


and Bamunarachchi 1980; Davis and Gordon 1982; Spies and
Hoseney 1982; Ghiasi et al 1983; Abboud and Hoseney 1984;
Mizukoshi 1985a,b; Ngo and Taranto 1986).

For example, Bean and Yamazaki (1978) observed with the
amylograph that wheat starch granules heated in 50 and 60%
sucrose solutions gelatinized at 85 and 95° C, respectively. Gordon
et al (1979) also found a similar trend in delaying starch gel-
atinization in cakes formulated with 42% sucrose. These cakes
gelatinized in the range of 82-910C instead of at 55-750C, as
expected for the same starch-water mixture without sucrose.

More recently, Spies and Hoseney (1982) hypothesized that
the availability of water was not the sole factor influencing starch
gelatinization. They hypothesized that sugars interact with starch
molecule chains in the amorphous regions of the starch granules,
thereby increasing the energy required for starch gelatinization.

Thus, both emulsifiers and sugar types influence starch swelling,
water availability, and air cell stability during structural devel-
opment of cake crumb. In addition, emulsifiers undergo phase
changes with heating and water concentration, which may in-
fluence the absorption of microwave energy and/or heat transfer
through a sample. This investigation examined the effects of
crystalline versus solubilized sucrose and of two different emulsi-
fiers in a batter formulation heated by microwave and con-
ventional heat sources. Heat transfer characteristics, cake struc-
ture, and total water loss properties of the cakes were evaluated
for each batter formulation.

MATERIALS AND METHODS

Batter Formulation
The modified lean cake formulation (Cloke et al 1982) used

is shown in Table I.
USMG and SMG (see Table II for composition and properties)

were used in the formulation at the 5% level based on the
shortening weight, and the weight of oil was reduced accordingly.
The emulsifiers were dispersed in oil (for USMG) or water (for

TABLE I
Modified Lean Cake Formulation

Quantity Percent by Percent Flour
Ingredient (g) Weight Basis

Cake flour' 150.0 25.3 100.0
Baking powderb 7.1 1.2 4.7
Shorteningc 41.8 7.1 27.9
Sucrosed 167.4 28.2 111.6
Distilled water 226.5 38.2 151.0

'General Mills.
b Calumet.
c Corn oil (Mazola) and emulsifiers (none, saturated monoglyceride, or
unsaturated monoglyceride) were used.

dSucrose (C & H) solution or crystalline sucrose (C & H) were used.

TABLE II
Composition and Properties of the Emulsification Systems

of Saturated and Unsaturated Monoglycerides

Saturated Unsaturated
Monoglyceride Monoglyceride

System System
Property (Dimodan PVK) (Dimodan OK)

Monoester content Min. 90% Min. 90%
Fatty acid composition 85-90% stearic acid 60-80% oleic acid

10-15% palmitic acid 12-18% stearic acid
8-15% palmitic acid

Iodine value Max. 5 Approx. 60
Free fatty acids Max. 1.5% Max. 1.5%
Free glycerol Max. 1.0% Max. 1.0%
Melting point Approx. 720C Approx. 600 Ca
Form Beads Block

'The melting point information indicates that the mainly unsaturated
monoglyceride emulsifier may be mainly elaidic acid (trans), for which
the melting point is 58.50C. The melting point of oleic acid (cis) is
35.20 C.
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SMG), heated to 60'C with stirring, and cooled to room tem-
perature before being incorporated into the batter.

Sucrose was added either as crystalline sucrose or a saturated
sucrose solution (60:40, w/w) (Cloke et al 1984a).

The two-stage method of batter preparation was that of Cloke
et al (1982). Batter (400 g) was added to glass baking pans (20.3
cm in diameter and 4.4 cm deep) and baked in a thermal-
microwave oven (Litton Micro-Browner oven, model 1285).
Maximum microwave power was 700 W at 2,450 MHz. Two
resistant heating elements, one at the top and one at the bottom
of the oven, supplied 2,000 W of thermal heat energy. Microwave
cakes were baked for 8 min at 70% power (preliminary work
showed this to be the best power level to use with this particular
model of oven). Thermal cakes were baked for 30 min at 1770C.

Physical Measurements
Batter specific gravity was determined by the Fisher Grease

pycnometer method.
Final weight loss after baking was determined by subtracting

the weight taken immediately after removal from the oven from
the initial weight.

Areas (mm2) of cakes vertically bisected (cross-sectioned) after
1 hr of cooling were traced as an index to cake volume. The
areas were computed as an average of triplicate measurements,
using a digitizer (Hipad Houston Instruction).

Cake symmetry (mm) was determined from the cross-sectioned
cake tracing by AACC Method-91 (AACC 1976).

Time-Temperature Profiles
Time-temperature profiles at center, midpoint, and edge posi-

tions of each cake were taken with a fiber optic probe (Luxtron
model 1000A) as described in Baker et al (1990).

Photographs of Cross-Sectioned Cakes
Photographs of cross-sectioned cakes were taken to illustrate

overall crumb, texture, height, and volume of the cakes. Cakes
were also evaluated visually for crust color, shininess of crust,
and presence of capillary pores.

Scanning Electron Microscopy of Cake Crumb
Cake crumb samples (10 X 5 X 2 mm) from the midpoint

location were cut with a razor blade and placed on an aluminum-
coated stub. The samples and stubs were placed in a desiccator
containing solid OS04 crystals for 150 min, vacuum-coated with
gold and palladium, and viewed in a scanning electron microscope
(Philips 500) at 6 kV.

Statistical Design
The two modes of heat treatment (microwave and thermal),

two types of sugar (crystalline sucrose and liquid sucrose), and
three emulsification systems (no emulsifier, SMG, and USMG)
were analyzed by a split-split plot design. Because the main
objective was to study the effects of formulation, the experiment
was designed with probe position as a whole-plot treatment, heat
as a split-plot treatment, and formulations as a split-split-plot
treatment.

The three temperature probe locations (center, midpoint, and
edge) were randomly assigned to each block. Microwave and
thermal heat treatments were then randomly assigned within each
block, and finally the six formulations were again randomly
assigned to each heat treatment.

Each block contained the formulations for microwave and
thermal heating. The three blocks (probe position) resulted in
36 (12 X 3) cakes per replication. The experiment was replicated
three times for a total of 108 cakes.

An analysis of variance was calculated using the Statistical
Analysis System (Cary, NC) at the University of Minnesota, Saint
Paul Computing Center.

The means for the main effects and for interactions of each
dependent variable were analyzed by Tukey's test (Montgomery
1984) when the F test was significant at the 5% level.











sulted in lower final weight loss regardless of sucrose type or
emulsifier used; that the cross-sectional area was greatest for
microwave and thermally heated USMG-emulsified cakes, as well
as for cakes containing crystalline sucrose regardless of emulsifier;
and that USMG-emulsified cakes gave the most uniform cakes
across heating and sucrose type, while SMG cakes gave the same
results for all cakes except those heated thermally with sucrose
solution.

Furthermore, the scanning electron micrographs showed that
air cell structure was most uniform for crystalline sucrose cakes
heated by microwave energy. The cakes formulated with sucrose
solution appeared most variable between emulsifiers. Also, starch
granules appear more swollen and the matrix is more fully de-
veloped for all sucrose-solution microwave-heated cakes. Also,
cakes formulated with USMG (trans) gave the most distinct starch
granules and the least differences between mode of heat and form
of sucrose incorporation.
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