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Abstract:
Starch gels made with corn starch or all-purpose flour tad using as liquid distilled water, tap water and
milk, respectively, were prepared under high altitude conditions for the purpose of studying their
relative consistencies. Their qualities and breaking strengths (measured on the Delaware jelly strength
tester) were compared with those of a standard gel.

It was found that at an altitude of 4700 feet above sea level where the boiling point ef water is about
95.5°C., more complete gelatinization and better gels could be obtained when the starch paste was
cooked ever direct beat and allowed to boll only five minutes. This method was preferred to that of
cooking in a boiling water bath where the temperature of the starch past# was too low to insure
complete geleatinzation.

There was a definite indication that the presence ef ash or salts in tap water, milk and flour had a
depressing offset on the thickening property of the starch and lowered the brooking strength ef the gels.
When 20 per cent ef sugar was added to the pastes, the gel strength was slightly increased. When a
larger amount of sugar (60 per cent) was added to the pastes, the resulting gels were decidedly weaker
than the standard. To obtain complete starch gelatinization under the latter conditions, it was necessary
to withhold one-half of the sugar until the end of the cooking period. If fruit acid was also added to the
gel at the end of the decking period. it had no apparent effect on the gel strength. 
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ABSTRACT

-3~

Starch g e ls  made v lth  corn starch or all-purpose flour and using 

as liquid , d is t i l le d  water, tap water and e l  Ik, respectively, were prepared 

under high a ltitu d e  conditions for the purpose o f studying their  rela tive  

consistencies. Their q u a lities and breaking strengths (measured on the 

Delaware j e l ly  strength tester) were compared with those o f a standard g e l.

I t  wee found that at an a ltitu de of UfOO fee t  above sea lev e l where the b o ilin g  

point o f water i s  about 95*9*C., more complete gela tlu lsa tlon  and better g e ls  

could be obtained when the starch paste was cooked over direct heat and allowed 

to b o il only f iv e  minutes. This method was preferred to that o f cooking in  

a boiling water bath where the temperature o f the starch paste was too low 

to insure complete ge la tin isa tion .

There was a d efin ite  indication that the presence e f  ash or sa lts  

In tap water, milk and flour had a depressing e ffec t on the thickening 

property o f the starch and lowered the breeking strength of the g e ls . When 

20 per cent of sugar was added to the pastes, the g e l strength was s lig h tly  

Increased. When a larger amount of sugar (60 per cent) was added to the 

pastes, the resulting g e ls  were decidedly weaker than the standard. To obtain 

complete starch ge la tin ! sat ion under the la tte r  conditions, i t  was necessary 

to withhold one-half o f the sugar u n til the end of the cooking period. I f  

fr u it  acid was also  added to the ge l at the end of the Seeking period, i t  had 

no apparent e ffec t on the gel strength.



A STUDY Of THIS OOSSISTMOY Of STARCH GKLS 
PHKFAHKD Al A HIGHBB ALTITUDE

INTHODUCTIOS

Starch Ie an important granular material produced only by plants 

and constitutes one of the forms In which plants store their  carbohydrate.

One o f the characteristics of starch that Ie responsible for  I t s  extensive 

use la  commercial and how processes, i s  I t s  thickening or gel-forming property. 

When starch granules are added to water they swell s lig h tly  mad form a paste, 

which upon heating to a certain temperature, thickens or g e la tin ise s . By 

controlling the proportions o f starch and water and heating the paste to a 

d efin ite  temperature, there resu lts a cooked product that g e la tin ises  when 

cooled and forms a standard g e l. I t  I s  understood that a  standard ge l holds 

i t s  shape when removed from a mold, shows no syneresle or weeping, quivers 

when gently moved, and has a j e l ly - l ik e  texture exhibiting a smooth continuous 

surface when sheared.

In cookery, starch g e ls  are frequently used for such products as 

puddings and p le - f l l l ln g s . for th is  purpose the starch Is usually obtained 

from either corn starch or flour. The former contains l i t t l e  besides starch, 

but flour i s  a composite cob stance, having various amounts o f protein and ash 

in  addition to the starch, and a l l  of the Ingredients must be considered. Au 

examination of so-called  reliab le  recipes for starch g e ls  show that they do 

not agree in  the rela tive  amounts o f starch used. I t  Is  apparent that l i t t l e  

comparative study has been made of the thickening or gel-forming power o f  

com starch and flour, and that l i t t l e  i s  Ioiown about the sp ecific  requirement 

of either corn starch or flour for making a standard g e l.

Studies in recent years have shown that starches obtained from com
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Another factor that seems to affect starch gela tin !sation i t  the 

elevation above sea level a t which starch is  cooked. With elevation cones a 

lowering of the boiling point of water so that the cooking temperature may 

f a l l  below the gelatin!cation point of some starches. Whether fa ilu re  of 

starch to gel is  due to the lowered cooking temperature, faulty  proportions 

of ingredients or poor quality of starch is  s t i l l  a problem. At times, th is  

d ifficu lty  of obtaining galatin isation in starch cookery i s  reported by homes 

and in stitu tions a t higher a ltitudes.

In preparation of starch gels for food, other materials such as 

sugars, s a lt ,  f ru it  acids, milk and chocolate, are often added to increase 

pala tnb llity . I t  le  desirable to determine how these added ingredients w ill 

affect the fina l consistency of starch gels.

while some limited observations on starch cookery problems have 

previously been made under conditions at sea level, th is  study proposes to 

further investigate starch g e la tln lcation a t a higher a ltitude by determining 

the effect of a lowered cooking temperature with varied proportions of 

ingredients.

and wheat are not always o f  a  uniform q u a lity . There are vague referen ces

la  th e l it e r a tu r e  to  " th in -b o ilin g  ̂ and " th ick-boiling"  sta rch es, in d ica tin g

th a t some inherent c h a r a c te r is t ic  o f  the starch  must a f f e c t  i t s  g e la t in !sa tIo n .

HISTOKT

Before attempting to study starch gel formation and i t s  uses in 

cookery, i t  i s  necessary to thoroughly understand the physical and chemical 

nature of s ta rch ,its  basic qualities and i t s  variations.
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Starch1 the fom  In which plants store their  reserve carbohydrate, 

makes up a large part of such foods as the cereal grains (wheat, corn, and 

eats) and potatoes. Raw starch granules taken from different plants and 

Maeined under the microscope vary greatly in  e lse  and shape, those from 

wheat and corn ranging from 3 to 35 a lcrons in  diameter. The granules may be 

round or oval and may occur singly or la  aggregates o f 2 to 25 or more.

Ordinarily starch i s  not need in  I t s  natural raw state but Ie  

subjected to a refining process consisting o f a series o f washings with water, 

acid and sa lt  solutions, bleaches, alcohol and ether, that remove undesirable 

Ingredients and increase the thickening property (44). The composition of 

commercial corn starch, ca lled  a pure starch a fter  refin ing, i s  87 per cent 

carbohydrate and 12 per cent water, while flour, a wheat starch, contains 

about 75 per cent carbohydrate, 12 per cent water, and about 11 per cent 

protein (11) ,  In addition, both starches contain small amounts o f fa t and ash. 

This difference in  composition partly accounts for the variation in  thickening 

capacity o f  corn starch and wheat flour.

Some workers have regarded starch as a homogeneous collo idal 

substance and thought that variations in  I ts  characteristics were due to 

different co llo id a l conditions. However, Saswc (27) and others believe that 

starch i s  a heterogeneous system b u ilt  up from polysaccharides together with 

organic or Inorganic substances. Changes in  the non-starch components would 

then modify the properties o f the starch.

Prom a chemical viewpoint, the starch particle  Ie made up of two 

fractions, a le s s  soluble portion called  alpha-aayloee or aayIopectln1 which 

forms a viscous opalescent paste on heating in  water; and a more soluble portion 

known as beta—amyloee or aayloae, which upon heating forms a clear liquid



'solntlon "(32). Starch Ie not always reported as containing the game 

proportions of aaylopectin and. aayloae owing to different methods of separating 

the fractions. Also different proportions may be doe to a process called 

"retrogradation" that takes place in  the starch molecule, in which the amylase 

changes to the insoluble form, aaylopiotin, and thus Increases the gel-forming 

quality of the starch. A. possible explanation for th is  change i s  given by 

Rlchaardeon and coworkers (25) who believe that starch molecules contain 

glucose unite that are linked into continuous chains varying from 460 to IU70 

u n its . The longer chains make up the aaylopectin and are insoluble, while 

the shorter chains constitute the soluble amylose. These shorter chains may 

aggregate to form the longer chains.

I f  starch granules have been Injured in  milling or grinding, the 

starch chains aare broken into shorter, more soluble unite which make the 

heated solution loss s t i f f  as they increase (16).

Closely associated with the amylopectln and amylose in the starch 

Ie phosphoric acid. Samec (28) states that in the starch of some species 

of p lants, both fractions are combined with phosphoric a d d , while Aleberg 

(2) claims that in wheat starch phosphoric acid i s  combined only with the 

aaylopectin, Samac (26) found that an Increase in phosphoric acid caused an 

increase In paste formation of starches with the exception of wheat starch, 

in which, he believes, the phosphoric acid may be combined with proteins.

S til l  another d ie tInetion between the two starch fractions is  made 

by Taylor and aeeodates (37-^2) who sta te  that the insoluble fraction, 

aaylopectin, which is  responsible for thickening, carries certain  high 

molecular-weight fa tty  ad d s  combined with i t s  carbohydrate. The percentage



of fa tty  acids ranges from none In potato starch to rela tively  high per

centages in  cereal starch. However, th e ir  bearing upon starch gelatln isation 

i s  not known.

When starch granules are added to cold water, they swell and form 

a mlDgr, non-vlsold suspension (18). I f  the suspension Is  allowed to stand, 

the starch granules sink to the bottom of the container, leaving the 

supernatant liquid c lear. During the swelling no change in  structure is  

noted in the polarizing microscope.

Upon heating starch granules in  water, they swell, undergo hydration, 

and form an opaque or transparent paste, depending upon the kind of starch 

used. Oorn starch produces a  transparent pasts while flour yields an opaque 

paste due to the combination of starch with phosphorus and protein (28).

When the starch pastes have been heated to a certain temperature, then cooled, 

they take on Je ll- lik e  qualities and gelatin!zation i s  said to have taken 

place.

Several attempts have been made to describe the processes that take 

place in starch gelatin !zatIcn. An early theory and the one usually found 

in older tex t books was developed by Pringsheim ( I ) . He believed that starch 

was insoluble in cold water but that, when heated, starch pasts was formed 

through the swelling and final bursting of the granules. However, Aleberg 

(I) maintains that th is  view is  incorrect and believes that when starch 

granules are heated in  water, they swell but do not ordinarily disintegrate. 

Instead, the starch granules absorb a maximum amount of water and the ce ll 

walls become so thin and e las tic  that they readily adhere and mold into a 

continuous Je lly -like  mass. Similar views have been held since 1848 by



workers in the te x tile  Industry such as Harrison, Bergerlnc*, end Nivllag.

Gelatinisation seems to depend upon ( l)  the kind of staroh, (2) 

the else of the starch granule, and (3) the temperature to which the starch 

paste i s  heated. As a ru le , gslatin lsatlon  begins a t a lower heating point 

end continues over a wide range of temperature. Alsberg and Bade (U) report 

that corn and wheat starch gelatin ise over e range of 25 to 30 degrees, 

beginning a t about 65*0. and continuing to 95*0. Woodruff and Bicoli (U5) 

heated five per cent suspensions of various starches in  a water bath and noted 

n sudden increase la  trnnslucency in the corn starch suspension a t 86 to 87*0. 

and in  the flour suspension a t 87 to 88*0. However, they found that «*«•<—»« 

gelatin! sat ion occurred only a fte r the paste had been heated to 90*0. or above. 

On the other hand, KLchardson and Walts (26) found that under certain conditions 

corn starch gelatin ises slowly In water a t temperatures up to 100*0. and that 

the granules are not completely dispersed in  the solution even a fte r heating 

for 30 minutes. Caesar and Moore (9) s ta te  that there is  no such thing as a 

defin itely  fixed and specific gela tin !satlon temperature fo r a l l  of the granules 

of a starch.

Aleberg (I) suggests that three factors are involved "In determining 

the degree to  which heat w ill cause a granule to swell, (I) i t s  rig id ity  or 

the ease with which I ts  anatomical structure is  softened by moist heat, (2) 

the inherent swelling power of the granule substance, and (3) the relation  of 

mass of swelling substance to surface area of the granule*. I t  i s  easy to 

understand how the f i r s t  two points would affect the swelling, the third 

point is  significant fo r "as the diameter i s  increased, the volume of a sphere 

or i t s  mass increases much faste r than i t s  surface area", thus, a larger

- 9 -
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graanlc would swell more readily than a small one because of I ts  greater 

Internal pressure ( I) .

Variation In the swelling of starch granules seem to cause 

variation in the stiffness of the resulting gel. In order to Investigate 

the characteristics of starches, many methods have been devised for testing 

the stiffness of starch gale. The ea rlie s t method used was a te s t of 

v iscosity , which according to Bask and Aleberg (24) Ie "the resistance due 

to internal fric tio n  which viscous substances offer to deforming forces".

The re lia b ili ty  of th is  te s t was questioned by Buchanan and Haudaln ( 7) who 

suggested that the d ifficu lty  of securing reproducible result# whether a 

rotating, torsional or capillary type of viscosimeter Is used might be due 

to difference in  else of starch granule. Because starch is  a suspense!d, 

i t  may be d iff icu lt to secure reproducible vlecosetrie readings ( I ) .

Becent studies have been made by Woodruff and HcHaetere (44) to show the 

relation of gel strength and viscosity. They gelatinised five per cent 

starch suspensions and allowed them to mold. These molds were tested fo r 

gel strength on s  Tarr and Baker je l ly  tee te r (5, # ) .  Viscosity reading# 

on two per cent corn starch suspensions were also made with a Sterner 

viscometer. Beeults showed that viscosity differences were very email compared 

with differences In gel strength and that frequently the two properties did 

not vary in  the earns direction. The writers give th is  as evidence that 

"viscosity and gel strength seem to measure two different sets of properties 

in the starch" (44). Brlmhall and Hixson (6) quote Rehwedoff me stating 

that the vlecoeity of a liquid Ie not necessarily an Index o f I ts  r ig id ity .

The lack of correlation between viscosity and gel strength of starch pastes



I* recognized in  industry, although not often encountered in the lite ra tu re

( 6) .

Setic and Fischer ()1) observed no relation between viscosity and 

degree of gel formation hut found that there i s  n relationship between 

viscosity and degree of swelling, fanner and Bbglls (35) In a study on corn 

starch found no correlation between swelling power and re la tive  viscosity but 

suggest the possib ility  that as viscosity decreases, swelling power may 

increase. Many worker* found no correlation apparent between pH of the starch 

solutions and viscosity (22,  2U, 35) .

Several instrument# have been devised to measure gel strength of 

starch molds. The Delaware je l ly  strength tee te r measures the centimeters 

of hydrostatic pressure required to force a plunger through the surface of 

* &#1 (5# 36). This instrument proved satisfactory when used by Woodruff and 

MeMaoters (44) fo r tooting five per cent starch gel*. A gelometer. replacing 

an e a rlie r  te s te r  called a ^rigldoaeter1*. has been devised by Hixson and 

Briahall (13) fo r use with six and one-half to eight and one-half per cent 

starch pastes. ** Buction i s  used to deform the gel, the volume of deformation 

being measured by hydrostatic means*. For starch pastes of higher 

concentrations, Caesar and Moore (9 ) have worked on a  conststometer which 

measures the whole paste history of twenty per dent starch concentrations 

from cooking to cooling. To record physical differences of the gels. Woodruff 

and MeKastere (44) have made photographs of starch gels, la  which outstanding 

characteristic# of gel strength can easily  be seen.

When starch gels are used la  food preparation, other ingredients are 

often added and i t  is  desirable to know what effect they may hare upon the
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starch. A few studies have been made to determine la  what way some of these 

materials Influence gelatin!zatIon of starch. Hevsnsel ( 22) sta tes that the 

more sugar present in starch gels* the greater m et be the amount of starch 

in  order to maintain a desirable consistency of the product, for the tendency 

to gel decreases as the proportion of sugar to starch Is  increased. Both 

Hevensel (82) and Woodruff and Hlcoll (45) found that more them 50 grams of 

sucrose prevented the molding of starch paste containing 5 eraas of starch 

In 100 cubic centimeters of water.

Samuel (29) studied the effect of metallic sa lts  on starch pastes 

and found that some sa lts  lowered the gelatin lsation  temperature. Be found 

the addition of calcium chloride effective in  Inhibiting the molding of gels. 

At times* acids have been added to starch pastes with the resu lt that the 

starch undergoes hydrolysis and loses some of I te  thickening power. This 

action is  more rapid as the temperature Increases.

I t  w ill be noted tha t throughout th is  discussion* considerable work 

has been reported on theoretical aspects of starch chemistry and on testing 

starch gels for use in  the te x tile  Industry. Apparently, much less has been 

done In studying the preparation and properties of starch gels used in 

cookery. The few studies that have been made were carried on under sea level 

conditions. I t  therefore seems desirable to enlarge on present Information 

by further investigating the rela tive thickening capacity of flour and com 

starch and by determining the consistency of th e ir gels when prepared a t a 

higher a ltitude .
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EXPKRIKKMTAL PROCKDUHK

fo r  th le  study two types of starch, corn starch and flour, were 

chosen as those most frequently used In home cookery. Two representative 

standard brands were selected for testing , Staley’s corn starch and Cold 

Medal Xltchea-Teeted flour. Amounts large enough to supply starch for the 

entire testing  period were purchased at one time from the same lo ts . Both the 

flour and corn starch were blended thoroughly and stored in  paraffin-sealed 

t in  cane a t temperatures ranging from 52* to 62*f.

Tests to determine the percentage of moisture, ash, and protein a t 

the time of storage were run by the Montana Grain Inspection Laboratory with 

the following re su lts i

Sample Moisture Protein Ash
0. M. flour I J eK r r 12.00* oTjG^
S. . etareh 1 1 .#  0.60* 0.011*

An examination of the starches under the microscope showed the corn 

starch partic les to be rounded and smooth-edged, while the flour partic les 

had rough. Jagged edges and were larger In else.

Before starting  the te ste , numerous reports on starch cookery were 

consulted to find the amounts of corn starch and flour commonly used In making 

starch gels. Recipes were collected from re liab le  sources for making corn 

starch pudding (table I ) ,  and cream and lemon pie f il l in g  (table I I ) .  Vide 

variations were noted in  these recipes; fo r example, the amount of corn starch 

varied from J .J  grams to 1J .5 grams per 100 cubic centimeters of liquid used 

and the sugar, from 5.1 grams to 87.6 grams per 100 cubic centimeters of liquid . 

The larger amounts of corn starch and sugar were found In leron pie f illin g s , 

where a high percentage of a d d  had been added. Thie Increase in  sugar and



Tabl« I .—Relation of corn starch and sugar to liquid in  corn starch 
pudding recipes

Com starch pudding 
source1

Liquid
CO.

Com starch 
gm.

Sugar
gm.

I 100 3.3 5.12 100 4.1 10.2
3 100 4.1 10.2
4 100 4.9 20.5
5 100 6 . 6 10.2
6 100 6 . 6 10.2
7 100 6 . 6 10.2
8 100 6 . 6 15.4

I /  Sources:
1. Nason, Edith H. Introduction to Experimental Cookery p, 29J.

McGraw-Hill Book Co,, Inc., New York, 1939,

2. Child, Alice M. and N iles, Kathryn B. food Preparation Recipea.
John Wiley and Sons, Inc., New York, 1932.

3. Berolzheimer, Ruth, Editor. American Woman's Cook Book, pp. 555, 598
Consolidated Book Publishers, Inc., Chicago, 111. 1939.

4 . Lord, Isabel E., Editor. Everybody's Cook Book, p. 223.
Henry Holt and Co., New York, 1924.

5. Phi Upsilon Omicron. Delta Chapter. High Altitude Recipes, pp. 75,83
University o f Wyoming, Laramie, Wyo., 1930.

6 . Wagner, Jane T., Editor. Tested Recipes, pp. 22, 32.
Consolidated Gas Co., New York.

7. M lgllarlo, I . ,  Titus, Z.Z., Allard, H.W., and Nunemaker, ! ,,E d itors.
The Household Searchlight Recipe Book, pp. 20J, 209, 226.
The Household Magazine, Topeka, Kansas, 1939.

8. Morgan, Agnes I". and Hall, I .S . Experimental Food Study, p. 204.
Farrar and Rinehart, In c., New York, 1938.

9 . Bureau of Home Economics. Aunt Sammy's Radio Recipes, pp. 64, 65.
U. S. Dept. Agr., 1927.

10. Borrowman, Helen I .  Card Text System of Cookery.
The Bruce Publishing Co., Milwaukee, Wise., 1924.

11. Halliday, B.G. and Noble, I.T. Hows and Whys of Cooking, p. 142.
University o f Chicago Press, Chicago, 111., 1933.

12, Folks, E lsie . Personal F ile  of High Altitude Institution  Recipes.



Table I I .—Relation of corn Starebf flour and sugar to liquid in cream 
and lemon pie f il l in g .

Bedpa Source1 Liquid
ec.

Corn starch 
6».

Hour
gm.

Sugar
g».

Comment

Cream Pie
Corn starch 3 , 100 3.3 20.5 Soft gel

6 100 6.6 ao.5 S tiff gel

10 100 6.6 20.5

12 100 8.7 19.4

Cream Pie
Hour 5 100 4.2 30.5 Soft gel

9 100 5.7 30.5

11 100 7.4 30.7 S tiff gel

7 100 7.5 30.7

Lemon Pie
Corn starch 7 100 7.0 65.7 Soft gel

9 100 10.1 63.4 Standard
gal

10 100 10.5 87.6

2 100 !3.5 84.6 Soft gal

I /  Soureee as for table I



•tareh was apparently needed to produce a gel that would mold. Sometime*, 

the recipes suggested that flour could he substituted for corn starch, using 

twice as much flour as corn starch. When th is  recommendation was tried  In 

preliminary te s ts , the resulting gels were not comparable In quality. There

fore I t  was necessary to f i r s t  Investigate the relationship In thickening 

capacity of corn starch and flour by t r ia l  and error, fin a lly  obtaining simple 

gels made with d is tille d  water having sim ilar strengths.

Preliminary te s ts  were Bade to determine the optimum amounts of 

starch pastes to be cooked, the cooking period, and the meet satisfactory 

w i d e  for use with the Delaware je lly  tee te r. Testing was begun using five 

grams of starch weighed to one decimal place, made up to 100 cubic centimeters 

with d is tille d  water. This amount was not sufficient to f i l l  two molds and 

was increased, in  the same proportion, using 12.5 grams of starch made up to 

250 cubic centimeters which required approximately 2k) grams of water. Starch 

pastes of th is  concentration were cooked for varying lengths of time over an 

e lec tric  burner with thermostat control, to determine the preferred cooking 

period. Preheating periods of five and ten minutes, in which the temperature 

of the paste was brought to 94*0., and boiling periods of five, ten, and 

fifteen  minutes with the pastes a t 94*0., were tried . The pastes were then 

poured Into w ide. After cooling five minutes, the gels were covered with 

p e tri dishes that had been f itte d  with f i l t e r  papers to absorb condensed 

w ls to re . The gels were stored In the refrigerator a t e temperature of 50C. 

fo r 24 hours. Then they were taken out and tested on the Delaware je lly  te s te r  

to determine th e ir breaking strength. They were also examined for the ir 

ab ility  to hold the shape of the w ld ; for delicate, je lly - lik e , smooth qualities
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*b@a sheered, with e knife; and for absence of synerela or weeping. I t  was 

decided that pastes brought to the boiling point la  ten minutes and boiled 

for f ire  minutes, gave the best product. This view i s  substantiated by 

Hughes end coworkers (Ih) who sta te that "when five per cent concentrations 

of corn and wheat starch were cooked a t a temperature of 95*0, ,  five minutes 

was required, a f te r  the temperature reached 95*°.» to obtain 95 per cent 

gelatlnatlen",

The 5 por cent com starch gel was a standard product and te ste  were 

made with flour to arrive at a gel strength comparable to that of the corn 

starch molds. Recipes, as a ru le, substitute flour for corn starch in a  two 

to one ra tio . However, a 10 per cent flour gel made too s t i f f  a product and 

the flour was reduced to 9 per cent. After te ste  had been made on simple 

gels containing 5 per cent of corn starch or 9 per cent of flour in d is tille d  

water, tap water, or milk, the percentages of the thickening agents were 

varied to make standard gels when other ingredients were added.

At the same time, a series of teste  was run to determine the kind 

of container for gels that would give the most uniform resu lts  on the Delaware 

Je lly  te s te r . Small glasses, crucibles, p lastic  cups, "tin" molds, and pyre* 

custard cups were used as containers for the gels. The glasses, crucibles, 

and t in  molds were discarded because of too small a diameter in proportion to 

the else of the plunger on the te s te r . The gels adhered to the p lastic  molds, 

making them d ifficu lt to remove. The pyrex custard cups gave more satisfactory 

resu lts , because, with a larger diameter, the effect of the container wall on 

breaking strength was lessened. Also, a f te r  testing, the molded gel could be 

removed easily  from the container fo r further examination. I t  was decided



that the pyrex custard cup was the beet mold for the purpose (fig . I ) ,  and 

I t  was used throughout the study.

■"heo f i r s t  testing the gels for strength. I t  was found that a skin 

or thickened layer had formed on top of the gel which made testing lees 

re liab le  so I t  was necessary to devise a method to eliminate skin effect.

A round piece of waxed paper with tabs on two sides for l if t in g  (fig . I ) ,  was 

cut to f i t  the iqrrex mold when i t  was p a rtia lly  f ille d  with starch paste. The 

starch paste w e poured Into the mold, the waxed paper was la id  on end then a 

thin layer of the starch paste was poured on top and the mold was covered with 

a p e trl dish lined with f i l t e r  paper as before. Ihen the mold had cooled, the 

waxed paper was lif te d , leaving a delicate, skinless curface for testing .

The je lly  te s te r , used fo r determining breaking strength of gels, was 

developed by Tarr and Baker a t the Delaware Agricultural Experiment Station 

(5, )6) and has proved sufficiently  accurate so that I t  has been used In a 

number of prominent laboratories (23, 44). The principle of the apparatus 

Is  simply that water flowing Into a bo ttle  creates an a ir  pressure which forces 

a plunger into the gel and records the pressure of the system on a manometer, 

graduated In centimeters. Detail# fo r the construction of the teeter w ill be 

found in f ig . 2.

In preparing the gels for te s tin g , three general methods were used.

In the f i r s t ,  where corn starch was combined with d is tille d  water or tap water, 

12.5 grams of corn starch were weighed out and placed in a beaker of 600 cubic 

centimeter volume. With continuous s tirr in g , water was added u n til the to ta l 

volume was 250 cubic centimeters. The mixture was then heated over an e lec tric  

burner so controlled that i t  readied the boiling point in ten minute#. After
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Side view of pyrex mold (ac tual size) 
a . Wax paper cover

Top view of pyrex mold 
(ac tual inside  diameter)

S lg1 I—Equipment used in  making sta rch  molds.
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A. Water in le t
B. Woulff "bottle of two l i t e r  capacity
C. Siphon fo r water o u tle t 
D1 Outlet tube fo r a ir
E. Three way stopcock
F. Luer syringe of 10 cubic centim eter capacity
G. Manometer
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thl« i t  was belled for five minutes, removed free the burner, weighed and 

poured Into the pyre* molds, covered with waxed paper and paste, cooled five 

minates, then covered with a pe tri dish f itte d  with f i l t e r  paper to absorb 

excess moisture. When cool, the gels were pissed in the refrigerato r to stand 

24 hours.

When the flour and water pastes were mixed i t  was necessary to use 

another method to prevent a lumpy product. A sample of 22.5 grams of flour 

w s  weighed out and mixed with JO cubic centimeters ef water to form a paste# 

The remaining amount of water (170 cubic centimeters) was heated to the boiling 

point end the flour-water paste s tirred  Iato i t .  The mixture was brought 

back to the boiling point and boiled for five minute#. The final weight was 

recorded and the paste treated as in  the preceding description.

When milk was substituted fo r water as the liquid for both the com 

starch and flour samples, the procedure wee the same as described in  the 

preceding paragraph except that milk was heated to the scalding point, between 

80® and 85*0. ,  and then the paste was added.

With the addltlom of 20 per cent of sugar (20 grams of sugar in  

100 cubic centimeters of water), another change la  method was necessary. The 

entire amount of liquid was weighed and heated to the boiling or scalding 

point. The starch and sugar were weighed, thoroughly mixed, and added to the 

hot liquid, s tirrin g  u n til the thickening process began, Bis paste was cooked 

fo r five minutes with occasional s tirr in g  to prevent burning, then treated a# 

before. Zn the fin a l series of te s ts  where 60 per cent of sugar was added to 

the pastes, only one-half of the to ta l weight of sugar was mixed with the 

thickening agent and added to the boiling water. Bie pastes were cooked as
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before and the remaining JO per cent of sugar added at the end of the cooking 

period. When 25 per cent of lemon juice vae added tc the pastes, the same 

procedure was followed, with the lemon juice being added a fte r  the final 

addition of sugar. Yhe acid was not added during the cooking period as 

doubtless i t  would have caused some inversion of the sugar, resulting in a 

strong, b i t te r  flavor. There is  a possib ility  that the acid present through

out the cooking might have hydrolysed the starch and thus lessened i t s  

thickening power.

The Mthods for the preparation of starch gels, which have been 

outlined in  the preceding discussion are considered to be those which resu lt 

in standard gels.
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Hw resu lts obtained from the experimental te s te , which were 

designed to determine the optima* proportions and conditions for the preparation 

of starch g e ls , are presented in tables III to IX. Prellmlnary te s ts  were 

aads using various amounts o f com starch In d is t i l le d  water, to determine the 

percentage of starch that would y ie ld  a smooth, tender qoivery ge l which would 

be considered a standard. A 5 per cent corn starch paste (5 grams o f corn 

starch in 100 cubic centimeters o f water) made such a gel and the breaking 

strength o f one hundred o f these g e ls  was determined on the J e lly  strength 

teeter  (table I I I , column a) (figure 3 ,a ) . following th is  group o f  t e s t s .  I t  

was desirable to find the percentage o f flour cooked la  d is t i l le d  water which 

would produce g e ls  having sim ilar strengths. I t  was found that a $ per cent 

flour ge l had a mean breaking strength sim ilar to that o f the com starch g e l  

adopted ae a standard (table I I I , column b) (figure 3 ,d ).

farther te s t s  were carried on using the same percentages o f the two 

starches. 5 pur cent corn starch and 9 per cent flour, but varying the kind o f  

liqu id  by substituting tap water or milk for d is t il le d  water. This was done 

to determine in what way a change In liqu id  would a ffec t the breaking strength 

o f simple starch g e ls . Vhen tap water was used as the liqu id , the strength 

of the resulting corn starch gel was le s s  than that o f the standard ge l while 

the flour gel strengths remained unchanged (table IT). When milk was used as 

the liq u id  (tab le T), the variation In breaking strength was marked. The 

strength o f the com starch g e l was even le s s  than when made with tap water.

The flour ge l showed an increase In s t if fn e ss  and a much higher breaking 

strength.
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Table I I I .—Breaking stren gth  o f  starch  g e l*  prepared fr e e  p a stes
contain ing (a ) f iv e  per cent o f  corn starch , (b) n ine per
cent o f  f lo u r  In d i s t i l l e d  w ater.

Ta) :___ _ - ___' " * Tb)
Brroklag strength 
of corn starch g e ls Preauency

Breaking strength 
o f flour g e ls Preourocy

Ca. cm.
i4 .o I 16.0 I
16,0 I 16.5 I
17.5 2 18.0 3
18.0 2 I8.5 7
18.5 3 19.0 3
19.0 2 19.5 6
19.5 I 20.0 10
20.0 5 20.5 S
20.5 5 21.0 7
21.0 4 21.5 0
21.5 9 22.0 U
22.0 4 22.5 9
22.5 I 23.0 523.0 6 23.5 8
23.5 7 24.0 2
24.0 17 24.5 4
24.5 I 25.0 2
25.0 5 25.5 4
25.5 4 26.0 I
26.0 I 26.5 I
26.5 3 27.0 I
27.0 4
27.5 2
28.5 I
30.5 I

100 100

Mean breaking strength * Mean breaking strength *
22.7 ± 2.8 a .6  I  2.2

Probable error * 1.9 Probable error * 1.5
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fa b le  IV .-—Breaking stren gth  o f  starch  g e l s  prepared from p a stes
contain ing (a ) f iv e  per cent o f  corn starch (b) n ine per cent
o f  f lo u r  In tap w ater.

Breaking strength 
of corn starch g e ls Freouency

CM.
10.0 4
10.5 I
11.5 6
12.0 7
12.5 10
13.0 5
13.5 7
14.0 18
14.5 9
15.0
15.5 6
16.0 4
16.5 3
17.0 3
17.5 2
18.0 3
18.5 I
19.0 2
19.5 3
20.0

- I o T

(h)
Breaking strength 
of floor ge ls Frequency

cm.
1S.0 I
18.5 I
19.0 2
19.5 3
20.0 3
20.5 4
21.0 5
21.5 8
22.0 12
22.5 12
23.0 12
23.5 5
24.0 11
24.5 5
25.0 6
25.5 6
26.0 2
26.5 I
27.5 I

• W

Kean breaking strength *
22.8 I  1.9

Probable error » 1.3

Mean breaking strength 
14.3 I  2.4

Probable error * 1.6
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Table V.— Breaking stren gth  o f  starch  g e ls  prepared from p a stes
contain ing (a) f iv e  per cent o f  corn starch  (b) n ine per cent
o f  f lo u r  In m ilk .

W  . ~7bJ
Breaking strength 
of com starch gels Frequency

Breaking strength 
of flour ^ele Frequency

CS.
9.0 I

cm,
33.5 2

9.5 I 34.0 I
10.0 5 35.0 3
10.5 3 35.5 I
u .o 3 36.0 6
11.5 8 36.5 6
12.0 9 37.0 S
12.5 5 37.5 5
13.3 10 38.0 9
13.5 7 38.5 7
14.0 7 39,0 9
14.5
15.0 2 39.5

40.0
4

11
15.5 5 40.5 4
16.0 3 41.0 5
16.5 5 to .I 2
17.0 2 42.0 9
17.5 4 42.5 2
18.0 3 43.0 4
18.5 4 44.0 2
19.5
21.0

10b

Mean breaking strength »
13.9 ± a.5

Probable error * 1.7

Kean breaking strength * 
38.9 * 2.4

Probable error ■ 1.6
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?abl# T I.—Breaking strength  o f  starch g e ls  prepared from p a stes

contain ing (a ) f iv e  per cen t o f  corn starch (b) seven and one-
h a lf  per cent o f  f lo u r  in  tap water, w ith twenty par cent o f
sugar added in  both c a se s .

U) (b)
BreWclng strength 
of corn starch gels Frequency

Breaking strength 
of floor gels Frequency

ca. ca.
12.5 I 15.0 3
13.0 I 15.5 3
13.5 3 16.0 8
14.0 I 16.5 3
14.5 5 17.0 15
15.0 3 17.5 14
15.5 5 16.0 9
16.0 6 18.5 20
16.5 6 19.0 9
17.0 4 19.5 4
17.5 7 20.0 4
18.0 5 20.5 3
18.5 7 21.0 I
19.0 6 21.5 I
19.5 7 22.0 3
20.0 7
20.5 9
21.0 7
21.5 3
22.0 3
22.5 I
23.0 I

ltio 100

Kean breaking strength ■ 
16.1 I  2.5

Probable error ■ 1.7

Mean breaking strength ■
18.0 t  1.5

Prohable error ■ 1.0



VII . —Breaking stren gth  o f  starch, g e ls  prepared from p a stes
contain ing (a) f iv e  and th ree -ten th s  per cent corn starch
(h) s ix  and th ree -ten th s  per cent flo u r  in  m ilk, with twenty
per cent o f  sugar added In both e a se s .

U)
breaking strength 
of corn starch gels Frequency

cm.
13.5 I
14.0 3
14.5 I
15.0 3
15.5 3
16.0 4
16.5 7
17.0 I
17.5 2

" S r

~~~ TtT
Breaking strength

14.0 2
14.5 I
15.0 3
15.5 2
17.0 I
17.5 4
18.0 3
18.5 2
19.0 4
19.5 3

Mean breaking strength *
15.7 I  1.1

Probable error » 0 .8

Kean breaking strength »
17.2 ± 1.9

Probable error -  1.3
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fa b l«  T i l l . —Breaking stren gth  o t  starch  g e ls  prepared from p a stes
contain ing (a ) seven per cen t o f  cons starch (h) nine per
cent o f  f lo u r  In tap water w ith  s ix ty  per cent o f  sugar
added in  both e a se s .

____________ U t
JjreaKlng streng th

l%.5 I
15.0 I
15.5 2
16.O 3
16.5 8
17.0 U
17.5 I
18.0 I
18.5 I
19.0 2
20.0 I

jiroakin;; strength 
at  floor gels

CM.
17.0
17.5
18.0
18.5
19.0
19.5
30.0
30.5
21.0
21.5
22.5
23.0

~ w 25

Mean breaking strength » 
16.8 t  1.2 

Probabls error * 0.9

Mean breaking strength
19.5 t  1.5 

Probable error * 1.0
H

H
H

U
<

H
M

U
1

f
U

4
r

r
v

f
U
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Table IX.—Breaking strength o f starch g e ls  prepared from pastes
containing (a) eight and one-half per cent o f corn starch
(b) eleven and one-half per cent o f flour in  tap water, with
six ty  per cent o f sugar and twenty-five per cent of lemon
Juice added In both cases.

Breaking strength 
of corn starch gels Frequency

cm.
14.5 I
15.0 2
16.0 3
16.5 I
17.0 I
17.5 4
18.0 2
18.5 2
19.0 I
19.5 I
20.0 I
20.5 2
21.0 I
22.0 I
22.5 I
23.0 I

“ 2T

Mean breaking strength * 
18.2 I  2.4 

Probable error ■ 1.6

Breaking strength 
of flour gels Frequency

cm.
18.0 I
18.5 I
19.0 3
19.5 4
20.0 4
20.5 3
21.0 2
21.5 2
22.0 2
22.5 I
23.0 2

—

Mean breaking strength * 
ao.4 i i .4  

Probable error « 0.9



AfWr the ser ies o f s lsp le  g e ls  had been eospleted, te s ts  on g e ls  

■ore c lo se ly  approximating those found In puddings and pie f i l l in g s ,  were made. 

In studying the collected  recipee (tab les I and I I ) , I t  was noted that three 

proportions o f  sugar were commonly used; 10 grams per 100 grams of liqu id  

fer  puddings, 20 grams per 100 grams of liquid  In cream p ie  f i l l in g s ,  and 

60 grams per 100 grams of liquid  In lemon pie f i l l in g s .

By comparing the strengths of g e ls  made with corn starch or flour  

In tap water, both before and a fter  the addition of 20 per cent of sugar 

(tablee IT and TI), i t  can be seen that the sugar Increased the ge l strength. 

This was desirable in  the case of the corn starch (figure J ,b ), as I t  w ill 

be noted in  table IT, that, without sugar. I t s  strength was leas than that o f 

the standard g e l .  In the flou r g e ts , the added sugar gave too s t i f f  a product 

and i t  was necessary to decrease the amount of flour to 7.5 per cent to obtain 

a standard g e l, with a breaking strength sim ilar to that o f the corn starch 

g e ls  (tab le TI) (figure 3*®)•

When milk was substituted for tap water In the series containing 

30 per cent Cf sugar (table TIi) I t  seemed to decrease the s t if fn e ss  o f the 

com starch g e ls  and Increase the strength o f  the flour g e ls  to such an extent 

that I t  was desirable to ral»e the percentage o f the former to 5.5 and to  

lower the la tte r  to 6 .5  per cent. The resulting gel# were very  tender and 

eeooth and could be considered a desirable standard for cream pie f i l l in g s  

(figure 4 ,a ,b ) .

In the preparation o f g e ls  containing 60 per cent o f sugar (60 

grams of sugar in  100 cubic centimeters o f liq u id ), some d if f ic u lt ie s  were 

encountered, as the product was cloudy and sticky regardless o f the amount of



(a)
5$ Corn starch  

No sugar
100$ D ie t'd  water

(h) (c)
5$ Corn starch  7$ Corn starch  

20$ Sugar 60$ Sugar
100$ lap water 100$ Tap water

(a) (e) / f )
9$ Flour 7,5$ Flour 9$ Flour
No sugar 20$ Sugar 60$ Sugar

100$ D ie t'd  water 100$ Tap water 100$ Tap water

F ig .3—Standard starch  gels containing various percentages of 
starch  and sugar in  one hundred per cent of d is t i l le d  
or tap  water.
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5.3$ Corn starch  6.3$ Flour
20$ Sugar 20^ Sugar
100$ Kilk 100$ Milk

(c)
8.5$ Corn starch 

60$ Sugar 
25$ Lemon ju ice  
100$ Tap water

(a)
11.5$ Flour 

60$ Sugar 
25$ Lemon ju ice  
100$ Tap water

F ig .Il— Standard starch  ge ls  containing various percentages of 
starch  and sugar in  one hundred per cent of liq u id , 
the ge ls  shown in  the lower p la te  containing added 
f r u i t  acid.
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•tarch used. Sereral methods for combining Ingredient! were tr ie d , f in a lly  

w * found that by withholding half of the sugar and adding i t  a t the 

completion of the cooking period, the d ifficu lty  was overcome. Thle method 

eeemed to allow the starch granules to swell more easily  and take up more 

water, resulting in  a  tender, quivery gel. The f i r s t  group of te s ts  where a 

high percentage of sugar was used (table T ill) , indicated that sugar appeared 

to have a greater depressing effect upon the thickening property of com 

starch than of flour. In order to obtain standard gels, the corn starch had 

to be Increased to 7 per cent while the flour remained at 9 per cent (figure 

3 ,c ,f ) .  This work was preliminary to the preparation of gels similar to lemon 

pie f illin g s  In which 2$ per cent of lemon juice (?5 grams ltoecn juice per 

MO cubic centimeters of liquid) was also added to the pastes containing 

GO per sent of sugar In tap water. Kith the addition of the f ru it  acid to 

the pastes, the amount of com starch required was 8.5 per cent and flour,

11.5 per cent to produce standard gels (table IX) (figure 4 ,c ,d ). However, 

these increases in starch were necessitated by the dilution of the paste 

when the f ru i t  acid was added. Otherwise, the ad d  appeared to have no effect 

upon the thickening property of com starch or flour.

All of the gels prepared for the te s ts  were cooked by direct heat 

a t a temperature of 9 ^ 0 . A higher temperature could not be attained because 

th is  work was carried on in a laboratory whore the a ltitude was 4700 feet 

above sea level and the boiling point of water was about 95.9*0. Some 

preliminary work was done in cooking starch pastes in double boilers similar 

to the method frequently used In home cooking. However, the highest 

temperature that could be reached in  the paste while cooking in the double



boiler was 88. y c .  and th is  did not eeee adequate fo r the complete 

gelatin ieation of the starch granules.

The question of the temperature necessary to bring about complete 

starch gelatinieation during cooking led to come farther te s ts  live  per 

cent corn starch pastes made with tap water were cooked over direct heat to 

various temperatures. Beginning a t 50*0., a 16 m il li l i te r  sample was with

drawn from one of the cooking pastes, placed in  a centrifuge tube and 

centrifuged fo r three minutes. This was repeated with the various pastes a t 

five degree intervals u n til  a temperature of 90*0. was reached. By examining 

the centrifuged paste samples, i t  was possible to determine a t what temperature 

complete gelatin!sation occurred. When Incomplete, there was a definite line 

of demarcation between the swollen starch granule# and the liquid. The 

resu lts  shown in  figure 5, indicate tha t complete gelatin! sat ion did not take 

place u n til a temperature of about 90*0. had been reached. I t  is  therefore 

obvious that cookery of starch pastes In double boilers, where a temperature 

of only 88. 5*0. was reached, could not be employed successfully and that a t 

higher altitude#, cookery ever d irect heat is  essential.

-3 5 -
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50‘ 55' (.O' 45 *  70' 75' 80' 85° 90'
Temperature in  degrees C.

I__ I Water
[-^ S ta rch

P ig .5—Dispersion of id en tica l amounts of com starch  
in id en tica l volumes of water heated to various 
temperatures and centrifuged.
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discussion 07 EBSMLTS

Ia beginning th is  study. I t  seemed desirable to develop a standard 

for starch gels to be used as a basis fo r comparison in further work. I t  was 

found that by cooking a starch paste containing 5 per cent of a given corn 

starch la  d is tille d  water a t a temperature of 9b*C, fo r five minutes, such a 

gel could be produced. TMs gel would hold i t s  shape when removed from a 

mold, did not undergo eynereste or "weeping", was smooth in  texture, and would 

quiver wham gently shaken. The mean breaking strength of one hundred of 

these gels, thus prepared, was 22.7 * 2.8 when using the Delaware Jelly  

strength te s te r . TMe agrees very well with the work reported by Woodruff 

and McHaatere (44) who also found that a 5 per cent corn starch paste, when 

brought to a temperature of 95* C. by Immersing In a belling water bath, would 

set to a standard gel upon cooling. I t  w ill be noted that they used a boiling 

water bath oosparahle to a double bo iler but they were working a t an a ltitude  

sligh tly  above eea level. In the present study i t  was necessary to use direct 

heating on account of the higher altitude (about 4700 feet above sea level) 

where the boiling point of water is  around 95. 5*0. This practice has been 

recommended by Hughes et e l (14) who sta te  that cooking starch pastes over 

d irect heat for 5 minutes a t 95*0. produces 95 per cent gela tin !satlon of 

the starch.

When an all-purpose flour was used as the source of starch, a 9 per 

cent flour paste in d is tille d  water was required to produce a gel having 

standard qualities and a similar breaking strength. I t  i s  an interesting 

fact that 9 grams of flour seemed to have thickening properties equivalent 

to 5 graze of corn starch (table I I I ) .  The corn starch contained 87 per cent



OT k.k grams of actual starch, while the flour contained 75.9 per cent or 

6.8 grass of actual starch. I t  Is therefore apparent that some factor 

depresses the thickening property of the starch In the flou r. The only 

points of difference In the composition of the floor and corn etarch were the 

presence of more protein and more ash In the flour.

When tap water wae substituted for d is tille d  water in making gels, 

the strength of the corn starch gel was lees than with d is tille d  water, while 

the strength of the floor gel was the same as that with d is tille d  water 

(tab le IT). Since the only variable factor was the Impurities In the water. 

I t  would appear that the sa lts  present In the tap water were responsible for 

the resu lts  obtained. A possible explanation for the variations In gel 

strength may He In the fact that the corn etarch contained a very small 

amount of ash (0.011 per cent) while the flour contained O.36 per cent of 

ash. Samuel (29) has shown that ash has a depressing effect upon starch 

gelatln lsatlon . When he added calcium sa lts  to etarch pastes, they Inhibited 

the molding of the starch gels.

In the present study, corn etarch pastes made with d is tille d  water 

contain p ractica lly  no sa lts . However, in flour pastes made with d is tille d  

water considerable ash i s  found. This may be the reason tha t the etarch In 

the flour does not exhibit the same thickening power as that In the corn 

starch, which has been previously noted. When the corn etarch paste Is  made 

with tap water, the decreased strength of i t s  gel may he due to the presence 

of aeh in  the water, hut no change la  seen in  the gel strength of the flour 

paste in tap water for ash was also present when d is tille d  water was used.

When milk was substituted fo r d is tille d  water, the strength of the
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oom etartii gel was again lower but very *1=1 Ia r to that made with tap 

water (table T). However, the strength of the flour gel was much higher 

than the etandard gel made with d is tille d  or tap water. Again, the presence 

of a*h la  the =Ilk may be responsible fo r the lower strength of the corn 

starch gel. The greater strength of the flour gel made with milk is  more 

d ifficu lt to expl ain. Possibly the presence of solids in the milk combined 

with the flour solids may account for the increase in gel strength.

With the addition of 30 per cent of sugar to the corn starch and 

flour pastes made with tap water, an increase in gel strength was noted in 

both eases. But when milk was used a# the liquid, the corn starch gel was 

again lower in  strength.

I f  the added sugar was increased to 60 per cent In pastes made with 

tap water, the resulting gels were decidedly weaker. These pastes were some

what sim ilar in preportion to those used by Hevenael (22) and she attributed 

th e ir weakness to a depressing effect of high sugar concentration on starch 

g e ls tln istation. She believed that the starch granule# were unable to swell 

to th e ir  fu l l  extent when large amounts of sugar were present and found i t  

necessary to double her percentages of corn starch and flour in order to 

produce standard gels. Here, such increases in  starch and flour did not seem 

necessary. In fac t, raising the percentage of corn starch from 5 to 7 per 

cent resulted in  a standard product, while no Increase was made in the per

centage of f lee r. Thie might be explained by noting that Heveazel used 

cooking periods of forty  to forty-five minutes, while the present work found 

a short cooking period of five minutes more desirable. Also a different 

method of combining ingredients seemed to improve gel formation when large

-3 9 -
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MOOttts o f sugar were need. I f  h a lf o f the sugar was withheld from the paste 

during the cooking process and added at the end of the cooking period1, the 

depressing e ffe c t was not tie great as I f  a l l  ths sugar had been added at the 

beginning, As a resu lt, smaller amounts o f starch could be used for i t  could 

swell more readily, absorb greater amount a o f water and produce g e ls  that 

were transparent and tender.

With addition of fr u it  acid (lemon Juice) to starch pastes oont-sirv- 

ing 60 per cent of sugar, there was no apparent e ffect on the breaking 

strength of the g e ls . Although in  table IX, corn starch and flour were used 

at 8.5 and 11.5 P«r cent respectively, these increases in starch were made 

only to take care of the d ilution  o f the paste caused by tbs liquid ia  the 

acid .

The proportions f in a lly  adopted as producing a standard gel for  

cream pie f i l l in g s  were 5.5 grans of corn starch or 6.3 grams o f flour in  

100 cubic centimeters o f ad Ik, with 20 grams of sugar added at the beginning 

o i  the cooking period. Ibr a lemon pie f i l l in g ,  $.5 grass o f corn starch or

11.5 grams o f flour in  100 cubic centimeters o f  water were used, with 30 grams 

of sugar added at the beginning o f the cooking period and 30 grams of sugar 

and 25 cubic centimeters o f lemon ju ice added at the end of the cooking period. 

When these figures are converted into proportions commonly used in cookery, 

the amounts are as follow s;

! / 5Thi s saiggcBtfOtt wns found in  a pamphlet sent out by the Rational Ptarch 
Products, In c., 820 Greenwich S t .,  Bew fork. I9U0 .
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Ba«l» fo r crmam r le  f i l l in g : Use 1-& tablespoon* eora starch

or 2 tablespoons pine I teaspoon flour In I cup of milk with l/U  cup of  

sugar added.

Basis for lemon p ie  f i l l in g : Use 2& tablespoons corn starch or

4 tablespoons flour with I cup of water, adding 3/8 cup sugar during the 

cooking period and } /8  cup sugar plus 1/4 cup lsaon Juice at the end o f  

cooking period.

from th is  study, i t  would appear that In cooking starch pastes at 

higher a ltitu d es, i t  i s  imperative to use direct hear instead of a boiling  

water bath so that a higher cooking temperature may be reached and more 

complete starch ge la tin ! sat ion may be obtained. Whomever higher concentrations 

of sugar are used with the starch pastes, i t  i s  advisable to include only 

h alf o f the sugar during the cooking process and thus prevent the depressing 

or weakening e ffe c t o f  sugar on the strength of the resulting g e l. I f  these 

recommendations are followed, starch cookery at a higher altitude does not 

demand Increased percentages o f starch.
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SUKMiar ISD CONCLUSIONS

I .  A ser ies  of  fourteen types e f  starch g e ls , varying In composition, 

were prepared under high altitude conditions for the purpose of 

studying their  re la tive  consistencies.

2e The qu alities o f  a starch gel that indicate desirable consistency

were established. Such a gel holds i t s  shape when removed from a mold* 

doee not show ^rnereelet Ie smooth in  texture, and quivers when gently  

shaken. The measurement of g e l strength using the Delaware j e l ly  

strength te s ter  use adopted as a d efin ite  Indication of consistency.

3* I t  was found that a starch m ete containing 5 per cent o f a given com  

starch In d is t i l le d  water* cooked ever direct heat a t a temperature 

o f 9*PG. for f iv e  minutes would produce a ge l having these desired 

qu alities end a breaking strength o f 22.7 -  2.8 centimeters o f  

hydrostatic pressure, Thle was adopted as the standard g e l .

K  A $ per cent flour paste In d is t i l le d  water, cooked under the above 

conditions, produced a g e l sim ilar to the standard g e l.

5e When tap water was substituted for d is t i l le d  water In making starch 

g e ls , the strength of the com starch gel was lower than that of the 

standard* while the flour gel strength remained the same as the 

standard.

6.  When milk was substituted for d is t i l le d  water, the strength of the

com stabch g e l was as low as when made with tap water, but the strength 

o f the flour ge l was greater than that made with tap water.

7. There i s  an indication that the presence of ash or sa lts  In tap water, 

a llk , and also In flour may have a depressing e ffec t on the thickening



property of starch.

8. An Increase in  ge l strength was noted with the addition of 20 per cent 

of sugar to the corn starch and flour pastes made with tap water.

9* *hea the sugar was increased to 60 per cent in starch pastes made with 

tap water, the resulting ge ls  were decidedly weaker than a standard 

g e l.

10. The addition of fru it acid to corn starch and flour pastes containing 

60 per cent o f sugar had no apparent e ffec t on the strength of the g e ls .

11. Prom th is  study, i t  would appear that, in  cooking starch pastes at 

higher a ltitu d es, direct heat instead of a boiling water bath must be 

used to secure complete starch gelatin!zatlon .

12. When higher concentrations of sugar are used in making starch g e ls , 

a standard product i s  obtained i f  only half of the sugar i s  included 

during the cooking process, with the remainder added at the end of the 

period. This seems to insure better starch gelatin izatlon .



JWt-

IflmwwlIH NBro

Th* w riter wishes to express her appreciation to Doctor Jessie 

8. Richardson, of the Department of Kome Economies Research of the Montana 

Agricultural Experiment StatlonlYor guidance and suggestions given her 

during the time of th is  study, and to Doctor D. J .  Pletech, of the 

Department of Entomology, of Montana State College, for help with 

illu e t rations.



LITERATURE CITED AKD COSSULTBD

1. Aleberg, Carl L.
1926. sted lee  upon Starch. led. Bag. Chea. I81I90.

2. ___________
1927. Starch ia  Flour. Cereal Chea. HjHS5.

3. ......  and Grlfflngv X.P.
1925. Effect of Hne Grinding upon Fleur. Cereal Chen. 2:325.

. and Bask, O.S,
k924. On the Gelatlnlzatlon by Hwt of Whaat and Maize starch. 

Cereal Ghee. 1:107.

5. Baker, G.L.
1926. Je lly  Strength of Pectin J e lls . Ind. Sng. Chest. 18:89.

6. BrlsdMtllv B, and Hlxeoav R.M.
1939. ®he B lgld lty of Starch Pastes. Ind. Ehg. Chen. Anal. Ed. 7:358.

7. Bnchananv J.H. and Saudalnv 6.G.
1923. Influence of Starch on Strength of Wheat Flour, 

lad. Eng. Chest. 15:1050.

8. Caeaarv G.Y.
1932. Ceasletency Chsmgee In Starch Paetee. Ind. Eng. Chem. 24:1432.

9. Caeearv G.Y. and Moorev R.E.
1935. Coneletewy Changes in Stmreh Paetee, Tapioca, Corn, Wheat,

Potato, and Sweet Potato. Ind. Eng. Chest. 27:1447.

10. Chaddock, R.S.
1925. Principle# and Methods of S ta tis tic s . The Rlveretde Press,

Cambridge, Mass.

11. Chatfleld, C. and Adame, G.
19^0. Proximate Composition of Asmrlean Food Materials.

U.s. Dept. Agr. Ctre. 549.

12. Gortner, R.A.
1924. Ylecosity as a Measure of Gluten ‘u a llty . Cereal Chest. 1:75.

13» Hixson, R.H. and Brlmhall, I .
1941. A Gelometer fo r Starch Pastes. Ind. Eng. Chest. Anal. Ed. 13:193.

14. Hughes, O., Green, I .  and Campbell, L.
1938. The Effect of Various Temperatures and Time Periods on the Perwntage 

of Gelatlnlxatlon of Wheat and Com Starch and of Cereals Containing 
those Starches. Cereal Chest. 15*795.



15. Jambuservala, O.B. and Xanltkar, K.B.
Modified Starehee. I I I .  Degradation of Starehee by Aeid and 
AUcalltte Oxidising Agents, Acids, etc. J .  Textile Inet. 3I 1I  T.

16. Ling, A.R. and KanJI ,  D.H.
1923. The Hatnre of Polymerised Aayloee and of Aoylopectin.

J . Chem. Sec. T12312667.

17. Lockwood, H.C, and Hayes, R.S.
A Hew Method for Testing Agar and Gelatin J e ll ie s .
J .  Soc. Che*. Ind. 50tl#5 T.

18. Lowe, Belle
1937. Experimental Cookery. Ba. 2. John Wiley and Sens, Hew York.

19. Mangels, C.B. and Bailey, C.H,
1933« Relation of Concentration to Action of Gelatinizing Agents on 

Starch. J .  Am. Chem. See. 55*1981.

20. ______, ________
1933. Relative Ylscoeltlee of Wheat Starches. Ind. Bag. Chem. 25*456.

21. Morgan, WlIllard L.
19^0. Pasting and Identification of Starches. Ind. Bag. Chem. Anal.

Ba. 12:313.

22. Herensel,  Gladys M.
1931« A Study of the Kffect of Varying Concentrations of Sugar on Starch 

Gels. Unpublished Master's Thesis, University of California, 
Berkeley, Calif.

23. Olsen, A.G.
1933• Pectin Studies. I . Citrus Pectin. Ind. Rng. Cher. 255699.

24. Bask, O.S. and Aleberg, C.L.
1924. A Yleeometrlc Study of Wheat Starches. Cereal Chem. 1:7.

25. Richardson, W.A., Higginbotham, B.S. and Barrow, B.D,
1936. The Reducing Power and Average Molecular Chain-Length of Starch 

and I te  Hydrolysis Products, and the Constitution of Their 
A<$aeoua Pastes. J .  Textile In st. 27:131 T.

26. _______ and Waite, R.
1933* Th* Blow of Starch Pastes. I I I .  The Effect of Soaps and other 

Electrolytes on the Apparent Viscosity of Hot Starch Pastes.
J .  Textile In st. 24*383 T.

27. Samec, M.
1933* Gome Technically Important Properties of Starch in Connection 

with i t s  Constitution. J .  Soc. Cham. Ind. 52*389 T.



47-

28. Saaec, M.
1936. Soluble Aaqrlo-Phoephoric Acids and the Nature of the Paste 

Forming Starch Fractions. Cereal Chea. 13:592.

29. Saauel, J.O.
1936* Some Aspects of Flocculation. J . Soc. Chem. Ind. 55*669.

30. Schoch, T.J.
1941. Physical Aspects o f  Starch Behavior. Cereal Chem. 18:121.

31. Seek, W, and Fischer, G.
1940. Gel-forming Starches: Characteristics. Kolloid 2. 93*207.

J. Textile Inst. 8:394 A.

32. Sherman, H.C.
1937. Chemistry o f Food and Nutrition. The MacMillan Co., New York. 

33« SJoetroa, O.A.
1936. Microscopy of Starches and Their Modifications.

Ind. Eng. Chem. 28:63.

34. Snedecor, G.W.
1937« S ta tistica l Methods. Collegiate Press, Inc., Ames, Iowa.

35. Tanner, Louise P. and Bnglis, D.T.
1940. A Study of Starch from Different Varieties and Types of Corn. 

Food Research 5*563»

36. Tarr1 L.W.
1926. Fruit J e l l ie s .  II I . J e lly  Strength Measurements.

Delaware Agr. Exp. Sta. Bui. 142.

37« Taylor, T.C. and Beckman, C.O.
1929. The Disruption of the Corn Starch Granule and i t s  Relation 

to the Constituent Asylosea. J. Am. Chem. Soc. 51*294.

38. ______ , and Iddles, H.A.
1926. Separation of the Aoyloses in  some Common Starches.

Ind. Eng. Chem. 18:713»

39' ______ , and Keresztesy, J.C.
1936. Granule Disintegration of Corn Starch. Ind. Eng. Chem. 28:502.

40. ________ _, and Morris, S.G.
1935» The Properties o f the Amylosee. Corn a-Amyloee and Retrograded 

b-Amylose. J. Am. Chem. Soc. 17*1070.

41. __________ , and Verntz, J.H.
1927. Properties of Corn Starch. Removal of Combined Fatty Acids.

J. Am. Chem. Soc. 49:1584.



-U$-
42. whiteaan, Elizabeth ? . and King, Florence B.

1957» keighte of Food Katerlals need In Food Preparation, 
j .  Home icon. 29:641.

43. Woodruff, Sybil
1935. Chaagee During Starch Gelatin!satlon. 111. Agr. Exp. Sta.

4?th Ammal Beport. Chen. Abets. 30:2791.

44. _________ , and MeHaatere, M.K.
1 9 3 8 .Gelatlnlxatlon and Retrogradatlon Changes in  Corn and Wheat

Starches Shown by Photomicrographs. 111. Agr. Exp. Sta. Sol. 44$.

4$. ______  . and Nieoli, Laura
1931 • Starch Gels. Cereal Chesu 6:243.

46. _________ .  and Webber, L.R.
1933. APhotomlorographic Study of Gelatinised Wheat Starch.

Jr. Agr. Research 46:1099.



IVtONifiNA S tAI!- UNlVtkSlT /  LIBRAkIFS

-  t:.L-
- '  ,

" i C h e r  s l t i r - n p /  ^

::578 
J38s 
c o p .I

68144


