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I, IRTRODUCTION

Egg albumen &8 a fresh liguid, in the frozen state or
in the form of a éri@é produet, finds wide applications in
the food industries, as well as in other industries for use
such as sizing material, an emulsifylng agent, an adhesive
and a body for pigments. When used as a fresh liquid or when
frozen and thawed for use, little diffleulty is encountered
with this produet, Also large quantities of dried whites
are successfully used in certain food products such as cake
frostings, meringue powders, and 1n such candies as creams,
nougats, and marshmallow whips., To a very limited extent,
dried egg whites are used also in the preparation of angel
cakes., However, when used for angel cake, the product does
not compare favorably with fresh or frozen egg white probably
due to the loss of some pr@p&rﬁy during the drying process.

At present ilnsufficient attention is pald to the produc~
tion of a dried egg white particularly suited to a given pur-
pose. 1t is evident also that the r@qaixemaﬁts for a good
?t@éﬁﬁt vary with its applié&tiaa.‘

The use of dried egg white for commercial use is retarded
by a lack of uniformity in the properties of different products,
Large variations in foaming aagaeity'aﬁﬁ other properties
. which determine th@ actual aa&ga of ﬁha product are encountered

and are largely due to a lack of fundamental knowledge of the
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Certain information is already available which, when
properly integrated, should give us some knowledge as to the
directlion in whieh we should look or could direet our efforts
with regard to determining the effect of present processing
-methods on the functional properties of egg albumen.

Liguid egg albumen from fresh or frozen stocks can be
whipped, blended with sugar and flour and baked into an angel
- cake which is very satisfactory. 4 dried egg white, prepared
by the usual spray-dry or pan-~dried proecess, has lost some
of its functional properties so that it does not produce an
angel cake of satlisfactory quality. Although the dried pro-
duet may have satisfactory foaming properties, it hés lost the
ability to hold sugar and flour go that in baking, a cake
lacking volume and texture results. The cake is not at all
comparable to that obtained when fresh or frozen liquid
whites are used.

There is some Indication tﬁat an egg albumen dried as a
foam results in a product which performs satisfactorily in
angel cakes. In addition, certain other data indicate that
egg whites dried from the frozen state and under high vacuunm or
by the use of low air temperstures and comparatively thin films
of liguid result in products which retain most of the prop~
erties essential for proper performance in angel cake. These
data also indicate that some change in the functional properties
of egg white occcurs during the drying operation, especially



'when artificial heat is used. The earlier observation, that
when whites are dried from the foam state less destruection of
the functional properties occurs, may be due to the fact that
‘1ess heat and time are required for drying a foam than the
liquid. It is élso possible that some change occurs in the
structure of the egg white during the foaming process which
aids in retaining the desired gualities that are reflected in
angel cake performance.

Other tests have indicated that the protein, muecin, plays
an important role in the retention of the desirable properties
of egg albumen for performance in angel cake. Therefore, it
is important to obtain more information regarding the role of
this protein and to determine the effect of various treatments
given egg albumen on the muein fraction during processing. 1In
the commerelial handling and drying of egg albumen certain pro-
cedures such as acidification, neutralization, fermentation,
homogenization and application of heat are used. The effect
of these treatments on the Tunctional properties of the egg
albumen has been given little attention., It 1is believed more
research should be directed toward the fundamental changes
ocecurring in the egg slbumen as a whole and in the various
protein fractions during the processes involved in commercial
drying operations,

It is the purpose of these experiments to study some of

the factors that affect certain functional properties of egg



albumen, Initislly, it was deemed desirable to determine the
’tim& and temperatures to which egg albumen could be subjected
without losing the ability to perform in angel cake, This
information was desired so that some type of drying process
could be designed whereby a concentrated or dried preoduet of
the desired properties could be produced.

In order to follow any changes which oceur in egg albumen
when subjected to the many treatments normally encountered
in conecentrating and drying processes, a sultable test had to
be devised whieh was simple in operation and yet would actually
measure the functional property most desired. In this partic-
nlar case, since it was desired to measure the ability of the
produet to perform in angel cake, the method had to have a
sufficiently close relationship to the actual performance in
cakes without having to go through the entire, complicated
procedure of baking angel cakes as well as measuring their
volume, texture and flavor characteristics,

A whip test which had been in use and whieh had been
found to be closely related to the actual angel cake-making
properties of egg white was studied and finally set up as a
eriterion for measuring changes occurring in the egg white
when subjected to various treatments. This method is guite
sensitive, being capable of measuring changes occurring in
egg albumen which would be difficult or practieally impossible

to measure by any other known means.



In this study the effect of time, temperature, pH,
homogenization and added substances on the functional prop-
erties of egg albumen was studied. It is realized that
similar studies on the several protein fractions of the albumen
would have been desirable also and are necessary for a full
understanding of the problems involved. The work covered
in thls thesis is guite preliminary and for obvious reasons,
it is limited to the behavior of egg albumen as a whole. It
was hoped sufficient information would be gailned explaining
at least some of the diffieulties encountered in commercial
- processing of egg albumen, and perhaps pointing out additionsal
avenues of research which would aid in solving certain of

the many other problems of processing this product.



II. REVIEW OF LITERATURE

A, Foaming Property of Egg White

The eriterion used in this study to determine the effect
of wvarious treatments on the ability of egg albumen to retain
its funetional property in angel cake performance 1is the rate
of foaming when combined with a certaln gquantity of sugar and
whipped to within a given range of specific gravity. A4ccord-
ingly, it seems essential to know some of the factors affecting
the foaming properties of egg white.

It is obvious that the initial physical and chemical
condition of the egg white might play an important role in
ite ability to perform in foaming., Numerous investigators
(67-72, 40, 41) have reported on the condition of egg white
as affected by storage. These investigators have shown that
the pH of newly laid whites is about 7.6 and in storage the
pH increases ta about 9.5 within a few days due to loss of
carbon dioxide by diffusion from the egg to the atmosphere (69).
In addition as the storage period increases, the firmness of
the whites dscrease, a process known as liquefaction (1).
There is a decrease in the percentage of thick white and a
corresponding increase in percentage of thin white. Almguist
and Lorenz (1) showed that the firm white was composed of a
fine fiber net-work of pure ovomucin, which entrapped the
@r&iﬁary thin white.



A number of studies have shown that thick and thin white,
when whipped, give different whipping volumes and result in
angel cakes of different quality. B5t. John and Flor (74)
found on whipping the thiek and thia portions of égg white
under the partieular conditions of their experiment, that the
thin white gave & larger foam volume than thick white, Hunt
and 8t. John (42) confirmed these results and indlcated that
thin white gave a larger volume angel csake than that made
from thick white, Henry and Barbour (39) noted that although
+the initial beating properties of thin white were superior to
those of thiek white, on continued beating foam volume de-
eraésaﬁ* Bailey (3) found that thiek white bsat up into a
greater foam volume than thin white and suggested that the
differences in the results reported by various investigatiors
could be caused by the type of beater used. Pyke and

L

/
Johnson (63) reported that poor quality eggs whipped more

rapidly than high guality eggs, but this difference in volume
was not refleeted in the finished cake, Cakes made from the
high quality eggs were considered superior in volume, texture |
and quality to those made from low quality eggs. Hedstrom (36)
reported decreased cake volume with increased age of eggs.

\ 7
égfﬁfaéstQtral of the initial quality of the eggs used was
an asaeatial factor in obtaining reproducible resulis.

Barmore (10) in studies on the influence of chemical
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It is well known thait protein solutions are easily de-
natured and coagulated by heat. Chick and MBartin (23) found
by using erystallized egg albumin and other proteins that,
“heat coagulation is a reaction with & high temperature coeffi-
clent, the reaction veloecity of which varies eonsiderably
with different proteins and according to the acidity and
saline content of the solution." Lepeschkin (49) working
along simlilar linag.eeﬂfixmad the data of Chick and Martin
indicating the effects of acid, alkali and salt concentration
on rate of heat coagulation. Kruyt and DeJong (46) followed
the rate of heat coagulation of ovalbumin by viscosity measure~
ments. Anson and Mirsky (2) Loughlin and Lewis (51) and Bull
(21) also used visecosity as an index of the heat denaturation
of egg albumin, Rupreeht (65) indicated that in the concentra-
tion or drying of egg white temperatures not exceeding 122-
125a?, should be used; it would be more desirable to ecarry
out the process at temperatures as low as lﬁéellseF, He ob=
served that a much higher quality product was obtained at
drying temperatures of 194»1153F? as conmpared to 12231?f

Payawal (60) reported "In liquid egg white, denaturation
oceurs in the temperature range 136-144.5°F. 4s in whole egg,
the irregular ah&r&et&r of the viscosity temperature relation-
ship above 144.5°F. indicates the region at which fractional

precipitation of the protein oceurs. g linear viscosity-time

relationship is shown by liquid egg white at 136°F. and at
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lééaﬁ, but at 1&&‘5$F. the region of denpaturation is very short.
Beyond a certain period of heating (46 seconds) at 144.5°F.,
the fractional precipitation of thé proteins is indicated

- by a drop in viscosity of the liguid white, "

4 number of chemical and physical changes oceur in natlve

ﬁrét&iﬁs“33~a rasalt'mf'éeﬁatnr&ﬁiaa and these m&g be used

as eriteria to determine -the degree of denaturation due %o

: aﬁy specific treatment. Among these are: (1) decreased
solubility, (2) increased viscosity of solution, (3) eﬁyesare
gf aértain,ﬁhamieaily‘raaativs groups such as sulphydryl and
di&nlfids linkages, (4) loss of specific biological prop-
artieéraaah as loss or change of immunological and enzymatie
,properties and, (5) loss of crystallizability. A4ll of these
critgria have been used io measurae tﬁﬁ degree of &énatnratiam
caused by heat, especially with egg albumin. However only a

~ few have been used in weasuring the heat denaturation occurring
in egg white, |

Harris (34} showed that a feeble nitroprusside test

.developed in egg white foam on drying. Hanning {32) reported
that neither of the chemical methods used in her study were

- satisfactory in measuring the degree of denaturation prﬁéueeﬁ‘
by beating {(iodosobenzoate and ferricyanide methods for de-
teeting active sulphydryl groups were used). Payawal (60)
‘used viscosity as a measurement of protein denaturation in

'ﬁaatad liquid whole eggs, yolks and whites. Barmore (10)used
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the stabllity of egg white foam as a measure of heat damage
to liquid egg white.

Funk (29, 30), in attempting to reduce the degree of
deterioration oceurring in storage eggs due to embryo develop-
ment, bacteria and other agents subjected shell eggs to heat
treatment by submerging them 1n water or oll held at temper~
atures of 130°F. to 1509F. for varylng lengths of time. It
was found that embryoniec development was arrested in 8-12
minutes at 140°F. 4t the same time, storage tests indicated
that the egg albumen was stabilized., However some diffieculty
was encountered with coagulation., ©Some occurred when eggs
were immersed in still water for 15 minutes at 135QFw and 40
minutes at 135°F. Although the method indlcates a definite
stabilizing effect on the keeping guality of the shell egzg
in storage, no work was done to determine the effect of ther-
mal stabilizing on the funetional property of the albumen as
regards foam formation and performance in food products.

Barott and MeNally (12) heat treated shell eggs at temperatures
of 125°F; and 144°F, and determined the rate of heat pene~
tration and the effect of time and temperature on the egg albu~
men, The opacity of the egg albumen wes used as a ecriterion.

Romanoff (64) studied the effect of short heat treatments
" on shell eggs at temperstures above the eaagalatiaﬁ temperature
for albumen, He found that a five second exposure of fresh

shell eggs to boiling water formed a thin film of coagulated
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albumen, adherent to the shell membrane, He indicated that
the treatment did not show any noticeable denaturation of
the egg contents since the beating power of albumen and
natural biological qualities of yolk remained unchanged.
Lowered beating properties for albumen from eggs treated by
holding shell eggs for 10 minutes at 140°F. was noted. This
may be attributed to a partial coagulation of the albumen.
Ho date was avallable concerning the actual temperatures
reached in the various layers of albumen when subjected to
the heat treatment. E

At the present time large quantities of liguid whole
egg are pasteurized to lower ths number of miero-organisms
present in the final produet. Pasteurization times vary from
135°F. to 160%F. for a few seconds to several minutes (79, 80).
Experimental work at present indicates that this process may
be earried out without noticeably affecting the property of
the eggs for use in eaias and other baked goods. Epstein (28)
reported that it was not commercislly practical to pasteurize
egg whites because of the low temperature 12?@?. at which they
were coagulated.

LeClerk and Bailey (47) reported that egg albumen cannot
be spray-dried economically, the temperature belng too high
for the delicate character of the albumen and the whipping
guality of the product being thereby seriously impaired. How-

ever, there 1is at least one commercial operator spray drying
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egg albumen and obtaining a product suitable for a number of
uses.

KBulvany (58) reported that dried albumen, untreated or
unfermented will not whip when reconstituted. He did not
indicate what temperatures or methods of dehydration were used.
Dried albumen prepared by low temperature dehydration without
previous treatment had been found to perform, for many pur-
poses, in a superior manner fo treated albumen dried by the
normal method. He also reported a process whereln fresh liquid
albumen was acidified to pH 5.8, then agitated at elevated
temperature in a vacuum, the pH returned to neutral in about
one hour. This product when spray dried had good color and
excellent whipplng properties which were retained after several

years storage at room temperature.

2. Effect of pH and added substs

Chick and Martin (23) reported "the effect of aelid upon
ea&gulatianiigtﬁ is considerable. The addition to a solution
of egg albumin erystals of 4 c.c. tenth normal alkali per
gram protein (i, e, the amount necessary to neutrallze) reduced
the reaction rate to one-sixtieth, The influence of aecid in
aceelerating the @aagalatian %at@~af & neutral sclution of
egg albumin is at first relatively small, with each successive
aééitxaa of acid its inflaeaﬁa becomes disproportional to )
the hydrogen eoncentration.® *Lapasshkiﬁ (49} found that an



17

increase in salt concentration asccelerated tie denaturation

of albumin when the salt concentration was small, diminished

it when the salt concentration was great, and left it unaltered
ifrtha salt concentration was intermediate. Acid strongly
increased, and alkali strongly diminished the coagulation ratgwé
of denatured albumin. Bovie and ¥oolpert (17) indicated that
solutions of egg albumin with the H ion concentration adjusted
to the alkaline side of the iscelectric point (5x1077) at
which they may be completely coagulated by heat, if irradiated
for a sufficlent period of time did not coagulate upon heating
to 212°F.

Lewis (50) confirmed the results obtained by Chick and
Lepeschkin showlng the effect of variation in the H lon con-
centration on the velocity of the heat denaturation of egg
albumin, Hendrix and Wharton (38) reported similar results.
Beilinsson (13) showed that sucrose and glycerol exerted a
protective action on the stabilization of the proteins of
rabbit serum and egg albumin to heat. Eabbit serum with
sufficlent eaagea%rasién;sf suerose was made completely
thermostable at 144°F, and egg albumin under similar conditions
attained thermostabllity at 16?“?. Baneroft and ﬁatéler (8)
claimed heat coagulated egg white solutions were peptized by
KI, KSCN, NH4B8CN, Urea, NaHCO3, formaldehyde and cane sugar.
They also indicated that sther extracted a substance from egg

white solution that ascted like crude leeithin. After this



18

substance was extracted, immersion in boiling water for 15-
20 minutes failed to produce coagulation or c¢loudiness in a
10 percent solution of egg white.

Barker (9) observed the relation between the temperature
of denaturation of dried albumin and relative humidity. He
found the rate of denaturation at any temperature was an
‘exponential function of the relative humidity. Iwanowsky (43)
reported that the formation of alkali albuminates by heating
egg white in an alkaline medium was not prevented by glycerol,
which, however, stabilized the protein solutlon toward such
precipitating agents as amwonium sulfate.

VYon Przylecki and Cichocka (62) formed compounds with
proteins and maltose which they called "symplexes®, These
¥symplexes® which formed at pH wvalues between 7 and 10, were
balieved to involve the lysine residues of the proteins and
the sugar. Ko such compound was found with sucrose., HNarke-
vieh (59) studied the effect af.aaar@sa on the temperature
coagulation curve of ovalbumin in the pressnce of alecohol, A&
stabilization action of the sucrose was established.

Pauli and Welssbred (59) reported that with ovalbumin
the teﬁperatura of coagulation was raised only at very low
salt eaasanﬁratieﬁa'{le’3ﬁ), then was lowered by increasing
concentration of salt. Sulfate and thiocyanate favored coagu-
lation most strongly and stood at the ssme end of the ion

series. ©Sucrose and urea retarded coagulation of ovalbumin
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and serum albumin, Balicylate lon favored coagulation in
low concentrations but in high concentrations, it had a
specific inhibiting effect, Heidelberger et al (37) reported
a loss of heat coagulabllity of egg albumin when 20-30
phosphoryl groups were introduced into the molecule by action
of POC1ly at 27 to 29°F. His work however was mainly cone
cerned with the change in the immunologlcal properties of
treated albumin, .
Ball, Hardt and Bﬁééléﬁ {4) reported that d-glucose, -
d-fructose, d-mannose, l-arabinose, d-xylose, and d-mannitol
inhibited the formation of sulphydryl groups when egg albumin
was heat~denatured under specified conditions. These sub-
stances, and also sucrose increased the amount of noncoagulable
nitrogen when egg albumin was heated. The iﬁhihiﬁing influence
toward heat eoagulation did aét increase with increases in
time of contact of the agent with the egg albumin, even at a
high pH. Egg albumin coagulated in the presence of glucose
did not contain significantly more readily hydrolyzable re-
duecing substances than 4id egg albumin coagulated in the
absence of glucose. \~wi
Leighton and Mudge (48) indicated that the maximum heat
stability of milk secured by heating to 2@39?. was delayed
by the presence of 20 percent sugar. Duddles (27) determined
the coagulation of egg albumin at pH 4.6 when held at 158°F,

for 10 minutes and found glucose and fructose to exert



progressive protective action against aaagalétian at in-
ereasing concentrations of the sugars. Sucrose and mannose
exerted some protective action, but were less effective than
glucose and fructose.

Townley and Gould (76) reported that "in general, it
appears that there iz a relationship between heat denaturation
and coagulation of serum proteins and the liberatlon of sule-
fides. Sulfide liberation from milk is decreased either by
low pH values or pH values above 9, by sugars, formaldehyde,
cystine, sodium chloride, hydrogen peroxide, iodine, and the
following metals: copper, silver, mercury and iron." These
workers also indicated that the following factors had no
apparent effect on sulfide liberation from milk proteinsj
homogenization, sunlight and the addition of salts of nickel,
tin, aluminum and manganese.

Barmore (11) in attempting to clear up a number of points
in connection with tenderness of angel cake, studied the effect
of temperature, acid, and sucrose content on the properties
of coagulating and coagulated egg white. & series of experi~-
ments were made using egg white to which had bsen added
varying quantities of sucrose and potassium acld tartrate.
These samples were heated in a water bath to temperatures up
to 180°F, Observations were made at the first definite appear-
ance of coagulation, an intermediate stage of ecoagulation,

and when the last tube of egg white being tested began showing



21

definite coagulation, The results of these studies indicated
that as the sugar content is increased in the absence of acid,
the temperature of coagulation was increased. The same result
was obtalned in the presence of acid, except that the acid
lowered the temperature at which coagulation began., The presence
of acid alone decreased the temperature of initial coagulation.
Ballou and co-workers (7) investigated the effects of
heat on relatively concentrated solutions of human serum
albumin. To study the thermal stability of an albumin solution,
they followed the rate of cloud formation when albumin solutions
econtaining various added compounds were $ab3eetad to heat. The
optimun pH for high temperature thermal stability of human
serum albumin in 295 percent solution and in 0.3 ¥ HaCl was
found to be 6.6, with a secondary optimun at pH 10, Within
the protein concentration range, 5 to 45 percent, the cloud
point was found to vary inversely with the concentration of
protein., The thermal stabillty of serur albumin solutions was
found to increase also with increases in sodlum chloride content.
if tgﬁ added elecirolyte was a sodium salt of one of the lower
fatty acids instead of sodium chloride, the c¢cloud point ine
creased with ascent of the homologous series; i.e., with in-
-grease in length of carbon chaln., These conclusions applied
to systems containing the fatty acid in concentration of 0.15
to 0,3 K.
Braataaux and Eriksson~yuensel (20) found that when proteins
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were dried in vacuum the addition of sugars, salt, alanine,
glyeine or gelatin before drying protected them to some extent
from denaturation, the effectiveness of the substances de-
creasing in the order given. Urea was ineffective and lactose
was most effective. The minipum gquantities found by experi~
ment to prevent denaturation completely closely approached

the qﬁanﬁity calenlated necessary to form a unimolecular layer
on the surface of the proteln micelles.

Quite a bit of work has been done especially by the
British on the additlon of carbohydrates to egg pulp befarewwwwu
drying. Brooks and Hawthorne {(19) reported that there was
a marked lmprovement in the aerating power of spray dried whole
egg when either lactose or suerose was added to the pulp before
drying. They found that the sucrose exerted a protective ef-
fect during the actual drying process, In addition the dried
product remalined more soluble than a similar product contalning
no sugar when étareakat'alavataa temperatures for several months.
They indicated that there was some evidence that carbohydrate
protein complexes existed which may be more stable than the
parent proteins. However, it was also probable that the effect
may have been due to an alteration in the water relationships
within the system, brought about by the presence of sugar. In
addition to lactose and sucrose, gelatin, glycerol, and
glycerose were tried., The effect of glycerol on the beating
power of the reconstituted dried sample was approximately the



23

same as that of the same concentration of lactose; gelatin had
no effect and glycerose was detrimental. They also found that
the presence of lactose, sucrose, dextrin, and gum arabic re-
tarded denaturation of lyophilized whole egg when stored at
116%F., the effect usually increasing with the concentration
of earbohydrate. Sorbitel, glucose, fructose, and arabinose
accelerated denaturation, but starch and mannitol had little
effect. —

Hay and Pierce (35) conducted some tests to determine the
stabllity of dried sugar - egg mixtures at elevated temperatures.
Their results indicated that the addition of sugar to egg prior
to drying helped to maintain those qualities desirable for
baking. They belleved some physical or chemical combination
may oceur between the sugar and components of the egg, and
provide protection to the product not only during the drying
process but during the subsequent handling.

Bumzahnov (22) pointed out a number of factors affecting
the denaturation of egg white proteins. He reported that
denaturation of egg white could ocecur at a temperature con-
gsiderably lower than the temperature of coagulation ﬁ@panﬁiag
on the rate at which dematuration takes place., Although albumen
may become qulekly denatured at 1323?., denaturation still
~occurred &t a much slower rate at 1049F, 1In addition to
temperature and time however acidity had an effect., He pointed
out that ¢oagulation of egg albumin would be slower at pH 7.0
than at a lower pH.
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€. Relation of Properties of Thick and Thin Egg ¥hite

to their Performance in Cakes

Hanson (33) concluded from tests conducted on the prepara-
tion of angel cake, that egg white with muecin removed or in
the precipitated state does not make an acceptable cake., Kgg
white with muein removed required a much longer time to beat
to the same specific gravity than did the untreated egg white.
Apparently the condition of the mucin is important at least
in so far as~anga1 cake making is concerned. In commercial
processing of egg white for drying certain treatments are
used such as fermentation, acidification and homogenization.
It is probable that these processes can cause some change in the
muein fraetion of the egg white proteins which is reflected
in a poor performance of the finlshed product in angel cake,

The main difference in thiek and thin white is the mucin
content. MeNally (53) in studying the proteins of egg white
found that the thick portion of the white contained a much
higher proportion of wmuein than the thin white and the volume
of thick white varied with changes in hydrogen lon concentration,
Schaible (66) by carefully examining freshly broken egg white
demonstrated that firm white was of laminated strueture, come-
posed of congentrie layers eontaining muecin fibers, The
~ highly swollen mucin fibers form a framework whiech give to
thick white its characteristie appearance (1). HMoran (57)
reported the mucin content of thick and thin white as follows:
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of the foam was directly proportional to the viscosity of the
egg white draining from that foam. Balls and Swenson (6) de-
vised a method of enzymatically hydrolyzing thick white by
trypsin at low temperatures with the ali&iaatiaa,af bacterial
action., It was indicated however that this product was much
more easily denatured on storage than bacterially fermented
egg white.
Because of the many reports indlicating the superiority

of the foaming property of thin white, Miller and Vail (56)
suggested, since thaé obtained similar resulis when using
elther thick and thin frozen whites, that "thin frozen whites
resulting from mechanical treatment or from changes brought
about by allowing the egg whites to "age" either by satural
or artifieial methods would beat to a greater volume and in
less time than with more viscous whites." Pyke and Johnson
(63) pointed out that although storage eggs dld become thinner
and apparently had better foaming properties they lost their
ability to resist the work of leavening ég@ﬂt$ whieh is an
imgartant factor in contributing to the struectural strength
of the cake during the baking process. Balls and Hoover (5)
pointed out that the mucin content of egg white did not change
during the thinning process by normal storage at 86°F. How-
ever, approximately 36 percent of the mucin originally present
in thiek white was digested when thinning was carried out by

means of trypsin for 18 hours at 86°F.
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Conrad and Scott (24) in following changes in ovomucin
during storage concluded that the change in egg white resulting
in thin white was not due to an enzymatic hydrolysis of the
muecin present. The mi&résaayia structure of the gel from
aged eggs was not changedy they therefore belleved that the
change in properties must be due to a change in the elasticity
of the muein fibers. The increase in pH during storage un-
doubtedly plays a very important role inm the change in
elastieity of the fibers, but some other important factor
must also influence it.

The role of muein in egg white foams was pointed out by
Epstein (27) who reported that mucin had the unique property
of becoming coagulated when beaten, whipped or shaken. According
to him muein is absorbed in the form of films at the surface
of alr bubbles and coagulated there forming a rigid network
in whieh air cells are embedded. If the muein is denatured
by 9%01&&&@& freezing or by any other means, the foaming value
of the egg white is impaired. J

Since, in the normal method of thinnlog by mechanical
means or acidifieation, apparently no decrease in mucin content
of egg white oecurs it is likely that there is some change
in the physical character of the muecin fibers themselves.
¥eNally (94) indicated that ovomucin while being practically
insoluble in distilled water, shows reversible physical changes

dus to pH and salt concentrations. At a pH of less than 6.0 - 4
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6‘4, depending upon salt concentration, the mucin is in a com-
pact, precipitated form. This pH is normally reached during
the aelidifieatlion process and during normal fermentation.

From pH 6.0-6.4 to 8.3-8.5, the ovomucin swells to a gel, which
on inereased alkalimity becomes a viscous solution. He also
stated that ovomucin is a gluco~protein, soluble in dilute
alkali and precipitated by dilute acids. It may be precipi~
tated by dilution with two or three volumes of water and may

be salted out by 0.3 saturation with ammonium sulfate.

b. Effect of Homogenlzatlion on Properties of Liguid Egg ¥hite

Although there are numerous references in the literature
on the variation in foaming property of thick and thin egg
white, no direct reference was found to the actual effect of
homogenization. Townley and Gould (76) in studying the effect
of treatment of milk on the rate of éenatﬁraziaﬁ.when subjected
to hest, found that homogenization of milk had no significant
. effect upoh the eritiesl temperature nor upon the amount of
heat-labile sulfur evolved at various temperatures,

Homogenization of liquid egg white definitely results
in a thinning action but the physieal action is different than
the action normally responsible for the produetion of thin
white during aging. In ®Eggs and Egg Products® (26) it is re-
ported that the whipplng property of egg white seemed to vary
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with viseosity and the quality of fluid white it contains,

| The more viscous the egg white, the longer it takes to form
a foamj; the resulting foam had less volume but greater sta-
bility. This last factor is important, as the foam must be
sturdy so that when other ingredients are added the foam
structure will be able to support them.

Hanson (33) found that on reconstituting dried albumen,
undispersed particles remained in the clear liquid after
reconstituting overnlght. It was believed that a more
thorough blending of the samples might produce more accept-
able cakes., However, when samples were blended briefly on
the Waring Blendor, she noted an increase in the beating time
to obtain the same specific gravity foam and a corresponding
decrease in qa&liﬁy of the cakes.

Payawal (60) blended all the egg white which was to be
heat treated at various temperatures to determine rate of
denaturation as measured by viscosity, but ran no foaming
tests to determine the effect of blending on feamiﬂg-eagaaity.vq

Bumzahnov (22) reported that the lowering of the whipping
quality of the egg white during the drying process is usually
caused by the great wviseosity of the liquid and a drying pro-
cedure which is not suited for such material, He indicated
that the viscosity and general structure of the egg white
retards the diffusion of moisture during drying resulting
in & rise in temperature, which in turn leads to the destruction
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of the whipping quality. By lowering the viscosity and destroying
the fibrous structure of the egg white pulp, a produet which
ratained high whipping quality was cbtained. This was accom~
plished by acidifiecation or enzyme hydrolysis. He landicated

that a product with satisfactory whipping properties could be
prepared by spray drying.

Homogenization makes use of rather high pressures (usually
several thousand pounds per square inch) and the detrimental
effect of homogenization of egg albumen might oeccur due to
pressure denaturation. Bridgman (18) observed that albumin
may be coagulated by pressure, an observable stiffening occurring
at 3000 atmospheres.

Sharp (68) in discussing the relative whipping quality of
thick and thin whites reported that the former when homogenized,

gave as large a volume as did thin white.
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I1I. EXPERIMENTAL PROCEDURES

A. Preparation of Egg White Hixtures

The eggs used in these tests %are obtained from the lowa
State College poultry farm and were one or two days old be~
fore plaecing them in the laboratory refrigerator held at
35°F. The eggs were used within one to three days from the
time they were received from the farm.

The eggs were broken and separated by means of a sliding,
hinged separator, which is attached to the breaking knife.

Th@ seyarétar is similar to standard equipment avallable in
almost all commercial egg breaking rooms. The whites were
then mixed in a Waring Blendor. Approximately 1000 ml., of
whites, the equlivalent of three dozen eggs, were blended at
one time for a period of approximately 30 seconds without ine
corporating any alr, At the end of this period, the liquid
white was quite thin and free flowing., ¥Yhen larger volumes
than 1000 ml. were necessary for a partlcular test, the 1000
ml. batches were blended together in a large container before
aliguot saumples were removed for various treatments. Usually
the mixed liquid was given its predesigned treatments the same
day the mix was prepared. However, if the ta&ts were Lo be run

the following day, the samples were stored in the refrigerator
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which was maintained at 359%.

When tests were to be run on the thick and thin portions
of the liguid egg white, the eggs were broken out and separated
as usual., Then each egg white was placed on a screen (8 mesh)
and the thick and thin separated. ¥With the eggs used, the
resulting preparation was usually two parts of thiek to one
part thin white. If mixing of the fractions was necessary,
the thick and thin whites were then separately blended in the
Waring Blendor and for purpose of test recombined in the same
proportions found when they were separated.

| in the preparation of all the egg white mixbtures, only
eggs of excellent gquality as could be judged by appearance
and odor of the opened egg were used. All eggs containing
blood, meat spois, or other contaminating material were not

used.

B. Whipping Method and Foam leasurement

In all of the whipping tests conducted, a Hobart "Kitchen
Aid" Model 4, electriec mixer was used. All samples were
beaten using third (high) speed.

The following formula was used:
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Egg white - 61 granms Cream of Tartar - 0,9 grams

Sugar - 47 grams 8alt - 0.3 granms

?hié particular formula was used since Hanson (33) found
by numerous tests which she performed in her studies on angel
cake that whipping this particular formula to a specifie
gravity range of 0,167-0.190 in 79 seconds or less resulted in
angel cakes of satisfactory volume, texture and tensile strength.
This formula i3 a step in the preparation of angel cake since
it is only necessary to add the remaiging 25 percent sugar and
flour to the meringue to obtain the correect batter.

The temperature of the egg white was brought to 7Q°F.
before beating. The fcllnwing beating procedure was used:
the egg whites were beaten for ten seconds, then the salt and
cream of tartar were added, DNext the sugar was added in four
equal portions; after twenty seconds, thirty seconds, thirty-
seven seconds and forty-five seconds of beating., DBeatlng was
continued for thirty additional seconds so tnét the total time
of bsating was one minute and fifteaﬁ seconds.

ﬁ?ﬁn the egg white containing more than 20 percent sugar
alr@aﬁ& dissolved in the liquid whites was whipped, the time
at which the remaining sugar was added, was changed. When
greater guantities of sugar were already dissolved in the egg
white, the remaining sugar (difference between amount present
and that required in formula) was usually added inltva portions,
at 30 aaa 45 seconds.
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2.

The specific gravity of the meringue was determined by
welghing a cup (60 ml.) level full and dividing this weight
by the weight of an equal volume of water. When the specifiec
gravity of the foam reached 0.180 heating was stopped. How~
ever, if the specific gravity was over 0,180, the foam in the
éup wag replaced in the beating bowl and whipping continued
at high speed for an additional thirty seconds and the specifie
gravity again recorded, Whipping was continued for thirty
second intervals untlil the specifie gravity of the foam fell
in the desired range or until a constant specifie gravity was
reached, Precautions were observed in plaecing the foam in the
measuring cup, a spatula being used, so that pockets of air
would not be eﬁtraﬁpeé. In addition, the foar was carefully
placed in the cup so that the foam was not compressed or
crushed during filling. The foam was leveled by running the
blade of the spatula over 1t at right angles to the rim of the
‘measuring cup. Only one specific gravity determination of
each foam was made since preliminary tests indicated that re-
peated determinations from the same bowl of foar gave welghts
of foam within 0.1 gram of each other.

C. Treatment of Samples

1.




a. Jinstantesneous heat treatment. The liquild egg white
at room temperature (70°F.) was brought up to the desired
temperature nearly instantaneounsly by use of a simple heat
exchanger arrangement similar to that used by Winter (79).
Water was used for heating and was Rept in the bath at a
constant temperature (f0.1°F.) by means of a thermo-regulator.
The egg sample, in a one liter suction flask, was forced into
the glass tube heat exchanger by use of air pressure controlled
at varylng pressures from 9 to 90 centimeters as registered
by a mercury manometer. A copper~constantan thermocouple
connected to a Leeds and Northrup potentiometer was inserted
by means of a Y-tube at the outlet of the heating tube so
that the final temperature reached by the sample during the
heat treatment could be measured. It was observed that a
temperature differential of 1°F. (between the temperature of
the water bath and the final temperature of the ligquid white)
was required to bring the temperature of the liguid white to
the desired temperature in 2.5 to 3 seconds. The heating
tube itself was two, four foot lengths of 3mm, soft glass
tubing bent in U shape a number of times to allow the entlre
length of tublng to be completely submerged in the water bath.
Arrangement was made so that a bubble of alr could be intro-
duced and allowed to flow along with the liquid being heatedj
thus the heatling and holding times could be measured.

4 study in which the pressures and temperatures were



varied indicated that the final temperature reached was attained
at the point of measurement, Slight increases in pressure
allowing the liguid to flow through the heating coil more
guickly resulted in lower temperatures belng recorded by the
thermcouple protentiometer arrangement,

b. Holding time. After the desired temperature was
reached, the sample was held at that temperature for varying
periods of time by continuous flow of the 1iguid through
vari@usvlaagths of rubber tubing placed in a second bath held
- at the desired temperature, Varying holding periods were
obtained by having a aumber of 12 foot lengths of the rubber
tubing, connected by glass tubing, submerged in the water bath.

When holding periods longer than 3§ minutes were desired,
- a different method was used. In these cases, the liguid egg |
white to be heated was placed in 8 ocunce medieine bottles with
serew caps and the hottles submerged (all but the cap) in the
water bath, Tests indicated that when 200 mlf of liquid were
placed in a bottle approximately 15 minutes w&ra required for
the temperature of the egg.to reach bath temperature. The
water in the bath was kept in constant motion by means of
electric stirrer and the temperature was controlled within
0,1°F. by means of a thermo-regulator.

¢, Cooling. The liquid egg on emerging from the holder
tubing was cooled immediately by running the heated liguid
through additional glass tubing placed directly in an ice water
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bath. The temperature was reduced to 65»?&9 « in a matter of
seconds. In the case where the 8 oz. bottles were used for
the longer heating periods, the bottles contalning the heated
egg white were cooled by placing them in ruanning tap water
and cooled to 70°F. in approximately 5 to 10 minutes.

The cooled samples were then placed in the refrigerator

and whip tests run either the same or the following day.

Adjustments in the pH of liguid egg white were made
numerous times during this study both in the direction of
greater acidity and greater alkalinity. Drops of normal
hydrochlorie acld or sodlum hydroxide were added to the egg
white with constant stirring until the desired pH was reached,
411 pH measurements were made using a Leeds and RNorthrup
lodel 7663 A~1 pH assembly. Whenever it was necessary to
adjust the pH of a liguid egg white for a particular test a
control sample of egg white not adjusted was tested at the
same time., In order to compensate for the dilution of the
egg white with the alkali or acid added, an equal volume of
distilled water was added to the control sample.

¥hen homogenizing was desired, the liquid white was pre-
pared as usual and blended on the Waring Blendor., The blended



liguid was then homogenized on a hand operated laboratory
homogenizer (Central Sclentifiec Co.) by passing through the
homogenizer the desired number of times, In addition to this
method a number of trials were made using a Mauton-Gaulin
motor-driven, laboratory model C.G.B. homogenizer. In this
case the egg white which was to be homogenlzed was first
blended and filtersd through cheese cloth in order to remove

any material which might clog the homogenizer valve.

Pe. Incorporation of Added Substances into Liguid Albumen

The sugars, salts, and other eampaaaﬁ# which were used
in this study were added directly to the liquid albumen with
constant stirring.

The sugars and other compounds added to the egg whilte
were dissolved in the ligquid white several hours before tests

were to be conducied.

E. FPFermentation

To determine the effect of fermentation on the foaming
properties of liquid egg albumen, a number of controlled and
spontaneous fermentations were made. The latter were obtained
by breaking out the eggs, separating the whites without aseptic

. The rate of fermentation was followed by changes in pH. The
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fermentation was considered complete when a five mi. sample

of the fermented albumen was heated in an air oven at 250°F.
for two hours and no darkening of color of the dried product
beyond a pale yellow, was observed. Actual chemical analyses
have shown that when no color beyond the pale yellow color
develops under these condltions the glucose has been completely
 removed, $ta€art and Kline (73) pointed out the relationship
betwean the decrease in pH of the fermenting liquid and the
disappearance of glucose from it. In the controlled fermen-

tations broth enltures of her s were used to

inoculate samples of 1liquid albumen broken out in a more
~aseptic manner than in the uncontrolled fermentations. This
egg white eulture after attalning active fermentation, was
used to lnoeunlate larger volumes of albumenj about a 10 percent
to 20 percent inoculum was used. In addition to dercbacter
oceus fermentations were also

2 S

fermentations, yeast and Strej

carried out.

¥F. Drying and Concentrating

1. Pap drying

Several lots of ligulid albumen were concentrated and
dried b? air-film drying. Approximately 300 ml, of albumen
were placed in & 1O0-ingh Pyrex glass pie plate and heated by

radiation from several infra-red bulbs placed about one foot
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Cream of tartar and salt were added after 10 seconds of
beating. Sugar was added in four equal portions, after 20,
30, 37 and 49 seconds of beating. The meringue was beaten
until peaks of foam turned down slightly when the wire whip
was removed. The total time of beating the meringue was
recorded and the specific gravity was determined. The flour
and suygar were sifted, one~fourth at a time, oOver the top of
the meringue. Each portion was then combined with the
meringue using ten strokes of a French balloon whip, The
specific gravity of the batter was then obtained in the same

manner as that of the meringue.
3. Baking

The rectangular pans used in baking the cakes measured
approximately 2.75 inches in height, 3.9 inches in width, and
5.5 inches in length. Thelr volume ranged from 750 to 760 ml.
A layer of wax paper wag cut to fit the bottom of the pans.
For each cake, 120 grams of batter were welghed into the pans,
Cakes were baked one at a time in the center of the lower
rack of a Clark Jewel gas oven maintained at 3&73F. for 25-27
minutes. After baking they were inverted until cool. They
were then covered with thin wax paper and stored until the

following morning, at which time they were tested.

Only cake volume was determined since previous information
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obtained by Hanson (33) indicated that other tests such as
tensile strength and palatasbility wers closely related to

the cake volume. The volume was determined by seed displace-
ment while the cakes were still in the pans. Rape seeds were
dropped onto the cakes from a constant height, and the volume
of the seeds was subtracted from the volume of the pan to

give the volume of the cake.,
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IV, EXPERIMENTAL RESULTS

A, Whipping Test

In this study the whipping test itself was relied on
as a means of showing differsnces in the foaming property of
egg white due to various treatments, The guestion as to
whether this test actually was a measure of change oceurring
in the functlonal property of the egg white had to be
answered and in addition it was essenitlial to show whether
or not replicable results could be obtained when whipping a
particular lot of egg white.

Three different lots of fresh egg whites were prepared
and 20 whip tesis were made on each lot. The results of these
tests are presented in Table 1. These results indicate that
there ls very little variation within lots in the syagifia'
gravity of the foam after whipping for 75 seconds.

Since in these experiments 1t was necessary that pre-
pared egg white be allowed to remaln in the refrigerator
(35°F.) for ome to two days before the beating tests could be

completed, sets of prepared whites were whipped after one,
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TABLE 1

SPECIFIC GRAVITY OF EGCG WHITE FOAMS

e st S S At

ﬁéE§E§ﬁ£§W”W”“”“”“W“W”“““mw“EEQE%T”““WM“

Ho, , L il I § % S
1 0.155 0.167 0.165
2 0.155 0.163 0.16%
3 0.157 0.167 0.167
4 0.159 0.167 0.167
5 0.155 0.163 0.170
6 0.160 0.168 0.168
7 0.158 0.167 C.170
8 0.160 0.163 0.168
9 0.157 0,167 0.168

10 0.155 0.167 0.167

11 0,153 0.167 0.170

12 0.155 0.170 0.170

13 0.160 0.168 0.167

14 0.157 0.167 0.168

15 0.15% 0.170 0.167

16 0.157 0.167 0.167

17 0.153 0.167 0.167

18 0.155 0,167 0.167

19 0.155% 0.167 0.168

20 0,157 0,167 | 0,168
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TABLE 2

EFFECT OF STORAGE AT 35°F. ON THE SPECIFIC
GRAVITY OF EGG WHITE FOAM

i

141
111

Time of Storage
Davs

2y

4 ; B} 0,167

*iverage of three tests

3. &ffect of freezing

In a number of experiments it was essential that sufficient
white be broken out and blended so that tests covering a fairly
large number of variablss.saulé be studlied at one time. &Since
all of the whites could not be subjected to treatment and whip
tests at the same time, it was necessary to freeze aliguot
portions. In order to ascertain what effect freezing had on
the whipping qualities of the white, it was necessary that the
effect of freezing alone beréetarmineé.

Table 3 includes the data obtalned with egg white which
was frozen and held at -10°F. for varying lengths of time.
These results indiecate that freezing and holding the frozen



aggs at ~19°f. for periods up to six weeks has no apparent
effect on the beating power of the egg white., A second test

gave the same resulis,

TABLE 3

EFFECT OF FHREEZING AND STORAGE AT -10°F.
ON THE SPECIFIC GRAVITY OF HGG WHITE FOAK

Days Storage — Bpecific Grivity»
-10%F, | _ of 1
6 0,161
11l 0.161
42 ; 0,160

¥iverage for three samples

The effect of heat treatment was one of the most important
factors studled. Early in the work several samples of egg white
waere placed in test tubes and the tubes submerged in a water
bath at 140°F. The tubes were agitated quite vigorously so
that the temperature of the egg white reached 138”?. within
one minute. The tubes were immediately cooled in ice water
and whip tests run. Ro observable change such as increased

turbidity could be detected in the egg white by visual means.
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However, the whip tests indicated an increase in the spéﬁifie
gravity of the foam obtained from the heated egg white. The
specific gravity (average of 3 samples) of the unheated egg
white was 0.152 and that of the heated white 0.163,

5.

Because the whip test used in this study was asﬁuméd
to be measuring actual cake ysrf@rmange and since it is be~
lieved that this ablility to perform is a faaatiaﬁal.greﬁarty
of the whlte which becomes impalred by various treatments,
it was essential that some tests be conducted to correlats
the results of whipping tests with cake tests.

Throughout this study, a number of trials were conducted
to indieate the degree of relationshilp between whip test and
cake performance., Angel cakes were baked using egg whites
subjected to various treatments and the performance of the
product in angel cake was compared to the performance of the
same lot of egg white in the whip test,

a. Effect of heatine

cake performance and beating testis conducted with egg whites

Table 4 contains the data of

which were heated to 138°F. and 140°F, in approximately three

seconds.
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TABLE 4

EFFECT OF HEAT THEEATHENT ON ANGEL CAXE
ARD BEATIKG PERFORMARCE

Syééifie Gravity  Cake Volume®
ireatment , Eoam® , Bl,

Control 0,157 707
Heated to 138°F. 0,187 699

sated to 140°F 0,193 665

"~ *Average of three samples

Additional comparisons with egg white heated at 120°F.
for varylng lengths of time were made and the results obtained
are shown in Table 5, Each value given is the averags result

of triplicate samples.
TABLE 5

EFFECT OF HEAT TREATWERT ON ANGEL CAKE
AND BEATING PERFORMANCE

“Cake Volume
ment Bl

Control 0.157 706
30 linutes at 120°F, 0,185 606

Specific Gravity
of Foam

1 Hour at 120°F, 0,205 598
02240 500
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The resulis of these tests indicate that the adverse
effect of heat on whipping quality was also noted in the
tests to determine cake performance, The results do show
however that the beating test is apparently more sensitive
than the cake test. With the beating tests, the‘éiffaraﬁees
between sanples with longer heating times or heated to higher
temperatures are more pronounced.

b. Lffect of homog v
differences in the beating guality of egg whites which were

To correlate the observed

homogenized with cake performance, a quantity of egg white

was prepared as usual and one portion was homogenized on a
hand homogenizer. The samples were subjected to the beating
test and angel cakes were also prepared. The results obtained

are given in Table 6.

TABLE 6

EFFECT OF HOMOGENIZLATION ON EGG WHITE PERFORMANCE

IN ARGEL CAXE AND POAM

Cake Volume

Tids

As in the case of the hesat treated samples the resulis

of the whip tests are reflected in cake performance although



the whip test shows a greater variation in foam specifie
gravity thaa the volume differences found in the angel cake.
observed that sugar added to the liguid white prior to heat

tion of sugar. In this study, it was

treatment resulted in a stebilization of the egg albumen

to heat as reflected in the results of whipping tests. Angel
cake perflormance was also tested and the results obtained
correlated with the whip tests, The resulis obtalned are
shown in Table 7.



TAEBLE 7

EFFECT OF HEAT AND SUGAR ON WHIPPIRG POWER AND CaKE
MAKING PHOPERTIES OF EGG WHITE

T ————— : Specific Gravity Cake Volume

ml,

Iest Fo, 1

o Sugar - Control 0.160 693
304 Sugar - Control 0.145 712
No Sugar - 30 Seconds at 140°F, 0.263 636"
30% Bugar - 3 Minmtes at 140°F. 0.158 681 -

Test Ho, 2
fio Bugar - Control C.173 716
No Sugar - 1 Hour at 120°F. 0.201 679

o Sugar - 3 Hours at 120°F, 0.247 682
30% Sugar - Control 0,147 732
30¢ Sugar - 3 ‘Hours at 120°F, 0.160 716
0% Sugar - 24 Hou . 1209 700

d, Effect of pH adlusiment. Since lowering the pH of
egg albumen to the range of 6.5 to 7.5 resulted in a decrease
in beating power as ﬁe&ﬁﬁréé by the whip test, angel cake
performance was also tested. Vhip tests and angel cakes were
made from a lot of egg white with the pH adjusted by means
of hydroehloric acid. The results obtained are presented in
Table 8.



TABLE 8

EFFECT OF pH ADJUCTMERT ON PERFORMARCE OF EGG WHITE
IH ANGEL CAKE AND WHIPPING TESTS

Specific ra#ityk Caxe Volume
~pE , of Foanm Bl
8.7 0.153 716
7.4 0.175 706
6.6 | 0.187 715
- T — ; Qe222 . . 667

These results indicate that satisfactory cakes were baked
even when the pH was lowered to 6.6, but at a pH of 6.0 a
lé@iiﬁi&e decrease in volume of angel cake was observed., It
vwill be noted that the whip test shows a steady lnerease in
specific gravity of foam but the cake volume remains the same
until a pH of 6.0 is reached, This again indicates that the
whip test is more sensitive in measuring change in the egg
white which has been treated than is the angel cake performance,
However one should observe that although a loss in beating
§awar occurred at pH levels 7.4 and 6.6, the actual ayaeifie
gravity of the foam 1s still in the range where satisfactory
angel cakes may be expected, Vhen the pH ig lowered to 6.0
however, & loss in cake volume results and the specifie

gravity of the foam at this pH 1s outside the range of



satisfactory angel cake performance. This low pH is below
the isoelsctrie point of mucin and the implication that the
properties of this protein play an important part in the

preparation of angel cake is again apparent.

B. Variation in Whipping Power of Fresh Egg White

Throughout this study fresh egg white, used as controls
for the various experiments, was whipped. It was apparent
that there was a variation in the whipping power of fresh
white. No speeifia attempt was made to correlate the beating
property with either the season, source of eggs, or egg
gquality as measured by Haugh units or any other measure of
egg quality. It was felt that although it was important
to round out the knowledge of factors affecting functional
properties of egg albumen, obtaining this information would
require considerable time and effort, and the results would
not be very pertinent to the present needs.

Observations over 18 months indicated a wide variation
in the whipping guality of fresh eggs. It was noted that
this property improved during the warp summer months and de=-
ereased during the late fall and winter., Figure 1 contains
the results of specific gravity determinations of freshly
broken egg whites received throughout the year. Faech dot
represents the average of several tests, The variation
appears to be seasonal but may also be caused by variations

in temperature, feed, age of birds, etec.



Specitic Gravily of Foarn.

0./90

0./180

0./70

0.160

0./50

0./140

. Each dof

re,arqsem‘.s

Hree

whip

Fests|. .

96

Ju/g Aug. Sép. Oct. MNov. Dec. Jan. Feb. Mor A,&/r May June July Aug Sep. Oct Aov.

Frg.- ! Variatiorn of Beating FPower of Fresh Eg_q'W/wVe with Seasor.




¢, Effect of Time and Tenmperature on Whipping
Property of Egg VWhite

Since 1t was apparent that in the commercial processing
of dried egg albumen some loss of the ability of the product
to perform in angel cake occurs and since all the present
ecommercial procedures involve dehydration by means of heat,
it was essential to determine the stabllity of egg albumen
to heat.

Because the present commercial methods of concentrating
egg whites are not suitable for the preparation of a product
for angel cake,; 1t was belleved desirable to sttempt to de~
vise & sultable method of concentration which could be adopted
to commercial practise. The lyophilizing method although
apparently guite satisfactory has several dlsadvantages, the
greatest of which is its present imprectiecabllity.

In order to devise a suitable method which might have
commercial possibilitles, 1t was thought essential that the
time, tamﬁeratars and concentration relationships for egg
white be studied in order that the various limits of these
variables be koown at which the functional properties of the
egg white are impaired.

At first, 1t was decided to try several concentrations
of egg white - 12 percent solids (normal egg white) and some
other solids content at which the produet is still liquid
and fairly easily handled (below 45% solids), The initial



temperatures to which these concentrations were to be subjected
were 85°F, and 140°F, The lower temperature was chosen since
some information was already available indicating satisfactory
retention of functional properties at this temperature for
periods up to 12 hours (33). 140%F. was chosen as the possible
maximam to which the egg white may be subjected without im-
mediate coagulation. Previous work (60) has indicated practi-
eally no inerease in viscosity of egg white (12% solids) at
136%F. for short periods and only very slight increase in
viscosity at 140°F ., |
Preliminary tests conducted with egg white stored at
BﬁgF‘ indicated practically no change in the whipping property
over a one-week period. Various lots of egg white were sub-
jected to heat treatment by one of two methods discussed in
the experimental procedurs, that is, heating to a given
temperature in a few seconds and the second holding the heated
egg white at any given temperature for a few seconds to several

hours.

Egg white was prepared, blended on the Waring Blendor
and then heated to temperatures of 120°-146°F, in a period
of 2«3 seconds, cooled immeéi&taiy and whip tests run to
determine the change in specifie gravity due to the treatment,

The effect of temperature as measured by changes in the



specific gravity of the foam after 7% seconds of beating is
shown in Figures 2 and 3, and Tables 9 and 10 (appendix).

The results of these tests indicate that liquid egg
albumen when heated instantaneously to temperatures 0?‘135°F.
or higher begins to lose 1is beating property and on reaching
a temperature of 144°%F, or higher results in a foam having
a specific gravity in that range where inferior angel cake
parformance results. The increase in specific gravity 1is

greater the higher the temperature.

Egg white prepared in the usual masnner was heated to
temperatures of 120%F. to 140°F. and held there for various
intervals up to 4 minutes prior to cooling and determinations
of specific gravity of the foam by the beating test. The
beating power of the egg white is definitely affected by
temperature and time. The increase in specific gravity is
roughly linear with time. The beating power is decreased at
higher temperatures and as can be seen from Figure 4 and
Table 11 (appendix) at temperatures above 130°F, less than
one minute is needed to impair whipping property so that the
specific gravity of the egg white after the correct beating
period is above the range where good angel cake performance
can be expected.

Additional data was obtained to determine the time-
temperature effect on foaming quality of egg white when
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lower temperatures, 125%F. and less were used. In Figure 5,
the data from Table 12 (appendix, were plotted and from these
results it can be seen that prolonged heating of one hour or
more at temperatures above 115“?. results in a rapid deerease
in beating property of egg white.

Data, comparing the relative lengths of time egg white
may be subjected to various temperatures with comparable loss
of beating property were obtained and are presented in Table 13.
From these &&ta, it can be seen that the reaction causing loss
of beating power has & high temperature coefficient, the time
at which the yréduat can be held at any temperature decreases

at a very rapid rate as the temperature is increased.

TABLE 13

TIEE AND TEMPERATURE AT WHICH EGG WHITE MAY BE
TREATED TO OBTAIN COMPABABLE BEATING POWER

-
—

it

— Speeific Gravity of Foam
0,175 = 0,190 0,208 - 0,225 0,233 = 0,250

1200 min. - ——

480 o —
12& " 240 min. 360 min.
30 60 120
6 * 30 " 40 #
1.25 ® 2 ¥ 4 "
0.50 0.67 * 1.0 "

0,05 " 0,20 Q.33
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P. Effect of pH on Beating Power of Egg Albumen

That pH has aﬁ affset on the rate of denaturation of pro-
teins has been reported by many investigators (3, 38, 49, 50),
They have all indicated that the rate of denaturation and
coagulation is increased as the isoelectrie point of the
various proteins are approached. 8inee the pH of freshly
laid egg white (7.6) rapidly increases after laying and holding
to 9.5, this range of pH as well as the more acld range
were studied.

The pH adjustments were made using two methods; one,
by the addition of acid, acid salts or alkali and the other

by spontaneous fermentatlion.

Fresh blended egg white was divided into a number of
aliquot portions and pH adjusted using: lactic acid, potassium
aecld tartrate, hydroechloric acid, and sodium hydroxide.

In each case, the acid or alkalil was added dropwise with
vigorous stirring using a mechaniecal stirrer. This procedure
minimized local arsas of high acidity or alkalinity., Even
with all these precautions it was observed that on adding the
acld very small areas of turbidity appeared and on stirring
dispersed but reappeared when the pH of the entire liguid
albumen reached a pH of 7.0 or lowsr. This phenomena was

observed even when a ,05 pereent hydrochloriec acid solution
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was added,

When alkeli was added, 1t was noted that where the loecal
coneentration was high, immediately on contact a gel formed.
On stirring, this broke up, However, when the final pH of the
egg white reached approximately 10.0, the white becane guilte
viscous and in some cases set up to a gel-like consistency.
This was probably due to the mucin present in the egg white
which exists in a gel-like state at high pH values.

: ation with lagtiec scid. From 0.1 to 0.9 ml.
of 50 percent lactic acid was added to 61 g. of liquid egg

-

white with vigorous stirring. The pH was determined and
whip tests conducted., As may be seen from Table 14, as the
pH was decreased to below 8,0, the beating power decreased.
Apparently inereasing the acidity of the liguid white re-
sults in a loss in beatling power.
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TABLE 14

EFFECT OF pH ON BEATING EGG ALBUMEN
ACIDIFIED WITH LACTIC ACID

vﬁ?@ﬁifie &ravity

Sample of Foam
1 0 9.0 0,160
2 0.1 7.9 0.160
3 0.2 6.9 0.187
4 0.3 6.5 0.210
G 0.4 6.2 0,245

b* 0.5 , 523 0,280

“hite precipitate observed,

Although samples 3 and 4 showed slgns of cloudiness,
samples 5 and 6 were definitely turbid and had noticeable pre-
elpitates in the bottom of the flasks. This precipitate is
probably mucin since it is known to precipitate at pH 6.0 -
6.4, The loss in whipping property may be due to the physical
change in mucin which occurs at this pH. Hanson (33) in-
dicated that egg albumen containing precipitated mucin, either
acld precipitated or precipitated by dilution, took longer to
whip to a given specific gravity than did untreated egg white,
 Ag m geid tartrate. In the
preparation of egg white foam by the test being used in this

study approximately 1.5% of cream of tartar is used in the
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test formula. The egg white is beaten for about 10 seconds

to a slight froth before the cream of tartar and salt are
éﬁdaﬁ. Beating is eontinued with sugar added at later intervals,
Using this method it has been observed that the cream of tartar
never completely dissolves, Since the addition of this muech
eream of tartar apparently resultes in satisfactory beating,

it was thought desirable to determine the effect of varying
amounts of cream of tartar when dissolved in egg white prior

to beating. The results obtained are presented in Table 15.

It will be observed that reducing the pH by this means again
results in a decrease in the beating power,

TABLE 15

EFFECT OF ACIDIFICATION WITH POTABEIUM ACID
TARTRATE ON BEATING OF EGG ALBUMEN®*

Specific Gravity

irty , RH
1 0 8.7 0.161
2 0. 8.4 0.175
3 0.5 6.8 0.187

4 0,9

, : , 00493
*The eream of tartar was dissolved in a few ml. of water

prior to adding to the egg albumen. A4n egual volume of water

was added to the control sample to compensate for any dilution
factor.
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acid. The blended
liquid white was acidifled with a 1N solution of hydrochlorie
acid., The control sample in each case was diluted to the same
extent as the acidified samples by the additlon of an equal
volune of water, The usual volume of water reguired for a
61 g. sample of egg white was about 1 ml,

Table 16 (appendix) and Figure 6 include the resulis
of these beating tests. As may be seen from the data when
the pH is changed from the normal range at which the whip
tests were usually run (8.2 - 8.7) a decrease in beating

power resulted.

in commercial practice, practically all the egg albumen
is fermented prior to drylog to remove the free glucose
which étherwisa would result in a deteriorated product on
storage. This fermentation 13 ususlly not controlled but is
allowed to proceed with the organisms normally present in
‘the egg white as a result of breaking and handling operations,
 Some operators use a controlled fermentation, ilnoeculating
the egg albumen with a culture of certain organisms., It is
felt this results in a faster and a cleaner fermentation
(from the standpoint of organoleptic qualities).

To determine the effect of fermentation on the foaming

pr@pérty of egg albumen, a number of spontaneous and controlled
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fermentations were carried out., 7The decrease in pH was
followed and whipping tests were made at various pH levels
during fermentation.

In one of these tests about two liters of egg white
were prepared, blended and 1,500 ml, allowed to remain at
' 86°F. for a pericd of one week. Approximately 500 ml. of
the same lot of white was stored at 35°F. as a control.
Samples were removed at intervals and the pH and foaming

rate determined. The resulis are summarized in Table 17.
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TABLE 17

EFFECT OF FERMENTATIOR ON BEATING PHOPERTY OF EGG ALBUMEN

Ternentation Time

Specilic Gravity

g
35°F. O (eontrol) 8.8 0.163
35%F, 168 (control) 8.6 0.165
86°F. 0 (control) 8.8 0.161
86°F. 24 8.7 0.160
86°F. 36 8.6 0.160
86°F. 48 8.0 0.151
86, 72 7.6 0.151
86%r. 120 7.5 0.150
86°F. 132 7.0 0.161
86°r. 144 6.7 0.15%
86°F. 156 6.6 0.217
86°r, 168 6.5 0.217

—.86%, 168 6.2 0,220

These results indicate that the pH fell to as low as

6.7 without any decresse in the beating power of the egg

white. When the pH dropped to the range of 6.2 - 6.6 there

was a decided decrease in the whipping power. It was observed

that in this pH range, the samples became quite turbid; at

6.2 to 6.6 & grainy white precipitate was present in the

bottom of the flask,
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Two other fermentations were made using an inoculum
of 10 percent egg white already fermented with Aerobacter
gengs, One required four days at approximately 3&3?.

for completion, A pH of 6.2 was reached. ¥Whip tests were
run at the beginning and end of the fermentation; the re-
sults obtained are given in Table 18, It was observed that
in both fermentations, the whip was adversely affected when
the pH reached 6.2 or lower. Because these samples were
subsequently used for drying, intermediate samples were not

removed and whipped during the fermentation,
TABLE 18

EFFECT OF FERMENTATIOR ON BEATING POWER OF BGG ALBUNEN

T—— = ~Specific Gravity
12 amy K 212080,
1 Beg. of fermentation 8.9 0.150
End of fermentation 6.2 0.213
End of fermentation 8.9% 0.195
2 Beg. of fermentation 8.7 0.165
4 days 6.3 0.315

0.33%

*pll adjusted to 8.0 with 5 N sodium hydroxide
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In order to obtaln a fermentation in which the lowest
pH reached would not be as low as that obtained in normal
fermentations, a test was made using a yeast culture to
inoeulate the egg albumen. 4 10 percent inocculum was used
and the fermentatlon allowed to proceed at 86°F. with constant
stirring of the fermentling egg white by means of a slow
mechanical mixer., The pH was followed carefully and samples
were removed for whip tests after different lntervals. The
results of the whip tests are recorded in Table 19 {(appendix)
and shown in Figure 7 along with the pi data. The specifie
gravity change correlated qﬁiﬁa elosely with the decrease
in pH as fermentation proceeded. A maximun specific gravity
 was reached when tﬁs‘yﬁ of the liguid had begun to increase
after reaching its lowest poilant of 6.5. Although the
specific gravity shows an apparent decrease when the pH ine
creased from 8,0 to 8,1, this is only one point and there is
insufficient data avallable to Jjustify any statemeat that
there 1is a regeneration of the beating powser of the liguid
white on returning to its normal pH. From the ecurve showling
pH change during fermentation, it was noted that no readings
were recorded for a perioed of 12 hours after the pH had
reached 6.5, It is possible that the pH may have gone lower
before beginning its upward trend as indicated by the ecurve.
;t was observed however, that although the beating power de-~
creased as fermentation proceeded, the highest speecifie

gravity f{oam beaten during this run was still within the range
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TABLE 20

EFFECT OF FERMENTATION ON ANGEL CAKE VOLUME
| AKD BEATING POWER OF EGG ALBUMEN

Time “Specitic Gravity Cake Volume
Aours  pH of Foam Bl
fermentation Start 7.6 0.19% 728
" 11 6.1 0.203 652
" 36 7.0 0.197 733
Yeast
fermentation Start 7.7 0.177 707
" 22 6.8 0.166 714
" , 3. 7.6 0,165 720

From these results it can be seen that there 1s no
definite correlation between angel cake volume and the whip

tests in the case of the Sirep fermentation., From

the results of the whip tests none of the samples would be
expected to make tap noteh cakes, It will be noted however
that at the low pH of 6.1 cake volume was definitely lost.
With the yeast fermented samples, all of the whips are within
the range of satisfaetory angel cake performance and the cake
volumes were entirely satisfactory. The most important point
to be noted with the resulis obtained is that it appears en-

‘tirely possible to ferment egg whites and remove glucose and
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TABLE 21

EFPFECT OF pH ON BEATING POWER* OF EGG WHITE

, HEATED TO TEMPERATURES OF 140°-146°F,
nperature pi 8,7 N pi 7.4
Control - 0.153 0.153
140 0.171 0,170
142 0.175% G.175
144 0,200 0.178
145 0.233 0.196

0,300%* 0,201

146
*Bpecific gravity of foan.
**Coagulation in heating tube.

2. Holding time

Praliminary tests conducted at various temperatures to
determine change of beating power with time indicated that
12@0?‘ was a very satisfactory temperature. This was especially
true when pH adjustments had been made or when substances had
been added. A number of tests were made with pH-adjusted egg
‘Whitﬁ when held for varlous intervals at 120°F. The effective~
ness of pH adjustment in extending the time at which egg white
could be heated is shown in Table 22 which contains the data
obtained from four different tests.
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These results show that although lowering the pH affects
the original beating power of the egg white there is a definite
stabilization of the product to heat. When the pH was raised
to the alkaline side of the original pH, there was also a
deleterious effect on beating power which increased with heat-
ing. From the data, it will be noted that at a pH of 10.4,
there is an apparent decrease in specific gravity after two
hours' heating at 120°F. During this test, this particular
sample was observed to have a strong odor of hydrogen sulfide
and became qulite turbid., It is probable that alkaline
hydrolysis occurred resulting in the formation of peptides
and other protein fragments possessing high foaming guality.

Throughout the tests in this study, it was observed
that the pH of the liguid egg white increased on heating.

The leonger the heating period the higher the final pH. It
appears that since the eggs used in all of these tests were
relatively fresh all of the ﬂﬁa present in the albumen had
not as yet been lost. It has been reported (67) that the pH
of freshly obtalned egg white will rise from an original
value of 7.6 to about 9.5 within a few days with proper
temperature and ventilation. It seems probable that the
temperature to whilch the egg white was heated during these
tests played an ilmportant part in liberating additional CO,
causing the rise in pH, |
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¥, BEffect of Concentration on Beatlng Power

In order to obtain information regarding the effect of
heat on egg albumen of varying concentrations several experi-
ments werse conducted in which egg albumen was concentrated
to 20, 30 and 9% percent solids, by drying under high vacuum
while frozen (lyophilizing). This method was used sinece it
was desired to obtalin the concentrated egg white without
artificial heat being used in the process. This permitited a
separate study of heat stabllity of the concentrated product.
The effect of actual concentration on the beating power using
air file drying method was also studied,

The results of these tests indicate that the heat
stabllity of concentrated egg white containing 20 percent
solids was guite similar to that of 12 percent solids (normal).
The method of concentration itself apparently affected the
beating power since it was observed in practically every case
that there was some loss of whipping power during drying.
When lyophllization was used, the effect was very slight.
However, when the air film method of drying was used where
egg temperatures of 105° to 115°F. were reached, there was
a definite effect noted in the beating power, Some of the
dats showing the effect on whippling power are given in
Table 23.
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TABLE 23

EFFECT OF CONCENTRATION ON BEATING
POWER OF EGG ALBUMEN

Speei?ie'ﬁraéiﬁy’ | ﬁéﬁhﬁé’ef
of Foam __ Concentrati
1 12 0.171 Lyophilizing
30 0.189 "
95 0.180 "
2 12 0.167 "
20 0.187 "
95 0.195 "
3 12 | 0.168 air Film
88 0,292 "
4 12 0.165 "
90 0,265 ; "

It was observed that when the concentrated or dried egg
albumen obtalined by lyophilizing was reconstituted to its
original solids content, a definite amount of thiek transluscent
materlal resembling thick egg white was present in the re-
constituted liguid, This material could be dispersed using
a hand egg beater but on standing it coalesced and floated
back to the surface of the liguid. The material may have been
the muecin portlon of the egg white which had undergone some
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physical change due to the freezing and drying process.
Table 24 contains the results obtained when egg albumen

of 20 percent solids content was heat treated.

TABLE 24

EFFECT OF HEAT TREATMENT ON BEATING POWER*
OF CONCENTRATED (20% SOLIDS) EGG ALBUMEN

" #Bpecific gravity of foam.

G. Effect of asdded Bubstances

It has been reported in the literature that sugars and
other compounds exert a protective aection on proteins during
heating (4, 13, 59, 62). Therefore it was believed that the
addition of certain compounds to egg albumen might extend the
times and temperatures to which the liguild could be heated
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without loss of funetional properties. This might permit far

more economical dehydration,

1. Sucrose

A large number of tests were made to determine the effect
of varying concentrations of sucrose on the retention of foam-
ing capacity of egg white when subjected to heat.

It will be recalled that the total amount of sugar used
"in the whip tests was 47 g, per 61 g. of egg white (77 per-
cent), The sugar concentrations referred to in this seetion
are expressed as the percent sugar in the egg white used.

a. Effect of sucrose on heat stability.

1. 18 heatling. Ligquid egg white samples

containing sugar concentrations from O to 60 percent were

heated instantaneously to temperatures of from 140°F. to 166°F,
and the beating tests of triplicate samples were made at each
temperature. The specific gravity of the foam as a funection
ef‘tamperatafe and sugar concentration is given in Table 25
(appendix) and Figure 8.

It will be noted that as the sugar concentration increases,
the temperature at whieh the egg white can be heated with a
minimum loss of beating power is also increased. The differences
among samples with concentrations above 20 percent sucrose

are not very important up to 150°F., Above 150°F. however,
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sugar concentrations exert a significant effect on thermal
stability.

The sample containing 60 percent sucrose showed poorer
whipping properties untll rather high temperatures were
reached. This 1s believed to be due to the faet that the
viscosity of this egg white-sucrose solution is guite highg
therefore the rate at which alr can be incorporated into

the foam is reéﬁesé@

ding timwe. Liquid egg white samples containing
sugar concentrations of from O to 77 percent were heated
at 120°F. for one and two hours and the beating power was
determined. The results are given in Table 26 (appendix)
and are plotted in Figure 9.

It will be observed that the heat stability of the
albumen increases with increase in sugar concentration.
Only small differences were noted among the samples con-
taining 30, 40 and 50 percent sucrose., At a concentration
of 60 percent it will be observed that although the specific
gravity of the foam is higher even before heating, no in-
crease was observed during heatlng. Here agaia it is
believed that the higher specific gravity is due to the
increased vise@si;y of the egg albumen~-sucrose saluti@n’retaraw
ing the rate at which air could be incorperated into a foam.

?his‘phaaﬂmaﬁa is even more exaggerated when the egg white
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contains 77 percent sugar. In this casgse the viscosgity is
so high initially that the specific gravity of the foam 1s
very ﬁigﬁ at the end of heating (0.265). However, the
specific gravity decreases significantly with holding.

decided to test the effeet of pH at 8.5, 7.9, 7.0 and 6.5
and with concentrations varying from O to 77 percent, Adjuste-
ments of pH above 8.5 were not made since previous tests
indicated that at higher wvalues there was an adverse effect
on beating power and heat stablility. Triplicate samples of
each treatment were whipped. The results of this test are
given in Table 27 (appendix) and Figures 10a, b, ¢ and d.

From these results, it will be observed that pH plays
an important part in stabilizing the albumen when no sugar
is present as well as the lower sugar concentrations, &t
sugar levels above 20 percent the effect of pH is only of
minor importance.

b. Effect of sugar on beal
the stablilizing effect sugar levels had on egg white another

¢ power. In addition to

phenomena was observed regarding the effeet of the addition

of sugar on the bsating property of control (unheated) samples.
It was noted in the numerous tests conducted with albumen
containing sucrose that these samples beat more rapidly than
samples in which no sugar was dissolved prior to beating,

At sugar concentrations of 10 té 50 percent, the time necessary
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to beat egg white was reduced. (Table 28) Just why this
uiﬁﬂ?@ﬁ%@ﬁ rate of foam formation ocecurred 1s not guite clear,
When whipping egg white foams by means of hand operated
beaters or whisk beaters, it 1s the normal observatlion that
longer times are raequired to beat egg white when sugar is
added to the liquid white prior to beating. Whether or not
this increased rate of whip due to sugar is reflected in
other ty@as of mechanical beaters elther household sizes or
large commercial sizes is not known at present but is a
project worthy of some study.

It must be mentioned that the results in Table 28 are
the composite of a large number of tests. It was observed
during a number of the experiments that thﬁ time that the
sugar was allﬁwaﬁ to remain in solution in the egg white had
an effect on the initlal rate of foaming, This was especially
true at the high sugar concentration where it was observed
that in a few instances the beating power increased with the
time that the sugar was allowed to remain dissolved in the
egg white before bheating, %This was especlally true when

acid was added 1o reduce the pH,
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TABLE 28

EFFECT OF DISSOLVING VARIOUS LEVELS OF 3UCROSE
FRIOB TO WHIP TEST ON SFECIFIC GRAVITY OF FOAM

0 0.170
1 0,170
2 0.167
5 0.161
10 0,158
20 0.158
30 0.147
40 0.150
50 0.170
60 0,192
TPk sk 0,275

*iverage specific gravity for about 10 individual rums.
**Total reguired in formula--none added during whip test

iition of other sugars and related gompounds

| It was decided to determine the effect of other sugars,
both monosaccharides and disaccharides as well as related com~
pounds such as the glycols on the heating power of egg white.
It was believed that the observed effect of sucrose might be
due to the large numbers of lyophilie, hydroxyl groups it
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contains,: It also seemed desirable to obtain some information
regarding the effect of free resetive groups such as the
aldenyde group in glucose.:

&*“Eﬁﬁﬁgﬁ of dextrose

When 20 percent of dextrose was dissolved in egg albumen and

tested in comparison with 20 percent suerose, it was noted
that %ha dextrose was the more effective in retalning the

beating property during heating. (Table 29) .

TABLE 29

THE EFFECT OF SUCROSE ANL DEXTROSE ON
BEATING PROPERTY OF HEATED ALBUMEN

Spaaific &ra?ity of Faam .

. ‘ Dextrose*
0 %,1§5 | 0.148
1 0.165 0.158
2 0.171 0,157
5 0.177 0.150
8 0,183 0.163
12 ‘ 0,19% 0.165
0,205 0,167

28
¥20% dissolved in albumen gri&r to whipping
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To compare the effectiveness of disaccharides,
monosaccharides and certain polyhydric alechols, several
tests were conducted. The results of one such test is shown
in Table 30.

It will be noted that at a ten percent level both
dextrose and lactose appear 1o be more effective than sucrose

and mannitol. All sugars exerted a beneficlal effect, how~

everY.,
TABLE 30
COMPARATIVE EFFECT OF SUCROSE, LACTOSE, DEXTROSE AND
MANNITOL ON BEATING POWEK* OF ALBUMEN AFTER HEATING
fours at R “
Q0F, Control 10% Sucrose 10% Mannit & Lactose 10% Dextrose
0 0,170 0.140 0.138 0.138 0.140
6 0.206 0.177 0,161 0.158 0.160
12 0.255 0.179 O 0.173 0.163 0.167
24 . 0,278 0,200 0,198 0,183 0,178
*Specific gravity of foam

Previous tests had indicated the increased stability to
heat when lowering the pH of the albumen solution to the
range of approximately 7.5 especlally at the lower sugar con~
centrations. It was decided to run additional tests at this

pH using the previously tested sugars and commercial maltose.



(Table 31)., 4s can be seen by comparing results from Tables
30 and 31, pH again aids in stabilizing the albumen, It will
also be observed that maltose, dextrose and lactose were

superior to sucrose and mgnnitol,

TABLE 31

COMPARATIVE EFFECT OF SUCROSE, LACTOBSE, DEXTROSE, MALTOSE ARD
MANNITOL ON BEATING POWER* OF ALBUMEN AFTER HEATING AT 4 pH OF 7.9

¢} 0.148 0.150 0,145 0,141 0.147 0.147

6 0.155  0.157 0.145 0.148 0.147 0.150
12 0.160 0,160 0,148 0,148 0.150 0.153
o) 0,175 0,157 0,153 0,155 0,158

*Specific gravity of foam,
**Commercial Maltose-(laltose and Dextrose) 8%5% Maltose
from Borcherdt Malt Extract Co.
***Commercial Maltose - Standard Brands Malto~Dextrin #156
Since most of these tests were conducted with commercial
grades of sucrose, dextrose, lactose and maltose a test was
conducted using purer products also. (Table 32). The results

checked closely with those obtained using the commereial products.
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TABLE 32

COMPABATIVE EFFECT OF PURE* SUCHOSE, LACTOSE, DEXTROSE
AND MALTOSE QN BEATIRG POVER** OF ALBUMEN AFTER HEATING

B ” 4 155 0 1 2 PN
oy 5 i AT g o

0 0.148 0.158 . 0,150 0,160
6 0,163 0.163 0,148 0.160
12 0.177 0.177 0.167 0,168
24 0. 208 0. 18 o ,

S, Sugars Tron Planstishl Chemicsl Go.
**5peciflic gravity of foam.

b. Effect of glycols. DBecause of the results obtained
with mannitol, it was thought advisable to compare the
stabllizing effect of various glyeols on egg albumen.

At first it was declded to determine the effect of the
glycols on the original whipping preperty of the egg white
since it was reasonable to suppose that the mere addition
of these suﬁata&e&s to egg white might affect the beating
power. Samples containing sucrose were tested simultaneously.
The data obtained in these tests are shown in Table 33. The
results indlecate tﬁat all of these compounds, with the
excepiion of Carbowax 4000, resulted in an increase in beating
power, It may be seen that triethylene glyecol and polyethylene
glycol produced a greater effect than did suerose,
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TABLE 33

EFFECT OF GLYCOLS ON BEATING POWER
OF EGG ALBUMER

Control 0.165

10% Suerose 0.150
10% Ethylene Glycol | 0.150
10% Glycerol ’ 0.147
% Mannitol 0.145
104 Triethylene Glycol 0.116
10% Polyethylene Glycol 400 0.123
qéﬁ.:ﬁ;ﬁﬁﬁi%“**ﬁ — 0,300

| A study was made 1o deternmine the effect of these com-
pounds on the heat stability of egg white. The data (Table 34)
-(appenﬁix},{Figurs 11) indieates that none of these compounds,
except glycercl, was effective inm stabllizing the egg albumen,

In fact all of them appear to have an adverse effect,

~;¥£ of salt

It has previously been polnted out that salt concentrations
affect the rate of denaturation of proteins and so it was

decided to determine the effect of wvarious salt concentrations
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TABLE 36

EFFECT OF S0DIUM CHLORIDE ON BEATING
POWER OF EGC ALBUMEN

Sait Cone. &

, — 0,5

o 0.175 0.175
- 0.217 0.203

0.233 e 02208

~¥Bpecifiec gravity of Foam

H., HRole of Thick and Thin ¥White

ahite--po heat Lreat-

There are numerous references in the literature (3, 10,
42) regarding the variation in whipping property and cake
performance of thick and thin egg wﬁiﬁa, 1t has been observed
(33) that when mucin 1s removed from egg white, the performance
in angel cake is seriously affected. Since the thick white
contains the greatast percentage of muein, 1t was believed
worthwhile to determine the role played by both thieck and
thin white (and indireectly mucin) in the foaming capacity of
egg albumen,

The whipgiﬁg property of the thieck and thin portions was
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studied prior to treatment to determine the whipping power
of each portion. It was observed that if the thick white
were placed in the mixing bowl with little attempt to break
down 1its gel structure, almost four minutes of whipping
were required to obtain a specific gravity within the de~
sired range (0.19 or lower). However, when the thick white
was first blended in a Waring Blendor for approximately 30
seconds, it whipped to the desired specific gravity in 75
seconds or less, Some of these results are shown in Table
37.

The thin white did not beat to the desired specifie
gravity in the standard 75 seeonds, an additional 30 seconds
being necessary to bring the specific gravity to the desired
range.  Mixing the hand blenaeé thieck and thin together re~
sulted in a pfséust which whipped just slightly different
than the thick alone. However, when the machine blended
thick was mixed with the proper amount of thln, the specifie
gravity of the foam was within the desired range in 75 seconds,
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TABLE 37

BEATING PEOPERTY OF THICK AHD THIN EGG
ALBUMER GIVEN VARIOUS THEATHENTS

Ynip f‘rgigg = Specific Gravity
Kin, _ Sec, of Foam _
1 15 0,440
2 15 0.340
3 15 0.19%
3 45 0.167
2. Thick - on Waring 1 15 0.153
' Blendor ’
3. Thin - on ¥aring 1 15 0,200
Blendor .
1 45 0.167
4, Mixture of 1 and 3 -~ 1 15 | 0.365
2 15 0.217
3 15 0.165
L 15 0,175

2. Effect of heat on thick and thin white

Other tests were conducted to determine the effect of heat
on each fraection of the egg white. Both the thiek and thin
portions were blended individually on the Waring Blendor,
then hested, cooled and tested. The results of tests conducted
with two different lots of eggs are presented in Table 38.
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TABLE 38

EFFECT OF HEAT TREATHENT ON BEATING POWER OF
THICK AND THIN EGC WHITE

“Specific Gravity of Foam
| Taak 1% ag deik

Thick not heated 0.153 0,160

1

2 Thin not heated 0,200 0,230
3 Kixture 1 and 2 0.160 0.17%
4  Thick~beated 1 hour at 120°F. 0.250 0.243
5  Thin-heated 1 hour at 120°F, 0.215 0,258
6  Mixtuve 2 and 4 0,215 0,212
7 Mixture 1 and § . , 0.158 0.179

lixture 4 and 5 0290 0230
¥67% thick, 334 ¢hiR
* %557 thiak, 45%% thin

The results of these tests indicate that the thick white
is much more sensitive to heat than the thin white, It is
observed that when the heated thick whlte is mixed with un-
h@at@ﬁ thin, there is an adverse effect on the beating property.
However, when the unheated thick white is blended with the
heated thin, there is little or no change in beating capacity.
Since the only difference between these two portions of egg
white 18 the guantity of mucin present, it appears probable
that this protein plays an important role im the whipping
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guallty. It was observed that after heating the thick white

a floating, thick scum was apparent on the surface, On

shaking thils material dispersed quite readily but reappeared

on standing. This condition was not observed in the thin white.

This is presumed to be denatured mucin.

I. Effect of Homogenlzation

Une of the treatments to whiah‘@gg albumen 1is subjected
in commereial spray drying is high pressure pumping and
homogenizing., It seemed desirable to study the effect of
homogenization on the whipping property of egg albumen; a

punber of tests were made.

The results of tests made to determine the effect of
homogenization on beating power of egg albumen are presented
in Table 39.
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TABLE 39

EFFECT OF HOMOGENIZATION* ON BEATING PROPERTY OF EGG ALBUMEN

Sample
Control

Homogenized -~ 1 pass 0.237
Homogenized -~ 2 passes 0,260

pogenizad -~ - DAS368 , — )
*Central Scilentifiec hand homogenizer

Several tests were also made using a laboratory model
Bauton-Gaulin homogenizer, Homogenizetion was accompllshed
at pressures ranging from 1000 to 4000 pounds (as indicated
by the pressure setting on the unit).

Table 40 (appendix) and Pigure 12 show the results of
two experiments.

Homogenization greatly affects the whipplng power;
the higher the pressure the greater the effect. Bince
homeogenization is a process to which egg albumen is subjéeted
in some commercial praeeﬁar@s; especially in spray drying,
these data are partieularly pertinent.

The liquid white remaining from samples which wers
whipped was placed in the laboratory freezer and held for
approximately one month, At the end of this time the control

sample and those homogenized at 1000 and 4000 pounds pressure
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were thawed and angel cakes were prepared, The results ob-

tained are presented in Table 41.

TABLE 41

EFFECT OF HOBOGENISATIOR ON ANGEL CAKE VOLUME

Specific Gravity Volume of Cake*
2f Foam - ‘

Ireatment , Ko
Control 0,178 710

1000 1bs. Pressure 0.245 705
/ lbs, Pressur 0,342 662

*iverage of two cakes.

As can be seen the cakes prepared from the control and
1000 1bs. homogenization pressure were of entirely satisfactory
volume, When the egg white was homogenized at 4000 lbs.
pressure however, a definite loss in ¢ake volume was observed.
?rém the whip tests, however, it appears that the egg white
homogenized at 1000 lbs. pressure would not be expected to
perform well in angel cake, These results imply that although
a definite change in whipping power was observed, there 1s no

correlation with its performance in angel cake,
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2. Effect of pil and sugar on homoge

8ince sucrose increased the stabllity of egg albumen to
heat, 1t appears reasonable that it also might play a role
in stabilizing the egg white during homogenization. Aeccordingly
| its effect was studled. The results are presented in
Table 42,

TABLE 42

EFFECT OF SUCROSE ON RETENTION OF BEATING PROPERTY*
OF EGG WHITE WHEN HOMBOGENIZED®*

SBample , __Control __ 30% Sugs
Control 0,150 0.151
Homogenized - 1 pass 0.237 0.233
Homogenized - 2 passes 0,260 0.253

Q.271 0,260

3. passes
gravity of foam
**Central 8Scientific hand homogenizer

Similarly the influence of pH alone and with 30 percent
sugar was also tested., The data are givan in Table 43,
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TABLE 43

EFFECT OF pH AND SUGAR ON RETENTION OF BEATING
PROPHERTY* OF EGG WHITE VWHEN HOMOGENILED

n@wﬁw@w ;ew mammw
Control 0,158 0,161 0.141 0,140
Homogenized - 1 pass 0,297 0,312 0.277 0.278
" - 2 passes 0.333 0,322 0,300  0.303
- =3k 0,262 0,395 0,313 .313

*mwmawwWﬁ mww4www of foam

From these data it can be seen that homogenizatiocn
greatly impalred the beating power regardless of the presence
of sugar or change in pH, apparentily homogenization affects

egg albumen in ways different from heating.
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V. DISCUSSION
A. The Whipping Test as an Index of Change

S8ince the whipping test was set up in this study as the
criterion by which angel cake performance was Lo be measured,
the ability of this test to accurately portray changes in
this particular funetion is all important. Unguestionably
the particular beating test used is a very accurate measure
of changes Qéauﬁriﬂg in egg white when subjected to various
treatments such as heating, acidification, fermentation and
homogenization. Kesults of the various experiments performed
in this study show that wvery slight alteration in the egg
white was easlly and accurstely measured by this test.

vﬁlthaugh a definite correlation was shown between the
results of these whip tests and angel eake performance in a
number of tests where the egg white was subjected to heat

treatments, as well as certain physlcal treatment such as

homogenization, it does not necessarily follow that 1f egg v

white cannot be whipped to within a given specifiec gravity
range in the required time by this test, it will not perform
satisfactorily in angel cake. A number of other factors
apparently play a role in determining the relationship be-
tween whipping test results and angel cake performance.

These factors may vary with the treatment given the egg white.
Thus, it was observed that if egg white was not blendsd prior
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to running the whip test, the time necessary to beat it to

the desired specific gravity range was longer than the maximum
time used in these experiments (79 seconds). Of course,

this does not mean that unblended egg white ﬁill‘naa.maka

a satisfaetory angel cake, Certain limitations of this

kind exist in respeet to this test; undoubtedly it is a

valid measure of angel cake performance only under the
particular conditions which have been tested. ‘

It was observed also that when the correlatlon between
the whip test and angel cake performance was belng determined
using egg white which had been acidified, no definite trend
was observed as to the angel cake performance of the treated
produet. At pH 6.3 or below there was a definite impairment
iagbaaﬁing power of the egg white as well as loss of cake
volume.

When the correlation of the whip test with angel cake
performance was being tested using egg white whiech had been
homogenized, similar results were observed. At the lower
homogenization pressures the whip test showed a definite
loss although the angel cake performance was still satisfactory.
Only a few comparisons of this kind were tested. Unquestiionably

more investigations along this line should be made before
F definite conclusgions can be drawn concerning the applieability

of results of whip tests to angel cake performance.
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The whip test gave reproducible results as was clearly
indicated by repeated tests on a large lot of egg white. In
aﬂéitiaﬁ it was observed thait although 1t was necessary to
have at least six different individuals asaiat in condueting
these tests, none had any particular difficulty in obtalning
consistent results., In many instances two or more individuals
were able to replicate each others resulis when the same lot
of éég white was belng tested by both persons,

It was further observed that significant differences
were noted amnag the many lots of fresh egg whites whiech
were used during the eighieen months of experimental work.
The figures varied from month to month, although no work was
done to relate these data on fresh eggs with the performance
of the same egg whites in angel cake, such a study would have
been of value in correlating whip tests with angel cake

performance.

B, Effect of Heating on Beating Power

A sﬁuﬁy of the relationship of heating conditions to the
beating power of egg white showed linear relationship between
hagting time and beatling power. Ii was observed that lncreases
in temperature in the range of 130°F, to 145°F, decidedly
impaired beating property of egg white., Similar results have
been obtained by Wilkin and Winter (78). This temperature
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in this study suggest that mucin may play an important role
in this connection. For instance, it was shown that heating
the thick portion of egg white results in a greatér loss of
foaming capacity than heating the thin white. Since the only
known difference between these two portlons is muecin content,
it is suggested that this protein is important to beating
power., More information should be obtained regarding the

funcetion of mueln in products in which egg white is used.

C. Effect of pH on Beating Power

It has been pointed out that lowering the pH of white 7
from its normal pH of 8.2 - 8.7 to 6,0 - 7.0 diminishes beating
power. When the pH adjustment was made by the addition of
acid, a loss in foeming property was observed at pH 7.0 and
below. However, when the pH change was brought about by
fermentation, the egg white retained good beating power down
to a pH of 6.7. This indicates that possibly the rate of
'aeidifieatien is important. While in the former case the
acid was added in dilute form (1N hydrochloric acid) there
are unguestionably momentary areas of high acidity in the
egg white where the acid is dropped into the liquid white and
prior to distributlion by means of a stirrer., Visible araaé
of turbidity were observed when the acld was added. This
may have resulted in locallized denaturation of the egg white

protein, the visible results of which were dispersed
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on stirring, During fermentation pH changes are very slow;
in such cases adverse effects were not observed until the
pH reached 6,0 - 6.5.

It has been shown by MeRally (54) that the isoelectrie
point of mucin is pH 6,2 - 6.6;5 it can be inferred that when
this pH is reached the mueln is precipitated and loses its
fiber~like structure and concelvably its funetional properties.
The relation of the ?r@gartiss of mucin to beating pﬁwer would
seen, therefore, to merit extensive study.

Tests with angel cake have indicated the importance of
mucin in proper volume and texture, When muecin 1s removed
by aecidification or by ﬁiluﬁian, the performance of the egg
white in cakes is very definitely reduced. Even allowing the
greeigizaﬁad mucin to remain in the egg white results in a
decided loss of angel ceke volume (33).

Tests conducted in the present study showed that angel
cake volume was greatly reduced when egg white, having a pH
in the critical range for mucin precipitation was used.
Fermented egg white at pH 6.13 produced cakes which were low
in volume. When the pH increased to 6.9 the ability of the
egg white to perform satisfactorily returned indicating that
this loss of functional property is apparently reversible.

Although adjusting the pH to the acid side apparently
impaired the foaming capacity of the egg white initially,
experiments indicated that lowering the pH stabilized the
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egg white to heat, This result was not expected since it was
believed that the nearer the protein is to its lsoelectric
point the more seansitive to denaturation and coagulation

it becomes. Chick and Martin (23) found that acid accelerated
the coagulation of albumin., Heat did ﬁat-hasteﬁ denaturation,
Bloek (16) pointed out that the denaturation rate increased
with inereasing pH but coagulation did not oecur in alkaline
solutions. Lepeschkin (49) observed that acid strongly
accelerated the rate of coagulation of denatured albumin,
while alkall strongly diminished it. Evidently coagulation
does not play as important a role in the beating power as

does denaturation.

D. Effect of Sugars and Other idded Substances

411 sugars tested markedly increased tha stability of
albumen toward heat, Increasing lewvels of sugar exerted
still greater effects.

Just how sugars accomplish heat stability of the egg
proteins is not definitely known. The action of the sugars
may be to retard denaturation in several ways. The added
substance may combine with the protelin in 1ts native state,
glving rise to a produet which is not rﬁaéily susceptible
to denaturation by heat. On the other hand heat denaturation
way bring about a combination of the protein with the sugar.
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The ras&lha&t,aggyega%@s; thus formed of denatured protein
and sugars might be as soluble or more soluble than the de-
natured protein itself. Soluble aggregates of both native
and denatured proteins with detergents are known (7, 52).
Ball, Hardt, and Duddles (4) indicated that the resistance
to heat eoagulation of albumin to which sugars are added is
due to an influence on the native protein and not to a
peptization of the coagulated protein., They showed that when
stabilizing egg albumin with d-glucose or d-fructose, no
coagulation occurred even after all of the sugar was removed
by dialysis, the pH of the solution was adjusted to the
iscelectric point. In this ease if the egg albumin had been
denatured during heating, ccagulation sﬁa&lﬁ have ocecurred
on removal of the stabilizing agent {(sugar) and aﬂjﬁating
the pH to 4.7. .
Brooks and Hawthorne (19) observed that the mechanism »/
involved in the protective action of carbohydrates on pro-
teins was not known for certain, They feel, however, that
there 1s some fairly good evidence that carbohydrate -~
#retain complexes exist, It would appear possible that these
complexes are more stable than the parent proteins. On the
other hand, they feel that the effect may be due to an
alteration in the water relationships in the system, brought
about by the presence of sugar.

The effect of the sugars on stability of egg white to
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heat does not appear to be related to molecular welght since
lactose has the same stabilizing effect as dextrose. A similar
example is to %e found with mannitol and suerose., Sugars
having f?aa aldehyde groups exhibited a greater stabilizing
effect than did sugars having nons. Just how such a difference
might aceount for differences in heat stablility is not clear.
Perhaps the relationship 18 not a cause and effect one.

That pH exerts a definite effect on heat stabllity of
plain epgg white was observed in this study., Its effect when
sugars were present was not so distinet. &t low sugar con-
centrations a lowering of the pH from 8.% to 7.0 or lower
@fﬁéﬁeeﬁ a slight increase in heat stabllity; at higher sugar
concentrations the effect of pH was hardly observable.

Tests conducted with polyhydrie aleohols indicated that
although they apparently increased the beatling power prior to
heat treatment, only glycerol and mannitel had any stabllizing
effect. In fact éthyiaﬁﬂ glyeol, triethylene glycol and
polyethylene glycol decreased the heat stability of albumen,
These results are not readily explained; one might expect
them to act in & way similar to the sugar because of their

hydraphilic nature.

E. Bffect of Homogenization

It has been shown that homogeanizing the egg white resulis
in an appreciable loss of beating power as indicated by the
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whip test. The lossg appears to be a linear function of
homogenizatlion pressure, The addition of sugar or the adjust-
ment of pH to lower levels had no effect on the adverse
effects of homogenization,

This loss of beating power may be due to the physieal
dissolution of certain constituents of egg white, 3ince
mucin exlsts in a fibrous state homogenization may actually
bring about a physico-chemical change in the protein. lore
work aleng these lines with specific emphasis on mucin seems
essential in order to obtain a better understanding of the
problems involved here.
| It should be pointed out that tha effacts of a large
number of factors affecting the functional properties of egg
albﬁmenkwara barely explored, Several factors were stuéiad
qgite thoroughly, others were barely touched. Undoubtedly,
much more worx should be done to determine the effect of
these various factors on whipplng power and angel cake per-
formance.

It is hoped that this study has pointed out certain
avenues of approach and that it will stimulate other investi-
gators to study the many problems which have been uncovered.
In time this will lead to the application of the results of
such investigations to the commercial processing of egg

albumen for greater economy and {or) improvements in quality.
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Vi. CONCLUSIONS

Fesults of the experiments described in this study lead

to the following conclusions:

1.

2e

3.

4y

The whip test 1s & sensitive and reproduclible criterion

for measuring changes occurring in egg white when subjscted
to various treatments such as heating, acidifiecation and
homogenization.

There is a definite though imperfect correlation between

the whip test and angel cake performance.

Heating egg white to temperatures of 142°F. or higher re-
sults in a rapid loss of whippling power and angel cake
making properties,

Holding egg albumen at a temperature of 120°F. for one

or more hours also causes losses in its whipping properties.
Lowering the pH of egg white to 6.0 - 7,0 results in an in-
creased stability of the egg white to heat,

The addition of suerose, glucose, lactose, maltose, glycerol
and manaital inereases the stabllity of egg albumen to heat
as reflected by the results with the whip test. Sugars

having the free aldehyde group (glucose, lactose and

‘maltose) are more effective than are those with non-re-

~ dueing groups. The stabilizing effect varies directly

with the sugar concentration,

The effect of pH on heat stability of sugared egg white
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was significant at low sugar concentrations. Above 20
percent sugar little inerease in heat stabllity was
observed when the pH was lowered from 8.9 to the 6,% -
7.5 range.

Adjusting the pH of liquld albumen by direct addition of
acld or by fermentation below 6.6 results in losses of
beating property and in angel gake performance.

The addition of glycols to egg white increases the beating
power prior to any treatment but decreases its stability
to heat.

8alt in concentrations up to 2.0 percent has a slight
effect on increasing the heat stability of egg whiﬁe.
Homogenization of egg albumen decreases its whipping

power and performance in cakes. The addition of sugar

or sdjustments in pH does not alter the effects of

homogenization.



VII. SUMHARY

i study hes been made of some factors affecting the
beating and leavening propertles of egg albumen,

A whip test, which fairly accurately measures the prop-
erty of egg albumen to perform in angel cake was devised and
used, This teét was an accurate measure of changes in egg
white resulting from certain treatments such as heating,
acidification, fermentation and homogenization. The test
was capable of showing slight éifferenaes in treatment
and correlated fairly closely with aatﬁal p@rfarmaane»af
the white 1n angel cake, However, many factors affect the
relationship between the whipping test and the aggal cake
parfarmaaaa; food correlation holds only aﬁﬁer ceftain
specifisd and taSﬁad ééﬁéiti@ﬂa to certain limitations. It
is ﬂ@ees&ary to determine the correlation &frth@-waip test
and a&gel cake performance with each specific treaiment so
that er:aﬁaaaé ca&&lﬁﬁiﬂgs’will not be drawn,

it was f&uﬁ&fﬁhat fresh egg white loses 1ts foaming
property when heated to Iéﬁaﬁ,, Holding periods in exesss of
30 aaa@aéa;at_£§$@?*~rasnlted in a loss in angel‘éaka per-
formance. Holding times at a temperature of 120°F, for one
hour gr“mﬁré'r@sultaﬁ in similar losses in beating and cake
performance.

Lowering the pH of egg white from 8.5 to 7.0 - 6.0 by
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acid results in a slight loss of beating capacity. However,

the stability to heat iz definitely increased by such adjust-
ments. Fermentation also lowers the pH of egg white but

the loss of beating power in this case is not observed until

& pH of 6.6 or lower is reached.

The addition of sugars to egg white resulted in a definite
beneficial effect on its functional properties when subjected
to various treatments. G8uerose exhiblted a marked heat
stablilizing effect on egg white. The stabillization to heat
increased with lnerease in sugar concentration, _

It was also shawﬁ that at the same concentrations, glucose,
lactose and maltose were more effective in stabilizing
the egg white to heat than were sucrose and mannitol, Glycerol
exhibited the same effeect as did suerose. Ethylene glycol,
tristhylene glycol and polyethylene glycol, although in-
creasing the beating power of egg white priaf to heat treat~
ment had an adverse effect on heating. The loss of whipping
property was greater on heating when these glycols were added
than when the egg white was heated alons.

The addition of sugars to egg white lncreased the
whipping power. Sugar also permitted the pH of egg white to
be lowered to 6.5 without impairing the initial foaming
eapacity.

The addition of sodiurn ehloride in aaﬂﬂanﬁratiaﬁsra§‘ta

1.0 percent had no effect on the inltisl foaming rate of egg
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white. When subjected to heat, however, these low concen~
trations did show a slight stabilizing effect.

It is sugpested that the results of this study indilcate
that muein plays an important role in the whipping property
and angel cake performance of egg white. AdJjusting the pH
to near the isoelectric point of muecin results in a loss in
cake performance., In addition when thieck white (containing
a majority of mucin) is heated a greater loss in whipping
property occurred than when heating thin white.

Homogenization resulted in a definite loss of whipping
capacitys this effeet varied with the homogenization pressure
used, The addition of sugar and lowering the pH did not
have any beneficial effeet when homogenization was used.
Angel cake performance did not always correlate the beating
test. qu instance, satisfactory cakes were made from egg
whites homogenized at low pressures. However, when high
homageﬁizimg pressures were used unsatisfactory cake performance

resulted.
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TABLE 9

BFFECT OF INSTANTANEOUS HEAT TREATHENT ON
BEATING POWER OF EGG ALBUMER

"

peraturs ﬁgly ) “ B Sgé;é§i§g§§fjif§ﬂ_ﬂw

Control 0.175
125 0,158 -
130 0.260 -
133 0.160
133 0.160 -
138 0.167
140 0.169 -
141 ¢.170
142 | | 0,171
. 0.188
145 | 0.203
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TABLE 10

EFFECT OF INSTANTANECUS HEAT TREATMENT OR
BEATING POVEE OF BGG ALBUMEN

Specific Gravity

Control 0.153
140 0.171 -
142 0.173
144 0,200
145 0.231

*Coagulated in heating tube.



TABLE 11

EFFECT OF HOLDING TIME AT VARIOUS TEMPERATURES ON THE

BEATING PROPERTY* QF BGG ALBUMEN

zewp, %%, 0 e 13 3o g lnvesads
120 0,150 == 0,150 - 0,167 == 0,170 - 0.173
125 0.158 == - 0,170 0,168 - 0,178 - 0,188
130 0,1507 == = 0,160 0,172 ==  0.182 0,208 == 0,245
134 0.154 == - 0,157 0,200 0,210 0,230 0,260 —
135 0,148 «~ 0,155 0,190 0,245 0,283 - b -
137 0,160 0,175  -- 0,220 0,260 0.292 == —— -

*Specific Gravity ﬁ?% Foam

**Time to heat egg white to desired temperature - pno actual holding time,



TABLE 12

EFFECT OF HOLDING TIME AT VARIOUS TEMPEEATURES ON
THE BEATIRG PROPERTY* OF EGG ALDUEEN

Temp, °F. O 0,1 0,25 0,5 _ 1,0 fimiaén gagxs 3 4 B e
105~ 0,161 ~- - -~ 0,161 - 0,163 = e “e 0,171
110 0,161 - - - 0,165 - 0,167 == == 0,175 0,177,
115 ~ 0.161 - - 0,165 0.169 e 0,188 = 0,220 0,230, ==
120 0,160  -- we 0,184 0,205 0,225 @ == = = - -

ovT
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TABLE 16

id

OF EGG ALBUMEN

BFFECT OF pH ON WHIPPING POWER

' ‘épeaific‘ﬁfavity
gﬁ 0f Foam »
1 8.4% aﬂlﬁg
8 ,0%% 0.1%
7. 0%% 0.190
G, lx# 0,223
9, g 0.195
2 ‘ %,v * ﬂ:lss '
‘ ?y» ok {},19&
JAER 0.191
. GFF 0.197
810w+ 01128
LJO®E 0.190
L Q%% 0.225
5, G 0.262
10,0%*% 0.197
4 8;6“ 9:151
. GEE 0.171
7 o Q% 0,183
6.5%* 0.187
5 8.4% 0.150
9‘4**4& 6‘1?1
_ ; 10,4%%x 0,213
*Control

**HCL
***NaOH
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T4BLE 19

EFFECT OF pH CHANGE DURING FERMENTATION ON
BEATING POWER OF EGG ALBUNER

~Specific Gravity

e Sample pH_ 2L Foan
1 8.35 0,150
2 8.0 0.150
3 77 0.153
4 7.4 0.157
/] 715 0.163
6 6.9 0.163
7 - 6.75 0.170

8 6.5 0,177 .
9 6.8 0.177
10 7.0 0.173
11 7.1 0.181
12 7.7 0.181
13 7.8 0.180
14 8.0 0,181
15 8.1 0.173




EFFECT OF BUCKHOSE CONCENTRATION ON BEATING
PROPERTY* OF HEATED RGCG ALBUMEN

143

TABLE

25

— % Bugar ‘

Zemp, °F, O e As 29 30 40 20 60

70 0,155 0,147 0.147 0,143 0,141 0,150 0,168
140 04170 0,157  0.155 0.150 0,150 0.153 0,160
142 04175
144 0,200
145 0.235
150 0.175 0.158 0.155 0.153 0.157 0.168
153 0.255

154 - 0.163 0,160

155 0,200 0.158 0.167 0.172
158 0.172
159 0,175
160 0.183 0,162

161 0.175 0.172
162 0.183 0.177
164 0.235 0.195

0,217

*Specific Gravity of Foam
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TABLE 26

EFFECT OF HOLDING TIME AT 120%F, ON BEATING POWER* OF
LIGUID EGG WHITE CONTAINING VARIOUS SUCKOSE CONCENTRATIONS

" Time ia Tours

Sucrose - % 9 2
0 0.170 0.233 0.250
1 0.168 0,203 0,237
2 0.168 0.198 0,227
5 0,165 0.177 0,200

10 0.163 0,175 0.190
15 0.162 0.173 0.180
20 0,160 0,168 0,175
25 0.158 0.161 0,170
30 0.150 0.15% 0.155
40 0.150 0.153 0.150
50 0.153 0.155 0.150
60 0.168 0.170  0.168
77 0,266 0,205 0,193

*Specific Gravity of Foam
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TABLE 27

{continued)

6.5
0 0,345 0,225 0,202 0,196 0,392 0,265 0,232 0,203
10 0.216 0.17% 0,177 0,173 0.242 0,187 0,200 0,190
20 0.163 0,153 0,153 0.155% 0,167 0,153 0,167 0,163
30 0.163 0,153 0.150 0.158 0,167 0,160 0,158 0,167
40 0,157 0,143 0,150 0,150 0.161 ©0.155 0,155 0,158
50 0.187 0.150 0,147 0.14% 0,155 0.143 0,147 0,147
60 0.158 0.151 0,150 0,148 0,155 0,150 0,148 0,148
70 0.177 0,167 0,167 0.167 0,178 0,161 0,160 0.160
wmww@awwmmwmwwéwww,ww Foam 2467 0437 0,237 .. 0003

9vT
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TABLE 40

EFFECT OF HOMOGENIZATION ON BEATING
PROPERTY* OF EGG ALBUMEN

2 1

Pressure 1bs.

sq, in Rua 1 Run 2

0 0.178 0.171
1000 0.245 0.255
2000 | 0.275 0.275
3000 0.325 0.330
4000 0,342 0,355

*Specific Gravity of Foam
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