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CARKE STRUCTURE AND PALATABILITY AS
AFFECTED BY EMULSIFYING AGENTS AND
BARKING TEMPERATURES

INTRODUCTION

The physical character of & cake batter is established by the
physico~chemical properties of the component parts, the mochanical
treatment they have received and the activity of surface foreces
present.

The nature of a system resulting from the summation of so many
influences lends itself to a great deal of speeulation,

Microsoopic studies of batters heve shown that they arev
two~-phase systems, one phase being the fat, and the second phase
consisting of all the other ingredients of the mixture. Fat may
be seen dispersed throughout the batter in the form of irregularly
shaped particles. Within each particle of fat there are enclosed
numerous sﬁall bubbles of air, incorporated during the mixing
operation (2, p.276). Heonce a cake batter containing fat and eggs
has been referred to as a complex food emulsion (27, p.1196).

The recognition of the emulsion nature of cake batters has
stimulated efforts to improve batter structure and hence oake quality
through the use of emulsifying agepts.

Reports in the literature indicate that when small percentages
of certein emulsifying agents such as mono= and diglycerides of
fatty acids are added to high sugar ratio ocakes, a finer grain,

improved effect on tactile senses and inoreased volume are obtained.



It hes also been suggosted that batters containing these glycerides
show a marked resistance to variable oqnditiona of beking and
hendlinge

The purpose of this study vms to determine the effsct of
nonoglycerides on structure and palatability, when cakss were

baked at various oven temperatures.



REVIEW OF LITERATURE

Cake Batters Classified as Emulaiené

It has beon suggested that a o;ke batter may exist as an
oil-in-water emulsion (28, p.l17) (2, p.284) (10), & water-inwoil
emulsion (10), or as a foam structure of air in fat distributed in
a medium of flour and liquid (2, p.51).

Carlin, efter various studies of the behavior of fats in cake
batters, wes convinoced that a continuous water=in-fat emulsion did
not exist. He observed that the fat was distributed through the
batter in the form of small clumps or lakelike areas. The clumps
of fat held invsuspension all of the air which the batter contained,
while the continuous field was the aqueous phase with its dissolved
sugar, salt, baking powder, end its suspended flour and eggs (5,
pe191). He concluded that little: if eny, liquid appeared %o be
emulsified in the fat, and that the air spaces were invariably
surrounded by fat. "During baking, the fat quickly melts«and
releases its suspended air to the flour~water mediume, Gas produced
' by baking powder finds its way into the air spaces already existing
 within the batter" (5, p.198). |
It soems therefore acceptable to regard cake batters as oil-in-\

wateor emulsions.

Separation or Breaking of a Ceke Batter
Various observations have been made on the breaking of the

batter emulsion during mixing and its effect on the finished cakee.



Kenny has stressed the fact that oﬁe of the essentials in the
preparation of cake mixes should be to obtain a good emulsion--
whether prepared by either the flour-batter or sugar-batter method
(28, psLi1T). He said, "Sometimes this is not always achieved, as
is illustrated by the phonomenon encountered when a batter curdles
as a result of the addition of eggs either too quickly or at too
low a temperature.® Lowe noticed that with the modified conventional
method, vhen ogg, fat and Sugar were croamed et the same time, the
creamed mass was more likely to separate into fine curds than when
the egg was added slowly &s in the conventional method. Yet if the
curde remained fine, cekes of excellent texture could be obtained
(31, p.li95).

Nason found that if a small amount of boiling water, one
tablespoon per cup of flour in the formule, was added to the sugar
and fat, the emulsion of‘water in fat formed more readily. This
enulsion of water in fat broke when the amount of water was increased
beyond a ocertein point. This breaking was characterized by a curdled
appearance, and to prevent it some authorities recommended mixing
in of some of the flour before the addition of eny liquide Nason
commented, "It is bolieved by soms that poorer cakes are made from
battors in which the emulsion breaks. This belisef has not been
disputed to amny extent and is worthy of proof," (3L, p.166).

Grewe thought curdling was undesirabls for it was e well estnb=
lished fact in the baking industry that cakes made from batters

which break are less satisfactory than those made from batters whioh



do not break (17, p.818).

When batters which were made with ordinary hydrogenated shorten=-
ing had a water content greater than 110 per cent on the flour basis,
a distinot tendeney to "ourdle" was notede This occurred regardless
of whether the batter was mixed by either the creaming or the single~
stage method. Such batters yielded cakes of lower volume, coarser
grain, and somewhat hersher, rubbery texture. If in the single-
stage method enough water was kept out, so that a smooth batter
could be first built up, the batter was sufficiently stable to toler-
ate the remeining liquid without excessive curdling, end excellent
results were obtained (38, p.336-339).

Hunter (23, p.105-100) observed a slight separation (break or
curdle) in batters containing margarine end lard as well as in those
containing hydrogenated shortening (containing two per cent emulsi~-
fier)s. The most severe break was observed in margarine batters.

In general, she obgserved that uniform distribution of the fat was
associated with stable batters, while marked laking of the fat was
associated with broken or curdled batters., This instability, as
evidenced by curdling, was attributed to poor dispersion of the fat
in the batter, It was not conspiocuously reflected in cake grain,
although the cakes had smaller volume than cakes from compareble
non=broken batters., (2%, p«150)

These observetions lead to the conclusion that severe curdling
of the batter has a detrimental effect, wherees slight curdling may

have little effect on cake quality.



Emulsifying Agents to Promote Dispersion of Fat
The stability of ceke batters can be improved by emulsifying
agents. These promote a better dispersieon of the shortening through~
out the water phage of the batter (27, p.1196).
One of the functions of the egg used in cake batter is thet of
en emulsifying agent (2, p.28L4). This property of eggs is due to
the lecitho=protein complox present in the yolk (4O, p.1222). The
fatty-acid groups in the lecithin molecule are fat=soluble, whereas
the choline~phosphorie aeid group is water-soluble (L1, p.33). These
groups are bound together as reprosented in the following formulas
CHpe00C.R
gH;OGG R !
1

1 0 |
1 1 ~

CH2‘0.P.0.02§hN(633)3
l b N
OH OH
The importance of emulsifying agents in promoting dispersiomn

of fat hes led to the use of wvarious surface-sctive agents to
improve the yield and quality of commercially produced shortened
cakes. Chemically, surface active agents are compounds in which
one portion of each molecule is hydrophilic and another is lipo=-
philic. lost commercially available food emulsifiers are compounds
known chemically as esters. They are combinations of long-chain
fatty acids, such as steario, palmitic, or olgic, with one of the
higher alcohols, such as glycerol or sorbitol. These esters differ

from fats (triglycerides of fatty ecids) in that not all of the



available alcohol linkages are taken up by the fatty acidse. Therefore,
8 compound is produced which has affinity for both fat and water,
& property that promotes or improves an cmulsion (37, p.2).

Synthetioc emulsifiers cen be classified in three general groups,
as follows: (1) A mixture of monoglycerides end diglycerides; (2)
esters of fatty acids and sorbitol, or higher alcohols; and (3)

polyoxyalkylene derivatives of group 2 (37, pe2)e

(1) R.C00.CHy R.CO0,CHy
1 1
KQC .OE ROCOO .C .H
1 1
Hac «OH Eac +OH
Monoglyceride Diglyceride
t
(2) R.C00.CHp
|
HCrwmmnnw
1
Ho .c .H
1
H.COH O
X
H'C QOE
1
Byo——r

Ester of fatty acid and sorbitol



(3) R.C00,CH,
1

H.c----‘--
1
HO.C.H
1

H.(O QCHZQCHz)nO «C.H
1
H. (0'032 Ocﬁz)no oc '.H

te

=

1
Hyfemomee
Ester of fatty acid and
polyoxyalkylene derivative of sorbitol
It is assumed that emulsifying agents act to lower the intor-
faoial tension between two liquids by concentrating at the interface.
If the surfaco tension at the interface water-emulsifier is less
than at the interface oil-emulsifier, the film will tend to bend
so a8 to become convex on the water side, theroby encouraging the
formation of an 0il in water omulsion. On the other hand, if the
surfaece tension at the interface water-emulsifier is greater than at
the interfece oilwemulsifier, the film will be inclined to curve so
as to become concavo on the water side, thereby tending to give an
emulsion of water in oil (L3, p«337).
In ice cream mixes, emulsifying agents, through reducing the
interfacial tension retard the clumping of the fat globules., It
is also believed that, with the orientation of the emulsifiers at
the fat surface and their affinity for water, a certain amount of
water is combined with the emulsifier, thereby reducing the free
water in the mix (37, p.3). Coughlin stated that speciel cake

shortenings with particularly good emulsifying properties help in



carrying the liquid in the cake mixture (12, p.2).

Superglycerinated Shortenings

Shortenings have lately been introduced whioh contein more
powerful synthetic emulsifying agents than oggs whioh have hereoto-
fore been the chief agent used to promote &ispersion of the fat in
baked products. "These so called 'superglycerinated® shortenings
contain mono= and diglycerides which are extremely offective in
promoting and stabilizing emulsions of both the water-in-oil and
oil-in-water types. While tho effectiveness of mono» and digly=~
oerides in oake doughs is explaineble in terms éf conventional
theories of emulsification, on the basis of their content of
hydrophilie (hydroxyl) and lipophilic (fatty acid) groups, it is
nevertheloss somewhat surprising that they are éo much more
efficient than a number of other amuléifying agents. There are
other edible emulsifiers, such as soybeanilecithiﬁ, which are very
effective in lowering the interfacial tension of fat against weter,
bﬁt none of these 1s: capable of conferring satisfactory emulsifying
properties upon baking fets," (2, pp.285-286).

Mono~ and diglycerides are easily preparsd syanthetically by
the esterification of glycerol with higher fatty acids (20, p«17).
In the simplest terms, the reaction between e triglyceride (fat)

and glycerol may be represented as follows: (2, p.678)



H H H H

1 b 1 i
H~C=R E~(=-0H 'H-C=0H H«C=0B

1l 1 1l 1
H=C=R + H«C=0H -— H=C=R -+ B«C~0H

i 1 1 1
B~C=R H=C=0H H-C=R H=C=R

1 1 1 1

H H H H

Triglyceride Glycsrol Diglyceride Monoglyceride

In the presence of an alkaline catalyst, the reaction product
is a mixture of monosesters, diesters and triesters as well as free
glyeerol, froe fatty acid and the eatalyst in the form of metallie

soaps (29, p.310).

Importance of Emulsifiers 15 High Retio Cakes

A high ratio of eoluble soiids to water in cakes can give
prolonged resistance to mold growth and inhib%ts staling (15,
pP«771=772). 7That an increase in ﬁhe ratio of\sugar to flour,
together‘with an inorease in the water content, also resulted in
a sweeter, moister, more tender cake was pointed out by Harris et
ale (18, p.181), However, an inorease in the suger content, with
the accompanying inerease of moisture content, yielded a ocake
which would shrink or fall objectionably aefter being removed from
the oven. Vhen interface modifiers of‘the proper type, such as
mono~ or diglycerides or faﬁty.aeid esters of polyglycerols, were
incorporated in the batter, the ratio of sugar to flour end the
water ocontent could be increased. A better cake was produced 4n

all respects, particularly with regard to keeping quality and
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volume. The interfaoe modifiers coul& be incorporated in the
shortening, in the egg constituent, in propered cake flours or in
baking powder (18, p.181). | %

Daun ot ale (13, p.39) pointed out that the rolo of cmulsi-
fiers in baked products for tho most part appeared to be that of
a stabilizer. Such "addition agents" produced an unusually smooth,
woll=combined batter, with a capacity for carrying relatively
large amounts of sugar and moisture, end with e marked resistance
to varieble conditions of baking and handlinge. %he main beneficial
effect of such addition egents, according to Daum et al, was to
decrosse markedly the customary tendency of such eakes to shrink
during baking end cooling. This was eopeoially of interest for cakes
mede with high proportions of sugar end/or liquid te flour. Those
high ratio cakes were prefeorred by bakeries on cccount of their
advantages over ordinary cakes in volume, color, toxture, flavor,
grain, koeping quelity and cost. Imn testing glyceryl monostecarate
with different types of shortening, thoy found the most obvious
distinguishing characteristic of the monostearate cakes as Gompared
with tho corresponding stenderd ones wes their inoreessed volume
(13, pbl).

Carlin prepared oakes with hydrogennted shortening and similap
ohortening containing varying percentages of mono= end diglyceride
emulsifying agent. "lacroscopically the batters appeared 'ourdled!
without the presence of emulsifying egent. Added quantities of

emulsifying agent (up to 10 per cent of the total shortcning) overcame
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this curdled appearence and developed a thin but smooth batter.
The viscosity of the batter deorcased with cach added quantity of
emuleifying agents the batter spesific gravity increased, the cako
volume increased, and the fat leke areas became more finely
dispersed,” (5, p.191).

Bailey (2, pp.286-287) has stated that with ordinary fats it
is not possible to produce a good cake dough if tho combined amount
of milk end sugar in the formula emounts to more than L0-L45 per
cent of the total ingredients; for the difficulty of maintaining
the fat in sweet dough in a highly dispersed condition increases
with increaging water and sugar content of tho doughe With the
use of high ratio shortenings it is possible to increase the milk
end sugor to as much as 50-55 per cent of the totals In these
battors the fat appears much more dispersed than in the battera
mado with ordinary allwbyd;ogenate& shortening,

FPats are capable of absorbing and holding considerable
quantitios of water without benefit of an emulsifying agent,
owing to their plasticity and more or less rigid structurece.
Compound=type shortenings consisting principally of unhydrogenatsd
oil will absord 20-50 por cent of water at 709 ., whereas high ratio
shortenings will emulsify LOO per cente The significance of the

water holding capacity of a fat has not yet been demonstrated.

The Use of Glycoryl lonostearate as an Emulsifier

Glyceryl monostearate C17E35§00.032.CH0H.05203‘is an edible,
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white to cream colored, waxny solid, having a faint odore Tho
commercial product melts at §5-58°C. It io insoluble in water but
is dispersiblc in hot wmtore It is slightly soluble in cold and
vory solublo im hot aloohol, and hot vogotablo 0ilse Chemically
pure glyceryl monostearate hes a specific gravity of 0,98l and melts
at 81°C. (25, p.253). It has been used widoly in chortoned cakes.
One of the advantages in its use is that tho ratio, sugar/flour,
can be inereasod from 100/100 to 140/100, as a direct result of the
inoreesed dispersion of the fat to 2 vory high dogree, with o
proportionate inerease in the mechanical strength of the cmulsion.
Because of this ndditionnl emulsion otrength, tho agqueous liquid
content, and consequently the sugay content, of the ocake detter
can be inereased with.no increased tondency for the cske to fell
during baking (25, p.252).

The Glyco Products Co. Inc., Brooklyn, New York produces an
edible glyecryl monostearate to be used with cake or brecd under
the trado neme Aldo 33. It is distinguished by i¢s fino granulated
bead form vhioch permits mixing with other ingredients with a
ninimum exponditure of procossing offort and time. Thoe menufecturers
have pointed out tho following edvantages: the use of Aldo 33 by
cither bread or eako bakers assurcs the user of thorough distri-
bution of all formula ingrcdients; makes possible extended rctontion
of moisture and contributes to maximum cohesion of ingredieonts,
thereby improving keeping quality; makes possible assured volume

and fine cell structure without affecting flavers of basic allied

5



ingredients. Aldo 33 is mixed with hot water in the proportion 3:7
to createla dispersion that is later used in conjunction with the
shortening (16, p.2-3).

The manufacturers also stato that blological tests have shown
that glycoryl monostsarate is formed in the human digestion of fafs
end oils. This formation takes place in the small intestine where
it eids in theo emulsification and assimilation of fats and oils by

the body (16, p.2).

Ideroscopic Studics of the Fat Dispersal Pattern of Batters

The distribution of fat in & batter has boen studied micro=
scopically by several investigators. The photomicrographs produced
by Bailey end lcKinney showed the fat with ooc¢luded air distributed
through thc batter in clumps (3, p.121). In a later investigation,
Bailey showod that if superglyccrinated shortening is used instead
of all=hydrogenatod shortening o much bettor dispersion of fat is
obtained (2, p.286).

Dispersion of hydrogenated shortening (containing 2 per cont
monoglyceride) variod with the method of mixing, as demonstrated by
Hunter ot al. By the conventicnal method of mixing there was little
tondeney for aggregation, while with the pastry-blend method
this tendency wos apparent. The pattern of fat dispersion in
nargerine battors wes characterized by aggregation of the fat
resulting in distinct olustering of the air oells. This aggregation

was more sovere im batters propared by the pastry~blend than by the



conventional method of mixing.. The clumping of the fat with the
occluded air colls made it difficult to obtain thin smears. The
disporsion pattern of lard battors differed radically from that of
either hydrogonated~schortoning or margarine baﬁt@rse The lerd was
for the most part distributed in o continuous film. (24, p.36-37)

From their obscrvations on the structurc of the battera and
on the quality of the corresponding cakes, Huntor ot al. concluded
that both a good foam struoture and the dispersion of the fat in
feirly fime lakes were important.in the production of high-quality
sakese (24, pe51)

Carlin demonstrated with white layor cake batter that with
each increase of emuloifylng agent from 0.5 to 9 per ceat the
number of fat lakes ineroased per unlt area and cach fat clump
decreased in sizee. The photomierographs of the battors contalning

no cnulsifier showed the fet distributed iv the form of fat lakes

or clumps, whereas those battors containing 9 per cont momoglyceride

showed o very finc dispersal of fat. When .thoso batters wore baked
the coke volume reached a meximum after the 5 per cent level was
reachod and at 8 to 9 por cent the cake volume began to deoline,
indicating o detrimental offect whon fat is disporsod in too fins

o pattorn.  He also noticed that lard dispersed throughout the

oake batter in & much finer pattorn than that of hydrogenated
shortening. In fact tho dispersal pattern of lard was somewhat
similar to that obtained with hydrogonated fats cdntaining emulsi-

fying agentse There wos one important differences the quantity

15



of aiy which wos suspended in the fat lakes wes roduccd when lard
vas used as the shortening agent. The fine dispersion pattern
oxplained to him vhy lerd gave much bettor rosults on the richer
type (40 por cent sugar) layer cakes than did regulﬁr hydrogenated
shorteoning which contained no added emulsificrs Convorseoly, the
ability of lerd to suspornd air cells was incroased whon the fat

dispersal pattern bocame coarses (5, p.195)

Fhe Torm “Hmulsion”™ as Applied to Cako Battews

Although the term "cmulsion" hac been used by many people im
their disoussion of ¢alte batters, the use of thioc torm mey be open
to quostion, An emuloion hes been defined as o disporsion of one
1iquid in o oceceond liquid, a ligquid/liquid systam (21, p.123).

Haptmen oxplained thet, "An amulsoion hes been clessificd as
o lyophobie colloidal gystem wherein the particies making up the
internnl phase comsist of globulcs of a iiquid vwhich is dmmisciblo
with the liquid extermal phase. In general, however, the internale
phtse particles of emulsions exceed in size the usuvally accspted
1limits of the colloidel rangc end areo visible with an ordinary
microscopes (19, pe326).

Since most cakes are preparod siith sami~solid fats, Buater
folt that this involves a rather free intsrpreotation of the term
cmulsion, when epplicd to cakc dbatters (23, p.28).

Suthoim also raised the question whether such systems as
millt and oleomargarine could be clagsified es emulsionso, as they

wore not mado up of two liquids in the truo sonso of the word.
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Milk, for instance, has a liquid oxtornal phase, but the internal
phese, the buttor fat, is a solid rathor than o liquid. In the case
of oleomergarine the external phass consicts of more or less colid
fats, whereas tho internel phase ié e liquide. The difficulty in
deoiding whother to olasgeify systems like thosec montioncd above as
emulaions or suspensions arises from an inadequate definition of
a liquid, Uhoreas the tramsition from gas %o liquid is fairly
sharp, there arec innumerablc intermediates dbetween tho liquid and
the solid state. Highly visocus liquids, pastes, gels and plastie
solids belong in this group (7, p«290).

If the torm liquid were undorstood to include such borderline
otates as plastic solids, thic may justify the classification of

cake battors made with pleastie fats as emulsions,

Importence of a Good Foam in Producing Good Quality Cakes

0f the two batter characteristies which appeared to be
associated with cake quality, namely, good foam structurc eand fairly
uniform pattern of ingredient disporsion, Hunter thought the foam
structure vms of grester importance (23, p«167).

Other investigators have also realizecd tho importance of o
foam or air in shortencd cake batters; Dunn and White illustrated
the importance of eir in a pound cake batter by ovacuating the air
present in the batter, When there were no air célls into which
the moisture could ovaporate, the volume inecrsase during baking

was zero (14, p.99). That air should be present before the wmter



vapor oan function as a leavening gas in shortened cakes, was
substentiated by Hood and Lowe (22, p.253). Dunn and White further
observed that the 1ncorporation'of air in commercial shorteninge
improved the texturc and volume of cakes, and reduced the time
ra§uired for propor ereeming (14, p.100).

"Creaming™ in ceke making indicatos thé formation of an aipe
in-fat foam and & water<in«fat emulsion (17, p.802). Sinee air
~ cannot be incorporaticd into oils or molted fats, Lowe concluded
that the plastic fats wore proferable for cake making. She
believed thet "creaming quality" was important amd was closely
related to volvety toxture and high cake scores {31, p.L90). Hor
photomiorographsqshowed that the battoers of‘cakes of excellent
texture had small gas bubbles with even distribution, whereas
battors of coarser textured cakes had irrogular grouping of the
zas bubbles of difforent sizes (31, pp.ho2-L93).

Bailey end MeKimnoy (3, p.120) rocognizod the ability of a
fat to cream, or incorporate air, as a highly important fector
in determining its quality as a cake shortoning. The rationaliza=-
tion of the matter of air incorporation, according to them, roests
upon a comparatively simple discovery; viz., "that the oaly
ingrodient ian s ocake mix, exclusive of the fosm~typs cakes,
sponge and angel food, that is active in entrapping air is the
shortening." Their photomicrographs of shortened batters show
that the inocorporated air appesrs in the form of numerous small,

round bubbles, and that these appear exclusively in the fat,
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The writers found good shortenings to incorporate a maximum of about
270 per cent air when ereamed with granulated sugar in the most
favorable proportions {about two parts by welght of'shortenang to -
threc parts of sugar). The air is ususlly carried to 150-200 per
cent in the firét mix of sugar end shorteming, and the remaindér of
the air beaten in after the addition of.the eggss 7The presence
of oggs increases tho ability of the shortening to absorb airs
aeftor they are added the air-content will rise to 300375 per cent.
Somo oir is always lost when the milk and flour arc added, so that
finished yellow=cake doughs usually contain 275-350 per cont of
air on the basis of the shortening.

When cakes were madc with oil, a stiff, stable sponge of egg
end sugar stirred in at the end of the mixing process was the
most importent factor in determining cake quality (35, p.215).
Ohlrogge and Sunderlin further noticed that in the batters ef
high=gocoring cakes, the oil appearsd to be in the form of meny
very small globules, anﬁ‘numerous vary small gas bubbles woro
presente. vThe batters of low~seori§g ocakes had more large oil
globules and fewer gas bubbles (35, p.215).

The importance of & good foam therefoye\has been amply

demonstrated.

The Effect of Baking Temperaturo om Shortened Cake
A daking temperature of 185%. wao found to produco tho

best plain cake. . Coarss=greined cakes weére obtained at 155 and
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165%,., and finer-grained, close-textured oakes resulted when oakes
were baked at 185° and 195°C. (45, pp.25, 28).

For chocolate cekes an increase in cake volume with inerease
in baking temperaturs was obtained, for temperatures renging from
175 to 225°C,., though thore was little difference in the mean
volumes for cakes baked at 215 and 225°C, Palatability scores
were also directly proportional to baking temperature.

Angel food cake baked at 180°C, wes more tender than cakes
baked at 149°C., and Barmore (L, p.ll) believed that this might
be due to increased cake volume and wes not ceused by eny effect
on the material itself,

Lowe concluded, from work done on cake in her laboratory, that
with higher sugar contents, improved toxture and palatebility
resulted from baking at temperatures higher than 1859%. (31, p.i88).

It seems therefore that a baking temperature above 1859C, is
to be recommended, especially for high sugar ratio cakes. No
work hes been published té show whether this also holds for a

cake batter containing emulsifying agents.
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PROCEDURE

Two types of fal, butter and a hydrogenated vegetable oil, with
and without added emulsifier were tosted in cskes baked at four
different temperatures. The emulsifier, glyceryl monostearate, was
prepared for use as a water dispersion end as a fat disporsion, cach
being used at two levels.

8ix cake datters were mixed each day, following e randomized
order of preparation. I"ive were experimental cakes and the sixth
one was a control to be used as a standard during scoring by the
judges.

Immediately after a batter was made, two cakes were weighed and
bakede WVhile cakes were beking, specific gravity doterminations
were made on the batter remaining in the mixing bowl, and slides
were prepared for misroscopic study of batter structure.

Data were collected on baked cekes as follews: weight loss
during baking, eross section areas as an index to volume, subjective

soores, and microscople struoture.

Formule and Method of Mixing
The formula and method of mixing employed had been developed

for studios of fat behavior in cake (36).



Ingredient Wbig&t Directions
grams

Fat L5.0 Save 25 ml. water, to be added
to c¢reamed fat plus sugar and

Milk, dried wholes 13.0 vanilla,

Water, distilled 80.0 Save baking powder out to be
added near the end of the

Flour, ceke 100.0 mixing.

Sugar 120.0 Dry ingredients: sifted flour,
dry milk and selt.

Baking powder, tartratc 3.75
Liquid ingredients: egg yolk

Bgg yolk 12,0 plus water, 55 ml.

Egg white 20.0 Thip egg white until stiff,
add near the end of the

Salt 0.7 mixing.

Basie Cake Formulae

Vanilla, 1 teaspoon

Stege

N

=

Method of Mixing

Ingredie&t

Sugar, fat and venilla. Secrape
bowl after esch two minutes.
Add 25 ml. water.

Serepe, add & dry and § liquid
ingredients. Scrape bowl after
each 25 seoconds.

Add romaining dry and liquid
ingredients.

Serape bowl, add baking

powder.

Serape, add beaten egg white,
scrape bowl after each

15 seoonds.

Sgeed
6 (410 rpm)

i (137 rpm)

Time
8 mine
1 min,
50 sec.
25 see.
25 seo.

) min.

Vhen an emulsifier was used, adjustments were made in both

liquid end fate The weight of fat wes reduced by the weight of

22
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emulsifier added. In the case of the water-dispersed emulsifier,
the water added during mizxing was decreassed by the amount of water
present in the emulsifier. Thus, fat plus emulsifier and liquid

were kept et the same level as fat and liquid in the original

formale,
TABLE I
Formula Adjustments for Addition of Emulsifier
Bmuleifier Neame Emulsifier Formula Changes _
(fat basis) Decrease Total  Decroase iater addod
in fat fat used 4in water during mix-
ing of
batter
_ - % grems _ grems mle mle
Aldo 33 3 1.35 - L3465 515 7685
Glyceryl '
monostearate 'SV 3 1.35 L3%.65 - 80,00
Aldo 33 6 2,70 L2.30 6430 73470
Glyceryl '

monostearate "S" 6 2.70 42,30 - 80.00

During the preparation of the batters, the temperature of the
room was mainteined at 25°%. During the test period the barometrie
pressure varied between 29.29 and 30.06 inches. !Mixing times given

in the formula were contrelled by using a stopwatch.

Baking
120 grams of batter were woighed into each of twe pens and the

weights recorded., The two batters were baked simultasncously. After



baking, vhich required differcnt lengths of time for the various
ovon temporaturos, the cakes were allowed to cool in the pans,
wolghed, and the loss in woight recorded. A smell improssion wes
made on the side of the cake that had been closest to tho oven door,
so that like scctions of cake could bo matshed for comparative
studiese Tho tins wore thon covered with tight fitting 1lids until
all the oakos for one day were baked end the cbjectivo and orgenc~
loptic tests could be made.

Tho baking temporaturce used weres 4259 . (218.43%C.), 375%.
(190.6%.}, 3259F. (163.29C,) end 30097, (148.99%.).

Ectablishment of Balking Time

For the basic formule cmployed and 120 grams of better inm an
eight ounce pon the optimum baking temperaturc and time were found
to be 375°F. (190.6°.) end 19 minutes (36). (Altitude: approxie
mately 150 £t,) A thermocouple placed in the center of such a
oake rogiotered a maximum internal temperature of 230%F. (110°C.).
Vhen cakos wero baked at 4259, (218.39C.) an internal temperature
of 23097, (1109C.) was roached after 13} minutes, Tho amount of
shrinkago and degrec of carcmelization of the erust indieated that
this baking timc was optimum at this temporaturec.

With & baking temporaturo of 3259F. (163.2°C.) an intornal
temporaturc of 221°F. (105°C.) was reeched after 26 minutes, with
no chenge in tcmperature during further baking. When baked 26

minutes the crust did not show any sign of caramcligzation. To
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acquirs this it was desirable to leave the cakes in the oven for
seven more minutes. Thirty-three minutes were therefore considered
to be an optimum beking time for cakes bsked at 325% . (163.2°C.).
The cakes that were baked at 300°F. (1,8.9%C.) reached an
internal temperature of 221°F. (105°C.) after L5 minutes, after
which the temperature remeined almost constant. To develop e
bettor crust color and reduce stickiness, another 17 minutes were

alloweds These ocakes were therefore baked for 62 minutes.

TABLE II

laximum Internal Temperature and Time Required to
Boke Cakes at Four Oven Temperatures

Baking Temperature Maximum Interpal Temperature Baking Time
) » _ ninutes
Lasor, {218.3°C.) 2309, (110°.) 13.5
375%F. (190.6°C.) 230°F, (110°C.) 19.0
32508, (163.29C,) 2210F, (1050C.) 3340

3000F, (148.9°C.) 2210F, (105°C.,) 62.0

The difference in meximum internal temperature has also been
mentioned by Barmore who worked with angel food cake. He found that
an increase in oven temperature of L40°C. produced an increase in
internal temperature of 2°C,, and that an inerease in baking period

of 15 minutes raised the temperature no more then 1°C. (L4, pp.l=15).
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Ingredients

All ingredients exoept the eggs, whioh were obtained fresh
weekly, were seoured in quantitios sufficient to last throughout the
study. These included: ocake flour,l table salt, croam of tartar
baking powder, vanilla extract, granulated cana.s&gar, butter,
hydrogenated vegeteble shortening which contained no added emulsifiez;a
and powdered whole milk,

All wore stored at room temporature oxcept the buttor and
povdered milk, which wore stored 4n & freszor at -15°F., and the oggs
which were stored at refrigerator temperature.

All ingredients eoxcopt the wanille, water and egge were weighed,
then incubated in a thermostatically controlled box at & temperatureo
of 25°C, for approximateoly twelve hours before mixzing. Distilled
wator was kept in the incubator, and was measured when needed in a
graduated oylinder. Eggs were propared im quemtities sufficient for
one day's tests. The whites and yolks werc blended separately by
slow turnc of a rotary egg beater.

The emulsifying agents uscd were commercially meanufectured
glyceryl monoctearates. Onc was a flaked product, dosignated as
"Glyceryl monostearato S", the other was in e fine bead form, end

was called "Aldo 33". The latter had a melting point of 138-140F,,

1. Swans Down
2. Primex, Proctor and Gamble Company
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and formed a stable water dispersion in relatively high (about 25%)
concentrations,

In order to distinguish between the two emulsifying agents,
the Glyceryl monostearate "S" will henceforth be abbreviated,

GS, end glyceryl monostearate (Aldo 33) dispersed in water will
be designated, Aldo,

The water dispersion wes obtained by heating soven parts of
water to 2009, and gradually mizing in three parts of Aldo 33.
Stirring was continued until the tempereture of the mixture fell
to 100°F, or lower. The resultant product, which resembled soft
shortening was stored in & jar in the refrigerator and weighed out
as required,

A fat dispersion of GMS was obtained by stirring over gentle
heat, the weighed glyceryl monostearate with one=fourth of the
weighed fate Vhen dissolved, the fat plus emulsifier was quickly
mixed with the remaining fat in a KitchenAid mixer at speed 2.

As soon as the mixturs was well blended it was transferred to jers

and stored in a freezer at =15°F,

Equipment

The batters were mixed in a Hobart model Kl=B KitchenAid
household=size eleotric food mixers A four quart heavily tinned
steel bowl of 8 inchos diameter end flat beater =3/ by i inches
were used. The cakes were baked in round lacquered tin pans 1%#
inches in depth and L=7/8 inches in diameter. The pans were fitted

with 1ids. This was en advantege in preventing drying out of the



cskes which were baked first during the day. The‘botﬁom of ench
pen wes lined with one thiockness of waxed papere

The cakes were baked in a heavily insulated despateh electric
oven having controls for both top and bottom elements. The oven
was éqnipped with a double glass window in the door through which
oakes could be observed during the baking process. It also had two
slots in the roof, which could be opened whon necessary for oven

temperature controls

Tosts

Objective

Batters: Specific gravity

The specific gravity was aetermined for-each batter that was
‘mixeds For this purpose an aluminum pyonomster designed for the
determination of the specific gravity of semi-fluid materials was
usede The pyonometer consisted of three parts: a cup, a lid with
a hole 3 mme in diameter, and a threaded rim for screwing the lid
onte the oupe The dbatter was placed carefully in the cup by means
of a small spatula end the lid screwed down tightly. Excess batter
was forced out through the hole in the lid and removed. Specific
gravity was found by comparing the weight of the fixed volume of
batter with that of the same volume of wadter, both weighed at 250C,

_ wte Of pyce plus batter —ewt., of pyce
Specific gravity of batlors E ~of pye. plus water —=wt. of pyCe




Cekes: Cross section area

One oake of ovach treatment and each replication was cut across
the center and tracings were made of the eross sections of both
helvess The areas of these cross sections were measured by means
of a compensating polar planimeter. The readings were averaged to

obtain the index to volume.

Subjeetive

‘Batferaa liieroscopic

A minute portion of a battor was transferred to a gless slide
by means of a pointed glass rod or dissecting ncedle. A cover
glass wﬁs placed on the small speck of batter and was pressed
down with a forceps until the batter was extended sufficiently for
microscopic study.

Low magnification (x120) photomicrographs of the batters were
nade.

Slides were also made of cake batters stained red ﬁith Sudan
IV, a fat soluble dye. This was done by two methods: (a) 1.2
gremns of Sudan IV were added to the formula when orcaming was
started, or (b) a few grains of dye were mixed in with a small
amount (about 10 grams) of batter. Both methods proved to be
successful in studying the fet distribution. Colored photo=
micrographs were made of the stained batters using an Ansco eolor
tungsten type f£ilm, e light yellow filter (UV 16) and a caibon are

lanp,
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~ Oakess llicroseopio

. One cake of oach treatment was used for microscopic studies
of cake erumbe. The procedurc fellowed for ﬁxi;ng and steining fat
was adapted from the method deseribed by Lowe and Nelson (32,
ppel6ly=165) and by Morr (33).

Small blooks, approximately & x & x 1 om. were cut. Ten to
twelve‘blecke were placed on glass wool end arranged in & emall
cirole around & 5 ml, beaker containing 1% ml. of a § per cent,
freshly made, aqueous solution of osmic acid (Osoh) 3 The whole
was covered with e small bell jar, L& inohes in dismeter end 2
inches in height, and the edge well sealed with stopcock grease.
This was kept in the dark for seven howrs, after which time the
osmic acid had penetrated practically to the center of each block
of cake, as shown by the black staine In the presence of osmie
acld the fat is oxidized at the double bonds end the 080) is reduced

to 0802 and metallie osmium,.

HE HE

11 11
~C=C= + 080) —> «C=C= 4 080, + Os

11

0~0

The osmium being a very heavy metal is adsorbed by the fat and
protects the fat from being dissolved by the usual solvents like

xylol, cedar oil and absolute alecohol (39, p.248).

3. Osmic acid is highly corrosive, and care must be exercised in
its preparation and use. Refer to Johensen (26, ppe 7, 37)«



In order to make cake sections of 20 miocrens in thiekness,

the 1itble blocks were dehydrated, ewvacuated, cleared and embedded

in wax.

1.

2

Le

Se

6o

7o

This included the following stepss

Tho blocks were placed in throo changes of absolute
aloohol for threo hours cach time.

The air was ovacuated by‘pl&eiﬁg the viale in a veouum
oven for tuo hours at 42°C. undor 15 inchos of vacuwn.
Tho blecks were transforvred to a solution of helf
ebsoluts aleohol and half tortiery butyl aleochol, and
left for four hourse

The blocks wore transferred Yo three changes of tertiary
butyl alechol, leavinmg the blocks four hours in each
change of alcohol and in one change overnight.

Tho samples were infiltrated with pareffislt by adaing
paraffin chips to the last shango of aleohecl and placing
in an oven kept at 60, until the paraffin melted.

The blocks were transferrcd to pure mel%ed paraffin and
the paraffin replaced threc or four timcs, every twolve
hourse The visls werc kept at 60°C.

After the last infiltration the contents of the vials wore
poured into suitable glycerine line&'meld, then submerged
in ice water to ensure even textured paraffin through

rapid chilling,

L. Fisher. Tissuemat Bmbedding Wax, m.p. 50=529C,

3



8. The hardened blocks of paraffineembedded cake were
tirimed down to be mounted in the carrying disc of a
microtomes

The sections werec out 20 andVBO nicrons thiok. Vthen the

‘protein was to be stained, the ribbons werec mounted on slides with
water, and no fixative was useds Whon protein was not to be
stained llayer's ogg albumin fixetive (26, p.21) wes useds The
slides were then dried on an electrically heated slide warmer for
one hour, thon at room temperature for at least 36 hoﬁrs. To
remove the wax the slides were immersed in xylene for at least
five‘minutee. When slides were not to be stained e drop of

thin balsam wes plaoe& on the section at this point and a cover
glass mounteds The slides were placed in an incubator at 60°C,

for the balsam to dry.

Staining the proteint A dilute solution of aqueous cosin stains
protein & bright pinke A O,dh per cent solution proved to be
satisfactorye A drop of glacial scetic acid added to 100 ml. of
stainvhelps to give e better adsorption of the dye by the proteine.
After the wax hed been dissolved by the xylene, thé slides were
passed through a series of ethyl alcohol dilutions of 95, 70, 50,
and %0 per cent, The slides werc kept for five minutes in each
aloohol solution. From the 30 per cent alcohol they werse transe
ferred‘to distilled vater, then stained with eosin for one hours
To dehydrate before mounting the slides were again passed through

the different alcohol solutions, starting with the most dilute end

32
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ending with absolute alcohols They were then placed in xylene, 100
partes, plus absolute alseohol, one part, and finally transferred to
undiluted xylene. Dehydration was accomplished im approximately
seven minutes., Excoss xylene wes wiped from the slide, care being
taken to avoid touching the sections. A drop of thin balsem was
placed on the section and & eover glass mounted. The slides were
left to dry for a few days when thoy were roady for microssopical
examination,?

Cakes: Seoring

The cakes were scored the samec day they were baked, by threo
experienced judges. A control cake was prepared each day to
supply a standerd with whic¢h the experimental cakes could be
comparede For the control, the formula for tho basic ceke was
used, with butter as fat and 3 per cent Aldo 33. In this case
the butter was decreased by the total weight of incorporated Alde
(1.9.. L.5 grams). Mo adjustment was made for the water used in
dispersing the Aldo. This procedure conformed with the directions
given by the manufecturers for the use of Aldo in plain cake. The
judges were asked to secorc ten different characteristics with
roeference to those of the control cake which were assigned a score
of 5, Vhen a characteristic appearsd to be bettor in a test cake

then in the control, & score higher than 5 was given, and when the

5. For detailed informetion on embedding and staining refer to
Chamberlain (6), Cole ( 9), and Johensen (26).



characteristic was poorer, the soores went down. The ramge of
sooring was from 1 to 10.

Soore Card Used by Judggg

Cako numbors
Dates
dudges
Rating
1, Thickness of cell walls sevessase
2e Cell distribution esssoise
34 Coll siso escvsins
L. 8pringineces evsseaso
5. Compactnesa veasénee
6. Tondorness coevesne
7+ Volstnoss ‘ sesessee
84 Velfetinsss sevecsee
Ge Flavor ‘essssnde
10, Overall desirability esesssee

Statistical Analysie

Amnlyses of varianco were used for batter spescifis gravity,
cake scores and calte volumes im testing the significance of differ=
ences among enmulsifying agents and baking temperatures in order to
dotermine the merit of the different treatments. The 5 per cent

significance level was used throughout.
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RESULTS AND DISCUSSION

Batters

Glyeeryl lMonootcarate and Foam Formation During Creeming

"Creaming” was the first step im tho mixing of the calkes.

Lowe (31, p.489) described oreaming in cake meking as the formation
of an air-in-fat foam by stirring or beating. Bailey (2, p.260)
exprossed the same iden as follows: "The absorption of air by

fots during mizing operations in the bakery ic termed toreaming?s”
By thoir mechaniecal aetién the fine, angular shaped sugar orystals
promote the formation of tho foam.

Both butter and Primex exhibited good oreanming properties as
showm by the development of lightness during mixing of the fat and
sugare

In addition to taking up large quontitios of air, both fats
wore capeble of absorbing and holding o comsiderable quantity of
water without the bonefit of an cmuloifying agent.

This could casily bo ceon in cmears made of the creameod
mixture after the 25 ml. of water had beon added at step 2 in the
mixing procecs (see page 22). At low mognification (100X), minuto
water drops distributsd in the orcamed fat gould be distinguished,
indicating that the cmulsion type was water-in-oile. All the water,
howsver, was not emulsified since freo water adhering to the mixture
could easily be seen macroscopically. Vhen the emulsifier was

present in the mixture, practically no fres water could be seen,
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the water apparecntly being emulsifiod in the fat. This wns obvious
for both fats used and for both emulsifiers. Tests of emulsion=
type wero made by placing & drop of wnter next to smears of creamed
mixture plus water in whioch the fat wos stained with Sudan IV,
Though a water~in-oil cmulsion predominated, the presence of an
oil=in-tmtor emulsion was dcmonstrated in the mix containing no
emulsifier, by the floating of red fat globules out of tho mix.
This indicated that an oil~in=tator cmulsion vms in the process

of forming. In the e¢recamcd mixture containing an amulsifi@é, no
fat globulos scparated from the mzss. 8Since the amulsifiei was
more soluble in the fet than in the water, it lowored the surface
tonsion at the interface oil-emulsifier to a greater extent thaen
that of tho interface water-emulsifier, and thercby assisted in

the formation of a water-in=o0il emulsion.

Colored photomicrographs were made to illustrate this
phenomenon. In Figurs 1 air bubblcs cen be recognized occluded in
the spheres of red-staincd fat. Spheres of fat carrying air bubbles
could not be observed when an emulsifior was presont. The fat
appeared to be the continuwous phase with water droplets dispersed
throughout (Fige. 2). |

Another observation made on batters containing emulsifying
agent, was that the crcaming property of tho fat docreased. This
was true both for butter and Primex. In the prosence of an
emulsifier the fat remained pastelike in toxture, whereas without

the emulsifier both buttor and Primex creemed to a light and fiulfy



Fige 1 Photomicrograph (100X) of a creamed mixture of butter,
sugar end water without an emulsifier. Butter is
stained red. A sphere of butter carrying an air
bubble mey be seen in the center of the picture.

Fige 2 Photomicrograph (100X) of & creamed mixture of
butter plus emulsifier, sugzer and water,
Emulsified water droplets may be seen as gray
spots in the fat (red).
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oconsistenoy. This apparent difference was substantieted by specifie
gravity tosts., The specific gravity of the orcamed mixture of butter
withoyt emuloifying agent was 1.013 and of butter plus 6 per cent
glyceryl monootearate 1.305. Primex always incorporated morc air
than bubtter did, so that tho specific gravity of the creamed

mixture incroased from 0.937 for Primex without emulsifier to 1,187
for Primex plus 6 per cent glyeoryl monostearate.

The poorer incorporation of air in the creamed mixture containe
ing cmulsifier was actunlly caused by the emulsifier. This wos
demonstrated by adding en emulsifier (41do) to a mixture that had
beonn crecamed till light and foamy. As the crceaming wes continued
the nixture immodietely lost its lightness and bocamo pasty, as
was typloal for & creamed mixture which had the emulsifier added to
the fat, A pleausible explanation is that tho surface active agent
acts as a sproading agent for the fat, The fat besomes disporsed,
loses its coherenoc and less air is occluded, Also if the emulsifior
is added half-wvany through thevcraam;ng process, it disperses the
fat and air is lost from the crcamed mixture.

The fact that glyceryl monostesratc serves both as a dispersing
agent for the fat ahd an emulsifier for the water=ineoil
eﬁulsion. is not contradictory, for this is true of many surface
active agents, 1.0., they may be offoctive in more than one
application and may perform two or more functions at the same
time (1, ps2). It is elso lmown that the anti-fooming propertics

of substancos aro very unpredipgteblo end meny surface active agents
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aro cmployed in foam reduction.

Glycoryl lonostearate and the Physical Structure of the Batbter
Uaeroscopie App@aranoé

The batters made with butter end with Primex in tho abseonse
of em cmulsifying agent were woll acrated, light and thick, rosembling
whipped erecam. The batters alco stood up in the bowl, liko properly
vhipped oreame Characteristically, the battors showed a teandency
to break., When 6 per cent emulsifying agent was present, the
battors were smooth, glossy, rolatively thick and showed a slight
tondency to flow, but no bresk or soparation occurred. %The batters
lacked the lightness of batters without omulsifying egent end
appeered more like medium thiock white sauce then like whipped
cream. Batters containing 3 per ceont glyceryl monostearats were
botweon these two extremes in smoothness and lightness.

Theso results were in ascordance with Carlin's observations
(5, pe19l). He rolated that, macroscopically, his batters appeared
curdled without the presence of emulsifying agent, whoreas added
emulsifying agent overceme this curdled sppearance and doveloped a

thin but smooth babtere.

Microscopic Appearance
then ths batters were studied microscopically, the most
obvious differenco betwoen the batters made with and without
emulsificr was in the fat distribution., In the Primex and butter

cakes without emulsifying agont the fat appeared in olumps,



whereas the fat became more finely dispersed as the perecntage of
emulsifier was incrcased.

This disporsal pattern of the fat is illustreted in the colorod
photomicrographs, Figures 3, L4, and 5. Tho fat was stained red with
Suwdon IV, The rest of the cako ingredients appear gray, and the
heavily outlined sphores arc the gas bubbles.

In Figure 3, which shows a cake battor made with butter but
vithout omulsifier, tho fat cen be scen as feirly lorge lakos or
clumps, carrying numerous air bubbles.

In Pigure L, which chows e cake battor made with butter and
containing 6 por cent Aldo, the fat can bo seen as cmall particles.
These particles disperse the fat moro uniformly through the batter
then the clumps observed im Figure 3. This is characteristic of a
batter containing an emulsifying agente.

0f the two emulsifying agents used, glyeeryl monostearate "S®
gave a botter dispersal of £at than Aldo, Figurc 5.

As the gas bBubbloes éppeared for tho most part in the fat, a
botter dispersal of fat also meant o morc oven distribution of gas.
The distribution of gas in betters made with the two fats and tho
two omulsifiers is illustrated in tho photomierographs shown in
Figurcs 6 o 9., The Primox batters with emnd without cmuleifier
alwveys showed o greater number of gas bubbles than the correosponding
butter batterse It will be reocalled that Primex also preduced lighter
ercamed mixes than buttor. Buttor plus emulsifier on the other hand,

was more highly dispersed tham Primex plus omuleifiers The fine
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pattern of fat dispersion may partly oxplain the smoothness of batters

obtained vhon an omulsifior was prosent,



Fige 3 Photomiorograph (100X) of cake batter made with
butter, no emulsifier. The fat, stained red,
appears in large patches, The heavily outlined
spheres in the fat are the gas bubbles. The
rest of the ingredients appear gray.

Fig. 4L Photomiorograph (100X) of a butter cake batter
containing 6% Aldo 33. The fat, stained red,
appears in small particles., The spheres are the gas

bubbles, and the rest of the ingredients appear
graye

L2



Fige 5 Photomicrograph (100X) of a butter cake batter,
eontaining 6% Glyceryl monostearate "S"., The fat,

stained red, appears highly dispersed throughout
the batter.

L3



Fige 6 Photomicrographs (120X) of cake batters Ll

(1) Butter, no emulsifier.
Fat appears in clumps
as indicated by the
irreguler grouping of
gas bubbles. The spheres
with the black outlines
are the gas bubbles,
The rest of the ingre=-
dients appear white.

(2) Butter plus 3% Glyceryl
monostearate "S", Fat
(gray particles) appears
finely dispersed, with
gas bubbles spread
fairly evenly throughout
the batter,

(o] (3) Butter plus 6% Glyceryl
monostearate "S", Fat

is so well dispersed
that there is little
contrast between fat
and the rest of the
ingredients, Gas
bubbles are evenly
distributed,



Fige 7 Photomicrographa (120X) of cake batters L5

.A‘A.. a0 %

‘—A‘

(1)

=
A4

(5)

Butter, no emulsifier,
Fat appears in clumps
a8 indicated by the
irregular grouping of
the gas bubbles, The
gas bubbles are the
spheres with the black
outlines, The rest of
the ingredients appear
white.

Butter plus 3% Aldo 33,
Fat appears finely
dispersed, with gas
bubbles spread fairly
well through the batter.

Butter plus 6% Aldo 33,
Fat appears more highly
dispersed than with

3% emulsifier,



120X) of cake batters L6

(6) Primex, no emulsifier.
A well-aerated batter,
with large numbers of
gas bubbles crowded
together in clumps of
fat,

Primex plus 3% Glyceryl
monostearate "S", Fat
and gas bubbles are more
highly dispersed than
when Primex was used
without emulsifier,

Primex plus 6% Glyceryl
" monostearate "S", Fat
and gas bubbles are well
dispersed throughout
the batter.




s (120X) of cake batters L7

A well-serated batter,
with large numbers of
gas bubbles crowded
together in clumps of
fate

Primex plus 3% Aldo 33.
The fat and gas bubbles
are better dispersed
throughout the batter
than when Primex was
used without emulsifier.

Primex plus 6% Aldo 33.
Fat, light gray, may be
seen in small particles
feirly well dispersed
throughout the batter,




Boked Calces

Volume

Effect of Epulsifying Agent

As would be expected, the differenco in batber strusture was
reflected in the cakes baked of thesc batters. When emulsifior wes
added, cako volume inoreased, dbut the sige of cakes mado with the
two emulsifiers at the two levels were not significantly differont.

The bigger volumes obtained indicated that more gas was retained
in the batter at the time thet coagulatiom of the protein occurrcd,
The gas in the emulsifier=containing battors, boing betier distributed
throughout tho protein-starch suspemsion, prodused an inercascd ain/
liquid intorfacec which could have caused nechanioal coagulation of
the protein aleng with heat coaguletion during bakinge The fat on
melting roloased its suspended air to the water phase (5, p.196).
Weiser (43, p«%05) explained thet mechanical coagulation eould be
caused by tho accumulation of dispersed phesc in the surfacc as a
regult of the large development of surface by the many air bubbles,
Ho rofers to Ramsden® in ezplaining that it is poesiblo to cosgulate
cortain hydrophilic sols by bubbling gas through them, provided that
the colloidel material is sufficiently surfaco~active to concentrate
strongly in the surface film. Then the bubbles riseo and dbreak, the
exoess materiel which they carry to the surfacc of the sol precipie

tates out. Egg albumin is highly surfaco~active and may be coagulated

6. Ramsden, We "Separation of Selids in the Surface~layors of
Solutions end Suspensions = Proliminery Account.” Procecedings
Royal Society of London 72:156. 100k,



in this way.

Along with this timoly coagulation of the proteim the glyceryl
monostearate could assist in stabilising the foam in the batter
during balring. Foams and cmulsions admit of somevhat similer
considerations, adsorption being offected at both kinds of interface
(8, pel)e Tho emulsifier could orient itself at the sir/liquid
intorfacc causing a variation in the surface forces of the liguid
in rolation to the gase It ocould thereforo assist in stabilizing
tho foam in the ceko batter. Weisor (L3, pp.350-353) hes explained
thet foams resemble emulsions in thet adcorption films surround the
diéperseﬂ phase in both systems,~--the difference being that tho
dispersed phasc is & gas in foams and o liguid in emulsions, and
tho gas bubbles in foams ars, in goneral, much larger than the
disperscd droplets in emulsions. Ho found that aqueous solutions
(alcohols and acids) exhibit an optimum concentration for giving the
most stable foam or bubble and that the soluticns with the lowest
surface tension tond to give the most durable foamse

In.the previous paragraphs it has boen assumed that the inoreased
cake volume ecould be asceribed to a better gas retention. Two other
possible explanations for the incremsed volume were howover considered
end experimentally disproveds (1) Thethor inereased volume could
have beon due to incroased moisture retention, as the emulsifior has
en affinity for water; (2) VWhether volume inorease ocould be escounted
for by tho prosence of more eir in the mixed batter, since Bailey

(2, pe277) concluded that cako doughs ocontaining large amounts of air
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entrapped within tho fat pfoduced cakes largor in ﬁolume than those
doughs contnining relatively little sir.

Moisture loss was determined by the weight of the batter minus
the weight of tho baked cake. The loss in woight during baking may
be considered ontircly due to evaporation (4, p.8). 240 cekes were
wolghed bofore and after baking, The losses in weight for cakoes
baked at a specific temperaturs were found to be indepondent of kind
or percentage of emulsifier present. With an inorease in baking time
#hich accompanied o decrcasc in baking temporature, moisture losses
inoreascd, But at ecach temporaturc those losses were approximately
tho same for emulsifier and non-cmulsifier cakes. These results
therefore rule out the suggestion that a greator moisture reteontion
in the emulsifier-containing cakes may be the exzplenation of the
increased volumes obtained. Tablo III.

The second possibility, namely, that inercased volumo may be
due to increased acration of the batters wes investigated through
specifio gravity measurements on the batters. Specific gravity wes
determined on 120 different battorse The average specific gravity
for ecach treatment is givem in Tablo IV, and is compared with éake
volume obteined when these batters were baked at L25° F,

if %he sgpposition‘ie corroot that botter serated batters
produce bigger cake volume, the biggest cake should have been
obtained when Primex without emulsifier was useds Instead it was
féund that the heavier batters when baked at the two higher

tempeyaturcs (425 and 375° F.) yielded the largest cakes. This was



TABLE IIX

Average Baking Losses of Cakes Madeo With Two Fats;
VAith and Without Emulsifiers, and Baked at Four Temperaturos.
(Baking losses in groms)

Baking _ Butter Primex
Yo [e35) Rido o * &S Aldo
Temperature ' Emulsifie: 5% 59 5 % Emulsifior 57 2R &%
L2s%r. (218.3°.) 11.3 11.2 10,8 11.8 11.7 10,5 10,0 10.5 11.2 10,7
375% .« {190.6°C.) 11.7 11.9 11.7 11.9 1.6 11.h 12,2 12,0 11,5 12.J;

325% . (163.2°C,)
30007 . (1448.9°C.)

21.3 21,0 20.7 20.1 20.; 20.6 20,9 20.6 20.3 20.7

13
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also the tondenoy when tho cakes were baked at 325% ., although tho
inorease in volume was not 8o ovident ao at the highor temperatures.
Then oakes were baked at 3009F. no bencficial effect on eako wolume
could be observed through the use of an smulsifier. Henos, a high
degree of aeratioa was not the explanation for the larger cake
volumes obtained when emulsifiers wore uscede

Similar resultc ﬁith emulsifying agents wore obtained by Pyke
and Johnson (38, p.339) and by Carlin (5, p.191). Cook (11) also
fournd with chocolate cakes, when no cmulsifiors were added, that
batters of greatest volume, 1.6, lowest specifio gravity, produced
smeller cakos, and More (33) observed that thero wms a tendensy for
cake volume ‘o decrease as creaming volume increascd.

Since the increased volume could not be correlated with the
incorporation of air or m@isture retontion, the postulation that
a better ges retention during balking was rosponsible for the volume
obtained secmed most tennblce.. Evean though less air was present in
the batter containing an emulsifior, the air ocould have been used

to botter advantagee.

Effect of Fat and Baking Temperature
The analysis of variance of ocake volumes, Table VI, showed a
significant difforenco due not only to the addition of emulsifier,
but also to fat end to baking-temperaturé uscde Buttor cakes which
contained omulsifier were larger than ocorresponding Primex cakes.
This may be accounted for by the greoater dispersion of butter

accompanied with a morc uniform distribution of gas bubbdbles through



TABLE IV

Average Specifié Gravity of Batters and Averege Cross Section
Areas of Cakes Made With Two Fats, With and Without Emulsifiers

llcasurement " o '

Brmlsifier 5% 3}’5 ?% 3579 ﬁmalsiﬁer ? 5 T 3% @
Specifio _
gravity of 0.']80 O.&L}_G_ 0.827 0.856 0.856 0. T09 0.775 0.820 0.813 0.841
battor

Cross section
area in square
inches,

Cakes baked
at )425%0

ke30 Seh0  5.68 5.i6  5.63 L.57 he79 5.32 5.37

5461

¢



the batter,

The volumes of emulsifieor cakes increased with each incerease in
baking temperaturs. Uhen no emulsifior was added, cake volumes were
approximately the same regardless of the temporature at which they
were baked, Table V,

The small volumes of cakes baked at low temperatures may be due
to oxcossive loss of ges because of delayed coagulation of ogg and
flour proteins (31, pp.LB6-48T). That this was probably the case is
suggested by the faet that the internal temperature of cakes baked
at 3000 F, and 325° F, rose moro slowly end reached e lower meximum
than did the internal tempoerature of cakes baked in hotter oveans,
Table II (p.25).

External Appearance
The appearance of the cakes was influcncod by the shope of the

top and by the crust eharactoristics.

Shape of tho Top

The cakes baked at 375° Fe devoloped a wollerounded top vhen an
emulsifying agont was present, but the top flattened when the
emulsifior was omitbted. This is apparent from Pigure 11, in whioh
Bl represents o butter cako without an emulsifying agent, B2 a butter
cake with 3% Glyceryl monostearate "S", and B3 a butter ceke with 6%
Glyceryl monostearate "S",

The flattened top of the oake without emulsifier in comparison

with the rounded tops when an emulsifier was presant, may also be seen



TABLE ¥

Average Cross Section Arsas of Cakes Prepared With Two Fats,
With and Without Emulsifiers, and Baked at Four Temperatures.
(Cross section srea in square inches)

Baking Butter _ _ o Primex ,
Temperature To T E&B —4ldo Yo = Aido
| __Bmulsifier 37 &L 37 &7 Eoulsifior 3% bZ 3%
4259, (218.3%s,) L.30 5.40 5.68 GSJdi6 5.63 L.57 Le79 5¢32 5437 5461
3759« (190.6%.) L.33 L93 5.48 5.09 5.3 Ledily Le57 Lo76 Le8Lh 5.09

3009F . (148.99C.) hfll 3492 Lel8  Le09 L35 L.og 3.78 3.95 L.09 3.83

. 85



in the cross seotions of those éakes as presented in Figure 10,
When eakes were baked at L25°F, thoy tended to peak, and
cooasionally a smnll center crack appeareds %heo tops of the cakes

baked at 3259, becamo level in the absence of an emuleifior and
alightly rounded vwhon an emulsifior was present. Uhen baked at
30097, the tope of cakes tended to sink. Again a survoy of the
cross sections of the cakes presented im Figure 17 will revesl
these differences obtained at the various baking temperatures.

But for the ocoasional comter oracl when cakes wero baked at
L259%,, cracks never appeared im the orust of cakes.

Tho kind of fat d4id not produse significant differencos in tho
shape of the top. 4 comparison may be made between butter end

Primox eakes pictured in Figures 12 and 13.

Crust Characteristics
The appearance of the orust was influenced by the degrce of
brownness, adhercnce of the orust to the sides of the pan, tho prosence

of whits dots, gumnincss and smoothnoss of crust,

Degree of Brownnesss This depended for the most part on the

baking temperaturc end was not effected by the kind of fat or the
prosence of an emulsifying agents Cakes baked at L259F, tended to
become too browvm. 'When tho beking temperature was lowered to 375%F..
a rieh golden brown color was obtained. At 325 . the color was
changed to & deep straw color and an undesirable pale crust was

produced when oakes were baked et 300°0F,
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Adhorenes of Crust to Sides of Pan: Only those cakes that were

beked at L425°F, would pull awey from tho sides of the pan without
crust adhering to the pan. As tho baking tomperature was decreased
more of tho erust adhorsed to the pan, so that ocakes baked at 30000,
would leave quite a collar of cruct adhering to the pone. Compare Al
with D1 end A3 with D3 in Figures 1, and 15, This was true for both

fots and for all cmulsifier treatments.

Prosence of UThite Dots in the Crust: Uhito dote appeared in the

ocrust of cakes baked at the lower temperatures. Whon these dots were
observwd at 36 magnifications, fhey.appeared to be sections of the
orust that had been raised by gao or stesm eseaping from the ealke.

A% those points tho crust wae dohydrated and had lost itvs gelatinous
consistency. Such gpots were moro pronounced for Primex cekes. A

fow may be recoganized in Figure 1y, Dl.

Gumminesss Thin tender crusts wero obtained when eskes wero baked
at 375°F. and 4259F, The crust appeered glossy but was ﬁot sticky.
then the cekes were baked at 3259F. the crust tendod to dbecome gummy
and at 300°F, all orusts wore sticky. Gurminess was not affected by
the presense of an cmulsifier but was influenced to a glight dogreo
by tho kind of fat uced, The crusts of Primex cakes baked at 300°F,

were more gummy then those of butter cakes baoked at this tomperature.

Smoothness of Crusts OSmoothness was the only e¢rust character=-

istic that appeared to be affectod by the presence of an emulsifier.

The erust of cakes without an emulsifier baked at 375°F. and L259F,
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Fig. 13 6% Glyceryl monostearate added.
A3 Butter cake baked at L25OF, A8 Primex cake baked at L25°F,
C3 Butter cake baked at 325°F, C8 Primex cake baked at 325°F,
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wore blistered, whoreas tho orusts of cakes containing emulsifier
were smooth, and velvety in eppearences Blisters disappearsd at

the lower baking temperatures of 3009F, and 325%F.

From the above observations it may be concluded thet cakes

baked at 375°F. had the best exterpal appearance.

Cake Crumb
Palatability Scores

The scores given by the throe judges agrecd surprisingly twll,
both among judges and for thoe ﬁhree replications. This was
undoubtedly due to the oxperiencc of the judges in c¢ako scoring,
end the use of o control cake as a reforence standard.

Of the ton oharactoristics scored, three werc concornsd with
cell structurcs thiclmess of cell walls, coll distribution, and
coll sizoe; three to other aepects of texturs, namelys springiness,
compectness and tenderness; threec were judged primerily by testinge -
moistness, velvetiness and flavor; amd lastly the judges were asked
to give a seore for overall desirebility.

The scores for cach characteristic wore analyzed soparately by
means of the analysis of variance, Table VII. Secveral characteristics
vere affected in a similer weay by the wvariables under study and are

claseified acoordingly.

Ovorall Desirabilitys This characteristic will be discussed

first for it practioally predicts the scores for certein of the other

charaoteristios. As this score was based on general preference, it
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was & reflection of the characteristies which woighed most heavily
in dotormining the acceptebility of a ¢akes The scores indicated
that butter was superior to Primex when used as a cake shortening,
and that cakes with emulsificr were proferred to those without,
but oakos made with the two emulsifiors at the different levels
were not distinguished from ecach other. Desirability inerecased

with each inercase in baking temperature.

Cell Structurce (thieclmess of cell walls, coll distribution and

cell pize): The additiom of emulsifior improved cell structure,
but no difference was found betwoon the kinds or amounts of cmulsi=
fior usede The type of fat did not produco any difference in the
graine Botter cell structure was obtained with each inorease im
baking témporaturce The differonce in grein botwoen cakes made
with end without emulsificr wvhen baked at different temperatures

may be ceen in Figures 12, 13, 16 and 17.

Compactness and Tondorness:s Oakes vithout cauleifior wore
gcored lower than those containing emulsifier, but there was no
significant difforcnco among caltes prepared with the two emulsifiocrs
at two lovels. Butter cakes werc scored higher than Primex caked.

No signifieant differemce was found emong calkes baked at the throo
higher temporatures, but those baked at 300°F. received lower scoroS.
The cakes baked at this temperature were compact, gumny, end

oxceesivoly tendeor.
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Fige 16 Butter cakes, no emulsifier,
Al Baked at 425°F, C1 Baked at 325°F,
Bl Bsaked at 375°F, D1 Baked at 300°F,
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Fige 17 Butter cakes, 6% Glyceryl monostearate "S" added,
A3 Baked at }j25°F, C3 Baked at 325°F,
B3 Beked at 375°F, D3 Baked at 300°F,
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Springiness, Moistness, Velvetiness and Fle.vox_'t For these

characteristics butter calkes wore rated higher then Primex cakes,
This may be accounted for by the distinctive flavor of butter and
the fact that buttor dispersed beﬂsor $hroughout tho orumbe, The
presence of an emulsifior did not produce significant differcnces
in eake scores foy any of these charactoristios. Each inerosse &n

baking temperature resulted in improved palatability.

Mieroncopioc Appoarance of Cake Crumd

Good color contrasts were obtained vhen cake orumb was trected
with osmie acid and the scotionc stained oither with aguoous iodine
or cosine Tho fat stained black with osmic acid, the starch blue
with iodine and the protein a bright pink with cosin,

Mieroscopic obserwations revealed that the protoin formed the
framowork of the calke orumb, i‘oé the glutem could bo seen spreading
in filaments in a fine threadlike struoture to form the oell wallse
Starch gronules were embedded in the filamentous protein structure,.
Vhen the sections were viewed between corossed polaroids, the
prosence of & fow raw starch grains could be recognizede The fat
aeppoered for the most part as a coating om the prot;.ein frameworke
Starch grains could also be seon in the fat border and appesred to
be only partially covered with fat,

Photomicrographs were made of sections stained with osmic acid
and eosin, illustrating the relationship between the fat.o.nd the
protein. Figure 18 represents a photomicrograph of a section of the

- erumb of a Primex oake with no emulsifior added, The branched red
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Fige 18 Photomicrograph (100X) of a cake section, 20Ab. Gluten (red)
may be seen as a filamentous structure forming the cell
walls, Fat (Primex), stained black, appears in heavy beads
edging the protein structure. The open spaces are the air
cells, Baking temperature, 375°F.

Fige 19 Photomicrograph (100X) of a cake section, 204, The fat
(Primex plus 6% glyceryl monostearate), stained black, is
spread throughout the protein (red) structure. Open
spaces are the air cells, Beking temperature, 375°F.



protein structure may be seen, and the fat as a beaded outline

folloving the contours of red proteine. The large open spaces are
the Air cells, The shadows in the air spaces were caused by the
type of lighting used in taking the photomicrographs and did not

appesr in the slides.

Effegt of Emulsifier: in scotions of cakes containing en
cmulsifier moro fat appearcd to be spread throughout the protoin
structure than vhon no cmulsifior wes prosente Vhen staining, it
was more difficult to obtain a good cosin stain in sections which
were nade from cekes containing omulsifiocr. This resistence to
steining with o water-soluble dye was probably due to the repelling
action of fat dispersed throughout the crumbe The photomicrograph
presented in Figurec 19 shows the red=ctained protein being obscured
by the blackegtainod fate The fat distribution in the cake crumd

was not visibly affected by the Ikind or emount of emulsifior,

Effect of Hind of Pat: Vlhen caks sections woere studied

mioroscopieally, the distribution of butter appearcd difforent from
that of Primex, vhich is é hydrogenatod vegetnblo fate The butter
covered the protoim wells im a thin film which penetrated the cell
wall structure following the glutem fibers. Primex on the other
hand gathered in heavy beads along the protein vmlls. These beads
cen be differecntiated in Figure 18 odging the protein structure in
& disoontinuous rowe. Although buttor clumps could be noticed at

the points of contmct botween cell walls; it was not typical of this



Fige 20 Photomiorograph (100X) of a cake section, 30A4. The fat
(butter) is stained black and the protein red. The
open speces are the air cells. Cake was beked at L25°F,

Fige 21 Photomicrograph (1l00X) of a cake section, 304, from a
ceke baked at 300°F, The same cake formula as above.
Thick cell walls and large air cells are apparent,
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fat to gather in drops or beads (Fige 20). Uorr (33) also noticed
heavy clumps of fat and a heavy coating around the ceke/air inter=
faoe with some fat within the crumb when hydrogenated vegetable oil
was usod as fat in shortened cakes, whoreas butter appeared within .

the orumb with & few fat arcas at the cake/air interface.

Tendorness in eakos is usuvally associated with fat. Coughlin
(12, p.2) stated that tho chief funetions of the shortening are to
give cating quality, keeping quelity, end temderncss to the cake,
The higher scores obtainecd for tendernocss when an emulsifioer was“
odded may theoreforse bo related to ths fat being spread throughout the

crumbe

Effect of Balting Temperature: lMieroscopic gcecetions of butter

cakos baked at L259F, and 3009 . arc pictured in Pigures 20 and 21.
¥hin cell walls and small air colls may be seen in the cakes vhieh
were baked at & high temporature as contrasted with thick oell walls
and large air cells in cakes baled at a low temporature. No emulsie-
fier was used in these calss,

The differcnces in ¢ell struocture of cekes baked at differcont
temporatures were even more pronounced in cakes containing emulsifye
ing agents. Figure 22 is a photomicrograph of a butter cake contain-
ing 6% Gmsvwhich was baked at 425°%F ., and Figure 23 represents the
seme batter baked at 3009,

The thicker cell walls and largoer air cells observed in

microscopioc sections of cakes baked at the lower teaupsratures were



Fige 22 Photomicrograph (100X) of a cake section, 30iL
6% Glyceryl monostearate wes added to the butter.
Thin cell walls and small air cells may be noted,
Cake was baked at L25°F,

Fige 23 Photomicrogreph (100X) of a section, 300, from a cake
baked at 300°F, The seme cake formula as above,
Thick cell walls and large air cells are apparent,
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also detected by the judges during thelr ewvaluation of cake structure.
They agreed that thin cell walls and small air ocells, as well as

more uniform cell distribution, were found in cakes baked at higher
temperatures, and that these differences were more pronounced in

cakes containing emulsifiers, Figure 2.



Flgure 2, Subjective Scores for Cell Structure of Butter

SCORES,AVERAGE

1 t
P//////’//////( CELL WALLS

Cakes Made With and Without Glyceryl Monostearate

"S", and Baked at Different Temperatures

CELL WALLS
425 °F

.

CELL SIZE
425°F

CELL SIZE
300 °F

'300°F

-
b

o 3 6

GLYCERYL MONOSTEARATE ,%
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SULMARY AND COXCLUSIONS

The effectiveness of emulsifying agents in improving the quality
of cakes made with different fats and baked at various temperaturcs
has been studieds 7Two commercial preparations of glyceryl mono=
stearate wore tested at 3 per cent and é per cent levels (fat‘basis),
one as o fat disporsion and the other es a wator dispersion., Buttor
and hydrogenated vegetable shortening were used. Cakes were baked
at four temperatures, 300°F., 325%., 375%., and L259F,

Permanent records wore obtained of the physical structure of
cakes and battorss These included photographs of cakes, end photo-
micrographs of oreemed mixes, batters and cake seotions. Speoific
gravity of batters, baking losses and cross seotion areas of cakes
were determined.

Scores for palatability of eakes were secured through a panel
of judgese A control cake was used as a.reference standard.

MierQBcOpic observations indiceted that when glyceryl monoe
stearate is added to a omke formula tho fat becomes more highly
dispersed. Improved fot dispersion in the presence of emulsifier
could bc observed at each stage of preparationt during orcaming,
in the batters end in the baked cakess This dispersel pattern is
brought about by the emulsifior concentrating at the fat/liquid
interface thereby roduocing the iﬁ%erfaci&l tensione

The cmulsifier further ¢auses a varietion in the surface forces

of tho gas in relation to the aquecous phaso. Hence the gas is
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stabilized in tho batter during béking. This property of the emulsi=
fier is made effective by an early cosgulation of tho protein, when
cakes are baked at a high temperature. With an increase in oven
temporaturce the time for protein coagulation is deercased, and cake
struoture is established bofore a considorable emount of gas cen
escape from the batter, :

As a prosult of the incrcased fat dispersion and gas retention
when batters containing emulsifying agents are baked at higher
temporatures, L.e. 375% ., and 4259F., light fullsvoiumed, tender
cokes of fine cell struoture arc obtained.

Specifio gravity measurcments on the ¢rcemed mixos and on the
batters. showed that less eir was incorporated wheon an omulsifier
wns present. Yot the botters containing emulsifior yielded bigger
and lighter cakes when baked at 325%F., 375°F., or L25°F, Batters
prepared with buttor plus emulsifier had the highest specific
gravity, and cakes baked from these batters had largest volumeo.

The incrcase in cake volume end fine cell structurc obtained when
an emulsifior was present could thersfore not be ascribed to
incronsed soration.

Palatability scores wero influenced by the baking temperature
cmployed, by the addition of emulsifier end by the typo of fat used.
Cako quality as indicated by soores. was poorest for cakes beked at
300%.,, regardless of whether an emulsifier was added. Beoyond this
temperature, tho addition of emulsifier produced lighter, finer

grained and more tonder cakes, its offeet on grain bocoming more
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noticeoable with each increase in baking temporaturc. Cakes mado with
butter were scored highor than those mede with hydrogenated vogetable
oil, for flasvor, moistness, velvetiness, lightness and tonderness,
With each increcase in baking temperature oakes were scored higher
for all charactoristics oxcept tendernsss and lightness. These two
toxture qualities improved with tho first increase in baking tempera-
turo, but net after that,

The external appearance of cekos mede with emulsifier baked at
325%F,, 375°F. end L259F., was alunys bettor than that of cakes mede

¥

without emulsifier,

Glyoeryl monostearate proved to bo equelly effoetive whother it
s disporsed in fat or in water. Threo per eent of omulsifying
agent, based on the fat, was as officient as oix per cent in improve
ing cake quality, oxcept that at high baking temperatures, the use

of six por cent cmulsifior resulted in bigger volumos.
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TABLE VI

Analysis of Variance of Cako Volumes

Source of Variation

Degrees of M;aan Squarcs
Freedom o
Temporatures 3 L5.1257¢
Fots 1 8.04123
Ceakes L 7,8611%
No emulsifier vs. emulsifier 1 2343588
Anong emuvleifiors 3 841057
Temperatures X Pats 3 ' 0;1928
Temperatures X Cakes 12 1. 75LL=
Fats X Cakes L 0.7966
Temperatures X Fats X Cakes 12 0.Lo52+
Experimentel error 80 0.1268
Sempling error 600 0.0033%
Total 719 ————

# Indicates significance



Analysis of Variance of Scores for Cake Palatability

TABLS VII

7”9

Bource of Degrees _ —— - — LIRAN SQUARES .
Variance Freedom Thickness Gell Cell Overall
. Cell Yalls ri b i 26 lenderns: Depirabhility

Replication 2 6.55 20.04 6.30 1.12 0.31 43k 0.93 0.34 0.63 0.78
Cakes (C) L 22.33 23.78 18.18 0.48 20.24 10.82 1.92 2.57 0.45 12.03

Ko emlsifier _ .

vs, emalsifier 1 71. 56% 64, 60% 52.14% —— 6k, 60% 43.06% —— —— — 35.16¢

Among emleifiers 3 17.76 30.5% 20.57 — 5.46 0.07 —— — —— b.32
Pats (F) 1 5.38 0.47 1.00  16.90 26. 145 14.80¢  18.23° 29.47*  98.18%  51.38%
femperatures (T) 3 304.61% 203.33*  250.01%  177.13* 91.00 90.88 145,81 235.05¢ by, 76®  178,56%

3009F, vs. others 1 259.11% 255.21% |

Among others 2 6.95 8.71
Judges (J) 2 0.84 2.7 0.92 7.9% 0.76 3.47 2.63 b.02 k.36 1.68
Cakes X Fat 4 2.16 0.40 2.98¢ 1.98 2.82 3.93 0.51 2.90° 1.92¢ k.67
Cokes X Temperature 12 3. 64% 3. Oly# 2.83% b.49» 4,51 6.06 0.89% 1.66* 1.69% .72
Celtee X Judge 8 0.91 0.07 0.43 0.54 0.16 1.37 0.81 1.02 0.72 0.87
Fate X Pemperature 3 3.46% 1.87 2.3 0.11 1.43 0.41 0.91 2.79% 0. Sk 1.65
Fate X Judge 2 0.42 0.88 0.17 0.56 © 2.69 1.55 0.63 0.47 0.85 3.10
Tempersture X Judge 6 2.71% 1.06 2.22¢  1.2% 5.89 1.78 2.15% 1.65¢  2.55%  0.32
PEXTXJ 6 0.69 0.56 0.21 - 0.49 0.3 0.2k 0.14 0.07 0.14 0.47
CXexJd 2 0.94 0.76 0.83 0.53 0.82 0.89 0.71 0.52 0. Sk 0.49
CXPXT 12 1.56 1.71 1.65 1.25 3.16% 1.89% 0.47 0.70 . 0.47- 1.82¢
CXFPXJ 8 0.35 0.70 0.36 0.5 0.53 0.62 0.42 0.33 0.54 0.67
CXFXTXJ 2l 0.85 0.58 0.53 0.59 0.58 0.81 0.28 0.64 0.52 049
Brror 238 0.92 1.04 1.04 0.96 0.99 0.99 . 0.50 0.68 0.63 0.60
Totsl 359

¢ Indicates significance



~ Average Scores for Charecteristies of Cakes lade With Two Fats,

TABLE VIII

With And Without Emulsifiers and Baked at [25°F. {218.3°C.)

(Cakes compared with a refercnce standsrd having a score of §5)

. Cako _ Butter Primecx
Characteristics To GiS Aldo Tio G Aldo
| Emulsifier "3 6% “F &I~ Emulsifier 3% &L 3% z
Thickness of , .
gell wmlls ‘4.1 703 705 6.5 5.7 hoé 6.1 6.6 6.9 6.5
Cell distribution 3¢9 6.2 7.1 6.1 501 L&ch 6.0 609 5.8 6.2
C‘ell size 307 7.0 7.3 6.3 59,4 5.).& 6.0 7.2 6.1 602
Springiness 308 6.1 : 6.3 5.0 309 309 14-7 ’ 5.2 5.2 503
Compectness 3.1 6.0 6.6 5.2 5.3 3.8 heO 5.9 5.8 546
Tenderness 3.8 6.8 6.9 5.2 5.2 509 }4.9 600 5.3 603
Hoistness 53 S5¢7 5.0 L8  L.7 Loy Loy L3 L6 Led
VYelvetiness 5.2 6.8 7.0 501 501& l&oé 5.0 501 LLQB 501
Flavor I-&‘lb 508 503 5.0 Lj.oé 508 l&oo h.O hoo 309
Overall
desirability 3.4 6.9 T3 5.7 5.6 3.9 5¢6 5.0

Loy

5.1
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TABLE IX

Average Scores for Characteristics of Calkes llade With Two Pats,
With and Without Emulsifters and Beked at 375°F. (190.6°C.)
{Cokes compared with a reference standerd having & soorc of 5)

ngber

}4‘7 603

Ceke Primox

Cheractoristies o . GES A1do - Wo —GLS Aido

: Buuloifier “I% &F “IZ OF  Emlsifier 3% &% 35 6%
.E‘hic&aess of ‘

cell walls 3.9 Lo 6.7 57 53 . 3.8 - heT 53 Le7 L3
Coll distribution Ly L 6.3 5.5 5.3 L6 Le7 58 5.6  Le3
GOII size 14.2 503 6.5 5.’4 5.2 hoa i ho9 508 . 503 . h.;
Spﬁﬁgmess 1‘43 L’-.? 5.0 LLO? 5.2 L&ol& !&02 L}o} . lha h.l

. GOEP&OtneBS 3.6 L}oé 6.3 503 ' SQLQ. 507 . 5.0 !4.9 5.0 ho?

Tenderness L1 5.0 642 5.3 549 3.8 5¢3 51 5Bel 5.2
oistness Le7 560 L3 Le8 Ly L by Lio L3 ka2
Velvotiness Ly 53 5.7 L8 L9 430 Ly  he2 by Loy
?1??6? 4.8 LO | ‘50‘0 beT . 5.8 ‘ 3edy 4140 309 ‘ Le2  LeO
Overall . |

desirability 3.9 5.0 5.2 3.2 Lhehh Lol Loy 349

18



Average Scores for Characteristics of Cakes Mede With Two Fats,
With and {fithout Enulsifiers and Baked at 3259F. (163.29C,)
{Cakes compared with a reference standard hoving a score of 5)

ZIABLE X

desirability

301

3.2

Calto Butter _ Frimex o
Characteristics Ho T Aldo Ho GLIS  Alde
Emulsifier 2% 7 3 55 Emulsifier 35 65 | 5% (54
FThiclkness of ‘ ‘ ,
cell mlls 209 248 303 3.5 502 , 2.7 50? . 507 302 3.6
Coll distribution BeX 50§ 345 1&03 3¢5 340 ho&. l&oa 25.2 3.7
Cell size 50 5.1 303 3.7 3.6 302 L&QO L}og 308 309
‘ Springiness &03 306 3e2 302& h.O 501&. el 806 307 303
Compaotness 5.9 5.7. 5¢7 5.8 547 3.8 501  Le® 5.9 56
Tenderness )4.7 5.2 5.0 5.3 505 ho6 ho? 508 v 502 ;!&03
. lloistness 3.7 3.3 306 516 3.’4 596 305 5.0 305 301
Velvotiness 3.3 5.3 ] 506 3.7 3.3 302 3¢5 3.2 3.1 3.2
Flavor LL.O 1406 L&Q}‘& L‘og L&oe 5;2 3.6 2.8 506 5.7
Overall
346 3¢T 349 3.8 348 3.4 34

33
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TABLE XI

Average Scores for Characteristics of Cakes [fade With Two Pate,
With and Without Emulsificrs and Baked at 300°F. (145.9°C.)
{Cakes compared with a reforcnce standard having e score of 5)

. . Gake _ Butter _ e Prinex
Characteristies To R A1do ) S —Aldo
Brulsifier 37 6% 3% of Enulsifier 3% S
Thicknoss of
3911 Walls 1.’.& 2.3 2oh 1.8 108 109 1.6 1.8 2.1 242
Cell aistribution 1.6 27 25 23 2.3 2.3 2.1 2.8 3.0 2.0
Cell sizo 1.8 2.7 2.!3. 2.3 22 205 202 203 248 2.2
Springiness 2.4 2,1 2.0 23 16 2.0 13 13 241 1.
Compaetnes's 3.7 3.2 Ls.O 3.7 502 28 2.6 2&7 30’4 203
Ponderness 3¢3 3.6 Fels 32 3¢2 3oy 2.9 243 3y 2.9
Moistnoss 2. 2.1 2.3 1.8 1.8 246 1.2 147 17 L3
' Yelvetiness 1.9 1.8 - 242 17 109 242 1.2 1.3 ‘_ 1.6 loh
Plavor Lﬁ.oa i&og 508 3.3 3.3 3.1 1.8 240 . 2.7 2.0
Overall
desirability 2.2 2¢3 2.8 241 2,1 2.3 1.3 1.7 2.0 1.4

€9



TABLE XI1X

Analysic of Varisnce of Specific Gravities of Batters

Souroe of Variatien Degroes of Mean Squoares
- e ,_Freodom L

Fats . | 1 0.04800%
Cakes | L 0.09287

No emuloifier vs. emuleifier 1 0.13571*

Anong emulsifiers 3. 0.026L1
Fat~Cake interaction L 0.00497
Error 110 0.00048
Total 119

¢ Indicates significaneo



