IOWA STATE UNIVERSITY

Digital Repository

Iowa State University Capstones, Theses and

Retrospective Theses and Dissertations . .
Dissertations

1945

Effect of concentrating egg white on desirability of
angel cake

Helen Louise Hanson
Towa State College

Follow this and additional works at: https://lib.dr.iastate.edu/rtd

b Part of the Agriculture Commons, and the Food Science Commons

Recommended Citation

Hanson, Helen Louise, "Effect of concentrating egg white on desirability of angel cake " (1945). Retrospective Theses and Dissertations.
12848.
https://lib.dr.iastate.edu/rtd /12848

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/1076?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/84?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/12848?utm_source=lib.dr.iastate.edu%2Frtd%2F12848&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

NOTE TO USERS

This reproduction is the best copy available.

®

UMI






Helen Louise Hanson

A
e

&
/
e

A Thesis Submitted to the Graduate Faculty
for the Degree of

-----

Approved ¢ -

Signature was redacted for privacy.

M< 6%? De DALY

Signature was redacted for privacy.
F Graduate College

Iowa State College
1945



UMI Number: DP11910

INFORMATION TO USERS

The quality of this reproduction is dependent upon the quality of the copy
submitted. Broken or indistinct print, colored or poor quality illustrations and
photographs, print bleed-through, substandard margins, and improper
alignment can adversely affect reproduction.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if unauthorized
copyright material had to be removed, a note will indicate the deletion.

®

UMI

UMI Microform DP11910

Copyright 2005 by ProQuest Information and Learning Company.
All rights reserved. This microform edition is protected against

unauthorized copying under Title 17, United States Code.

ProQuest Information and Learning Company
300 North Zeeb Road
P.O. Box 1346
Ann Arbor, Ml 48106-1346



ii

mﬁm%*. ERMEERBBEREBEEGEREF E RIS RS RER SR EERER B ER LN CEEOBECELF RN 1

BBssecnssarssanssssncessossensassunsensssasses &
A th BotholBewsssnsrsnnssesssssessnssnssonssssons &
B, ﬁm@i@l@gyﬁ;»ﬁonvuﬁcanafatﬁnt*tga‘-n cssssvsrsesstnass T

¢.

VI s WP URUR IR APPES RPPRRRPR < |
De m@i BRKBeensssssssersnsssesssessnsssstssnsrsasinsanes bl
Ez?ﬁﬁzggQQ&watliﬁit‘nin*&ﬁiztctbaascttilt»t.inatil.dﬁon*vttiiols
A+ TRemoval of miﬁw;cuoabtl‘tol;vuvl;it‘:urtuccn&mﬁ%»;;‘ig
B. Concentration of Egg WhitBuesvsnssssenssnsnsnesssnreneell
1. Vaouum Mﬁg from the Frozen tale.ccsessvssnedl
a. Normal 8EE M“«gwntnc#a»&n:&imaq@t:nubna‘g
be Mucin-free BEE WhitBesasensnonesnacsnsses s B
c. Storage of normal eggz white, vacuum
dried from the frozen stab@ssssssvssvessndd
(1). Storage at ~17.8°C. (0°P.) for
; W‘z cake Mtw;aﬁ»wa‘vQmepanzs
(2}- MG at 1,?‘“@, and 21‘}?@"
{35°F. and 70°F.) for micro-
hm;@ﬁim Qﬁm&ttdpu‘aawtcﬁrnvuitza
2. Air Pilm &Wﬁimtwmqtgsst*cu:r&aha‘»attnaaﬁ
Te mgal 'muttoq,wbm-wlo.-'uamt.nto.ot;.onc“u‘t'.‘unn.tgs»
1. W’ﬁm’gﬁaa¢qunaitmnnatt csssssssansusessacss sl
2. ¥ethod of m&ﬁau&i-'o'rcns‘qntccnt*tfaaongtutzs

5" Wiiﬁn".'ﬁ-i»&k‘"QD“Q"!Q Al .. t'l‘l’“.‘il‘hliﬂz’a

& fﬂ’tMt‘nu»aancua P L L T e T P+

TT7911



iii

R@sﬁﬁ?&i%*%'Oi&&i%ﬂﬁ&@*ﬁ&iliQi#ﬂt*!iﬂﬁt#*‘#ﬁ“i‘#ﬂ&ﬂ*“i&ﬁlh‘ilgﬂ

de Removal of HuoiBisessssssnssarssrssnvinrsenennssossanessld

1. Appearance of egg white after trestment of

#QV‘QfQiﬁ%ﬁ%*i*&f%‘tt**'ﬁ*#iﬁ%'*ﬁ*“%#tlﬁ&@

2. Fffect on W&i CAlB . sovsassrssssssnnenessusen sl

B
be
o 2%
ds
B
£
Es
ha

Spesifio gravity of meringue and batter..30
%ﬁm m time of mim’gavnvccm- Y 4 1
m&?ﬁ’gﬁ?ﬁ of BAtEeTiersssaneessnnsrsev sl
loss of weight of osmkes during baking....51
Shrinkege during baking of cakeS.scsesse vs31
Volume of CAKeS.cesvessvsrssassnsnirse e e Bl
Tensile strength of cakef.secsssrsrvessesSd
?ﬁhﬁﬁﬁii‘h}r of ml‘ SRR CE WD EREP BN 3%

mtration of the Egg WhitGeecessssvrcacsanssccnnsss 38

l. Vamounum drying from the frosen staloc.cssscesns BB

Be

be

G

Appesrance of sonmoenirated egg white.....38

(1)» Hormal egp WhitBessssevecsvernensdB
(2)s Mucin-free 6gg WhibtBussecaseseasesd9

Tinme of concenbratioNissscsccsnvoserenseed

(I)Q Hormal L4 WhitBesservesansconenedl
) (g}n MHucin-fres '&m‘tﬁtwin.inaonnaw

Effect of vasuum drying of egg white on
emall &Egﬂl CBIOBresvosnnsssswnssssrssreshi

{3)« S8pecific gravity of meringue

and DRLLareissesssrsssnnsasennnssBl
(2). Total beating time of meringue...43
(3 » Tenmperature of DAtberesssescrcescdd
{4; 93 Tl % o RRRRRPSR——— 3
(5}. loes of weight of oskes during

bm:,ttﬂttit0‘410!‘;'0'0.‘0"00“
(6}* Yolume 0Ff 08kBSwessessssennsissesih
{7)s Tensile strength of cakeSs.sesssedf
{8}. Palatability of cakesS.sceoceceescdl



de

Se

£ my&

Befect

ir

of ymounm drying of egg white on

lsrge angel cBkeBicsescaservsvorsssvssnesd

{1).

(2).
(8)e
{4).

(8).
(8).
(7).

Spesific gravity of meringue ‘
and babteresvansssrnsernevareses il
Time of M‘&isg of MOriNgUSecoesdB
WWQ of the Battereccesss 48
loss of weight of cakes during

BARkINBesseosssansnssnssssnssrsnsesdy

?@ihm of ma SErFREASRSRERETS w38
‘fmil& Mﬁ& of 08keScssnecandd
MQmiii’ty of 08ke8essreonsvrsesBl

Effect of wvaouum drying end storage at
«17.8%. (0°P.) of egg white on emall
ﬂ«nﬁ@l SR BB cssssransenssseseaseisssnnanes Do

(3).
{2}.

1.77C.

Specifie gravity of meringue
ﬁﬁé batEeT e essansesnennsanesesnndBR
Time of besting of meringue...ev.52
?&myarﬁ%&m& of batterisessessnseeBd
Loss of welght of cakes during
mmntti"l\‘wt’»t%?‘:i#%‘*.&ti‘sﬁ'n,ﬁlﬁi'& ‘
Slrinkage of cakes during baking.54
Yolume of cakoBascssssosasvrorcssssBl
Tensile ﬁrm of m'wc&*n»qﬁs”
Pﬁxﬁmﬂiﬁy of cakeBeesssvesnsnsDl

n&'m%ﬁ and storage at
snd 21.1%. (35°F. and 70°F.)

on misrebiology of g m%ﬁtsauu‘.mya sassDB

(1)
().

&

Standard ?%ﬁ% COUE s v cuvneuneee BB
ﬁirsﬁ% &immiﬁ W‘kvbn.«..aﬁ?
Yeast and mold counte. covenonenasBY
PH of ogg whiteuscserssresncecassBS

2. &ir Pilnm concentratione.ssvseosscsconssosnnsssnedd

e
b
B

Appearance of concentrated egg white,....59
Time and temperature of conventration....80
Effect of nir film conpentration of egp
white at 35°C. te 48°C. (95%F. to 1139%.)
on angel cAlOBissssessssensessanveinsennslB



{1). Specifie gravity ey maringue
o m h%wkﬂcl&daIé‘g#m“&ﬂv‘ln‘#‘ﬁ
gﬁ}* Total beating time of ﬂﬁﬁw’»%
3}& Tomperature of BatbePuissssvnneslB
{4). lose of weight of cekes during
. bakingevsnersrnnosssncernsssnsseBd
{5}: Yolume of CakeBsvsevsocnsssnsssesBd
(3%‘ Yenuile Mg&hnﬁ‘ BONEB ey vonnsBF
i? . ?ﬁt%abﬂi%y of cokeficocnnenseeTl

ﬁm omoentration of
w& {Wm to 359?{}

on ﬁ&gﬁ. maiamya;mﬁncm&&m:sswnantatu«%
(1) @miﬁa gravity of meringue

ﬁ‘ﬁ.“‘*““’ﬁ“‘**“”*%

{2). ?ma m-mg time of meringue..79

{3}@ Temporature of batberecscinoneesTH
(4). zmx af woight of cakes during

bakingeeessssnsssenscosssnvennseTy

{5}» Volume of 0akeBiscessssennsonansTd

{7}» mgﬁa‘biliﬁy of 0BkeBesseressssaBl

DIBOURE IR  sssnnn s sanes s s asane s sassrssnsssbosssetasnasssssss OB

4. UObjective and Bubjective Methods of Tesbinfeesesessecs88
B. Besting Time of Meringuwe as an Index of Angel Cake

QBLItYesesvssvonsnossssassssseassensasssnsenvenesneesdB
Cs Storags of Consentrated @ WhitBesssssssacsrasnsesesedf
D. Reconstibtution of &!&M’h&"‘&m m Whiteesssessencnnesd?

E, YTempersture and Time of Concentration of ¥gg White
by ;&il" ﬂ;a mﬂﬁi“ﬂ‘i‘li#ﬁ%*#i“‘*&#’Q!"Q‘*‘I*l“"ga

F. Characteristics of Meringues after Various Treatments
of Egg mmbaﬁoqaiwagt‘aotnao’nwﬁnc;ﬁgs-cunn»wnaana-gg v

@. OCharacteristies of Lngel Cakes after Various
Troatmonts of Bgz UhitesecssvewssversesnsansrsnsenseslOl



W§I@uw S T T T T e Y T Ty Yy tl%
W&m& BWARERE R ARG E S EEEREEET REEE SRR P EEE HEEEDRERE S 'otus&ammal%

ng gﬂwl BEEREBESBEEEGERE SRS EREE I TR REAT S SRR UERE S & il‘l@g

&IJ“ (2 AT RS2 S 2 E T RS RO RS E R L 2T “Q'&iﬂﬁ#"*}em

&Pymﬁ“ SHEBEEEEE RS ED D EEREENF SR EHOLEHEERS Qi""‘»&’,’t"ﬁ&OQ&‘Q‘OIOclm



poveyd sum werqexd sy “jonpoad euy o3 sdwmsp euy Jo esnvo eyl 8q Trea
KAxos guidte sejyuys 33 Burgespiuep up pesn poyzemw ouy eoury
*peswelout sea ety 336 eyy Jo notjwaguesnos Jo eeadep
ou3 sv ouyroop satsseadosd v moys prnoys A3ryenb oxve ey ‘seywo [efue
UY Se37Yn peTJp Jo souwkiojred Licjoujepiwsun eyl JoJ erqIsusdsel edes
BOTIRIUEOUOD JO 86IF0p Oy3 JI *IUILOL GIWGSTOM MOY ¥ 0 POTIP esw Leyy
ey 3087 euy Aq efqeureidxe Ayreriand eq uITwm seaTum petap L{rerosemmod
Jo Aoweyoyjep euyi juese gwyy up “jonpord ewy Iuydemwp Lryueorsrudis gmo
~UATA poAcESI o JUITW 6aTuA 3o ey UT 8T 6YR JO JUNOWE UTEIISO ¥ Ju3
srqrssod pesepysuco sem 31 “exwo Teduw uy gonpead eyy Jo eouwmroyasd
oYy 03 pejeres fuas Luw ur ses oyTum 33e ey Jo woTjeagusoucs Jo eeadep
*sgonpoad pexeq uwy TeIguesse serjgedoad oys Jo ewoRm ewoy Inq 96T
-sedoad Buyweoy Iteus UTVReL 0 wees usijesedesd pooJ WY pesn FeTUM POTIP
Axreroasamoy *A33TTqe Burwecy JTeUs 04 WOTRTPP® UT Juvidodwy exe egrym 33e
om Jo suteqoad eyy Jo £371rquTndvoo puw LITTIqEsWRsxe eyy sjompoad payeq
up *sexwe reluv uy pesn eaw sejyya 3% poysp weum jueawdde Lysensiyaed
#7 jonpoad oyy uy Loweyeryep sYUl *e3Tia e yeeag Jo eouwmiojied euy o3
oTquaeduoo § % uy sjoedeca T8 Uy wioyaed &g secp jonpoad peystury
oyl 3vyy yous eaw saruu 33 petap Bmronpead jo spoviem [eToIEmNOO JUeRSI]
*se3Tus 33 yseay Jo SOTINTI030BIWYC STQRITEED €43 Jo 1I¥ WITH sefyypemd
Supdesy pood pue sEmoA [TVEE POUTQUOD YOTUA éa&mﬁﬁ 93¢ ue urwiqe o4
340330 US WY PSTPRIS sum #egyus Sde Fuysuayuscwon Jo weiqoxd eyl

HOIIOACAOUINT



e

so that two methods oould be compared. One of these was a modification
of the present commercial method knm u pan drying. In that methed the
wswr iz removed from the pans of egg white by the passage of heated air
over the produst. The other method used is known as vacuum drying from
the frozen state or "lyophilizing”. In that method the water is removed
from the egg white while it is in a frosen condition,

In order that the results of the problem might be of value to
industry, it was planned that the data compiled should inelude results
on the time of processing of the eggs, Lemperature of processing, and
& description of the appearanse of the egg white at the various stages
of sonoentration between the fresh control and the dried product. These
data would give an indleation of how far the egg white should be concen~
trated in order to have the physicel properties desired by industry. dngel
sake was chossn as the vehicle for besting the concentrated egz Whites
prepared by the two different methods, since differences in the quality
of the egg white preparations wum‘ be reflscted in changes in oske
volume, tensile strength, and paletability. A study of the effest of
storage on the concentrated product at room temperature (3’1‘3;%.},
refrigerator temperature (1.7°C.), and froszen storage temperaturs (~17.8%C.)
wos pzmw in order %o mpm, the keeping qualities of fresh and concen-
trated egg white.

Preliminary experiments with the modified pan drying method of
ooncentration were complicated by difficulties relating to some of the
physiosl properties of the musin fraction of the egg white proteins.

It was found that when the mucin was removed before the egg white was



concentrated, the concentration gould be W&im. more essily. How-
ever, the angel oskes mads fromw these mucin~free eggs were umascceptable.
Yor this reason, the study of the role of musin in angel sake was inecluded

in the problem.
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melting point of loe). When the ice from the layer of egg sublimed, it
passed to a condenser submerged in sn aloohol bath st ~45°C. end was egain
frozen. Heat was supplied to the flask fyom the sxternal ‘aji'r squal in

mount to that which was removed by sublimation. The heat which was
oondenser to the alechol bath. Acoording to Flosdorf sand Mudd (14),

as the drying proceesded, the rate of sublimation decreased and the temper-
atare of the m@wiﬁl graduslly rose. The higher .agusous teusion

helped in driving out the remainder of the water and shortened the drying

liberated when the wapor was frozen in the eond

time. The rete of svaporation was dependent upon the difference between
the wvapor wumaﬁ%he freezing peint of the liquid which was being
dried snd the wvapor pressure of water at the temperature of the bath
surrounding the condenser. Therefors, & lower temperature in the conden-
asr waiﬁ spesd the rate of evaporation.

Flosdort (13) repsrted that drying by sublimation provented
beotericlogioal action and reduced the loss of volatile components. He
declared that in general, "drying from the frozen state produces less
change in physioal, chemiesl and mutritional characteristics than any
other method of dehydration®. Rew meat, milk, orange juise, pinespple
juice, tomato products, and oysters have all been dried succesefully by
this methed {13,22). Vitamin ¢ was mainte

ned prastically without loss
during the presess. The mﬁmm, gount was seither inereased nar
desreased during the dehydration of milk {13), and thers was mo inorease
in the oocunt during subsequent storage of the dry produsts.
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the plate method. Both living and dead microerganisms are inoluded in
the mioroscopis smt, and for that reason it is believed to present &
truer pioture of the quality of the egg. Breed and Brew (9) using the
direct ecount on samples of milk reported that errors in the sount might
be caused by seversl fastors. If the original sample was incorrectly
measured or if bacteria grew on the zlide while the sample was drying,
an error would be introdused. Immeourate oounting could be the result
of oarelessness, poor preparations, or mistaking objects for bacteria
which were not bsoteria, Irregular distribution of bacteria in clumps
might also lead to errer. Thess authors reported that with samples of
milk it was possible to determine with & small degree of error from the
direoct count whether the milk would give a plate count of less than
80,000, less than 200,000, or less thsn 1,500,000,

Joims and Berard (24) reported that the direct mierescopie
count was more accurate in gilving a history of the egg sample than was
the plate count. The plate count was affected by the kind of drier,
temperature of drying, speed of removal from the drier, rate of amzing
and storage oonditions. Leow plate counts were often obtained from
sanples which had a high wmm basterial count.

. Hertsell {39) found that the bacteris present in fresh dried
ogg powder depended upon the number and kind of orgenisms present in
1iquid whole egg, the temperature of processing smd storage, the activity
of lysosyme, pasteurization, evenness and method of drying, and smownt



of moisture in the finished product. He alse found that dehydration of
whole eggs was responsible for a sharp reduction in total bacterial coumt
in the first few days of storage. When the temperaturs of storage of the
dried egg product was inoreased there was a deorease in W basterial
count. There was a great reduction in total mmbers of bacteris in samples
stored at 37°C. after thres months, but storage at 0°C. csuged little
difference in total count. ‘

srs withstood storege conditions
better than nom spore-formers. Organisms of the genus Bacillus predeminated
after three months' storage of the spray~dried egg powder. Higher counte
were obtained if the plating media were inoubated at 32°C. than at 37°C.

Thistle, Pearce, and Gibbons (44) found that grinding the egg
powder in a mortar with sand and water gave a homogeneous emmlsion. Their
counts wers made after thres days® imsubation at s7%.

Lepper, Bertrem, and Hillig (28) studied both bacteriological and
chenical oriteria for decomposition of iiqaié, frozen, and dried eggs.
They stated that with liguid or frozen egge & miecroscopile eount of over
5,000,000 per gram snd with dried egge & count of over 100,000,000 per
grom together with certain chemioal tests indiocated decomposition. They
also stated that in the absenos of other coriteris, decomposition could be
deteoted by the edor of the produsct.

Some interesting results on the effect of temperature and molisture
on the basterial content of liquid and dried egg have been reported by
Gibbons and Pulton (15). They found that the basterial eontent of liquid
egg inoressed rapidly after holding for 6 hours at 20°C,, 12 hours at
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16.6°C., 26 hours at 11.1%C., and 2 to 3 days at 7.2°C. % 3.3°C. they
found Little chenge for the first 6 to 6 days, followed by a very gradual
inorease. They reported that the bacterisl content of dried egg powder
was affected by the number of bacteria in the original liquid egg, the
temperature of drying, ths rate of cooling, the storage temperature, and
the moisture content. Iow temperatures of drying followed by rapid
cooling of the powder favored survival of baoteria. Increasing time

and temperature of atorage favored increased bacterial mortality. They
also found that above 30°C., the mortality rate was proportional te
changes in temperature. The organisms survived eight months' storage

st 7.2°C, and below. Meisture sontent of the powder up to 6.6% seemed
te have little effect on bacterisl growth, bﬁ§ shove §% moisture there
was an inorease in the mumber of molds, espeoislly st 23.9%C. ana 32.2%.

Egg white has been found to contain &t least five different pro-
tein frastions: owvoglobulin, ovomuoin, ovalbumin, conalbumin, and ovemmeoid
{39). Of thess proteins ovemucin is the only one whioch is a gel in its
normal condition withim the egg (32). It is now believed that the main
difference befween thiok and thin eogg white is due to the greater propor-~
tion of ovemucin in the thiok white. According to Weran (354) the
highly swollen mucin fibres form a framework which gives to thick egg
white its charasteristic appearance. There is not enough mucin present in
the thin portion of the egg white to form such a framework. Moran
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reported the mucin content of thick and thin egg white as follows:

Outer thin white: 0.21~0.56 g+ per 100 g. dry matter

Middle thieck white: 1449«2.45 g. per 100 g. dry matter

Inner thin white: e w0, 38 g. per 100 g. dry matter

During storage of egg white there is a decrease in the amount of
thick white present and s decrease in its gel strenmgth, but the ovemmoin
does not dissppear during this chenge. 7The shange may be caused partly
by & chemical breakdown snd partly by shrinkege or partial ocollepse of
the framework of mmein fibers (34). Almguist and Lorens (1) reported
that ligquefaction could be caused by two ﬁ:&i‘!’mt processes. When an
excess of (0, was present the mucin fibers were believed to coentract
and squeese out the liguid material which had been hold im the frumework.
When there was insufficient G0, present the thinning was caused by a
breaking up of the fibers. The effect of GO, probabdly depends mainly
on the maintenanse of the hydrogen-ion mmmtiﬂa within & certain
range (31). Breaking up of the muein fibers may be retarded by main-
taining the pH of the egg white around 8 (4).

Ovomuoin is a glucoprotein. It is soluble im dilute alkali and
is precipitated by dilute acids. It is soluble in strong mineral
asids but not in acetic asid {32)s It has been found to have a low v
nitrogen content (12.9%) (31). It may be precipitated by dilution with
two or three volumes of water or by acidification to ya 5. It may be
salted out by 0.3 saturation with ammenium sulfate (4, 47).

If egg white is frozen and thawsed, the material separates into two
portions. The viscous portion eontains fibers of mucin whieh have
precipitated and separated from the fluid portion during the freesing



(12). Epstein (12) has reported that if the mucin became denatured by
freezing or other mesns, the foaming value of the egg white would be
impaired. He considered the funotion of mucin in & foam to be &s
follows: (12, p.75,76)
The egg white contains a protein material known as muoin which has
& charsobteristie unique property of becoming coagulated when sheken,
beaten or whipped. When air is whipped into the egpz white, the mucin
which is absorbed in the form of films at the surface of the air
bubbles coagulates, forming & rigid network im whiech the air cells
are embsdded, resulting in the characteristie whipped egg white foam.
Balls and Hoover (4) vreported that removael of the mucin left a produst
which #till contained about 95% of the original protein. The material
remaining, however, was a “watery solution of low viscosity". Acoording

%o Sorenson (39), 1.9% of the total protein of egg white is mucin.

D. Angel Cele

Angel cske was selescted as the medium for testing the quality of
the sgr white products because it can be a very sritical index of any

changes in the performance ability of the eggs. In order to be satis-
factory for use in angel oake, the egg white must retain not @y its foam-
ing properties bub alse its baking propertlies. A change in either of
these gualities will inveriably result in poor volume, increased tensile
strangth and a decresse in the palatability of the angel ceke. Although
it is very sensitive to egg quality, angel oake is equally senasitive

tc any mishandling in its preparation or baking. Even a #light variation
in the temperature of the ingredients, in the msthod or Lime of mixing,
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Bailey (3) reported a greater volume of foam was obtained with thisk
by the various imvestigators could be traced to the type of bester used.
Pyke and Johnson (37) reported that poor quality eggs whipped more rapidly
than high quality eggs, but when the spevific gravity of sponge cake
batters from beth kinds of eggs was standardized, the cakes made from the
high quality eggs wers superior in volume, texturs, and quality. They
felt that the difference in performance between eggs of verying quality
could be traced to a less of eertain factors which were responsible for
the structural strength of the cake during the baking process. Deteriors~
tion in the aggs was accompanied by an inoreased temperature of coagula-
tion. Therefore, the time during which the cske was held at the songula~
tion temperature of the eggs was decreassd, and the resulting produot had
less strength. Hedstrom (20) found that oake volume deeressed with
inoreased age of eggs. Beanion, Hawthorne, and Bate-Smith (7) reported
that the volume of fomm was correlated to the guality of test sponge aakes.
Since ang the time of beating gives egg white fosms of
definitely different properties, some other oriterion must be used for
dotermining the ead-point for standardizing the foams. It has been found
that specifie gravity is a satisfactory measurement to use for this
purpose. Pyke and Johnson (37) found that it was neoessary to beat
foams or meringues to a constent specifie gravity to compensate for
the different resistance offered by different quality eges to the
mechanical manipulation of the beater. Barmore (5) reported thet with
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of the eggs in making angel cake. Glabau (3}!, 18) found that the best
_oakes were cbtained when the eggs were whipped at either 50°F. or 70°F.
Cakes at those temperatures were superior in cellulsr structure and tex~
ture to the cakes baked at other temperatures.

4 simim range of values has been resommended by different authors
for the time and temperature of buking angel eake. MNiller and Vail (33)
found that oaked baked st 400°F. for 35 minutes or st 426°F. for 30
minutes gave the most desirable produsts when fresh, thin frozen, or
thick frogen egg whites were used. Burke snd Niles (10) used 325°F. for
1 hour and 350°F. for 45 minutes. They found that the moisture loss was
leas for cekes baked at 550°F., the volume was usually larger, and the
general appearance was better although the orust usually had more oracks.
Using 360 grams of batter per cske, Glsbau (18) baked angel cakes for 28
minutes at 350°FP. Barmore (5) recommended baking at 180%C. (350°F.)
for 50 te 40 minutes depending onm the size of the oake. He found there
wea less eveporation, greater cake mm, and decressed tensile strength
when the high oven temperaturs was used. The variation im tensile stremgth
was found to be indirectly dependent on the oven temperaturs and directly
dependent on the cake volume. Using 135 grams of batter in small reoctangu-
lar pens, Eraatz {28) found that the optimum bﬁkﬁm times for the ocalkes
baked at 150°C., 160°C., and 170°C, were 45, 30, and 25 minutes, respective~
ly. The oorrsot baking time will wary with the btemperature used and with
the size and shape of the pan. Accepiable oskes can be made over & range
of baking times and temperatures, and when other facstors are of primary
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of 8 oross sesction of the cake and caloulated an index of volume™ from
this measurement. Shape and grain of the cakes wers resorded photo~
» wag determined by judges. Ring, Morris, and

graphioally, and flaw
Whitemen (25) measured oake wolume, tensile strength, and compressibility.
They felt that messurement of volume by seed displacement was more rapid
and reproducible than the plani
by a penetrometer.

r method. Compressibility was measured
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B. Concentration of Egg White

1. Y¥asum drying from the frosen siate.

a. Hormal egg white. BEuough eggs to complete each of the studies

on vasuwm drying were obtained from the poultry farm as each section of
the experiment was begun. They wers stored for one week at spproximately
21%. (70°P,) in order to duplicate ss olosely as possible conditions as
they would exist sommercially. After this storage period the eggs were
broken, yolks and whites were separated, and the chalazae were removed from
the whites. The whites were mixed briefly on the Waring Blendor to break
up the thieck white enough that uniform samples could be obtained. The
whites were then thoroughly mixed. The pH of the whites was recorded and
moisture was determined by placing the weighed sample in & vacuum oven at
100°C., and 1 om. of mercury or less, for five hours.

The egg whites were frozen iz & thin film on the inside of & round

. bottom flask by twirling the flask im a bath of alcchol at -40%¢. to -45°C.

(~40°7. to -49°F,). They were then consentrated under vacuum from the
frozen state. The flasgks were attached by means of stendard taper joints
to an iron condenser immersed in the alechol bath. The system was
evacuated with a Kinney VSD566 wacuum pump. A disgram of the apparatus
used by Best (8) 4s whown in Figure I. The apparatus used in this study
was modified so that four flasks instead of cne could be atbtached. In
Figure 1, A represents the round bottom Pyrex flask. B indicates the
standard taper joint. € indioates the condenser, and D the opeming
leading to the wacuum pump.
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For the first part of this experiment, 600 grams of egg white
were Crosen snd ooncentrated tv four different levels. Four l-liter
round flasks were used for sash consentration, each flask containing
150 grams of egg white. The oconeentration of all of the whites was
ccmpleted within two days after the eggs were broken from the shell.
After concentration, the whites were stored in a refrigerator over
night. In this time the whites at th? lowsst concentration (31.68%
solids) came to equilibrium and ocould be poured from the flasks. The
samples at the mext two higher concentrations contained too much dried
material to oome to equilibrimm in that length of time. In order that
the egg might be removed from these flasks more sasily, 50 c.c. of dis~
$illed water were added to the samples at 52.7% solids, and 70 c.c. of
water were added to those at ?s.sg solids bofum ﬂmymu refrigerated
over night. The whites mmtrﬁm te an average of 92.5% solids
appeared w&mzy dry and could be removed from the flasks without
the addition of water. After the samples were refrigerated over night
and removed from the flasks, the four samples at sach concentration
level {the fm ssmples which aversged 31.6%, ete.) were combined and
an amount of distilled water was added egual to that whish had been
removed during the concentration process. The samples at this time
were ready for use in making cakes.

Similer procedures were used in concenbrating the egg white samples
for the other experiments on egg white dried under vacuum from the frozem
state. |
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night become rehydrated. Glass beads were used in the test tubes contain-
ing the samples to fasilitate thorough mixing. All plates were inoubated
for 72 hours at 32°C. (89.6°F.). Mutrient agar was used for the standard
plate sount, Potate dextrose agar was the medivm for the yeast and mold
count.

The method of MoFarlane (30) was used for the direct microscopic
oount. The count was made from & 1:10 dilution of the egg white. 4
0.01 ml. portion of the sample was discharged onto a clean slide using a
myilia?y pipstte calibrated to deliver exactly that amount. The material
wag spread over a 2 square centimeter sres (1 om. by 2 om.) with the aid
of & bent inoeulating needls and a 2 square centimeter guide. The film
wae dried im a horizontal position im a 37°C. (98.6%F.) inoubater. It
was then defatted for two to five mimutes in xylol and fixed for two %o
five mimutes in 98% aloohol. It was then stained one minute im North's
snaline oil-methyleme blue, washed in a beaker of water, drained end
dried. The following formuls for the stain was used:

Hydroehloris aeid concentra~
listhylene blue, saturated al-

eoholio solution $0.6 ml.
Distilled water 55,5 ml.

The method used for adjusbing the mieroseope and calculating the
count is deseribed in Standard Methods for the Bxamination of Dairy Pro-

ducts (1941) (2). Thirty to sixty fields were counted on emch slide.
The average sount per field wasz obtained and this number was multiplied
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€. 4ngel Cakes

1. Ingredients.

The angel cake formula used (29) was as followss

Pull recipe  1/4 reei

Rgg white . 244 g. 6l g.
Sugur 11/2 . 250 g. 62.5 g.
Cake flour 9/30 c. 90 g. 22.5 g.
Cress of tartar 1 %. 3.8 g. 09 gs
Salt 144 t. 1.5 go 0.3 g.

Bonough sugar for the entire problem was obtained at the beginning
of the experiment. It was thoroughly mixed and stored in a large can.
Enough cake flour of the seme brand and ghipment was also obtained for
the whole experiment. Cream of tartar and salt were obtained in suffi-
eient guantities to last throughout the experiment.

2. Hethod of mixing,

Flour and sugar for ssch day's baking were weighed and stored in
an inoubator whose temperaturs varied from 23°C. to 26°%C. (78.4%P. to
78.8%F.). Onme-fourth of the full recipe was used in all of the cakes
exasept for the one series of vacuum~dried whites where the full reocipe
was used to make large cakes. Before the ingredientz for each oske wers
conbined, one fourth of the sugar was sifted four times with the flour.
The remaining sugear was then sifted four times. The temperaturs of the
ogg whites was brought to 21°0. (70°F.) befors heating. In making the



gnwww uwmr cakes {1/4 of the full recipe), the eggs were beaten wntil Prothy
on the § speed of a Hobart "Xitohen A4id", Nodel 4, eleotric mixer. Cream
of tartar and salt were added after 10 seconds of beating. Sugar was added
in fowrths afver 20 seconds, 50 seconds, 37 seconds, and 45 seconds of beate

. ing. In meking the large sise oakes, & larger eleotric mixer, "Kitchen Ald",

Hodel G, was used bacasuse preliminary work had shomm that the smaller mixer
was inadequate for produsing & foam of the desired specifie gravity with
the larger volume of ingredismts. Second speed of the mixer was used.
Cream of tartar and salt were added after 20 seconds of beating. Suger was
added, approximately one tablespoonful at a time, starting after 25 seconds
of besting and comtinuing the additions at intervals of 7.5 seconds. All
of the sugar was added after one and one-half minutes of mixing. The
meringue was beaten until peaks of foam turned down slightly when the
beater was removed. The total time of beating of the meringue was resorded.
The specifio gravity of the meringue was determined dy weighing a level
ons~fourth cup of meringue and dividing that weight by the weight of an
equal volume of water. The flour and sugar mixture was sifted, one fourth
at a time, over the top of the meringue. It was combined with the aﬂgu
using ten strokes of a French balloen whip for each fourth added. The
temperature of the batter was determined, and the specifis gravity of the
batter was obtained in gnﬁg manner as that of the meringue.

The order of prepsration and judging of the cakes was rendomized in
an attempt to prevent any error osused by fatigue in msking or jJudging of
the cakes., The cakes for the muein-treated series were always made within



two days after trestment of the mucin. Frevious sxperience had shown that
with longer standiag, the muein in the sample in whioch it was pregipitated
but not removed tended to form large olumps whioh could not be broken up
with ordinary beating. Under such conditions these large pisces of musin
then appeared in this undispersed atate in the cakes.

3. Baking.

The rectangular pans used in baking the small cakes measured approxie
mately 2,75 inches in height, 3.5 inches in width, and 5.5 inches in length.
Their volume ranged from 750 to 780 c¢.ce. A layer of wax paper was ocut to
fit the bottom of the pans. For each cake, 120 grams of batter were weighed
into the pans. Cakes were baked one at & time in the center of the lower
rack of a Clark Jewsl gas oven maintained et 175°C. (347°F,) for 27 minutes.
Afber baking they were inverted until cools They wers then oovered with
thin wex paper and stored until the following morning, at which time they
were weighed and btested.

The large sisze pans were standard angel cake pans measuring 8 3/¢
inches in diameter soross the top, 7 1/4 inohes across the bottom, and
3 1/4 inches in height. The volume of the large pans varied from 2485
to 2515 o.0. The large oskes wers baked for 38 minutes at 175°0. (347°F.).
4 large oake {430 grams of batter) and a small cake {120 grams of better)
were baked at the same time from the same batter.

Cake volume was deternined by sesd displacement while the cakes



lGe

were still in the pans. BRupe seeds were dropped onte the cakes from a
sonstent height, and the volume of seads was subtracted from the volume

of the pan to give the volume of the cake. Tensile strength was determined
on & tensile strength machine which was similar in principle to the one
desoribed by Platt and Krats (36).

Two slices of each cake were tested and the results averaged. The
resding obtained was divided by two €o obtain the tensile strength measure-
ment in grems, Palatability scores were determined by three judges. Hach
Judge was given a slice from the same relative position in eash cake.
Slices were out with a saw-edged knife, using « wooden miter box, so that
each slioce was the sams thickness.
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Be m#&aw beating time of gg. The total beating time of the

neringue varied from 56 seconds to 3 minutes and 20 segonds for the fowr
| treatments. An analysis of varisnce showed that there was no significant
difference between replieatione but that there was a highly significant
differsnce between treatments. There was & non~significant difference be-
tween the average beating time of the cakes made from the fresh sontrol
oﬂ%n&@»ﬂggggﬁuﬁﬁﬁﬁg% There was & highly
significent ﬁw&gﬁ between the means from those two samples and the
means g§¢w¢¥§»§§ gwaw There wee also a highly
significant difference bstween the means of the two muocin~treated semples.
The s Eﬁma in which the muecin was removed regquired a longer g?u.gmw
ing to the sume specifie gravity than did the sample pﬂéwwfgwﬁ
was proecipitated but not removed. The averags gﬁﬁ times for the four
treatments are shown in Table l. Tables of analysis of variance for all
sections of this experiment sre recorded im the appendix. |
o. Temperature of batter. The final temperature of the batter, at

completion of mixing, ranged from 21°C. to 23°C.

d. ZLoss of weight of cakes during beking. The loss of weight of the
cekes during baking ranged from 10.9% to 16.1%. The averages walues for
the four treatments are recordsd in Table 2.

e. Shrinkage during baking of cakes. In prelimimary tests it was
noted that the cakes without muoin had s decided tendency to pull away from

the sides of the pan during baking. This characteristic was messured, and
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Table 4

Effect of Treatment of Mucin on Palatability of
| Angel Gake
Yorture  Tenderness WHolstaess Bating
(3ﬁ) (gag} (18%) Qm(sii ¥

POty
(2008}

i ' L ) #"v m. A pire.
Presh conbrol, '

Mucin preeipitated |

and removed 13.8 ~8.,2%320,2 2,0%% 9,7 -3.,5%928.1 ~8,2%%56,3-21.0%
Macinpresipitated '

and not removed 11.3-10.24%18,6 -3,7%% 8.7 -&.5“29«9-13-&“39.&'3&05”
%# Highly significant

mw of slices of cake from a fresh ocontrol egg snd from the
two mucin trestments show the effect of muoin treatment on the volume
and texture of the angel cakes. (Figures 2, 5, and 4).
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Pigure 23 Blice of Angel Cake liade from Fresh
Control Bgg
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Figure 31 Slice of Angel Cake Made from Bgg White After
w«ummmwm

Wi: Slice of Angel Cake Made from Egg White After
mmims.matmn
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B. Concentration of the Egg White

1. Yaouum-drying from the frozem state.

a. Appeerance of soncentrated egg white:
(1). Sormal egg white. The general appearance of the egg

white at the various concentrations was as follows:

24% solids: After coming to equilibrium, approximately half of the
material appeared to be a clear soclution and half
appeared to be s thick mass similar to the thiock white
of fresh egg.

37% solids: After coming to eguilibrium, the product appesred to de

’ mainly a thick mass with very little olear liquid present.

42% solids: After coming %o equilibrium, the product appeared to be
& thiok mass with no thin liquid present.

53% solids: About half of the product appeared to be éry; and the
remainder was & thiok layer which stuck to the sides of
the flask.

63% solide: About three-fourths of the product appeared to be
completely dry.

78% solids: About ninety per cent of the produot appearsd to be
émp’w&ﬂy dry.

92% molids: The produet appeared completely dry.

The reconstituted egg whites were held in the refrigerator for am
eight~day period while baking was in gww.*“' On the first two days



of this holding period, translucent, flaky materizl was noted floating
in the slear solution of the samples which had been concentrated. On
the third day the samples had become practieally homogensous through~
out and resembled the fresh egy white very olosely. On the last twe
days of baking a slight-off-odor was noted, and sediment had settled to
the botbom of the flasks. The chsnge in pH of the egg whites from the
time of concentrating to the last day of baking is showm in Tsble 5.
Table 5

pH of Vacuum-Dried (Lyophilized) Egg White Used in

I1287T% oi.80% f11 o 5 78 5% Vs ih i

) solids solids solids solids solids

2/8/48 5 9.45 G445  9.48 9.48 9.60
3 9,25 9.22 9.25  5.27 3.57

(2) Muoin-free ege white. The general appearance of the

mcin-froe egg white at the various consentrations was as follows:
30.3% solids: After coming to equilibium the product was a viscous
liquid whish poured readily eand flowed fresly around
the flask without sticking. It seemed to be of the
same oonsistency throughout, with no separstion into a
thick snd thin Mm
40.2% solids: After coming to equilibrium, the product waz a thiok,
, viseous liquid which poured readily, However, it tended
to atick to the flask and appsared to be approaching a
gel sondition.
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67.3% solids: About three-fourths of the product appeared completely
dry. The remainder was very thieck and stuck to the
sides of the flask. It did not come %o squilibrium
after standing in & stoppered flask at refrigerator
temperature for twe and one~half months.

94,3% solide: The product appeared to be ocompletely dry.

(1). HNormal egg white. The concentration of solids obtained

in each flask and the mﬂming provessing times are shown in Table 6.
Table &

'zim aaguiru& far 6mmmt:im af Presh

of egg white in each a:t' ie},ids in ﬁs& {15@ g. of egg whitt
flask four flasks in eash flask)
' 1247 (Control) —
29.9, 32.2, 33.0, 31.4 31.6 2 howurs, 55 minutes
48.6, 58.4, 53.0, 52.7 51.9 3 hours, 40 minutes
93.8, ‘9{5.4% 91‘21 88,0 2.8 o B hﬁm'k 3O minutes

(2). Mucin-free egg white. Egg white with mucin removed
took Wﬁ&y the same length of time to concentrate as did the
fresh control egg white. This is shown in Table 7.
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Table 7

Time Raquim& for ﬁmﬁeﬁm%m of Huecin-free Egg White
. mw mwm«s&tﬁs .
Fercentage of Bol: Qrmuim
of egg wﬁemm (wag. of sgg white
tluk , N in each flask)
w.s 2 hours, 55 minutes
40.2 & hours, 30 minutes
B87.3 4 hours
94.5 4 € hours, 30 mimutes

It has been found that ths percentage of solids and the time of
processing have a linear relationship between approximstely 30% and

80% solids. (Pigure 6)

o. Effect gg_ vaouum-drying

(1). Spesific gravity of meringue and batter. The speeific
gravity of the meringue ranged from 0.171 o 0.185. An snalysis of

9f ogg white on small angel sakes.

wvarianee of the results showed that thers was a non~signifiesnt differ-
ence in specific gravity of meringue between the five replications and
a significant difference between the treatments (concentrations of the
egg white). The sample which had been comcentrated to 92.3% solids
and the comtrel (12.4% solids) differed significantly from the other
three samples in that the former had a kig!m' specifie grawity.

The specifioc gravity of the batter ranged from 0.257 to 0.278.
An analysise of variance of the results showsd that there was alnm-
significant difference between replications and between treatments.



PERCENT OF EGG WHITE SOULIDS

100

80

60

40

20

150 grams of egg white
concentrated in

T one liter flasks.

2 ' 4 6
TIME OF CONCENTRATION (Hours)

. Figure 5.‘ Time Required for Concentration of Egg White by

Vaocuum=-Drying from the Frozen State.
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The average values obtained for the specifio gravity of meringue
and batter at the warious consentrations of eggz white solids are shomm
in Table 8.

(2). Zotal beating time of meringue. The total time of
beating of the meringue ranged from 50 to 70 seconds. An snalysis of
variance showed that there was no significant difference between repli-
sabions but & highly significant difference between treatments. There
was a highly signifiosnt difference between the means of soncentrations
12.47% end 92.3% and of the three other consemtrations. Yet it will be
noted that those coneentrations in which the meringue was beaten for
the longest time had the highest spesifiec gravity, indieating that s
stil) longer bsating time would have been needed to bring the specifie
gravity of those two samples down to that of the other three samples.
The average beating times for the weringues of the wariousz concentrations
of egg whites are shown in Tabls 8.

Table 8

Effect of Concentration of Egg White by Vacumm
Drying from the Frozen State on Average Specific
m«w of Meringue and Batter and Time of Beat~

er mm mﬁg at‘ gravity of of we
after con~ meringus batter { m&s
nmmtim *Tt , ﬁm - , Bﬁﬁf e AVe pire.
§1¢6 %al’?? -a,mm.zss -0.,008 52.4 w120
61.9 0.182 *@u@@&“’@»%ﬁ? 0.000 53.8 »31 0,85
0000 ) ﬁ&qﬁ ) w] o8




(3). Tenperature of batier. The final temperature of the
batter, at completion of mixing, ranged from 21.8%C. to 23°C. (70.7°F.
to 75.4°7.).

(4). pH of batter. The pH of the batter ranged from
527 %o .64 and averaged 5.45. The average values for pH of the
batters made from the egg whites at the five different coneentrations
are showm in Table 8.

(5)s Loass of weight of cakes during baking. The loss of
weight of the ocakes during besking ranged from 11.0% to :{3.@ and aver-
aged 12.26%. The average loss of weight during baking of the cakes mads

from the varions conoentrations of egg white is shown in Table 9.

fable 9

Effect of Concentration of Egz White by Vacuums
E’@M fmtham:m %&%m@iﬁf&tﬁ&m&

78.6 5.50 12.4
92,5  5.48 12,0

(6). Yolume of cakes. The volume of the cskes ranged
from 669 to 729 c.c. An snalysis of variance showed that there
was no significant difference in oske volumes related to the differ-
ent days on which the cakes were baked (repliocations). However,
there was & significant difference in volume smong the different



concentrations of eggs used. There was a slight difference between
the mean values for volume betwesn the cakes made from the eggs
whieh had been vacuum-dried (lyophilised) to the highest concentration
and the other three concentrated samples. The ocakes made from the
highest consentration of egg whites were significantly wﬁzl&r than
all but the cakes made from the fresh controls. Ome ovake made from
the fresh control agg had an vonsuslly small volume, beasuse the
meringue was not beaten to as light a specifiec grevity as it should
have been. If thiz one sake wers disregarded, there would have been
a significant difference in the volume of cakes made from the fresh
oontrol egz and those made from egg white concentrated to 92,3%
solids. On the other hand, the volume of the cakes made from the egg

white goncentrated to 92.3% solids compared favorsbly with the volume

of oskes made from fresh egg white in & different mection of this
experiment. The mmg\e volumes of cakes made from the five different
econcentrations of egg white are shown in Table 10.
Table 10
mfm of smmmum of Bgg White

. Drying from the Frozen State
on ‘#‘nlm uad !ﬁm&ﬁa Strength

nf solids eakes #trmgﬁ:
after con~ {0.0.) of cekes
geutration Avs _bifg, = Av. ____pire,

31.6 714.8 15.4 34.85 - 4.9
51.9 713.2 13.8 37.7 - 2,08
78.6 711.8 12.2 56,18 - 3.8
92.3 886.8 -12.8 43,75 2 4,0




When themlyai: of variance for volume was based on a comparison

of the cakes made from the fresh control eggs and each of the other

treatments, there was & non~significant differense between the means.
(7). ZTenmsile strength of cakes. The temsile stromgth

of the eakes ranged from 30.5 to 47. An analysis of variance showed
that there was no significant difference in the tensile strength of
cakes made from the eggs at any of the five different percentages of
golida or from the cakes msde on the Pive different days. The aversge
tensile strengths for the cakes made from the warious concentrations
of egg white are shown in Table 10.

(8). Palatability of cakes. The palatebility socores

given the cakes by the three judges are shown in Table 1l. The average
total scores for the oakes made from the different soncemtrations of
~egg white ranged from 86.5 to 88.5. An amalysis of variancs showed
that there was a non-significant difference in palatability of cakes
betwesn the five tresatments. Howsver, the judges' mcores showed a
highly significant difference between replications. 8ince the objec~
tive testa showed no signifiecant difference betwsen replications, it
would appear ﬂwk the judges were not consistent from day teo day.
Sinee tenderness was the only sharscteristis messured both chjectively
and subjectively, & comparison of the two methods of grading is of
interest. The cbjsctive measurement (tensile strength) showed no
significant difference betwsen ireatments or between replications.

The subjestive measuremsnt showed no significant difference between
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replications.

An analysis of varianecs of each of the judges' scores separately
for palatability showed that all three found no significant difference
bhetwesn treatments. Howsver, in the secores of two of the three judges
there was a highly significant difference betwesn replications, while
the third showed & nom-siguificsnt difference.

An analysis of wariance using the scores of the three judges as
treatments and the twenty-Tive cakes as replications showed that thers
was & non-signifieant difference betwsen replioations but a highly
significsnt difference between trestments. In other words, the three
Judgea differed significantly from each other in the total soores
which they gave the cakes.

| Table 11

Effect of Consentretion of Bgg White
by Ymﬁryiag from the ?mm msutc

S

Gf ‘aué“s BN A B e 3 e ¥ pt 1% 23 k. ?M

after con- o o ‘ Quality

centration (28%) (28%) (18%) (38%) (002}
Ava. DIff, Av. Diff. Ave. Diff. Av. Diff. Av. Diff.

TZeAT (OONUT0L)10.0 wmm 21o8 mwe  1BeD  mwmw Ble7 www 8BeB  wmm

&-s 19 o7 '3.3 23:? 0.9 i&-& 6&1 32.4 Qc? 88.4 1.#
78.6 20.3 0.4 21,9 0.1 13.3 -0.2 31.8 -0.,1 87.1 0.8

92.3 20.2 0.3 22,1 0.3 13.7 0.2 32.1 0.4 88.1 1.8



d. Effeot of vaouumedr

medrying a:r of ogr white whita on large angel mkn.
{1). Wﬁg gravity of meringue snd batter. The specific
gravity of the meringue ranged from 0.172 to 0.178. The spesific

gravity of the batter ranged from 0.237 to 0.255. The average values
cbtained for the specific gravity of meringue and batter at the various
concentrations of ege white are shown in Table 12,

(2) Zime of beating of meringue. The total time of beating
of the meringue ranged from 1 minute snd 56 seoonds to 2 minutes and 20
secands. An analysis of varisnce showed that there was no significant
difference between replications but & highly significant difference
between treatments. There was a highly significant difference between
the mesns for esch sonventration and the means for each of the other con-
contrations. The aversage values obtained for beating time of each of
the three treatments is shown in Table 12.

Table 12

Effect of Consentration of Egg White by Vacuum-
Drying from the Prozen State on Average Specifie
Gravity of Meringwe and mr and !im of Best~

ar 'w t;r of gr&vity of of mingue ’ (amﬂ

17«5 ' O.238 v 1E0..8 I %




(8). ZTemperaturs of the batter. The final temperaturs of the
batter, at completion of mixing, ranged from 21.85°C. to 23°C,

(4). loss of weight of cakes during baking. The loss of weight
of the hrgn cakes during baking ranged from 8.7% to 11.5%. The losa of

woight of the small cakes ranged from 10.1% to 13.4%. The average values
for loss of weight of the cakes during baking are shown in Table 13.
Table 13

Effect of Concentration of Egg White by Vaouuws-
m;y:iag frem the ?ram mﬁa on loss of wexgm
- B *i~> e £ ’ u '3' .M..._,_.A.,M o it ot e At oA

aolié: ﬁtm (%)
concentration ~
46.5 1.y 11.4
97.8 ; 10.9 ‘ 12.1

Small oakes

(6). Yolums of cakes. The volume of the large cakes ranged

from 2049 to 2418 c.o. The volume of the suall cakes ranged from 651
to 724 g. ¢. An analysis of varianoe of the wolume of the large cskes
showed that there was & non-significant difference in treatnents and a
non-significant differencs in replications. The seme was true of the
analysis of variance of the volume of the small cakes. The average
values for volume of large and small ocakes made from the egg whites
of the three different treatments are shown in Table 14.

{8). ZTensile strength of sakes. The tensile strength of the

large cekes renged frem 18.75 to 39.5; that of the small cakes ranged
from 26.78 to 42.%6. Au enalysis of wariance of the tensile strength
of the large oskes ve. the tensile strength of the smmll cakes also

showed & non-gignificant differsnce between replications and between



troatments. The average values for tensile sirength of the large and
small oakes made from the different consentrations of egyz whites are
shown in Table 15.

Table 14

Effost ﬂﬁg%ﬁg of mmm%w# by Vaeuum~
§§ gggm«ﬁa eﬁdémgwa%vnnﬁw

) ) et W ¥ ) e e W
46.5 2263.8 wmm 3 704.2
wd N . s MM&M:% ; mﬁ 8 §v®  =B.8

Table 15

. Bffect of Goneentration of gg White by Vacuwme
Drying from the Prozen State on Tensile Strength
&.gnuﬁmgw mﬁmww mﬁﬁugggg

wm um -5 w
{7)« Falatability f cukes. %he total wnwagwww&q soores

of the large cakes ngm&gwmwg 81.3; those of the small cakes
ranged from 69.7 o 85.7. An analysis of variance of palatability scores
of the large cakes showed there was a non-significant differenoce betwsen
{rontments and replications. The same was true for the smll ocakes.
However, when the palatability scorss of the lurpe cakes were compared
with those of the small cakes, it wasz found that there was & highly
gignificant differsnce. The average values obtained for the palatability
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scores are resorded in Tables 16 and 17.

Table 16

Effest of Congentration of Egg White by Vaouum~
ﬁryins from the ?r:am State on Mumﬁity of

Tenderness ﬁaiawu Eating
(25%) (1s%)  quarit
318 N ¥ 7 Quem— 3658

22.3 135.4 30.5 85a8 - 0.9
23:3 — ’1’503  Ble3 yﬁat“r 1.7

Total
(200%)
Av. Diff.

Table 17

Effest of Concentration of ¥gg White by Vacuam-
Drying from the ?ﬁam stm oa Px&.awiiity of

of solids Texture m&urms m&m@s m:m otal
after con- (28%) (28%) (18%) Qmii
eentration , N L AW
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briefly on the Waring Blendor. The blending csused a deorease im quality
of the eakes in most respeots. Therefore, the results of this experiment
are reported in two partas to show the effect of additional blending.

The average time of beating of the meringue of the control sample
was 60 seconds. Before blending on the Waring Blendor the average time
of beating of the soncex |

pd smmples ranged from 68 to B0 seconds.

After blending the sverage time of beating was inorsased to 835 to 92 seconds.
The concentrated samples which were stored for 80 days required longer
beating times than did the wnconce

ntrated sample. (Table 18).
Table 18

Effeet of Uoncentration of ¥gg White by Vacuum &
from the Frozen State and Storage at ~17.8% ;:;, {ﬂ%;}
aa&wmn%iﬂumﬁyafmmmmamm

"
e

Per cent of Bpecific gravity agmiﬁﬁ mﬁtp at miagw
. Bf batt

ogg white of meringue {seconds
Before . After 53?“pv &f%ﬂr

solids

4.4 0.173 0.180 0.268 0.258 ég 88
5B.8 €177 O.184 0.261 0.268 68 83
?iw' 9; Iﬁﬁ 0. iﬁﬁ 0.2685 0.364 80 92

Average o 58 © 0l Fos of Gonsentrated amg‘in" )
“sAverage of a aaksss a&‘ mmmm M&e&

(4). Tomp
batter, at completion of mixing, ranged from Z1.8%C. to 23%C. (70.7°P. to

re of batters The final temperature of the

73.4°F. ).
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(6). Loss of weight of cakes during baking. The loss of
weight of the cakes during baking ranged from 11.8% to 15.3% and averaged
18.1%.

(6). Shrinkege of cakes during baking. It wes noted in this

series of ocakes as well as in the muoin-treated sories that there was a

charascteristic shrinkage of the cskes from the sides of the pan during the
latter part of ming and eooling of the cskes. For the control sample,
the shrinkage averaged 0.45 om., and for the concsntrated ssmples the
shrinkage ranged from 0,40 %o 0.60 om.

)‘ (7). Y¥olums of sakes. Ths ¥plume of the cakes made from
the wﬁ*&i egg white averaged 693 c.c., & volume vhioh was within the
range associated with superior cakes. DBefore trestment on the Waring
Blender, the Wﬂg& onke volume of the concentrated samples ranged from
635 to 672 a.a.; and after blending the average w}.m dropped to 813 to
632 ¢.0. (Table 19). On the basis of these few results it cannct be
stated that the degres of concentration had any offect on the oake
volume. However, conceniration to any of the lewsls used in this study
followed by storage at O°F. for sighty days resulted in a decrease in
sake volume.
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Table 19

Effect of Conoentration of Bgp White by Vetwum-Drying from
the Frogen State and Sﬁvraga ai: -3.?‘.8“3. {ﬁ“?.} on Volume

, Fsakes of somtrel sample, T cakies of concentrated samples
u;mn.ga of 3 cakes of consentrated samples.

(8), Tensile stre

gth of cakes. The tensile strength of
the eakes made from the oontrol egg white averaged 32.1 grams. Before
treatment on the Waring Blendor, the average tensile strength of the
eoncentrated #ﬂﬁ?h# ranged from 354 to 42.7 grams, and after blending
t&vmﬁa strength ranged from 38.7 to 47.2 grams. Heither concen~
tration nor processing with the Waring Blendor had much effest on the
tensile strength of the oskes. {(Table 19).

1ity of cakes. The total palatability scores
of the cakes are shown in Table 20. The average soore for the cakes
made from the gontrol egg white was 83.9. Before blending the concen-
trated ssmples had seston ranging from 75.5 to 85,3, and after blending,
from 77.7 to 79.8. The cakes made {rom the eoncentrated sawples were
somewhat more compact and slightly coarser in texture than those from
the unconcentrated semples, but there appeared to be little difference
in tenderness.
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Pable 20

- Bffect of Concentration of Egg White by Vaocwun~Drying
the Frozen State and Storage at »1’?.8%. {Q F.) on
___Palstability of Angel | .

9544 75.5
“¥Average of © oakes of Wi Wia* T sakes ef soncentrated samples
mﬁmgﬁ of & cakes of cu trated sanples

f. Bffect of vasuue drying and storage at 1.7°C. and 21.1%. (35°F.
and 70°F.) en misrobiolo:

of egg white.
(1). Staandard plate oount. There was a docrease in the

standard plate count apparently caused by the soncentrating process alone.
In the concentrated and control semples stored st 1.7°C. (35°FP.) there
was relatively little change in the stendard plate count over a storage
period of one month. (Table 21) In the samples storsd st 21.1°C.

{70°F.) there was little change in the standard plate count of the two
samples oonoentrated to the highest levels (74.8% and 97.2% solids).

In the unconcentrated sample stored at 21.1°C. there was a rapid incremse
in the count. There was & definite, but slower, inerease in the count of
the samples concentrated to 34.3% amd 45.4% solids storsd at 21.1%.
(fable 22) After 10 days of storage at 21.1°C. an off-oder was noted in all
of the semples except the one concentrated to 97.2% solids. The odor of
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the unconventrated sample was desoribed as resembling that present in
ineipient fermentation. The odors of the concentrated samples were
wariocusly desoribed as musty, fruity and yeasty.

(2). Direct mieroscopic eount. The direct mieroseopie count
was made after approximately two and four weeks' storage. The sount
was higher than that obtained by the standard plate comnt in all but
one instance. However, all counts lower than one million organisms per
gram wers believed to bs unreliable because the average count in 60
fields had to be multiplied by & microscope factor of 1,082,000 to
derive the sount por grum. Thersfore, only one organism per field
would give a sount of 1,062,000, and when so few organisms were present
there was a large possibility of errer. The direct count after storage
of 31 days was higher in all but one case then the direst count after
17 days' storage. It was alse evident that the samples were not
thoroughly mixed, because the organisms were often present in clumps.
It should be noted that the concentrated samples were not diluted to
their original solids' content before dillutions for the baotericlogical
sampling were made. Therefore, the counts reported represent the
eﬁhﬁwg present per gram of sonsentrated egg white. The direet
mierosoopie counts are recorded in Tables 23 and 24.

(3)s Yeast and mold commt. The yeast and mold counts ob~
tained from the samples stored at 21.1°C. were relatively small, and these
gmnﬁu were probebly not the cause of deterioration of the samples.
(Table 24).
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Table 21
Effect of Ooncentration of Egg White by Vacuum-Drying from the Frogen

State and Storege at 1,7°0. .ﬁ%m.w on Standard Flate Cownt

dmu. cent  Standard plate oount per gram after verying sCOYage perioe
oL ogg

white 1day 7 dsys g%ﬁ w,z&a 25 days 51 deys
solids o | _ |

mm.m , 4,980 4,000 wwnﬂg 4,000 2,400 208

45.4 780 1,568 6,000 1,750 1,828 2,385

§3.0 2,300 5,300 9,900 1,450 280 1,300

4w.w 6,200 wﬁ.m@ wm.g@ 9,850 1,380 1,140
Table 22

Effevct of Congentration of @m White by Vacwum-Drying from the Frosen

_— gaﬁga%mrwa Aﬁvﬁgﬁﬁamgw

Gount per gram &fter ¥ ods

3 das

10 mhmi 26 g 31 daye

34.3 22,600 24,400 wmmxs mi..»&w mg o -
45.4 4,660 1,260 3,180 144,280 865,000 ———
74.8 120 5,480 1,180 20 180 370
97.2 520 40 1,750 85 10 260

Table 23

Bffect of Coneentration of ¥zg White by Yao : r
~ the Prozen State and Storage at u..}? aaam.w on www

white molids
1.7 .
$4.3

L

53.0

72.9

87.2
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Effest of Concentration of Egg White by Vacuim~
Drying from the Frogen State and Storage at 21.1%,
(70°F.) on the Direet Miorossopie Count and Yeast

mﬁ Yold count

For ont  Youst and mold

of sgg gount per gram
white after 10 days?

ﬁwe mimxﬁa Gount_per ml

34.3 30
45.4 35
74.8 26
9742 o B

3.359,1&9
1,628,400
139 2O

531,000

(#)s pH of egg white. The only ease in which there was

a definite drop in pH during the storage period was in the unoonscen-

trated sample held at 21,1%.

all of the other samples were at pH 8.3 to 10.0.

This sample dropped to pH 7.35, while

6. Appearance of concentrated egg white. There were character-
istis differences in the appearanse of the egg white at the different

levels of concentration.

A thin skin formed on the top surfeace of the

layer of egg white within a few minutes after the concentrating process

was begun, before the consentration of solide had incrensed more than 1%

over the amount originally present.

When the material was atirrsd the

skin disappeared, but it reformed more quickly as the concentration of

solide inoreased. At approximstely 154 solids a small amount of thick

material tended to stick to the stirring rod and thermometer. 4%
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spproximately 258 solids a large mass of material resembling thiok
white with entrapped air bubbles floated in & thin fluid pertion. At
about 35% solids the material sll resembled thick white, and there was
no longer smy thin liquid present. 4t 4074 solide the conoentrated
product seemad rubbery when 1% was stirred, and it started to stisk %o
the bottom of the plate. At a@;mmim%iy 50% solids, the produst was
wory rubbery and stretched into stra

is on stirring. It had a definitely
whitish appearance from the inereased number of satrapped air bubbles.
After it had boen concentrated beyoud 60% solids it could no longer be
 stirred, and it formed s layer in the bottom of the plate. At approxi~
mately 75% soclide this layer had & hard, glazed appearance, and cracks
apponred with further drying. |

b. Time and temperature of comsentratien. The temperature of

the eogg white during the oconocentrating process was veried in the two
seotions of this experiment. In the first section the Wmm
ranged from 35°C. to 45°C., and in the second section it ranged from
25°C. to 35°C. When the temperature was comtrolled, the time required
for concentration could be wvariled by varying the size of the sample of
egg white being consentrated. (Tables 25, 26 and Pigures 8, 7) The
thicker the layer of egg white in the plates, the longer the time re-
quired for concentration. The time required was also affected by the
distence of the plates from the fan and by the humidity of the air.
The plates which were closest to the fan were concentrated in s shorter
time than those at a greater distancge.
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Fable 25

Time Required for Coneentration of Egg White by Air Film Process
_at sa 4 em

Time of concentration anple sample
35”&.%&“%}. (0.2~cm, (0 Smom,

15 m=in. 17.8 -
48 min. 27.3 -

1 hr. 85.5 58,0
15 miu. :
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Pabls 26

Time Required for ﬁaaa:a&rx&igg of Egg White by Air Film Process

Time of congentration

15 wmin. 14. . : ]
30 min. 22.1 17.8 3.5;2 12.3
45 min. 42.4 23.2 1&.? 13.0
1 hr. ‘ 1.3 38.9 13.9
16 win. T84 62.2 1§o§ 14.7
50 mine. 82.6 88.1 23.8 18,8
2 hr. 3@.& 3.4 18.6
16 min. ' 93.3 50.3 20.1
30 min, 95.& 84,0 2248
45 min. 70,0 24.8
3 hr. @6*@ T4.7 27.9
16 min. 7849 32.0

%0 min. 78.6 3?;3




PER GENT OF EGG WHITE SOLIDS
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Figure 7. Time Required for goncengration of Egg White by Air
Film Process at 25 C.=35 C.
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Table 27

Effect on Time and Degree of Conocentration of Egg White by Air Film
Process at ss“a«&s%. on Time of awsm &ri&m aag.;. Gake Vol

Wi& s;g ‘lhitt Bwﬁm volume of angel cakes
at ss”g-&s%. miiﬁa _ {cees)  {grams)
L+ .11.3 1 min. 719 30.8
0 11.6 1 min. 704 33.86
0 11.6 1 min, 700 24.0
o 1l.6 1 min. 713 27.0
0 1l.8 1 min. 5 .ua 710 26.5
40 min. 41.8 1 min. 15 ses. 8§98 370
56 min, 773 1 min, 16 seo a8y 37.5
1 hr. 24.7 1 min. & sec. 703 27.5
1 hre 156 min, 90.2 1 min. & seo. 722 %aﬁ
1 hr. 20 min. 3845 1 min. 704 27.5
1 hre 20 min. 39.3 1 min. 721 24.0
1 hr. 25 min. 85.5 i min. 30 ses. 688 38.0
1 hre 28 min. 39.6 1 min. 20 sec. 891 51.0
1 k. 256 min. 39.6 1 min. 20 sec. 718 32.0
1 hr. 5§ mine. B5.5 1 min. 40 sesn. 878 31.5
1 hr. 40 mim. 77.5 1 min. 45 ses. 652 42.5
1hr. 40min  77.5 1 min. 50 ses. 622 43,0
1 br. 40 min. 85.2 2 win. 684 39.0
1 hr. 45 mine. 85.5 1 min. 40 ses. 672 44.6
1 hr. B8 nin. 85.5 2 min. 802 64.5
2 hr. 15 wmin. 87.0 1 nin. 35 seo. 834 57.0
2 hre B0 min. 39.1 2 min. 610 46.5
2 . 50 m‘ 8.1 2 m-\ 828 52,0
% hr. 26 u:m. 55.3 2 m 5 sso. 623 &5.5
% hr. aﬁ m: B2.5 2 min. 20 set. 820 43,5
4 hr. *&5 &iﬁt ??.? 2 min. & see. 808 5&.5
4 hr. 40 min. 177 2 min, 10 sec. 590 53.0
4 hr. 45 mine 7.7 2 min. 20 sod. 812 52.0
4 hr. 45 wmin. T7.7 2 min. 627 47.0
2 hr. B4.4 2 nin. 602 59,0
2 hr. 84.4 2 nin. & seo. 812 44,0
% hr. Bd.d 2 nin. 10 sec. §22 64.0
9 hr. B84.4 2 mine 610 e BT:6
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ANGEL CAKE VOLUME (c.c.)
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Figure 10, Effect of Time of Concentration of Bgg White by
Air Film Process at 35°C.=-45°C. on Angel Cake
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time of two and one-half hours to nine hours there was no further in-
oreass in tensile strength. (Table 27, Piguwre 12) Tensile strength
was apparently not w%gm to the degree of concentration of the egg
white to approximately 90 per cent egg white solids. (Table 27, Pigure
18) |
(7). Palatabily

of cakes, The total palatebility scores
of the cakes ranged from 71.3 to 81.0 out of possible score of 100. Tex-
ture scorss ranged from 15.7 to 22.7 out of a possible score of 256. Ten~
dorness scores ranged from 17.3 to 23 out of a possible score of 25.
Scores for moisztnese ranged from 9.7 to 14 out of a possible score of

15. BSocores for eating quality ranged from 25 to 32.7 out of s possible
socore of 35, The palatability of the cakes was related to the time
required for consentration of the egg whites. When the &ime of concentra-
tion was approximately one and one~half hours or less, there was apparently
no effect of time of comcentration on palatability of the cakes. As the
time of concentration was inoreased to spproximately two and one~half
hours there was a decrease in the palatadbility of the oakes. From a
coneentration time of two snd one-half hours %o nine hours thers was

no further deorease in palatability with increased time of consentration.
(Table 28, Pigure 14} The palatability of the oakes wes apparently not
related to the degree of concentration of the egg white to approximately
90 per cent egg white solids. (Table 28, Figure 15)
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PALATABILITY OF ANGEL CAKE
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Figure l14. Effect of Time of Concentration of Egg White by Air Film
‘ Process at 35°C,-45°C. on Palatability of Angel Cakes
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4, Effect of air film @mtwtm of ¢ Q&yhme at 2s8%. o s8°¢,

{77°F. %o 95°F.) en angel cakes.
(1).
gravity of the meringues ranged from 0.187 to 0.187 and averaged 0.178.

eific gravity of meringue and batter. The specific

The specific gravity of the batters ranged from 0.243 to 0.273 and averaged
0e262, The meringues of all of the c¢akes in this series wers beaten until
they fell within a definite range in order that there would be no differ-

ence in the cakes caused hy differences in #miﬁa gravity.

(2)s ZTotal beating time of meringue. The total beating
kim of the meringues ranged from 1 minnte to 1 minute and 40 sesonds,
Ths effect of concentration of the egg white by the air film process at
25°¢. to 85°C. on time of beating the meringue is shown in Table 29 and
Figure 18, The total beating time was not affeoted by concentration at
that temperature rangs for as long as 12 hours, except for the fast that
the unconcentrated whites required the longest beating tinme.

(3)s ZTemperature of batter. The temperature of the batter
ranged from 21.5°C. to 25°C. |

(4)+ Loss of weight of oakes during baking. The loss of
weight of the oskes during bakimg ranged from 11.8% to 15.5% and averaged
13.6%.

(5). Yolume of cakes. The volums of the cakes ranged from

840 1o 732 st The volume of the cakes made Prom the unconcentrated

whites was distinetly lower than that of the cakes made from the conoene
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TIME OF BEATING MERINGUE
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Figure 16. Effect of Time of Goncentration of Egg White by Air Film
Process at 25°C.-35°C. on Time of Beating Meringue
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32.3 out of & pogsible score of 55. The palatability of the cakes was
not affected by concentration st this temperature range for as long as
12 hours. {Table 30 and Pigure 19)



(Cc. C.)

ANGEL CAKE VOLUME

760

720

680

640

600

560
520

480

-84~

-
L e g

2

4

6

8

10

TIME OF CONCENTRATION ( Hours) 25°-35° C

- Figure 17. Effect of Time of Concentration of Bgg White by Air Film
Process at 26°C.~36°C. on Angel Cake Volume



TENSILE STRENGTH OF ANGEL CAKES (grams)

140

120

100

80

60

40

20

0

Figure

-85-

|
| . !
; i
N
. .
$ s o -
ID____ ’ Y r'y
1 e ¢
'__" . ® ¢
| N | l l |
0 2 4 6 . 8 10 12
TIME OF GONCENTRATION (Hours) 25°- 35°C
18, Effect of Time of Concentration of Egg White by Air Film

Process at 25°C.-35°C. on Tensile Strength of Angel Cakes



. ge2e ».ﬁ 11 o°ze 01z Zo26 g1
Al ] g0t o°z1 g e 0°02 8°18 a8
018 Lo02 o'st gz 38 ¢ g°18 g ¢
098 o°6e 0*21 A 14 geoe g°18 ay g
g°08 102 42t o°2e 0°12 o 9tas aq g
o°18 482 IR 41 g9t 08t 9°8L | g
g°98 o°1s o*et 0*12 g0z 2L, ‘wimoQg Ay ¥
1028 182 221 gege g8t g°4L WIH Og AU ¥
£ 68 Lore geet s*z2 0*2¢ 2*4iL ‘aq ¥
Lo L4z RS geeg o*oz rAF ¥ ‘ay ¥
018 g9z gel 0°1e g0z 4 TR aq g
0°g8 g 6z L1 34+ ] L6 0°0L ‘Wm0 *aq 2
i°08 ; 862 0*et oot g8t 0%L  "uYm 0g ‘W 2
0°98 L6z o*gt 482 4061 LwL o g
209 0°12 g8t 12 202 s . a2
L8 _ o°1e 0°81 1 g1 0°CL ‘W Qg 34 T
0'8e o' 48T 022 g0z 0°0L ‘WImOg aq T
g*a8 i°08 m.ﬁ 482 A 21T 0
0°ze 462 ; 402 £*81 a4 1 0
Mmm 728 g2z ge°12 4 ¢ S 0
.....gd 2690 m& aw ﬂw.# m%& dlnd éaa%onu I
. Jo weloos A3y seywe yedue  sexwo ﬂﬁg soxee [efuw seywe Ysduwe eaTyR 980  uWoTIWIUeD
1E3v3nied el A3jiwns JuI3 zm;mm;wmww,%?mgﬁ%?ﬁ?ﬁ? 30 3860 J8g -uov Jo euy

T oXw) 19TUY JO A331TqURSIN4 uo *0,98"0,82 3% 9RO00IJ
ﬁﬁuﬁk#ﬁ»wﬁ%%ﬁaﬁﬁgﬁaaﬁaﬁcoﬁn«eg&

og «nﬁu

s



PALATABILITY OF ANGEL GCAKE
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DIscUSSION

A. Objective and Subjective Hethods of Testing

From the results of these experiments it appears that both objective
and subjective methods of testing have a definite place in the Judging
of the quality of egg whites and of angel ¢ake. The subjestive method
is necemsary and can become extremely sscourate in determining the stage
of beating which represents a definite specifie gravity of the meringuve.
Without accurate observation at this stage in the preparstion of the
cakeu, all of the snecoeeding steps in the process would be worthless.

The average specific gravities of the meringues in the waricus sections
af the axyarimt& were very slose, indieating that the resulte of the

different sections oould be compared on an equal basis. The specifio

. gravity of the meringues of the cakes in the section dealing with the
trentment of muoin averaged 0.177. The small cakes baked from the ogg
Mttsm&mammmwmmm from the frozen state
had an aversge speeifio gravity of meringue of 0.183, while that of the

- large oakes baked from whites given the same treatment averaged 0.177.
The av&agti‘&gm\ obtained from the whites which were wacuum-dried
from the frozen state and stored at @"?g for 80 days was 0.179. The
results from the two seoctions on air-film concentration were 0,178
for consentration at 35°C.-45%C. and 9.,;?3 for comoentration at 25°C.-
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through the judging so that they ¢an finish what becomes an irksome
task. One of the most important aspects in atiaining reproducible
Judgen® scores is that of setting standards and maintaining them.
During the prelininary praciice period the judges should decide on the
range of scores to be given & superior product and then grade the
inferior products sccordingly. If these standards were remeumbered

from day to day, more comparsble results would be obtained. In these

experiments & ocontrol cake was baked each day from fresh egg whibtes
#0 that the treated samples could be compared with the fresh sample.
In the section om storage of consenmtrated whites, the sontrol was a
fresh semple which had been frozen and sbored without coneentrating.

In apite of day to day fluctuations, the judges' scores on the
~ whole oompared well with the objestive tests. In one respect, the
Judges® scores were & more accurate indication of eske quality than
were the measurements of cake volume. This partioular case occourred
in the section on concentration of the egg whites by the air-film
process at 25°¢.-35°C. Sinee this seotion was planmned at a late
date, there was not sufficient time to age the egezs for the usual
seven-day period before concentrating them, The whites which wers
used were very fresh and had a8 large amount of thick white. Om the
mixer uszed, thick white could not be beaten to the required specifise
gravity as quickly as thin white, nor did it give as good a cake
volume. In spite of the poorer ocake volume of the fresh contrel
eggs of this section, the judges ranked them as high as they had
previcusly graded other control cakes.
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be eanily forgotten. The same judges would not ordinarily be available
over & long period of time, and if they were available they might
readily forget the standards they had set for scoring the products.
Blight variations in the eake camused by fluctuations in oven tempera-
tare, changes in the laboratory temperatwre or unconselous variations
in the technigue of mixing the batter would net influence the results.
The beating test should be of partioular advantage in a storage study
which extended over a considerable period of time. It would also be
vory valusble when & rough test was mﬁaﬁ on a large number of samples
o give an indisation of their performance ability in angel cake. Along
with beating tests it would prob

1y be advisable to run oceasional
%ﬁammgn& oskes te%miamfkmﬂggsmmw@mum

It should be noted that a beating test of thias character is only
valid under the pertisular set of conditions en which it has been
tested. Different beaters, different speeds of beating, or different
temperatures of the ingredients would all produce results which eould
not be scmpured with those obtained originally. Similarly, different
treatments applied to the egg whites would first have to be tested on
sakes before & beating test could be applied.
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Ce Btorage of Concentrated Bgg White

Although methods have been described for successfully consentrating
egg white, the problem of the storage life of the eoncentrated produst has
only been started. The resulits of this study heve indieated that there
iz a deterioration in quality of egg white eoncentrated by vacwmm-drying
from the frozen state snd stored for 80 days at O°F. It is evident
that if concentrated ogg whites are 1:@' be practical, some method must
be devised for storing them under conditions such that their quality
does not change over & reasonable length of storage time. It would
be interesting to repeat the ome sborage study which was reported,
removing samples at varying %&w inﬁm}s to determine the relation,
if any, between storage time and degree of omoentration. Then further
studies should be begun in en attempt to find move desirable storage
gonditions, 1f those are necessary to retain the quality of the product.
Similar ressarch needs to be done on storage of egg white oonoentrated
by the air film process, sinve m' storage tesis wers attempted in
these experiments. BSince storage of the unconcentrated sample at O°F.
for 80 days resulted in no measurable change in its quality, unconcen-
trated whites ¢ould be stored in such a mammer to serve ss & control
for the eoncentrated product.
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The ohange was charactsrized by decreased cake volume, inorsased tensile
strength, snd deorsased palatability scorse. There was no cutstanding
charscteristic of thess cakes comparable to the shrinkege and coarse
texture of the muoin-treated cakes. (n the other hand, theore seemed to
be gimply & gradusl desline in sll of the desirable qualities.
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CONELUSIONS

Under the conditions described in these experiments, the follow~
ing conelusions may be draawn:

l. Bgg white treated te remove or precipitate the mucin did not
make an scceptable angel cske. The oakes from such egg whites were
charasterized by low volume, decreased palatability, and a coarse,
compact, and gummy texture. The ocakes tended to shrink from the sides
of the psn during the fimal peried of baking and during cooling.

2. Conecentration of egg white by vacuwn-drying from the frozen
state to a solids' consentration of approximately 92% did not cause
& significent change in the eske-making properties of the resonstituted
product.

3« Congentration of egg white by vacuum-drying from the frosen
state resulted in a decrease in the number of mioroorganisus a=
determined by the standard plate count. There was litile appreciable
change in the standard plate count a? either concentrated or unconcen-
trated samples during & storage period of ome menth at 1.7°C. (38°F.).
Ooneentration to approximately 75% solids redused growth of mioro~
organisms at 21.1°C. (70°F.) a8 determined by the stendard plate sount
on 8gg white consentrated by vaouum-drying from the frozen state.

4. Concentration of egg white by the air-film process at 356°C.
to 45°C, for periods up to appreximately one and one-half hours d4id not
aflect the oake~making properties of the reconstituted product. Pro-
cessing periods lenger than approximately ome and one-half hours at
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g properties of
the reeomstituted egg white. The degree of concentration to approxi-
mately $0% solide hed mo effeot on the ocake-meking properties of the
reconstituted egg white.

4his tempersture caused & decresse in the ecale-malcii

6. GConcentration of egg white by the air-film prossss at 25°C.
to 35°C. for periods az long as twelve hours did not affect the cakew
making properties of the reconstituted product.
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The primary purpose of this problenm was to find a method for
sonoentrating the whites which would not affeet the cake~making qual~
ities of the reconstituted product. A study of the effect of different
mm@aﬁ&m of the egg white was included in order to determine
whether the degree of soncentration was a factor limiting the range
over which the process could be sucsessfully extended. Iin investiga-
tion of the role of mucin in the cake-making properties of the egzg
white was also plaaned, since preliminery experiments had shown its
importance in the preparation of superior angel cakes.

It waz found that when muein was removed eor precipitated, certain
strustural properties of the egg white m lost, HNeringues made in
the preparation of angel cakes from such egg whites required prolonged
beating to reach a definite specifioc gravity range. The angel cakes
made from swuch egg whites wers characterized by low volume, decreased
palatability, end a coarse, compact, and gummy texture. They tended
to shrink from the sides of the pan during the final stages of baking

Concentration of the egg white was suecessfully accomplished by
two methods, One of thess involved vacuwm~drying from the frozen state,
and the other was & modification of the present commercial methed of
pan-drying. Two different temperature ranges were maintained in the
latter process, using infra~red lights as the source of heat.
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Consentration of egg~white by vecuun~drying from the frosen state
followed by storage for eighty days at -17.8%C. (0°F.) resulted in
decreased quality of the angel cakes made from the reconstituted preduct.
However, the dute were insufficient to show to what extent the factor
of degree of concentration was respongible for the deterioration in
quality. PFurther storage studies should be performed to elarify this
point and to establish satisfastory storage conditions for comcentrated
egg white produots.
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Texture o
L, Thin cell walls

2. Size celle: not-too
compact and fine,
not great large,

- even.

Tenderness
Yot tough

Molstness:
Not dry
Not gummy

;. Eating ‘quality i

- Best guality is where
 "melts in mouth"

Velvety,  smooth

Total -

. sPPEDIX
SCORE CARD FOR ANGEL CAKE
Number | | i
. Perfect! -
- gcore !
25
|
25 Lo
| g
i ! i
15 B i
i

;
]

X |
E s |
: .
X j

100 |

‘Scorer




=114~

Table 31
m}yﬁs a:t ?arimu m’ sffm af Mﬁx !‘rumt on

ﬁeﬁiuw '15’ s 68.5
mm«ax & 81735.5 20578, 6%

wgmg Significant
Table 32

mlya%a of ?ﬁrimma az‘ Effm af mﬁn mma on
, 1 . Yol ,

1768.8 358.7
79581.5 26627.2%+
18887.6  925.8

?mm%s

- Ms:sg

Table 38

Mﬁi! of ?wm of Effect of Muein Treatment on
; Strength ai,f'stl m (ﬁmﬁpﬁ‘ m;; sg
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Table 34

Analysis of Variance of Effect of Nucin Treatment on
ma of w Cakes gﬁam of Table 4)

i

som ﬂf Yariation Mm of Sum of squares  Mean agm

awmﬂﬁm 8 .88 1.7
i ; 3 82.28 20.76%%
5 _ 10.64 0.71
Table 36

m:ymiu of mima ai‘ wm of Muein Treatment on
; ngel Cake ﬁ&%ﬂf‘ Isble 42___

woar TS |
Repliocations B 2.13 0.43
Treatments 3 101.87 $3.85%=
; ; . 16 11.99 Q.99

Table 36
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Table 37

mzwuervmwarmmﬁfmmmmm
iatebility of ;{uxm“{gw&&%'mﬁei

Replications 5 " 59,85 11.91
Treatuents s 395195 1317.51%»

18 428,39 28,56

Table 38

Replications 4 8 . 19.1
Troatments 4 392.8 173.2%»
rror 16 72,8  10.8

Teble 35

Analysis of Variance of uffeoct of Conosntration of
&gmhhyﬁmwmmmmm;m m%m
.. m“'ﬁ 2 “ —
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Table 40

Analysis of Variange of Effect of Goneentration of
%mﬁw&xmwagwmmmﬂnwmm

Takiae 41

4 ﬂ‘ﬂ;& 242,8
4 _ 2846.9 T11.7*
18 ~_28R0.7 ; 176.9

Table 42

Analysis of Variance of Effect of Concentration of
mm&wmmmw;?ummmm
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Table 43

Analysis of Variance of Effect of Concentration of
Bge %him hy ?mwmmg frm m Frozen State on

Total 15.95
ktglim%im 7.70 1,92%%
: Ge1b 0.32
Wy significant
Table 44

Anslysis of Veriance of Effect of Concentration of
Egg White by Yeouunm~Drying from the Frozen State on
Palatability of ingel Cakes (Dats of Table 11)

Source of variation %agm of Sum of squares Eean m

R&giiwtim 4 4&;5@ 11.8?*
mmta 4 11.90 2.9
18 25,24 1.57
Table 45

Analysis of Variance of Difference in Palatability Scores
si-fm h;r zhma Jmég“ to Angel ﬁuk” i’ﬂyﬁm& frw m

Replications 26 :l 12.1
‘i‘mmmts 2 249, 124.6#
48 1550, 7 32,3

Wigniﬁmﬁ
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Teable 46

Anelysis of Variance of Palatabillity Scores given by
Mmm' %M&l M%s ?mmﬂ mm&h&%m

Souras afvmiaﬁm Wﬂ ﬁf Sum ef squeres  Mesn sgusre

on , o ; Ei e = ;

Replications 4 48,7 12.2

Trestumonts 4 §6.0 13,7
Table 47

Analysis of Varianoce of Palatability Scores given by
I’mrathx &wim '&a Wﬂi @aﬁm prawa& fm m White

Wﬁ. at &maf;qwu MW

Total ' %@ $92.0
o 'y 214.0 53, G
4 17.2 4.3
16 160.8 10,0
Table 48

Analysis of Variance of ?ﬂm\s&hﬂiﬁy Beores given by
Blma Orain to Angel Cekes Prepared from Egg White
ﬁmmmmr by mﬁw from the Frozen State

s»maafmm&w maf am;efaqmra Msgwa
Total T 50 178,86

Replications 4 101.4 : 25.3%%
xmms 4 9.0 2,28
%13 significant ‘ | ——



~120~

Table 49

Analysis of Variance of Effect of Coneentration of Egg
mta %zy ?&Wm frm tisn Mma mto on Time of

Total
Replications

**Highly significant

3.40
§22.57»
_2.89

Pable 50 -

Analyeis of mﬁ.ma of Effect of Concentration of Egg
White by ‘fw m-Drying from the Frogen State on Volume

W& atrmimklm MW aaf m of m MW

594543 19818.1
36220.5  19110.2
_26816.2  4469.3

mﬂi«t&m
Treatments

2
6

Table 5L

Analysis of Varisnee of Effect of Conoentration of Fgg
mmagmwwag m the Frogen State on Volume
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Table B2

Analysis of Varianoe of Effest of Concentraition of Hgg
Hhite ky vsmwmmg fm m mmm State on Tensile

Teble B

Analysis of Variance of Effest of Concentration of Egg
m&wmm from the Frozen State on Tensile

o1 Gukes (Data of fable 15)

ammw e:? miatm B:grm a&’ Ews af :qmto# Moan W
~ freedom
Bepliocations 3 338,58 112,88
Troatments 2 488.29 244.64
Error o & v mz.&aa 237.14
Table 54

Analysis of Varisuce of Effect of Concentration of Egg

White by Vacuum-Drying from the Frosen State om Tensile

Meﬁ%mm&lm«iﬁauumm
> iData of mxa 15}

. m
Rogiicatim 11 220.8
Treatuments 1 787.1
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Table &5

Analysis of Varisnce of Effect of Concentration of Egg
#hite by Vacuum-Drying from the Frogen State on Palatability
of large versus Small Angel m@ Baked from ﬁm Same Batter

%mmm ef m&a&i&u Degroes a!‘ Sum af sm Moan aqm
!frauém

Replications 11 286.46 26.08
f!z—a:wa 1 286,78 256,784

11 248.81 2289
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