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INTRODUCTION

Good zeration of caeke batter has long been considered of
paramount importance. Prior to the use of baking powders in
batters and doughs, the pound cake type, in which leavening
was entirely dependent upon the air incorporasted in the batter
and steem from the vaporizaticn of moisture in the ingredients,
prevailed. Eight to twelve eggs, l.e., 8 pound of eggs,
leavened a pound of flour. Today more flour by welght than
egg may be used, and the extra leavening needed is furnished
by carbon dioxide gas, ususlly from baking powder. Other
necessary adjustments in the formulas vary widely.

Fats for use in cake making have been selected primarily
for thelr creaming properties, that is, thelr ability to form
a stable network to entrap air. Sdme fats possessing high
creaming properties are adaptable to various methods of mixing
cake batters. Other fats of %h@ olly type yield light and
paletable products from only a iémited pattern of mixing. In-
vestigations of distribution of fat of different types 1in
plain cake by Minard (36), Myers (39), and Morr (38) have
shown characteristic variations in fat distribution with daif-
ferent types of fat. Their studies of methods of combining
ingredients have shown the fat distribution of soft or olly
fats to be more affected by method than the distribution of

the more plaestic faets. In this study the method selected was



Buel's (12) conventional-gponge method whiech has been shown
(34, 36, 38, 39) to be suitable for the three types of fats
used. The method was modified so that from each mix cakes
were leavened (1) by steam alone, (2) by steam and air, and
(3) by steam, air, and carbon dioxide gas from baking powder.

This investigation was undertasken to determine the effec~
tiveness of the leavening gases, sir, steam, and carbon diox-
ide gas, and to study the influence the type of fat used in
the cske has on the Iincorporation snd retention of the leaven-
ing gases. The three types of fat used were hydrogenated lard,
butter, and oil. Dunn and White (20) have reported that ateam
cennot materislly increase the volume of cake during baking
unless alr pockets are present into which the steam msy vapor-
ize. Thus another object of the study was to determine the
leavening power of steam when little or no gss is present in
the cake batter.

Evidence from previous studies indicates that certain
qualities in cake batter are indices of quality in the fin-
ished product. Some of these have been chosen in this study
as means of messuring the effects of lesvening agents with
different fats upon the cake quality. Hence in cakes made
with three fats using three different leavening sgents a study
has been made (1) of the creaming qualities of fats, (2) of
the specific gravity, viscosity, and electrical éonductance
of the hatters, and (3) of the percentage of leavening con-
tributed by each gas. These factors have been interpreted in

terms of their effects on cake volume and pslatability.



REVIEW OF LITERATURE

There has been little in the literature on the structure
of batters and doughs during recent years. With the initia-
tion of the flour enrichment progrem, emphasis shifted to
vitamin retention studies and methods of determining the
vitamin content of baked products. Prior to this period,
interest was being manifested In the cell structure of baked

products.

Leavening Agents

Baker and Mize (4) mede a study of the conditions under
which gas cells originate in bread dough and the manner of
controlling their retention. They found that when a no~time
dough 1s mixed iIn a vacuum the yeast is incepable of creating
gas cells in sufficlent number to produce good bread. In the
presence of only & few cells the gas produced by the yeast

diffuses into them without the creation of new cells. The

gas occluded in the flour or beaten into the dough during an
early stege of mixing wes of little importance as compsared
to the latter portion of the mixing period. During this per-
iod all of the gas required to initiate the gas cells pro-
ducing the bread texture cen be occluded. By freezing dough

they showed that the cells which formed the texture of
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bread were all present when the dough was placed in the
beking psn. Differences in texture were accredited to coa-
lescence of the cells during molding, proofing, or baking.
Dunn and White (20) investigated the influence air incor-
porated in the batter has on the volume of the finlshed cske.
They estimated that approximately half of the increase in
volume of a lean pound cske 1s due to the thermal expansion
of air. In their calculation, however, the initial quantity of
alr incorporated in the batter wes included in volume due to
alr expansion. When air in their cakes wes completely ex~
hausted, the resulting batter was described as a "custard-like

cream,"

and there was no volume Iincrease during beking. They
found that even when a very small smount of alr was occluded
in the batter it resulted in a definite Iincrease in cake
volume. HResults, when an evscuated batter was remixed toc in-
corporate alir, showed a reasonably good cake but with decided
evidence of overmixing.

[jIn Barmore's (7) investigation of the effects of alti-
tude on evaporation and on the internal cake temperature of
angel food cskes, he showed that increased temperature differ-
ences between the cake and the oven were dissipasted by in-
creased evaroration rather thsn an increase in the internsl
temperature of the cske., From an analysis made to determine
how much evaporation was from the crust and how much from the

interior of the cake he reported that all molisture loss

occurred in the outer one-centimeter layer, Barmore showed



thet of the 1,120~ to 1,620-milliliter increase in volume
during baking only 350 milliliters could be attributed to the
expansion of alr, snd the remainder of the expansion was due
to steam. This increase in volume due to thermal expansion
of air was from 20 to 30 per cent of the maximum volume the
cake reached and approxlmastely 83 per cent of the finsl cake
volume. Barmore points out that a large amount of stecam and
air 1s lost during the baking but what per cent of each is
not known. He postulates that the water vapror causing the
expansion came from the sides and bottom of the cake and
hence must pass through the mein part of the ceske to escape.j
Baraciman and Bell (6) investigating the temperature

reached within batters and doughs during baking reported,

« « « o baked products characterized by

soft, spongy crumb do not attain internal

temperatures over that of beiling water;

only sufficient water 1s evaporated so that

they will retain their cell structure when cooled.
Crusts of the baked products rose above 100° ¢ as dehydration
of the dough colloids proceeded. The rate at which the In-
ternal or crust temperature was reached was influenced by the
size of the test products, the oven temperature, the ingredi-
ents used, and the character and shape of the pan. 4 white
layer cake was tested in a 365° F oven, and the internal tem-
perature reached 100° C in approximately 30 minutes. There
was no increase in temperature during the remaining three
minutes of baking.

[

/ In a study made by Perel'miter (43) the heat capacity

/

and thermal conductance of aweet cskes and crackers ware



measured. It was found that as surface ares (porosity)
increased during beking heat capaclity and thermel conductance
decreased., High initial moisture necessitated longer baking,
and shape algo influenced the baking time., Suger and fat in
the dough weakened the gluten effect thus decreasing the
water-absorptlion capacity and baking time. Cake analysis by
zones showed progressively increasing water content from the
outer surface to the center. In the sweet cakes the internsl
temperature reached 102° C and the crust temperature 148° C{j

Elion (21) emphasizes the importance of properly balanc-
ing the two factors gas-production and ges-retention in
breadmaking. Good gas-production must be accompanied by good
gas-retention during the period the gas 1s available. It
seems recsonable that proper batter or dough development in
other baked products at the time carbon dioxide is evolved
would favor good ges-retention.

The results of a study by Noble and Halliday (41) showed
that during the mixing of a simple batter a large proportion
of the gas evolved 1s lost. In & mixing period jJust long
enough to produce a smooth batter there was only slightly
less loss of gas than in & period twice that lerngth. The
proportion of total gas evolved thet was lost in mixing
varied with the type of baking powder.

Barackman (6) investigated the distribution of carbon

dioxide available from bsking powders and found that loss

during the mixing varied with the type of aclid used in
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the baking powder. This loss is reflected in the volume of
the baked product. Of the gas evolved during mixing about
70 to 80 per cent is lost. The carbon dioxide dissolved or
adsorbed in the batter, asnd that made avaeilable from unre-
acted soda with the application of oven heat, are effective
in expasnding the dough during baking. In discussing his
results Barackman says,

e +» «» & variable of importance which has received

little attention 1s that of the effect of residusl

salts of baking acid reactions as influencing not

only the rate of reaction but also the colloldal

propertles of the doughs or batters, and finally,
the results.

Fats

Properties affecting shortening power

In the studies given to various fats and their roles in
baked products attention has been directed to the physical
and chemical properties of the fats &s well as the behavior
of the fats 1n the baked products. The work of Langmuir (30)
end of Harkins et al. (26, 27) regarding the molecular struc-
ture at Iinterfaces is appreciated in any study centering
around the phenomena at interfaces, as is the study of the
colloidal structure of cakes. Briefly, the fundamental
the ory they developed 1s that of molecular orientation in
which molecules are sald to be oriented at surfaces and di-

neric interfaces in such a way as to reduce the surface



energy or interfaclsl tension tc a minimum. When an organic
liquid and water meke an interface, the polar group turns
toward the water ard the non-polar or organic radical turns
toward the orgenic ligquld. Langmulr (30) showed the wetting
or spreading of oil on water to be due to the attraction of
the polar groups of the oll for the water. The presence of
a double bond as in oleic aclid increased the area covered
per molecule. However, lirolelc ascld with two double bonds
does not proportionately increase the area covered, probably
because the double bonds attract one another instead of the
water. Harkings, Clark and Roberts (26) found the adhesional
work of an organic liguid for water increased as the polar
groups in the liquid increase; hence the presence of double
bonds increases the adhesional properties of a fat.

In a review of the action of shortenings and the causes
of differences in the shortening powers of various fats,
Platt (45) designated plasticity and percentage of unsatu-
rated glycerides as factors of prime importance in shorten-
ing power. He says that fats possessing plasticity at the
temperature of mixing are mobile enough to extend through
the dough yet firm enocugh that the film does not run to-
gether and out of the dough. It is logical that the in-
creased spreading power of unsatureted glycerides would give
increased shortening power. Platt pointed out that convert-
ing the iodine numbers into percentages of unsaturated

glycerides would glve some indication of the shortening



power of a fat.

The shortening effect of fat Platt sttributed to the
fact that it 1s not wetted by water snd hence, as it extends
throughout the dough, it prevents hydrated particles! forming
firm contact with each other and thus weskens the structure,
il.e., makes it short and tender.

—faker and Mize (4)w§g:erved that liquid fats did not
improve bread quality as did semi-solid fats. Upon investi-
gating the cause of this difference they found that the
physical state of the fat was a determining characteristic.
They suggested that when liquid fat 1s used the cell struc-
ture 1s so porous at points where the fat is located thsat
gases in the dough can escape without rupturing the cell
structure; whereas with seml-sclid or herd fats the cells are
less porous, the escape of gas is prevented, and the force of
expanding geses breaks the cell wall. The ruptured cell wall
makes bread that is more permeable to air, more tender, and
with larger loaf volume. ;They further state that effects
obtained by the fats in bfead are gssocisted with the blend-
ing of the added fat with the natural fat of the flour. It
1s assumed thst the semi-solid and hasrd fats are not com-
pletely emulsified and blended with the nsatural fats in the
dough and remsin in masses which weaken the dough film in
gspots. They feel that the theory of a lubrication effect of

fats 1s untenable in view of the difference in the effect of
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the two types of fats, inasmuch as oils have excellent lub-
ricating qualities,

Hornstein, King, and Benedict (28) made a cowparison of
the shortening values of some commercial fats end found prime
steam~rendered lard ranked first 1in shortening value, one of
the hydrogenated olls was almost as good, and all were equsel
to or excelled leaf lard. The butterfasts (water removed) were
high in shortening power especlally at high temperatures.
They found no correlation between the breaking strength of
pastries and either the congealing points or the iodine num-
ber of the fats. Of the fat properties tested plasticity or
consiétency was the only one that correlated shortening power
of fats. The workers suggested that the shortening power of
a fat mey depend either upon the amount of liguld glycerides
present or upon the ratio of liquid to solid glycerides.
Enough evidence existed, they felt, to invalidste the theory
that unsaturation is a deciding factor in determining the

shortening power of fats.

Creaming quality

fa

In SOme’cake formulas workers (47, 19) have found a
positive corrslstion between creaming volume and finished
cake volume. Other workers (36, 38, 39) using a different
formula and & number of fats have found negative correlations
between the creaming volume and cake volume. One determining

factor may be the source of leasvening. In formulas in which
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eir and steam are the sole lesvening agents, s in the pound-
ceke type of ceke, the correlation between creaming quality
and cake volume has been positive, whereas in cakes in

which baking powder has been added the correlation has been
negative, with wide variations.

Dunn and White (19)Dgglieved good creaming quality essen=-
tial for good cake quality. They found that conditicning the
fat by storage st 70° F for 200 hours yielded highest creaming
volume and ceke volume. They found quality of creaming and of

cakes improved w%th finer granulation of sugar.

Workers (47f%$ﬁ the Procter and Gemble research labora-
tory emphasize the importance creaming has in relation to cake
quality and cake volume. They show a striking positive corre-
lation between creaming volume and cake volume in pound cake,
The incorporation and fine distribution of ailr within the fat
and sugar cream was given as one of the main purposes of
creaming. Am§ecqnd mgjor objective in creaming, as given,
was the physical conditioning of the fat so 1t would be dis-
tributed more easiiy and thoroughly throughout the batter.
Factors affecting the creaming volume obtained were temperature,
creamiﬁg”proportions, granulation of the sugar, and time and
speed of crgaming. For the fat used they found an optimum
temperature range above or below which cresming volume de-
creased. The proportion of sugar and shortening, by weight,

found to give best results in thelr experiments was two to

one. They reported very finely granulated sugar of crystalline
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shape to give results superior to coarsely granulated sugar

or powdered sugar. Tgppgpgturgnggwfqypqqu’influence the
desirable speed for creaming; a higher speed wa s favorable to
low tgmperature‘and_a low speed essential for high ?emperé-
@gyé;, The Procter and Gamble workers recommended that creasm-
ing beucafried 5h untll 2 maximum abount of air was incorpor-
ated. Under the chditions of their experiment the fat
reached maximum creaming volume‘ih 25vminutes.

Farnham (22), working with two smali electric mixers and
using butter and hydrogenated lard, found that it required a
longer period of mixing to obtaln maximum creaming volume at
lower temperatures than at higher temperatures up to 80° F
where maxlimum creaming volume decreased. The time required
to reach maximum creaming volume was found to be slightly
less on medium speed than on low speeds The two mixers gave
slightly different maximum creaming volumes, but the time
required for each mixer to obtain 1ts maximum creamed volume
was the same.

Buel (12) reported & highly signiflcant negative corre-
lation between the cake volume and temperature, i.e.,
increased temperetures resulted in reduced ceke volume with
all fats and by all methods. ©She found a non-significant
relstion between creaming volume and palatability score and
between csake volumg and palatability score.

N
.. Minard (36) stated thet good creaming quality is
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essential for velvety cake, She reported a positive highly
significant correlation between creaming volume and palata-
bility score and between cske volume and pelatability score.

A significant negative correlation was reported between cream-
ing volume and cake volume.

The work of Mertin (34) and Morr (38) substantiated that
of Buel and Minard in the relation of creaming volume to csake
volume. All these workers used the ssme formula, and al-
though some of the workers used more than one method of mixing

the conventional-sponge method was common to all.

The Cake Batters

Method of mixing

It 1s recognized thet changes in type or proportion of
ingredients in cakes necessitate changes in method or extent
of combining the ingredients. Liquid and soft fats are
readily emulsified, and Lowe (32) suggested that egg tended
to disperse these fats as an oll-in-water emulsion which re-
sulted in a poor quallty cake., Therefore methods were de-
vised wherein egge were added to the cake batter late in the
mixing process instesd of being added to the fat and sugar
mixture.

Lowe and Nelson (33) in reviewing the data from four
studles (12, 34, 36, 39) of different kinds of fats in plain

cake concluded that for optimum results, method of combining
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Ingredients, temperature of Ingredients, and technique of the
worker were fsctors which needed to be varied with each par-
ticular fat. They found lard to be "outstanding in its
abllity to impart a soft, velvety texture to cake." The
method of mixing found to be most favorable to soft lard was
one in which the egg or egg white was added late in the mixing
process.

Buel (12) tested 35 methods of combining ingredients
using a soft fat and selected six to use in testing the cake-
making qualities of four fats. Of the six methods chosen and
the four fats used the most favored cakes were made from
prime steam-rendered lard, by the conventional-sponge method.

The texture of fat used, Minard (36) found, had less
effect on the cakes when made by the conventional-sponge
method than by any other method. Method of mixing and type of
fet used has characteristic effects on the fat dlistribution in
the cake as shown by microscopic examination. Butter was
described as being more evenly distributed throughout the
crumb than other fats. There were highly significent differ-
ences between the methods used and between the different fats
usgede.

Myers' (39) and Morr's (38) work further confirmed the
importance of the method of combining ingredients on cake
quality. 1In Morr's work cakes containing oil and made by the
conventional method were smallest of the cakes from the six

fats investigated, whereas by the conventional-sponge method
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the o0ll cakes ranked second iIn volume. Butter was first.

Berrigan (9) obtained a batter of high viscosity and
cakes of good quality and volume when an egg-white meringue
was added at the end of the mixing process. She accredited
this lmprovement to the ellmination of an antegonistic reac-
tion between egg and lard when the two were combined with
other ingredients simultaneously.

There seems to be agreement that the physical state of
the fst ard the method of combining & particular fat with
other ingredients 1in cake meking is important although all of
the conditions and causes do not appear to be fully explained.
Butter i1s the fat which most generally produces superior
quality cakes and which is most readily adapted to varlous
mﬁthods of combining. Clayton (14) describes the physical
structure of butter as "a solid system with a continuous
fatty phase in which are dispersed fat globules, water glob-
ules, and air bubbles, all enveloped by hydrated protein.”
That then would apprear to be the condition of the fat desir-
able for good cake.

That a water-in=-oll emulsion of the fat is desirable in
cake making is indlcated by the growing use by commerclal
companies of emulsifying agents in fats used for baking pur-
poses. 4mong these is a Denish invention patented in Sweden
(48) which offers as a dough improver an emulsion of 70 parts
fat treated with one and one-half to two parts of patent

emulsifying esgent and 30 parts water. A steble water-in-oll
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emulsion is formed. The emulsifying asgent is a polymer or
oxidation product of an oll containing linoleic or linolenic
acid. Sodium or ammonium stearate, stearic scid, saponin,

and glycerin are some of the emulsifying agents used. Seversl
patents propose the use of Irish moss as the emulsifying agent.
Dunham (18) has several patents which employ wheat flour or
other starch material for the emulsion of 20 to 70 per cent
cocoanut oil. Bennion (8) stated that milk serves as an
emulsifying agent for confectionery erticles using small
amounts of fat.

Pink (44) reported studies on the relative phase volume
on types of emulsions stabllized by msgnesium oleate. The
type of emulsion produced depends to some extent on the
method of preparation and on the concentration of the soap.
With suiteble method and concentration emulsions containing
90 per cent water di spersed in benzene were obtained. When
oil-in-water emulsions were formed a number of them underwent
a reversal of type on standlng.

An anonymous write (40) reported thst oil-in-wster emul-
sions made with & minimum amount of emulsifier and with a maxi-
mum particle size of the material being emulsified are temrmed
"borderline! emulsions. The difference between "borderline'l
and stable emulsions as well as between oil-in-water and water-
in-0il emulsions is shown in the bullding up of macroscopic

films., "Films of oil-in-water emulsions are traversed by a



- 17 -

network or honeycomb of the non-volatile portion of the
agueous phase. The oily film-forming material is held in
these honeycombs. JIn water-in-oil emulsions of the border-
line type a heterogeneous film formation i1s not noticesble,
The film appears no different from the pure oil,"

Grewe (24) made 2 study of the emulsion formed of creamed
fat, sugar, and eg:s. She obtained water-in-oll emulsions
when the egg was edded slowly to the fat-sugar mixture..
Bailey and LeClerc (2) obtained & water-in-oil emulsion when
milk and egg were added gradually to the cresmed mixture.
Grewe (24) described the cresmed mixture as "a water-in-oil
end air-in-oil foam."

Lowe (32) said there is 2 tendency for oil to be emulsi-
fied as oll-in-water emulsion in caske batters regardless of
the method of mixing. Butter and hard fats mey be partly
emulsified as water-in-oll emulsion and partly ss pools or
films of fat. Both types of emulsions may be found in the

same batter.

Vigcoslty

The viscoslty of cake batter srd the viscosity of various

ingredients of the bastter have been consldered as indlces of
quality in the finished cake. Smith (49) reported to the
Agsociation of Cereal Chemists for the subcommittee on viscos-
ity of cake flour. After considering data gathered over a

two-year period the committee concluded that although the
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importance of viscosity as an index of the quality of flour
when properly considered ss one of many interrelsted factors
was recognized, the viscosity test for flour of and by itself
was meaningless in predicting the score of a test cake.

Platt and Fleming (46) give viscoslty minor importance
in the shortening power of fats. They say "a very viscous
shortening would evidently spreasd less easlily through the
dough (cookle dough) but would run out of the dough less
readily.”

Lisse (31) states that sols with smaller particles show
a higher viscosity for s given concentration than do the
coarger particles. The viscosity incresses with concentration.

Batter viscosity has received fevorable consideration as
an index to superior cake quality. Lowe (32) states that thin
runny batters produce inferior cakes while more viscous
batters produce good cakes. DBetween these two extremes, she
gstates, batters of varying degrees of viscosity can be pro-
duced using the same proportions and the same ingredients,

Baeder (1) used lard as a fat in cake studies and re-
ported that with & change in method of mixing but identical
welghts of ingredients the viscosity of the batter was changed.
A comperison of the type of batter with the finished cake
indicates that viscoslty was directly related to the quality
of the finished cake. "An increase in viscosity of batter
was invariably associsted with cakes of superior quality.”

Collins (17) typed the cake batters made in her study
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according to the type of emulsion that asppesred to have been
formed in the batter. The type of emulsion presenf in the
batter was indicsted by electrical resistance, dye solution,
and microscopic study of the fat distribution. She reported

a correlation between the viscosity of the hatter and the typre
of emulsion. Low viscoslity was assoclated with oil-in-water
emulsions and high viscosity with water-in~-oll emulsions. The
high-viscosity batters were described as having "many small
gas bubbles grouped in clusters; while in batters of low vis-
coslty there are fewer gas bubbles, larger and less uniform
in size and scattered lrregularly throughout the batter."

Beyer (10) reported that viscosity was well correlated
with cake gquality in cskes made with soybean oil., Batters of
higher viscosities produced higher-scoring cakes. The oil
appeared to be dispersed in very small globules in batters
which produced poor cakes.

Cerlin (13) states that the data of his study are not
sufficient to imply a correlation between batter viscosity
and size frequency of dispersed fat globules but that results
of the study indicete that lower viscosity may, especially
when obtained by meens of a finer dispersion of fats (use of

emulsifying egents), produce cakes of increased volume.

Fat distribution

Several histological studies of cakes heve been made by

gtudents (36, 38, 39) in Lowe's laboratory. These revealed
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characteristic differences in fat distribution in cakes baked
under different conditions. The factors reported as heaving
gffected the psttern of fet distribution were method of com-
bining ingredients, temperature of ingredients, and the kind
of fat used., Minard (36) reported a more finely divided and
evenly distributed pattern with butter than with lards. She
found a similarity in the fet distribution in cakes made by
two methods, the conventlional and the conventional=-spongs.
When cakes were made by the modifled conventional method, the
fat asppeared to be spread more thinly. Wyers (39) studied
cakes mixed at 25° ¢ and at 30° C and found greater concentra-
tion of fat at the air-crumb interface in cakes mixed at 250,
while those mixed at 30° exhibited smsll fat perticles more
finely dispersed within the crumb. The conventional-sponge
method seemed to accentuate the differences shown at the two
temperature levels. Even distribution of the fat at the
air-crumb interface seemed to accomrany high scores in ceake
texture. \ﬂﬁﬁ

lowe and Nelson (33) summarized the effect of fat distri-
butlon on cake score and concluded that fat distributlon was
an important factor affecting cake quality but not the sole
determining factor. They suggested that probably the disper-
sion of fat in a cake is heterogenecus but, in general, when
the prevalent pattern of the cakes studlied was one of finely
and evenly distributed fat at the sir-crumb imterface the

texture and velvetiness of the cake were enhanced.
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A histological study of cake sections by Morr (38)
showed characteristic differences between fats when mixed by
the conventional~sponge method. Butter cakes, which consti-
tuted the highest scoring group, had the fat finely divided
throughout the crumb with very little fat at the sair-crumb
interfaece. Hydrogenated lsrd cekes had more fat at the
alir-crumb interface and sround the starch granules. The fat
was not as finely dispersed as butter. The cakes made with
0oll showed a heavy margin of fat at the alr-crumb interface
with no evidence of starch granules embedded in the fat,
and very little fat was exhibited in the crumb.

In a study of the structure of cake batters and the
structural changes which ocecur in baking Carlin (13) made
microscopic examinations of the bstter using a mlicroscope
equipped with a heating stage in order that the changes in
batter structure might be observed. Both pound cakes and
white layer cakes were studied. He described the dispersion
of fat as being in small lakes or pools with a2ir bubbles sus-
pended in the fat. The higher the degree of dispersion of the
fat, the better wes the volume of the finished cake. He ob-
served that very few, if any, new gas cells were formed when
baking powder was added to the cake formule. The carbon
dloxide svolved seemed only to enlarge the air cells already
present and not to form new cells.

During baking the fat melted and the alr spaces moved

into the aqgueous~-flour phase, arpsrently moving in a definite



convection pattern until nesr the end of the baking when the

movement was described as being "violent and without direction.”

Bound water

Kuhlmann and Golassowa (29) ststed thst flour colloids
possess the capecity of Iincreasing thelr water-binding capa-
clty when made into a dough. This capacity is further in-~
creased durlng baking until sbout 81-87 per cent of the total
water 1s bound. They tested the effect of certain factors on
the capacity of flour to bind wster and found thst the sponge
method of mixing bread dough, scalding, addition of maltose,
or addition of whey incregsed the weter-~binding capacity of
the dough. These fectors decreased the loss by evaporation
during baking and also decreased rate of stsling.

Bailey and Skovalt (3) used cryoscopic methods for in-
vestlgating the amount of wster bound in a simple dough and
estimeted an average of 5l.4 per cent. Later Vail and Bailey
used a slightly different technique. They estimated 35.5 per
cent of bound water; calculasted on the basis of bound water
held per unlt of weight of dry metter, this zmounted to 26.6

per cent hydration capscity for the dough.

Blectrical Conductance

Clayton (15) proposed an electrical conductance method

of determining emulsion phases based on the fact that an



oil=-in-water type of emulsion will show electrical conductiv-
ity whereas water-in-oil, heving oil (an electrical insulstor)
as the continuous phese, will not conduct electricity.
Bhatnagar (11) used the method with success for the determina-
tion of emulsion types in petroleum oils; also for the detec-
tion of reversal points in emulsion reversal studles. Palmer
(42) employed the conductivity method in his studies of the
churning of cream to butter. He showed that the resistance

of cream during churning increases to a maximum, remains sta-
tionary for about 30 minutes, then suddenly falls. He postu=-
lates that the maximum resistance marks the completion of s
gradual inversion of the phase and that the "oreaking" of the
butter releases the buttermilk and restores the original
electrical conductance.

Clayton (15) stated that the churning of cream causes
the incorporastion of alr egnd the formation of a foam. Then
quite suddenly the foem collapses asnd almdést simultaneously
the butter nuclei grow to macroscopic size. He quoted Sudel
as showing that "prior to the foam collspsing, nearly all the
fat had sccumulated in the foam and the ligqulid menstrum hed
become very poor in fat."

Since alr bubbles and fat globules may both be electri-
cel insulastors, the present investigator wonders if this 1is
not evidence that the increase in resistance measured by

Palmer was more likely due to increase in air bubbles
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incorborated than to a gradusl inversion of rheses. The
approximete 30-minute period ofbstationary value probably
measures the length of time the protein envelope (liguid
menstrum) can withstend the strain of being stretched its
maximum amount before it collapses. It separates from the
fat and air and suddenly shortens the path of current to the
original value,

Montefredine (37) found that electrical conductance
could be used successfully to determine the amount of water
added to milk. He found a fixed relation between the electri-
cal conductivity and the specific gravity of milk; a low
speclfic gravity corresponded to & proportionate increase in
electrical conductivity.

Taylor (52) measured the specific conductivities of'a
gseries of milks. He then separated the fat from the milk and
the conductivity of the milk increased, due probably to in-
crease in the concentretion of the salts and to the removal of
cbstacles from the path of the ions. He found that the addi-
tion of a per cent of water corresponding to the amount of
fat removed did not decrease the conductivity of the milk to
its original valuve. The difference he expleined &s due to
fat globules having an obstructing influence on the ions in

their passage through the solutions.



- 25 -

EXPERIMENTAL PROCEDURE

Preliminary Investigation

Approximately 210 cakes were made in the work prelimin-
ary to this study. During the preliminary work details in
method of mixing and in means of measuring and evaluating
results were selected and adjusted, and the worker's tech-
niques brought to an acceptable degree of standardization.
Data for this study were started when the data of the prelim-
inary work indicated conditions were sufficiently controlled

for variances within the procedure to be reasonably low.

Procedure

General plan

The work was conducted in & small laboratory where the
temperature was held at 25.3° C $2.5° C. Three groups of 24
cakes each were made from three types of fat, (1) butter, (2)
oil, and (3) hydrogenated lard. Each group was subdivided into
three groups in which different leavening sgents were used,
nemely (1) air snd steam, (2) carbon dioxide, air, and steam,
and (3) steam alone. Eight replications of the series mske a
total of 72 cakes 1n the study. Two fat groups of three
cakes each were baked each day. The corder of the fats was ro-
tated so that there were eight replicetions in the study. The

position of the fats within a replication was assigned at

randon:.
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Formula, Method and Leavening #gent

The cakes were all made by a modification of the plain
cake formula given by Lows (32). The method of mixing
followed was the one described by Buel (12) as the conventional-
sponge method. Each mix represented a whole recipe which was
divided into three portions at the necessary stages of weigh-
ing and mixing in order that esch of the three cakes might
have a different 1eavcning agent, i.e., (1) air and steam,
(2) air and steam plus carbon dioxide, (3) steam alone. The
batters for the caskes leavened by air plus steam and by steam
alone were mixed together as one batter throughout and at the
end of mixing the air was removed for the cake leavened with
steam alone. For the batter to whlch baking powder was added
to furnish carbon dioxide one-third of the whole recipe of
milk and one~third of the flour were weighed separately and
baking powder was sifted with the flour. At the end of the
creaming period one-third of the creamed mixture by weight
was removed and reserved for the cske with baking powder.
Likewise, one-~third by weight of the whole-egg meringue was

reserved for the baking powder cske.

Welghing and mixing

With the exception of the eggs, milk, and baking powder
the ingredients were welghed and stored overnight in a con-

stent temperature cabinet held st 26° C §1°. The eggs, milk,
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and baking powder were weighed and brought to room tempera-
ture (25.3° C $2.5°) just prior to mixing. An electric mixers
with wire whip was used for creaming the fats with sugsr and
for making the meringue. The fat with salt added was creamed
on second speed of the mixer for 30 seconds; then one-half of
the sugar by weight was added by taeblespoonfuls et regular
intervals. Two brief stops were made during the l4-minute
creaming period, one at the end of four minutes, by which
time the sugar had been sdded, and one at the end of 10
minutes. At the time of each stop the mixture wzs scraped
down from the sldes of the bowl with a spatula and mixing
then resumed. At the end of the creaming period data were
taken for the determination of the creaming volume, and one-
third of the mixture was reserved for the ceke to which

baking powder was added.

Meringue

A meringue was made of the whole egg and the remsining
half bf the suger. The egg was besten on third speed of the
mixer to a consistency judged by the eye of the worker to be
desirable., (It was found that the time to reach this stage
varied from one minute, fifteen seconds, to three minutes,
depending on the guality of the eggs. In some instances
eggs selected for high Haugh units were used and the time

was noticeably less than when eggs were not selected.) The

speed of the beater was then reduced to second speed and

#Kitchen-Aide Model G,
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the sugar added by tablespoonfuls at regular intervels. At
the end of four and one-half minutes the meringue was scraped
down from the sides of the bowl and then mixed for 30 seconds
longer. The determination of the specific gravity of the
meringue was made by welighing 2 measured volume of the
meringue and dividing it by the weight of an equal volume of
water. One-third by weight of the meringue was reserved for

the ceke with baking powder.

Addition of flour and milk

To the two-thirds portion of creamed fat-and-sugar two
tablespoonfuls of flour was added and stirred by hand withﬁa
French balloon wire whip; two tablespoonfuls of milk was asdded
and stirred 20 times; the procedure was repeated. Then one-
half of the remaining flour and one-half of the remaining
milk were added simultaneously end stirred 380 strokes with
the hand whip. The last portions of the flour and milk were
added and the batter stirred 90 strokes. Twenty-five folding
strokes with the ssme wire whip were used to incorporate the

meringue.

The cake batter

A measured volume (in milliliters) of the batter was
weighed (in grams) to estimate its specific gravity. Line-

spread measurement of the bstter (to determine viscosity) was



- 29 -

taken, The same amount of bstter, 240 gms., was weighed

into each pan with waxed paeper fltted in the bottom. This
batter was allowed to stand 11 %1 minutes while the sesme pro-
cedure was followed in mixing the portion of batter to which
baking powder was added. The only adjustment of the proce-
dure for the smaller portion of batter was to add one instead
- of two teblespoonfuls each of flour and milk to the fat-sugsar
cream when addition of flour and milk was begun.

Small portions of each batter were reserved for use in
measuring the electrical conductance. It was regrettable
that batters for this measurement had to stand 40 to 50 min-
utes, but as all batters stood approximately the same length

of time, the measurements were considered comparzble,

Baking

Matched thermometers were inserted in the batters and
held in place at approximately the center of the pens and
one-half inch from the bottoms. The temperatures of the
batters were recorded and the cakes baked in similar posi=-
tions in the same oven at 185° C for 33 minutes. The oven
was thermostaticaelly controlled and also checked by a

Centrigrade thermometer Iinside the oven.

Evacuating the batter

The remainder of the batter without baking powder was

poured into a glass Jar with a ground-edged mouth end on the



- 30 =

jar was fitted the ground surface of a brass top with an
outlet to which a rubber tube leading to the water aspirator
was attached. (See Photogreph I.) The vacuum wes carefully
applied intermittently to avoid loss of batter through the
vacuum pump. When the sound of the pump indicated that the
batter was giving up no more air, the vacuum was released.
The seme data were taken and the same bsking procedure fol=-

lowed as for the cakes with air and with baking powder.
Date on cakes

The cakes were left in the pans until thoroughly cooled
(32), then weighed, removed from the pens, and the volume
measured by seed displacement method. With the aid of a
miter box, slices one-half inch in thickness were cut and
wrapped in waxed paper, stored in a tin cake box, and scored
by five judges the next day - approximastely 14 hours later,
Other one-half-inch slices were used immediately after

slicing for moisture absorption and sand tests.

Tegts snd Measurements

Specific gravity

The specific gravities of the meringue, the oil-and-
sugar mixture, and the batter were computed from the weight
in grams of & measure volume in milliliters. A small metal

cup, the average weight of which when filled with distilled
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water at room temperature was 86 .2 gms., was used for weigh-
ing the test materials, 1.e., meringue, oil-and-sugar mixture,
and batters. For sach measurement the cup was filled with
meringue or batter, and leveled off by drawing the edge of a

spatula across the top of the cup, and then weighed.,

Creaming volume

The creaming volumes of the butter and of the hydrogen=-
sted lard were determined by alcohol displacement. Twenty-
five grams of the fat sugar mixture was weighed on a square
of waxed paper exactly three by four inches snd immersed in
75 ml. of 95 per cent alcohol in a conical-shaped 125-ml.
graduate cylinder, end the level read to the nearest 0,5 ml.
The fat mix was held beneath the surface of the alcohol by
pressing the same distance each time with § marked spatula,
The displacement by spatula tip and waxed paper was a con=-
stant of negligible value and so was ignored in calculating
the volume displacement. The difference between the initial
volume (75 ml.) of alcohol and the volume reached when the
mixture was lmmersed represented its creaming volume. After
being drained thoroughly, the weighed portion was returned
to the remaeinder of the creamed mixture.

The oil-sugar mixture was not of consistency to be
handled as the plastic fats were; hence its specific gravity
was computed as described above and therefrom its specific

volume determined. The specific volume times 25 gms. gave
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the volume of a welight of the oll-sugar mix equal to that
used in the other two fats. Care was tsken not to let the
oil separate in a layer on the surface of the mixture in
order that the weighed portion be g representative ssmple of
the mixture.

Computation:

86.2 mls 01l ¥ sugar
9.7 gms. oll 4 suger

= 0,95, specific volume of
oil - sugar

0.9 x 25 gmse = 23.25 ml., volume of 25 gms. of the mix.

Line~spread

A method devised by Grawemeyer and Pfund (23) for deter-
mining the consistency of food products was used as a means
of determining the viscosity of the cake batters. 4 flat
glass plate was placed on a level surface over a diagram of
concentric circles an eighth of an inch apart, the smallest
with a dlameter of two inches. DBeginning with the second
circle from the center, the circles were numbered consecu-
tively beginning with one and progressing outward. A heavy
netal ring two inches in diameter and three-elghts inches
deep was placed on the glass plate exactly above the circle
of its own dismeter. It was filled with the batter, leveled
off with & spatula snd carefully lifted straight upe. The
batter was allowed to spread exsctly two minutes; then read-

ings were taken at four approximately equidistant points
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marking the outer limits of the batter. The sverage of the
four readings is the line-spread value., It represents the
number of eighth-inch units the volume of batter has spresad
to in two minutes. Higher line-spread values then denote
more fluid bstter; hence the reciprocal of line spresd would
represent the viscosity of the batter.

Grawemeyer and Pfund compared line-spread with & preci-
sion penetrometer, & Stormer viscoslmeter, and organoleptic
scores as & means of measuring conslstency and found the line-
spread values to be comparable Fo the values by the other
methods. Line-spread was used in this study because its
simplicity gave the method the advantage of having the

batters measured immediately after mixing.

Air factor

In order to determine the thermal change of the gir in
the bstter during baking, 2 means was devised whéreby two
carefully matched centigrade thermometers could be inserted
in the two batters that were baked simultaneously, viz., the
batter with air and steam leavening and the batter with
carbon dioxide from baking powder added for leavening. By
reéording the temperature of the batter as 1t was put in the
oven and of the cake as 1t was taken from the oven it was
possible to calculate the incregse per milliliter of air due

to thermal expansion of alr.
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Example of calculation:
Temperature of batter - 23° ¢
Temperature of cake - 102° ¢
Change per ml. of alr (air factor) -

102 4 273 = 37504
23 4 273 = 296°%4

= 1.26

Electrical conductance

The apparatus used to measure the electriéal conductance
of the batters (see photograph in Plate II) consisted of a
battery of five Edison cells, a General Kedio microphone
hummer (audio oscillator), a tunable double telephone re-
ceiver, a Wheatstone bridges and a glass cell with platinum
electrodes approximately 6 x 12 mm. in size and 20 mm. apart.

The battery supplied a six-volt direct current which was
changed to a 1000-cycle alternating current by the hummer.
From the hummer the circuit went to the Wheatstone bridge and
through the cell contalning the batter. The earphones were
connected to the galvanometer posts of the Wheatstone bridge.
(See Photogreph II.) The resistance of the Wheatstone bridge
was balanced ageinst that of the batter within 10 ohms. The
null point was detected by low intensity of the tone in the
earphones, and the reading of the resistance recorded.

No sttempt was made to make an exact mathematical

mea surement of the conductivity of the batter system, but the

#Lesds and Northrupe.
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work was dorne on a comparative basis only. The cell was
filled twice with each batter and two readings to the nearest
10 ohms were taken each time the cell was filled. An average -
of the four readings was used as the resistance of that
batter. The batter conductance then is the reciprocal of its
reslistance.

In filling the cell with the batter to be tested, care
was taken that no air was entrapped between the electrodes.
Extreme care was exercised in cleaning the cell that the dis-
tance between the electrodes was not changed. The cell was

alcohol~ether dried after cleaning.

Cake volume

The seed displacement method described by other workers
in this laboratory (12, 34, 36, 38, 39) was used to measure
the volume of the cakes. The cakes, cooled to room tempera-~
ture, were welghed, removed from the pans, brushed free of
loose crumbs, and placed In a tin box the capacity of which
was 1120 ml., Hape seed was poured into the box at a constant
speed from a constant height. This was accomplished by fill-
ing a funnel fitted with a plug with the rape seed and fixing
it a definite height above the box, then removing the plug
and allowing the seed to pour into the box with the cake,

The seeds were leveled off by the same straight edge of the
box cover each time a volume was taken. The same funnel at

the same fixed height was used throughout the study. The
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box cover had a triangular hole in one corner. It was placed
on the filled and leveled box and the seeds were poured into
a second plugged funnel at a fixed height. From the second
funnel seeds were sllowed to run into a 1000-ml., graduete
cylinder and the volume to the nearest milliliter recorded.
The difference betwsen the volume of the empty box and the
volume of seed thus measured represented the volume of the

cake,

Texture index

An objective test proposed by Swartz (51) was used to
obtain an index of texture. Samples of cake for the tests
were sliced one-half thick by means of a miter box and
then cut with a circular cutter one and ons-half inches in
diasmeter., Adjacent surfasces of the two samples were
sprinkled with fine, 40 mesh sand to thoroughly cover them.
In order to remove the excess sand each sample was revolved
two complete revolutions on a 45° angle inclined plane.

The sample was then weighed and its weight recorded. Next
the sample was inverted and given fhree staccato shakes. The
force of the shakes was kept as neafly the same as possible,
After the shesking had removed the sand held loosely within
the cake cells the sample was again weighed and the differ-
ence between the two weights wasg teken as the texture index
value., Values obtained from the two samples were averaged

for the texture index of that cake.



- 37 -

Moisture absorption

Swartz's (51) test based on a correlation between good
eating quality of cake and its ability to take up water
raplidly was used &8s an objective measure of eating quality of
cake, Two samples from each cake were cut in the same manner
as for texture index, i.e., rounds of cake one-half inch
thick and one and one-half inches in diameter. Each sample
was welghed to O.1 gm., then conveyed on & two-tined fork and
placed into a Petri dish containing 25 cc. of water at room
temperature (25.3° ¢ 12.50). The sample was allowed to
absorb water for exactly five seconds, removed, inverted
guickly onto the balance‘plate and weighed again. The differ-
ence in the two weights represented the water-absorbing
ability of the ssmples. An average of the two sample values

was taken as the water-absorbing quality of the cake.

Palatabllity scores

The cakes were scored for crumb or texture, tenderness,
velvetiness, and eating quality. (Score sheet in appendix.)
Five judges, either members of the Foods staff or graduate
students in Foods, dld the scoring. The cakes were scored the
day after baking. Care was taken that each judge received
the corresponding slice from each cake. Total scores of each
judge for each cake were averaged for the palatability value

of that caske.
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Formula

The basic formula I given by Lowe (32) with her sug-
gested modlfication of dacreased amount of flour waes used.
Baking powder was omltted from all but one-third of recipe

in which 2.6 gms. was used.

Fat 1/2 cup 112 gms.
Sugar 1 1/4 cups 300 gms.
Salt 1/2 tsp. 3 gms.
Eggs 2 96 gse
Milk, whole 1 cup 244 gns.
Flour, cake 2 7/8 cups 284 gnms.
Baking powder 8 gms, (see above)

lMethod of mixing (conventional-sponge)

(1) The fat and salt were creamed on speed two of the
electric mixer for 30 seconds. Then half of the sugar by
weight was added by tablespoonfuls and creamed for a total of
14 minutes.

(2) The egg was beaten on speed three for approximately
one and one-half minutes, and then the speed was reduced to
speed two and the sugar added by tablespoonfulé and beating
continued to the end of four and one-half minutes. The mix-
ture was scraped down asnd besten for 30 seconds.

(3) Two tsblespoonfuls flour was added to the fat and

sugar mix and cerefully mixed with 20 strokes, using a hand
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balloon whip.

(4) Two tablespoonfuls milk was added and mixed with
20 strokes. |

(5) Two teblespoonfuls flour was stirved in with
20 strokes.

(6) Two tablespoonfuls milk was stirred in with
20 strokes.

(7) One-half of the remaining milk and one-half the
remaining flour were stirred in with 80 strokes.

(8) The remsining milk and flour were blended in with
90 strokes.

(9) The 1light whole-egg meringue was folded into the

batter with 25 strokes of the hand balloon whip.

Selectlon and Storage of Materials
Flour

A carton of 24 two-pound boxes of cake flours was pur-
chased and kept in the Foods Depertment storeroom until
needed. The boxes remained sealed until the day of weighing
in order to keep the moisture content constent.

Flour for each mix was welighed in two portions (one-
third of the total welight of the recipe, and two-thirds of
the total weight of the recipe) and was wrapped in plein
glazed paper end stored overnight in the constant tempera-

ture cabinet at 26° ¢ $1°,

2:3wansd owhe




sSugar

Extra fine grenulsted sugar was used. A sufficlent
quantlity for the entire experiment was storsd in the store-
room in a tightly covered tin box to keep it as dry as possi-
bie.

The sugar for each mix was welghed in two equal portions
(one to be combined with the fat and the other with the eggs).
it was wrapped in plsin glazed peper and stored overnight in

the constant temperesture cabinet,

Fats

Butters:s The butter was made at the college creamery and
a fresh pound each week was stored in the storercom
refrigerator.

liydrogenated lard®: Sufficient smount of the lard for

the entire study was bought and stored in a closely covered
wooden bucket in the cooling psntry of the storeroom.

011" s Cottonseed o0il in sufficient quantity for the
study was stored in a closely coversed brown glass bottle in
the cooling pantry of the storeroom.

The fats were weighed and stored overnight in gless

custard cups in the constant tempsrature cabinet.

%Clix, made and distributed by Cudahy's, Omaha.
s##Wasgon, made and distributed by Southern 0il Co.
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Salt

Plain table salt was stored 1in sufficient quantity for
the study in a tightly covered gless Jar in the laboratory.
The salt was weighed and stored with the fat in the constent
temperature cabinet. Four grams of salt was used with butter

and six grams with the unsalted fats.

Fresh milk from the Dairy lIndustry Department of the
College was used. It was brought to room tempersture and
weighed in two portions (one-third of the total end two-

thirds of the total) just prior to mixing the cakes.

Egps

Selected epgs from the College Poultry Farm were used.
The eggs were stored in a mechanical refrigerator and were
from one to four days old when used. Just before using, they
were brought to approximstely room temperature by placing in
lukewarm water, then mixed with 35 twirls of a rotary besater

and weighed,

Baking powdexr

A closely covered one-pound tin of conbination phosphate-
sodium-aluminum sulfate® baking powder was stored in the

laboratory and the amount needed wes weighed just before esach

&
“Calumet .
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mixing. It was sifted with the gsmaller portion of the flour

three times.

Equipment
Balances

All ingredients were weighed on & Cenco trip balance.
Flour, sugar, fat, milk, end eggs were weighed 1n counter-
balanced bowls and transferred to pepers or to glass cups for
storage until they were needed.

The Cenco trip balance was also used to weizh the batterv
into the pans and to weigh the cskes before removal from the
pans. Cake samples for water absorption test were weighed
on this balance. Samples for the texture imlex were weighed

on a Cenco triple~beam balance.
Mixer

An electric mizer™ with four~quart bowls and a balloon
wire whip thst rotated in a planetary motion was used for
creaming the fat and sugar and for meking the whole-egg

meringue.
Pans

The cakes were baked in tin pens thet measured 2-1/2 x

3-1/2 x 5-1/4 inches on the bottom and had slightly sloping

*Kitchen-Alde, Model G.
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sides. Each pan was weighed with a slip of waxed paper fitted

in the bottom before the batter was added.

Oven and thermometers

Two carefully matched centigrade thermometers were used
to take batter and cake temperatures st beglinning and end of
the baking period. Another centigrade thermometer was used
for room temperature readings.

The cakes were baked in & gas oven™ regulated by thermo-
static control and checked by a centigrade thermometer inside

the oven.

Vacuum pump

A water aspirator was connected to a water faucet In the
laboratory and connected by means of rubber‘tubing to a heavy
brass cover., The cover had a ground surface on the inside
and was sealed with stop-cock grease to the ground mouth of a
tall glass jar containing the batter which was evacuated by

intermittent application of the vacuum. (3See Photograph I.)

Electrical apparatus

The resistance of the batter was measured by a Wheatstone

s i . .
bridge®™™ ., The source of current was s battery of five Edison
Lol

%

ey
i
L )

cells going through allooo-cycle microphone hummer
*clark Jewel with Lorain thermostat.
““Leeds Northrup.

-
B304

“*General Hadlo.

p- A 4
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Water Aspirator with Vacuum Cell



Photograph I
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Set-up of Conductivity Apparatus
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Photograph II
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Balance of the resistances was detected by double tunable
earphones connected to the galvanometer post of the Wheatstone
bridge, as shown in Photograprh II. For testing, the batter
was put in & cup-shaped glass cell three centimeters in diame-
ter. The cell contained platinum electrodes 6 x 12 mm. in

size and 20 mm. apart. Copper leads completed the circuit.
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DISCUSSION OF RESULTS

Three groups of cakes were made with different types of
fat, (a) hydrogenated lard, (b) butter, and (¢) an oil. Each
group was then subdlvided into three series. One series (re-
ferred to as air series) was leavened by air and steam., A
second (referred to as carbon dioxide series) had baking
powder added, so that the cakes were leavened by alr, steam,
and carbon dioxide. The third series (referred to as the
steam series or the alr-evacuated batters) had the air re-
moved from the batter by means of a water aspirator, and

therefore steam was the sole source of leavening.

Appearsnce

Typical sections from the centers of each type of cake
made in the study are shown in Photograph III. The irregular
contour of the sides, especially of those of the air series,
is evidence of the shrinkage that was characteristic of the
cakes., A decided gradation in volumes obtained with different

leavening agents prevalled.

Air- and steam-leavened cakes

Exterior: The cakes of the air series had significantly

smaller volumes than cakes to which baking powder had been
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Carbon dioxide
series

Carbon dioxide
series

Carbon dioxide
series

CAKE SECTIONS

Butter Cakes

Air series Air-evacuated
series
0il1 Cakes
Air series Alr-evacusted
series

Hydrogenated Lard Cgkes

Air series Air-evacuated
series



Photograph 111
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added. The top crust was often a dense sticky layer that did
not brown well. When the cakes were removed from the oven,
the sides were straight and close against the pan but immedi-
étely shrank until the sides were pulled away from the pans
and were concave in contour. Shrinkage appeared to be greater
in the hydrogenated lerd cakes than in cakes from the other
two fats. Other variances among cekes of the different fats
were slight.

The volume increases in the batters of the alr series
were not sufficient to bring the tops of the cakes to the top
of the pan so that the sides of the pan extending above the
cake reduced the movement of the hot alr across the surface
of the cake, thus reducing the removal of moisture from the
cake and preventing browning. This molst layer on top seemed
to increase in frequency of occurrence and in degree during
the period of the study sbove that of some periods during the
preliminary work. Probably an influencing factor was'the
high humidity which prevailed almost throughout the test
period.

Interior: The crumb of the cakes of the air series was
velvety, tender, eand moist but not as resilient as is desir-
able in cake. The grain was fine and uniform but in mény
cases too compact., A few of the cakes of this series were so
moist and compact thaet they had a tendency to have soggy spots.

The color and odor were in keeping with the ingredients used.
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Carbon dioxide-, alr-, and steam-leavened cakes

Exteriors The additional leavening power furnished by
the baking powder in the cakes of the csrbon dioxide series
was evidenced by a decided incresse in volume. The volume
averages of the cakes in this series were higher than for
cakes made by Morr (38) using the same formula, fats, and
method of mixing but a different type of bsking powder. The
cakes were more symmetrical in shape with straighter sides
than cakes of the air series. The tops were evenly and
glightly rounded and delicately browned.

Interiors The crumb was tender, resilient and somewhat
molst but had a tendency to be harsh. The grain was open and
loose, sometimes coarse. The tendency for & harsh, coarse
texture and for crumbliness was shown in the oll cakes more

frequently than 1n the butter and hydrogenated lard cakes.

Air-evacuated cakes

Exterior: The air-evacuated cakes were extremely small
in volume and distorted in shape. The shapes varied widely,
but always the bottoms were very uneven, having buckled away
from the bottom of the pen. Often the cake cracked open, as
shown by the hydrogenated lard cake of this series in Photo=-
graph IIT. They éhowed relatively little shrinkage when
removed from the oven. The hydrogenated lsrd ceskes frequently
had much better volume than cakes with other fats in this

seriss,
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Interiors There was little avidence of cell structure
in the steam series. The inbterior had more the appearance of
a custard or starch pudding than of a cake. Often the tex-
ture was so molst and compact that the center of the cake was
sticky and had an uncooked appearance. Lydrogenated lard
cakes occasionally exhibited some cell structure, usually ex-
tremely coarse and with very thick, dense cell walls. These
cakes were sweet in flavor and relatively tender for a struc-
ture so compact. In general, the products were unpalatable,

as indicated by the extremely low scores of Table 1,

Palatabllity

Scoress total, texture, and velvetiness

Statlistical analysis of the palatabillty scores showed
no significant difference among the total scores of cakes
with different fats but a highly significant difference among
scores of different leavening agents.

Air- and steam-lesvened series: The total scores in

Table 1 exhibit only slight differences among the cakes of
the air series. The o0il cskes averages highest within the
gseries with 82.6, butter next with 81.0, and hydrogenated
lard least with 77.4. There was a nonsignificant difference
between cake scores of this series and the corresponding cake
scores of the carbon dioxide series. The oll cake total

score of the air series was higher then the oil cake score of
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Table l. Means for Total Palatability Scores,
Sand Test, and Molsture Absorption.

Cake s Palatability Sand Moisture
scores test abgorption
Butter series
Air 81.0 0.23 4,03
o™ 83.5 0.37 7.01 .
Steam 648 Ol.11 0.68
0il series
Air 82.6 0.22 4.63
cog™ 82.4 0.34 6.91
Steam 2.1 0.15 0.38
Hydrogenated
lard series
Alr 77.4 0.23 3643
co,™ 8243 0.35 7.62
Steam 8.7 0.21 0,97

*Carbon dioxide from baking powder,
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the carbon dioxide series, but cakes with the other two fats
scored slightly higher in the carbon dioxide series than 1n
the alr series. All cskes of the air series had scores
gilgnificantly higher than the asir-evacuated cakes.

The texture scores of the air-leavened cakes were always
ranked slightly lower than those of the carbon dioxide series
and decidedly higher than‘cakes of the air-evacuated series.
From a possible score of 30 for perfect texture, alr series
cakes averaged a score of 23.0. Hydrogenated lard cakes had
a score of 21.6, which was lowest in the sir series. The
chief criticism of the judges concerning this series was a
tendency towsrd compactness; hence the scores indicate that
hyd rogenated lard was the most compact of the series.

The velvetiness scores for the air series were: Dbutter
17.2, oil 18.1, and hydrogenated lard 17.6. These were higher
than velvetiness scores of corresponding cskes of the other
two series. Cgkes of the air series were often described as
being more velvety than the cakes of the carbon dloxide
geries, \

Carbon dioxide~, air-, and steam-leavensd series: Total

scores of the cakes in the carbon dioxide series were nearly
the sames:; 83.5, 82.4, and 82.3 for butter, oil, and hydrogen-
sted lard respectively.

It is interesting to note that whereas the hydrogenated
lard cake of the air serlies scored lowest in texture, it

scored highest in this series with a score of 25.0. The scores
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of butter cakes, 24.2, and of o0il cekes, 24.6, are only
slightly lower. 4As will be seen later, this shift from the
lowest in the alr series to the highest in the carbon dioxide
series of the hydrogenated lard cskes 1s repeated in other
evaluations of the csakes.

Velvetiness scores of thls series were very close to
those of the air series but consistently lower. Hydrogenated
lard was highest, 17.2, butter next, 17.1, and oil lowest, 16.1.
Cakes of the caerbon dioxlide series were often described by the
judges as being less velvety in texture than those of the air
series. Although the amount of beking powder use in this
study was the lowest quantity recommended by MclLean (35), the
cakes tended to have a coarse, crumbly and harsh texture
typical of too much baking powder. The o0il cakes were fre~
quently described as poor in flavor and in several cases one
judge noted a more pronounced flavor of oil In the cake with
baking powder than in the corresponding cake of the alr series.

Alr-evacuated series: The total palatablllity scores of

cakes from air-evacuated batters were extremely low, butter
cakes 6,8, oll cakes 2.1, and hydrogenated lard 8.7. This
ig indicative of the unpalatabllity of cakes in thils seriss.
As would be expected from the total palatability scores,
texture scores were very low, averaging l.1 out of a possible
30, Texture scores ranged from zero to 2.0 among fats.
The score for velvetiness for all cakes in this series

averaged less than one.
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Objective Tests

Sand index tesgt

The sand index test was used to indicate the texture of
the czke crumb, whether coarse or fine. Cakes having coarse
cells and thick walls would allow more sand to be retained in
the sample than cakes which had fine cells. There was 2 non-
signiflcant difference among cakes of different fats but a
gignificant difference among ceskes of different leavening
agents. W

Alr- and steam~leavened serieg: The smount of sand re-

tained by cakes in this series was approximately the same for
all fat groups, 0.23 grams for butter and hydrogenated lard

and 0.22 grams for oil cakes. The sand retention exhibited

by alr-leavened cakes held an intermediate position between

the carbon dioxlide and the steam series. The difference
between the air and carbon dioxide series was of greater magni-
tude than the difference between the air and the steam series.

Carbon dioxide~, alr-, and steam~leavened seriess The

retention of larger amounts of sand by the carbon dioxide
series (Table 1) was indicative of the more open texture of
these cakes. Sand retention of this series (butter 0.37, oil
0.34, and hydrogenated lard 0.35 grams) was greater than for
the air series.

Alir-evacuated series: There was a highly significant
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difference between the carbon dioxide serles and the steam
series but a nonsignificant difference between the air series
and the steam series. The test 1s probably not a valid one

for cakes of the steam series since their moist, sticky sur-
faces would retain sand in spite of the lack of cell structure.
Even so, the amounts retained were lowest of all series,

namely, butter 0,11, o0il 0.15, and hydrogenated lard 0.21 grams.
It is interesting to note, however, that hydrogenated lasrd

cakes had the highest sand index values and, as described

above, were the only cakes from alr-evacuated batter that

exhibited any cell structure.

Comparison of send test and palatabllity score

Comparisons of the total palatsbility scores with the
sand index (Table 1) show a significant difference between
sand retention values of the alr series and the carbon dioxlde
series, whereas the palatability scores of the two series show
a nonsignificant difference. This may be taken as an indica~-
tion that the two groups were about equidlistant from the
perfect texture, with the carbon dloxide series too coarse in

texture, whereas the alr series was too compact.

Molsture absorption

The water-absorbing ability of cake 1s used ss an objec~-

tive measure of the eating quelity of the cake. By "eating
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quality" is meant all those qualities which make cake desir-
able or undesirable for esting. One importsnt factor influenc-
ing eating quality i1s the tactile sensation on the tongue.
Cakes that absorb molisture readlly give a pleasing sensation
whereas others give a dry feeling in the mouth.

Air- and steam-leavened seriegsz Cakes of the air series

were always between cakes of the other two series in moisture-
absorbing ability. The difference among fats was slight. The
mean (Table 1) of oil was highest with 4.63, butter next with
4,03, and hydrogenated lard lowest with 3.43 grams. The val-
ues for cakes were significantly higher than those for cakes
of the steam series but the difference between this series

and the carbon dioxidé series was nonsignificant.

Carbon dioxide~-, air-, and steam-leavened series: Cakes

of the carbon dioxide series had the highest moisture-absorptive
abllity of any series. Whereas hydrogenated lard caskes were
lowest in the alr series, the mean in this series was highest,
7.62, with the means of butter and oil cakes slightly less,

7,01 and 6,91 respectively.

Alir-evacuated series: The mean values for cakes of this

series, as shown in Table 2, were significantly lower than
means of the other two series with an average of 0.67 grams

for all fats. The difference among fats was nonsignificant.
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Comparison of moisture-absorption and palatabllity scores

Total palatability scores pasralleled grams of molsture
absorbed in that nelther showed a significant difference
between the air series and the carbon dioxide series; both
showed slgnificant or highly significant differences between
alr series or carbon dioxide series and the alr-svacuated
series. There were no significant differences arong palata=-
bility scores or moisture-absorption values of cakes with
different fats,

From the dsta given in Table 2 a comparison may be made
of the subjective scores and the objective tests used on the
texture and eating quality of cakes. There was not perfect
agreement between the ranks of sand index and texture score,
but with each, the carbon dioxide series received the three
top places and the air-evacuated cakes received the three
lowest places., The moisture-absorption test paralleled eat-~
ing quality scores in approximately the sswe manner. There
was only four-tenths of a point difference between the
highest score for eating quality; hence, even though hydro-
genated lard cakes of the carbon dioxide series ranked first
in moisture absorption and fourth in eating quelity, the dis-

crepancy was negligible.
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Table 2. Rank and Meanss Texture Scores and Sand Test.
Batling Quality and Molsture Absorption.

Highest texture score, 30, Highest eating
quality score, 30.

! ; Eating Moisture
Cake Texture Sand test quality absorption

Means Rank Rank Means Meangs Rank Rank Means

Butter serles

Alr 23,4 5 4 0.2%5 24.4 3 5 4,03
cc>2’"r 24,2 3 1 0.37 24.6 1 2  7.01
Steam 1.2 8 9 0,11 1.3 8 8  0.68

011 series

Aip 24.1 4 6 0.22 24.5 2 4 4.63
cozﬁ 24.6 2 3 0.34 24.4 3 g 6.91
Steam 0.02 9 8 0.15 0.5 9 9  0.38

Hydrogenated

lard series
Air 21.6 6 4 0.23 22,2 6 6  B.43
co* 25,0 1 2  0.35 24.2 5 1 7.62
Steam 2.0 7 7  0.21 1.4 7 7 0,97

Y3
b

Carbon dioxide from baking powder.



Leavening Agents

From the data taken on batters and cakes, computations
(see Computation Scheme, page 64) were made to ascertain (1)
the total number of milliliters each cake increased in volume
over the volume of its initial batter, (2) the percentage of
Increase attributable to air and that attributable to steam,
(3) the percentage of increase due to the combination of air
and steam and that due to carbon dioxide. The increase in
volume was considered & criterion of leavening. A summary of
above percentages and volume increases in milliliters is given
in Table 3.

In Photograph III a striking difference is evident in
cake volumes obtained with different leavening agents. The
differences in volumes among the different fats are not as
decided as those among the leavening agents, but they, too,
are highly significant. Comparison of individual fats showed
a highly significant difference between the volume means of
o1l cakes (423.4 milliliters) and butter cakes (388.7 milli~
liters), a significant difference between means of oll cakes
and of hydrogenated lard cakes (402.0 milliliters) but no
significant difference between hydrogenated lard and butter

cakes.



Computation Scheme
for

Air- and Steam-leavened Batters

Temperature of batter as it goes in oven + 273
Temperature of cake as 1t comes from oven + 273

= gir factor.

1
Specific gravity of batter

= gpecific volume of batter,

Specific volume of batter x weight of batter in pan =

volume of batter weighed into pan.

Measured volume of cake - volume of batter weighed into pan =

total increase in volume st end of baking period.

Specific volume of sir-evacuated cake x welght of batter in pan

- weighed volume of sir-evacuated batter,

Scaled volume of batter ~ weighed volume of alr~-evacuated batter

= volume of sgir in batter.

Alr factor x volume of air in batter = volume of hested air.

Volume of hested air - volume of cold air in batter =

volume increase due to alr expansion.

increasa due to air expansion x 100

: = % volume increase due
Total increase in volume to ailr expsnsion.

Total vol. increase at end of beking x 100 _ ¢ total incresase
Weighed volume of batter of cakes.
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Percentage leavening by each gas

Leavening by airs When gir and steam were the leaven-
ing agents, the percentage increases estimated to be due to
air were hydrogenated lard 25, butter 19.8, and oll 1l1l.4 per
cent, as shown in Table 3. This was in inverse order to the
total volume increase as measured in milliliters, l.e.,
hydrogenated lard 66.8, butter 88.1, and oil 142.5 millillters
(shown in Table 3, column one),

Percentage increases interpreted in terms of milliliters
show the volume incregses attributable to air were very
nearly the same, l.e,, 16,1, 16.7, and 17.4 milliliters for
0il, hydrogenated lard, and butter, respectively. (Table 3.)
This indicetes that all cekes had very nearly the same
amount of alr incorporsted in the initlal batter. Another in-
dication that this is true is the similitude of the specific
gravities of the batters from the three types of fat. (Table 4,)

Since the remainder of the volume increase was attribut-
able to steam, the wide variance 1in total volume incresses in
this series was a variance in the leavening effected by steam.
As shown in Table 3, this variance ranged from a 50.1 milli-
liter increase in hydrogenated lsrd cakes to & 126.2 milli-
liter increase in oll cakes.

There can be no doubt that adequate steam for leavening
was available in all air-steam-leavenesd cakes. The average

loss in weight during baking wss approximately 21 grams. If
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Table 3, Volume Increases and Percentage Increases of
Cakes over Initial Volumes of Bstters.
Total vol. ml. of vol. % total vol,
increase over incresse increase
initial vol. attributed attributed
(ml.) tog-~- tog--
le Alr- and steam=-leavened batters
air steam 292 air steam 292
Butter 88.1 7.4 707 19.8 80.2
0il 142,3 16.1 126.2 11.4 38.6
Lard 66,8 16.7 50,1 25.0 75.0
(hydro-
genated)
2+ Carbon dioxide, air, and steam batters
alr -~ steam CO2 alr - steam 002
Butter 216.8 87.4 129.4 40Q.3 59.7
011 286.7 142.4 144..3 49,7 50,3
ILard 247.5 66.6 180,9 2649 73.1
(hydro-
genated)
3. Alr-evacuated batters
alr steam CO. alr steam CO,
Rutter 24,0 24,0 10,3
0il 24.0 24 .0 10.3
Lard 8l.6 8l.6 24.1
(hydro=

genated)




- 687 =

this entire loss represented loss due to evaporstion, only
two-tenths per cent of the available steam (from 21 gms.
moisture lost) was needed to produce the sversge volume in-
crease (81,2 milliliters) accredited to steam. Therefore, in
this study, the effoctivchcss of steam in leavening cakes
varied with the type of fat used.

411 cakes shrank noticeably upon removel from the oven.
No data were taken whereby the shrinkage could be estimated,
but it was evident in the alr series that the shrinkage was
of the same order as the percentage of leavening by salr, l.e.,
hydrogenated lard greatest, butter next, and oil least.,

The volume measurements used in these computstions were
the final volumes and not the maximum volumes the cakes
reached durlng bakings. Hence, they do not account for the air
and water vapor lost during baking.

If the percentage leavening due to each ges were com-
pared, using the air-evacuated cake as basis, and the air
occluded in initial batters considered a part of the increase
due to alr, the values obtained would be 38.3, 54.5, and 66.3
per cent for oll, butter, and hydrogenated lard cakes, respec-
tively. These percentages are more nearly in keeping with the
approximate 50 per cent reported by Dunn and White (20), al-
though not computed in the same manner. It seemed to the pres-
ent investigator, hpwever, that the computation used in this
study was more nearly & true estimation of the increase attrib-

uteble to air since, though the volume of alr occluded in the
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Table 4, Means of Batter Specific Gravity
and Volume- Increases Effected by
Individual Gases.

Batter Vol. increases
Cakes specific by air
gravity {mls.)
Air serles
Butter 0.80 17.4
0il 0.81 16.1
Lard, 0.80 16,7
hydro=-
genated

Vol. increases

COp series by 002
Butter 0.79 129.4
0il 077 144,3
Lard, 0.80 180,9

hydro-
genated
Total wvol.

Steam series increases
Butter 1,03 24,0
0il 1.03 24,0
Lard, 1.06 61.6

hydro=-

genated




initiel batter contributed to the final volume of the ceake,
only the thermal expansion of the air effected an increase.

Leavening by carbon dioxlde, air, and steam: After the

total volume increase above the initiael volume of the batter
was computed, the percentage attributed to carbon dioxide was
derived by subtracting the total increase of the correspond-
ing cakes leavened by alr and steam. While this could not be
taken as an exact measurement, it seemed & logical relatlive
measurement since the batters and baking conditions were
identical except for the additlon of baking powder to this
series (Computation Scheme 2). The percentage increase
attributable to carbon dioxide was of the same order as that
attributable to air, namely, hydrogenated lard greatest (73.1
per cent), butter next (59.7 per cent), and oll least (50.3
per cent)., The volume increase measured in milliliters varied
among fats but not in the same order as the percentage in-
creases. Here again is exhiblted a difference in the effec-
tiveness of a leavening egent with the type of fat used.
Hydroge nated lafd exhibited the highest increase with 180.9
milliliters, oil showed an increase of 144.3, and butter
129.4 milliliters.

A high viscosity in batters might be expected to assist
in the retention of carbon diloxide evolved during mixing,
thereby increasing the emount of carbon dioxide available for
lesvening the more viscous batters., Estimated on the basils

of 14 per cent available carbon dioxide from the baking
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powder (32), the aprroximate volume of carbon dioxide svail-
able from the baking powder used iIn these cakes was 200 to
225 milliliters (see appendix, page 110). The meximum volume
increase attributed to carbon dioxide in thkis study was 180.9
milliliters. The type of baking rowder used was slow-acting;
it therefore evolved from one~fifth to one-third of its gas at
room temperature (5). If as according to Barackman (5)
70 to 80 per cent of the gas evolved during mixing is lost,
there would remain approximetely 144 to 193 milliliters of
available carbon dioxide. MNorr (38) worked with the same
fats as those used in this study but used & quick~acting bak-
ing powder. That would involve the possibility of greater
carbon dioxide loss during mixing, yet the volumes she obtained
(butter 481, oil 479, and hydrogenated lard 461 milliliters)
were not of the same order as the viscosity of the fats used.
As shown in Table 4, there was no correlation between the
viscosity of the bsatter gnd the volume increase attributable
to carbon dioxide. 01l batters were the least viscous, yet
were second in volume increase due to carbon dioxide. Hence
it would seem that, while probably the retention of carbon
dloxide evolved during miging is an influencing factor, it
does not appear to be the only one,

To test the eff%ctiveness of carbon dloxide in the
absence of alr, baking powder was added to an air-evacuated
batter of each of the fats. The volumes obtained were 540,

540, and 545 milliliters for butter, hydfogenated lard, and
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oil, respectively. These volumes compared favorably with the
volumes when air (Table 5) was present, but the crumb was
very coarse-grained, harsh in texture, and had thick greasy
cell walls., Little or no shrinkage was evident.

Leavening by steam alone: The data in Table 1 show very

low volume increases for the butter and oil cakes, but the
total increase of the hydrogenated lard cakes were within ap-
proximetely five milliliters of the corresponding cake of the
alr sseries. Dunn and White (20) reported no increase in the
volume of the air-evacusted pound cake of their study but a
decided increase, though poor structure, when only a small
amount of alr was occluded in the batter. Some of the cakes
in thls study exhibited no increase in volume, but those that
had air occluded in the batter made definite increases, which
brought average increass for all alr-evacusted cakes to almost
15 per cent.

The appearance of the alr-evacuated batters was similar
to the description of the air-evacuated batter given by Dunn
and White (20), a "custard-like cream.," Under the vacuum the
batter crept up the sides of the cell and had & honeycombed
structure. Upon removal of the vacuum, the batter collapsed.
Sometimes in collapsing air might have been entrapped in the
batter. Also throughout the experimental period difficulty
was encountered in removing the alr from the batters with

hydrogenated lard. On one occasion a vacuum desiccator pump
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was used without success. The hydrogenated lard had a much
higher melting point than butter or oil. This gave an immo=-
bility to the fat &t room temperature and a viscoslity of
batter that probably sccounted for the difficulty in removing
the alr from these batters., Whatever the explanation, the
hydrogenated lard batters held their air tensciously and on
one occasion the final volume of the cake was within 30
milliliters of the corresponding cake of the air- snd steam-
leavened series. Putting the cell containing the batter in a
hot-water bath while the batter wss under vacuum did not seem
to aid in the removal of air. Dunn and White (20) suggested
that ailr spaces in the batter were necessary for the vaporiza-
tion of steam 1n the batter. Barmore (7) postulated that the
steam responsible for the lesavening of the cake had to pass
from the bottom and outer edges of the cake through the in-
terior of the cake. This would indicate that air spaces are
needed for the passing of steam through the cake. In this
study molsture that was condensed beneath the cakes in the
pans when the cold cakes were removed gave evidence that more
steam had been formed than was sble to escape either around
or through the cake. |

The computations for these series have been based on the
agsumption that the alr incorporated in the batter was 100
per cent effective as a leavening agent. That such is
actually the case is doubtful. Nevertheless the results do

represent the maximum amount of increase the air is capsble
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of effecting and show the relative importance of sir to other
leavening agents. When even a very small smount of air is
occluded in the batter the disproportionate increase in
volume would indicate that the presence of alr is favorable

to the cffectivéness of steam as a leavening agent.

Fats

Creaming volumes

Creamling quality of fatss As shown in Table 5, the

average volumes of 25 grams of the creamed sugar and fat as
expressed in milliliters were hydrogenéted lard 48.5, butter
42.9, and oil, which does not cream, 23.35., This order of
creaming quality is in keeping with thst of Morr (38) when
she worked with the same fats using the same ratio of sugar
to fat. The creaming volumes obtained in this study do not
necessarily represent the maximum creaming capacities of the
fats but are the volumes obtained under the conditions arbi-
trarily chosen for this study, namely, conditioning the fat
for approximastely 24 hours at 26° ¢ %1° and creaming 14 mine-
utes et 25.3° C 12.5° with the wire whip of an electric mixer
on speed two,

(2) Butter: The tempersture of the incubstor was such
that the butter became quite soft with some evidence of oili-
ness caused by the less saturated glycerides separating from

the firmer portion of the fat. As the creaming process
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Table 5. Means of Creaming Volumes, Cake Volumes,
and Palatabllity Scores.

Creaming Cake Palatability
Cakes volume volume score
(ml.) (ml.) total
Butter series
Air 42.9 388.1 81.0
Co5” 42,9 521.2 3.5
Steam 42,9 256,.8 68
0il series
Air 23.3 417.5 82.6
o™ 23.53 596.2 824
Steam 2345 25648 2.1
Eydrogenatsd
lard series
Air 4845 56643 774
002% 4845 54745 B2.5
Steam 48,5 201.8 8.7

“*Carbon dloxide from baking powder.
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progressed,lthe mixture became quite light and foamy in
appearance. The color was characteristically lighter, prob-
ably due to a difference in the refraction of light through
thinner layers of fat spread around the alr bubbles and sugar
crystals,

(b) Hydrogenated lard: The conditioning period softened

the hydrogenated lard, but there was no expression of olls or
unsaturated glycerides. The creaming produced an exceedingly
light and fluffy mass that held its shape better than the
creamed butter mix. It had a glossy white appearance.,

(¢) Oils The oil possessed no creaming quality and
readily separated from the suger when beating was discontinued.
The mixture had the grayish appearance of molst sugar with no
visible evidence of incorporated alr although it is likely
that some was carried into the mix in the recesses and irregu-
lar surfeaces of the sugar crystals,

Cake volume: The difference among the volumes obtained

with cakes made from different fats was highly significant.
However, the relation of creaming volume to cake volume varied
with the leavening agent used.

(a2) 4ir- and steam-leavened cakes: In cakes leavened by

air and steam there was a negastive correlation of creaming
volume to cake volume. O0il, with a creaming volume of only
25.3 milliliters produced the largest cake, 417.5 milliliters.
Hydrogenated lard had the highest creaming volume, 48.5 milli-

liters, yet the hydrogenated lard cake was smallest in volume,
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266.8 milliliters. The values for butter were intermediate:
creaming volume 42.5 milliliters, and cake volume 388.1
milliliters.

(b) Carbon dioxide~, air-, and steam-leavened cakes:

Again the volume mean for oil cakes was highest, 596.2 milli-
liters, as shown in Table 5. However, between the two fets
possessing creaming qualities, butter and hydrogenated lard,
there was a direct relation of creaming volume to cake volume.
Hydrogenated lard, with the higher creaming volume, showed a
cake volume of 547.5 milliliters while butter cekes averaged
521.2 milliliters. This 1s iﬁ keeping with the findings re-
ported by workers (47) in Procter and Gamble laboratories
when they used a different formula and a longer creaming
period in which they reached the maximum creaming power of the
fat.

Morr (38), Buel (12), and other workers (33) in this
laboratory used the same formula and approximately the same
procedures as followed in this study. All found a negative
relation between creaming volume and cake volume. Creaming
volumes obtained in this study were higher than those of the
other workers. A slight difference in creaming procedure in
this stgdy may account for this increased creaming volume and
direct relation to cake volume. The othef workers added all
of the sugar to the fat at the beginning of the creaming
period and creamed it 15 minutes on speed two of the electric

mixer. In this study the sugar was asdded by tablespoonfuls
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at regular intervsls dufing the first four minutes of creaming
and the total creaming period was 14 minutes on speed two of
an electric mixer. Thus the varlances in results obtained
with dif ferent procedures suggest that 1t is only when the
creaming volume approaches the maximum for that particular

fat that a positive relation exists between creaming volume
and cake volume,

(¢) Air-evacuated cakess In the steam-leavened cakes

the o0il and butter gave cakes of the gsame mean volume, 256.8
milliliters. Hydrogenated lard cakes averaged 291.8 milli-
liters., It seemed impossible to remove all air from the
batters containing hydrogenated lard; hence alr probably con-

tributed to this larger volume,

Viscosity

Often in the literature ( 1, 17, 32) references are made
to high viscosity 1in cake batters as an index to good gquality
cake with increased cake volume., This study offered oppor-
tunity to examine the influence on batter viscosity of two
factors, namely the incorporation of gas and the viscosity of

the fat used.

Effect of fats

Table 6 gives the reciprocal values of the line~-spread

measurements taken as a relative measurement of batter



Table 6. Means of Viscosity, Cake Volume, and
Palatablility Scores.

Cakes (Lgizgggizgd vgigie Palatabllity
reciprocal) (ml.) scores
Butter series
Alr 1,11 388.1 8l.0
05" 1.08 521.2 8345
Steam 0.20 2568 6.8
0il series
Air Ol 41745 826
cog* 0.25 59642 8244
Steam 0.14 25648 2e¢1
Hydrogenated
lard series
Air 1.82 366.8 77 .4
co” 1.96 547.5 82,3
Steam 0e35 291.8 Be7

*carbon dioxide from baking powder.



viscosity. There was a decided difference in the viscosities
exhibited among batters with different fats. As would be ex~
pected from the physical characteristics of the fats, oil
batters showed the lowest viscosities (0.14 to 0.21), butter
batters were next (0.20 to 1.,11), and hydrogenated lard
batters were highest (0.35 to 1.96)., Between oil batters and
either of the other two batters there was & highly signifi-
cent difference; between butter and hydrogenated lard, a

gignificant dif ference.

Effect of leavening agents

The differences among batters of different leavening
agents were significant due largely to the effect removal of
air from the batters had on viscosity.

Air- and steam-lssvened seriess: In the air series the

viscogsity means were of the same order as the viscosity of
the fat used, namely, hydrogenated lard highest, 1l.82, then
butter, l.11, and oll fslling considerably lower with a mean
of Oe2lse In comparison to other series air-leavened cakes
held the middle position except in the csse of butter cakes,
which were highest in this series. The difference between
viscosity means of thls series and of the carbon dioxide
series wes only 0.03 and hence may be consldered negllgible.

Carbon dioxide~-, air-, and steam~leavened batterss:

There was very little difference in the viscosity means of
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the air-leavened cakes and those of the cerbon dioxlide series.
The hydrogenated lard cakes exhiblted the greatest difference,
an increase of 0,15 sbove the hydrogenated lard cake of the

air series. The other two fats exhibited nonsignificant dif-
ferences of 0.05 above or below the means of the corresponding
cakes in the air series. Variances between cakes within this
serles had a wider range than in the alr series, i.e., hydro-
genated lard was highest with a mean of 1.96, butter intermedi=-
ate with a mean of 1,08, and oil lowest with a mean of 0.25.

Alr-evacuated batterss Vhen ailr was removed from the

batters, the viscosity difference smong fats was much less
than in the alir series. This may be taken as indicative of
the influence of incorporated gas on batter viscosity, while
the difference still exlsting among the batters may represent
the effect of the fat itself on batter viscosity. The order
of viscosity means of the batters in this series in decreasing
viscoslity was hydrogenated lard 0.35, butter 0.20, and oil
Oel4s Thus, 1t 1s apparent that under the conditions of this
study both the incorporation of gas and the viscosity of the

fat had a significant effect on the viscosity of the batter.

Blectrical Conductence

In the electrical conductance measurements teken on
batters of this study no attempt was made to make an exact

mathematical measurement of the electrical conductivity and



capacity of the system. However, it was thought that in view
of the vast differences in the conductivities of fat and of
the aqueous phase containing electrolytes a measurement of
the conductivity of the batter might offer a means of measur-
ing the fat distribution. Cognizance was taken of the effect
air bubbles (another electrical insulator) might have on

batter conductance.

Specific gravity

It was thought thet specific gravitles of the batters
and the corresponding electrical conductances, if compared,
might reveal the effect of the presence of alr on the conduc-
tivity. Table 7 presents the data for sucl. comparison.

Alr- and steam-leavened batters: Within the air series

the specific gravity means are almost identical: butter 0.80,
hydrogenated lord 0.80, and o0il 0.81. The conductivity means
are not as close as that but are of the sarme order, namely,
butter 1.30, hydrogenated lerd 1l.35, and oll 1.39, showing a
slight increase in conductivity with a similar increase in
specific gravity.

Carbon dioxide~, air-, and steam~leavened batters: With

carbon dioxide-leavened batters the relation of specific
gravify to conductivity is consistent with that of the gir
series in two fats only; l.e., in hydrogensted lard batters
and oll batters specific gravity means of 0,77 and 0.80 were

accompanlied by conductivity means of 1.36 and 1.36 respectively.
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Table 7. Means of Conductivity, Viscosity, and
Speclfic Gravity of Batters.

Conductivity Viscosity

Cakes (reciprocal (line-spread >-pecific
ohms 1079) rpeciprocal) gravity
Butter series
Air 1.302 1,11 0,80
002* 14345 1.08 0479
Steam 1.976 0.20 1.03
0il series
Air 1,594 0.21 0.81
co* 1.362 0.25 0.77
Steam 2009 0.14 1,03
Hydrogenated
lerd series
Air 1e547 1.82 0.80
C0* 1,358 1.96 0,80
Steam 1.934 035 1.02

#Carbon dioxide from baking powders
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Butter, however, had an intermediate specific gravity mean of
0.79 but the lowest conductivity mean of 1.35. In this series
the divergences in the relation of the two factors may be due
to variances in the age of the batters at the time conductiv-
ity measurements were taken. Two counteracting factors are
involveds (1) the solution of electrolytes tending to increase
conductivity and (2) the formation of gas bubbles tending to
decregse conductivity. Hence, as the batter ages, the degree
of solvation of the electrolytes and the percentage retention
of gas bubbles might cause variances, accurate measurement of
which would involve much more controlled ccnditions than were
possible in this study.

Air-evacuated batters: Removsal of alr from the batter,

which of course increased the specific gravities thereof, was
accompanied by a highly significant increase in batter con-
ductivity. Within the series of air-evacuated batters,
however, there was considerable irregularity in the correla-
tion of specific gravity and conductivity. The o0il and butter
batters had the same specific gravity mean of 1.03, but oil
had a much higher conductivity mean, 2.31, than that of
butter, 1.98. Hydrogenated lard batters had a specific
gravity mean of 1.06 and a conductivity mean of 1.93. Accord-
ing to the statistical analysis the conductivities of batters
with the various leavening agents were significantly influ=-

enced by the fat used in the batters. Hence it seems probsble
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that the decided irregularity in the correlation of specific
gravity and conductivity in this series might be due to the

increased influence felt by fats when air is removed from the
batters. The effect of fats on conductivity is probaebly due

to both viscosity of the fat and 1lts distribution in the batter.

Viscosity

An attempt was made to separate the effect of fat or fat
distributlion from the effect of Incorporated gas upon the
viscosity of cake batter. Since fats are electrical insula-
tors, 1t would seem that the distribution and mobility of the
fat in a batter would affect the conductivity thereof.

Table 7 gives the data for comparison of the viscosity and
conductivity of batters in this study.

Air- and steam~leavened batters: The order of viscosity

means with significant decreasing viscosity was hydrogenated
lard, butter, and o0il, whereas the order of conductivity means
with negligible decreasing conductivity was oil, hydrogenated
lard, and butter, Thus it appears that some other factor
overpowers whatever influence the viscosity among fats may
effect on the conductivity of the batters.

Carbon dioxide-, air-, and steam-leavened batters: The

same order of viscosity means and the same order of conduc~
tivity means as exhibited among batters of the air series pre-

valled among batters of the carbon dioxide series. Agaln the
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difference in conductivity means was negligible, the maximum
difference being 0,01, while the difference in viscoslty means
was significantly high.

Alr-evacuated batterss Here the relation changed. Vis=-

coslity values dropped considerable but still maintained sa
substantial difference among fats. 011 is lowest with a mean
of 0.14, butter next with a mean of 0,20, then hydrogenated
lard with 0.35. The conductivity means varied from 2.31 in
the oil batters and 1.98 in the butter batters to 1.93 in the
hydrogenated lard batters. Thus upon removal of air an in-
verse relation between viscosity of the batters and conduc~
tivity of the batters becomes apparent. Hence, iIn the light
of this comparison and of the close correlation of specific
gravity and conductivity pointed out earlier, it seems evident
that in batters of this study the incorporastion and distribu-
tion of gas bubbles had a grester influence on batter conduc-
tivity than dld the fat,

It may be noted that when the effect of the difference in
fats was exhiblted the magnitude of the effect was in direct
relation to the mobility of the fat; i.e., oil, the most mobile
fat, showed highest conductivity snd hydrogenated lard, the

least mobile, showed lowest conductivity.
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Discussgion

Creasming volume

A great deal of significance has been given the ability
of a fat to cream well. In some formulas only fats that cream
well were thought to produce cakes of good volume and good
quality. High creaming volume was assocliated with high cake
volume and with high palatability rating. In recent years,
however, workers (12, 34, 36, 39) in this laboratory made a
series of studies with & number of fats with widely varying
creaming properties. Whereas all workers were not in perfect
agreement in all cakes, there was a general tendency for
smaller cake volumes to result from larger creamed volumes,

In this studyrthere was an inverse relation in the air series,
but when baking powder was added there was a direct correla=-
tion between creaming volume and cake volume in the two plastic

fats. 0il, of course, possesses no creaming properties,

Method of mizxing

It is interesting to note in this study that the highest
volumes were slmost invariably obtained by the oil cakes.
This is probeaebly attributable to the method of mixing used,
in which a sugar-egg foam ls added as the last step in mixing.
0f the many methods of combining ingredients tested in this

laboratory by a former worker (12) the only one which gave
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sgtisfactory results with soft fats and oils was the conven-

tional-sponge method. Beyer (10) working with soybean oil in
cakes reported that satisfactory cakes were made when egg was
added in a meringue as the last step in mixing.

Two possible reasons present themselves as explanations
for the acceptablility of this method of combining ingredients.
One is that eggs favor an oll-in-water emulsion, and oil is
so easlly emulsified at room temperature that addition of egg
to the oll may stabilize 1t in an oil=-in-water emulsion..

Lowe (32), by using an emulsion method of mixing, has shown
such a distribution of fat to be undesirable in cake making.
Another possibility is that the addition of egg late in the
process as an egg-sugar foam furnishes a means of incorporet-
ing in the batter the air which in plastiec fats could be zgdded

in the creaming process.

Leavening agents

It would seem that the aeration of cakes has a function
beyond that of increassing cake volume and that the incorpora-
tion and fine distribution of air in the batter is of major
importence., Although in this study, the thermal expansion of
air accounted for a relatively smasll percentage of the volume
increase, the air incorporated apparently formed the cell
gtructure which was maintained during baking. Thus the amount
and dispersion of incorporasted air must have greatly influ-

enced the texture of the finished cake.
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The cell structure formed by the air bubbles presumaebly
provides spaces into which the weter vapor could readily
escape and thereby distributes the expsnsive effect of the
steam more evenly throughout the cake.

It seems reasonables to suppose that the favorable effect
of high viscosity in batter found by many workers (17, 19, 32)
can be sttributed, in part at least, to the slize and frequency
of alr bubbles in the batter.,

Mention has been masde of the shrinkage that was evident
in all cakes made in this study. Although no measurements
were made, the proportion of shrinkage appears to have been
greater in the alr-leavened caskes than in other series., It
was also quite evident hydrogenated lard cekes, which had the
highest percentage leavening by alr, always shrank more than
other cakes in the series,

The effect of baking powder on cakes and cake batters
is doubtless more than merely furnishing carbon dioxide for
leavening. Barackman (5) mentioned the effect of residual
salts of baking powders on the colloidal properties of the
doughe In hydrogenated lard cakes the volume change with
different leavening agents suggests that such an effect was
present, In the air series the volume increase was the least
of any of the cakes but the percentage increase attained when
baking powder was added exceeded that of any of the cakes.

Lowe (32) states that the hydration capacity of flour protein
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may be increased by electrolytes. Hence it seems that the
striking difference in volume increase of hydrogenated lard
cakes with and without the presence of baking powder may be
partly due to the residual salts. In the air-leavened cakes

the combination of the less mobiles fat and of the less hydrated,
hence less elastic, gluten would offer more resistance to the
lesvening gases and hence not expand as much. When additional
slectrolytes in the form of residual salts of baking powder

are added, the more hydrated and elastic protein lessens the

resistance to the gases.

Viscosity and fat distribution

The present investigator proposes to consider the struc-
ture of cake batter as & composite phase system with air and
water dispersed within the fat, eand the fat in turn dispersed
within a system of hydrsted protelin, starch, and so forth.
The fat then encloses air bubbles and water globules. In
turn, this mlxture becomes the dispersed phase of the col=-
loidal solution. According to Clayton (14) the viscosity of
the continuous phase of any emulsion aids in stabilizing
that emulsion only by hindering the coalescence of the dis-
persed globules. It 1s to be expected that within the same
series of cake batters the viscoslty of the hydrated protein-
starch phase would be apprroximately the same, so that differ-
ences In batter viscosity would come in its dispersed phases.

Then (1) viscosity of the fat itself, (2) the concentration
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and the degree of dilsaspersion of air and water within the fat,
(3) the degree of dlspersion of the fat, and (4) the amount
and degree of dispersion of gas bubbles within the hydrated
protein-starch phase, could cause differences in batter
viscosity. Thus for any one fat a high viscosity batter
might indiceste an emulsion of widely dispersed fat enclosing
a dispersion of air snd water, l.e., an oll-in-water (or oil=-
in-hydrated-colloid) emulsion wherein the fat or oil is also
the continuous phase of a second system enclosing alr and
water,

According to Clayton (15) butter is a solid fat system
enclosing water, air, and fat globules., The extraordinary
adaptabllity of butter to verious methods of comblning in-
gredlients indicateé that such a state may be desirable for
fats used in cake meking. Many commercial concerns use emul-
8ifying agents which form water-in=-oll emulsions in fats to
improve the baked product and also reduce the amount of fat
required.

It is 1likely that in this study the fats were at least
partly emulsified in a water-in-oil emulsion. As aforemen-
tioned, that is the normal state of butter. It is probable
that in the addition of small gquantities of milk and flour
(one tablespooonful ezch) to the fat-sugar mix some emulsion
of the water-in-oil type takes place. At room temperature
0il probably emulsified mofc readlly than the less mobille

hydrogenated lard and hence may have incorporated more milk
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droplets. It may be recalled that in the asir series hydro-
genated lard cakes had the smallest volume Increases. There
arises a question then as to whether or not the incorporation
of less liguid in the fat contributed to the small volume
increase (66.8 milliliters) and the high percentage of that
increase (25 per cent, Table 3) due to air in the hydrogenated
lard cakes of the sir- and steam-leavened series; and con-
versely, the incorporstion of more liquid in the oil cakes
contributed to their high volume increase (142.3 milliliters),
a small percentage of which (11l.4 per cent) was due to air.
Clayton's (15) discussion of the making of margarine lends
support to this ides. In this process oil 1s run into the
milk because if olls are in the churn and mllk run in, a
water-in-oil type of emulsion is formed. Clayton states that
the same thing heppens "if both phases are placed in bulk in
the churn (say 80 per cent oil and 20 per cent milk) without
undue mixing, and then the agitating device set in motion.”
The volume factors favor a water-in-oil emulsion, but such an
emulsion 1s not permanent because the emulsifying agent
present, viz., milk colloids, favor the oprositely-phased type.
However, according to Clayton, the water-in-oll emulsion can
be "fixed" by methods used in the margarine industry (rapid
chilling), but the texture of the final product is poor. It
seems reasonable that the starch particles present in the
flour might tend to stabllize the water-in-oil emulsion. In

histological studies of cakes Morr found starch inbedded
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around the fat at the cake-air Iinterface and around the fat
in the crumb. This was more evident in caskes made by the
method used in thils study than by the conventional method.

In the method of combining ingredients used in this study
one or two tablespoonfuls of milk and of flour were added to
the o0il and sugar or creamed mixtures and stirred 40 strokes,
The remainders of the milk and flour were added later. The
amount of milk added in the first portion was approximately in
the same ratio of o0il to milk (4:1) referred to in margsrine
making. Scheu's (48) patent for improving fats for baking was
an emulsifying agent which produced a water-in-oil emulsion
of 30 per cent water and 70 per cent fat. Hence it seems the
volume factor at this point iIn the cake batter favored a
water-in-oil emulsion. Upon addition of the small guantities
of milk and flour to the oll-sugar mix, the whole became
milky in appearance, and the oll apparently hsed less tendency
to separate in a layer on the surface. Thlis seemed to be
evidence that the oll was emulsified to some extent. The
addition of the remsinder of the flour and milk would reverse
the volume phase and might tend either to emulsify the oil
with elr and water dispersed in it to form an oll-in-water
(or hydrated colloid) emulsion, or merely to scatter the oil
in small pools or lekes throughout the batter. Whatever the
distribution of the fat, 1f it i1s effected without breaking
or reversing its (assumed) water-in-oil emulsion, a composite

phase system is thus formed.
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The water assumed to be dispersed in the fat would be
free water and presumsbly during baking would probably vapor-
ize into the air globules, enlarging them and thus forming
the "air cells" of the cake. Accordingly the amount and dis-
tribution of air and weter enclosed in the fat would be a
factor that might vary the quality of cakes having the same
fat distributions. A scarcity of finely dispersed alr bubbles
and water globules within the fat would give a cake with
smaller cells, hence thicker cell walls and less alr-crumb

interface.

Electrical conductance

In planning this study 1t was thought that among batters
of different fats some variances in degree of fat dispersion
might be detected by measuring batter conductivity. Fet
globules, beling electrical insulators, would act as interfer-
ing substances in the path of the electric current. As the
proportion of the fat emulsified increased and its dispersion
increased it 1s reasonable to suppose that the conductivity
would be reduced. A grester number of clusters of globules
on non=conducting substances would make & more circuitous
path of higher resistance by squeezing the continuous con=-
ducting phase thinner. Since smaller particles in suspension
produce a higher viscosity for a given concentration than
larger particles, 1t would be expected tlet 1In batters using

the same fat an increase in fat dispersion would be accompanied
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by high viscosity. The same amount of fat in a few larger
"pools," "lakes," or clusters would allow shorter, thicker
agueous~flour paths through the batter and hence increase
the conductivity of the batter and be accompanied by low
viscosities. |

Regardless of the menner in which the fats are dispersed
in the cake batters, in this study no direct relstionship was
shown between batter viscosity and conductivity. However,
Collinst' (17) study in which different methods of mixing
batters using the sasme fat showed a correletion between vis-
cosity and conductivity need not be in dissgreement with this
study. Collins used butter only, whereas in this study three
fats were used. It appears that the effect of gas bubbles in
the batter cannot be disregarded in measuring batter conduc-
tivity. It is difficult, however, to sccert Collins' results
as evidence that conductivity mey be used &s a means of typ-
ing the emulsion of cake batters, l.e., a neans of determin-
ing whether the fat i1s distributed as én oll-in-water or as a
water-in-oil emulsions. If the whole batter were a water-in-
0il emulsion (which is not 1likely) and hence o0il the conduc-
tor of current, the conductivity would be practically nil,
whereas an aqueous phase would show much greater conductivity.
Collins' data showed meny overlapping velues for the two types
of emulsions, Differences in conductlivity seem to be more a

matter of degree of cdlspersion. Unless the whole batter were
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g water-in-oil emulsion, the path of the current would always
be through the aqueous colloidel solution. Thus the magni-

tude of the current probably depends largely on the size and
concentration of fat globules and air bubbles enclosed in the

agueous phase,
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CONCLUSIONS

Observations made in this study led to these conclusionss

l. Differences between palatabllity scores of plain cakes
made with and without baking powder were nonsignificant.
Scores of cakes leavened by steam alone were extremely low.

2. The palatability scores for the air and the carbon
dioxide series cakes were approximately the same., Sand reten-
tion was lower in the air series, which indicates the two groups
were equidistant from the 1deal texture, the air series cakes
being compact and those of the carbon dioxide series coarse.

bs There was a correlation between molisture absorption
and eating quality scores. Cakes of the air series were be-
tween cakes of the other two series in molsture absorption.

4, Creaming volume did not consistently parallel cake
volume. There was an inverse relation In the air series, but
when baking powder was added, there was a direct correlation
between creaming volume and cake volume in cakes using the
two plastic fats. O0il has no creaming properties,

5. Fats of high viscosity produced batters of high vis-
cosity, and conversely low viscosity fats produced low vis-
coglity batters. The more viscous of the oil batters produced
cakes that compared favorably with the cakes from the more
viscous of the hydrogenated lard or butter batters.

6+ Electrical conductance was affected by fats and lesven-~

Ing agents. lIncorporation of gas in batters as measured by
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gpecific gravity had greater influence on conductivity than
fats had. The effect of fats was detected only in the air-
evacuated batters; therein batter viscoslty seemed to be a
functlon of fat viscosity, and apparently the more viscous
the fat the lower the conductivity of the batter.

7. The carbon dloxide-sir-steam-leavened cakes gave the
largest, the steam~leavened ones, the least volume. The addi-
tion of carbon dioxide produced a volume-increase over cakes
of the air seriss. Extremely low volumes were obtained by
cakes leavened by steam alone, even though there was the
same amount of molsture svailable to produce stesm in this
series as Iin the series leavened by air and steam. In the
absence of gas pockets into which the steam might pass, steam
lost its power of leavening. Hence it appeared that the
effectiveness of steam as a leavening agent 1s affected Dby
presence and distributlion of gas bubbles in the batter.,

8s There was & variance in the volume-increase among
cakes of the air series from different fats, which was due
to & difference in the effectiveness of steam among the fats.
The percentage increase credited to carbon dioxide in the
carbon dioxide series also varied among the fats. It seemed,
therefore, that the type of fat used influenced the effective-
ness of leavening gases. Thé most moblle shortening, oil, gave
the largest total volume-increases with either alr or carbon
dioxide as the leavening agent. Hydrogenated lard cakes had
larger increases than butter cakes when baking powder was

added, but lower increases than butter cakes of the air series,



SUMMARY

This study was made in an attempt to determine the
effectiveness of three leavening gases in plain cakes made
with three types of fat with especial interest ss to whether
or not air is necessary in batters for steam to be effective.
The plan of study involved the following grouping and sub-
grouplng of cakes baked:

I. A, Cakes made with butter

(a) Leavened by air and steam
(b) Leavened by carbon dioxide, air, and steam
(¢) Leavened by steam alone.

Be Cakes made with oll
(a) Leavened by air and steam
(b) Leavened by carbon dioxide, air, and steam
(¢) Leavened by steam alone.

C. Cakes made with hydrogenated lard
(a) Leavened by air and steam
(b) Leavened by carbon dioxide, air, and steem
(c) Leavened by steam alone,

II. Nature of the study

A. A total of 72 cakes was divided equally among the

nine groups mentioned above, Each day two different

fats were used 1n batters and the resulting baetters
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divided so that one cake wss baked with only the
occluded air and potential steam as leavening sasgents,
one had a baking powder added, and the third had no
additional leavening agent and elso hsd the air re-
moved from the batter by means of a water aspirator
and vacuum cell.

B. Data recorded during the study were room and incu-
bator temperature, batter temperasture before gnd at
end of baking, meringue specific gravity, specific
gravity of each batter, batter line-spread, creamed
volume, cake weight, cske volume, sand index, mols=-
sure absorption, electrical conductivity of batter,
and the scores of five judges scoring crumb, tender-
ness, velvetiness, and eating quality.

ITI. Results
From data taken the pesrcentage leavening by each
leavening gas was computed., Cskes were compared for
effect of fat and of lesvening agents and of their
interaction on batter viscosity, specific gravity,
and electrical conductivity and on cake volume and
palatebility. Statistical analyses were made of the
data.

A, Effect of leavening agent
l., Air-leavened cakes

(2) Usually assumed & position between those of
the other two leavening agents for such data

ag?2



(b)
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(1) specific gravity

(2) batter viscosity

(3) electrical resistance

(4) moisture absorption

(5) sand index

(6 ) cake volume.

Palatability scores compared favorable with
scores of the carbon dioxide series. Cakes

of this series seemed more velvety than others.

2. Addition of baking powder

Be

(a)

(b)

(c)

(a)

Slightly increased the viscosity in o0il and
hydrogenated lard cake batters.

Specific gravity of cake batters was signifil=-
cantly decreased.

Decidedly increased the volume over that of
alr cakes.

Palatabllity scores of carbon dioxide cakes
rankeds 1, butter; 3, oll; 4, hydrogenated
lard. O11l cakes of the asair-leavened series

ranked second.

Removal of air

(a)
(b)
(c)
(a)

Decreased batter viscosity.

Increased batter conductivity.

Increased batter specific gravity.
Prevented appreclable increase in volume of

cake during baking.
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(e) Resulting cake was very unpalatsable.
B. Effect of fats
l. Creaming volume did not consistently perallel
cake volume, and the relationship is influenced
by type of leavening agent.
2+ Viscosity of batter varied with viscosity of fat.
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Table 8., Summary of the Means of Factors Studies,

Butter 0il Hydrogenated lard
Alr COp Steam  Alr COgp Steam  Air COy Steam

% Leaven-
ing 19.8 59.7 80.2 1l.4 50.3 8B.6 25.0 73.1 75.0

Spe gTe .

batter 0.80 0,79 1,03 0.81 0,77 1.03 0,80 0,80 1,02
Sps vOl.

batter 1.25 1le26 0,97 1,23 1.29 0.97 1,25 1l1l.25 0,98
Creaming -

vol. 42.9 23.3 48,5

Resgist~

ance 768 745 5086 717 734 433 742 736 517
Recip- 1.30 1,35 1.98 1639 1,36 2.31 135 1436 1.93
rocal
ILine

spread 0,90 0,93 5,00 4,66 4,00 7.21 0.55 0.51 2.84
Recipro- 1.11 1.08 0.20 0.21 0.25 0,14 1.82 1l.96 0,35
cal vig~

cosity

Cake 388,11 B21l.2 25648 417.5 596,22 256.8 366.8 547.5 291.8
vol.

Cake wt.
loss 19.3 21l.9 24,5 24.6 22.5 18.6 19.8 23,9 22.4

Palata-
bility 81l.0 83,5 6.8 B82.6 82.4 2e1 77.4 82.3 8.7

Moisture
ebsorp= 4,08 7401 0,68 4.83 6,91 0.38 3,43 7.62 0,97
tion

Sahd 0.23 0,37 0,11 0,22 0,34 0,15 0,23 0,35 0.21
test
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Computation Scheme 2

Carbon Dioxide~, Alir-, and Steam-leavened Batters

Specific volume of Batters x weight of batter in pan =

weighed volume of batter.

Measured volume of cake - weighed volume of batter = total

increase in volume at end of baking period.

Total volume increase - total volume increase of air-~ and
steam=-leavened cskes = volume increase due to carbon

dicxide.

Increage due to carbon dioxide x 100 _ .
- = % volume increase due
Total increase in volume to carbon dioxide.

Qarbon Dioxide Evolved

2.6 gms. baking powder evolveds:
2.6 x 14% = 0.364 gms. COg
Specific gravity GO, = 1.5290 (air = 1)

1:529 - 0,238 liters COg = 238 milliliters
0.364 or

Density of COgy at 0° C, 760 mm. = 1.9769 gms. per liter

L9769 - 0,185 liters COgo at standard condltions.

0e364
At 26,5° C
273 - 26.5 . 299.5 . 1,09
273 273

1,09 x 0.185 = 0,201 liters = 201 milliliters.
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SCORE CARD FOR CAKE

Numbers:

Perfect Score

Crumb 30

l. Texture, cell walls
thin and fine,

2¢ Cells rather smell
in size but not too
compacts.

3« Crumb springy and
elastic.

Tenderness 20

Tender, not tough or
gummy e

Velvetiness 20

Silkiness or smoothness
and softness to tactile
sense (finger or palate),

Hating guality 30

This includes sromsa,
flavor, velvetiness and
all qualities that make
cake agreegble or
disagreeable,

100




‘Means of Palatability Scores

Quality "Egggzgt . Butger . . »OilB — EVirogenaged 1ar%
Crumb 30 25.4  24.2 l.2 24.1 24.6 0.0 2l.6 25,0 2.0
Tenderness 20 16.0 17.6 3.4 16,0 17.5 1.50 15.9 16,9 3.7
Velvetiness 20 17.2 17.1 O.92 18,1 16.1 0,10 17,6 17.2 1.5

rating quality 30 24.4 24.6 1.30 24,5 24.4 0,50 22.2 24,2 le4
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Replications of Data

Butter 011 Clix
A B E A B E A B E
Specific 0.806 0.834 1,059 0.820 0,761 1.049 0.815 0,828 1.055
gravity 0.807 0,785 1,017 0.820 0,790 0,979 0.798 0,812 0,961
of batter 0,793 0,785 1.035 0.813 0,764 0,990 0.819 0.821 1.084
0.802 0.799 0,937 0.822 0.759 1,002 0.813 0.807 0.936
0.791 0.784 0,936 0.806 0,766 1.058 0.785 0,803 1,018
0.786 0,772 1,077 0.806 0,741 1,054 0,777 0,796 0,996
0.783 0.792 1.066 0.786 0.750 1.080 0.767 0,773 1,051
_ 0.794 0,785 1,084 0.796 0.762 1.064 0.792 0,795 1,030
Mean 0.795 0.792 1.026 0.808 0,774 1,034 0.795 0.804 1,016
Meringue 0.537 0.552 0.520
specific 0.534 04530 0.520
gravity 0.547 0.526 0.542
0.558 0.526 0.545
0.516 0.531 0,519
0.533 0.527 0.522
04536 0.518 0.539
0.529 0.544 0.526
Mean 0.536 0.531 0.529
Creaming 44,0 23.4 48.,0
volume 43,0 23,7 49,0
43,0 23.0 49,0
42,5 23,0 47 .5
44,0 23.0 49,0
44,0 23,0 48,0
40,0 23 .5 48,5
43,2 23,2 49.0
Kean 23 46
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Butter 0il Clix (
A B E A B 5 A B E
Viscosity 0,60 0.96 4,47 4,25 375 7.45 0.32 O.1%7 2,47
0,77 0,47 4,20 4,40 3455 6575 0,22 0.00 2.00
1.02 C.87 5.02 4,90 4,02 7 .36 0.45 0.45 3.50
0.57 0.50 4,60 5,00 4,47 5475 0.62 0.47 1.77
1,80 1.26 4,25 4,62 4,20 8.40 1.05 0.90 370
0.95 1,07 5,35 4,67 3480 755 0.70 0.80 2432
1.40 1.85 5.62 4,77 4,17 775 0.50 0.85 2,92
Mean 0,90 Qe 93 5.00 4,66 4,00 7.21 0.55 0,51 2.84
‘Resistance 935 765 540 845 820 470 770 760 550
885 861 605 770 793 490 795 720 585
720 706 460 770 790 460 767 790 520
805 805 615 680 713 420 745 775 580
710 750 530 640 650 405 540 650 440
685 890 405 620 745 420 740 727 490
715 725 450 675 860 410 740 735 490
690 725 445 670 670 395 740 8&5 485
Mean 768,1 743.3 508.2 717.5 734,1 433.7 742,1 736,5 B517.5
Lake volume 420 545 250 430 645 245 355 530 310
400 520 305 420 590 290 380 615 310
385 520 255 420 600 290 360 545 220
360 525 310 415 530 230 350 550 330
380 510 290 420 590 236 350 520 290
380 510 205 415 620 230 360 520 320
390 500 230 410 580 245 405 550 280
390 540 210 410 615 290 375 550 275
Mean 388,1 5l14.,5 256,8 417.,5 E£968.,2 256.8 366.,8 565.,0 291.8
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Butter 0il ‘ Clix
A B E A B E A B B
Palatability 79.3  76.0 4.8 84,0 80.2 347 70,0 86.4 3.6
79.4 88,8 5.4 84.2 78.2 3.4 3.8 80.8 19.2
80.2 86.6 1.0 81.8 80.6 1.4 84,0 84.8 1.4
73.0 85,7 3.1 5.2 86.6 1.4 76,0 89.2 1.2
90.8 73.6 6.8 83.4 86.8 2,0 73.2 80.8 12.0
78.5 88,2 2.5 86.2 82.0 2.5 89,4 70.8 14,4
87.6 88,0 2.4 81.6 88.2 2,0 80,0 86.6 4,4
79.6 8l.4 1.6 84.4 TT7.2 1.0 2.4  80.2 3.0
Mean 81.0 83.5 6.8 82.6 82.4 2.1 77.4 82,3 8.7
Moisture 4,00 6,50 0.20 4,95 7,00 0.30 2,95 7.30 0.80
4.55 7.10 0.50 4,70 6.20 0,50 3.80 7.60 1.40
4,70 6,95 0,50 4,35 5.5 0,50 2,70  6.65 0,30
3,20 6.95 1.70 3.66 7.20 0,30 2.55 7,40 1,00
3.25 .20 1.40 4,85 7,25 0,50 3.10 8.35  1.00
3.35 6,80 0,10 5,20 7.00 0,10 2,95 .30 1.50
3.50 7.45 0,60 3,90 7.45 0,80 5,10 8.50 0,90
5,70 7.15 0.50 5.50 7.45 0,30 4,35  7.95 0,90
Mean 4,03 7,01 0,70 4,63 6,91 0.38 3.43 7.62 0,97
sand 0.220 0.330 0.040 0.220 0.355 0,050 0.225 0,415 0,400
0330 0,335 0,120 0.280 0,330 0,130 0,230 0,345 0,190
0.185 0,402 0,110 0,260 0.395 0,410 0.245 0.365 0,270
0.215 0,495 0,190 0.185 0.250 0.140 0.185 0.335 0,180
0.235 0,295 0,140 0,140 0.295 0.010 0.195 0,340 0.150
0.200 0.340 0,120 0.230 0,430 0.150 0.275 0.395 0,230
0.225 0.385 0,130 0.215 0.300 0,150 0,260 0.250 0,140
0.200 0,355 0,040 0.245 0,325 0,070 0.210 0.345 0,070
Mean 0.235 0.370 0.11 0.22 0.34 0.15 0.230 0,350 0.21
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