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I. INTRODUCTION

A considerable quantity of dried egg albumen is produced
for utilization In such products as ceke frostings, meringue
powders, marshmsllow whips, sreaw.can&ies and nougats. The
product has also found use in eake mixes; however, it does not
appear to hava performed very satiasfactorily in angel cake
formilations.

The usual commercial procedure for the preparation of
dried egg albumen consists of fermenting liguid albumen free
of sugar, removing the mmcin scum, then drying on trays. A
minor frgction is spray dried and foam dried. It seens
possible that the methods employed for fermentation and
drying render the final product unsuitasble for angel cakes.
Evidence suggestive of this posslbility is to be found in
Variaus publications and in the unpublished work done in the
Foultry Products Laborastory at the Iowa State College. The
priwary objective of the work reported in this thesls was to
develop a fermented egg white which, after drying, could be
reconstituted snd made into sn angel cake comparable to that

obtained from fresh egg white.



II. REVIEW OF LITERATURE

From the review of literature it wss apparent that a
nuxzber of factors underlis the succesaful fermentation and
drying of egg white. They may be divided into the following:
(a) the role of glucose in stabilizing dried egg albumen,

{b) egg white fermentation methods and organisms responsible
for same, (¢) bacteriostatie properties of egg white, and
(d) factors influeneing the performance of egg white in fosms

and angel cakes.

Ae Role of Glucose in Steblility of Dried Albumen

Bﬁring the 1930%'s many workers felt that the chief funce
tion of the fermentation of albumen was teo 'thint' it and
thereby improve the whipping properties of the dried product.
Consequently workers attempted to improve on fermentation by
substituting éhemieal thinning methods. PFor example, four
patents (26, 35, 36, 37) were issued on methods of treating
albumen with acid prior to drying. Balls and Swenson (7)
developed a process in which trypslin was used to reduce the
viscosity of natural egg white to a polnt simlilar to that
found in fermented albumen. Their objective was to avold the
use of the bacterial fermentation. They found, however, that
the dried product prepared from the enzyme-treated liguid
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albumen derkened and beecame insoluble on starage;

Stewart and Kline (51) first demonstrated the role of
glucose in the deteﬁiaration,of dried egg white. They com~
pared the storage properties of unfermented and fermented
albumen., When stored at L0° C., unfermented dried albumen
changed progressively freﬁ pale yellow to dark brown and
became relatively insoluble wlthin a two week periocd. On the
other hand, fermented samples retained thelr original pale
yellow color and solubility during the entire twelve week
storasge period, To prove the role of glucose in.staﬁility,
Stewert and Kline (51) prepared drled samples from unfermented
and ferumented aibamen, and fermented albumen to which glucose
had been added. At L0O® €. only the fermented albumen
(glucoéeafrae) retained its original qualities. In order to
pravant this deterioration in unfermented dried albumen, a
storage temperature (below 5° C.) was necessary. These
workers eaﬁelndsd that fermentation of egg white was necessary
to maintain color and solubllity stability if the dried
produet were to be stored in unrefrigerated warehﬁuaes for
extended periods of time.

Stewart, Best and Lowe (50) followed the changes in
solublility of fermented and unfermented dried (b per}eent
moisture) slbumen stored at 50° C. The unfermented sample
retained its solublility for six days, after which time there
was s steady decresse in solubility over nine days! time.

Under the seme conditions fermented albumen retalned its color
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and solubllity completely for the entire fifteen day storage
period.

Hawthorne anﬁABroaka {25) demonstrated that the removal
of free glucose from egg white by yeast markedly retards
éeteriaraticn during storage. Dried albumen containing 0.05
per cent glucose retalned its color and solubility for two
weeks at 5° C., while a dried sample of untreated albumen
containing 0.5 per eent glucose loat wmore than half its
solubility.

Stuart and Goresline (5l) mention that their dried
fermented egg white retained 1ts original color during
storage in the laboratory at room temperstures for four months
whereas dried unfermented egg white turned s dark reddish
brown.

In a later paper Stewart and Kline (52) more fully
explored the effect of storage temperature, glucose and
moisture content, and pH on the rate of deteriorstion of dried,
unfermented albumen. They found that the rate of deteriora-
tion varied widely with storage temperature and that pH
exerted a significant effect on this rate. Reducing the pH to
acid levels decreased the deterioration rate. They also noted
that the moisture content had a pronounced effect on
deterioration, low levels being vary‘benefieiai. A study of
the effect of glucose concentration revealed that 1t exerted a
powerful effect on the deterioration rate in dried albumen.

Concentrations of 0,02 per cent and higher caused appreclable
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changes in fluorescence and color; concentrations of 0.05 per
ecent and above also gave rise to measurable changes in
solubility.

Much evldence points to the faet thet resctlons between
gluecse~andfagg white proteins are responsible for changes in
color, fluorescence and salubility of dried albumen during
storage. Stewart snd Kline (53) replaced glucose by other
sugars and sugar derivatives. Thelir results substantlated the
theory that the deteriorstion is of the Maillard type.

Sanmples of fermented albumen conbtaining the nonreducing
sugars, sucroge, trehalose and reffinose showed no evidence of
reaction, as Indiecated by changes in fluorescence, color and
solubility. Similarly, no effects were noted wham.tha sugar
alcohol, sorblitol, replaced glucose. Only those Ssugars con-
taining the free aldehyde group reacted with egg protelns to

produce deteriorative changes.

B. Fermentation of Egg wWhite

The spontaneous fermentstion of albumen has been deseribed
by & nuwber of workers (10, L1, 51, 58). Blomberg (10) in
1932 described a fermentation whieh has been used for nany
years by the Chinese. A spontaneous fermentation is allowed
to take ?laae in wooden casks. This worker did not identify
the mieroorganisms which are responsible for the fermentation,

but he did give a description of the physicsl changes which
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occur. The process requires 36 to 60 hours at about 70° F.
Blomberg states:
As the Termentation conbtinues, a scum rises

to the top and ls removed and disearded, and a
sediment also settles to the bottom of the cask.
While this 1s going on, sawples are taken from
the top by means of pipettes. When the sanple
shows that bubbling has practically ceased, and
8 sawple that has been drswn off through a
gplgot located about three inches above the
bottow of the cask also shows c¢lear, the process
is checked by the sddition of sbout 2 ounces of
aqua smmonis and sbout 3 ounces of glcohol per
100 pounds, stirred in as the albumen is drawn
off into the wooden bucketa.

The liquld egg white is then thinner and
not as sticky as it was before fermentation.

Glabau and Kepes (19) were awmong the first to follow the
change in acidity of the liguld during spontaneous fermenta-
tion. They found that the pH fell steadily from shout 7.9 to
5.8 over a perlod of four days. They did not identify the
microorganisms responsible for their fermentation.

In a discussion of fresh, frozen and dried egg products,
Le Clerc and Bailey (33) included & charscterization of the
albumen fermen*aticn. They descrlbed the final fermented
produet as having a heavy, odorous, spongy foam or seum over
the surface at the end of a four to slx day fermentstion
period., The liguid white under the scum 1s steted to have a
watery canaiatency; an odor comparable to thet of slfalfa hay,
and a slightly ealty taste. It is acid in reaction (pH 5.5).

Stewsrt and Kline (51) followed the course of a spontan-
eous fermentation by determining pH and free glucose in the
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- 1iquld. Depending on the amount of bacterial contamination,
they found the liguid to remain quiescent for several days.
The pH then began to decrease from 8.9 and reached 5.9 in
sbout 8 hours. As the ascldity inereased the mucin of the
thick white contracted into a stringy mass which floated on
the surface of the fermenting albumen. Analysis of this layer
kevsaled that 1t contalned 2 per cent muecin compared with 0.28
per cent for the remaining liquid portion. They noted that
evolution of CO, ceased aboaﬁxthe gixth or seventh day of
fermantatian‘ Isolatlon and 1dentification of the bacteria
responsible for the fermentatlion was not ineluded in their
study.

Stusrt and Goresline (5li) made bacteriological studies on
eight comuercial lots of fermenting egg white and found

bacteria of the genera Asrobacter or Escherlchis in such pre-

dominating numbers as practically to execlude other types of
organisms. In eddition to these geners, however, they did

find Proteus, Serratis end Pseudomonass persisting in the fer-

menting egg white, Samples of fermented egg white in which
Aerobacter and Escherichia types predominated during fermentae~
tion were found to yileld a bright, erystalllne, granular product
on drying. On the other hand, fermented egg white in which

such proteolytlc bacterla as Proteus, Serratias and Pseudomonas

persisted in large numbers throughout the fermentation perioed,
yielded a dull, dingy end amorphous product upon drying.
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Stuart and Goresline {(5}) also studied the changes in pH,
- glucose, protein nitrogen, amide and amino nitrogen and the
baeterial éaunt of fermentlng albumen. They used as their
inoculum a mixture of two samples of fermented egg white which

contained predominantly Aercbacter-~Escherichis~type organisms.

The results relative to changes iﬁ.gluaase and pH correlated
well with the results of Stewart and Kline (51). They found
no appreclable change in the nitrogen fractions. By the time
of coumplete glucose removal the number of bacteria had increased
to several billion per milliliter. Vhen the fermentation was
allowed to continue beyond this point, there was an increase
in the camhinﬁd amide and amine nitrogen values; asccompanying
theae changes was an abrupt inerease in pH.

In a subsequent paper Stuart and Goresline (55) further
identified the organisms they found In commerclally fermenting
egeg white. Of the twenty isolations of the Aerobscter genus

twelve were shown to be strains of jercbacter gserogenes; the

remaining eight strains more closely resembled Aerobacter
clogese. Thirteen other lsolations previously identifled as
belonging to the genus Escherichlas were shown to be stralns of
Escherichis freundii.

Stuart and Goresline {55) made other important discoveries.
By using varying numbers of cells of a selected strain of

Aerobacter aerogenes they found the rate of fermentatlon to be

directly proportional to the size of inoeculum. They also

studied fermentations made with selected strains of Serratis
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marcescens, Proteus sp. and Pseudomonas seruginosa. These

organisms did not produce changes in pH, suger content and
formol tltration values corresponding te the ordinary spon-

taneous fermentations. Decreases in pH snd sugar content were

neither as great nor as rapld as with Aercbacter serogenes and
Eﬁahariehia freundii. The fermentations with all three of
these organisms were eharaaterigad by rapid and marked inecreases
in the amount of formol nitﬁagsa, indieating strong proteolytic
asction by these specles.

Kiine {(30) used a 5 per cent inoculum of en Aercbacter

aerogenes culture to produce a fermentation of egg white in
forty~eight to seventy-two hours. 8losberg {418) fermented

salbumen with 10 to 20 per cent inocula of Aerobacter aerogenes.

Several Streptococcus fermentations have been described in

‘the literature. Steﬁarﬁ, Best and Lowe (50), using a culture

of Streptococcus, studled the effect of fermentation on solu-

| biliﬁy and fluorescence during storage. ?h@y noted that changes
in flavor resulted from this fermentation. Ayres (i) found
that a céntr@lled fermentation with s 20 per cent inoculum of
Streptococcus sp. reached a winimum pH of 6.10 after 11 hours;

no glu@age was present after 12 hours. Ayres {li) isolated
Streptococcus 8p., from a highly seid fermentation of egg
white and also from a commercially fermented dried albumen.

. Hopkins, et. al. (27) claim that Streptococcus lactis,

Streptoceccus diascetilactic, Streptococeus thermophilus, Lacto-

bacillus casei, end Lactobacillus bulgsricus completely ferment
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liquid whole egg free of sugar within a few hours when one per
cent inocula are used. However, they cleim that, when these
cultures are lnoculated into egg white, there is relatively
1ittle decrease in the reducing sugar content even after twenty-
four hours time. ‘

Yeast has also been used te ferment glucose from egg
white. Hawthorne and Brooks (25) reported a reduction in the
glucose content of egg white from 0.5 to 0.05 per cent and
0.0G per cent respectively in two trials where they used an

inoculation of s one per cent Saccharomyces apiculatis culture

and incubated the material for three hours at 37° C. Ayres
(L} also fermented egg white with yeast. By using a 20 per
cent inoculum and incubating at 86° F. the fermentation
reached a minimum pH of 6.7 in 15 hours; after 19 hours the
albumen was glucose~free,.

Ayres and Stewart (6) made a very thorough study of the
yeast fermentation. Thelr study included determining the
effect of size of inoeculum, surfacefrolums ratio, initial pH,
added growth factors and serial fermentations. Using an
sctively~-growing yaést {25 per cent of a previous run as an
inoculum) with added yeast extract as a growth faetor, complete

glucose removal was effected in two hours.
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C. Bacteriostatic Froperties of Albumen

The nunbers and types of organisms able to attask carbo-
hydrate in egg white are restricted in large measure by the
protective agents resident in native albumen. As earlyvas
1890 wurtz (59) noted that fresh egg white is generally
resistant to baeterial atbtack. Turro (56) observed that the
white of fresh eggs was less germlcidal then that of older
eggs but it was not until twenty~five years later that Sharp
and Whitaker (1,7) correlated the rapid rise of pH of egg white
after laying with the increased bacteriecidal power of older
eggs. Four major substances have been detected in hen's egg
white to whieh specific mierobioleglesl activity may be
aseribed. These setive principles are: avidin, lysozyne,
ovomucold and conalbumine

Avidin. The original report that rats fall to grow on a
diet containing 30 per cent dried egg white is eredited to
Bond (12). Boas (11) leter attributed the effect of certain’
foods to protect rats sgainst this %injury' to e *pratective
fector?, later identified with biotin. Eakin, Snell and
williams (1)) 1solated the constituent of raw egg white which
is responsible for egg white tinjury'; they found that 1t is
capable of combining with bilotin in a stable stolchiometric

complex rendering this vitamin unavaillable to Saccharomyces

cerevisige. Applleation of heat released the blotin and made

it available to the organism.
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Gyorgy, Rose, Eakin, Snell and Willlams (22) showed a
direct correlation between the capacity of an egg whiﬁe
preparation to produce egg white *injury' in the rat and its
effectiveness in combining with biotin in vitro. The active
constituent was accordingly namwed gvidin (avid albumen),
silgnifying 1ts affinity for bilotin {(15).

Gyorgy and Rose {(21) found the avidin content of hen's
eggs is in excess of that required to combine with ﬁll of the
biotin present. | '

Pemnington, Snell and Eakin (i3) prepared biologically
active orystals of avidin and demonstrated that it 1s a protein
with a large carbohydrate molety.

Lysozyme. Laschtschenko (32) was apparently the first
investigator to study the lysing power of egg white; he
obgerved the lysis of B, subtilis and related organisms.

The lytic effect of some agent in egg white was first
definitely dewmonstrated by Fleming (16), who appended the
term tlysozymet! to it. Fleming and Allison (17) and Nakamura
{L2) showed that hen's egg white is the best natural source of
lysozyme, | |

The setion of lysozyme on dif ferent types of miercorganlsms
is rather unpredletable. However, of those batteris tested,
the ones susceptible to lysis have all been shown to be grame
positive. Accompanying the lysing sction of lysozyme is the
little~studied floceulating ablility. Frledberger and Hoder

{18) suggested such actlon of egg white on various bacterla te



13

be due to a principle different from lysozyme. However,
Klemparskaya (29) reported the possibility of lysczyme's
acting as both lytie and floeculating agent. He classified
organisms as reacting to lysozyme by: (1) lysis, (2) lysis and
flocculation, and (3) neither lysis nor floceculation. He con-
cluded that floecculstlion depends on both pH and lysozyme con-
centration and suggested that such behavior depends on the
difference in the colloldsl struecture of the bacteria involved.

Ovomuceold., While investigating entitryptic aetion Vernon
(57) in 190l found the aetivity to be more marked in egg white
than with any other natural protein material. There is much
controversy in the literature ss to the action of this factor
and also concerning its ococurrence, However, in 1647 the
pisture was much clarified when Lineweaver and Murray (3l)
identified the trypsin inhibitor of egg white with the ovo-
micold fraction. They showed that the active principle could
be seperated from the albumin, conalbumin, globulin and avidin
fractions; however they failed to separate it from ovomucoid.
Electrophoretically, the ovorucoid freection ecould not be
separated from antlitrypsin; its electrophoretlie charscter was
jdenticsl with that given for ovomucold by Lengswarth (38).

Antitryptic getivity iz not restricted to raw egg white.
Harte (2)1) showed that commercial dried egg albumen contains
about ga mich sctive prineiple as fresh white,

Conalbumin. Schade and Caroline (li}}) reported that raw

egg white inhivits the growth of Shigella dysenterise,
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Ssccharomyces cerevisime and certain other microorgenisms.

The effect was independent of the avidin-biotin phenomenon.

Of ten vitamin factors and 31 elements tested, only iron over-
came the inhibition. 1In cooperation with Schade and Caroline
(L)1), Alderton, Ward and Fevold (1) concentrated the active
prineiple and showed (eleatraghavati&ally) that 1t was
essentinlly conalbumin. They came to the conclusion that the
iron~binding proteln and conslbumin were identical. Recently
further substantiatlion of this conclusion has been provided by
Sehaible and Bandemer (145, L6).

D. Pactors Influencing Culinary Propertles of
Egg White

1. Effect of acid on properties of liguid slbumen.

Almguist and Lorenz (2) have shown that the thick white
of albumen is composed of & fine network of ovomuecin flbers
entrapping thin white. MNMeNally (L0) reported that, at a pH
less than 6.0-6.l (depending on the salt concentration), ovo-
micin exists in a compact, precipitated form; from pH 6.4 to
8.5 it is in gel fﬁﬁm; |

It has been shown by Hanson {23) and Slosberg (Ii8) that
rmiein plays an important role in the whipping quallty of egg
white and in its yerf@rmanca in angel cake. Slosberg (L8)
found that when the pH of ligquid slbumen was adjusted below
about 6.6 (by direct sddition of acid or by fermentatlon),
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there was a definite decrease in beating quellity. Furthermore,
the work of Hanson (23) showsd that egg white treated to remove
or precipitate mein did not make high quelity angel cakes.
Cakes from egg white so treated were characterized by low
volume, a coarse, compact texture and decreased palatebility.
The results indiceted that muein in egg white mmst remain in
dispersed form in order to permit the production of acceptable

angel cakes.
2. Effect of acid on egg white foams and angel cakes.

The effect of eream of tartar as an ingredient of angel
cakes has been studied by Grewe anﬁ/ﬁhild5(20), who summarize
thelr results as follows:

Angel ceke made wilth scid potassium tartrate
a8 a part of the ingredients is a fine-grained,
white produet, whlle without 1t the cake 1s yellow
and coarse grained. Use of acld potassium tartrate
ecauses an inerease in the H-ion coneentration of the

cake,

Citric, malie and tarterie aclds used in place
of acid potassiunm tartrate to change the H-ion con=-
centration of the cake have the same effects on the

color ‘and grain of the cake as acid potassium
tartrate.

It is concluded that the ehange in color and
grain of angel cake resulting from the use of acid
potassium tartrate ls due largely to aclditye.
Barmore (8, 9) 1n studies on the influence of chemical
snd physieanl fectors on egg white foams measured the stabllity
of the fosms produced under various condlitions. He coneluded

that acids and acid salts inereased foam stability considerably.



16

Barmore (9, p. 13) himself surmarizes the study:

‘ It was found that for a pH of about 8,0 the
foam stabillty was prectlically the same for the
three kinds of aeld used., . « + geid tartrate,
acetic and eitric, But at a pH of about 6.0 there
was considersble difference in the foam stabllity,
the acid tartrate producing the most stable foam,
the acetic aeid the least stable, and cltric secid
an intermedlate degree of stability. PFrom this
finding it was predicted that the cakes would
give equivalent texture with the three geids at a
PH of 0.0, but that the texture would vary with
the degree of stabllity when the pH was sbout 6.0.
This was exactly the case. The cakes had an equal
texture at a pH of 8.0, but at a pH of 6.0 the
texture of the acetic seid cake was very coarse,
and the potassium sold tartrate cake the least
coarse of the three. ,

On adding still more acid than was necessary

to produce a pH of 6,0 in the finished eske, the

relation of the cake texture to the foam stebility

was even more notlceable. '

He also found the flrst portlon of the beating periocd to be
superior to the latter for adding acid teo the egg white.

Coke volume depends not only on the gmount of air beaten
into the egg white, but also on maintaining this eir in the
batter during baking, In this comnection Barmore (9) claims
that there sre two factors to be considered: firat, the
ineressed volume by including more air, second, the reduction
in volume because of the instability of the foams The point
at which these two factors are in balance produces the largest
cake,

Iowe {39, pages 367-381) has included in her text,
"Experimental Cookery", an extensive review of work releting

to angel cakes.



17

IXI. EXPERIMENTAL PROCEDURES

The investigations reported in this thesis fall into
three general categories, The first phase of the work related
to the selection of the most desirable orgasnism for removing
the glucose from egg white., BStudles were then maﬁa to
determine the optimal conditions for the fermentation of egg
albumen by thils organism, The final phase was econcerned wit@
studies designed to eﬁ&r&&t&rixa a fermentation whiech would
retain in the dried produet those angel-cake making propertles
raunﬁ.in fresh egg white.

As Preparstion of Egg White Semples

During the course of the work, egg white from several
sources was employed. In the studies relating to the
selectlion of sultable orgenisms for fermentation, 1t was felt
that albumen from fresh shell eggs, broken and separated under
aseptic conditions, should be used in order to minimize the
possibility of contamination. Iater work with Aercbactay

aercgenes indicated that such precautions are unnecessary to
insure a satisfactory, pure culture fermentation with this
organism. Therefore commercial frozen egg white was used In

most of'thg studies involving this organism.
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1. PFresh epg white.

Fresh eggs were obtalned from the Iowa State College
Poultry Farm and placed in a refrigerator at 18° ¢. They were
usually sbout three days old when broken and separated into
yolka and whites.

In the early studies whers pure culbures were being used
to determine tﬁﬁir ability to ferment glucose from egg white,
aseptic procedures were employed so as to obtain an albumen as
free of microorganlisms as possible. Shell eggs were soaked
for five miﬁutas in one per cent NaOH at L0® €., drailned, and
allowed to air dry, These eggs were hf@keﬁ and separated with
the aild of a sterilized separator. Also, preceoutionsry
measures were taken in the use of the Waring Blendor and other
pleces of eguipment whieh came in contact with the egg white.

Ordinsrily the eggs were broken and separated using
commercial egg breaking equipment (aawealled‘braaking tray and
separator). After seperation the egg whites were placed in a
Waring Blendor of a size sppropriste for the volume of egg
white used and blended in a mgnner such that no alr was
incorporated., This was accomplished by repeatedly tg;inking*
the ewiteh on snd off momentarily. In these eXperiﬁants thirty
tflickst were used to treat any one batgh of slbumen; the
resultant liquid waes thin, homogeneous and free-fiowlngs

ﬁhﬁ.bléﬁd&d egg white was used ilmmedistely or stored over

night et 10° ¢. A large number of the fermentatlons were
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carried out at 37° C, and L0° C. 1In bringing the egg white up
to these temp@ratures it was noted that, in spite of the
blending, there was some separation of thick and thin white.
Because of this the egg white was reblended (10 'flicks?') just

prior to use.

2. Commercial frozen egg white

Thirty pound cans of commercial frozen egg white were
purchased from local sources. The albumen wes allowed to thaw
for twenty-four hours at room tempersture. The e@ntentﬁ‘wer&
then blended, one liter at a time (30 'flicks'), placed in one
guart certons, refrozen, and stored at -15¢ ¢, until used.
Efﬁér rethawing, and jJust before using, it wss agsin blended
{10 *f;ieka‘},

B « Bacterioclogical Examinstion

The baecteriologleal examinations consisted of making di-~
lution plate counts ou Lryrtone glucose extrset agar and di-
lution smesr plate counts using eosin methylene blue agar.
The7teeknique~am§10yaé in meking the dilution smear plates
consisted of pouring eosin methylene blue agar Into petri
dishes and allowing it to selidify. Then OC.l-ml. of appro-
pristely diluted egg white was placed on the surface of the
agar near the center of the plate. This was distributed uni-
formly {(using a rotery motion) over the surface of the entire
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plate with a sterile glass spreader. All plates were incubated
at 30° C. for forty-eight hours. Readings were made after
twenty-four and sgain after forty-eight hours.

- Bacterial counts on dried albumen were made on some of
the samples from the storage tests. In these cases z welghed
‘sampla of dried egg white was soaked in sterile, distilled
water at 10° C. for five hours. Dilution smear plates were
made on the reaanstituteﬁ égg wvhite, using eosin methylene blue

Bgare

Ce Fermentation Methods

1. Source of cultures.

In the search for sultable organlsms for the egg albumen
fermentation, about fifty cultures were surveyed for theilr
abllity te remove glucose from egg Whitﬁ&‘ Some of these
organisms were lsolated from fermenting snd fermented egg
white; some were from other food products. These organisms
were not fully identifled. Others wers laboratory cultures
which were mede available by the Bacteriology and Dairy
In&ustry Departments of the College and by Wilson and Co. The

eultures surveyed included:

Aerobacter aserogenes Lactobacillus ecasel
Aercbacter closcae Tactobaclilius delbruckil
Escherichia coll Tactobacillus arsbinosus
Escherichias freundii Teuconostoc mesenteroides
‘ Streptococcus lactis

Intermediates
Pseudomones saccharophila reptococeus fecalls
Fseudomonas lindneri T
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2+ Inoculunm.

In the early studies with ﬁerabaeﬁer aerogenes, washed

suspensions of cells grown in tryptéﬁe glucose extract broth

were added to egg white. A loop transfer of Aercbacter gero-

genes was made into a tube contalning ten ml. of tryptone
glueose extraect broth. The mixture was incubated at 30° ¢.

for twenty hours. After incubatiaﬁ the culture was centrifuged
and the supernatant liquid decanted. The cells were then
washed with 0.9 per cent sasline solution, centrifuged, and the
3&p@rnatant sgain decanted. The cells were resuspended in 5
ml. of the saline solutlion and inoculated into egg white,

‘The volume of the culture was kept to & minimum to aveld
excessive dllution ef the egg white. The centrifuged cells
from 10 ml. of tryptone glueaae extract broth culture were
considered a 10 per cent inceulum when added to 100 ml. of
egg,whitai In later studies it was found possible to carry

Aerabaeter aerngenas directly in egg albumen., In this case

1 ml, was inceulated intec O ml. of egg white containing 0.1
per cent Difco yeast extract; the cuitures were incubated four
an& one half hours at 37° C. With this incubation period a
very small smount of glucose remained in the egg white. This
was déne deliberately in order to aveid putrefaction. These
cultures were passed in ordinary egg white, without trying te
employ asepbic technlques. No difficulty was experlenced 1&
obtalning pure culture fermentatlions by this method. Between



22

| passages tb@sa cultures were stored at ~15° @,

3« Fermentatlon methods.

The fermentatlion procedure was adjusted as more sultable
conditions for the organism were found. Study of a fermenta-
tlon by specifle organisms ineluded determining the effects of
the addition of yeast extract, surface/volume ratios, per cent
’inmaalugg’t@m@eratur& and pHe The course of the fermentation
was followed by pH readings and qualitative glucose tests.
Baeterlologlical examlnations usually were made at the end of
the fermentstion.

L. Addition of yesst extract.

Yeast extract ls well Ilmown for the scecessory growth face
tors it contains. Since Ayres and Stewart (6) had shown that
this materisl greatly aceelerated the Termenteblon of egg
white by yeast, studies were made to determine the effect of

this material on the fermentation of albuwmen by Aercbacter

aerogenes. A sterile concentrated sclution of yeast extract
was sdded to egg white in such a msnner that the albuwmen used
in fermentation alweys conteined a definite percentage by
weight of yeast extract.

5. Surface/volume ratio studies.

To determine the effect of surface/volume ratio

on final pHE of the fermenting slbumen and on the time required
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for glucose removal, fermentations were run using 100 nl. of
egg white in beskers of 100, 250, LOO, 600 and 1000 ml.
capacity, éespeetively.‘ In addition 100 ml. wers placed in a
10 inch diemeter ple plate and also 1000 ml. were placed in a
one liter Erlemmeyer flask., In the latter case a paraffin-
coated rubber stopper containing a glass tube 0.23 cm. in
diameter was Iinserted to the level of the egg white. These
latter two cases were studied to determine the effects of

extromely large and extremely small ratios,

6. pH adjustments.

a. Before fermentation. In certaln of the studles

- adjustments in the pH of liguid egg white were made to more
gcid levels. Normal hydrochlorie scid was added dropwise with
e@nataﬁﬁ sgltation {(without inewrperatian of air) to the egg
white until the desired pH was reached. All pH measurements
were made using a Leeds and Northrup Model 7663a-1 gless
.electrode pH assenbly. When it was nacesaary to adjust the
pH of 2 liquid egg white for a particular test, a control
sample, unadjusted, was tested at the same time. In order to
compensate for the dilution of the egg white when acld was
added, an equal amount of distilled water was added to the
control aamgle{

b. During fermentation. In an effort to sontrol pH
during certain fermentations, two methods were used:

{1) By eliminating CO,: €.g., during the fermentation
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the egg white was agltated by means of a glass rod bent at
100° angle and rotated at a speed of 75-78 revolutions per
rninute.

{2} By neutralization: e.g., one per cent NaCH was
added dropwise to the fermenting egg white with constant
agitation (as described previously) as required to keep the
PE of the fermenting albumen at 6.8-7.0,

es After fermentation. In certain cgses the Fermented

epgg white was sdjusted to alkaline levels by the use of one
per cent NaOH or one per cent and 28 per cent ﬁﬁhﬁﬁ, The
sctual maniyuiatioﬁs were similar to those aescribs& above.

Da Glnéosa Tests

1. Two hﬁué test.

Fresence or asbsence of glucose was determined by means of
a simple, rapid test devised by Stewart and Kline (51). Five
wl. of the fermenting or fermented albumen were placed in a 50
mwl, beaker whieh was then placed in a @@11~ventilatad air oven
at 120° €. for two hours. At the end of this time the color
of the slbumen was noted., Samples contalning no glueose do
not show color development (beyond the normal vellow color of

dried albumen) during the drying and heating perlod.
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2e Fifteen minute test.

Presence or absence of glucose was also deterwined by a
wmodification of the two hour test., One-tenth ml. of egg
white was placed on a preheated half of a petri dish and
heated for fifteen minutes under a General Flectrle reflector=-
drying lemp placed four inches from the surface of the plate.
At the end of that perled, the color of the slbumen was noted.
Tests on samples conteining varyling amounts of glucose showed
that, when no ecolor developed during the heating perie&, the
albumen was free of glucose. Results of the two hour and
fifteen winute tests correlated very welld

Some precautions in the standardization of this procedure
had to be observed. The area not in direct line with the
reflection from the filament showed a lower intensity of heat;
thia rendered such areas unsultable for use., This area
approximated one half the petrl dish for the lamp used in
thls laborateory. All sanmples were placed in the p@ayarly‘

" 1lluminated sector, egquidistant frow the center of the plate.
It was fanné necessary to standsrdize the test for each bulb

ugsed.

E, Drying of Fermented Egg White

Between 250 and 300 ml. of egg white were placed on
gluminum trays measuring approximately 27 cm. by 56 em., giving
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a liquid depth of 0.6 cm. The trays of egg white were then
dried by placing under a battery of drying lights (General
Electric Reflector Drying and G. E. Reflector Infraured Heat
lamps, 250 Watts; 105-120 Volts). The lights were placed
about 85 em. sbove the surface of the liquid. An electriec
fan operating at high speed served to keep an air current
flowing over the liguld egg surface. The temperature of the
liquid was kept below L0° C. by appropriate manipulation of
lights and air flow. Wwhen drying wes alwmost complete (about
two hours), the lights were turned off and drying was finished
- without supplementary heat.

l. MNolsture determination.

The molsture content of dried samples was determined by
the A, O. A. C. method (3) modified by using & one gram
semple, eliminating sifting, drying for exactly five hours,
and cooling the dried samples over fresh P 0y /[ Stewert and
Kline (51)7.

2. Reconstitution of dried egg white.

The drled egg white was reconstituted to 1ts original
moisture content with distilled weter. Prelimlnary study
indicated that a definite reconstituting period was necessary
in order to secure satisfactory and uniform wﬁiﬁ#ing tests.

' The procedure followed was to place the appropriate amount of

dried white in & small beaker. After adding water the contents
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were mixed so that all of the egg white particles came in
contact with the water. This beaker was covered and the mix-
ture allowed to stand at 10° C. for five hours. It was then
stirred until homogeneous, at which time it was ready for

further testing.

F. Bﬁ&tiﬁ@ Test

The procedure used has been described by Slosberg (18),
Hanson {23) and their coworkers (l,9); for the convenience of
the reader it will be repeated here. This whlp test was
devised to measure the beating rate of egg white in an angel

cake meringue., The following formulg is used:

Egg White 61.0 grams
Sugar | k7.0 "
Cream of Tartar 0.9 *®

This perticular formula is the sewme as that deseribed by
Hanson (23). The egg white was brought to 21° C., pleced in a
mixing bowl end beaten at high (third) speed on a Hobart
"KitchenAid" Model I electrie mixer. The egg white was beaten
continuously while the other ingredients were being incorporated.
At the end of ten seconds the salt and cream of tartar were
edded. The sugar‘waﬁ added in four equal portions: after |
twenty, thirty, thirty-seven, and forty-five seconds of beating.
Beating was caﬁtinued for ﬁhirty additional seconds so that
the total time of beating was 75 seconds.

After the beating period, one-fourth cup (60 ml.) of
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meringue was weighed to the nearest one-tenth of a gram. Pre-
cautions were cbserved in placing the fosm iIn the measuring
eup so that no pockets of air were incorporated. Care was
token in handling the meringue in the cup in order that the
foam was not caﬁgressed or broken. The meringue in the cup
was 1@?31&& by rumning the blade of a spatula over 1t at right
engles to the rim of the measuring cup.

Specific volume of the meringue was calculsted by dividing
the cup volume (60 ml.) by the foam weight per cup. Beating
rate was determined by dividing the speclific volume by the
total time of beating (75 aeaan&a).V Thus, beating rate was
measured in terms of ineresse in specific volume of foam per
second of besting (rl./gm./sec.).

Previous workers (23, /8, ,9) found that the beating rate
results correlate reasonably well with angel cake volume;

however, a few exceptions have been noted. Results indicate
that epgg white which beats rapidly always produces an angel
‘cake of high volume; however, egg white which beats slowly

does not necessarily produce a cake of poor volume.

G. £Angel Cake Test

In many cases angel cakes were made. These cakes were

prepered using essentlally the method of Hanson {(23) and Lowe
(39). ‘
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1.

The angel eake formula conteined:

Egg White : 61.0 grams
Suger 62.5 "
Cake Flour 22.5 ®
Crean of Tartar 0.9 "
Salt 0.3 "

2. Mixing and baking.

Iiguid egg white was placed in a mixing bowl (Hobart
"KitehenAid" Model li), brought to 21° C. and beating started
/[ high (third) speed_/. After five seconds the cream of tar-

tar and salt were added. Forty-seven grams of sugar were
added in three equel portions at ten, fifteen, and twenty
seconds. Beating was continued to the soft peak stage. The
total time of beating and the weight of a quarter cup of
meringue were recorded at this point. The remgining sugsr
(15.5 grams) and flour were combined ané sifted three times.
This mixbture was sifted over, and blended into, the meringue
four equal portions using ten strokes of g French balloon
whip. The welght of a guarter eup of batter was then
weasured and recorded. One hundred and ten grams of batter
were welghed into an ungreased baking pen measuring spproxi-
mately 2.75 in. in height, 3.25 in. in width and 5.75 in. in
length. A layer of waxed paper had been placed in the bottom
of the pans just prior to use in order te facilltate removal

of the finished cake. The cakes were baked at 170° C. for

in



30

twenty~Iive m&nﬁtes in a Despatch (Rotary Hearth Oven Model 150)
electrie oven. After baking, the cakes were inverted,

cooled and stored over night‘in 2 tin can at room temperature.

3. Objective and subjective messurements.

Cake volume wes messured by the seed displscement method
{23) before the cake was removed from the pan.

Palatability scores were determined by a panel of eight
judgés. Each judge wae given s slice from the same relative
position in each eaka_and was asked to score the plece for
%en&e#néss, texture, moistness, flavor and general peslata-
bility. In 2ll except the first study they were also asked
to comment on the odor of the cake. / See Appendix for

palatability score sheet,/
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IV. EXPERIMENTAL RESULTS AND DISCUSSICR

The results of the various studies may be cl&ssifieé into
three general categories: l. The selection of a desirable
organism for fermenting the egg white, 2., Optimel eonditions
for the Termentation of egg white by the selected organism,
and 3. Studles concerned with producing a fermentation by tﬁe
selected organism which would retaln in the dried fermented
produet the foaming and angel cake making properties of fresh
liguid egg white.

A. Cholce of a Sulteble Organisnm for Fermentation

The survey of about fifty specles or strsins of bacteris
to determine their abllity to grow in egg white and ferment
the glucose revealed only three promlsing mieroorganisms: two

strains of Aerobscter serogenes and sn Escherichis. One strain

of the Aercbacter serogenes group originally came from the

Northern Reglonal Research Laboratory and was coded as N,R.R.
L. #199., The other strain was isolated from a sample of
comnercial drled slbumen. The Escherichia culture was isolated
from s spontanecus fermentation of egg white.

The resulis af several studies indiecated that N.R.R.L.
#199 would ferment egg white in 16 hours less time than the
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other Asrcobacter culbture, the ferwentation time for which was

li6 hours. The Escherichla cultuve was disearded after 1t was

discovered that the fermentation with this organism produced
a\atringy, slimy product.
These studies indicated thet the culture of Aerobacter

aerogenes (N.,R.R.L. #199) fermented glucose from egg white
more raplidly than any other culture surveyed. As s result,
further research was restricted to N.R,R.L. #199,.

Be. Surface/Volume Ratlo

The fermentation of egg white in industry 1s generally
acegmplishﬁﬁ in large vats. PFor example, one company uses a
vat 10 feet in digmeter and fills 1t with egg white to a depth
of eight feet. This gives a surface/volume ratio of about
0,00l om.2/em.3. A study was undertaken of surface/volume to
determine what the effect of changing the ratio would have on
the rate of glucose removal, lowest pH atbsined and dispersion
of tﬁ& mecine

The results of these surfasce/volume ratio studles are
shown in Table 1.

Brownlng tests indicated that the minimum pH level was
reached just ss the glucose disappeared. At 30° ¢. the pH (at
the time of glucose removasl) appeared to be dependent upon the
ratio of surface exposed to the total volume of egg white,

However, at 40° C,, the only cutstanding difference wes at a
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- Table 1

Effect of Surface/Volume Ratlo on Fermentation of Egg
White by Aerobacter serogenes (N.R.R.L. #199)%

Surface, 3% ¢,P - | 1,0° ¢.°
Volume - Glucose pﬁ 2t time of  Glucose pPH at time of
fcmﬂa/ém.3) Removal complete glu- Removal complete glu-
: in hrs. cose removal in hrs. c¢cose removal
A — | |
3,08 ¢ 10 6.5 5 6.3
1.00"" " 63 " 5.9
0.5l &7 " 6.3 5.8
o.y3 7 " 6.2 n 5.7
0.32 ¥’ n 6.2 " 5.6
0,17 640 " 5.8
-0.004¢ - - " 5.8

&ﬁanditians of fermentation:
10% inoculum (washed cells)
0.1% yeast extract
100 ml. egg white

bpata obtained at 30° C. are an average of 2 replications.
®Date obtained st LOC C. are sn sverage of 3 replications.
41000 ml. of egg white in & 1 liter Erlenmeyer flask



surface/volume ratioc of 3.08.

Surface/volume ratio, within the limits used here, had no
effect on the time required for complete glucose removal. On
the other hand, a tempersture inerease of 10° C. {from 30° to
44o® ¢.) reduced the fermentation time by half.

No muein precipitation was observed in the present experi-
ments even at the lowest PH levels (5.6). This is ean&raﬁy to
the work of MeNally (40) who indicated that mucin is precipi-
toted at a pH of 6.0 to b.i. However, the egg white used in
this surface/volume study was well blended and this may account
for the difference. At the axﬁ?smély low surface/volume ratio
of 0.00L em.2/¢m.3, & very small amount of precipitated muein
appeared when the egg white reached pH 5.8.

The results of this study on the fermentation of egg

white by Aercbacter serogenes may be summarized as follows:

Surface/volure ratio played a negligible role in controlling
fermentation rate. It did not have any appreciable effect on
miein dispersions Increasing the tempersture from 309 to

L40° ¢. reduced the fermentation rate by half, but had no effect
on mucin dispersion. Ag a result of this study a uniform
surface/volume ratic of 0.5 em.2/em.3 was adopted for further

wori.
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€. Effect of Adjusting pH and Addition of Yeast Extract

Albumen used in this study ranged from pH 8.0 to 9.0. In
general, bacteria grow slowly in thls range. For example,
Aerobacter serogenes 1% reported by Cohen and Clark (13) to
have an eytimuﬁ<pﬁ range of 6.0 to 7.0 for growth in broth,
with minimum and meximam limits of l.Ji and 9.0, reapeetivelé.
It seemed desirable, therefore, to study the seffect of ad-
Justing the pH of the egg white prior to fermentation.

The effect of supplementing the egg white with yeast
extract was investigated at the same time. Ayres and Stewart
{6) had already demonstrated that yeast extract added to egg
white induced more rapid fermentation by yeast.

Results of these studies are shown in Tsble 2 and Tables
27 and 28 (Appendix). It appears that starting the fermenta-
tion at the natural pH of egg white gave the most satisfactory
results. When no yeast extract was added, pH adjustment did
not have any appreciable effect on the rate of glucose removal.
When yeast extract was added, acidifying the albumen prior to
fermentation slightly decreased the rate of glucose removal,
As was to be expected when the fermentstion was run without
prior pH adjustment, pH of the egg white at the end of the
fermentation was least acld.

The addition of yeast extract reduced fermentation time
sppreciably, Apparently yeast extraect suppllied the necessary
growth factors permitting the orgenism to grow repldly and



36

Table 2

Effect of pH and Yeast Extract on the Fermentation of
Egg White by N.R.R.L. #1008

pH ' Glucose Egmnvai PH of Bgg white
at start in hrs,

when Glucose-free®

Without Yesst Extract

8.6 (Control) 39 6.2
8.0 9 6.0
L 2 i
5.0 38 £:8
With 0,1% Yeast Extract
8 .6 {GQntI‘Ol ) 13 : {3 +0
8.0 15 5.3
T+0 15 Se
6.0 ‘ 15 E.E
» l? '9

8conditions of fermentation:
10% inoculum
100 ml. egg white
Surface/volume 0.5l em.2/cm,3
Incubation temperature 30° C,
pH adjusted with 1 K HC1
béverage of four replications

”Av&r&ge of three repliecations
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thereby ferment the glucose in the egg white. In this con-

nectlion it is of interest to recall that Aerobacter aercgenes

is considered to have relatively sinmple growth requirements,
Addition of yeast extraet did not appreciably alter the pH of
the egg white at the time of complets glucose removal compared
to fermentations run without such supplementation.

From thls study it is conecluded that the time reguired to
ferment glucose from egg white is considerably reduced by the
addition of C.1 per cent yeast extract and that the adjustment
of pH prior to fermentstion has no favorable effect. 1In all
future fermentation studies 0.1 per cent yeast extract was

added to egg white at its naturel pH.

D. Effect of Temperature and Slze of Incculum

Two sdditional factors thought to affect the fermentatlon’
rate were size of inoeculum and tewpersture. Jennison (28)
studied the growth of Aerobacter aserogenes in nutrient broth
et tewperatures of 22°, 27°, 32°, 37°, and 42° ¢. Most rapid
growth took place ét 329 gnd 37° C.; growth at 42° ¢, was more

repid than growth at 27° C., but not as rapid as at 32° and
37° ¢.

Stuart and Goresline (55) found sterile egg white inocu~-
lated with various levels of a selected sirain of Aerobacter
aerogenes fermented {at 30° C.) in a manner similar to the

cormercisl spontaneous fermentation. The rate was directly
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proportional to the number of bacterial cells added. In their
study, the course of fermentation was followed by pH measure~
man%s, glucose &etarmin&ti@ﬂs, and formol titrations.

| ?igure‘l and Tables 29 snd 30 (Appendix) i1llustrate the
effect of temperature end inoculum level on the rate of glucose
removal In egg white. The most rapid glucose removal rate
occeurred within the temperature range 34° and L15° ¢, Increased
amﬂunt$ of inoculum reduced the time required to férmant glu-
cose.

These data indlcate the abllity of Aercbacter serogenes

to ferment glucose rapidly over a wide range of temperatures.
By adjusting the size of inoceulum and selecting the proper
tewmperature it was found possible to ferment egg white on a
widely verisble time schedule. This 1s of considerable
interest commerclally since it permits the establishment of
fermentation times which are’aﬁayﬁébls to a varlety of dif-
ferent industrial situastions. |

Conditions were selected from the data obtalned in these
experiments so as to give a short fermentation period. Those
conditions included a 10 per cent inoculum and 40° €. incuba-
tion temperature; a four to six hour fermentation results.
This period allowed for general observatlions, sampling and

testing to be made throughout the fermentation eyele.
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Fige 1. Effect of Inocculum Level and Temperature on Time of Glucose
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E. Serial Passage of Organism In Egg White

In order to further simplify the fermentation procedure
and to make it more convenient for industrial purposes,
attempts were made to carry the selected organism (N.R.R.L.
#199) directly in egg white (instead of using standard
- cultursl medium or aseptic technigues). Seriel passages were
made in the following manner: -

Passage 1

* Aerobacter merogenes (N.R.R.L. #19G) was
2  Inceulated in 10 +« egg white containing

0.1 per cent yeast extract, incubated L
to & hours at 37° C.; then stored at -15°
C. untll needed for transfer.
\\%
Passage 2
1l ml. of previous culture was lnoculsted
in 9 ml. egg white econtaining 0.1 per cent
yenst extract, incubated L& to 5 hours at
37° C.3 then stored at -15° ¢,
V
Passage 3
ditto
N

Passage 160

The cultures were checked regularly fer‘purity‘and con-
staney of count. As shown in Table 3, after 160 passages the
culture still reproduced in egg white to a constent number of

microorganisme. It also remained pure. Probably this can be



1%

Table 3
The Effect of Carrying Aercbacter nerogenes (K;R.B.L,
© #199) in Egg Whlte on Purity and Abiiiéyvfo Reproduce

?aaaagny Bacterial State of Eitfarengial

No. Count? Culture® Tests
{per ml.) INve
g 1 :fiag ?&ig - - : :
12 i x 10 #
El i x " "
9 13 x® ki 2
51 iﬁ'x n "
33 ! x 1# "
10 hx "
12 2h x " .
127 Uy x " "
135 17x ¢ "
lﬁé i5x " "
152 13 x * "
160 z 8 | 1 - e e

&petermined by plating fermented albumen on Bacto-
ecsin-methylene-blue agavr. .
by _ Indol; M - Methyl Red; V - Voges-Froskauer;

C -« Citrate.
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attributed to four factors: 1. The fanti-faetors' naturally
present 1n egg white minimized the development of contami-
nants. 2. The short incubstion period. 3. Not all of the
glucose was fermented fromw the egg white; and, li. The large
inoculum (10 per cent) eliminated, to a great extent, compe-
tition from other organisms which are present in the egg
white,

At various intervalg, the culture wes checked for
Sglmonells using Bacto~-88 ager. During the entire study, no
Salmonella-type organisms were isoclated from the @gg white
sanples.

In addition to the convenilsnce of carrying the eculture in
egg white, there was the possibility that the serial passage
wight aceclliwatize the micrcorganism to egg white, so that
yeast extract could eventuslly be omltted, or, conversely,
might acelimatlze 1t to yeast extract, so that the bacterium
could not grow in egg white at a2ll without yeast extrect belng
yrasamt.‘ Table li shows that there is no sppreciable change in
the behavior of the eulture after 125 passages through egg
- white,

F. Standardized PFermentation Procedure

Consideration of the resulis of the study thus far per-
mitted the esteblislment of a standard fermentation for the
additional studies. Somewhat larger fermentations were desired
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Table L

Fermentatlon Time as a Punctlion of the Number of Serial
Transfers of N.R.R.L. #199 in BEgg Albumen®

Ho. of A Tivie of Glucose Removal (h@u?a)

Transfers Egg White without Egg White, + 0.1%
o Yeast Extract Yeast Extract
0 13 56
5 —-— 5-6
117 13 | Iy
121 13 -5

125 13 L5

8Conditions of fermentation
10% inocculum N.R.R.L. #199
100 ml. egg white at natural pH
Incubation temperature LO° C,
Surface/volume 0.5 cm.Z/ome3
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in order to study whipping quality. Accordingly the following
conditions were adopted in subsequent work:

10% inoculum; N,R.R.L. #199 carried by serial

transfer in egg white :

0el% yeast extract

1000 ml. blended egg white at natural pH

Incubation temperature LO° C.

Surface/volume ratio 0.40 em.2/cm,3
Pigure 2 1llustrates a typical pH curve obtained during the

fermentation of egg white under such conditions.

Gs Control of pH During Fermentstion

There was no serious precipitation of muein in any of the
fermentations even though the pH dropped to levels below 6.0.
1t seems conceivable that fallure to reproduce the exact con-
ditions of these experiments might lead to precipitation of
muein. With this in mind s geries of fermentations was run in
which the pH was contrelled gbove that at which muecin has been
 reported to precipitate (pH 6.0-6.4). In sddition, fermentation
studles were made with a view to retaining, in the dried fer-
mented product, those foaming and sngel cake making properties
which may be found in fresh liquid élbﬁmen. This necessitated
sorte change in criterla. Beating rate was selected as the
prime eriterion of quslity In the reconstituted product,

In an effort to control the pH of the egg white during

fermentation two methods were usedl: 1. Agitation of the

1A phosphate buffer was also used in an effort to keep the
pH sbove 6.8 during fermentetion, Unfortunstely, the addition
"of the buffer interfered with the glucose test; consequently
this method of controlling pH had to be discarded.
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Fige 2» Typlcal pH Curve for the Fermentation
of Egg White by N.R.ReL. #199,
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fermenting egg white in order to remove the G0, whieh was
liberated. 2. Addition of dilute NaOH.

Results of the study ere shown in Table 3 and Table 31
(Appendix). W¥ild sgitetlon prevented the pH from dropping
below 6.5; however, the mechanical action of the stirrer
caused ever-increasing smounts of mucin té collect on it.
Since the NaOH was added with egitation, the collection of
mucin fibers was also apparent In cases where the liguid was
so neutrallzed. The control sample was not agitated during
fermentation and even though the pH dropped to 6.0, no muein
fibers accumulated.

Where the beating tests were made on the fermented
slbumen, it was éeblendaﬁ in the egg white before samples were
drawn, The remaining egg white #aa pan dried; whip tests were
run on the reconstituted samples. As shown in Table & there
was consliderable loss of whigping quality af'ter drying those
sawples in which pH was controlled during fermentation. Very
1ittle loss of whip?img‘quality ceeurred in the fermentation
where the pH wés permitted to change freely. |

Hs Adjusting pH prior to Drying

It is commwon practice in industry to add KH&QE to egg
white at the completion of fermentation to bring the pH to
about 9.0, presumsbly in order to stop further bacterlal
action. The effect of adding alkali prior to drying on pH



Table 5
Effect of Agitation and pH 5djustmnt during Femmtien on Rate of Glucose ﬂma}., pH ami

Beating Rate®
Treatment  Fermentation oA | ; Beating Rate’
Tine After After Before ~  After -~ After Drying
{in hours) ?mmaman Reconstitution = Fermentation Fermentation and Recon-
; ‘ ; o 7 , o stitution
Control® k-5 6,0 6.9 #0739 0760 #0702
Agitatedd k-5 6.5 7.2 L0752 .0820 40638
Adjusted with o o o " | N
1% Naon® w5 7.0 7.8 ‘ 0726 078k 0562
&conditions of féfmntatiem - Data are averages of 9 replications
10% incculum (N.R.R.L. #199) 9pata are averages of 5 replications
0.1% yeast extract , g
1000 ml, egg w&ﬁn ‘ ®pata are averages of L replications
Incubation perature #0° G,

Surface/volume ratio 0.40 m.@/ﬁn.
%ting rate axpmnwd as ml./gm./sec,

a9
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end beating rete is shown in Table 6.

&d}ustmént of fermented egg white with NaOH to pH 9.0
prior to drying produced a produet of the same pH on recon-
stitution., Thls treatment had an sdverse effect on the beating
rate of the reconstituted product. On the other hand, a
similar adjustment with ﬁﬁhﬂﬁ improved the whipping quality.

It is of some interest to note that, in this ease, the pH of
the reconstituted sample was 7.2. ALpparently not all of the
NH) OH was volatilized (compsre data with that for the conmtrol).
In the case of the control the difference in pH before and
after drying was most llkely due to loss of €O, during the
process, The sddition of various concentrations ef~Eﬂh@H
showed no deleterious effect on beating rate even when concen-

trated NH)OH was added dropwise (to pH 9.0).

Table 6

Effects of Adjusting pH Prior to Drylng on Beating
Rate and pH of the Reconstituted Albumen

pH of Egg White after T Reconsbtituted Albumen
Fermentation pH ~ Beabting Rate®
S - 8@ fc{?ﬁﬁrﬁl } 6 07 .@?98
9400 (NaOH) 9.2 0575
9.00 (NH OH) 742 .0808

aBéating Reate expressed as m&./gﬂu/sea.'



I. Blending Previocus to Fermentation

Several reports in the llterature make reference %o the
preclpltaetion of mucin from the egg white during fermentation
(10, 51). However, except for the few occasions already noted,
mzein precipitation did not oecur during the fermentations
described herein. However, as has been mentioned previously,
all of the egg white used in these fermentatlions was thoroughly
blended just prior to inoculation. In view of these results
fermentations were run using blended and unblended egg white.

After fermentatlon the unblended white showed a heavy,
eompact layer of denabured mmein floating on the surface; the
blended white showed no slgn of %ﬁﬁiﬁ precipitation. Ho
satlsfactory glucose tests could be made on the fermented un~
blended egg whibte. At the end of the twe hour glucose test
there always remalned small fleeks of brown color. Even when
the fermentation in the unblaﬁded egg white was allowed to
econtinue several hours after the control fermentation was
coupleted, these flecks persisted. This suggests that the
,¥erganisma were unasble to penetrste the chunks of thick white
and ferment out the gluecose there. |

Another interesting point In this study was the difference
in final pH between blended snd unblended albumen. The latter
regched & minimam pH of 5.8; the unblended white reglstered a
pH of b.l [Figure 3 and Table 32 (Appendix) /. It is concelv-
able that this difference in pH might be asccounted for by the



pH

49

X
< _ Unblended
S

-~

~X_ -
~x
®

Blended

Figo 3e

I 2 3 4
Hours of Fermentation at 40° C,

Effect of Blénding on pH of
Fermenting Egg White.




50

more complete removael of C0p by being entrapped in the muein

as it is carried to the surface,

J« Angel Cake Studies

In order to determine the effect of the fermentation on
the funetlonal properties of egg white, three studies were
vundartakan in which the angel eake msking properties of the
fermented albumen were tested. The first study concerned
determining the effects of fermenting and drying. The second
study involved testing the effect of modifying the amount of
eream of tartar in the cake formula on the asngel cake making
properties of fermented, dried egg white. The third study was
an elaboration of the second: a flavoring agent, vanilla, was
added to determine whether or not the judges could distinguish

between cakes made from fresh vs. dried, fermented albumen.

l. Effect of fermentation, pH adjustment and drying on egg
white used in preparing angel cakes.

Data econcerning the fermentation are given in Table 33
(Appendix). Half the fermented aslbumen was divided inte two
lots. One portion was frogzen; the other portion was pan
dried. The remaining helf of the fermented material was
ad justed to pH Q.1 with.ﬁﬁhﬁﬁ. Part of this sawple was
frogzen; the remainder was pen dried. TFrom the originsl

lot of unfermented control, samples were also frozen
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and pan dried.

Five angel enkes were prepared for each of the six treat-
ments. This enabled comparisons to be made on ¢akes prepared
from the following: wunferuented frozen; unfermented dried;
fermantad, unad justed frogen; fermented, unadjusted dried;
fermenta&, adjusted frozen; and fermented, adjusted dried egg
whiha“ |

Results of subjective and objective tests on angel cakes
are given in Tables 7, 8, 9, iO, 11 and Tables 3l and 35
{Appendix). In order to test the signiflcance ef the results,
anal?&es of varience were made on the data for batter pH,
volune, btexture, tenderness, meoisture, flavor and general
palatability. These analyses are recordsed in the Appendix
(Tables 36 through 42). |

A summary of the results of the statistieal analyées
which were significantly less thén the control at the 5 per
cent {deaignateé significant) or 1 per cent (designated highly
significant) levels are shown in Table 12. From thls informa-
tion it is evident that fermenting and freezing and fermenting
and drying albumen produced angel cakes highly signiflcantly
different from those made from the control with‘resgﬁat to:
vgluma, texture, flavor and general palatability. There was
no aignifiaant &iffe?enﬂe in tenderness or molstness. In
addition, there were highly signifiecant differences in flavor
when angel cakes were made fram,ffazeniand dried fermented egg

white; the latter treatment alsc gave significant difference
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Teble 7
Bffect of Adjusting pH of Fermented Albumen on pH of
Oake Batter
Treatment aapliaati@ﬁ~
I I Iz v v Avee.
Unfermented Frozen 6.5 642 6.0 BB 6.0 6.1
{Control A)
Infermented Dried 6 «0 5 Qg 5 &8 50 8 506 5 -ﬁ&*
{Control B}
Fermented-Unad justed® holi  he3  heS  heS8 L5 bl
Frozen
Fermented-Unad justed LeB LB Leb LeB LB LubHus
Dried
Fermented-Ad justedl BT Bea7 547 549 5¢9 5.8
Frozen
Fermented~Adjusted Le6 a7  lLe?7 o8 L9 LT
Dried ;

a?avmanted, then frozen or dried
b?arm@nteég neutralized to pH Q.1 before freezing or

drying
s8ignificantly less than conbroel at 1 per cent level
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Table 8

- Effect of Adjusting pH of Permented Albumen on Volume
of Angel Cake lade Therefrom®

Preatment T Replication :

‘ I II IIX IV v Ave,

Unfermented Frozen 618 6317 1583 608 578 600,8
{Control 4)

Unfermented Dried 61 605 612 615 600 609.2
{Control B )

Fermented-Unadjusted® 571 573 566 568 527 561.08x
Frozen

Fermented-Unad justed 595 565 577 576 586 579,88
Dried : ,

Fermented-Adjusted® 623 60’§ 597 612 585 605.2
Frogen » |

Fermented-Ad justed 615 587 595 559 617 594h.6
Dried

&yolume mmsuré& in ml. per 100 gm. batter
.bFarmnte&, then frozen or driled
eFamnmd, neutralized to pH 9.1 before freezing or

#»u#8ignificantly less than control at 1 per ecent level
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Table 9§

- Effect of Adjusting pH of Fermented Albumen on Texture
of Angel Cake Made Therefron®

Treatment Replication
| I II III IV Vv Ave.
Unfermented Frozen Te6 8.0 845 8.3 T2 7.9
{Control A) o
Unfermented Dried Te8  Bu0  Te9 TS5 T Te7

{Control B)
Fermented-Unad justedP 6*3 6.8 6.8 6,5 6.6 6,64
Frozen

Permented-Unad justed 6.5 6.9 6;8 6.5 6.5  b.bms
Dried

?33’313“'!:66.*.&&3 uﬂ t&éﬁ 8 - 7 03 61 8 ? 3 7 . 8 7 - 5
Frozen
Permented~-Ad justed 7e3 Tel 6.5 Te3 Tel 7.1l

Dried

®average of eight judges! scores. Highest possible
score 10; range 0~10

b?srmanteﬁ, then frozen or dried

QF%rmanta&, neutralized to pH Q.1 before freezing or

drying , ,
#238ignificantly less than control at 1 per ecent level
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Table 10

of Angel Ceke Made Therefron?

men on Flavor

Preatment | R@?ii@ﬁtiﬁﬁ
I II III IV Ave.

{Control A)

Unfermented Dried 8.1 8,8 8.8 8. 8.1 8.5
{Control B)

Permented~Unadjusted? 68 6.5 6B b TJl  buTax
Frogzen

Fermented-Unad justed 72 64,0 6.0 61 7.0 6.5
Dried

Permented~Ad justed® 766 T Tt 76 7.9 Tobas
Frozen

Fermented-Adjusted Te8 740 6.6 T6 B2 Tohws
Dried

aAveraga of eight judges?' scores. Highest possible score

10; range 0-10

bFsrmsﬁtedg then frozen or dried
ﬁF@rm&nﬁaé, neutralized to pH 9.1 before freezing or

ar

rying
wSignificantly less than control at 1 per cent level
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Table 11

Effect of Adjusting pH af Fermented Albumen on General
Falatability of Angel Cake Nade Therefrom?

~Hepii§atian

Tﬁeatmant feat]
' I 11 IIT Iv b Ave.
Unfermented Frozen 7.6 8.y 8.7 8.4y 7.9 8.2
{Control A) | ,
Unfermented Dried 862 8-7 801 6.1 8.0 802
{Control B) ‘
Fermented-Unad justedP 7.0 647 6.6 601 7.6 6,8
Prozen
Fermented-Unadjusted 7.1 bJi 6,7 6 T b.8ms
Dried
Fermented-Unad justed® 8.1 7.7 T+0 76 TeT 7.6
Frozen o
Fermented-Adjusted T8 7. 6 7.3 8.3 T
Dried , , , )

&*varage of elght juégas* 800TeS .

10; range 0-~10

bF&rmanted, then frozen or drled
3Fermaataﬁ, neutralized to pH 9.1 before freezing or

drying

Highest possible score

%51gnifiaantly less than control at 5 per cent level
##Significantly less than contrel at 1 per cent level
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Pable 12

Summary of Hean Scores of Angel Cake Dsta

Treatment ~ Voline Tex- Fla~- Generasl Ten- Moist=

ture vor  Palata- der~ ness

bility ness

Unfermented Frozen 60048 7.9 8.4 8.2 8.3 8.3
(Control A) | |

Unfermented Dried 609.2 7.7 8.5 8.2 8., 8.3
{(Control B)

Fermented-Unadjusted 561.0## O6,0%% 6.7#% 6.83% 7.7 7.8

- Frozen :

Fermented-Unadjusted 579.0us 6,6%% 6.5%¢ 6.8s% 8.0 7.8
" Dried '

Fermented~-Adjusted 605.2 TS - Tobue 7.6 8.2 8.1
Prozen )

Fermented-Adjusted
Dried 50l.6 7«1  TJiwx TJix 8.3 7.8

#¥31gnificantly less than control &t 5 per cent level
#%8ignifieantly lese than contrel at 1 per cent level
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in general palatebility.

The trestments used also had a significant effect on the
pH of the batters and on the volume of the cakes. The mean pH
of the batters by treatments are highly correlated with both
the mean flavor and volume by treatments (Tables h3 and W,
Appendix). Sevenbty-nine per cent of the varlation in the
flavor among treatments and seventy per eent of the variation
in volume among treatments were sssocluted with pH of the
hatﬁers. An Insignificant psrt of the experimentsl error for
both Tlavor and volume are assoclated with pl of the batters.

Freezing or drying egg white produced no significant

effect on angel cakes.

2. BEffect of adjusting cream of btartar level in formulas for

angel cakes made from fermented albumen

From the previaﬁs study it seemed essentisl to explore
further the effect of pH in angel cake batters. The cake
batter prepared from reconstituted, fermented egg white was
econsiderably more acld than the batter mede from reconstituted,
unfermented albumen. In view of this faet, a study was made
which involved testing the effect of modifying the amount of
eream of tartar in the cake formula on the angel cake making
properties of fermented, drled egg white.

A preliminary experiment with cake meringuag wag run in
which the amount of cream of tartar was varied . Figure lj and
Table L5 (Appendix) illustrate the effect of level of cream of
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of Meringue made from Unfermented and
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tartar on the pH of the meringue made from reconstituted egg
white. It will be na#ed that’aven relatively large asmounts of
eream of tartar do not produce the scid merlngue that fermented
white doea when the cream of tartar levels are as given in the
angel c¢ske formula used.

Pigure 5 and Teble L6 (Appendix) indicate the effect of
cream of tartar level on cske volume. When using fresh egg
vhite the highest volumes were obtained when cake batter had a
PH range of 5.7 to 6.6.

Using the date in Flgure i as s guide, the cream of
tarter level for angel cskes was reduced in fermented, adjusted
egg white to 0.3 grams; in the plain fermented egg white it
was omitted entirely. Data concerning the fermentation of egg
white used in this study are given in the Appendix (Table 7).

Results of subjective and objective tests on these angel
cakes are given in Tables 13 through 17 (Taebles 48 and L9,
Appendix)., Tests of significsnce were wade by means of
analysis of veriance. (See Appendix, Tables 50 through 56.)

A surmary of the results of the statistieal anslyses which

were significantly less than the control at the 5 per cent
| (designated significant) or 1 per cent (designated highly
significant) levels are shown in Table 18, Highly significant
differences in volume, flavor and general palatablllity may be
noted when fermented egg white 1s used to prepare angel cakes
by the standard formula. However, when the cake formula was

adjusted to the lower or zero levels of cream of tartar, there
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Table 13

Effect of Cream of Tartar Level on pH of Angel Cake
Batter Prepared from Dried Egg White

Replications

Treabment
I II IIT v v Ave,
Unfermented | 6.5 6.7 6.8 6e8 6.7 ba7Hn
015 gm. o, t.8
Unfermented 6.l Bu.7 6.0 6.0 5.9 E.9
0.9 guie ¢o Lo
{Control)
Peruented-Unadjusted 5.7 5.8 5.8 SeT Ba7 So7u
00 gue ¢o te ‘
Perwented-Unadjusted o7 L6 L5 et L6 Lo Oms
0.0 g s To .
Fermented=-Ad justed Seli 5.3 5.5 6 Bb 5.5mx
03 gume co to , _ , .
Permented-Adjusted LLe8 L8 Le9 heo Le9  L.Oms

th Efle Tu te

8gpeam of Tertar

#2x81gnificantly less than control at 1 per cent level
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Table 1l

Effect of Cream of Taritar lLevel on Volume of Angel
Cake ?repare& from Dried Egg White®

@raatmﬁnt ‘ ﬁapii@ati@ns
o | o I Iz I11 | v v Ave.
Unfermented ' > TL 560 50 ; & 106
efi?ﬁgﬁf oL 4D 57 g 509 5&& g2l Sho.bomn
Unfermented 608 586 soly 609 586 506,.6
. .9 gﬁiﬁ gﬁ tl .
{Control)

Fermented-Unadjusted 591 585 596 572 577 582
00 gme ¢4 Lo

Febm@nt@d«ﬁnaéjusted 536 523 523 512 535 525.8ax
009 gmd 30 t‘

Fermented-Adjusted 5@1 5?5' 599 58l 600 589.8
0.3 gime ¢+ Lo

Fermented-Adjusted 566 556 562  5L3 545 55l
0.9 gnie ¢ ta

= ;
Volume megssured in ml. per 100 gm. batter

bﬁream.or Tartar

#Bignificently less than eontrol at 1 per cent level



Effect of Cream of Tartar Level on Texture of Angel
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Table 15

Cake Prepared from Dried Egg White?

Replications

‘Tweatmﬁﬁt :
' I 1I 111 Iv v Ave.

Unfermented go}. g.{{; ?«0 ?Qé 8'0 7;8
@.245 Eis Co 'Bob

Unfermented 7.9 8.h 745 7.6  7.h TeT
0.9 Bm: Ceo ‘tﬂ
{Control)

Permented-Unedjusted 8.0 8.1 8.6 8.8 7.7 Be2
0.0 gme c. to : ;

Permented-Unadjusted Tedi 6.8 69 7.0 7.3 Telwts
Qo9 glte Co Lo

Fermented~Adjusted 8.6 7.7 8.2 7.4 8.8 8.1
0.3 gne ¢4 Lo

Fermented-Adjusted 8.1 7.0 7.8 7.0 7.5 7.5

CeQ grie ce tTe

8pverage of eight judges' scores. Highest possible score

10; range 0-10
b@ream.af Tartar

@8ignificantly less than control at 1 per cent level
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Table 16

BEffect of Cream of Tartasr Level on Flavor of Angel
Coke Prepared Prom Dried Egg White®

kTrﬁaﬁmsnt | | 'Réplieatians
1 11 I11 | Iv v Ave,
Unfermented 8.2 8.4 8., 8.3 8. 8.3
) 01&5 W& Ce ttb ‘ ‘
Unfermented 79 T«3 8.3 8.1 8.4 8.0

0.9 gne co T
Fermented-Unadjusted 8.1 746 T 8.5 8.2 8.0
0.0 gme cu te :

Fermented-Unadjusted 65 549 61 6.6 6.9 6 olyse
0.9 gme ¢ to : k ' '

Fermented-Adjusted 8.1 8.1 8.4 8. 8. 8.3
03 gue €4 T :
Ferm&nteﬁrﬁﬁjuﬁte& 6.5 646 6.1 6.1 6.6 b

0.9 Efle Ca te

&iverage of eight judges? scores. Eighﬁat possible score
103 range 0-10

heream of Tarter ,
w+#8ignificantly less than control at 1 per cent level
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Effect of Cream of Tértar Level on General Palatability
of ingel Cake Prepared From Dried Egg White®

Treatwment

Eapiiaatians

I I 111 Iv Vv Ave.
Infermented 513 8:2{. ] ?08 ?'9 8.14. 8.1
G-l(5 Elte Co ﬁub |
Unfoermented 8.5 747 7.0 TG T«9 8.0
0.9 gis Co to
{Control)
?er@antednﬂnaﬁjustad 8.2 7.6 7.7 8.6 8.1 8.0
0.0 g ce Lo ,
Fermented-Unadjusted 7.0 6.0 64,7 6.7 7.1 6. THn
0.0 gms ¢+ te
F@rm@n’b&&*ﬁ.&jﬁﬂt@d 807 80{3 802 84‘3 8«1 8.2
D3 gma cs to v v
Permented-Ad justed 8.3 6.i 6.8 6.5 7.1 T Ot

0.0 gu, co Te

g&varaga of eight judges? secores. Highest possible score

10; range 0-10
bﬂraam»cf Tartar

#%81ignificantly less than control at 1 per cent level
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Table 18

- Summery of Mean Scores of Angel Cake Data

Treatment Volume Tex- Fla-~ General Ten- Jlolst-
gnd - ' ture vor  Palsta~ der- ness
pH of batter © bility ness
Unfermented , Blin.bus 7.8 8.3 8.1 8.6 B.yx
Qc}.}s glie Co ToB . ' '
PH Stg
Unfermented 506,.6 747 8.0 8.0 8.6 8.1
G.g gm* g' t.
{Control)

Permented~Unadjusted 58l.2 8.2 8.0 8.0 8.3 8.3
0.0 gie Ce s , ‘
PH 5.5

Permented-Unadjusted 525.8u% 7.1lux 6.l 6.7%% 8,2 8.0
0.9 gme co T . : : ,
pH 1.9

Fermented~-Adjusted 589.8 8.1 8.3 8.2 8., 8.3
g'} gie Co te
pﬁ 50?

Fermented-Adjusted SCliudiss 7.5 vé'&%§ T.08% 8.0 8,2
Gé?hgg. ce Lt
P 1w

aﬁraam of Tartar
#Significantly less then control at § per cent level
#u8ignificantly less than control at 1 per cent level
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was no significant difference from the control angel cake made
~with the standard formula,

 With the exception of fermented egg white containing 0.L5
grama of eream of tartar, there was no significant difference
by treatments for tenderness or moisture.

A covarlance analysls wes made on the data for pH and
flavor. It indiested that, for this aﬁpariment, the mean pH
of the batters by traatmﬁﬁté are correlated with the mean
flavor by treatments (Table 57, Appendix). Seventy-four per
cent of the variation in flavor of tréaﬁment is associated
wilth pH. ‘

Judges! comments on odor were generally restrieted to two
of the twelve categories which were llsted, sweet and acid,
Those two treatments of cskes which had the lowest pH of
batter were usually described as acid; otherwise judges
eonsidered the cakes sweet. |

FPhotographs of ecakes (magnificstion 1.75) are shown in
Pigures 6 to 10.

3. Effect of adding vanilla to cake formula

The final angel cake study was e duplication of that
éescribad in the previous section, except that vanilla was
added as a flavoring agent. Alseo, the judging procedure was
changed somewhat; .., wﬁgnksamples were presented to the
judges, s cake prepared from fresh egg white was designated as

a standard and was svailable to the judge for ready reference.
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Fig. 6+ Angel CGake Prepared from Unfermented, Dried Egg
White (0.9 gme of cream of tartar in formula).
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Fig. 7. Angel Cake Prepared from Fermented Dried Rgg
White (no eream of tartar in formalsa),
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Pig. 8. Angel Cake Prepared from Fermented, Driled Egg
White (0.9 grams of cream of tartar in formula),
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Fig. 9¢ Angel Cake Prepared from Fermented~adjusted Dried
Egg thite (0.3 grams of cream of tartar in formula).
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Fig. 10s Angel cake Prepared from Fermented-adjusted Dried
Egg White (0.9 grams of eream of tartar in formula ).
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Data concerning the fermentetion are shown in Teble 58
{Appendix)}. Results of subjective and objective tests on the
angel cakes are given in Tables 19 ﬁhﬁ@ﬂgh,EB and in Tables
59 and 60 (Appendix). [TSse Tables 61 through 67tféppanéix}
for statistical analyses./ With one exception the results of
the statistical analysis are simllar to those of the previous
study (compare Tables 18 and 2li). Vhere judges previoualy had
found highly significant differences 1In flgvor between two
treatments, the differences were only significant, Apparently
the addition of vanilla reduced the acid flavor present in the
albumen. It should be stated that ths Jjudges were not aware
of the addition of wvanilla; they commented that the odor was
aromatic, fragrant or sweet in cakes the batter pH of which
was less acid than 5.0, In the two treatments where the pH of
the batter was less than 5.0, judges generally commented that
these eékas were aclids Ocecaslionally a jJudge deseribed the

cakes a8 having e yeasty odor.

K. Effeet of Storage on Bacterial Count in
Dried Egg Whites

Ayres and Slasbérg {5) fourd that storage of dried egg
white at. temperatures between 50° C, and 60° ¢. for four to
eight days freed the products of suspect organisis. It was of
interest to study the effect of a simllar storage treatwent on

the number of Aercbacter seropgenes in dried, fermented albumen.
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Table 19

Effect of Cream of Tartar Level on pH of Angel Cake
Batter Prepared from Dried Egg White®

?reatmsnt Replication
o S X | II’ 111 Iv Ave,
Unfermented T 6.9 70 T 7.2%
0.2.}.5 Bl o t‘b
Unfermented 6.5 6.3 6.5 646 6.5
0.9 gme ¢ to :
{Control)
Permented-unadjusted = 5.8 5.6 5.8 5.8 o
0.00 Elie T '30 '
Fermented-unad justed LLe9 ka7 L6 o9 lp« B
0.9 Bite Co te
Permented-adjusted 55 55 55 5.5 5o
0.3 gme ¢ to ’ . ‘ . '
Permented-adjusted e L9 L9 he9 ‘h.9%%

'ngvgm' CGe Lo

8pormula included vanills

bCraam of tartar

#81gnifricantly less than control at 5 per cent level
##8ignificantly less than contrel at 1 per cent level
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Table 20

Effect of Cream of Tartar Level on Volume of Angel
Cake Preparad from Dried Egg White®

.%r#&tmsnﬁ T Eapliéatien
I II 11X v Ave.
Unfermented 559 555  Sh3  SL8 5515
0.5 gme c. tP
Unfermented 620 62, 61} 621 620
0.9 gme ce te ’
{Control)
Fermented-unadjusted 507 606 613 610 607
0«0 gnme ¢s to
Fermented-Unadjusted 546 539 562 525 5l 3
049 gme co ta )
Permented-ad justed 615 612 612 615 61l
0.3 gme Co b ‘
Fermented~adjusted 559 571 526 565 S55%4s
th gmi ’cﬁ tg

Spormile contained vaﬁilla; volume messwred in ml. per
100 gm. batter

bcream of tertar
##8ignificantly less than caa%ral at 1 per cent level
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Table 21

Effect of Cream of Tartar on Texture af Angel Cake
Prepared from Dried Egg White®

Treatment Replication
o I 1T I IV Ave.
Unfermented 8.1 7.0 8.0 7.0 7.5
002}5 Al t.b ‘
Unfermented \ 8. 6 8.0 8 tl{.. 8.1 8. 3
63’9 Sle Co L
{Control)
?ﬂrmantsd«unadjustﬁd Tl 79 8.4 8.4 8.0
'Q Blie Ce te
Fermented-unad justed 6ol 540 641 Seli 5o Qarar
0.9 gme ¢4 te
}?ermmtad-adjustad 8.0 Tl 8.1 8.0 7.5
03 gne c. te '
FPermented-adjusted 59 6.6 7ol 6.7 6oy

fPormula contained vanilla, averaga of seven iuéges'
scores. Highest possible secore 10; range 0-10

Peream of tartar
#Signifiecantly less than control at 5 per cent level
##8ignificantly less than control at 1 per cent level
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Table 22

Effect of Cream of Tartar on Flavor of Angel Cake
Prepared from Dried Egg White®

Treatment Replication

I II I11 Iiv Ave.
Unfermented 8.0 8.0 8.6 8,0 8.2
0'511«5 iy Cy tﬂb
Unfermented 8.3 Telp 8.1 8.3 7.8
0,9 gm, ¢4 toe
{(Control)
Fermented-unadjusted 8.1 8.1 8.1 79 8.1
0.0 gm, ¢, Lo » ‘
Fermented~unadjusted 5,7 6el 5.9 5.9 S5e0%
0¢9 gme ¢, T,

Fermented~adjusted Tai 8.3 8.7 8.6 8.1
043 gote o4 te .

Fermented-adjusted 5.9 b - 6.3 6.6 6.3%

0.9 g Co To

= : v .
Pormula contained vanilla; average of seven judges!?!
seores. Highest possible score 10; range 0-10.

Yeream of tartar

#8ignificantly less than control at 5 per ceit level
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Table 23

Effeet of Cream of Tarbtar on General Palatability of
angel Cake Prepered from Dried Egg White®

Treabuent ~ §"*§iﬁati@n
R I IKX v AVE,
Unfermented 8.3 ?.uq 8.6 Telp 8.0
ﬁyhs Elia 2o tub
M«em&n‘bed 8.6 8.1 8.7 &o!& 805
0.9 gme ¢s ta ~
{Control)

Fermented-unadjusted 8.1 8,1 8.3 8.1 8.2
0.0 gle T te ‘ o , :
?&rﬁante&~uﬁad3u@tad 641 6.1 5.9 5.7 6 ¢ Ot
0.9 g, ¢ b B .

Fermented~ad j usted 8’!9 Ts 9 8 06 8 3 83 2
0.3 Ehie Co Lo : '

Fﬁrmsnﬁaﬁ-adjasta& 6.3 6.y 6«3 6.y 6 olyses
.? {s}:m’ @s ti :

‘?@r@u&a &Qﬁﬁ&inﬁﬁ vanilla; average of seven judges?

scores. Highest possible score 10; range 0-10

bﬁr@am'éf'tartar

w#3ignificantly less than centrol at 1 per cent level
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Table 2l
Sumary of Mean Scores of Angel Cake Data

?réatmeat ané' " Volume @Exr Fla~- General Ten- Molst=~
pH of batbter ture vor Palata« der- ness
: bility | ness

Infermented a 551%% ?ws ] 802 3‘9 8.3 8;5
gﬁ#%.gw‘ L T

Unfermented 660 8.3 7.8 8.5 8.6 8.3
Q:?'gﬁ» ce b :
pH 6.5
{Control)

Fermented-unadjusted 607 8.0 8.1 8.2 8.5 8.4
00 gme ¢o to
?E 518 "

F@rmﬁﬁtﬁd“unaﬁjﬂﬁtﬁd 5&3%* Sag%% 5.9* étﬂﬁ% 709 8&6
‘0.9 gmu Ca t’
pH L1.8

Fermented-gdjusted 61l 7.5 8.1 8.2 8.5 8.3
Oe3 gume ce te
PH 5.5

Fﬁfmﬁntﬁd*adjﬂ@t@& -ESSﬁ% 6!&% 6.3% 6«&%& ’ 8.0 8cg
Q¢9 gm' Ce %’ .
pH LL-?

&ream of tartar . ‘ '
#81ignificantly less than control at 5 per cent level
#xSignificantly less than control at 1 per cent level
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; Dried, fermented egg white was stored at 50° C¢. for one
to flve days and bameterlal counts made at sppropriate inter-
vals., From the results of this storage study (Figure 11 and
Table 68, Appendix) there appesrs to be approximately a ten

thousend fold reduction in the numwber of bacteris,

L. Effect of Btorage at }j0° C. on Beating Rate
and Cake Volume

It has been demonsirated numerous timesvthat dried, un~
fermented albumen (mucin free) does not retain i1ts funetional
properties on storage under coxmercial warehouse conditions.
In en effort to study the effects of such conditions further,
a storage study at LO° C. was made to determine the effect of
such storage conditions on beating rate and sngel eake meking
properties of unfermented and fermented dried white (both with
natural mcin content}. As a control, unfermented egg white
was kept in the frozen state at -15° ¢, |

The results are shown in Figure 12 and Table 69 (Appendix).
Although the original guality of the dried, unfermented egg
white wéa high, after two weeks storage at L0° C., there
developed an orenge-brown binge; the whipping quality was very
unsatisfactory. When the reeconstituted liquid was beatben,
there was & pronounced spattering on the sides of the bowl
before a foem formed; even after prolonged beating periocds

relatively little foam was produced, Reconstituted, dried,
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fermented albumen showed no reduction in the beating rate after
sixteen weeks storage. Naturally the frozen control also
retained its whipping quality.

It can be concluded from this studyithat removing the
glucose fram.agg~whita bsfare'&rfing considerably enhances
keepling quelity, as determined by béating rate.

In another storage study unfermented and fermented slbumen
sarmples were stored. at L0 C. In this instance cakes were
prepared from the stored samples. Thg results are given in
Figure 13 and Table 70 (Appendix). With an unfermented
product there was a serious loss in ceke volume gfter four
weeks storage; the loss in volume from the fermented sanmples
was considerably less. After eight weeks storege, cakes pre-
pared from the drled samples were all low in volume,

These results are not in sgreement with those obtained in
the previous study where beating rate was used as the
eriterlon of quality. 8ince the beating fate of fermented
albumen remained high (even after sixteen weeks storage at
Lo° ¢.), one would have expected the cake volume to have
- remained high slso. This was not the case. The writer has
no explanstion for this difference but it is suggested thét
the storage treatment mey have affeetad foam stabllity un-
favorably. It should be remembered that cake volume depends
not only on the smount of alr beaten into the egg white, butb
also on maintaining the air in the batter during baking.
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Therefrom.
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V. CONCLUSIONS

Results of the experiments described in thls study made
possible the following conclusions:

1. Aerobacter amerogenes (N.R.R.L. #199) ferments glucose

from egg white rapldly when conditions are controlled.

2. Serilel passage of Aercobacter asrogenes (N.R.R.L. #199)

ean be made in egg white containing le.per_asnt yeast extract
without evidence of contamination under certain conditlous.
3+ The addition of 0.1 per cent yeast extract accelerates

the rate of glucose removel from albumen by Aerobacter aero-

genes (N.R.R.L. #199).

i« Between the 1limits of 0.00l em.2/em.3 and 3.08 em,2/
em.3 surface/volume ratio hed no effect on the time required
to ferment glucose In egg white with Aercbacter serogenes
(N.R.R.L. #199).

5S¢ The adjustment of the albumen to pH levels of 5

through 8 before fermentation shows no positive effect on the
glucose removal rate with N.R.R.L. #199. |

6. By varying the temperature between 25° and L5° C. and
adjusting the size of inosulum of N.R.R.L. #199 between 0.l
and 10 per cent, the time of fermentatlon of glucose from egg
white containing 0.l per cent yeast extrect can be regulated
from 5 to 32 hours.
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7. The use of agitation and/or NaOH during the fer~
mentation of albumen by N.R.R,.L. #199 has a deleterious
effect on the beating rate of the reconstituted product.

v8. Adjustment of the pH of fermented slbumen to pH 9
ﬁith Eﬁhﬁﬂ‘just prior to drying improves the whipping quality
of the reconstituted preduct; the use of NalOH decreases the
whippiﬁg power of the reccnstituted producte.

9. Tray drying unfermented and fermgntﬁévalbumah at
temparéturea‘less then }j0° C. has no significant offect on
angel cakes prepared from recenstituted albémﬁa1

10. Gakes‘aimilar to %hoasfﬁade from fresh egg white e¢an
be madé from albumen fermsﬁteé ﬁnﬁar specified agnﬁitians with
Aerobscter aerag&nss (ﬁnﬁnﬁm&v #199) if the eream of tartar
level i= a&just@d;in the ‘cake formla.

11; The number of Aarabaﬁter aaragensa erg&nisms present

in dried fermented albumen can be reduced to a great extent
by at@rage for five days at 50° C. |

12. Egg whita must be blended prior to fermentatlon in
order to prevent the precipitation of muelin during the course
of the fermentation whieh is brought about by Aerobacter
gerogenes (N.R.R.L. #199). |
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VI, BSUNMARY

A study was made of methods for fermenting albumen for
the purpose of removing glucose without impairing asngel cake
- meking properties. After a preliminary survey of a number of

~ organisms, Aerobacter serogenes (N.R.R.L. #199) was selected

for further study. Conditions were determined for rapidly
removing glucose which would allow the mucin to remain in the
dispersed form.

Varying the surface/volure ratic had no appreciable effect
on the tima required for the removal of glucose; nor did ad-
justment of the pH to neutral or acid levels affect the rate
favorably. Addition of 0.1 per cent yeast extract reduced
the fermentetion time by approximastely half. By adjusting the
temperature and size of inoculum it was possible to vary the
time required for glucose removal from five to thirty-two
hours; thus, the time of fermentation can be regulated to the
convenience of almost any commercisl contingency.

An adsptation of the two hour browning test for determining
the presence of glucose in egg white was developed during the
course of this study. One-tenth ml. of egg white was placed
on half of a yramhsated petri plate and heated under a General
Eleetric reflector-drying lamp for fifteen minutes, Under
carefully standardized conditions it was possible to detect the
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presence of glucose by the appearance of a yellow to brown

color at the end of the fifteen minute period,

Serial passages of Aerobscter serogenes (N.R.R.L. #199)‘
were made in egg white containing 0.1 per cent yeast extract
without benefit of eseptic techniques. After 160 passages the
culture was still pure.

Adjustments in pH, both during and after fermentation,
were also made and the effects studled. Agitation and/or
addition of dilute alkalil were used in‘gn effort to control pE
during fermentations. These treatments caused an accumulation
of mucin on the stirrer and resulted in a dried produet of
inferior whipping quality. However, when fermented albumen
was adjusted to pH 9.0 with ﬁBﬁOﬁ just prior to drying, a
dried product of improved whinping quality resulbed.

Blending the egg white into a homogeneous lliquid was
essential to keep the muein in a dispersed form at the lower
pH levels resched during fermentation.

Angel cakes prepsred from fermented egg white gave
results significantly different from fresh liquid when the
regular formla was used, However, when the amount of cream
of tartar was reduced or omitted from the formula, the cakes
prepared from the fermented albumen were not significantly

different from those prepared from the fresh liquid.
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LFGDL CAKE PALATABILITY TEST

Time AM, P.M,
SCORE  (Scoring range 10-0; 10 is the perfect score.)
! T ;
Cake No. | ‘
1

Texture

Tenderness ! !

, ; !

. 2 H
Moistness® j ‘
Flavor
i
General i .
Palatability ‘ § | |
‘1 pesirable texture: fine and nven cells, feathery, resilient crumb.
Degirable moistness: not dry, yet not gumy in the mouth,

Odor: Place number of cale sumple newt Ho term whish best describes odor.
1. Fragrant 5, Acid 9. Yeasty
2. Sweet 6. Burnt 10, Repulsive
3. Salty 7. Fetid ' 11. Goaty
4, Ditter 8. Aromatic ‘ 12,
Remarks: General impressions regarding the flavor or other characteristics of

the cakes are imporbant. Record then bhelow,

Cake No, ‘ Renmarks
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Table 25

BEffect of Surface/Volume Ratlo on Time of Glucose ,
Removal from Egg White by Aerobacter serogenes (N.R.R.L. #199)%

Surface~ Glucose Hemoval iny~ﬁbﬁra

Volume - Replication

eme2/em,3 1 11 III v v
3.08 10 10 5 5 LS
1,00 10 10 5 5 LS
0.8k 10 10 5 5 L5
0.43 10 10 5 5 L5
0432 10 10 5 5 L5
0.17 10 10 5 5 L.5

8conditions of fermentation
104 inoculum
100 nl. egg white
0.1% Yeast Extract
Incubation Temwperature h0° C¢., except for I and II
which were run st 30° C.
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Table 26
Effect of Surface/Volume Ratio on pH of Egg White

f‘her Fermentatlion of Egg Whlte by fserfahast&r aero-
: gaﬁes (N.R.R.L. #199)¥

Surface-Vol Ratio T pH whm Glucose Free
(em.zfem. ) » 3@ ﬁ. l‘ﬁ Ce
08 6o ‘ e
o gy o
oo . —— é‘v3
- 1400 6e3 548
6.3 59
v 549
QQE ' 605 Sé&
}4 62 5e8
- 5.8
0.43 643 .6
{% 6:1 gog
0.32 | é,g 2.6
— 24
0417 640 5.8
» 5‘9 538
e 5'8

%conditions of fermentation
100 ml. egg white
10% inoeulum
0.1% yeast extract
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Table 27

Effect of pH and Yeast Extract on Time of Glucose
Removal from Egg White by Aerobscter aerogenes (N.R.R.L.

#19978
Beginning pH Time of Glucose Remaﬁr&l in Hours
1 1 1 I Ave.

Without Yeast Extract

8.6 (Control) 2 1 38 6 3
8.0 ﬁs ﬁi. &i 36 g
g.o ' L2 hi ] - 36 10
.0 L2 i1 3l 36 38
5.0 L2 ha h 36 38
wWith 0.1% Yeast Extract
8.6 (Control) ‘ 16 12 11, 1
gog (Comtrol) ¥ 13 11 1o 12
Z.e 16 12 ‘13 16.5 15
O 16 12 13 17.5 15
5.0 16 15 17 17.5 17

8Conditions of fermentationt
10% inoculum
100 ml. sgg white
. Surface/volume ratio 0.5 em\.a/qmc;‘
Incubetion temperature 30° C.
pH adjusted with 1N HCl
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Table 28

Effect of pH and Yeast Extract on pH of Egg White After
Fermentatlon by Aerobacter serogenes (N.R.R.L. #199)%

Beginning pH ‘ pH when Glucose-iree
T I i TII Ave.

Without Yeast Extract

8.6 (Control) 6e2 6e2 6.2 6.2

» é;f} 6‘0@ 601 63@
Z§g 6.0 ng 6.% é.g
520 i i3 A 08

With 0.1% Yeast Extract

8.6 640 61 6.0 6.0
8.0 640 640 548 s.g
Zég , 5'2 g.g 5.2 5.-5
56 I~ T T

8¢onditions of fermentation:
10% inoculum
100 ml. egg white
Surface/volume ratio 0.5h em,2/cm,3
Ineubation temperature 30° C.
pH adjusted with 1N HCl :
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Table 2

9

Effect of Inoculum Level and Temperature on Time of

Glucose Remwoval by N.R.R.L. #1992

4 Inoculum  Glucose Removal

' Tempersture No.
in hours ~ Replications

0.1 32 2

25° ¢, 1.0 25 2

10,0 12,3 2

: 0.1 25 2

30° ¢, 1.0 11,5 2

| 10.0 T ol 5

30.0 Iy o 2

0.1 20.5 2

34° ¢, 1.0 11.5 2

10.0 6.0 2

‘ 0.1 19.5 2

37° c. 1.0 10.7 3

10.0 6.0 9

L;g@ 9’1 —— -

6}. 1‘Q - -

10.0 5e7 6

hse ¢, 10.0 640 7

80onditions of fermentation

0.1% Yeast extract
100 nl. egg white, natur
Surface/volume 0,5l ecm,

%/a
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Table 31 | | o |
Effect of Agitation and pH Adjustment during Fermentation on Rate of Glucose Removal, pH and

ot

~ Beating Rate®
Treatment  Fermemtation S S Beating Rate®
o - Time After After Before After After
{in hours) Fermentation Recenstitution Fermentation Fermentation Reconstitution
Control 5 6.0 7.1 0762 LO7h1 - 40678
L 6,0 7.2 o7 L0720 206116
L 5,9 6.6 078 L0727 0727
L 6,2 7.3 0755 <078l 0696
5 6,0 T3 0755 <0800 #0688
5 549 — 073k L0762 0616
k 6.2 7.2 +0708 »0702 W07
L 6,0 6.8 07k +0808 JO7UL
5 549 6.5 +0726 +0784 .0816
Agitated 5 - 646 6.8 L0762 +0851 #0631
b 6.3 7. SO7h1 0784 058
h 643 6.8 +07L8 0800 <0661
b 645 Tl 0755 : $0661
5 6.8 7.9 CJ0755 0851
Adjusted with ' : > o L
1% Naou g 7.3 8.0 0734 «0808 0516
k 746 8.k #0708 071l #0547
k - 645 748 «07h1 «0816 +0512
k 6.6 T.0 L0720 #0800 D672
80onditions of fermentations | PBeating Rate expressed as ml./gm./sec,

10% inoculum (N.R.R.L. #199)

0.1% yeast extract

1000 ml, egg white ‘ )
Incubation temperature LO® €,
Surface/volume ratio 0,40 em.a/emoB
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Table 32

Effect of Blending on pH of Fermenting Egg White

Fermentation Blended pEe Unblended
in hours ,
0 8.5 8.5
1 Te5 7.8
2 646 7.2
3 643 649
L , 549 6.5
hi 5,80 bl

aﬁverage of three replications
bé}luwsa*fras
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Table 33 _
Effect of Fermentatlon of Albumen aﬁkBaating Rate®

Trestment o o pH Beai::mg Rate

o , ) fml./gm‘/aeé.)
Before fermentation , 8.5 v 0.682};;
After fermentation 5.6 0.0816
After fermentation Q.1 - 0,0888

(adjusted with NH)OH)
Unfermented Frozen | —— 0.082
Unfermented Dried — ~ 0.0860
Fermﬁntaénﬁaadjuata&§ﬁrasem - © 0.,0833
Fermented~Unadjusted Dried - ' 0,0888
Permented-Adjusted® Frozen -— | 0.0833

Permented-Adjusted Dried — | - 0,0851

2conditions of fermentation:
10% inoculum (N.R.R.L. #3,99}
0.1% ysast extract
Incubation temperature L0O® C., _
Surfaaa/vaime retio 0.0 em.2/em,3
Baeterial e t at start of fermentation
x 107 Aercbacter ssrogenes per ml.

Ba.emria}. copgnt at completion of lermentation {5 hrs.)
‘15 x 10% Aercbacter aerogenss per ml.

bi?ermnted, then frozen or dried

F’ermanted, neutralized to pH 9.1 before freezing or
drying
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_ Table 3l
Effect of Adjusting pH of Permented Albumen on Teadernaas

“Treatment Replication :
I I  I11 w v Ave,
Unfermented Frozen 8.2 8.5 8.6 8., 8.0 8.3
{can%?ak‘&)
Unfermented Dried 8.6 8.1 8.2 8.2 8.9 8.4
{Control B)
Permented-Unadjusted? 8.1 7.1 8.1 T0 8.0 TeT
- Frozen
Fermented-Unadjusted 8.2 Te5 7.8 7.8 8.8 8.0
DPried
F&mﬂtﬁ&*ﬁdjﬁaﬁﬁﬁc 8.6 8.0 ' 80’.} 8.2 \ 706 8.2
Frogen B .
FermsnteﬂmAdjugtaé 8.1 7elt 8.9 8. 8.5 8.3
Dried .

aﬁveraga of eight judga&’ scores.

10; range 0-10

bF@rmanted, then frozen or driaﬁ
®Permented, neutraslized to pH 9.1 before freezing or

drying

Eighast'poaaible'éeére
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Table 35

Effaa% of &djusting PH of Fermented Albaman on M@iatneas
of Angel Cake Made Therefron®

Treatuent | Re@liaatian

| I II III IV V  Ave.
Unfermented Frozen 7.6 8.1 8.6 8.8 7.9 8.3
{Control &) / \ o 4
Unfermented Dried 8.1 8.l 8.1 8., 8.1 8.3
{Control B} :

?@rmﬁntsdﬁﬁhaﬁjmataﬁh 8.1 79 Teb T 8,0 7.8
Frozen ,

F@rmenhaé»ﬁmadjnatad 7.8 T«0 7.8 8.0 7.6 7.8
Dried

Fermented~Adjusted® 8.2 8.1 8.5 8.1 7.8 8.1
Fraaea

F@?m&ﬂ%@ﬁ»&éjuatad 8.1 7T 740 8.1 8.2 7.8
ﬂri&&

Avarage af eight 3&&@&3* scores. Highest possible score
10; range 0«10. .

bF@rmanted, then frozen or drled

Farmanted* neutrallized to pH 9.1 before freezing or
drying



109

Table 36

Anslysis ef Variance
An fnglysis of the Effeet of Adjusting pH of F’armentad
Albumen on the pH of Babtter of Angel Cake
{Data of Table .7) ,

Source of Degrees of Sum of Yean
Variation !?readez;z ‘ aqmaa Square
Total | 29 1349120 -
Replieations I 0.0687 msrya
Treatments 5 13; 520 2.670l s
Brror 20 #4913 0.0216
Difference required for signifiaama 33 .05 = [P

PﬁOTi = 0«29

##Significant at 1 per cent level.

Table 37
. Analysis of Variance
An 5:1&13’315 of the Effeet of Adjusting pH of Permented
Albumen on the Volume of Angel Cake Made Therefrom .
{Data of Table 8)

Bource of Degrees of Sum of Wean .
Variation Fresdonm | | squaras - Square
Total 29  15,013.37
Replications % 1,870.5) gé?.éb,
Treatments ; ‘ 8,33.8«* 1,663,798
Error 20 823,86 2ll1.19
PIfference required Tor significancs &b ? o5 = 2059

P W01 = 27 oly

w#8ignificant at 1 per cent level
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Table 38

Analysis of Variance
An Anslysis of the Effeet of Adjusting pH of Fermented
Albumen on the Total Texture Seores given by Elght Judges
to Angel Cakes Mede Therefrom {Data of Table '9)

Bource of ‘ Degrees of Sum of Hean
Variation Preedon Squeres Square
Total 239 he8.61ho -
Replications % 1.5644 +3011
Trestments - | 63.7675 12,7535

Prozen x Dried 1 , Z.Zg

Unfermented x Fermented 1 £2.1268

Unadjusted x Adjusted 1 16,1290

{qu VS8 e Eﬁfﬁm'} X ;

. (Fr@zan VB miﬁd) 1 303103.

{(Frozen vs. Dried) x
Preatments x Replications 20 | Zg.. 1346 1.246
Judges 7 116 .‘égza 16,63, 64
Judgss x Treatments 3 ﬁga 525 1,700 )
Judges x Replications 2 11,1909 - 1.5782
Judges x Replications x
 Treatments 1o 118.0621 o833
Error for Treatments - -~ 241078

Pifference required Tor signilieencs at ff‘gi;ﬂ- P

#Significant at 1 per cent level

Foi™ %
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Table 39

Analysis of Variance
An Anelysis of the Effect of Adjusting pH of the Fermented
Albumen on the Total Plavor Scores Given by Elght Judges to
Angel Cakes Made Therefrom (Data of Table 10)

Source of Dogrees of  Sum of Mean
Variastion Freedom Squares Square
Total 239 453.1093 -
Replications g ~ 7.6622 1*9§£§
Treatments 5 140.12L3 28,02l 9%
Frozen x Dried . 1 0.4681
Unfermented x Fermented 1 108.3750
Unadjusted x Adjusted 1 33.5806
(Ferm. vs., Unferm.) x .
(Frozen vs. Dried) 1 0.6825
{Frozen vs. Dried) x
(Ad3. vs. Unadj.) 1 0.,0181
Treatmentda® Replications 20 26.5178 1.3259
Judges x Treatments 35 73.3770 2.09654%
Judges x Replications 28 31.6001 1.1289
Judges x Replleations x ' o ‘
Treatments 1ho 90,6509 0.6L75
Error for Treatments - —— 1.7749

Difference required for significance &t F.Gg& 0.03

ww8ignificant at 1 per cent level
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Table 40

Analysis of Varilance
An Anelysis of the Effect of Adjusting pH of the Fermented
Albumen on the Totel General Palatabllity Scores Given by
Eight Judges to Angel Cakes Made Therefrom (Date of Table 11)

Bource of T Degrees of  bum ol Wean
Variation Freedom ‘Squares  Square
Total 239 349.5066  wwm
Replications ls; - 3.981L . 23&1;
Treatments ‘ 83.470l 16.60l %%

Frozen x Dried 1 « 3604

Unfermented x Fermented i .58.8000

Unadjusted x Adjusted 1 23.8702

{Ferm. vs. Unferm.) x :

{Frozen vs. Dried) 1 «2708

{Frozen vs,. Dried)} x , B
TPreatments x Replications 23,8686 1,193}
Judges 7 ' 1%'14193 15,30 3=
Judges x Treatments 35 11,9859  1,2853%
Judges x Replications 28 15.4351 «5513
Judges x Replications x - ' ,

Treatments , 1o 7043519 «5025
Error for Treatments - -—— 1.77h49

T Pifference required Tor silgnificance at ?*5 = 0.07 '

#81gnificant at 5 per cent level
#xSignificant at 1 per cent level
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Table 41

Anslysls of Varisnce

An Analyaia of the Effect of Adjusting pH of the Fermented
Albumen on the Tenderness Scores Gilven by Bight Judges to
Amgal Cakes Made Therefrom (Data of ?able 3 )

§curea of ~Degrees of ~Sam of Mean

Vargatiﬁn Freedom ‘ - 8quares Square

Total 29 e,.ék ——-

Replications b 1.49 0.37

Treatments 4 1. - . 0e3

Enrar o 20 3¢31 o 0.1
Table L2

Analysis of Variance

An Analysis of the Effect of Adjusting pH of the Fermented
Albumen on the Molstness Scores Glven by Eight Judges to
Angel Cakes Made Therefrom (Data of Table 35)

Bource of Degrees of “Bum of Hlean
Varlation Freedom Squares 3quare
Total 29 : hell ———
Replications Iy 0.1 0.0l
Preatments 5 ‘ 1434  0.27
Error 20 2.02

0. 13
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Table L3

Analyais sf ﬁavarianae
An analysia of the Ralatianghip of &ake Flavor to the pﬁ of

Batter
Source of f@greaa of Sum 3 Squareg and Prséueﬁs Correla-
Varlation F?&adgm‘ ' b o4 tion Co~-
o o o efficient

Total 29 13.9120 13.7540 22,2147 ==
Replications I 0.0687 0.0707 '0.9314 -
Treatments 5 13.3520 13,7000 17.8707  0.886Qax
Exparimanﬁgl ;

Error 20 0.4913 -0.0167 3.4126 -0.0129

X = pH; Y = Flavor
saSignificant at 1 per cent level

Table Ll

Analysis of ﬁevariansa
An Analysis of the Relationship of Cake Volume to the pH of

Cake Batter
Bource of  Degrees of Sum of Squares and Products Correla-
Variation Freedom x2 XY ¥2 tion Co-
‘ : ‘ o ~ ‘ efflcient
Replications L 0.0687  8.9133 1.870.5) ~--
Experimental

Error 20 0.4913 1.3667 |.823.86 0.0281

X = ph; ¥ = Volume
#»#8ignificant at 1 per cent level
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Table 5
Effect of Cream of Tartar Level on the pH of Meringue

 Treatment Cream of Parter  Meringue pH®
Agrams) ,
Unfermented dried 0.00 Qe2y 943
0.15 g».z,- Z.g
ﬂcgﬁ ‘ 07’ *

1035 601
1.80 Salp
\ 2.25 Sl
Fermented dried 0.00 6.3
: 0.5 i.@
4 G.?G ; o‘é
Fermented adjusted dried 0.00 76
ﬂ.gs 5.5
0.07 Z.l
0.90 9

8Egg white beaten 75 sec.
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Table L6

Effect of Cream of Tarter on pH of Batter and Volume of
Angel Cakes FPrepared from Fresh Egg White

"~ Amount of pH ~ Cake Volume . Average

c;rgm of ‘i‘artaxf Batter ml éﬁiﬁrgﬁ‘ Volume
a.l;‘;' ;g | g - “l»98
0-90 it %%
A S
o8 0
8o o =




117

Table L7

BEffect of Fermentation and Cream of Tartar Level on the pH
and Beating Rate of Albumen® ‘

Prestment ) | pH Beating Rate

‘ : ml./gm./s6c.
Before fermentation 8.7 - 0.0816
After fermentation | 640 0.0816
After fermentation | 941 0.0820

{Adjusted with BB&GK}

Unfermented Dried 1 T+5 0.0816
(Q;L}.S Ele Cu t‘} ' .
Unfermented Dried — 6. 0.0816
{@0% gmu Ce t') . '
Fermented Dried B 643 0.0741
(No ¢. t.)
Permented Dried L6 0,071l
) (9096 ghis Co tt}
Permented Adjusted Dried 5.8 0.0816
(003 gh. S ‘bc) X
Fermented Adjusted Dried k.9 0.0816

tﬂ.@ glle Co te)

8conditions of fermentation:

10% inoculum N.R.R.L, #199)

0.1% yeast extract

Incubation temperature LO® C. ,

Surface/volume ratio 0.40 em.2/em.3

Bacterial cpunt at start of fermentation
13 x 10! Aerobmecter aerogenes per mil,

Bacterial eganﬁ at completion of fermentation (5 hrs.)
i}y x 10° Aerobacter serogenes per ml.
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Table 18

Effect of Cream of Tartar Level on ﬁbiﬁﬁnﬁﬁﬁ of Angel Ceke
Fraparsé From Dried Egg White®

Preatment i .~ Replieations
e I x: IIX v v Ave.
Unfermented 8,3 8.8 8.0 8., 8.7 8.
‘ QQ}JS ghis Cou t.P ’
Unfermented . 8:1 ﬂ;ﬁ 3.€3 3«& 80’-}. ; 8.1
0.9 gm, c. Eo ‘
{Control)

Fermented %a&juﬁt@& 8;5 gag 806 805 BQ} 8.3
0.0 Elia Ce T . .

Fermented Unadjusted 8.8 7.4, 7.7 8.1 8.2 8.0
QQ? Eliie Co te .

Fermented Adjusted 8.2 8.1 8.2 8,5 8.5 8.3
' .ng.c. te ; ‘ ‘
Fermanted Adjusted T¢9 7.9 8.8 8.2 8,0 8.2
.ng‘f Ce Lo .

aﬁvarage of eight jJjudges'! scores. Highest possible score
10; range 0-10

bﬁream of Taertar ,
#8ignificantly less than control st 5 per cent level
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Table L9

Effect of Cream of Tartar Level on Tenderness of Angel Cake
Prepared from Dried Egg White®

‘Regiiaatieng

| %reatmaﬁ$
o I - IT IIT 1w VvV  Ave.
Unfermented = 8.1 7.9 6.8 7.7 8.8 8.6
0014.5 e Co t:b
Unfermented 9.0 9.0 8.0 9.1 8.1 8.6
0.9 gmi Ca gl
{Control) /
Fermented Unadjusted 8.5 79 7.9 8.6 8.5 8.3
0.0 g e te
Fermented Unadjusted 8.8 Telp 748 8.1 8.8 8.2
0.9 Eite C» b )
Fermented Adjusted 8. 7.9 8.1 8.1 9.1 8.l
‘ O3 gme ¢4 te
Ferniented Adjusted 8.6 7+6 8.0 7.8 7.9 8.0

0sCQ gme ¢ b

aﬁveraga of aightfjndgea* scores. Highest possible score

10; range 0-10

bsraamygf‘%artar
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Table 50

Analysis of Variance
An Mnalyele of the Effect of Cream of Tartar Level on the pH
of Angel Cake Batter {ﬁat& of Table 13)

Source of __ Degrees of Sam of Mean
Variation @~ Freedom = . Squares Square
Total 29 , 14,5537 -
'Replications ' 040529 0.0132
Error ‘ ' 20 «2101 0.0110
Difference required for aignifieanﬂa at P 05 = Oellf
. Ql = Q. 19

##3ignificant at 1 per cent level

Teble 51

Analysis of Variance ~
An Analysis of the Effect of Cream of Tartar Level on the
Volume of Angel Cakes Prepared from Fermented Albumen
, (Dats of Table 1L)

Source of ~ Degrees of T Bam of Mean
Veriatlon - ?regdam Squares Sguare
Replications I 1.096.5 27u¢12
Preatments S 20.889,2 L5177 o Blstn
' Error 20 3.637.5 181.8
Difference required for Eigniﬁieanas at F 05 = 1779
93 = 215- 27

##31gnificant at 1 per eent level
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Table 52

Anelysis of Variance
An Analysis of the Effeect of Cream of Tartar Level on
Texture Scores Given by Eight Judges to Angel Cakes Prepared
from Permented Albumen (Data of Table 15)

Zource of Degrees of Sam of lilean
Variation Preedon | Squares Square
Total 22 669,k —
Replications Sg,ﬂ 13.5
Treatments 5 318.6 ?ﬁ.gaﬁ*
Error 20 296,38 .84
T Difference required for significence &t ﬁ;gg = 1.0l

o P01 = 1.43

##8ignificent at 1 per cent level

Table 53

Analysls of Variance
An Analysis of the Effect of Cream of Tartar Level on Total
Flavor Scores Given by Eight Judges to Angel Cakes Prepared
from FPermented Albumen (Daba of Table 16)

Hource of Degrees of  sam of  Nean
Variation Freedom Squares Square
Total 239 ‘héé.élsé -
Replications % - 6.7666 1.6916
Treatuments > 162.559) 32.5119%%
Treatments x Replications 20 15,1958 7598
Judges 7 103.8739 1).83018x
Judges x Treatments 35 59,8823 1.7109%
Judges x Replications 28 3l.6001 1.2357
Judges x Replications x

Trestments 140 83.7375 «5981
Error for Treatments 1.8726

Difference required for significance at F,gg = 005 |

#8ignificant at 5 per cenb level
##8ignificant at 1 per cent level
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Table Sl

Analysis of Varisnce
An Anelysis of the Effect of Cresm of Tertar lLevel on Total
Generel Palatability Scores Given by Eight Judges to Angsl
Cakes ?regara& from Fermented Albumen (Data of Table %7}

Source of T Degrees of  Sum of Mean
Variation Freedom sqaaraa Square
Total 23 309 166 -—
Replications § Z 1.9506
Treatments ﬂ2.917k 18.5835*#
Pregtments x Replieations 20 0.37° 41689
Judges 7 107 « 2 9 15. 2153ﬁ*
Judges x Treatments 35 22.3183
Judges x Replicaetions 28 17.4121 ,6219
Judges x Replications x ,
PTreatments 1ho 52.8515 «3775
Error for Treatments 047299
Difference required for significance at P,on = OG0
F 01 F O. 5 S

#%8ignificant at 1 per cent level
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Table 55

Analysis of Variance
An Anslysis of the Effect of Cream of Tartar level on Moist-
ness Scores Glven by Eight Judges to Angel Cskes Prepared
from Permented Albumen {(Data of Table 8, Appendix

Bource of  Degrees of Sum of ~ Hean
Variation Freedom Squares Square
Total 29 &7&.9 -
Replications 5».2‘ 13.60%
Treatmenta 82. 15,580
Error 20 36.0 1.8
T DIfference requlred for significence at ¥ oo = 0+27
P01 = 0437

##S81ignificent at 1 per cent level

Table 56

Analysis of Variance
An Analysis of the Effect of Cresm of Tartar Level on Tender-
. ness Seores Gilven by Eight Judges to Angel Cakes Prepared
from Fermented Albumen (Data of Table 49, Appendix)

Source of Degrees of Sam of  Hesn
Variation Preedon Squares Square
Total 29 - 713.7 -
Replications ki 1gg‘? 48,7
Treatments 5 106,.5 39,3
Error 20 322 ¢5 16.12
Difference required for significance at ?.35 = 2.0
Po1 = 3.3

#8ignificent st § per cent level
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Table 57
Analysis of Covarlance

An Analysis of the Relationship of Cake Flavor to the pH

' gr Batter

Source of  Degrees of Sam af Squares and Products Correla-

Variation Freedonm

x2 XY

, tion Co-
Y2 efficlient

Total 29
Replications h
Treatments 5

Expsrimental
Error 20

0.0529
1L.2817

0.2191  0.0161

145537 147187
0.1129
14.5897

23+0337 -
6;&&87 —
20,0777  0.8616%

2.1073  0.0237

X = pH; ¥ = Flavor
#8ignificant at 5 per cent level
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Table 58
Effect of Fermentatlon on the pH and Beating Rate of Albumen®

| ‘??eatm&nﬁ' o B pH Baating;ﬁata
| | | | ml./gm./sec.
Before fermentation 8.3 ~ 0,0833
After fermentation 57 0.0860
After fermentation , 9.0 e

{Adjusted with HE&QH)

Unfermented dried - ' 0.0860
FPermented dried - 0.,0800
Permented adjusted dried — 0.082l,

80onditions of fermentation:
0.1% yeast extract ;
Incubation temperature 40° C. ,
Surface/volume ratieo  0.40 em.2/cm.3
Permentation completed in 5 hrs.
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Table 59

Effect of Cream of Tartar on Molstness of Angel Ceke Pre~
pared from Dried Egg White®

Treatment Replication

| : I  II 111 Iv - Ave.

Unfermented. 8 ™ g ™ 3 ‘ 8 v? 8.& 8 . 5
0.i5 gm. ce toP )

Unfermented 896 ?19 8‘3 &.? 3.3
09 gnie €4 T :
{Control)

Fermented-Unad justed 8.3 ‘8¢3 8.7 8.3 8l
0.0 gme ¢a to

Permented-Unsdjusted 8.1 74 8.k 8.0 8.0
0.0 gme ¢, ;p

Fermented~-ad justed 8.1 8.1 8.6 8.3 8.3
03 gme €0 to"

Fermented~-ad justed 8.0 T 8.7 7.9 8.0
0.9 gme co te

8Formula contained vanilla; average of seven judges!

scores. Highest possible score 10; range 0-10.

boresm of tartar
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Table 60

Effect of Cream of Tartar on Tenderness of Angel Cake FPrem
pared from Dried Egg White®

Treatment Repllication
Unfermented | 8.6 7.9 8.8 8.1 8.3
0.l5 gme c. P |
Unfermented 8.6 8 ‘h; 8 Qé 8. 9 8:6
0.9 gme g te
{Control)
Permented~unadjusted 8.6 8.3 8.7 8.3 8.5
0.0 gme ¢4 Lo ’ ‘ , _
Fermented-unadjusted 8.1 7.6 Gl T+9 7+9
0.9 gme ¢» ta
0.3 Ee Co te .
Permented-adjusted 8.0 7.7 8.6 7.7 8.0
G?&g gml Oy "g'

8Pormmla contained vanilla; avaragé of seven judges?
scores. Highest possible score 10; range 0-10.

Dopeam of Tarter.
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Table 61

Analysls of Variance ‘
An Analyais of the Effect of Cream of Tartar Leval on the pH
of Angel Cake Batter {(Data of %able 19)

Source ef ﬁﬁgreaa of sum,ef Mean

Veristion “ Freedom Squares Square
Total 23 21.52 -
Replications 3 #15 05
Qraaﬁmﬁnta [ 1&.15 3 3%
DifTerence required ror signillicance at‘F 95 = 0025

##8ignificant at 1 per cent level

Table 62

- Anslysis of Varilance
An Analvsia of the Effeect of Cream of Tartar Level on the
Volume of Angel Gakes Prepared from Fermented Albumen
(Data of Table 20)

Source of Degrees of " Sum of T Mean
Variation ' Freedom Squares Square
Total 23 27,079+0
Replications 3 129.0 L¢.3.a
Treatments 5 25;?@ «O 5; gltaw
Error : 15 : 1,20 66

“Difference required for significance at P .05 = Lb.8

P o1 = L7

#4#8ignificent at 1 per cent level
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T&b16163

’ - Analysls of Variance
An Anslysis of the Effeet of Cream of Tartar level on Texture
Scores Given by Seven Judges to Angel Cakes Prepared from Fer-
mented Albumen (Data of Table 21) ,

Source of ‘Degrees of . Sum of lean
Variation - Preedom = Squaraa « Square
Total 23 1@5*3‘33 -
Replications 3 33.50 11.16
Treatments 5 906433 181,26%%
Error 15 153.5 10.2
Difference required for significance at Pos = e

‘ Po1= 2.49
#%8ignificant at 1 per cent level

Table 6l

Analysis of Variance
An 2Anglysis of the Effect of Cream of Tartar level on the
Flaveor Scores Given by Seven Judges to Angel Calkes Prepared
from Permented Albuwen (Date of Table 22)

Source of " Degrees of Sam of Kean
Variation Freedom Squares Square
Total : 23 1175¢333 -
Replications 3 . 22433 T ol
Treatments 5 1@55;82 211,1664%
Brror 15 97 éih—??

~PIfference required Ffor signiflcance at P05 = 105

P,o1 = 1.99

#58ignificant at 1 per cent level
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Table 65

Analysis of Variance
An Anelysis of the Effect of Cream of Tertar Level on the
 General Palatability Scores Given by Seven Judges to Angel
Cakes Prepared from FPermented Albumen (Data of Table 23)

Source of . Degrees of | &am of I Nean
Varlation = Freedom Squares - Square

Total 23 1201. gg -~-«

Replications 3 19, .gg
Treastments 5 1119.33 i Fen
m@!’ ‘ 15 : 62. 33 wl 2

—Difference reqaimd Tor signilicance at ¥ gz = 16

? 01 = 1:59

#%Significant at 1 per cent level

Table 66

' Analysis of Variance
An Analyaia of the Effect of Cream of Tartar Level on the
Molstness Scores Given by Seven Judges to Angel Cakes Pre~
pared from Fermented Albumen (Data of Table 59, Appendix)

Source of » Bsegmw of T Sum of Nean
Varigtion = Freedonm -~ Squares Square
Potal | 23 148.96 | -
Replications 3 56412 22,0lsw
Treatments g aﬁ.?ﬁ 7642
Error 15 .63 2.975
Difference required for significance at P,op = 0.977
Poo1 = 135

#u#B8ignifieant at 1 per cent level
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Table é‘? “

Analysis of Varlance '
An ﬁmiysia of the Effect of Cream of Tartsr Level on the
Tendernegs Scores (Given by Seven Judges to el Cakes Pre-
pared from Fermented Albumen (Data of Table 60, Appendix)

Tource of Tegrees of S of Tean
Variatlon ‘ Freedom | Squares Square
Total ‘ 23 188.62 ———
Replications 3 71.8 029385
Treatrents s ?&.3 .87
Error , 15 ha.36 2. Zh,

T Difference required for significence at Faﬂs = 0e0b2

‘ ?oﬂl = 1.33.

##81gnificant at 1 per cent level



Table 68
Effect of éterage of Dried Fermented Albumen on Bacterial Count

Storage at 50° ¢, Bacterial Count per gram of Dried Fermented Ege ﬁhita“

(in days) 11% moisture .h% moisture 5.2% moisture  5.2% moisture’
o % x 107 33..:106 13 x 107 36 x 105
V 2h x 196 |
1 20 x 105 21:: 37 x 105 57 x 104

50 x 10
2 7 x 108 613.9’* 15 x 105 L9 x 10t
10 x 10° ‘
3 8 x 103 11 x 103 22 x 10t 6l x 104
<1x10 12 x 103 3h x 108 1 x 103
e 7 x 102 10 x 103 2 x 10
15 x 102 :

‘Bacteria}. Count determined by Smesr Plate Tachmqm on Baetmwimethﬂene-—

blue agar,

PPermented albumen adjusted with NH,OH to pH 9 prier to drying.

get
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Table 69

Effect of Storage of PFermented and Unfermented Dried Albumen
~on Beating Rate

Storage | Beating Rate®

; Control
{in weeks) Unfermented Unfermented Fermented

{stored - 15° C.) (stored = LO° C.) (stored - }j0° C.)

L0816 .0800 .0816

0
2 <0851 < .0500P ~ «0800
L +0860 < +0500P -0800
8 <0851 <.0800° 0792
12 | <0842 <.0500" .0776
16 .0878 <.0500P 0792

®Besting Rate expressed in ml./gm./sec.
b@rangembrown tinge to albumen
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Table 70

Effect of Storage of Fermented and Unfermented Dried Albumen
on Angel Cake Velume

ystoraée at | Qakﬂ ?alnma {ml. per 100 gm. battar)
ﬁﬁf&rmsnta& Fermented Permented Adjusted
ia “*k“ | , ; ,
0 620, 6 597, 606 615, 612
61l 5?% ?3: 610 615, 612
L 517, 518 557, 59!; 581, 576
6 k72, Wil 500, 485 517, 540
8

h89, L70 491, 467 507, 516
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