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INTRODUCTION

Sucrose prices have fisen congiderably during the past several
years. Commercial use of corn syrup, dextrose and high fructose
corn syrup (HFCS) has increased dramatically since 1970, primarily
because corn sweeteners are less expensive than sucrose (Robinson,
1975). The major reason for the incressed usage of corn sweeteners
was the development in 1967 of first-generation HFCS containing
42% fructose, 52% glucose and 6% higher saccharides (Vuilleumier,
1980). Although other functional properties mey differ, HFCS
theoretlcally is equivalent to sucrose in sweetness because it contains
glucose and fructose in a proporticn similsr to that of sucrose.
HFCS has found wide application as a less expensive alternative to
sucrose in food products such as soft drinks, yeast-leavened baked
goods and canned fruits, where the main funetion of the gugar is to
provide sweetness (Inglett, 1981).

One of the most difficult applications of HFCS is in cakes,
because the amount and type of sugar present greastly affect the
flavor, volume, texture and browning of the product. A manufacturer
of HFCS, the Clinton Corn Processing Coampany (1980), has proposed
the replacement of sucrose with HFCS in angel cakes. Substitution
of HFCS for sucrose in angel czkes could result in s reducticn in
ingredient cost,.

No research studies were found concerning the use of HFCS in
angal cakes. This study was undertsken to investigate selccted
physical and sensory characteristics of angel cakes with 25, 50,

75 or 100% of the sucrose replaced with first-generation HFCS.



REVIEW OF LITERATURE

Physical properties of HFCS

A typical first-generation HFCS contains 29% water and 71% solids
congisting of 52% glucose, 42% fructose and 6% higher saccharides
(Vuillewnier, 1980). HFCS has haze-free clarity, a "water-like!
color and ho overriding flevors or odors to mask other ingredients
(Robinson, 1975; Werdrip, 1971). The sugars in HFCS are fully
fermentable (Henry, 1976), but the high osmotic pressure in HFCS
resists microbial growth during storage (Wardrip, 1571).

Second-generation HFCS containing 55 to 90% fructose have been
available since 1976. The major uses of 55% HFCS are in soft drinks,
frozer desserts, jams, jellies and breakfast cereals (Inglett, 1981).
Under gome conditions, a smaller quantity of 90% HFCS then sucrose
can be used to achisve the same sweetness as sucrose, resuiting in
calorie reduction. Uses of 90% HFCS include "light" foods and
beverages, salad dressings, table syrups, wines and low-calorie

frozen yogurts (Inglett, 1981).

Relative sweetness of HFCS

All sugars in solution change in sweetness under varying
conditions of tempersture, pH and concentration (Hedge and Osman,
1976). The relative sweetness of glucose is fairly stable under
varying conditions (Shallenberger and Birch, 1975a). The wider
shifts in sweetness by fructose under comparable conditions have
been attributed to changes in the equilibration of ancmeric forms
and ring isomers (Hodge and Osman, 1976).

HFCS has been reported tc be as sweet or slightly sweeter than



sucrose at 15, 30 and 55% concentrations in distilled water (Wardrip,
1971). However, the sweetness of HF(CS must be assessed in each
application becsuse of the variability in sweetness of the fructose

comporient (Saussele et al., 1976).

Relative sweetness of fructose
Dafructose decreages in sweetness with increasing temperature
at a faster rate than do other reducing sugars, including D=galactose,
D-glucose and I-sorbose (Hedge and Osman, 1976). At 4°C, fructose-
sweetened lemonade was judged sweeter than sucrose-sweetened lemonads
(Hardy et al., 1979). Cardello et al. (197%) compared the relative
sweetness of fructose end sucrose in a lemonade~flavored beverage
(pH 2.35) and at six concentrations ranging from 1.4 to 14.3% in
distilled water at 24°C. Fructose was rated 1.8 to 1.9 times swester
than sucrose at the lowsr sugar concentrations, but that advantage
was lost with increasing sugar concentration. At room temperature,
there was no advantage of fructose over sucrose at any concentration,
No reports were found in the literature of an advantape of
fructose over sucrose as a swestener in baked oroducts containing
a high sugar concentration. Vanilla layer cakes prepared with
gucrose or fructose were rated equal in sweetness, although the
moderately strong venilla flavor of the cakes may have masked
differences in sweetness (Cardello et al., 1979). Sugar cookies
nade with sucrose were rated sweeter (P<0.01) than sugar cookies
made with fructose (Hardy et al., 1979). White cake and vanilla
pudding made with fructose were rated slightly less sweet than the
same products made with sucrose. From sensory work with lemonade,

vanilla pudéing, white cske and sugar cookies, an inverse



relationship between browning and sweetness was suggested in

products containing fructose {(Hardy et al., 1979).

Effect of sugars on whea!t starch gelatinizaticn

Wheat starch is ithe principal ingredient of the crumb and
structure of baked products (Campbell, 1972). Because all sugars
at any concentration railse the gelatinization temperature of starch,
the amount and tyre of sugar in a cake formula have a profound
effect on the volume, grain, texture and crumb of the finlshed cake,
Bean and Yamazaki (1978) found that the major effect of sucrose in
wheat starch-water slurries was to delay the onset of swelling of
starch granules during heating. At a 50% sucrose concentration,
typical of the concentration in shortened cakes, starch granule
swelling was delayed to 85°C, as compared to 60°C when no sucrose was
presents That model system anay explain how starch gelstinization
is delayed during baking until meximum volume is achieved by
leavening action (Bean and Yemazaki, 1978),

Glucose and fructose do not raise the gelatinization temperature
of starch to the same extent as does sucrose. In a study of cake
flour-sugar slurries, 50% concentrations of sucrvse, glucose or
fructose raised the gelatinization temperature of cake flour starch
to 85, 81 or 77°C, respectively (Bean et al., 1978)e In the same
gtudy, plain layer cskes were prepared with sucrose, glucose or
fructose to determine the effects of gelatinization temperaiture
on cake quality. Glucose and fructose cakes had poor volume, flat
contour and coarse grain. Volume and contour were improved if
water in the formula was reduced to 85% of normal in glucose cakes

and to 65% of normal in fructose cakes., The starch gelatinizatien



temperatures of the czkes were: sucrose, 89°C (100% water level);
glucose, 87.5°C (85% water level); fructose, 88.59C (65% water level).
Thus, high-volume, rounded cakes were nroduced using giucose or
fructose if the water content was adjusted to obtain a sugar sclution
concentration that induced a sterch gelatinization temperature

similar to that induced by sucrose.

Replacement of sucrose with HFCS in shortened cakes

Thempson et al. (1980) studied the flavor acceptance and
taste perception of butter cakes prepared with sucrose, fructose,
glucose, equal parts fructose and glucose, or HFCS. A sensory
panel scored the flavor of the crusts of all cakes as delicately
sweet and caramelized; however, scme panhelists detected a sharp
but aceeptable flavor in the crusts of the monosaccharide and HFGS
cakes, The flavor of the crumb of the HFCS cakes was asg acceptabls
as that of the sucrose cakes., Volpe and Heres (1976) noted an
undesirable sourness in the crumb of white layer cakes in which 60%
of the sucrose was replaced with HFGCS. They attributed the sour
flavor to the high-acid leavening gystem used to prevent excessive
exterior browning, and they believed that the scurness mighit be
magked by a flavoring system different from the vanills that was used.

Fructose and glucose, as redueing sugars, participate readily
in aldose-amine nonenzymatic browning reacticns (Hodge and Osman,
1976). Koepsel and Hoseney (1980) found that layer cakes made with
FFCS had excessive browning, which was minimized in white layer cakes
having 60% of the sucrose reploced with HFCS by e leavening system
that acidifiecd the cake batter to below pH 6.0. At the lowered pH,

Haillerd browning was reduced to an acceptable level,



Thompson et al. {1980) reported that available lysine in
crust and crumb of HFCS butter cakes indicated both the ocecurrence
and intensity of the Maillard reaction. A& deecrease in available
lysine in erust and crumb was accompanied by an ineresase in crust
browning and development of yellowish or greenish colors in the
interior of the cake., No correlstion occurred between available
lysine and acceptability of flavor,

Thompson et al. (1980) also reported that although volume of
butter cakes with HFCS was lower than that of sucrose cakes, the
cakes were equal in tenderness. Koepsel and Hoseney (1980) found
that replacement of 100% of the sucrose in higheratio white layer
cakes resulted in greatly decreased volume and open grain,

In glucose cakes they observed that reductions of up to 30% of
the formula water improved veolume and grain, but cake contours
were flat and crusts were wet. White layer cakes in which 60%
of the sucrose was replaced with HFCS had slightly greater volume

than 100% sucrose cakes (Volpe and Meres, 1976).

Angel cake

Angel cake 1s one of the simplest cake formulas. A typical
formila consists of 42% each of egg white and sugar, 15% flour,
and minor amounts (less than 1%) of cream of tartar, salt and
flavorings (Pyler, 1973). Mixing the cake involves meking an
egg white foam and then carefully folding in the other ingredients,
When the froam is subjected to heat, the alr trapped within the
bubbles of the foam expends, increasing the volume of the foam,
The structure and volume of the cske are set when gas release and

bubble expansion cease during heating as starch gelatinizes and



proteins coagnlate (iizukoshi et al., 1980).

A primary functicn of sucrese in angel cake is to raise the
gelatinization temperature range of starch and the denaturation
temperature range of protein, so that gelatinization of starch
occurs similteneously with denaturation of the protein in the egg
white and flour (Donovan, 1977). Flour in angel cake acts as a binder,
provides starch that gelatinizes during baking and supplements egg
protein in forming the structure of the ceke (Palmer, 1972).

The important role of starch in the thermal setting of cake
batter is well recognized (iiller and Trimbo, 1965; Hoseney et al.,
1978; lineback and Wongsrikasen, 1920; Mizukoshi et al., 1980).
Several studies have shown the degree of starch gelatinization is
greater in angel cake than in shortened cakes. Starch gelatinization
in angel ceke 1ls nearly complete at the end of baking, whether
measured as loss of birefringence, enzymatically or by examining
scanning elactron micrographs (Hoseney et al., 1977; Hoseney et al.,
1978; Lineback and Wongsrikasen, 1980). Hoseney et al. (1978)
suggested that the starch in angel cake undergoes the greatest
change of all preducts they investigated because of the high molsture
content present during baking.

Acid is necessarv to adjust the pH of the egz white in angel
cake for foam stability (Barmore, 1934; Bernard et al., 1948;
Seideman et al,, 1963; Palmer, 1972). Barmore (1934) found that
increased foam stability allowed heat to penetrate the foam and
coagilate the proteins before the foam ccllapsed, thus preventing
shrinkage of the cake during the last stage ol baking and during

cooling. Grewe and Child (1930) revorted that angel cakes made



with potassium acid tartrate were white and fine-grasined, whereas
angel cakes without the acid were yellow and coarse-grained.

Hore receantly, monocaleium phosphate monohydrate was used because
it performed the same functions as potassium aeld tarirate, but
resulted in a more plastic foam permitting less destruction during
folding in of flour (Kissell and Bean, 1978).

Sodiuvm lauryl sulfate (SLS) is an anionic surfactant which
improves the foaming of egg white. Electrophoretic studies showed
that SLS complexes with lysozyme in addition to lowering surface
energy (Gardner, 1960). The addition of small quantities of SLS

to egg whites used in meking angel cake resulted in increased volume.
MATERIALS AID METHCDS

Ingredients and formula

The AACC ilethod 10-95 for tésting balking quality of angel cake
flour (Kissell and Bean, 1978) was modified by the addition of
clear imitatlon vanilla flavering:; HFCS was used to replace 25, 5C,
75 or 100% of the sucrose (Table 1}. In the cakes containing HFCS,
the 71% sugar solids content of the HFCS was included in the sugar
golids totel, and the 29% water content of the EFCS was subtracted
from the formula weter; thus, all cszkes contained 314 g sugar solids

and 295 ml wzter,

Mixing procedure

In the AACC Method 10-95 for angel cake (Kissell and Bean, 1978},
recongtituted egg albumen is whipped with a sifted mixture of acid
salt, sodium chloride and half the sucrose to a specific gravity

of 0.14 to 0,13 The remsining sucrose is gifted with the flour



Table 1 -~ Formilas for angel cakes at five HFCS levels

Percentage of HFCS

Ingredient 0] 25 50 75 100
Bleached cake flour®, g 110 110 110 110 110
Dried egg albuaen®, g 40 40 40 40 40
Acid salt®, g 145 15 145 1.5 1.5
Sedium ehloride, g 3.0 3.0 3.0 3.0 3.0
Clear imitation vanilla

flavoring, ml Fe5 1.5 75 7.5 7.5

Extra fine granulated sucrosed, g 314 236 157 79 s

HFCS®, g — 111 222 333 444

Distilled water, ml 295 263 231 199 167

gSoftasilk, General Mills
Type P=-20, Henningsen; includes aprroximately 0.1% sodium lauryl
sulfate added to dried egg solids by processor
®Monocaleium phosphate monohydrate, Regent 12XXX, Stauffer Chemical
C & H, Californian and Hawailan
®Isomerose 100, Clinton Corn Processing; containg 42% fructose,
52% glucose and 6% higher saccharides
and folded into the egg white foam. In preliminary work, cakes
prepared by this method had optimum volume and grain at a specifie
gravity of 0.15 + 0.01 for the egg white foam,

In this study, one modification of the AACC Method 10-95
was made because HFCS was used, Acid salt, sodium chleride,
flavoring and all suger (sucrose and/or HFCS) were whipped with
the reconstituted egg albumen., The specific gravity of the foam
was adjusted to 0.19 + C.01 because all formula sugar was added

to the foam (Appendix, p. 67). In preliminary work, cakes in

which O or 20% of the sucrose was replaced with HFCS and that
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were prepared by this method were not noticeably different in

observed quality cheracteristics from cakes prepared by the

AACC Method 10-95.

The preparstion procedure used for test cakes i1s as follows:

1. Approximately 18 hours before baking, add A0 g dried epg
albumen to 167 ml distilled weter in 5-quart stainless steel
mixer bowl of KitchenAid mixer (model K5-A, Hobart Co., Troy, OH).
Mix with whip at Speed 1 (60 rpm) for five minutes, stopping
twice to scrape bowl and whip, Transfer product to a covered
glass container and store at 2°C until needed,

2. VWhen ready to bake cake, place reconstituted egg =2lbumen in
5-quart mixer bowl., DBring albumen to 24°C.

3. Add remasining formula water, if any; sucrose and/or HFCS;
acid salt; sodium chloride and flavoring. Mix at Speed 1
for one minute.

4e At Speed 6 (180 rpm), whip to specific gravity of
.19 + 0.01.

5. At Speed 1, gradually add flour over a 20-second period,
Remove bowl and whip from mixer. Fold in residual flour by
dipping whip into batter and bringing up side of bowl.

Rotate bowl one-quarter turn. Repeat for 10 folds.

6. Transfer 650 g batter to a 10" aluminum tube pan with removable
bottom using a rubber spatula. Eliminate large air veilds by
pulling metal spatula through batter,

7. Bake for 35 minutes at 190°C in the center of the lower oven
of household type double oven range (model RFESG50PW, Whirlpool

Corp., Benton Harbor, MI).
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8. Invert cake on center tube for cooling; after one hour, ring
with metal spatula and tap cake out of nan,

9. Place cake upright on cardboard cake circle and place in a
plastic bag. Fold open side of the bag several times and
tape shut, Store cake at ambient temperature (22 to 26°C)

until used for further evaluation,

Physical measurements

Foam and batter specific gravity were determined by the method
outlined by Kissell and Bean (1978). Beating time was recorded for
sach foam. Better pH was read directly from an approximately 10 g
sample using a pH meter (model 5998-10, Horizon Ecology Co.,
Chicago, IL).

An estimate of volume was determined immediately after the
cakes were taken out of the pan using the method described by
Xigsell and Bean (1978), Avpendix, p. 68. Immediztely after the
cakes were taken out of the van, the investigator recorded
descriptive statements of symmetry including smoothness of side
and bottom crusts, presence of cracks in the top crust and presence
of "dips" or other irreguwlarities in the top surfaces of the cakes.

The sampling diagram for other rhysical measurements is shown
in Figure 7, Avpendix, p. 65. Percentage moisture in the cake interior
was determined from 10 g semples of crumbs dried in a Brabender
Semi-Automatic Rapld Moisture Tester (C. W. Erabender Instruments,
Inc., South Hackensack, NJ) for two hours at 120°C. Two samples
per cake were taken and means Tecorded.

Crust and crumb color were evaluated using a Hunterlab

Svectrochotometer (model D54, Hunter Associstes Laboratory, Inc.,
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Restcn, VA). AL x4 % 1.5cn sanple of the crumb or a 4 x 4 x 1.5cn
sample including too crust was placed in an optically clear cup,

6 cm in diameter. Three readings per sample of L (lightness),

a (redness) and b (yellowness) were taken. The cup was rotated

90° after each reading, and the means of three readings recorded.

An Instron Universal Testing Machine (IUTM) (model 1122, Imstron
Corp., Canton, MA) was used to evaluate firmness and elasticity of
the cake crumb. The 50-cm? compression anvil model A372-17 was used
with the 500 kg load cell (Figure 1). Three 2.5-cm cubes taken from
the midsection of each cake were compressed to 1.0 cm using a 0.2 kg
load. Two force curves were recorded using crosshead and chart
speeds of 200 mm/min. The peak height of the first curve, converted
to kg units, represented the registance of the crumb to compression,
or firmness. The distance (in em) to the peak of the second curve
expreased as a ratio of the distance to the peak of the first curve
was an indication of elasticity of the crumb (Neukom and Rutz, 1980).
A diagram of typlcal compression curves is shown in Figure 2.

An extra series of cakes was baked for photography. After
photegranhy, those cakes were tested for firmness using the IUTHA
on days one, three and five after baking., Three readings per cake
were teken and means recorded. With the exceptlon of IUTH
measurements on days three and five, all physicel measurements

were completed within 24 hours of beking.

Sensory evaluatien
Sensory evaluation of angel cakes was ccampleted within 22 hours
of baking by a 10-member panel of faculty and graduaste students

from the Department of Foods and Nutrition and graduate students
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Pig. 1 = Instron Universal Testing Machine
A, 50 e compression anvil

B. 2.5 GmB ﬂngel cake Sample
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Fig. 2 = Typical compression curves obtained from
the IUMM for determining firmness and
elasticity of angel cake

firmness = C

elasticity = B/A x 100
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from the Departnent of Grain Science. During two preliminary
geasions, the panel evaluated three samples for tenderness, molsiness,
sweetness, thickness of cell walls, grain, crust color and crumb color.
The three samples were O and 100% HFCS cakes and a commercial angel
cake, Five-point category scales were provided for each characteristic,
and panelists were instructed to use whole numbers only. After the
vreliminery sessions, some of the sceles were modified to better
reflect the panel's perception of the calesg. The score sheet used
in the main study is shown in Figure 8, Appendix, p. 66,

After preliminary sessions, the most frequently glven score
(mode score) for each characteristic of each treatment was determined.
Panelists were ranked according to the number of mode scores they
recorded, Panel I congisted of those five panelists whe most
frequently recorded mode scores, and Panel II consisted of those
five panelists who least frequently recorded mode scores. The
panelists were not aware of their assignment to Panel I or Panel II,
and they were not treated differently in any way because of their
designation. The designations Panel I and Panel II were used only
in statistical analyses to detect vpossible differences between the
panals' evaluations,

Samples from each of the five treatments were evaluated by
each panelist during each session of the main study. The sampling
diagram is shcwn in Figure 7, Appendix, p. 65, Samrles (4 x 4 x 1.5 ecm)
from the midsection of the cakes were placed on white plates and
evalusted for tenderness, molstness and sweetness under red light
to eliminate possible color influences, Crumb eolor, grain and
thickness of cell wallg were evalusted under a Super Skylight

(Macbeth Daylighting Corp., Newburgh, NY) on daylight setting using
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gimilar samples displayed on white plates. Crust color was evaluated
under the Super Skylight using 4 x 4 x 1.5-cm saanles including a
L x 4~cm section of top crust.

Random codes were assigned to sampleg so that codes for samples
eveluated for tenderness, mcistness and sweetness were different from
codes for samples evalusted for crust cclor, which were in turn
different from codes assigned to samples evaluated for crumb color,
grain and cell wall thickness., The random codes for each replication
and treatment were chosen from Roscoe (1975) and are listed in

Table 7, Appendix, p. 53.

Experimental design and anslvses of data

Anglysis of wvariance for a randomized complete bleock design
(Snedecor and Cochran, 1967) was used to study treatment effects
of HFCS on selected phvsical and sensory characteristics of the
angel cakes. Data for physical measurements from five replications
and sensory characteristics from four replications were analyzed,
Sengory data Trom Fanel I and Panel II were compared to determine
posaible differences between the panels' evaluations. Least square
neens wers compared to determine treatment effects. When F-values
were gigniflcant for sensory data, least significsnt differences were
calculated at the 5% level to determine significance of differences
between means. ILinear correlation coefficients were caleculated
overall and within eszch treatment for four replicaticns of physical
end sensorr data.

The analysis of variance (AOV) for physical measurement data was:

Source of wariation df

Trestments 4



Replications 3
Error 16
Total 23

The AOV for sensory cheracteristic data was:

Source of variation af
Treatments 4
Revlicationg 3
Error (Trestment x Revlications) 12
Panel Type 3
Treatments x Panel Type L
Error (Panelists within Panel Type) _8

Total 32
RESULTS AND DISCUSSION

Physical measurements

Data for differences among cakes masde with 0, 25, 50, 75
or 100% HFCS were analyzed by AOV. Fevalues and levels of
signifieance for physical measurements are shown in Table 2.
When F-values indicated significant differences among treatments,
probabilities of greater F-values were calculated to determine
gignificant differences between specific means (Table 3).

Beating time and foam specific gravity. As egg white is whipped,

stiffness and volume of the foam inerecse and specific gravity decreases
as air is incorporated into the foam (Palmer, 1972). Foams containing
50, 75 or 100% HF(CS were beaten a shorter time (P<0.001) than foams
containing O or 25% HFCS before reaching the desired specific gravity

range (Table 3). Foams containing O or 25% HFCS were beaten
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Table 2 = F-valucg from AOV for physical measurements of angel cakes
mede with five levels of HFCS

Physical measurement Treatment Replication
df=4 df=4
Beating time 76 G5% 2.07
Specific gravity
Foam Lo TiH 4o 2%
Batter 5 ¢ 54,3 % (YA
Estimate of volume 65,134 %% by 224
Batter pH 1.40 2.10
Percentage moisture 1.74 2.07
Hunterlab values
Crust
L 37, 66%H 2.27
a 2L o 43 1% 1453
b 10, G4 % 3,60%
Crumb
L 231 2e2
a 2.18 0.75
b 123, 55%%# 2.93
Instron values
Flasticity 1.21 1.17
Firmness 7 T2 2.06

¥, P<0,05; **, P <0.01;

###t, P <0,001
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approximately 180 seconds, frams containing 50 or 75% HFCS
approximately 125 seconds and foams with 100% HFCS approximately
55 seconds. Despite less beating time, foams containing 50, 75
or 100% HFCS had slightly but significantly (P<0.05) lower
specific gravities than O or 25% HFCS foans.

Differences (P<0.0%) occurred among foam specific gravities
because of HFCS (Table 3). Those differences may have little
practical importance, because the range of means (0.180 to 0.193)
was narrow and within the desired range of 0,19 + 0.01. In general,
the higher the level of HFCS, the lower the foam svecific gravity
(foams with 0% HFCS had a mean specific gravity of 0,191, and
100% HFCS foams had a mean specific gravity of 0.180).

Although mean specifiec gravities wers lower, foams containing
any level of HFCS were less "stiff" than foams containing only
sucrose. Sucrose foams held a stiff, slightly bending peak at a
specific gravity of approximately 0.19 (Figure 2); foams containing
BFCS only barely mounded at e specific gravity of approximately
0.18 (Figure 3). Foams containing 25% HFCS were similer in
appearance to sucrose-containing foams. Feams with 50 or 75%

BFCS had peak stiffhess charscteristics intermediate to the O and
100% HFCS foams, Because egg white stiffens with increased beating
time (Palmer, 1972), the differences in peak stiffness between O
and 100% HFCS foams could be attributable to differences in beating
time, although specific gravities were comparable. Whether or not
decreased stiffness of foams conteining HFCS indicated less air
incorporated into the foams is not knewm.

Batter smpmecific gravity, Batters containing 100% HFCS had







Fig, 2 - Typicsl peak formed by all sucrose egg white foam (specific gravity = 0.193)}
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Fig. 3 - Typical peak formed by all EFCS egg white foam (specific gravity = 0.183)
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a higher (P< 0,01) mean specific gravity than any of the other batters.
Although HFCS egg white fopams had lower mean specific gravities than
sucrose egg white fcams before flour was fplded in, batters containing
any smount of HFCS had higher mean specific gravities than batters
containing only sucrose. Those results suggest that foams containing
HFCS are less able to retain air than sucrose foams as flour is

folded in during the last stage of the mixing process. The differences
(P<0,01) among replications mey be attributed to human imprecision
and/or the lesser ability of foams containing higher levels of HFCS

to withstand mechanical handling,

Estimate of volume, There was no significant difference between
the mean wvolume estimates for O and 25% HFCS cakes (Table 3). The
mean volume estimates for 50, 75 and 100% HFCS cakes were lower
(P<0,001) than those for O and 25% HFCS cakes, and were different
(P<0,05) from each other. The higher the level of HFCS, the lower
the estingted wolume. The lower velume of cakes containing HFCS
couwld be affected by premature starch gelatinization caused by the
monosaccherides in HFCS (Bean et al., 1978; Koepsel and Hoseney, 1980)
or by decreased stiffness of foams centaining HFCS (Palmer, 1972).

Batter pH. The msan batter pH walues for the five cakes were

not significantly different (Table 2). The mean range of batter pH
vas from 5.35 to 5.42 (Table 3), well within the optimum renge of
5.0 to 6.5 recommended by Pyler (1973) for angel cake.

Percentage moisture, Thompson et al, (1980) reported that

layer cskes made with HFCS were moister than sucrose cskes. In
this study, mean percentage moisture readings from the five treatments
were not significantly different (Table 2). Those resulis do not

agree with the sugzestion made by Henry (1976) and Saussele et al,
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(1976) that HFCS may contribute to moisture retention in baked
products to a greater extent than does sucrose.

Crust color, Orust color was affected greatly (P<0,001)
by the replacement of sucrese with HFCS (Table 2). In general,
as the HFCS incressed, the crust color became darker, more red and
less yellow, as measured by the Hunterlab Svectrovhotometer (Teble 3).
Those results agree with previous studieg in which the substitution
of HFCS for sucrose in layer cakes resulted in much browner exteriors
(Koepsel and Hoseney, 1980; Thomoson et al., 1980). The bevalues
(yellowness) for 25, 50 and 75% HFCS cskes were not significantly
different, whereas b-values for O and 100% HFCS cakes were different
(P<0.001) from each other and from all other treatments (P<0.05).
The cruste of the 0% HFCS cakes were rellower {P< 0.01) than the
crusts of all other cekes. The crusts of 100% KFCS cakes were darker
(P<0.05) and less yellow (P<0,05) than all other cekes. Crust
a~values (redness) were not significantly different for O and 25%
HFCS cakes, Crust a-values for 50, 75 and 100% HFCS cakes were
different (P<0,05) from esch other and from those of O and 25%
HFCS cakes.

Crumb color. Crumb I-vaiues (lightness) and a-vaiues (greenness)
Wwere not significantly different at any HFCS level (Table 2). Crumb
b-values (yellowness) were different (P<0,05) at each HFCS level
(Table 3). 4As the level of HFCS increased, the b~values increased,
indicating a yellower crumb at the higher EFCS levels. Those results
agree with results of shortened cakes in which the use of HFCS caused
the development of uncharacteristic yellowish or greenish interior
colors attributed to idaillard reactions (Thompson, 1980; Volpe and

Meres, "976).,
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Flagticity and firmess., There were no significant differences

in elasticity among the five treatments (Table 2). Firmness
measurements (kg force) were not significantly different for 0

and 25% HFCS cakes (Table 3). TFirmness measurements for 50, 75

and 100% HFCS cakes were not significantly different from each other,
but were higher (P<0.05) than those for 0 and 25% KFCS cakes.

The increased firmness measurements of 50, 75 and 100% HFCS cakes
possibly could be attributed to the decreased stiffness of the foams.

Chenges in firmness over time, In a brief study, firmness

measuremsnts were recorded for one gseries of cakes on days ons,
three and five after baking. Because of mechanical failure of the
IUTM, data for 75% HFCS cakes are not reported. Results from 0, 25
50 and 100% HFCS cakes suggest that angel cakes made entirely with
HFCS became firmer at a faster rate than did other cskes (Figure 4).
Cakes with O and 100% HFCS had greater increases in firmness bstween
days one and three than between days three and five; 25 and 50%
cakes had greater increases between days three and five than between
days one and three,

Surface symmetry. The bottom crusts of all cakes were smooth.

The side crusts of 75 and 100% HFCS cekes were occasionally ragged
because those cakes tended to stick to the pan., The %top crusts of

the 0 and 25% HFCS cakes alweys had pronounced cracks and splits

that are characteristic of angel cake. Cracks were less apparent

or not present in the surfaces of 50, 75 and 100% HFCS cakes (Figure 5).
The top surfaces of O and 25% HFCS cakes tended to be even, whereas

the top surfaces of 50, 75 and 100% EFCS cakes frequently had one

or two small, shallow "ding,"
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Fig. 4 - Changes in firmness of 0, 25, 50 and 100% HFCS
cakes as a function of time

TRT 1, 0% HFCS
TRT 2, 25% HFCS
TRT 3, 50% HFCS

TRT 4, 100% HFCS
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Fig. 5 = Top surfaces of ansel cakes at five HFCS levels
0, 0% HFCS
25, 25% HFCS
50, 50% HFCS
75, 75% HFCS

100, 100% HFCS
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Sensorr evaluation

Statistical analyses comparing tie sensory data of Panel I
and Panel II showsd there were no significant differences between
the panels' scores for any sensory characteristic (Table &,
Appendix, p. 54). Therefore, data from all ten panelists were
pooled and analyzed by AOV (Table 4).

Tenderness. Mean tenderness scores were not significantly
different for O and 25% HFCS cakes or for 25 and 50% HFCS cakes
(Table 5). liean tenderness scores for 50, 75 and 100% HFCS cakes
were not significaently different from each other, but were lower
(P<0,05) than those for 0 and 25% HFCS cakes. Those results are
in general agreement with firmness values obtained with the IUTH
in whieh 50, 75 and 100% EFCS cakes were firmer (P<0,05) than
0 and 25% HFC3 cakes (Table 3).

Moigtnegs. There were no significant differences smong moistness
scores (Table 4). That agrees with percentage moisture measurements,
among which no significsant differences were found (Table 2).

Resuwlts from this study differ from findings by Thompson et al.
(1974), in which frozen end thawed leyer cakes made with HFCS were
Judged moister than sucrose cekes,

Sweetness, OCakes with 25% HFCS had the hicghest mean sweetness
scores, but thelr scores were not significently higher than those
for 0% HFCS cakes (Table 5). llean sweetness scores for O and 75%
HFCS cakes were not significantly different. The 50 and 100% HFCS
cakes weres not sipgnificantly different from each other in sweetness,
but were less sweet (P< 0.05) than all other cakes.

Durdng preliminary sessions, some panellsts detected a slight
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Table / = F-values from ACV of sensory scores for salected character
isties of angel cakes made with five levels of HFCS

Sensory characteristic Treztment Replication
df=s, df=3
Tenderness S5.11% 0.55
Moistnass 2.09 _ 1.90
Sweetness 11611508 1.89
Grain Jud 3™ 0,18
Cell walls B 2.96
Crumb color 85, 66%%H 2.40
Crust color 86, TOM## 0. 59

#, P €0,05; ##%, P <0,001
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bitterness in some cakes. The sweetness scale was modified to
include the bitter taste (Figure &, Appendix, p. ©6). During the
main study, six of ten panelists recorded sweetness scores of
1 or 2 on at least one occasion, indicating they detected bitterness
in gome cakes, Four of ten panelists recorded scores of 3, 4 or 5
for all cakes, indicating that they did not detect bitterness.
Those four panelists (40%) may reflect the insensitivity to bitter
taste oceurring in 28 to 40% of Caucasian Americans when tasting
solutions of phenylthiocarbamate (Amerine et al., 1965). Consequently,
the lower mean sweetness scores for cakes contalning 50% or greater
levels of HFCS may not reflect the full extent of the bitternsss present.
Desirable and undesirable flavor compounds can be preduced by
caramelization of sugars or by other ingredients of czke as well as
by aldogse-amine reactions (Hodge and Osman, 1976). lMonosaccharides
such as glucose and fructose in HFCS undergec those reactions more
readily than does sucrose because they are reducing sugars (Hodge
and Osmen, 1976). Data for 50, 75 and 100% HFGS cakes suggest that
sweetness decreases and bitterness increases if HFCS replaces 50%
or more of the sucrose in angel cakes, A different reaction
may have occurred in the 25% HFCS cakes, which received the highest
mean sweetness scores. Some glucose syrups, when mixed with sucross
syrup, give greater sweetness than predicted from the separate
sweetnesses of the component sugars (Hodge and Osman, 1976).

Grain and cell walls, Mean scores for grein were higher (P< 0,05)

for 25 and 50% ecakes than for all other treatments (Table 5). The
higher the mean scores, the smaller the cells and the more uniform

the grain (Figure 8, Appendix, p. 66). Cakes with O and 100% HFCS
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were neot significantly different in grain from each other, but
received lower (P< 0,05) scores than did 25 or 50% EFCS cakes,
Mean grain scores for 75% HFCS cakes were intermediate and not
slgnificantly different from the nean scores for any other treatment,
Those results agree with studies of shortened cakes in which 60 or
100% repnlacement of sucrose with HFCS resulted in cakes with an
acceptable grain which was similar to that of sucrose (Volpe and
Meres, 1976; Thompsen et al., 1974). In contrest, Koepsel and
Hoseney (1980) found HFCS high-ratio white layer cakes had open grain.
Typical slices illustrating grain at each HFGCS level are shown in
Figure 6.

There were noaignificant dJifferences among scores for cell
well thickness (Table 4). Several vanelists indicated cell wall
thickness was difficult to evaluate without magnification under
the conditions of this study.

Crumb _color, Mean scores for crumb color decreased (P<0.05)
as the level of HFGY increased (Table 5). Mean scores for the crumb
of 0 ard 25% HFCS cakes indicated that they appeared white; the crumb
of 50% EFCS cakes was judged off white, and that of 75 and 100% HFCS
cakes was judged creamy (Table 5). Fanel scores for crumb color
agree with b-values measured by the Hunterlat Spectrophotometer,
which indicated a yellower crumb (P<0.05) as the level of HFCS
increased,

Redueing monosaccharides such as glucese and fructose in HFGCS
participate in nonenzymatic browning reacticns more readily than
does sucrose (Shallenberger and Birch, 1975b). Volpe and lieres (1976)

prevented yellowing o the crumb in high-ratio white layer cakes
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Fig. 6 - Typical slices from angel cakes made with five levels of HFCS
0, 0% HFCs
25, 25% HFCS
50, 50% HFCS
75, 75% HFGS

100, 100% EFCS
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corntaining 60% HFCS by using a higheacid leavening system that
resulted in a cake batter pH of 6.3. The crumb celor of the HFCS-
conteining cakes made with high-acid leavening was not gignificantly
different from the crumb eoclor of sucrose cakes., At pH 6.3, laillard
browning reactions were minimized. The mean pH of angel cake batters
in this study ranged from 5.35 to 5.42 (Table 3). At that pH range,
Halllard browning reactlons are not as prcminent as caramelization
(Shallenberger and Bireh, 1975b). The off white or creamy color
observed in 50, 75 and 100% HFCS cakes may be attributable more to
caramelization than tc Maillard browning reactions.

Crust color, !Mean scores for crust color decreased (P<0,05)
a8 the level of HFCS increased (Table 5). The crusts of 0% HFCS
cakes were scored light yellowish brown; crusts of 25, 50 and 75%
HFCS cakes were scored golden brown, and those of 100% HFCS cakes
were scored dark golden brown (Table 5)., Panel scores agree with
Hunterlab L (lightness), a (redness) and b (yellowness) values,
which indicated that ths crust of cakes became darker, redder and
less yellow as the level of EFCS increased (Table 3).

Excessive exterior browning in HFCS-containing cakes has been
attributed to Maillard browning reactions of monosaccharides
(Koepsel and Heseney, 1980; Thompscn et al., 1980). The low pH
of cake batters in this study may have favored crust caramelization

rather than lHaillerd browning in cakes containing HFCS.

Correlation coefficients
8hirdell (1964) stated that & correlation between 0,39 and
0,280 was moderate, The correlation between wolume and firmness

was moderately negative (F<0,05), as was the correlation between
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Table 6 - Correlation coefficients for selected physical vs physieal,
physical vs gensory and sensory vs sensory data for angel cskes at
five HFCS levels

Percentage of HFCS

all
Variates treatments O 25 50 75 100
df=182 d =20

Volume va firmness =0, T4H =0,40 =014  =0.25 0.01 =0,68
Firmness vs tenderness

scores =067 =0, 31 w(,16 «w0,85 =0,33 0,59
Volums vs tenderness

sCores 0-79* 0047 0045 Ol 53 -0052 0188
Crust L-values vs crust

color scores 0.92% 0.18 -0, 6 0.01 0,52 0.93
Crumb I=values vs crumb

color secores Q. 51% 0.71 -0,09 010 =0,07 0,974
Crumb b=values vs crumb

color scores -{,93# 0.85 =0,27 =0.02 013  =0,16
Tenderness scores vs

molstness scores 0,4 54% 0,71 0.39 0.24 054 072

Crust color scores vs
crumb color scores 0,654 =-0,02 -0,17 =0.21 O3 0,23

Quidils

#, P<0.05;
= 0,950

7

r

tenderness scores and firmness (P<f0.0S), Table 6. The correlation
between tenderness and volume was moderately positive (P< 0,05),

These results agree with previous studies indicating higher wvolume
angel cakes are more tender thien angel cakes of lower volume (Palmer,
1972; Franks et al., 1969). OCrust L-values (lightness) and crumb
L~values were correlated to their respective sensory scores (FP<0.05).

Generally, b-values were negativelr correlasted to crumb color gscores,



indiecating cakes with greater yellowness scores tended to bs
judged mors yellow. The correlation between crust coler scores
and erumb color scores was moderately positive (P< 0.05),
indicating cekes with darker extericrs had more yellow interiors.
The correlation between ftenderness scores and moistness scores
was moderately positive (P<0.05), and in agreement with findings

by Franks et al. (1909).

Cost of ingredients

A cost comparison of angel cakes made with sucrose or EF(CS is
shown in Table 15, Appendix, p. 63, Using February, 1981 wholesale
prices, a 25 to 100% repnlacement of sucrose with HFGS could result

in a 4.5 to 18% reduction in ingredient cost of angel cakes.
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SHMARY

HFCS was used to replace 25, 50, 75 or 100% of the sucrose in
angel cakes. Less water was used in cakesg containing HFGR so that
all cakes contained 314 g sugar solids and 295 ml water, Acid s=alt,
salt, flavoring, reconstituted albumen and all sugsr (sucrose and/or
HFCS) were beaten to a specific gravity of 0.19 + 0.01 befere flour
was folded in.

Physical measurements, completed before or within 24 hours of
baking, were: beating time; foan specific gravity; batter specific
gravity; batler pH; estimete of volume; percentage molsture;
elasticity; firmness; and, for crust and erumb, Hunterlab L (lightness),
a (redness) and b (yellowness). Sensory evaluation of tenderness,
meistness, sweetness, grain, cell wall thickness, crust color and
crumb color was completed within 22 hours of baking.,

Data were analyzed by AOV. ‘Vhen F-values indicated signilficant
differences, least significant differences among msans were calculated
for sensory data.

Replacement of gucrose with EFCS resulted in no significant
differences among treatments in batter pH, percentage moisture,
crumb I~-values and a=values, elasticlty, moistness scores and cell
wall thickness scores. Foams containing HFCS were beaten a shortsr
tine, were less stlff and had slightly lower specific gravities than
sucroge {oams. Cakes containing HFCS had significantly darker crusts
and yellover interiors than all sucrose cakes. Cakes contalning
25, 50 or 75% HFCS had more uniform grain than did O or 100% HFCS

cakes, Cakes contalning 50, 75 or 100% HFCS had greatly
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decreased volune, were less sweet, less tender, had fewer cracks
and more "dips" in the top surfaces than O or 25% HFCS czkes,

HPCS at the 25% level did not greatly affect any physical
measurement or sensory characteristic studied. Cakes containing
25% HFCS were slightly sweeter, slightly more uniforn in grain,
had more golden crusts and slightly less white crumb than sucrose
cakes. All other physical and sensory characteristics of 25% HFCS

cakes were not gignificantly different from those of sucrose cszkes,
CONCLUSIONS

Under the conditions of this study, it was concluded that:

1) Egg white foams containing HFCS are less stiff than egg
white foams conteining only sucrose at comparable specific gravities,

2) Replacement with BFCS of 50, 75 or 100% of sucrose in angel
cake results in foams with lower specific gravitiess; decreased foam
beating time: decreased volume of cakes; browner crusts; yellower
crumb; flrmer texture; and decreased sweetness,

3) Replacement with HFCS of 25% of the sucrose in angel cakes
does not greatly effect the physical measurements or sensory
characteristics studied, and may result in savings in cost of

ingredients,
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Table 7 - Pandom codes for sensory evaluation

Tenderness, Crumb color,
moistness, grain, Crust
Replication Treatnent® sweetness cell walls coloer

1 0 420 825 520
25 982 318 473

50 249 764 179

75 399 635 603

100 202 138 344

2 0 112 038 877
25 789 485 116

50 249 652 422

] 364 753 608

100 500 316 268

3 Q 576 751 374
25 067 553 79

50 £a1 019 L00

5 724 498 814

100 195 642 308

4, 0 941 262 N7
25 461 844 158

50 Téd 648 878

75 a72 44 585

100 622 598 361

80, 0% HFCS; 25, 25% HFCS; 50, 50%

HFCS

EFC8; 75, 75% HFCS; 100, 100%
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Table 8 - Meanz and F-values for nonsignificant panel x vanel-type
interacticns

Mean scores

Sensory characteristic Treatment Panel I Panel IT F—value
Tenderness@ 1.32
0 440 Le28
25 3.80 4e11
50 3.05 3456
75 2.95 3.11
100 3.00 3.39
MoistnessP 0.18
0 3.95 4490
25 3.65 3.83
50 3.25 3.33
75 3.55 3.39
100 3.50 EAA
Sweetness® 1434
0 3.30 3.22
25 3.65 3ebdy
50 2.85 2.61
75 345 2.83
100 2.85 2.72
Graind 0.56
0 245 2,78
25 3435 3.56
50 3.75 3.78
75 3.10 3.56

100 2.75 2.78
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Table 8 = (coneluded)

Mean scores

Sensory characteristic Treatment Panel I Panel II F-value
Cell walls® 0.09
0 290 3.06
25 345 3.22
50 3.05 3.22
75 3.05 2.72
100 2.55 2.87
Crumb colorf 147
0 4415 461
25 3450 3.83
50 2.90 3.06
75 2.15 2edidy
100 1480 1.89
Crust color8 0.02
0 3.50 3.89
25 2.80 2,78
50 240 2,28
100 1.3C 1.11
8Tenderness: 5 = tender and 1 = tough
Bioistness: 5 = molst, dees not require much saliva and 1 = dry,
requires much saliva
CSweetnegs: 5 = strongly sweet and 1 = moderately sweet, slightly
bitter
dgrain: § = many uniform, small cells, a few larger cells and
1 = large, irregular cells
©0ell walls: 5 = thin cell wells and 1 = extremely thick cell walls
-Crumb color: 5 = intensely white and 1 = light yellow
€C0rust color: 5 = light beige and 1 = dark golden brown
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Table 9 - Raw data for fecam specific graviiy, batter specific
gravity and batter pH

Percentage of HFC3

Measurenent 0 25 50 i) 100

Foam specific

0,201 0.194 0.194 0.189 0,179
0.193 0,202 0.181 0.185 0.184
0.195 0.189 0.184 04184 0,192
04175 0.191 0.182 0.176 0a171
Mean 0+191 0.193 0.132 0,183 0.180

Batter specific
gravity 0.256 0,228 0,276 0,268 0,280

0.239 0.251 0.262 0.267 0,276
0.234 04247 0,266 0.249 0.298
0.236 04227 0.249 0.256 04284

0,220 0.236 0.216 0,225 0.223

Mean 0,237 0,238 0.254 0,253 0.272
Batter pH 5441 5.39 5038 5.32 5¢25
5s25 5.39 5¢45 5.35 5.30
535 545 5.38 540 5.38
5.53 5.38 5450 535 5¢39
5,55 5447 B 5.39 5¢41

Mean 2eb2 242 2242 5.36 2033
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Table 10 = Raw data for beating time, wvolume and and percentage moisture

Percentage of HFCS

Measurement 0 25 50 75 100
Beating time, seconds 180 150 120 S0 60
1€0 210 150 120 60
180 180 150 120 45
180 180 150 120 45
180 210 120 120 60
Mean 180 186 138 114 54
Volume, cc 2870 2836 2552 2506 2497
3014 2824 2583 2585 2509
2959 2812 2647 2537 2475
2841 2872 2709 2534, 2467
2979 3018 2748 2666 2521
Mean 2933 2878 2648 2566 2Lo4

Percentage moisture 39.65 40420 41.85 40.00 40,80
3915 40.80 38.80 38455 40450

36,70 38.05 40.30 40,20 3975

39.75 40430 7958 39.95 40.80

40,05 40.10 39.85 39.80 40.65

Mean 39,06 39,89 40,07 39.70 40.50
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Table 11 - Raw data for crust lL-values, crust g -values and crust

b =values®
Percentage of HFCS
Measurement o 25 50 75 100
Hunterlab values
Crust L 62.16 48,78 48410 46,88 43.03
56,60 50.08 49475 47,03 46434
58.19 48,97 46415 4475 42450
56432 48,60 47419 47.21 42625
51.79 46,40 46498 46458 43.19
Mean 57,01 48,57  L7.63 46449  43.50
Crust a 8417 7696 8.85 8.92 .13
7 oidy 787 8.12 8.92 9.71
7.58 7.69 8,30 8458 8474
8.22 8.00 8454 8.94 9,09
7450 761 8.24 8,76 Qes7
Hean 7,86 7,83 841 882  9.23
Crust b 18.61 16.94 16,69 15.17 12.72
16.97 16,16 16441 14.82 14493
17.28 1474 13.76 12.61 11417
17.50 1477 14414 1474 11433
15.65 13.59 15.97 14.63 14427
Mean 17.20 18,27 15.39 1439 12.88

fHunterlab Spectrophotometer
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Table 12 = Raw data for crumb L-values, crumb a -vslueg and crumb

b -values®
Percentage of HFCS
Measurement 0 25 50 75 100
Hunterlab values
Crumb L 83.22 84,99 85.01 84441 82,68
83,01 83446 82436 83.25 82.30
85.85 85.29 84459 82.62 82,30
85424 8L.06 85.40 82.62 84.08
82,71 83434 82.80 84064, 80,96
Mean 84401 84423 84403 £3.51 82,46
Crumb a ~3.03 -2.91 ~2.67 -2.73 -2.88
«2494, =3.15 -2.80 -3,07 -2.83
-3.08 =2.95 -2.93 =2.45 =2.55
=3.04 ~2.77 =3.22 =3.11 =2.59
~3.13 =2.57 =3.07 -2.65 -2.56
Mean =3,04 =2.87 =2.94 =2, 80 =2,68
Crumb b 9.19 11.37 12443 1204 13.66
9.36 10.50 11.98 12.93 13.86
10,03 1147 12428 1354 14420
9.89 10,63 12.48 12,81 13.99
10.11 10.94 12.38 12.95 14449
Mean 9,72 10.98 1221 12,85 Ah,08

8Hunterlab Spectrophotometer
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Table 13 = Means of three measurements of elasticity and firmness®

Percentace of EFC3

0 25 50 i 3 100

Elasticity? 83.35 89,80  90.52  91.92 88,00
93.10  87.83 950  91.8,  87.25
92,05 9432 92.22 88.89 89,89
91.67  90.91 89,72 90,82  90.48
83.35 89,80 90,52  91.52 88,00

Mean 88,70 90,53 91,50 91,08 88,72
Firmness, kg 0,225 0,206 0427 0.243 C.406

0.27 0.343 0,401 0.503 0.385
0,193 0,143 0.2719  0.365 Q.41
0,321 0,271 0,301 0,415 0,72
0.225 0.206 Qo427 0.343 0.406
Mean Q.27 0,234 Q367  Q.204  Q.466

8Instron Universal Testing Machine
®8/A x 100



Table 14 - lleans of sensory evaluation scores of ten panelists

Percentage of HFCS

Measurement 0 25 50 75 100
Tenderness® 475 3.63 3425 3.00 3:%5
4,80 3.50 3.00 2.60 3.50
3,70 4,00 3,70 2.90 2.80
3.80 4,60 3,30 3.60 2.80
Mean hie 2 23.95 3.29 2:03 318
MoistnessP 4400 3.88 3.63 3.75 3.75
4ali0 3,70 2.90 3.20 3470
3.90 3450 3480 3.20 3,00
3.60 3.90 2,90 3.80 3450
Mean 2.97 7k 2.29 247 247
Sweetness® 3.38 3,38 3.00 3,25 2,75
3440 3.70 2,60 3.30 3,00

3.30 3.10 270 3.10 2.40

3.00 3.60 2.70 3,00 3.00
Mean 2:26 2s235 2:74 3.16 2.79
Graind 2.88 3.00 3.38 2,88 3.00
2.20 3.40 410 320 3.10

2,60 3.30 3.40 3.30 3.10
2.80 4.00 4e10 400 1.80

Mean 2.61 3.45 3.76 3.32 2,76
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Table 14 = (concluded)

Parcentage of HFCS

Measurement 0. 25, 50 45 100
Cell walls® 2.63 3.00 2450 2.38 275
2.60 3.20 3.50 2,70 2+50
3.50 3.60 2,90 3.00 2.70
3.10 3.50 3,50 340 2.50
Mean 2.97 3.34 3.13 2.89 261
Crumb eolort 3.88 3.25 2.63 2.38 1.88
4o40 3.50 2.90 2.00 2.00
4460 3.80 3.20 2.50 1.90
4.50 4,00 3.10 2.30 1.60
Mean 4437 3.66 2,97 2,29 1.84
Crust coloré 4,00 2.88 2.63 1,88 1425
3.20 2.60 220 1.30 1.50
3.70 2,90 2.20 2.10 1.00
3,50 2.80 240 2.20 1.10
Mean 3.89 278 2.34 184 1.21
4Tenderness: = tender and 1 = tough
bModstness: = moist, dees not require much saliva and 1 = dry,
requires much saliva
C3weetness: = gtrongly sweet and 1 = moderately sweet, slightly
bitter
dGrain: many uwniform, small cells, a few larger cells and

1 = large, irregular cells

thin eell walls and 1 = extremely thick cell walls
intensely white and 1 = light yellow

light belge and 1 = dark golden broun

fCell wallgs
1 Crumb color:
€Crust color:

ViVt At O Wi\
1]

wnn
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Table 15 - Cost comparison of angel cakes made with sucrose or HFCS2

Amount for Cost for one cake,
one cake cents

Unit cost,
Ingredient dollars 100% suc. 100% HFCS 100% suc. 100% HFCS
Bleached cake flour 15.10/100 1b 110 g 110 g 4 4
Dried egg albumen 2.95/1b 40 g 40 g 26 26
Acid saltP 44.65/100 1b 1.5 g 1.5 g 0.15 0.15
Sedium chloride 2.22/251b 3.0 ¢ 3.0 g 0.02 0.02
Distilled water — 205 ml 167 ml . —
Extra fine
granulated sucrose 36.90/100 1b 314 g —_— 26 —
HFCS 16,00/100 1b - Ll g e 16

Total cost of ingredients 56417 46417

Per cent savings with 100% HFCS 18.0

Per cent savings with 25% HFCS 4a'5

aFebruary 1981 wholesale prices
dMonocalcium phosphate monohydrate, food grade



Fige 7 = Sampling diagram for physical measurements and
sensory eveluation of angel cakes made with five
levels of HFCS
A, sensory evaluation
B, crust color (Hunterlab and sensory evaluation)

G, percentage molsture

D, elasticity and firuness (IUTM)
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Fig. & = Score sheet for evaluation of angel cakes

Directions: Use the scales below to evaluate the angel cake samples.
Please use whole numbers only.
Sample
Nog Tenderness | Moigtness | Swesetness | Tenderness
1 tough
2 glightly tough
3 slightly tender
4 moderately tender
5 tender
Moistness Swestness

1 dry; requires much saliva

2 slightly dry

3 neither moist nor dry

4 slightly moist

5 moist; does not require much salivae

1 moderately sweet, slightly bitter
2 sweet, slightly bitier

3 moderately sweet

4 sweet

5 strongly sweet

Sample | Crumb Cell Sample | Crust
o, Solor Grain Walls | No, Color Crust Color
1 dark golden
brown
2 golden brown
3 light golden
brown
4 light yellowish
brown
5 light beige
Crumb Color Grain
1 light yellow 1 large, irreguler cells
2 creauy 2 many large, irregular cells;
3 off white a few smaller cells
4 white 3 many medium cells; a few smaller

5 intensely white

Cell Wallgs

1 extremely thick cell walls
2 thick cell walls

3 medium cell walls

4 slightly thin cell walls

5 thin cell walls

cells; a few larger cells
4 many uniform, medium cells;
a few larger cells
5 many uniform, small cells;
a few larger cells

Additional comments:
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CALCULATION FOR ADJUSTMENT OF SPECIFIC GRAVITY OF
EGG WHITE FOAMS FROM 0.15 70 0.19

Total weight of foam ingredients
except sucrose, g

Specific gravity when half the
sucrose (157 g) is
included in the foan

Specific gravity when all the
sucrose {314 g) is
ineluded in the foam

I

Total weight of dried egg
albumen, water, acid salt,
sodium chloride, flavoring
40 + 295 + 1.5 + 3,0 + 7.5

347

347 + 157

347 + 157 + 2856
0.15

347 + 34

347 + 314 + 2856
0.19
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CALCULATION OF ESTIMATE OF VOLWHE OF ANGEL CAKES

Yeasure and record cake height (h) after depanning at center
of hole using 30 em scale as a stralghtedge and 30 en scale
ag depth gauge. Hold crossed scsles together firmly and
remove for reading, Repeat measurement four times, rotating
the straightedge 45° for each reading,

Measure outside diameters at the top (D7) and bottom (Dg), and
corresponding hole diameters (dy and dy).

Congider the cake as a geometric volume, ignoring loeal
shrinkage and imperfections. From mean diameters (D and 3)
and mean height (h), compute a ring volume (V):

v =1H"152-'52)
4

(Kissell and Bean, 1978)
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ABSTRACT

Sucrose prices have risen dramatically in recent years. As a
result commerciel food processors are using high fructose corn syrup
(HFCS) as a less expensive alternative to sucrose, A syrup composed
of monossccharides, HFCS has some functional properties that make its
replacement of sucrose difficult in certain food products, including
shortened cakes., This study waes designed to investigate the effects
of HFCS on selected physical measurements and sensory characteristics
of engel cakes as a posaible means of reducing ingredient costs
through the substitution of HFCS for all or a portion of the sucrose,

HFCS was used to replace 25, 50, 75 or 100% of the sucrose in
angel cskes. Less water was used in cakes containing HFCS so that
all cakes contained 314 g sugar solids and 295 ml weter. Acid salt,
salt, flavoring, reconstituted albumen and all suger {sucrose and/or
HFCS) were beaten to a specific gravity of 0.19 + 0.01 before flour
wes folded in.

Physical measurements, completed before or within 24 hours of
beking, were: Dbeating time; foam specific gravity; batter specific
gravity; batter pH; estimate of volume; percentage moisture;
elasticity; firmness; and, for crust and erumb, Hunterlab L (lightness),
a (rednegs) and b (yellowness). Sensory evaluation of tenderness,
moistness, sweetness, grain, cell wall thickness, erust color end
crunb color was completed within 22 hours of baking,

Data were analyzed by AOV., When F-values indicated significant
differences, least significant differences among means were calculated
for gensory data.

Replacement of sucrose with HFCS resulted in no significant



differences among treatments in batter pH, percentage moisture,
crumb I-vglues and s~values, elasticity, moistness scores and cell
wall thickness scores. TFoams containing BHFCS were beaten a shorter
time, were less stiff and had slightly lower specific gravities than
gucrose foams. Cakes containing HFCS had significantly darker crusts
end yellower interiors than all sucrose cakes. Cakes containing
25, 50 or 75% HF0S had more uniform grain than did O or 100% HFCS
cakes, Cakes containing 50, 75 or 100% HFCS had greatly
decreased volune, were less sweet, less tender, had fewer cracks
and more "dips" in the top surfaces than 0 or 25% HFCS cakes.

HFCS at the 25% level did not greatly affect any physical
measurement or sensory characteristic studied. Cakes containing
25% HFCS were slightly sweeter, slightly more uniform in grain,
had more golden crusts and slightly less white erumb than sucrose
cakes. All other physical and sensory characteristics of 25% HF(CS

cakes were not significantly different from these of sucrose cakes.



