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VARIABLE POWER AND MICROWAVE TECHNOLOGY
AND THE QUALITY OF SELECTED FOODS
By

Stephanie D. Zonis
ABSTRACT

Custard, cake, beef patties, potatoes, frozen broccoli,
and frozen chicken pot pie were cooked or heated at 100%
(High), 70% (Medium High) or 50% (Medium) power in a
transformer microwave oven or an inverter microwave oven.
Separate batches of each food were prepared for instrumental
and sensory evaluation.

Cooking at 50% (Medium) power produced less smooth
custards and broccoli woodier in texture than at other power
levels. More moist potatoes, harder in texture, and beef
patties more tender at center resulted from cooking at 70%
(Medium High) power. Cooking at 100% (High) power produced
less set custards and less consistent temperature in pot
pie, along with more tender cakes, juicier beef patties, and
potatoes whiter in color.

Within particular foods, there were also significant
differences by oven type. In the inverter oven, at 50%
(Medium) power, custards were more set and less tender,
while broccoli had a fresher flavor and potatoes a softer

texture than the same foods cooked in a transformer



microwave. At 70% (Medium High) power, the transformer
microwave produced a potato less white than that cooked in
the inverter oven. High (100%) power inverter-microwaved
custard was less creamy than its transformer-cooked
counterpart; broccoli and cake cooked in the inverter
microwave at this power level had a fresher flavor and a
weaker chocolate flavor, respectively.

There were not overall differences in quality in foods
cooked at different power levels in the two oven types.
However, for certain foods, there were advantages for the

selected cooking conditions.
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CHAPTER 1

INTRODUCTION

Microwave ovens were introduced for home use in the
United States in the mid-1950's (Pickett, Arnold, and
Ketterer, 1985). From an initial uncertain beginning,
acceptance has grown; today, more than 80% of the households
in the United States have a microwave oven (Appliance,
1990). Manufacturers have responded to consumer acceptance
of microwave ovens with a proliferation of oven types,
styles, and capabilities.

Microwave ovens are now available with a variety of
features, cavity sizes, and output wattages. The consumer
who wishes to purchase a microwave oven is therefore faced
with many choices; As a general rule, smaller or compact
microwave ovens have lower maximum output wattage, but they
can be space-saving. Larger ovens use more counter area but
have a higher maximum output wattage and more features. The
consumer would do well to decide in advance how the
microwave oven purchased will be used. If the primary use
will be reheating small quantities of food or warming baby
food, an oven with lower maximum output wattage may be
sufficient as well as more economical. If, however, the

oven will be used for more cooking and heating tasks, or in



oven will be used for more cooking and heating tasks, or in
a large household, more features and a higher output wattage
will be desirable.

A common feature of microwave ovens is variable power.
That is, output wattage can be adjusted downward from the
maximum level. This study employed three power levels: 100%
(High), 70% (Medium High), and 50% (Medium). Food quality
was assessed after cooking for each level.

Output wattage in this study was either of cycled
delivery for variable power (the most common type of
variable power in microwave ovens in the U. S.) in the
transformer oven or continuous delivery in the inverter
oven. A fandomized incomplete block design was used to test
the effect of output wattage level and continuous or cycled
wattage delivery on six foods: custard, chocolate cake,
ground beef patties, potato, frozen broccoli, and frozen
chicken pot pie. Foods selected represented different types
of food systems. Each food was prepared twice at the power
levels previously stated, using each microwave technology
for both sensory and instrumental evaluation. Instrumental
evaluation measured post heating temperature rise,
weight/evaporative loss during heating, and tenderness where
applicable. A trained sensory panel conducted sensory

evaluation on each food according to attributed that were



food-type dependent.

Microwave ovens for this study were donated by the
Sharp Electronics Corporation (Mahwah, New Jersey). The
Sharp R3A81 and the Sharp R300A microwave ovens are of
identical size and shape. Each possesses an internal
carousel or turntable, so that the food revolved as it was
heated. Each oven cavity has a capacity of 0.7 cubic feet
with an acrylic interior; each required 120 V of electricity
for operation.

The R3A81 is a cycled output wattage microwave oven of
the type familiar to most consumers. Testing by the
manufacturer rated this oven's maximum output wattage at 600
W. The R300A is a continuous output wattage microwave oven
rated at 620 W maximum according to manufacturer testing.

The control microwave for this study was the R3A81.

Justification

The purpose of this research was to determine the
effect of differing output wattage, as controlled by power
level setting, on food quality. A second purpose was to
determine heated/cooked food quality by oven type.

Many foods may be cooked or heated in one microwave

oven. The consumer wants to achieve consistently good



results when heating or cooking numerous food systems or
system combinations. If a food overcooks or is otherwise
lessened in acceptability at a particular power level, a
consumer will not utilize the microwave oven to prepare that
food unless alternate instructions are found. Manufacturers
and consumers may be able to modify cooking or heating
instructions based on the results of the selected food
systems of this study.

The study also evaluated oven technology of the
transformer ("cycled" variable power) or inverter
(continuous, true variable power) type. The hypothesis was
that method of energy production will alter the quality of
certain foods when cooked or heated in one oven type as
opposed to the other. The results are important to
manufacturers of the ovens and to the food industry
processing the foods commonly heated/cooked in the microwave
oven. Consumers and authors of microwave oven cookbooks or
instruction brochures will also make use of this

information.

Hypotheses

H,: There are no significant differences in quality

between foods cooked or heated at one power level in



a transformer microwave oven and the same power

level in an inverter microwave oven.

H,: There are no significant differences in quality
between foods cooked or heated at different power

levels within the same microwave oven.



CHAPTER I1I

REVIEW OF LITERATURE

General Operation Principles

The chief advantage of microwave ovens is the ability
to heat foods quickly. In a conventional oven, energy is
given to food molecules in the form of heat, transferred by
air currents and radiant energy. In a microwave oven,
energy is transferred by electromagnetic radiation, or
microwaves (Turpin, 1989). The heat of a conventional oven
warms foods by conduction, convection, and radiation.
Microwave heating involves the transfer of the
electromagnetic rédiation, or microwaves, to a dipolar
molecule, usually water. In a microwave oven, water dipoles
in a food follow a rapidly oscillating electrical field.

The vibration rate of dipolar water molecules affected by
microwave heating will thus be extremely rapid. The
temperature of the water, and so of the food, will therefore
increase quickly (Ohlsson, 1983).

The quick-heating ability of microwave energy is
restricted to a penetration depth of up to 7.4 cm (2.9
inches) (Harrison, 1980). Beyond that, microwave heating of

the food relies upon conduction. The surface of the foods
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heated in a microwave oven is cooler than the temperature of
the food 2-3 cm. below the surface (International Microwave
Power Institute, 1987). The "negative temperature gradient"
exists because the ambient temperature in a microwave oven
is only slightly above room temperature. As the food heats,
heat is transferred from the hotter food to the cooler air
surrounding it (Decareau, 1973).

One effect of a negative temperature gradient is the
lack of browning and crisping in foods prepared in a
microwave oven. Decareau (1973) stated that shortened
cooking times and negative temperature gradient are the
chief factors in the absence of browning and crisping. The
Maillard browning‘reaction, which results in crisp, browned
baked goods and roasted meats, is a reaction between
reducing sugars and certain amino acids; the reaction
requires time and higher ambient temperature than that
produced in a microwave oven. An intermediate product,
hydroxymethyl furfural, is polymerized, producing the
melanoidin pigments responsible for browning. The lack of
browning in microwave ovens has also been attributed to
minimal surface dehydration and the negative temperature
gradient (Food Engineering, 1981). The cooking time in a
microwave oven is usually insufficient to achieve necessary

surface dehydration. Without dehydration, and at low
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ambient temperature, food surfaces will not attain the
greater-than-155° C (300° F) level necessary for
"carbonization or caramelization"; in other words, crisping
and/or browning. Andrews (1989) concurred, but reported
that lack of surface heat was due to microwave wavelength.
In 1957, Fenton characterized such wavelength as "about five
inches long". Andrews did not specify a length, but
declared that microwaves were too long to result in the
increased surface heating which would occur at higher
infrared frequencies (producing shorter wavelengths).

The lack of browning and crisping limits the
preparation of certain foods in a microwave oven. Other
factors serve in éuch_a decision as well. There is a
definite relationship between a food's chemical composition
and compatibility with microwave heating. Microwaves are
attracted to foods of high moisture, sugar, sodium, and/or
fat contents. Thus, these foods heat quickly, but localized
overheating may be an extension of rapid warming (Food
Engineering, 1983). Ohlsson (1983) found that high-moisture
foods absorb less microwave energy as temperature is
increased, while high-sodium foods absorb more. However,
Stein (1972) disagreed, stating that high-moisture and
high-fat foods were the most attractive to microwaves,

regardless of temperature.
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Water readily absorbs microwaves, but ice absorbs them
at a much slower rate, causing uneven heating of frozen
foods (Food Engineering, 1983). Five to ten percent of the
water in a frozen food is in liquid form in a "concentrated
solution of solutes" such as salt and sugar. This solution
favors microwave absorption and heats quickly, sometimes
resulting in localized overheating (Ohlsson, 1983).

Food density affects microwave energy absorption. When
foods are dense, microwaves are absorbed primarily by the
outer portion of the food. Heat is then transferred by
conduction to the food center, but the outer surface of the
food may overcook while the center is underdone (Consumer
Reports,1981). A more homogenous food (ground lamb rather
than a leg of lamb, for example) will cook more quickly in a
microwave oven, due to a more even absorption and
distribution of microwaves. The presence of bone in a meat
will speed microwave cooking; the bone's minerals reflect
microwaves, causing greater heating at the bone surface
which is conducted to other areas of the muscle (Harrison,
1980).

Fenton (1957) noted that microwave cooking time "is a
function of mass of food". Six beef patties required almost
five times as long to cook as one patty; four potatoes

needed twice the cooking time of one. Most sources suggest
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that foods such as meats and dense vegetables be cut or
formed into uniform pieces to speed cooking. However,
Ohlsson (1983) noted that microwaves concentrate toward the
center of a sphere, so that meatballs or potatoes might be
hot in the center and yet cold on the surface. For this
reason, stirring, turning, or otherwise adjusting food
placement is usually advised when cooking or heating in a
microwave oven.

One additional phenomenon of microwave heating is "post
heating temperature rise", where the temperature of the food
continues to increase after the heating period. Temperature
increase may be significant, especially with a greater food
mass or if the cover of the cooking dish is left on (IMPI,
1987). To compensate for post heating temperature rise,
foods are often removed from a microwave oven before they
are fully cooked.

In 1983, Ohlsson stated that, in microwave heating,

"hot and cold spots can be found in unexpected parts of the
food". Microwave ovens have long been known to have uneven
heating capabilities. Using a theoretical model of grapes
in a viscous medium, where the grapes represent molecules of
a food, Turpin (1989) noted that uneven heating is intrinsic
to the operation principles of microwaves. In a

conventional oven, Turpin stated, heat is applied to the
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outer food surface. Heat is then transferred inward by
conduction, in a pattern both orderly and predictable. 1In a
microwave oven, however, the intensity of the microwave
field at a given location is dependent upon a multitude of
factors. Additionally, both Turpin and Harrison (1980)
affirmed that heat is generated within foods in a microwave
oven. As a result, there is no orderly pattern to food
heating in a microwave oven. O'Meara (1989) agreed,
declaring that the localized heating in a microwave oven may
be the equivalent of parts of the same food heated at 100%
power, and parts at only 20% power. Turntables are included
in some microwave ovens as a means of automatically
adjusting food plécement, to offset the "cold spots" and
"hot spots”.

Variable power is now available in most microwave
ovens. Power can be reduced in gradients that are
expressed in words (Medium High or Low, for example) or in
units as small as single percentage levels. O'Meara (1989)
wrote that desired effects of variable power included rapid
heat conduction of transfer in the "off" time (see
Technology Differences in Microwave Ovens", perhaps
equalizing temperatures in food as hot regions gave up some
of their heat to colder spots. The object then was a "more

uniformly heated product than if it were heated
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continuously"”". O'Meara stated, however, that he had come
across no published data to support this objective. Turpin
(1989) disagreed; his theoretical model showed that reduced
power resulted in a more uniform heating with fewer "hot
spots"” (although some still existed). Turpin reasoned that
fewer "hot spots” would be present because food molecules
receiving large amounts of energy could pass more of that
energy on to colder areas before obtaining more energy from
microwaves. In other words, magnetron "off" time provided a
greater opportunity for Heat conduction, as the "hot spots"
in a food could transfer heat to the "cold spots" without
being continuously charged by electromagnetic radiation

energy.

Microwave Oven Technology

The magnetron tube in a microwave oven is the source of
all microwave energy. When the magnetron is turned on, it
produces continuous microwave energy (Pickett, Arnold, and
Ketterer, 1985). 1In a standard microwave oven, this energy
production is either at full (magnetron on) or nothing
(magnetron off). Variable power in such ovens is provided
by a relay contact, which allows the magnetron to be turned

on for a percentage of its duty cycle, and then switches the
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magnetron off for the remainder of the duty cycle (Petruska,
1990). For example, at 70% power, the magnetron would be on
for 70% of its duty cycle, producing confinuous microwave
energy. For the remaining 30% of the duty cycle, the
magnetron would be switched off, allowing for no production
of microwave energy. Duty cycles for magnetrons of the
microwave ovens used in this study were 32 seconds
(Petruska, 1990). The control standard microwave oven
used in this study is called a "transformer" microwave oven,
from a magnetic component called a power transformer
(Petruska, 1990).

Another technology to control the emission of microwave
energy from the mégnetron uses an inverter power supply
circuit. This circuit can control power available to the
magnetron to a great degree. The magnetron in this type of
microwave oven is on continuously at selected power levels
from 100% down to 50%; however, with a reduction in selected
power level, there is a reduction in output wattage. For
example, at 70% power, the magnetron of the inverter
microwave is on continuously at 70% of maximum microwave
output wattage. Because the inverter circuit is capable of
great control of the magnetron, power increments available
on this oven are quite exact (1%). For power levels of 49%

down to 1%, the inverter microwave "reverts" to transformer
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technology, cycling the magnetron on and off for percentages

of its duty cycle (Petruska, (1990).

Custard

Custard is composed primarily of eggs and milk, and is
thus a high moisture, high protein dairy product. Custard
is also a delicate product, relying upon the gelation of egg
proteins for the formation of a cohesive total mass (McGee,
1984).

Without the stabilizing influence of a thickener,
custard may be quite susceptible to the vagaries in heating
patterns within a microwave oven cavity. If overheated, the
egg proteins and salts from the milk bond increasingly
tightly, eventually resulting in curdling and syneresis
(McGee, 1984).

Malloy (1988) cautioned against the use of
lower-wattage microwave ovens in the preparation of custard
because of poor and inconsistent results.

No research was found comparing custards cooked at

varying power levels in a microwave oven.































































































































































































































































































































































