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I. IBTRODUCTION

In recent years dried egg white has @ean finding wide
application in the food industry. The advantages 1t
possesses over fresh and frozen e gg white include reduced
cost of transportation, smsller storage space requirements
and longer storage 1life (without refrigeration). Dried egg
white is widely used in prepared mixes, calie frosbtings,
meringue powders, candies (ecreams, nougabs, and marshmallow
whips) and elsewhere., Honetheless, its use 1s limited by
changes brought about during the drying process. For cx-
ample, spray dried egz white does not appear to be satis-
factory for the making of angel cakes where high whipping

power and good meringue stablility are essential,

Commercial methods for prepaving drled egg white vary
consliderably. In practically all cases, the egg white is
fermented prior to drying in order to remove glucoge; this
process increases the stabllity of the dried product« The
most common methods of dehydration are tray drying and spray
dryinge. The first of these ls a noncontinuous process re-
quiring considerable labor. On the other hand, the latter
method 18 a continuvous process capable of high productlon

with a minimum amount of labor required. In apray drying,



the liquid is atomized into hot alr. With the very large
surface created, evaporation is so rapid that the particles
are dried almost instantaneously; there is no chance for
bacteriological spoilage such as can take place in tray dry-
ing« Since the temperature of the atomized egg white does
not rise sbove the wet bulb temperabture of the drying alr
until it becomes quite dry, and since methods are employed
for removing the drled produet while it 1s relatively cool,
the effect of heat 1s minimizeds. In spite of this, merked
changes occur in the functional properties of egp white dur-

ing spray drylngs.

The objective of the work reported herein was to de=-
termine the limltations of spray drying as spplied to egg
white and Yo develop a spray drying process wherein the
functional properties of the egg white would be retalned to

a greater extent than is possible at present.



II. REVIEW OF LITERATURE

In the spray drying of egg white, two distinct aspects
must be considered: (1) the effect of abomizing ligquid egg
white, and (2) the effect of dehydration on the atomized
egr white. The pertinent literature related to these aspects

under consideration in this study are reviewed below.

A. The Effect of Atomlgzing Lliquid Bgg White
1+ General

The operation and theory of atomizatlon have been
dlscussed by several authors (22, 33, 46, 48, 49, 69).
The varlous devices used for atomization of liqulds can
be classified under one of the following types: (1) the
pressure nozzle, (2) the centrifugal atomizer, and (3)
the gas atomizing nozzle. The pressure nozzle and centrle
fugal atomizer subject the 1liquid teo severe shear and
homogenlizing forces which were considered by Seltzer and
Settelmeyer (69) to be destructive to the colloidal pro-
perties of egp white. These authors suggested the use of
an external mixing gas atomlizing nozzle in which the gas
impinges upon the liquid outslde of the nozgle itself.
In snother type of gas atomizing nozzle, the gas and liquid



are mixed within the nozzle before emerging through a common
channel or orifice. No work directly related to the effect

of atomlization on egz white wasg found by the present author,

A few investigailons concerning the effect of atomiw
zation on proteinaceous products have been reported. OConrad,
et al. (27) found that atomization alone by elther a high
presgsure spray nogzle at 5000 psl or a gas abtomizing nozzle
had no significant effect on the performance of liquid whole
ege in sponge cakes, custards, and cream puffs. Wilkinson,
et al. (82) described s small spray drier operated at low
inlet temperatures (70-80°C.) and using an internal mixing,
two-fluld type nozzle with a capacity of only 13~2 liters
per hour. They were ables to dry human blood serum and
plasma; the resultant products were very readily soluble
in cold water. In additien, they were able to spray dry
pepsin so that 1t lost none of its activity and muscle exe
tract so that 1t showed no loss of its sensitlve glycolytic
enzymic system activity. Creaves (37, p« 6) reported that
plasma dried on this spparatus, when reconstituted, cone
tained numercus "motes, presumably of denatured protein."
This worker pointed out that'any factor which tends to inw~
crease the aggrepation of the molecules of a proteln solution
{such as the formation of a large surface area in atomization)

also tends to hasten denaturatlon.



'3harp (70} reported that the whipping quality of tray \
dried egg white 1s destroyed by fine grinding. Whether this
iz a result of heat produced during grinding or of comminue

tlon alone was not stated,

e Effect of high pressure and homogenlzation on epg white

During stomizabtion liquid egg white is subjected to
statlic pressures and shear forceg, the severity of whlch are
dependent upon the type of stomlzing device useds In the
case of the pressure type nogzle, pressures from 2,000 to
6,500 psl (140-475 atmospheres) are necessary to properly
atomize egg white. Bridgman {12) reported that a slight
stifTening occurred whern egg white was subjected to a pres=
gure of 3,000 atmospheres for 16 hours &t room temperature.
Complete coagulation took place when a pressure of 7,000
atmospheres was appllied for 30 minutes. Grant, et al. (36)
exposed ey white to pressures Ifrom 1,000 to 7,500 kge per
cu. ecm. {approximately 1,000 to 7,500 atmospheres). Co-
agulation and the appearance of sulfhydryl groups were noted
in every case. Coagulation was greater abt the higher pres-
suress On the other hand, MacDonnell, et al. (53) found that
egz white subjected to pressures up to 5,000 psi (340 at=
mﬁ%@har@a) showed no change in viscoslty, foam stability and

angel cake verformance. It would seem, therefore, that the



highest static pressures ordinarily used in abomlzation

would have little effect on the properbles of egy white.

The shear forces imposed upon egg white during atomi-
zation would appesr to be similar to those produced by
homogenlization where the liquid is passed very rapldly under
high pressure through a small opening. The effects of
homogenizgation on the functional propertles of egg white
have been observed by S8losberg (71). Beabing power and
angel cake volume were found to decrsase consliderably as
homogenlzation pressure increased to 4,000 psi., HacDonnell,
et al. (loce. cit.) demonstrated that homogenization causes
a decrease in viscosity, & reductlion in foam stability, and
a ﬁecréase in angel cake volume. Thé gffects were roughly
proportional to the pressure useds Damage was attribubed to
mechanical disruption of the physical structure and to the

liguid-liguid or liguidemetszl shear eflect.

Bernard, et al. (8) reported that mild physical dise
integration (in a Waring blender) greatly accelerated the
beating rate of egg white. Forsythe and Bergquist (34)
demonstrated that this treatment causes a breakdown of thé
thick portion of egg white into short, disconnected fibers.
As fiber length decreased (longer blending), beabting rate and

angel cake volume increased.



3« DLffect of purface formation on egs white

Lewis (48) pointed out that in spray drying substances
which exert very warked lowerlng of surface tension in solu-
tion produce an increased concentration of solids at the
Liqulid=gas interface of the atomized droplets and a resulting
precipitation or cosgulation of seolids. Certain proteins
are known to be qulie surface active; thus, thls phenomenon

may be encountered in spray drying of egg white.

Little effort has been made to investigate directly the
surface characteristics of egp white. However, surfaces of
solutions éf ovalbumin {(which makes up 70 per cent of the egg
white protein) have been studled extensively. The swface
tenslon of egp slbumin solutione has been measured by seversal
methods (40, 41, 43, 63, 79)s It was found to be influenced
by age of the surface, concentration of protein, and pH.
Hauger and Swearingen {41), using the pendant drop method for
measuring surface tension, found that surface tension dee
creagsed with increase in the age of the swface. Solutions
containing from 0,000 to £ per cent albuwmin approached the
same limiting surface tension values after extensive aging.
Solutlions wlth higher or lower concentrations than these
approached different limiting values. The fall of surface
tension with time was sharper as concentration was incresased.

Surfaces of all ages showed a minlmum surface tension near



the 1lscelectric point. In slightly aged solutions maximum
surface tenslons were obtained at pH 845 and 2.6« The
effect of pH wes attributed to the influence of the ionilc
state of the solution. These suthors state:
The extended aging effect is best explained

by the slow accumulation of native or partially

denatured albumin molecules in the multilayers.

Bince these albumin molecules ln the secondary

surface layers will remain st least partiaslly

soluble, they may reburn to the solutlon phase I1if

they remain soluble, thus delaying and retarding

the tendency ltoward establishing of an equilibrium.

Bome denaturabtion and coagulation will undoubtedly

oceur and this, ta@ethﬁr with the indirect influence

of the native albumin in the multilayers, may be

responsible for t e e t@n&eﬁ %Qfﬁ%ew in surface

tension with times 4ls D

Harvey and Danlellil (40) demonstrated the elastic prop=~
erties ol protein films by tie bubble method. Bubbles of egg
white showed very marked clastlcity and hysteresiss Doubling
the surface area produced s tension lnerease of approximately

9.0 dynes.

Surface denaturation of proteins has been studied by
several workers (2, 13, 14, 15, 16, 17, 6l, 80, 83). Wu and
Ling (84) produced surface denaturation and coagulation in
ovalbumin solutions by shaeking: on the other hand, conalbumin
was not coagulateds Surface denaturation was reported to be
independent of conecentratlion. The rabte of coasgulation was
found to be reduced by surface-active substances and ine

creaged by salts and non-electrolytes known not to have a



marked influence on surface tension. Maximum rate of co-
sgulation ocecurred near the lscelectrlic point. (This is in
marked contrast to heat dematuration where the minlimum rate
is at the lsceleciric point.) The temperature coefficient
for surface coagulation of albumin between 25-38°C,. was only
1,08+ These workers explained that the albumin solution is
covered by a layer of dematured protein and shakling causes
the layer to "roll up" and be removed. Surface cosgulation

was stated to be irrevergible.

Bull and Neurath (16) made a study of surface denatura-
tion similar to that reported above. They found that a
change of pH resulted from surface denaturation and that this
change was a function of pH similar to that experienced in
heat denaturation. Suerpse and certalin salts, such as
potassium chloride and potassium sulfate, incrsased the rate
of denaturatlon slightly whereas potassium thiocyanate do-
creased it. Two tenths (0.8) per cent n~heptyl alcohol was
shown to completely inhibit coagulation in a 1.06 per cent
albumin solution with 18 hours of shaking.

Wang and Wu (80) found that surface cosgulation was
prevented by saponing however, surface denaturation still
occurreds They stated that if the molecule unfolded at the
surface 18 insoluble in the bulk of solublion it is sald to
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be coagulateds If it 18 8till soluble in the bulk of solu=

tion it 18 denatured.

Heurath (61) described surface denaturation as being an
irreversible unfolding of proteln molecules at the solution
surface. Bull and Neurath (17) stated that the rate of aure
face denaturation is governed by {1) the rate of diffusion of
protein molecules bo the surface from the bulk of the soluw
tion, (2) the rate of spreading at the solution surface, (3)
the rate of new surface favm&tiwn,»amﬁ {4) the rate of pre=-
cipltation of denabured proteins They claim thatl anca.dﬂw
nabtured, the proteiln should have only & small btendency to
leave the surface slince this represents a point of low energy
content, Thus, in a qulescent solution protein does not

progresslvely denature on the surfaces

Bull (13) made a more quantitabive study of surface dew
naturation by rotating a porcelain drum through a sclution of
albumin. A plece of cotton was placed against the drum in
the solutlon in order to remove the ca&galated proteln. The
amaﬁmt of albumin removed was followed by measuring the
refractive index of the solubion. By this method tha amount
of denatured protein obtained per unit area (as a funetion
of speed of rotation and concentration} was calculated. At
Osly 140 and 1.5 per cent proteln, the amount of G@&gulatimn.

per revolution was found to be independent of speed of
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rotations For concentratlions of 0.8, 0.5 and 0.75 per cent,
the amount of denaturation per revolubion was found to be
greater at the lower speeds. AY the latter concentrations,
extrapolation to gero speed gave the same quantity as at 1.0
and 1.5 per cent concentrations. Irregularities found with
the 2 per cent solution were not explained. Here coagula tion
in one instance was much less et a lower speed than at a

higher speecd.

Evidence was found in these experiments that the amount
of denaturation is independent of concentration, In tests
with 1.5 per cent albumin, 68.1 per cent of the proteln re-
moved by surface coagulation was found soluble; however,
with a 0.1 per cent solutlon omlyyﬁﬁﬁ per cent remained
soluble. It wag explalined that at the latter level or lower
the surface film consisted of & monomoclecular layer of de-
natured protein (abcut 10 R thick)* Ag the concentration
increased above 0.1l per cent, addlitional proteln was absorbed
under this 10 § layers This second layer of protein had as
a limit 3.5 times the amount of protein in the first layer;

thus, a large fraction of the second layer was undenabtured.

An interesting observatlon made by Bull (13) was that
the rate of evaporation from the protein solution surface

during rotation of the drum was greater than from free waber
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surface similarly treateds The difference in rate of
evaporation from a quiescent protein solution and pure water
was gzeros. Thus, 1t was thought that the bigh@r evaporation
from a denaturing protein sclutlon surface ls related to dee
naturation l1tselfl. Lowever, the quantity of water evaporated
from the protein solution surface was much greater than could
be accounted for on the basls of the dfference in hydration

between surface~denabtured and native protein.

Comparisons betwesn surface and heaﬁ denatured proteins
have shown more similaritles than dissimllarities. Neurath
and Bﬁli (62) found that heatw~cosgulated and surface~coague
lated proteln do not have ldentlcal densitles when using
Xylene as a displacement llquids They stated that the denser
structure found in surface-coagulated proteln probably ine
dicates more orientation of peptlde chains. Later Bull (15)
reported that the densities determined in hydrogen do not
differ significantly Irom each other.

Mirsky and Anson (56) stated that when native albumin
{(which containg no detectable sulfhydryl groups) 18 coagu=
lated at the sire-liquid interface all of the sulfhydryl
groupg in the molecule become detectables MNirsky (55) re-

ported that the same number of sulfhydryl groups reduced

‘‘‘‘‘
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denatured by ureas, guanidine~hydrochloride, Duponol or heat,
provided the reaction takes place with films while they are
at the surface and with denatuwed protein while denaturing

agent 18 present.

Bull (14) studied films of nabtive and urea~ and heabw
denatured albumin with a Langmulr surface balances. The prope
ertieg of urea~ and h@atwﬁéﬂatuwe& films were very similar
to those of spread, native film. It was suggested that
surface-denatured and urea~ and heat-denatired proteins are
structurally very similar. Easch represents an unfolding of

the native protein moleculs im an asymetric polar forme.

Bull (1B) stated that the temperature coefflcient of
heat denaburation ls very large while that of wea and sure-
face denaburation was less than 1.0. If the energy of
activation 1s calculated for surface denaturatlon, a negative
value ls found. This might possibly be due to the fact that
the strength of surface field falls off as temperature is

ralsed.

Studies of the surface characteristics of the egg white
have been of & more indlrect nature, being confined mainly
to imvestigatimns of its foaming properties (3, 7, 80, 24,
20, 30, 42, 47, 67, 68, 78), DBarmore (7) made an extensive
study of the chemical and physical factors influencing egg
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white foam. He found that the amount of insoluble protein
remaining in the foam after extensive drainage and washing
was roughly proportional to the surface aresa of the foame

By using the dimensions of albumin molscules given by Dullouy
and assuming that the molecules at the surface of the bubbles
were so crowded as %o stand on end, he estimated the welght
of the molecules to be similar to the weight of insoluble
protein in the foam obtained experimentally. This worker re-
ported that changes of as much as 14%., in temperatwe of

egg white on beating produced no apparent effect on foam
stabllity. Egg white to which acid had been added produced
a more stable foam than the control. DNot all aclids had the

game pflfect.

Bailey (3) found thet untreated eg: white had higher
foaming power than egg white adjusted to pH &5, 6, 7, or 9.5
by phosphoric acid and sodium carbonste. Foams fromegg
white adjvsted to pH & and 7 were, for the most part, more
stable than thosge made from untreated ege white. At pl 6 1t
took longer to produce an increase in foam volume; however,
leskage diminished markedly with the iﬂareas& in volume.
LeClerc and Balley (47) stated that the additlion of cream of
tartar to egg white during whipping toughens the protein
making 1t more elastic and capsble of building up a gitronger

structure. Barmore (loc. ait.) measured surface tension using
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the Dulfouy apparatus over the range pH 5.0 to 8.6 and found
it to vary from B54.0 to 5844 dynes per cm. 7This variation
was not consldered to be enough to account for differences

in fosm stability.

Ste John and Flor (73) reported that yolk has a detri-
mental effect on the foaming power of egg white. Henry and
Barbour (42) found that egp white diluted with water (up to
40 per cent) showed a beating power (foam volume) equal to
the control. With 60 to 80 per cent waber, stablility was
greatly reduced. Barmore (locs ¢it.) concluded that the ine
crease in stability of foam might be due to: (1) greater ad-
sorptlion at the surface produecing a thicker film, (2) better
structural properties of Tilm-building materials, or (3) in=

crease of apparent viscosiiys

Hanning (38) reported that since it required longer
beating to produce a measurable amount of insoluble foam,
sugar retarded the coagulation of egg white protein at the
alr-liquid interface, It required about four times as long
a b@&tihg period to reach & meximum stabillty with sugar
present; however, the amount of liquid drained in one hour
was about one<fourth to one~third as much as the control.
This worker assessed denaturation during beating by deter-

mining the raduaibg groups exposeds Her data suggest that



16

a large portion of the denaturatlon occurs in the early part
of the beating periods It was postulated that the sugar
might retard an exbtension of the globular structure of the
native protein in the denatured form or that the sugar might
block the intermingling and clumping of the denatured protein

structure into a coagulum.

Epstein (29) considered mucin to be an important factor
in egy white foem stability. He stated that when alr is
whipped into the egg white the muein collects at the surface
of the alr bubbles to form a rigid network. Hanson (39)
precipitated the mucin in egg white by acidiflcatlon; the pH
was then restored to normal, With the muclin precipltated
and/or removed, the egp white did not produce an accephtable

angel cake.

Slosberg (71) has produced evidence that mucin plays a
part in the angel-cake-making properties of egg white. IHe
found that the acidification brought about by fermentation
does not destroy angel cake performence appreclably until a

pH of 645 1s reached.
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4. Effect of sound waves on epgp wWhite

Fogler and Kleinschmidt {33) noted that gas atomizing
nozzles produce a hissing sound caused by very high frequenay'
sound vibrationa. These vibratlons may in some way affect
the propertles of egy white. Wu and Liu (88) studied the co-
agulation of ovalbumin by ultrasonic waves. Cosggulation pro-
ceeded actively in the presence of hydrogen or oXygen where
bubbles formed but not in hydrogen sulfide or carbon dleoxide
or under vacuum where no bubbles formeds It was concluded
that bubbles are essential in the coagulation of the albuming
the change was apparently due to surface denaturabtion.
Chambers and Flosdorf (23) found that audible sound waves at
frequencles of between 1,000 and 15,000 cosgulated solutions
of egg albumin. Only sonie vibrations intense enough to
promote vigorous cavitation in the solution produced denatura-
tions The solublility of this product was reported to be

gimilar to heab~denatured proteln.

Bs. Effect of Dehydration on Epg White
1. General

Bince water ls an integral part of the proteln molecule

(83), its removal may cause certaln changes to occur in the
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properties of egg white. Parsons and Mink (65) claimed that
aggs white can be concentrated to 60 per cent solids, but not
to dryness, end still retain angel~ceke-making properties. On
the other hand, Hanson (39) concentrated egg white by lyophili?
zation to 98 per cent solids without causging signiflcant
changes in the angel-cake-makling aﬁility'mf the reconstituted
product. By this seme method Slosberg (71) concentrated egg
white to 95 per cent solids and found little change in its
beating power. However, a definite effect was noted;inwagg
white concentrated to 80 per cent sollids at temperatures of
40.5 to 46°C, by the alr-film method of dryings. Bollenback
(11) daried thin films of egs white below 40°C. w ith 1little ef-

Tect on the functicnal properitiss of the reconstlituted products

Smith (73) dried egg white over phosphorus pentoxide
{which would presumsbly reduce the molisture content %o a
very low level). He found that the reconstituted product
obtained by adding back the amount of waber lost appeared
similar to fresh white, with the thick and thin varts re-

sppearing in elmost thelr initvial proporticns.

Bumzaehnov (18) reported that rate of evaporation from a
motionless swiface of egy white is the same as from a free
water surface until a solids content of 64 to 68 per cent la

attained., HRemoval of wabter beyond this eritical point
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results in a sharp reduction in evaporation rate, apparently
due to a skin formation (74) and lack of free water at the

surface.

Bull (13) indicated that evaporabion from a protein
golution would be affected by atomizatlion, He reported that
the rate of evaporatlion from newly formed protein solution
gurfaces was even gr@ater than that from a free-water sur-

face.

Water which is chemicd 1y bound with the proteins of egg
white 1s conceivably more difficult to remove than free water.
It has besn reported to congtitute from 6.5 to 30 per cent
of the liquid egg white (21, 44, 57, 58, 60, 64, 76, 77).

This large range of values i1g due to the variation in methods
as well as to the basle inagcuracy of the measurements. The
relationabip between bound water and protein in concentrated
or drled egs whibte and the actusl effect of removal of bound

wabter are not clearly stated in the literature.

Studies of the relationship between waber content and
vapor pressure have been made (86, 10, 18, 35). Gane (35)
found that denaturation of protein by heating prilor to drying
had 1ittle effect on the water relatlonships of the dried
product. Egg white dried from the frozen state did not differ

from the spray dried product,
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2. Effect of heat on egz white

In consldering the effects of drying, the effect of
heat on egy white of all concentrations needs to be kept in
minds In liquid egg wkité, Payawal {66} found by viscosity
measurements that dematuration occurs in a range of 58 to
62°C, Above 62°C. fractional coagulation of the proteins

CeCUPrreGs

Slosberg (71) demonstrated that the momentary heating
of 1liquid egy white to temperatures above 57.5°C. and then
cooling resulted in a loss of whipping power and angel-cake-
making properties., It was also found that a loss in leaven=
ing power resulted from heating egg white below these temw
peratures if held for sufficient fime. Holding egg whibte at
49°C. for 1 hour or at 40.5°C. for 6 hours or more caused a
loss in whipping properties. Clinger, et al. (86) found
that egg white heated to 57°C. for 4 minutes produced an

undesirable angel calke.

pH 18 known fo be Ilmpoertant in affecting denaturation
of protein salutibnaa Lewig (50) found that the rate of
gab denabturation of albumin had g minimum at pH €6476s Slo8«
berg (71) showed that lowering the pH from 1ts normal value
of approximately 8.5 to values as low as 8.8 lncreased the

atability of liquid egg white %o heat.
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Certain substances help stabllize liquld egg white
against heat denaturation. Ball, et al. (4) studled the
influence of sugars on formation of sulfhydryl groups on
heat treatment of egg albumln, They found that sucrose,
deglucose, d-fructose, l-arabinose, d-mannitol, and dezylose
Inhibit denaturation. Slosberg (71) also found that sugars
have a marked influence on the stabllliby of egg white to
heat. For example, with 20 per cent sucrose, egg white could
be heated to 65°C. befors a change in whipplng power result-
eds He reported that reducing sugars have a greater stae

biliging effect than the non«reducing tyne.

Slosberg (71) indiaat@d’that natural egz white (with
mucin intact) was more sensitive to heat than egg white with
muclin removeds He showed that heat treabment of the thick
vortion of egg white had a greater effect on whipping power

than heat trestment of the thin portion.

As water is removed fromegp white, ites susceptibility
to heat is changeds Chick and Martin (25) stated that dee
naturation ig essentially & reaction between protein and
water. Barker {6) reported that denaburation rate of pare
tially dried egs white 18 greatly reduced by decrease in
water content. At any glven btemperature the rate was found

to be an exponential function of relative humidity in
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equilibrium with the egg white. DBumzahnov (18) stated that
the presence of a given amount 6f molsture is absolutely
necessary for denaturatlion to take places  This Investigator
gshowed that when the moisture content of egy white 1s less
than 30 per cent the danger of densturation is not so great

as at higher meisture contents, He reported that egg white
powder at 5 per cent moisture heated to & temperature of 80%¢.

for 1 hour lowered the solubility only 8 per cent.

Bernhart (9) studled the kinetics of heat denaturation
at different moisture levels. He heated dried egg albumin
{presumably of a very low molsture level) Lo temperatures
between 111 and 176°C. and determined the proporbtlion in-
soluble in waters He found the kinetics to be those of an
autocatalytic reaction {the heat coagulation of egg albumin

in aqueous solution ig a first order reaction).

Mecham and Olcott (B4) heated dried egz white in boil-
ing inert hydrocarbons and found that solubility together
with equilibrium molsture content decressed markedly with
increase of heating temperature up to 153°C. Above 155°C.
an increase in soluvblility was noted and was attributed to

the degradation of the product.

In dried egp white the presence of naturally occurring

free glucose 1s known Lo play an important role in the
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deterioration of this produect (45). The reaction 1g one.
which apparently oecurs bebween the reducing group of glucose
and the amino group of the proteins and resulis in develop=
ment of color (browning) and fluorescence and a reduction in
solubility. Stewart and Kline {75) showed that low moisture
content and pH minimize the raie of the reasctlon. Glucose
concentration was found to be an important factor. With the
glucose content reduced to 0.02 per cent, changes in solu~

billity were almost completsely prevented.

3. Effect of pretreatment of egg white before drylng

Bgg white consists of both thick and thin portions. The
structure of the thick portlon is due to ovomuecine. DBalls and
Swenson (5) described the thick portion as jelly~like mass
- and the thin portion as mobile liquid, These suthors stated
“that the thick portlon ls very difficult to dry and when
once dried the protein remains lnsocluble in water. Bumgshnov
X1$) stated that the lowered whipping quality of untreated
ess white during drying is caused by the high viscoaity of
tﬁ@ ligquide The viscosity and chagactariatia structure of
egg white were claimed to inhlbit diffusion of molsture to

the ligunid surface. This, he explained, results in a rise
in temperature which leads to the destructlion of functional

properties of protein. On the other hand, Hanson (39) found
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that egg white which had been mixed in a Waring blender took
approximately the same length of time to concentrate as did

ege white with muein removed.

The conditlon and pretreatment of the liquid egy white
prior to spray drylng apparently have considerable effect
upen the suscepbibility of the egg white to demage (28, 31,
52, 51, 52, 8l). Vatts and Elliot (81) presented evidence
indicating that the performance of commercial dried whites
was affected by the various treatments to which the liquid
“white was subjected before drying, These workers compared
fresh egg white, dried fresh egg white (dried for 6 to 10
nours at 45°C. in a partial vacuum), fermented flake albumen
{from China) and acid-treated spray dried albumen. The flske
albumen and the spray dried albumen were found to whip better
and to be more atabla in meringues then the fresh or vacuum
dried products. Maximum foam volumes were greater, whipping
time was less, and foams were more stable as evidenced by
the amount of dralnage. @he‘incr@ageé foaming ability was
thought to be due to partial hydrolysis by the acid treatment
before drying. In 81l batter and dough products, the flake
albumen and spray dried albumen were imi‘erim?;

i

ulveny (59) claimed that a preoduct with excellent
whipping propertles was obtalned by acidifying egg white to
pH 5.8, agitating in a vacuum at 57°C. until the pH reached
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740y repeating acldification to pH 5.8 and agitating to pH
740, and then spray drying this product.
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I1T. HXPERIMENTAL PROCEDURE AND APPARATUS
A+ Preparation of Liquid Egg White

l. Source of egg white

Yost of the egg white used in the experiments reported
herein was the commercial frogen product. Uniformlty was
agsured by obtalning, from one firm, & large quantity of the
product from ome churn. The egg white had been passed
through a Tranin mill® before freezing in 30 pound cans. In
certain studies fresh eggs were obtained from the Iowa State
College poultry farm, broken, separated, the whites blended
with a Waring blender and frogzen for fﬁture use. In one
atudy the thick portion was sepasrated from the thin portion
by passing the egg white through Bemesh screens. Each of the
portions was blended with the Waring blender and frozen for

future use.

2+ Fermentation

Fermentation of the egg white was carried out by the

*Phis mill is thought to have an sction similar to a
Waring blender since the liquid egg white passed contlnuw
ously through a channel containling rapldly rotating blades
which break down the structure of thick egg white and prow
duce a homogeneous product. '
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method of Bollenback (11) using pure cultures of Aercbacter

aerogenes. In most cases, an iroculum of 0.5 per cent and

an incubation temperature of 3&$ﬂ, were usged. A fermentation
time (to the sugar-free point) of approximately 12 to 13 |
hours was required. The end point was determined by placing
0.1 mls of egg white on a preheated petri dish and heating

for 1B minutes under an infrared lamp (250 watts, General
Blectric reflector drying lamp) placed 4 inches above the
plates No color developmenit during the heating period ine
dicated that the egg white was sugar-fres. A few fermen=
tatlons were carried out with yeast using the method described

by Carlin and Ayres (19).

3« pl adjustment

The pH of egg white was lowered by the dropwise addi-
tion of normal hydrochloric acid with continual agitation.
The pH was ralsed by adding 28 per cent smmonium hydroxide.

4. Incorporation of added substances

The various substances which were added to egg white
ware incorporabted directly or Iirst dissolved in water be=

fore addltion, depending upon convenlence.
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5, CGoncentration

Concentrating of egg white before spray drying was
accomplished by one of two methods. In one case the egg
white was concentrated by lyaphilimaﬁimn. In the other case,
egg white was concentrated by the air-film technique. In
the latter case, egg white was placed in aluminum pans to a
depth of approximately 1/4 inch and heeted with several
infrare& lamps placed at a suffliclent distance above the
pans to maintain a liquid temperature below 40%¢. Evaporas=
tion was ailded by passing a current of alr over the swflface
6f the egp white using an electric fan. In this case the

egg white was continually stirred during concentration.

Bs Burface Formation

Bgg white surface formation studies were conducted uaing
the apparatus shown in Filgure l« It consists of a porcelain
cylinder postage stamp moistener. The cylinder WaS T3 cnie
in dlameter and 5.5 cm. widaw Allowing for c&ntacﬁ between
the sides of the eylinder and the liquid, the total arsea of
surface formed per revolutlon was 132 sqs cm. The cylinder |
was turned by a rubber wheel pressed agalnst i1ts side and

attached to a Cenco No. 188056 varlable speed motor.
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Figure 1. Surface Formation Apparatus
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Ce Atomization Devices

Three atomizatlion devices were employed in this studys
(1) an external mixing, two-fluid nozgle, (2) an internal
mixing, two-fluid nozgle, and (3) a’apeeial external mixing,
two-fluid nogzle. The first external mixing, two-fluid
nozzle was a Type 1/4 J pneumatlic atomizing nozzle, setup
Hos 1A, manufactured by Spraying Systems Company, Chlcago,
11linolss The internal mixing nozzle was a Spraco two~fluld
nozzle, size 4BM, manufactured by Spray Erglneering Company,
Summerville, Mass. The special atomizing nogzle was deslgned
sapecially for spray drylng egg white foamy 1t is shown in
Figure 2. This device effected the mechanical mixing of egg
white with air to produce a free-~flowing foam. Liquid egg
white passed through small orifices (a) into a round chamber
{b) where it was mixed with alr aéming in at right angles
from an annular air supply chamber (c}s The alr-sgg mixture
was then passed through soreens (d4) which provided further
subdivision and aided in produeing & more wniform foam. The
foam was then atomized by a stream of air impinging on the

foam at right angles.

D+ Spray brying

The spray drier designed for use in these tests ls shown
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in Figure 3. It consisted of a horizontal eylindricsl dry-
ing chamber 22 inches in dlameter and approximately 20 feet
long, A fan (Allen Billmyre Corporation, Model 155627, Type
8G) at the exhaust end pulled alr through the chamber at a
velocity from 5 to 6 feet per seconds The air was heated by
& unit beater at the inlet to a temperature of 85 to 90°C,
The liquid egg white was atomized in the direction of alr
flow and the resuliling dried particles were collected in a
beg filter immediately upatraam from the fans The liquid
was fed to the atomizer from a pressure tank. Compressed

air adjua%@& to the desired pressure by a regulator was used
to force the egs white through to the nozzles. Compressed alr
was also used as the atomiging fluid. The entlire liguid feed
system was placed on whaala such that the atomization device
could be rolled into the spray drying chamber or the atomie
gation device could be used outside the chamber (to study the

effect of atomization alone).

In operation, the steam was first turned on and the Tan
was started. When the inlet temperature resched approxi-
mately 75°C. atomization was begun. Liquld pressure and
atomizging air pressure were then adjusted to the desired
level. Exhaust temperatures ranged between 56 and 66°C. de-
pending upon the rate of feed of liquld, relative humldlty
of the air, ebtc. As soon as all of the liquid had been fed
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to the atomlzer, the steam and fan were turned off.

E. Heasuremeni of Partlcle Size

A small portion of the spray dried, product was spread
on a slide coated with a@étar oil, whiéﬁ effected excellent
separation of particles. Atomlzed liquid was’maught on a
glide similarly coated. In this case, the liquld particles
collected on the surface of the oll and there they dried,
giving particles comparsble to spray dried material. Samples
of the a@amizeﬁ droplets were obtalned by holding a sampler
(Figure 4) in the path of the spray. A slide coated with
castor oll was placed on the platform within th@ rotating
hollow cylinder. When the cylinder was revolved, a l@ngth@
wise 3/8 inch slit in its side afforded a passage for the
droplets.whenever the glit faced the stomizing devices The
eylinder was turned 5-15 times at 50-150 rpm, depending on

rate of atomigation.

Partial@‘aauntﬁ wore made under a mieroscope at 100x.
A sufficlent number of particles were counted such that ade
ditional counting did not alter the mean diameter obtained.
A count of 300 parﬁialés was found to be sufficient in most

L8808
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Figure 4. Sampler for Collecting Atomized Liquid
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F. Hoisture Determination

The moisture content of the dried products was deber~
mined by the vacuum oven method {Assoclation of 0fflclal

Agricultural Chemists, 1).

G+ Reconstitution of the Dried Products

The dried egg white was recongtituted to a solids con-
tent of 12.5 per cent by the addition of distlilled water.
The powder-water mixbture was thoroughly mixed with a glass
stirring rod and then allowed to stand overnight at 5°C. It

was then stirred to form & homogeneous mixture before testing.

He Meringue Test

The test used was that devised by Slosberg, et al. (72)
to measure the beating rate of egg white in an angel cake
meringue. Sixty one grams of egg whllte were measured into
a mixlng bowl and adjusted to a temperature of 21.5°C. This
wag then beaten at speed 3 on a Hobart "KitchenAlid" electric
mixer (Mcdel 4) using the wire whip., After 10 seconds, and
whille stlll beating, 0.9 gram of cream of bartar and 0.3
gram of salt were added; 47 grams of sugar were next added
(in four equal porbtions) after 20, 30, 37, snd 45 seconds.

Beating was continued for a total of 75 seconds. At this
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time the density of the meringue was debermined by welghing
1/4 cup (60 ml.). The beating rate was debermined by divide
ing the increase in volume of the meringue by the welght of

the fosm by the total bealtlng time.
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IVe EXPERIVENTAL RESULTS AND DISCUSSION
A. Elffect of Burface Formation

When liquid is atomlzed in spray drying, an encrmous
surface area 18 produced, For example, several samples of
commercial spray dried egg white were examined and found to
have an aversage mean particle diameter® of 44.0 microns.
This 18 equivalent to a surface~volume ratio of 1360 sq. eme.
per mle Early in this study the effect of ereating such
large surfaces was debtermined by beabing egg white into s
foam, allowing this foam to bresk down completely, then

measuring the beating power of the resultant liguid.

It 18 seen in Table 1 that the beating power of the
ligquid obtalined by breaking down egy white foam was not re-
duced much below that of the control untll a foam of fairly
high sgpecifie volume was first produced. The foams formed
by beating the egg white for 60 seconds at speed 3 were
gulte stable and showed very 1little drainage even after
sbanding 1 hour« It was estimated that the mean bubble
dismeter of these foams was 0,01 mm. The total surface area

of the bubbles was 8,200 sq. cme. per gram of egg white, which

¥Mean diameter is the dismeber of a single particle with
the same surface~volume ratlo as the totel sum of drops.



Tsble 1

Effect of Beating Egg White on Subsequent
Beating Power of Disintegrated Foam

Trial #1 T Trial g2t Trial P
Time of gﬁzng rate ‘ Beating rate EBeating rate
initial Spec.vol. Qf dlsinte~ Spec.vole. of disinbte~ 3Spec.vol. of disinte-
Speed beating of foan grated;fsam, of foam grated foam of faam rated foam
of mizer (sec) (wi/fp) {(ml/e/min) (mi/g)  (md/g/min} {(ml/z) %ml/g/mm}
Contprol - - . 4485 - : 4,10 - 2.52
| 120 5.32 4450 5.52 4.48 e .
240 5.99 4.36 8.08 4.05 - : -
, , 30 7480 4.42 8.3% 4.42 5.98 = 3.38
2 {(medium} €0 .10 4 .56 8.88 4448 5,85 5:56
20 Gedd 4,10 .00 3.586 6.58 310
20 .51 4.25 9.10 4,30 7«15 3.52
3 {(high} 40 10.20 3.86 9.80 3.48 .80 3.04

60 l0.52 Seld 10.582 2.95 11.785 2.36

commercial frozen egz White, unfermented.

bccmmerczai frozen egg white, Aerobacter fermented.

62
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i1s a much greater surface than is obtained on spray drying.
The average rate of surface formation was estimated to be

86 8d« cm. per second per gram.

A more quantitative study df the effect of surface for=
mation on egg white properties was made by rotating a por-
celalin coylinder through the liquids In this way the exact
quantity of surface formed as well as the rate of its for=
mation could be controlled very sccurately. The results of
this study are shown in Figure 5 and Table 2. It can be seen
that beabting rate of egg white is very definitely affected
by surface formation and that not only le& 1t & function of
amount of surface formed bub also it 1s related to the rate
of surface formation. It is interesting to note that the
beating power was little affected by forming a surface of
1,713 sqe. cme per gram. (This is slightly greater than
that achieved in commerclal spray dried egg white.) However,
with a surface formation of 30,000 8g. cme por gram the beat-
ing power was considerably reduced. For the same number of
rotations of the cylinder, beabing power was found to be less
with the greater speeds of rotastion. Thls would indicate
that although a surface formation equlvalent to that obbained
on atomlzation in spray drying produced at a relatively slow
rate has 1little effect on beating power, a much higher rate

of surface formation (which would be expected on atomization)
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Total surface formed - 1,713 sqe cmes/ge
______ Total surface formed - 4,000 sq. cm./ge
— - — Toteal surface formed -12,000 sq. cm./ge
———— Total surface formed -~30,000 sq. cm./ge

| 1 { l |

100 200 300 400 500
Rate of Surface Formation, sq. cm./sec.

Figure 5. Effect of Forming Surfaces on Beatlng
Power of Egg White
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Table 2

Effect of Surface Formation on Beating Power of Egg White

. Rate of
Surface surface
formed formation Baagéng power (ml/p/sec)
(sq.cm/g) (sg.cm/sec) Trial #1 Triald Trial §3%
Control 4.00 3495 4,60
167 4225 - 4,86
277 4,08 - 4,66
1,713 385 3.90 - 4.48
471 3,88 - 4.48
167 440b - 4,92
277 5.86 - 4.36
4,000 385 5277 . 3.95
471 3+65 - -
: 167 5.566 4,10 380
12,000 277 327 STS 3,56
&85 3+10 D58 3.14
1e7 2.73 2463 3507
30,000 27 250 2+54 2«81
3886 - 2438 -

8commercial frozen egz white, unfermented.

bﬁcmmaraial {frogen epy white, Aercbacter fermented,
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has considerable effect« The reagon for the slight lincrease
in beating rate over the control noted at slower rates of
surface formation and smaller surface areas 1s not clear.
The effect may be similar to that obtained by blending,
where beating rate is increased by bresking down the siruce

ture of egg white (34).

It was not possible to study still higher rates of sure
face formation by this method since the egg white showed a
tendency to fosm badly at the higher cylinder speeds. In
the tests mentlioned sarllier where the egg white was beaten
to obtain the surface exposure, the surface formation rates
were considerably higher. In this case, however, the rate
of surface formation would be expected Lo vary with time. 1In
the case where egg white was beaten at speed 3 for 60 seconds,
tha average rate of surface formation was estimated to be
2,000 sq. cm. per second for 83 grams. The highest rate
achieved with the porcelain cylinder was 471 sgq. cm. per
gecond for the 23 grams used in each trial. For the same
amount of surface formation, beating produced greater de~
struction in properities than surface formation on the eyline
der. This again indicates that high rate of surface fore-

mation ig detrimental.

In the studies using the rotating eylinder, an insoluble

mass of material bullt up on the liquid surface where lthe
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cylinder entered the liquid. Apparently this was surface-
coagulated protein. Before making the whip test on the
treated liquld the sample was thoroughly stirred so as to
completely disperse this insoluble mase. In a few cases
the whip tests were run on liqulid separated from the insol«
uble portion; 1t was found to give resulis simllar to those
where the insoluble materlal had beern dlsperseds In sach
case there was a certaln amount of evaporation from the
liquid on the eylinder. This quantity of water lost was de~-
termined by measuring weight loss of the entire apparatus
and was added back to the egg white before testing. No
measurable change in the refractive index of the egpg white
was brought about by surface formation. Apparently the
small influence of the insoluble portion on properties of
the treated egpy white indicates that the greater portion of
surface denabtured proteln remalins adlmbla in the liquid egg

white.

The possibllity of solide-ito~liquid shear forces in the
surface formation spparatus which might affect besating rate
of the egg white was investigateds A test tube 2.5 cme In
diameter was placed into egpg white and rotated at 2283 rpm
for 224 minutes. Thls gave a peripheral apeaﬂ‘aqual to that
of the cylinder when rotated at 167 rpm and gave a solid-to-
liquid shear area of 30,000 sg« ¢m. per gran liquid. No
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change was noted in the beating power of egg white treated
1n this manner. It was assumed, therefore, that the changes
produced by the apparatus were caused entirely by surface

formation.

Bs Effect of Abtomizabtion and Spray Drying

1., Effect of stomigaetion without drying

The results of these tests are shown in Figure 6 and
Table 3. Considerable change in the egg white resulted from
atomization. The atomized egg white was quite turbid and
possessed a lowered beating power. The pH was unchenged.

The three types of nozzles tested exhiblted different amounts
of degradation to the beating power of egg whitle.

For each device, egy white was atomized to different
degrees by varying the rate of the liquid feed as well as
the alr pressure, 1t can be seen that, with each nozzle,
the greater the surface~volume ratio the greater was the re-
duction in whipping power of the treated egg white., The
internal type, two~fluld atomiger weas more detrimental than
the external type and the foam atomizing nozzle. The latter
was the least destructlve of all. In the cese of the in-
ternal type, there may be forces which are not in effect in

the other typess For example, the ligquid is forced through
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————— Foam atomizer (foam stability - 32.5%)

———-~—— Foam atomizer (foam stability - 16.0%)

———-—— Foam atomizer (foam stability = 7.5%)
5r- - External mixing nozzle

[ Internal mixing nozzle

! 1 1 | l
500 1000 1500 2000 2500
Surface ~Volume Ratio, sq.cm./ml. ‘
— | | I | |
@ 120 60 40 30 24

Mean Particle Diameter, microns

Flgure 6. Effect of Atomization on Beating Power
of Egg White
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Table 3
Effect of Scme Selected Aﬁmmizationa@evicﬂa
on Beating Power of Egg White
Afomizing  Meen Surface=
alr diameter of volume Beating

Type Liquid pressure particles ratio rate
nogzzle pressure {(psi) (microns) {sq.em/ml) (ml/g/min)
i
1bontrol - - - - 34658
tixternal 26" ﬁg& 50 2546 2540 136
" " ey S 238 2840 2140 l.44
\ " gav " 20 39 .3 1530 1.87
N ﬂ, 24n 16 59.7 » 1900 2.88
HInternal 1 psi 45 2740 ' 2220 0.94
2 " 1" 26 44.3 ' 13856 l.22
R 10" 10 | 71.8 B840 1.56
%Feam atom- 4 psl 20 ~B7.0 1620 2430
mizer (104 4 % 13 5747 1040 2.46

yBtable foam)

T I R T Y A R . . N B NI S N S S

‘Foem atom- 5 psi ‘ 42,2 1420 2449
tiger (16% 5 " 13 524 1150 2476
'Foam atom- 5 psi 25 42,5 1410 2.87
‘1zer (32.5% 5 " 20 5248 1135 2.89
tstable foam) |
4
tControl - - - - 4.00
f"" g T S RS R S L A O T Y R L A
External  ~7" Hg0 25 24.1 2490 1l.54
& " 6 psi 25 29.9 2000 1.46
S o 6 " 10 3845 1560 1.77
g» " w0 " 10 47.7 1260 2.88
ainternal 7% Hg@ 50 26.4 2270 1449
oo -7 35 48.7 1230 1,63
5" A 20 62.56 960 2.22
tPoam atom~ O psl 80 30 B 18980 2476
tiger (R0%- 5 *® 30 5245 1140 2,95

stable foam)

Bcommercial frogmen sgg whites
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an orifice after it has absorbed energy from the compressed
alr. Thus, there would seem to be more likelihood of greater
liguideto=-metal and 1iquidaﬁa~1iqﬁié shear forces than with
the other atomizers where the liquid or foam, asg the case

may be, is caught up by the air after it has passed through
1ts discharging channels Alr itraveling in the same direction
carries the liquld or foam out into fine threads, which be~
come unstable and break inte droplets. There ils, without
doubt, & certaln amount of shear. However, forcing egs white
through the liquld chanmel of the external nozzle under prege
gure of B0 psi {higher than used in any trial) was found to

cause no change in 1ts properties.

In the astomlization of the foam, rate of surface forma-
tion was conceivably much less than with the other two atomize
ing devices. This may account for the smaller loss in beating
power. Hgg white showed less depradation when foams with
greater stability (per cent of egg white retalned in foam after
draining 5 minutes) were atomlized. This imﬁiaaﬁeé that the
foam was partlaelly reunited into a liquid bvefore dispersing
inte fine droplets; such an effsect is more pronownced with

less stable foamsSe

Piguree 7 and 8 and Tsebles 4 and ® show the effect of
variations in atomizing alr pressures on the beating power
of liquid atomized with the internal and external nozzles.

In these cases, varying degrees of atomizatlon were attalned
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6 p—
—— - ——~—15 psi air atomization pressure
o Atomlized, undried
5 o Spray dried
———————— 40 psi alr atomlzation pressure
¥ Atomized, undried
x Spray dried :
4} 60 psi air atomlzation pressure
# Atomized, undried
» Spray dried
' .
0 i I | | |
500 1000 1500 2000 2500
Surface -Volume Ratio, sq.cm./ml.
— i i 1 I |
v o] 120 60 40 30 24

Mean Particle Diameter, microns

Filgure 7. Effect of Atomlzation and Spray Drying
on Beating Power of Egg White Using
External Mixing Nozzle
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50

—— - ———-— 26 psi air atomization pressure
o Atomized, undried

———————— 40 psl air atomization pressure
x( Atomized, undried
w Spray dried

60 psi air atomization pressure

B o Atomized, undried
« Spray dried

o n l | | |
500 1000 1500° 2000 2500
Surface-Volume Ratio, sq. cm./ml.
- | | | | 1
o o] 120 60 40 30 24

Mean Particle. Diameter, microns

Effect of Atomization and Spray Drying
on Beating Power of Egg White Using

F.’Lgure Be
| Internal Mixing Nozzle
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Table 4

Effect of Atomigation and Spray ﬁrying
on Beating Power of Egg White®

Tean
Atomizing diameber of Surface-

air collected volume Beating

Ligquld pressure particles ratio - rate

pregsure {psi) Collection (microns) (sg.cm/ml) (wml/s/min)

, Control - - | - - 3465
é 1 psi 60 EBntlre spray £2.8 2700 1.51
g 30 ¢ 60 " 6342 950 1.78
?" ﬂgﬁ 40  Entire spray  228.8 2660 1.59

.g 10 psai 40 " 343 1750 1.74
@25 * 40 # 64 .0 940 2.18
gpolim.  wm wE aR e A W e e B e e W R e e e e S e L I O S
B -7" Ho0 15 Entire spray 25.6 2340 1496
% TS psl 15 # 50 4 1580 2.24
i EQ.;Q " . 15 " 61&1 QVO 3\»36
& S psi 60 Bag section 18.2 33500 1.50
G“ AR W R W s R e e e e R s R e e e e R W e e N e e e e e e
5 10 psi 40 Bag section 207 2900 1.53
2nd section S30.1 1710 1.686
W*mmmuunmwmummwnw‘mwd— . ee A W e e e
g Bag section  31.5 1000 2.13
S 14 psi 15 2nd section 5642 1070 Le46
. drd section 75,0 800 270

&Commercial frozen egg white, Aercbacter fermented;

external mixing nozzle.



-Atomized, undried -

Spray dried

Table 5

Effect of Atomigation and Spray Brying
on Beating Power of Hgg White®

Tiean
Atomizing diameter of Surlace- ‘

alr collected volume Beating

Ligquid opressure particles ratio rate
pressure (psi) Collection (microns) (sgeem/ml) (ml/p/inin)

Control - - - - 3465

1.5 psi 60 Entire spray 22,3 2690 1.85

5.0 * 60 " 2947 2080 1.45

0.0 " 60 " aﬂ % 1150 1.57

-7% Hg0 40 Entire spray £22.6 2650 1.45

245 gﬁi 40 " 41.7 1440 1466

Be0 M 40 " 6240 268 1484

W WL L e A N e R R W e e B R W e e e W e W e

w7 Hg@ 25 Entire spray 317 1890 181

0.5 pail 25 # 4440 1360 1:85

1o M 25 " . B4L7 1100 2410

Bag section 10.6 3060 1.11

0 pel 60 2nd section  39.4 1520 1,24

, Bag section 30.6 1960 1.57

10 pat 40 2nd section  45.4 1320 1.83

8Commercial frozen egs white, Aercbacter fermented;
internsl mixing nogzzle.
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at each alr pressure by varying the rate of liquid feed. 1t
is seen that for the same degree of atomization damage was
less at the lower pressures. It would seem that at the lower
pressures the liquid is drawn out more slowly and into longer
threads before breaking into droplets., Thus, the rate of
surface formation would be less at low atomlizing pressures
and this might contribute to the smaller amount of damage.
Another contributing factor might be the reduced amount of

liguideto=liquid shear at low pressures.

2+ EBffect of drving

Drying of the atomiged egpy white wes found to produce
certaln additional changes. Table 6 shows the effect of
drying on partlicle size., The mean diameber of the atomlzed
droplete was estimated to decrease abauﬁ_?ﬁ per cent on dry-
ing. This was determined by measuring the mean diameter of
the droplets which had been cauvght simultaneously on a mag-
nesium oxide film and on castor oil. Those caught on the
magnesium oxide made an impression @herﬁ they cul through the
aurface of the film before drying, and represented the un~
dried droplets. Those caught on the castor oll remained on
the surface and dried, retaining thelr spherical shape;

these represented the dried particles.

The pH of ege white was found to change considerably on
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Table 6

Effect of Drying on Particle SBige of Sprayed Egg White

Hean dismeber of Mean diameter of Reduction

Trial undried particles dried\partig}aa in diameter
Nos _f{microna)® (mierons) {per cent)
1 4249 318 74
2 376 26,3 69

8cpsed on a count of 4500 particles.
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dryings Table 7 shows these changes when different types of
egg white were spray dried. The pH of unfermented, fermented,
and fermented egy white adjusted to a pH below 8 all were
found to increase as a result of drying, apparently due to
the loss of carbon dioxide. The pH of fermented egs white
adjusted to a pH above 8 was found to decrease, This was

probably due to a loss of ammoniae

The beating power of the egg white was not affected to
any great extent by drying. This is indicated in PFigures
7 and 8 showing studies made with the external and internal
types of nozzles. With these two atomization devices it was
guite easy to obtain size separation of the spray dried
particles within the horigzontal drying chamber. These were
compared with undried liquid atomized to varying degrees at
the alr pressures used in spray drying. For similar degrees
of atomization at the same pressure i1t was found that there
was very little diffsrence 1n beating power between the
atomized, undried egs white and the spray drled, reconsti-
tuted egg white. The moi&tufe content of the spray drlied egg

white products varied between 4 and 7 per cent.

~

In succeeding studies the following air atomization
pressures were used since they represent condlitions ab which
each nozzle operated most effliclently with relatively good

unlformity of particles and maximum recovery of powder (in
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Table 7

Effect of Spray bDrying on pH of Hgg Whlte

pH before pH of reconstituted

Type of egg white spray drying product
Unfermented 840 S8
Asrcbacter fermented, 840 749

pH wnadjusted

Aerobacter fermented, TeB 8.2
pH adjusted with
amnonium hydroxlde to 7.8

Aerobacter Termented, 9.0 Bed
pH adjusted with ammonium
hydroxide to 9.0

Yeast fermented, 6.9 9.8
pH wnadjusted
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the bag section): external mixing noszzle, 40 psi; internal
mixing nozgle, 60 psi; foam atomizer, 40 psi. Using these
pressures, recovery in the bag section was approximately as
follows: external mixing nozzle, B80~20 per cent; internal
mixing nozzle, 80«80 per cent; foam atomizer, 50«70 per cent.
The angle of spray of the foam atomizer was wide in compari-
son to the other two atomlgers. Thus, considerable accumu~-

lation of powder occcurred in the section near the atomizer.

Ce Condition of Egg White Before S8pray Drying

1. Fresh epgs white compared with commerecial frozen egg white

Commercial froszen egg white was used in most of the
studies reported herein since 1t was felt that this repre=
sented quite closely the type of egg white which would
generally be avalleble in industry. However, it was noted
that this product was much more affected by atomlizatlon and
gpray drying then was egg white freshly broken out and
separated from the yolk. The results are shown in Table 8.
It may be seen that egp white cobtained from freah shell eggs
retalned its beating power much bebtter than did the com~ .
mercial frozen egg white. The whibtes from 2 day old shell
egps were less affected by spray drylng than were whites

from 7 day old eggsp The susceptibility of commercial frozen
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Table 8

Effect of Spray Drying on Beating Power of Egg white®

Beating rate (ml/z/min)
External  interna

. mixing, mixing, Foan a

Source Gontrol nozzle nozzle atowl zer

Bgre € days old 5.086 3442 5«07 4410

Bgge 7 days old 5.60 14995 173 2+81 |
Commercial 4436 1.53 131 1.81

frozen egg white

8repobacter fermented.

batomization condltions: 20 pal liquid pressure; 40 psi
aly atamizaﬁicn Pressure.

CAtomization conditions: 10 psi liquid oressure; 60 pai
alr atomizatlion pressure.

dptomization conditions: 14 psl liguid pressure; 1l0-15"
water alr foaming pressuwre; 40 psl elr atomization
Pressure.



egg white to spray drying may be influenced by the following
factors: age of the eggs, physical treatment of the whites
before freezing {such as the use of the Tranin mill), freez-

ing and storage. These points need further investigation.

2, Effect of fermentation of egg white

Fermentation hed very little eflect on the susceplbi-
bility of ege white to deamage by atomigation (Table 9).
Yeast fermented egg white seemed to be slightly more suscepti-

ble to damage then the bacteria fermented product.

3. Bffect of spray drying thick and thin epg white

Results of this study are shown in Tables 10 and 11,
In atomization and spray drying, the thick egy white was not
reduced in beating power to any greater extent than was.thin
ege whites The thick white, which had been liquified by
blending, showed greater beating povwer before trestment. In
the case of every atomized and spray dried product where
thick and thin egg white had been subjected to gimilar treatw
ments the product obbtalned from thick white had proportione
ately better beabtlng power than that obtained from thin
whito.
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Table 9

Bffect of Spray Drying on Beabing Power of Bgg White

Beating rate rin)
Tx t@rngi »@rng{

mixing mi&ingb Foam

Source Control nozzle® nozzle atomizer®
Commercial frozens; 4,10 1.13 0«97 138
unfermented
Commercial frozen, 4.00 1453 1.11 1.81
Aerobacter fermented
Commerclal frozen, 4.48 1.18 100 1.68
yeast fermented
Egrs, {7 days o0ld), 4.36 2:08 142 278
Unfa iented

gaﬁy{? days old), 5.60 1.856 175 2.81

&erwbactev fermented

Sptomization conditions: 20 pei ligquid pressure; 40 psi
- pir atomlzation pressure.

bAtomization conditione: 10 psi liguld pressure; 60 psi
alr atomization pressure.,

CAtomization conditions: 14 Ifi liquid pressure; 10-15"
water alr foaming pressuve; 40 psl air atomization
Pressvres
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Table 10

BEffect of Spray Prying on Eaaﬁiﬂg Power
of Thick and Thin Egg White

Beating ragte (ml/g/min)
External nternal

mizing, mlxing . Yoam 4
Control nozzle nezzle atomlzer
Thick 5,05 " Be48 5.07 , 4410

8From fresh egge, Aerobacter fermented.
bﬁtomizaﬁian condlitlions: 20 psil liguid pressure: 49 psi
alr atomigation pressure.

cﬂtomiaatiOﬂ conditionss 10 pai liquld pressure; 60 psi
alr atomlgation pressure.

ﬁﬂtomiaation conditions: 14 psl liquid pressure; 10-15%
water air foamlng pressure; 40 psi alr atomlzation
pressure.
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Table 11

Bffect of Atomlzabtion and Surface Formation on
Beating Power of Thick and Thin Egg White?

Beabing rate (ml/g/min)
Bxbernal incernsl

Type of ; Ko mlxing, — mixlng Surface
egg white treatment nozzle nozzle® formation¢
Thick, unfermented 5.08 3273 STE 4,00
Thin, uwnfermented 4,66 Sa42 S84 5.86
Thick, Aercbacter 5420 4420 4+10 4400

fermented
Thin, Aerobacter 4460 ST Se27 371

fermented

&ppom fresh eznse

batomization conditions: 15 psi liguid pressure; 40 psi
alr atomization pressure.

Catomization conditions: 7.5 psl liquid pressure; 60 psi
ailr atomization pressure.

ﬁ&O,&OO 8. cms per gram at BY7 s8g. cme per second.



4, Temperature of liquid being spray dried

Results of this study are shown in Table 12. Although
difﬁ@ramees wore not great, the tendency in the case of the
exterrsl mixing nozgle was for the product to have better
whipping properties when the temperature of the liquid fed
to the abomization device was low, Indications were that
viécmﬂity of liquid at lower btemperatures caused rate of sur-
face formation te be less; thus, less reduction in beating
power resulteds The reverse was true in the case of the ine
ternal mixing nozgle. ﬁighmy viscosities at the lower tem-
peratures were apparently more detrimental in the case of
the internsl nozzle where shear lorces would seem to play a
larger part. Differences 1n surface denaturation at the two
temperatures would not be expected to be great since the
temperature coefflclent of surface denaturation has been

shown to be small (7, 16, 84).

5. Effect of pH on whippling power of spray dried egg white

In this study the lowest pH vged was 6,0 gsince below
this level certaln proteins of the egg white begin to pre-
cipitates Table 13 shows the effect of pH on atomlzed, un-
driled egg white; Table 14 shows the effect of pH on spray
dried egz white. The trend of the results indicates that
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Table 12

Effect of E@g Temperature During Sprag Upying
on Beating Power of HEgg White

Temperature _ Beating rate (ml(g/min%
of feed Txternal — nternal
(°c.) Control mixing nozzle mixing nozzle
4 4,00 1.80 1.15
435 4 .00 1+60 1.55

8ssrobacter fermented.

bﬁt@mization conditions: 20 pegi ligquld pressure; 40 psi
alr atomization pressure.

CAtomlzation camdiﬁimna: 10 psil liquid pressure; 60 psi
air atomlization presgure.
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Table 13

Effect of pHE in Spray @ryimé Bgp White
on Beating Power

‘Beating rate (ml/g/min)

External Internal

Initial Final mixing mizing Foam
pH vH Control ncazléb nozzle® atomia@rd
6405 7490 aﬁaé 1.52 1.19 1.55
7420 8420 4.00 2426 1.48 2.76
9.00 8.40 3490 1.53 1.11 | 1.81

80ommercial frogen egg white, Aerobacter fermented.

bﬁt@miaation conditions: 80 psi liguld pressure; 40 psi
alr stomization pressures

Catomization conditions: 10 psi liquid pressure; 60 psl
alr atomizablion pressure.

dptomization condltions: 14 pei ligquid pressure; 10-15%
water alr foaming pressure; 40 psi alr abomlgzation
Pressure
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Table 14

Effect of pH of HBgg White in Atomizing
and Forming Surfaces on Desting Power

rate {(ml/mimin)

Lxterna nterna.

Type of Ko mizing mixingb Surface
egz white pH treatment nozzle® nozzle formation®
Commercial fro- 9.0 4,71 2.24¢  1.65 2,60
sen egs white, 7.6 4,285 287 22358 G230
unfermented 648 3.81 2«75 2.04 2475
Commercial fro- 9,0 4,36 2417 1.78 2.68
gen egg white, 7.8 4.71 £2.52 .22 2.89
fermented G40 S48 2.36 169 2465

8ptomization condltions: 15 psi liquid pressure; 40 psi
gelr atomlizatlion pressures

bﬁtomiz&tian conditiong: 7+5 psl liquld pressure; 60 psi
aly atomlzation pressure.

©30,000 sq. cme per gram at 277 8q. om. per seconde
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there is less destruction of egg white at a lower pH than at
the natural pﬁ‘of 940s The tendenecy was for minimum degra-
dation to take place nesar pH 7.2. Whipping 1itself might be
af'fected by the pH of the product. However, the pH of all
reconebltuted spray drieﬁ'pro&uata prepared from Aerobacter
fermented egp white approached the same pH value {approxie-

mately 8.0) regerdless of initiel pH. (Table 7)

6, Effect of concentration

It seems that there would be less surface denaturation
in the atomlizatlon of concentrated egg white solutiona since
less surface ls formed per gram of érieﬂ protein. However,
little advantage was found in concentraiing egg white before
spray drying (Table 15), It was noted that concentration by
1tself had depgradabing influence on the beabing power of egg
white. Even lyophilization seemed to be detrimental to the
commercial frozen egg White, Although the initial beating
power of the egg white concentrated to 29 per cent sollds was
less than that concentrated to 17 per cent solids, the spray
dried preducts had slightly bvetter beabtlng power in every
cases The resulis obtained by concentrating liquid by the

surface {1lm method were similar to those by lyophilization.
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Table 15

Effect of Concentration Prior to $pra§ Yrying
on Beating Power of Egg White®

ﬁ@&ﬁ%ﬁg‘rat@ (m)/p/min)

hxterna Internal

Fethod of Solids mixin@b mizxing

concentration (%) ___ Control nogzle nozzle®
lgcﬁchnhfﬂl) S8 100 0480
Lyophilization 1740 3487 1.05 095
£29.0 2276 1437 1.22

L . I e T I T e T

12;5{6@ﬁ%?&l) 386 le48 1.16

F1lm evaporation o ‘ |
3 1840 35.86 _ 1442 1.18

Commercial frosen egy white, Aercbacter fermented.

Patomization conditions: 20 psi liquid pressure; 40 psi
alr atomlzation pressures

CAtomization candﬁﬁiomac 10 pei liquid pressure; 60 psi
air atomization pressure.
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7. Effect of added subsltances

Added substances might have some effect on the surface
characteristics of egg whites, Therefore, 1t seemed advig~
able to investigate the addlition of certaln sugars, salts
and surface-active agents on the quality of epgg white after

- abtomleation and surface formation.

{(a) Bugars. The effects of adding sucrose, glucose,
and glycerol to egg white before spray drying, atomlzation
and surface formation are shown in Tables 16 and 17. Ade
dition of sucrose {up to 20 per cent) dld not prevent the
reduction in whipping power of spray dried egg white. In
atomlzatlon and surface formation studles, 10 per cent
sucrose and 10 per cent glucose were without effect whereas
10 per cent glycerol seemed to inhibit denmaturation. Appare
ently neither sucrose nor glucose influenced the character-
1stics of the protein solution surface whereas glycercl may
have modified the surface in some ways. The reason for this
is not clear. In heat coagulation, all three cowpounds

effectively reduce suscepblblility of egg white to damage.

(b) Saltse The resulits of adding different salts bto
ez white before atomizablon and suwrface formation are shown
in Table 18, None of the salis tested, except calecium

ehloride, were effective. The positive influence of calclum
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Table 16 -

Effect of Adding Suerose Before ﬁprag Drying
on Beating Fower of BEgg White

Beating rate (ml/s/min)

Sucrose ‘ Txternal  lnkerna.

nmmc&ngratien miximgb mixingc Foanm

(ﬁ) Control nozzle nogzle atomizerd

0 4,00  1.50 1.07 2,10

1 , 3,90 153 0.83 2.11

B ‘ 380 148 05 Pel3

10 4,00 1.08 0«77 2.88

20 5495 1,37 0499 .58

8

Commercial {frozen egy white, Aercbacter fermented.

Prtomization conditions: 20 psi liquid pressure; 40 psi
alr abomizatlon pressure.

Catomization conditions: 10 psi liquid oressure; 60 psi
alr atomigation presaure.

d&tam&zaticn conditions: 14 psi liquld pressure; 10~15"
water alr fosming pressure; 40 psil alr atomization
Pressure.
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Table 17

Bffect of Adding Sugars and Glycerol
Before Atomigatlon and Surface Formation
on Beating Power of Egg White®

ate (mi/g/min)

\ nterna
Bubstance No mixin mixing Surface
added treatment nozzle nozzle® formationd
Gontrol 44,08 1+65 1449 2.70
10% Sucrose 4400 1.98 1.57 2476
10% Glucose 4.15 1.90 1,51 2.76

10% Glycerol 4.20 2.56 2.20 3460

&commereial frozen e white, unfermenteds

bA@omizatinn gonditionssy 1% psl liguid pressure; 40 psi
alr atomization pressure.

Catomlization conditions: 7.5 pel liquid pressure; 60 psi
alr atomigation pressure.

dﬁ&,ﬁ&ﬂ 8q. cms per gram at 277 8q. cis per second.
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Table 18

Bffect of Adding Certain Balts Before
Atomlzation and Surface Formation
on Beating Power of Hgp VWhite®

Beating rate (ml/g/min)
Txternal Inbernal

, No m;xingb mixinn Surface d

Salt treatment nogzle no%zl@ formation
Conbrol 4.06  1.65 1,16 2.46
0.2N Scdlum Chloride 4.50  1.75 1.25 2.81
(.80 Fotassium ‘
Chloride 4448 1.58 0+,95 2.81
028 Caleium
Chloride 4400 .80 2+56 565
0.8N Potassium
Thiocecyanabe 400 208 170 268
0,088 Potasssium
Bodivm tartrate 4,10 1«51 1418 e D6
O«BN YMono-Sodlium

Phosphate 4410 208 133 2458

fcommercial frozen cgg white, unfermented.

bﬁtamimaﬁian conditions: 15 psi 1llquld pressure; 40 psi
air atomigation pressure.

Catomization conditlons: 7.5 psi liquid pressure; 60 psi
alr atomization pressure.

d&a,e&a 8¢e cme per gram abt B7Y aq; ¢ms per seconds
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chloride in reducing the damage caused by atomization and
surface formation mey have been due to the change in pH.
The pH of the egp white to which calcium chloride was added

wag 743 all other salts gave a pH of 9.0

(c) Surface-active agents. The results for three select-

ed agents are shown in Table 19+ Tween 80 and D-C 200 were
wlthout effect in reducing the degradating influence of atomi~
zation apd surface formation. Tween 80 by iltself was found

to lower the beating power of egg white. Sodium lauryl
sulfate inhibited the change in beating power brought about
by atomization. However, the foamling power of sodium lauryl
sulfate Ltself may have influenced the beatling rate of the

ege white even though the protein may have been affected.

Dy Effect of Holding Reconstituted Egg White

on Bealtling Power

MaeDonnell, eb ale {53} noted a reversion in the proper-
ties of egg white which had been h@mmgani%ed and allowed to
stand at 2°C. for 6 days. Thls phenomenom was tested on re-
consbituted spray dried products in order to determine 1f
there 1s any reverslbility of the denaturation brought about
by atomization and spray drying. Several samples of spray
dried egg white with different beallng powers were tested.
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Table 19

Effect of Adding Surface~Active Agents Before
Atomization and Surface Formailion
on Beating Power of Egg White®

Beating » év,be {(ml/p/min)

External ILnterna.
Surface No mixingb mixing Surface
active agent | ‘treatmamt nozzle nogzzle® formation®
Control 4,05 1.63 1.16 2+46
Tween 80° 2.63 1440 1.12 2.18
(U*?’e%)

Sodium lauryl 4.48 3481 3.60 3.7
sulfate (0.2%)

p-¢ goof 4,25 1.03 1.80 2,87
(0.05%)

8commerclal frozen egz white, unfermented.

brtomization conditions: 15 psl liquid pressure; 40 psl
alr atomigatlion pressure.

Cptomirzation conditionss 7.5 psi liquid pressure; 60 psi
air atomization pressure.

ﬁﬁG,QOO 8g. cm. per gram at 277 sq. cm. per second.
®polyoxyetbylene sorbitan monooleate.

£y Dow-Corning silleone product.
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The data obtalned in this study are shown in Figure ¢ and
Table 20. The samples were reconstituted and stored at 2°C.
for varying lengths of time. No change in beabling power of
egp white was noted after 6 days of storage. However, con-
siderable increase was noted after 10 days at which time the
beating power reached a maximum., This effect was more pro-

nounced for spray dried products with better beating power.

There ls the poasibility that bacterlal action was the
cause of the changes brought sboud on holding the reconw
stituted products. However, no change in pH resulted after
10 days of holding atb QQG.; after 15 days holding, a slight
reduction in pH was noted In every case, indicating some
bacterial asctivity., ©No changes in odor were observed. The
author feels that the effects noted in this study were over
and sbove those possible by bacterial action and that the
changes were due to spontaneous rearrangement of denatured

protein which favored better beating properiles.
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Aerobacter fermented fresh egg white, spray dried
using foem atomizer

— --— Aerobacter fermented commerclal frozen egg white,
spray dried using foam atomizer

—-——Aercbacter fermemnted commerclal frozen egg white,
spray dried using external mixing nozzle

Aerobacter fermented commercial frozen egg white,
spray dried using internal mixing nozzle

Yeast fermented éommereial frozen egg white, .
spray dried using internal mixing nozzle

4;—-
£ 3
£
N
N
€
o 2
©
(1 4
(e ]
£
©
[} .
m I‘V—
o | | | 1 ] |
2.5 5.0 75 10.0 12.5 15.0

Days after Reconstitution

Figure 9. Effect of Holding Time on Beating Power
, of Reconstituted Spray Dried Egg White
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Table BO

Effect of Holding Time on DBeating Power
of Reconstituted Spray Dried Egg White®

Sample , . Days after reconstitution

Ros ~0 1 ) ‘ ; 6 Eﬁ 15

1P 0495 0.90 1.06 1,01 1,24 1.22

2¢ 113 1.19 - 120 - 1e57

zd 1.60 - 1460 1,91 2,02 2,68

4° 1.86 - 1.99 1.98 349 3427
st 2470 - 2,70 2,76 3456 3442

65 1&34 s - 1%44 - -

7 142 - - 142 - -

# 1877 - Ras ltﬁé e L

9 © 1.89 - - 1.81 - -
&6 1»73 el - 1*@3 had -
11 2.65 - - 3401 - -
12 2.18 - - 2,58 - -
13 174 - - 1.86 - -
14 1.66 - - 153 - -
15 1464 - - 1155 e b
lﬁ 1425 - o 1114 b ad
17 0.97 - - 0.06 - -
18 1474 - - 174 - -
19 lw%ﬁ b - ln&& - -
20 1459 - - 1472 - -
21 1.24 - - 1.24 - -
22 1.20 - = 1429 - -
23 1v44 - - 149 - -
24 1452 - - 1.52 - -

%ﬁ@atiﬁg rete ml/g/mine

Yeast fermented, spray dried using internal mixing
nozzle. , ,

ChAerobacter fermented, spray dried using internal
mixing nogzzles

dperobacter fermented, spray dried using external
mixing nozzles

Cherobacter fermented, spray dried using foam atomlger.

faerobacter fermented from fregh egp white, spray dried
uging foam atomlger,

Slumbers & through B4 sre miscellaneous spray dried

samples,
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V.. CONCLUSIONS

From the results of the experiments reported in this
study the following conclusions are mades

1. Spreay drying egg white results 1n a definite loss
of beabing power.

2+ The loss in beabting power of egg white lmposed by
spray drying ls caused primarily by the dispersion of egg
white into fine droplets, Very little, if any, additlional
loss results from drying of the atomized droplets.

3. Egpg white ls subject to surface densbturation durling
the formation of new surfaces. Its beating power 1s reduced
more the greater the rate of surface formatlion.

4. In spray drying, egg white is affected to different
degrees depending upon the type of atomlzing device and the
conditions of atomization. The internal mixing, two-fluld
nozzle 1s more destructive to beabing power of egg white
than is the extermal mixing, two-fluld nozzle; atomligation
of foam ig less debtrimental than either of these. Ior the
same degree of atomigation, use of low alr atomization pres-
sures arggleaa detrimental than high pressures.

5 %Eg@ white obtained from fresh eggs is less susceptw
ible to damsge by spray drying than le commerclal frogzen or

ez white from older eggs.
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6. Thick egg white which has been thinned by blending
is no more suscepbible to damage by atomigation and spray
drying than is thin egg white.

7+ The optimum pH for stomlzabtion is between 7 and 8,
in which pH range beating power ig reduced to the least exw
tent.

8, Addition of 10 per cent glycerol reduces suscephbl-
bility of egg white to damage by atomization while the ad-
ditlion of sucrose or glucose does not. The addlilon of the
surface active agent sodiwm lauryl sulfate minimiges reduce
tion of beabting power while Tween 80 and D-C 200 have 1little
effect. Certain salts (sodium chloride, potassium chloride,
potassium thiocyanate, potassium sodium tartrate, and mono=-
sodivm phosphate) do not influence susceptibllity of egg
white. However, calcium chloride affected the egg white
favorably. This effect may be due to pH.

9+ Deraturation of egg white caused by spray drying
is partially reversibles., Increasse in beating power takes
place when egy white powder 1s reconstituted and allowed to

stand for 10 days at 29C.
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Vi. BSUMMARY

A study was made to determine the limltations of spray
drying as applied Lo egp white. A meringue~type whip test
was employed in following the changes in functional proper-

tles brought about by spray drying.

New surface {ormatlon which takes place in the atomle
zation of egg while was studied by forming surfaces on a
porcelain cylinder revolving through the liquld product.
Formation of new surfaces was found té be detrimental to
beating power of egp whites. For the same gquantity of sur-
face formed, more damasge was caused when high rates of sur-

face Formation were used,.

A horizontal type spray drier was used to study the
effecty of atomization and gpray drying. Three different
types of atomizing devices were used: (1} internal mixing,
two-fluid nozzle, (2) external mixzing, two-fluld nozzle, and
{3) smpecial external mixing, two=-Pfluld nozzle which effected
the formation snd atomlzation of fomm. The former (1) was
found to be the most debtrimental, and the latter (3) the
least detrimental to the bealbing properties of egp white.
The dlfferences found between the atomization devices are

thought to be related to the rate of surface formation.
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For the internal and exterpsl nozzles, less destruction was
imparted at 1@wer alr atomlization pressures. Little, if any,
additional deterioration was found to be caused by drying

at the temperatures (55«65°C. exhaust) used in this investi-

gation.

Differences were noted in the type of egg white atomlged
and spray dried. Fresh egg white was less susceptible to
deterioration than the commercial frozen egg white used in

this study.

Fermentetion by Asrcbacter aerogenes did not alter

changes brought aﬁoui by atomlgzation and spray drylnge.
Blended thick white showed no more susceptibility to damage
by spray drying aund surface formation than did thin egg
white. A higher beating power was noted in products pro-
duced from egy white atomized or spray dried at a pH between

7 and 8 than at a higher or lower pH.

Wost of the added substances studied (sugers, salts,
and surface~-active agents) showed little promise in re-

ducing the debterioration in egg whibe caused by spray drying.

Reconstituted spray dried egg white whilich had stood atb

2°C. for 10 days showed improvement 1n beating power,
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