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ABSTRACT 

Stainless steel cooking utensils are widely used today 

and they consist mainly of iron. Little information on iron 

content of food cooked in stainless steel utensils is 

available. This study investigated the effect of cooking in 

stainless steel utensils on the iron content of food. Ten 

foods were cooked in a stainless steel utensil and in a 

glass utensil. Three replications were made. Seven out of 

ten foods contained significantly more iron content when 

cooked in the stainless steel utensil. Also, to determine 

variability of iron contributed to food by different 

stainless steel utensils, three foods were cooked in two 

different stainless steel utensils. Iron content of three 

foods cooked in two stainless steel utensils was not 

significantly different. 

Cooking food in iron utensils increases its iron 

content. The sensory quality of food may be affected by 

the increased iron content due to cooking in iron utensils. 

A consumer study and a trained panel study were performed to 

determine whether cooking food in iron utensils affects its 

sensory quality. The consumer study determined consumer 

acceptance/preference while the trained panel study 



determined intensity of sensory attributes of two foods 

cooked in iron and in glass utensils. Chroma Meter CR-200b, 

pH meter, and Milton Roy Abbe-3L Refractometer were used for 

objective measurements. The 106 consumers found no 

significant difference in acceptance or preference for 

hamburger patties cooked in iron and in glass utensils. 

They had greater acceptance and preference for applesauce 

cooked in glass than in iron. The 16 trained panelists 

found no significant difference in beef-flavor and off-

flavor of hamburger patties cooked in iron and in glass. 

They found no significant difference in sweet and sour 

tastes of applesauce cooked in iron and in glass. 

Applesauce cooked in glass was redder and had less off-

flavor; applesauce cooked in iron was browner and had more 

apple-flavor and off-flavor. 
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CHAPTER I 

INTRODUCTION 

Iron deficiency is widespread (Zive et al., 1995; 

Dollahite et al., 1995; Cook et al., 1994; Trowbridge et 

al., 1993; Anderson et al., 1993; Wiecha et al., 1993; 

Scrimshaw, 1991). Mostly, iron deficiency is caused by 

inadequate iron intake and poor availability of iron from 

food (Cook, 1977). It can irreversibly damage brain 

function and impair the immune system thus prevention is 

important (Scrimshaw, 1991). Iron is essential to life and 

health but toxic in excess, causing organ damage (Herbert, 

1992). Research has raised concern about high iron stores 

relative to heart attacks (Salonen et al., 1992) and colon 

cancer (Nelson et al., 1994), although an inverse 

association of iron stores with overall mortality and 

mortality from cardiovascular causes has been reported 

(Sempos et al., 1994). Measuring iron status is recommended 

because an estimated 6% of Americans have negative iron 

balance and 1% have iron overload (Herbert, 1992). 

When measuring dietary iron, the iron obtained from 

cookware should be considered. Enhancing factors, 

especially ascorbic acid and meat, increase absorption of 

nonheme iron (Monsen and Balintfy, 1982; Monsen et al., 

1978). Cooking food in iron utensils increases its iron 



content (Brittin and Nossaman, 1986^; Liu et ai., 1990; 

Borigato and Martinez, 1992; Kollipara and Brittin, 1996) . 

In the latter study, of the six foods studied chutney 

increased most in iron; however, even 100 g contains no more 

iron than a daily 50-mg iron supplement, which is 

advantageous to women who exercise (Lyle et al., 1992). 

Iron added to food by cooking in iron utensils is 

bioavailable (Martinez and Vannucchi, 1986; Mistry et al., 

1988). Iron cookware is durable, so it may be used for 

years. Used iron cookware increases iron in food as much as 

new iron cookware does (Cheng and Brittin, 1991). Cooking 

food in steel woks also increases its iron content (Zhou and 

Brittin, 1994). Steel is about 98% or more iron. 

Stainless steel utensils account for 43 percent of 

cookware sold today. Stainless steel is an alloy--a 

combination of iron and other metals (Blumenthal, 1990). 

The composition of stainless steel varies from 50 to 88% 

iron, 11 to 30% chromium, and 0 to 31% nickel (Kuligowski 

and Halperin, 1992). However, little information on iron 

content of food cooked in stainless steel utensil is 

available. Liu et al. (1990) reported that cooking soup and 

stir-frying meat or vegetables in a stainless steel pot did 

not increase their iron content. Kuligowski and Halperin 

(1992) boiled 5% acetic acid solution in stainless steel 

cookware for 5 minutes and found that nickel was the major 



corrosion product; chromium and iron were also detected. 

Nickel is a toxin and carcinogen while chromium and iron are 

nutrients of which people are much more likely to have 

deficiencies than excesses (Kuligowski and Halperin, 1992). 

Kumar et al. (1994) reported that several food simulants 

cooked and stored in stainless steel utensils increased in 

iron. As a part of another study, Kollipara and Brittin 

(1996) cooked three foods in a stainless steel karhai and 

found no significant increase in iron. Thus a study using 

common foods and usual cooking methods to determine the 

effect of stainless steel utensils on the iron content of 

food seemed warranted. 

Sensory quality of food can be significantly altered by 

various factors. Previous iron studies have shown that food 

had different iron content when cooked in iron utensils than 

when cooked in glass utensils. Changes in sensory and 

physical characteristics of food may occur when food is 

cooked in iron utensils. Our preliminary investigation 

indicated that there were significant differences in taste, 

flavor, and color of applesauce cooked in an iron utensil 

compared to applesauce cooked in a glass utensil. However, 

at the present time there is no research on the effect of 

cooking food in iron utensils on sensory quality of food. 

This study consists of two parts. The purpose of the 

study part I was to determine the effect of cooking food in 



stainless steel utensils on its iron content. Specific 

objectives were to: (1) determine iron content of raw food, 

(2) determine iron content of food cooked in a glass 

utensil, (3) determine iron content of food cooked in a 

stainless steel utensil, (4) compare iron content of food 

cooked in a glass utensil with iron content of food cooked 

in a stainless steel utensil, and (5) investigate 

relationships between increase in iron content of food due 

to cooking in stainless steel utensils and characteristics 

of raw food and cooking time. 

The study part II was to determine whether cooking food 

in iron utensils affects its sensory quality. It consisted 

of a consumer study using a large number of untrained 

consumers and a trained sensory panel study which involved 

selecting and training panelists. The consumer study would 

provide information about consumers' acceptance (liking) and 

preference of food cooked in iron versus cooked in glass 

utensils, while the trained sensory panel study would 

provide information about sensory attributes of food cooked 

in iron versus cooked in glass utensils. 

The objective of the consumer study was to determine 

and compare consumer acceptance and preference of two foods 

with two treatments (cooked in an iron utensil and cooked in 

a glass utensil). Objectives of the trained sensory panel 

study were to (1) select and train a sensory panel, (2) 



determine sensory attributes (color, taste, and flavor) of 

two foods cooked in two utensils (cooked in an iron utensil 

and cooked in a glass utensil), (3) compare sensory 

attributes of two foods cooked in an iron utensil and in a 

glass utensil, (4) determine sensory attributes (taste and 

color) of two foods with objective instruments, and (5) 

investigate correlations between measurements of sensory 

attributes sensory panel scores and objective instrument. 



CHAPTER II 

LITERATURE REVIEW 

Health Problems Related to Iron Status 

Iron deficiency is one of the most widespread 

nutritional problems in the world (Dollahite et al., 1995; 

Cook et al., 1994; Trowbridge et al., 1993; Anderson et al., 

1993; Wiecha et al., 1993; Scrimshaw, 1991). It is a 

problem especially among infants, young children, 

adolescents, and women of child-bearing age (Zive et al., 

1995; Earl and Woteki, 1993; Dallman et al., 1984). Iron 

deficiency is mainly caused by inadequate iron intake and 

poor availability of iron from food (Cook, 1977). 

Increasing the quantity of bioavailable iron in the diet is 

recommended to prevent iron deficiency (Cook et al., 1994; 

Monsen and Balintfy, 1982) . 

Due to subtle symptoms such as pallor, listlessness, 

and fatigue, iron deficiency often remains unrecognized 

(Scrimshaw, 1991). Iron deficiency is commonly associated 

with defects in learning capacity and cognitive performance 

by irreversibly damaging brain function during the early 

years of life (Cook et al., 1994; Scrimshaw, 1991). 

Impairment in work capacity and productivity as well as in 

the immune system also have been related to iron deficiency 

(Cook et al., 1994; Scrimshaw, 1991). 



Possible association between high iron stores and 

coronary heart disease or colon cancer have been suggested. 

In a prospective three-year follow-up study of 1931 Finnish 

men, Salonen et al. (1992) reported two-fold greater risk of 

acute myocardial infarction in 42- to 60-year-old men with 

serum ferritin concentrations above 200 )ag/dL. 

Ascherio et al. (1994) investigated the relationship 

between dietary iron intake and incidence of coronary heart 

disease. No significant association between dietary iron 

intake and risk of coronary heart disease was found. 

However, increased risk of myocardial infarction was found 

among men with higher intakes of heme iron which is 

positively associated with iron stores. An inverse 

relationship between total iron binding capacity and 

mortality due to cancer among postmenopausal women was also 

reported (Van Asperen et al., 1995). 

Others, however, did not find an association of high 

iron stores and increased iron intake with negative health 

problems. Sempos et al. (1994) examined the association 

between transferrin saturation and the risk of coronary 

heart disease, myocardial infarction, overall mortality, and 

mortality from cardiovascular causes in 4518 men and women. 

They found no association of higher transferrin saturation 

levels with increased risk of coronary heart disease or 

myocardial infarction. Moreover, the results suggested a 



possible inverse association of iron stores with overall 

mortality and with mortality from cardiovascular causes. 

Similar results were reported by Reunanen et al. 

(1995). They investigated an association of increased body 

iron stores and dietary iron intakes with an increased risk 

of coronary heart disease mortality. No relationship was 

found between coronary mortality and total iron binding 

capacity or dietary iron intake. 

Results of studies examining associations between high 

iron status and coronary heart disease or cancer are 

contradictory at the present time. However, it is clear 

that both iron deficiency and iron overload impose certain 

health problems. Measuring iron status is recommended 

because an estimated of 6% of Americans have negative iron 

balance and 1% have iron overload (Herbert, 1992). 

Iron in Food Cooked in Iron Utensils 

Several studies examined the iron content of foods 

cooked in iron utensils. Mackay et al. (1945) reported that 

cooking in iron utensils greatly increased the iron content 

of apples, although not of stock and potatoes. The authors 

attributed the increase in iron in apples to increased 

acidity and longer cooking time. Similarly, Moore (1965) 

investigated the effect of cooking in iron utensils on the 

iron content of seven foods and found that most acidic foods 
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with the longest cooking times increased the most in iron. 

Apple butter and spaghetti sauce showed the greatest 

increase in iron content, although gravy, fried potatoes, 

rice casserole, beef hash, and scrambled eggs also showed 

an average fivefold increase in iron content. However, 

Monsen et al.(1967) did not find any increase in iron 

content of an egg mixture and of hamburger patties cooked in 

iron pans. Burroughs and Chan (1972) reported that most of 

the 18 foods they studied had higher iron content when 

cooked in an iron skillet than when cooked in non-iron 

utensils and that most analyzed iron values of the foods 

were different from those calculated from food composition 

tables. 

In a survey by Brittin and Nossaman (1986^), most 

respondents owned (79%) and used (72%) iron cookware. 

Brittin and Nossaman (1986^) determined the iron content of 

20 foods that were cooked in an iron utensil and in a glass 

utensil. Eighteen of the 20 foods contained significantly 

more iron when cooked in an iron utensil. Iron content of 

foods cooked in the iron utensil was 253% of the iron 

content of foods cooked in a glass utensil. Acidity, 

moisture content, and cooking time significantly affected 

the iron content of food cooked in iron utensils. 

Iron cookware is durable, so it may be used for years. 

Cheng and Brittin (1991) determined the effect of continued 



use of iron utensils on the iron content of foods cooked in 

them. Applesauce and spaghetti sauce were cooked 50 times 

in iron skillets. Used iron cookware increased the iron 

content of food as much as new iron cookware did. 

Kollipara and Brittin (1996) determined the iron 

content of 6 Indian foods cooked in Indian iron cooking 

utensils and in a glass utensil. Five out of 6 foods 

contained significantly more iron when cooked in the iron 

utensils than when cooked in the glass utensil. 

Borigato and Martinez (1992) studied iron incorporation 

when Brazil infant diets were cooked in iron utensils. They 

cooked five infant diets in iron utensils and in aluminum 

utensils and found that iron content of infant diets cooked 

in iron utensils were 6 to 39 times greater than those of 

diets cooked in aluminum utensils. They concluded that the 

increase in daily iron supply by cooking diets in iron 

utensils would be enough to meet iron requirements of 

infants. 

Availability of Iron in Food Cooked in 

Iron Utensils 

Martinez and Vannucchi (1986) investigated the 

bioavailability of iron in food cooked in an iron pot. 

Wistar rats were fed three different diets: complete normal 

diet, low-iron basal diet, and a low-iron basal diet cooked 

in an iron pot. Rats fed the complete normal diet and the 
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low-iron basal diet cooked in an iron pot had similar 

hemoglobin, hematocrit, protoporphyrin, serum iron, and 

transferrin saturation values, while rats fed the low-iron 

basal diet had significantly lower values for the same 

parameters. The results showed that the traditional habit 

of cooking food in iron pots may be effective in preventing 

and/or treating iron deficiency. 

Bioavailability of iron from food cooked in iron 

utensils was determined by an in vitro method (Mistry et 

al., 1988). Foods were cooked in iron and non-iron utensils 

and were combined to form meals. The relative 

availabilities of iron from meals consisting of foods cooked 

in iron and in non-iron utensils, as determined by 

radioisotope and colorimetric assays, indicated that iron 

added to food by cooking in an iron utensil was as available 

as native food iron. 

Therefore, it can be accepted that cooking in iron 

utensils can significantly increase iron content of food 

and, since iron added during cooking is bioavailable, iron 

cooking utensils should be considered a significant source 

of dietary iron. Iron obtained from cooking in iron 

utensils should be considered when dietary iron is 

calculated. Research has shown that enhancing factors 

(ascorbic acid and meat) increase absorption of non-heme 

iron (Monsen and Balintfy, 1982; Monsen et al., 1978). 
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Therefore, iron added to food through cooking in iron 

utensils may be of great importance (Mertz, 1980). 

Iron in Food Cooked in Steel Utensils 

Zhou and Brittin (1994) determined iron content of 10 

foods cooked in a steel wok (which is 98% or more iron) and 

in a glass utensil. Nine out of 10 foods contained 

significantly more iron when cooked in a steel wok than in a 

glass utensil. More acidic foods and foods cooked longer 

increased more in iron during cooking in a steel wok. 

Calculated iron intake increased from 39.88 to 90.27 mg 

(126%) per month as a result of cooking the 10 foods in 

steel woks. 

Kuligowski and Halperin (1992) boiled 5% acetic acid 

solution in a steel wok and a cast-iron skillet to determine 

metal elements being leached from cooking utensils. They 

found iron in the solution and concluded that a steel wok 

and a cast-iron skillet were equally good sources of iron. 

Iron in Food Cooked in Stainless Steel Utensils 

Little information on iron content of food cooked in 

stainless steel utensils is available. Stainless steel 

accounts for 43 percent of cookware sold today. Like other 

steels, stainless steel is an alloy, a combination of iron 

and other metals. Unlike other steels, however, it contains 
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at least 11% chromium (Blumenthal, 1990). The composition 

of stainless steel varies from 50 to 88% iron, 11 to 30% 

chromium, and 0 to 31% nickel, with various other elements 

present in minor amounts (Kuligowski and Halperin, 1992). 

Liu et al. (1990) reported that cooking food in a 

stainless steel pot did not increase its iron content. 

Kuligowski and Halperin (1992) examined stainless steel 

cookware as a source of nickel, chromium, and iron. They 

boiled 5% acetic acid solution in stainless steel saucepans 

for five minutes. Nickel was the major corrosion product; 

chromium and iron were also detected, although there was a 

large difference in iron corrosion among the utensils. A 

recent article in a popular health magazine contained a 

section on stainless steel cookware. The section stated 

that stainless steel pots released nickel when vinegar was 

boiled in them for five minutes but did not mention iron 

(Costigan, 1994). 

Kumar et al. (1994) investigated the leaching of iron, 

chromium, and nickel in food simulants and foods from 

stainless steel utensils (tumblers and bowls) during cooking 

and storing. Food simulants included distilled water, 5% 

sodium carbonate, and 5% acetic acid. Food simulants were 

boiled for one hour. Milk, coffee, tea, pickle, and mausami 

fruit juice were prepared by domestic procedures. The 

mausami fruit juice was kept in test utensils for three 
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hours. The curd and pickle were kept for 2 hours in test 

utensils. Iron, chromium, and nickel were found to leach 

out in alkaline (5% sodium carbonate) and acidic (5% acetic 

acid) medium but not in distilled water. Iron was found to 

leach out into all foods. Nickel was found in curd, pickle, 

and fruit juice, while chromium was found in curd and 

pickle. Nickel and chromium appeared to leach out into 

foods of comparatively high acidity while iron leached out 

even in slightly acidic foods. It was suggested that 

stainless steel utensils can contribute reasonable amounts 

of iron and chromium in diet. 

As a part of another study, Kollipara and Brittin 

(1996) performed a preliminary investigation of the effect 

of stainless steel cookware on the iron content of food. 

They cooked three foods in a stainless steel karhai (Indian 

utensil similar to a wok) and in a glass utensil. They 

found more but not significantly (P>0.05) more iron in each 

food cooked in the stainless steel karhai than in the glass 

utensil. This result that cooking in stainless steel 

cookware did not significantly increase the iron content of 

food was similar to findings of Liu et al. (1990). 

Since there is little information concerning the effect 

of stainless steel cookware on the iron content of food, it 

would be useful to determine the effect of stainless steel 
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cookware on the iron content of foods using common foods and 

usual cooking methods. 

Sensory and Consumer Evaluation 

Sensory evaluation was defined by the Institute of Food 

Technologists (IFT, 1975) as "the scientific discipline used 

to evoke, measure, analyze, and interpret those reactions to 

characteristics of food and materials as they are perceived 

through the senses of sight, smell, taste, touch, and 

hearing." Sensory attributes are the terms or words used to 

describe sensory perceptions. The major sensory attributes 

include appearance, odor, taste, flavor, texture, and noise 

(Acree and McLellan, 1993; Meilgaard et al., 1991). 

Food quality can be determined by examining sensory 

attributes. Sensory descriptive and preference judgments as 

well as corresponding objective instruments developed for a 

specific attribute can be used to examine sensory 

attributes. Descriptive sensory attribute information can 

be obtained from trained panelists while preference 

information can be obtained from specially recruited and 

qualified consumers (Stone et al., 1991). 

Trained sensory panelists act as highly sophisticated 

instruments which use not only taste and smell but all five 

senses to quantify and communicate characteristics of foods. 

They are considered to provide reliable, consistent, and 
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comparative results. Thus the results obtained by trained 

panelists for a specific food product can generate a sensory 

map for the product (Hollingsworth, 1996) . In addition, the 

specially trained panelists can provide a means to obtain 

product information independent of any preference bias. 

Trained panel studies are designed not to elicit opinions, 

thus sensory results obtained by them can be used to 

correlate or translate opinions obtained from consumers in 

product development activities (Hollingsworth, 1996) . 

Product quality is an important factor in consumer 

behaviors such as purchasing and consuming the product. 

With the increase in consumers' interest in product quality, 

consumer tests are used more and more each year (Stone et 

al., 1991; Meilgaard et al., 1991). Well-designed and well-

executed consumer tests can profile and identify target 

consumers and generate valid results. Consumer tests are 

proven effective to study needs and desires of the consumer 

and to provide a subjective response of a sample of 

consumers for sensory properties (McDermott, 1990). 

Consumer preference and acceptance tests provide a 

measure of consumers' sensory perception (Amerine et al., 

1965; Meilgaard et al., 1991; AMSA, 1995). Consumer tests 

can be used to determine market potential, to develop new 

products, and to identify characteristics of products that 

are important to the consumers. They can also be used in 
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quality control of existing products (Amerine et al., 1965; 

Meilgaard et al., 1991; McDermott, 1990). 

Trained sensory panel testing is objective and 

quantitative; on the other hand, consumer testing is 

subjective and qualitative. Trained sensory panel results, 

consumer test results, and physical and chemical analysis 

results of a product should be incorporated together to 

determine quality of a product and to develop a product with 

optimum quality (Hollingsworth, 1996; Stone et al., 1991; 

Schutz, 1983). 

Factors Affecting Sensory Quality of 
Beef Patties and Applesauce 

Several studies reported changes in sensory attributes 

of ground beef patties due to fat content, cooking methods, 

and degree of doneness. Berry (1992) investigated sensory, 

shear, cooking, and chemical properties of ground beef 

patties with different fat levels (0,4,8,12,16,20%). To 

achieve similar cooking yields and cooked meat color, 

different cooking times were used for patties with different 

fat levels. Ten trained sensory panelists evaluated ground 

beef patties for initial tenderness, final tenderness, 

juiciness, ground beef flavor intensity, and amount of 

connective tissue using an 8-point intensity rating scale. 

As fat levels decreased, tenderness, juiciness, and flavor 

ratings decreased and shear force increased. Ground beef 
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patties with 0% fat were rated lowest in juiciness and 

flavor, while patties with 16 and 20% fat had the highest 

scores for juiciness, tenderness, and flavor. 

Troutt et al. (1992) and Berry (1994) investigated 

sensory properties of ground beef patties with different fat 

levels and different cooking temperatures. Troutt et al. 

(1992) found that low-fat patties were less juicy and 

flavorful and were firmer. Patties cooked to 71°C were more 

moist, juicy, and flavorful than those cooked to 77°C. 

Berry (1994) similarly reported that patties with 20% fat 

had higher beef flavor intensity, juiciness, and tenderness 

scores than patties with 4% fat when evaluated by a trained 

sensory panel using an 8-point intensity scale. It was also 

found that 4% fat patties cooked to medium had similar 

sensory rating to 20% fat patties cooked to well-done. The 

results indicated that sensory quality of ground beef 

patties was affected by not only fat level but also degree 

of doneness. 

Many factors such as cultivars of apples, apple 

maturity or harvest date, storage conditions, and duration 

prior to process have been suggested to affect applesauce 

quality. Among these factors the effect of apple maturity 

has become an increasing concern. LaBelle et al. (1960) 

studied the relationship of apple maturity to applesauce 

quality and found that color, flavor, and grain of 
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applesauce improved as harvest was delayed to allow apples 

to tree-ripen. Thus if one wants to examine sensory quality 

of applesauce due to other factors, it is important to make 

sure that raw apples are in homogeneous condition concerning 

maturity of apples as well as cultivars. 

McLellan et al. (1948) identified sensory descriptors 

(attributes) for applesauce with trained panelists. The 

trained panelists chose visual attributes, flavor (aroma and 

taste), and mouthfeel as the major sensory descriptors of 

applesauce. When considering changes in sensory quality of 

applesauce due to cooking in different utensils, visual 

attribute (color) and flavor will be of the most interest. 

Sugar content and acidity are the two of the most 

important variables affecting sensory quality of applesauce 

(Dryden and Hills, 1957). Schijvens (1990) investigated 

sugar content of home-made applesauce in relation to 

consumer perception. He collected 426 homemade applesauce 

samples and found that the most frequent percent sugar 

content was 18.4%. This value was less than the 22% which 

was reported as the ideal value by Dryden and Hills (1957). 

When comparing the refractometer values to taste tests done 

by consumer panelists, Schijvens (1990) found that lower 

refractometer value indicating lower sugar content was 

correlated to a taste score reflecting less excellent taste. 

The highest percent of panelists responded to applesauce of 
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refractometer value between 18 to 21% as excellent. At 

lower refractometer value, consumer panelists reported too 

acid taste. It was also found that panelists younger than 

21 were less positive than the older panelists in their 

evaluation of taste. In addition, young panelists (younger 

than 21) responded to applesauce as more often too sour and 

more often too sweet than older panelists. 

Optimum sugar-acid ratio is important for producing the 

proper sensation on the taste buds as well as for bringing 

out the olfactory element in flavor. An increase or 

decrease in acidity may not be noticed as an increase or 

decrease in sourness, however, it can perceived as an off-

flavor or lack of flavor as reported by Sivetz (1949). 

Good flavor in applesauce is most often associated with 

relatively high acidity. Applesauce made from varieties of 

apples low in acid are perceived insipid in flavor (Dryden 

and Hills, 1957). In a consumer preference study on 

applesauce of various ratios of sugar-acid, a ratio of 

22° Brix to 0.45% acidity (Brix-Acid ratio of 48.8) was 

found most preferred (Dryden and Hills, 1957) . In a study 

by LaBelle et al. (1960), expert applesauce tasters 

determined the optimum Brix-Acid ratio of applesauce in the 

range of 28 to 45. Thus, preferences for sugar-acid ratio 

of applesauce change from place to place and time to time. 
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Therefore the ideal sugar content or sugar-acid ratio must 

be established for each market. 

In the previous iron studies (Brittin and Nossaman, 

1986^; Zhou and Brittin, 1994; Kollipara and Brittin, 1996) 

food cooked in iron utensils contained significantly more 

iron than food cooked in a glass utensil. Because of 

changes in iron content and different cooking environments 

due to different cooking utensils, changes in sensory 

attributes of food may occur. Our preliminary investigation 

showed that a sensory panel found significant differences in 

taste, flavor, and color between applesauce cooked in an 

iron utensil and in a glass utensil. 

Since the effect of cooking food in iron utensils on 

sensory quality of food has not been determined, a trained 

sensory panel study to provide information on sensory 

attributes of food cooked in iron utensils as well as a 

consumer study to determine consumer acceptance/preference 

of food cooked in iron utensils seemed worthwhile. 
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CHAPTER III 

MATERIALS AND METHODS 

Study Part I 

Food Preparation 

Food preparation for the study examining the iron 

content of food cooked in stainless steel utensils included 

10 foods: scrambled eggs, stir-fried green beans, 

applesauce, pan-broiled hamburger, stir-fried chicken 

breast, rice, medium white sauce, pancakes, French-fried 

potatoes, and spaghetti sauce. The ten foods were selected 

because they include a variety of food groups and have been 

used in previous iron studies (Brittin and Nossaman, 1986^; 

Zhou and Brittin, 1994). 

Ten foods were cooked in a stainless steel utensil and 

in a glass utensil. Iron content of each food was 

determined for three treatments: raw, cooked in a stainless 

steel utensil, and cooked in a glass utensil. The raw 

treatment involved weighing and combining the same food 

ingredients as for each of the other two treatments but not 

cooking them. The iron content of the raw food is necessary 

to relate the composition of foods in this study to data in 

usual food composition tables. The difference between the 

iron in food cooked in a stainless steel utensil and in a 

glass utensil is the amount of iron in food due to cooking 
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in a stainless steel utensil. Three replications of each 

food with the three treatments were prepared. 

A new 2-quart (1.9 L) covered stainless steel saucepan 

by a leading manufacturer (Revere Ware Corporation, Corning, 

NY) was used. The glass utensil was 16.5-cm Corningware 

dish (Corning Glass Works, Corning, NY). Also, to determine 

variability of iron contributed to food by different 

stainless steel utensils, three of the foods were cooked in 

a new 2-quart (1.9 L) covered stainless steel saucepan by 

the other leading manufacturer (Farberware, Farberware, 

Inc., A Hanson Company, Bronx, NY). 

All foods were purchased at a local supermarket at the 

same time and prepared within seven days. Common cooking 

methods and recipes were used (Appendix A ) . The foods were 

cooked in the order listed on the previous page. Weights 

were to 0.1 g. Weights before cooking and cooking times 

were controlled throughout all of the replications for each 

food. Cooked weights were recorded to determine yield. 

Each food sample was blended in a glass blender until 

homogeneous, the pH of the food at room temperature was 

determined using a pH meter (Fisher Scientific, Model 142), 

and the sample was placed in a plastic freezer bag and 

frozen until analyzed. Data were recorded on a food cooking 

record sheet (Appendix B ) . Careful preparation of foods and 

careful utensil cleaning procedures minimized iron 
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contamination from water or utensils. Before each use, all 

utensils were thoroughly washed in hot water and detergent, 

rinsed twice with cold tap water, rinsed twice with 

distilled water and deionized water, and air dried on a 

rack. The deionized water used in cooking and cleaning 

contained negligible amounts of iron. 

Iron Analysis 

Prior to the iron analysis, the frozen samples were 

thawed in a refrigerator (4°C) overnight. Duplicate samples 

of each food were dried, ashed, and analyzed for moisture 

and iron using AOAC methods (1990). Two 5.0000 g samples 

were taken from the center of each food and placed in 

porcelain crucibles. Moisture was determined by drying the 

samples in an air oven at 100 to 102°C to constant weight 

(22-24 hr). Final constant weight was adjusted for moisture 

loss from the empty crucibles (blank). 

Samples were then ashed in a muffle furnace. Three 

drops of pure olive oil were added to each crucible and it 

was heated on a hot plate at medium temperature until 

swelling stopped (for 15 minutes). The twelve samples and 

the two blanks were covered and ashed in a muffle furnace at 

425°C until white ash was obtained (overnight). Ash was 

then moistened with 1 ml of deionized water and dried on a 

250°F steam bath for 15 minutes, dried on a hot plate on 
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medium temperature for 15 minutes, and then re-ashed in the 

muffle furnace at 425°C to constant weight (2 hours). The 

ash was dissolved in 15 ml of 20% nitric acid and filtered 

through No. 42 (ashless) Whatman filter paper into 100 ml 

volumetric flasks. The residue and paper were rinsed three 

times with 3 ml deionized water each time. 

The filtered samples were analyzed for iron content by 

flame atomic absorption spectrophotometry on a Perkin Elmer 

Model 5000 atomic absorption spectrophotometer at a 

wavelength of 248.3 nm and slit setting of 0.2 nm 

(Anonymous, 1980). Iron content of the samples was measured 

against the blank and the iron standard (1000 ppm atomic 

absorption standard, ferric chloride, diluted to 5 ppm iron 

with 0.180 absorbance). 

All glassware was cleaned carefully to prevent iron 

contamination. Glassware was washed in hot sudsy water, 

rinsed with tap water and soaked in distilled water with 

diluted hydrochloric acid, rinsed twice with distilled 

water, then with deionized water, and air dried. Acid 

reagents used (nitric acid and hydrochloric acid) contained 

minimal iron. Deionized water was distilled water which was 

run through a deionizing column; it contained minimal iron. 

A recovery study was performed with the blended raw 

medium white sauce because it was homogeneous and contained 

little iron. Six 5.0000 g samples of the medium white sauce 
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were weighed. Ferric chloride standard (1 ml) was added to 

the inside of each of the three samples and deionized water 

(1 ml) was added to each of the other three samples. The 

samples were dried, ashed, and analyzed for iron content 

according to the stated procedure. Recovery of the added 

ferric chloride standard was 99.37%. 

Statistical Analysis 

The study determining the iron content of food cooked 

in stainless steel utensils was a factorial experiment: 10 

foods X 3 treatments (raw, cooked in a stainless steel 

utensil, and cooked in a glass utensil) x 3 replications x 2 

samples. In the part of the study in which three foods were 

cooked in two stainless steel utensils, the experiment 

consisted of 3 foods X 4 treatments (raw, cooked in 

stainless steel utensil A, cooked in stainless steel utensil 

B, and cooked in glass utensil) X 3 replications X 2 

samples. The completely randomized design was used to 

analyze data. The effects of food, treatment, and 

interaction between food and treatment on pH, moisture, and 

iron content of food were determined by analyses of variance 

on SAS (1989). Means were separated by Duncan's Multiple 

Range Test when there was a significant effect of a factor. 

Simple correlation analysis was used to determine 
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relationships between iron content of cooked food and 

characteristics of raw food and cooking time. 

Study Part II 

Food Preparation 

For sensory evaluation study two foods were used, pan-

broiled hamburger patties and applesauce. Hamburger patties 

were selected because in the survey of the use of iron 

utensils (Brittin and Nossaman, 1986^) hamburger patties was 

the food that was most frequently cooked in iron utensils. 

In addition it has been estimated that 44% of the total 

fresh beef available for consumption in the United States is 

in the form of ground beef products (Breidenstein and 

Williams, 1986). Applesauce was used because in the 

previous iron study (Brittin and Nossaman, 1986^) applesauce 

increased the most in iron when cooked in an iron utensil. 

Ground beef used for hamburger patties was 80% lean 

ground beef (20% fat). Ground beef was purchased for the 

consumer and trained panel study at one time. Ground beef 

was weighed, shaped into patties, and stored in a freezer 

until the day before sensory testing. Frozen hamburger 

patties were thawed overnight in a refrigerator. Hamburger 

patties were cooked until the internal temperature reached 

71°C (160°F) as recommended by AMSA (1995). 
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Apples used were Idaho extra fancy red delicious. 

Apples were purchased at a local supermarket at one time for 

the consumer study and the trained panel study to minimize 

any variation in apples such as cultivars and apple 

maturity. Applesauce was prepared the day before sensory 

testing day to provide fresh apple flavor, placed in freezer 

bags, and stored in a refrigerator overnight. One hour 

before sensory testing, applesauce was removed from the 

refrigerator and kept at room temperature. 

Hamburger patties and applesauce were cooked in an iron 

utensil and in a glass utensil. A new, seasoned, 26.7-cm 

iron skillet (Lodge Manufacturing Co., South Pittsburg, TN) 

with cover was used. The glass utensil was a 22.9-cm 

Corningware dish (Corning Glass Works, Corning, NY). The 

procedures for preparation and cooking were the same as 

described in the study part I. Four replications for each 

treatment of each food were made for the trained sensory 

panel study. Slightly modified recipes for pan-broiled 

hamburger patties and applesauce of the study part I were 

used for the study part II (Appendix C). The hamburger 

patties recipe was designed to produce 6 servings. Thus the 

recipe was prepared four times to make enough samples for 

each sensory testing session and moisture and iron analyses. 

28 



On the other hand, the applesauce recipe was designed to 

produce 24 servings. Therefore one recipe was enough for 

each sensory testing session and for objective instrument 

measurement as well as moisture and iron analyses. 

The same time schedule for preparation and cooking of 

hamburger patties and applesauce was followed for all 

sensory evaluation sessions to achieve minimum variation in 

cooked foods. The foods, cooking methods, and preparation 

procedures were the same for the consumer 

acceptance/preference test and the sensory evaluation test 

with trained panelists. 

Consumer Acceptance/Preference Test 

Acceptance and preference of hamburger patties and 

applesauce cooked in iron utensils and in glass utensils 

were evaluated by consumers (untrained panelists). The 

consumer panelists consisted of faculty members, graduate 

students, and undergraduate students who were enrolled in 

""Principles of food preparation" and ""Experimental methods 

with foods" classes at Texas Tech university. The total of 

106 people participated in the consumer study. The number 

of consumers recommended is over 50 (Meilgaard et al., 1991; 

Kramer et al., 1963). 
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The consumer test was performed in a Food and Nutrition 

food preparation laboratory. Each consumer panelist was 

provided with a test form, pencil, napkin, and glass of 

distilled water for mouth rinse. Semibooths were used to 

avoid interaction among panelists and distraction of 

panelists during testing. 

Each hamburger patty weighed 100 g. Cooked hamburger 

patties were cut into six equal pieces and a piece was 

served for each consumer. Hamburger patty samples of both 

treatments were served on a white plate which was kept warm 

in ovens until ready to serve samples. The warm plate 

helped to keep the samples warm when they were served to 

consumers. Applesauce was served in a clear plastic cup 

which held approximately 1/2 ounce. Both hamburger patty 

and applesauce samples were coded with three digit random 

numbers. To prevent the positional bias, or a time-error, 

order of the two samples (a food prepared with 2 treatments) 

was balanced. 

Consumers completed a brief questionnaire of general 

information before tasting samples. Two samples (hamburger 

patty with 2 treatments) were presented. An acceptance test 

using a 9-point hedonic scale and a paired comparison 

preference test were used (Jones et al., 1955; Amerine et 
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al., 1965; IFT Sensory Evaluation Division, 1981; Meilgaard 

et al., 1991; Stone and Sidel, 1993). Consumer panelists 

rated each hamburger patty sample for level of liking 

(hedonic test) and indicated which sample (paired 

comparison) they prefer and why. Then the two samples of 

applesauce were served and panelists performed the same 

tests with applesauce. The test form used in the consumer 

study is shown in Figure 1. 

Sensory Evaluation with Trained Panelists 

Recommended procedures were used for the sensory 

evaluation study with trained panelists (Amerine et al., 

1965; ASTM, 1968, 1981; IFT Sensory Evaluation Division, 

1981; Meilgaard et al., 1991; Stone and Sidel, 1993; AMSA, 

1995) . The sensory evaluation study was held in the Food 

and Nutrition sensory laboratory. Individual sensory booths 

were used to avoid distraction of panelists. Because the 

number of panelists exceeded the number of individual 

sensory booths in the laboratory, wood dividers and thick 

white papers were used to create isolated and undisturbed 

testing places for the additional panelists. 

People were recruited as sensory panel candidates 

through personal communication. Most of panel candidates 
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CONStJMER TEST 
Name 
Please answer the following questions: 
1. Age: 
2. Gender: Male Female 
3. Race:White Black Hispanic 
4. How often do you eat these foods? 

FORM 
Date 

Other(Identify) 

Hamburger patties: times a (week/month/year) Never 
Applesauce: times a (week/month/year) Never 

sample and check the term which expresses your opinion of it. 
Sample 471 Sample 156 
Like Extremely Like Extremely 
Like Very Much Like Very Much 
Like Moderately Like Moderately 
Like Slightly Like Slightly 
Neither Like Nor Dislike Neither Like Nor Dislike 
Dislike Slightly Dislike Slightly 
Dislike Moderately Dislike Moderately 
Dislike Very Much Dislike Very Much 
Dislike Extremely Dislike Extremely 

Check the sample you prefer. 
Sample 471 Sample 156 

Why 

Rinse your mouth with water before tasting each sample. Taste each 
sample and check the term which expresses your opinion of it. 

Sample 523 Sample 782 
Like Extremely Like Extremely 
Like Very Much Like Very Much 
Like Moderately Like Moderately 
Like Slightly Like Slightly 
Neither Like Nor Dislike Neither Like Nor Dislike 
Dislike Slightly Dislike Slightly 
Dislike Moderately Dislike Moderately 
Dislike Very Much Dislike Very Much 
Dislike Extremely Dislike Extremely 

Check the sample you prefer. 
Sample 523 Sample 782 

Why 

Figure 1. Consumer test form. 
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were undergraduate students enrolled in ""Experimental 

methods with foods'' class. The rest of panel candidates 

consisted of graduate students and faculty members. 

Approximately twice as many people were recruited as were 

needed for the trained sensory panel: 20 people were 

recruited, twice the recommended number of 8 to 10 trained 

panelists for sensory evaluation (ASTM, 1968, 1981; 

Meilgaard et al., 1991). 

On the first day information on candidates' personal 

background, interests, and health conditions was obtained 

using a general survey form (Appendix D ) . The general 

survey also included questions for availability, promptness, 

and compliance with requirements for the test. After 

candidates completed the general survey, a consent form was 

distributed, explained, and signed (Appendix E ) . 

Screening procedures consisted of 24 trials of triangle 

tests to select panelists who are accurate and consistent in 

their measurements of specific sensory parameters (ASTM, 

1981). The triangle test consists of three samples: two 

samples are identical and one is different. Panel 

candidates were asked to identify the different sample. 

Four triangle tests, each test replicated six times, 

were conducted. Hamburger patties and applesauce were used 

33 



in triangle tests with 2 levels of difficulty for each food, 

representing 4 triangle tests. The same test form was used 

for all triangle tests (Figure 2 ) . The four types of 

triangle tests were beef flavor intensity of hamburger 

patties, liver/metallic flavor of hamburger patties (AMSA, 

1995), sweet taste of applesauce, and apple flavor of 

applesauce. 

For beef-flavor intensity test, hamburger patties were 

soaked in distilled water for 1 hour to dilute beef-flavor 

while other hamburger patties were not soaked. 

Liver/metallic flavor was prepared by mixing ground beef 

with ground liver (1/8 weight of ground liver was mixed) 

(AMSA, 1995). 

Canned applesauce was used for triangle tests. 

Different degrees of sweet taste of applesauce was prepared 

by adding sugar. To prepare different apple-flavor 

intensities, distilled water or apple juice was added to 

applesauce. 

Panel candidates were given 4 trials per session and 2 

sessions per day. Four triangle tests consisted of 12 

samples, which is the maximum number of samples that can be 

evaluated in a session (ASTM, 1968) . The screening process 

consisted of 6 sessions in 3 days. At the end of each 
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Name Date Time 

Smell and taste the three samples. 
Indicate the different samples. 
Rinse your mouth with water before tasting each sample 

If no difference is apparent, you must guess. 

Sets of three samples Which is the different sample? 
(Sample Code) 

Figure 2. Triangle test form for screening procedures 
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session the correct answers were posted to reinforce correct 

response and give right direction for incorrect response. 

Also after the last session each day, refreshments were 

served to panel candidates as a reward. 

To be eligible for training, panel candidates must 

achieve a minimum score of 60% correct across the triangle 

series (ASTM, 1981). Another method for selection is called 

sequential analysis (Amerine et al., 1965; Cross et al., 

1978; AMSA, 1995). In sequential analysis the 

accumulated number of correct test results is plotted 

against test numbers. Decision is made according to the 

region where each panelist's result is plotted (Appendix F ) . 

In the sequential analysis the number of trials needed for 

selection is not predetermined, thus, it can save time and 

materials (Amerine et al., 1965). The sequential analysis 

chart that shows results of triangle tests and position of 

each panel candidate was posted so that each panel candidate 

could know his/her test results and understand the selection 

process. 

Availability, promptness, and verbal ability which were 

assessed through the general survey form were also 

considered in the final selection of the panel. Recent 

sensory evaluation studies published in Journal of Food 
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Science selected their panel based on candidates' interest, 

taste and odor acuity, and ability to understand test 

procedures according to Meilgaard et al. (1991). At the end 

of the screening process, 17 people were eligible for 

training. However, all candidates were allowed to 

participate in the training process as a learning 

experience. 

The training process was designed to train panelists 

through direct experiences specifically designed to 

familiarize the individual with test procedures, to improve 

an individual's ability to recognize and identify sensory 

attributes, and to improve an individual's sensitivity and 

memory thus permitting more precise and consistent sensory 

judgment (ASTM, 1981). Hamburger patties and applesauce 

were used for training. To familiarize panelists with 

sensory attributes and procedures expected the test forms 

for training were the same as the formal test forms (Figures 

3, 4, and 5) . 

Normal illumination was used for evaluating hamburger 

patty samples. Due to apparent color difference in 

applesauce of the two treatments, red light was used to mask 

color difference and to minimize effect of color on taste 

and flavor of applesauce. Thus panelists rated the 
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SENSORY SCORECARD 

Name Date Time 

Smell and taste the sample and rate its flavor using the 
scale below. 
Rinse your mouth with water before tasting each sample. 

8 Extremely intense 
7 Very intense 
6 Moderately intense 
5 Slightly intense 
4 Slightly bland 
3 Moderately bland 
2 Very bland 
1 Extremely bland 

Sample code Beef Flavor If any off flavor, name and rate 

Figure 3. Sensory test form for hamburger patties 
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SENSORY SCORECARD 

Name Date Time 

Smell and taste the sample and rate each attribute using the 
scale below. 
Rinse your mouth with water before tasting each sample. 

8 Extremely intense 
7 Very intense 
6 Moderately intense 
5 Slightly intense 
4 Very slight 
3 Extremely slight 
2 Just detectable 
1 None 

Sample Code Taste 

Sweet Sour 

Flavor 

Apple If any off flavor, name and rate 

Figure 4. Sensory test form for taste and flavor attributes 
of applesauce. 
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SENSORY SCORECARD 

Name Date Time 

Please rate samples for color using the scale below 

8 Extremely intense 
7 Very intense 
6 Moderately intense 
5 Slightly intense 
4 Very slight 
3 Extremely slight 
2 Just detectable 
1 None 

Sample Code Color 

Red Brown 

Figure 5. Sensory test form for color attributes of 
applesauce. 
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applesauce for sweet and sour taste and apple- and off-

flavor under red light. Then light was turned on and normal 

illumination was used while panelists rated intensity of red 

and brown colors of applesauce. 

Training consisted of 4 trials a session and 2 sessions 

per day. In each session 2 replications of each food sample 

were presented. There were 4 replications for each food of 

each treatment. Open discussion among panelists led by the 

researchers were held after panelists finished each 

replication. During open discussion any uncertain terms or 

use of rating scale for food samples was discussed. 

Training took one day. 

The formal test consisted of the same sample 

preparation and procedures of panelists smelling, tasting, 

and scoring food samples as in the training session, except 

that no open discussion was conducted. Test conditions 

including illumination were the same as the training 

session. Panelists evaluated 8 food samples in a session. 

Two sessions were conducted in a day, at 2 PM and 4 PM. 

Each treatment of each food was replicated four times. The 

recipe for hamburger patty (Appendix C) could produce only 6 

samples. Thus the recipe was prepared 4 times to produce 

enough samples for each treatment for each replication. The 

41 



same process was replicated 4 times in iron utensil and 4 

times in glass utensil for 4 replications. The applesauce 

recipe (Appendix C) was prepared 4 times in iron utensil and 

4 times in glass utensil. The same test forms were used for 

training and for formal tests as shown in Figure 3, 4, and 

5. 

Hamburger patty and applesauce samples were served in 

the same manner in the trained panel study as in the 

consumer test. Hamburger patty samples were served in white 

plates that were kept warm in oven until ready to serve to 

keep samples warm when served to panelists. Applesauce 

samples were served in clear plastic cups. 

Objective Measurements 

Instruments were used to obtain objective measurements 

of color, pH, and total dissolved solids. Color of 

applesauce of each treatment were determined by the Chroma 

Meter CR-200b in terms of Lab values. The pH meter was used 

to determine pH of food samples. The pH value can be 

related to sour taste or it can explain flavor difference in 

applesauce. A Milton Roy Abbe-3L Refractometer was used to 

measure the total dissolved solid content of applesauce, 

which is related to sweet taste. Three instrumental 
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readings were made for each food sample for each treatment 

and replication. 

Iron Analysis 

The two food samples were analyzed for iron content. 

Iron content of each food was determined for three 

treatments: raw, cooked in an iron utensil, and cooked in a 

glass utensil, with four replications. Duplicate samples of 

each food for each treatment and replication were dried, 

ashed, and analyzed for moisture and iron by AOAC methods 

(1990) as previously described. For a recovery study, raw 

applesauce was used. The recovery procedures were the same 

as previously described in the study part I. Recovery of 

the added ferric chloride standard was 99.89%. 

Statistical Analysis 

The consumer test consisted of 2 foods by 2 treatments 

and 106'consumers. The acceptance test was analyzed as 

randomized block design consisting of 2 foods X 2 treatments 

X 106 consumers. The effect of treatment was analyzed by 

the analysis of variance on SAS (1989). Cochran's Q test 

(Chi-square test for related data) (O'Mahony, 1986; Sokal 

and Rohlf, 1981) was used to determine if there is a 
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difference in preference between 2 treatments for each food. 

The Cochran's Q test was analyzed using SPSS (1994). 

The study design for the trained sensory panel study 

was a treatment X subject design with replication (Stone and 

Sidel, 1993) which consists of 2 foods X 2 treatments X 4 

replications X 16 panelists. The data from the instruments 

were analyzed by completely randomized design consisting of 

2 foods X 3 treatments (raw, cooked in iron, and cooked in 

glass) X 4 replications. Three readings of each instrument 

were averaged. The effects of main factors were analyzed by 

the analysis of variance on SAS (1989). Duncan's Multiple 

Range Test was used for mean separation when there was a 

significant effect of a factor. Simple correlation analysis 

was used to determine relationships between sensory 

evaluation data by panelists and objective measurements of 

food samples from instruments as well as among the objective 

measurements. 
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CHAPTER IV 

RESULTS AND DISCUSSION 

Study Part I 

The experimental design of the study part I was 

factorial: 10 foods x 3 treatments (raw, cooked in a 

stainless steel utensil, and cooked in a glass utensil) x 3 

replications x 2 samples. The effects of food, treatment, 

and interaction between food and treatment on moisture and 

iron content of food are shown in Table 1. 

The moisture and iron content were affected (P<0.01) by 

food, treatment, and interaction between food and treatment. 

The significant effect of food on the moisture and iron 

contents can be explained by the fact that some foods 

contain more moisture and iron than other foods. Treatment 

had a significant effect on the moisture and iron contents 

(P<0.01), indicating that food with different treatments had 

significantly different moisture and iron contents. The 

significant (P<0.01) effect of interaction between food and 

treatment indicates that treatment effect has a different 

pattern in different foods. Each main effect should be 

examined while holding other main factor constant when 

significant interaction effect exists. Thus the effect of 

treatment was analyzed for each food separately. When 

tested for significance, replication and sample showed that 
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Table 1. Analysis of variance for the effect of food, 
treatment, and interaction between food and treatment on 
moisture and iron content. 

F value 

Source of variation df Moisture Iron 

Food 

Treatment 

Food X Treatment 

Error 

Total 

9 

2 

18 

150 

179 

1209.39** 

290.58** 

37.57** 

1 3 6 3 . 9 0 * 

1 0 5 . 6 7 * 

1 3 . 3 2 * 

** Significant at P<0.01. 
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they did not affect moisture and iron contents of food. No 

significant effects of replication and sample indicate 

careful preparation and analysis procedures. 

Table 2 shows the means for pH values of ten foods by 

treatment. For stir-fried green beans, medium white sauce, 

French-fried potatoes, and spaghetti sauce, raw food had 

higher (P<0.05) pH values than food cooked in glass or 

stainless steel. For scrambled eggs, applesauce, pan-

broiled hamburger patties, stir-fried chicken breast, rice, 

and pancakes, raw food had lower (P<0.05) pH values than 

food cooked in glass or stainless steel. For most foods (7 

out of 10), pH values did not differ (P>0.05) between cooked 

in glass and cooked in stainless steel. 

Table 3 shows the means for moisture of ten foods by 

treatment. All foods except stir-fried chicken breast and 

pancakes contained more (P<0.05) moisture when raw than when 

cooked. This is reasonable because moisture is lost during 

cooking due to evaporation. For most foods (stir-fried 

green beans, applesauce, stir-fried chicken breast, medium 

white sauce, pancakes, French-fried potatoes, and spaghetti 

sauce) , moisture content of foods cooked in glass and 

stainless steel utensils did not differ. Only scrambled 

eggs, pan-broiled hamburger patties, and rice differed in 

moisture when cooked in glass versus stainless steel; these 

foods contained more moisture when cooked in glass. The 
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Table 2. Means and standard deviations for pH values of ten 
foods by treatment. 

pH 

Food Raw Cooked in 

glass 

Cooked in 

stainless 

Eggs 

Beans 

Applesauce 

Hamburger 

Chicken 

Rice 

White sauce 

Pancakes 

Potatoes 

Spaghetti sauce 

7.91±0.07a 

6.45±0.05S 

3.99±0.02a 

5.84±0.013 

6.13±0.023 

6.13±0.00S 

6.63±0.01^ 

7.06±0.023 

6.25±0.02S 

4.44±0.03a 

8.61±0.04b 

6.24±0.0lb 

4.09±0.02b 

6.08±0.02t> 

6.33±0.02b 

6.32±0.0lb 

6.54±0.02t5 

7.14±0.05b 

6.20±0.04b 

4.30±0.0lb 

8.71±0.02C 

6.2610.05^5 

4.09±0.02b 

6.10±0.0lt> 

6.33±0.00b 

6.28±0.04C 

6.56±0.0lt5 

7.14±0.04b 

6.19±0.03b 

4.36±0.03C 

a,b,c Means in a row with different superscripts differ 
(P<0.05) . 
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Table 3. Means and standard deviations for moisture of ten 
foods by treatment. 

Moisture(%) 

Food Raw Cooked in Cooked in 

glass stainless 

Eggs 74.23±0.94a 68.1310.66^ 66.7010.87^ 

Beans 86.0810.72^ 84.1310.62^5 84.2710.18^ 

Applesauce 85.0710.36^ 80.6910.44^^ 80.7310.18t> 

Hamburger 63.7810.35^ 58.5611.49^ 57.2411.03^ 

Chicken 62.0610.88^ 64.8910.59^ 63.8411.24^) 

Rice 72.7312.49^ 64.3011.10^ 60.2311.86^ 

White sauce 78.3211.37^ 75.6111.44^ 74.5111.11^) 

Pancakes 53.8210.42^ 51.5014.18^^ 48.7110.66^ 

Potatoes 77.1411.07^ 55.4013.74^ 56.6612.99^ 

Spaghetti sauce 91.4810.28^ 89.8610.67^ 89.8810.25^ 

a,b,c Means in a row with different superscripts differ 
(P<0.05). 
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moisture content of pancakes did not differ between raw food 

and food cooked in a glass utensil or between food cooked in 

a glass utensil and in a stainless steel utensil. 

Table 4 shows the means for iron content of ten foods 

by treatment. Seven out of the ten foods contained 

significantly more iron when cooked in a stainless steel 

utensil than in a glass utensil; only stir-fried green 

beans, rice, and medium white sauce did not contain 

significantly more iron when cooked in stainless steel 

than when cooked in glass. For scrambled eggs, 

stir-fried green beans, applesauce, and pan-broiled 

hamburger patties, raw food contained less iron than cooked 

food. For rice and medium white sauce, there was no 

difference in iron content among treatments. 

Comparison of results of iron in foods in this study 

with other studies is not possible because there is no 

publication on iron content of commonly consumed foods 

cooked in stainless steel utensils. Results in this study 

showing that most of the foods cooked in stainless steel 

contained significantly more iron than cooked in glass seems 

in agreement with results by Kuligowski and Halperin (1992) 

showing that acetic acid solution boiled in a stainless 

steel saucepan increased in iron. Results in this study are 

in agreement with results by Kumar et al. (1994) showing 

that small quantities of iron leach out in acidic and 
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Table 4. Means and standard deviations for iron content of 
ten foods by treatment. 

Iron (mg/lOOg food) 

Food 

Eggs 

Beans 

Applesauce 

Hamburger 

Chicken 

Rice 

White sauce 

Pancakes 

Potatoes 

Spaghetti sauce 

1. 

0, 

0. 

1. 

0. 

0. 

0. 

0. 

0. 

0. 

Raw 

.4910.21^ 

.5910.04^ 

.1210.04^ 

.8510.07^ 

.3310.033 

.8210.06 

.2310.02 

,9010.04^ 

,3810.03^ 

,4610.04^ 

Cooked 

glass 

1.7810, 

0.6710, 

0.2210. 

2.2910. 

0.3610. 

0.7810. 

0.2610. 

0.8910. 

0.4410. 

0.4810. 

in 

.04̂ 5 

.08̂ 5 

. 03b 

.06^ 

,043 

,14 

,03 

,06^ 

,06^ 

.02^ 

Cooked in 

stainless 

2.1010.18^ 

0.6910.04b 

0.2810.07c 

2.4510.06C 

0.4710.031^ 

0.8810.11 

0.2710.03 

0.9610.03b 

0.5610.12b 

0.5310.04b 

a,b,c Means in a row with different superscripts differ 
(P<0.05). 
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alkaline food during cooking and storing. However, 

Kollipara and Brittin (1996) found that three foods cooked 

in a stainless steel karhai (Indian utensil similar to a 

wok) did not contain significantly more iron than when 

cooked in glass, agreeing with findings using a stainless 

steel pot (Liu et al., 1990). 

The foods in this study which were included in previous 

studies had similar values for moisture and iron in the raw 

food and food cooked in glass (Brittin and Nossaman, 1986^; 

Zhou and Brittin, 1994; Kollipara and Brittin, 1996). In 

this study, iron content of raw food and food cooked in 

glass was similar to or slightly lower than that calculated 

from Handbooks No.8 and 8-1 through 8-20 (USDA, 1963 and 

1976-1989) , as in previous research (Brittin and Nossaman, 

1986^; Zhou and Brittin, 1994; Kollipara and Brittin, 1996). 

Means for pH, moisture content, and iron content of raw 

foods are shown in Table 5. The pH values of raw foods were 

different (P<0.05) among ten foods. Listing the raw foods 

in the order of most basic to most acidic were as follows: 

eggs, pancakes, medium white sauce, green beans, potatoes, 

rice, chicken breast, hamburger patties, spaghetti 

sauce, and applesauce. The moisture and iron contents were 

also different (P<0.05) among the ten foods. 

Table 6 shows the means for pH, moisture, and iron 

content of foods cooked in a glass utensil. Means for pH, 
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Table 5. Means and standard deviations for pH, moisture, and 
iron content of raw foods. 

Food 

Eggs 

Beans 

Applesauce 

Hamburger 

Chicken 

Rice 

White sauce 

Pancakes 

7. 

6. 

3. 

5. 

6. 

6. 

6. 

7. 

pH 

,9110. 

,4510. 

,9910. 

,8410. 

,1310. 

,1310. 

,6310. 

,0610. 

.07^ 

.05^ 

.02i 

.019 

.02f 

.oof 

,0ic 

,02b 

Moisture 

(%) 

74.2310.94^ 

86.0810.72^ 

85.0710.36b 

63.7810.35f 

62.0610.889 

72.7312.49® 

78.3211.37c 

53.8210.42h 

Iron 

(mg/lOOg) 

1.4910.21b 

0.5910.04^ 

0.1210.04h 

1.8510.073 

0.3310.03f 

0.8210.06"= 

0.2310.029 

0.9010.04c 

Potatoes 6.2510.02^ 77.1411.07^ 0.3810.03ef 

Spaghetti sauce 4.4410.03^ 91.4810.28^ 0.4610.04^ 

a,b,c,d,e,f,g,h,i Means in a column with different 
superscripts differ (P<0.05). 
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Table 6. Means and standard deviations for pH, moisture, and 
iron content of foods cooked in a glass utensil. 

Food pH Moisture Iron 

(%) (mg/lOOg) 

Eggs 8.6110.043 68.1310.66^ 1.7810.04b 

Beans 6.2410.01® 84.1310.62b 0.6710.08® 

Applesauce 4.0910.02^ 80.6910.44^ 0.2210.03^ 

Hamburger 6.0810.029 58.5611.499 2.2910.06^ 

Chicken 6.3310.02^ 64.8910.59^ 0.3610.049 

Rice 6.3210.Old 64.3011.10^ 0.7810.14^1 

White sauce 6.5410.02^ 75.6111.44^ 0.2610.03^ 

Pancakes 7.1410.05b 51.5014.18^ 0.8910.06^ 

Potatoes 6.2010.04f 55.4013.74^ 0.4410.06^ 

Spaghetti sauce 4.3010.01^ 89.8610.67^ 0.4810.02^ 

a, b, c, d, e,f,g,h,i Means in a column with different 

superscripts differ (P<0.05). 
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moisture, and iron content differed (P<0.05) among the ten 

foods. 

The means for pH, moisture, and iron content of foods 

cooked in a stainless steel utensil are shown in Table 7. 

Means for pH, moisture, and iron content differed (P<0.05) 

among the ten foods. 

Several researchers have reported that foods which 

contain more moisture, are more acidic, and are cooked 

longer take up more iron when cooked in iron utensils 

(Brittin and Nossaman, 1986^; Zhou and Brittin, 1994; 

Kollipara and Brittin, 1996). To determine whether iron 

content of food cooked in stainless steel was associated 

with pH of raw food, moisture content of raw food, or 

cooking time, correlation coefficients were determined. The 

correlation coefficient for the iron content of food cooked 

in a stainless steel utensil with the pH of the raw food was 

0.418 (P<0.001). The correlation coefficient for the iron 

content of food cooked in a stainless steel utensil with 

moisture content of raw food was -0.38 (P<0.01). The 

correlation coefficient for the iron content of food cooked 

in a stainless steel utensil with cooking time was -0.29 

(P<0.05). Therefore, higher iron content of cooked food was 

significantly correlated with higher pH value, lower 

moisture content of raw food, and shorter cooking time. 

Two foods, eggs and hamburger patties, contained 
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Table 7. Means and standard deviations for pH, moisture, and 
iron content of foods cooked in a stainless steel utensil. 

Food 

Eggs 

Beans 

Applesauce 

Hamburger 

Chicken 

Rice 

White sauce 

Pancakes 

Potatoes 

Spaghetti sauce 

8. 

6. 

4. 

6. 

6. 

6. 

6. 

7, 

6, 

4. 

pH 

,7110. 

,2610. 

,0910. 

.1010. 

.3310. 

.2810. 

.5610. 

.1410. 

.1910. 

.3610, 

,023 

,05® 

,02i 

,019 

,OOCi 

.04® 

.Oic 

.04b 

.03f 

.03h 

Moisture 

(%) 

66.7010.87® 

84.2710.18b 

80.7310.18C 

57.2411.03^ 

63.8411.24f 

60.2311.869 

74.5111.11^ 

48.7110.66i 

56.66i2.99h 

89.8810.253 

Iron 

(mg/lOOg) 

2.1010.18b 

0.6910.04^ 

0.2810.07f 

2.4510.063 

0.4710.03® 

0.8810.lie 

0.2710.03f 

0.9610.03c 

0.5610.12® 

0.5310.04® 

a, b, c,d,e,f,g,h,i Means in a column with different 
superscripts differ (P<0.05). 
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considerably more iron than the other eight foods, and two 

foods, applesauce and medium white sauce, contained little 

iron (Table 4 ) . 

Means for the increased iron in foods due to cooking in 

stainless steel are shown in Table 8. The iron increase was 

the difference between iron content of food cooked in a 

stainless steel utensil and in a glass utensil. Among the 

ten foods, scrambled eggs had the greatest iron increase 

(P<0.05). Pan-broiled hamburger patties had greater 

(P<0.05) iron increase than stir-fried green beans and 

medium white sauce. Other foods did not differ (P>0.05) in 

iron increase. 

Although most of the foods (seven out of ten) contained 

significantly more iron when cooked in stainless steel 

versus glass (Table 4 ) , the amount of increased iron is 

small (Table 8 ) . For example, a 100 g serving of each of 

the ten foods in a day would contribute a total amount of 

1.02 mg of increased iron when cooked in a stainless steel 

utensil. The Recommended Daily Dietary Allowance of iron 

for males and females is 10 and 15 mg, respectively (Food 

and Nutrition Board, 1989). 

Correlation coefficients were determined for iron 

increase due to cooking in a stainless steel utensil with pH 

of raw food, moisture of raw food, and cooking time. The 
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Table 8. Means and standard deviations for pH of raw food, 
cooking time, moisture content of raw food, and increase in 
iron content of foods cooked in a stainless steel utensil. 

Food pH Cooking Moisture Iron 

time (%) increase* 

(min) (mg/lOOg) 

74.2310.94^ 0.3210.023 

86.0810.72b 0.0210.09^ 

85.0710.36b 0.0610.08bc 

63.7810.35f 0.1510.03b 

62.0610.889 0.1110.06bc 

Rice 6.1310.oof 20.Ob 72.7312.49® 0.1010.17bc 

White sauce 6.6310.01^ 12.0^ 78.3211.37^ 0.0110.02^ 

Pancakes 7.0610.02b 3.09 53.8210.42^ 0.07i0.08bc 

Potatoes 6.2510.02® 3.09 77.1411.07^ 0.1210.09bc 

Spaghetti sauce 4.4410.03^ 23.03 91.4810.283 0.0510.05bc 

Eggs 

Beans 

Applesauce 

Hamburger 

Chicken 

7. 

6. 

3. 

5. 

6. 

,9110. 

,4510. 

,9910. 

,8410. 

,1310. 

,073 

,05^ 

,02i 

,019 

,02f 

4. 

5. 

20. 

9. 

4. 

.of 

.0® 

.Ob 

,0d 

,of 

^Difference between iron in food cooked in a stainless steel 
utensil and in a glass utensil. 

a,b,c,d,e,f,g,h,i Means in a column with different 

superscripts differ (P<0.05). 
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correlation coefficient for iron increase with pH of raw 

food was 0.32 (P<0.05). Scrambled eggs had the highest pH 

and the greatest iron increase. The correlation coefficient 

for increase in iron content with moisture content of raw 

food was -0.19, not significant (P>0.05). The correlation 

coefficient for iron increase with cooking time was -0.22, 

not significant (P>0.05). The correlation coefficient for 

iron increase with iron content of raw food was 0.44 

(P<0.001). Although scrambled eggs had the greatest iron 

increase, hamburger patties had the greatest iron content of 

raw food. These results for iron increase in food cooked in 

stainless steel do not agree with results of previous iron 

studies of food cooked in iron utensils and in steel 

utensils (Kollipara and Brittin, 1996; Zhou and Brittin, 

1994; Brittin and Nossaman, 19863). Kollipara and Brittin 

(1996) and Brittin and Nossaman (19863) found that in food 

cooked in iron utensils more acidic, moister foods, and 

foods cooked longer increased more in iron. Zhou and 

Brittin (1994) reported that in food cooked in steel woks 

iron increase was significantly associated with lower pH of 

raw food and longer cooking time although not with moisture 

of raw food. Results in this study that of the foods 

scrambled eggs had the highest pH and greatest iron increase 

and hamburger had the second to lowest pH and second 

greatest iron increase agree with results of Kumar et al. 
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(1994) that iron leaches out in acidic and alkaline food 

during cooking and storage in stainless steel utensils. 

The correlation coefficient found significant was 0.32 

(P<0.05) for increase in iron content of food cooked in a 

stainless steel utensil over that of food cooked in a glass 

utensil; therefore, the amount of variation (r^) in increase 

in iron accounted for by pH values of raw foods was 0.10. 

This means that 10% of total variation in increase in iron 

content was accounted for by pH values of raw foods. 

The effects of food, treatment, and interaction between 

food and treatment on the moisture and iron content of three 

foods cooked in two different stainless steel utensils are 

shown in Table 9. Iron and moisture content of foods were 

affected by food (P<0.01). Treatment and interaction 

between food and treatment did not affect moisture or iron 

content of food. Thus, cooking food in different stainless 

steel utensils had similar effects on moisture and iron 

content of food. 

Table 10 shows the means of moisture content of three 

foods cooked in two stainless steel utensils. Means of iron 

content of three foods cooked in two stainless steel 

utensils are shown in Table 11. 

60 



Table 9. Analysis of variance for the effect of food, 
treatment, and interaction between food and treatment on 
moisture and iron content of three foods cooked in two 
stainless steel utensils. 

F value 

Source of variation df Moisture Iron 

Food 2 1420.52** 126.52*-

Treatment 1 1.26 1.47 

2 

1 

2 

30 

35 

1420.52** 

1 .26 

3 . 2 0 Food X Treatment 2 3.20 0.30 

Error 

Total 

**P<0.01; other values P>0.05. 
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Table 10. Means and standard deviations for moisture content 
of three foods cooked in two stainless steel utensils. 

Moisture(%) 

Food Stainless steel A Stainless steel B 

Eggs 66.7010.87 67.3811.19 

Beans 84.2710.18 83.6010.58 

Applesauce 80.7310.18 81.6611.26 
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Table 11. Means and standard deviations for iron content of 
three foods cooked in two stainless steel utensils. 

Iron (mg/lOOg) 

Food Stainless steel A Stainless steel B 

Eggs 2.1010.18 2.1210.65 

Beans 0.6910.04 0.8710.13 

Applesauce 0.2810.07 0.4410.02 
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Study Part II 

Consumer Test 

The consumer acceptance/preference test was completed 

by 106 untrained people. The consumer panel completed the 

general demographic questions and frequency of consumption 

of test products first. Table 12 shows the demographic 

characteristics of consumers in this study. Over 90% of 

people that participated were younger than 31. Most of the 

consumer panelists were undergraduate students enrolled in 

two university courses. More females (74.5%) than males 

(25.5%) participated in the study. The majority of 

panelists were white (84.9%), although other racial/ethnic 

groups were represented. 

The frequency of consumption of the test foods is shown 

in Table 13. Over 50% of the consumers said they consumed 

hamburger patties 1 to 4 times a month. Approximately 20% 

of the consumers consumed hamburger patties less than 1 time 

a month and the same percentage consumed them 5 to 8 times a 

month. About half of those who consumed hamburger patties 

less than 1 time a month said they never eat hamburger 

patties. Overall, more than 80% of consumers participating 

in this study consumed hamburger patties more than 1 time a 

month. 

Applesauce consumption pattern was somewhat different 

from that of hamburger patties. Most of the consumers (66%) 
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Table 12. Demographic characteristics of consumers 

Variables Frequency Percent 

Age (years) 

20 or less 41 38.7 

21-30 58 54.7 

31-40 4 3.8 

41-50 3 2.8 

Sex 

Female 7 9 7 4.5 

Male 27 25.5 

Race 

White 90 84.9 

Hispanic 9 8.5 

Black 4 3.8 

Asian 3 2.8 

65 



Table 13. Frequency of hamburger patties and applesauce 
consumption by consumer panel. 

Variables Number of consumers Percent 

Hamburger patties 
(times/month) 

Less than 1 

1-4 

5-8 

9-12 

More than 12 

21 

56 

21 

6 

2 

19.8 

52.8 

19.9 

5.6 

1.9 

Applesauce 
(times/month) 

Less than 1 

1-4 

5-8 

9-12 

More than 12 

70 

30 

3 

2 

1 

66.0 

28.3 

2.9 

1.9 

0.9 
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said they consumed applesauce less than 1 time a month. 

More than 90% of the consumers consumed applesauce less than 

4 times a month. The majority of the consumers were age of 

21 to 30 years; this age group may not consume as much 

applesauce as other age groups such as children or older 

adults. 

The result of hedonic test for hamburger patties showed 

that the mean hedonic score for hamburger patties cooked in 

an iron utensil was 5.72 while the mean hedonic score for 

hamburger patties cooked in a glass utensil was 6.02 (Table 

14). Analysis of variance showed no significant (P>0.05) 

effect of treatment. On the 9-point hedonic scale these 

mean scores represent ""Like slightly" category. 

The number of consumers who preferred hamburger patties 

cooked in glass was 61(59.2%) while the number for hamburger 

patties cooked in iron was 42 (40.8%)(Table 15). The result 

of this preference test analyzed by Cochran's Q-test showed 

that preference of hamburger patties cooked in iron and 

hamburger patties cooked in glass were not significantly 

(P=0.06) different. This result is in agreement with the 

result of the acceptance (hedonic) test. 

The mean hedonic score for applesauce cooked in iron 

was 5.33, representing ""Neither like nor dislike" (Table 

14). The mean score for applesauce cooked in glass was 

6.42, representing almost midway between ""Like slightly" and 
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Table 14. Means and standard deviations of hedonic scores 
for foods cooked in an iron utensil and in a glass utensil 

Treatment 

Food Iron'^ Glass^ 

Hamburger Patties 5.711.5 6.011.6 

Applesauce 5.312.33 6.4+2.03 

3^b Means in a row with different superscripts differ 
(P<0.05). 

•^Scores based on 9-point hedonic scale where 9=like 
extremely, 8=like very much, 7=like moderately, 6=like 
slightly 5=neither like nor dislike, 4=dislike slightly, 
3=dislike moderately, 2=dislike very much, and l=dislike 
extremely. 
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Table 15. Preference for foods cooked in an iron utensil 
and in a glass utensil. 

Food Treatment Frequency(%) Chi-square value 

Hamburger Patties Iron 42 (40.8) 3.50 Iron 

Glass 

Iron 

Glass 

42 

61 

23 

82 

(40. 

(59. 

(21. 

(78. 

.8) 

.2) 

.9) 

.1) 

• • 

Applesauce Iron 23 (21.9) 33.15 

P<0.01; other value P>0.05. 
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""Like moderately." Analysis of variance showed that the 

treatment was a significant effect (P<0.05), indicating 

consumers liked applesauce cooked in glass more than 

applesauce cooked in iron. 

Eighty-two of 105 consumers (78.1%) preferred 

applesauce cooked in glass to that cooked in iron (Table 

15) . The chi-square test showed that the consumers' 

preference response was different (P<0.01) between two 

applesauces cooked in different utensils. Therefore, 

significantly more consumers preferred applesauce cooked in 

glass to applesauce cooked in iron. This result is in 

agreement with the result of the acceptance (hedonic) test. 

The reasons for preferring applesauce cooked in glass 

were sweeter taste (33%), generally better taste (22%), 

more apple-like flavor (18%), better looking color (20%), 

and better than the other (7%). Sweeter taste and more 

apple-like flavor are reasons for better flavor. On the 

other hand some consumers said they liked the applesauce 

cooked in glass better because applesauce cooked in iron was 

too sweet. Several consumers also mentioned that applesauce 

cooked in iron had unpleasant after-taste and the color was 

unpleasant. Consumers who preferred applesauce cooked in 

iron listed the following reasons for their preference: 

sweeter taste, more apple flavor, and generally better 

taste. 
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The phenomenon that consumers referring the same 

reason, such as sweet taste or more apple flavor, for 

preferring applesauce of either treatment may be explained 

by the theory of Conner and Booth (1992) . They suggested 

that each person knows precisely what level of sensed 

characteristics she or he likes in a familiar food or drink. 

In other words, if one has a certain idea about appropriate 

level of sweet taste or flavor of applesauce, he may 

perceive those senses as appropriate or too strong while 

others who have a different idea about appropriate levels 

perceive them differently. 

Usually appearance has the greatest initial influence 

on preference. However, once the food is tasted, flavor 

becomes the primary factor on deciding preference. Flavor 

is considered as a major factor for overall preference and 

continued use of the food (Amerine et al., 1965). The 

results of the consumer test in this study reflect this 

phenomenon. Because consumers were asked for preference 

after tasting samples, more consumers wrote flavor and taste 

as the reasons for preference than color. Although it is 

worth mentioning that color may reinforce or bias judgment 

for flavor (Amerine et al., 1965). Having more pleasant 

color of a given food sample may assure/influence tasters 

that it has better flavor or vice versa. Since consumers 

could look at applesauce samples before tasting, color 
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difference in applesauce of two treatments may have 

intensified flavor difference between them. 

Finally, the different results of acceptance/preference 

test between hamburger patties and applesauce can be 

explained by the different amount of iron increase in two 

foods. Applesauce had much more iron increase when cooked 

in iron than in glass compared to iron increase of hamburger 

patties. The large increase in iron might have influenced 

flavor and color of applesauce negatively. The remaining 

question is if consumers knew applesauce cooked in iron had 

increased iron which can be interpreted as a health benefit, 

would they still prefer applesauce cooked in glass? As 

consumers are interested in eating healthy, health concept 

may be one of the factors in deciding product acceptance 

(Levis and Chambers, 1996) . 

Trained Sensory Panel Study 

Results from the general questionnaire panelists 

completed are shown in Table 16. Most (80%) of the panel 

candidates were less than 31 years of age. Most were female 

(75%). As in the consumer study, most candidates were 

white. Because most of panel candidates were recruited from 

students enrolled in ""Experimental methods with food" class, 

undergraduate student was the major occupation. 
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Table 16. Demographic characteristics of panel candidates 

Variables Frequency Percent 

Age (years) 

20 or less 1 5 

21-30 15 75 

31-40 3 15 

41-50 1 5 

Sex 

Female 15 75 

Male 5 25 

Race 

White 14 70 

Hispanic 1 5 

Black 2 10 

Asian 3 15 

Occupation 

Undergraduate student 14 70 

Graduate student 4 20 

Faculty 2 10 
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Panel candidates were asked questions concerning 

general criteria for selection of panelists. All candidates 

said they were interested in sensory evaluation of food. 

Interest is an important factor for learning and good 

performance (ASTM, 1981). All except one candidate said 

that they would be available for all of sensory testing 

sessions. ASTM manual (1981) stated that because the 

learning curve is steepest during training session, 100% 

attendance is preferable. When the 100% attendance is not 

possible, a minimum of 80% attendance is necessary. The one 

candidate who was not able to attend all sessions had 

participated in other sensory projects and was considered a 

trained panelist. She also achieved the second highest 

score in the selection tests, thus she was selected as a 

panelist even though she did not attend all training 

sessions. 

Promptness was one of the required criteria for 

selection of panelists, because tardiness can cause problems 

of loss of sample and experimental design integrity 

(ASTM,1981). All candidates answered they would arrive on 

time for each session. 

General health condition is an important factor to make 

reliable judgments. All candidates said they were in good 

health. No candidate had allergy to test products 
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(hamburger patties and applesauce) or was taking medication 

which might influence taste or smell sensitivity. Only two 

candidates said they smoke. No candidate was color-blind. 

ASTM manual (1981) stated that if a panelist does not 

like a product and cannot be objective about evaluating it, 

that panelist should be excused because his or her response 

would be biased. All candidates said they were willing to 

taste test samples and could be objective about evaluating 

fruit and meat samples. 

Sixteen out of 20 candidates had never served as 

sensory panelists. The four candidates who had experience 

with sensory evaluation were either graduate students or 

faculty members. 

After screening tests three candidates did not qualify 

for training. They did not achieve a minimum score of 60% 

correct responses across the 24 triangle series. Also the 

result of sequential analysis showed that they were in the 

region of indecision even after 24 trials (Appendix G ) . 

Even though three out of 20 candidates did not qualify for 

training, all candidates participated both in training and 

formal sessions. However, when analyzing formal test 

results, responses of those three who did not qualify for 

training and one who did not participate in all 4 

replications were excluded. 
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The formal sensory test results were analyzed as a 

treatment X panelist design with replications (Stone and 

Sidel, 1993). There were significant effects of treatment, 

panelist, and interaction between treatment and panelist. 

The significant effect of treatment means that there was a 

significant difference in responses among treatments. The 

significant effect of panelist means that the responses were 

significantly different among panelists. However, this 

significant panelist effect should not be a concern because 

it simply means that the panelists used different parts of 

the rating scale when rating samples. The significant 

effect of panelists reflects individual difference in using 

rating scale not problems with the panelists (Stone and 

Sidel, 1993). 

The significant effect of interaction between treatment 

and panelist indicates that there was a different pattern of 

response for the treatments among panelists. Therefore, the 

effect of treatment should be looked at for each panelist. 

In addition. Stone and Sidel (1993) stated that when the 

interaction is significant, mean square for interaction 

should be used as an error term to test the treatment 

effect. This suggestion is based on the fact that 

interaction can be used to test treatment when the subject 
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(panelist) effect is random and the treatment effect is 

fixed. 

Table 17 shows the effect of treatment, panelist, and 

interaction between them on the beef-flavor and off-flavor 

of hamburger patties cooked in iron and cooked in glass. 

Only panelist had a significant effect on beef-flavor and 

off-flavor of hamburger patties. There was no significant 

effect of treatment or interaction between treatment and 

panelist. 

Table 18 shows the mean scores for flavor of hamburger 

patties cooked in iron versus glass utensils. The mean 

score for beef-flavor of hamburger patties cooked in iron 

was 5.1 while that of patties cooked in glass was also 5.1. 

These mean scores indicate slightly intense beef-flavor. 

Similar beef flavor intensity for fresh beef patties was 

also reported by Berry (1992) and Troutt et al. (1992). The 

fat level (20%) and cooking temperature (71 °C) used in this 

study were also found to contribute to the highest possible 

beef flavor intensity for beef patties (Berry, 1992; Troutt 

et al., 1992). 

The mean score for off-flavor of hamburger patties 

cooked in iron and cooked in glass were 1.5 and 1.4, 

respectively. On the 8-point rating scale for intensity 

used in this study l=none and 2=just detectable. Therefore, 
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Table 17. Analysis of variance for the effect of treatment, 
panelist, and interaction between treatment and panelist on 
beef-flavor and off-flavor of hamburger patties. 

F value 

Source of variation df Beef Off 

Treatment 

Panelist 

Treatment X Panelist 

Error 

Total 

1 

15 

15 

96 

127 

0 . 1 2 

2 . 4 7 

0 . 5 4 

0.21 

2.51^ 

1.03 

P<0.01; other values P>0.05. 
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Table 18. Means and standard deviations of sensory scores 
for hamburger patties cooked in an iron utensil and in a 
glass utensil. 

Treatment Beef-flavor Off-flavor 

Iron 5.111.33 1.511.4 

Glass 5.111.4 1.411.1 

3 Scores based on 8-point intensity rating scale where 
8=extremely intense, 7=very intense, 6=moderately intense, 
5=slightly intense, 4=very slight, 3=extremely slight, 
2=just detectable, and l=none. 
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neither treatment resulted in noticeable off-flavor in 

hamburger patties. 

Table 19 shows the effect of treatment, panelist, and 

interaction between treatment and panelist on sweet and sour 

taste. There was a significant effect of panelist, 

indicating that panelists used different parts of the rating 

scale. Treatment and interaction between treatment and 

panelist effects were not significant. Therefore, there was 

no significant difference in sweet taste or in sour taste of 

applesauce cooked in iron and in glass utensils. 

Table 20 shows effect of treatment, panelist, and 

interaction between treatment and panelist on apple-flavor 

and off-flavor intensity of applesauce. There was a 

significant effect of treatment and of panelist on both 

attributes. However, there was no significant effect of 

interaction between treatment and panelist indicating that 

all panelists rated applesauce of two treatments in the same 

direction concerning both attributes. 

Table 21 shows the mean scores for sensory attributes 

of applesauce of two cooking treatments. The mean score for 

apple-flavor of applesauce cooked in iron was 6.1, while the 

mean score for applesauce cooked in glass was 5.6 (P<0.05). 

Dryden and Hills (1957) reported that acidity in applesauce 

affects flavor and that flavor preference depends on sugar-
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Table 19. Analysis of variance for the effect of treatment, 
panelist, and interaction between treatment and panelist on 
sweet and sour taste of applesauce. 

F value 

Source of variation df Sweet Sour 

Treatment 

Panelist 

Treatment X Panelist 

Error 

Total 

1 

15 

15 

96 

127 

0 . 1 5 

7 . 1 6 

1.10 

1.13 

13.39' 

0.93 

P<0.01; other values P>0.05 

81 



Table 20. Analysis of variance for the effect of treatment, 
panelist, and interaction between treatment and panelist on 
apple-flavor and off-flavor of applesauce. 

F value 

P<0.01; other values P>0.05. 

Source of variation df Apple Off 

Treatment 1 8.39** 9.86' 

Panelist 15 2.83** 2.42' 

Treatment X Panelist 15 1.45 1.55 

Error 

Total 

1 

15 

15 

96 

127 

8 . 3 9 

2 . 8 3 

1 .45 
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Table 21. Means and standard deviations of sensory scores 
for applesauce cooked in an iron utensil and in a glass 
utensil. 

Taste3 Flavor Color 

Treatment Sweet Sour Apple Off Redb Brown ^ 

Iron 4.711.5 4.211.6 6.111.0̂ 1 2.011.7^ 2.111.3® 5.811.8^^ 

Glass 4.711.5 4.411.8 5.611.2® 1.311.1® 5.511.1^ 1.810.8® 

3 Scores based on 8-point intensity rating scale where 
8=extremely intense, 7=very intense, 6=moderately intense, 
5=slightly intense, 4=very slight, 3=extremely slight, 
2=just detectable, and l=none. 

b Twelve out of 16 panelists rated significantly different 
for two treatments. 

e Nine out of 16 panelists rated significantly different for 
two treatments. 

d'® Means in column with different superscripts differ 
(P<0.05). 
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acid relation. In this study, applesauce cooked in glass 

had a lower pH than applesauce cooked in iron, while there 

was no difference in sugar content measured by 

refractometer. Thus the difference in apple-flavor may be 

due to different sugar-acid relation in applesauce of the 

two treatments. 

Having a different amount of volatile compounds which 

are responsible for odor of applesauce may be another 

explanation for different apple-flavor intensities of two 

cooked applesauces. p-damascenone which is generated during 

thermal processing is the single most dominant odor in 

applesauce. Other odor compounds in applesauce are hexanal 

compounds. These compounds are formed from the oxidation of 

linolenic acid when the apple tissue is crushed and pressed. 

They are not present in whole undamaged apples. Thus, the 

amount of these compounds depends on the degree of oxidation 

during processing (Acree and McLellan, 1993). Applesauce 

cooked in iron contained significantly increased iron. Iron 

is a pro-oxidant and can accelerate oxidation process in 

applesauce leading to increased production of hexanal 

compounds. This phenomenon may explain more apple-flavor in 

applesauce cooked in iron compared to applesauce cooked in 

glass. 
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The mean score for off-flavor of applesauce cooked in 

iron was 2.0 while that of applesauce cooked in glass was 

1.3. On the 8-point rating scale for intensity of off-

flavor these scores represent none to just detectable. 

Therefore, although applesauce cooked in iron had 

significantly more off-flavor than applesauce cooked in 

glass, off-flavor was just detectable. 

The effect of treatment, panelist, and interaction 

between treatment and panelist on red and brown color of 

applesauce is shown in Table 22. There were significant 

effects of treatment, panelist, and interaction between 

treatment and panelist. 

Due to significant effect of interaction between 

treatment and panelist, the effect of treatment was looked 

at for each panelist. When looking at each panelist's 

response, it was found that 12 out of 16 panelists rated 

applesauce cooked in glass significantly redder than 

applesauce cooked in iron. For brown color of applesauce, 

nine out of 16 panelists rated applesauce cooked in iron 

significantly browner than applesauce cooked in glass. The 

rest of panelists also rated red and brown color of 

applesauce in the same direction but the mean separation 

showed not significant. 

85 



Table 22. Analysis of variance for the effect of treatment, 
panelist, and interaction between treatment and panelist on 
red and brown color of applesauce. 

F value 

Source of variation df Red Brown 

Treatment 

Panelist 

Treatment X Panelist 

Error 

Total 

1 

15 

15 

96 

127 

115.58' 

4.46' 

3.67' 

62.87^ 

6.52' 

12.08' 

P<0.01 
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The mean score for red color was 5.5 for applesauce 

cooked in glass and 2.1 for applesauce cooked in iron 

(P<0.05). For brown color, the mean score for applesauce 

cooked in glass was 1.8 while the mean score for applesauce 

cooked in iron was 5.8 (P<0.05)(Table 21). Therefore, 

panelists scored applesauce cooked in glass redder and 

applesauce cooked in iron browner. 

The pigments responsible for color of applesauce are 

anthocyanins and anthoxanthins. The red color of apple 

peeling is due to anthocyanins (McWilliams, 1997). Because 

apples were not peeled when used for making applesauce, the 

red color of peeling contributed color of applesauce used in 

this study. When apples go through heat processing 

anthocyanin pigments change from red color to dull reddish 

brown color. Higher pH also contributes to this process. 

In addition to heating and higher pH, metal ions can cause 

undesirable color changes in anthocyanins. When iron ions 

are in contact with anthocyanins unusual colors ranging from 

green to slate blue develop (McWilliams, 1997; Fennema, 

1996). The fact that applesauce cooked in glass had lower 

pH and that applesauce cooked in iron had increased iron 

content may explain redder color of applesauce cooked in 

glass versus applesauce cooked in iron. 
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Anthoxanthins are colorless or white to yellow and are 

responsible for color of inside of apples. The problem with 

these pigments is their propensity to complex with metal 

ions. If anthoxanthins complex with metal ions, 

unattractive dark color develops (McWilliams, 1997; Fennema, 

1996). When anthoxanthins react with iron a blue-black and 

reddish brown color forms (Freeland-Graves and Peckham, 

1996) . During cooking iron is exposed to air and the 

reduced ferrous (+2) form is oxidized to the ferric (+3) 

form. The oxidized form of iron can form a complex with 

other elements (Freeland-Graves and Peckham, 1996). Due to 

the increased iron content in applesauce cooked in iron, 

anthoxanthins can complex with iron which would explain the 

browner or darker color of applesauce cooked in iron than 

applesauce cooked in glass. 

The pH, moisture, and iron content of hamburger patties 

with three treatments (raw, cooked in iron, and cooked in 

glass) are shown in Table 23. The pH values were different 

(P<0.05) among hamburger patties of three treatments. 

Hamburger patties cooked in iron and cooked in glass did not 

differ in moisture content (P>0.05). Cooked hamburger 

patties had significantly lower moisture content compared to 

raw patties due to water evaporation during cooking. Iron 
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Table 23. Means and standard deviations of pH, moisture, and 
iron content of hamburger patties with three treatments. 

Treatment pH Moisture (%) Iron (mg/lOOg food) 

Raw 

Iron 

Glass 

6.1010.03c 

6.3610.023 

6.3010.02b 

64.0110.993 

56.3311.0lb 

56.5710.43b 

1.6010.05c 

2.1510.113 

1.9010.07b 

a,b,c Means in the same column with different superscripts 
differ at P<0.05. 
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content was higher (P<0.05) in patties cooked in iron than 

cooked in glass. Because moisture content did not differ 

between patties cooked in two different utensils, the 

difference in iron content of food cooked in iron and that 

cooked in glass was not due to difference in moisture. The 

pH, moisture, and iron values of hamburger patties with 

three treatments are similar to values reported in a 

previous iron study by Brittin and Nossaman (19863). 

Correlation analysis was performed to determine 

associations between iron content and beef-flavor or off-

flavor. The correlation coefficients were -0.03 and 0.02, 

respectively. No correlation coefficient was significant, 

although the correlation coefficient between iron content 

and beef-flavor was negative while that between iron content 

and off-flavor was positive. 

The analysis of variance for objective measurements 

(pH, moisture, iron, color, and total dissolved solids) of 

applesauce showed significant effect of treatment for all 

variables. Table 24 shows pH, moisture, and iron content of 

applesauce with three treatments (raw, cooked in iron, and 

cooked in glass). 

The pH values were different (P<0.05) among applesauce 

with three treatments. The raw applesauce had the lowest pH 
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Table 24. Means and standard deviations of pH, moisture, and 
iron content of applesauce with three treatments. 

Treatment pH Moisture (%) Iron (mg/lOOg food) 

Raw 

Iron 

Glass 

3.9610.03c 

4.1410.043 

4.0410.04b 

87.5910.153 

84.0310.89b 

83.9610.3lb 

0.1410.02b 

18.5513.753 

0.1410.00b 

a,b,c Means in the same column with different superscripts 
differ at P<0.05. 
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followed by applesauce cooked in glass and then finally 

applesauce cooked in iron. The higher pH of cooked 

applesauce compared to raw applesauce may be due to loss of 

dominant acid leading to loss of buffer system for pH 

control. The dominant acid in apple is malic acid 

(Freeland-Graves and Peckham, 1996). 

Applesauce cooked in iron and cooked in glass had 

similar moisture content. The moisture content of raw 

applesauce was the highest. Moisture is lost during cooking 

due to evaporation, thus highest moisture content of raw 

applesauce is reasonable. 

Iron content of applesauce cooked in iron utensil was 

the highest among three treatments. There was no difference 

between iron content of raw applesauce and applesauce cooked 

in glass utensil. The iron content of applesauce cooked in 

iron was 133 times that of applesauce of the other two 

treatments. The iron content of applesauce cooked in iron 

utensil in this study is more than twice the value reported 

by Brittin and Nossaman (19863). Cheng and Brittin (1991) 

studied the effect of continued use of iron cookware using 

applesauce and spaghetti sauce. They cooked applesauce 50 

times. The highest iron content during those 50 times was 

similar to the iron value in this study. Thus, the iron 
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content of applesauce cooked in iron utensil in this study 

is acceptable. 

Table 25 shows objective measurements of color and 

total dissolved solids content of applesauce with three 

treatments. Color of raw applesauce was determined before 

blending apples. Thus a slice of freshly cut applesauce 

surface was used. The total dissolved solids content of 

applesauce was determined after raw apples were blended to a 

homogeneous state. 

The "L' value of raw apple is significantly higher than 

those of cooked applesauce. Since the L value represents 

the ""Lightness", the higher ^L' value for raw apple slice 

than those for cooked applesauce is reasonable. The "L' 

values for applesauce cooked in glass and applesauce cooked 

in iron were not significantly different. In preliminary 

work the applesauce cooked in iron looked browner than the 

applesauce cooked in glass. Browner can translate to 

darker. Thus rating brown color of the applesauce had been 

included in the sensory evaluation by the trained panel. 

Panelists scored applesauce cooked in iron significantly 

higher for brown color than applesauce cooked in glass. 

Thus the results concerning ^L' lightness color and the 

panelists score for brown color of applesauce cooked by the 

two treatments did not agree. 
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Table 25. Means and standard deviations of color and 
refractometer measurements of applesauce with three 
treatments. 

Treatment L a b Total dissolved 
solids (%) 

Raw 80.611.563 -1.011.05^ 20.613.403 15.610.13b 

Iron 29.910.75b 2.010.47b 3.910.77^ 19.710.763 

Glass 31.811.56b 5.811.353 7.311.12b 19.410.463 

a,b,c Means in the same column with different superscripts 
differ at P<0.05. 
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The 'a' value represents red to green. The "a' value 

range for most foods is +60 to -60. The higher the "a' 

value, the redder is the color; the lower the "a' value, the 

greener is the color. Thus the significantly higher 'a' 

value of applesauce cooked in glass than that of applesauce 

cooked in iron indicates applesauce cooked in glass was 

redder. This result agrees with the sensory evaluation 

result by the trained panel. Panelists scored applesauce 

cooked in glass significantly higher for red color than 

applesauce cooked in iron. 

The 'b' value represents yellow to blue. The "b' value 

range for most foods is +60 to -60. The higher the "b' 

value, the yellower is the color; the lower the "b' value, 

the bluer is the color. The ^b' values were significantly 

different among the three treatments. Raw apple had the 

highest ^b' value, applesauce cooked in glass had 

intermediate ^b' value, and applesauce cooked in iron had 

the lowest ^b' value. Thus raw apple was the most yellow 

and applesauce cooked in iron was the least yellow. The 

lower 'b' value (P<0.05) of applesauce cooked in iron than 

that of applesauce cooked in glass indicates applesauce 

cooked in iron was less yellow than applesauce cooked in 

glass. This result may be due to the increased iron in 
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applesauce cooked in iron reacting with anthoxanthins 

producing in a blue-black color (Freeland-Graves and 

Peckham, 1996). 

The total dissolved solids content can be used to 

measure sugar content thus can be related to sweet taste. 

The raw applesauce had significantly lower total dissolved 

solids content than the cooked applesauces. This makes 

sense because water evaporates during cooking resulting in 

increased sugar concentration in cooked food. The total 

dissolved solids content of applesauce cooked in iron was 

19.7 and cooked in glass was 19.4. Schijvens (1990) 

reported that the refractometer value of 18.4 was the 

optimum value for applesauce. Thus refractometer values for 

applesauce in this study were acceptable. There was no 

difference in total dissolved solids content of the two 

cooked applesauces. This result agrees with the sensory 

evaluation result that trained panelists did not find a 

significant difference in sweet taste between applesauce 

cooked in iron and applesauce cooked in glass. 

Correlation analysis between sensory attribute rating 

scores and objective measurement of applesauce 

characteristics is shown in Table 26. No significant 

correlation between sweet taste and total solids content or 
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Table 26. Correlation coefficients between variables. 

Taste Flavor Color 

Variables Sweet Sour Apple Off Red Brown 

pH 

Iron 

L 

a 

b 

Total 

solids 

*P<0.05. 

**P<0.01. 

0.14 

0.04 

0.05 

-0.14 

-0.02 

0.04 

-0.19 

-0.11 

-0.05 

0.18 

0.06 

-0.13 

0.10 

0.25** 

-0.25* 

-0.12 

-0.24* 

-0.07 

-0.24* 

-0.22 

0.22 

0.22 

0.26** 

-0.11 

-0.69 

-0.63** 

0.39 

0.66** 

0.60** 

-0.12 

0.67 

0.64** 

-0.45** 

-0.66 

-0.64 

0.21 
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between sour taste and pH may be explained by the fact that 

trained panel did not find any difference in sweet or sour 

taste of applesauce cooked in iron versus glass utensils. 

The correlation coefficient between iron content and 

apple-flavor was positive (0.25, P<0.05). Even though the 

correlation coefficient was significant, the value of the 

coefficient was small and only 6% of apple-flavor can be 

explained by the iron content. The correlation coefficient 

between iron content and off-flavor of applesauce was not 

significant, although the trained panel rated applesauce 

cooked in iron significantly higher in off-flavor than 

applesauce cooked in glass. 

However, one should pay attention to the small 

difference in apple- and off-flavor between applesauce 

cooked in iron versus glass utensils. Apple-flavor of 

applesauce of both treatments was between slightly intense 

and moderately intense while off-flavor was between none to 

just detectable. Difference in pH of applesauce of 2 

treatments may have contributed to different results in 

flavor of applesauce (Sivetz, 1949). It may be possible 

that more flavor in applesauce cooked in iron may have been 

perceived as more off-flavor as well as more apple-flavor. 

More thorough training and experience in off-flavor 

attribute may have been useful to clarify this confusion. 
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The correlation coefficient between red color and iron 

content was high, negative, and highly significant (-0.63, 

P<0.01). The correlation coefficient between brown color 

and iron content was high, positive, and highly significant 

(0.64, P<0.01). Thus iron content of applesauce was 

associated with sensory color score of applesauce; more iron 

looked browner and less iron looked redder. 

There was also a positive correlation between color 

rating of red and "a' value (0.66, P<0.01) which means that 

the trained panel gave higher score for red color of 

applesauce which had higher ^a' value measured by objective 

color measurement. This result reflects the accuracy of 

trained panelists' judgment in the red color attribute of 

applesauce. Significantly negative correlation between 

brown color and ^L' value represents that the higher the 

rating score for brown color, the lower the 'L' value was. 

99 



CHAPTER V 

CONCLUSIONS 

Study Part I 

Cooking foods in stainless steel utensils significantly 

increased the amount of iron in most of the foods studied. 

Seven out of ten foods had significantly increased iron 

content when cooked in stainless steel utensils. Although 

the increase in iron was small, it was substantial enough to 

consider when assessing dietary iron intake. Different 

stainless steel utensils contributed similar amounts of iron 

to foods. Increased iron content by cooking in stainless 

steel utensils was associated with pH value of raw food. 

More research is needed regarding other metal elements being 

leached from stainless steel utensils while cooking commonly 

consumed foods using commonly used cooking methods. 

Study Part II 

Consumers did not have different acceptance and 

preference for hamburger patties cooked in iron and in 

glass. However, consumer acceptance and preference for 

applesauce cooked in glass was higher than applesauce cooked 

in iron, mainly due to flavor, color, and taste. Applesauce 

had much more iron increase than hamburger patties and that 

large increase in iron might have influenced flavor and 

100 



color negatively. Even though consumers had greater 

acceptance for applesauce cooked in glass, the difference in 

acceptance between applesauce of the two treatments was 

small and both applesauces were acceptable. 

The trained sensory panel did not find any difference 

in beef- and off-flavor of hamburger patties cooked in iron 

and in glass. The trained panel found that applesauce 

cooked in glass was redder, applesauce cooked in iron was 

browner and had more apple-flavor and off-flavor, and 

applesauces were not different in sweet and sour tastes. 

Objective measurements of color and total dissolved solids 

confirmed sensory results. 

In conclusion, cooking in iron utensils increased iron 

in food, did not affect consumer acceptance/preference or 

sensory quality of hamburger patties, but decreased consumer 

acceptance/preference and affected color and flavor of 

applesauce. Additional study with a wider variety of foods 

may be useful to achieve a more comprehensive conclusion 

concerning the effect of cooking food in iron utensils on 

sensory quality of food. 
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Scrambled Eggs 

To make 1 serving 
50.0 g (1 large) egg 
14.7 g (1 tablespoon) milk 
1.0 g (1/8 teaspoon) salt 
3.1 g (1/4 tablespoon) oil 

Weigh and record weight of all ingredients. Mix egg, milk, 
and salt with a fork. 

Record time. Pour mixture into greased (3.1 g oil) hot 
cooking utensil. 

Cook over low heat, stirring occasionally with egg turner 
while cooking. Record time and total cooking time. 

Weigh and record weight of cooked food. Blend. Take pH and 
record. Place in a plastic bag, label, and freeze. 
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stir-fried Green Beans 

To make 4 servings 

210.0 g (8 oz) frozen French-style green beans 
13.0 g (1 1/3 tablespoons) oil 
1.7 g (1/4 teaspoon) salt 

Weigh and record weight of each ingredient. Weigh and record 
the weight. 

Record time. Heat oil in cooking utensil on medium high 
heat. Add beans to cooking utensil. Toss beans around with 
egg turner to coat beans with oil. Add salt to beans. Cover 
tightly and simmer over low heat until beans are tender, 5 
minutes. Record time and cooking time. Weigh the cooked 
beans and record weight. 

Blend the cooked beans. Take pH and record. Place in a 
plastic bag, label, and freeze. 
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Applesauce 

To make 4 servings 

259.2 g (3 medium) apples 
29.5 ml (1/8 cup) water 

Remove blossom and stem end of apples. Cut apples into 
eighths. Weigh and record weight of apples. Add water 
(measure in ml and record) to apple slices. Weigh and record 
apple slices with water. Put apple slices and water in a 
cooking utensil; record time; bring water to boiling on high 
heat, reduce heat and simmer, covered, 20 minutes (until 
slices are very tender when pierced with a fork); turning 
slices after 10 minutes. Record time and cooking time. 
Weigh and record weight of cooked apple slices with water. 
Force cooked apple slices with water through a colander to 
remove seeds and peelings; for raw treatment, peel apple 
slices and blend. 

Take pH and record. Place in a plastic bag, label, and 
freeze. 
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Pan-broiled Hamburger Patties 

To make 1 serving 

113.5 g (1/4 pound) ground beef 
1.7 g (1/4 teaspoon) salt 

Weigh and record weight of each ingredient. Mix beef and 
salt. Shape into one patty about 1/2 inch thick. Weigh and 
record weight. Record time. Cook in a cooking utensil on 
medium-high then medium heat 5 minutes on one side, pour off 
drippings (and save), turn and cook the other side 4 minutes 
until medium done (brown on outside and pink in inside). 
Weigh and record weight of the cooked patty. 

Blend cooked patty. Take pH and record. Place in a plastic 
bag, label, and freeze. 
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stir-fried Chicken Breast 

190.0 g (1/2 pound) lean chicken breast, boneless, 
skinless 

41.7 g (3 tablespoons) oil 
3.0 g (1/2 teaspoon) salt 

16.7 g (1/2) egg white 
2.7 g (1 teaspoon) cornstarch 

Weigh and record weight of each ingredient. Cut chicken 
breast into 1/2 inch cubes. Mix egg white and chicken. Stir 
chicken in cornstarch and salt. Record time. Heat oil on 
high heat 2 minutes. Put chicken breast into cooking utensil 
and stir-fry over high heat 3 minutes and medium heat 1 
minute. Record cooking time. Weigh cooked food and record 
weight. 

Blend cooked food 15 seconds, scrape down, blend 15 seconds. 
Take pH and record. Place cooked food in a plastic bag, 
label, and freeze. 
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Rice 

To make 2-3 cups 

195.0 g (1 cup) rice 
355.5 g (1 1/2 cups) distilled water 
3.0 g (1/2 teaspoon) salt 

Weigh and record weight of each ingredient. Combine each of 
the ingredients. Weigh and record weight. 

Wipe bottom and sides of utensil with oil to prevent 
sticking. Record time, stir rice into boiling salted water 
in cooking utensil, cover and simmer until water is absorbed 
and rice grains are tender, dry, and fluffy, 20 minutes. 

Blend raw rice treatment ingredients 30 seconds, let sit in 
blender while other treatments cook and blend 1 minute. 
Take pH and record. Place in a plastic bag, label, and 
freeze. 
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Medium White Sauce 

To make 1 cup 

28.4 g (2 tablespoons) margarine 
14.4 g (2 tablespoons) flour 

234.5 g (1 cup) milk 
3.0 g (1/2 teaspoon) salt 

Weigh each ingredient and record weight. 

Record time. Melt margarine in cooking utensil over medium 
heat. Stir flour into melted margarine in cooking utensil. 

Stir milk and salt into mixture in cooking utensil. Cook 
over medium heat, stirring occasionally, until mixture 
thickens, 12 minutes total cooking time. Record time and 
cooking time. Weigh the sauce and record weight. 

Blend the sauce. Take pH and record. Place in a plastic bag, 
label, and freeze. 
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Pancakes 

To 

3 8 . 
1. 
2 . 
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58 
18 

8 

make 

3 g ( 
1 9 ( 
8 g ( 
4 g ( 

. 6 g ( 

. 6 g ( 

. 3 g ( 

1 large pancake 

1/3 cup) flour 
1/6 teaspoon) salt 
2/3 teaspoon) sugar 
1/3 teaspoon) baking powder 
1/4 cup) milk 
1/3) egg 
2 teaspoons) oil 

4.2 g (1 teaspoon) oil (omit for raw) 

Weigh and record weight of each ingredient. Sift dry 
ingredients together. Combine milk, egg, and 8.3g oil and 
stir with a fork until well mixed. Stir liquid ingredients 
into dry ingredients only enough to moisten dry. Weight and 
record weight. 

Pour 4.2g oil in cooking utensil and heat on medium high 
heat. Record time. Pour egg mixture onto greased cooking 
utensil. Cook on medium high heat until golden brown on one 
side, 2 minutes, turn and cook other side on medium heat 1 
minute. Record time and cooking time. Weigh pancake and 
record weight. 

Blend cooked pancake. Take pH and record. Place in a plastic 
bag, label, and freeze. 
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French-fried Potatoes 

104.0 g (1 medium) peeled potato 
66.6 g (1/3 cup) oil (omit for raw treatment) 

Peel and slice a potato. Weigh and record weight of 
potatoes. Weigh and record weight of oil. Heat oil on high 
heat to hot (350°F) . Record time. Cook potatoes in cooking 
utensil, stirring occasionally so potatoes brown evenly, 3 
minutes. Record time and cooking time. Drain potatoes on 
paper towel. Weigh and record weight of cooked potatoes. 

Blend cooked potatoes. Take pH and record. Place in a 
plastic bag, label, and freeze. 
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Spaghetti Sauce 

To make 4 servings 

35.0 g (1.25 oz, 35 g package) French's Italian 
Spaghetti Sauce Mix 

227.0 g (8 oz can) tomato sauce (Hunt's) 
355.5 ml(l 1/2 cups) distilled water 

Weight each ingredient and record weight. 

Put ingredients into a cooking utensil. Record time. Bring 
to boiling on high heat (about 5 min.) and simmer on low 
heat for 23 minutes total cooking time. Record end of 
cooking time and total cooking time. 

Weigh and record weight of cooked food and blend. Take pH 
and record. Place in a plastic bag, label, and freeze. 
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Pan-broiled Hamburger Patties 

To make 6 tasting samples 

100.0 g lean ground beef (20% fat) 

Weigh and record weight of ground beef. Shape into one 
patty about 1/2 inch thick. Record time. Cook in a cooking 
utensil on medium-high for 3 minutes then medium heat about 
2 minutes on one side, turn and cook the other side about 2 
minutes, turn again and cook the other side about 3 minutes 
until internal temperature reaches 71 °C (160 °F). Weigh and 
record weight of the cooked patty. 

Blend cooked patty. Take pH and record. Place in a plastic 
bag, label, and freeze. 
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Applesauce 

To make 24 tasting samples (1/2 oz or 15 g each) 

428.6 g apples 
48.0 ml (1/5 cup) distilled water 

Remove blossom and stem end of apples. Cut apples into 
eighths. Weigh and record weight of apples. Add water 
(measure in ml and record) to apple slices and water in a 
cooking utensil; record time; bring water to boiling on high 
heat, reduce heat and simmer, covered 20 minutes (until 
slices are very tender when pierced with a fork); turning 
slices after 10 minutes. Record time and cooking time. 
Weigh and record weight of cooked apple slices with water. 
Force cooked apple slices with water through a colander to 
remove seeds and peelings; for raw treatment, peel apple 
slices and blend. 

Take pH and record. Place in a plastic bag, label, and 
freeze. 
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GENERAL SURVEY FORM FOR TRAINED SENSORY PANELISTS 

Name: Date: 

Address 

Phone #:(Work) (Home) 

Please read each following item and indicate your response by 
circling an answer or filling in a blank. Your response will be 
confidential and will not be used in any manner that could 
identify you. 

1. Gender 
A. Male B. Female 

2. Age: 

Race/Ethnic group 
A. White 
B. Black 
C. Hispanic 
D. Asian 
E. Other (Please specify.) 

Occupation 
A. Undergraduate Student 
B. Graduate Student 
C. Faculty 
D. Staff 
E. Other (Please specify.) 

5. Interest in sensory evaluation of food is essential for 
learning and good performance. Are you interested in 
participating in this sensory evaluation of food 
project? 
A. Yes B. No 

6. Availability is essential throughout a sensory 
evaluation project. Will you participate in all the 
sessions scheduled for the project? 
A. Yes B. No 

7. Promptness at each session is essential to maintain 
integrity of food samples and experimental design. Will 
you arrive on time for each session? 
A. Yes B. No 
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8. Panelists should be in generally good health, with no 
condition, such as allergies to test materials, which 
would impair their ability to make reliable judgments 
Are you in generally good health? 
A. Yes B. No 

9. Do you have any allergy to a specific food product? 
A. No B. Yes (Please specify.) 

10. If you have another allergy this fall, when does it 
usually occur? 
A. Only during morning 
B. Sometimes if I stay outdoors for a period of time 
C. Almost all day 
D. Other (Please specify.) 

11. Are you taking medication which might influence your 
sensitivity to taste or smell? 
A. No B. Yes (Please specify.)^ 

12. Do you have colds frequently? 
A. No B. Yes 

13. Are you color-blind? 
A. No B. Yes 

14. How many cigarettes do you usually smoke each day? 

15. Attitude about the food product class in the sensory 
study should be such that panelists are willing to taste 
all test products as part of their learning experience. 
Are you willing to taste meat samples and fruit samples? 
A. Yes B. No 

16. Can you be objective about evaluating meat samples and 
fruit samples? 
A. Yes B. No 

17. Do you like hamburger patties? 
A. Yes B. No 

18. Do you like applesauce? 
A. Yes B. No 

19. Sensitivity to taste and smell is affected by food and 
beverage consumption; therefore, will you please not eat 
or drink anything except water for one hour before each 
test session? 
A. Yes B. No 

20. Have you served as a sensory panelist before? 
A. No B. Yes (Please specify.) 
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CONSENT FORM 

I hereby give my consent for my participation in the research project 
entitled: Effect of cookware on sensory attributes of food. I understand 
that the person responsible for this project is: Dr. Helen C. Brittin, 
Professor, Food and Nutrition, College of Human Sciences, Texas Tech 
University, telephone number 742-3068. She has explained that this 
research has the following purpose: to determine the effect of cooking 
food in various utensils on its sensory quality. She or her authorized 
representative has (1) explained that the procedures to be followed are 
to smell and taste food samples and to evaluate them; (2) described that 
the attendant discomforts and risks are none; (3) described the benefits 
to be expected are to learn about sensory evaluation of food; and (4) 
described that there is no alternative procedure. Information concerning 
payment for my participation in this study has been explained to me as 
follows: none- The eligibility criteria are availability and interest. 

The risks have been explained to me as following: none. It has further 
been explained to me that the total duration of my participation will be 
9 hours in 6 days; that only Dr. Brittin and Jieun Park will have access 
to the records and/or data collected for this study; and that all data 
associated with this study will remain strictly confidential. 

The location of the research is room 502-503 of the Human Science 
Building. Dr. Helen C. Brittin has agreed to answer any inquiries I may 
have concerning the procedures and has informed me that I may contact 
the Texas Tech University Institutional Review Board for the Protection 
of Human Subjects by writing them in care of the Office of Research 
Services, Texas Tech University, Lubbock, Texas 79409, or by calling 
742-3884. 

If this research project causes any physical injury to participants in 
this project, treatment is not necessarily available at Texas Tech 
university or the Student Health Center, nor is there necessarily any 
insurance carried by the University or its personnel applicable to cover 
any such injury. Financial compensation for any such injury must be 
provided through the participant's own insurance program. Further 
information about these matters may be obtained from Dr. Robert M. 
Sweazy, Vice Provost for Research, 742-3884, Room 203 Holden Hail, Texas 
Tech University, Lubbock, Texas 79409-1035. 

I understand that I may not derive therapeutic treatment from 
participation in this study. I understand that I may discontinue this 
study at any time I choose without penalty-

Signature of Subject Date: 

Signature of Project Director or her Authorized Representative: 
Date: 

Signature of Witness to Oral presentation: 
Date: 
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SEQUENTIAL ANALYSIS FOR SELECTION OF PANELISTS 

Definition of parameters 

P = true proportion of correct decisions that would be 

obtained in paired-sample, duo-trio, or triangle. 

Pi = specified such that individuals having abilities 

equal to or greater the Pi will be accepted as 

judges. 

Po = Specified such that individuals having abilities 

equal to or less than PQ will be rejected. 

a = probability of rejecting a qualified judge 

P = probability of accepting an unqualified judge 

n = total number of trials 

Formulas for calculated parameters 

ki = logPi - logPo 

k2 = log(l-Po) - log(l-Pi) 

ei = log(l-p ) - loga 

e2 = log(l-a ) - logp 

Determination lines 

Lo :do = ao + bn 

Ll :di = ai + bn 
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ao = (-ei ) / (ki + k2) 

ai = e2 /(ki + k2) 

b = k2 /(ki + k2) 

Where do, di = the accumulated number of correct decisions 

n = total number of trials a judge attended 

Parameters for determination the least trial number 

n(0) = ei/k2 

n(P0) = (l-P)ei - e2/(l-Po)k2 - Poki 

n(pi) = (l-a)e2 - aei/Piki - (1-Pi)k2 

n(i) = e2/ki 

Calculate the above 4 parameters and round up to integer, 

the least trial number will be the largest number. 

Determination the least trial number for this study 

For PQ = 0.45, Pi = 0.70, a = 0.05, P = 0.05 

ki = log(o.70/0.45) = 0.192 

k2 = log(0.55/0.30) = 0.263 

ei = 1.2788 

e2 = 1.2788 

n(0) = 4.86 

n(po) = (0.93606 - 0.06394)7(0.14465 - 0.0864) = 14.97 

n(pi) = (0.93606 - 0.06394)7(0.1344 - 0.0789) = 15.71 
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n(i) = 6.66 

Therefore, need at least 16 trials to determine the 

selection. 

Calculation for the two lines 

ao = ( - 1 . 2 7 8 8 ) 7 ( 0 . 1 9 2 + 0 . 2 6 3 ) = - 2 . 8 1 

a i = ( 1 . 2 7 8 8 ) 7 ( 0 . 1 9 2 + 0 . 2 6 3 ) = 2 . 8 1 

b = ( 0 . 2 6 3 ) 7 ( 0 . 1 9 2 + 0 . 2 6 3 ) = 0 . 5 7 8 

Lo: do = ( - 2 . 8 1 ) + 0 . 5 7 8 * n 

Ll*. d i = 2 . 8 1 + 0 . 5 7 8 * n 
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Therefore, the sequential graph can be plotted as: 

0 1 2 3 4 5 6 7 8 9 101112131415 16 

n 
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*Numbers and dots represent panel candidates and their 
triangle test results. 
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