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INTRODUCTION 

Increased production of frozen eggs for human consumption 

during the past few years indicates a growing interest in 

their use. In a recent book, Prescott and Proctor (1;j37) pre- 

dicted many now livinE will see the day when housewives will 

buy frozen eggs for many culinary uses. Frozen eggs are a 

satisfactory substitute for fresh or cold storage eggs in most 

mixtures; therefore, many large commercial bakeries, cafeteria; 

and other food service institutions are using them in food pre- 

paration. 

Packers and users of frozen eggs are interested to know 

the comparative quality of angel food cakes made from fresh 

and frozen egg whites. Angel food cakes of greater volume and 

more uniform quality are thought to be produced when frozen 

egg whites are used. 

The purpose of this study was (1) to compare the whipping 

quality of certain types of egg whites; (2) to determine the 

best temperature for beating these egg whites; (3) to compare 

the quality of angel food cakes made from fresh and frozen 

whites; and (4) to determine the best baking temperature for 

cakes made from the different egg whites. 

METHOD 

the work was divided into two series. In the first, a 

study was made of the effect of different beginning beating 
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temperatures on the quality of angel food cakes. In the sec- 

ond, the effect of different baking temperatures on angel food 

cakes was determined. 

Sixty angel food cakes were made in the first series. The 

four beginning beating temperatures used were as follows:40°F. 

(4.5° C.), 50° B. (100 C.), 600 F. (15.5° C.), and 70° F. 

(21° C.). Five cakes whipped at each of the beginning beating 

temperatures were made from each of three kinds of egg whites. 

in order that the results might be carefully checked, six 

cakes were baked each day, two from each of the three types of 

wnites. All cakes of the first series were baked at 3500 

(1770 C.) for 40 minutes. 

In the second series, 75 cakes were baked. Five dif- 

ferent baking temperatures were used: 350° F. (177° C.), 

3750 F. (1830 C.), 400° F. (2050 C.), 425° F. (2180 C.), and 

450° F. (232° C.). Cakes were made from three types of egg 

whites every day that cakes were baked. Five cakes were made 

from each of the three types of whites and baked at the five 

baking temperatures. 

Ingredients for each series were as nearly identical as 

possible. Softasilk cake four, finely granulated sugar, cream 

of tartar, salt, and vanilla sufficient for an entire series 

were stored in the experimental 1-boratory. The only ingredi- 

ent varied throughout the study was the egg whites. The three 

types of egg whites used were: No. 1 fresh, Regular frozen 

anti Special frozen thites. 

The Perry eacking CoTapeey of tranhattan supplied No. 1 

fresh eggs, from their regular stock, for the first series of 
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the study. Consort Regular and Consort Special frozen whites 

were supplied by the Seymour Packing. Company of Philadelphia 

through their plant in Topeka, Kansas. The frozen eggs were 

selected from stock which had been in the freezer for at least 

eight weeks. They were completely thawed, thoroughly mixed, 

weighed. into pound lots, and packed in waxed cartons. The 

cartons of eggs were refrozen and sent to the Perry Packing 

Plant where they were stored until needed for the study. On 

the day before the cakes were to be baked, the eggs were de- 

livered to the experimental. laboratory where they were placed 

in the refrigerator at 40° to 50° F. (4.5°to 10° C.). 

Fresh eggs for the second series were purchased from the 

Perry Packing Company. These No. 1 fresh eggs were secured in 

quantities sufficient for one week, and were stored in the y.e- 

frigerator. The frozen eggs were received in 15 pound cans in 

two different shipments from the Seymour Plant in Topeka. The 

large cans of frozen eggs were placed in the refrigerator for 

24 hours, then removed to room temperature until sufficiently 

thawed to be theroughly mixed. They were then weighed into 

portions sufficient for one cake, placed in cartons, and 

stored in the freezing unit of the refrigerator. The day be- 

fore the eggs were to be used they were removed from the freez- 

ing unit and placed on the shelf of the refrigerator to thaw. 

The frozen eggs of the second series were used within two 

weeks after being refrozen. 

The equipment used included: A Harvard trip balance for 

weighing the ingredients; a Kitchen-Aid electric mixer with 
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two bowls of five-quart capacity; a centigrade chemical ther- 

mometer for determining the temperature of the egg, white and 

batter; an rev. tmen timer; a small aluminule cup with straight 

sides in which the foam eno better were weighed in order that 

the specific gravity of each might be computed; and medlum- 

ht-weight alumlnur sponge cake pens of 4000 ml. volume for 

baking the cekes. The cfkes of the first series were baked in 

a hank of ovens in the experimental 1.1:oratery. The cakes of 

the second series were baked In the oven designed especially 

for experimental wort{ and equipped with a revolvin herth and 

an accurate thermostatic heat control. The oven tenperatures 

were checked with two Taylor oven thermometers. A Torsion 

balance was used for weighing the foam en6 b,tter, und the cake 

before and after baking. 

The 3are Jane Heed recipe for angel food ceke as taken 

from the leeactical Cookery (1:)41) was used as the basic rec- 

ipe. The method of mixing angel food cake on the Kitchen-Aid 

electric mixer, which had been worked out in the experimental 

laboratory, was used for mixing, the cake. 

The ingreuients used in the study were as follows: 

Ingredients 

gg whites 
Cream of tartar 
Salt 
Sugar 
Flour 
Vanilla 

'Aeiehts 

425 grains 
8.2 grams 
1 gram 
300 grams 
100 grams 

Approximate Measure 

1 3/4 cups 
2 teaspoons 
1/4 teaspoon 
1 1/2 cups 
1 cup 
1 teaspoon 

The procedure for the experinental work for this study 

was as follows: 
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All ingredients were weighed on a Harvard trip balence. 
Two hundred grams of sugar were sifted three times. 
One hundred grams of sugar and 100 Frams of flour were 

sifted together three times. 
Egg whites were weighed end brought to the desired tem- 

perature before whipping. 

Steps in mixing eekee: 

Place egg whites in mixing bowl, use whip attachment, and 
fasten on the electric eixer. 

Set beater at second speed. 
Lcat whites until frothy. (30 seconds time). Add , cream of 

tartar and salt and continue besting for 0 seconds 
longer. 

Weigh a cup of foam. 
Ldd sugar 1 tablespoon at a time at intervals of 5 sec- 

onds. Total time for adding sugar, 1 minute. Con- 
tinue beating for 2 minutes. 

Change to low speed. 
Yeasure and acid arill . Scrape bewn sidee of bcvl with 

rubber spatula. 
id flcur-sugar mixture, 1 tablespoon at intervals of 10 

seconds. Total time for adding mixture, 1 1/2 min- 
utes. Scrape ecen sides of bowl ane ccntippe mix- 
ing for 1 1/2 minutes. 

After mixing is completed, remove bowl from mixer: 

Weigh a cup of batter. 
Pour better into eeighed cake pans. 
ie'rop several times on table to expel' any large bubbles. 
;ark depth of batter on inside of pan. 
Weigh pan and batter on torsion balance 
Take temperature of better. 
Place in preheated oven and bake at specified tempera- 

teem and tile. 

After baking: 

Eemove from oven, invert, and weigh. 
Place cake in an inverted position until cool. 
Store in a tight cupboard until the followin morning. 

The determinations made Include the specific Lrevity of 

the foam, the specific gravity of the batter, the V03W40 of 

the batter, the percente6e loss of weibht during bekinc, the 

area of a slice of cake, the penetroneter reeding, the com- 

pressibility, elasticity, and tenderaees of the cake, and the 

quality of the cake as dotermieed by a palatability committee. 
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the specific gravity of the foam and of the batter was 

determined by filling and weighing an aluminpm cup of a known 

weight, and then dividing the weight of the sample by the 

weight of an equal volume of water at the same temperature. 

The percentage loss in weight during baking was deter- 

mined by dividing, the difference in weight of the batter and 

of the baked cake by the weight of the batter. 

The approximate volume of the batter was determined by 

marking the depth of the batter in the pan and later measur- 

ing, the amount of water required to fill the pan to the line. 

To obtain comparable results when testing the baked cake 

it was necessary that all samples be uniform in width. This 

was accomplished by using a metal guage. One cut was made in 

the cake, the guage was slipped 

slice was cut with a knife dipped in boiling water and wiped 

on a damp cloth. Three such slices were used for the compres- 

sibility and elasticity tests. Three one-inch cores of cake 

were cut by means of a sharpened cylinder, these were used to 

test the tenderness or tensile strength of each cake. Six 

slices of cake were also cut for the judges. All samples were 

wrapped in waxed paper to prevent drying. 

The very first slice cut from each cake was laid on a 

sheet of paper and carefully outlined with a pencil. These 

outlines were later used to compute the area of the slice of 

cake. 4hen computing the area, the height of the slice was 

determined at the center, at the outside edges, and at points 

one-half the distance from the center to either side. The av- 

erage of the five measurements was multiplied by the average 
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width to obtain the area in square centimeters. 

The same slice which was used ln computing the area was 

later preserved in a glycerine-formaldehyde-rater solution as 

suggested by Yarkley (1934). These samples of cake proved val- 

uable as a means of comparing the entire series at one time. 

The shape, volume, and grain of the samples were well preserved 

but the texture was somewhat dry. 

A penetrometer was used to test the tenderness and com- 

pressibility of the cake. This device was used by Usk (1938) 

in her study on yellow angel foods. It consisted of an arm 

attached to a platform, a movable centigrade scale, and a cone 

shaped piece of metal connected to the arm. The cone was at- 

tached to a metal stem. A metal pointer which moved up and 

down with the cone and stem indicated the degree of penetratien. 

When testing the cake, one slice was laid upon the plat- 

form under the cone, the center of the slice facing the arm. 

The cone was allowed to penetrate the cake for 15 seconds, the 

scale adjusted to zero, and a 20 gram weight was carefully 

slipped on top of the cone. The weight and the cone were al- 

lowed to penetrate for 30 seconds and the reading recorded in 

centimeters. Unless there was a decided. uneveness in the tex- 

ture of the cake, tests were made three-fourths inch from the 

edge of the slice. Five readings were made on each slice, two 

at the top, one in the middle, and two at the bottom. The av- 

erage of the top readings, the middle reading, and the average 

of the bottom readins were recorded in the table. 



A second mechanical device used to test the compressibi- 

lity and the elasticity of the cakes was similar te that de- 

scribed by Platt and E.ratz (10.33) and used by tremer (1935). 

This device consisted of a remodeled laboratory balence. A 

metal plunger was fastened beneath the right-hand pan, and an 

adjustible platform placed. so that the plunger just rested 

easily upon it. The leftaaand pan held a brass weight and a 

linked chain which exactly balanced the plunger and a 200 gram 

weiht on the right-bend pan. A wooden drum extended over the 

left-hand pan so that the chain could cc easily round from the 

pan to the drur. A metal pointer suspended from the cross arm 

to a scale at the lower part of the balance indicated the de- 

gree of compressibility of the cake. The scele was marked so 

that when the pointer moved acroeu 8 points tLe ceke was com- 

pressed 1 mm. 

This compressibility and elesticity' test was made by 

placing a one-inch slice ci calve en the eu ustible platform 

at the right of the balance so that the plunger just touched 

the surfacc of the cake. The scale was adjusted so that the 

poleter rented at zero. The chMn was carefully wound to the 

drum In 30 seconds, thus allowing the plunger to penetrate 

intc the cake. The weight was allowed to rezein on the slice 

for 30 necende loner, and a reading recorded froal the scale. 

This reederq: represented the compressibility of the cake. The 

ctekin WES teen wound from the drum to the pan thus releasing 

the weiLht from the sample. Liter 30 seconds, a second read- 

lug taken and reccrded. The differeece in the two read- 

ings was recorded az the elasticity of the slice. Three 

samples were tested frem each cake and the average recorded 

as the compressibility and. elasticity of the coke. 
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The tenderness or tensile strength of the cakes was deter- 

mined by arother mechanical device. This device was used by 

Reed (1931) in a study on angel food cakes. It consisted of 

a ring stand, the rod of which supported a short horizontal 

beam from which was suspended a wooden clamp for holding one 

end of the sample. P. similar clamp fastened to the loder end 

of the sample supported a very light weight copper pan. The 

metal rings were adjusted so that the sample could be held 

firmly between the fingers of the clamps. The ring stand also 

supported a glas container from which a flow of dustless sand 

- could be released or checked at will. This was controlled by 

means of a spring which eras connected with a rubber stopper by 

a thin wire. When not in use the wire was held taut by the 

spring. When pressure was applied to the spring the stopper 

was released and the sand poured slowly into the scale pan un- 

til the sample broke. The weight of the clamp, cake, pan, and 

sand represented the force necessary to break the cake. Three 

such samples were tested from eac:a cake and the average re- 

corded as the breaking force. 

A palatability committee consisting, of six women scored 

the samples of the cakes according to i.'orm 1. The committee 

for the first series consisted of two members of the Department 

of Food Economics and Nutrition, two faculty members of the De- 

partment of Institutional Management and two high school Rome 

Economics teachers. The second series of cakes was judged by 

a committee consisting of one member of the stuff of Institu- 

tional Management, a dietitian in a hospital, two high school 

cafeteria man-gers, and two high. school home Economics teachers. 



Form 1. 

Score card for angel food cakes. 

Sample number 

External appearance: 

Shape 10 

Size 10 

Crust 10 

Internal appearances: 

Texture 10 

( rai.a 10 

10 

Ilavor 10 

Judged by 

Late 

4/. 

AIL 4 

Rank all oi the spmples from the 

let. choice To. 

2nd. choice ,o. 

3rd. choice No. 

4th. choice No. 

5th. choice No. 

.11141111. 

bast to the poorest: 

6th. choice No. 

7th. choice No. 

8th. choice No. 

01110 

9th. choice No. 

Comments of judge: 
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Points 

Directions for use of 

Score card for ane1 food cakes 

Qualities Perfect score Rating 

7External Appearance 

Shrlpe - '43.rmetrical, even,and lIhtly 10 9-10 
rounded. 

Slihtly uneven, somewhat rounded 6-8 
or sunken. 

Very uneven, peaked or sunkon. 0-5 

Size - Good volue in proportion to in- 10 9-10 
Gredients used. 

Fair volume in proportion to in 6-8 
gredients used. 

For volume in proportlen to in- 0-5 
o'redients used. 

Crust - Delicately browned, tender, 10 9-10 
slihtiv rough, 
sticky, and of medium thick- 
ness, 

Medium brown, moderately tender, 
rou,01, sticky, and thick. 

Very brown, slightly tough, very 
rouh, dry and thick cruet. 

6-8 

0-5 

Internal Appearance 

lexture-6ilky or velvety feel, very tender, 10 9-10 
moist, and resilient. 

iioderately moist and tender, slightly 6-8 
velvet y in feel, rather resil- 
ient. 

TouAll, dry, soggy, harsh, or crumbly. 0-5 

Grain - IA.ne, uniform, oval shaped cells, 10 9-10 
with thin cell walls. 

'airly fine and uniform oval shaped 6-8 
cells, with fairly thin walls, 

Grain coarse, with many lar7e holes 0-5 
or tunnels, or too fine and 
compact. 

Color - Very white. 10 9-10 
rairly white. 6-8 
Grey or streaked. 0-5 
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Points 

Score card for angel food cakes (cont.) 

Qualities Perfect score Rating 

Flavor - Delicate and inviting, sweet 10 9-10 
and well blended, velvety 
feel, and pleasing odor. 

Reasonably delicate, sweet 6-8 
and blended, somewhat velvety 
feel, and pleasing odor. 

Flat, too sweet or unpleasant taste 0-5 
of certain ingredients, harsh 
feel, or unpleasant odor. 

.01.0040010.10.11100111. 

Total points 70 

REVIEW OF LITERATURE 

Frozen eggs have been on the market for many years, but 

their use in food preparation by commercial institutions is 

rather recent. Improved methods of freezing and storing have 

aided greatly in making frozen eggs available for human con- 

sumption. Sweetman (1937) stated that the frozen egg industry 

has grown so rapidly in recent years that it has become prof- 

itable to break high grade eggs for freezing. She also stated 

that the nutritive value of the es does not change with 
freezing, and experiments show frozen egLs to be a satisfactory 

substitute for fresh eggs in most mixtures. Frozen eggs are 

considered an economical means of supplying. the part of the egg, 

whole, yolk, or white, needed by the consumer. Lowe (1940) in 

a recent editorial said, "That for several years, the angel 
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food cakes at Iowa State ColleLe have been made from frozen 

whites and that the cakes have been, in every respect, as good 

as those made from fresh whites. It has also been found that 

frozen whites are more economical and there is not the problem 

of using the left-over yolks." 

Le Clerc and Bailey (1940) stated that in high grade estab- 

listments only the highest quality of eggs are used in the pro- 

duction of frozen eggs. luring the preparation for freezing the 

eggs are handled under highly sanitary conditions. All of the 

egEs are candled, broken into individual cups, tested for odor 

and appearance and only those of high quality are frozen. 

These authors also reported that much improvement has been 

made in the methods of freezing egEs. The older method of 
freezing at 00 F. (-17.7° C.) or below required 72-100 hours 

to freeze a 30-pound can, as compared with the new sharp freez- 

ing method which requires a much shorter time. In this process 

the homogenous emulsion of eggs is fed in a thin film to a mech- 

anically chilled refrigerated roll which brings the liquid egg 

into a frozen condition in about seven seconds. The frozen 

mass is transferred to sterilized cans which are immediately 

sent to the sharp freezing room. This short time freezing pre- 

vents an increase in the bacterial count and is claimed to yield 

a product with a smooth uniform texture. 

According to Le Clerc and :bailey (1940) special care should 

be taken when thawing frozen whites. The whites should be kept 

in the refrigerator until thawed, then thoroughly mixed to com- 

bine the solids, which concentrate in the center of the can dur- 

ing freezing, with the fluids. 
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These workers found frozen eggs to be more convenient to 

use, more uniform in quality, and in general better adapted to 

large-scale usage, and more economical to use the year round 

than fresh eggs. The frozen eggs retain their original quality 

almost indefinitely when kept frozen and the whitesvcre much 

thicker in consistency than those of storage eggs. 

Le Clerc and Bailey (1940) also stated that egg whites gave 

very little f1J,vor but furnished a mellowness to the cake. The 

peculiar structure of the white furnished thin, but strong cell 

walls for the tiny air cells when the whites were whipped. The 

thin portion of the white seemed to incorporate more air in a 

shorter beating period and make better angel food cakes than 

the thicker whites. They also suggest that if superior quality 

angel foods are desired they should be made from the thin por- 

tions of the egg white. 

Bailey (1935) found no pronounced difference in the foam- 

the: power of thawed and unfrozen egg whites, except for a ten- 

dency of the thawed whites to reach a maximum volume in a 

shorter beating period than the unfrozen whites. Leakage from 

the foam of the thawed whites was greater than that from the un- 

frozen whites, but the sharp changes in the leakage as a result 

of varying the whipping time, observed in the case of the un- 

frozen whites did not occur. it was also interesting to note 

that the optimum whipping time for the minimum leakage was us- 

ually a little less than the whipping time for maximum foaming. 

This effect was not always true, but its appearance in the ma- 

jority of cases for the unfrozen whites or for eggs stored for 

a short period of time, three or four months, was thought to 
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justify the statement that, "If stability of the foam is de- 

sired, the egE whites should not be whipped to their maximum 

degree of foaming." 

The result of work sponsored by Wilson and Company (liJ3e) 

indicated frozen whites whipped at a temperature of 70°to 80°E. 

(21° to 28° C.) produced better foaiii than those whipped at ei- 

ther a higher or lower temperature. 'ienites whipped at a temper- 

ature below 70° F. (210 C.) had a tight train and resulted in a 

cake with poor volume and a slight tendency to be tough. Cakes 

made from whites whipped at a temperature above 80 F. (27° C.) 

had slightly less volume and a harsher grain. 

,ch work has been done on the whipping properties of 

fresh whites. Lowe (1937) found egg whites produced more sta- 

ble foams with longer beating. The air cells grow smaller and 

produce a more rigid structure than those which contain large 

air bubbles. However, too long a beating period will cause the 

foam to become dry and lose that shiny appearance. Workers in 

the Proctor and Gamble laboratory found that regardless of the 

time spent in whipping a given sugar and egg white mixture at 

60° P. (15.5° C.) it never became as light as one of the same 

proportions beaten at the same speed and at a temperature of 

110° F. (43° C.). Henry and Barbour (1933) reported thin whites 

had considerably better beating properties than thick whites, 

but that thin whites tended to lose volume more rapidly on con- 

tinued beating. .A greater volume of foam was produced when the 

hydrogen-ion concentration was reduced. 

St. John and Flor (1931) found egg whites whiceed best at 

a temperature of 65° to 700 F. (180 t,0 210 C.). At this 
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temperature there wes not much separation of the liquid from 

the foam. fihin or watery vhi es produced a lerger volume of 

foam when beaten than did the thick portions, and the foam from 

the thin whites had a more desirable texture than that from the 

thick W.LAJ,Q8. e.ggs which had been in sterage for F few days 

produced a larLer volume of foam than did strictly fresh eggs. 

A storage period of 1:40 years apparently had little effect upon 

the whipping quality oe Lee thin whites, but this was not true 

of the thick whites. It was observed that the thick portion 

beat to a gr,ater volume after being stored from two to five 

weeks but decreased in volume with longer storage. St. John 

and. Flor sugcested that only the thin portion of the white 

should be used if the best quality of angel food cake is de- 

sired, when the eggs have been in storage for a long period of 

time. tanley (1934) reported angel food cakes of greater vol- 

ume and greater elasticity were produced from thick ef.,L whites. 

She found thin whites produced a 1arsr volume when beaten, but 

when the other ingredients were added the thin whites seemed to 

be less stable than the thicker whi3, therefore cakes of 

smaller volume resulted. 

In a study on the stanUerdization of c whites in white 

cake, Stokes and _Crack (l'e36) fount cakes eiede -.i:rom frozen egg 

whites to be remarkably uniform in grain, volume, and texture 

throughout the entire year, as compared with the cakes made from 

fresh egc, whites which showed a much greater variation in qual- 

ity. 
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Foreerly such stress wee laid upon the importance of low 

baking temperatures for eni2e1 food cakes, but more recently 

hiEher baking teeper,?tures have been considered. 'Aireore (1935) 

showed that higher oven temperatures for baking angel food 

cakes did not decrease the tenderness, because the internal tem- 

peratures of the cakes change very little with treater differ- 

ences In oven temperatures. He stated that the tenderness of 

the cake is dependent upon a number of factors such as: "The 

amount of expansion and the effect of the internal temperature 

on the rate of coagulation of the proteins and the gelatiniza- 

tion of tee starch as well as the ratio of ingredients.1 

eaed (1931) was eble to make ane,e1 food, cakes oi good 

quality by bakia: them at a temperature of 325° ke (.163° C.) 

for 45 or 55 elinutes. The longer baking period resulted in a 

cake of slightly smaller volume but the crust and contour of 

the cake were much improved with little sacrifice of tendernees. 

In a recent Investigation, Lowe (1937) found that better 

aneel food cakes were produced when baked at 350° F. (177° C.) 

as compared with 325° F. (163° C.). These cakes had greater 

volume and were more tender and more moist than those cakes 

baked at lower temperatures. Burke and Wiles (1936) found a 

temeerature of 350° e. (1770 C.) to be more satisfactory than 

temperatures of 300° to 3250 i. (159° to 163° C.) for baking 

angel food cakes. These cakes were more moist and had a great- 

er volume than those bekee at lower temperatures. Higher oven 

tc:::.pernturce ccused the cakes to crck on the top and show 

suEar spots on the crusts, but the defects were more than com- 

pensated for by the improved texture. 
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Recent work in the laboratory of Maon and. Company (1938) 

indicated that even hiker baking temperatures than those al- 

ready mentioned produced better aneel food cakes. Cakes made 

from frozen eggs, baked at 375° to 450° E. (191° to 232° C.) 

were all more moist and greater in volume than those cakes which 

were baked at lover temperatures. lhey reertaad the best results 

were obtained by baking cakes at 425° to 450° F. (216° to 232°Ca). 

The writers stated. that, "Lt this temperature a crust was 

formed on the top of the cake more rapidly, and this apparently 

allowed the cecape of less of the vapor and as formed during 

baking, thus giving a cake of greater volume. Formerly a cake 

01 t eaze, i.e., one baked in a ten-inch pan with a three 

and a half inch spout, was baked at 375° Ja. (191° C.) for 40 

minutes. when the cakes were baked at higher temperetures, 

425° to 450° F. (218° to 232° C.), the baking period was re- 

duced approximately 30 per cent. Moisture determinations taken 

on the finished cakes showed the cakes baked at 450° F. (232° C.) 

contained 32.9 per cent moisture as compared with the ones baked 

at 375° (191° C.) which contained only 30.6 per cent mois- 

ture.° 

Texture and volume of the finished cake are eTently de- 

pendent upon the quality of egL white used. Bailey and LeCaerc 

(1935) described eggs as an Laportant ingredient of cakes when 

they said, °Lggs impart richness, improve the :rain, texture, 

flavor, and general appearance of the ceke. They serve to hold 

air and build the structure, increase the lijhtness, and give a 

moisture retaining quality, which in turn delays the crumbling 
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or staling, of the cake." They added that bakers are able to 

make cakes which are more uniform in quality and have a much 

better texture, if frozen eggs are used throughout the entire 

year. 

A good angel food cake should be even in grain and feath- 

ery light in texture. Platt (1931) well defined the texture of 

an angel food cake when he said, "Texture is an expression of 

elasticity, softness, pliability, smoothness, or silkiness of 

the crumb. It may be determined by a sense of touch or by the 

physical condition of the crumb, and to a minor degree by the 

grain. Speaking, in physical terms, texture is a combination of 

compressibility, elasticity, and tensile strength." 

DISCUSSION AND RESULTS 

Three different kinds of egg whites were used in this 

study: No. 1 fresh, Regular frozen and Special frozen. The 

Regular frozen whites were a thick type of egg white and the 

Special, thin or more watery in consistency. 

Sixty angel food cakes were made in the first series. Four 

beginning beating temperatures were used: 40° F. (4.50 C.), 

50° F. (10° C.), 60° F. (15.5° C.), and 70° F. (21° C.). All 

cakes of this series were baked at 350° F. (177° C.) for 40 

minutes. 

The egg whites were removed from the refrigerator and 

brought to the desired temperature before beating. All whites 

were whipped for two minutes, with a whip beater, on second 

speed of the Kitchen-Aid electric mixer. A 60 ml. cup of foam 



20 
was weiLhed and this weight was used in computing the specific 

gravity of the foam. 

A much greater difference was observed from cake to cake 

in the whipping quality of the fresh whites than in either type 

of frozen whites. Sometimes the white was much thinner in con- 

sistency, and when this was true, it whipped to a lighter, more 

stable foam. As a whole, it was observed that the fresh whites 

produced poorer foams than the frozen whites, and there was a 

greater amount of leakeLe from the fresh than from the frozen 

whites. Bailey (1955) reported a greater amount of leakage 

from frozen whiten than from fresh whites, but in this study it 

was noted there was little leakage from the Special frozen (thin) 

and mucn less from the Regular frozen (thick) than from the 

fresh whites. 

Regardless of the kind of egg white used, the volume of 

the foam was greater when the specific gravity was low. The 

foams of high specific gravity were poor and watery. In all 

instances, the Special frozen or thin whites produced the light- 

est foams, the Regular frozen whites second, and the fresh, the 

hefviest. The specific gravity, however, was much lower at 

70° I. (21° C.) than at the three colder temperatures. 

The results of the beginning beating temperatures of the 

present study are for the most part in keeping with those of 

previous studies. Seventy degrees F. (21° C.) was found to be 

the most satisfactory of the temperatures tried for whipping 

egg whites. St. John anu elor (1v31) found the whites whipped 

beet at e00 to 00 i . 0'30 to 21° C.); and workers in the wilson 

and Company laboratories (158) found the best foams were pro- 

duced at whipping temperatures of 700 to 80° F. (21° to 26° C.). 
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It was found in the present study that cakes made from whites 

whipped at a temperature of 40° F. (45° C.) were more compact 

in grain and much smaller in volume than those whipped at the 

higher temperatures. 

The temperature of the batter in most cases reached that 

of the room during the eixing period. On days when the tempera- 

ture was high there was a greater increase in the temperature 

of the batter. However, it was observed that the thinner egg 

whites usually increased a little more in temperature than the 

others, probably because they incorporated more air than the 

thicker whites. The average increase in temperature for those 

cakes started at the lower temperatures was greater than for 

those started at the higher temperatures. Cake batters which 

were started from whites at 40° Fe (4.5° C.) had much higher 

specific gravities than those which, were started, at 70° F. 

(21° C.). There was a &rester difference in the specific grav- 

ities of the foam and batter of the cakes whipped at the higher 

beginning temperatures than at lower temperatures. It seemed 

that more stable foams and lighter batters were produced from 

whites whipped at 70° F. (21° C.) than at lower temperatures. 

Table 1 shows the volume of batter to be greater at the 

higher beginning temperatures, but regardless of the tempera- 

ture, the cakes made from the Special frozen whites always pro- 

duced the greatest volume of batter. The fresh whites produced 

the second greatest amount and the Regular frozen the least 

amount of batter. 



Table 1. Summary of data for angel food cake in first series. 

Kind 
of 
egg 

white 

: Time: 
Temperature degrees Fehr. : 

Sl ecific 
LrFvity 

:Volume 
: of 

:Area of:Compres-:flasti-:Tender- 
:slice of: sibi- : city : ness 
: cake : lity 

nun ams. sq.cm.' mm. 

Penetration 

: of : 

:baking 
minutes: 

Oven 
. 

. 

;Egg white : 

: 

Batter : Foam 
ul,' 

:batter 
:oatter: 
: mg. : ml. 

Top 

cm. 

Middle 

: cm. : 

Bottom 'Average 

cm. 

Fresh 77 .282 .310 2680 74.5 9.4 2.5 60.9 4.2 4.2 4.5 4.3 
Regular 40 350 40 73 .314 .383 2222 71.9 8.5 2.9 82.6 3.8 4.0 3.9 3.0 
Special 77 .148 .250 2615 75.3 10.1 2.2 58.2 4.9 5.0 5.1 .0 
Average 75 .248 .314 2506 73.9 9.3 2.5 67.2 4.3 4.3 4.5 4.4 

Fresh 79 .273 .312 2650 72.8 9.5 2.7 66.2 4.3 4.2 4.2 4.2 
Regular 40 350 50 79 .274 .356 2325 73.9 8.6 2.5 75.5 4.0 4.1 4.1 4.1 
Special 79 .147 .288 2690 84.7 10.3 2.7 53.6 5.1 5.1 5.1 5.1 
Average 79 .231 .319 2555 77.1 9.5 2.6 65.1 4.2 4.2 4.2 4.2 

Fresh 77 .260 .302 2529 76.1 9.5 2.8 67.3 4.4 4.5 4.3 4.4 
Regular 40 350 60 79 .254 .332 2505 79.4 8.4 2.9 76.1 4.0 4.1 4.0 4.0 
Special 79 .135 .272 2920 85.2 9.9 2.7 59.2 4.4 4.6 4.6 4.5 
Average 79 .216 .302 2651 80.2 9.3 2.8 67.5 4.3 4.2 4.3 4.3 

Fresh 81 .237 .291 2600 78.4 8.9 3.0 61.1 4.3 4.2 4.5 4.3 
Regular 40 350 70 82 .229 .322 2655 78.1 8.2 2.9 70.1 4.1 4.1 4.1 4.1 
Special 82 .127 .279 3110 85.5 9.8 2.7 56.1 4.6 5.5 4.7 4.9 
Average 82 .198 .297 2788 80.7 8.6 2.9 62.4 4.3 4.3 4.4 4.4 
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The volume of the finished cake was determined by com- 

puting the area of one slice from each cake. Greeter area was 

found with the higher beginning temperatures. The volume of 

cakes made from the Special frozen whites in every case was 

the greatest. When the 20 samples of cake made from each type 

of egg white and preserved in the glycerin-formaldehyde solu- 

tion were laid as closely together as possible and the area 

measured in square inches, the area of the cakes made from 

fresh eggs was 221 square inches, from the Regular frozen 

whites 208 square inches, and from the Special frozen whites 

240 square inches. 

There seemed to me quite a variation in the grain of the 

different cakes. The grain of the fresh egg cakes differed 

more than that of the frozen egg cakes, sometimes the grain 

was rather uniform and then again it contained many large 

holes. The grain of the cakes from Regular frozen whites was 

without exception uniform and quite compact. The grain was a 

little less compact at the higher beginning beating tempera- 

tures, but all of these cakes were much poorer in quality than 

those made from either the Special frozen or the fresh whites. 

The cakes made from Special frozen whites were more uniform 

from day to day than those made from the other two types of 

whites. The grain of all of the cakes made from Special 

frozen. whites was irregular ano a great number of large holes 

appe,crd ln all of these csk. the cell wa1s, ewever, 
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were much thinner than those of the fresh 7egular frozen 

eue, cakes. 

The texture of the cakes was also quite different. The 

texture of the fresh egg cakes ranged from a rather harsh or 

"bready/ feel to one that might be described as "velvety." 

st of the cakes from the Regular frozen whites were rather 

harsh. in texture, a duality- most often described as "breadyn 

by the palatability committee. Cakes from the Special frozen 

whites were, with few exceptions, cakes with that ''feethery- 

light" texture usually associated with an angel food cake. 

any of these cakes were co "velvety" in texture that 8ome of 

the judges described them as having that "melting in the 

mouth" quality. 

The compressibility tests for the cakes in this series 

of the study show those cakes that were started at the high- 

er beginning temperatures had a grater degree of compres- 

sibility. The cakes made from the Special frozen whites 

showed the highest degree of compressibility, those from the 

fresh egg, whites second, and those fro the Regular frozen 

whites were the least compressible. Some cakes with high com- 

pressibility readings were rather moist, some even a little 

soggy. The soggy layer was usually near the bottom of the 

cake and was especially noticeable on those cakes started at 

the lower beginning beating temparatures. 

In nearly all cases, the cakes from the Regular frozen 

whites were found to have the highest degree of elasticity. 
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This was probably true because the cell walls were thicker than 

those of the other types of cakes. It was found also that 

those cakes which had the higher degree of compressibility us- 

ually had the lower degree of elasticity. The "bready" texture 

of taose cakes made from the Regular frozen whites should per- 

haps account for the greater degree of elasticity. All cakes 

with a beginning temperature of 700 F. (21° C.) were more elas- 

tic than those whipped at the lower temperatures. 

When the cakes were tested for tenderness or tensile 

strength,-it was found that those started at 700 F. (21° C.) 

were the most tender. The cakes started at the lower tempera- 

tures were all a little less tender than those at the higher 

temperature, but the cakes made from the Special frozen whites 

at all beginning temperatures were more tender than the others. 

The penetrometer test which was used to determine the ten- 

derness of the cakes showed close average readings for all of 

the cakes. Those cakes started at the highest and lowest tem- 

peratures averaged practically the same degree of penetration. 

The cakes which were started at the lower temperatures were all 

very moist, and many had soggy layers at the bottom of the 

cakes. Even though these cakes gave readings showing as great 

a penetration as those with the higher whipping temperature, 

they were much inferior in quality to those started at the high- 

er temperature. The cakes made from the Special frozen whites 

showed the greatest degree of penetration, fresh egg cakes sec- 

ond, and cakes made from the Regular frozen whites the least 

degree of penetration. It was interesting to note that the 
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average scores for these cakes showed them to be slightly more 

tender at the bottom than at the middle or top of the cakes. 

The results of the palatability committee were not always 

consistent, but their average scores tell some interesting 

facts about the cakes. These results are shown in Table 2. The 

judges were tole at the beginning of the study thst three kinds 

o egg whites were to be used in the cakes, fresh and two kinds 

of frozen whites, and that four beginning beating temperatures 

would be used for whipping the whites. All cakes were to be 

baked at 3500 1. (1770 C.) for 40 minutes. The judges were 

asked to score the cakes according to shape, size, crust, tex- 

ture, grain, color, and flavor. The average scores for all the 

cakes in this series showed that the judges seemed to prefer the 

cakes made from the Special frozen whites to those cakes made 

from either fresh or Regular frozen whites; the cakes from 

fresh eggs were placed second., and those from Regular frozen 

whites last. These results are very much in keeping with those 

of the mechanicel teats made for the cakes. 

The judges seemed to like those cakes whipped at the high- 

er beginning temperature best. At this temperature, there was 

little difference made in the scoring of the cakes from fresh 

and Special frozen whites but those from the Regular frozen 

whites scored slightly lower than the others. then the scores 

for the different beginning temperatures eere averaged, the 

total score was about the same for each but some variation was 

found Ahen the individual scores were analyzed. In most in- 

stanees, the cakes from the Special frozen whites were scored 



Table 2. Summary cf core of palat4bilit committee for arwel food cakes of first 
series. 

.e:Telperature: 
I<ind Of: before : 

uipoin 
white :de-,rees eahr. 

he 4 P : Size Crust :Texture: Crain : Color : Fltvor!Average 

Fresh 49 46 45 46 53 54 52 49 
Regular 40 48 41 44 46 50 54 52 48 
Special 49 54 44 50 46 55 52 50 
Averyge 49 47 44 48 50 54 52 49 

Fresh 48 45 44 46 46 53 51 48 
Regular 50 49 46 45 48 48 54 51 48 
Special 47 49 45 46 42 53 52 48 
Average 45 47 45 47 45 53 51 48 

Fresh 50 47 48 48 49 54 52 50 
Re6ular 60 47 43 47 43 44 54, 51 50 
Speclal 51 52 47 50 46 54 50 47 
Avernge 43 47 47 47 46 54 49 

Fresh 51 45 50 47 50 53 53 30 
Regular 70 50 43 4E, 43 63 54 53 50 
Special 51 53 50 54 48 r...f- 

....0 52 52 
Avernge 51 47 49 49 50 54 53 51 
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highest, tno a from the fresh whites second, and those from the 

Fegelar frozen whites scored lowest. 

The scores:, for the crusts of the cakes indicated those with 

a beginning beating temperature of 70° F. (210 C.) were prefer- 

able to all others. Most of these crusts were golden. brown in 

color and of good thickness. The crusts of those cakes with a 

beginning beating temperature of 40° and of 50° F. (4.5° and 

10° C.) were tough, especially the cruets of the cake made from 

the Regular frozen whites. These letter cakes all had thicker 

crusts than cakes from either of the other two types of whites; 

this was true at the four beginning temperatures. No such con- 

sistent difference was noted in texture and grain for the scores 

varied widely with different beginning beating temperatures. 

any of the judges objected to the lerge holes which appeared in 

cakes made from the fresh. and 3pecial frozen whites. The grain 

of teose made from the i.egular frozen whites was more even. and 

more compact than thet of the other takes. At all beginning 

temperatures the cakes were etite in color, but a little more 

so at the higher temperatures when the volume was better. The 

judges remarked many tile:: that they could see very little dif- 

ference in the color of the samples when they were scoring them. 

Flavor, too, was scored much the same for most of the cakes, 

the cakes started at 70° F. scored slightly higher than the 

others. 

The results of the individual cakes were checked against 

a large recipe, enough for ten cakes, and these results showed 

better cakes were made ae the beginning temperature of 70° F. 
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(21° C.) than at 40° F. (4.5° C.). Eoth the mechanical tsts and 

iudfes' scores indicated a preference for those cakes with 

the higher beginning temperature. 

With the trend toward a higher temperature and a shorter 

time for baking angel food cakes, the second series of this 

study was undertaken for the purpose of determining the best 

baking temperature and time for arvel food cakes. 

There were 75 angel food cakes baked in this series. The 

five baking temperatures end times tried were; 350° F. (177° C.) 

for 40 minutes; 375° F. (191° C.) for 35 minutes; 400° F. 

(2040 C.) for 30 minutes; 425° F. (2180 C.) for 25 minutes; and 

4500 F. (232° C.) for 21 minutes. The same three kinds of egg 

whites, as previously described, were used in this series. Five 

cakes were made from each of the three kinds of whites, and 

baked at each of the five bakinf temperatures. The average for 

the five cakes in each group in recorded in Table 3. 

During the time these cakes were baked, it was observed 

that poorer cakes were made on days when the humidity was high. 

The crusts were sticky and the cakes were more or less soggy on 

the inside. It was also observed that ell cakes had a greater 

tendency to pull away from the sides of the pan while cooling, 

or while standings over night when the humidity was high. The 

Special frozen egg cakes seemed to shrink from the sides of the 

pan much more when baked at 350° F. (177° C.) or 375° F. (191°C.) 

than when baked at temperatures of 4000 F. (2040 C.) or above. 

When the cakes were removed from the pan, it was observed 

that all cakes baked at 3500 or 3750 F. (1770 or 191° C.) had 



Table 3. Summary of data for ark el food cakes in second series. 

: 

: 

and 
of 
egg 

white 

: Time 
: of 
:baking: 

:minutes: 

: Jetipelature de roes t hr. 
: 

Specific 
gravity 

: 

:Volume 
: of 

:fres of:lercent-: GanPre5-: 
:slice of:afe lost, sibil-: 
: cake :orteicht: ity : 

: : during : 

:se. cm : raking : 
mm. 

i'lasti-ITender-: 
city : ness 

: 

mm. : 'TS. 

: 

Penetrftion 

Olen :Egg white: hatter : 

MF . 

' 'utter tatter 
. 

: ME. 

:batter 
: 

. ml. : 

: 

: Top 
: em. 

. : 

: Mddle: 
: cm. : 

: : 

Bottom:Average: 
Cil'. : cm. 

Fresh 77 .289 .335 2355 82.3 42.7 9.0 4.0 75.5 4.2 4.2 4.5 4.3 
Regular 40 350 70 70 .173 .321 2485 81.9 45.8 9.0 4.5 71.0 4.1 4.1 4.3 4.2 
Special 73 318 .297 2670 83.4 40.8 9.0 3.7 57.8 4.6 4.2 4.5 4.4 
Average 73 .193 .318 2470 82.5 43.1 9.0 4.0 68.1 4.3 4.2 4.4 4.3 

Fresh 75 .255 .336 2460 84.5 34.4 9.1 4.0 4.3 4.1 4.4 4.3 
Regular 35 375 70 75 .215 .335 2555 79.9 40.9 9.0 3.6 82.2 4.0 4.1 4.2 4.1 
Special 77 .121 .271 2725 89.1 35.3 9.0 3.9 63.0 4.2 4.2 4.3 4.2 
Average 75 .197 .314 2580 84.5 36.7 9.0 3.8 72.6 4.2 4.1 4.3 4.2 

Fresh 79 .269 .318 2556 86.7 32.4 9.4 3.8 68.3 4.5 4.6 4.7 4.6 
Regular 30 400 70 61 .150 .324 2526 84.9 34.7 8.9 4.2 79.5 4.0 4.2 4.4 4.2 
Special 81 .117 .271 2776 91.5 32.9 9.6 3.8 67.4 4.5 4.7 4.9 4.7 
Average 81 .181 .304 2619 87.7 33.3 9.3 3.9 71.7 4.3 4.5 4.7 4 .5 

Fresh 79 .264 .315 2611 90.5 31.5 9.0 3.7 68.1 4.7 4.6 4.8 4,7 
Regular 25 425 70 79 .151 .321 2550 90.9 32.8 8.7 3.5 65.9 4.4 4.3 4.8 4.5 
Special 79 .111 .280 2718 91.4 34.4 9.7 3.7 56.3 4.3 4.5 5.0 4.6 
Average 79 .175 .305 2628 90. 32.9 9.1 3.6 63.4 4.5 4.5 4.9 4.6 

Fresh 
Regular 21 450 70 

82 
82 

.275 

.166 
.355 
.329 

2632 
2575 

82,5 
82.3 

32.1 
28.? 

8.1 
8.3 

2.5 
3.1 

65.5 
71.1 

4.1 
4.2 

4.5 
4.3 

4.6 
4.7 

4.3 
it,d 

Special 
Average 

82 
82 

.121 

.187 
.282 
.315 

2700 
2636 

84.6 
83.1 

31.1 
30.6 

9.5 
8.6 

4.0 
3.2 

63.6 
o6.7 

4.5 
4.3 

4.6 
4.5 

5.0 
4.8 

4.7 
4.5 
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more crust stick to the sides and bottom of the pan than those 

cakes which were beked at hiOer temperatures. The thickness 

of the top crust seemed to increase as the temperature was 

raised, but the cakes mnde from the he1ular frozen whites had 

thicker crusts end the cakes made from Special frozen whites 

the thinnest crusts at ail bakink, temperatures. The crusts of 

the cokes made from the heeular frozen whites had rather a rub- 

bery eepeerence end feel. This ass especially true at the 

three hi6her temperatures. 

The crusts of those cakes baked at the three hiher bekin8 

temperetures cracked considerably more on the top. These cakes 

all seemed to rise quite normally during the first half of the 

baking period, but cracks eepeered after the cakes had been in 

the oven one-third to one-half of the bakiry time. As the 

cakes increased in volume the cracks became deeper. however, 

during the last quarter LC the bakin,E period when the cakes 

finished browninc and shrank sli8ht1y from the sides of the pen 

the cracks were less noticeable. The cFAces baked at 4500 i. 

(232° C.) did not rise evenly because as soon ns they were 

placed in the oven the cakee seemed to bake on the outer edce, 

cousin the cake to rise much. higher in the center nearest the 

tube. The crusts on all of these cakes were heavy and cork 

brown in color. The cokes beked at 4000 and 425° F. (204° and 

218° C.) also cracked durine bekinE but the contour was better 

than that of those teked At 450° F. The cakes baked at 375° 1. 

(1910 C.) cracked slightly during bakin but the cracks were 

not noticeable efter the cakes cooked. Those ckes baked at 

3N)° F. (177° C.) were all more even in contour but were cracked 
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slightly on top. There seemed to be a close relationship be- 

tween the specific gravity of the batter and the extent to 

which the cake cracked on top during baking. Perhaps that old 

staying, "A good angel food cake should crack on top," is true, 

at least it seemed to be in this study because the cakes which 

were tender and "velvety" were cracked on top. 

All of the egg whites for this series of cakes were whipped 

at 700 F. (210 C.). It was found in this series as in the 

first, that there was a close relationship between the specific 

gravity of the foam and that of the batter, and better cakes 

were produced when the specific gravity was low. The cakes 

made from the Special frozen whites had the lowest specific 

gravity and a greater volume of batter than the cakes made from 

either the fresh or Regular frozen whites. 

Some Interesting results were obtained with the higher 

baking temperatures. The volume of the baked cake was one of 

the most interesting. Those cakes baked at 425° F. (218° C.) 

for 25 minutes had the greatest volume. The average area for 

the slices of cake baked at the different temperatures was as 

follows: 425° F. (2180 C.) first with an average area of 90.0 

square centimeters, 400° F. (204° C.) second with 87.7 square 

centimeters, 375° F. (191° C.) third with 84.5 square centi- 

meters, 4500 F. (218° C.) fourth with 83.1 square centimeters, 

and 350° F. (177° C.) last with 82.5 square centimeters. It 

might be concluded from this comparison that if volume is of 

greatest importance higher temperatures should be used for 

baking angel food cakes. When the three types of whites were 

compared separately, it W98 found that the Special frozen or 



the thin whites produced the greatest volume of baked cake re- 

gardless of the baking temperature, the fresh whites produced 

cakes which were second, and the Regular frozen or the thick 

whites resulted in the poorest volume of baked cake. 

The percentage loss in weight was computed for all cakes 

in the second series. tccording to the results, as given in 

Table 3, it is evident that there was a gradual decrease in 

the loss of weight as the hakin. temperature was increased. 

The average loss in weight at 3500 F. (1770 C.) was 43.1 per 

cent, while at 4500 F. (2320 C.) it was only 31.6 per cent. The 

cakes made from Regular frozen whites lost the greatest amount 

of weight at the three lower baking temperatures, next to the 

least at 425° F. (218° C.) and the least of all at 4500 F. 

(2320 C.). The percentage loss from the cakes made from the 

fresh and the Special frozen whites was not so consistent. The 

cakes made from the fresh whites lost more weight than those 

made from the Special frozen whites at 350° F. (177° C.) and 

450° F. (2320 C.) but when the cakes were baked at 375° F. 

(191° C.) and 425° F. (218° C.) the opposite was true. 

The average loss in weight of cakes made from each kind 

of egg white baked at the five tetperetures was: fresh, 42.7 

per cent; Regular frozen, 45.8 per cent; and Special frozen, 

40.8 per cent. any of the cakes baked at 450° F. (232° C.) 

were so moist as to be almost "wet or soggy." 

The compressibility test was to some degree an indication 

of the "velvetiness" of the cakes. This test showed cakes 

baked at 4000 F. (204° C.) were most compressible; those baked 

at 425° F. (2180 C.) the second; cakes baked at 3500 and 375°E 

33 
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(177° and 191° C.) the third; and those at 45Q0 k. (2320 C.) 

were the least compressible of all cokes. This seems to indi- 

cate Vest up to a certain degree hizher baking tee7eeeteres 

'lve cakes which are more compressible but beyond that point 

they become less so. The cakes made frerli Special frozen whites 

had the greatest amount of cosepressibility at hizher tempera- 

tures, those from the fresh ehites the second, and the cakes 

made from ReEular frozen weites the least. 

The results of the elasticity test fr these cakes did 
not seem to be related to those for the compressibility test. 

The cakes from the ReEulsr frozen whites evera6ed hiher in 

elasticity than those free: the Special frozen witea and the 

cakes from the Spec3a1 frozen whites sliehtly hLeher than those 

from the fresh whites. Cakes baked at 350° Fe (177° C.) 

showed the ereatest amount of elasticity, those at 400° f. 

(204° C.) second, 375° F. (191° C.) third, 425° I. (2180 C.) 

fourth, and those baked at 450° 1. (232° C.) were least &las- 

tic. 
The tenderness test indicated that cokes baked at 425° P. 

(218° C.) were reore tender than those at other teperetures. 

Cakes baked at 450° F. (232° C.) were sliettly more tender than 

those baked at 4000 F. (204° 0.) and those baked at 350° 

(177° C.) were less tender than those at 4000 F. (204° C.). 

Those cf:kes baked at 375° 7. (191° C.) were the least tender of 

all. At each baking temperature, the cakes mede from the Spe- 

cial frozen whites were most tender but the cakes made from 

fresh and Reviler frozen whites were not so consistent. Cakes 
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made from the fresh whites were more tender at 375° F. (191° C.), 

4000 F. (204° C.), and 450° F. (2320 C.) and the cake made 

from Regular frozen whites were more tender at 350° F. (177°C.) 

and 4250 F. (2040 C.). 

In the penetrometer tests, the cakes baked at 4000, 4250, 

and 450° F. (204°, 218°, and 2320 C.) gave higher readings; 

however, the readings for the cakes baked at 42::° F. (218° C.) 

were slightly higher than those baked at either 400° or 450°F. 

(204° or 232° C.). The cakes made from the Special frozen 

whites gave higher readings than the other cakes, those from 

the fresh whites the second, and cakes made from the Regular 

frozen whites gave the lowest readings. These results were in 

keeping with those obtained with the compressibility and ten- 

derness tests. When the readirvs were compared, it was ob- 

served that those taken at the bottom were greater than those 

at the top or center and those at the center greater than those 

at the top of the slice; the differences were greater in those 

. cakes baked at higher temperatures than tnose which were baked 

at the lower temperatures. 

Scores of the palatability committee were again not al- 

ways consistent but their average scores seem to indicate they 

liked the cakes baked at 400° F. (204° C.) and 425° F. (2330 a) 

best, then the cakes at 350° F. (1770 C.) and 375° F. (191° C.) 

and those baked at 450° F. (232° C.) were less preferred by 

the judges. These results are shown in Table 4. 

A good angel food cake should be "feathery litht." The 

crumb of the cake should be rather fine, of even grain, very 

tender, snowy white in color, and delicate in flexor. The 

crust of the cakes should be golden brown, moist, and tender. 



Table 4. Sthruriary of scores of the palatability committee for !rIgel food cakes of the 
second sries. 

TA.nd of: 
e64; 
white : 

Eakin g time ; 

and 
texperature 
de4rees Fahr. 

.;1-41.pe 

: 

: Size 

. 

. 

i ust Cr : 

: 

. 

exture: }rain : Color: 

. 

Flavor:Averse 

Fresh 40 minutes 51 48 62 51 51 55 45 A_ 
Regular 3500 48 47 51 51 47 53 43 50 
Special 48 46 50 41 48 54 42 47 
Average 49 48 51 48 49 54 43 49 

Fresh 35 minutes 49 44 50 52 48 56 45 49 
Regular 3750 46 46 47 El 44 54 41 47 
SpeciA. 50 52 tit 53 49 55 42 47 
Averne 48 43 48 52 47 55 43 48 

Fresh 30 loinutes 53 50 48 55 52 56 49 52 
Regu14r 4000 52 49 48 53 60 56 41 50 
Spec1o.1 50 52 46 53 51 56 41 50 
Averae 52 50 47 54 51 56 44 51 

Fresh 25 minutes 50 51 44 56 52 56 45 50 
Regular 4250 45 51 42 55 50 56 44 50 
Special 49 51 42 55 54 50 4i; 50 
Avera6e 48 51 43 55 51 56 46 50 

Fresh 21 minutes 40 45 38 52 47 53 45 46 
Regular 4500 40 46 31 50 45 52 39 41 
Special 44 45 31 51 44 52 38 44 
Average 41 45 33 51 45 52 41 44 
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host of the judges liked cakes which compared well with 

the description of the ideal angel food given above, therefore 

they definitely disliked those cakes baked at 4600 F. (232° C.). 

These cakes were uneven in shape, had poor volume, thick, dark 

crusts, and were compact and riolst inside. They were also 

scored down in color and lavor because during: bakinE they lost 

so little moisture that they were soy and wet. A glance at 

the score card for these cakes would show that in every instance 

they were scored lower than those beked at any other teepera- 

ture. 

The cakes baked at 4250 F. (218° C.) scored the highest in 

volume but next to the lowest for quality of crust. This would 

indicate that cakes baked at this temperature increased greatly 

in volume but at the same time this temperature produced thick, 

brown crusts which were disliked by the judges. The cakes 

baked at this temperature were rather uneven in grain, some 

large holes were found in many of the cakes, especially in 

those made from the Special frozen whites which increased the 

most in volume. These cakes were "velvety" in texture and 

moist to both feel and touch. This quality vies well liked by 

all the judges. Cakes of this group received the high.est 

scores for both color end flavor. These cakes were white in 

color and seemed to have a better flavor then the others pro- 

bably because of the "velvety" feel in the mouth. 

The cakes baked at 4000 F. (204° C.) were also well liked 

by the palatability committee. These cakes were baked just 30 

minutes and were not as brown a color, nor did they have as 

thick e crust as those which had been baked at the to higher 
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temperatures. All cakes baked at 400° F. (204° 0.) cracked 

durine bakin but hen the cakes were thoroughly baked end 

cooled the cracks were not eepecially noticeable. These cakes 

ere all quite even In contour and had good volume; they also 

had a velvety texture, iut were rather uneven in grain; however 

fewer ire holes were found in this group than in the cakes 

baked at 425° F. (2180 C.). These cakes were all snowy white 

in color and had a good flevor. As a whole the cakes of this 

group were rated highest and were apperentl, liked. best by the 

members of the palatability committee. When the judges rated 

the cokes made from the three different kinds of egg whites, 

they preferred the cakes me from the fres!-...: whites to those 

cakes made from either type of frozen white, but they rated 

the cakes from the thin or Speciel frozen whites higher then 

those made from the thick or Re021er frozen whites. 

Those cakes baked at 3750 F. (191° C.) for 35 minutes were 

rated. fourth in desirability by the paletaeility committee. The 

cakes of this group were more even in contour but were much 

smaller in volume than those cakes baked at 400° and 425° F. 

(204° and 218° 0.). The grain of these cakes was core uniform 

and more compact than that of the cakes baked at the hiEher 

temperatures. Fewer large holes were found in this group, al- 

though there were some in the cakes made from the Special froz- 

en whites and the frest, whites but almost none were found in 

the crkes made from the Regular frozen whites. These cakes 

made from the Retular frozen whites had n connect grein with 

thicker cell walls, were a little "off" color, and the flavor 

was not PP. well liked as that of the others by the pelatehility 

committee. The cakes made from the fresh egees were again rated 

better than those cakes made from the frozen eggs. 
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Cakes baked at 350° F. (177° C.) for 40 minutes were 

rated as third best by the committee. In this group, the cakes 

made from the fresh egLs were scored a little higher than the 

cakes made from the Special frozen whites, the cakes made from 

the Regular frozen whites again were found to be less desirable 

products. The cakes of this group were all quite even in con- 

tour and had fairly good volume. The crusts of these cakes 

were light golden brown in color and were moist, this type of 

crust seemed to be preferred by the palatability committee. The 

crusts of the cakes made from the Special frozen whites were 

very thin and moist while those cakes made from the Regular 

frozen whites were all much thicker than those crusts of cakes 

made of the fresh whites. All the cakes of the group seemed 

to be drier in texture than those baked at the higher tempera- 

tures. In this group, cakes from the Special frozen whites 

were rated lower by the judges. Some of these cakes had soggy 

streaks near the bottom of the cakes and also were a little 

"off 'color. The committee did not seen: to like the flavor of 

these cakes as well as that of some others. 

When the cakes made from the three types of egg whites 

were compared as to quality by the committee,,it was found that 

the cakes made from the fresh egg whites were chosen most fre- 

quently as best regardless of temperature, those cakes made 

from the Special frozen whites rated a clo3e second, but the 

cakes which were made from the Regular frozen whites were 

chosen very few times as first choice. From the results of 

this study, it is apparent that either the fresh or Special 
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frozen whites can be used satisfactorily in making angel food 

cakes, ano that the Regular frozen or thicker whites produce 

cakes of much less desirable quality. 

Few cakes in the entire series were really inedible, but 

some were much superior in quality to others. It would seem 

that it was possible to make edible angel food cakes from any 

of these egg whites if good technique was used and all other 

conditions favorable. ilith proportions used in this study, 

cakes of better quality were made on days when the humidity was 

low, or when the air was dry. It was apparent that all three 

types of egg whites whipped better and produced more stable 

foams when they were allowed to re,ch room temperature, 70° I. 

(210 C.) before whippino was begun. The foam was whipped just 

'ant enough so that it stood up in peaks, but still had a 

glossy or shiny appearance. The cake batter was placed in the 

oven as soon after mixing as possible in order that the air 

was retained in the batter. Some of the larger air bubbles 

were removed by droppinE, the cake several times on the table 

before placing it in the oven, thus making a cake with a more 

uniform grain. 

At the present time, frozen eggs can be purciased only in 

large quantities, that is lb or 30 pound cans. These amounts 

are much too large for family use, but as they increase in pop- 

ularity undoubtedly they will appear on the market in smaller 

sized packages, probably in a sufficient amount to make one 

angel food cake. trozen eggs can usually be purchased at a 

lower cost than fresh es because large quantities are frozen 

and stored when eggs are most plentiful. Prozen eggs are 
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available as whites, yolks, or whole eres, and r!re becoming 

popular for use where 3Erge quantities of as are needed in 
food preparefloa. iucb time is saved when It is not necessary 

to Tresk an6 separete the fresh eggs. 

SUN1WFY 

The purpose of this study was to determine the best tem- 

perature for whipping fresh and frozen whites; to determine 

the most satisfactory baking temperature for cakes made from 

these different egg whites; and to compare the quality of angel 

food cakes made from fresh end frozen egg whites. 

The experimental work was divided into two series. In 

the first, a study of the effect of four beginning. beating tem- 

peratures (40° F., 50° F., 60° F., and 70° F.) on the quality 

of angel food cakes was made and in the second, the effect of 

five baking temperatures (350° F., 375° F., 400° F., 425° F., 

and 4500 F.) on angel food cakes was determined. Each tem- 

perature was checked four times. 

The following determinations were made: temperature of 

egg whites and batter; specific gravity of foam and batter; 

volume of batter and baked cake; percentee loss of weight 

during baking; compressibility, elasticity, and tenderness of 

the cakes; and quality as judged by a palatability committee. 

1. The thin frozen (Special) whites whipped more quickly than 

the thick frozen (Regular) whites, but both types of frozen 

whites whipped more quickly than the fresh whites. 



42 

2. All three types of egg whites were found to whip better 

at 70° F. (21° C.) than at other temperatures tried. Whites 

whipped at this temperature produced good foams which remained 

quite stable. 

3. There was a greater amount of leakage from the foams of 

the fresh whites than from either type of frozen whites. There 

was little leakage from the foams of the thin frozen whites 

when whipped at a temperF.ture of 70° F. (21° C.). 

4. The foams of the thick frozen whites lost less volume than 

either the fresh or thin frozen whites when the sugar-flour 

mixture was added. 

5. At all beginning beating temperatures, the thin or Special 

frozen whites produced the greatest volume of finished batter 

and baked cake. This was especially noticeable at 70° F. 

(21° C.). The fresh whites produced the second greatest vol- 

ume and the thick or Regular frozen whites the least volume. 

. The cakes were more tender and had better texture when 

they were made from whites whipped at 700 F. (21° C.). 

7. There WPS some difference in the color of the cakes baked 

in the first series; the cakes,made from whites whipped at 

70° F. (21° C.), were more nearly white in color than those 

made from the same kinds of whites whipped at temperatures 

below 70° F. (21° C.). 
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8. There was no great difference in color ana flavor of the 

cakes baked at the five baking temperatures, although the aver- 

age scores of the palatability committee indicated a preference 

for those cakes baked at 400° F. and 425° F. (2040 C. and 218° 

C.) 

9. There was a gradual decrease in weight lost with an in- 

crease in baking temperatures. The percentage loss for those 

cakes baked at 350° F. (177° C.) was 43.1, and at 450° F. 

(232° C.) only 30.6 per cent. 

10. Larger and more tender cakes were produced at baking tem- 

peratures higher than those usually recommended. A temperature 

of 425° F. (218° C.) produced the largest and most tender 

cakes. 

11. Angel food cakes baked at a temperature of 450° F. (232° C.) 

had top crusts which were dark brown, thick, and tough. As 

the baking temperatures were decreased the top crusts of the 

cakes were lighter in color, thinner, and more tender. 

12. In this study, angel food cakes of better quality were 

produced when they were made from whites whipped at a tempera- 
ture of 70° F. (21° C.) and baked in a preheated oven at 

400° F. (204° C.) or 425° F. (218° C.) for 35 or 30 minutes 

respectively. Thin frozen whites end fresh whites both pro- 

duced cakes of high quality with similar characteristics, but 

those made from the thick frozen whites were less desirable. 
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