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The cn11ent trend in iood pioductian is toward

simplification of recipes and methods 01 preoosr'ation.

Some resistance is u {
G

Jelly em1wou1te1ed when chsn5es

are made in practices which have long been accented.

One example of sn31 resistance to change is found in

the 1eluct nce to ccett mom1icntions in the method

of cont ini1: and c3okin; the ingredients of lemon pie

filli115.

A survey of pie filling recipes in large quantity

cook Looks showed that generally the directi3ns ior

adhin5 lemon 11c 1;-lin5 recommend mixin5 all ingredi-

ents togetm111 and cooking this mixture until it thickens.

In c1nt1dst,coonin1 procedures in most small oucntity

coon Looks fol low 1.: conventional method in which all

the in51edients, encept the egg yolk and lemon Juice,

are cooked together hwtil thick. To this thickened

starch paste the egg yolk is added and the mixture

cooked lon5 enough to coagulate the e55 orotein. After

the completely cooked gicste is recored i"r.1m the heat,

thu lemon juice is added.

Se vertl authors of textboons on foul preparation

eXplzin that the le:non juice is added to the cooked

starch paste to minimize the hydrolyzing effect of the



acid on the starch and the subsequent thinning of the

mixture. According to authorities on food prepc'etion,

the rate or hyoiol;sis inczecses with rise in the tem:

eture or the castes and ”1th irn<recsed co1centration of

w 1

f-r fecsiulc exolem:v'11n for(
D

(
‘
0

acid. This appears to oi

the convention 11 method recommended for cooking lemon

illing.‘ Iioxwver, it feils to explain why methods,

whicd are not based on principles or the theory of acid

hydrolysis of starch, oroduce fillings which are as thick

es tnose mcoe Ly the conve11tionsl met M11d.

we litercture contains regcrts Of a few experimental

studies on the effect of" sucrose 111 the thi115111'1115 oi"

cornstarch chtefi :ontsining reigtively smell preportions

13f stare: (1}, Lot, 43). 1kjlinited ;mnxn1t of 1cxd: on the

eiiect of lawn Juice 011 the ViSccsitf and gel strength

of cornstarch pastes he also been reported (8, lt. 56).

:tive oi this investigstion is to studv
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determ. n” the elicct Oi spec111c enounts 01 Citric nc1u
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oince tnu p1ch1t1ons c: seid 1111 cu n? used in this study

fell within the range of those dash in lemon pie fillin5s,
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it is hoses that the results will be interesting and

\

informctive to those concerned with producing high

ghelity foods by simolified methods.
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Schoch (34), in his review of starch res e'rch, stated

that the chemistry of starch has proobsbly excited more

interest over a g1eetcr period of years tmi 11 he5 been

elicited by any other single substance. Only since the

late 19$G's has 1esl p1ovress been made in ely1inst1on

or the basic structure, composition, and behavior of

starch. hooern colloid chemistry has facilitated this

progress.

1"‘-' 1 ' ,7 V“ .- fl;- '. .

ul1::L'llCu.L 11 dubious

In l921, AlsLer; she sees (l) found that starches
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gave s tlne color. They stated that a more viscous paste

we; procuced Ly the starches which 'ave 3 red color with

iodine than by those whicn gave a blue color. In lass,

noodruf: chi Ltc hasters (5:) perf o1rzei a series 01

exteziments with commercial and laboratory ext1'e cted

coznste ches. They found a marked deviation between

the viscosity resiinxs and the gel strength in all the

starch sengles. They concluded, "esperently the two-sets

of measulem;:1ti emtz1es ize difle rent soints of behcvior

and both may be imgortent." The following year,
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Brim all and nixon (9), showed the same lac

between the11mgulity and viscosity values 01‘ 9 Kinds of

cornsta1c. a few years later, Knowles and harris (27)

perf'01med eXperiments on wheat starch. They stated that

the lack of correlation between viscosity of the gtMltinized

wheat starch anu its gel strength indicated that these we1e

measurements of two different properties.

Starch can now be chemically fractionated into two

components. Scnoch (54) prefers to call these the n-fraction

and the r-fraction. Other writers (24, 25, 27, 33, s7)

1rerer to the n-1‘1act1on as amylose and the B-fraction as

0 ‘-glucose units linkedH
.

D
.

amylcss, which is co;tose

in li11ea1 chains with n; t‘anching, gives a blue color

with iodine and is solutle Ln hot water. Its solutions

show a treat tendency to retrograie, that is, revert to

an insolutle state on cooking. In a 5 per cent concen-

tration of cornstarch, the amylose sets into a rigid,

irreversible gel. The behaviOr of amylose is of practical

imoortance in food preparation only when Mel formation is

desired. The most common starches, corn, wheat, potato,

rice, an; tapioca, contain from if to 50 per cent amylose.

Whistler and Weatherwax (38), in an analysis of starch

made from 59 unimpr ed varieties of corn collecte ifrom
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hen kGXlCO, nri zone, and south america, 10unu the amylosc
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cont1n1t va1ie1 from 28.2 to 2.o per cent and the starches

:aone from 7 va1ieties oi co1n 1rom the standard corn beltI
:

. ‘ ‘ "i 'l‘ ..'\ v. " I I v '7 '| ‘, ‘ Y. ‘ ‘ "1‘9 7 .2 “‘ . f‘ ( ;‘J ’17.: )'.r ‘

averaged Lb ycl cent amylost. The auste1d deaional 1esea1'n

I «Q 1 g + . .21, a --’-‘. . ‘_ '4 4 ). ‘- 3"1A.‘ w. -’, 1,1... ‘Vl r:-

Latoratoly (oi) lounu that ta1cn 11cm COmmOd ~1innledE
r

seeded JttS contains at least 73 per cent arylose.
‘

1 W

Anyl09ectin is made up of nighly branched nolec11es

and gives a red to violet color with ioaine. It is soluble

in water at con. entra ions of 5 to l: er cent and the

solutions are relatively stable. Amlep? tin is tnt mostw
.

ingortant constituent in starches used as thickening agents,

~“’.." ‘ " h. v - 1 . r] b ‘ . . . ~ . ‘ 1 . . , : . ‘

.F1Utb-tllc COILOluS O“ EKUlHlLlCES, and LS filling iOP ph‘113F
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(112th tC‘J-J- .L_1L"'E o A..1'L U.‘JEJ 'v C(J'11.,;OLA S LCAL (.1le ’ pi EVlU-Afily 115 LCD ,

cousin a major 11-1'op01tlt‘121 or azrylootctir. .‘Jaxy strains

or many con1 on cereals, except wheat, have been discovered.

.11,

1he starches from these cereals are made up almost entirely

of amylopectin and contain from O to 6 per cent amylose (58).

41fect f Swell.ing on Physical CharacteriStics

The literature contains nume101s reitren3es to the

changes which take place in the starch g1anile during

cooking. alsterg and Rasn (l) mentioned the sw-llinr

and rugture of starch granules. Erimhall and Hixon (9)



concluded that after the tempeiatuie of maximum visosity

was reached, the glenules becemewrinkled rather than

enlarged, tn; degree of wrinkling increasing with the rise

in temperature. hey resorted clanges Were not attricitatle

to rcpturin; of the g anile but to 11m 1eassed permeability

of the membrane which tmin offered no resistaace to e:1cha1ge

C
1
”

\of co.t
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AL 3 With the outside medium. According to Anlze'

and \Imnl1es (2), igunrile disinflma3ration was rhit an importein;
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stresses incr:cscd to the extent of granule

rd tare. Kore recently, richtel (i) reported that during

starch chalVes oc curred, which

inclnned swelling, collapse of the 51 dies, solution of

some or the constituerns, and more or less complete g'eiule

disintegration. About this time, Campbell and co-worhers

(1o) substantiated that viscosity changes dirin_ heetin

wer. ca 132:1 by velli. ruoture, and cio.=rsion of starch.

Thar aided that.swelling of SCLFCJ suggested a mechanical
U

‘ 'V‘o Vi" ' ‘I ‘7‘ 4. ~1 r.l, pAr . 'r\ A" ' ‘J‘ ' ‘ '. .

exoianat1-n 101 :pid inc1e as in Vl:CotltV which alte1ed
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laracte1istics because of conwestion of distended

l granules ruptured, the starech “as dis-

pc scd ani the viscosity dropped Schoch (34) suggested

t hat the old theory of an envelope or sack enclosing the
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research workers, Kerr (26, p. ll) concluded tnet swollen
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In the literature on sterih research the termI
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to Bechtel and Fischer (6), consistency and viscosity can

be used interchangeably. Sjostrom (35) decidec that

inst tin: sari: xs Ii: 3U
}

fluidity or viscosity in a pasUei

homogeneous liquid. In the paste, viscosity ;s caused

largely by a susoension of coth the whole and 2h. dis-
. L

‘ . ' ' ‘ . ‘ j W ‘ 1 “ "\ i ' a . ‘v f. . “ g ' ‘I ‘ ': \

inteureteu glen.ies, uhh the cegzee oi Viscisitx is e
U

»- ,- ‘ p ""‘ . ~ 9 ta ' ' 'I h 1 ‘ .l" V’- . I ' ‘ “O I ' “

Leas‘ire ,1 t.::-, (extent to .‘JHLCM smilim. 5c- titles I. I 0m.

Some of the variables which nay Effuvt the viscosity

of e starch taste include the inherent starch charscter-

istics, treatment of starches during msnufscture, mecnenicsl

injury of the perticles, concentraticn of the starch,

presence of materials other than starch, time and teuper-

eture of cooking, snu pH of the cooking medium.

"

Inherent Starch characteristics

It is well know that the inherent starch character-

istics effect the action of the granules during cooking

:
2
4

:
3

L
S

’
Q

; 5
%

0 V
W

.>oling. This has been mentioned previously

in the discussion on chemical fractions. In their work

on wheat and corn‘starches, Woodruff and Kac Masters (39)

stated that some of these starches yrouuce different

pasting results, a fact which may be of practical
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significance to starch users. Mangel and Bailey (29)

found that hard string, herd winter, soft wirter, and

durum wheat gave different results. Their conclusion

was thst chemical difierices, vhich cause dif‘erences

in physical properties, are ;HobLly comglex in neture

and msy be attributed to morphological differences in

the starch granule. In a covwcii on of vsrious Limos

of commercial starches, Nutting (El) found that potato

stsrch swelled most and gave the most viscous,'unstsble,

.
end verisLle 1L5 te. The exyerinents of narris and

Jesperson (31) with wheat, barley, and corn ascrce

Verified the stove finding. They reported e sin.1iccnt

difference in the swelling power among these kinds of

starches.

-
3

irestment of StaIches duiing Lsnufscture

l

mhe effect of treatment of starch during nsnufscture

has received mucn Htextion fiom ieseercr workers. Woodruff

and Use LLasteIs (o3) pie,e.cc their own ccrnstsrches and

made con,orisoi with commercial ,roducts. They discovered

measurstle uiicicnccs in the ccokin: properties between

the starches extracted by various methods. The exyrriuehts

by Caesar (ll) on three comrercisl cornstarches indicated



ll

varietitzn in their swelling power and sterility. Two

samples thickened more quickly and to a greeter degree

than the third, whith thi dless but also thinned

more slowly urd to a lesser degree than the others. In

a discussion of sterch characteristics, Sjostrom (o5) said,

"thin-Loiling indicates these starches give a paste which

is more fluid than that of ordinary starch, and by suitetle

modification of treatment verying degrees 01' fluidity 'en

be obtained?. Campbell and co-workexs (ld) cmrhosised the

need for selecting a starch which will produce the results

T
1

:’ 0v
~ Alvddesired in cooking various food products. commented

that chemical and heat treethents in productic..n may effect

st rch gesting ct1c1zcteristics. They LoLzted out thatw

’ J—

drying 01 starch durinfi menufecture may result in a slight

gelatinizetion whic h increases the sbil it3 of stare

nechtel (b) verified these facts and pointed out that

ver; us scmyles of the SEre dcsiLnution nzy give different

results if they have been precured under different con-

ditions of menufecture. After studying laboratory ex-

traction of wheat starches, Harris and Jesperson (El)

resort date in starchconcluded that it is useless t O

res esrch unless the technique of chufscture is included

also.



Concentration of Starch

3w ,‘ . r .1.-- ._ x ‘. H v. u x.
The extellments o: nhnef end uedtes (u) SuCqu tnut

D

s the concentration of starch was increased there was

an apprecistle decretse in the temperature of the first

measurable chenbe in vis"osity. There was also a marked

increase in “eximum viscosity and s slight decrease in

the paste temperature at maximum vi: osity. In ajoitjon,

the point cf greatest consistency was more abrupt and

the sutsequent ”ecreese more ragid. Besides substantiating

tthe findiu s, Fecntel and Fischer (6) and Brimhell and

Hixon (3) establisncc the fact tnst beyorl the point of

a critical conzentration cf sterch, escn increase naje

enorrous ircrtaSOS in viscosity and rigicity cf resulting

testes. Fechtel (5) end Lowe (23) reported thtt the

extent of tresncown of starch gastes, after they had

resched maximum viscosity, was hrester in tie more

concentrbted pastes.

Presence of Electrolytes

Distilled water was used by Eechtel (E) in mthlng

tests on starch, because he found that the presence of

electrolytes affected the final results. Richardson

EHKJALL§9iUbOthaN (52) reported thc stsrch had wrectcr
_,.,
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swelling tower in distilled W'ttr than in the piwesezce

of any salts. Distilled water was used in the work

reporteu ty aoodruff sz;d Lac Lesters SH) and 'y Harris

' Jestelscn (S . mors e ens his co-wcrkcrs (QC) used

srying ccncentruticns of dry nilk solids sno sttrcn

witn botn tap water and distilled water in their exceri-

cents. They concluded that there was no appreciable

difference ii". J51 stl'exr't'n of tZYinl-Z pastes Intuit: with

distilltd water. dowever, withv
:
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I
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p
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81. tilt: .L' LL31;

thir pLSteS they found tnct viscosit' nts :rcster with

iistilled water than with tap water. Pisno (8) stated

ccnsistcncv oi pie Lilliflgb an” that stability, viscosi.y,

LLQ tvnucncy to 551 varied with differtnt mater suppliw

fie nodes that e chtnge from tsp meter to oistilled water

or softenea water frequently resulted in noticeable cnanes

1!} CCdlSi: t-nxcy 01 (1)3 I'i.lMitgs.

he “tomay VISCOUKCQP (p. 27) was used by Alsberg

and Rash (l) to study tastes of 4.5 to 5 per cent concen-

tration of‘ courcrnicl c011Aarch in a water medium. They



repOitau tth there wele no 5,,nliitsnt changes

Tne initial viscosity *ise

Viscosity rose gradually f
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a maximum at 91 Taey c
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trn*sition point. These f

Caesar ill). who susaested

init131 change he accepted
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oegan between to anu 68 o; tno

rom this p.nn1t until it reaciried

oncluued that simultaneous and

a span betmen tr soc tenoera-

icn tengercture has no sharp

f

Vindings were subs antisted by

th re cf theat the temporatu

r.

th gelatinization point ofas r;

ms of cooking; and spoolific

n, (Sscsza‘ (11.):fouxul tturt tine

rch and water oastecvb! comprise

ch and water suspension,

ch g'anules or thickening,

h cells or thinning,

flexing upon cooling. Although

starches may vary in the time-temperature viscosity curve

that the. nuke, most of thon have similar curves. Caesar

and floors (l2), hechtel (5), and firimhal and hixon (a),

and nany others have verified this starch beudVlOl.

Both time and t

, P. 4.
53th‘h punt-.98. o‘LCCOI‘dlng:

lovm:r 3d tlnb'tcr)+1“tire cf‘

dec

zwperatuie affect the-

to Bechtel (s). ratid heating

nitial rise in viscosity,I
L
A
.

th

reas.ed the time at which starch pastes needed to be held
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at 9000 to reach maximum consistency, and increased the

viscosity of the pastes. When the water bath temperature

was raised sufficiently to produce pastes at 92° to 9400,

the rate of heating of the pastes increased slightly with

no observable effect on the curve of viscosity rise.

u
)

However, continued cooking aL th hirher temperature

caused a greater breakdown in paste consistency. This

decrease in viscosity was intensified by agitatidn.

hechtel (3) stated that when starch pastes are stirred

during cooking, a difference of 20C in bath temperature

produced less than lOC change in the temperature of the’

final paste but produced noticeable changes in paste

prOperties. he concluded that there appeared to be a

smecific temperature at which each type of starch

gelatinized at a steady ate and at which it could be

held for a reasonable time without excessive breakdown

viscosity. For unmodified cornstarch, this tempera-

ture was about 90°C. These findings have been supported

by Ankcr 'nd Geddes (2) and by Lowe (28). Campbell and

'co-worhers (lo) stressed the importance of knowing the

effect of the time and temperature on the selected starch

if one desired to produce uniform puddings or pie fillizys.

According to Eisno (5), pie fillings for commercial pro-

ducticn should be heated rapidly to the Optimum temperature,



removed immediately from the cooking kettle, and cooled

quickly to produce maximum viscosity.

In most of the starch research, the meter used in

making the star n slurry was at room tenterdture. However,

mixer end Decides (27) made starch slurries with water at

fT‘y0“ - V ' » - - ' v~ r‘.'-- vv' -

45 o chi above this temperature. luey lound that afilelné

deet to these slurries produced a merged increase in the

. ‘ ' M‘_ f ' r‘ «a .‘ ' 'a l \-I

maximum paste viscosity. luey also steted thet lelnb cLu

holding the suspession at room temperature for 5 minutes

'
0

before cookiug'iMCrec ed the initicl gelatinizetion temper-

ature LHJ kFOduoed a nore viscous pests than was obtained

. c ‘ 'ir' . n’h‘ ""J l' ‘ " r‘ . V ' . ‘ V ~ “ "o . ‘ . .\.1‘ "" '4

in testes v 1th were C20:zd imrwdistelv dfter mlflluw tuh

Effect of pH

V

It is generally agreed thst the pH of the stereo

10" .. . -' . .--..° _ ,_.v - . .3 ‘3 .- .. \“V~

lé-Bttb .LLb CUU:-1..:. pl cystitis-E. -uOh<:V*:l, tut-1suspensicr e1

literature Aces not give a clear-cut picture or thes

effects. es mentioned earlier, some investigators ex-

tracted the starchts which they used in preference to

commercial produzts. Residues of acids and alkalies

used in the manufacture of commercially prEpsred stercnes

introduced variables wnich made controlled studies
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impossible, they felt. host of the experiments in starch

research have been done with inorganic acids. Bechtel (s)

adjusted the pd of the cornstarch slurries with HC and

NaCH. He concluded that unmodified cornstarch showed no

breakdown between the pH values of 4 and 7 after 20 minutes

cooking and that a given degree of alkalinity caused a

breakdown of paste viscosity. The pd of wheat starch

suspensions was adjusted with buffers by Anker and Geddes

(2). They found that there was a decrease in maximum

paste viscosity With increased pH. However, the control

sample which had a lower pH gave a greater peak viscosity

than those which were buffered at higher values. They

.suggested that these r sults may have been caused by the

ffect of ion a sorption on the granules.

Harris and Eanasik (19) studied the effect of acids

and alkalies on the cooking of one commercial cornstarch

and several laboratory extracted wheat starches. They

reported that cooking starches in the acid medium inoreased

granule swelling at temperatures of 900C and above. NaOH

increased granule snelling at 73°C and above, but the

increase was smaller at 9500 than that obtained with HCl.

The work dons by Horse and his associates (30)with the

dry milk solids and starch pastes showed that the addition

of vinegar, sufficient to bring the pastes to a pH 6,



caused the mixture to curdle, which made accurate viscosity

readings impossible. The pastes were cooled and were

found to have an aptreciable decrease in gel strength

when compared aith similar gels which were not treated 4

with vinegar. Chapman and buchanan (14) did many experi-

-
1
9
L

ments wita c unstar31 pastes and various inorganic acids.

They cox:lu, d that addition of acids in concentrations

as low as c.0025 R CfiU?td a decrease in viscosity and

that the addition of lilute acids to the starch and water

s‘stensions orevented the formation of gels.

'According to Trempel (56). most pie fillings contain

varying anounts of acid which gradually destroy ordinary

starches and cause these starches to lose their water

holding ability. To decrease this hydrolyzing effect of

acid, he recommended that the cooking time be reduced to

a minirum. Trempel_added that bahers often cut the cooking

time so much that the starch is not cooked thoroughly or

that they overcook the product and destro" some of the

starch. Recently, Risno (5) stated that cooked cornstarch

tpastes may become thinner on holding after preparation

and suggested that this change in viscosity may be caused.

by rupturing of the starch granules or by the conversiCul

of starch to dextrin, maltose, and deXtrose. he added

that this conversion, which is accentuated by acid and.
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heat, may result in a rapid thinning when lemon juice hos

been added to CuCr:eo fillin5 end the hot mixture is allowed

to stun; for sev :31 hours. JiSllD also reported thet e5551
7
‘
.

I I
'
J
'

or other tuiferi 5 material could counters t tnis tn

effect. Lowe (23) sugoorted the theory thst acid caused

hd, that stiffening(
'
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s Lycrolrsis of the s

power decreased as hydrolysis proceeded. She statcd that

workers have 5enerolly agreed thst acid nyorolysis is

more rapid with increeSed pLS e temperature, longer hold-

concentrstion. Lowe did not state the kind of acid or the

mount necessary to produce this hycroly is.

In e report of recent work, her: (25) saio thst it

has been presumed thst modification of starch witn acid

is the result of a limited h3diolgxHi of the carbohydrate

molecules durin5 "nic the high polymer is solit into

molecules of progressively smaller size as the potion ofV I_

the acid continues. nonever, the result of inVesti5st'ons

coulu ixniicste that, Lnnnar wetodiJiChNUiitiOLE,lV&MH zicid

te5in: to wore on cor starch, the strsi5ht cxsins are

-prctected by the formation of a resisttiit conlex in

vunhfii amvlose amni-xrotioles of sur”C)pn ctin corntnxna. Thex

v A

cs are the first to be split’
t
-
)

branched et"loysttii molecu

and this disinteprtttion and we"”enixg of the 5renule



struc ure may exglain why pastes Ha-de with id- tre ated

sturcn Show a grnat reduction in consistency. This same

low viscosity starch, cooked in a rtlativclf 83.;11 plO~

portion of water, m1yha a a very high galation power

deepitc its extensive degradation as reflrcted cy its
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continue-1 tiict t‘m; £11111th :71 icamo 1 Juli}- to i; oer cunt

COrnhtarCA poste s, whicd were sweeteneo with l .3 pgr

cent sucrosc, brought about an inccsxse of gel ctrvigth.

In ;cstc: mane with the some p~o7;;tion of cornstgrch

an& 23.3 per cent of sucrase, the addition of lemon

)LSCOS to for: a col
I

|

‘ \4

juicz couscd Iovm slyu[molicblc

which oluost Field the 5177:1170. of the mold. Lemon

fillings, .uue by varying coastituouts, were studied

- f‘y 1' \ ‘ -. . I __ 1 q .\ _ '_ .. o u _
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COJntorccttd the go weakenin: effect of the sugar. She

also yooorted that the juice was more effective in forming

a strong gel and in controlling synnresis when it was added

at the and of tne cooking oeriod 11thnr tnnn with the egg

. - . ‘ a ‘7 I- u , «‘ “ r '. v- ‘ ‘\ 4

yolk in the scCOno stois oi COOALIL t1: mi .w;urc.

In this review, some mention has been made of the

geltLon 01 cooled sta1c 1 pLstes . Additional studies

t l' 17"" ’(J r. 1 .1 “1.”. *h ‘

nave 1,“1 L419 \1hhdlflxduuSL49 thw27¢;. )lOHcltiwo ofI
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Sta-c1. vc-trl (C )1M31ted unmodifien coxnsto1c n sus-
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postcs cochvl to 3403 was greater thrn1 t:1~: gel strength

of paste. cooked at lone“ tenpsxotu1es but decreased if

I

coolisd beyond 7401). miditfioncl tes S, in 771117271 theL
1
,

slugries were tr01gnt to 91 6 with HCl, were none on

‘

ac io-mo1il ed corn t'1cnes. These snowed tnst the rigidityU
1

and brcakin; st1t7n73th 111 not dec e'se to the same extent
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(27). They lound that 6 per 1‘
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water medium produced firm gels. The critiiel gel formstiwn

temps.iature was 90°C, and above this temper'tue the gels

were firm. Below this point the gels were weak and showed

syneresis after standing for 10 hoars. Woodruff and '

Nicoli (40) did some studies wit:1 stsrc helsti'Dn and

used photographs to illustrate their fino.ngs. They

concluded that 5 per cent commerc isl cornst are} castes

cooked to 8703 9:9 od13ec very mah, granular gels. Some

ssnples were hc1t01 for lt and for 30 minmies et t1is

temperature but there was little 1n71ovemnt in gelation.

7_3 . i ”a ,. .- OC 7 . 77 7. . ,

destinq to goo, 95”, and 9J.b 7geve rels wnicn were
\

indistinguishntle from each other.

H:ect of Sucrose

Further work by floodruff and hicoli (40 was done

with 5 56? cent sushensions of corn, wheat, rice, potato,

and cassava starches and varied amounts of sucrose. With

the addition of 13 or 50 per cent sucrose, it was found

that the root stsrches formed increasing y softer Hols.

The s1iti on of 50 or 60 per cent sugar produced a syrup
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instead oi a gel. Shem the same oercehtsges of sucrose

were added to the cereal starches, there was an increase

in transoarency and tenderness with each increase or sugar.

The addition cf 53 per cent sucrose produced a *el that

would not hold the shape of the mold, and the addition of

63 per cent sucrose made a syrup with the cereal starch

pastes. All the sarnoles in the above tests were left in

the molds for 24 hours he:‘ore trey were checked for firm-

ness and wer ,hotograghed.

hester (22) reported some comoarative studies of

0
'
)

physical prooeiwti of pastes made from cornstarch, soft

wheat starch, soft wleat flour, ha’d lest starch. and

hard vhcst Ll our. She used the Eratehder amylograph and

the Brookfield viscometer for viscosity he'slcemehts, and

the line spread device, descriced oy drawemeyer sud Pfuhd

(18), for measureme xit oi the sgreed of Jasstes. Gels were

aged and then measured for rigidity by an EAhutlrgc

Ridgelimeter and for elasticity and breaking goint ty an

embedded-disk method, which was similar to that descrited

by Seare ant Msrtens and modiiied by Kerr (2;, p. 152-157).

In her resea"ch, Hester used 6.; per cent cornstarch in

distilled water for the has ic starch paste. She reported

the effect of 15.9, 23.7, 31.6, and 59.5 grams of sucrose

r
}

per 130 grams of water on visc mit3, spreai, rigidity,
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elasticity. and treekihg pOlHt of the starch pestes. Lhe

cahnlwlle d the t incressihg concentratiJus of sucrose

increase; he teasergture of the initiel vis c L‘.ity LiLe

:Jui tn, ten; :LL ta~e o; tire mixinmun‘vlseccixrr ef the

corhrtsLeh yestes. Jith the lowest Luccsse edditleh,

15.3 grams. she fauna that the peak of th: vist051ty

curve was hiLJSB than thet regened LV the COrnttchh

th water Rests. dowever, the increased quantities of

sucL*Le, Leyoud the li.9 gre: concentratian, resulted

' c ‘vn
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retained their £023 to; 33 to CO secoaus Lhu than collegsea.

'fiit?1 sucnnase LuLneLMLLLt :an ct'.él.t. gLans thi d3u53 ngth

in thu LSSiC cornmf tarcn Laste, thin pus tee luSteuu Of gels

resulted.
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pensish. He ~0M1 irLJed that the 'ud itioh of seven to eight
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starch under ozdina ry cooking conditions. The resqlting

;l JQS cull, thin, and nai a raw starch sste.

Trempel said that tho 9“? “rt on of sucrose should not

'tc greater tdunx three gunk one-half tinmfsizxc amount of
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tnc starch. “do: ioncl sass: reidired for flavor should

be all a to the not, “oohcd ogouact.

£dt n mun; research warmers agree noon somo of tns

physical properties 0; starch pastes, others yegort co‘

flicting results. fiucn more invcstig; ion is needed for

otter undusttgxiugg cf the effect on tJu,1uau;vior of the

sta'ch arsn118 CI ooditions of other materials to starch

and water ptstes.
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stgrcn ggSth simultaneousi' \lo). -ne stnltn slurry

batn, tne temperature 01 wnicn is raised at a regulated
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rate. n puddle. CQAHMC: 3 LV e snnit to on ClGCurlC
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motor, is susyenned in the beaker. The motor and

H vs at :onstent soeeds, eno the changes in VlSCOSlty.

ere i.;rp:zied by tfnatiifiiurenczs ixxtflnerzbactrioal input

to tne motor necesserg to maintain a constent speed of

stirring. After the st r:: is cooked, ctld wster may be

introluced into the bzfln and the characteristics of the

cold paste may be net-ruined

This acteretus .s retortes to Le warticilarly well
A

adopted to stgqies c- testes with r letiVely high concen-(

tretions of starch. Caesar and Kocrc 12) reported tnut

e concentre isn cf 20 per cent ster"n is eerily recorded

by this instrument. Tne con.inloos gist“:

obtained in this test intluues the gels in'zstion goint,

the seek viscositv uitn a definite cooking procedure,

stec‘Iic VisCQSity alter e ”rescribcd cooking Operation,

V
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rste oi incltese in :sstw UOJY Wlt; decreesed tentereture,



emu cold paste bofiy git e; e eqeciiite time interval at

the lower téhperet re.
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recites for lemon tie was fOUHU to very from 9 to io.6

per cent of tho lidiid Weight. The inVcStigatOl

l? per cent cornsterch concentration for this stud“ tittr

preliKJJnugr‘tests titxlfd 10. ll“ QUE and l: iuw‘ cont cciur-

‘ ‘ - , - . ; ,, ‘ ._ '3 n. ‘, . 1C-

11 12.11552: tssts, it was 10mm that tut: it.9
-
4

ghSCfiS.

per cent cornstarch pastes were too heavy for the instru-

ment which was used to record viscosity. The proyorthn

cornstarch to distilled water w s kept constant in theW01

sttrch slurries in all reclicetisns.

tun-asst,conten _1_-:_-.ti.--n. In recipes for lemon pie fillings
 

which were checked su er ccnstituted 42 to SE per cent of

1 \

the wei ht cf the liquid. ror Lerics A of this study, the

arbitrarily selected COLCELtrutlLuS of suCrose included a

control paste witn no sugar, and three sweetened pestes

in snich suger constituted EC, 46, end to per cent or the

weight 0: tne liquid. The weights of starch, sun/1.13 and

water, btsed on the desired tercentege reletionshits,

were calculated to yield a total volume or one duor

tcceuSe the Leehcr of the viscometer was designed to cook

‘nd mix tnis amount of materiel. This volume of cooked

mixture was also needed for other tests on the pastes.
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eecn variation Cl periss n ves repeated witn tun adultlfiu

of oitr': tcid at three steoiried levels.

Lemon JU;U€ is resorted to as*e a 9d veld- cf L.C to

2.4 end e ;.l h citric acid solution to nave e ;A Velue of

n5, the contents of two l4

oz. “ans or frosen lemon juice. mixed together one tested

with e Beokmen pd meter, hOdel u, were found to nave a on

value of ?.52.
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To Prepare a citric acid solution approximating the

rJ CI l:mon JUiCB. the arO‘nt of citric acid crystsls

needed to roues s O.l K solution we C'slc'lated as
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in preliminary testinc the pH vslue of the C.l N c'

sold solution we: found to be 2.52.

einoe tne smci1t oi lemon juice in lLrrge quantity

lemon pie recipes was ituni to very greatly, the amount

or C.l H citric arid L»luti;n for Series B was srbitro'ily

set t; corresoono with recipes of thh lemon juice corttnt.

PICECIELOLS or the ingreoie1ts usei in this- series, which

mos ccsidered conusrcble in acid content to an acceptable

leron tie reciee, are shown in Tables 2 and 5. The pastes in

Table 2. pH dctclntnatiols (1' L 5 used in beries L

with citric acid sno lemon 'c
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V 624 108.0 C s7b 3.E 2.CC

VI 565 37.8. 163 25 L.C$ [.45

VII L15 83.5 20o 22 2.61 2.41

VIII 463 ‘Gl.0 455 207 9.61 2.44
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mixture diffsrcu {rum tnut Oi tue starch-sucrose-wster

mixtures, thv )fOUfiJUIe or mixing the slurri;s was 'iffercut.
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