no longer associates or retrogrades,
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Harris and Jesverson (3?) founéd the swelling curve to
be greatly altered in pasteg made from starchesg nretreated
with sodium hydroxide. These Alvergences 1in nssting charsc-
terigtics increased with rising temoerature,

According to Sjostrom (55), granules of thin-bolling
starches incresged in volume less than granules from ordinary
starch when heated in water, THe room occunied by these
gswollen grsasnules was less in relation to total volume anc the
nasteg were corresovondingly thinner.

Morgan (46) found that tavlocs starch, with increasing
degrees of oxidative treatment, produced pastes at a lower
temperature and wgth greater clarity. Other moéified starches
ehéwed simllar properties.

Bisno (13) stated that the neutral and alkalil starches
tended to show greater resistance to acld, somewhat greater
clarity, but had weaker gels than did pastea made from chlori-
nated starches. Felton and Schoomeyer (2L) described a method
of oroducing starches with granules that wers tnugh and reaistant
to disintegration when they were heated with water., These
starches were prevared by treatment with an acid chloride in
the obregence of laree amounts of water at a pH of 8 to 12,
When a susoension of this modified atarch 1s cooked, swelling
occurg at a much slower rate than it éoes in a similar sus-
vension of the raw gtarch., Viscosity also tends to increasge

over longer periodas of cooking.
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Bechtel (9) studled proverties of gels made from
regular commerclal grades of unmodified and modified corn
starchea. This investigator found the effect of cooking
temnerature on the nronerties of starch gels varled with the
degreer of modification. With increasing modification of the
starch, the viscosity of the hot pnasteg decressed and the
breakine strength of their gels decreased to a lesser degree.

Radley (L9) stated that the dryving treatment to which
starch 1s subjected during manufacture may affect the viscosity
of starch pastes, A starch dried sglowly at very low temner-
atureg shows greater vigcosity when made into a vasgte than

one dried qulckly at hlgher temoeratures,.

Effect of electrolytes

French (27) stated that starch eranules which have been
hydrolyzed by the actlion of aclds no longer swell in hot
wvater but disintegrate and nass ilnto solution. The acid
bresks ¢own atarch to smaller molecules which are incapable
of forming the glagt networks characteriestic of swollen
starch granu.ies,

Bechtel (8) discuesed the effect of differences in pH
on the viscnsity of starch nastes, This invesgstigator gtated
that differences in nH altered the tempnerature of initial
viacoslity rise and maximum viscoslity and also changed the

maximum viscosity values and the rate of vagste breakcdown.
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Harris and Ranasik (3?) studied the effect of the elec-
trolytes on swell of cnoarn ané whent stsrch vastes. Treatment
with 0.125 N sodinm hyéroxide during nrevaration in the lab-
oratnry incress~@ the nH and greatly 1increasgecd the swell,
Prevarations treated with 0.12% N sulfuric acid lowered the
oH and increas=d gvell onlyv glirhtly. Starch pasteg cooked in
the oresence of Lydrocklnoric acid ancd sodium hLydroxiée also
ghowed an increeacd gwell., Thes= lnvegtigatoars suggested that
EY and OY7 iona were more effectlive in increasing awell than
nthe~ 1lons s“udled. Soc¢ium chloride anéd magnesium sulfate
decrenced awelling to some extent. Cooklng steawrcheg, nreviously
nrenared with eodlam hydroxlde, showed marked decrengeg in
awell in the vregences of sacid. Thegs writers cnncluded that
thelr reanlts cmﬂhnelzpé the cornlexities involved in tle
crnotlem of the effect of electrolytes cn the svelling now~r of
etarch.

Anker and Geddes (4) renorteé from gelatinization studies
on commerciel vherst gterch susmensinng thet maxlioun pacste
vicscoelty decreaced in linear faskion wvith an ircrease in pH
from 5.2 to £,8. Schoch (50) gtated that retrogradation of
gtarch nacteg ig favored by a 1lnw pH.

Haire (29) revorted the effect of 0.1 N cltric acié at
levels of 4O, 4l 5 L9,5 per cent of the water content of the
formula on the viacosity of sweetened ancd 'insweetened starch
nestesa, Acid decreased viscoelty of pastes made vith no sugrer

and with 20 per cent sugar but had no avorecinable effect on the



pastes conteining 40 and 60 per cent sugar. The gel atrength
of the sterch nastes at all sugar levelsg incremas=ed when they
vere cooked with citric acid.

Morge and co-workers (47) added sndium clloride to pactes
mrde with flour, water, ond nonfat dry milk asnlids., Sodlum
chloride ircreased the vircosity tn some degree in the thin
nastes hut had no effect on gl strength of the thick vastes
tested. Alteration of the oF from 6.9 to 6.0 in the thick
vastes resulted in a decresse in ¢el gtrength; A rise in ovH
from €,9 to 7.7 showed no consistent effect. Thin naates were
curdled by lowering the vH from £.9 to 6.0 and at a ©H of
8.0 there was a slight but incoresistent rise ir viscosity
above that observed at 6.9 DH.

Radley (LG) asserted that certain s=21ts and alkalies
lowered specific gel volntsg of estarch. Ee found that the
vregence of the very small amount of electrolytes in tav water
resulted 1n loweriny of the viecosity of asterch nastes. Flano
(12) stated that the s0llds vpresent in tan water were sufficlent
to affect significently the conelatencles of st=rcl. nastes,
Differences in flow rate were noted whenr Adistilled water and
tan water were comnared 8s liqu:d medlum for atarch nastes,
Tkn effect of oF variation unon visconsity i not ao-near to
Pe the game for atarchee from different sources. However,
Bierno nointed out that much of the data from various invegti-
gators was rniot comvarehle because of differences in rniethods of

study. Ferree (25) found that sweetened and unewertened
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ocornstarch pastes made with tap water were more unstable on
continued cooking after maximum viscoslty was reached than

pastes made with distilled water.

Effect of starch concentration

Bechtel and Fischer (10) obgerved that the initlial vis-
cosity rise occurred at successively lower temperatures as
starch concentration was increased. The rate of rise of the
curve was more ranid, the maximum viscosity occurred at a lower
temperature, and the decrease in apparent viscosity on continued
cooking was more rapid. Anker and Geddes (4) supported these
findinge. Bisno (12) stated that with increase 1n.dry starch
concentration a relastively greater viscosity drop 1s obeerved
with continued heating and agitation. ‘This invegtigator
attributed this ohenomenon to the increased internal stress
developed from the numerous contacta'among the granules.

Katz and associates (39) reported that there was no
proportionality between viscosity of pastes snd concentration
of starch. According to Harris and Jesperson (33) the lowest
starch concentrations, on a dry baslis, gave the highest
swelling power, |

Crossland and Favor (22) studied starch gelatinization 1n
& vliscous, water-binding, dispersion medium of low golids content.
These investigators observed that the temperature of initial
swelling was more gharply defined as the level of starch was

increased. The temperature of initial swelling remained
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fairly conetant at all stsrch levels in contre=st to results
ohtaineé when water alcne was used ag the flanersion medium,
Varied levels nf sgterch oroduced a greater influenc~ on the
contoura of the curves than dié@ variations in concentraticn
of the medium,

Schoeh (50) revorted aneed of retrneradation to he
devendent on the concentration nf the sterch in the paste or
snlution. An autoclaved 1 vner cent starch gnlution remained
feirly clesr for geversl daye, vhereag a 2 ver cent golntion
flocculated overnisht. French (27) stated that dilute starch
pasies, thinned by mechanicel treatment or boiling, showed
less tendency to set ravnidély to strong gele thean did thick
starch pastes similarly treated,

Tremonel (58) concluded@ that tywnes ancd pronortions of
nther ingredients 1inclucded in a formula may influence the
concentration of starch reoguired to thilcken & given amount

of 1iauld to nronduce & vnile fillingy ~f desired conelatency.

Effect of time and tempersture

Alsrers (1) concluded from hia studies on starch that
there wag rno auchk nhysicel cconetant as pelatinization temoer-
ature, Resgulte of ris work incdiceted that there was only a
range of temneratures ov5r which initial ewelling of starch
granules nccenurred, This invegstigator stated that mnat starches
remaired swollen but intact even after hoiling for an hour,

Al sberg and Rask (2) observed that the viscosity of a suspension
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of wheet gstarch 1in weter increased gracdually over a range

of 25° to 30" C during gelatinization. These workers stated
that there was prohébly no definite temnerature of gelatin-
1zation. If the temperature of gelatinization 1s d=fined as
that voint vhere anisotropy disapneara, then it must be regarded
as the temnerature of the beginnine of the gelatinization
orocess, (elatinization temnerature, they conclnuded, couléd

not be viewed ps a8 sharo trensition point, svecific for the
varioue starches ag the meltling polnt 13 for crystalline
substenceeg,

Schoch and Elder (52) stated thet 1little change occurred
until a certain critical temnerature vas reached during the
heating of a sterch guswension., Gelatirization began suddenly
and, becaﬁse some granules swelled more slowly than othters,
continueé over a range of several degrees., After initlal
ranlid swelling, the individual granule continued to exvand
more slowly with s continued rise in temoverature, Unless
stirred vigorously, swollen granuler were not dliasrupted but
berhaved 82 Indlvidual gelled bodles, colerent and elsstic.
Autoclaving a starch naate at 18 to 2N pnunds steam preasure
for an hour or two wasg requlred for solution of the starch
granules.

Hughies sné co-workers (37) studled the effect of various
temperastures sand time nerlods on the gelatinization of cererls
and atarches from’wheat ané corn., Comnlete gelatinization of

corn and wheat gtarch wasg obtained at 100° C after the solutions



vere bolled two minutes. A shorter period of heating was
requlired when a higher temperature was used. Granulsr cereals
were not comvletely gelatinized when sublected to similar -
heating treatment.

Beckford and Sandstedt (11) stucied starch.gelatiniza-
tion with a spectroohotometer. The rate of heathg wag con-
trolled by a variatble transformer. These investigators found
that rates of reating, ranging from 2.5° to 0.15° C ver
minute, oroduced 1dentical pasting with no significant changes
in gelatinizatinn temperatures of wheat and corn starches.
Farris and Jesverson (33) stated that the viscosity of any
vparticular starch was influenced by the nasting temperature
eand the duratlion of heating. These lnvestigstors, finéing
very significeant differences between the swelling vower at
the different temveratures, reovorted that the swelling vower
increased greatly with the gelatinization temperature,

Anker and Geddes (L) studied gelatinizstion of wheat
starches with the amylograch. In this instrument the thermo-
regulator allowved the temperature to rise at a constant rate
of avnroximately 1.5° C per minute. Wheat starch suspensions,
gelatinized from initial temperatures above 45° C, gave
markedly hLigher peak viscositles than did corresponding sus-
penslione gelatinized from lower initial temperaturea. Bechtel
(8) investigated paste characteristics of various' starches
with the Corn Industries viscometer. Viscosity curves for a

starch slurry orepared at 25° C with the water bath preheated



to 92o C were comvared with those of a simllar starch alurry
prevared at 252 C with & bath of the same 25° C initial temper-
ature.  Visccsity curves on unmocdified corrnstarch indlicated
that ranid heating lowvered the temperature of 1nitlal viscosity
rise and decreased the time required to attain maximum viscoslty
after the vaste resched 90° C. With raoid heating, 2 minutes
vere requirel to reach naximum viscoslty after the paste
temperature had reached 90° C. With slow reating, 7 minutes
were reguired for naximum viscosity to be resached after the
paste temuerature was 90° C, Ravid heatinc increased the
maximum viscoelty value and resulted in a corresnordingly
higher curve fnr the remainder of the test, In all unmodified
corn and wheat starches and in the mocdlfled corn starches
teeated, higher temoveratures favored rore ranid caete break-
down; small temperature dlfferenccs also resulted in very

different viscnsglty characteristics.

Effect of fatty aclds

Whistler and Smart (93) reported that cereal starches
usually contained 0,5 to 1.0 per cent fatty aclds. According
to these.workers, these aclds are not combined directly with
the carbohydrate bHat adsorbed on the carbohydrate and may be
conmnplet=2ly removed by extraction with aqueous metnanol. Waxy
corn star:h contains only 0.06 per cent fatty material,

Bechtel (8) found that defatted corn starch differed

markedly from normal corn starch throughout its visconsity
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curve, Pastes mace from defsatied corn starch vere found to
show 1nltial viscoslty rise and maximum viscosity at lower
temneratures than pastes made with normal corn sterch, These
nagtes made with defatted corn starch also had lower maximum
viscoslty values than pastes made with ordinary corn starch,
The rate of breakdown of pastesg made from defatted corn
starch wag usually greater than that of pastes from the
corregnonding commerclilal storcn.

Bisno (13) stated that vepgetabls shorterings were fre-
q?ently added to nle flllings to lncrease tenderness and to
retard qulck-Arylng of the starch-thickened mixtur=, He
reported that addition of monoglycerol stearate and noly-
oxyethylene stearate tended to delay retrogradatinn., Accord-
ing to Schoch and Elder (52), the linear fraction of starch
forms insoluble comnlexes witnhh these polar organlc substances.
They found that the monoglycerldes or the higher fatty aclids
precipltated the linear fraction from a cooked starch paste
and thus produced a paste of increased onaclilty, which showed
short, thick consistency and almost a comnlet2 loss of gel
strength, Starch pastes cooked with polsar fatty adjuncts had
2 higher pasting temperature, retarded swelling, and no break-
down or céissnlution of the granule, Commercial corn astarch
ordinarily contains about 0.65 per cent free fatty acids
bound by the linear fraction, 1If corn starch 1a defatted by
alcohol extraction, the resulting stsrch glves a paste curve

with lower temnerature of pgelatinization and much lower
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vigcosity. The curve can be restored by introducing 1lipid
material into the defatted starch.

Jordan and co-workers (38) studled the effect of homoge-
nlzed milk uvon the viscosity of cornstarch nuddings. The
Brookfield viscosimeter was used for measurement of opasting
characterligtics. When a cornstarch concentration of three
grams or more per 100 grams of milk was used, the puddings
made with homogenized milk were more viscous when hot and
firmer when ¢901d than simllar puddings made with non-
homogenized milk. The degree of differ=nce wrns dependent
upon the level of cornstarch. Thege investigators attributed
these differences in consistency to the differences 1in the
gsurface area of the fat globules in the two kinds of milk
terted.

Morse and associates (47) studled the effect of nonfat
dry milk solids on viecnsity of thin nastes anéd gel str=ngth
of thick nastes made from flour and wnater or fluld milk. The
Stormer viscosimeter was used to measure vliscogity of thin
pasteg and the Blonm gelometer to measure gel strength of
heavier pastes. The nonfat dry milk so0lids increased the
viscosglity of the thin pastes and gel strength of the thick
vagt2s in vroportion to the amount of dry milk used. The
addition of fat to the same pastes decreased the gol strength
in the heavler vastes but d1d not affect the vlscosity of the

thin pastes,
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Effect of sucrose

In 1931 Wooldruff and Nicoll (61) studied gels of 5 per
cent cereal and root stsrch pastes. Sucrose was added at
levela of O, 10, 30, 50, and 60 grams per 100 grams of starch
vpaste, Differences 1n gel characteristics were deacribed and
nhotogranha served to record differences in nhyelcal apvearance
and outline of the gel. 1In all starches studied, each increment
in sugar concentration up to 52 per cent nroduced a gel of
more tender and transparent chnaracter. No gel was formed with
the addition of 60 ver cent sucroee,

Halns (29) revorted viscosity measurements of 12 per cent
cornatarch onuddings with sucrose added at levels of 0, 20,

Lo, and 60 ver cent by weight of the 1iquid. A sucrose con-
centration of 20 ner cent produced a oudding with a higher
vircosity than noted in the control without sucrose, Puddings
contalning this level of sucross requlired only a slightly
longer cooking time than did the control. Additions of 40

and 60 ner cent sucrose, however, oroduced pastes of progres-
sively decreasing maximum viecosity values which required
higher temneratures and much longer cooking nerlods.

Ferree (25) studled the effect of the prooortion of
sucroge on the viscoglty of corn starch pastes using different
l1iquid mediums., Sucrose concentrations of 0, 15, 21, and 27
ner cent were uaed 1n this study. The 1liquid mediums were

dlstilled@ water, tap water, nonfat dry milk solilds reconstituted
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in distilled water, and whole dry milk solids reconstituted

in distilled water, Starch slurries containing 27 ver cent
sucrose made with all 1liquid mediums required longer cooking
times and higher temperatures to reach maximum viscosity than
did the control pastes made without additinsn of sucrose.

Lower sucrose concentrations éid not consistently alter the
cooking time Qr the temperature required by the control to
reach meximum visascosity. All sucrose concentratlions apneared
to decreasge the rate of breakdown of the starch naste with
increase in cooking time. From a comnarison of the maximum
vigcoslty values of sweetened and unsweetened nastes, viscosity
avvenared to denend more on the narticular liqui® medinm than
on the sucrose concentration. In general, the results did not
show a conslistent decrease in viecosity with an increase in
saucrose concentration, ‘

Tremoel (58) stated that the addition of certain solids,
such as sugar, ralsed the vagting voint of starch. He found
that, under normal cooking conditions, a nie filling contain-
ing more than 3% times as much sugar as starch (by weight)
produced a thin gel on codoling which had a raw cereal taste,
This characteristic he attributed to incomplete cooking of the
starch. In prevaring fillings with relatively high surar
concentratinng, Bisno (13) suggested that 2/3 of the sugar be
added after the starch paste became transvarent and thick,
This writer stated that sugar comoeteg with starch for water;

at high levels of sugesr concentration the amount of avalilable
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water 18 reduced to the point at which comvnlete gelatinlza-

tlon of the starch canrot occur,

Effect nof mechanicnl sgltmation

Bechtel and Fiecher (10) concluded from thelr experiments
thet the rate of oagtling was affected by differences in
agitatinn. The rate of pagting in the éouble boller was
found tn he anonroximately douhle that in the Corn Industries
viscoreter, Differences in agltation, however, appnarently
did not alter the nature of the veating ovrocessa, Corn, wheat,
snd unmodified storchea exhlbited a gomevhat smaller chance
thean 14 nntatn and a2cid-modified corn starcher i1n aonarent
viscosity with varlatinnes in the rate of sghear,

Schnch and Elder (52) stated trat when starch naste was
subjected to vinlent shenr, as in tue Wering Blendor or by
high-oreesanre homngenlzation, the ononosinyg stresses might
actually break sluconslidic boncs rether than deatroy the
individusl micelle.

French (27) etated that dllute starch nastes mey be
thinned dy boiling or by otl.er mechanical treatment such 298
vassing thex througr a homogenlzer, Pastes which have been
treated in this manner have less tendency to set ranidly into
strong gels. .t higher concentration, however, gels are

readily formed even from thoroughly éisoersed starch nasteosa,
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Tr.e Waxy Starches

A relatively new kiné of starch extracted from waxy and
glutinous varletles of certain cereals is belng manufactured
in increasing quantities in the United States. These starches
poegess many unique characteristics and are galning acceptance
for specific uses in food preparation.

In 1999 Collins (19) reported on a new tyne of Indlan
corn from China, He gtated that in VMarch, 1908, the office of
Forelgn Seed and Plant Introduction recelved a smell sample
of ahelled corn from a missinsnary in Shenghal, China. Plants
were grown from this geerd the fonllowine geasnn and proved to
be oulte unlike Aany of the cultiveted varl=ties known in the
United Stateas or Tronicsl Americs, This new tyve of corn ovlant
gehowed a resistnnce tn dryvine out of the silks by dry, hot
vinds, The endosnerm of the grain was comnletely ovaque 8s
ononnged to the translucent apnearsnce of the common varleties
known in the United States. The texture of the endosperm
supgested that of hardegt wax, and from thls resemblance the
term cereoums or waxy endonsnerm wasg suggested. Because thls
waxy endosverm was comnletely recegslve to the horny and starchy
endosoerm of our common varieties of corn, 1lts appearance in
all kernels of the original seed indicated that the seed was
growvn in a asection of China where varleties of corn vith a
horny endosnerm were comnletely absgent,

In 1913 Collins and Kempton (20) asteated thset maize

verietlies were baged on the character of the aerd, The
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varieties with horny, soft, and swset endosperm reoresented the
only forms khown to exist until the discovery of the WwARXY endo-
sperm in a variety of malze introcduced from China in 1903,
Brink (17) explained the difference in the character of resgsrve
starch in waxy mailze from the endosserm and nollen of non-waxy
malze. He corcluded tiat both kinds of atercl. ere comnosged
of sugar unites but that tle intermedliste comnounds hetween the
volysaccharides and the sugars differed ir molecular structure
or in degree of 2asociation of trelr elementary rolecule. He
alsn nointed@ out that waxyv etarch contalred only ahout ore-
twelfth as much cnmbined organic nhosnliorus as d1é comron
malize starch,

In 1943 Sorague and assnciates (56) vresented evidence
that the waxy pene in corn was not comnletely recessive in
its Influences as Lad heen nreviously believed, These
investigators asserted that starcheas of intermedliate character-
1stics between waxy and starchy endoscerm coulé be produced.

Schoch (51) stated that vlant genetlclests have dilscovered
waxy strains of sorghum, rye, barley, and rice. No vaxy
variety of wheat hasg yet beer. found. It 18 belleved that the
waxy straln revresents a vrimitive variety which has been
completely bred out of wheat curlng its long ltistory of
cultivation. Waxy streins of the root and tuber ctarches have
not been revorted,

Hixon and Sprapue (39) steted that storches from waxy

relze and other waxy cereals stain red-brown rather than blue



with 1odine, Corn e~xhibiting these charecilericstics wasgs termed
"waxy"; rice, millet, end corghum with similar properties

were termed "glutinous", These starchegs oossess many othler
unignue oronerties, Granules fror waxy snd ordinary corn starch
avnesr allke with resnect to slze and shane, crystalline x-ray
vatternsa, and direstlion vith B-amylase, The essential éiffer-
ences in the vroovertles of waxy corn starch and ordinary corn
atsrch avpesr to lie in the molecular structure., It le thought
that these rtructural differences may be resnonslble for
differences in behAavior of pasteg vrenared from these starches
and pastes prepared from common corn sterch. Gelatinlization

of ordinary corn starch begins at sbout 64° C and continues
over a range of 200, Pastes of waxy starches show initial

rise in viscosity at abnout 70° C and orogress ur.iformly and
comvletely within a narrow range of 8°, The shape of the
latter gelatinization curve resembles that of tanicce rather
ttan corn atarch. The hot vliscosity of dilute waxy corn

atarch naster was renorted to he greater than that of tavloca
from 75° to 90° C but less reslatant to breakdown on continued
cooking (24), Morgan (46) renorteé sim!ler firdinga concerning
the vasting curves of waxy corn starch pastes.

Schoomeyer and associates (5k) etated that waxy corn
starches are almost comnletely lacking in the liresr fraction,
whereas potato, tavicce, and the common corn starches have
been shown to contain up to 22 per cent of the straight-

cralred glucose polymer. They exnlaired that the sbaence of



é

thiia gel-foromine constituent contributed tn the flulé char-
acter of pmasges mede fron bothh unnodlfled and rcdifled waxy
corn starch, Acco»ding to Whiaetler and Smart (59), starches
fram waxy varieties of corrn, enrghum, rice, borley, and millet
may contelin only emylionectin or, 1In certain varietles, un to
£ per cent amylose,

Schnnmeyer and cn-workers (54) ateted that the yield of
the oricrinal Criinese waxy corn was too lovw tn he conglidered a
comrmercial esource of wvaxy corn sterehi, Through a cooverative
brecdirg orogram carried out by the Iowa Agriculturel Zxperi-
ment Station and tte I'nited States Demartment of Agriculture
an 1moroved varlety of waxy corn was develooed in 1941. Part
of thies seed wvas nlanted in lova and vart in Indlans. Another
cuantity of onen-nnllinated waxy corn obtained from the
miversity of Nebrsska wvas nlanted in MNebrsska for the National
Starch Products Cromopary. The cron harvested from all these
lots wag contined and processed by American Malze-Products
Comrany. The gtarch thus obtained renrecentieé the first
comrmercial nrnduction of waxy maize starch in the United States,

Schonmeyor (53) etated that the croduction of amioca
(a generic term adonted by 11 mertera of the sterch industry
for waxy corn starch) has develcned at a rarid rate since its
begirning in 1947, Chemical anslysis shows that waxy corn
haa a cnnsietently higher content of oil and of water eolutle
raterial than does common corn. The amloce granule is comvosed

entirely of amylonectin, and its prooerties are very similar
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to those of amylopectin frectionat~d from common starch.
Although unswollen aminca granules arnear very mucnh like thnoce
,of common corn starchk, the two can bhe differentiated readlly
ty thelir color reaction with todine. Schnonmeyer carried out
a study of the effect of verious ar=nta on the viscosity of
amioca to determine the usefulness of the starcl., At low
concentratious, the nhot viecosity of unncdifieé amioca was
much higher than that of tauninca and eimilar to that of
potato sterch, Witl. an increase 1n concentrsation of the
starch and length of enoking time, the viacoslty of amioca
wag onlv eligrntly hilgcher Lthan that of ta<zloca end lower than
that of »notato starch., Mixtures of amiocs with cormon starch
ghoved a higrer viacosity than either amioce or common corn
starch alone in the same concentreatinn., Amlnca, tanlioca, and
corn starch nastea, adjusted to varylng rH values with cltric
acld ard allowe? to stand overnirht, were comnared for
viscosity changes. Both amloca ard taniocs showed a marked
decrease in viecosity at pH values of 5.5 or lLigher and vere
comparatively stable in the range of 3.5 to 5.0. Bot:i thinned
out at pH values htelow 3.5. Oréinary corrn starch ¢é¢i1d not

shiow sensitivity to coH chances, Liquifying enzymes were found
to breakdown amioca ané taviocsa at about ihe same rate, Common
corn atarch »nroved more resglstant to the action of these
enzymes, The addition of smlioca greatly retorded the gelling
of common starech, even at high concentrationg of the latter,

Although concentrated vastes of acid-modified aminca remalned
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soft and fluld on cooling, ordinary corn starch with similar
modification formed a brittle gel when cooled.

Schoch and Elder (52) stat~d that tapioca and waxy malze
starches produced pastes of “long", cohesive stringiness.
They found that these starches required less cooking and ylelded
clearer pastes than corn starch but gave very high peak vis-
cosities and thinned out culckly on continued cooking. The
internal cross-bonding within the waxy starch granules by
treatment with small amounte of acid chloride or other agents
eliminated the stringy onaste character and stabilized the
viscoaity. Schonmeyer and associsates (54) pblnted out that
mndification of waxy starches by treatment with acid or
oxidizing agents imnroved the oroduct for specific uses.
These starches are characterized by remarkable clarity, high
fluidity, and lack of gel formation on cooling.

Bisno (12) reported that waxy corn starch has gradually
begun to reolace tanloca for use in conjunction with corn
starch in the preparation of fruit nie fillingse to produce
desirable transparency and flow characterlistics. If used
alone in ple fillings, starches with the amylopectin charac-
terlstics cause excessive flow. For thie reason, thickeners
of the taploca or waxy malze type are usually blended with a
gel-forming starch,

According to Schoch and Elder (52), a 5 per cent paste
of waxy malze starch remained clear and fluld for long pérlods

of time; however, a 30 per cent paste hardened to a gel on
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starndirng. In & ¢ ver cent waxy starch raste, which was frozen
and thawved, thre brancred materisl was converted to an 1lnsoluble
state and x-ray diffrsacticn pnatlerrs indlcated crystalline
aesociation »f linear chalns,.

Noznick and co-workers (L8) studied tne effect of waxy
maize starch on the staling of bread in which it wae an
ineredient. Regults showed that the wexy malze starch haé a
very cetrimental effect on ¢onupl. and bread quality and wasg of
ro value in Adecreasing thrhe rate of stelinge. These results
suggeat trhat hread stalln. may be ascoclated wl%h the amylo-
rectin comnonert of the starch molecule and cenriot he comnletely
attiriruted to the retrogradation tendencles of the 2mylose
fraction of wheat starch,

Fanann and co-workera (30) made extenalve stucdles to
deterrmine nossitle factore contributlng to liqguid eeraration
in eauces and gravies suhlected to freezlinyg temperatures.

When waxy starches and flours were used as thicxening agents
for theee frozen sauces and gravies, liguld senaration uron
thawing wag s8lmnet comnletely eliminated efeven after several
morth.e of freozen astorage, Waxy rice flour waa founcd to be
tne hest thickening ajy-ent, but the other waxy flours ané
atarcheg were markedly suuverior to ordinsry flour. These
investiFataors nainted out that all waxy stsrches are not the
geme, The drirree of breanchines N{ waxy rice starch lies

hetween that of ordlrary amylanectin aré glyconeren., The

repaylta of thece gtudifa may reflect a gr-ater anount of



branching in molecules of waxy cereals than in mnlecvles of
common cereals, The recsults further suggest variation in the
extent of brenching and@ molecular size of the amylonectin
nresent in the different waxy cereal starches. The instablility
of the thawed sauces adneared to be agsocliated with the amylose
fraction of the starch molecule and, to a legser extent, with
the moleculsr size and degree of branching of the amylopectin
fraction,

Hanson and associates (31) revorted the effect on the
stabllity of frozen »nuddlngs of suhstituting waxy rice
flour for corn starch and for part of the egg in frozen
custards of both soft and baked varietles. A definite imorove-
ment was observed 1In the stabllity of the thawed "mddings and
soft custards containins waxy rice flour as all or nart of
the thickering agent. Thore ovudcings and custards contalning
waxy rice flour stored at -10° F ahowed greater gtebllity after
long atorage neriods than @1d nuddinge ané cuatarda atored at
0° F, Liould separatinn in baked custards subjected to freeczing
wvag not orevented hy using wexy rice flour asg part »nf the
thickenins agent,

Davis and co-workers (23) orenar-d nastesg and thickened
carrot snung with ordinary and waxy cer=sal starcohesg and flours
as thickening agents. ‘Thes= vrodiucts were canned, autncleved,
and stored at room temperature, The waxy starcres and flours
apneared to vrevent retrogradatinon and liquld senaratinn in

these canred food products. Thre rerulils of thess inveatlgators
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branching in molecules of waxy cereals than in molecuvles of
common cereals. The results further suggest variation in the
extent of brenching and molecular slze of the amylonectin
present in the different waxy cereal starches. The instability
of the thawed sauces anneared to be associated with the amylose
fraction of the egtarch molecule and, to a leaser extent, with
the molecular size and degree of branching of the amylopectin
fraction,

Hanson and assoclates (31) renorted the effect on the
stability of frozen nuddings of substituting wsxy rice
flour for corn starch and for part of the egg in frozen
custards of both asoft and baked varietles. A definite imourove-
ment was obgerved in the stebllity of the thewed »uddings and
soft custards containinc waxy rice flour as all or part of
the thickering agent. Trose vuddings and custards containing
waxy rice flour atored at -16° F ahowed greater gtabllity after
long storage verionds than d1é nuddinge and cuatardas atored at
0% F. Liguld@ separatinn in baked custards subjected to freezing
wag not nrevented by using wexy rice flour as part of the
thickenins, agent.

Davis and co-workers (23) orenar=d nastsg and thickened
carrot souna with ordinary ané waxy cereal starches ané flours
as thickening agents. ‘Thes= vroducts were canned, autocleved,
and stor=d at room temperature, The waxy starches and flours
apneared to vrevent r=trogradatinon and liquld senaration in

trhese canred food products. The rerulis of these investilgatiors
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branching in molecules of waxy cereals than in monlecvles of
common cereals. The results further suggest variation in the
extent of brenching ané molecular size of the amylovnectin
present in the different waxy cereal starches. The instability
of the thawed sauces apneared to be associated with the amylose
fraction of the starch molecule and, to a lesser extent, with
the molecular size and degree of branching of the amylopectin
fraction.

Hanson and assoclates (31) renorted the effect cn the
stabllity of frozen »uddings of substituting wasxy rice
flour for corn starch and for part of the egg in frozen
custards of both soft and baked varietles. A definite imorove-
ment was observed in the stabllity of the thewed »uddings and
goft custards containinc waxy rice flour as all or part of
the thickening agent. Those nuddings and custards contalning
waxy rice flour atored at -10° F showed preater atebllity after
long storage neriods than di1é nuddings and cuatarda atored at
0° F, Liguid sepearatinon in baked custards subjected to freezing
wvag not nrevented by using waxy rice flour as part of the
thickeniny, agent.

Davis and co-workers (23) orenar=d nastsg and thickxened
carrot snung with ordilnary and waxyv cer=al starches ané flours
as thickening agents. ‘These prodicts were canned, autnclaved,
and stor=d at room temperature, The waxy starches and flours
appneared to orevent retrogradation and liquld senaration in

these canred food products. The rerulis of theges investlgators
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sugiregts that the use of starches from waxy cereals mav find

increaaing avnlicetlon in food oreparation,
Objective Tests for Cooxed Starch Pastes

Various objlectlve terts are annlied in industry for
evaluatinon of etarches for specific uses. Thess tests involve
the meagurement of colloidal paste pronerties such as viscosity,

nlasticity, and g=1 strenegth.

Viscoslty measurements

Industry hags develoned several methods for mepsur-ment
of viscosity in hoth hot and cnld starch pastes. Several

of theae prncedures are degcribed on the followling pages,

Scott test for hot paste viscosity (40)., This test 1is

extensgively vused to determine Lot vaste viscosity of starch
nastes, A quantity of starch at known oH is stirred to a
slurry with 280 cubic centimeters of distilled water in a
German-sllver beaker. The starch 1s gelatinized by vlacing
the beaker and contents in a bolling water bath., The paste

ie gtirred mechanicslly and heated for 15 minutes, At some
definite period of time orior to 15 minutes, 200 cublc
centimeters of the paste are transferred to a Scott viscosity
cup, also in the bolling water bath. At the end of the totsl
hen;ing time of 15 minuteg, the ovlunger valve which closes the

orifice on the bnttom of the cup 18 raised and the time, in



reconds, 18 noted for a gilven volume of naste to 311 1into =
graduated cylinder, The snecific 3Scott teet viscosity of the
atarch under consglilderatinn 1s measured in terms of the time
reanulired for a gnecified amount of oacte to flow from the test
cuo,

The measuremenrt 1s one of relstlve viscosity in the sensge
that standn~d starches are uced tn get un vermisgible limits

of variation of the atarcheg tn he tesgted.

Stormer viscosimeter (L"), Thls test may bhe used to gnod

advantage in evaluating cold paste body. The stsrch is
gelatinlzed hy heatiny, for 15 minutes in s water “ath., The
naste 15 then placed In a constant temnerature water heth,
nreferably 252 C, in a closed container, At the enéd of a
definite acings peridd, any surfece skin 1a carefully removed
and dlecorded., The remaining naste ls very gently stirred
with a spatula for several geconds and then transferr=d to
the cun of the Stormer viscosimeter. The Storme» viecosimeter
1a comorisged of A cylinder immers=2@ in the tegt peate which
1s contained in a metsl cu»n surrounded by a water bath., The
immersed cylinder ief rotated by a free-folline welght acting
through a gear-and-nulley system. The time, 1in seconds,
necessary for a 7lven welcht to produce a certsin number of
revolutions 1s taken as a8 meacgure of cold naste hady. The

revolution counter 15 a part of the instrument,



L1

MacMichael viscosimeter (LO), This instrument may be used

for messurement of c¢c2lc¢ vaste bodv. The avonAaratus conslsts

of a cylindricnel cun, in whiecr the starch naste 1s nlaced,
surrounded by a bath with an electric heating device to
regulate the bath temnerature. The cun ané bnth rotote at
constant spveed, A gecon® cylinder i1s susnended in the nagtle
by means of a torsion wire, Tne twist that develovs in the
torsion wires 1s read by noting the nnsitinn of a fixed oolnter
in relation to a moving scale mounted on the torsion wire,

The instrument le gu»nnlied with several interchangeable
torsion wires to vermlt measurement of a wide range of

viscnagities,

Hoeonler viacosimeter (L0), Thig irstrument involves the

use of a nrincionle éifferent from that of the Stormer and the
MacMichael visgcosimeters, Meagurements ar~ made of the tire
required for a given welght to fall, in vertlical motlion,
through a measured column of vaste. The column 1s surrourded
by a constant-temnerature bath so that, with only slight
modificetion, the lnstrument can be sdapnted tn the messurement

of hot peste viscosity as well as cold oaste body,

Caesar consistomet=r (L0O), This avoaratue records a con-

tinuous hlstory of pvasting charecteristics of the starch over
the entire reriod from the time gelatinization starts until
the paste 18 cooled to a given temnerature, The essentials of

the method described by Caesar are to susnend a standard
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paddle, connected by a shaft to an electric motor, 1n»§ beaker
containing the starch slurry. The latter is surrounded by a
heating bath, and the temperature of the bath ls raised at a
regular rate. The paddle and the motor move at constaqt sbeeds.
Changes in the viscosity or paste body are indicated by'the
differences in the electrical input to the motor necessary to
maintain a constant sveed of agitation. After the starch 1§
cooked, cold water may be introduced into the bath to cool the
paste,

Ceegar and Moore (18) reported that this apparatus 1is
only sensitive to starch concentrations of 20 per cent or
greater, The degree of degeneration of a starch is revealed
by the form of the curve, on whlcﬁ paste temperéture.la~
nlotted against the net power in watts required to maintain

a constant stirring speed.

Brabender amylograph (4). This instrument is & torslon
viscosimeter which automatically records the resisf#nce to

shesar offered by a flour or starch suspension as the temper-
ature of the susoension is increased at a constant rate. The
cylindrical, tinned-brass bowl in which the suspension 1is

placed contains eight fixed, vertical pins and is rotated at

a constant rate in an electrically heated air bath by means of

a synchronous motor. This motor also operates thé kymograph

and the device for controlling rate of temperature incresse,

The measuring device consists of a circular, metal disc to which

are attached seven metal pins. The frictional resistance exerted
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aas the bowl r»otates around the diec cepuses the free-moving
nins to rotate on their centrol axls. The torque 1ls trans-
mitted through the centrel sheaft and colled wire s~ring to

the recording torsinn balance.

-~

Corn Industries viscometer (L1, 7). This instrument was used

by Pechtel in testing various corr etarches for the corn
incdustry. It nrovides for a continuour record of viscosity
chanpes during cooking of starch nastes, The starch elurry
to be teated 1g nlaced In a stalnless ateel neaker immersed
in a thermostatically contrnlled 1llguléd bsth, A synchronous
electrlc motnr drives the atirring mwechanlem at a constant
goeed, The gtirrer is constructeéd witn scraners to remove
pasted starch from the walls of the container, This mecharism
¥epeps the Taste egmootn arnd of wunifor: temnerature througrhsut,
A vroneller 1s senmarately mounted within the hollow shaft of
trie scraper. The resisgtance which tle nroneller meets ag it
turns in the vagte 15 the basls for notirg viscosity changes
end 1s indenendent of eny internal frictlon encountered by
the ecraner hlades coming in contect witr the walle of the
conking vegsel, The force trus encowntered 1s transmitted
throurh the gear differential to the drum and the dynamometer
and recorder, A pen attached to the dynamometer traces the
record of viacneity clenges on a gstrin-tyvpe recorder. The
recording naner moves at a sneed of one-kalf inch ver minute,

flving a2 contiruous record éuring the cooking period, The
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welipght arm of the dynamometer alone hss a torque at full
scale of 225 gram centimeters above that of water. Adcditional
welghts are proviéed to extend the range of torque values
which can be measur~d, A therrometer 18 inserted@ through the

condenser cover into tlre peste to obtain temperature readings.

Line-epread tests

Two 1nvestigators Lave decscribed procedures for the
determination of flow proverties of hot and ¢nlé starch pastes,
Thege tests invelve the measurement of spread of a glven
amount of material when released from A molé¢ tn flow on a

flat surface,

Grevemeyer and Pfund teet (28), For this test a flat glaas

plate i1s ©laced on a level gsurface; beneath the nlate 19 a
dlagram of concentric circles avaced 1/8 inch arart and
numhered in order of size., The smallest circle with a diareter
of twn inches 13 not numhered., A hnllow cylinder, the exact
dlemeter of the smalleat circle, 1s nlace® nn the glass plate
directly ahnve thie inne»most circle, Tre cylinder 1s filled
with the material to be t=gted ana leveled vith a spatula.
The cylinder 1s then carefnully 1ifted and raterisl allowved to
scread for exactly two minutes. At the end of tnls period,
readinge are tsken at four widely eenarated voints thrat mark
the 1ixrits reached by the substance. The average of the four

rendings 1s recoréed as the line-sguread of the samvle,



Miller test for cnld peate flow (45). Tils tecknlgue was

develcoed for objlective measurement of flow of a cut sample

of ple fillingy, For this test a glass nlate 12x12x.25 inches,
from which & circle 9.375 inches in diameter hsd been removed,
wag fuperimrnosed vvon a second glass vlate of similar dimen-
gaions but without the circle removed, The two vlates were
bound tocether by four rubber bands. A metal molé, nine inches
in dlameter, was devised@ from a standsrd baking van with a
circle seven inches in dlameter removed from the bottom. The
pan was inverted and nlaced within the cut-out area of the
unner glass nvlate, A samnle cutter was constructed with a
dlameter of 3,125 inches ané a height of 1 inch. An outer
banc of metal .375 inches wlde snd .0625 inckes thick was
velded one-fourth incl: from the too edge of the cutter to form
A bage for the exvansion band., A round, stainless steel
exnanslon band, constructed with a dlameter of 3.25 inches and
e helght of .75 inch, was mounted 1ln place so that it rested
on thre thickiiess of the outer band of the ssmple cutter,

Three vints of hot filling were doured into the large
metel mold adjusted on the double glass plates. The opening
wag covered with a double layer of absorbent paver and an
outer layer of Saran Wreo, The voured molds were allowed to
cool at room temverature for a gvecifled time neriod. At the
end of the cooling period, the rubber bande were severed and
the coverings removed. The cutting edge of the samDle cutter

was lubriceated with salad oll, and one sample was cut from



tre center of the mnld of fillinr, The unner glacs Dlate and
the metal mold were ther removed. With the cutter still in
nogltiern, the excess filline wasg remcveé from around the edges
and the glase tlate wired@ clean., The exovansincn band was then
removed from the cutter and the sample leveled to 2 constant
éevtr of 1 inchr, the height of the cutter withnut the exvansion
band. Tle cutter was ther renoved end the samrle released to
flow. Each samrle was vermnit.ed to flow 90 minutes before
resgur<ments were taken,

The ima,e of the sample was recorded bty exonosinyg the
samnle on the plaes vlaile, nlaced over A sheet of light-
gengitive vaner, to a nhotoflood lamn nlaced in nositlion 12
inches ahnave the samnle, Imagreg were then develooed on the
narer witl ammonla fumesg, and thelr aress were determined by
measurement with the comnensgating polar planimeter, The
amount of flow was deternined hy gubtracting the area of the

cutter from the ares cof flow of the cut samnle,

Gel strength teste

Kerr (40) stated that gel strength of starch nastes heasg
been mea2gured hy a variety of ingtruments tased on céifferent
orincinles and invonlving measurement of different character-
1stics in m» gel. Snme of the ingtruments emvloved in practice
are the rigidometer, venetrometer, and Tarr-Baker Jelly tester.
These instruments mey meessure rigidity, elsasticity, resistance

to cutting action, or s comblnation of tkese charascteristics,
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Tarr-Baker jelly tester (L0O). The princinle of this test for

gel strength is the gredual annlication of oregrure to a
plunger, of known area, resting upon the surface of the gel,
The sample to be tested 1s cooked in =2 boiling water bath for
30 minutes. The paste 18 cooled quickly and sufficient water
1s added to comvengate for moisture evanoration. The vaste
18 ooured into aluminum moisture dishes, covered with a light
f11lm of mineral oil, and placed in a water bath at 20° G for
1 hour. At the end of this aging period, the 011 1s éralned
off and the dish 1s vlaced under the plunger of the tester,
With 500 cublc centimeters of water in the Tarr-Bsker Jjelly
testing Jar at the start, the flow of water is adjusted so
that the manometer column risee 60 centimeters ver minute,
The manometer 1s read the instant the starch Jelly breaks.
Tests are made in trionliceate and averaged., The g¢Pl gtrength
is reoorted As the height, in centimeters, reached by the

liquid in the manometer at the bresking noint of the gel,

Exchange Ridpelimeter (21). For thls test, paste batches are

made using identicel formulas and cooking perinds. Jelly
glanses are orovided with paper-strip extenslons acting =s
sideboards: Contsiners are filled to cavaclty, covered, and
set aside for 18 to 2L houre. At the end of the aging veriod,
the vaper strips are removed and the exposed gel 1is sliced
level with the rime of the glasses with a tightly stretched

wire. The gel in the glass 18 then unmolded in an inverted
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vosition on a circular glass nlate, The onlate 1s placed on
the bage of the tester and the gel centered under the point

of the micrometer. The voint ir made to topch the gel surface
by carefully turning the micrometer head and watching for

the firet sign of contact. At this point, the sag 18 read

to the nearest 0,1 ner cent. Thls tegt measur=s rlgidity of

tke cel in terma of nercentage of sag.

Saare d1sc method (4C), Thie test was among the first

oroooged for the evaluation of a coléd naste. Kerr described

a modification of thilae method which he hLas used in research.
Thie starch naste 18 cnoked@ in a manner similar to that de-
ecrihed for the Scott test, The vaste 18 noured into a glass
veggel to a édefinite level, A clrcular metal dlsc of known
diamet=r 1s suanended Iin the vaste by means of a metal rod
connected to the center of the urnner asurface of the disec. The
metal rod, which 1s crooked at the ton, 18 hung over a har
vhich rests on the top edire of the vessel holding the paste.
The lenuthq of the rod p=ronits lmmersion of the cdisc in the
paste to a deotl of three centimeters. A thin film of light
011 1s rlaced on ton of the paste and the vessel and contents
nlaced@ ir 2 constant temperature bath of 25° C and held for

2L hours. At the end of this tire the vessel is removed and
placed on a bricdge over one van of a large but sensitive beam
balance. A hook rsusovended from the beam of the balance engages

the croo¥ of the rod. 8Small egize shot are added at a fixed
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rate tn the other pan, and the welght of shot 1s noted at the
tire the disc fracturesg the gel. The weleht of the shot
measured, less the welght of disc and all connectinns to the
beam balarice, dlvided by the exact area of the lower surface
of the dlac is taxen sgq gel strength. The rezult is exoregsged

in grams ner squere centimeter for a given concentration of

starcth.

Fuchs penetrometer (L), According to Kerr, most of the

various venetrcmetere wrich have been nroposes¢ for use 1in
messurling gel oroderties are not sufficiently sensitive to
Alstinguiah betweenn the various grades of acld-mocdifled
industriel atarcres. This wvriter statesg, however, that the

instrument conetructed by F.W. Fuchs 13 sencitive and accurate,.

For this teat, the naate 18 cooked ag in the Scott test and

’
nlaceéd immediately in a cloged, wide-mouth container for
eatorage in a cnnetent temmerature bath, At the end of the
agine neriod a %-inch layer of the gel 13 cut off ané dle-
carded, The rlunfer, whiclr coneiate of a gharrered, highly
nolighed, metal tube, la sd)ucted to rest on the surfece nf

the nrenared gel, A welght 1s imnosed on the nluneer in a
recentacle on ton of the rnd attached to the ton of the onlunger,
The nlunger 1s relenced and the time, in seconds, required

for the nluncer» to ¢1t irte the =1 up to2 certasin dentr ig

noted,



50

Recording gél tester. Hjlermstad (36) described s ygel tester

-deslgned to utilize the embedded disk method proposed by Saare
and Martens for measurement of gel strength. The gystem 1s
compoged of a device which lovers, at a constant rate, a gel
containing an embedded disk which 1s attacled by a cord directly
to a dynamometer cepahle of regletering the deslired range of
~Jorce. As the gel 18 slowvly lowereéd, the dynamometer reacts
uoward with a continuously incressing force on the digk until
the yleld polnt of the g=1 18 reached, The motlinon of the
dynamometer 1a transmlitted to a chart-recorder mechanism to
oroduce a8 continuons curve defining the apnlied force, the

-

deformation of the gel, and yleld-onint of the gel,
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PROCEDI'RE
Selectlioan of Formula

A fornule whlch contsined trhe Ingredientes commonly found
in sinnle, nuddling-tyne cesserta was gelected for thls study,
The vrooertions of ingredlents vere defined after a oreliminary
examinatinn Nf etnndard recines foar cornstarch tyoe ouddines
ard rnie f1l1lirnce, Pranorticne of the indivicdusl ingredients
were hnaed nn atendard formulas hat adjusted tn yileld a finished
nradnct which had hot nasgte viacnsitliesq within the range of
sengitivity of the conking and recording instrument usged,.

¥arv nf the reclner reviewed innInded epie ag an imnortant
ineredient, 1In additinn tn contributing to flavor and nutritive
value nof a product, egp nrotelinae nrnduce a definite thickening
effect when coesgrillot=d by heat. Becaure the thlckenings offect
2f tr.e combination of starches was the major factor under
consideration in %this lnvestigation, ewgs were omitted from
tne formnula n=sed in this study. A blanc mange tyoe of nudding,

very satisfactory 1n conslatency wes obtaln~d without trem.

Starch concentration

— e e e - = .

Several different sterchh enneentrations were used in ore-
Imiriary cnoking trimsls, The vronortinn nof gstnarch in eimnle
hlanc manyse was found to vary from 5 to 11 ver cent of the
wveight of the liani?, Iower vroonrtinns of starch vwere ured

In mnst nudding recines which Included egys.



Durines the nreliminarvy neriod a 5 ner cent etarch concen-
tration woa tested in the cooking instrument, Theae 5 ner cent
starch naates vers gnrewvhet thinner then deaeirebls {or rudéing
mixtures and replgtered in the lowegt limits of the range
detectable by the recorcing anonaratus., Starch concentretions
were incwveszed nntil a deglrable consigtency wag obtalred., A
total atarch c¢oncentratinn of 6,7 ner cent was finally selected

for tnis study.

Sucroee concentration

The concentration of sugar in the pudcéling and onle filling
recines varled from & to 27 oer cent of the walgnt of the liquid.
A sucrose concentratinn of 1) ser cent was arbltrarilv selected
for tiils atudve This 2mnint wes lowver than found in many »nrevious
atudleg but anveared tn be gufficlent to yileld A simnle ondding

nf accentable aweetnesgs,

Lignid medinm

Mnet nuddling reciner require some form of milk as the liquid
ineredient. At the nresent time dry milk solids are recommended
ag an econnzlical and nracticel renlacement for fluld milk., The
sllght variations in the comnosition of rresn fluld milk, even
vhen obtalned from the game gource nf sunoly, conld introduce
uncnntrolled varlables during the ecourse of an extended gtudy.
Dry milk snlldas of known composition, obtalned from the same
nrocegeling run, cen be atored for use throughout the study.

Whole dry milk solids were selected for use ln the formula for



thlie study. These sollds were reconstituted in distilled water
in the orovortion of 12.01 per cent of the welght of the water
in the formula. This percentage was consistent with the comoo-
sition of 80lidés in whole fluid milk, DPistilled water was used
because of the variation in the mineral content of tapD wéter.
The oregence of electrslytes in tap watsr hasa Deen shown to

have » definite effect on the gelatinization of starch nastes,

» Sslt concentration

The proportinon of salt used was based on a creliminsry
check nf formulas, snd the level was arbitrarily set at 0,217

ver cent of the welcht of the liquid.
Bagic Formula

The percentages of all dry 1ingredients in thls study were
baged on the welght of the distllled water. Welghts of 8ll in-
gredients in the formula, bhased on vredetermlned percentege
relationshing, were calculated to yield bstches of adproximately
one liter, the capacity of the beaker in the cooking instrument.
The welchts and percentages of all ingredlents, excepnt the
etérchee, remained the same in the preparation of all starch
slurries, The totsl percentege of sterches remained constant
in nii slur£1ES. How;ver, the provortion of the starches consti-
tuting this tots1l varied in ovrogresslve stena, The kind and

provortinn of starch or starches useé to make uo the total

amount were the sources of variation in the study,



The baceic formule wnes nmpg follows:

Inecredisnts Welcht Per cent »f 1icuid
(rrams) )
Diatilled wataer 870.0 100.00
Whole drv milk anlicde 1nt .5 12.01
Sugar 37.0 10.0N
Salt 1.9 217
Tntal atsrch 58,29 6.70

Veriationns

Tne ovurvose of this study was to detearmine the effect of
using s comblinatinn of corngtarch and a modifled waxy mnlze
starch on the ot paste viscoslty and cold naste flow of
pudcling-type deggserts, The tl.ickening sazents used included
oréinary cornstarch anc twn waxy rmalze sterches reprasenting
different degreeg of mncificnti~n, The modified wvaxy nalze
etarchee were Capigroted by tihe trade nemes W-13 and Amaizo
"LNO", Both of the mndifled atarches unde»yn a certaln degres
of treatment duriny nrocessings from the orlglinal raw waxy
malze etarch (L), During menufacture the raw wexy maize
gaterch 1s treated with an acld chlnride with vwlich 1t 1g very
resactive in the preacence nf watar, This trentment reduces
the 1long vaatinegs charscter of the raw gtarch, The W-173
starch undergnes eclightly lesa treatment than the Amalzo
""_uooll .

¥ach of these mnodified waxy malze starches was used in

combination with cornstnarch at sneciflied nercentages of the



total starch concentration. Serles A consisted of varying
percentages of cornstarch and W-13 and Series B consisted of
similar variations of cornetarch and Amasizo “400O", One
variation using cornstarch alone was'preoared as 8 control,
The amnunts and percentages of the gstarches making uo the
cochbinations in the tvo geries are shown in the followlng

tables.

Tahle 1, Starch comnoaitinn for Series A,

Corrstarch w-113
Variation Gm. % of total sterch Gm, % of total starch
1 58,29 100 0 0
2 15,38 99 2.91 5
3 L2, L4 90 5,93 10
L L9, 55 85 8.7L 15
5 LE, 63 80 11.66 20
6 L3,72 75 14,57 25
7 Lo, 8o 70 17.49 30

Table 2. Starch composition for Series B,

Cornsterch Amalzo "LOO"

Variation Gm, % of total starch Gm. % of total starch

1 58.29 100 ' 0 0
2 55.38 95 2.91 5
3 52.,L6 90 5.93 10
L L9,55 85 8.74 15
5 Lg, 63 80 11.66 20
6 L3,72 75 14,57 25
7 Lo, 80 70 17.L9 30




Prenaration of Formula

Ingredients

The cornstiarch was obtalned from a single 100-oDound bas
from the Univereity Food Stores. It was stored in a covered
container at room temoerature. The waxy malze sterches, derig-
nated by the trade names W-13 2nd Amalzo "LOO", were guonlied
by the American Msize Procducts Comnany and were stor=d at roon
temperature in tne lined bhaga in which they were ghinned. These
bags were placed in covered containers. All remainine dry
ingredients were obtained from the Food Stores, The granuliated
sugar waa nlaced In a covered contalner and kent at room temner-
ature. One hox of 10dlzed salt wes designated for use in this
atudy and kent at room temneroture, Wrole dryv milk snlids*, man-
ufactured by the soray drying nrocess by the Borden Milk Company,
were'obtainod in five-nound sealed cernsg, The comnosition nf

the whole dry milk solidsg wae aa followg:

Butterfat --- 28,0%
Milk sugar -- 27.7%
Protein ----- 26.5%
Minerals ---- 5,8%
Moisture ---- 2,0%

Freshly distilled water was uged as the llguld medium
for reconstituting the milk snlids in all renlications. The
distllled water was keot in a stoovered glass Jjug and stored
at room temperature.

All dry ingredients were weirhed out in advance. A

trivle-beam balqnce, accurate to 0,01 gram, was used for

*Parleac



welghling hoth the cornstarch ~and,the waxy malze starchesg. The
atarches were welixhed on sausrec of atiff white vaner from which
they were eagilv removed to the storege contalnersa. All other
dry ineredients were welghed on a Toralon balance on squares of
wax vaner, A ruhber gcraner wag used to aid in comolete removal
of all materlal)l from the wax peper. Sugar, snalt, and starches
for the individusl variatinne were combined and nlaced in nlastic,
molsture proof storage contalners and covered with tightly
fittineg 11cds. 1Incdividual welghings of whole dry milk solids

were atored separatelv in similar storage containers and the lids
vere aeraled on with freezer tane., Distllled water was weiched
out in A 1-1liter glass besker on a Harvard Trin asingle-beam

balance at the time of each exreriment.

Mixing procedure

Care was takXen throughout the experiment to standardize
all orocedur=s3, From preliminary trisls the required time for
combining and nourlng slurries was determined. A time schedule
for theese procedures was outlined and followed throughout the
gstudy. Threr revlicstions were orenared of each variation.

The distilled water was éravn and 870 grems welghed into
a 1-11ter heaker, This heaker was then immersed in s bath of
warm toap water where it remained until the temverature of the

diatilled watepr reached L1° C. When thls temverature wasg



attained, aonrnximatelv 1/3 of the distilleAd water was doured
intn a 290 cc glass heaker. The whole dry milk enlids were
snrinkled on the gurface of the remaining 2/ of distilled

water which had been removed from the warm water bath. The
mixture was stirred witn A nearrow rubber scraner Lo remove

lumna and allowed to stand for 15 minutes, stirring occasionally,
to dissolve the milk eolids comnletely.

Duriny thlis neriod the mixture of starches, sugar, and
8alt wag tranaferred tn a l-llter graduated glass heaker,
After the milk snlicds were disgolved the final sten 1in combhin-
ing ingredients wns begun, Only enonugh of the reconstituted
milk anlids were added to mHlsten the féry Ingredlents. Thre
mixture wasg stirred vigorously with a narrow ruhber scraner
to nroduce A esmonth naste., When the slurry was free frnnm
lumns the remaining milk wns added and the mixture blended
vell, Half of the distilled water set aglde was then used to
rinaes the heaker from whicrhh the recnnatlitiuted s80lics were
noured, The temnerature of the mixtur= at this nolnt was
13,6°% 10 ¢, Tris temnerature was achleved by the previous
ad Justment of the temoerature of the dlstilled water and the
maintenance nf a time achecdule for combining insredients,

The motor of the stirring mechsniem 1In the viscometer was
then turned on, and the glurry wss immedlstely poured into the
preheat=d cooking container in the Corn Industries viscometer.
The besaker wasg rinsec¢ with the remalning distilled water and

these rinaings adcded to the mixture in the conking beaker,



The entire mixing and vouring prncegs reauired a veriod of
four minutes. The condenser cover was then renleced and the

motor of the recordéing device switched on,

Cooking nrocedure

The Corn Industries viscometer, described in the review of
literature, was used for cooking the starch puddings and for
recording viscosity messurements. Fleure 1 shows a cross
gection diagram of the Vviscometer.

Bechtel (gs recommended that stancard sveed of the stirring
" mechanlsm be used during the gelatinlzation of starch. Standard
stirring sveed was used throughout this investigation. His
recommendation for a chart speed of one-half inch ner minute
was also followed.

During th» preliminary trlsls in this study it was found
necegsary to extend the range of the welcnt arm on the dyna-
mometer by adding the specified welght to inerease the toraue
range to 900 gram-centimetera, This additionsl weirht was
required for the entire series. The recoréing chart used in
this study was scsled un to 225 gram-centimeters meking it
vossible to resd toroue vealues dlrectly. The additlonal weirht
used in this estudy required that the torgue readines bhe
multiplied by four to obtain the corr=ct values,

A temperature endooint of 950 C wag gelected arbitrarily
for the pastes in this sgtudv, This assured attaining a record
of th? meaximum viscngity of the paste, To achieve this opaste

temperature, a bath temoerature of 100° 219 G was necessary.
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Figure 1. Sectional Drawing of the Corn Industries Viscometer.
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Becausge a bath of distilled water alone evanorates excesslively
st this temneratur=s, a glycerol-tyne of permanent antifreeze
vag combined with an equnal amount of water fHSr the bath. The
thermogtat was adjusted t» malntaln a constant temperature of
the bath. With this tyoe of bath some evenoration still ocecurs,
and 1t wae necessary at intervals during the investigation to
add more glycerol-water mixture to the hath., Theses comnonents
were c¢nombined usgling speclfic gravity determinations to obtsin
the desir~d concentration of each.

Previnus tn each conklng veriod, the stainlegs steel
beaker, stirrer and condenser cover wera nlaced in noeition,
The viee meter wae then nlupged in to begrin heating. A temper-
ature of 702 C inside the cooking container and a bath temper-
ature of 100° C were reached before the slurry vas noured and
cooking wag hegun,

The temnerature of the nudding was recorded at l-minute
intervals throucnout the cooklng verind from the thermometer
Ingerted into the vaste throurh a rubber stonver in the conden-
ser cover, As soon as tne temperature of tne cooked naste
reached 950 C, the mechanical stirrer and recording mechanism
were turned off and the beaker containing the coonxed pudding
wag removed at once., Four semnles were »noured lmmedliately
into the aneclilally desleneé metal molds adjusted on doubdle
glass pletes. These molds, which holé apnroximately 7/3 cup
each,were filled sbcut level with the ton. A veriod of 1%

minutes was required to remove the beaker from the batn and
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pour the four samples, The vuddéing samnles were covered with
a circle of absorbent paver 1n addition to an overall covering
of Saran wrao which was pnlaced over the ton nf the sbsorbent
paper and the edges were pressed firmly to the uvver glass
6lnté. The glaass nlateg were numbered with a red wax vencil

in the order in which the mnlds were noured,
Teasting Fquinment

The testing equloment used for messurement of cold naste
flow was a modification of the methnd used by Miller (4i5),
A glass plate 12% x 12" x %" from which a circle of 3.5" in
diameter had been removed was superimnosed uvon a gecnnd gl=ass
plate of the same dimensions without the circle removed. These
two plates were held together by the meang of four ruhber bands
stretched over each of the four edges. The mnld was a circular
metal band of stainless steel, 3.5" in diameter and 13" deen,
with one edge rolled. This mold was olaced wlth the relled
edge up within the cut-out area of the nover glase nlate, A
round metal ramnle cutter was constructed with s diameter of
3 1/8" and 8 height of 1". An outer hend of metal 31/8" wide
end 1/16" thick was welded £" from the top edge of the cutter
to form a bagse for the exvanslon band, A round metal exvansion
band was constructed ﬁith a diameter of 334" and a helzht of 3/4",
When mbuntediin vlace, the exnansion band rested unon the
1/14" ridge formed by the thickness of the outer band of the

sample cutter,
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Testing Procedure

After cooling at room tempmerature for a period of one
hour for the first 2 samoles and thres hours for the 1lerst 2
gamoles from each bstch, the semples were cut and line epread
mearuremente made. The gamnles were handled consecutively 1in
the order in which they were voured initlally. The investi-
gator orenared the first sample 2nd released it to flow,
during the veriod of flow for the first semple, the second
samnle wag nrenared for releage, Esch comnlete testing nroce-
Aure reouire@ eleven minutes; but with the overlen of time in
Fandling the sampnlee, the two tests were comnleted within a
fifteen-minute veriod, The second sample was readyv for flow
meaayrenerte exactly four minutes after the first sample.

To vrepoare the samvlee for testing, the vaper coverings
were removed gently from the ton of the mold., Care was taken
to orevent any mnlature condensed hetween the two layere from
dronniry back on the garnle, The cuttling edge of the samnle
cutter wes luhricated with salacd oil and wiped free of excess.
Tries procedure wane nececsary to prevernt materlel from sticking
to the sldes of the cutter. The cutter was then pressed
firmly down 1nto the center of tlhe molded pudding. Tnhe cutter
wag helé firmly in place and the moléd was removed., The rubber
bands were eninved with sclasors, and the upver glaess plate
gently withdreawvn, Excess materisal vae remcved from around the

edge of the cutter oné the lower glaas Dlate was wined clean,



Tre nunner exnanslcn band waa then detached and the samnle vwasg
leveled with s atreaicht-edge knife, The glass Dlate wasg apaln
wire¢ clean, Tne cutter weg then 1ifteé and the camnle wasg
nlloved tn flow freelv for five ninuteg,

A photnflood larmn with a No., 2 bulb was mounte¢ on a
rincetand 12 inchies o2hiove the vyover eurface of the glass plate
Eolcding the eamcele, After the S-minute flaw neriod, a sheet
of Tecnifax Diazo blue line vaner, which 1s liyht-cenglitive,
vaa nlaced Airectly unéer lhne leges mlate and the light swiiched
orn. The area sround the gamnle waas exrosed to the 1lient and
the imape of tre aanrle wang recorded as the unexnosed area
nn the Tecnifax Dilszo blue line paner, The exposure time for
a1l errnles wam arbitrarily et for 2 mirutes, The exnonsed
vAaper van ilmuecdliatelv nlaced in a dark conlored box,

After testing vas concluded thue Images of all four samvles
vere develoned witlr arnonlis fumes, Abhont a cunfnul of hnusehnld
ammonie wae nlaced in A ateirlesa asteel howl mounted on a
ringetend over a liehted Bunsen rurner. When the ammnnia wasg
eufficiently heateé to volatillze, the exnoeed paner wag
removed from the estorage box ancd reld over the ammonia fumeg,
The unexvnnged area nn the naner develnomed to a sharvly defined
blue nutline in s few seconéds,

The arecas of the nrinte were measured with the compensating
onlar nlanimeter, The arca of flow for each samnle waa deter-
mined by subtracting the area of the cutter, which was the silze

of the oripginal gamnrle, from tne area of the image taken after
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the ssmpnle was allowed tc flow, As the cutters veried slightly
in slze, all cutters were coded ard thelr indivicual sareas

determined,
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RESULTS AND DISCUSSION

Viscosity Tests

Maximum viscosity values

The range snd average torque values at maximum viscosity
of the three replications of each variation in Series A and
B 18 shown in Table 13,

Table 3. Range ané average maximum viscosity values in
three repnlications of S8erles A and B.

Level of waxy
starch, in terms Serles A, W-13 starch Series B, Amaizo *L4LOO"

of percentage of . starch
totsl starch Range Average Range Average

O (control*)  LOB8-428 418 Lo8-428 L18

5 Lbl12-452 435 L12-432 L21

10 L36-460 LLg ‘*32—“36 L3s

15 L56-468 L63 Lhl kg Li7

20 480-488 LgL B36-448 . 750

25 500-512 505 L48-492 471

30 508-564 540 - 476-496 . 489

®Regular cornstarch comprised entire etarch content,

Proportion of starch

The effect of the percentage of vaxy maize at#rch w-13
on the viscosity of cornstarch puddings 18 shown in Filgure 2,
Analyesis of veriance for the puddings made with varying levels
of waxy malze starch W-13, Table 4, ghowed hlghly slgnificant
differehces in the average maximum viscosity values within

the series,
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Table I:, Annalvrsie of veoerlance of maximum viscosity
valuea for Series A,

— —— o — ——— -_— ——— ————

Sourece nf variance D, F. M, 8, F.
Total 20

Between treastment sveragces 6 sL23 27,78«
Within treatmerits 14 228

-—— -——

“#FSignificnant at 1% level of nrobability

Maximum viecoalitv values ahowed onrogreaslve incresseg with
incresse in nercentapge nf waxy nelze starch W-13, Differences
hetween averacea were tegted bv Studentlzed ranpges. At the
5 ner cent level of nrohstility the followineg alegnificent
differences were noted 1n Seriee A,

30 ner cent ciffered from all lower levels,

2% per cent differed from 15 ver cent =2né all lover levels,

20 per cent differed from 10 rer cent end all lover levele.

19 pver cent differed from the contirel.

10 ver cent differed from the control.

The effect n¢ the vDercentage of waxy malze starch Amalzo
"LNO" on the vieconalty of cornstearch nuddirea 1s shown in
Figure 3, Anslyrle of verisnce for the ™iddings meacde with
varying levels of waxv malze sterch Amalzo "L0OO" Table §,
ehowed highlyv lenificent Adifferences in esveregs maximum

vircority values within the sgeries,
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Table 5. Analvsis of variance of meximun viscoaslty
valueas for Serles B,

Source of variance D. F. M, S. F.
Total 20

Betwveen treatment aversasgee € 2033 16.395*+
Within treatments 14 124

.®#*Sionificant at 1% level of vrobtablility

Maximum viscosity velues showed progressive ilncreases with
increage in vercentapge of wayy malze starch Amaizo "LOO" with
the excevtlion of the 20 oer cent level which fell eglightly below
the 15 per cent level, Differencec between sverages were
tested by Studentized rences., At the 5 per cent level of
ornbablility the following significant differences were noted
in Serles B,

30 ver cent differed from 20 ver cent sné all lower levels,

25 ver cent differed from 20 ner cent and all lower levelg,

20 ner cent differed from the control.
15 ver cent Adiffered from 5 ver cent sn? the contrnl.

Cooking time

Temoeratures of inltial viscosity rise ranged from 77° to
78° C in Series A and from ?7.25o to 78°2 C in Series B, No
progressive changes in temveratures of initial viscosity rice
occurred vith an increase in the level of wexy malze starch
in either Series A or B. Five to seven minutes were required

in both Series A and B to rerch the point of inlitlal vieccosity



rise. The tine reoulred for inlitlal rise in viscosity wss not
related tn the level of waxy malze gterch in elther Serles
A or B,

In thles stucy all ouddinge were cooked to =n endooint
nf 97 C, The length of time requlred to rerch thls temneraturs
veried from 23 to 28 m'‘nutes in Series A and from 22 to LO
mirnutes In Series B, The time required@ to reach maximum viscosity
veried from 18 to 2L minutes in both Serles A and B. The temp-
erature At maxirum viscoeslty ranged from 92°2 to 94° C in both
Seriea A and B. Tablec € and 7 show dats on time and tempera-
turea reoulred to reach maximum viecositv and temneratures of
initial viscositly droo in Series A andéd B,

Thege éifferencee in cooking time diéd not anpear to be
aggoclated directly with the level of waxy malze starch but
appeared to be more related to a verietion in the rate of
heating., No loglicel exvlanation could be given for ihis
behavior as the temueréture of the conokirg bath wss apparently
wvell controlled. The differences in rate of hesting were not
sufficlient to overcome the influenc+ on maximum viscosity
exerted by thre level of waxy malze starch when the three rep-

licatlions were averaced,
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Tahle A, scokinge times and texneratures tn reach
max!mum viacosity, And temneratures of
initinl viscosity éron irn all replications
ocf Series A.

Per- Maximum  Conxling time  Temnerature  Temperatire
centape viaconslity tn reach maxi- wunon reasach- of initial
af value m»m viscosity Ing maximum viacosity
w-13 (torque) (minut=s) viscosity droo
(O Centirrade) (° Centigzrade)
0 L23 i) 92.5% 9L, 0
0 LNy 1R R, N 9L, 0
) 114 19 93.n 9L.25%
g Lg2 12 93.26 L, n
5 LLn 13 93.25 9L, 4
5 L12 20 93.5 9L, 25
1N Lg2 19 913.25 9,5
11 L&o 19 93.5 9L.0
10 L3k 21 94,0 9L, 25
19 L<§g 18 92.+% 94,0
15 LEL 19 91.2¢ 9L, 25
15 LAR 21 Q3,25 A, 25
2N Lay 20 97,5 9L, 25
20 L80 19 33.25 94,5
20 Lag 22 92.0 93.0
25 512 22 92.5 93.0
25 570 22 92.5 33.25
25 0L 22 92.25% 93.5
30 sl 8 19 93,0 9L, 75
30 6L 21 93.25 9L .0

20 508 2L 32.25 92.25
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Tahle A&, Cocking times and temneratures tn reach
max!imum viscosltyv, And temneratures of
initinl visecosity éron in all replications
cf Series A,

Per-  ™Maximum Con'<ings time T-mrerasure Temneratare
centape viacoality to reach maxi- unon reach- of initial
T value mm viscosity Ing maximum viacoeity
W-1? (torque) (minutss) viscoslity droo

(O Centisrade) (° Centigrade)

0 L23 18 32.5 9L, 0
n Lny 18 a3, N0 9L, 0
N L1h 19 93.Nn 9L, 25
5 Lg2 12 93,25 QL0
5 LLn 19 93.25 9L, ¢4
5 L12 20 93.5% 9L, 25
1N Lgp 19 93.25 9,5
11 L&o 19 913.5 9L .0
1n L3k 21 9L, n 94,25
15 L<gg 18 Q2,4 94 .n
15 LEL 19 91,25% 9L, 2%
15 LASR 21 Q3,25 94,25
2N Loy 20 913, ¢ 9L, 25
2N L80 19 13,25 9L, 5
20 L3ag 22 92.0 93.0
25 512 22 92.5% 93.0
25 500 22 92.5 93.25%
245 0L 22 92,25 93.5
30 5L 8 19 93.0 9L, 7%
30 5AL 21 93.25 JL.0

20 508 2L 32.25 92.2%

- - e — - ————
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Cocking timee Aand temneratures tn reach

and temnera

initial viscosityv éron in all

B R

Tahle A,
mayximum viscosity,
of Series A,
Per-  Maximum Con'iing
centage viacoalty tn reach

nf value
W-11? (torque)
0 L23 18
n LNy 18
o) L1A4 19
b Lg2 19
5 LLN 19
5 L12 20
10 L g2 19
1M L KO 19
1n L3k 21
15 L6 18
15 LeL 19
15 LAR 21
2N Lay 20
20 L8o 19
20 LA8 22
25 512 22
295 500 22
25 50L 22
30 L8 19
30 56L 21
30 508 2L

mm viscosity

(minut=s)

tures of
replications

T~mnerature
unon reach-
ing maximum
viscosity

(O Centisrra

92.
an,
93.M

N

93.25
93.25
93.5

93.25
93.5
L.

Q2.4
91.2¢
Q3,25

91,5
33.25
92.0

92.5
92.5
92.25

93.0
93.25
32.25

Temneratare
of initial
viaconeity
édroo
de) (° Centizrade)

o e e = ———— - — - - ———— e et e e e e~ e s

9L, 0
9L, 0
9L, 25

aL,n
9L, 25

9%k.5
9L, 0
9L, 25

9L, 0
9L.25
WL, 25

9L, 25
9L, 5
93.0

93.0
93.25
9’3-5

L. 75
9L.0
92.25




Table 7. Cookling times and temveratures to reach
maximum viscosity, 2né temperatures of
initial viscosity dron in 211 revnlicetions
of Series B,
Per- Maximum Cooking time Temperature " Temoerature
centage viscogity to reach maxi- wuoon reech- of initial
of value mum viscosity ing maximum viscosity
viscoelity drov

Amalzo .(torque) ., (minutes)

(Loo* (° Centigrade)
0 L28 18 92.5
0 Lo8 18 93.0
0 L16 19 93.0
5 432 19 93.5
5 L20 19 93.25
5 L12 21 93.0

10 L36 20 93.75

10 436 19 92,25

10 432 22 93.75

15 448 20 92,5

159 LLg 23 33.5

15 Ly 22 93.75

20 Luo 21 93.0

20 L36 22 93.75

20 449 22 93.0

25 472 20 94,0

25 L92 20 93.7¢

25 LLg 24 92.0

30 Lo€k 21 93.5

30 Lg36 21 97.¢

30 L76 23 92,25

(° Centigrede)

9L ,0
.0
L, 25

9L, 0
4.0
9L, 25

94,0
9,25
L, 0

94.
L.,
9h,

O O\

93-
9u.
oL,

95.0
9k, 5
92.5

(oS RN L}

5

L, 0
94,25
4,24
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Becausge of these differences in cooking time an attemot
wag made to find a relationshin between cooking time to reach
maximum viacogity and the maximum viscoslity value of the indi-
vidual renlicntions, These factors é14 not show any stralght
correlation when the entire series waa consldered becsuse the
level of waxv malize starch appeared to have much greater
influence on maximuxn viscosity than cooking time. A partial
correlation, holding the level of starch constant, however,
showed a negative correlation between maximum viscosity and
cooklng time which was hlghly significant at the 1 per cent
level of probability in Series B. However, = significant
correlation could not be shown between cooking time and maxi-
mum viscosity in Series A. These results 1ndicate that the
longer conking time to resch maximum viscosity may have reduced
the maximum viecosity value in Seriles B.

Theee findings =sre not in‘ngreemont with Harrls and
Jeanerson (27?) who renorted that swelling vower was not
significantly =ffected by rate of heating. Rechtel (8),
however, found that an increase in rate of heatine 1increased
the maximum viscocity to a marked degree and that the difference
in viscoalty wag evident throughnut the remalnder of the cook-

ing veriond,

Kiné of starch

The height of the oasting curves and the maximum viscosity

values were greester in ovuddings made with all levels of both
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wAaXxy malze starches in combinstion with ordinary conrn starch
than in thonse nuddinga mede with onlv ordinary corn starch

as the trickening agent. Chremists for American Maize-Products
Comnany (3) have found that the rew waxy malze atarch (amioca)
glves muck higher viscosity values than does ordinary corn
starch at simlilar concentration in a vaste,

A etralcht 1line wag fitted to the maxlimum viecosity values
in both Series A anc¢ R, Tre slopes of the lines were tegted
stotlisticallv aré reeults shoved the twn starches to e differ-
ent at tiie 1 per cent level of pDrobablility. Figure L shovae
granhically <The average vicenaity velues at sach level of waxy
malze atarch and the repgreaaion lines fittod to these valuesg of
both Seriea A And B, The rate nf incresse 1n maximum viacnsity
nf nudéinera with esch increment of waxv malrze gtarci. W-13 was
gienificantly ¢reater than the roate of ircreegse in viscoslity
nbgerved In thnee mefe with corregnonding levelg of woaxvy naize
atarch Amaizo "LON", Figure § chows a acries of graoha comnar-
ine viacngityv curveas in Seriea A an? 2 at each level of waxy
maize etarsh, Witk eoch increment In the level of waxy malze
ftarch the cifference between the helprnts of tre viecosity
curves of Serieg A and B hecame greater,

Theee findlings are in azreerent with the gtatements nf the
ranufacturers »2f tieae twn podifled woxy malze starches, Trey
assert tratl with increnced treatmant tlie waxy ralze starch ex-
r.iblts characterlstics anorosching rore rnearly thoce of the
oréirary coimon corn starch (L), Waxy matze starer Aralzo "Lon®
raéd uncdergons more chemicol tirenatment than hed wayy malze gtarch

W-17
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Cold Paste Flow

Proonrtion of wayy mnalze gstarch

The samples of nuddins used for t'low tests were held at
room temnerature, The firet tests were made on 2 samples
sfter a 1-rkovwr holdling period, and the tegts on the remsiring
2 eamnlee were made 2fter a 2-howur holding »eriod. The messgure-
ment of flow for samnler, exoressed in square centimeters, were
determined by measurirg the vrints of the samrles with tle
comoensating noler nlanimeter. The flow reedings for the two
gaegnlec tested at each holding period were aversged@, The range
of the aversge velues for the three renliceticns for each holéd-
irg periné are shown in Table 8 for both: Series A and B,

Table 8., Range in flow velues of three renlicstions
of each eerles,

Tyve of Fold- Waxy eterch level 1n terms of vercentage
Serles waxy ing of total starch.
sterch time_ 8 S 10 1< 20 2% 30

- <

A w-113 1 hr. 31.6f- 31.0- 31.Lk- 21,A- 32,.L- 36.3- 32.1-
33.5 33.7 34,8 32,6 37.5 36.9 138.1

B Amaizo
wLoon 1 hr, 731.6- 29.9- 1,1- 32,8~ 75,0~ 29,6~ 32,2~
.5 34,2 33.9 3.9 L0o,2 LO0.0 35.1

A w-113 3 hrs, 22,6~ 22,2- 21.8- 20.7- 27.,2- 23.2- 23.,3-
22,9 2L,0 2L,1 22,1 24,5 25,3 2L,%8

B Ameizo
"Loon 2 hrs. 22.6- 21,2- 21.6- 21,7- 23,4~ 21,8~ 21.6-
22.9_ 23,4 24,1 23,4 2L,0 2A.0 22.9

Tre average readinegs for the three reovlications for each

holéing veriond for both: Serier A end B are shown in Table 9,
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Tahle 9. Summary of sverspe flow readinges of three
reclicatlione for each series at l-hour and
A-hour holding nerinds,

Tvoe of Hold- Waxy etarch level 1in terms of vnercentage
Seriea waxy ing of tectal starch.
atarch time 0 5 10 15 20 25 20

A w-113 1 hr. 32,3 22.L 32.8 31.9 34,3 13A,7 34,9
B Amalzo
*LOoO" 1 hr, 132.73 32,0 132.2 33,3 33,0 33.L 33,8

hrs, 22.7 23,3 23,1 21.% 2L,0 2L,4 23,8

-

A W-113
B Amalzo
"LooM 3 hrs, 22,7 22.6 23,0 22,7 23.8 23,3 22,3

-«

Analysls of variance of flow readlings showed no significant
difference hetween tre mean acuares of bhetween reonlicetions
vithin treatnente and within reolicatlicns within trestments.
Therefore, » common error term wag found ty combining the sums
of sauvares for these two gourcee of variernce.

Anaiysle of veriance of flow readings in Seriea A, Table

10, ehoved highly siznificent éiffererices hetween levels of

waxy malze starch V-13 witl'in eachh holdins veriod.

Table 10. Analyvsais nf verisance of flow readings
in Seriea A,

After 1l-hour After 3-hour
Source nf variance D, F. hnlding holding
neriod veriod
. _ M. S. F. M. S. F,
Total L1
Treatments £ 18.4 L,oo** 5.964 L, ,39**
Between renlicatione
within treatments 14 6.2 1.82 1.L0 1.15
Within renlicetions
within treatments 21 3.4 1.10
Common error 35 L,6 1.22

**Significant at 17 level of probablility
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Anelysis of variance of flov reacdings in Serles B,
Table 11, showed highly significent differences tetween levels
of waxy maize starch Amaizo "LON" for the 1l-hour hLoldire period
but no sienificent differencee for the ??-hcovur rolding pericd.

Table 11, Analysis of v~riance of flow rescdincs
in Series B.

After l-hour After 3-hour

Source of variance D. F. holding holding
oeriod period
M. S. v, M. S. F.
Total ‘ L1
Trestments 6 25.58 3 Lpwe 1.86 .33
Between replications
within trestments 14 14,29 1.9  2.83 1.L2
Within replications
within treatments 21 2.77 1.L4
Common error 35 7.38 2.0

®83ignificant at 1% level of probability

These differences 1n flow readings ¢id not apvear to be
related to the level of waxy malze starch. There wvas no
progression in flow values within ench series with increase
in the level of waxy ralze starch. At the concentrations used
in this astudy, the waxy maize starches hed no spoarent effect
on gel-forming tendencies of cooled cornsterch nudéings.

These findings are not in agreement with Schopmeyer (53) who
stated that the addition of amlioce orestly retarded the gelling
tendency of common starch, even when common corn starch coneti-

tuted the major orovortion of the total starch,
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Cooking time

Since the significant d@ifferences in flowv measurements
hetween treatments could not be attributed to the level of
vaxy maize starch, this varisble was disregearded and an attemot
made tn find annther cause for the édifferences in flow measure-
ments Qithin easch serier, As cooking time aopeared to be an
factor influencine maximum viacosity values, 1t anveared that
this factor might also loglically saffect end viscosity and
nerhangs in gome way affect flow of the cooled samnle, Analyses
vere made tn correlate cooking time with end viscosity as well
es cooking time ancd flow meessurements of the cut samvles,

A partiel correlaticn carrieé out b=stween conking time and
end viecoslity, holding the level of waxy starch constant, showed
8 negative correlation sifrniflicant at the 1 ver cent level of
probability in both Series A and B. These regults incdicnrte
thet ma conking time was increased, the end viscosity values
were correasnoncingly éecreased when the influence of the level
of waxy malze sterch waa eliminsted. It 18 generally agreed
trat continued cononking of a starch paste after maximum viscosity
s reached will reanult in paste breakdown. After maximum
viscoelty has been renched the extent of decreere in viscosity
of o glven veste ¢evends on the length of the cooking period.

There was no rtralght correletion between end viscosity
and the flow of cut ssmvles 1n eilther serles, A partial

correlation carried out hetween ond viscosity ané the flow of
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cut eamnles of nuddines in Serles A, with the level of waxy
ralze starch held constant, showed 2 negative correlation at
the 1-hour holédling neriod, sienificent at the 1 n=r cert level
of nrobabllity. The partlal correlatlion between end viecosity
anc¢ the flow of the cut samnles at the -hour holdirpg oeriod
was not girnificrnt in Seriegs A, A gimilar correlstion was
found to te higrly sionificent at the 1 ner cent level of
nrobnhility for hoth 1l-hour arndé ?-hour holéing nerindsg in
Seriea R, Ip hoth geriea the correlatinn between end viscosity
enc the flowv of cut samnlea wag greater at the l-hour lolding
rerind than at the AI-kour holdéing neriod. Theee reanlts in-
dicate that ag end viescoslty decreased, the flow of the cut
earnlea incresced when adjustments were mnde to eliminate the
influence of the level of waxy malze starch. The correlation
acnerred tn diminleh gracduvally with incrensedé holding tire.

Ap the level of waxy malze atarch ¢é1d rot anoear tn influ-
ence flowv of the cut samples, a stralght correletion was carried
out between flow messgurements anéd con”king time. A positive
correlatinn betwveen connkini- time and flow of tre 1-hour samnles
in Series A was founé to he liprly significsnt a2t the 1 oer
¢ccnt level of n»nrobsbility. A similar correslation was found
hetween cooXini time anéd flow of the cut somnles a2t the 3-hour
Folélng oeriovd sicniflicant at the 5 ner cent level of nrobability.
The correlation hetween cookins time and flow of cut samonles
of ouddinge in Series B for hoth 1-kour and 3-hour holding

neriods wrs significent at the 1 ner cent level of orobability.
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The correlation was greater, however, after the shorter holding
veriod in both series. Figure £ shows values for flow nlotted
againat conking time for bothk 1-hour end 3-nhour hinléing nerlods
in hoth gerles,

These resulte indicate that ag cooking time was incressed
and end viscosity decreasged, the flow of the cooled samnle of
oudding was incremacsed. The fact that the correlatinn is less
nronounced¢ for the samnles held ? rours would 1ndicate that
the end vigcosgity vslue had less influence on conslstency of
these samdles thren on sam~les Leld only 1 Lour,

Many investigators have found no relatisnshi» hetween
Fot nsste viacosity and colé@ vnste characteristica. 1In this
study 1t aoneared that within tke 1limits of a 3-hour hnlding
period comnlete gelation had nnt yet occurred. Therefore,
1t geemed that the effect of hot paste viscosity, as related

tn extent of vasgte hreakdovrn, hna¢ not entir=ly dlasanveared,

Holdirg time

An englly discernahle difference was ohgerved between the
| flow of the cut samnles of vudding after the 1l-hour roldine
neriod snd after the 3AI-hour holding period, Inecreasge in
holding time decreased the flow of tre cut samnles i both

Serieg A 2anéd B,
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Kird of starch

No significant differences could be found between the
flow measurements of cut ssmnles of ruddings in Series A
and B at corresvonding levels of wnxy'mnize starch concentra-
tions and at cnrresononding holcéing veriods., If any édifferences
were nresent, they were comnletely concealed by the more obvi-

oua effects nrnduced by variatinne in cooking time,



SUMMARY

The maximum wviacositiea of nuddings mnde with waxy nal-e

starch W-1? nt levelsg nf 2, 5§

’

10, 15, 27, 25, and 30 per cent

of the tntal starch concentratinn qhofed hishly sifnifilcent
d1fferencea, VMaximur viscnslty values ghowed "rorressive in-
crengeg vith increace 1n the lovel of waxy malze starchh W-13.
Puldingsa made wiin waxy malze starch Amalzn "4ON" at similar
levels of thie tot~l starch c¢oncentration showal hishly signifi-
cant differences in maximarn viscosity valu=s, A progressive
inereass in maxizum viscneitlies with ineresse in the level of
waxy malze gtarch Amalzo "ENO' wags observed with the excentlon
of the 2N ner cent lev:1 vhich fell sligsntly b=1low the viacosalty
of the 15 oer cent level of this waxy starch,

Initial viscosity rise occured within ? Very narrow range
of time and temnerature for ovuééings in botht Serise A and B,
end elicht veriaticmne Aid nnt annaap tn he related tn the level
a2 kinéd nf waxy malze stnrch..
) The c¢cooking time recuired toc re~ch maximum viscosity as
well 2e to reacgch the ernérnnint of 950 C showed a wide variation
for ouddinge in hoth Seriee A and B, Thees differences in
choking tilre d1é not annear o be ralated tn the level or kind
of waxy malze gstarch but to an unexnleinable variatiosn in the
rate of heatline,

A higrly significent correlation was found in Series B

between time reculred to reach maximum viscosity and the
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maximum viccosity velue when the level of wexv mal~e starch
Amalzo "LOO" was held constant. As cooXing time necessary
to reach meaximum viscneity Increased, the maximum viacoesity
value was correanondingly decressed, A similear ecorreclation
vas not fourcd tn be sipgnificent in Seriec A,

Puddinegs meade with all levele of both waxy malze starctes
Fave hlgher viacogliy resdings than the control in which
ordinary corn starch ccnstituted the entire starch concentra-
tien.

Maximum viecoelty values of ouddingea at all levels of
wvaxy malze starch W-13 were hifner than maximum viscnsity
values of oudé@ings at corresgoonding levela of Amaizo "LQO",
The rate of increase in maximum viscnsities of ouddings with
each increment in the level of waxy malze starch W-17, Serles
A,,wag sipnificantly greatesr than that mace with corresvond-
ing increases in the level of waxv malze starch Amaizo "LOO",
Seriea B,

Flow readinee for cnt samnleg of puddinee in Serles A
gshowed sieniflcant éifferences hetween treatrents for both
the l-hour 2nd 3-hour holding veriodas., Signifiesant differ-
ences were found between flow rescdingg of puddings after the
l-hour hnlcdéing neriod in Series B but differences after the
-hnur holding verind were not signiflecant. The differences
in flow reedings for‘puddings in ot Series A and B did not

apnear to be related to the level of waxy malze starch.
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Tr.ere was no nrogression in values for flov measurements
within each series with Increage In the level of waxyv malze
etarch.

Tr.e correlation hetween time rrcuired for the naste to
resck 95° C and the end vieccosity of ouddings, with the level
of waxy starch helé constant, was foun¢ to he highly sisnifl-
cont in bhot)r geriewn, As Lhe conking time required for tre
raste to reach the temmarature esnédnoint of 35° C increaced,
tte viacnelty cdecreased,

The correlatlian between end vicscositv and the flow of cut
gannlea of ouddlinse, with the level of waxy malze starch held
constant, was hichly eliniflcant after the l-hour holding
rerinéd in bnth Series A ancd B and after tre 3-Lour holding
veriod in Serleg B, Flow of cut sammlee of pudding lncreased
witi. a decreage in tre end viascnsitv. 1In both Serleg A and B
trles correlation was less with an increase in holdlinge time,

A slgnificant correlation was fourd tetween cookine time
and tre flow reacdince for nuddings after »nth 1-hour and 3I-hour
holdines veriocés In hHoth Serles A and B, As cookines time wag
Increnged, the flow of thie cooled nudcdling gamnle wrs also in-
crenged, Thiae correlation wns greater at the l-hour holding
nerind than at the 3I-hnur holding veriod in Toth Series A and B.

A pronounced difference vas ohserved in the flov of cut
gar.olecs of vuddinge in tnth Serlee A and B after th- l-hour
holdline nerind and after the 3A-hnur noldin: veriocd. Increage
in roléding time decrecased tne flowv cf the conled aamrrles of

nudclrg.
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No eiinificant differences were founéd in flow measurements
of nuddinfra mace witn the two waxy zalze ctarchea 2t nsny of

D

the correananding levels of the total stnarch concentration.
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CONCLT'SIONS

Waxy meilze starch used in combineatlon with corm»on
cornstarch had elpgnificnant effects on the hnt nmate vigcositliesg
of aimovle cornstarch nudéings. Each incrament in the level
of waxy mnize gtarch nroduced oudéings with onrogressively
Ligher maximum vlisconsity valwnes and corresoondingly higher
nesgting curves than éiéd tre control in vhizh orédinary corn-
starch made un the tntal storrch concentration, The waxy malze
starch which had uvndergone leag cheirlcal treatment irncreased
fot paste viacnsitles to a greater fepgree than 41d the waxy
maize gterck whicl. haé recelved more trestrant,

From this 1imited etudy 1t anrears that concentrntions of
waxy maize gtarch un ¢n 20 ner cent of th= tntal starch do
nnot alter anoreciahly the gellingy tendencles of ordinary corn-
starch in simnle ouddings.

In enite of the wide varisation In hot paste vigeositles
attributadble to the kind and the level of waxy rmalze starch,
no differencer wer= obsgerved between the flow mersurements of
the cut nudéing samnlec vhiecY could be relet-d to thess anne
factonrs.

Differences in cooxin~ tims as related to the rate of
FLeating and the extent of vacste breakdown anpeared to affect
tha flow of the conled gamdles of pudding. An increase in

.
cooking time produced en increase in flow, Thisg relationahio

gseemed to Aiminish with the len:thi of nolding time., It
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annearad from this study that cold naste flow coannot be ore-
dicted @irectly from Lot peste viscosity, nltriouzh 1t d1d seem
tn he anmewhnat related tn the extent of veste bhreakdown eond
conking time,

Aa this study wng confined to the oroductlon of oudlings
in emall ouanitity, no definite conclusions can he reached
conecerninge the behavior of vuddings made from similar formulas
con%ed in large guantity. Fowever, when waxy malze starches
ar»s us=¢ e£s pnart of the total starch concentration, 1t seems
fraginle to exnect An ircrease in Lot naste viscosity above

trnnt nbtalneé with ardélnery cornstarch.
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ABSTRACT

The primary objective of this study was to determine the
effect of combined waxy ralze and regular corn starcnh on the
viscoslty and cold pnaste flow of simwnle vucddings.

The formuls consliated of constant oroportions of sugsr,
dletllled water, whole dry mllk sollds, and salt, The totsl
satarch concentration of 6.7 ver cent, hbased on the welght of
the 11quld, r=mained@ at a constent level throuzhout the stucy.
The orovortinng of waxy malze gterch and ordinary corn starch
making un the tntel sterch were varied in orogresaive gteps.
Two waxy malze starches renresenting different levels of
modificetion were used sevarately in combination with regulsr
corn starch. The waxy malze starches conestlituted O, 5, 10,
15, 20, 25, and 30 oer cent of the total starch concentration.

The Corn Industries viscometer wns used for cooking the
ouﬁdlhys and for measuring the viscoslty of the hot pastes.

The beginning temperatur= of the uncooked nuddinys was 33.5° C.
All puddlnyrs were cooked to a temperature endpoint of 950 C
in a 1lilquléd bath therwmostatically controlled at 100° ¢ t 1° c.

At the encd of the cooking verind L samnles of the hot
oudding were "oured immedlately 1ntn aneclally desiened metal
molds adjuested on double glass nlates. These samoles were
covered and helé at room temperature for l-hour and ?-hour
nerinde, Flow meagurements were made on 2 samnles at the end

of each of these LL0lding overiodés.



Results of viscosity teets gshowed that maximum viscoslity
values and the relyht of the nasting curvesg were prorresgsively
increaged with an lncrensgse 1n the level »f waxy malze starch.
The waxy malze starch which had undergone less chemical modi-
ficatlon l.ad a greater effect on incresasing viscosity than
d1d tre more rigilly modlfied wnxy malze starch.

Despite the wice varlation in hot opaste viscosities
attributable to the kind and the level of wnxy malze starch,
nn differenceg were obgerved Hetween the flow meacurements
of tnhe cut puddinpg sarnles which cnuld he related to these
same factors,

From thile 1imited etudy 1t annenrg that concentrations
of waxy malze atarch un to 30 ner cent of the totnsl staerch
dn not alter avoreciably the gelling tendencles of ordinary
corn starch in sirnle nudédlings,

Differences in conokinge time required to reach 950 C
wera nnt related to *the kind or level of vaxy malze starch
but spoeared to be asgsesnclated with some unexnlelnable differ-
encesg in the rate of henatllin, In the cooXing instrument.
Diffarences ih flow of tre cooled samples were shown to be
related to the length of cooking time and the degree of vaste
breaxdown. An incrense in cooking time produced an increase
in flow of the cnnled samdle. The s8ignificanc= of thls rela-
tionghlin anpeared to ¢iminish with an lncrease in the length

of tre holding period.
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