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1. INTRODUCTION

A. Microwave Energy

Microwaves are high frequency radiations with 1 m to 0.1 mm wavelengths
in air. This type of radiation is expressed in millions of cycles/second
or mega Hertz (MHz) with frequencies ranging from 300 to 30,000 MHz.
Microwave radiation represents only one part of the electromagnetic radia-

tion spectrum. Other entities of the spectrum include gamma rays, (?\"~—r10"TI

8 =11

to 10']6 m), x-rays (A~~10"" to 10 m}, ultraviolet (i\.."'--"w'7 m),

visible ()\ﬂsalo's m), and short and long radio waves ()\*~J10'4 to 1078 m).
X-rays and gamma rays are electromagnetic radiation arising from the shift
of energy of orbital electrons and nuclear particles, respectively. They
differ from the rest of the spectrum by their ability to ionize other com-
pounds. These high energy radiations separate electrons from molecules
encountered along their paths thus creating charged ions. The resultant
elactrically charged ions are capable of causing chemical changes in
surrounding matters with little or no temperature rise. These processes
occur in fluorescent 1ightbulbs, X-ray machines, Y- radiation chambers,
or in matter exposed to /3 particles. Much research on the biological
effects of ionizing radiation has been conducted and reported (71). A
brief summary of research data on these effects is included in Chapter 3.
Ultraviolet, infrared, microwaves and radioc waves have longer
wavelengths than ionizing radiation and are classified as non-ionizing

because they do not possess enough energy to ionize other compounds.



Radiation can be considered as a combination of electric and magnetic waves
traveling through space, or as a compact moving uncharged particle. This
particle, the photon, represents a bundlie of energy and has been described

as possessing mass only by virtue of its motion (73). The choice of model —
wave or particle — depends on the process under study. Irrespective of

its origin, all radiation is characterized by its energy or freguency.

This is related to speed and wavelength as illustrated in Figure 1. Non-

ionizing waves are characterized by frequencies ranging between ]0] and 1015

7 7

cycles/second and wavelengths between 107" and 10" m.

Figure 1. Radiant waves characterized by wavelength and frequency of
vibration, where wavelength (A ) x frequency (v) = speed
of light (c¢).

WAVELENGTH VIBRATION

g
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Adapted from Microwave Energy Applications Newsletter (5).

The Federal Communications Commission (38) designated 915 + 25 MHz,
2450 MHz + 50 MHz, 5800 MHz + 75 MHz and 22,125 MHz + 125 MHz for industrial
scientific and medical applications. The microwave frequencies of 915 MHz

and 2450 MHz are used for industrial heating equipment and domestic food



preparation, respectively, whereas 5800 MHz and 22,125 MHz are reserved
for research and industrial applications.

The main difference between equipment utilizing these megacycles is
the power output of the magnetron tube which functions 1ike a generator to
convert electrical power to microwaves. The 915 MHz wavelength is avail-
able only in combination microwave - conventional ranges produced by ane
American manufacturer. All other domestic appliances use the 2450 MHz

frequency.

B. Microwave Heating Mechanism

In conventional cooking, heat is applied to the outside of food by
convection, as in baking; by radiation, as in broiling; or by conduction,
as in frying. Then the heat is conducted to the interior of the food. In
contrast, food cooked by microwave engages heat generated from within the
food through a series of molecular vibrations.

Goldblith (41) described the heating principle as an attempt by
asymmetric dielectric molecules to align themselves with the rapidly chang-
ing alternating electrical field. The molecules in the microwave paths
oscillate around their axes in response to reversing or flipping occurring
at 915 or 2,450 million times/second. This oscillation creates inter-
molecular friction which results in the generation of heat.

Such materials as polarized food or water exhibit a high degree of
intermolecular motion. They are characterized as "lossy." The amount of

"lossiness" varies depending upon the radiation freguency, temperature



and nature of the material. Consequently, the increased "lossiness" of a
material can be directly related to increased absorption of microwave
energy and hence, heat production (41). Water serves as a good example of
a lossy material which is responsible for heat production.

There are several factors which affect microwave heating of food.
As in conventional heating, the higher the initial temperature, the faster
the food will be heated by microwaves. Cooking food from the frozen state
in a microwave oven is not recommended (74). Differing absorption rates be-
tween ice and water cause an uneven rate of heating in frozen foods. Thus,
foods will have some hot areas while other parts remain partially frozen.
Napieton (74) recommended a two-step sequence for successful heating of frozen
foods: heating to allow surface layer warming, a withdrawal from the oven
allowing heat conduction, followed by a return to the oven for heat completion.
This method utilizes the oven first as a defroster.

Density and consistency can also affect heating. The denser the food,
the longer it takes to cook. Thus food with an open, porous texture is
very easily penetrated by microwaves. A more homogenous nature also con-
tributes to greater absorption and less cooking time.

Microwaves are capable of penetrating food from 2.4 to 2.9 inches.
Irregulariy shaped foods such as roasts require additional time for micro-
wave penetration and may result in uneven cooking.

An increased amount of food increases cooking time. A linear relation-
ship exists between the quantity of food prepared and cooking time. Napleton
{74) suggested every additional food item or relative increase in weight
added one-half the time required to heat one item to the overall heating

time.



C. Energy and time savings

The microwave oven has a high thermal efficiency when compared to
conventional gas and electric ovens. In contrast to conventional ovens
which heat the air surrounding the food, the microwave oven generates heat
from within the food. Unlike conventional ovens, 1ittle energy escapes
from the microwave oven to the outside air.

The power efficiency of the microwave oven has been calculated and
compared to conventional cooking systems. Efficiency designates the amount
of energy utilized by the appliance for providing heat (93). The National
Bureau of Standards concluded microwave ovens are approximately 40% effi-
cient, compared to 14% and 7% for standard electric and gas ovens, respec-
tively (90). One manufacturer reported a series of tests conducted to
determine savings in kilowatt hours using microwave {Thermador), conventional
electric surface heating and electric oven heating {90). Savings in kilo-
watt hours ranged from a 22% for thawing frozen spinach to 94% for reheating
coffeecake. The Department of Energy, however, estimated that an average
household will save only $10 per year due to microwave oven efficiency (90),
which does not justify the purchase of a microwave oven.

When time savings is considered in the cost justification, the purchase
of a microwave oven is enhanced. The most outstanding advantage of using
any microwave oven is its time saving feature — both in preparation and
clean-up. Most microwave ovens require only 20% of the time used by con-
ventional heating systems. Various sources have reported a time savings

of 10 - 90% (3, 68, 70, 93, 97).



Results of a survey conducted for American Can Company, Greenwich,
Connecticut, indicated that 82% of those sampied reported quickness as
the major advantage of the microwave oven (47). Other responses included

convenience (31%), easy clean-up {25%) and reduced energy expenditure (17%).

D. Utilization and Application of Microwave Energy

Microwave ovens for home use were first marketed in 1955 by Tappan,
under license to Raytheon Company. These ovens, 1ike the General Electric
ovens introduced in the early 1960's, were combination microwave/conventional
ranges and cost as much as $1500 (68).

The appearance of the countertop or portable microwave oven in 1967
increased unit sales. Amana Refrigeration, Inc. manufactured the first
countertop microwave oven which retailed under $500. Other manufacturers
challenged the Amana design with improved countertop ovens. Among these
are domestic (U.S.) companies, General Electric, Litton, Magic Chef, Tappan
and Thermador, as well as Japanese manufacturers Hayakawa (Sharp), Matsu-
shita {Panasonic), Mitsubishi (MGA) and Sanyo. Oven sales prior to 1973
were less than 500,000 units, with Japanese companies controlling 48% share
of the market.

By 1975, Japanese sales declined to an estimated 26% but U.S. sales
had scared to 2.5 million, with 4% of U.S. homes owning microwave ovens.
Present oven sales in 1980 have surpassed 4 million representing close to

20% ownership in American homes. Decareau estimated a six million unit



market in 1985 when one in every two households is expected to own a
microwave oven (31).

Over the past several decades, extensive efforts to develop devices
and technigues for commercial applications of microwave energy have been
made. One of the early uses of microwave energy in the food industry was
for frozen food defrosting. Various studies reported uneven heating (14,
27, 72), but some suggested uses and advantages of defrosting by microwave
energy (30, 49). Applications of microwave thawing of precooked frozen
meals for hospitals and foodservice institutions were made (18, 29, 46,

56, 58). This microwave method, known as the "cook-chill" or "ready foods"
system provided a fundamental break-through in traditional hospital food-
service, The improved quality of meals with decreased food and labor costs
have been documented (28, 78). This effective and efficient concept, while
nearly 20 years old, now has been implemented successfully in hotal and
restaurant systems (85, 95).

Wide experimentation with microwave energy in food processing has
been documented. Numerous studies investigated vegetable blanching with
some reporting nutrient and pigment retention due to less water leakage
(32, 35, 36, 80). Microwaves were utilized to speed the freeze-drying
process (41) and for a variety of microwave baking (7, 84, 91) applications.

The microwave finish drying of potato chips was recognized as
economically and practically feasible by Goldblith in 1966 (40). "Puffing"

of food pieces to aid rehydration and microwave drying of pasta goods



have been implemented with varying success in industry (28). Other uses

of microwave energy with food applications include dough proofing, tempering
of meat, denydration of fat and 0ils and the pasteurization of solids. A
recent review indicates microwave heating results in the destruction of
microorganisms in various food systems (39).

From its beginnings in radar and communications during World War II
to the present, technology has developed and advanced microwave energy ap-
plications. Not only can it provide a rapid method to cook food, microwaves
relay network and public television, permit safer air traffic control and
serve as an integral component of national defense intelligence (87).

Even with these incredible advances, the microwave industry remains dynamic

and anticipates new applications.



2. EFFECTS OF MICROWAVES ON NUTRIENT VALUE OF FOODS

Consumers in this enlightened society demand foods that are not only
good to look at and taste, safe to eat and hunger satisfying, but also
nutritious. Thus, the food industry is rising to meet the demands of the
consumer for nutrition labeling of food products. Governmental agencies
in 1973 have reinforced this demand with legislation that required a food
processor who chose to reveal any nutritional information regarding his
product to make a full declaration (45).

While nutrition labeling on food containers has increased the awareness
of food values, these data do not and cannot reveal the nutritional value
of the food as consumed. With the exception of foods consumed directly
from the container, most products undergo further processing by the consumer.

The method of heating and cooking, duration and delay prior to serving,
all affect the nutrition inherent in foods (31}. Public concern has arisen
over these factors and their sffects on products served in commercial
foodservice establishments. The literature contains various studies (17, 56)
which investigated nutrient losses in institutional feeding. A direct
relationship between service delay and nutrient l1oss was shown.

The development of microwave ovens for domestic use started 30 years
ago. A great deal of early research work was devoted to studying nutrient
retention of food cooked in a microwave oven. Studies as early as 1948
reported an increased retention of nutrients in microwave applications
compared to conventional cooking. More recent studies (8, 24, 43) showed

that nutrient retention was greater with electronic heating compared with
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conventional cooking and attributed this to less water-to-product ratio,
and consequent reduced leaching out. Other studies (36, 88) of nutrients
reported higher moisture losses when cooking with microwave energy, and
as a consequence decreased nutrient retention.

Because of these conflicting data, this chapter reviews and reports
on changes in the nutrient value of foods due to microwave processing.
The effects of microwaves have been reported here in the six main nutrient

categories: water, protein, carbohydrate, 1ipid, minerals and vitamins.



A. Moisture

The effect of cooking methods on moisture content has been studied
almost exclusively in meat products. Early research studies (18, 62)
indicated that microwave prepared meat products had greater cooking losses
than that cooked conventiocnally.

Marshall (67) found significantly more moisture was lost in top
rounds of beef cooked by microwave to an internal temperature of 80° ¢
compared to companion top rounds roasted by a conventional method. Apgar
et al. (6) showed that pork patties cooked by microwave had more moisture
losses compared to conventional treatment. In the same study, pork roasts
cooked conventionally retained considerabiy more moisture compared to
their microwave treated counterparts.

Electronic cooking of beef patties studied by Janicki and Appledorf
(50}, produced greatest moisture losses due to electronic cooking as shown

in Table 1. Likewise, significantly lower moisture losses were reported by

TABLE 1

Effect of Cooking Method on Content of Beef Patties

Treatment Cooking Time Moisture {g}
Raw —— 67.6 »+ 2.3 a
Broiled 50 sec. 42.5+4.1 b
&rill frying 4 min. 42.4 + 3.4 b
Microwave 90 sec. 36.2+2.2¢

Yalues foliowed by the same letter are not
significantly different (P<C0.05).

Adapted from Janicki and Appledorf (50).

11
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Kylen et al. (62) in conventionally heated beef and pork roasts. Moisture
losses for beef and ham loaves were approximately the same with both con-

ventional and microwave cooking methods. These results are shown below

in Table 2.

TABLE 2

Moisture Content of Raw and Cooked Meat

Raw meat Cooked meat

Products and
Methods of Cooking Moisture % Moisture %
Beef roasts ]

onventional gas oven 68.3 + 0.74 58.2 + 0.

Microwave oven 67.0 ¥ 1.52 49.0 ¥ Q.96
Pork roasts

anventional electric oven 67.3 + 1.30 52.9 £ 1.47

Microwave oven 66.6 + 1.06 49.6 + 0.86*
Baef loaves

onventional gas oven 67.4 + 1.85 6.5 + 0.9)

Microwave oven 67.4 + 1.85 63.5 + 0.58
Ham loavas

Conventional gas oven §4.4 + 0.82 60.7 + 0.55

Microwave oven 64.4 + 0.82 56.5 + 0.7

* Significantly lower than the corresponding mean {P <2 0.05)
= Significantly lower than the corresponding mean (P <C0.01}

Adapted from Kylen (82).

These results were in agreement with others (15, 18, 67) who reported greater
cooking losses in beef roasts cooked in an electronic range but differs

with Apgar et al. (6) who found no significant difference in pork roasts

due to cooking method.

Cooking losses in beef and beef-soy loaves were compared by Ziprin
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and Carlin (101). Loaves cooked electronically had consistently higher
losses than those cooked conventionally. Substitution of 15% soy reduced
cooking losses more in loaves cooked in conventional than in microwave
ovens.

Paired legs of lamb, boned and rolled were prepared by conventional
and electronic methods by Headley and Jacobson (48). Although the paired
roasts reached the same internal temperature, those cooked electronically
experienced greater cooking losses.

Further evidence that cooking lasses were greater after microwave
treatment was found by Wing and Alexander (98). Chicken breasts cooked in
a microwave oven lost more moisture compared to those conventionally
prepared.

One exception was reported by Korschgen and Baldwin (61) who studied
round roasts of beef cooked by moist heat microwave and conventional oven
braising. No significant differences in cooking or moisture losses were
revealed in meat cooked by the two methods.

Studies designed to compare water content of vegetables before or
after microwave cooking yielded 1ittle significant data (63). Differences
in water content of vegetables were relatively small. A 1951 study (63)
of five cooking methods (2 conventional ovens, surface heating, boil-in-
bag and microwave) and their effects on frozen cooked vegetables (green
beans, Swiss chard, broccoli, carrots, beets, potatoes) showed the
greatest weight loss in products heated by microwave. Mean losses ranged

from 9% of the total weight reported in baked stuffed potatoes to 22% in
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cut green beans. Eheart and Gott (36) compared conventional cocking methods
to microwave cooking for five vegetables (broccoli, spinach, peas, green
beans and potatoes) prepared without water. Microwave cooking of vegetables
without the addition of boiling tap water resulited in greater weight losses
when compared to those incurred through conventional cooking.

A variety of reasons were postulated for the greater losses in
moisture in microwave cooked products. Apgar et al. (6) suggested that in-
creased losses may be attributed to a greater rise in post oven temperature,
thus causing more dehydration through evaporation, and increased shrinking.
Van Zante (92) showed that presence of bone affected heating results,
causing a rapid cooking in meat closest to bone. This direct microwave
penetration resulted in increased moisture losses in areas near the bone.

The amount of water added varied considerably in microwave versus
conventionally cooked vegetables. Thus, increased leaching of nutrients
may have been a result of greater water to vegetable ratio, rather than the
superiority of microwave applications.

It is important to note that very few studies provided data on water
content of foods prior to and following microwave cooking. Conclusions
are difficult to make on existing data, although higher moisture losses by

microwave cooking have been indicated in nearly all research to date.
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B. Protein of Animal Origin

The effect of heat on the utilization of dietary protein has been
the subject of much research. While there were many studies involving
meat, an excellent source of dietary protein, very few have investigated
protein changes in microwave cooked meat.

Effects of temperature on relative percentage of crude myofibrillar
protein were compared in conventional and microwave heating by Roberts
and Lawrie (81). Beef longissimus dorsi muscle was exposed to conventional
heating for 0 - 70 minutes at temperatures ranging from 45° ¢ - 90° € and
to microwaves for 0 - 10 seconds. Protein denaturation was determined
through measurements of nitrogen distribution between sarcoplasmic and
crude myofibrillar fractions. Muscle damage increased with heat and length
of exposure. Values for insoluble protein increased sharply in conventionally
heated muscle at temperatures between 50 and 70° C, whereas microwave-heated
muscle exhibited a more gradual increase. Thus, microwave heating may
aid in retention of total protein in foods.

Baldwin and Tettambel compared cooking losses and nitrogen content
of rib-eye steaks cooked (66° C) by microwaves and by a conventional method
(9). Significantly more nitrogen was reported in the microwave heated
steaks; the drip values showed significantly less nitrogen for microwave
cooked steaks compared with those from conventionally prepared samples.
Kierebinski also reported higher nitrogen values in microwave-heated

samples of longissimus dorsi musclie (60).
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In a 1976 study Baldwin et al. (10) determined nitrogen and free
amino acid content in raw and cooked (700 C) longissimus muscle of beef
and pork and deboned legs of lamb. Nitrogen content and free amino acids
were determined by macro-Kjeldahl and amino acid analyzer methods, res-
pectively. Free amino acid content tended to be greater in conventionally
cooked meat when compared to that cooked by microwaves. This trend for
significantly greater amounts in the conventionally cooked meat occurred
for valine and leucine in all three species, but other differences varied
with the species of the meat. Protein content of microwave cooked meat
was greater than in the conventionally cooked meat, as seen in Table 3,

but was statistically significant only between beef cooked by 115 V

TABLE 3

Mezn Parcent Protein Content of Roasts (ooked By
Microwave and Conventional Methods

Cooked meat 2 Drippings 4
Mic ve Mic ve

Species Conv. Conv.
Seet!

Protein 30.8 ab N.5a 28.5 b 13.1 b HRN 19.4 a
parkl

Protein 33.2 i3.6 33.4 16.9 & 12.2 ¢ 26.7 a
Lamb?

Protein 32.2 3.5 27.5 16.8 & 12.1¢ 2.4 a

N =5, Where letters differ within a2 constituent for cookad msat

or dripping within 4 species, means differ significantly (P <C0.05)

from each other.

Raw teef: 21.3% protein. -
Raw pork: 22.7% protein.

Raw lamb: 21.1% protein,

Agapted from Baldwin et al. (10).
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microwaves and the conventional method. Again, drippings from conventionally
cooked meats contained more protein than those from both microwave sets of
roasts; and those from 115 V microwave meats had the least protein.

Six beef and pork samples were evaluated for protein quality after
various cooking (fried, boiled, microwave heated) methods (37). Protein

quality, determined by a Tetrahymena pyriformis W growth assay, was highest

in boiled meat samples, with 46.9% total essential amino acids in total
protein, followed by microwave treated meat (46.1%) and fried samples (45.4%).
This study has Timited application as boiling of beef and pork is not a
common cooking practice.

Free amino acid content differed little in round roasts of beef and
pork cooked (98° C) by moist-heat microwave and conventional oven braising
(61). Korschgen and Baldwin (61) reported no significant differences in
protein fractions of the two treated roasts. Similarly, in studies using
paired legs of lamb, Johnson et al. found no alterations in amino acid and
nucleotide concentrations (52).

Two studies investigated effects of heating methods on protein
nutritional value in frozen prepared foods (17, 76). Penner and Bowers
(76) compared freshly cooked (770 C) by microwave and conventionally re-
heated (55° C) pork loins. Protein content in three fractions (low ionic
strength; soluble and a denatured fibrillar protein nitrogen fraction;
sarcoplasmic and a nonprotein nitrogen fraction) was determined by micro-
Kjeldahl. Results of their study showed amounts of protein in the various

tissue extracts were not significantly affected by method of heating.
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Lyophilized samples of instant mashed potatoes, peas with onions,
beans with frankfurters, beef pot roast with gravy and breaded fish portions
were evaluated for changes in protein following treatment simulating in-
stitutional and convenience food system handling procedures (17). For the
five products studied, amino acid composition did not vary markedly with
treatment. Rat bioassays were conducted to detect decreases in selected
amino acids, but the differences observed were not consistently related to
treatment. Bodwell and Womack (17) concluded neither conventional nor
convenience food system handling procedures significantly decrease protein
nutritive values of the products studied.

Protein digestibility was investigated in cod fillets by Kadaner
et al. (55). Microwave heating did not alter the susceptibility of fish
proteins in vitro to proteolytic enzyme attack.

Microwave thawing of fish showed reduced protein losses in a study
by Bezanson et al. (16). Two varieties (Louisiana brown, Columbia white)
of raw headless shrimp were defrosted by a conventional method (submersion
of frozen fish in water, 18° C) and microwave energy {915 MHz) application.
Samples analyzed for protein showed significantly higher protein percentages
in microwave defrosted shrimp. Moisture/protein ratios were higher in the
water-defrosted samples indicating a loss of protein due to leaching
occurred more in the conventional method. As shown by the data in Table
4, microwave thawing of fish can reduce protein Tosses significantly.

While it is doubtful that these data will change current industry practices,

the use of high frequency energy below the microwave range has also been
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TABLE 4

Proximate Composition of Microwave vs. Water
Defrosted Raw, Headless Shrimp

Louisfana Columbia
prown white

% protein
(watar defrosted) 16.57 16.68
% protein
(microwave defrostad) 18.66 17.49
Protein difference
(% of total weight) 2.09 0.81
Moisture/protein ratio
(water defrosted) 4.97 4.93
Moisture/protein ratio
{microwave defrosted) 4.28 &.65

Adapted from BSezanson st al. (16},

jmplemented to speed defrosting with varying success (51).
Overall, the nutritional effects of microwaves on animal proteins
appear minor. Variability in procedures and products prevent any additional

conclusions from the research data.

C. Protein of Non-Animal Origin

While much of the data regarding changes in protein have concentrated
on proteins of animal origin, some studies have included protein of non-
animal origin.

One such study (89) investigated the effects of various home cooking
methods on the proximate composition of four potato varieties (Katahdin,

Norchip, Pontiac and Russet Burbank). The methods of preparation included



20

boiled, both peeled and unpeeled for 30 minutes, oven baked at 218°% ¢ for
60 minutes and microwave cooked for 30 minutes. No significant changes in
protein content were found in Katahdin tubers regardiess of cooking method
used. With Norchip and Pontiac varieties, there were significant decreases
in protein content with boiled, unpeeled potatoes and oven baked treatments.
In the Norchip tuber a decrease in protein was shown with microwave appli-
cation. Cooking methods did not affect protein content of Russet Burbank
potatoes except when subjected to microwave, where there was a significant
increase in protein constituent. In summary., microwave treatement favored
protein retention over the other three methods of preparation investigated.

Legumes are a known source of moderately-high protein. In particular,
the nutritive value of soybeans has been observed after various heat treat-
ments. White reported (96) that in 1917 Osborne and Mendel observed that
heated soybean was more effective in promoting growth or rats than raw
soybean. Thus, they concluded that heating had in some way made the soy
protein more readily utilized.

White (96) also reported that Kunitz in 1946 demonstrated the presence
of a trypsin inhibitor in raw soybean which apparently interfered with the
digestion of the protein and the availability of methionine - the most
1imiting amino acid in soybean.

In 1971, it was reported that a 30-35% increase in nutritive value of
soybeans was observed after radiofrequency dielectric heating for one minute.
When beans were raised to a temperature of 137° C, the trypsin and erepsin

inhibitors intrinsic to soybeans were inactivated. This increase in
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availability of soy protein has been validated by animal feeding tests (4).

In a Canadian study (99) the value of processing unextracted, or full
fat, soybeans was examined. The optimum heating required to produce beans
of good nutritive quality was determined and found to be in the range of two
to three minutes of microwave treatment. Legumes processed under 2450 MHz,
at 1250 W were then compared with beans processed by boiling for the ability
to support rat growth. Microwave-processed beans were found to have higher
nutritive value than those processed by conventional heat treatment.

Borchers et al. {19) also reported a rapid improvement in nutritional
quality of soybeans treated with microwaves. Raw, air-dried whole soybeans
were exposed to microwave treatment and showed full nutritive development
in less than two minutes. The nutritive value was assayed by rat feeding
tests. The indices of heat treatment of soybeans showed the usual decrease
in protein solubility, inactivation of urease and inactivation of trypsin
inhibitor activity.

These studies indicated favorable changes in the protein fraction of
food exposed to microwave compared with conventional cooking. While no
deleterious effects on nutritive value were reported in the literature,
susceptibility to heat processing has been observed with protein foods con-
taining significant amounts of carbohydrates. It is generally accepted
that interactions between functional groups with the protein chain or
between the protein chain and other food constituents during heating lead
to cross linkages. These cross linkages are resistant to the normal di-

gestive processes (96).
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D. Carbohydrate

An extensive search of the research literature revealed no report
on the effects of microwaves on the carbohydrate fraction in foods. However,
microwave heating has been shown to affect carbohydrates in the drying of
herbage. Carlier and Hee (25) utilized microwave energy to dry lucerne and
grass samples; no specific data regarding carbohydrate was cited. Jones and
Griffith (53) utilized a slightly modified commercial microwave oven to dry
fresh herbage. When compared to conventionally dried samples, the carbo-
hydrate contents of the microwave dried samples were significantly higher.

This represents the only reported data relating to carbohydrate
composition in foodstuffs exposed to microwave energy. Much work needs to

be done in this area.

E. Lipid Oxidation and Total Fats

Many factors are known to catalyze autoxidation of Tipids. Among
these are heat, 1ight and ionizing radiation. As microwaves are a lower form
of electromagnetic radiation, they might also act as a catalytic agent in
autoxidation.

Little research has been directed to the investigation of microwave
radiation on lipid composition in foods. The effects of heat treatment, as
generated in conventional systems and in miérowave ovens, on the degree of
1ipid oxidation, total fat losses and fatty acid composition have been studied.

Any effects of microwaves on the 1ipid fraction in foods appeared minor.
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Only small differences existed in total fat and fatty acid composition, and
the 1iterature did not suggest that these differences were microwave induced.
The term autoxidation is used to describe the chemical degradative

reactions which cause oxidative rancidity. The rate of autoxidation is en-
hanced by the presence of prooxidants, such as heat and exposure to UV light.
Thiobarbituric acid (TBA} values have been determined to measure 1ipid
oxidation,

Microwave-reheated turkey breast muscle was analyzed using the TBA test
to determine the extent of oxidation (21). TBA values were compared with
raw, freshly cooked and conventionally reheated turkey breasts. TBA values
for all samples were fairly low (1.60 for freshly cooked, 1.54 in microwave
reheated, 1.71 for conventionally reheated samples) and did not differ
statistically for the three heated samples but were higher than values re-
ported for the raw muscle tissue (0.33). Flavor scores could not be related
to TBA values in this study.

In a 1973 study by Penner and Bowers (76) freshly cooked boneless
pork loins were compared with conventionally reheated and microwave reheated
samples. TBA values, determined as a measure of fat oxidation, differed
significantly as seen in Table 5. TBA values were highest for pork exposed
the longest total heating time (precooked and conventionally reheated),
intermediate for microwave reheated pork, and lowest for freshly cooked
loins., The data suggested that those portions of pork exposed to the longest
heat treatment had the largest TBA values. Heat, rather than microwave

application contributed to the oxidative reactions observed.
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TABLE &

Mean Yalues of Thiobarbituric Acid (TBA) Numbers of Heated Pork

Freshly Conventionally Microwave
cooked reheated reheated
TBA value ° 3.31 4.97 a.01

b mg malonaldehyde/1000 g tissue

Adapted from Penner and Bowers (76).

Fifty g. samples of egg yolk with and without added linoleic acid
were cooked (80o C) by a conventional oven and two microwave ovens (915 MHz,
2450 MHz) in a study by Schiller et al. (83). Lipid changes in cakes baked
with these egg yolks were also determined by TBA numbers. Conventionally
heated egg yolks showed significantly greater TBA values than those of raw
and microwave cooked yolks. Uncooked batter samples showed the Towest
TBA values than those raw and microwave cooked yolks. Uncooked batter samples
showed the lowest TBA value when compared to other treatments as shown in
Table 6; however no significant differences in TBA numbers were reported in
compared microwave frequencies. Schiller et al. agreed with an earlier
review in 1972 by Rosen (82) which suggested thermal effects of microwaves
accounted for these differences.

Fat losses in microwave heated pork patties, roasts and chops were
investigated by Apgar et al. (6). A1l meat was cooked to an internal

temperature of 87.8° ¢ and analyzed. The longissimus dorsi muscle of pork
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TABLE 6

Thiobarbituric Acid Numbers for Cakes

Heating TBA
Treatment time number *
min.
Microwave oven, 2,450 MHz 2,75 (.560 be
Microwave oven, 915 Mz 4.0 3.614 ¢
Conventional oven, 173°%C 22.0 0.497 b
Uncooked sample - 0.173 a

* Means with different superscripts are significantly (P<<0.08)
different,

Adapted from Schiller st al. (83).

roasts cooked conventionally had a significant lower fat content than those
cooked by microwaves. A1l pork samples cooked electronically exhibited a
slightly higher, but not significant, percentage of total fat and fat re-
tention when compared with conventional oven cooking.

Kylen et al. (62) investigated fat losses in boneless beef rib and
pork loin roasts prepared in a gas oven and in an electronic range. Roasts
were cooked to approximately the same mean internal temperature. Comparisons
of the data obtained on the products cooked by the two methods showed that
fat content was approximately the same. In the same study, beef Toaves
preapred by conventional treatment exhibited a slightly greater percentage
total fat loss than those given microwave treatment.

Values for crude fat and cholesterol levels in ground beef patties
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were determined for three cooking methods by Janicki and Appledorf (50).
Cooking procedure affected both the values for crude fat and cholesterol,

as seen in Table 7. Broiled and grill fried patties exhibited similar

TABLE 7

Effect of Heating Treatment on Crude Fat and Cholesterol Levels in Beef Patties

Cooking time Crude fat (g) Cholesterol (mg)
Raw 18.1 + 3.0 a 77+ 1 a
Broiled 50 sec 10.0 + 1.0 be 63+12b
Grill Frying 4 min 6.5+ 1.2 b _ 62+ 14 b
Microwave 90 sec 8.0+1.0d 70 + 17 ab

Values in each column followed by the same letter are not significantly different (P<C 0.05).

Adapted from Janicki and Appiedorf {50).

Tosses, while microwave cooked beef patties showed larger losses of crude
fat. When compared to raw patties decreases in total cholesterol content
were observed in all cooking treatments except the microwave. The study
suggested a nutritional advantage existed in terms of crude fat Josses
in patties prepared by microwave heating.

Variation in total fat content between these studies have been
attributed to differing procedures, conditions and products used (65).
No general statement can be made regarding total fat in microwave versus

conventionally prepared food products from the research published to date.
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F. Minerals

It has been generally regarded that the mineral composition of foodstuffs
is not altered significantly by exposure to radio frequency energy. Limited
research data was found concerning specific effects of microwaves on mineral
composition.

Beef, pork and lamb roasts cooked conventionally and in two microwave
ovens operating at varying voltage (115 V, 22 V) were compared (10). Only
one significant difference in mineral content was reported. Sodium content
of lamb cooked conventionally was 10% greater than in lamb cooked by the
two microwave methods. On a percent retention basis there was a trend to-
ward increased mineral retention in the conventionally cooked meat.

As seen in Table 8, significant differences were shown for phosphorus
and iron retention in conventionally prepared beef, and iron retention in
pork and lamb cooked conventionally compared to microwave treated foods.
Mineral determinations for meat drippings showed significant differences
for sodium, chloride, phosphorus and iron content of drippings from oven
roasted pork: this trend was evidenced in phosphorus and iron content from
beef and lamb drippings as well. Baldwin et al. (10) suggested this greater
concentration of minerals in the drippings from the conventionally cooked
roasts could be related to the Tower moisture content of the drippings.

In a follow-up study, Korschgen and Baldwin (61) found no significant
differences in mineral content in round roasts of beef cooked by moist-heat

microwave and by conventional oven braising. Sodium and iron contents of
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Mean Mineral Content {_ug/g) and Percent Retentfon in Roasts Cooked by Microwave and Conventional Methods.

Cooked meat % retention Drippings
S":ﬂ" Microwave Microwave Microwave
Mineral 220v 118y Conv, zeoy 115¢ Conv, 220v sy Conv.
Beef®
Sodium 398 375 432 68 72 a9 1461 1590 2090
Chloride n 401 kkl] 78 B84 a7 1426 1178 1616
Phosphorus 2162 2086 2006 7b 79 98 a 4923 b 4738 b 6890 a
Iron 21 20 19 70b 85 ab 98 a 25b 24 b 34 a
Pork®
Sodium 396 346 447 68 62 73 1157 b 93 b 2267 a
Chloride 422 387 420 74 68 70 MN93 b B70 b 2148 a
Phosphorus 2368 2412 2589 74 70 76 5088 b 3964 b 9042 a
Iron 8 ) 9 87 65 100 Bb 9b 20 a
Lampd
Sodium 508 b 549 b 658 2 65 64 74 3281 2225 t0s
Chloride 583 548 630 64 60 67 2280 b 1182 ¢ 2655 a
Phosphorus 2286 2182 2219 7 78 92 6082ab 5110 b 6688 a
Iron 4| 20 24 73b 79h 110 a b 20k 61 a

NeS, except N=4, for drippings of conventional method for lamb and pork. Where letters differ within a
mineral for cooked meat or for drippings within 3 species, means differ significantly (P = 0.05).

Raw beef: 379 .ug/g sadiwm, 337 .ug/g chloride, 1889 _ug/g phosphorus, 19 .ug/g iron. N=15,
Raw pork: 381 .ug/g sodium, 378 _ug/g chloride, 2188 .ug/g phosphorus, 7 .wa/g iron. N=15.
Raw lamb: 581 _ug/g sodium, 618 _ug/g chloride, 1835 .yg/g phasphorus, 17 .ug/g iron. H=15.

From Baldwin et al. (10).

meat cooked by the two methods compared favorably. Potassium retention was
found significantly higher in meat cooked by microwaves than in those roasts
cooked conventionally.

The softening of vegetables during the cooking process was investigated
by Barbiroli et al. (11). Five types of vegetables (carrots, fennel, french
cut beans, marrows, asparagus) were analyzed for composition and then cooked
by two surface applications, oven heat treatment (165° ¢) at varying times
and temperatures, and in a microwave oven. Analysis following cooking of
vegetables revealed a negligible loss of water and minerals regardless of
cooking method. The microwave method was suggested superior over the other

four heat treatments since less nutrients were lost.



Ash represents the incombustible mineral residue that remains when a
substance is incinerated. It serves as a measure of the inorganic salts
that were present in the original material (12). Ordinarily, these salts
consist chiefly of sodium, potassium, calcium, chloride, magnesium and
iron. The 1iterature indicated one study'which measured ash content in
microwave and conventionally treated food.

Toma et al. (89) studied changes in proximate composition of four
potato varieties (Katahdin, Norchip, Pontiac, Russell Burbank) prepared by
various home cooking methods. Unpeeled potatoes boiled for 30 minutes did
not show a significant change in the ash content, whereas those boiled
without the peelings for 30 minutes resulted in significant losses of ash.
None of the potato varieties exposed to 30 minutes of microwave power ex-
hibited an alteration in ash content. These findings suggested that micro-

wave cooking enhanced macronutrient retention.

G. Vitamins
a. Fat-soluble

The effects of microwave energy on the retention of vitamins in foods
has been widely studied. Data for fat-soluble vitamins are practically
non-existent in the literature, although Vitamin A determinations have been
made in some studies (1, 54). Aldor reported no significant losses of
Vitamin A in microwave cooked or microwave/infrared irradiated meat when
compared with conventional cooking values (7). No other data on fat-soluble

vitamins was available.
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b. Water-soluble

Vitamin B complex (11 compounds) and Vitamin C have been grouped
together as the water-soluble vitamins. Virtually no direct relationship
exists between these vitamins except they all are water-soluble and most
function as coenzymes in metabolic reactions. Deficiency symptoms often
develop rapidly without these essential nutrients, thus explaining the
interest and study of these vitamins. Of the 10 B-complex vitamins isolated,
thiamine, riboflavin, niacin, pyridoxine and folacin have been studied

following microwave exposure.

Thiamine. Thiamine is a sulfur-containing substance easily destroyed
by heat or oxidation, particularly in the presence of alkali. Since it is
water-soluble, it will Teach out of a product in proportion to the amount
of water available, the extent to which it is agitated and the surface area
of the food exposed to water (45). The combined effects of heat, water
and rapid boiling in conventional cooking of vegetables suggested that
electronic cooking could be less destructive to thiamine. The data from
various sources proved inconclusive, as some reports indicated no differences
between microwave and conventional heating while other data showed decreased
and increased retention with microwaves.

The thiamine content in buffered solutions treated in microwave and
conventional ovens was investigated by Van Zante and Johnson (94). A
buffered solution of thiamine hydrochloride was prepared using 0.02 M citrate

buffer. A pH of 5.7 was selected to represent similar conditions in
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post-mortem pork. Two concentrations of thiamine hydrochloride (8 mg/1,)
40 mg/1) were exposed to microwaves and conventional oven heating and
measured for thiamine retention. Results obtained from microbiologic assay
and spectrophotometric analysis indicated thiamine retention was slightly
lower as compared to conventional cooking in both concentrations following
microwave treatment. The study indicated thiamine retention was signifi-
cantly different with varying endpoint temperatrues, but no cooking method
emerged as superior.

Destruction rate of thiamine hydrochloride in a pH 6.8 phosphate
buffer was studied by Goldblith et al.using conventional heat and microwave
energy (42). Temperatures were maintained (0, 33, 102.8° C) and percent
thiamine determined at 10 minute intervals. Based on their findings,
Goldblith et al. (42) concluded that thiamine destruction was solely at-
tributable to effects of accelerated temperatures in both conventional and
microwave heating systems.

Meat and meat products represent a good source of dietary thiamine.
Thomas et al. (88) cooked beef patties, pork patties and beef roasts to
internal temperatures of approximately 73.5° C in a microwave and conven-
tional oven. There was an 11% loss of thiamine in beef patties cooked by
microwave and a significant retention of thiamine in the electronically
cooked roasts. There was much variability in the data reported, and Thomas
et al. suggested prolonged cacking to reach appropriate end temperatures
may be responsible for the apparent thiamine lost in microwave heated meat.

A study in 1964 by Kylen et al. (62) investigated thiamine content
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of raw and cooked beef roasts and loaves and pork roasts and loaves. Mean
percentage retentions of thiamine in beef roasts cooked by microwave were

significantly lower, as seen in Table 9, while thiamine retentions in pork

TABLE 8

Thiamine Contant of Cooked Meat

Mean Thiamine Ratention
Raw Weight Basis

Products and Methods Cooked
af Caoking meat gripnings Total

&
¥l
i

Beef roasts, Series |

Conventional gas oven 30 * 3.7 2 0.7 31 + 3.5

Microwave oven 58%*+ 2.8 13%+ 3.8 70 + 3.0
Beef roasts, Series 2

Conventional alactric oven 36 + 4.8 1* + 0.4 86 *+ 4.3

Microwave oven §7* * 3.4 T4 ¥ 1.3 80 * 3.2
Pork Roasts

Conventional electric oven 51 » 1.0 19 +1.0 80 + 1.2

Microwave aven 60 * 1.5 31* * 3.5 91*% 3.7
Beef loavas

Conventional gas oven 76 + 1.1 - ———

Microwave oven 30 *+3.¢0 - -
Ham loaves

Conventional gas aven a9 o+ 2.7 - -

Microwave oven 3l + 2.4 v -

* Significantly different from the corresponding mean at {F <0.05).

== significantly different from the corresponding mean at (P -<0.01).

Adapted from Kylen et al. (&2).

roasts, beef and ham loaves were similar after both microwave and conventional
methods of cooking. Thiamine content in all meat drippings was significantly
higher after microwave heating.

Pork patties, roasts, and chops were cooked electronically and
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conventionally (to 88% C), and thiamine was measured by a modification of

the Conner and Straub thiochrome method (6). Small differences (0.2 - 0.4
mg/100 gm) were noted as thiamine retention of microwave cooked chops appeared
higher, but there were not practically impertant. Apgar et al. (6) suggested
more rapid heat rise in microwave cooking might be responsible for more

rapid heat destruction; however, their data showed no greater total de-
struction of thiamine in microwave than in conventional cooking.

Noble and Gomez (75) compared lamb roast cooked in conventional and
microwave ovens. There was no trend for differences in retention of thiamine
when cooking methods were compared.

Mean contents { -ug/g) and percent retention of thiamine in beef and
pork roasts and deboned legs of lamb were studied by Baldwin (10). Thiamine
content of beef cooked (70° C) by a 115 V microwave oven was significantly
less than that of the conventionally cooked products. Thiamine contents of
microwave cooked pork and lamb showed no significant differences in percent
retention.

Analysis of thiamine in other studies invoiving meats {lamb Tegs and
loin chops; beef, top round roasts) reported similar thiamine retention
with microwave and conventional heat treatments (52).

Two studies indicated microwave heating to be less destructive to
the thiamine content in foods (44, 56). Various precocked and chilled
dinners {fried chicken, salisbury steak, beef and chicken pies) showed no
losses of thiamine when cocked in a microwave oven after being stored at

-309 C, and some slight increases in thiamine values were reported (44).
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Kahn and Livingston (56) found microwave reheating of pre-cooked frozen
foods provided the highest as compared to what percent retention. Beef
stew, chicken a 1a king, shrimp Newburg and creamed peas prepared by four
methods showed highest retention (Table 10) in small batch preparation

and with no delay prior to service. While these results were not

TABLE 10

Effect of Heating Method on Thiamine Cantent
of Pre~cooked Frozen Food Products

Heating Method Thiamine ratantion (%)
Microwave 93.5
Infra red 90.4
[mmarsion 86.4Q

Freshly prepared and
held on steam table

1 hour 78.2
2 hours 73.9
3 hours 67.4

Adaptad from Xahn and Livingston (S6).

surprising, this study reinforced the general concept that cook-chill
systems have nutritional benefits, provided rapid reheating is employed.

In a study by Thomas et al. (88) retention of nutrients in vegetables
was dependent upon both cooking time and amount of water utilized. In
general, greater losses of water-soluble nutrients occurred through leaching
into boiling water, however in microwave cooking, decreased cocking time

employed by this method increased nutrient retention. While cooking methods
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affected thiamine values for broccoli and cabbage, no significant differences
in thiamine retention for different cooking methods were observed in carrots
or potatoes. Decreased cooking time showed less effect on retention of
thiamine than amount of cooking water. Therefore, a pressure-cooking method
favored thiamine retention over the other methods employed.

Variability in data prevented any conclusions in a study of baked
products by Bender (13). Retention of thiamine ranging from 30 - 100% with
microwave treatments was compared with 50 - 90% retention in gas oven baked
products. Lorenz (65) suggested that these differences may be related to
differing internal end temperatures.

The results of these reported studies indicated that destruction of
thiamine in food systems is ralated to heat, rather than exposure to
microwaves.

Riboflavin and Niacin. Riboflavin and niacin are relatively stable

vitamins, resistant to the effects of acid, heat and oxidation. Riboflavin
is unstable in the presence of alkali and light. As both are slightly soluble
in water, some losses may occur from leaching; however, niacin losses are
not common in food processing and preparation. Due to the stable nature
of these vitamins, the number of research studies reporting riboflavin and
niacin retention in microwave cooked foods is significantly less than for
thiamine.

Data for riboflavin and niacin retentions in beef and pork patties

and beef roasts were given by Thomas et al. (88) There were no appreciable
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differences in the retention of riboflavin or niacin when beef and pork
patties were cooked (79.50 C) by microwaves or on a grill. Riboflavin re-
tention for both methods was aporoximately 100%. The niacin retention

was 90% and 85% in beef and pork patties, respectively. Nutrient retention
varied in beef rib roasts. While the retention of riboflavin in the roasts
was approximately the same (85%) for both methods, niacin retention was
higher in the beef roasts cooked conventionally. Roasts prepared conven-
tionally (73.59 C) retained an average of 81% of the niacin in contrast to
microwave roasts which retained 73% niacin. Differences in end internal
temperatures and procedures do not permit conclusions on this data.

In another study (75) riboflavin retention in lamb roasts was about
the same (80%), in compared microwave and conventicnal heating methods. A
trend in this data correlated with results by Thomas et al. (88).

On a percent retention basis, riboflavin and niacin retention did not
significantly differ in beef, pork and lamb cooked conventionally and by
microwave. Baldwin et al.(10)} reported that these findings (Table 11) were
significant, as it suggested vitamin retention was not related solely to
Tength of time exposed to high temperatures. While trends in this study
were similar to those reported earlier (75, 82, 88), thiamine and niacin
retentions were higher,

In 2 1978 study Korschgen and Baldwin (61) indicated no significant
differences in niacin retenticn in beef round roasts cooked conventionally
and by microwaves to an internal temperature of 98° C (61). Thiamine and

riboflavin retentions were significantly higher in microwave cooked roasts.



TABLE 11

Mean Contents ( _ug/g) and Percent Retention of Vitamins in
Roasts Cooked by Microwave and Conventional Methods

Species Cooked meat® Retggt1ona
and Hicrowave Microwave
vitamin 220V 1158 v Conv 220 ¢ 1sy Cony
3eef °
Thiamine 0.39 a .74b 0.92a 61 a 49 b 69 a
Riboflavin 2.00 1.73 1.79 98 ab 83 b 99 3
Miacin 46.54 43.44 43.94 94 ab 86 b 104 &
Pork ©
Thiamine 14.78 14.43 17.51 73 &7 72
Riboflavin 2.32 2.52 2.97 31 82 96
Niacin 41.3 £3.06 46.01 87 ab 79 b 101 a
Lamb ¢
Thiamine 1.96 2.12 1.93 52 49 82
Riboflavin 3.78 3.2¢ 4.73 a8 73 98
Niacin 44,56 36.67 43.14 N 64 86
2 yw5. Where latters differ within a vitamin for a spacies, means
differ significantly (P <0.05) from each other {Duncan, 1965).
® Raw bsef: 1,06 _ug/g thiamine, 1,45 .ug/g riboflavin, 34.33 wg/g
niacin. N = 15,
€ Raw pork: 14.44 Aig/g thiamine, 1.98 ug/g ribeflavin, 37.13 _ug/g
nfacin. N = 15,
d

Raw lamb: 2.51 _ug/g thiamine, 2.82 .ug/g riboflavin, 37.21 _ug/q
niacin. & = 18,

Adaptad from Baldwin et al, (10).

37
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The effect of roasting by conventional and microwave methods of thiamine
and riboflavin retention in selected retail meat products (turkey, beef and
pork) was studied by McMullen (69). Nutrient retention did not vary signi-
ficantly with either heat treatment or in the presence of oven film during
cooking.

Beef psoas major and longissimus dorsi muscles were compared by
Maljutin (66) using microwave and conventional heating. The data reported
no significant differences in pH but higher riboflavin and niacin contents
in beef cooked by microwaves.

In contrast Bender (12) cited less riboflavin retention (87%) in
microwave heated fish compared to that heated conventionally (92%). Incom-
plete procedures prevent comparison of this research with data of others.

Analysis of riboflavin and niacin in paired legs of lamb resulted in
only small and generally insignificant variations when conventional and
microwave coocking methods were compared (52).

The contribution of vegetables to the riboflavin and niacin content
in the diet is minimal. Therefore, few studies investigated microwave
effects on these dietary components. Thomas et al. (88) compared three
cooking methods (boiling by surface heat, microwave heating and pressure
cooking) and determined their effects on riboflavin retention. Pressure-
cooked samples of broccoli, cabbage, carrots and potatoes all yielded high
riboflavin retention. Microwave heating yielded medium retentions (ranging
from 62% in cabbage to 93% in carrots), while saucepan boiling yielded

least riboflavin retention. Importantly, Thomas et al. noted riboflavin
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retention percentages increased up to 100% of the original amount when
cooking water was included in the analyses. Thus, utilization of cooking
water recovered those nutrients leached during heating.

Riboflavin retention in a buffered solution heated conventionally
and by microwaves was investigated by Van Zante and Johnson (94). STightly
higher values for riboflavin were reported when the buffered solution was
heated conventionally; however, the researchers concluded differences were
not significant. It was suggested that complete food systems may enhance
riboflavin retention more than a buffered solution.

Pyridoxine. This substance is widely distributed in nature, most
prevalently in animal tissues. Pyridoxine is relatively stable to heat
and acid, but labile to alkali, oxidation and UV light. While it serves
numergus functions in the human system, it is seldom a manifested deficiency.
In view of this, retention of this vitamin has not been widely studied.

Bowers et al. (22) compared pyridoxine values in turkey breasts
cooked (759, 852 C) by microwaves and a conventional oven. Results indicated
that pyridoxine values were significantly higher in those samples cooked
by microwaves and evaluated on the basis of cooked weight. No statistical
differences were reported in pyridoxine values calculated on the basis of
dry weight. Differing pyridoxine values were attributed to differences in
moisture content, rather than exposure to microwaves. Conversely, in a
later study in 1974 using similar conditions with pork muscle, Bowers et al.
(23) reported pyridoxine values were higher on the basis of dry weight and

not statistically different when calculated on a cooked weight basis.
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Variations in products and temperatures did not permit correlations between
these studies.

Microwave cooked chicken breasts showed significantly higher pyridoxine
values in a study by Wing and Alexander (98). Internal temperature of
microwave processed chicken was 96° C, whereas oven baked breasts were
cooked to 88° C. Wing and Alexander suggested time, rather than temperature
accounted for the increased values reported for microwave heated chicken.
When amounts of pyridoxine retained in the meat and drippings were combined
and compared for both cooking methods, retention was 92.5% in microwave
heated chicken and 88.4% in conventionally cooked breasts.

While losses of pyridoxine are not normally associated with heating,
the findings of these two studies indicated microwave applications do not
result in any increased losses.

Folacin. Losses of this water-soluble vitamin in processing and
cooking may range as high as 50 to 90% and even 100% when high temperatures
and large volumes of water are employed (45). Although folic acid defi-
ciences are not usually attributed to inadequate intake, losses are common
in infant foods and some reheated pre-cooked foods.

A study by Klein and Van Duyne (539) investigated folacin retention
in frozen spinach and peas cooked by microwave and conventional cooking.
Total folacin content and retention were determined by microbiological

assays using Streptococcus faecalis and Lactobacillus casei. Differences

due to cooking methods were not significant, as retention reported was
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about 80%. Microwave cooking did not appear more destructive to folacin

than conventional methods.

Ascorbic Acid. Chemically, ascorbic acid is a simple 6-carbon compound

closely related to the monosaccharides. While ascorbic acid can exist in

a natural or synthetic form, it is found almost exclusively in foods of

plant origin. It is therefore, not surprising that most of the research data
regarding ascorbic acid retention was found in studies with vegetables and
citrus fruits.

There are many factors affecting ascorbic acid content in foods. It
is generally regarded that ascorbic acid is stable to acid but easily de-
stroyed by oxidation, alkali and heat. Therefore, any method of food process-
ing or cooking that involves the application of heat is likely to result in
a reduced ascorbic acid content. While many of the best sources of ascorbic
acid are consumed raw, interest still has been generated to trace the fate
of this water soluble vitamin in heat treated foods.

Electronic cooking of vegetables has yielded some favorable data on
ascorbic acid content when compared to conventionally prepared vegetables.
Several studies (8, 24, 43) have reported higher retentions of ascorbic
acid in vegetables prepared by dielectric heat. In contrast, studies by
Kylen et al. (63), Eddy et al. (33), Eheart and Gott (36), Thomas et al.

(88) and Stevens and Fenton (86) reported no significant differences in
microwave treated foods while Ang et al. (2) indicated less ascorbic acid

retention after microwave heating.
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Campbell et al. (24) estimated reduced and total ascorbic acid in
four vegetables (fresh cabbage, fresh and frozen broccoli, frozen peas),
uncooked and after cooking by conventional and microwave heating. Fresh
and frozen broccoli retained more ascorbic acid after microwave treatment.
Later work by Gordon and Noble (43) confirmed these findings. Trials by
Campbell et al. (24) showed that for microwave cooked foods, ice presented
insuperable problems as solidly frozen vegetables required additional time
for defrosting and cooking. Microwave heating gave much higher ascorbic
acid values when partially defrosted foods were utilized. Eddy et al. (34)
suggested that deep frozen foods be thawed in a refrigerator for four hours
at 0 - 49 C prior to microwave exposure for best results. Waterless cooking
of peas by microwave heating showed excellent retention of ascorbic acid.
This indicated the use of little or no water in microwave ovens feasible
and desirable in terms of nutrient retention. This supported findings by
Peppler and Cremer (77) that less cooking water used with peas, beans and
cabbage yielded higher ascorbic acid retention with electronic cooking.

In experiments carried out by Potacel (79), losses of ascorbic acid
in patatoes cooked conventionally and by microwave heating were 24% and
6%, respectively; and for cooked cabbage, they were 63% and 55%, respectively.
These data all suggested the use of microwave ovens enhanced the retention
of this water soluble vitamin.

Perhaps the most complete and convincing data was presented in a
comparative study by Armbruster (8). Comparisons were made of the ascorbic

acid content of fruits and vegetables after microwave, conventional and
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convenient cooking methods were used. In 75% of the instances studies,

the ascorbic acid content of the microwave cooked product was significantly
higher than that observed after the conventional and convenient methods

were used. Microwave cooking methods also yielded shorter cooking times

in every instance except fbr one. This reduced cooking time, coupled with
less cooking water required in a microwave heating resulted in less ascorbic

acid destruction. These data are reported in Table 12,
TABLE 12

Mean Reduced Ascortic Acid Content of Fruits and Vegetables
After Cooking by Microwave, Conventional and
Convenient Methods

Mean Reduced Ascorbic Acid in mg/100 g

Food Market Conventional Conveniant

[tem Form Microwave Boil Bake Conventional
FRUITS
Apple Fresh 16.6 - 6.7 -
Cranberry Fresh 15.2 15.7 - 17.2
Grapefruit Fresh 43.4 - 3.0 -
VEGETABLES
Asparagus Frash 20.9 17.5 - -
Frozen 26.0 22.4 - .-
Brocenli Fresh 116.4 73.2 - 77.8
Frozen a5.6 72.9 - 68.3
Brussel sprouts Frash 36.5 71.8 - -
Frozen 59.6 55.8 - 56.0
Cabbage Fresh 43.2 24.5 - 28.0
Cauliflower Fresh 84,6 48,2 - -
Frozen 63.2 48.0 - F
Green beans Fresh 5.7 4.9 - -~
Kaie Fresh 81.5 58.2 - -
Parsnips Fresh 14.1 6.3 - .-
Papper, bell Fresh 109.3 - 98.0 -
Spinach Fresh 23.9 18.0 .- .-
Frozen 16.1 2.9 - -
Squash Frozen 7.0 . 6.3 -
Tomate Fresh 22.3 - 23.3 P
Turnips Fresh 25.9 14.2 - 16.6

THERMATRONIC (I

Asparagus Fresh 17.2 14.4 - =
Cabbage Fresh 31.6 35.8 -- 41,4
Cauliflowar Fresh 86.6 60.1 - 38.0

Adapted from Armbruster (3).
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No statistically significant differences in the retention of ascorbic
acid in vegetables cooked by a conventional and microwave method were found

by Kylen et al. (63). Data shown in Table 13 indicated frozen vegetables

TABLE 13

Ascorsic Acid Retention in Fresh and Frozen Vegatables
after Cooking in & Conventional and Microwave Oven

% Ascorbic acid retention

Cooking —LL8S0 vegetable Frozen vegetable

Vegatabia Method Vegetable Water Vegetable Water
Broceaid c 83 10 a8 12
Peas c 73 23 o .

by 74 164w — -
Cibbnga C 685 14 — -

M 72 11 — -
Cauliflower c 92 7 - -

M a7 & -~ -
Gresn beans £ 74 9 33 3
Spinach ¢ 61 5 2 10

* Maan percent retention significant at (P «<0.05)
** Maan percant retention sfgnificant at (P <<0.01)

Adapted frem Kylen et al. (63)

retained less ascorbic acid than fresh samples of the same vegetables.
However, ccoking water of fresh peas, cabbage and green beans retained
significantly less ascorbic acid: mean percent retention values of only
16%, 11% and 7%, respectively. These data, when compared to those of

other investigations, indicated amount of cooking water and cocking time
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seem to play a more significant role in ascorbic acid retention than cooking
methods.

Eheart and Gott (36) found no significant differences in ascorbic acid
retention in peas, spinach, broccoli and potatoes cooked with and without
boiling water by microwave and by conventional methods. Ascorbic acid re-
tention was the same with or without water for oven cogking and not signi-
ficantly different from that resulting from boiling or oven cooking with
the same amount of water. This study disagreed with the earlier findings
by Campbell et al. (24) which suggested waterless cooking improved ascorbic
acid retention.

Spinach and brussel sprouts, cooked, frozen and kept at -18% C retained
63 - 71% of the ascorbic acid of the uncooked vegetables in a study by
Eddy et al. (33). Reheating by microwave resulted in a 20% further loss
of the nutrient. These results compared favorably with losses incurred in
domestic cooking. In a follow-up study (34) ascorbic acid content was
determined in cabbage, spinach and peeled potatoes. Again retention was
similar to that with conventional ovens, but more variable.

Values for ascorbic acid were determined by Thomas et al. (88) in
vegetables prepared by boiling, pressure cooking and microwave heating.
Significant amounts of ascorbic acid were extracted in both the boiling
and microwave methods of cooking. These authors attributed this decrease
in ascorbic acid content to the combined effects of leaching and heat
destruction.

A recent study by Bowman et al. (20) indicated vegetables cooked
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by microwave and countertop heating methods did not differ significantly

in amounts of reduced ascorbic acid. A slight increase in these values was
observed in microwave cooked vegetables and in addition, ascorbic acid
leached into the cooking 1iquid was less than in conventional cookery.
These differences however, were not statistically significant.

Research completed by Causey and Fenton (26) and Stevens and Fenton
(86) provided no significant differences in ascorbic acid retention between
microwave and conventional cooking.

Six products were analyzed for ascorbic acid content before and after
treatments simulating institutional handling and rapid reheating (microwave
and pressure steam heating) methods (2). Losses of ascorbic acid occurred
in products held at 829 C, under high steam and was greatest in those
microwave reheated frozen foods. Microwave heating was preferred over
fresh preparation and institutional halding for three hours, however, was
considered inferior in ascorbic acid retention to the high pressure steam
heating (2).

Blanching of vegetables prior to freezing is necessary to destroy
certain enzymes that otherwise would catalyze the destruction of ascorbic
acid. In home-frozen vegetables the ascorbic acid content is likely to
be less than that in commercially frozen vegetables that have been harvested
at peak maturity and processed immediately. Microwave blanching resulted
in enhanced ascorbic acid retention in a study by Eheart (35). Broccoli

blanched in a microwave oven contained 79.2 mg of ascorbic acid, while
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that blanched at 100 or 779 C yielded only 60.8 and 55.6 mg per 100 g,
respectively. This study suggested that microwave blanching could be
successfully implemented in home processing to yield comparable ascorbic
acid values found in commercially blanched foods.

A non-conventicnal methe 4 of sterilizing glass containers of orange
segments was investigated by Lin and Li (64) using microwave energy. Con-
ventional water bath processing to 8790 C was compared to microwave exposure
for 130, 140 and 150 seconds. End temperatures were regulated in the two
procedures as closely as possible. The data showed microwave exposure for
140 seconds was not only sufficient in attaining the necessary temperature
for sterilization but also yielded better ascorbic acid retention than
conventional sterilization.

From the results of the studies cited here, it can be concluded
that no appreciable losses in ascorbic acid are derived from microwave
heating when compared to conventional heating methods. However, any in-
creased retention of ascorbic acid in microwave cooked foods cannot be
attributed entirely to the dielectric heating. A combination of factors
including ratio of water to vegetable, cooking iength and variability

of cooking loads may account for the varying data reported.



3. SUMMARY AND CONCLUSIONS

A. Problems with Microwave Data

While an abundance of promotional literature exists in support of the
microwave oven, research studies involving microwave energy in cooking
processes have yielded Timited data. Studies prior to 1970 showed widely
variable data, but generally indicated microwave heating of foods was less
harmful to nutrients than conventional methods. Early studies reported
marked moisture losses and undesirable flavor changes in microwave treated
food systems. It is significant to note these studies were conducted
using relatively small quantities of foods and with incomplete understanding
of microwave cooking. Other failures may be related to the technical dif-
ferences in earily microwave ovens. Changes in oven magnetrons and cavity/
feed/stirrer design have shown improvement in reliability and consequently
cooking performances.

Research procedures have not been uniform or well standardized for
use in different research laboratories. Many studies failed to include
temperature measurements, considered one of the few tools for comparison
in microwave versus conventionally treated products. These failures were
due more to the inavailability of oven-proof thermometers than to oversight
by researchers. Currently thermometers made of poiysulfone have been
introduced for microwave usage and may provide more accurate temperature
readings. Temperature showed the highest variability in studies; however,

size of cooking load, sample number, length of cooking and ratio of water

48
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to product accounted for varying data. Marked differences existing in
products and purchase lots of raw food were factors cited in only a few
studies (8). Many of the reports did not present data on a dry weight
basis of foods, thus making comparisons difficult.

A great deal of the microwave research findings have been published
in a variety of non-research oriented publications. Many of these sources
(newsletters, trade journals, promotional literature) were not widely
circulated or placed in research libraries. Consequently data were diffi-
cult to obtain and often impossible to review. No doubt private studies
by manufacturers have yielded data that have not been released for public
information. As is frequently the case with new techniques and innova-
tions, microwaves, too, have been given remarkable properties and effects
by those promoting this new technolegy (65). Any results from these
private studies implying deleterious effects of microwaves to nutrients

may remain unpublished.

B. Conclusions

1. Microwave ovens have been proven to be safe when properly used
by the consumer. In 1968 the Radiation Control for Health and Safety Act
passed by Congress established radiation standards for public protection
(5). Under these standards, radiation leakage from microwave ovens cannot
exceed one milliwatt per square centimeter (mw/cmz) measured two inches
from the oven prior to factory release, and five (mw/cmz) thereafter (5).

Concern has been raised over potential dangers from door leakage. Incidents
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reporting harmful radiation exposure to humans have been isolated and
poarly documented (57, 71) but have justified modification of safety-seal
door design (68).

2. Microwave energy represents a good method of modern cookery,
especially when considering the efficiency of operation, energy savings
and reduced cooking time. Current microwave oven sales are indicative
of consumer demand and the growing popularity of microwave cooking.

3. While microwave cooking is not totally understood, the industry
and the consumer alike are experimenting with its use. Due to modifications
and improvements in oven design, current microwave ovens are more reliable.
These modifications have led to a better final product.

4. No significant nutritional differences exist between foods
prepared by conventional and microwave methods. Any differences reported
in the literature are minimal.

5. The microwave oven has a bright future and numerous applications.
Efforts to develop devices and techniques for commercial application have
been initiated {100). Industrial and domestic microwave usage can no
longer be sharply separated. The microwave industry has maximized the
growing popularity and interest in microwave cooking and allowed new ideas

to cross the once-rigid technical boundaries.

C. RECOMMENDATIONS

The future success of the microwave oven depands upon the continued
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improvement of oven engineering and research advances in areas of food
technology, nackaging and consumer marketing. An industrial effort should
be made to educate consumers by providing more detailed cooking instructions
on packages, standardizing basic recipes and improving methods for cooking
complete meals.

Further research on microwave effects on nutrients is needed, with
research emphasis on moisture, protein, carbohydrate and water soluble
vitamin retention. A concerted effort in standardizing experimental pro-
cedures by microwave researchers would be highly desirable to minimize

variability.
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Microwaves are non-ionizing radiations with frequencies between 300
and 300,000 MHz. The Federal Communications Commission has designated
915 + 25 MKz, 2450 + 50 MHz, 5800 * 75 MHz and 22,125 + 125 MHz for industrial,
scientific and medical applications. Two frequencies, 2450 MHz and 915 MHz,
have been allocated for microwave cooking appliances, however the 915 MHz
wavelength is utilized by only one manufacturer.

When food or other cellular substances are placed in a microwave
field they heat due to absorbed energy from the microwaves. Heat is generated
within the food by friction resulting from asymmetric dielectric molecular
vibrations occurring at 915 or 2,450 million times/second. Heating rate is
influenced by the degree of lossiness, temperature and mass of the food.

The method of heating and cooking, duration and delay prior to serving
all affect the nutrition inherent in foods. While nutritional labeling on
food containers has increased awareness of food values, these data do not
and cannot reveal the nutritional value of the food as consumed. The
development of the microwave oven for domestic use initiated numerous studies
on nutrient retention of foods prepared by microwave heating.

While it is difficult to compare heating times and temperatures
between conventional and microwave treatments, nearly every study reported
higher moisture losses under microwave cooking. Effects of cooking methods
on moisture content was sftudied aimost exclusively in meat products, and
reported increased dripping igsses, dehydration and shrinking. Studies

designed to compare water content of vegetables before or after microwave



cooking yielded 1ittle significant data.

Many research studies investigated changes in meat, however very few
investigated protein changes. Microwave heated beef retained more nitrogen
than beef conventionally cooked. Studies involving pork found no signifi-
cant changes in protein fractions. Limited research has been reported on
vegetable and seed proteins. Trypsin inhibitors present in soybeans were
ipactivated after brief microwave exposure. Microwave processing yielded
beans of high nutritive value which compared favorably to beans conven-
tionally processed.

The effects of heat treatment on fat losses, fatty acid composition
and degree of 1ipid oxidation have been studied. Any effects of microwaves
on the lipid fraction in foods appeared minor.

Mineral composition following microwave treatment has been determined.
[t is generally regarded that minerals in foods are not altered by
microwave treatment.

The water soluble B-complex vitamins, riboflavin, niacin, and
particuiarly thiamine, have been studied in foocds treated with microwaves
to determine any favorable nutrient retention. Heat labile ascorbic acid
measured in studies was significantly higher in microwave treated foods
than thase conventionally prepared. Studies indicated higher retention
of all water soluble vitamins, but this was attributed to a combination
of factors including microwave exposure. Results have indicated that
microwave energy in blanching, cooking and baking may result in vitamin

conservation.



Research data which consider the effects of microwaves on the
carbohydrate or fat soluble vitamin content in foods during food preparation
are non-existent. An investigation of the possible changes in these
fractions wouid make werthwhile research projects.

Microwave energy represents a good, safe methed of modern cooking,
especially when considering the efficiency of operation, energy savings and
reduced cooking time. While microwave cocking is not totally understood,
the industry and consumer both are experimenting with fts use, reporting
favorable results.

Following a search of the literature, no significant nutritional
differences exist between foods prepared by conventional and microwave
methods. Any reported differences are minimal.

Despite problems in locating and interpreting microwave data, studies

indicate that the microwave oven has a bright future and numerous applications.



