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ILTRODUCTICK )

The curreat treua in rfood production is toward
sinplificetion of recipes and methods of preperatinn.
Some resistance is ugiaelly encountered when changes

are nade in practices whi-ch have loag besn accepted.

RN

—

P
w

One example of s recictance to chcnge is found in
the reluctoince to cccert modifications in the method
of coavinins and cooidns the lugredients of lemon pie
Tilling.

a curvey ol pie {illing recipes in large guantity
COOKX LoOoiS showed that generally the divectisus for
Lol lemon ple l.ling cecomnend mixing «11 ingredi-
ents tocoetineir waa cooking this mixture until it thicxens.
In contrust, coonln, .iocecusres 1a wmost smell gquoatity
Cool buous rollow t . conventional metasd in wailch all
the Iingredients, e..cept the eygg yolkK and lewmen Juice,
arc cooiteu together u til thick. To this tuicuened
starch puaste the ezz volk 1gs added and the mixture
coosed long enouga to ccagulate the egg protein. After

the

(9]

omoletely cooked puste 1s removed from the heat,
the lemon Juice is udded.

Severcl authors of textboous o fool prepzration
explein thet the lemon juice 1s zdded to the coolied

stereir puste to minimize the nydrolrzing efrect of the



acid on %the starch and the sutseguzat thianing o the
mixture. According to wuthoritiss on food preperation,
the rate ol uydrolysics inerecces with rise in the temper-

ature ol tne pestes wnd with increcsed concentration of

wn

14 This appears to offer & fecsllle cxplenatinn feor
the conventional method recommanded for cooxing lemon

ple fillin;.v However, 1t falls to explaln why nKethoas,
willea ere not based on principles of the theory of aceild
hydrolysis ol starch, produce fillings wihilch are &s thick
&S tiose muae Ly the conventional methcd.

The litercture contzlns reports of a few experlueatal
stuuizs on the efrect Of'EuQrOSw gl the tnlckenin: of
COL'NE LalCil pustes contalnine rel tively small proyortions
off staren (27, ¢, 4C). A linited zmount of woiir on the
ef'f'ect of lemon julce on the viscoodltr and g21 ctrength

of cornstaren pastes hes also been wpoited (8, 18, 30).

PR

The firet ob! :tlve of this investigation ig to study

thne ell'ect cof cit'teront coucentratlisiis of cucroge oun the

viecosity ad g1 strengsth of & cornstarch paste of concteat
compyocdtoon. T second objective of this stud: is to

aet.orinlne the of'fect of gpecilflic amountes of citric wcid

ciu the eume choaracteristics of the gweetoned stulch pustes.
[ [ . 3 3 \ . o I s Vo .
vinee tihe propostions of aeld wnd cuscr used in thols ctudy

fell withdla the range of thsss uced in lewon pie £illiags,



ol

it is hoged thuet tue recults will be interesting and
inforrctive to thesge coucerned with producing hign

Gueilty r'oodes vy singlitied methods.



AZVIZw OF LITERATURD
Scuoenr (Z4), in his review of starch research, stuted

3

sterch has probulbly excited more

o

that the chemistry of
interest cver o jrecter period of yeors thon hes been
elicited Ly &ny other single sutstance. Cnly cince the

late 1950's has real progress been nade in explanation

"

of the wvasls stiucture, composition, snd behavior of
sterca. kocern c¢olloid chemistry has feciliteted this

progresc.

o' certein cerecls gave a red color with iodine and others
ted that & more viscous puste
woo prouiced Ly the starches wiailzsh ceve ¢ red color with
fodine thona Ly those wilch save & btlue cclor. In 1332,
noCdiMrn cid Lec Masters (35) perforrped a series of
experimsants with comnmercial ana latoratory extiracted
cornsterches., Thsy r'cund a mariked devietion tetwean
ti2 viccosity rewalin s cad the gel strengta in all tne
storch sunples.  They coancluded, "uapposently the two sets
o' measurew.nts empnzelize ditterent poilints of behevior

end toth moy be irportent." The tollowing yeur,
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Zrimhell and sdixen (3), showed tne sume lac
tetwesn the rigidity and viecosity vulues cf 9 winds of
cornstarch. s few years later, Knowles end ilarris (27)
periorined experiments on wheat starch. 7iney stated tist
thie leck of correlstion between viecocity of the gelatinilzed
wheat starcih ana 1ts gel strengtn incdiceted thet these were
measurexents or two different properties.

Starcih cun aow Le chemicelly frectioncted into two
cemponents.  Scnocn (34) prefers to cell these the a-fraction
end the k-frcetion. Other writers (24, 22, ¢7, 33, 47)

Ny

,rerer to tas a-iIrsaction s amylose tnd the Z-fraction us

aLylose, walell ie ¢o posed of D-glucose units lirnxed
in linear choaias witn no brenching, glves & blue color
witin fodine @ac is colutle 1 hot weter. Its solutions
chow « . ieet tendency to retrograde, tiact ig, revert to
an inzolutle stote on cooxinz. In & 5 per cent coucen-

tretion or corncstarci, the amvlose sets ilute a rigid,

v

irreversible gel. The telicvior ot eaaylose is of practical
importauce in food preperctiovn culy when .1 forwction is
desireu. Ta= most comron sterches, coin, wheat, potuto,
rice, &n: taploce, coutain from 1° to 30 per cent amylose.
whictler wnd Seatherwax (38), in &n anclvsis cf sterch

made rron 99 unimprovea verieties of coril collectea from
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New bexico, arizoneg, e&nd bcuth smerica, 'ound the whylose

.9 per cent wnd the stercies

(.A

content verles from 2.2 to Z2¢
nage r'rom 7 verieties of corn rrom tihe stuncard corn Lolt
averegea o0 pei cent eixylose. The Jestera Heglondl rescercn
Lubtorutory (34) fouad tiaet steccn rrom comuon woeliunlead-

pe

seedea pei&s contains ¢t leest 78 per cent amylese.
Anylogectin is mude up of hichly branched molecul:s
ena slves @ red to violet color with iodine. It is solulle
in water et councentrecticoas of © to 10 ser cent cud the
solutione cre relctively stoblese  Amrlopectia is tiae most
linportant constitusnt in starciics ustea as thickening ¢ants,
piotective colloids or emulcsitiers, wid 28 sizing o1 pager
and texiil--c. Ta= wost cowion ftarches, previoasly listed,
contula @ wagjor proportion o wrylopcetin.  dexy struine
Ccl' sy conmon cereals, except wiewt, have been dlcgcovosed.
The storcaes from these cereals wl'e made Up a&limost entisely
of wmylopectin aud centedln trom C to 6 et cent cuiylose (38).

e
—dd

'ect of Swelling on pPhysicel Chzractericstics
The litercture conteins numerous references to the

cnanges wnicih take plece ia the gturch grunale during

cooX inl. wlsterg ond Resk (1) mentioned tas saelling

-~

and rapture of starch grenules. Erimhall and iixon (9)



co.ncludesd tnut al'ter the tewperscture of meximum viscosity
was seuched, the granules bLecame vwirinklea rotnel than
enlurged, the uevree of wrinvling increusing wit: the rilce
in temxperature. hey reported chalges wele not attrivatalle
to rupturin: of the granule but to lacreased permeabllity

of the menmbraiie wihilci then oifered no resistunce to excaanje
of centents with thue outslde mediunm. According to anker

and Cedues (2), granile Gisiatesraotion wes not an importent
foctor until swellins had progresced to ¢ polat where
glenalss bteczine closely pacxed. At this tire, interndl
sncuirliyl stresces inerecsed Lo the extent of gruinle
rastarc.

4

. ‘0 i P
ceutel (L) reported thnot dacsing
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cockling & compleXx ceries of starch

)

awges occurred, waich
incluued swelling, collipte or' the grunules, soluticn of
some ¢!’ the constituents, and more or less complete greonule
digintezration.  Aboat this time, Carpbell and co-vworners
(l3) substanticted that viscosity chanzes daring heating

. . €0 3 g e y . Ty re € 4m .t oo S vy 3 . v .
nere ceused Ly swelling, rugturle, wnid ais,ersion of sturcn.

&

3
®)

ney ciaed thet ewelling ol starci sursecsted a mechawnical

%

®

Kplanati-n tor rapid increcce in viecocity waleh altered
flow charucteristics because of conprection of diztend=d
sreniles.  As the granales ruptured, th: starch was dis-
perscd and the viccosity dropped.  Echoch (34) sugcested

thiet the cld theory ol an envelcpe or sacik enclosin the



stal'on £ronule agp:2ered untenabls cnd that, instead, the

(w

swollen Zrenales rmust Le regcusoded as gel porticles naeld
- /‘P
€0, ether L7 associative hyvdrogen bo.alig Letween branches

»

s R i ,
one In g opreview of the rindainge of man

e

ol tne F-fract

ve
-

rescercn workers, ierr (2€, p. 11) concluied thwt swollen

granaiees sliowly controect wien noaintaitueac o veter o

. A0 e e s N
temperatures alove 5C7°C.  Hupture ol tiucge dlstended

ey oL O oLy -~ A M Ny SRAY e ad o " o IO
Srolmies ey recult t'rom cevepre ooltaticn, chemleszl

trectment, or othel metnods of nhancling starca waich

2he ters, colotinize, g uced to reler to the cnan, s
T . N - 34 T I i - : L e, L
storh unagerzoes s 1t gwelle in water duwocii” 2oChin.

. . . . N
£211y-2 140 pateriay rormed Ly tne

>l is derined os ¢

Cossliction of a colleldal 141,:id. ageletion 1s the ter:s

)

sorlve thie coclla, en. gollult'ying ol the coune

ured to o
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Stauscin pacle.

Vis2or ity

In the literature on cturnh cesearceh the tern

- e . R I LI " -
cpperent viceosity™ s used frogwently (2, €, 17).
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1e ecteliionazd by the ratio of cheasin: stross to

tat rote of gaetr.  accordinz to Cueser (11, ani



to Fechtel &nd Fischer (¢), conzistency and viscosity can
Le used interchangzcably. Sjostrom (32) decidec thut

fluidity or viscosity in a paste is not the scre s 1n &

(@7

homogencous liguid. In the poeste, viccosity s caused
largely by a sucpension of voth the wnole :ad ~he dls-
Integreted groniles, end the degree cof viscosivy ic &
recsnre ol the extent to wiich swellenr perticles crouwd
cceh otherr 1 jueedin,

Some ! the verlables which nay «ffvct the viscosity
ol & sterah paste include the inherent sterch cncielter-
istice, trestment of sterches during menulcctuce, mecucnlcol
injury of lie perticles, concentratics of the starch,
prescuce cf metericls othesr thun sterch, time and ternper-

ature of coeoking, &nrua pi of the cooking mediun.

s

~

Inherent Stualen Cheracteristics

It ig well know that the irnherent stalch chuariacter-
fctics wlffect the 2cticn of the granules during cooking
nd ousing cooling. This hes teen menticned previcusly
in the diccussion on chenlcal r'roeticns. I their work

on whect and corn®sturches, Woodruff @nd Vae lMasters (29)

st

[on

(

ted that some of these stulciies produce aif'terent

asting results, o r'osct which mey be of preact.ical

J<

L &
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significance to steleh users. Mangel and Belley (29)
found thet herd spring, herd wirter, csoft winter, end
durum wheat pgave diftrerent resulte. Thelr conclisicn
we:¢ thet chernlcel dirferences, wihich cause diff'erences
in piveicsl properties, are probilly complex in notule
ana ey te attributec to morphcelcegsical clifferences in
the cterch glenale. In e conperison ol verlous ninugs
of ccmnercicl stesches, Nutting (31) found tiwt poteto
stereh swelled weet end guve tihe mosgt viscous, wstesule,
and verlable peste. The experdpents or usarris and
cesperson (Z1) witn wheect, beoley, and corn starches
verifiied the above finding. They repcrted & signillcant
¢ifference in the swelllnyg power emong thesge kinds of

Steichies

Trestuent ¢f Starches cduring henufleactuie
]

ne eftfect of treatment cf sterch during remfeacture
hes recelved nucen cttention froo resecren workers; Noodruf?
arnd lac bausters (CF) poepuied thelir own cernsturches and
maGe comyéri&ons witn commerciul products. They discovered
measusable uif't'erences in the ccoking prepertics between
the starches extracted by verious nethods. The exXperirents

Ly Cceser (11) on three cowmrercial cornsterches indiceted



11

varizticn in their swelling power cng stabiiity. Two
sarpies thickened rore guiculy und to a greater degree
than the third, which thickened less but wleo thinned

more slowly and to a lesser degree thun the others. In

& discussici of stwrch charecterictics, Sjostrom (CZ) suid,
"thin-beoiling indicates thecse gturches give a picste which
is more fluid then thet of ordincry sterch, and by suitille
moditicetlon of trectuent velyilig degrees ol flulcity can
te ocbteined?. Campbell and co-workers (ld) emgshusized the
need to. selecting & storen winlcn will produce the results
desired in cocking vericus rcod producte.  They commented
thet cnenicul end hect treatrents in produaction nay affect
sterch pesting chicroscteriestics.e They pointed out that

s

N 4 - -4 . .
ulyity OI° &taic

—

1 durily, nenufecture may result in e slicht

gelatinizaticn which increcses the ahility of store

ct

sbLeort, or hold weter i, theretore, irncresses the viscooity
fecntel (L) veriried these focts ong pointed out thot
val'l us soemples of the same decsiygnetion ney sive dirrerent
reculrs it they have been prepared under dii'ierent corn-
ditions of menufecture. af'ter studying laboratory ex-
traction of wheet sterchice, Harris andg Jespercon (21)
concluaed thut it is useless to report deto on storch

rececren unless the technisue ol moanwtacture is included



Concentration of Ltosch

Tre experiments of anker end Geddes (L) showed thuot

§ the concentrauticn of storcn was increcsed there was

o

wn wppreclotle decrecse In the tenmperatuse of thae Uirst
megsulrcble cnwngee I oviscosity. Thele wes 6lifo o Lelided
increcce 160 minmum viscosity ald & sliyht deciescse In
the peste tenpeletuie &bt paximpum vieccosity. In adaitlion,
the poilint o6 gregtect consistency wss nose cbrupt and

B

tne subseyuent decr

1

e

htel and Fischer (6) «nd Primhall ond

(@)

these finaln. s, fe
Hixon (2) estcblicsnea the fuet thet teyond the point of

& critical conzentration olf' ¢terch, ecch incrrese rnade
enorrous Irofrcates 14 viscosity cna riypidity of resulting
restes.  Fecitel (J2) end Lowe (03) renortad thet the
extent of breazdoown of sterch péstes, ci'ter ther Lad
I'ewcned meaXimum vicceosity, wue ..leater in ths nore

concentlrated pestes.
Fresence ot RElectrolytes

Distilled water wes used by Fechtel () in meliing
tests on starch, becsuse e found that the preceice or
electrolytes al'fected the r'inel results. Hdichardscn

snG Liloginbothan (32) reported thut sturch hod grecter

B I - dae el t ooyt 2.
cse rpere ragid.  Fesides substeanticatlnn
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swelling powesr 1n distilled wabter thua 1n the presence
of eny valts. Distilied wuter was used in tho welk
repocted by aoodiuff and lec basters (89) and Ly aciids
wnd Jespersen (£C).  Lorse eana bls co-werkers (O0) used
Vooying ccucentreticns of dry rilx cclias e steren
witn butﬁ tep water oni distilled weter in thelr experi-
wents.  They concliunded thut there was no tppreciable
dirterence il ool ctrengtn of tihick pustes nclde with
gither top weter or distilled water. Jdowever, with

tiiln, pistes ther round thot visccsity wes secater with
4ist’llad woter thon with tep weter.  Ficno (8) stited
Lhet pericalc varieticns ia the vatel supply were sut'-
ficient teo iesult in cignificent ciffesences in the
conusletency o pile 'l 1lings and thetl staldll lty, viscoclty,
cnG tendency to o=l varded witn dlilercnt water cuppllios.
ile @udecd thet & chonge L'rom tap wuter to alstilled weter

or cof'tenea water r'regquently resulted in noticealle chiznges

in consistency or pie fillings.

T“\‘ - S - v mzs L « A m~ S vars Ty v
Lffect of Time ond Tenpeirature

The Stormer Viccomcter (p. Z7) wee uced bty Alsbeiyg

und fask (1) to study pastes of 4.2 to §© per cent cohcen-

tretion of comrercial cov weareh in & weter mediuwm.  They



reported tiit there were no sipnitiicent ciaznges up to 6502,
The initial viecosity rise veguli bLetweel ¢o® and 680C; the
viccoeity rose greduclly from this point until it reached
& reximum at ¢1°C. Taey concliuded that sirultanecus and
£reduel chengses occur over & spen vetween those tenmpera-
tures end tnat geéletinizaticon termpercture his no snarp
trarsitlion point. Thece findinges vwere substentiuted LY
Ceccar (11), who sugsested that the temperature ¢f the
initial change Le accepted s the geletinizetion point of

staercn under given concdit./one of coolkling: wnd speciric

"

cencentretiin.,  In addition, Coecor (11) found thet the

consistency chames 1n sterchi end weter pusteg comprise

1\

tLe four phases (1) sterch and weter suspension,

(Z) gelatinivztion of sturch granules or thiciening,
(2) pairticl rupgture of sterch cells or thinning,

(1) ass

,
fx
+
'
C\
o]
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o
=
m
e
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)
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upon ccoling. <«lthough
sturches wey vary in tiae time-tempercture visceosity cuive
thaet they ke, wost ¢ thew have similer curves.  laesar
end Loore (12), kecntel (3), end Zrimhcll end iiixon (2),
end reny others nuve veritfiled this stalch behaviorl.
Poth time and tewperature &ffect the viscosity of

sturch puctes. ALccording to Bechtel (3), rapid hecting
lowered the temperature cf the initicl rise in viscocsity,

b1

time at wihich starc’ pastes needed to be held

.
-
o
(¢

decrecce

m
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et 9OOC to recch meximum consisteucr, and increased the
viscosity of the pecstes. vhen the water bath temperatuse
wes relsed sufficiently to produce pastes at 929 to 94°C,
the rate cf heatiiy of the pastes Increcced elightly with
no observeble effect on thie curve cf viecosity rise.

liowever, continued ccoilin,; ¢t th

48]

nirsher terperature
caused & giecter btreasdown in poste concistency. This
decieause 1n viscesity wuas intensified Ly agitation.
rechtel (&) stuted that when starch pastes ure stirred
dusing cooxliy, a differeince of 2°C in beth temperatus
plroduced less than 1°¢ chary'e in tine tewmperature ot the
final peaste tut _roduceu ncticeeble chalges in pucte
progerties. e concluaed that‘there cppecrea to te a
specific teunperature ot which eacn type of sturch
gelatinized &t & stecdy rate and ot which it could te
held f'cr & reascnctle time without excessive brearxdovn

of viscosity. [Fors unmoait'ied cornstarcn, this tempera-
ture wus stout 90°C. Thcse findings have been sup;orted
bty Aniter and Geddes (2) and by Lowe (28). Campbell and
co-worxers (15) stressed the importunce of luiowing the
eft'ect ol the tine end terperature on the celected sturch
if one aesired tc proeduce uniform puddings or pie fillin;s.
according to Eisno (&), pile filiinge ror commercicl pro-

ducticn should Le heated rapidly to the optimuwa tempersture,



removed lmrediately frem the cooking kettle, and cocled
quic:lly to ypiroduce rmazxlirun viscosity.

T - 4 e V- g - \ v > R Rl

in nost of the ctorel reccearch, the roter used in
Likkins tne stercn Slurry wae Lt 1cor temperatusre.  Jiovever,

Anrer enc Secees (D) made cturch slurries with water ot
45 el curove thie temperseture. They l'ownd thet applying
heut to thecge clurries preduced & narsed increwse ia the
It

maximum pacte viccosity., Thnery elco €

ct

cted thet mixing ena
nolding the susgpe.nsion abt room terperciure for 16 minutes
tetore cooxding Inciecead the initicl selatinizetion temper-
atulre tni preduced ¢ nole viscous postes than wes obtalned
in pestes vrich, vere coovad 1m ~3ictely Sfter nixia the

3, S - .
SiuUusllles.

'fect of pi

It i¢ encrallr gcreed that the pid o the starch

e \

fects its coerd..,, poog=rtliec.  ldowever, tie

-

suLpension ol
literature .cce ncot give a clecr-cut picture or these
ertects, & nment. oned wuslier, some investigutors ex-
tracted tne starcenes which they used in preflerence tc
comum=rcicl products. Residues of welde and wlkalies

used 1in tne menurecture o commerciclly prepared starcnes

intrcouced voaricbtles wihilch rade control.ed studies
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impcssitle, they telt. Lost of the experiments in starch
reseerch have been done with inorganic acids. Zechtel (3)
adjusted tne pil of the cornsterch slurries with HCL &nd
NeCH. ile ccncluded thet unmodified cornstarch showed no
trecxaown bLetween the pi velues of 4 and 7 after <0 minutes
cooking &no thet ¢ pgiven degree of elkelinity caused &
brealkdown of peste visccesity. The p:d of wnesat sterch
sucspensions was edjusrted with bufters by sancer end Gedaes
(2). They found that there wae & decrecse in meximum
paste viscogity wite increased piH. idowever, the contrel
garple wniéh had @ lower pil gave & greater peek vicscceeity
then those which were tuffered at_higher velues. They
sussecsted that these results mey have been coused by the
f{fect of icn adecrption on the granules.

larris and Eenasik (19) studied the effect of acids
end alxalies on tie cooKkiLg o one comnerciel cornstarch
end cseverel lcboretory extracted wheét cterches. Ther
reported the&t cooking starches in the acid medium increased
granale swelling «t temperatures of 90°C end cbove. Nali
increcsed granule swelling at 72°C and svove, but the
increase was smeller at 950C than that obteined with Cl.
The work done by dorse aud his essociates (3C) with the
dry milk solids and sturch pustes showed that tne auditioh

o' virnegzur, sufficient tc bring the pastes to a pi €,



ceused the mixture to curdle, which made accurcte viscosity
readings inposzilble. The pustes were cocled and were

fouud to heve un ajp,.reciable decrease in gel strength

when compured a~lth siwilar gels which were not trected

with vinerzr. Chapran and Euchaznan (14) did meny experi-

ments wita ¢ .nstes 1 pastes and verious inorganic acias.

¢

They cor.:lu. d thet eddition of acids in concentretions
as low us C.Q0Z0 I caus-d a decrease in viscosity and
that the addition of .ilute aclds to the starch and weter
sucpensions grevented the formeticu of gels.

according to Trempel (26), most pile fillings contein
varyiag erounte ol ecid wiich graduclly cestroy ordinary
sturches &nd ceuse these starches to loee thelir woter
holding ability. Tc decreese thie hydrolyzing effect of
&cia, he recomrended that the cooning tirme te reduced to
& winirum. Trempel added that barers often cut the ceoixing
timwe co ruch that the cturch 1¢ not cooked thoroughly or
that they overcockl the product end destrcy some of the
stareh.  Recentlv, Bisno (5) steted thet cooked cornstarci
'pastes ray Leccrne thilimer on holdin,: after prezereticon
and suggecsted that tnls chence in viscosity may Le caused
Ly rupturing of tie sterchi grenules or by the conversicll

o starch to dextrin, meltose, cnd dextrose. He added

thet this cenversicn, which ig accentuated bty acid end
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heat, mey result in a rapla thicning when lemen julce nhies
Leen added to cookea filling end the hot mixture 1s aslowed
to staund tor scvercl hours. Hisno olso reported thet eg

cr other butfering metericl could counterccet tais thinning
eftect. Lowe (L5) sunvorted the theory thet cold coused

& hydiolysie or tihe storcen molecule and, that stilffening

powerl decreazced og hiydrclysis pueceeded. Che stated that
worers nove censrolly cereed thet celd nywrolreis is

more rapila witn increcsed pucte tewporeture, longser hold-
ing perlecs et thie higher tenmperature, ona incroacsed weid

>

cncentration.  Lowe aid not stete the wind ci' acid er the

(@]

1

amount necessel’y to produce tiis hiydroiysic.

In & report of recent woris, herr (22) saia thet it
hes bLeen presumed thot wmedificutlicon of steren witn acid

is trne result of & limited hydrolvesis ¢t the cascbohydrate
molecules during whicn the high polymer 1g gplit into
molecules of progrescively emeller silze wg the wetion of
tie cold countinues. owever, the recsult ol lnvestigetions

conda lnalecte thut, under certain conditions, when wcid

«©

Legine tce wors on cornstarch, the cticisht chains are

‘prrctected Ly tue Tormation ot @ resistont cowrplex in

-
3

miicn cmylcce Lad partieles of emylopectin combine. The
Lronciied acmylopoctin moleculics are the first to be sglit

a1 tnis disintepration and wecxening of the crenule



structure ney explain why pustes

sturcn shcw o

ity cteren, cccked in &

low viccos

rortion ol watel,

1ney

[
oo
ct
joS
O

aespite 1its exntensive degre

low viscosity.

Caidester (12) cxtrected o
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couanteracted the 2l wealienliy efffect of the suger. Che

aleo reportad that the julece was more effective in foiuing
& strons el and in controlling syneresis when 1t wes added

at the end of tne cooitllg perlod ruther thun With the ¢33

yollt in the sccona stige o coowing the mixture.

In this review, soue meation has becn made o the
gelztion ol cocled starch puzstes. additionzl studiss
nave Leen nrmade walcn emghiasize the gel propertles of

starca.  cteehtel (2) heated unnodifiesed cornsturch sus-

0] vm - . ~ 1. N
prenelong to 21°C wad then coolsd then ia 2 water bath
: P - .
neld ot 2270,  Doma 3215 were tested &t the end ol 4

NoUI's Wil othesrs bt the end of 24 hoare. e found that

the rizidity and Lrocking strenstih inceeised nost dusiag

Q

+ s LEE TN Fomrer YNy s IERCPE] R o Yy s <~ - ~ I3 ~ «
tue first few hoars and that the inercecse «fter that
-\'_ - . . - I b . Ny P- 1] . ’ hd o

tire tecwme progrecsively clower. The el strength of

IS
4

pastes coolied to 9492 woe srecter thon the -2l strengsth

(&)

{

f pustes cooned at lowor temperatures but decieasea if
coored beyond 249C. aildit oncl tests, in wilch the
clusries were Lroasat to pil 6 with HCLl, were nuae ca

aclu-modlrisd cornsturcues. These snowed thut the rigldity

end treaxing strencth dia not decreass to the seme cxitent



thut tie viscosity of these pustes cecrecsed.  @hact
starch was used for the experimeats of Knowles wiwl darris

(27). Thev tound thet © per cent starch suspensions in a

water medium produced firw ;gels. The critical gel formetion

£

0

tnls t

®

4o

temperature was 20-C, ena abov mperatuse the gels
were I'irm. Eelow this polat the gels were wead cud caowed
syneresis af'ter standing for 10 hoazrs.  Woodrultf and -
Nicoll (40) did soime studies witnh stzien jcelution and

used photcrorapns to illustrate their tinding

,4

conciuded that © per cent commercial cornstazreil pastes
. ;O v ) .

coolzed to &7°C producew very waeall, granilar sels.  Soine

sanples were hected for 10 and rer 20 ninutes &t thls

teupereture but there was little improvemint in gelation.

(5]

- C
A

, . - i O L
Heeting to 90° , and 99.5%C gove gels whiech were

indistinguicnatle ffrom ecch other.

Efftect of Suerose

Marcther work bty Joodrut'f cadg Micoli (3C) was done
with O per cent suspeaslions of corn, whaat, rice, joteto,
and cassava sturcnes und varied cmounts ¢f gucrcses  WWith
the edditici ¢ 10 or 30 per ceut suciose, it woue tound
that the root starcues formed incireccingly sof'ter gels.

The cdaition of £C or 80 per cent susur produced & syrup



)

insteca of a gel. hen the sane percentegges ol sucurose

were adued to the cereal starches, there was il increase

in transporency anu tenderness with eachi lucircase cf sugur.

o

The eddition of 20 per cent sucrose prouuced a gel that

would ot nold the shape of the mold, and the addition of
€0 per cent sucrose mede a syrap with the ceprewl sturch
pastes. all ths samples 1n the elove tests were 1left in
th

b Tl

2lds for £4 hours tefore thusy were checied for firm-

\T)
3

ness and were photograched.

Hester (22) reposrted scuze comparative studies of
pavsical propertics ol pastes uade frou cornsterch, soft
wheat stazrch, sof't wheat flours, hard wheat starcen, and
aura wieat 'lour.s Sne used the frabeade2r agylograph end
the Zrooxt'ield visccmeter for viscosity uczeuremente, oind
ror end Pfund

L]
1Y

tns linc cpreuad aevice, descrived LY JGrawene
(1), for measuremr=nt of the gpreaa of pastes. Gels were
aged and then mecsured for rlgldity Ly wn Sachiange
Ridaelimeter und tor elasticity and breakiug point Ly en
emtedded-4disk metihod, whish wes similar to thet decciiread
Ly Ceare ana wertens and moditied by Kerr (26, p.o 13£-137).
In her res=2crch, Hester used €.t per cent cornsterch in
distilled water tovs the basic starch puste. CShe reported
the efrect of 195.92, 23.7, 3l.€, and 459.9 grams of suzitose

per 120 grewme of weter on viscosity, spiead, rigldity,



(il polnt o the sturch pistes. Lhe

,.4

elasticity, anu trea
conrladed thut increusing coneentrationg of cucrece
inoreceed the teoocratare o the inilticl viscoclty wcice
wud thl tenxperatare of ta2 maximan viscoolty o othe
Jestes. JSitn the lowast cucreccose zddition,
1.0 pgrume, che foung thet tihne peail of
cueve was hichers tioen thet recchied Ly o Uuae corinstaach
Ll Weter pesia.  doviever, the dncregsed gquantities of
cucrces=, bLevoud tihr: 10,9 gran conzentretion, resulted

in @ prospesclive decrzrce in vlscosity 057 the cornstarch

In the tests on el strengtn, Hesgteo (22) Toand thit

tile 218 ol tue Col per cent corustucen paste pglus 1L.¢

ST
1'1'

glems 0f sucrose pel 10C gjrems o were ¢ 1i,-hatly

lass ri-id thon thoee of ¢imilor pucstes withioat sucrose

¢

k'

rotdion of O80T grems of suzroge, the sels

with o couczat

in the Locle cornstercn puete, thin pustes insteua ot gels

Trempel (26) stated thuet the adaition ol suger raised
the gelatinization tempereture of & ctercc and water sus-

pensizca.  te continaed tuct the cddition of seven to eisnt

. Fes A N . N . , - \ - 3l .o “ e 3 N
pounds ol cucar to one pound of cornctoarch in a gpecified
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amou,t ol water rresulted in incomplete cecoillig o the
starcn under ordinery cookins conditiens. The resalting
1 wue dull, thin, end had & raw sterth tsacte.
Tremxpel ceia tinzt the prozortion cf sucsrocse cshould not

caa Chne-lesf tiwmes tLihie wiount of

(ta

te grecter tian thee
sterell uss=e. ol the best resulits in coosing ple rillings
ne concluded that the wel,sht of the cugar tO T Ccooied LS
a past ol the pucste gnoula Lot extecd talce the welght of
tue storchn. sdditicawl suczar rejairea for flaevos stould

be alded to the Lot, cooued poodact.

Altiiougi many regealch Work=1r8 aglee oo some o tne

paysic

N

1 ey gy s 3 . TR oo 1 o i N
L propeirtics o ttuairehl pustes, otihers regort cou-

flicting results.  luca mere investisction is needed tor

cetter understanding cf the eff'ect on tie bLehwwvicr of the

('1

-

sturen cronile cof wdditicne of othar woutericls to staieh

nd vater pustes,

¢

N v " 1 N - e 3 Y 4 F P : . ~ - v
oo 06 the cacracterdictice o ctarea pustce wre

> . T, e 3 2 ey - BETUEE Tt NE T PR
viccosatyr, plesticity, gel ctrength, cns codlglaity.

wm
O
[t
)

ruanctl nel peopertic ‘torrcnl Lustes are deterained

bty tects ol tn=s poh

properties of tns pustes.
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Caecuy consistometer. Lhnis 1s & coatinacus reciraliy

tpparetus walzi weusurcs ceveral ohranteristics of
starch pistes ciwultaneously (12). The stuwson slurry
ig placed imn a tesxer wileca s surrodadea LYy a heating
teth, the tenpercture ¢ whinn le ralced et o regulsted

vee N 1 NN : o TR - ) ]
rete. o opeadie, coanucted Ly o osnwl't to wnoelectrilce

¢

mistor, is suspenaed ia the beaker. The motoi end gaadle
Tove ot oconstant cpeeds, enu the clicig=s 1a viscosity
cre 1 o aa2ned by the it rencees 1n tie eloctrical input
Lo tae jnctol n=cesenry to maiuteln 2 constunt cpeed of
stircin . al'ter the gtiuren 18 cociied, ¢old weter mevy Le
introiuzed into the b and the cherecteristics cff the
cord puste mey Lo wets riloed.

Thic o) alretus s 1o, orted to Le porticalirly well
Guaa,oed to stacles o pustes withh reletively nigzh concen-
trations of €turch. Caesar and docre (10) reported taut
& concentreticn of 20 per cent sturch le ezsilyv recoraed
Ly tils instrument. Thne countinioas aistory of pusting
obtteinea 1in ﬁhjs tect incluces the Jolatinizution point,
the peal viccoelty wita o defindte cooxing procegulie,
speciric viscoslity atter o prescribed cooking operation,

crewee 1n custe pouy with decirecced tempercture,



anu cold paste body after & cyoecificd Lim: intervel ot
tne lower teupeiulule.

Brouniield soazter. Tale torcionel type of viscometer
(£2) contains spindice of vuriqus cepucities whichh reage
from 1 to 10.0 poliges. These spinalesg cie driven Ly a
synenronsus mator.  Thw viscoslty meaturencnts ol tne
coored peste are muiae Lt different ratec of chour nd
e ex,less=2a in terms ol pulic=s.

Stormor vicco meter,  The otormer viscometer 1e used for
detcrminin, the viccoslity ©if & ¢old starchy puste.  The
sterein 1o, elotinized wnd 2ootes toe LD minstes. Tie
SaEte Le plncoa i wni holl ia e
counstunt ter_-wreture cr 20, Lt the
Clea O Lo wiling puiaowu, thne zuriace coiln 1s renioved

ek discarded. Thoe remadining pocte de stisred 11 -hitly
i tronerorred to the tup o thne Ltormcr viscometel.
She Gppeelatias oot o ooyllodi=r weleh 15 Lnwersec 1o the
tect puste ung 1l rotated LYy & vres-rclllog waligatl cwetliy
throu.a ¢ ceal-wha-puliery sveter.  The time in ceconas
necessury I'or & nt o to grouuce o cestealn namber
o revolutions 1o taiern Lo o mecsureooat ol cola guste
tody (2¢, p. 172%).



Erubencer wrerlosraon.  In this lastruwent the starca slurry

ie placed L & cup wnlen le surrcunced Ly an alr bota for

t

(¢

perature coatrol. The cup 1s revolved et & constant

1isists ol a

O

speed. . The measuruy, and stirrins device ¢
disc to whiioh are attezched seversl short rods extendiliy
into the paste.  The torgues dnmprecsed on the mezcaring
unit 1¢ trancwitted to & recosdins toission balance and

& continuous grephlic record ie troced bty the instiument
ovey th= entire gperiod ol the test. Tne tempeputure mly
L2 liacsocused at a 'ixed rate and Loy Le hisla ot any ievel

L e thaermcctetlic coutrel. Iy switehin: of the aeatliag
elenont, the pzste muy be ¢ooled to wy desired tem;ercture.
In addit.cn, & cooling coill is proviuca for tae clirculetion

of" cclu water to zccel:irate coolin: o ths peete for

@

ressusin: conslstency changes brougnt arout bty rapid

reductlon of tempercture (26, p. 127).

coru inductries viecoueter., In this inctrunent (3, 4),

the viscosity oi the starcn paste is deternmined and

n

recorded coatinucuely for wny decired cooking period.
The cpparatas can Le ediusted for a cooling period if

L
red. h cteel beziter 1s pluced in g thermostutically

P

des

D

controlliea lijuid tath. Dietilled water 1g uced ia the
Letin unless cookliiyg at the Lolling u®int of wuter is

desired. din cuch ceses, glycerol, Frestone,cr other
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Coulting puste 1 ctirred Ly electricelly driven paadles

az ostirrla: cdevice, of unigue

.3 . . oy . - P A ) 10
degi; i, removes the laver of pusted ctorci from the walls
- R e e - s ~qn [ 3 . 3 e . .
¢ the beerer. This constaent rewcvil of the pusted layer
‘ , s s .. - e . N
lrmporeves the efficlency ot heat transfer to the Louy of

turc. & segcorctely mountet propeller, ariven turou,.
ceel Alterential, stiss tie center of the patte end
Meuszales Tle viscos Lty changes. e r'cree wnlica tihe
piopeLler edccuunters il continuoucly calincea Ly o
dvuaukoncter consisting o & welgint wrm whilchn moves
torousa oo overticel are. & series of lnterchangeasle
welshte cre provided rer the uynermomes-ter so tnet it
covers o relictively wice rense ¢l torgues from TEC to
ot

20C0 grem-centinetere to cttain e juel seasitivity with

dilute cond concentreted pustecs.  aAttocinea to the dynanpometer
is tiie polnowiich wutometically records the vigcosity changses
o Tl reste.  Evogorcticn of rolsture freom thne poste

R R ~Ye 3 e S ¢ -~ - 2 1. - -y ) N R .o~ 1
duriss coondiny ig preveonted Ly o 2ondenger bullit lnto

tine cover of tir. bLeaiioirs
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et Lo the specilfiica toeoperature The nmotoi-
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ariven stirrer ic ticn stoitews. Tas staesca ciucry, wade
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Grevelovelr wng riund test.  Growenmever and Fraaa (137 used

. . - . . e \ . . N . o
L lire-cpieid tect For oléerving tue Soread of applesuuce

bl ,
u5s plale

}_a

enag crerhnopie fililases In tids test e I'lct, ¢

-

onh surlece cnecdaed foo evenness witio a spiric

(g4}

level. Leneath the gless plute wos [laced a dicqram of

< N N Ty Y . - el Y Y RS2
concentric circies. The cicmeter of tue swrelliest clrele
wee two lichies wnd dicmeters of cuirrounuling circles were
Yo Sy e < 5 A i s 4 3 raxye - - ' v ) Y v e
gieuasted Lo onc-clisiitalinen intervels. A ho.low cylinder

cf the crxiet dilamoeter of the Innernost cliocele was needed

f'ci helaoliny the peste

om

ermpla. lor thids purp
ena Ftfund (1&) uged & bLiscust cuttler from which the handle

N N SNy 3 ms - e, v e, . - LYo :
weg renoved.  The crlinael” wee pleced on the gless plite

RS

directly ovar tiae smellest circle, rilled with the natericl

to te ticted, wia Leveled with o sputule. The cylinder
wos Liftec corelnlly anu the neteriel alilowed to spreud
for two oirutes, wna I'cctilu’s welle LaXen ot foul eguaily
spiced recld on the dicgrer. Tae wvoruse of tae rours
recoings sepiv-sented the nunber o cne-2igntihc inch anits
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freguently. In thafe test, the storceh paste is pcused

i . i
secifled level lmpedictely

s contaelior to e g
el ter counung. A clrcenlerl netil alsc of aaown diunmeter
serlaed 1o thne paete Ly means o Lometel rod ceonnectzd
Ty

to the center ot the upper curlace ot the disc. The metel

2 . PR N - . 3 e . -~ T .3 .
roi, civosed et tas top, is huig over & ber wilenh rests con

to a ugptn o Luree centineters. a trhin ffilm ol vil 1is
lecea on o top o' the ftoseh peste wiia tie vessel 1s hield

C’ fal » ) . . N
C ror &4 houars.  Tuaen

in ¢ constent tempeswture totih ot 8
the tect conteiner ls plaved on e Grid.e over Oie pan or
& large, ssneitive beam bazlance. A speclelly mule Lok,
sucpended from the teen of the bosience, connects withi the
Ltence In the rod connected to thie ulec. Laell size chot
cle wlded bt o faxed rete to the cther pan of tas belance.
he o weiont o tne ot le noted ot the time waen the dilsc
froactures the sel. The welisnt of Lie ghot, lese the
welsnt of the olce znu ell eonrectione to the Lewn cof
tho Lilance, alvided Ly the exect creu of the lower suarluce
of tie ulee 1o token wg the el stron-th. Toe posult is

€lpdelSEC 1N gobls per sguare centimeter.

e



N i P v ey (O Z PN
Fuches penetron=ter, eceraine to ilerr (2C, p. 127), moct

— ‘-

- & 5 va - e e v P} P . LTINS h
ci” the penetrometcrs end relometers ore not sutticlently
Szreitive to dletinouicl, Lotween vericas groces ¢l moditied

industrisl stepeoacs.  sowever, nerr stehes thot oo lnstru-

. .. - . n 0 w Ve 2 e e T : . Y
ment constractea Ly Foow. Puachs 1z sopgitive und accurite.

w
€3
=
-
-5
N
et
o
-
—
(r
oy
T
(o))
-

lungse in tnis penetiometer d

-

S s d e v - Y A - v PR ) e ToAal z B -~ T, K ~ Y

caul ‘.,.aed, nollow motel tule vioillJFd I"."i".;ml,lt.s [ CCI’k LO*‘-'PO
Ly S N 3 - PRI P S . Wy Yo :

Thls pluncer 1 sttuensd to the vottom of & oo wilch 48

- N . ey ¢ S S 0 Sy~ 3 - & LD - EE
hela lnooa true veotlicll position Ly Séveiud (JUulues. U
the top ¢ the roa e & lati'crmw on wilichn & owelyaal 1s
b

7 o Tt e o v + TN S + Do i Ty -
paoTdn. Al Cor L ctoiron paste 18 adcdhead, 10U 1e ouled

4

thun the

plunger.  Ar'ter the poste corple aLs Lean coed o tae

S G e~ S 1 ~ e P B S 2 - Y. Sy EREIRY N 3 -,
des.ired peoi0od 0 Linde, approrx nitely cue-curth 1ncs

+ -~ 4 ts vyt - Voo e 3. R A ™y~ T
tep ol tihie cuiriece of the ol, 12 releceed. e tibe,
s a0 e e . v o, o~ R . . . N .
iaoscelands, wopadired U0 the hollow tube plul.gor to cut

ihLO thhe el to ow

2]

peciliied cuptl 1s noted.



(o2
L
ot

AR ARNE 10

I o™
1a0CE0URE

Distilled w;ger wes used in meling il starch slusries
in this stuay

Tne cornstercen for this project weas suppliea Ly lhe
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Mepure 1. Sectional Drawing of the Corn Industries Viscometer.
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The stirrer of the viescomater cun Le operated ot four

dirffcrent s;pecde.  dovever, ths stundurd cpeed muast te usaed

duasdor the selalinlzacion of sturen pustes wnd 1e tie specd
recomnended 'or viscositr meaususements. Ials stunaard Spes
1s T4 rep.ie O the sciwser end €O veponme o the propelle
Tae sticvrer ie dgecscrined 1n the review ol linerzture.

The besis o the viccos ity determinctica Ly the curn
Inauetries vicceometaer is the xzecsurzument ¢l the torce ¢
torgque walcn the propeilel eucvoanters ¢S 1t tulns u tue
ctarch paste. Tals fousce 1s transrlitied ov & catle Lo Lhe
daraln wnd, thesaa 16, Lo tie dyawnoeted &nd felosder. &
QULL G te calle cuLuages the wrusn to tura in o counter-
clociiwice alrez2tion ena moves ti: puon &cross the chart
'rem et to siont. Slmaltoneoucsly, the cuart nmoves dovina-
vela from Ui top of the recordar. Thne cuart 1o sruiited
with aprce cpaced et one-hzlt lach iutervalo; wd, st fust
gpecd, tuegz crces nove at tie rote of one per minute.
Therefcore, the chart suppliss & germanent recerd ol
vigcosltr chneng=s end tne lensti of time reqaired for
thesce cacnges to toke pleoces Firure 2 siows o sample
churt with the record of ¢ staren poste curve.  Tae torsgue

cain Le detesinined muthemetically (4, p. 28), cor tecntel's

tacles (4, p. 24) cuan e uced for transposirg chert reudlags

to toryue vuilues.
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The weisht arw of Lue uyiwacaster moves In a clock-

3 i 2 . - -~ H N RN
wice dirention when a pall 1s cxorted on the calle.  The
w2ilgat aom sloas bLolances o torjue of 200 gran-centineter
bt L I'ull scela cf the cacest.  ohen owsnly viscous

-

L - e . e i
motericles are ccoucd, the vange of tae viccomndter cen bLe

extenaes Ly thac owlddit tou of supplementers wa2iznte.

weilghte, at £all scale, Laloinee torgques of 480, 200, and
10820 aram-ccontimeters.  Thne welshts can be auaed duriag &

test 1 Las muterisl 1g so viscous that the recogsu2r pen
anes the ~hart limit.  In preliminzry teste, 1t was
founa Thast all the zactes in L:ils ctuly were culticiently
viccoas Lo walsant taes 1se ol the 1ol sram-coatinmeter
welicshit.  Tials wedisht was placed on the dypamom=ter arm

5
i

sind mez It therg ror tae duration ol the invectisations.

o

Than len,th o thz2 coowlng tine o the tests depenus

w NV e . . - IRV Aty [ AN PR 1 L,
upcn the purpose of tue exgerimeats.  Llince the additions

. o preed s - ' ~y e ey, y [T o ot )
Ot varyin: LLlOoport.ilc.as ol cusar onad citric aciu wilectod
tne tlne rejuaired Yor the postes to reacn maximuaw viscosity,

an izenticcl ceooitliy period for ell the tests was r'ound to
be unseatisl'vciory. Lecuuse Ui addltion of laee amounts

Of" cuczrose to the stzoch pezte coused tne cusve zt maxinun
viscocdity Lo level ofl” vaoy €lowly, it was cdeclded to cook

>

il trne pustes r'or four minutes effter tie prax viscosity



A bheriromneter was inserted in the cendenser cover in

sucn & manner tazst the bLulbt clewrced ths supports of tiwe

(W

scraper (Fixave 1. Thls thermometer reglstered the
tewpeleture of the starch pustes.  Clservotions ot the
peste temparetuare were mede gnd recolsded maau&oly on ot
chart gt the time or’tnc initicl viecocity rise, the

maxXimum viscosity peasd, w«nd the cnd ol the cooiking period.

’t,

Tecte on ceonited pustes.  OSiance lemon ple 1s usuully served

LU room terperature, it did ot seem thot observetions on

tas tlow or not puetes with line spread tests would supply

i1ntorpetion of particualer concern to food produstion minacers.

a0Gevelr, in preliminery work, line gpreud teste similar to

those of drunemeyel cnd Ffund (12) were ncue.
For the flow teste en C-1inch sguare glass plate wus

placed over o diapran of concentrsic ciceles nude at Cae-hea.

entineter latervolse.  Thne nollow tube a=zceribea Ly uriwewne
ana Pluna (18) wus aot usea becuuse the talca pestes 1 tiadls
ctuly woala not r.low I'reelyv iI'rcm €ach & cylinder. Incteos,
In the tdrst 1l gprece test, o Luwber OU ice oocaim Soup
t=velod with @

wee rilled witn the n2t, cocxed puste nnid

spatula. The rlouce [lute, &bt room tewperctule, wus , laced

m

oves tae cpen end o tne scoop and then toth were anverted

I

over the aligrern. The puste wes thea reliuced fronm the
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scocp. Tale procedure wos not seticlactory becuuse the
tleoe o the scoop was not erriclent tu rewoving all of

th- puste.

carxe aecorator tute wus cut bt the
#ouala 10ld 0% cubdlec centimcters of the cooted puete. The
tulbe wes 1.1led witn the et pucte, leveled with a spatuls,
cild Cover=d withh the slass plate.  rPlate uny cumplcs were
louverted simulteancously cover the clacram of concentric
ciccolez.s  Tue tube off the decorctor was 1ir'ted Irom the
C.oooIn Gl dnstunces the paste was wverey thich and, in
orues to removes ozt ol 1t tf'rom tice tuie, 1t wus nececsory
to puci the plungser aowil.  ooace tils exerted pressuse on
Lii: peste, tie Lest wos alsceraed e dlreeccusczte.

cily 1o the preliminery testiliy, wos the caxse decorator
tube usea r'or ling spived tosts ou ths o=1ls ei'ters tihcy aed
reacned room tepercturse. Clace tiere was Lo Lpicue evell
10 the sollter gels, thls provesire vue elinlnuted in the

At the eni o the cooxin] per.od, tae Starc. Luste

wozo poured into nine S-cunce unwaxed puper cuss ana held
at roim tempeiuture ultil the thermomcter in one cup

- e~ om0~ PN 1N . . [ T P .3
CTIELEICd (o LCLOL: t 9% ttlf tﬁ SN ML ) txll_: sain
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Filgure 3. Fuchs Penetrometer.
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Viecocity Tecsts

in Texls 4. The greatest variction in torque values Letween

Table 4. Renre in torgue velues in the three replications

Cl eucis £0rles,.

. . o) . L4 M P TS5 AR
acic Level in Terms ol Fercentuoee ¢l Totul Llgusd

Sugar e o o e
hg . hl
LeVe o « A

% ¢ 4G 44.5 43

o 1215 - 1830 1L0l - 1tlc 147C - 1L0C 1430 - 121
20 lcee 1616 1501 - 1tlé 1452 - 1470 1439 - 1470
40 1541 130€C - 13L8% 1291 -~ 13L4 LT - 10Z4W
3y 13020 1033 1c0l - 1043 982 - 1000% 1001 1059

woll'l'ercnce of wmore than L0 gruem-centimeters

replications wes found in the pectes made with 40 per cent
and 60 per cent sucrcse witn acid. vhere a difrference of
more then o grém-Ccntimeters in torjue velues was found,
the three replicetions were repsutea.  Since the scme vari-
ation wees round i1a thae auplisute tests ¢na cince the tine-

tempcrature curves were ldcnticel, 1t eppeared thot the

nerose and acid could cause
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a coisntly crecter oirfcerence i viscesity resdilgs taun
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of lotal Liguid G SO 40% 6%

A C 1201 1606 124 1033

v 4.0 126 1Loh 1385 1026

B 44.9 1421 14t4 1512 1221

D 43,0 1590 1460 1221 114

The cnalvels oi vaclaen o' Ceidles A, Jelle €, showed

iet there wes & nicnly eloniiicent difference ia tae
Talle €. hAnelweic of vorleuce o zorp2e rewdlngs for Series ..
Cources ci Vuriance D.i. .. F.
Total 11
cetween % ol suciose 3 12, 17
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Thea Lot Jlewrved iAo the Storchn and webel postel . Llls
. g . v . .. s v N —~ v . .,
corforrs with the findines of sdester (52 wiro steted that
[ ]

1i.0 prins of cacrose coohed witn J.b o groame or cornctorch
in 120 gieanme ol water produces & gleater pedk in the
vicceslity curve thun dic corpsteren wue wetel «loae.  She
€150 reLorted tiet coondi,n thw cene percentece coonsterch
pegt o witnn co07, Gl and Zo.l pluws of cucicge cuusad
Jlosreseive socrecres In o theTreck viscosity curves of
thece [retog,

Tie C.1 N eitric acid sclution in the contol serice,
Lowsdes L, o constlituted 44.0 pelt cent of the water volulic.
In Scries © the citrlic scid wee 40 per cent o1 the water
volume, &l in woeries D it wus 4. per cent ol tihe woter
volane.  Tae Lnilysle of verienes was nede on the stesch

Lz errles without

soneentret oo Thi

.

f

-

with tihree levels 0
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S anelv: Tuble 7, snowed that



58

Chart
henl.ngs Tow 'tue
loo “i18060
90 {16 &0
;==
0 b / 1S4y
| 1°7°5u('4'SL
- e {3
! / L
! / 7
boo / / 11222
'No Sucroute /(. $o'l Suckose®
Sot l / _,-——""“‘"‘-"“37
g . " ’
H *
%:’ / ST
( i
! N ./9 bo 7 Sucrose i
3oy I ‘/ -, (S]]
/ / |
Jo; /. ’/ Yo2
i . /
*
‘o) / / 4 1""
*
/
o i ’ ] A [ i L 1 4 i 4 I
It To 'S Ao 25 3o 38 yo $S
Time 'n minutes
Pisure 4. Effect of Sucrose Concentration on Maximum

Viscosity of Cornstarch Pastes.



. v . 2 A al Cey iy ~ RN M e * .
Lhese wos o Sienilitornt Cilference Letwoon L troctLhellty

By Ry N N .. . - ‘e
Al e e nien 1 VAo LY wal

in tnle cerliec.  luwnever,

rnot (SO S B Letvicon Vi stizoep=wlhelr tonoa oo grordn=wntar-

. : . - T N L Lp A et
. i cent ool _rstag. S e Vs G STl Cont Uil

2 , ~ - . : S 1 T R ; s e .
L Tl LCZvvide a5 Tur vaselnitly (I Loe LTiLooa-watels

E B PR e - . Coe el : o . S \ " v
e el Lol i G SLlh sl paste Wallh ao el Of

cltric acid.  Tipee il il renee o v Ly WS
o vniyv TonopLfles mede witn Lo oecld ana e
pestes mede wita T Goid s2lution conctitatliig 4.l per
cent o AJ jer cent o tae woiter volumt.  Thooe puotes

IR S I IR T RN R b PO . e ap e PR
"A'\us A e RGNS B GIPDE FON S R S S t./\n{\ s G J“-v(r ‘.(‘ux. J.\J\’.‘\_os.l.t‘

ctoobtainod Wit snaot Liwe o water slonie.

m™, - ~ 2PN
Lallle . Icr
.

C Ty A s LN oo ra
ooulrce 21 Joriinee iJel'a liewo .
~m
AOLUJ. ll
ST T O . CF e - PN
Seleech Leld concentrations “ o
; s

N\ 4w

it nee Leen menticned thot Lue cornsteicy wng waeter

. 2 44 - . . - . . ‘. < ~edt e
pistes mace witil L0 pel cent cucrcse Lo Lopooi vicoogfity
— s - ; ‘ . - -

cwLgllliocont et iavel o prcobatility




credter thon thaen obtulined with oholrelh nd witelr pastes
In the £0 pelr cent suw il rixtures biers weé & Lhi hiy
siznitlcent prosressive uecrease in the _eual viscosivy
witen tip: pretes vere coonad witio cltrlc soic sclatoon
Corstitutin, 40 -1 cent cnd 44,0 per cent O tie witer
VollLt. aoweveil, bheoo Woas no dil'ference In viscosity
Letwesn tne uctes cooited witih 41,8

-~ ver o e T 1
oncentrotilns. The wnel

(@]
4]
lad
-+
[a%)
o
—-
joF
e}

. . ~

tnis ceries is coonn I Tatle C.

meY,, A O AT v i eviom (o ff . Loper eed o
LLli2 Co manraveLs Gl Verlineg I TOI ne It Culils I
SRR e, . PR S FETIE SR (GRS e g . B -
cturoh-watoo-cola pastes witn 7 gusroce.

4 . Y e, N ~ Py .- ~ ve
LU Ol vadlaonee Liel . hooo 1.
T A+ ) EIR

PURURUN NS & -

v -~ B S - p e \ P4 o r, A
Fetweon wolid contentlaet (Cns S 14,718 L%
L or N ez

Lrror . 034

The cadition of loree queantities of sucivce tu &

cernstei o mirxtule 18 Leen ound tu ceuse o cecreuce

in pecit peete viscocity. In the scries of viscosity

- N T Yooy Ear Y - A RS .
saay o tlenlideunt &t the Uk level ot p;OLh~l¢.tj




[}
b=

of tnes2 pastes made without ccoid or with any of ths lavels
of «cid concentration. The ainalrysls of variunce for the

40 per cent guaerese-acid scrle

0]

cppecre in Teble €, und for

3 o - - o~ . 4. N - . S MLy 3 g
the €U0 per cent suceosze-ccid serlies o Tatle 1C.

Tucle 2, anclysle ctf vorionce of torgue rezdings for
stalch,=-water-acod pustes made witn 40k suciruse,

_<
-
®

-1 ey
™

B ot ot

o

3

1
e seld eoneentrationns 3 Ly 2.8
& S47

Terle 12, Ansddvsis ol vaerlc

)
e
tero cwnter-coid ucte ,
sterol.-autelr-z2y pas es |

nce of torque reudinss for
~de with 60% sucrose.

.

Scoarce ol Jaricnee L.EF. M.0. Fo
Total il
Eetwesn wola concentretions 3 J.30

(28
O
o

(W

Error

replications

[¢e]

The avera. e mixlian viscoslty of the thre
of the sturch-csusrose sories are shown in Figure &. The

-

ei'fect o n> &ac2id ani thne tiree lavels or acid on the



.

aVelepge gt Viec ity 01 UThe tiles repllegt . ong ol Lae

B DI INRt - . N At D v . . ©opecey A ‘.
sterch-weter, starcih-20 per cent cucaoese, starci-4u pel

cei.t, sucrose, anue Steech-CC pep cent sutrose voristions

enperatire. Lk Ter coretures 1'0r the thiee replications

ol' euch veriation of the pestes in !l cerdiesg were practically

e o e e i s e
ldenticsl ror initiel visccsglity rise, muxinum viscosity
Yy ¢ N 3 M . - - . 0 § ] : . Y- N MR ’
polr, Lona four minute intervel INollowwry” T rmaxanun
;"‘”‘C"t" Py e L' ey 77 Vomeee & T s Ay As At oYy ese
Visceosel ) Mot PO [ i S0WE Lt wwaiad e Clac & wa cuclrese

- R : ‘ ~ e D . v AR TR 28 MFIEN P
eng ol ecid on puste teoperatures ot the oifferent stures.
Wit ecci lnerecee inotne proporticin ¢f sugsur there wee

& piCgrefcdve Incrouse in the poste temperature o Lhe

2l

initlial viseosdty slge, the mexliauw viescosity peolk, and

the onya poliat ol the coouin, period.  However, witl euch

£

increcee ol cacrcse the nunter of dezrees of tonpciatuire

lge Lecenw pirosreccelvely less wurdly the I'lped fcar

Tne oI'tfect ol citide ecid on the tezpureture of the

. ‘ < - h} 3 ~ i+ Y ¢ . N e N : Sy v g
pste Gt The dndtlicel viccosity rise et tae vardions sucrcese
RS A N e @ . I C ~ ™ . <. vee . ~ e
levels wee not contistent.,  The ctzrch ana water pestes

ctoerted to thicken ut TCOC0 wien cooked witaont citric

c

P RO L T e .- e Lt P
acld oo oaith ecitrlc cold et cueh o thie three level

O]
(@)
F

conecentirati ™ I'e. wLs on Jroeresec I" vy
CalloCal Ll i v 4 0L wLE o JLelreaE 1000

7
o
.

PO \ I -
Ios o tio e ‘.':.LCtJI'C CiI



63

13'L«e

’écc
//

1500

14oe

13cc

116c

Itoo

1ooc|__ 1 S S e —a
0 &ucrose A7 Sucrose 4o%e Sucrose Lo% Sucrose
Fipgure 5. Aversge Maximum Viscosity of Cornstarch

Pngtes with Different Sucrose Concentrations.
Amountg of O.1 N Citric Acid Are Expressed
in Terms of Percentage of Total Liquid Used.

T::ridi’-

. e
1‘0” ~ - 10755'-4(:\{0;

~
>~
1500
-~ -
—~—
—~—
~ e e e - -
1Yor
yolo Sucrege
el Rl T
— 0 e
(3oo ° ° T ® —— 0 o
1200
thoe
bo'le Sucvraose

~—l._..\—.l—-(—‘—u—l—l——l-—(—--n——l\ 3
co-= -— - -3

oati 4 o7 acid 44.5% acid ¥?% acid

Figure 6. Average Maximum Viscosity Showing Effect

of Citric Acid on Cornstarch Pastes.

Anountw 9f 0.1 N Citric Acid Are Expressed

énegerms of Percentage of Total Liquid
86d.



64

/ Ne acid
2 rith citric acid all levels

. £ Tempemm,g/ intial viscosity
nise o mar . mum Viscosity.

m Temperqture‘ Maximum Visco K'tY

Temper"\ture teo 2nd of ¢ ;-:k;hq Ptv;oc\'

o ]
9s°¢C ANAAY

~ 1
90
C I 5

q 2

85°C

8oc

15°c SN

oc NS e e —

1 No 1070 4o 7o Ko','o
Sucrose Sucreose Sucreose Sutrose

Figure 7. Effect of Sucrose Concentration and Acid
on Temperature of Cornstarch Pastes.



S0 per cent sucrcse pLstes when citric seld was udded.

neentrations, the dif'fercsuce
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nitnh Lhe two LIionect s
in Initisl viscosity rise wos 1ess tawnl oue degree lower
when the coid wes cocked with the nixture. (IMizure 7).

I: 211 the cornstercen pastes with orr witiiout gucrcse
the terperature at tie miximum viscosity pead ana &t the
ena of the ccoiiiy cericd ses lower ot &1l leveles cf citric

ecdu coucentroation thien 1t wes in the postes node without

erid.  (Ficore 7)

[17

me.  Leaon concentuation of sucruSe prorressively lncieused
the tine belore the dndtial visceosity rise. Thne time of
tals rlsc reuied tron € Lanutes or tie sturen ead water
peetes to 11 &/4 miautes tor the €0 per cent sucrose
reglicat luns,

The tehavier ol the pustes ot all levels ol ciﬁric
acid concentrationl wes o sinilar that the erfect cf citric
ecia oir tue tir of gelatinizeticon mev be consilderea the
ser2 1o &1l the weld replicetions. The time of initial
viscceity ricse flor the pustes mede with and without the
acld I1s considered practicaelly the scme.  Fijure & shows

thet tne dirtersnce in tim: veried from ouly one-rfourth

te one-hiclit minute.
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ithe Llize necesgery to cbtain nmuximan viscosity wis

v

creutly affccted by cucrose.  Mor the gusur pustes,
oceries 4, the time needed to recen peuit viscosity was
rcuind to L= &s Toilcws:

ninutes
ninutcs

minutes

R G -
rLinalecs

Therefore, in precticol @pplicaticn, 1t 1s nececscary to
cCuf coinfteren pacftes containing @ nigh sugear ratio ror

& L0: tL o2 i the sturen 1s to be (eletinized completely.

.
b}

ar Cime regudrea ter prstes et the thnree levels of

¢c.iric W Ccoacentration to reech maximam viscosity was

Sulte ¢ lere Tods time forr recobiln, meximwn viscosity
WLE LI ceeively decreosed with each dnelement ol sucicse.

rorotoe orztes weilen ineluued welg, Series b, €, and D, the
Ciue 0 ied to reech pear viscousSity was evereged for the
three vele o’ zeid. These cveraees gra es follows:

NO SUCIO8E ==--mec e e e e 1% minutes

D00 SUCLOSE ~mmemmmmemm e -- 14 1/ nminutes
G e SUQI0SE =mmcmccmeeeea-- 18 1/« rinutes
C/ o SUCLCEE m~-mmmmemme e 24 minates

Firuce & shevs tihe tiwe reguiced to oltein muximum viscosity

in the pecetes in Seriess -, B, C, znd D.
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