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ABSTRACT

EFFECT OF CHEMICAL ADDITIVES ON THE FUNCTIONAL

PROPERTIES OF COMMERCIAL AND 0.05% YOLK-

CONTAMINATED SPRAY DRIED ALBUMEN

by Carolyn McDonald Anderson

This study determined the effect of two types of

chemical additives on the functional prOperties of com-

mercial spray dried albumen, plain and with the addition

of yolk. Two anionic type additives (sodium oleate and

sodium lauryl sulfate) and an ester type additive (tri-

ethyl citrate) were added to the reconstituted albumen

in 0.1% and 0.2% concentrations (based on the albumen

solids' weight). The two controls were the plain and the

0.05% yolk-contaminated albumen without an additive.

The action of the chemical additive on the foaming

ability of the albumen was determined through a comparison

of angel cakes, including a study of the specific gravity

of the foam and batter, cake volume, and shear press tests

for cake compressibility, tenderness, and tensile strength.

The results indicated that the 0.05% yolk-

contamination alone significantly reduced the foaming

properties of the spray dried albumen as evidenced by



azmmmm
I».(t

Hummus...
D

£35“

4.) 11

9.6.me

H6 mom“

Hflmumm_

1).)r

( . rt

3:
D

)

‘51P;

(C: !

DUIT‘DH

fif
L )1.

mcowfl

wmu
(D



Carolyn McDonald Anderson

increased specific gravities and decreased cake volume,

compressibility, and tensile strength. The addition of

triethyl citrate and sodium lauryl sulfate significantly

improved the functionality of the 0.05% yolk-contaminated

albumen. Both concentrations of triethyl citrate decreased

the specific gravities and increased angel cake volume,

compressibility, and tenderness in the 0.05% yolk-

contaminated albumen system. The addition of sodium

lauryl sulfate improved the 0.05% yolk-contaminated albue

men to such an extent that the resulting cakes had similar

desirable properties to those made from the plain albumen

control.

The addition of sodium oleate further impaired the

quality of the albumen with yolk added. Its use increased

the specific gravities and decreased cake compressibility

and tensile strength.

The addition of a chemical additive did not signif-

icantly improve the function of the commercial (plain)

spray dried albumen. Sodium oleate additions were likewise

detrimental to the plain albumen. The 0.2% concentration

of sodium oleate reduced the function of the plain albumen

as apparent in all objective evaluations except those for

tenderness and pH of the batter.

In conclusion, the results of this study indicated

that the role of triethyl citrate and sodium lauryl sulfate
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was to improve the functional properties of albumen,

severly impaired by yolk-contamination. The additive

sodium oleate was not of benefit to either the plain or

0.05% yolk-contaminated albumen, but reduced the foaming

properties of both egg white systems.
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INTRODUCTION

Spray drying and yolk-contamination are both

detrimental to the functional properties of albumen. The

atomization and homogenization processes used in spray

drying reduce the functional performance of albumen

(Bergquist and Stewart 1952A, 1952B); while yolk-

contamination is the greatest single reason for albumen

failing to perform in angel cake tests. In frozen albu-

men, as little as 0.01% yolk is harmful; and 0.1% causes

angel cake failures (Smith, 1959; Cotterill 33 31., 1963).

Bergquist (1964) suggested adding certain chemical

additives to albumen to preserve and enhance its foaming

ability which is damaged during spray drying. The use of

chemical additives to improve the functional performance

of albumen dates back to Mink's patent in 1939. He advo-

cated the addition of several anionic surface active

compounds; one of which was sodium oleate. However, not

until Kothe's patent in 1956 for the use of the ester type

additive, triethyl citrate, were such additives known to

be beneficial to improve yolk-contaminated albumen. The

Food and Drug Administration has now approved the addition
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of various chemical additives to egg white in a 0.1-0.2%

concentration, based on the egg white solids.

Cotterill et al., (1963) and Gardner (1960) have

studied the effect of several of these chemical additives

on the functional properties of frozen albumen. These

researchers reported that the addition of triethyl citrate,

an ester type additive, did not significantly alter the

volume of angel cakes made from the frozen albumen; how-

ever, the anionic type additives did slightly increase

these cake volumes. In a study using frozen albumen with

0.1% yolk added, Cotterill gt 31., (1963) found both the

ester and the anionic chemical additives effective in

improving angel cake volumes. In contradiction to

Cotterill's findings, Harrel (1959) reported that the use

of whipping aids is only beneficial to high quality albu-

men; and that, they further impair the functional proper-

ties of yolk-contaminated albumen.

Although a study of the effect of yolk-contami-

nation in spray dried albumen has not been reviewed in the

literature, Cotterill et al., (1965) and Smith (1959)

reported that yolk-contamination has a ten-fold effect in

egg white after drying. Thus, this study was initiated

to determine the effect of three chemical additives on the

functional performance of commercial spray dried albumen

and commercial spray dried albumen with yolk added. The

writer examined the results of this study in an attempt





to determine the effect of two anionic chemical additives

(sodium lauryl sulfate and sodium oleate) and an ester

type (triethyl citrate) on the foaming properties of spray

dried albumen through an evaluation of angel cakes. The

additives were used in two concentrations—-O.1% and

0.2%, based on the albumen solids.
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REVIEW OF LITERATURE

Composition of Albumen

Griswold (1962) stated that the structure of

albumen consists of three layers; an inner layer of thin

white, surrounded by thick white, and an outer layer-of

thin white. The thick white, or albuminous sac, adheres

to the shell at each end of the egg and surrounds the

inner thin albumen.

Several researchers have described the chemical

composition of the egg white. Cruickshank (1940) reported

that the chemical composition of the white is 87.77% water,

0.05% fat, 10.00% protein, and 0.82% ash. Albumen is

composed of eight identified proteins which are ovalbumin,

conalbumin, ovomucoid, lysozyme, globulins G2 and G3,

ovomucin, and avidin (Feeny and Hill, 1960; Fevold, 1959).

Composition of Egg White Solids

Ovalbumin 54.00%

Conalbumin 13.00

Ovomucoid 11.00

Lysozyme 3.50

Ovomucin 1.50

Flavoprotein 0.80

Proteinase inhibitor 0.10

Avidin 0.05

Unidentified proteins (mainly globulins) 8.00

Nonprotein (primarily half glucose and

salts) 8.00



Processing of Albumen

Eggs are pasteurized to insure a product of high

sanitary quality. Glucose is removed to prevent browning

due to the Maillard reaction. After the pasteurization

and desugarization, the eggs are then ready for drying.

Pasteurization
 

The primary purpose of pasteurization of eggs is

to eliminate any pathogenic organisms present in the eggs.

Of major importance is the elimination of Salmonella, a

microorganism causing severe food poisoning.

Effect of heat.--Forsythe (1964) found pasteuri-
 

zation of albumen had caused many problems because of

albumen's sensitivity to temperatures required for effec-

tive pasteurization. Wilkin and Winter (1947), Slosberg

(1946), and Payaval gt gt}, (1946) reported several

deleterious effects including requiring a prolonged

beating time, having decreased stability, loss of leaven-

ing power, and change in vicosity occurred when albumen

was subjected to temperatures as low as 105°F for

sufficient periods of time. Slosberg gt_gt., (1948) have

attributed these changes in the functional properties of

albumen, which has been subjected to heat, to protein

denaturation.



Recent methods ofpasteurization.-—Much research
 

has been conducted to find a method of pasteurization that

would yield an albumen of low bacterial count, yet retain

all the albumen's functional prOperties. Researchers have

developed methods of pasteurization especially for dried

albumen. Banwart and Ayres (1956) found the holding dried

albumen at a temperature of 125-128°F for 7—10 days de-

stroyed Salmonella and improved the beating performance

of the dried albumen. Bergquist (1961) patented a process

utilizing combination heat treatments before and after

Spray drying. Liquid albumen was preheated at 130°F for

80 seconds. The dried albumen produced from this liquid

was then subjected to a dry heat treatment at 120°F for

7 days.

Cunningham and Lineweaver (1965) stated that heat

damage primarily affects the egg white protein conalbumin

and is less in the presence of iron and aluminum salts.

Addition of 0.003% aluminum sulfate-lactic acid solution

stabilized the albumen so that it could be heated at 140°F

for 3 1/2 minutes. These researchers reported that adjust-

ing the egg white to pH 7 increased the heat stability of

the ovalbumin, lysozyme, and ovomucoid proteins; producing

angel cakes with normal volume and texture, however, the

whipping time of the albumen was increased. The authors

added triethyl citrate to decrease the whipping time.



Glucose removal or conversion

Unless the 0.38% glucose naturally occuring in

raw egg albumen is removed or converted to an acid, a

browning reaction which is called the Maillard reaction

will occur during the drying and storage of albumen

(Bergquist, 1964). In this reaction the aldehyde group

of the glucose reacts with the amino acids in the proteins

of the egg white, forming a brown insoluble product.

'Elomberg (1932) stated that an albumen dried without

fermentation of the glucose results in a dried product

that will not produce a stable froth. Such a product is

of little value, even if it is soluble. Rolfes gt_gt.,

(1955) reported that removal of glucose before drying

improves the functional properties and increases the

storage life of the dried product so that it will keep

almost indefinitely without deterioration.

Methods of removal.--Enzyme treatment, yeast
 

fermentation, and bacterial treatment are three commer-

cially common methods for glucose removal in albumen.

Carlin and Ayres (1953) reported that fermentation of

albumen with an enzyme complex of glucose oxidase and

catalase at 77°C for 10 hours to be superior to other

methods of glucose fermentation since there was no

excessive growth of organisms, no development of off
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flavors and odors, and less change of proteolysis of egg

white.

In a subsequent paper, Carlin and Ayres (1951)

found yeast-fermented albumen with 0.3% dry yeast pellets

and 0.1% yeast extract added held at 32.2°C for 7 hours

retained all its functional properties and had no off

odors. However, angel cakes prepared from yeast-fermented

albumen had a yeasty odor and upon eating, left an after-

taste.

In studying several commercial bacterial fermen-

tations of albumen, Stuart and Goresline (1942A) found the

organisms to be predominately Aerobacter and Escherichii.

In a subsequent paper, they stated that cultures of Agtg:

bacter aerogenes, Aerobacter cloacae, and Escherichii
   

freunii produced normal egg white fermentations (Stuart

and Goresline, 1942B). On the other hand, albumen

fermented with Serratia and Proteus species and with

Pseudomonas serugenosa lost much less glucose and showed
 

extensive fermentation.

Spontaneous fermentation is caused by the organ-

isms, usually of the Aerobacter and Escherichii species,

naturally present in the albumen. Carlin and Ayres (1951)

found that the albumen produced from this method of

fermentation had poor leavening power, making it unsuitable

for use in angel cakes. Today, spontaneous fermentation
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has almost completely been replaced by the other three

methods of fermentation.

Spray drying
 

Albumen was first dried in China in the early

1900's by German engineers. In the United States proc-

essors began drying eggs in the 1920's, but processing

development did not receive much attention until World

War II. The dried eggs produced during World War II were

of inferior quality; however, after World War II extensive

research was begun to improve the quality of dried eggs

(Bergquist,ll964).

In recent years, the increase in consumption of

prepared mixes, especially angel cake mixes, has resulted

in a strong demand for dried eggs. The increasing popu-

larity of dried albumen is due to its two advantages over

frozen eggs: (1) freezer space is not required and

(2) only one eighth as much storage space is required.

Today a high percentage of the egg white solids are spray

dried.

Pretreatment of albumen.--Prior to spray drying,
 

the liquid albumen must be treated to assure satisfactory

drying. The egg white is strained or centrifuged to

remove all the extraneous material such as pieces of shell

and chalazae. Before the albumen is dried, it must be
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10

fluid and uniform. High pressure homogenization breaks

down the thick portion of the albumen, which is difficult

to dry and when dried, is insoluble in water.

Atomization.--Atomization converts the spray of
 

albumen into many fine particles. Three types of atom-

ization devices are used commercially: (1) pressure

(2) centrifugal and (3) two fluid nozzles. Under pres-

sures ranging from 1500-3000 lbs. per sq. in., the liquid

albumen is pumped into the atomizing device of the spray

drier, preheated to 58.9°C (Blomberg, 1932). Air heated

to 93.3-104.4°C and kept in rapid motion removes the

moisture from the albumen before it reaches the collection

filter bags at the floor of the dryer. The final product

contains a moisture level between 6-12%.

Functional Properties of Albumen

Albumen is an extremely sensitive product. Its

functional properties are easily changed by many factors;

these changes in functional properties are revealed in

the angel cake quality.

Foam formation
 

Griswold (1962) defined an egg white foam as-a

colloid composed of air bubbles surrounded by denatured

egg white. Both'Lowe (1955) and Griswold (1962) named

the three requirements for production of a stable foam:
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(1) low vapor pressure (2) low surface tension and

(3) tendency for the substance in the surface to solidify,

creating a rigid film. Part of the rigidity results from

the denaturation of some of the protein surrounding the

air bubbles in the foam. During the process of protein

denaturation, there is an unfolding of the peptide chains

with new linkages being formed. Denaturation of a protein

solution can result from a mere agitation, causing the

rapid formation of vicous coatings on all free protein

surfaces (Barmore, 1934). In egg white foam formation,

Romanoff and Romanoff (1949) reported surface denaturation

of the albumen protein at the liquid-air interface. The

stretching and drying of the albumen during the beating

process causes this denaturation. The denatured albumen

forms a viscous, plastic film around the air bubbles,

keeping them from coalescing and thus stabilizing the

albumen foam. This viscous interfacial film is a require-

ment for a stable egg white foam (Rohn, 1932).

Role of proteins.-—In their study of the function
 

of the various proteins in egg white, MacDonnel gt gt.,

(1955) found ovomucin and the globulins both have impor-

tant roles in foam formation. Globulins, which were good

foamers,-were responsible for obtaining a foam of large

volume, small bubbles, and smooth texture. On the other

hand, the ovOmucin fraction was not a good foamer, but
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served to stabilize the albumen foam. The stabilizing

effect was due to the rapid insolubilization of ovomucin

at the surface of the bubbles. Overwhipping damage to a.

foam is caused by the insolubilization of too much ovomucin

in the bubble surface; thus decreasing the bubble elas-

ticity. Removal of both the globulins and ovomucin from

egg white, greatly increases the whipping time of the albu-

men, and reduces the foam stability and volume.

Effect of physical factors.--The quality and
 

quantity of albumen foam produced is dependent on many

factors. Varying one factor can make a significant

difference in the resultant foam.

The season and age of the egg are two important

factors to consider in foam production. Lowe (1955)

reported a study of Nemetz's (1929) in which the author

found that eggs laid in April produced sponge cakes with

15% greater volume than eggs laid in July and 5% greater

volume than eggs laid in September. The age of the egg

can markedly affect the resulting foam. Barmore (1934)

concluded that the older the eggs, the less stable the

foam; however,-the older the eggs, the lighter the spe-

cific gravity of the foam.

The temperature of the albumen when beaten affects

the volume and stability.of the resultant foam. Most

researchers agree that for the most desirable foam, egg
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white should be beaten at room temperature. Barmore (1935)

stated that when eggs are cold they will not whip up as

easily or to as large a volume. Lowe (1955) attributed

this fact to the phenonomen of decreasing surface tension

with increasing temperature. Henry and Barbour (1933)

discovered that beating egg whites at temperatures from

15° to 25°C had no effect on the stability of the foam;

while at 10°C, the stability of the foam was only slightly

less.

The length of beating of the egg white contributes

to the characteristics of the foam produced. Henry and

Barbour (1933) found that the volume and stability of the

albumen foam increase first with the beating time, then

decrease as the beating time is further increased.. Maxi-

mum foam stability is reached before maximum foam volume;

therefore, maximum foam volume is obtained only with a

decrease in foam stability.

Effect of pH.--Henry and Barbour (1933) reported
 

that an albumen foam of greater volume could be formed

when the pH of the albumen was above pH 8. Bailey (1935)

also found that untreated egg white, pH 9, had a greater

foaming power; however, she reported that the stability of

the resultant foam was greater when the pH of the egg

white was first adjusted with acid to pH 6 or 7. Barmore

(1936) attributed the foam stabilizing effect of acid to
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a change in the physical properties of the denatured

protein film formed at the air/liquid interface of the

foam.

Effect of added ingredients.--The addition of
 

various substances to egg white can effect the volume and

stability of the resultant foam. Several researchers

found common table salt had an adverse effect on foam

volume and quality, decreasing the stability and increas-

ing the whipping time required to reach a characteristic

foam (Griswold, 1962; Sechler, 1959; and Hanning, 1945).

The addition of sugar increases foam stability.

Hanning (1945) characterized an albumen foam with sugar

as one that is less stiff, more plastic, and more stable

than one without sugar. When sugar is added to egg white,

the beating time must be increased to achieve a foam of

desired volume. 'Griswold (1962) attributed this delay in

foam formation to the action of sugar in retarding the

denaturation of the egg white.

The addition of small amounts of fat to egg white

seriously impairs its foaming power. Bailey (1935) found

the presence of 0 to 1% yolk or a quantity of olive oil

containing the same amount of fat in egg white greatly

decreased foam volume.
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Angel cake production
 

One of the most critical tests of the functional

properties of albumen is its ability to perform in an

angel cake. Romanoff and Romanoff (1949) stated that the

tenderness, volume, elasticity, texture, and compressi-

bility of an angel cake depend upon the quality of the

egg white foam.

Role of the proteins.--MacDonnell gt gt., (1955)
 

reported that the functional performance of egg white in

angel cake was largely dependent on ovomucin, globulins,

and ovalbumin. Ovomucin functioned to stabilize the egg

white foam which was essential for the production of a

high quality angel cake.

The authors found the globulins were responsible

for the rapid foaming of egg white. The globulins are

essential for the production of a meringue and batter with

a large volume, small bubbles, and very smooth texture.

Removal of the globulins and ovomucin from egg white pro—

duced angel cakes of poor volume. Without these two

proteins, the whipping time of the egg white was also

increased. The globulins and ovomucin alone produced an

excellent meringue and batter. However, upon baking, the

cake collapsed because of the absence of the heat-

denaturable protein.
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Thus the structure of the angel cake is dependent

upon the presence of heat-denaturable protein, which is

ovalbumin in egg white. The authors found ovalbumin alone

made an angel cake of satisfactory volume; however, the

cake did not have the unique quality and texture of an

angel cake.

Effect of pH.--The pH of the meringue and batter
 

influences the final texture and volume of an angel cake.

For optimum beating performance, Miyahara and Bergquist

(1961) suggested a meringue pH in the range of pH 6.5-

7.0. For maximum foam stability and angel cake volume,

the authors recommended that the batter pH be between

pH 5.8 to 6.4; while Finucane (1954) thought the batter

pH should range between pH 5.4-5.9.

Effect of other ingredients.--The level of cream
 

of tartar can be used to adjust the meringue and batter

pH to the desired level. Cream of tartar, an acid salt,

serves to lower the pH and increase the stability of the

egg white foam. Grewe (1930) recommended the addition of

cream of tartar for a white and fine-grained angel cake;

without it, the cake would be yellow and coarse-grained.

The gluten in the cake flour forms the structure

of the cake; however, overdevelopment of the gluten causes

toughness. The sugar has a tenderizing effect, function-

ing to produce a plastic, stable egg white foam. Barmore
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(1936) reported that the addition of sugar during the

beating period helped to maintain the volume of the foam

and to have less foam shrinkage when the flour was added.

Effect of manipulation.--Egg white acts as a
 

leavening agent in the angel cake batter. In the whipping

process, air is incorporated into the egg white in.a finely

divided state. When the cake is baked, the finely incor-

porated air expands with the steam and heat causing the

cake to rise. The degree to which the egg white is whipped

is important in the preparation of an angel cake of good

volume and texture. Overwhipping the egg white over-

stretches the cells, producing an unstable foam. The cell

walls collapse during baking forming large holes in the

cake and causing a loss in cake volume. Underwhipping egg

white incorporates too little air; the cell walls are not

stretched to their full capacity. As a result, the cake

has poor volume and thick, tough cell walls.

As the whipping of egg white continues, two

Opposite effects are occuring (l) the tendency for in-

creased cake volume due to the increasing amount of air

incorporated and (2) the tendency for decreased cake

volume because of the reduced foam stability. Barmore

(1936) advocated a balance between these two factors for

the Optimum whipping time.
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One of the most important procedures in making an

angel cake is to incorporate the flour—sugar mixture into

the meringue in such a way as to mix them thoroughly, but

without losing the air held in the beaten whites. Griswold

(1962) and Lowe (1955) advocate folding in the flour gently

using a wire whip. An electric mixer can be used, but

there is a danger of overmixing and breaking down the

foam structure.

Formula designed for spray dried albumen.--
 

Miyahara and Bergquist (1961) found that egg white solids

performed favorably in angel cakes when compared with

frozen albumen, if certain modifications were made in the

formulation and mixing techniques. The authors recommended

the acid salt level be reduced by one third to one half of

that used with the frozen albumen; since the pH of dried

albumen (pH 6.5—7.5) is lower than the pH of frozen albu—

men (pH 8.5-9.5). Replacement of five to twenty percent

of the granulated sugar with powered sugar gave the cakes

better textural qualities. One third of the flour was

replaced with wheat starch, improving cake volume, moist—

ness, and eating quality. The modification in the mixing

technique was to whip the dried albumen to a drier, stiffer

peak than the frozen albumen.
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Effect of spray drying on the functional

properties of albumen

 

 

The sensitivity of albumen renders its functional

properties susceptible to damage caused by the severe

treatments employed in the spray drying process. Bergquist

(1964) stated that pressure homogenization and atomization

are two of the severe treatments used in the spray drying

of albumen.

Effect of pressure homogenization.--Several groups
 

of researchers have shown that pressure homogenization was

detrimental to the functional properties of albumen. The

beating rate, foam stability, viscosity, and angel cake

volumes of albumen subjected to pressure homogenization

decreased directly with the amount of pressure used

(Slosberg, 1946; Forsythe and Bergquist, 1951; MacDonnell

gt gt., 1950). MacDonnell gt gt., (1950) attributed the

damage of the albumen by pressure homogenization to the

disruption of the physical structure of the albumen and

to the liquid-liquid or liquid-metal shear effect. The

authors concluded that static pressure alone did not

damage the albumen; however, the shearing forces did

destroy the functional properties of the albumen. The

mechanism of destruction involved the (1) mechanical

rearrangement of the physical structure of the protein

molecule and (2) disintegration of the protein molecule.
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Effect of pressure atomization.--Bergquist and
 

Stewart (1952A) reported that the atomization process of

spray drying greatly decreased the beating rate of albumen.

The degree of damage was a function of (1) the particle

size (2) the air pressure and (3) the nozzle design. The

authors attributed the major cause of loss of beating

power to the shearing forces encountered in atomization.

Seltzer and Settlemeyer (1949) found that pressure nozzles

and centrifugal atomizers used in spraying exerted shear-

ing effects destructive to the colloidal properties of egg

white. Bergquist and Stewart (1952A) designed a two fluid

nozzle that helped to minimize the damage due to shear.

This atomizing device dried albumen foam instead of the

liquid and utilized much lower pressures.

Effect of surface formation.--Bu11 (1938) stated
 

that the amount of albumen denaturation was a function of

the rate of creation of new surfaces and their concentra-

tion in the solution. In the spray drying of albumen,

there are many new surfaces created. Bergquist and Stewart

(1952B) found that if the amount of surfaces formed and the

rate of surface formation were excessive, the beating power

of the albumen was reduced. Bergquist (1961) found no

adverse effects to the albumen unless the surfaces formed

were above 4,000 sq. cm. per cc.
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Introduction to Chemical Additives

At the present time, the addition of selected

chemicals to improve the functional prOperties of albumen

is an accepted commercial practice. The use of these

chemical additives dates back to Mink's patent in 1939

which advocated the addition of the anionic surface

active compound sodium oleate to egg white. The search

for these chemical additives, or whipping aids, was

accelerated in the 1950's; at that time many such addi-

tives were patented.

Names and classifications of chemical additives

The Food and Drug Administration approved the

addition of certain chemical additives to albumen in

0.1-.2% concentration (based on the egg white solids).

Several approved additives are sodium lauryl sulfate,

sodium oleate, triethyl citrate, triacetin, and sodium

desoxycholate. There are several hundred more known

whipping aids.

Putnam (1948) reported that synthetic detergents

may be classified as anionic, cationic, and nonionic

according to the sign of charge on the hydrocarbon group

conferring surface activity. Gardner (1960) similarly

grouped known chemical additives into the following six

groups.
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Classification of Chemical Additives

Group Examples

Sarkosyl NL-30 (sodium 1.

sarcosinate)

Sodium lauryl sulfate,

sodium oleate

Anionic chemical additives

Arquad 12-50 (dodecyl

trimethyl ammonium

Cationic chemical additives chloride)

Arquad 18-50 (octadecyl

trimethyl chloride)

Acetylmethylcarbinol
Nonionic chemical additives .

. (AcetOin)

Organic and inorganic salts Sodium desoxycholate

Acids and alkalies Oleic acid, sodium hydroxide

Miscellaneous Triethylcitrate, glycerine

Purpose and function of chemical additives
 

Bergquist (1961) advocated the addition of chemical

additives to help preserve and enhance the whipping ability

of albumen which would otherwise be impaired during drying.

Finucane (1954) stated that such an additive was necessary

because the severe treatments used in the spray drying pro-

duces a dried albumen that, when reconstituted, is diffi-

cult to whip. Harrel (1959) reported that whipping aids,

in general, serve three purposes: (1) to shorten the

whipping time necessary to make angel cakes (2) to increase

tolerance against angel cake failures, and (3) to slightly

increase angel cake volumes.
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Sodium oleate.--Sodium oleate

O .

n

CH=CH(CH2)7C-ONa] is a sodium salt of the 18-

 

[CH3(CH2)7

carbon oleic acid. Mink (1939) included sodium oleate in

his study of anionic surface active compounds. He found

that the anionic chemical additives improved the quality

of the foam which was obtained from whipping the dried

egg white by increasing the volume and stability of the

foam. As a group, these additives generally decreased the

whipping time and increased the angel cake volume, having

no adverse effect on cake texture and grain. Gardner

(1960) reported sodium oleate, unlike other anionic chemi-

cal additives, increased the time required for beating the

foam to the desired peak consistency. Gardner (1960)

found sodium oleate effective in improving the recipe

tolerance to both formulation and manipulation and in

improving the function of fat-contaminated albumen. At

low concentrations, this additive slightly increased egg

white pH and angel cake volumes. At high concentrations

of sodium oleate, Gardner (1960) observed decreases in

angel cake volumes, excessive cracks in the cake surfaces,

and increases in the coarseness of the cakes. The re-

searcher found that sodium oleate significantly decreased

the surface tension of the egg white system. Peter and

Bell (1930) reported that the addition of sodium oleate

yields a whey product of poor foaming properties.
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Sodium lauryl sulfate.--Sodium lauryl sulfate
 

[CH3(CH -O-SO Na] belongs to the anionic class of
2)11 3

whipping aids. This additive is one of the newer whipping

aids, approved by the Food and Drug Administration in 1960.

This fatty alcohol sulfate is prepared by reducing the

fatty acid radical of a fatty material by high pressure

and catalytic hydrogenation with the formation of the

corresponding alcohols which are then sulfated.

Gardner (1960) studied the effects of sodium

lauryl sulfate in an egg white system.‘ The additive

slightly decreased the surface tension of the liquid

albumen. At low concentrations, sodium lauryl sulfate

decreased the beating time and slightly increased the

angel cake volume. At higher additive concentrations,

Gardner (1960) found the additive produced an angel cake

of coarse texture. Forsythe (1964) reported that sodium

lauryl sulfate is the favorite additive in the egg prod-

ucts industry.

Triethyl citrate.—-Triethyl citrate
 

7 ‘3
CHz-C-O-CZH5

I

HO-C—O-ng5

n

CHZ-C-O-C2H5J is an ester of an aliphatic alcohol and  
aliphatic polybasic acid. Kothe, who was credited with

patenting the use of triethyl citrate, found the ester to
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be the most effective in an egg white system in

concentrations between 0.0l-.05%, based on the weight of

the albumen. Kothe (1953) found that triethyl citrate

shortened the whipping time of albumen, increased its

tolerance to overbeating, and slightly increased the

angel cake volume. Cotterill gt gt., (1963) stated that

the most outstanding effect of triethyl citrate was to

reduce the whipping time of egg white. However, these

investigators found that triethyl citrate had little or

no effect on the physical properties of albumen. In a

later study, Forsythe (1964) observed that triethyl

citrate appeared to repair the heat-induced damage to egg

white, whereas sodium lauryl sulfate appeared unable to

do this.

Mode of action
 

The mode of action of these chemical additives

on egg white is not completely understood. Probably-more

is known about the action of the anionic type derivatives

than of the other types. Stirton (1964) observed that the

effect of these surface active compounds in promoting and

stabilizing foam appeared to be due to their concentration

in the interfacial film of the foam and to their action in

the concentrated surface film rather than their effect on

the surface itself. Karush gt gt., (1949) believed that

there is an electrostatic interaction between a positively
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charged group on the protein and the negative group of the

anion. Gardner (1960) postulated that this complex be-

tween egg white protein and anionic additive increased the

functional efficiency of the egg white system through a

specific combination of lowered surface energy and protein

complexing. Cunningham and Cotterill (1964) thought that

there was more to the action of the chemical additive than

a complex formed with the lysozyme fraction; however, they

made no postulation because of incomplete evidence.

Yolk-Contamination in Albumen

Harrel (1959) proclaimed that the greatest single

reason for egg white failing to perform in angel cake is

yolk-contamination. In commercial operations yolk-

contamination is usually a result of the mechanical sepa-

rating operations Or the condition of the egg. In the

commercial egg breaking and separating operations, it is

impossible to prevent minute quantities of yolk from

getting into the egg white. Bergquist and Wells (1956)

found that the amount of yolk-contamination usually ranged

from 0.01% in an efficient operation to as high as 0.20%

in an inefficient Operation. Yolk-contamination can occur

when shell eggs are subjected to an environment promoting

a rapid loss of moisture, yolk lipids diffuse through yolk

membranes into the albumen.
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Effect of yolk on the functional properties Of albumen
 

A minute quantity of yolk can greatly decrease

the functional performance of albumen. Cunningham and

Cotterill (1964) named this quantity as 0.01%. St. John

and Flor (1931) stated that a single drop of yolk in

30 grams of albumen would reduce the quantity of foam

from 135 c.c. to 40 c.c. While Harrel (1959) reported

that 0.15% yolk in egg white produced no foam at all.

Cunningham and Cotterill (1964) found that foam stability

was decreased in direct relation to the amount of yolk.

The whipping time of albumen was increased by the yolk in

concentrations as low as 0.001%; while, angel cake volume

was decreased by all concentrations of yolk above 0.001%.

The researchers reported that 0.01% yolk-contamination

decreased foam volume. Thus, the detrimental effects

increase with the amount of yolk present until a point

where there is total destruction of the foaming power of

albumen.‘

Effect of yolk in spray dried albumen
 

It is a well known fact that spray drying magnifies

the adverse effects of yolk-contamination in albumen.

Cotterill gt_gt., (1965) found that the detrimental effects

of yolk on albumen were enhanced by about ten times in the

spray drying process. A yolk concentration of 0.02% (on

a liquid basis) was as detrimental after drying as 0.2%
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yolk before drying. The best explanation for this phenomen

is given by Smith (1959). He discovered that the greater

the dispersion of yolk throughout the albumen, the more

harmful its effect. The blending and atomization in spray

drying disperse the yolk throughout the albumen, multiply-

ing its detrimental effects.

The harmful components oftyolk
 

Smith (1959) found that when yolk lipids diffused

through the yolk membrane into the albumen they did not

have the same ratio of fat constitutents as in whole yolk.

These diffused lipids were primarily glycerides instead of

containing the amounts of glyceride, cephalin, lecithin,

and cholesterol normally found in whole yolk. The author

found that the glyceride fractions were the detrimental

components; the other lipids in yolk had little or no

effect on the functional performance of albumen. The

diffused yolk was two to three times more harmful to the

functional performance of albumen than whole yolk; a

diffused yolk-contamination of 0.03-0.4% (on a liquid

basis) would have the same adverse effect as a whole

yolk-contamination of 0.09-.12%.

Mechanism of effects
 

The mechanism of adverse effects caused by the

presence of yolk in albumen is not completely understood.
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St. John and Flor (1931) thought that yolk retarded foam

formation by decreasing the surface tension of the albu-

men. In a later study, Cunningham and Cotterill (1964)

found that yolk did not greatly influence the surface

tension of albumen. They attributed the adverse effects

of yolk-contamination to an interaction between yolk and

two of the egg white proteins. The researchers believed

that the increased whipping time of yolk-contaminated

albumen was due to the involvement of one of the globular

proteins, responsible for the rapid foaming of egg white.

The decreased foam stability and reduced amount of ovo-

mucin insolubilized in the foam, led the researchers to

conclude that there was a possible lipide—ovomucin complex

formed.

Method of detection
 

At the present time, the quantity of yolk present

in egg white can be detected by a film test method.

Bergquist and Wells (1956) adapted this test for deter-

mining small quantities of yolk, or fat, in egg white

from the Heinemann and Rohr method for determining the

fat content of skim milk. In the film test method, the

fat was extracted from the egg white using ethyl and

petroleum ether. The fat, redissolved in petroleum ether,

was then spread as a monolayer on the surface of an acetic

acid solution. The quantity of yolk present in the albumen
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was then measured as the area of the spread. The Bergquist

and Wells film test method is probably the most accurate

and commonly used methods for determining the amount of

yolk-contamination in albumen.

Methods to counteract the adverse effects
 

Four recent studies have been made by researchers

from the University of Missouri, suggesting ways of im-

proving the functional properties of yolk-contaminated

albumen.‘ Some of these methods have proved more effective

than others.

Lipase treatment.--Cotterill and Funk (1963)
 

studied the effect of adding a wheat germ lipase and two

pancreatic lipases in 0.03% concentration to 0.02% yolk-

contaminated albumen. The wheat germ lipase was not

effective in improving the functional properties of yolk-

contaminated albumen; whereas, the pancreatic lipases,

steapsin and Lipase 150, were effective. The pancreatic

lipases decreased the whipping time and improved the angel

cake volumes of the yolk-contaminated albumen; however,

the cake volumes never equalled those of the control. The

flavor and aroma of the cakes made with pancreatic lipase

steapsin were undesirable; whereas, that of the cakes made

with Lipase 150 was normal. .Treating the yolk-contaminated

albumen with pancreatic lipases prior to spray drying also

produced a magnitude of improvement in the functional
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performance of the albumen. The researchers suggested

using the lipase treatment simultaneously with desugari-

zation. It was not determined whether the improvement

due to the lipase treatment results from the destruction

of the glycerides in the yolk or from the presence of

free fatty acids, byproducts of the hydrolysis of the

glycerides.

Centrifugation.--Cunningham and Cotterill (1964)
 

recommended centrifugation as a commercial method to

improve the functional properties of yolk-contaminated

albumen. They found that centrifuging improved the func-

tional properties of yolk-contaminated albumen provided

that the amount of yolk did not exceed 0.2%. By adjusting

the pH to pH 5.5 and centrifuging, the maximum amount of

yolk lipids appeared as a precipitate.

Heat treatment.--Cotterill gt gt., (1965) dis-
 

covered that the functional properties of liquid albumen

contaminated with small amounts of yolk (0.05%) could be

improved by heat treatments. A short time-high temperature

treatment (15 minutes at 130°F) was effective as lower

temperatures for longer times. However, the angel cake

volumes never equalled those made from the yolk-free

albumen. The researchers attributed the improvement in

functional performance of the yolk-contaminated albumen

to a dissociation of the detrimental complex between the
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yolk and egg white components. Unfortunately, the

beneficial effect of the heat treatments was not apparent

after spray drying.

Chemical additives.--Kothe (1953) was the first
 

to be accredited with the discovery of the use of chemical

additives to improve the functional properties of yolk-

contaminated albumen. He advocated the use of ester type

organic chemicals such as triethyl citrate.

In a recent investigation, Cotterill gt gt.,

(1963) studied the effects of three surfactants and an

ester on the functional performance of yolk-free and

yolk—contaminated albumen. The researchers investigated

the effect of the chemical additives on angel cake volume,

surface tension, and amount of yolk lipids retained in the

drainage from the foam in 0.1% yolk-contaminated egg white

system.

A 0.03% concentration of Sarkosyl NL (sodium

lauroyl sarcosinate), an anionic additive having an effect

similar to sodium lauryl sulfate, improved angel cake vol-

umes made from yolk-contaminated albumen to such an extent

'that the volumes exceeded those made from the yolk-free

albumen. The cationic surface active compound Arquad 12

(dodecyl trimethyl ammonium chloride), at0.03% concentra-

tion, also increased angel cake volume of the yolk-

contaminated albumen so that it approximately equalled
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those of the control. The nonionic surfactant Tween 80

(polyoxyethylene sorbitan monooleate) further impaired

the quality of the yolk-contaminated albumen. The ester

triethyl citrate improved angel cake volume made from

yolk-contaminated albumen; however, these angel cakes

never equalled the yolk-free in volume.

The anionic additive Sarkosyl NL was the most

effective in causing the yolk lipids to remain in the

foam, while the cationic surface active coupound did not

significantly affect the amount of lipids in the foam or

drainage. The ester triethyl citrate slightly decreased

the amount of lipids in the foam drainage.

The addition of yolk had little effect on the

surface tension of the albumen. The researchers concluded

that the role of the chemical additives in improving the

functional performance of yolk-contaminated albumen can

not be explained on the basis of surface active effects

alone; but, the ionic character apparently had some effect_

in altering the performance of yolk-contaminated egg white.

The investigators reported that the action of whipping aids

were not solely associated with overcoming the adverse

effects of yolk-contamination. On the other hand, Harrel

(1959) maintained that the function of such additives was

only to improve quality albumen, not to upgrade yolk-

contaminated albumen. However, Cotterill gt gt., (1963),

Smith (1959), and Kothe (1953) have presented substantial
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evidence to support the fact that certain additives can

partially overcome the effects of yolk-contamination in

albumen.

Objective Tests for Angel Cakes

Brown.(1964) reviewed several objective tests to

measure the quality of the meringue, batter, and final

angel cakes. The researcher used the seed displacement

method to measure the volume Of the cakes, the foam and

batter specific gavities to measure the amount of air in-

corporated, and the pH to determine the acidity of the

batter. Both Brown (1964) and Funk gt_gt., (1965)

utilized the Allo-Kramer Shear Press to measure the com-

pressibility, tensile strength, and tenderness of angel

cakes.. Funk gt gt., (1965) found very highly significant

correlation coefficients between shear press values and

sensory evaluations of the angel cakes. The_researchers

suggested that the shear press could be reliably used to

evaluate texture in place of a taste panel.



EXPERIMENTAL PROCEDURE

The study was initiated to determine the effects

Of three chemical additives on the functional properties

of commercially (plain) spray dried albumen and commer-

cially spray dried albumen with yolk added. To achieve a

detrimental level of yolk in the albumen, 0.05 g spray

dried yolk was added to half of the variables; these

variables were designated as commercially spray dried

albumen with yolk added. The other half of the variables

were designated as commercially (plain) spray dried albu-

men. Three chemical additives--sodium lauryl sulfate,

sodium oleate, and triethyl citrate were added to the

albumen in 0.1% and 0.2% concentrations based on the egg

white solids. Both the albumen with yolk added and the

plain albumen controls contained no chemical additive.

Thus the fourteen variables consisted of the two concen-

trations Of each of these three additives in the plain

series and in the series with yolk added, and the two

controls. Each Of the fourteen variables were replicated

five times. The foaming ability of the spray dried albu-

men was evaluated through a comparison of angel cakes.

35
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Preliminary Investigations

To make a valid comparison of the foaming ability

of the albumen, it was necessary to perfect a controlled

formula and procedure for producing quality angel cakes

with spray dried albumen. Initial experiments were made

using the formula developed by Brown (1964); however, no

modification of Brown's formula was found to produce angel

cakes of acceptable volume and texture with this particular

lot of spray dried albumen. Perhaps this failure was due

to a difference in the processing of the two lots of dried

albumen.

After extensive experimentation, the author found

that Miyahara and Bergquist's (1961) formula designed

specifically for the use of spray dried albumen, produced

angel cakes of acceptable volume and texture. Slight

modifications in the ingredients and oven temperature of

this formula were made. Cornstarch was used in place of

the wheat starch, since the cornstarch was readily availa-

ble and produced cakes of equally acceptable quality.

The author investigated several oven temperatures

and baking times. Using the Ecto forced air oven, Model

186-A, a temperature of 177°C and a time of 33 minutes

produced angel cakes with a high degree of tenderness and

a high volume. Higher temperatures caused excessive

browning and an underdone cake; whereas, a lower-tempera-

ture produced a tougher cake.
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Further testing was carried out to adjust the pH

of the cake batter. Brown (1964) found that high quality

angel cakes were produced when the pH of the cake batter

ranged between pH 5.6-5.8. The level of the cream of

tartar in the formula is largely responsible for achieving

the desired pH. The amount of cream of tartar to be used

depends on the pH of the albumen. Glucose fermentation

alters the pH of the albumen; thus spray dried albumen,

which is fermented, tends to have a more neutral pH than

fresh albumen. Various methods of spray drying produce

albumen with different end pH's; thus the pH of spray

dried albumen may vary. In the present study, the pH of

the spray dried albumen was pH 6.5. The addition of

1.15 grams of cream of tartar per 315 ml reconstituted

albumen gave a cake with a final batter pH ranging between

5.6-5.8.

Processing of Albumen

The spray dried albumen was Obtained from a

commercial processor,l so that the albumen was obtained

from a common lot. All treatment and spray drying of

the egg white was carried out in the processing plant.

 

1Seymour Foods, TOpeka, Kansas.
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Source and processing of eggs
 

The albumen was procured from fresh shell eggs

varying in age from 1 to 2 weeks and grades from A to C.

The eggs were machine broken and separated according to

U.S.D.A. requirements. To remove all shell fragments and

membranes, the albumen was strained through stainless

steel strainers with 0.024 inch perforations. A homo-

genous product was achieved by churning the egg white in

churns equipped with stainless steel agitators.

Fermentation and freezing
 

The liquid albumen was desugared with Aerobacter
 

gerogenes fermentation carried out at 29°C. Following
 

fermentation, the albumen was frozen in 30-lb metal

containers and held until spray dried.

Spray drying
 

The albumen was thawed, blended, and spray dried

with a 12-nozzle Roger's spray dryer, under an atomizing

pressure of about 2000 lbs. The intake temperature was

149-163°C and the exhaust temperature 66—71°C. After

drying, the albumen was screened through a 80 mesh USES

screen and cooled to 29°C before packaging.
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Packaging and shipment

The dried albumen was packaged in large

polyethylene bags and held at 20.6°C until ready for

shipment. Upon arrival of the shipment of albumen, the

bag was immediately stored at -29°C. The dried albumen

was then prepackaged in apprOpriate sized heat sealable

bags, heat sealed, and stored at -29°C until preparation

of each cake.

Yolk—Contamination in the Albumen

Since commercially processed spray dried yolk2

was readily available and could serve as a common lot

throughout the experiment, it was used to contaminate the

albumen. To Obtain a thorough yolk disperison in the

albumen, the dried yolk was blended with the albumen,

sugar, cream of tartar and salt, prior to the preparation

of the angel cakes.

Preparation of thetyolk
 

One pound of spray dried yolk was blended on the

Hobart mixer, Model K-S, set at Speed 1 (56 rpm) for

5 minutes.‘ The dried yolk was then weighed on a Torsion

balance, Model PL800, in 3—gram amounts and packaged in

 

2Seymour Foods, Topeka, Kansas.
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heat sealable bags. The packages were stored at -29°C

until ready for use. A single package was used for all

the 0.05% yolk-contaminated variables prepared on one day.

For each variable with yolk added, 0.05 gram of yolk in

the dried form was weighed out on the Mettler balance,

Model H15.

Level of yolk-contamination
 

The addition of 0.05 gram (equivalent to 0.1 gram

on a liquid basis) of spray dried yolk produced a 0.028%

level of yolk-contamination in the reconstituted albumen.

This amount was chosen after preliminary investigations

revealed that this level of yolk-contamination gave a

serious, yet reversible, impairment to the quality of

angel cakes.

The Bergquist and Wells monomolecular film test,

conducted by the processor of the albumen, showed that

the spray dried albumen had an initial yolk—contamination

of 0.022% (based on a liquid basis). Therefore, the

total amount of yolk in the variables designated as s.d.

albumen with yolk added was 0.05%; the variables desig—

nated as plain s.d. albumen had an actual contamination

of 0.022%. Bergquist and Wells (1956) reported that the

entrance of some yolk into the albumen during commercial

mechanical breaking and separating operations was inevita-

ble.
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Measurement and Addition

of Chemical Additives

The Food and Drug Administration allows the

addition of the three commercial "whipping aids"--sodium

oleate, sodium lauryl sulfate, and triethyl citrate to

egg white in 0.1% and 0.2% concentrations based on the

egg white solids. Both the 0.1% and 0.2% concentrations

of each of these chemical additives were used in this

study.

Sodium lauryl sulfate is a white powder; sodium

oleate comes in flake form. The amount of these two

additives can be calculated as 0.1% (0.045 grams) and

0.2% (0.09 grams) of the forty—five grams of egg white

solids used in the formula. Since triethyl citrate is a

liquid and more easily measured volumetrically, the weights

were converted to volumes by dividing its specific gravity

(1.1369) into the weight required. Thus, 0.1% and 0.2%

concentrations of triethyl citrate are equivalent to 0.04

and 0.08 ml, respectively.

The chemical additives were added just before the

reconstitution of the albumen. Sodium lauryl sulfate and

sodium oleate were weighed to the nearest thousandth of a

gram on the Mettler balance, Model H15. Triethyl citrate

was measured with a 0.1 m1 pipette, calibrated in hundreths

of a milliliter. The additive was gently blown from the

pipette into the bowl containing the albumen and distilled



42

water. The tip of the pipette was gently tapped on the

side of the bowl to capture the last drop.

O

Angel Cake Formulation Using Albumen

To evaluate the effects of chemical additives on

commercially s.d. albumen and commercially s.d. albumen

with yolk added, angel cakes were prepared. Researchers

have commonly used angel cakes to study the functional

properties of albumen.

Blendigg andgpackaging of ingredients
 

All ingredients, with exception of the albumen,

yolk, and chemical additives, were purchased from Michigan

State University Stores. The cake flour, granulated sugar,

cornstarch, and powdered sugar were blended separately on

the Hobart mixer, Model A-200, using the paddle attachment.

Ninety grams of cake flour and 150 grams granulated

sugar were weighed on the 5-kilogram capacity Toledo scale.

Forty-five grams of cornstarch and 59.4 grams of powdered

sugar were weighed to the nearest tenth on a Torsion bal-

ance, Model PL800. All four ingredients were then placed

in a one quart polyethylene bag, tied securely, and stored

at room temperature.

Seventy-four hundreths of a gram of salt and

1.15 grams of cream of tartar were weighed on the Mettler

balance, Model H15, and packaged with an additional
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150 grams granulated sugar. The polyethylene bags were

tied securely and also stored at room temperature.

Basic formula
 

The basic formula contained constant amounts of

the following ingredients for every variable:

TABLE 1. Basic formula for angel cakes

 

 

Ingredients Amounts

Grams Milliliters

Distilled water 315

Egg white solids 45.00

Salt 0.74

Cream of tartar- 1.15

Cake flour 90.00

Cornstarch 45.00

Powdered sugar 59.40

Granulated sugar 300.00

 

Yolk and chemical additives were the varying ingredients.

Method of preparation

The method of preparation was standardized to

prevent any variation in the mixing. Five cakes were

baked daily. The plain albumen cakes were made first,

completing an entire series and then the next one; then

the cakes prepared from the 0.05% yolk-contaminated albu-

men were prepared in the same manner.
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Mixing of ingredients.--The angel cakes were
 

prepared using the 5-quart Hobart mixer, Model K-5. The

flour-sugar mixture was placed in the five quart bowl

and blended at Speed 2 (92 rpm) for three minutes. The

mixture was sifted onto waxed paper and set aside until

ready for use.

The albumen, stored at -29°C, was brought to

room temperature before mixing. Then, the albumen,

sugar, salt, and cream of tartar were placed in a separate

5-quart bowl and blended for 3 minutes at Speed 1 (56 rpm),

also using the paddle attachment of the mixer. If yolk

was to be added, it was blended with this albumen-sugar

mixture.

Reconstitution of albumen.--Three hundred-fifteen
 

milliliters of distilled water, at room temperature, were

poured into a 5-quart mixing bowl. The albumen-sugar

mixture was added tg the distilled water. Miyahara and

Bergquist (1961) suggested adding the egg white solids

to the distilled water to increase the ease of reconstitu-

tion. Any chemical additive to be included was added just

prior to the reconstitution to insure a uniform distribu-

tion throughout the albumen.

In reconstituting the albumen, the paddle attach-

ment of the Hobart mixer, Model K—5, was used. The mixture

was blended at Speed 2 (92 rpm) for thirty seconds;
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afterwards, the bowl and paddle were scraped with a rubber

spatula to remove any adhering egg. Another 30 second

blending followed. After scraping, the rpm was decreased

to Speed 1 (56 rpm); the mixture blended for 30 seconds;

and the bowl and paddle scraped again. To insure thorough

reconstitution, the mixture was blended another 90 seconds

at Speed 1 (56 rpm). The temperature of the albumen was-

measured with a Centigrade thermometer to assure that the

albumen was at room temperature, 25°C. If the temperature

was below room temperature, the bowl containing the albu-

men was placed in a larger bowl of lukewarm water until

the temperature of the albumen reached 25°C.

Formation of the meringue.--The whip attachment
 

of the Hobart mixer, Model K-5, was used to whip the

reconstituted albumen—sugar mixture to the meringue stage.

The mixer was set at the highest speed, Speed 10 (280 rpm)

and turned on for two minutes. According to Miyahara and

Bergquist (1961) spray dried albumen should be whipped to

a stiffer and dryer peak, than either fresh or frozen

albumen. .Perhaps this is due to damage inflicted to the

albumen during the spray drying process.

Addition of the "fold in" ingredients.--The flour-
 

sugar mixture was divided into four approximately equal

portions; each portion was sifted over the meringue.)

After each addition of the "fold in" ingredients, a wire
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whip was used to execute five folding strokes. Griswold

(1962) recommended using a wire whip to fold the flour

into the meringue, since there is less destruction of

albumen air cells than with a mixer. The flour mixture

was folded in with light and gentle strokes to prevent

breakdown of the foam.

Preparation of the batter and cake.--Six hundred-
 

fifty grams of batter was weighed into a 15 1/2 x 4x4-inch

aluminum loaf pan on the 5-kilogram Toledo scale. A metal

spatula was used to spread the batter evenly in the pan.

The cakes were baked in the Ecto forced air oven, Model

186-A, at 177°C for 33 minutes. Upon removal from the

oven, the cakes were inverted onto cake racks and allowed

to cool for 1-1 1/2 hours.

After volume measurements had been made, the cakes

were removed from the pans onto Saran-covered cardboard.

A cake knife was used to cut.around the sides of the pan.

Two metal Spatulas were used to gently lift the cake from

the pan. Care was taken to prevent tearing of the cake.

Problems arose when several of the cakes made from the

albumen with yolk added stuck to the bottom of the pans;

thus, a pancake turner had to be used to lift these cakes

from the pan. The cakes were doubly wrapped in Saran and

sealed with masking tape to prevent the entrance of mois-

ture. All cakes were stored for 3-4 weeks at -29°C.
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Preparation of samples
 

After the cakes were stored at -29°C for 3-4

weeks, the frozen cakes were sliced on a Hobart electric

slicer, Model 410, set at 60. Each slice was designated

for use according to the rotation pattern in Figure 1.

After each replication, the slices were rotated forward

by one slice.

Crust 1

Tenderness 2

Extra 3

Compressibility 4

Tensile Strength 5

Taste Panel 6

Extra 7

Tenderness 8

Extra 9

Cell Structure 10

Compressibility ll

Taste Panel 12

Tenderness 13

Tensile Strength 14

Extra 15

Compressibility 16

Tensile Strength 17

Taste Panel Extra 18

Taste Panel 19

Extra 20

Crust 21

Figure l. Rotation pattern designating use of angel cake

slices.
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The slices designated for testing with the shear

press were cut with specially designed stainless steel

cutters. Three extra slices were cut for tensile strength

evaluations. Shear press, taste panel, cell structure,

and extra slices were wrapped individually in Saran and

stored in sealed cardboard boxes at -29°C until ready for

USG.‘

Objective Measurements of Angel Cakes

To determine the effects of chemical additives on

the functional properties of albumen, Objective evaluations

of the angel cakes were performed. Objective measurements

included tests for volume, pH, specific gravity, tender-

ness, compressibility, and tensile strength.

Specific gravity of foam and batter
 

After the albumen-sugar mixture had been whipped

to the meringue stage, the specific gravity of the foam

was determined according to the method of Platt and Kratz

(1933). Their technique involved a comparison of the

average weight of one-half cup of foam to the average

weight of one-half cup of distilled water at 25°C.

In the present study, the specific gravity of the

foam was done in duplicate. Two half cups of foam were

removed from the bowl at two points directly across from

each other.. A rubber spatula was used to dip out the
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foam into tared aluminum cups; an ice cream scoop had

to be used where there was insufficient foam formation.

Each one-half cup of foam was gently leveled with a metal

spatula, in order not to destroy the foam structure. The

two one-half cups of foam were weighed on the Torsion bal-

ance, Model 800, and returned immediately to the bowl. To

determine the specific gravity of the foam, the weight of

one-half cup foam was divided by the weight of one-half

cup of water.'

Before the cake batter was weighed into the alu-

minum loaf pan, two one-half cups of batter were obtained

in the same manner as for the foam.‘ The specific gravity

of the batter determinations followed the same procedure

as used in determining the specific gravity of the foam.

pH Of the batter
 

One of the cups of batter formerly designated for

Specific gravity of batter determinations was also used

to determine the pH. The electrodes were carefully

inserted into the center of the cup of batter. The pH

determinations were made at room temperature using the

Zeromatic Beckman pH meter, equipped with glass and

calomel electrodes.
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Volume determination

Volume determinations were made by the seed

displacement method used by Brown (1964). The technique

provides a cake volume measurement in milliliters of

seeds. After each cake had cooled 1-1 1/2 hours, Saran

was eased over the top of the cake and inner sides of the

cake pan. Rape seeds were poured over the cake and heaped

above the top of the pan.’ A metal spatula was used to

level the seeds even with the top of the pan; the top was

leveled once and the corners, leveled at angles from the

center to the side. Then, the pan, cake, and seeds were

inverted into another pan. The seeds were poured into a

1000 m1 graduate cylinder for measurement. Volume of the

cake was calculated as: total of milliliters of seeds

held in an empty pan minus the seeds above the cake.

Tenderness
 

The tenderness of the cake slices were measured

with the standard shear-compression cell of the A110-

Kramer shear press, Model SP—12, equipped with an elec-

tronic recorder, Model E2EZ. A loo-pound proving ring,

a range of 100 pounds, and a pressure of 25 pounds were

used. The cut samples, measuring 5.72 centimeters square

and 1.63 centimeters thick, were weighed to the nearest

hundreth of a gram on the Torsion balance, Model PL 800.
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The weighed sample was placed in the lower half

of the standard shear compression cell; the upper half

was attached to the proving ring. A 30-second downstroke

was used to shear the sample. After each sample was

sheared, the cell was washed and dried with unheated

forced air.

The peak of the graphed curve, drawn by the elec-

tronic recorder, was used to compute the maximum force

required to shear the sample. The total force was calcu-

lated as the peak reading multiplied by the range divided

by the sample weight. The total force represented an

average of three trials.

The area of the graphed curve also gave an indica-

tion of the tenderness of the cakes. The curves were

carefully cut and weighed on the Mettler balance, Model

H15. A conversion factor, of 174.2, used by Brown (1964)

was used to convert the gram weight to area. The area-

under-the-tenderness-curve was calculated as curve weight

multiplied by the conversion factor. The area of the

curve represented an average of three trials.

Compressibility
 

Circular cake samples, 5.08 centimeters in diameter

and 1.63 centimeters thick, were cut for the compressibility
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tests. The round, flat plunger, 5.73 centimeters in

diameter, of the upper assembly of the succulometer cell

of the Allo-Kramer shear press was used. The range was

set at 5, the pressure at 25 lbs.; and the loo-pound

proving ring was attached.

The samples were placed on a wooden platform on

the support plates at the base of the main column of the

shear press.‘ The plunger, during a 30-second downstroke,

depressed the samples. The peak of the curve gave the

maximum force needed to depress the samples. Compressi—

bility was calculated as: peaking reading multipled by

the range. The final compressibility reading was an

average of three trials.

The area Of the graphed curve also provided a

picture of the compressibility of the cakes and was com—

puted as previously described. The area-under—the-curve

was calculated as weight of the curve times the conversion

factor. The final area-under-the—curve reading represented

an average of three trials.

Tensile strength
 

The loo-pound proving ring, a range of 1 pound,

and a pressure of 25 pounds were employed for these tests.

The tensile strength of the cakes were measured using

specially designed attachments for the shear press as

described by Funk gt gt., (1965). The Acco clamps,
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Model 325, were modified by substituting a light weight

spring to reduce damage to the cake samples. The clamps

were fastened to a U-shaped base plate and an upper plate

attached to the proving ring. A set screw in each clamp

provided further adjustment. The chart drive cable of

the shear press was rewound so that the graph would

record on the upstroke.

The samples were cut in an hourglass shape, meas-

uring 2.54 centimeters across the center and 1.63 centi-

meters thick. The proving ring with the upper tensile

strength attachment was allowed to run to almost the end

of the stroke- Then the ends of the cake sample were

carefully inserted in the upper and lower clamps. When

the proving ring and upper attachment began the upstroke,

the sample was torn apart at the center.

The peak reading of the graphed curve conveyed

the maximum force necessary to tear the sample. The

length of the break of the sample was measured with

calipers. Tensile strength was calculated as the peak

reading multiplied by the range divided by the area of

the break (length of the break times width of the sample).

Each reading represents an average of three samples.



RESULTS AND DISCUSSION

The effects of the addition of two anionic type

additives (sodium lauryl sulfate and sodium oleate) and

one ester type additive (triethyl citrate) on the function

of commercial (plain) spray dried albumen and 0.05% yolk-

contaminated commercial spray dried albumen have been

investigated.. The two controls, both egg white systems

without the addition of an additive, served as a means

for comparison Of the physical properties and foaming

abilities of treated albumen through an evaluation of

angel cakes.

Objective Measurements of Angel Cakes

The replicate averages, albumen type means, and

standard deviations for all the Objective tests used on

the cake variables prepared from commercial spray dried

albumen and 0.05% yolk-contaminated albumen, both with

and without a chemical additive, are tabled in the

Appendix. The data from objective tests made during and

after the preparation of the angel cakes were subjected

to analyses of variance (Table 2). The very highly

significant differences among cake variables for objective

54
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TABLE 2. Analyses of variance for objective tests made during and after

the preparation of the cakes

 

 

 

 

 

 

 

 

 

 

Source of Degree of Mean Squares

Variance Freedom Sp Gr. Foam S. Gr. Batter Volume

Cake Variables 13 0.1040*** 0.0849*** 49.9473***

Replications 4 0.0017** 0.0011** 1.4001

Error 52 0.0004 0.0002 24,121.5197

Total 69

Source Degree Mean Squares

of of Compressibility Compressibility Tenderness

Force Area-Under- Force

Variance Freedom Average the-Curve Average

Cake Variables 13 4.1250*** 73.6348*** 0.6302***

Replications 4 0.1200 2.1893 0.0716

Error 52 0.1123 2.2137 0.1470

Total 69

Source Degree Mean Squares

of of Tenderness Tensile Strength

Variance Freedom Area-Under-the-Curve Force Average

Cake Variables 13 7586.71*** .00092***

Replications 4 280.89 .00003

Error 52 1360.44 .00004

Total 69

 

**

Significant at the 1% level.

** *

Significant at the 0.1% level.
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tests were further evaluated using the Studentized

multiple range test (Duncan, 1957).

The pH values for the cake batter of all variables

were quite similar and are tabled in the Appendix. Photo-

graphs of angel cake cellular structure are not included

because no obvious differences could be observed.

Specific gravity of the foams

Use of the Studentized range test to evaluate

significant differences among the albumen type means

(Table 3) showed the following (p 5 0.01). NO significant

differences occured among the specific-gravities of the

plain albumen foams with or without an additive with the

exception that the use Of sodium oleate increased the foam

specific gravities in this series. These plain albumen

foams also exhibited lower specific gravities than those

of foams prepared with 0.05% yolk-contaminated albumen.

These results agree with those of Cunningham and Cotterill

(1963) who reported that a 0.05% yolk-contamination in

frozen albumen reduced the foam specific volume from

10.9 ml/g to 5.5 ml/g.

The effect of chemical additives on the foam

specific gravities of the yolk-contaminated albumen has

not been explored in the literature. Results of this

study presented in Table 3 have shown that the addition

of sodium lauryl sulfate and triethyl citrate tends to
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lower the specific gravities of the yolk-contaminated

foams (p 5 0.01); with sodium lauryl sulfate being more

effective in lowering the specific gravity to near that

of the plain albumen control. Addition of sodium oleate

to both egg white systems increased the specific gravities

(p 5 0.01). In accordance with these results, Peter and

Bell (1930) stated that the addition of sodium oleate to

whey-protein solutions yielded a product of poor foaming

properties.

Analysis of the replicate averages (Table 2)

showed that there was a significant difference among the

replications at the 1% level. This fact decreases the

validity of the significant differences among the cake

variable means for the foam specific gravities. The

wide range of foam specific gravities causing this sig-

nificance between replications can be traced to those

variables with unstable foam structures--the 0.05% yolk-

contaminated albumen.with and without sodium oleate or

triethyl citrate and the plain albumen with sodium oleate.

Nevertheless, there was not a wide range of values for

those variables with stable foams. The foam specific

gravity values and their standard deviations are tabled

in the Appendix.

Specific gravity of the batter

Analysis of variance for specific gravity of the

cake batters indicated that there were highly significant
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differences among batters prepared from plain albumen and

albumen with yolk added, both series with and without a

chemical additive. Significant differences among varia-

bles for the specific gravity of the batter (Table 4)

follow the trend for those of the foam specific gravities

with two differences: (1) the addition of 0.1% sodium

oleate to the albumen with yolk added also produced bat-

ters whose specific gravities were significantly higher

at the 1% level than those of the control with yolk added

(2) at all levels of significance, the batters prepared

with sodium lauryl sulfate and 0.05% yolk-contaminated

albumen were not significantly different from those pre—

pared with the plain albumen.”

Analysis of the replicate averages (Table 2)

revealed that there was a significant.difference between

the replications at the 1% level. In concurrence with

the foam specific gravities, the wide range of values can

be attributed to those variables with the unstable foam

structures.

Volume

The use of the Studentized range test (Table 5)

revealed no significant differences among the cake volumes

of the commercial albumen series with and without an addi-

tive except that the use of 0.2% sodium oleate reduced the

volume in this series (p 5 0.01).
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A 0.05% yolk-contamination significantly reduced

the cake volumes and this was further reduced by sodium

oleate additions. However, when sodium lauryl sulfate

(in the 0.1% and 0.2% concentration) was added to the

0.05% yolk-contaminated albumen, the resulting cakes had

volumes approximately equal to those made with the plain

albumen control. The addition of triethyl citrate also

improved the volumes of cakes made from the 0.05% yolk-

contaminated albumen; however, these volumes never

equalled those of the plain albumen control cakes.

These results are in accordance with Cotterill

gt gl., (1963) who found that triethyl citrate in concen-

trations up to 0.03% (on a liquid basis) improved the

volumes of cakes made from frozen albumen contaminated

with 0.1% yolk. Moreover, these researchers were in

agreement with the results of this study indicating that

an anionic type additive similar to sodium lauryl sulfate

was more effective than the ester additive in producing

cakes from yolk-contaminated albumen with volumes equiva-

lent to those made from the plain albumen.

The addition of sodium oleate in 0.2% concentra-

tions to both the plain and yolk series further impaired

the foaming ability of the albumen as evidenced by

decreased angel cake volumes. Gardner (1960) offered a

possible explanation for this fact; he found that sodium

oleate, unlike most whipping aids, increased the whipping
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time of the albumen. In the present study the whipping

time of all the albumen variables was the same; therefore,

those with sodium oleate could have been underbeaten. The

results of this study are also in accordance with Peter

and Bell (1930) who reported that the addition of sodium

oleate created a whey product of poor foaming properties.

Shear press tests
 

Shear press tests included measurements of the

compressibility, tenderness, and tensile strength of the

cake slices. Both the maximum force and area-under-the-

curve values were analyzed for compressibility and tender-

ness; however, Funk gt_gt., (1964) recommended using only

the maximum force values for an accurate measurement of

the tensile strength of angel cakes.

Compressibility.--The results for both compressi-
 

bility force average and area revealed the same pattern of

significant differences at the 1% level (Tables 6 and 7).

There were no significant differences in the compressibil-

ity of cakes prepared using the commercial albumen with

and without a chemical additive except that the addition

Of 0.2% sodium oleate reduced the compressibility in this

series. In addition, the angel cakes prepared with the

plain albumen were significantly more compressible than

those of the albumen with yolk with or without sodium
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oleate. The addition of both levels of sodium lauryl

sulfate and 0.2% triethyl citrate to the 0.05% yolk-

contaminated albumen improved the compressibility of

the cakes so that they were similar in compressibility

to that of the plain albumen cakes.‘

Tenderness.--Significant differences in the
 

tenderness (based on both maximum force and area—under-

the-tenderness-curve values) of the cake variables (Tables

8 and 9) were found to be attributable to the presence of

sodium oleate and/or 0.05% yolk. For both values, there

were no significant differences in the tenderness of the

cakes made from the plain albumen with or without a chemi-

cal additive (p 5 0.01).

The following was true for tenderness based on

the maximum force values only. At the 1% level, the

addition Of 0.05% yolk to the albumen produced cakes that

were as tender as all the other cakes with two exceptions:

(1) those of the plain albumen with 0.2% sodium oleate

were more tender (2) those of the 0.05% yolk-contaminated

albumen with sodium oleate were less tender. However, at

the 5% level, the 0.05% yolk control cakes were signifi-

cantly less tender than the plain albumen cakes with 0.2%

sodium oleate, 0.1% triethyl citrate, 0.1% and 0.2% sodium

lauryl sulfate, and the 0.05% yolk-contaminated cakes with

0.2% sodium lauryl sulfate. Also at the 5% level, the
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addition Of 0.2% sodium oleate to the albumen with yolk

added produced cakes that were significantly less tender

than all but those of the 0.05% yolk-contaminated albumen

with or without 0.1% sodium oleate.

The area-under-the-tenderness curve values dis-

closed few significant differences in the tenderness of

the cakes. At the 5% level, cakes prepared using albumen

with 0.05% yolk added with and without sodium oleate were

significantly tougher than all the other cake variables.

The high degree of tenderness of the cakes pre-

pared with plain albumen and 0.2% sodium oleate according

to the tenderness maximum force values did not hold true

for the tenderness area-under-the-curve values. The high

rank order of this variable in the maximum force test can

be traced to its-higher sample weights. Because of their

poor foam structures, these cakes had lower volumes and

heavy, compact textures; thus, the samples weighed more

per square inch. Sample weight was an integral part of

the formula for calculating maximum force, whereas it was

not used in calculating the area-under-the-tenderness-

curve values.

Tensile strength.--Tensile strength, based on the
 

maximum force readings, provided another fairly accurate

measurement of tenderness (with the lower readings being

more tender) of the cake variables (Table 10). As
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indicated by the tensile strength readings, there was no

significant differences among the plain albumen cakes

with exception that the cakes with 0.2% sodium oleate

were significantly less tender (p S 0.01).

The tensile strength readings showed that the

addition of yolk produced cakes that were significantly

less tender than those prepared from the plain albumen

with exception of the plain albumen with 0.2% sodium

oleate (p 5 0.01). When both levels of sodium lauryl

sulfate or 0.2% triethyl citrate was added to the 0.05%

yolk-contaminated albumen, the resultant cakes were more

tender than those of the control with yolk (p 5 0.01);

sodium lauryl sulfate produced cakes that were signifi-

cantly equivalent to the plain albumen cakes (p 5 0.01).

The addition of 0.2% sodium oleate decreased the tenderness

of the 0.05% yolk-contaminated cakes (p S 0.05), producing

the toughest cakes of all the variables.

Correlations for Objective Tests

Simple correlations were calculated for the

replicate averages of all the objective tests made during

and after the preparation of each angel cake. Highly

significant correlations were found among all the objec-

tive tests with exception of the pH of the batters for

which there were no significant correlations. The
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correlation coefficients which were significant are

presented in Table 11.

Specific gravities Of the foam and batter

A highly significant positive correlation was

found between the specific gravity of the foams and the

batters, indicating that as the specific gravity of the

foam decreased so did the specific gravity of the batter.

Highly significant negative correlations were disclosed

between the specific gravities Of foam and batter and the

volumes Of the angel cakes. As the specific gravities

decreased, the volumes of the cakes increased; suggesting

that up to a certain point, the more air incorporated into

the cake, the higher the cake volume.

Also, highly significant correlations were found

among the specific gravities of foam and batter and the

shear press tests. Cakes with lower specific gravities

were more compressible and tender (according to both

tenderness and tensile strength tests).

Cake volumes
 

As previously mentioned, highly significant nega-

tive correlations were found between volumes of cakes and

specific gravities of foam and batter. Highly significant

negative correlations were also apparent among volumes of

cakes and shear press tests for compressibility, tenderness,
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and tensile strength. Cakes with higher volumes were

more easily torn apart, compressible, and tender. A

possible explanation for this fact is that the cakes

with the lowest volumes were generally those with 0.05%

yolk added or those with poor foam structures; such cakes

had a compact, rubbery-like texture.

Compressibility, tenderness, and tensile strength

A highly significant positive correlation was

found between compressibility maximum force and area-

under-the-curve values, indicating that as one measurement

increased, the other increased also. The same was true

for the tenderness maximum force and area-under-the-curve

values; thus, suggesting the reliability of these tests.

Highly significant correlations existed among all the

shear press tests, indicating that as one increased, the

other two increased also. Although highly significant

correlations existed for tenderness maximum force values,

these correlations (ranging between 0.4-0.6) were lower

than those for the other shear press measurements. Again,

the increased sample weight of the cakes with poor foam

structures could have contributed to the lower correlations.



SUMMARY AND CONCLUSIONS

The purpose of this study was to determine the

effect of two different types of chemical additives on

the functionality of commercial (plain) spray dried albu-

men and commercial spray dried albumen with a 0.05% yolk-

contamination. One ester type additive (triethyl citrate)

and two anionic type additives (sodium oleate and sodium

lauryl sulfate) were added to the reconstituted albumen

in 0.1% and 0.2% concentrations (based on the egg white

solids' weight). The two egg white systems without an

additive served as the two controls. The fourteen

variables were replicated five times.

Objective measurements to evaluate the foaming

ability of the albumen variables were made during and

after the preparation of angel cakes. Specific gravities

of foam and cake batter and the pH of the batter were

measured while the cakes were being prepared. After the

cakes were baked, the volume, compressibility, tenderness,

and tensile strength were measured.

Highly significant correlations were found among

the specific gravities of foam and batter, cake volumes,

and shear press tests for compressibility, tenderness,
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and tensile strength. No significant differences or

correlations were found for the pH of the batter deter-

minations.

The results of all seven objective tests indicated

that with exception of sodium oleate, the addition of a

chemical additive did not significantly change or improve

the functional properties of the commercial (plain) spray

dried albumen. The addition of 0.1% sodium oleate signifi-

cantly increased the specific gravities and decreased the

cake volumes of-this egg white system; while the 0.2%

addition proved significantly detrimental to the albumen

according to all the Objective measurements except those-

for tenderness and pH of the batter.

A yolk-contamination of 0.05% significantly

decreased the foaming ability of the spray dried albumen

as evidenced by tests for specific gravity of foam and

batter and cake compressibility, tensile strength, and

volume. The addition of chemical additives to this egg

white system produced more pronounced effects than in the

plain albumen system. The addition of sodium lauryl

sulfate and triethyl citrate significantly improved the

functional properties of the 0.05% yolk-contaminated albu-

men in angel cake production. Sodium lauryl sulfate, the

more beneficial of the two additives, yielded a 0.05% yolk-

contaminated albumen that functioned the same as the plain

albumen control in angel cake production (p 5 0.01).
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Improvements to the 0.05% yolk-contaminated albumen by

both concentrations of triethyl citrate were evident in

decreased specific gravities and increased cake volumes,

compressibility,-and tenderness (area). A 0.2% concentra-

tion of triethyl citrate also produced cakes with signifi-

cantly lower tensile strength readings.

The addition of sodium oleate likewise further

impaired the quality of the 0.05% yolk-contaminated egg

white system. In comparison to the 0.05% yolk control,

both concentrations of this additive significantly

increased specific gravities and decreased the compressi-

bility Of the angel cakes. A 0.2% concentration of sodium

oleate also significantly decreased the tenderness of the

cakes based on the tensile strength readings.

In summation, sodium lauryl sulfate and triethyl

citrate did not effect the function of the plain albumen,

but their addition significantly improved the performance

of the 0.05% yolk-contaminated albumen in angel cake

production.. Sodium lauryl sulfate was more effective than

triethyl citrate in producing angel cakes from the 0.05%

yolk-contaminated albumen which were approximately equal

to those of the plain albumen control.

Previously, it has been reported that the effect

of the same yolk-contamination in frozen and spray dried

albumen cannot be accurately compared, since a 0.02% yolk-

contamination is equivalent to a 0.2% yolk-contamination in



78

the same albumen after spray drying. This fact could lead

to further investigation: comparison of the effect of

chemical additives in frozen and spray dried albumen with

identical yolk-contaminations and then spray dried albumen

with one-tenth the contamination.

Further evaluation of the results of this study

advocates the need for future investigation in these

related areas: (1) variation of albumen whipping times

to determine if the failure of sodium oleate was due to

an underbeaten foam (2) the effect of adding lower con-

centrations of sodium lauryl sulfate to plain and yolk-

contaminated albumen (3) a study to determine the highest

level of yolk—contamination in which chemical additives

are still effective (4) a study of the effect of chemical

additives on the surface tension in relation to effects

on other properties and (5) the effect of cationic and

nonionic type additives on both egg white systems.-
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