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Cll~PTER I 

INTRODUCTION 

Freezing is one of the most cor.llllon and well-liked methods of food 

preservation used by the consumer. A major reason for its popularity 

is that freezing offers the closest ap?roach to preserving the fresh 

quality in vegetables during frozen storage (Olson and Dietrich, 1969). 

Olson and Dietrich (1969) state that when proper techniques are ap-

plied, vegetables after blanching, freezing, and cooking should not be 

much different than those only cooked. 

Blanching is an important step in the processing of most frozen 

vegetables. It is well known that most unblanched vegetables held tn 

storage usually exhibit decreased quality in one or more of the 

following areas: off-color development; off-flavor development; 

nutrient loss; and textural deterioration (Baardseth, 1978; Decareau, 

1972; Haard, 1976). Most deterioration of frozen vegetable products is 

due to active enzyme systems in the plant tissue. 

In the past, consumers have blanched vegetables tn boiling water 

to ensure inactivation of enzymes and a quality product before 

freezing. Recently, however, an alternative to conventional blanching 

techniques has been developed with the application of microwave energy. 

Although the idea of using microwaves for food processing was conceived 

in the mid 1940's and commercial microwave ovens were available 30 

years ago, it has only been in the past few years that this technology 

has been more cormnonly accepted and utilized by the general public 

(Rosen, 1972). Rosen (1972) states that the number of microwave ovens 
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has been more commonly accept~d and utilized hy the general public 

(Rosen, 1972). Rosen (1972) states that the number of microwave ovens 

sold in the United States more than doubles each year. McConnell's 

findings (1973) also support the belief that microwave ovens are 

growing increasingly more popular. In 1972 there were over 450,000 mi-

crowave ovens in homes in this country representing a 0.7% saturation 

of the market. McConnell (1973) predicted this figure to surpass 

3,000,000 within the following five years exceeding a 5% market 

saturation. 

Two major reasons why consumer sales are increasing so rapidly are 

the time and fuel involved in food processing and preparation (Drew and 

Rhee, 1978). Today many Americans are participating in more activities 

outside of the home than ever before and the cost of living often 

requires dual family incomes. These changes in lifestyle have resulted 

in less time spent in the kitchen and a heightened consumer interest in 

cooking appliances such as microwave ovens and slow cookers (Drew and 

Rhee, 1978). The steady rise of energy costs has also affected the 

consumer's choice in cooking appliances. Energy efficient aspects of 

microwave cooking are often stressed in sales and promotional material 

(Drew and Rhee, 1978). Once a microwave oven is purchased, the consum-

er is a ready buyer of both products and processes that "go well" with 

the microwave oven (~cConnell, 1973). 

During the past six years several sources have published microwave 
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blanching instructions (Anonymo11s, 1980; General Electric Co., 1977; 

Whirlpool Corporation, 1978). These directions give blanching times in 

the form of time ranges cov~ring a pe:iod of several minutes. Olson 

and co-workers (1979) claim that these times were developed based on 

palatability tests following short-term storage of the frozen products. 

"While there is no hazard to health connected with microwave blanching 

of vegetables, there is no assurance that these blanching times are 

sufficient to destroy enzymes which will cause nutritional and sensory 

deterioration of the vegetable. These timetables are not the result of 

research conducted to determine the length of microwave exposure needed 

to inactivate enzymes" (Olson, et al., 1979). 

The purposes of this study are to: 

(1) Investigate the blanching adequacy of the General Electric Co. 
recommended blanching times for carrots and green beans using 
peroxidase as an indicator enzyme. 

(2) Determine whether use of any of the three selected microwave ovens 
result in significant differences to blanching adequacy. 

(3) Detennin~ whether significant variation exists among the 454-gram 
portions of vegetables blanched for the same amount of ti.me in the 
same oven. 



CHAPTER II 

REVIEW OF LITERATURE 

I. Food Preservation by the Consumer 

Throughout the history of man, acquisition of food has been a pri-

mary concern. Today, food processing techniques are available which 

slow down or prevent many deleterious, biological changes which natur-

ally occur in foods. Changes can be caused by contamination by micro-

organisms, chemical reactions among the components of the food tissue, 

and physical occurrences such as dehydration. Understandably, consu-

mers appreciate and want the benefits of prolonged food shelf-life. 

Desire for this benefit extends to both conunercially prepared and 

"homemade" food products. Traditionally the consumer has used three 

processes to preserve home prepared foodstuffs. These are drying, 

canning and freezing. 

While drying can be an effective way to preserve foods, desirable 

characteristics normally associated with particular foods are often 

lost due to this harsh treatment. Even when the products are rehydra-

ted they are distinguishable from their fresh food counterparts. Can-

ning is a more economical method than freezing for fruit and vegetable 

storage. Freezing, however, may be ~rth the extra cost because it 

preserves the fresh quality in the vegetables. Olson and Dietrich 

(1969) believe that freezing is the closest approach to preserving 

fresh quality in vegetables, t1nd that when proper techniques are 
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applied, vegetables after blanching, freezing, and cooking should not 

be much different from fresh vegetables only cooked. 

The necessity of blanching vegetables before freezing in order to 

maintain a high quality of product was recognized early, and today the 

blanching treatment is a routine part of the processing of frozen 

vegetables. Unblanched vegetables held in st~rage exhibit decreased 

quality through loss of color and development of off-flavors. Keen 

tasters have been able to detect these "stale" flavors even after short 

periods of one to two weeks of frozen storage (Lee and Wagenknecht, 

1951). Dickinson and co-workers (1972) and Svensson (1977) state that 

it has been shown conclusively that if unblanched peas are stored at 

0°F, off-flavors develop within two to four weeks of storage and that 

considerable loss of color takes place. 

Enzyme activity at freezing temperatures depends greatly on the 

rate of freezing (Fennema, et al., 1973; Richardson, 1976; Tappel, 

1966). 'The rate of freezing influences the size and concentration of 

pooled solutes which in turn influence activity. As a sample passes 

through 9° to 10° below its freezing point, enzymes can either increase 

or decrease their activity, depending on the enzyme and the conditions 

(Fennema, et al., 1973). It has also been shown that plant tissues 

stored at high subfreezing temperatures exhibit increased degradative 

reactions which result in faster loss of quality attributes than occur 

during storage at lower fr~ezing temperatures (Fennema, et al., 1973). 
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Tappel (1966) found that peroxidase, an enzyme linked with 

off-flavor development in plant tissue, was still active at freezing 

temperatures. Activity had decreas~d, perhaps due to a change in 

configuration or to hydrogen bonding, but none the less, the enzyme was 

still active. 

B. !lanching 

It is well documented that most unblanched vegetables deteriorate 

in quality when held in frozen storage for extended periods of time 

(Baards~th, 1978; Decareau, 1972; Haard, 1976). Thie blanching techni-

que is described as a mild heat treatment in which a raw food material 

is immersed in water at 190°-210°F or exposed to live steam for a 

short period of time. Blanching is not indiscriminate heating. Too 

little heat is ineffective, while too much damages the vegetable by ex-

cessive cooking, especially when the fresh character of the vegetable 

is subsequently to be preserved by freezing. 'The shortest blanching 

time that accomplishes the desired goals usually gives the best pro-

duct. The blanching procedure serves several objectives. Its primary 

purpose is to inhibit enzymatic action. Fresh vegetables contain 

naturally occurring enzymes which are useful and necessary to the 

maturation of the plant and its fruit. After the vegetables are 

harvested these same ~nzymes which were beneficial for the vegetable's 

development, as well as some additional enzymes, now cause deteriora-

tive changes. According to Svensson (1977) the enzymes can be divided 
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into four categories relating to the changes they cause in foods: 

flavor, color, texture/consistency and nutritional value. The most 

important enzymes causing uncesirable quality changes in foods are 

listed in Table I (Svensson, 1977). 

The blanching heat treatment denatures and, thereby, inactivates 

these enzymes, inhibiting oxidative and other types of chemical 

reactions. Inhibition of enzyme activity preserves product quality and 

natural color, flavor, and content of certain nutrients. If vegetables 

are not blanched prior to freezing, the product may slowly develop 

off-flavors, off-colors and other kinds of enzymatic spoilage over the 

ensuing months of storage. 

A s~cond blanching objective concerns expelling respiratory gases, 

similar in composition to air but somewhat more rich than air in oxygen 

and carbon dioxide content. The release of these gases prior to 

freezing may decrease oxidative reactions which cause off-flavor 

development (Lopez, 1981). 

Blanching softens foods. The cellular structure of plant tissue 

is slightly disrupted during heating, with a resulting increase in per-

meability of cells. Turgor pressure is lost or diminished and normally 

crisp tissues bend to become flaccid (Haard, 1976). Breakdown of the 

pectic substances in the intracellular cement of plant tissue leads to 

cell separation and, therefore, adds to loss of crispness and softening 

of the plant tissue (Sterling, 1955). The softened product facilitates 



Flavor 

Color 

Texture 
consistency 

Nutritional 
value 

Table I. FOOD QUALJ.TY-RJo:LATEJ> F.MZYHES (SVENSSON, 1977) 

Enzy1~ 

Lipolytic acyl 
hydrolase (lipase, 
esterasc, etc.) 

Li pnxygenase 

Peroxidase/catalase 

Prote.1se 

Polyphenol oxidasc 

Amylase 

Peet in ire thy l-
e sterasc 

Polygalacturonasc 

Ascorbic acid 
oxi.dasc 

'fhiaminase 

Catalysed react ion 

Hydrolysis of lipids 

o-idation of poly-
unsaturated fatty acids 

? 

Hydrolysis of proteins 

Oxidation of phenols 

Hydrolysis of starch 

Quality Defect 

Hydrolytic rancidity 
(soapy flavor) 

Oxidative rancidity 
("green" flavor) 

"Off-flavor" (?) 

Bitterness 

Dark color 

Softness/loss in 
viscosity 

Hydrolysis of pectin to Softness/loss in 
pectic acid and !Tl!thanol viscosity 

Hy,lrolysis of a-1,4 Softness/loss in 
glycosidic linkages in viscosity 
pectic acid 

Oxidation of L-ascorbic 
acid 

Hydrolysis of thiamine 

Loss in vitamin C 
content 

Loss in vitamin B1 
content 

CC> 
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compact packaging of the veg~table. 

Setting natural color occurs due to blanching of certain products. 

Siegel and co-workers (1971) studied stabilization of anthocyanins in 

Montmorency tart cherries. ~tween harvest and utilization the 

cherries are generally frozen and then slowly thawed before use in par-

ticular products. Siegel and co-workers blanched the fruit in an 

attempt to minimize postfreezing color losses and concluded that a 

period of 45 or 60 seconds was adequate to prevent any anthocyanin 

decoloration during a four-hour thawing period at room temperature 

are not blanched prior to freezing, the product may slowly develop 

off-flavors, off-colors and other kinds of enzymatic spoilage over the 

ensuing months of storage. 

A second blanching objective concerns expelling respiratory gases, 

similar in composition to air but somewhat more rich than air in oxygen 

and carbon dioxide content. Tile release of these gases prior to 

freezing may decrease oxidative reactions which cause off-flavor 

development (Lopez, 1981). 

Blanching softens foods. 'The cellular structure of plant tissue 

ts slightly disrupted during heating, with a resulting increase in per-

meability of cells. Turgor pressure is lost or diminished and normally 

crisp tissues bend to become flaccid (Haard, 1976). Breakdown of the 

pectic substances in the intracellular cement of plant tissue leads to 

cell separation and, therefore, adds to loss of crispness and softening 
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of the plant tissue (Sterling, 1955). Tile softened product facilitates 

compact packaging of the vegetable. 

Setting natural color occurs due to blanching of certain products. 

Siegel and co-workers (1971) studied stabilization of anthocyanins in 

Montmorency tart cherries. Between harvest and utilization the 

cherries are generally frozen and then slowly thawed before use in par-

ticular products. Siegel and co-workers blanched the fruit in an 

attempt to minimize postfreezing color losses and concluded that a 

period of 45 or 60 seconds was adequate to prevent any anthocyanin 

decoloration during a four-hour thawing period at room temperature 

(Siegel, et al., 1971). Walker (1964) investigated the effect of 

blanching on chlorophyll retention i~ frozen French heans. He found 

the effect to be twofold. First, blanching improved the pigment 

stability in storage by inactivating enzymes involved in chlorophyll 

degradation. Second, although extensive blanching treatments 

inactivated degradative enzymes, the heat initiated oxidative reaction 

which caused chlorophyll loss. An optimal blanching period of 45 

seconds to one minute was recommended since it prevented both enzymatic 

activity and heat-initiated nonenzymatic processes (Walker, 1964). 

Because the blanching process partially cooks the food, blanching 

removes some raw flavors from the plant material. ~embers of the 

cabbage and onion family lose considerable amounts of volatile flavors 

by evaporation and decomposition. Utermal processing causes hydrogen 
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sulfide and other volatile sulfur compounds to form in cabbage and 

corn, which give rise to a characteristic cooked flavor (Haard, 1976). 

A final advantage of blanching is its ability to act as an added 

cleaning measure (Lopez, 1981). During blanching dirt is washed from 

the surface of the vegetable. 

Although blanching is essential to maintaining the desirable 

quality of vegetables which are to be frozen, there are disadvantages 

to this procedure. Depending on how the final product is to be used 

disadvantages could include textural damage, flavor changes, color 

changes, leaching of water soluble vitamins and an effluent high in 

biochemical oxygen demand (Decareau, 1972; Jfaard, 1976). With these 

disadvantages in mind, it is clear that an alternative blanching method 

which could alleviate some of these negative aspects would be highly 

desirable. 

C. Peroxidase 

Peroxidase, an enzyme corr.manly found in plant tissue, is consider-

ed to have an empirical relationship to off-flavor and off-color devel-

opment in raw and unblanched vegetables (Baardseth and Slinde, 1979; 

Burnette, 1977; Gkinis and Fennema, 1978; Jen, et al., 1980; Ramaswamy 

and Ranganna, 1981; Svensson, 1977; Vamos-Vigyazo, 1981). It has been 

detected in most known fruits and vegetables and unless inactivated 

during blanching, this enzyme, as well as others, causes undesirable 
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changes in the processed product. Because of its wide occurrence in 

plant material and high heat resistanc~, inactivation of peroxidase is 

widely used to indicate the adequacy of blanching. 

Classes of Peroxidase 

Reed (1975) reported that peroxidases are members of a large group 

of enzymes called the oxidoreductases. Tiiey can be divided into three 

classes: ferriprotoporphyrin peroxidases, verdoperoxidases and flavo-

protein peroxidases. Tiie first class, ferriprotoporphyrin (hematin) 

peroxidases, are brown when purified and occur in higher plants (horse-

radish root, turnip root and radish root), animals (tryptophan pyrro-

lase and thyroid iodine peroxidase), and microorganisms (yeast cyto-

chrome C peroxidase). Ferriprotophorphyrin peroxidases contain ferri-

protoporphyrin III as a prosthetic grou~. 

Tile second class, verdoperoxidases are green when purified, and 

are primarily found in animal organs and in milk (lactoperoxidase). 

The prosthetic group also contains an iron porphyrin group. Tilis group 

is different from ferriprotoporphyrin III (Vamos-Vigyazo, 1981). 

The third class, flavoprotein peroxidase, has been isolated from 

several microorganisms, e.g., ~treptococcus faecalis and from several 
l 

animal tissues. Flavine-adenine-dinucleotide acts as its prosthetic 

group. 

The present study deals exclusively with the class of ferriproto-

porphyrin peroxidases as found in carrots and green beans. 
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Peroxidase Activitv in Plant Tissue 

Peroxidase activity in vegetabl~s is closely linked with the prod-

uction of off-flavors and off-colors during frozen storage, but the 

specific reactions involved have not been conclusively identified 

(Svensson, 1977). Bedford and Joslyn (1939) found that inactivation of 

peroxidase in string beans corresponded closely to the inactivation of 

off-flavor producing agents. An investigation of cauliflower, French 

beans and carrots by Baardseth (1978) indicated that cauliflower was 

much higher in peroxidase activity than French beans and carrots, 

resulting in a comparatively higher lipid oxidation and off-flavor 

development in cauliflower tissue. Peas and green beans that had not 

been sufficiently blanched developed off-flavors and odors more rapidly 

than their blanched counterparts (Pinsent, 1962; Zoueil and Esselen, 

1958). 

Color deterioration has also been attributed to peroxidase 

activity. Kanner and co-workers (1977) observed carotene bleaching in 

red pepper fruit. Titis phenomenon is probably due to the high degree 

of unsaturation of the carotene structure which makes it susceptible co 

oxidation, with resulting loss of color. Dutton and co-workers (1943) 

note, however, that carotene can be protected from oxidation by the 

blanching process. Underblanched cauliflower samples have been rated 

inferior due to intense discoloration (Ramaswamy and Ranganna, 1981) 

and underblanched peas have displayed higher chlorophyll degradation 
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than peas where catalase and peroxidase had been inactivated (Dietrich, 

et al., 1955). 

_!!iochemistry of Peroxidase 

'The general equation for peroxidase (POD) activity can be defined 

as follows: 

ROOH + AH2 + HzO + ROH + A 

(Reed, 1975; Richardson, 1976) 

In this reaction R represents HOOH, CH3 or CzH5, AH2 represents 

hydrogen donor in the reduced form, and A ~epresents hydrogen donor 

in the oxidized form. Schematically the reaction can be broken down 

into three steps: 

POD + HzOz 

Compound I + AHz 
Compound II + AH 

+ 

+ 

Compound I 

Compound II + AH 

?OD+ A 

The last step in this chain reaction appears to be rate limiting (Reed, 

1975). 

'The peroxidase reaction is not specific in that a great variety of 

compounds may act as the hydrogen donor, including phenols (p-cresol, 

guaiacol, resorcinol), aromatic amides (aniline, benzidine, 0-phenylene 

diamine, o-dianisidine), reduced nicotinamide-adenine dinucleotide, and 

reduced nicotinamide-adenine dinucleotide phosphate (Vamos-Vigyazo, 
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1981). Tilis non-specificity probably reflects the different substrate 

needs of the various isoenzyrnes present i.n plant peroxidase. The 

number of isoenzymes detected, as well as the heat stability and 

regeneration of peroxidase, varies with the donor substrate 

(Vamos-Vigyazo, 1981). Tile sensitivity of the donor substrate is 

important if the enzyme test is to be used as an indicator of blanching 

adequacy. 

Some substrates are preferentially used for a given purpose, ~.g., 

guaiacol is traditionally used to check thermal treatment, most often 

in a qualitative test (Vamos-Vigyazo, 1981). In fact, the euaiacol 

substrate test devised by Masure and Campbell (1944) has been widely 

used by the food industry to rapidly detect the presence and estimate 

the amount of peroxidase activity in blanched vegetables. Tilis test 

has been used to determine blanching adequacy for over 30 years. 

Peroxidase as an Indicator Enzyme 

Peroxidase has not always been the choice enzyme indicator of 

blanching adequacy. 

Diehl and Berry (1933) studying Alderman peas used catalase 

activity as a blanching index. They found that when peas were blanched 

sufficiently to inactivate catalase activity they retained acceptable 

quality during storage at -S°F (-20.6°C). In a later study in 1936, 

Arighi and co-workers observed that catalase activity appeared to be 

"quantitatively inactivated" at a more rapid rate than other enzymes 
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concerned with the production of off-flavors in peas. Moyer and Stotz 

(1947) supported these findings by demonstrating that catalase activity 

was indeed inactivated prior to peroxidase when electronically blanched 

peas ~ere heated to 170°F. After consideration of these findings 

Joslyn (1946) suggested that, "the use of catalase activity as an index 

of adequacy of scald (blanching), particularly when the less reliable 

qualitative methods are used, is not a gene!:'"ally reliable method." 

Peroxidase was first suggested as an index for blanching adequacy 

by two investigators Hergentime (1939) and Balls ( 1942). In a subse-

quent review article Joslyn (1946) pointed out that earlier work had 

shown that peroxidase activity corresponde<i to the rate of off-flavor 

development in frozen vegetables, but warned that the degree of correl-

ation varied with the sensitivity of the substrate used to detect per-

oxidase levels. 

Masure and Campbell (1944) conducted the first study that quanti-

tatively related the degree of peroxidase activity to quality in frozen 

vegetables. Presently this test is commonly used in industry and 

processing research as a blanching index and by the USDA Agricultural 

Marketing Service to establish grades in frozen vegetables. 

Temperature Stability and Regeneration of Peroxidase 

As previously stated, peroxidase appears to be the most heat 

stable enzyme in plants. This may be due to the different heat resist-

ance of the enzyme's various fractions. Another reason may be that 
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part of the enzyme's activity ts restored during periods of storage at 

room or lower temperatures following blanching (Vamos-Vigyazo, 1981). 

Peroxidase can regenerate in foods if the heat treatment is not 

sufficient to irreversibly denature the ~nzyme (Reed, 1975). Pinsent 

(1962) demonstrated regeneration of peroxidase tn peas. He blanched 

them just sufficiently to inactivate the original peroxidas~ activity 

and reported that regeneration occurred within a few hours at room 

temperature. At freezer temperatures of -l8°C, however, the same 

degree of regeneration took several months. 'The regenerated activity 

was never greater than 4% of the original activity and no regeneration 

was detected in samples given substantially more heat treatment than 

was required for inactivation. Although other factors, such as pH, 

influence regeneration, it is the length of blanching time at a given 

temperature that governs the portion of enzyme that is to be regenera-

ted (Zoueil and Esselen, 1959). 

It is because of this thermal stability that peroxidase is used as 

an index for blanching. Reed (1975) stated that it has been generally 

accepted that if peroxidase is destroyed, then it is quite unlikely 

other enzyme systems will have survived. 

Blanching causes thermal destruction of peroxidase and Tamura and 

Morita (1975) described this process of denaturation as follows: 

(1) the prosthetic group dissociates from the holoenzyme, (2) there is 

a conformational change in the apoenzyme and, (3) a modification or 
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degradation occurs to the prosthetic group. 

To date, no general rule has been established as to what extent 

the presence of residual or regenerated enzyme activity is· acceptable 

from the standpoint of quality preservation of processed vegetables 

during storage. As previously described the presence of active peroxi-

dase has been shown in many studies to be connected with formation of 

off-flavors and discoloration (Baardseth and Slinde, 1979; Burnette, 

1977; Gkinis and Fennema, 1978; Jen, et al., 1980; Ramaswamy and 

Ranganna, 1981; Svensson, 1977; Vamos-Vigyazo, 1981). Other work has 

shown that complete inactivation of peroxidase is not necessary to 

prevent off-flavor and off-color development in food (Baardseth, 1978; 

Bottcher, 1975; Cruess, et al., 1944; Ramaswa~y and Ranganna, 1981). 

To a limited extent the oxygenated products and volatile compounds 

arising from the enzyme catalyzed degradation of fatty acids in plant 

tissue contribute to the desirable, fresh-vegetable flavors associated 

with the normal metabolism of the growing plant (Sessa, 1979). 

Cruess, et al. (1944) reported that residual peroxidase activity 

in dehydrated potatoes did not impair their keeping quality. Baardseth 

(1978) studied blanched and unblanched samples of carrot, cauliflower, 

French beans, onion, leek and swede. Her results indicated that 

unblanched leek, onion, and swede did not change appreciably during 15 

months storage, and were scored better than the blanched samples. 

Carrot, cauliflower and French beans, on the other hand required 
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blanching, but a 5% residual activity of peroxidase did not affect the 

quality during storage. Ra~aswamy and Ranganna (1981) stated that 

after ten months of storage at -l8°C, their sensory panel ranked 

cauliflower florets retaining 3.4 to S.3% of the initial peroxidase 

activity superior to samples with less than 1% activity and to ''grossly 

underblanched" samples. These results support the finding of Bottcher 

(1975) who reported a residual enzyme activity of 2.9 to 8.9% as 

conducive to the best keeping quality. 

In summary, it appears that although peroxidase activity is linked 

~ith undesirable chemical and organoleptic changes in vegetables, total 

inactivation may not be necessary or preferential in all vegetables. 

D. ~icrowave Ener~y 

The use of microwave t:?nergy for heating, particularly in food 

processing, has recently received a great deal of attention and is 

b~coming more important each day as the sales of microwave appliances 

tncrease (Decareau, 1980). ~icrowave ovens are one of today's fastest 

moving appliances. Sales of microwave ovens already surpass gas and 

electric oven sales and predictions based on surveys and other factors 

speculate that in 1985 one in every two households will have a 

microwave oven (Decareau, 1980). 

Microwave heating has characteristics that make it different from 

conventional heating. Conventional cooking heats food by conduction, 

convection, and radiation. The microwave oven heats by radiation, but 
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us~s a monochromatic form of el~ctrornagnetic waves; that is, the waves 

are of electrical and magnetic energy moving together through space, 

concentrating all the energy at a singl'2 wave lengt!"!. These wa·1es are 

larger than those used in conventional radiation, but smaller than the 

cormnon radiowave. This is the reason for the term "microwave" (FDA, 

1979; Van Zante, 1973). The frequency band assigned by the Federal 

Cormnunications Cormnission (FCC) for use in microwave ovens and commonly 

used today is 2450 megahe:-tz (MHz). For example the wavelength of 

microwaves from a 2450 MHz nodel oven are five inches long, have a 

diameter of about 1/4 inch and have a frequency of 2450 million wav0s 

per second (Woodard and Lovingood, 1979a). The short, straight 

microwav~s are reflected hy metals and therefore bounce hack and forth 

within the metal oven cavity where they '!re contained until they are 

absorbed by food (Van Zante, 1973). Glass, paper, and most plastics 

are transparent to microwaves and wili permit them to pass through 

without absorption, making them the preferred materials for microwave 

cooking utensils. As would be expect~d, metal utensils would shi.:~l<l 

food from microwaves and prevent cooking. ~etal utensils might also 

cause excessive reflection of energy or "arcing" which shortens the 

life of the magnetron tube (1:.\1oodard and Lovingood, 1979a). 

During cooking heat is transferred into and within food (Olson, et 

al., 1979). In conventional cooking there is a source of heat outside 

the food, such as a flame or heating element. ~icrowave cooking does 
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not use an intermediate heat source. The heat is produced directly in 

the food (FDA, 1979; Olson, et al., 1979). When microwaves are 

absorbed into the food, they cause water no~ecules to vibrate producing 

heat. This heat is then conducted internally as a secondary ef:ect 

which modifies the temperature distribution, allowing uniformity of 

heating in the product (FDA, 1979; Olson, et al., 1979; Olson and 

Olson, 1981; Sale, 1976). However, in some microwave equipment the 

problem of uneven heat distribution is sometimes observed. Hot and 

cold spots tn the bed of treated material become important factors to 

be considered (Robert, 1977). Placing the material in the center of 

the chamber or rotation and stirring have been recommended to avoid 

this problem (FDA, 1979; ~neral Electric Co., 1977; Ringle and David, 

1975). 

Food being heated by microwaves generates continuous heat and so 

there is a continuous rtse of temperature. The longer the microwaves 

are applied the higher the temperature. There is no automatic li~it to 

the temperature reached, in comparison to conventional heating in which 

the temperature of the food does not rise above the temperature of the 

heat transferring medium. In other words, the final temperature of 

"microwaved" foods is directly proportional to time. If the food is 

wet, however, microwaves only raise the tenperature to 100°C until the 

continued generation of heat boils off the free water (Sale, 1976). 

~!icrowave cooking can also be more energy efficient than conventional 
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cooking because foods cook faster and the energy heats only the food, 

not the oven compartment (FDA, 1979; Drew and Rhee, 1978). 

Because of the differences between conventional and microwave 

heating, it is thought that microwave blanching has potential to 

overcome some of the disadvantages of conventional blanching. 

Microwave blanching uses far less water (less than 1/2 cup) than 

conventional techniques. The s:nall amount of water used in the 

microwave process is added to maintain a moist environment for the 

vegetables, preventing possible drying of the plant tissue. It is 

hoped that without the hot water or steam intermediate less damage to 

plant tissue will occur, resulting in decreased effluent, increased 

solids and greater retention of texture, color and vitamins (Decarea11, 

19 7 2; Sa 1 e, 197 6) • 

E. Effect of the Use of Electronics and Radio-Frequency 
Energy on Food Systems 

Although a breakthrough in microwave technology is currently being 

experienced, the idea of using high frequency energy in food processing 

was suggested as early as 1945. Moyer and Stotz (1945) attempted to 

blanch a prepackaged vegetable by placing it between parallel plate 

electrodes and exposing it to energy between nine to ten Mllz. Their 

results at those frequencies were unsuccessful due to arcing between 

the electrodes and projecting vegetable tissue which caused burning of 

the pieces. Blanching at 30 MHz resulted in less arcing and the 
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problem was eliminated at 150 MHz. They conclt:ded that blanching 180 

gram samples with a power output of 750 watts at 150 MHz required two 

to three minutes and resulted in a vitamin C loss of 3%, whereas steam 

and water blanching resulted in loss~s of 32 and 40% respectively 

(Moyer and Stotz, 1945). In a later study (Moyer and Stotz, 1947) they 

found that the central temperature of their prepacked product was 

higher than the temperature at the surface. The non-uniformity of 

heating was caused by heat loss from the sides of the carton. 

To correct this situation, equipment was modified to operate in an oven 

at l00°C. This st~1dy also compared high frequency blanching of peas 

with water and steam blanching. They tabulated the vegetables' content 

of vitamin C and carotene, the effect of blanching on catalase, peroxi-

dase, lipoxidase and ascorbic acid oxidase, and the taste panel results 

after freezer storage. The results of their testing showed that there 

was little significant difference in carotene content between the 

treatments but that the samples blanched by radio-frequency (r.f.) 

power possessed the highest ascorbic acid content. The studies on 

enzyme activity indicated that catalase, ascorbic acid oxidase and 

lipoxidase were nn1ch more heat sensitive than peroxidase. When the 

taste panel evaluated the pea samples after six l!lOnths of storage, both 

water and steam blanched samples were scored higher than those blanched 

by r.f. power. This was unexpected since preliminary tests immediately 

after blanching had revealed a satisfactory product with complete 
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inactivation of catalase. They attributed the difference to inadequate 

rapid cooling of the packaged product foll~wing blanching (Moyer and 

st 0 t z , 1 94 7) • 

Lopez and Baganis (1971) studied the effect of radio-frequency 

energy at 60 MHz on several enzymes including peroxidase. The enzyme 

activity was measured in water solutions of purified enzymes as well as 

in apple JUtce, milk and sweet potato extract. Their results showed 

that while the enzymes were totally inactivated when the temperature 

was held at 70°C, or 65°C in the instance of milk, exposure for similar 

times at 20°C caused no enzyme inactivation. 'They concluded that r.f. 

energy at 60 MHz did not noticably affect enzyme activity, aside from 

the heat effects it produced in the systems. 

F. Microwave Blanching 

The use of microwave energy for blanching was first conceived in 

the 1940's. '!ne technology for heating food electrically originat~d 

during World War II from developments in the fields of physics and 

electrical engineering-developments that made the radar an efficient 

military instrument. The basis of radar is the magnetron tube, which 

is the same microwave producing element found in today's ~icrowave 

ovens (Proctor and Goldblith, 1948). 

The use of microwave energy for blanching has several advantages. 

Energy efficiency is currently a popular selling point used by 

merchants, but this aspect varies greatly due to the oven load (Drew 
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and Rhee, 1978). Other advantages of microwave blanching arise from 

these characteristics: the penetrating nature of microwaves provide a 

means of "deep heating" a matc!"ial without relying on a temperature 

gradient; microwave energy can be concentrated to effect a very rapid 

heating; microwave blanching techniques prevent leaching of water 

soluble vitamins and minerals; and, because water is a particularly 

high absorber of microwave energy, water tends to heat more rapidly 

than most other constituents (Decareau, 1972; Huxsoll, et al., 1970). 

The first study that utilized microwave frequencies for blanching 

was conducted by Proctor and Goldblith in 1948, Vegetables (including 

peas, carrots, spinach, green beans, broccoli and corn-on-the-cob) were 

among several raw foods that were investigated. During the blanching 

procedure 100-gram samples in non-rigid thermoplastic bags wer~ suspen-

ded in the oven and heated via microwave energy at a frequency of 3000 

MHz for 30 seconds or less (with the except ion of corn-on-the-cob, 

which was blanched for 60 seconds). Following blanching, the thermo-

plastic bags were sealed and immersed in ice water. When radar blan-

ched samples were compared to water and steam blanched samples, the 

radar blanched samples were found to retain strikingly greater amounts 

of ascorbic acid (Proctor and Goldblith, 1948). No enzyme determina-

tions were reported. 

In 1963, a large scale industrial microwave process was reported 

(Anonymous, 1963). In-package blanching of corn-on-the-cob was done on 
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a continuous basis in conveyerized microwave equipment at a frequency 

of 915 MHz and an exposure time of 40 seconds. Surface cooling and 

drying of the microwaved product was avoided by blanching in the bag. 

This allows the hot water vapor generated by the blanched product to 

form a warm, moist atmosphere around the vegetable, causing surface 

enzym~ inactivation and preventing drying. Results reported indicated 

that comparative water and steam blanching of the product took up to 

ten minutes to ensure inactivation of enzymes in the cob (Anonymous, 

1963). 

Comparison of microwave blanching studies is difficult due to 

differences in the microwave equipment and sample treatment used. One 

problem is that most reported research has not used conditions similar 

to those used by consumers. Several of th~ reported studies utilized 

conveyerized microwave equipment (Anonymous, 1963; Dietrich, et al., 

1970 a,b; Huxsoll, et al., 1970). Eheart (1967) used unusually small 

ovens. Studies by Proctor and Goldblith (1948) and Quenzer anc Burns 

(1981) s·uspended samples in bags inside the ovens .1nd ~irza and Morton 

(1977) spread their samples in a mono-layer on transparent plastic 

trays covered with heat resistant plastic film. Only Collins and 

McCarty (1969) and Avisse and Varoquaux (1977) used conditions that 

would be somewhat comparable to methods used by the average consumer in 

ho~ blanching of foods. 

Selection o~ fruits and vegetables used in microwave studies has 
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also been limited: studies using peaches, broccoli, brussels sprouts, 

carrots, corn, potatoes, and srinach have !:>er?n reported (Avisse and 

Varoquaux, 1977; Collins and McCarty, 1969; Dietrich, et al., 1970a; 

Dietrich, et al., 1970b; Eheart, 196?; Huxsoll, et al., 1970; Mirza and 

Morton, 1977; Quenzer and Burns, 1981). Recently the General Electric 

Co. (1977) j:>ublished a pamphlet giving recormtended microwave blanching 

times for a vari~ty of vegetables, more than two times the number of 

vegetables that have been studied and reported to date. These two 

shortcomings of previous research, however, do not overshadow the 

potential advantages that microwave blanching might hold for the 

consumer. 

Average losses of ascorbic acid, a water soluble vitamin, ts 

approximat1dy 34.9li; during the blanching process (Eheart, 1967). This 

loss is significantly decreased when microwave processes are utilized 

compared to water and steam techniques (Eheart, 1967; Proctor and 

Goldblith, 1948; Quenzer and Burns, 1981). 

Desirable textural quality attributes were retained more 

completely in the two studies where this factor was evaluated. Quenzer 

and Burns (1981) report that microwav~ blanching was the preferred 

treatment because it induces coagulation of protoplasmic material sur-

rounding the cell walls, helping to retain the cell structure in 

spinach leaves. Collins and ~cCarty (1969) also thought microwave 

blanchir.g had the potential to prevent enzymatic darkening of potatoes 
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while allowing the finished product to retain much of its original 

firmness. If blanched to this same degree by traditional methods the 

potatoes were essentially cooked (Collins a~d McCarty, 1969). 

A major problem encountered in several of the reports was the 

dehydration of the microwaved product causing "dimpling" and 

"shriveling" of the dehydrated vegetables (Dietrich, et al., 1970a; 

Dietrich, et al., 1970b; Huxsoll, et al., 1970). in these studies the 

microwave blanching was carried out in conveyerized, tunnel-like ovens 

where no attempt was made to enclose the vegetable product allowing for 

the water vapor generated by the product to heat and moisturize the 

vegetable surface. In st~dies where the vegetables were enclosed in 

containers which prevented escape of moist11re from the surrounding 

atmosphere, th~ problem of plant tiss11e dehydration was alleviated 

(Anonymous, 1963; Collins and NcCarty, 1969; Proctor and Goldblith, 

1948) . 

Industrial use of ~tcrowave energy for blanching has a question-

able future at this time. Although one 1963 editorial expressed 

enthusiasm about microwave energy use in large scale food processing 

(Anonymo11s, 1963), several more recent studies report the cost would be 

prohibitive for this seasonal industry (Decareau, 1972; Huxsoll, et 

al., 1970; Sale, 1976). ~icrowave blanching ~or horae use has a 

potentially brighter future. Some reported studi~s have de~~nstrated 

ln improvement of quality in microwave blanched products, over those 



conventionally blanched (Avisse and 'laroquaux, 1977; Collins and 

McCarty, 1969; Eheart, 1967; Proctor dnd Goldblith, 1948; Quenzer and 

Burns, 1981). In consideration of the variable conditions under which 

these tests were conducted, however, it is clear that further research 

is required in this area. 

G. Effect of Microwave Energv on Peroxidase Activitv 

In the radio frequency st~dy conducted by Lopez and Baganis (1971) 

it was found that electromagnetic energy did not affect enzyme activity 

per se, aside from the changes caused by the resultant generated heat. 

The same is true at microwave frequencies. Enzyme inactivation is 

dependent upon the tem?erature increases caused by exposure to micro-

wave energy. 

In studies of microwave blanching, peroxidase activity is often 

used to measure blanching adequacy, reproducibility of enzyme inactiva-

tion in the blanching lots, and the location of enzyme inactivation 

within the vegetable sections. The latter is accomplished by deter-

mining the distribution of peroxidase inactivation in the individual 

vegetable sections at different times during the blanching process. 

In all vegetables studied, inactivation of peroxidase was accomp-

lished more rapidly by microwave than by conventional means. When 

studying whole potato blanching, it was noted that inactivation of 

?eroxidase occurred three times more quickly by exposure to microwave 

energy than by conventional blanching techniques. Peroxidase 
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inactivation was detected by slicing the rotate Ln half, through the 

center, and flooding the cut surface with 0.05% solutions of guaiacol 

and hydrogen peroxide. The ~rea of ~nzyme activity turned 

reddish-brown in color, while the colorless zone indicated the area of 

inactivation (Collins and McCarty, 1969). 

In the studies reported hy Dietrich et al. (1970a) and Huxsoll et 

al. (1970) blanching techniques on corn-on-the-cob were compared. It 

was demonstrated that in order to inactivate peroxidase, a microwave 

treatment of only six minutes was required compared to 20 minutes for 

water blanching and 11 to 12 ~inutes for steam blanching. Eheart 

(1969) reported a two minute microwave blanch for broccoli compared to 

three minutes using water at 100°C and ten minutes for water at 77°C. 

For blanching Brussels sprouts, six minutes of microwave exposure was 

required compared to six to eight minutes for steam blanching 

(Dietrich, et al., 1970b). 

In the investigations of corn-on-the-cob and Brussels sprouts, 

residual peroxidase activity in the vegetable surface was reported in 

the ~icrowave blanched samples (Dietrich, et al., 1970a; Dietrich, et 

al., 1970b; Huxsoll, et al., 1970). This activity was due to cooling 

at the vegetable's surface preventing an adequate enzyme inactivation 

temperature from being attained. As previously mentioned, this problem 

could be alleviated by enclosing the vegetable in a container which 

keeps the steam in contact with the product's surface. Since consumers 
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are instructed to use a covered cass~role when microwave blanching this 

prohle~ would not occur. 

An advantage of microwave blanching for bulky vegetables may be 

the "deep heating" nature of the micro...,.aves. It appears that the 

center of bulky vegetable sections pie~ up energy rapidly from 

microwave treatments which is the reverse effect of steam or water 

heating where the heat has to be transferred from the outside to the 

center of the vegetable (Dietrich, et al., 1970a). 

'The recent publicity given to microwave blanching proclaims that 

it can be accomplished with a minimum of time and effort and with the 

elimination of pots of boiling water that heat up the kitchen and 

require constant attention (Anonymous, 1980; ~neral Electric Co. 

1977). 1his may be true, but in order to obtain a blanched product 

that keeps well other factors must be considered. Olson et al. (1979) 

warn that although microwave oven manufacturers are now publishing 

recommended microwave blanching times, these times were developed by 

making judgments on the palatability of frozen products after only 

short periods of storage. "While there is no hazard to health 

connected with microwave blanching of vegetables, there is no assurance 

that these blanching times are sufficient to destroy enzymes which will 

cause nutritional and sensory deterioration of the vegetable. Tnese 

timetables for microwave blanching are not the result of research 
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conducted to determine the length of rni.crowave exposure needed to 

inactivate enzymes" (Olson, et al., 1979). 



Acquisition of Vegetables 

C:HAPTER III 

MATERIALS A..~D METHODS 

Whole fresh carrots and green beans were purchased from a local 

retail grocery store in Blacksburg, Virginia. Fresh high quality 

vegetables were purchased in lots of approximately ten pounds as 

needed. Vegetables were stored in a home-styl~, two door refrigerator, 

but never more than 48 hours before processing. 

Microwave Ovens Used in the Study 

Thre~ microwave ovens were used in the study. The selection 

criterion was based on two factors ( 1) that they were ovens retailed 

for dor.iestic use and, (2) that oven cavities were similar in total 

area. The following models were selected: Sear's Kenmore Dual Power 

model 562.9967310, Hardwick model CKW8441K/W770A and, Litton model 420. 

Preparation of Vegetables prior to Microwave Blanching 

The carrots were washed, pared, and sliced in a crosswise 

dir~ction to a thickness of 1 cm, the U.S. Standard Grade A maximum 

thickness. A miter box (Figure 1) was used to gauge the thickness. 

Stainless steel knives were used to slice the vegetables. The fresh 

round green beans were washed and the ends were trimmed; the beans were 

placed in the miter box (Figure 1) and cut crosswise in lengths of 4 

cm. Vegetables were prepared and weighed in one pound (4 54 gram) 

portions just prior to blanching to prevent drying of plant tissue 

33 
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Figure 1. Hiter Box for Cutting Fresh Vegetables (Noble, 1980) 
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after scraping and/or slicing. 'lbe 45~-gran portions of vegetables 

were weighed on a top-loading Mettler ?1000 balance. 

Microwave Blanching Procedure 

The procedure followed for blanching in all three ovens was that 

outlined by the General Electric Company (1977). In this procedure a 

two-quart glass casserole di.sh was used to contain the vegetables. In 

order to prevent ionic interference in the peroxidase assay, deionized 

water was used in place of tap water when added to the vegetables pr1or 

to blanching and when making the ice ~ater to cool the vegetables after 

blanching. 

The procedure was as follows: 

( 1) The veg1~tables were prepared for blanching by washing, 

paring, trimming and cutting into the desired sized pieces. 

(2) One pound (454 gram) of vegetable was weighed and placed into 

th~ glass casserole dish. 

(3) The amount of water (deionized) specified in the directions 

was addded to the vegetables in the casserole (Table 2). 

(4) The casserole was covered and placed in the center of the 

microwave oven cavity. 

(5) Power was set on "High" for the entire blanching process. 

(6) The vegetable's wen~ blanched for half of the suggested time, 

removed from the oven, stirred three times with a stainless steel 

slotted spoon and replaced tn the oven (30 seconds from the time the 



Green Beans 

Table 2. Specifications for Vegetable Pieces and 
Mic row ave Bl an chi ng Procedure 

1_.54 4 cm lengths 125 4 - 6 

--------------- -----------·'----------------------'-------
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casserole had been removed) for the r~mainder of the blanch time. 

(7) When the blanch time had been completed, the vegetables were 

irrunediately removed from the oven, drained and plunged into deionized 

ice water to cool and prevent further cooking. The vegetables were 

allowed to cool for the same amount of time that they were blanched. 

(8) ~~en cool, the vegetables were removed from the water for 

peroxidase testing. 

Blanching times for the carrots and green beans were given as 
' 

ranges (e.g. four to six minutes) by the General Electric Company 

(1977). The times for blanching chosen in this study were based on 

these limits. 

In the first set of experiments a total of eighteen pounds of 

carrots and green beans were blanched. 'lnree separate 454-gram 

portions were blanched at each blanching time for each of the 

vegetables. The blanching times tested were four and six minutes. It 

was decided that by blanching in triplicate, variation in peroxidase 

content among the individual vegetables would be minimized. This 

procedure was repeated for each of the three ovens. 

Later, intermediate blanching times were tested. In these 

experiments, 454-gram portions of carrots and green beans were blanched 

for 4, 4-1/2, 5, 5-1/2, or 6 minutes. Tiiis procedure was performed in 

duplicate using the Kenmore Dual Power microwave oven. 
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Peroxidase Assay 

The test used to determino: peroxidas~ activity was th!:! quantita-

tive procedure dt:!scribed by Masure and Campbell (1944). This procedure 

is considered to be a quick, simple and sensitive test for quantitative 

measurement of peroxidase and has been utilized by the food industry 

for many years to determine blanching adequacy. 

The procedure is as follows: 

(l) Sixty grams of plant tissue was placed in a blender with 90 ml 

90 ml of deionized water and 90 ml of citrate buffer, pH 4.5. 

(2) The mixture was then homogenized for two minutes at full speed 

with Nz gas bubbled through th~ slurry. 

(3) Following blending, the slurry was filtered through S and S 

ft589 Black Ribbon filter paper using suction. The first 10-20 ml of 

filtrate was discarded. 

(4) Two ml of filtrate was added to 20 ml of deionized water in a 

test tube. One ml of 0.57. quaiacol in 50% alcohol was added clown the 

side of the test tube to form a floating layer. One ml of 0.085% 

hydrogen peroxide was added in the same manner. The final volume in 

the reaction tube was 24 ml. 

(5) The contents of the tt~st tubt::! were mixed on a vortex nnxer 

for approximately four seconds, on speed six, to blend contents 

thoroughly. 

(6) Absorbance of the extract was read tn a Bausch and Lomb 
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Spectrophotometer 21 at 420 nm every ten seconds for at least two 

minutes. The spectrophotometer was zeroed with a deionized water 

blank. 

If the colorimetric reaction occurred too slowly or rapidly for 

accurate measurement, the vegetable filtrate was concentrated by 

increasing the sample aliquot and decreasing the amount of deionized 

water or diluted appropriately with additional deionized water in an 

amount to bring the final volume to 24 ml. ThP. ten second interval 

absorbances were then plotted and a linear rate of absorbance change 

was d~termined. The rate became the basis for the calculation of 

enzyme activity. 

To achieve a representative enzyme activity from the 454-gram 

portion of hlanched vegetables, three 60-gram samples were taken from 

each 454-gram portion. From the filtrate derived from each 60-gram 

sample, triplicate spectrophotometric assays were made to minimize 

exp~rimental error. Thus, ntne spectrophotometric assays were made 

from each 454-gram portion of blanched vegetable (Appendix A). 

Calculations to Determine Percent Residual Peroxidase Activitv 

To determine percent residual peroxidase activity the following 

equations were used: 

Absorbance = Abs (final) - Abs (initial) x 1000 
min. x ml t (amount of filtrate) 
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In the ahove equation: Abs (final) "" abs,n·bance at the end of a given 

time; Abs (initial) = absorbance at time z~ro; t =given time of 

reaction in minutes and, amount of filtrate "" ml of filtrate added to 

the reaction test tube. The unit of peroxidase activity tn this study 

ts Absorbance 
"Min. x ml 

Absorbance 
Percent Residual = 100 x min. x ml 

of Blanched Vegetable 
~~~~~~~~~~~~~~~~~~~-

Peroxidase Activity Absorbance 
min. x ml 

of Raw Vegetable 

The Absorb.:ince of t'he raw vegetable prior to blanching was assumed 
min. x m~ 

to represent 100% activity, values were the average of several samples 

assayed. ?ercent residual peroxidase activity ·,.,as determined hy 

dividing the Absorbance of the blanched vegetable by the Absorbance 
min. x ml min. x ml 

of the raw vegetable from the same lot purchased from the retail 

grocery store, and multyplying by 100. 

Determination of Microwave Oven Output Wattage 

To obtain microwave oven output wattag~s the following test was 

performed: 

(1) One liter of water at 25°C ± 5°C was placed tn a three 

quart Tupperware bowl. 

(2) The bowl was placed tn the center of the oven and heated on 

"High" for 1. 05 u:inutes. 

(3) The door of the appliance was opened and the temperature of 
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the water was measured. 

Output 
Wattage 

on "High" 
= (Final temperature °C - Initial temperature °C) x 70 

To determine the output wattage of the three mtcrowave ovens used 

in this study, the above test was performed and calculated according to 

the method outlined in Appendix C. Triplicate tests were performed for 

each oven and an average of these values was calculated. 

Treatment of Data 

The data were incorporated into and stored in the Virginia Tech 

comp11ter system at Virginia Polytechnic Institute and State University, 

Blacksburg, Virginia. An analysis of variance procedure (Barr, et al., 

1976) was used to determine whether differences in percent residual 

peroxidase activities existed as a result of oven effect, blanching 

times and variation among 454-gram portions of vegetables. 



CHAPTER IV 

RESULTS AND DISCUSSION 

The purpose of this study was to measure the adequacy of microwave 

blanching times currently recoCl!l\ended to the consumer using peroxidase 

activity as the blanching index. Fresh green beans and carrots were 

used as the products to be blanched. 

The results of this study are divided into two sections, (1) 

effect of selected ovens on blanching adequacy and, (2) adequacy of 

presently recommended microwave blanching times for carrots and green 

beans. 

Effect of Microwave Ovens on Residual Peroxidase Activity 

Three microwave ovens were used in this study, Hardwick model 

CKW8441K/~770A, Sear's Kenmore model 562.9967310 and Litton model 420. 

The Hardwick and Kenmore ovens were similar in output wattage while the 

Hardwick and Litton ovens were similar in total oven cavity area (Table 

3). As pr~viously mentioned these ovens were chosen because they 

varied slightly in their specifications from one another and yet were 

somewhat representative of domestic use microwave ovens. 

When reviewing previous research two deficiencies are noted. 

Often (1) conditions employed by the investigators are unrealistic for 

home use by the consumer (Anonymous, 1963; Dietrich, et al., 1970 a,b; 

Huxsoll, et al., 1970) and, (2) comparison of the techniques and 

microwave equipment used tn the studies reveals a high degree of 
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Table 3. Output Wattage, Oven Cavity Dim:?nsions, and Total Oven Cavity Area 
for the Threr. Ovens Utilized in this Study 

Oven Brand and 
Mode 1 Numbt'! r 

Ila rdw i ck 
CKW841+ l K-W7 70A 

Sears Kenmore 
562. 9967310 

Litton 
420 

Output Wattage 

I 
630 

I 630 

700 

I 

I 

Oven Cavity 
Dimensions (in.) 

15-1/l+ x 9 x 16 

13-3/4 x 8 x 10-3/4 

13-1/4 x 9-3/4 x 17 

I 
I 

Total Oven Cavity 
Vo 1 ume (cu. ft • ) 

1. 3 

0.7 

1. 3 

I 
.i:--
w 

I 



variation (Avisse and Varoquaux, 1977; Collins and McCarty, 1969; 

Eheart, 1967; Mirza and Horton, 1977, Proctor and Goldblith, 1948, 

QueP.zer and Burns, 1981). Conflicting data may he a result of lack of 

standardization between types of microwave equipment and techniques 

used in these studies. By using three brands of microwave ovens 

commonly sold to consumers for home use and by following the blanching 

directions published and recommended by the General Electric Company 

(1977) and also found in Southern Living Magazine (Anonymous, 1980) it 

was hoped that the previous deficiencies would be avoided in this 

study. 

McConnell (1973) suggests that microwave oven size and shape is 

not particularly significant in defining cooking times. Data gathered 

in this present study show that any effect caused by the type of oven 

had little significance on peroxidase activity (p > 0.05), as can be 

seen in Figures 2 and 3 and Tahles 4 and 5. It appears, therefore, 

that oven cavity dimensions and total area (Table 3) did not affect the 

thermal destruction of peroxidase. 

Twu factors of microwave ovens which have been reported to 

significantly affect cooking speed are the amount of power delivered ta 

the food, and thd frequency of the microwave energy (McConnell, 1973; 

Olson and Olson, 1982; Woodard and Lovingood, 1979b). Tiie power output 

range of microwave ovens is from 400-700 watts (Olson and Olson, 1975). 

Only t•.x:> frequencies a~e approved by the FCC for used in microwave 
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Blanching T.ime (min.) 
6 

Figure 2. Percent Residual Peroxidase Activity* in Carrots after 
Microwave Blanch Ti!!les of ~our and Six llinutes in 
Selected Microwave Ovens. 

* Mean value of three blanched 454-gram portions 
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11 Hardwick* 
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6 

Blanching Time (min.) 

Figure 3. Percent Residual Peroxidase Activity in Green Beans 
after ~icrowave Blanch Times of Four and Six Minutes 
in Selected Microwave Ovens 

* Mean value of three blanched 454-gram portions 



Table 4. Effect of Oven Brand and Microwave Blanching Titres on i. Residual Peroxidase Activity 
of Microwave Blanched Carrots 

--
Oven Brand 

Hardwick 

Hardwick 

Kenmon~ I 

Kenmore I 

I.it ton 

Litton 

*Mean value of three '•51+-gram portions 
**Mean t standard deviation 

Microwave Blanch Tirrc 

4 

6 

l+ I 
6 I 

4 

6 

Peroxidase Activity* 
Mean i. Re s i du a 1 

25.39 ± ll.92** 

0.23 ± 0.42 

21. 72 t 12.21 

0.51 .t 0.89 

23.58 ± 17.29 

1.68 ± 3.20 

I 
~ 
-....J 

I 



Table 5. Effect of Oven Rrnn<l and Microwave Blanching Titll!s on% Residual Peroxidase Activity 
of Microwave Blanched Carrots 

Oven Brand 

llnrdwick 

llurdwick 

Kenmore 

Kenmore 

I.it ton 

Litton 

*Mean value of three 454-grmn portions 
**Mean! standard deviation 

Microwave Blanch Time 

4 

6 

4 

6 

4 

6 

I 

I 

Medn % Residual Peroxi<las~ 

Activity 

3 7 • 3 l ± 8 • 4 i** 

1.68 ± 0.66 

46.01 t 13.75 

3.91 ! 2.19 

43.62 ± 8.30 

2. 31 ± l . 61+ 

I .,_ 
co 

I 
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cooking appliances. These frequencies are 2450 and 915 Miiz (Olson and 

Olson, 1982; Woodard and Lovingood, 1979a). TI1e frequencies of all 

three ovens used in this study were 2450 ~mz, the most common frequency 

used today in microwave appliances OkCor.nell, 1973; Woodard and 

Lovingood, 1979a). Output wattage (Table 3) was determined for the 

three oven models. Values for all three models fell within the 

expected range of 600 to 700 watts (Olson and Olson, 1982; ~oodard and 

Lovingood, 1979b). Tilis range was expected since the large majority of 

consumer microwave ovens are 600-700 watt portable units (~cConnell, 

1973; Woodard and Lovingood, 1979b). 

A potential problem with developing uniform directions for 

microwave ovens is a lack of standardization of ovens. This problem 

however, may not be as serious as expected by some food industry 

sources since the most commonly sold consumer microwave ovens happen to 

be 600-700 watt portable units (McConnell, 1973; Woodard and Lovingood, 

1979b). 

In summary, although oven selection in this study is admittedly 

very limited, any differences in the three ovens used here had no 

significant effects on the peroxidase activity of carrots and green 

beans during blanching at four and six minutes. 

!ffect of Blanching Time on Residual Peroxidase Activity 

The General Electric Com?any's recommended microwave blanching 

times (1977) are given in the form of time ranges. In the first set of 
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expcri~nts the upper and lower limits of the reconurended blanching 

til'IEs ~re investigated to determine blanching adequacy. The specific 

blanching tiIIEs tested for carrots and g:-een beans were four and six 

minutes (Tables 4 and 5). Peroxidase assays were perforned on the 

vegetable tissue before blanching and i~diately following the 

blanching process, and percent residual peroxidase activity was 

detennined for each 454-gram portion of vegetable. The 11Ean percent 

residual yeroxidase activities at each blanching tirre in each oven for 

each vegetable are shown in Tables 4 and S. The data were analyzed 

using an analysis of variance procedure. Blanching ti~ was found to 

have a significant effect on peroxidase activity in carrots and green 

beans (p < 0.01). This can clearly be seen by the sharp drop in 

peroxidase activity between the four and six ;ninute blanch ti.res 

(Figures 2 and 3). 

Baardseth and Slinde (1981) reported a great range in the specific 

activity of peroxidase in one variety of carrnt. This suggests that 

there is a high degree of variation i:1 peroxidase content among 

individual vegetables from the sace batch. In this study, a large 

standard deviation bet ... -een residual yeroxidase activities was observed 

in both carrots and green beans (Tables 4 and 5). The inconsistent 

peroxidase content was one of the main reasons that three separate 

454-gram portions of vegetable were blanched in each oven at each til'IE 

and why three 60-gram samples from each original portion were tested 
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for peroxidase activity. In essence 40% of the vegetables from each 

pound were homogenized for peroxidase testing in an attempt to ensure a 

repres~ntative peroxidase content for each respective 454-gram portion 

of vegetable. 'The wide range of peroxidase activities among the 

vegetables in each 454-gram portion was clearly reflected in the 

analysis of variance procedure which calculated significant difference 

(p < 0.01) between the three 60-gram samples of carrots and green 

beans. 

'The standard deviation is large for the values of the percent 

residual activities for both vegetables and blanch times. 'The standard 

deviations are much hip,her at the four minute level. 'This is primarily 

due to the higher enzymatic rate of residual peroxidase activity at the 

four minute blanch ti~e -- 21-25% for carrots ~nd 37-46% for green 

beans. After six minutes of blanching the standard deviation covers a 

smaller range because the total residual peroxidase activity has been 

effectively reduced by the blanching treatment -- only 0.23-1.68% 

residual activity remains in the carrots and 1.68-3.91% residual 

activity remains in the green beans. 

To minimize the effect of the large standard deviation on the 

statistical analysis, the data were also processed in square root form 

in an attempt to reduc~ standard deviation. 'The results from this 

analysis were so similar to the original results, it was concluded that 

the relatively large standard deviation had minimal effect on the 
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ove ral 1 test results. 

As can be seen in Figure 2 the residual ;:ieroxidase activity in 

carrots for a four minute blanch was in the range of 21-25% activity 

and dropped to 0.23-1.68% activity at six minutes. A similar trend can 

be seen with green beans in Figure 3. After a four minute blanching 

ti~ in the three ovens, peroxidase activity ranged between 37-46%. 

The residual activity at six minutes was sharply decreased to a range 

of 1-4%. 

As previously discussed in the literature review, total 

inactivation of peroxidase activity is not necessarily required or 

desirable to preserve fresh quality attributes during storage. 

Baardseth (1973) and Ramaswamy and Ranganna (1981) recomirend a three to 

five percent residual peroxidase activity for superior results in 

frozen carrots, cauliflower and French beans. Bottcher 0975) 

recorrurends an even broader range of three to ni:le percent residual 

activity as giving the best keeping quality during storage. Comparing 

these results to the data collected in this study, it is clear that the 

four minute blanch tilll'! recomrrended by the General Electric Company 

(1977) is not sufficient for carrots or green beans. At the four 

minute blanch ti!lE in carrots and green beans, a level of 25 to 46% 

residual peroxidase activity could be expected to cause enzymatic 

changes during frozen storage. 

On the other hand, at six minutes very little peroxidase activity 
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remains in the plant tissue of either vegetable. Residual activities 

of zero to four percent are considered inconsequential, because at such 

low levels of peroxidase activity no deleterious enzymatic changes are 

found in stored vegetables (Baardseth, 1978; Bottcher, 1975; Burnette, 

1977; Pinsent, 1962; Ramaswamy and Ranganna, 1981). 

In the second set of experiments, intermediate times for blanching 

carrots and green heans were investigated. Five blanching times at 

half minute intervals between four and six minutes were tested. ~#O 

separate 454-gram portions were blanched at each of the times. Of the 

three microwave ovens used in this study, only the Ken~ore Dual Power 

microwave oven was used for these experiments since it was previously 

shown that there was no significant difference in blanching adequacy 

between the oven brands. 

For carrots (Figure 4) the initial drop in 7. residual peroxidase 

activity was rapid while for green beans (Figure 5) the decrease was 

more gradual. ijuck and Joslyn (1953) found that enzyme activity tn 

broccoli dropped off sharply in the first minutes of water blanching 

followed by a trailing off at the lower levels of activity. 'Th~ir data 

on peroxidase inactivation tn water blanched broccoli can he seen in 

Figure 6. 

Five minutes for carrots and s1x minutes for green beans were 

required tn order to reduce % residual peroxidase activity to 5% or 

less (Table 6 and Table 7). 'This level of activity is considered 
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Table 6. Effect of Interrrediate Blanching Times on i. Residual Peroxidase Activity 
of Microwave Blanched Carrots 

Ov en Brand 

K e nmorc 

* Mean value of three !•5'•-gram portions 
** H~~n ± standard deviation 

Microwave Blanch Tim?. 

11 

4-1/2 

5 

5-1/2 

6 

Peroxidase Activity* 
Mean i. Residual 

l 9 • 7 0 !: 4 • 7 6 ** 
6.01 ± 1. 15 

0.63 t 0.59 

0.18 i 0.16 

0.12 .!: 0.19 

I 

\JI 

" 



Tabl~ 7. Effect of Int~rm~diat~ Blanching Times on % R~sidual Peroxidas~ Activity 
of Microwave Blanched Carrots 

--r-· 
Ovt?n Brand I MicrowllVt! Bl.1nch Time 

Kenmor~ I 

* M~an value of thr~e 454-gram port ions 
** M~an ± standard d~viation 

I+ 

4-1/2 

5 

5-1/2 

6 

I 
I 
I 
I 

I 
I 
I 
I 

P~roxidase Activity* 
Mean % Residual 

19. 70 ± l+. 76** 

6.01 ± 1.15 

0.63 ± 0.59 

0.18±0.16 

0.12 ± 0.19 

I 
VI co 

I 
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adequate for preserving the fresh quality of vegetables during frozen 

storage (Baardseth, 1978; Bottcher, 1975; Ramaswamy and Ranganna, 

1981). 

For green beans the % residual peroxidase activity after four 

minutes of blanching in the second set of experiments was similar to 

that reported for the first set of experiments. The average % residua 1 

peroxidase activity value ,1t the four minute mic::-owave blanching time 

in carrots, however, was lower for the second set of blanching 

experiments (Lot 6 of carrots) than for previous experiments (Lots 1-5 

of carrots). This occurred in spite of the fact that raw carrots in 

Lot 6 had a higher Absorbance than those in Lots 1-5. This may reflect 
min. x mi 

variation among lots of carrots bought at the retail grocery store. 

Variations may be caused by such factors as differences in growing 

s~asons, time between harvest and testing, soil conditions during 

growth and kind and variety of vegetable. Baardseth and Slinde (1981) 

found variation in levels of peroxidase activity in carrots due to 

diff~rences in growing location. Because some of the various fractions 

of peroxidase are more heat stable than others (Tappel, 1965), 

variation in the susceptibility of thermal peroxidase destruction among 

lots of vegetables may exist due to varied concentrations of these 

fractions. Vegetables that consumers blanch may also contain varied 

levels of peroxidase activity and thermal resistance, causing variation 

in blanching adequacy. 
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Research in the area of microwave blanching adequacy is not com-

plete nnd requires further insight into differences caused by microwave 

blanching. For example, peroxidase was chosen as the indicator enzyme 

for adequacy of conventional blanching techniques, not necessarily of 

microwave blanching methods. Minimal water is used in microwave 

heating and such a factor could affect the release of respiratory gases 

in processed vegetables. If the plant tissue is unable to expell 

intracellular gases more oxygen would be available increasing oxidative 

reactions which cause off-flavor development. Peroxidase inactivation 

would not reflect the retention of oxygen activity Ln the plant tissue 

and yet the presence of oxygen encourages many deleterious changes in 

the product during storage. Baardseth and Stinde (1981) warn that 

since complete inactivation of peroxidase for quality preservation is 

not necessary, perhaps other degradative enzymes, related to quality, 

which are more heat sensitive and ~ore consistent in activity level 

should be investigat~d. In short, other aspects of microwave blanched 

vegetables such as interior temperature, textural characteristics, and 

sensory evaluation of the microwave blanched product need to be 

examined both before and after frozen storage. 



CILA.PTF.:R V 

SUMP.ARY Ai~D CONCLUSIONS 

Carrots and green beans were used to investigate the effect of 

selected microwave ovens and blanching times recommended by the General 

Electric Company (1977) on the adequacy of the blanch as measured by 

peroxidase activity. This appears to be the first study to examine 

these parameters. 

The three microwave ovens used in this study were assumed to be 

representative of ovens bought for home use. Although they were of the 

same frequency (2450 MHz) the ovens varied slightly with respect to 

output wattage, oven cavity dimensions and interior cavity area. 

Output wattage was determined by the procedure outlined in Appendix C. 

Output wattages were found to fall within the expected range of 600 

-700 watts for commonly sold portable units. The mean output wattages 

were 630 watts for both the Hardwick and Kenmore model ovens and 700 

watts for the Litton model oven. Oven cavity dimensions were 

determined by measuring accurately to the quarter inch. Oven cavity 

capacities were obtained from the manufacturers' specifications. 

Although two of the oven cavity capacities were similar, the three 

microwave oven dimensions differed substantially. The blanching 

procedure fo I lowed was that described by the General Electric Company 

(1977) in their publication entitled, "Your GE Microwave Oven and Food 

Preservation". 

61 
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Peroxidase activity (Masure and Campbell, 1944) was measured 

im~diately following the blanching of each 454-gram portion of carrots 

and green beans. A larg~ degree of variation tn the percent residual 

peroxidase activity was found between the 454-gram portions of 

vegetables. Tilis variation is attributable to inconsistent levels of 

peroxidase enzyme among lots of raw vegetables. Baardseth and Slinde 

(1981) also witnessed great variation in peroxidase activity within a 

single variety of carrot. To minimize the effect of the large standard 

deviation in the statistical analysis the data were also processed in 

square root form. It was determined that the wide range of standard 

deviation had no significant effect on the test results. 

As suggested by ~cConnell (1973), the differences between rn1cro-

~ave ovens had an insignificant impact on peroxidas~ activity (p > 

0.05) at the tested blanching times. Any ~)ssible variation in resi-

dual peroxidase activity caused ~y differences among the ovens were 

overshadowed by the inconsistent levels of peroxidas~. 

Percent residual peroxidase activity at four minutes for carrots 

and green beans was 21-25% and 37-46% respectively. Thest~ ranges in 

residual peroxidase activity are much higher than the average accept-

able residual peroxidase activity of SZ (Baardseth, 1978; Bottcher, 

1975; Ramaswamy and Ranganna, 1981). At such high levels of activity, 

blanching is not adequate and off-flavors and off-colors would probably 

develop during frozen storage. 
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Blanching for six minutes drastically decreas~d percent residual 

peroxidase activity to acceptable levels of 0.23-1.68% 1n carrots and 

1-4% in green beans. In vegetables with such low levels of peroxidase 

activity, no deleterious enzyme changes occur <luring frozen storage 

(Baardseth, 1978; Burnette, 1977; Pinsent, 1962; Ramaswamy and 

Ranganna, 1981). 

It has been suggested by several investigators that complete in-

activation of peroxidase is not required (Baardseth, 1978; Bottcher, 

1975; Cruess, et al., 1944; Ramaswamy and Ranganna, 1981). 'The data 

from the second set of experiments (Figures 4 a~d 5) establish that 

five minutes for carrots and six minutes for green beans were required 

in order to adequately blanch these vegetables. 'This is based on 5% or 

less residual peroxidase activity as recommended by Baardseth (1978). 

'This area of constm1er related research needs to be developed :ur-

ther. With increased interest in microwave cooking, techniques such as 

blanching need to be investigated and optimized. Further research, 

with a wider variety of vegetables and with a wider selection of 

blanching times, is greatly needed. Other aspects of home-style micro-

wave blanched products need to be examined such as interior tempera-

ture, tP.xtural characteristics, color changes, and sensory evaluation 

of the processed foods. 

~icrowave blanching has several advantages for consumers who wish 

to freeze fruits and vegetables: (1) water-soluble nutrients are more 



64 

effectively retained during mic~owave blanching than during water 

blanching (Eheart, 1967; Proctor and Goldblith, 1948; Quenzer and 

Burns, 1981). (2) Microwave blanching allows for more thorough blan-

ching of "bulky" vegetable pieces, without over-blanching of surface 

tissue, than does water blanching (Dietrich, et al., 1970a; Dietrich, 

et al., 1970b; Huxsoll, et al., 1970), (3) desirable textural qualities 

have been reported to be more completely retained in selected fruits 

and vegetables (Collins and McCarty, 1969; Quenzer and Burns, 1981) and 

(4) microwave blanching has been reported to result ln reduced heat 

ln the kitchen by eliminating the necessi.ty of pots of boiling wate~ 

(Anonymous, 1980). 

Olson and co-workers (1979) stated that more research i.s required 

to establish tested microwave blanching times that are suffici~nt to 

destroy enzymes which cause nutritional and sensory deterioration ln 

stored vegetables. This investigator believes that microwave blanching 

has the potential to serve as an acceptable alternative to the 

conventional hot water blanching method. However, further research is 

required to optimize the microwave blanching procedure to retain the 

highest possible quality product. 
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Tab le 8: RAW DATA FOR CARROTS 

- --
Oven Brand Blanch Tine Vegetable Lot 454-Gram 60-Gram 

(min.) from Grocer Portions Samples 

-- 0 4 - -
-

Hardwick 4 4 1 
A 

B 

c 

___ l 2 A 

-

Abs. 
min. x ml 

88.7 

16.5 
17.0 
17.5 

13.0 
14.0 
14 .o 

-
25.5 
31.0 
35.5 

28.5 
25.5 
28.0 

% Residual 
Peroxidase 

Activity from 
Triplicate 

Readings 

-
·-

18.60 
19.17 
19.73 

---
14 .66 
15.18 
15.78 

28.75 
34.95 
1,0. 02 

32. 13 
28.75 
31. 57 

........ 
N 



-----

Oven Brand Blanch Tirre Vegetable Lot 454-Gram 60-Gram 
(min.) from Grocer Portions Sa mp le s 

- -----
Hardwick l+ 4 2 

B 

c 

------· 

3 A 

·-

B 

--------

c 

Abs. 
min. x ml 

>---

39.0 
39.0 
35.0 

-
8.50 
8.50 
8.00 

·-
22.0 
22.5 
20.5 

9.5 
11. 0 
11. 5 

36.5 
33.5 
37.0 

% Residual 
Peroxidase 

Ac t iv i. t y fr om 
Trip 1 i ca te 

Re ad ings 

43.97 
43. 97 
39 .l+6 

-
9.58 
9.58 
9.02 

--
24.80 
25.87 
23.11 

10. 71 
12.40 
12.97 

41. l 5 
37. 77 
l+l. 71 

'J 
w 



Oven Brand 

--! 

Hardwick 

Blanch Tilll? 
(min.) 

6 

Vegetable Lot 
from Grocl~ r 

'• 

----

454-G 
Port i 

nun 
ons 

---

' 1---------+-----

0 5 -

--

60-Gram 
Samples 

A 

B 

c 

-

------ 1-- I ·--· 

Hardwick 6 5 2 A 

B 

~-·.-:a...o......-.-.....--........lc.......~:------1.&-.:.....a~L.:....ic...·.--:...aa..c-.....-'IC'" ............ ~..:.=--- ........... ~'I':.....&.. ---

--.-----

Ab, 
min. -;;;-1 

% Resid~ 
Peroxidase 

Activity from 
Triplicate 

Readings 

o.o 
0.5 
0.5 

0.5 
0.5 
o.o 

( 
( 
( 

-

Si 

0.00 
0 .. 56 
0.56 

0.56 
0.56 
0.00 

-----·------------
0. 'i6 
0.00 
0.00 

------~------

( 
( 

I 

0.0 
0.0 
0.0 

0.00 
o.oo 
I. 75 

0.00 
0.00 
0.00 

-..1 
J:;-



·---

Ove n Br a tlll Blanch Tine Vegetable Lot 4511-G ram 60 -Gram 
(min.) from Grocer Port i ons I Sa mples 

- - ---

Hardwick 6 5 2 c 

----- ----

3 A 

B 

------- ----1----
-- 0 l -

·---- --·-

I 
Ke nmorc 4 1 I 

-% Residua 1 
Pcroxidas• 

Abs. Activity f rom ------
min. x ml Tri pl icat• 

RP. ad ings -
0.0 0.00 
0.0 0.00 
0.0 0.00 

,.-----
0.5 0.88 
() .0 0.00 
o.o 0.00 

·-------
o.o 0.00 
0.0 0.00 
o.o 0.00 

-
0.5 0.88 
o.o 0.00 
0.0 0.00 

--
511 .I+ --

2 3. 5 1+3.20 
22.5 41. 36 
2 l. 5 39.52 

-- -

-...J 
L/1 



Oven Brand Blanch Tine Vegetable I.ot 454-Grarn 60-Gram 
(Min.) from Grocer Portions Samples 

-·-------· 

Kenmore l+ 1 1 B 

c 

2 A 

--------

n 

c 

I _____ _ I J 

Abs. 
min. x ml 

10.5 
11.0 
6.0 

-

ll+. 0 
14.0 
13.5 

'•. 0 
1._5 
6.0 

12.0 
13.5 
10.5 

-----
3.5 
2.0 

L 0.5 I 

% Residua 1 
Peroxidase 

Activity from 
Triplicate 

Re ad ings 

19. 10 
20.22 
11. 03 

25.74 
25.74 
24.82 

-------
7.35 
8.27 
11. 0] 

---
12.0 
13.5 
10.5 

6.43 
3.68 
0.92 

.....,, 

"' 



Ovc n Brand Blanch Ti~ Vegetable Lot 45'•-Gram 
(Min.) from Grocer Portions 

----

Kcnmo1·e 4 1 3 

-- --- ·----
-- 0 2 -

Ke nmo1·e 6 2 1 

60-Gram Abs. 
Samples ~nin. x ml 

-
12.S 

A 14.0 
13.0 

7.S 
B 8.0 

8.0 

21.0 
c 21.0 

21.0 

-·------
- 149. 7 

--- -
0.0 

A 0.0 
o.s 

-
0.0 

B 0.0 
0.0 

-------

-% Hes idua 1 
Peroxidase 

Ac t i v i t y fr om 
Triplicate 

He ad in gs 

22.98 
25.74 
23. 90 

13. 79 
111. 71 
14. 71 

38.60 
38.60 
38.60 

o.oo 
0.00 
0.33 

0.00 
o.oo 
o.oo 

-.J 
-.J 



- - -

Oven Brand Blanch Time Vegetable Lot 454-Gram 
(Min. ) from Grocer Portion:> 

Ke nm ore 6 2 l 

2 

----- --
0 3 -

-

Ke nm ore 6 3 3 

- -

60-Gram Abs. 
Samples min. x ml 

o.o 
c o.o 

0.0 

0.3 
A l. 5 

0.0 

1.0 
B 0.5 

I. 5 

1.0 
c 0.0 

0.5 

- 48.6 

o.o 
A 2.0 

1.0 

-

-

% Residual 
Peroxidase 

Activity from 
Triplicate 

Re ad ings 

0.00 
0.00 
0.00 

-----
0.20 
1.00 
0.00 

0.67 
0.33 
1.00 

0.67 
0.00 
0.33 

--

0.00 
4 .12 
2.06 

-...1 
00 



---

0 vcn Brand Blanch Tine Vegetable Lot 454-Gram 60-Gram 
(Min.) from Grocer Portions Samples 

-

Kenmore 6 3 3 B 

c 

Litton 4 3 l A 

B 

c 

Abs. 
min. x ml 

o.o 
0.0 
o.o 

~· 

0.5 
0.5 
0.5 

1. 5 
0.5 
1.0 

7.5 
7.9 
1.0 

7.0 
6.5 
9.0 

% Residual 
Pc roxidasc 

Ac t iv i t y fr om 
Triplicate 

Headings 

0.00 
0.00 
0.00 

1.03 
1.03 
l.03 

3.09 
1.03 
2.06 

15.43 
16. l 7 
2.06 

14.40 
l3. 37 
18.52 

-....J 

'° 



Oven Brand Blanch Tine IVE:getable Lot 
(Min. ) from Grocer 

Lit ton 4 3 

4 5'• 
Por 

-Gram 
tions 

2 

-----

3 

,-----. 

60-Gram 
Samples 

A 

B 

-· 

c 

A 

n 

--

·--

Abs. 
~in.~f" 

·---

6.5 
6.0 
6.0 

----
9.0 
9.0 
9.0 

11. 0 
11. 0 
13.0 

15.0 
15.5 
15. 5 

16 .. 5 
16.5 
16.5 

i.~ sidual 
xidase Pero 

Act iv 
Trip 

Rea -----

1 
l 
1 
. -
2 
2 
2 

---

ty from 
i ca t1! 

ings 

3.37 
2.)5 
2.35 

.52 

.. 52 

.52 

.63 

.63 

.75 

3 
3 
3 

0.86 
.89 
.89 

3~ 

3~ 

3~ 

.95 

.95 

.95 

(X) 
0 



Oven Brand Blanch Tin11.~ Vegetable Lot 454-Grarn 60-Gram 
(Min.) from Grocer Portions Samples 

---

Litton 4 3 3 c 

6 I A 

B 

c 

2 A 

-

Abs. 
min. x ml 

,____ 

29.0 
31.0 
31. 5 

o.o 
0.0 
o.o 

o.o 
o.o 
o.s 

o.o 
o.o 
o.o 

o.o 
o.o 
o.o 

% Residual 
Peroxidase 

Activity from 
Triplicate 

Re ad ings 

59.67 
63.79 
64.81 

o.oo 
o.oo 
0.00 

-
0.00 
o.oo 
1.03 

o.oo 
o.oo 
o.oo 

0.00 . 
o.oo 
o.oo 

c.o 
I-' 



Oven Brand 

Litton 

nlanc 
(M 

-~~-·-·~~~~~~ ........ ~~~· 

h Time Vcgc table Lot 
n. ) from Grocer 

6 3 

454-Gram 60-Gram 
Portions Samples 

·-

2 B 

c 

3 A 

n 

c 

Abs. 
min. x ml 

o.o 
0.5 
0.5 

3.5 
6.5 
1. 5 

2.5 
2.0 
3.5 

o.o 
o.o 
1. 0 

o.o 
o.o 
o.o 

% Res iciua l 
Pe roxi\tase 

Activity from 
Triplicate 

Readings 

o.oo 
1.03 
1.03 

7.20 
13. 37 
3.09 

5. 14 
4. 12 
7.20 

o.oo 
o.oo 
2.06 

o.oo 
o.oo 
o.oo 

00 
N 



Table 9: HAW DATA FOR GRF.EN BEANS 

Oven fir and Blanch Tire Ve ge tab le Lot 454-Grmn 60-Gram 
(Min.) fro1n Grocer Portions Samples 

-- 0 2 - -

Hardwick 4 2 1 
A 

B 

c 

2 A 

Abs. 
min. x ml 

3620 

1980 
1890 
1580 

2010 
1840 
1720 

1460 
1410 
1280 

980 
990 

1010 

% Residual 
Peroxidase 

Ac t iv i. t y fr om 
Triplicate 

Re ad ings 

-

54.70 
52.21 
43. 65 

55.52 
50.83 
'• 7 • 5 1 

40.33 
38.95 
35.36 

27.07 
27.35 
27.90 

CX> 
w 



·-- ----

0 vc n Brand Blanch Ti~ VP.get ab le Lot 45!•-Gram 60-Gram 
(Min.) from Grocer Portions Samples 

Hardwick 4 2 2 n 

c 

3 A 

R 

c 

Abs. 
min. x ml 

1050 
1170 
1090 

1120 
1160 
1070 

1200 
1270 
1230 

u.oo 
1460 
1390 

1230 
1220 
1260 

i. Residua 1 
Pc roxi<lase 

Activity from 
Triplicate 

Readings 

29.01 
32.32 
30. 11 

30.94 
32.04 
29.56 

33.15 
35.08 
33.98 

38.67 
40.33 
38.40 

33.98 
33.70 
3'•. 81 

I 

co 
"'" 



0 ve n Brand Blanch Tine Vegetable Lot 451+-Gram 
(Min.) from Grocer Portions 

- -- -
-- 0 4 -

-- -

Hardwick 6 4 1 

2 

-

60-Gram Abs. 
Samples min. x ml 

- 2400 

49 
A 49 

L. 9 

56 
B 57 

59 

68 
c 67 

71 

-
33 

A 32 
33 

20 
B 20 

20 

% Residual 
Peroxidase 

Activity from 
Trip 1 icate 

Re ad ings 

--

2.06 
2.06 
2.06 

2.33 
2.38 
2 .!16 

2.83 
2.79 
2. 96 

1. 39 
1. 33 
1. 39 

0.83 
0.83 
0.83 

00 
\J1 



Oven Brand Blanch Time Vegetable~ 4511-Gram 
(Min. ) from Grocer Portions 

---·- ·-

Hardwick 6 4 2 

3 

Hardwick 0 l -
-

Kenmore 4 I l 

60-GraT.bs. 
Samples min. x ml 

43 
c 42 

41 

21 
A 21 

21 

29 
B 29 

30 

--· 

41 
c '•4 

'•0 

- 2860 

11.60 
A 1180 

1320 

% Residual 
Pe rox i <lase~ 

Ac t iv i t y fr om 
Triplicate 

Re ad ings 

1. 78 
1. 75 
1. 71 

0.88 
0.88 
0.88 

1. 21 
l. 21 
1.26 

-
1. 71 
l.83 
1. 67 

--

51.05 
'• l. 26 
60. 14 

()'.) 
0\ 



Oven Rrand 

Kenmore 

Blanch Time 
(Min.) 

4 

Vegetable 
from Gr 

1 

Lot 
'cc r 

454-Gram 60-Gram 
Portions Sa mp le s 

1 B 

c 

---

2 A 

8 

c 

Abs. 
min. x ml 

1900 
1970 
1830 

l7l+O 
1720 
1760 

1090 
1130 
1130 

990 
950 

1020 

860 
1000 
980 

% Residual 
Peroxidase 

Activity from 
Triplicate 

Readings 

66.!+3 
68.88 
63.99 

60.84 
60. 14 
61. 54 

38.ll 
39.51 
39.51 

-
34.62 
33.22 
35.66 

30,07 
34,97 
34 .27 

co 
'-.I 



I I I 
Oven Brund Blanch Time Vegetable Lot 454-Gram 

(Min.) from Grocer Portions 

Kenmore 4 l 3 

-- 0 3 -

Ke nmor~ 6 3 l 

l _____ L I I 

I 
60-Gram Abs. 
Sa mp le s min. x ml 

1910 
A 2200 

2490 

1400 
B 1350 

1330 

1010 
c 1170 

1190 

- 2640 

89 
A 96 

88 

104 
B 101 .. 

I 106 

% Residual 
Peroxidase 

Activity from 
Tri pl icatc 

Re ad ings 

52.76 
60. 77 
68.78 

38.67 
37.29 
36.74 

27.90 
32.32 
32.87 

--

3.37 
3.62 
3.33 

3.94 
3.94 

I 4. Ol• 

()) 
()) 



-

Oven Hrc.1nd Blanch Time Vegetable Lot 454-Gram 60-Gram 
(Min.) from Grocer Portions Samples 

~ 

Kenmore 6 3 l c 

2 A 

8 

c 

3 A 

Abs. 
min. x ml 

166 
168 
168 

31 
26 
34 

-
40 
39 
40 

73 
74 
63 

70 
71 
68 

-% Residual 
Peroxidase 

Activity from 
Triplicate 

Readings 

6.29 
6.36 
6.36 

l. 17 
0.98 
I. 29 

I. 51 
1.48 
l. 51 

2. 77 
2.80 
2.39 

2.65 
2.69 
2.58 

00 

'° 



Oven Brand Blanch Tin.:! Vegetabl~ Lot 454-Gram 60-Gram 
(Min.) from Groc(! r Portions Samples 

Kenmore 6 3 3 B 

c 

-- 0 2 - -

Litton I+ 2 l A 

B 

--

c 

Abs. 
min. x ml 

145 
145 
158 

207 
208 
208 

3620 

1380 
1570 
1520 

1530 
1670 
2060 

2090 
2140 
2030 

% Residual 
Peroxidase 

Activity from 
Triplicate 

Re ad ings 

5.49 
5.49 
5.98 

7.84 
7.88 
7.88 

--

38. 12 
43. 37 
41. 99 

42.27 
46.13 
56.91 

-
57.73 
59.12 
56.08 

\0 
0 



--· 

Oven Brand Blanch Tim~ Vegetable Lot 454-Gra:n 
(Hin. ) from Grocer Portions 

I.it ton '• 2 2 

-
-- 0 l -

Lit ton 4 1 3 

--

60-Gratn Abs. 
Samples min. x ml 

1370 
A 1110 

1500 

1110 
B 1250 

1420 

1110 
c 1200 

1210 

- 2860 

1300 
A 1280 

1290 

1340 
B 1380 

1360 

% Residual 
Pe roxidasc 

Ac t iv i t y fr om 
Triplicate 

Re ad ings 

37.85 
36. 71,. 
41.44 

30.66 
34. 53 
39.23 

30.66 
33.15 
33 .1. 3 

-

--

48.51 
4 7. 76 
/18.13 

-
50.00 
51.49 
50.75 

-~ 

l.O 
~ 



Oven Brand Blanch Ti me Vegetable Lot 45'•-Gram 60-Gram 
(Min.) from Grocer Portions Samples 

-

I.it ton 4 l 3 c 

- 0 3 - -
-

I.it ton 6 3 l A 

--

B 

c 

2 A 

Abs. 
min. x ml 

1100 
1070 
1090 

2540 

44 
45 
47 

49 
45 
48 

-
60 
59 
55 

95 
94 
95 

% Residual 
Pe roxidasc 

Activity from 
Triplicate 

Re 1.1d ings 

41.04 
39.93 
40.67 

--

l. 67 
l. 70 
l. 78 

1. 8'• 
l.69 
1.80 

2.26 
2.23 
2.08 

3.58 
3.54 
3.58 

\0 
N 



Oven Brand Blanch Titre Vegetable Lot 4Sl+-Gram 60-Gram 
(Min.) from Grocer Portions Samples 

Litton 6 3 2 R 

c 

3 A 

B 

c 

-· 

Abs. 
min. x ml 

160 
172 
157 

48 
46 
45 

20 
21 
20 

14 
14 
10 

63 
58 
63 

% Residual 
Peroxidase 

Ac t iv i t y fr om 
Triplicate 

Readings 

6.06 
6.52 
5.95 

1.80 
1. 74 
1.70 

0.76 
0.80 
0.76 

0.53 
0.53 
0.38 

2.39 
2.20 
2.39 

'° '-'> 
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Oven Brand 

Kenmore 

Tab le 10: !MW DATA FOR CARROTS - INTERMimIATE BLANCH TIMES 

Blanch Titre 
(min.) 

0 

'• 

Vegetable Lot 
from Grocer 

6 

6 

451+-Gra 
Portion 

l 

2 

Ill 

s 
60-G-am Abs. 
Sa mp le s min. x ml 

- 282.50 

36.67 
A 38.67 

40.67 

·- -
52.67 

B 52.67 
56.67 

69.33 
c 74.67 

71. 33 

l+ 2. 31 
A 1+ 5. 26 

41.67 

% Residual 
Peroxidase 

Activity from 
Triplicate 

Re ad ings 

--
·-~----

12.98 
13.69 
ll•. 40 

-----
18. 61+ 
18.64 
20.06 

24 •. 54 
26 .43 
25.25 

14.98 
16.02 
14.75 

'° Vl 



~ 

Oven Brand Blanch Tine Vegetable Lot 4 5l+-Gram 60-Gram 
(min.) from Grocer Portions Samples 

K more 4 6 2 B 

c 

4-l/2 l A 

B 

c 

Abs. 
min. x mf 

57.l+3 
52.37 
55.44 

71. 67 
68.42 
73.57 

18.50 
17.50 
18.00 

16.00 
13.50 
12.00 

19.00 
22.50 
18.50 

% Residual 
Peroxidase 

Activity from 
Tr i p 1 i ca ti:'! 

Re ad ings 

20.33 
18. 5l+ 
19.62 

25.37 
2l+. 2 2 
26.04 

6.55 
6. 19 
6.37 

5.66 
4. 78 
l+. 2 5 

-
6.73 
7. 96 
6.55 

'° 0\ 



-

Ovt:!n Brand t 454-Gram 60-Gram 
Portions Samples 

Blanch Time I Vegetable Lo 
(min,) from Grocer 

-~ 

Kenmore 4-1/2 6 2 A 

-

B 

-

c 

s 1 A 

8 

Abs, 
min. x ml 

14 .46 
15.40 
16.9S 

13.79 
12.29 
14. 63 

20.68 
19.46 
21.98 

1. so 
0.00 
1.00 

o.oo 
1. so 
1.00 

% Residual 
Peroxidase 

Ac t iv it y from 
Triplicate 

Re ad in gs 

5.12 
5 .4S 
6.00 

'•. 88 
4. 35 
5.18 

7.32 
6.89 
7.78 

0.53 
0.00 
0.35 

o.oo 
O.S3 
0.3S 

'° 'I 



Ov en Brand Blanch Tine Vcge table Lot 454-Grnm 
(min.) from Grocer Portions 

-

Kenmore 5 6 1 

2 

5-1/2 1 

60-Gram Abs. 
Samples min. x ml 

1. 50 
c 0.00 

1.00 

1. 50 
A 0.50 

1. 50 

5.00 
B 7. so 

6.00 

-------
o. 50 

c 1.00 
l.00 

0.50 
A o. 50 

0.50 

-% Residual 
Pe roxidas~ 

Activity from 
Triplicate 

Headings 

0.53 
0.00 
0.35 

0.53 
0 .18 
0.53 

l. 77 
2.65 
2. 12 

0.18 
0.35 
0.35 

0 .18 
0. 18 
0. 18 

'° 00 



Oven Brand Rlanch Tine Ve ge tab le Lot 454-Grnm 60-Gratn 
(min.) from Groc<~ r Portions Samples 

Kenmore! 5-1/2 6 1 B 

c 

2 A 

'R 

c 

------------·--· 

Abs. 
min. x ml 

2.00 
1. 50 
o. 50 

0.50 
1.00 
0.50 

--
0.50 
0.00 
0.00 

0.00 
0.00 
0.00 

1.00 
o.oo 
0.00 

------·-

% Residual 
Peroxidase 

Ac t iv i t y from 
Triplicate 

Readings 

o. 71 
0.53 
0. 18 

0.18 
0.35 
0. 18 

-

0.18 
o.oo 
0.00 

0.00 
0.00 
o.oo 

0.35 
0.00 
0.00 

'° '° 



---- -------------
Oven Brand I Blanch Titre 

(min.) 

Kenmore I 6 

----------~-------· 

-

Vegetable Lot 
from Grocer 

6 

454-Gram 
Portions 

l 

2 

~-----

60-Gram Abs. 
Samples min. x ml 

2.00 
A 0.00 

0.00 

1.00 
B 0.00 

0.00 

-
0.00 

c 0.00 
0.00 

---
o.oo 

A 1.00 
0.50 

-
0.00 

B a.so 
0.00 

-i. Residual 
Peroxidase 

Act i" it y from 
Triplicate 

Readings 

0.71 
0.00 
0.00 

--
0.35 
0.00 
0.00 

0.00 
0.00 
0.00 

0.00 
0.35 
0. 18 

0.00 
0. 18 
0.00 

~ 

0 
0 



Oven Brand Blanch Time Vegetable Lot 454-Gram 60-Gram 
(min. ) from Grocer Portions Samples 

Ke nmorc 6 6 2 c 

Abs. 
min. x ml 

0. 50 
0.00 
0.50 

% Residual 
Peroxidase 

Activity fr 
Triplicate 

Readings 

o. 18 
0.00 
o. 18 

om 

...... 
0 
...... 



Table 11: RAW DATA l~OR GREl-:N HEANS - INTERMEDIATfo: HI.ANCH TIMF.S 

Oven Brand Blanch Time Vegetable Lot 454-Gram 60-GTam Abs. 
(min.) from Grocer Portions Samples min. x ml 

-- 0 5 - - 1956 

--
952 

Kenmore 4 5 l A 922 
876 

702 
B 718 

736 

782 
c 870 

870 

488 
2 A 482 

482 

% Residual 
Peroxidase 

Activity from 
T-ipl. i ca te 

Readings 

--

48.67 
4 7 .14 
4L·. 79 

35.89 
36.71 
37.63 

39.98 
44. l18 

'•'•. 48 

24.95 
24.64 
24 .64 

t--' 
0 
N 



Oven Brand Blanch Til'll? Vegetable Lot 454-Gram 60-Grmn 
(min.) from Grocer Portions Smnp le s 

Kenmore 4 5 2 8 

c 

4-1/2 l A 

B 

c 

Abs. 
min. x ml 

676 
582 
608 

818 
836 
960 

286 
294 
294 

401 
451 
415 

1+57 
It 69 

'• 78 

% Residual 
Peroxidase 

Activity from 
Triplicate 

Readings 

34.56 
29.75 
31.08 

41.82 
'•2. 74 
44.08 

14.62 
15.03 
15.03 

20.50 
23.06 
21. 22 

23-36 
23-98 
24.44 

....... 
0 
w 



---

Oven Brand Blanch Titre Vegetable Lot l+Sl+-Gram 
(min.) from Grocer Portions 

~--

Kenmore !+-1/2 5 2 

-- 0 6 -
-------

Kenmore 5 1 

60-Gram Abs. 
Samples min. x ml 

38!+ 
A 407 

324 

466 
B 4l•O 

407 

424 
c 425 

472 

- 4810 

792 
A 822 

836 

1064 
B 1048 

1114 

i. Res iciua l 
Pe rox id as,~ 

Activity from 
Triplicate 

Re ad ings 

19.63 
20.81 
18.56 

23.82 
22 .!+9 
20.81 

21.68 
21 • 7 3 
24. 13 

--

16.!+7 
17.09 
17.38 

22.12 
21. 79 
23. 16 

~ 
0 
po 



~ 

Oven Brand Blanch Tim:: Ve ge tab le Lot 1154-Grmn 6!"l-Gram 
(min.) from Grocer Port ions Samples 

-

Kenmore 5 6 1 c 

2 A 

B 

c 

5-1/2 1 A 

--

-------

Abs. 
min. x ml 

1. so 
0.00 
1.00 

-

1. 50 
0.50 
1. 50 

5.00 
7.50 
6.00 

0.50 
1.00 
1.00 

o.so 
0.50 
0.50 

-· 

% Residual 
Peroxidase 

Activity from 
Tr ipl icatP. 

Readings 

0.53 
0.00 
0.35 

0.53 
0. 18 
0.53 

1. 77 
2.65 
2.12 

-

0. 18 
0.35 
0.35 

0. 18 
0 .18 
0.18 

I-' 
0 
VI 



Oven Brand 

Kenmore 

Blanch Tiire 
(min.) 

5-1/2 

Vegetal 
from G 

6 

le Lot 4511-Gram 
rocer Portions 

1 

2 

60-Gram Abs. 
Samples min. x ml 

80 
B 80 

79 

·-----
242 

c 244 
251 

'• 76 
A 504 

504 

--------
218 

B 230 
231 

603 
c 579 

563 

·---

·-% Residual 
Peroxidase 

Activity from 
Triplicate 

Readings 

1. 66 
1.66 
1.64 

5. 03 
5.07 
5.22 

9.90 
10 .l+8 
10.48 

-
4.53 
'•. 78 
,, • 80 

12.54 
12.04 
11.70 

~ 

0 

"' 



Oven Brand Blanch Tine 
(min.) 

Ve ge tab le 
from Gr 

Lot 451•-Grmn 
,ccr Port ions 

--- -

Kenmore 6 6 1 

2 

------------'----------~--- -~ 

60-Gram 
Samples 

A 

B 

c 

A 

B 

Abs. 
min. x ml 

59 
60 
61 

20 
21+ 
22 

25 
26 
25 

60 
60 
55 

53 
51 
53 

% Residual 
Pe rox idasc 

Activity from 
Triplicate 

Readings 

1. 23 
1. 24 
1. 26 

.._. 

0.41 
0.50 
0.46 

0.51 
0.53 
0 •. 51 

1. 24 
1. 24 
1. 11+ 

1. 10 
1.05 
1.09 

...... 
0 
--...J 



- -

Oven Brand Blanch Tine Vegetable Lot 454-Gram 
(min.) from Grocer Portions 

Kennore 6 6 2 

60-Gram Abs. 
Samples min. x ml 

7'• 
c 72 

71 

% Residual 
Peroxidase 

Activity from 
Tri pl icatc 

Readings 

1. 53 
1.49 
1.48 

~ 
0 
CX> 
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APPENDIX C 

TEST FOR MICROWAVE OVEN OUTPUT WATTAGE AND 

RESULTS OBTAINED FROM TEST 

Laboratory Assignment from MHFD 2600; S-81-RPL 
Received from Dr. Rebecca P. Lovingood 

Microwave Appliances 
Virginia Polytechnic Institute and State University 

Section (3) Perform test for: 

a. output wattage - Place 1 L (liter) of water at 25°C ± 5°C in a 3 qt. 
Tupperware bowl. Heat on HIGH 1.05 minutes. Open door of appliance; 
measure temperature of water. 

End temperature 2 

Difference 

Temperature difference x 70 • a output wattage 
~~~~~~~~~~--

on HIGH 

Table 12: Results from Output Wattage Test 

Oven Brand Calculation 

Hardwick (34 - 25) x 70 ::z 630 
(35 - 26) x 70 - 630 
(35 - 26) x 70 ::z 630 

Kenmore (34 - 25) x 70 - 630 
(34 - 25) x 70 = 630 
(36 - 27) X 70 m 630 

Litton (35 - 25) x 70 .. 700 
(35 - 25) x 70 2 700 
(35 - 25) x 70 ::: 700 
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THE ADEQUACY OF RECOMMENDED ~ICROWAVE 

BLANCH TIMES FOR CARROTS AND GREF.N BEANS 

IN SELECTED MICROWAVE OVENS 

BY 

Rebecca Lynn Young 

(ABSTRACT) 

Microwave Blanching instructions for a variety of vegetables have 

recently been published by several sources. ~re research is needed, 

however, to establish microwave blanching times that are sufficient to 

destroy enzymes which cause nutritional and sensory deterioration in 

frozen vegetables while maintaining optimal quality. 

In the present study the General Electric Company's reconnnended 

blanch times for carrots and green beans were investigated using three 

microwave ovens. Peroxidase was used as an indicator enzyme for 

measuring blanching adequacy. It was determined that oven variation 

had no significant effect on percent residual peroxidase activity in 

either vegetable (p > 0.05). A large degree of standard deviation in 

the percent residual ?eroxidase activity was found among the blanched 

portions of vegetable. 'This variation was attributed to the 

inconsistent levels of peroxidase enzyme in the vegetables themselves. 

Blanch time had the most significant impact on percent residual 



peroxidase activity (p < 0.01). After a four-mir.ute blanch, carrots 

retained approximately 21-25% peroxidase activity and green beans 

retained approximately 37-46% p~roxidase activity. 'These ranges are 

much higher than the acceptable level of Si. res~dual peroxidase 

activity. Six minutes of blanching for gre~n beans and five minutes of 

blanching for carrots were required to reduce residual peroxidase 

activity to acceptable levels. Veg~tables with such low peroxidase 

activity show no deleterious enzyme related changes during frozen 

storage. Microwave blanching has the ~tential to be an acceptable 

alternative to hot water blanching, but further research is needed to 

optimize microwave blanching ?rocedures. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119

