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ABSTRACT 

A study of human eating behavior in laboratory and 

natural environments was undertaken to answer three quest

ions: 

1) Do manifestly obese subjects (Mani

fest Obese, MO), non-obese restrained 

eaters (Latent Obese, LO), and non

obese non-restrained subjects (Normal, 

NM) differ in specific short-term intake 

behaviors as measured in the laboratory? 

2) Do the three groups differ in self

reported 14-day habitual energy intake 

patterns? 

3) Are there systematic variations 

of energy consumption inside and outside 

the laboratory in subject groups? 

Twenty two adult female subjects were assigned to 

three groups and studied in both settings. The purpose 

of the laboratory study was to investigate the effects 

of energy content and sweet taste on subsequent consumption 

behaviors of a variety of palatable foods. All subjects 

thought they were participating in a taste panel. The proto

cols were designed to minimize cognitive cues on amount 

xvi 
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eaten. 

Laboratory results showed that all subjects adjusted 

subsequent energy intake according to the energy content 

of a preload given half an hour before. However, the groups 

responded to the sweet taste in the preload differently. 

The LO consistently lowered energy intake of testmeal after 

a sweet preload. They overest~mated their ownlconsump

tion most of the time, and deviated even further with sweet 
i 

taste stimulus. The MO and NM groups did not exhibit these 

responses. 

Results of self-reported l4-day dietary records 

showed that the LO had the highest daily variation of energy 

intake, the most intake from evening meals, and the greatest 

within group variation among the three subject groups. Com-

parison of mean and variation of energy intake within and 

outside the laboratory suggested that the observed consum-

ption of the LO subjects in the laboratory was the least 

representative of the habitual intake, while that of the 

NM ones was a satisfactory measure. These systematic group 

differences in two settings could be due to differential 

degrees of externality, measurement errors, or reactivity 

to measurement procedures. 



CHAPTER I 

INTRODUCTION 

Energy balance in humans has long been a research 

area of interest to investigators concerned with obesity. 

Recently scientists have begun to recognize the immense 

variety of causes of a positive energy balance and hence 

obesity. 

The classic glucostatic theory of .appetite control 

and the hypothalmic mechanism of obesity are being challenged 

by many powerful competing theories. However, many empirical 

observations on eating behaviors have been made separate 

from new and still changing theories on appetite control. 

Researchers who study appetite and food intake in laborator

ies, and practitioners who work with patients trying to 

lose weight, often do not think in the same context. This 

study is designed to answer research questions which have 

implications both for practitioners involved in treatment, 

and for researchers interested in theories of appetite 

control. 

In humans, eating behavior is complex. Hypothalmic 

reflexes incorporating neural and hormonal signals from 

the gut, liver, oropharnyx, fat cells, blood glucose level, 

I 
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etc. are buried under many cerebral layers. Thus cognitive 

control of eating behavior can override physiological and 

sensory cues. It is not surprising that many eating behav

iors associated with obese people are strictly of a Homo 

sapien's nature, introducing both metabolic and cognitive 

influences, and making the conventional animal models of 

limited applicability. The new challenges include not 

only the development of innovative methodologies to study 

human eating behavior, but also the theoretical integration 

of empirical findings, and eventually the application to 

prevention and treatment of obesity. 

Dissertation Background 

The research reported in this dissertation involves 

the study of human eating behavior in both laboratory and 

natural environments. Ever since Stuart's land-mark paper 

on the successful treatment of obesity by behavioral methods 

(Stuart, 1967), many researchers have joined the popular 

field of behavior modification for weight control and many 

practitioners have embraced this new modality. The question 

of whether behavioral treatment is "superior to all other 

treatment modalities for managing mild to moderate obesity" 

(Stunkard and Mahoney, 1976) has not been systematically 

evaluated in well-controlled follow-up studies. Nevertheless, 

there is probably good reason to believe that the long-
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term efficacy of a behavioral approach to food intake control 

can be improved. 

Since research activities in both theoretical work 

and treatment programs have progressed extremely fast, 

it is likely that communication gaps exist between the 

two areas. Studies of treatment programs usually lag behind 

in incorporating new knowledge into therapy (Wilson, 1980), 

and investigations of eating control mechanisms are not 

always responsive to the'areas of clinical research which 

need them most. 

Several points of knowledg~ discrepancy are signifi-

cant for the present treatment of this subject. First, 

individual techniques used in programs for reducing food 

intake are not usually based on sound scientific findings 

of human eating behavior. In fact, many are based on hypo

theses, extrapolated results, or non-reproducible data. 

Secondly, the techniques have not been systematically tested 

for their relative effectiveness in affecting long-term 

energy intake. Most evaluations of success are based on 

weight change, rather than assessing the relative difficulty, 

impact and rate of success of each behavioral technique 

for each individual. 

A third point of concern has been raised by a few 

investigators of foresight in the last five years, but 

it has not received much attention in treatment programs 



(Herman and Polivy, 1980). Dieting introduces chronic 

stress both in terms of physiology and of social dynam

ics. A basic assumption of behavioral interventions-

that if they are not doing any good, they are ~t least 

not doing any harm-- needs to be reevaluated. After all, 

in the development of cardiovascular diseases and some 

other chronic diseases, stress is as much a risk factor 

4 

as obesity. The rising number of cases of clinical eating 

disorders like bulemia and anorexia nervosa in the Western 

world may represent other potential risks. (Garfinkel and 

Garner 1982, Boskind-White and White 1983) 

Last and definitely not least, no consistent differ

ences in eating behavior or dependence upon external cues 

have been found between overweight and normal subjects. Meth

odological problems such as the heterogeneity of subjects, 

validity and reliability of measurements, etc., do contri

bute to the variations. But improvements in sampling and 

measurement techniques do not solve the problem that many 

research questions have not been posed in theoretically 

meaningful ways and that many variables measured have not 

been appropriate for answering stated research questions. 

In addition to these clinically relevant research 

questions in the control of eating behaviors, an under

standing of the concept of restrained eating and its implic

ations is also fundamental to the dissertation study. The 
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following section will review general background information 

of food intake control and restraint eating before present

ing specific perspectives and objectives of the dissert

ation research. 

Control of Food Intake 

Obesity is one of the most refractory health problems 

afflicting a variety of ethnic groups and all socioeconomic 

levels in many affluent societies (Goldblatt, et al. 1965, 

Stunkard 1983). Despite new developments in the treatment 

of obesity on many fronts, the only way to lose weight 

is to establish negative energy balance (Atwater and Bene

dict 1899, Beaton 1983). 

Interestingly, studies on food intake and exercise 

patterns of obese versus normal weight subjects have yielded 

conflicting results so far (Bradley 1983, Stunkard and 

Kaplan 1977, and Durnin and Ferro-Luzzi, 1982). On the 

energy expenditure side, increasing evidence on the adapt

ation of basal metabolic rate of changing expenditure, 

physical activity, and adaptability (Bray, 1980; Warwick, 

Toft, and Garrow, 1978; and Pittet, 1981), may explain 

differences in body weight. But eating behavior still con

trols the important variables of energy intake in the At

water energy conservation equation: 



Energy = 

Intake = 

Energy + 

Expenditure 

Change in Energy 

Content of Body. 
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Feeding behavior is the behavioral side of the homeo

static regu~ation of body energy and body composition, 

and therefore the most integrated function of the living 

organism. This complex and multifactorial overall regul

atory process of the body is of the highest survival and 

evolutionary value. Since food intake behavior involves 

an interaction of animal biology and ecological environment, 

it is reasonable that such ingestion behavior is under 

the control of both internal and external factors (Schachter, 

1968). Investigations on human food intake behavior from 

laboratory and field studies have contributed to the under

standing of some mechanisms of appetite/satiety control 

(Garrow, 1978; Stunkard, 1980). The physiological, sensory, 

cognitive factors controlling human eating behavior and 

their interactions will be discussed briefly. 

Physiological factors controlling intake 

In animals, physiological control of energy intake 

is mediated through neural systems and hormonal modifi

cations (Bray, 1980; Ernrners, 1979). Internal signals from 

oropharyngeal senses, gastro-intestinal stimulus, adipose 

tissues, and other receptors (e.g. internal temperature 

change, level of blood glucose, state of deprivation, etc.) 
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are integrated in the central nervous system. The hypo

thalmus has been at the focus of research on neural mechan

isms of weight regulation. The theory of dual hypothalamic 

function in hunger and satiety was formulated from the 

evidences of a lateral hypothalmic feeding system and a 

medial hypothalamic satiety system. This dual system is 

still the basis of theoretical thinking, but modern neuro

chemistry and neuroendocrinology have expanded it to a 

broader perspective involving other parts of the central 

nervous system (Hernandez and Hoebel, 1980; LeMagnen, 1980). 

Cognitive factors controlling intake 

There is no shortage of neural or endocrine factors 

that influence food intake in animal models. The reason 

why humans with the most complex central nervous system 

tend to err ln the direction of obesity most often among 

all species is due to a major metabolic dilemma which Cahill 

referred to simply as the "big head problem" (Cahill, 1978). 

Every neural and endocrine signal has to clear through 

the monstrous bureaucracy of the "big head." (Garrow 1978). 

Human higher cortical activity often over-rides 

physiological signals, and food intake is less predict

able from hunger or appetite alone. This is why primitive 

man would gorge in anticipation of future hunger seasons, 

or a modern restrained eater would diet and salivate at 
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the same time. In less extreme cases, the sight and number 

of food cues, time of day, social norms and pressures, 

and other socio-psychological context of the individual's 

environment may be modifying the biological regulation 

of food intake constantly (Rodin, 1980). 

Sensory factors controlling intake 

Another set of factors which affects food selection 

and therefore eating patterns in animals includes sensory 

qualiti~s of foods presented in the environment (Solms 

and Hall, 1981; Lau, Krondl and Coleman, 1983). Taste, 

smell, appearance and texture contribute to the palatability 

of foods which is a crucial factor in food intake (Kare 

and Maller 1977). Presumably a sensory specific satiation 

develops with meal progression, as the food stimulus adapts 

and the initial degree of acceptance habituates (Booth, 

1980). Hypothalmic nuclear masses accounting for specific 

hungers for some substances have been identified in animals 

(Emmers, 1979). Animal data further suggest that dishabit

uation by a new food is the behavioral process of the spice 

of variety, which can induce excessive eating at a meal 

or long-term obesity (Booth, 1980; Rolls and Rolls, 1977; 

Sclafani and Springer, 1976). 
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Integration of intake control 

In humans, the essence of food intake control is 

the way by which hedonic conditioning and conceptual learning 

affect food acceptability (Booth 1981), food palatability 

(LeMagnen, 1981), food likes and dislikes (Rozin, 1983) 

and eventually food selection and consumption (Lau, et 

al., 1983). The integrated cognitive structure in a broader 

sense could include all acquired behavior resulting from 

sensory and physiological consequences and from self-imposed 

or environment induced learning (Booth 1980). 

For the most part, appetite and satiety are based 

on the learning and relearning of reactions to the feeding 

situation in accordance with the consequences of feeding. 

Some of these associative learnings about body, food, and 

nutritional function may be adaptive or maladaptive, depend

ing on the individual and the environment. As much as obes

ity has a genetic component, there is an intriguing possi

bility that the associative capacity of learning about 

appetite and satiety, and therefore the general cognitive 

structure, may be part of this variation (Booth, 1980; 

Drewnowski, 1983; Bruch, 1973). 

The integration of physiological, sensory and cog

nitive factors in the twin control mechanisms of appet

ite and satiety is further illustrated by the following 

studies. The initiation of feeding was found to be guided 
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by physiological states, the maintenance by sensory or 

external cues (Rolls, Rowe and Rolls, 1980), and the ending 

by postingestive satiety signals (Van Itallie 1977). Since 

many conditioned sensory or external stimuli involve physio

logical changes (e.g. insulin secretion), measurement of 

such responses may provide an indication of the degree 

of externality in individuals (Wolf, 1973; Rolls, et al., 

1980). 

Some theoretical models for the interaction of inter-

nal (e.g. physiological) and external (i.e. sensory, cog-

nitive) factors in food intake control have been proposed. 

Models such as set points, settling points, motivational 

isoclines and incentive-motivational are usually based 

on animal experiments or laboratory studies. Direct testing 

of these hypotheses on free-living human subjects remains 

very difficult, and the implication for therapy is still 

limited. (Toates 1981). 

Eating control strategies 
in behavioral treatment of obesity 

The standard behavioral program for eating control 

is based on the four strategies of record keeping, stim-

ulus control (restricting external food cues), changing 

the topography of eating patterns, and behavior reinforcement 

(Brownell, 1983). Although behavioral treatment has been 

more effective and less hazardous than other weight reduc-
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tion methods on the short-term basis, these four elements 

and their individual contents have not been evaluated ade

quately for their relative contribution to success in behav

ioral treatment. 

The development of the theoretical basis for behav

ioral treatment in obesity is worth commenting on here. The 

initial assumptions of a distinctive "obese eating style" 

characterized by large bites, frequent intervals and rapid 

food intake, and the external responsiveness or lack of 

internal responsiveness of the obese, are not supported 

by experimental observations (Stunkard, ColI and Lundquist, 

1981; Rodin, 1980). Because of previous examples of empiric

ally effective treatment techniques that have been derived 

from discredited theories in the field of psychotherapy, 

eating control strategies from invalid assumptions are 

still utilized in treatment programs. It is believed that 

behavioral techniques that Stuart and followers have devised 

may still be effective in weight reduction (Wilson, 1980). 

The theoretical support for including the two key 

elements in behavioral modification of food intake, stimulus 

control and change of eating style remains rather weak. There 

is also no direct evidence that any of these two strategies 

actually resulted in weight loss (Brownell, 1982; Brownell, 

1983; Mahoney, 1975; Lore, Fisher and Levenkron, 1979). While 

self monitoring of daily caloric intake can result in signi-
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ficant weight reduction (Green, 1978), the other element 

of behavioral reinforcement seems to provide potential 

promises and problems at the same time. The use of contin

gency contracting for weight loss has been associated with 

a variety of undesirable dietary practices (e.g. diuretics, 

vomiting, starvation) (Mann, 1972). 

When a behavior program works, it is usually unclear 

which" of the core strategies is really working. Some of 

the support strategies developed to complement core strat

egies, such as temporal arrangement of treatment and social 

support systems, have been found to be very effective, 

but critical personal variables that predict the outcome 

of treatment on an individual are not well understood. 

Research efforts in the study of food intake control need 

to be refocused on these clinical problems of treatment 

significance. 

Restrained Eating 

A relatively new approach to obesity research focuses 

on the psychodynamic principles of cognitive control of 

human eating behavior. Two lines of research with different 

original interests converged on the phenomenon of restrained 

eating. Questionnaire assessment of dietary restraint is 

used to measure the extent of conscious control of food 

intake, regardless of body weight. Some correlates of 



eating behavior have been identified for restrained and 

non-restrained eaters. Because of the many implications 
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of restraint on behavioral management of eating control, 

investigators are beginning to look at this variable along 

with other variables (such as body weight, age of onset 

of obesity, etc.). 

The subjects in this research projectwere classified 

into groups based on restraint and body weight. A review 

of the development of the concept and instrumentation fol

lows below. This background information is important for 

the interpretation of results and discussions in subsequent 

chapters. 

Pudel, in Germany, first called attention to a group 

of normal weight subjects whose feeding behavior in labor

atory study closely resembled those of manifestly obese 

subjects (Pudel, 1975, 1978). By definition, this group 

of "latent obese" (LO) are biologically programmed to be 

obese but able to maintain normal weight by conscious re

striction of food intake. These subjects usually have history 

of weight problems, and some are like the "thin-thick" 

patients described by Bruch (Bruch, 1973). A Latent Obesity 

Scale, with tested internal validity and predictive validity, 

was constructed to identify the LO (Pudel, Mettshorff and 

Oetting, 1975). 



While Pudel was developing his theories on latent 

obesity from laboratory observations, Herman in America 
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was coming to similar ideas from social psychological exper

iments (Herman and Polivy, 1980). He introduced the term 

"restrained eating" to describe the distinctive behaviors 

of habitual dieters and those who restrained their food 

intake in order to control their body weight. The original 

explanation was that these behavioral characteristics arose 

more from being biol~gically underweight (as compared to 

a body weight set-point) than statistically overweight 

(Nisbett, 1972). Herman later modified the concept and 

proposed that dieting, rather than biologically underfat, 

was the major cause of the distinctive behaviors (Hibscher 

and Herman, 1977; Herman and Polivy, 1980). An eleven item 

questionnaire was devised to select restrained eaters. 

Both of the restrained eating questionnaires devel

oped to identify persons with a distinctive tendency to 

restrict their food intake achieved considerable effective

ness in predicting the behaviors for which they were devis

ed. Scores on Pudel's questionnaire predicted amount eaten 

and rate of consumption of a liquid formula from a food 

dispenser. The LO was shown to behave like the manifestly 

obese in their externality and in their linear rate of 

eating, but they tended to overcompen~ate by undereating 

when informed of experimental manipulations (Meyer and 
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Pude1, 1977; Pudel, 1978; Pudel and Oetting, 1979). Pudel 

proposed that actual body weight is an insufficient indicator 

to point out a disturbance of the physiological regulation 

of appetite, and that including a restrained normal weight 

group is methodologically advisable in the study of obesity 

or appetite control. 

Behavioral correlates of restrained eating 

The behavioral correlates of Herman's ~uestionnaire 

were measures of amount eaten. Counter regulation after 

preload treatment (due to motivational collapse), cognitive 

disinhibition by alcohol, anxiety, and depression, and 

induction of conscious regulation by direct 0rservation 

were characteristic behaviors of restrained eaters (Herman 

and Mack, 1976; Herman and Polivy, 1980). In one Australian 

study, scores on Herman's questionnaire were found to be 

significantly correlated with abnormal eating behaviors, 

self-perceived overweight and the number of overweight 

relatives (Harris, 1983). Age of onset of obesity (if pre-

sent) had no effect on the scores in the above study of 

college students, although it was found to be negatively 

correlated with the restrained score in another study (0'-

Neil, et al., 1981). Correlation of Herman's restrained 

score with overweight is frequently found (Ruderman and 

Wilson, 1979; Herman, 1978; O'Neil, et a1., 1981). 
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Both questionnaires have limitations when generaliz

ation of findings are attempted. As much as restraint may 

be a more fundamental variable than weight (Herman and 

Mack, 1976; Ruderman and Wilson, 1979), it seems that re

straint scores do not.predict behaviors among obese and 

normal weight equally well (Pudel and Oetting, 1979; Spitzer 

and Rodin, 1982). In addition, the counter regulatory behav

ior of the restrained eater is not necessarily typical. 

of the obese (many of them presumably diet), and the con

founding between weight and restraint cannot completely 

account for differences in feeding behavior (Ruderman and 

Wilson, 1979). To understand the nature of the problem, 

it is necessary to examine the questionnaires and analyze 

different factors encompassed within the global concept 

of restraint. 

Instrument for assessment of restraint 

Pudel's latent obesity scale includes forty items 

that corresponded to externality and cognitive restraint 

(Pudel, 1975). Herman's revised restraint scale contains 

ten questions which focused on weight history and cognitive 

restraint (Herman, 1980). Based on the above two instruments, 

Stunkard developed a new and expanded questionnaire. The 

fifty-eight items under three independent factors: cognitive 

restraint, emotional. lability and perceived hunger (Stunkard, 
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1981), but the relationships were not consistent in subseq

uent analysis with another sample (Stunkard, 1983). 

Before any of these instruments can be of practical 

use in clinical treatment of obesity or eating disorders, 

the general problem of external validity has to be sol

ved. The two or three statistically independent factors 

in each instrument may be correlat,ed with different behavior 

sets. Since questionnaire items have not been equally 

distributed under these factors, and weighting of factors 

has not been applied in calculating total restrained scores, 

it would be difficult to carry out general psychometric 

analysis on ,the single restraint score. For example, all 

three instruments contain questions on weight fluctuations 

that may not necessarily occur as a consequence of dieting 

or restraint. It has been shown that externally responsive 

persons fluctuate their weight considerably in changing 

environments. They would therefore score high on the re

straint scales, without ever attempting to regulate food 

intake. It may be useful to run some of the reported anal

yses again by using these independent factors, and define 

the relationships between individual factors of restraint 

and specific behavioral characteristics (Spitzer and Rodin, 

1982). 

It is also important to note that restraint, as 

measured by these instruments, is defined more in affective, 
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cognitive or physiological terms than in terms of achieved 

success. Patients suffering from anorexial nervosa or 

bulemia were found to score significantly higher on Herman's 

questionnaire than normal restrained college students. Inter-

estingly, bulimic patients who binge and regurgitate up 

to several times a day, score even higher than their "super 

restraint" counterparts. 

In addition, the concept of restrained eating does 

not include consideration of variations in energy expend-

iture in the energy balance equation. Although physical 

inactivity is often associated with obesity (Brownell and 

Stunkard 1980), to assume the generality may lead to unwar-

ranted heterogeneity of the groups studied. For example, 

a person with a biological predisposition to positive energy 

balance may keep proper body size and composition more 

by physical training than by restrained eating. This is 

why actual body weight and exercise patterns need to be 

considered along with restraint in predicting food intake 

behaviors. Methodologically, it would be advisable to 

differentiate study subjects by both restraint and weight, 

and to consider any deviations in exercise patterns. 

Cultural and environmental 
context of restrained eating 

Restrained eating is a feature that distinguishes 

the eating behavior of humans from that of other animals. 
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It accounts for the voluntary regulation of body weight 

that probably occurs more often in some social-cultural 

and environmental contexts than others. It is unlikely 

that one finds restrained eaters as defined in aboriginal 

hunting-gathering societies or in moder~ practices of food 

sharing or rationing may be present. In cultures where 

fatness has positive cultural connotations such as wealth, 

prosperity, beauty, or fertility; and where the negative 

connotations such as health hazards, physical unfitness 

and lack of control, etc. are not recognized, habitual 

diete~s are probably uncommon. 

Voluntary dieting is a common regimen in managing 

obesity, a "culture bound syndrome" or "folk illness in 

the West" (Ritenbaugh, 1982). Restrained eaters are more 

likely to be found in societies where a low acceptable 

body weight is fostered by the popular media, where an 

obese person is charged with higher insurance premiums, 

where thinness is associated with the upper socio-economic 

class, where the news media is flooded with tips on dieting, 

and where treatment of obesity is a multi-million dollar 

business with a growing market. The overwhelmingly powerful 

cultural/environmental context of restrained eating is 

clear. With the rapid geographic dispersal of Western 

technology, biomedicine, and culture, and with a wide use 

of behavioral therapy in treatment programs, the number 
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of restrained eaters will probably increase in the forsee

able future. 

Psychological context of restrained eating 

The challenge in managing restrained eating is to 

combine some reasonable criteria of success with a minimal 

amount of imposed stress and behavioral disregulation or 

breakdown. The relationship between dieting and stress 

appears bidirectional and complex: "Dieting (hunger, frus

tration) may produce stress; but stress, as we have seen, 

interferes with-- and ultimately increases the need for-

dieting .... success in dieting, and perhaps even the search 

for success, appears to contain within it the seeds of 

its own breakdown" (Hermanand Polivy: 1980). In extreme 

cases of the clinical anorexics and bulimics, the obsession 

with dieting usually has a preexisting psychological context. 

It is not clear whether, and to what extent dieting 

and the stress of dieting change personalities and psych

ological well-being. Obese and dieting subjects seemed 

to share some similar consumatory and behavioral responses 

in laboratory findings. Situations that trigger overeating 

and the negative correlates of stress are important issues 

in behavioral therapy which aims at increasing cognitive 

control of eating. A group of obese but otherwise healthy 

adolescents were reported to become clinically depressed 
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when made aware of their weight problem and their treatment 

turned out to be unsuccessful (Huse, Branes, Collegan, 

Nelson, and Palumbo, 1982). 

In one group of obese adolescents attending summer 

camps, successful weight reduction was associated with 

improved self-:image and effectiveness in co'ntrolling life, 

as measured by a Locus of Control Inventory (Speaker, 

Schultz, Grinker and Stern, 1983). A recently proposed 

classification criteria of obesity based on personality 

inventory appeared useful in predicting prognosis of behavior 

modification treatment (Paul, 1983). The role of personality 

characteristics and the mediating effects of such perceptual 

variables remain to be approached from a more cogent inter

pretive framework before such knowledge is clinically relev

ent and useful (Herman and Polivy: 1980). Meanwhile, clinic

ians should be aware of the negative correlates of dieting. 

Dissertation Perspectives 

The studies in this dissertation have drawn mainly 

upon the concept of restrained eating, and observations 

of food intake behaviors of subjects are subsequently related 

to their restraint scores and body weight. As Pudel suggested 

(Pudel, 1977), the combination of these two variables may 

have more predictive power on an individual's behavior 

than either variable alone. In attempts to answer research 



questions relevent to the behavioral therapy of eating 

control, the group of restrained normal weight subjects 

(the successful dieters) deserve special attention. In 

this group of latent obese subjects, dietary restraint 
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is successfully self-imposed to counteract their biological 

predisposition for obesity. 

Studies on the eating behavior of restrained eaters 

are beginning to provide new clues for behavior of treat

ment techniques. Some physiological and cognitive factors 

that serve as cues for ending a meal (i.e. caloric content 

and volume of food, visual disappearance of food, etc.) 

and their relative effectiveness in controlling intake 

have been reported (Pudel, 1977). Situations that trigger 

overeating (i.e. anxiety, stress, alcohol, etc.) and the 

heightened vulnerability of restrained eaters of these 

situations have also been documented (Hermanand Polivy: 

1980). 

However, there are important aspects in integration 

of intake control and long-term energy intake that have 

been overlooked thus far in studies of restrained eating, 

and even in studies on human eating behavior in general.-

In addition, the nature and magnitude of some common meas

urement problems such as subjects systematic reactivity 

to the observations, self-reports, and study environment 

have not been investigated. Although it is not always pos-
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sible to apply statistical procedures to account for such 

errors, and understanding of the distribution and vari

ability of the error terms is crucial for meaningful inter

pretation of most measures of behavior. 

Human eating behaviors have been studied in labor

atories and in natural settings to determine the variables 

influencing the beginning and end of food ingestion. Ideally, 

these two methods complement each other. Important indepen

dent variables can be identified from free, systematic 

observations in various situations, and then manipulated 

in laboratory experiments. Hypotheses generated from labor

atory findings should in turn be validated in natural set

tings, for it is in these natural settings that the obese 

have accumulated their positive energy balance, not in 

the laboratory. However, very few hypotheses have been 

tested back and forth in both laboratory and natural settings 

(Stunkard and Kaplan, 1977). No investigation has attempted 

to relate the intake behavior of the same subjects within 

and outside laboratory settings. 

This research is designed to examine the food intake 

behaviors of the same subjects in laboratory and natural 

settings, so inferences can be make across the two set

tings. 

The problems of short-term integration of food intake con

trol, temporal changes in longer term intake, and measurement 
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reactivity are the focuses of the study. Observed or self

reported behaviors of subjects with various restraint and 

body weight characteristics will be compared. 

In chapter 3, sweet taste and energy content are 

the sensory and physiological factors studied in a labor

atory feeding experiment using deception design. Their 

relative magnitude of effect on food intake behavior and 

hedonic reports are investigated. The type of laboratory 

study undertaken required the development of a new observ

ation technique, which is discussed in chapter 2. 

Chapter A presents a supplementary study of reported 

two-week energy intake pattern of the same subjects in 

natural environment. Intra-individual temporal variability 

and inter-individual within group variability are compared 

and contrasted. Inter- and intra-individual variations 

within and outside the laboratory is also examined to iden

tify any systematic pattern of subject reactivity. 

These studies emphasize the perspective of long

term energy intake in the investigation of eating control 

strategies. The effect of the sensory cue of sweetness 

on meal meal consumption is considered independent of energy 

context. A recent evaluation of behavioral modification 

programs (Brownell, 1982) suggested an immediate need for 

new treatment techniques. It is possible that elements 
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of temporal variability and sweet taste may play important 

roles in long-term success of food intake control. 

The issue of differential reactivity may also pertain 

to treatment because chronically stressed dieters exhibit 

more hyperemotionality and arousal toward environmental 

stimuli than normal eaters (Herman and Polivy, 1980). Meas

ures of the eating behaviors of restrained eaters may reflect 

a distorted self-perception, a heightened response to minor 

stimulus, or an exaggerated control. This research project 

points out some general directional change under specific 

circumstances. 

Dissertation Objectives 

The three specific objectives of this dissertation 

are to determine: 

I. Whether the manifest obese, latent obese and normal 

groups are different in short-term laboratory eating behav

ior in response to energy content, sweet taste and type 

of sweetener. Indicators measured include amount eaten, 

food choices, rate of eating, hedonic feelings and self

perception of intake. 

II. Whether the three groups are different in self-reported 

14-day habitual energy intake pattern, as measured by mean 
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daily intake, inter- and intra-individual variation, energy 

sources and daily meal patterns. 

III. Whether the three groups show any systematic vari

ation of energy consumption within and outside the labor

atory, due to externality, measurement error, or react

ivity, as measured by the mean and variance of energy intake 

within and between subjects. 

The development of a new laboratory technique to 

continuously measure food intake behavior of subjects was 

not a prime objective but made it possible to study object

ives I and III. 

Restrained eating is accepted as a fundamental concept 

in the research design. Although the revision ~nd expansion 

of this concept are not the direct aims of the study, the 

studies definitely contribute to the better understand-

ing of the clinical implications of the concept. 

The perspective of long-term energy intake taken 

in this research may also illuminate on some of the problems 

encountered by most investigators taking a short-term ap

proach to the study of eating behaviors. If temporal vari

ations of energy intake are as significant as the results 

would suggest, then the problem of focusing only on single 

meal size becomes self-evident. 

The organization of the material into three subseq

uent chapters in intended to facilitate the interpretation 
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of results about each particular area. The new laboratory 

technique developed for this study is presented in chapter 

2, and the three objectives are treated sequentially in 

chapters 3 and 4. A series of investigations on food intake 

behaviors have been made to distinguish the latent obese 

from the manifest obese and normal subjects. The chapters 

are organized so that different aspects of the eating behav

ior are discussed separately, but the concept of dietary 

restraint is the overall theme. 

Each chapter is an independent unit with its own 

pertinent Background, Specific Aims, Methods, Results, 

Discussion, and Conclusion section. This should add clarity 

and allow the results of each section to build upon the 

others. The last chapter of Conclusions and Implications 

summarizes and integrates results from the preceding chap

ters, and suggests directions for future clinical application 

and research. 



CHAPTER 2 

A NEW TECHNIQUE TO STUDY HUMAN FOOD INTAKE BEHAVIOR 

Laboratory studies of human eating behavior have 

attempted to establish the causal relationships of variables 

influencing the beginning and end of food ingestion. Many 

possible parameters have been investigated, and obese or 

restrained eaters have been found to have systematically 

different eating behaviors under some laboratory manipul

ations at times (Pudel, 1977; Spitzer and Rodin, 1981; 

Herman and Polivy, 1980). However, large variances in observ

ational data remain and few variables appear to have uniform 

effects as reported by different investigators. Although 

the lack of consistency in the conceptual processing behind 

experimental work (LeMagnen, 1980) is an important part 

of the problem, methodological limitations also confine 

the validity and generalization of findings. 

In this chapter, current technological problems 

of measuring human food intake behavior are reviewed. This 

background serves to justify the author's approach with 

a new laboratory technique, which is especially useful 

in studying the, intake behavior of restrained eaters. Mater

ials and methods are described in detail in the text. Results 

28 



29 

of pilot testing on the feasibility and reliability of 

the technique and its sensitivity to experimental manipul

ations, are presented for eight subjects. 

Background 

Many independent variables have been studied in 

laboratory experiments for their potential role in regulation 

of human food intake. Age, sex, body weight and restraint 

are ,the subject characteristics investigated most often. 

Qualities of food itself such as caloric density, volume, 

taste, palatability and variety, etc. have been used as 

experimental manipulations. Other experimental contexts 

have also been included: ranging from preloading (giving 

snack food shortly before a meal), food deprivation, meal 

frequency, appetite suppressants, and arousal to cognitive 

and social cues. The dependent variables selected to reflect 

food intake behavior usually are measures of amount eaten, 

meal duration, rate of eating, eating style, verbal report 

and salivation (Bellisle, 1979; Stunkard and Kaplan, 1977; 

Pudel, 1977; Spitzer and Rodin, 1981). 

It should be noted here that many of the studies 

of eating behavior are oriented toward obesity research. Cer

tain types of variables have been studied intensively due 

to the interest in identifying an "obese eating pattern," 

and an "obese orientation" to external and/or internal 
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cues. Clearly, an understanding of how sensory, cognitive 

and environmental variables operate in control of human 

food intake is crucial for any weight management programs. 

However, the proliferating literature on human eating 

behavior is flooded with contradicting results from differ-

ent laboratories. The difficulties appear to have risen 

from three areas. There are inherent problems lin studying 

a learned habitual behavior with a large varia,nce, and 

in conceptualizing and operationalizing experimepts. These 

problem areas are reviewed in detail in the B .ckground 

section of chapter 3. The last problem deriveE from the 

methodologies that have been used in laboratories to measure 

food intake behavior. An analysis of this technical problem 

will serve as a rationale for the development of the new 

laboratory technique which is presented in detail later 

in this chapter. 

All laboratory techniques currently available for 

measuring human eating behavior have definite limitations 

of validity, reliability or resources required (Silverstone 

and Fincham, 1978). Methods of analyzing duplicate meals 

in bomb calorimeter (Miller and Payne 1959) or weighing 

foods before and after a meal provide more accurate energy 

content, and are more natural and less obtrusive. But the 

extensive requirement on time and resources also keep ex-

tended observation rather expensive, and the "real" meal 
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setting makes concurrent objective remeasurements of other 

behavioral parameters during the course of the meal quite 

difficult. 

Liquid diets from visible or hidden containers are 

commonly used in laboratory studies for the convenience 

of manipulating nutrient density, volume, ease of access 

and preparation during long-term studies (Hashim and Van 

Itallie, 1964; Jordan, 1969; Meyer and Pudel, 1972; Spiegel, 

1973). Though some of these studies established base-line 

intake of each subject and observed"daily consumption for 

as long as two weeks (Spiegel, 1973; Wooley et al., 1972), 

they might have measured the drinking behavior rather than 

eating behavior (Warner and Balagura, 1975) Also, the low 

palatability of selected liquid diets might have signi

ficantly influenced the experimental results in different 

weight groups (Durrant and Wloch, 1978). When solid foods 

were used, they were frequently limited in variety (Warner 

and Balagura, 1975; Schachter, 1968; Schachter, 1971; Price 

and Grinker, 1973; Wooley et al., 1975; Silverstone et 

al., 1980), or depended on estimation by observers of the 

quantity of food eaten and the rate of eating (Hill, 1974; 

Price et al., 1976; Booth, 1975). 

Technical problems in laboratory studies seem to 

impose trade-offs among factors of food palatability, food 

variety, obtrusiveness, duration of observation, objective-
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ness or quantification of measurement. It is reasonable 

that experimentors would develop different techniques based 

on research questions, hypotheses or indicators to be meas

ured. Ideally, it would be desirable for studies examining 

the same hypothesis to use comparable techniques so various 

results could build upon each other and some generalizations 

could be made. Typically, however, each investigator tries 

to modify the protocol or instrument or the test situation 

somewhat in an attempt to overcome 'existing limitations. 

In a critical and thorough review of recent literature 

in this area, it was pointed out that non-manipulated exper

imental context variables seem to have systematic effects 

on eating behaviors (Spitzer and Rodin, 1981). Such environ

mental variables included the extent to which the subject 

was aware of the purpose of the study, the type of food 

eaten, the method of food presentation, the method of food 

consumption, the time allotted for eating, and length of 

food deprivation. 

Silverstone recommends some basic criteria for a 

continuous monitoring technique of human feeding behavior, 

including: 1) presentation of "real" food which is bitten 

and chewed; 2) allowance for food varieties; 3) provision 

of a hidden and apparently inexhaustible food supply; 4) 

the permission of extended and less obtrusive observation 

of feeding behavior; 5) automatic recording of food choice, 
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amount eaten and rate of eating (Silverstone et al., 1980). 

These guidelines probably would be adequate in terms of 

reliability and acceptability, and a technique developed 

from these criteria has been shown to be useful in studies 

of palatability (Durrant and Wloch, 1978) and the effect 

of anorexic drugs (Silverstone et al., 1979). The only 

major concern remaining is the minimum effort in deception 

of the purpose of the study on eating behavior. 

When increased self-awareness of one's eating behavior 

has been manipulated explicitly, decreased food consumption 

resulted (Pliner and Iuppa, 1976). Whether or not subjects 

realize why they are being observed, some (such as the 

restrained eaters) are more likely than others to be affect

ed. Laboratory studies that established the concept of 

restraint and its behavioral correlations have been based 

on deception studies of liquid diet or for ease of manipul

ating experimental variables (Pudel, 1977; Meyer and Pudel, 

1977; Herman and Polivy, 1975; Ruderman and Wilson, 1979). 

Influence of cognitive factors (e.g. false feedback on 

volume intake), arousal and preloading on amount eaten 

were determined in these situations. To gain a more com

prehensive understanding of the behavioral characteristics 

of restrained eaters, it becomes necessary to develop a 

laboratory technique which could meet Silverstone's recom-
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mendations, as well as allow for deceptions of both study 

purposes and amount eaten. 

Specific Aims 

The new laboratory technique described in this chapter 

has been designed to study the various eating parameters 

of restrained eaters. Specifically, the technique meets 

the following experimental requirements: 

1. Concurrent measurements of amount eaten, food choices, 

rate of eating and self reports on hedonic rating and 

perceived consumption. 

2. Deception of study purposes possible. 

3. Continuous data recording throughout the course 

of a meal without conspicuous observation or obtrusive 

assessment. 

4. Amount eaten not directly visible (so self-perceived 

consumption may be compared). 

5. Foods presented with high palatability, in large 

varieties and small portion sizes. 

6. Testmeal energy intake comparable to ordinary meal 

intake. 

7. Within subject consistency of measurement. 

8. Effect of experimental manipulations or subject 

difference possible to distinguish or recognize. 



35 

Item one states the dependent variables to be measured 

and requirements two through six address other problems 

of validity. Item seven deals with reliability, and the 

last item brings out the issue of sensitivity. 

The experimentai procedure is applicable to human 

subjects in general. In particular, it allows for character

ization of the unique eating behaviors of chronic dieters. 

High palatability may increase signals, and minimized react

ivity may significantly reduce noise, thus some behavioral 

differences might be more easily identified. Preload treat

ment is not a pertinent procedure in the application of 

the technique. The preload protocol is included in Methods 

because it allows for some convenient experimental manipul

ations of variables associated with appetite control. Invest

igations of the effect of many physiological, sensory and 

cognitive parameters on food intake have been characterized 

by inconsistent findings in literature (Spitzer and Rodin, 

1981). This laboratory technique combined with preload 

manipulations may elucidate many unanswered research quest

ions pertaining to the restrained and obese eaters. 

Methods 

The new laboratory technique involves serving appet

izing hors d' oeuvres on a self-refilling tray to the sub

ject. Throughout the course of a meal, food choice and 
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palatability ratings are entered directly into a mini-com

puter with a clock by the subject. A continuous record 

of eating behavior in terms of amount eaten, time of eating, 

choice of food and hedonic rating is thus available for 

comparison with self-perceived intake and. hunger rating. 

Physical set-up of the testing laboratory 

The physical set-up of the room for hors d'oeuvre 

serving was specially designed to accommodate a motor-driven 

rotating tray in the wall separating the test room and 

the kitchen (figure 2.1). Only half of the rotating food 

tray was shown in front of the subject at any given time. Any 

time an hors d'oeuvre was taken, the empty saucer on the 

tray was quickly refilled with the same kind of hors d'oeuvre 

by the researcher in the kitchen. The food tray thus appeared 

to be self-refilling from the sUbject's side. 

The nine menu items were arranged in an orderly 

pattern on numbered saucers. A chart showing colored pictures 

of menu items with corresponding numbers was also posted 

on the wall, making it easy for the subject to match the 

item chosen with the menu number. The seat of the subject 

was arranged between the rotating food tray and a table, 

on which were a computer monitor, a simple keyboard for 

number entry, and a small dish. Everything was within 

easy reach of the seated subject. 



Kitchen Side 

Subject Side 

0\ 

Fig.2.1 Physical Set-up of Feeding Laboratory 

I ( Researcher Refilling 
Food Tray Constantly 

W 
-.J 
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Instructions to subjects 

A deception design was chosen to minimize psycholo

gical impact on the feeding behavior. Each subject thought 

she was participating in a "taste panel", and the purpose 

of the study was to investigate the influence of previously 

eaten food on the sense of taste (see appendix I for a 

sample handout given to subjects). 

Each subject was shown to the observation room where 

hors d'oeuvres were being served. The subject was then 

instructed to eat until full from the rotating food tray 

and to rate the palatability of each hors d'oeuvre on the 

computer keyboard. She was to match the hors d'oeuvre chosen 

with the assigned menu number by referring to the chart 

posted on the wall. She could freely select items she wished 

to eat, but should finish one before reaching for another. 

When she felt like ending the meal, she was to rate three 

consecutive "6" for the last three hors d'oeuvres eaten 

and the program would stop automatically. 

Type of food served 

For the test meal, it was desirable to present a 

variety of highly palatable foods in small, non-filling 

portions (Pliner, et al. 1980, Pudel 1977, Le Magnen 1980). 

Assorted appetizing hors d'oeuvres made from culturally 

valued foods were used for this purpose. The subject would 



eat many servings, busily rate the palatability of each, 

and lose count unless she was otherwise conditioned. 
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Nine menu items made from egg, seafood, ham, cheese, 

vegetable, fruit, and butter cookies were chosen, with 

some items including up to six varieties. Seven items were 

non-sweet, one item (including two varieties) was semi

sweet, and one item (six varieties) was very sweet. The 

hors d'oeuvres were prepared from standardized recipes 

and the caloric content ranged from 19 kcal to 35 kcal 

each. Analysis of amount eaten included both number of 

hors d'oeuvres consumed and the energy equivalent of the 

meal. Table 2.1 lists the food ingredients and energy 

values of the assorted hors d'oeuvres. 



Table 2.1 Food ingredients and energy values of assorted 
hors d'oeuvres served in testmeal. 
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MENU # VARIETIES ENERGY (KCAL.) 

1 cracker + butter + egg + caviar 31 

cracker + butter + egg slice + shrimp 

2 cracker + lettuce + tunafish 23 

cracker + lettuce + salmon 

cracker + salmon + caviar 

pumpernickle bread + lettuce + eel 

3 cracker + mushroom + shrimp 20 

4 cracker + Bosson cheese & chives 28 

5 pumpernickle bread + ham + asparagus 24 

6 pumpernickle bread + tomato + cream cheese 24 

7 cracker + Camembert cheese 31 

8 pumpernickle bread + cottage cheese + 

canned Mandarin orange 19 

pumpernickle bread + cottage cheese + 

canned pineapple 

9 Danish butter cookies (six varieties) 35 
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Scheduling 

Each subject was scheduled a 40 minute feeding session 

between 11:00 and 14:00 hours. She was not to leave the 

test room until the end of the session. Since this technique 

often employed a design of repeated measures of the same 

subjects, she was asked about perceptions of hunger and 

amount eaten only at the completion of the study to minimize 

psychological influence. 

Usually, two to three laboratory personnel were 

needed throughout the course of the experiment to ensure 

quality control. Their responsibilities were divided among 

subject instruction and scheduling, food serving and food 

preparation. Preportioned hors d'oeuvres were prepared 

at one hour intervals to ensure freshness. 

computer programming 

A prompt program was written for an Apple II minicom

puter to record food choices, palatability rating and time 

lapse of each feeding test. Only the test identification 

number was entered by the researcher at the beginning 

of a testmeal, the rest of the information was directly 

entered by the subject throughout the meal. A small computer 

keyboard with numbers 0-9 was used for data entry. Simple 

step by step instructions on the monitor screen ensured 

accurate data entry and easy operation (see Appendix 2 



for a flow chart of the prompt program, and Appendix 3 

for a sample printout of the raw data). 

Administration of preloads 

The preload procedure was an optional one for the 

new technique. When the preload treatment was included 
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in the experimental design, the following protocol was 

used. Three separate rooms were used for waiting, preload 

consumption and feeding. On each trial day, each subject 

was scheduled to attend a 75 minute feeding session during 

lunch hours. She was asked to eat a light breakfast (i.e. a 

slice of bread and a beverage) four hours before the test

ing time. 

After being greeted by the researcher in the waiting 

room, she was led to the next room to eat the pudding pre

load. At the completion of the preload, which usually 

took 5 minutes, she was instructed to return to the waiting 

room and read popular magazines for 30 minutes. Then she 

was shown to the third room where the hors d'oeuvres were 

served. 



43 

Experiments and Results 

Pilot tests with preloads 

Pilot tests on the reliability of the laboratory 

technique were carried out on female volunteers. Preload 

treatments were used to simultaneously test the sensitivity 

of indicators to the experimental manipulation of energy. A 

noon feeding session was repeated on four separate days. 

A test lunch of assorted hors d'oeuvres was provided half 

an hour after the pudding preload. False information on 

the purpose of the study (i.e. a taste panel) and caloric 

content of preload ( i.e. a value of 400 + 2 kcal) were 

given at the beginning of the study. Questions on perceived 

amounts eaten and general comments were asked at the con

clusion of the four observations. 

Two types of preload were used to evaluate the sens

itivity of this technique to the effect of energy on subseq

uent food intake. Each preload was tested on each subject 

twice in a random order. The high energy pudding contained 

393 kcal and the low energy counterpart only contained 

67 kcal. Both were similar in appearance, volume, fat 

and protein content, and sweetness. The compositions of 

these preloads and the justification of their administration 

protocol are discussed in detail and made relevant to hypo

thesis testing in the Methods section of Chapter 3. For 
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standardization of the technique, the data can simply be 

regarded as consisting of 16 pairs of randomized, repeated 

measures from 8 subjects. 

Subjects 

The subjects were recruited by phone from a list 

of volunteers previously involved in various research pro

jects at the University of Goettingen, West Germany. The 

purpose and th~ requirement of. the study were explained 

and oral consent was obtained over the phone during the 

first contact. A payment of five German Marks (about $2.50 

in u.s. Dollars) was agreed upon for each session completed. 

There were 17 subjects who participated in this stage of 

the pilot testing of the technique. Minor revisions were 

still being made continuously on the experimental protocols 

or recipes during this time. Only data from eight subjects 

were suitable for standardization analysis. At least two 

pairs of repeated measures, after high and low energy pre

loads, under the same protocols were recorded in each one. 

Incomplete data or data collected under different conditions 

from other subjects were excluded from this analysis, al

though they had contributed to the overall development 

of the technique. 
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Results of pilot testing 

The number of hors d'oeuvres eaten in duplicate 

measurements showed internal consistency and considerable 

variation among subjects (Table 2.2). Pearson's correlation 

coefficient for the amount eaten from two duplicate sessions 

was 0.94 (N=16, two types of preload combined). Percentage 
I 

variation between individuals was 49%. Paired t test of 
, 

mean amount eaten after high and low energy preload was 

significant at the 0.03 level (t = 2.3, df =114). This 

result suggested that the technique was sens~tive enough 

to detect the treatment effect of about 330 ~cal. 

An important objective in the develop~ent of the 

new technique was to make it difficult for the subject 

to keep track of the amount eaten. Table 2.3 showed that 

most subjects were not able to recall their intake within 

10% of their real consumption. They also tended to deviate 

in the same directions consistently throughout the trials. 

Subject II could only estimate her intake from a most recent 

testmeal and completely gave up estimating earlier ones. The 

difference was not correlated with any sequence of testing 

or type of preload treatment. 

Another eating parameter measured that showed good 

internal consistency was the number of different menu choices 

(r = 0.78). But it had small inter-individual variation 
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Table 2.2 
Number of Hors D'Oeuvres, 

Eaten in Pilot Testing 

TYPE OF PRELOAD HIGH ENERGY LOW ENERGY * Comment 

Session l. 2. Mean l. 2. Mean 

Subject I 6 6 6 9 8 8.5 MO 
II 25 21 23 29 28 28.5 MO 

III 3 4 3.5 7 5 6 LO 
IV 9 13 11 19 16 17.5 LO 
V 19 21 20 25 23 24 LO 

VI 11 15 13 13 16 14.5 NM 
VII 10 12 11 20 14 17 NM 

VIII 18 20 19 24 24 24 NM 

Pooled 

+2.6 14.0 13.3 15.8 16.0 817.5 
+6.9 :!:.6.2 :!:.6.9 :!:.8.0 +7.9 +7.8 

Percentage 
Variation 55 44 52 56 47 45 
Eet\o,'ee;l 
SUbJects 

* Subject classification by body mass and dietary restraint 
MO manifestly obese 
LO = latent obese 
NM = normal 



Table 2.3 
Difference Between Perceived Number of Hors D'Oeuvres Eaten and 
Actual Consumption in Pilot Testing 

High Energy 

1 2 

subject 
I +1 -2 

II ** ** 
III 0 0 

IV +2 +1 
V +4 +2 

VI -2 -7 
VII -3 -5 

VIII -4 -2 

PERCEIVED-ACTUAL 
CONSUMPTION 

Low Energy 

1 2 

0 -2 
** -11 
+1 0 
+2 +1 
+5 +2 
-4 -3 
-2 -6 
-4 -7 

Mean 
difference as 

Mean a percentage 

-0.8 -11 
** *** 

+0.3 +6 
+1.5 +10 
-3.3 -29 
-4.0 -29 
-4.0 -29 
-4.3 -20 

~ 
-....J 
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(12%), and it does did not reflect the treatment effect 

of energy significantly. The pattern of consumption of 

the very sweet menu choice was very interesting. Half of 

the subjects selected the butter cookies often, while the 

other half never touched them. 

For the mean and standard deviation of palatability 

ratingof hors d'oeuvres, the intra-individual variation 

was similar to that between individuals. Subjective rating 

of a large variety of hors d'oeuvres probably would also 

mask any subtle decrease of rating with increased satiety. 

Measurements of eating styles such as meal duration 

and rate of eating could not be analyzed directly because 

of the learning effect associated with the sequence of 

trials. All subjects ate slower and spent more time between 

choices, especially at the beginning of the first test 

meal. After the first test was excluded, the duration of 

the meal appeared to be dependent on the amount eaten. But 

the rate of eating remained unexplainable when compared 

within an individual or between individuals. 

Evaluation of the experimental context by subjects 

showed that the deception study was generally accepted 

as was. No subject suspected the real purpose or felt dis

turbed by the apparatus. Perceived purpose of the study 

other than "taste panel" was the development of a new diet 

or a new recipe. 



49 

Results of other experiments 

In subsequent application of the techniques to the 

study of short-term appetite control by energy and sweet 

taste in subjects of different body mass and restrained 

eating characteristics (to be described in Chapter 3), 

the results were also encouraging. Amount eaten as an indic

ator was sensitive to the effect of energy in all subjects, 

and the effect of sweet taste in only subjects with certain 

characteristics. The difference between perceived amount 

eaten and actual consumption was also significantly varied 

for the groups. Comparison of individual intake of the 

laboratory lunch with self reported longer-term habitual 

intake also suggested that the individual energy consumption 

from such a testmeal was mostly within one standard devia

tion of the natural mean. (See table 4.9 in Chapter 4). 

Pearson's correlation coefficient calculated the energy 

intake of the laboratory testmeal and the reported intake 

of that test day was 0.75. 

Discussion and conclusion 

A new laboratory technique for studying short term 

appetite control was developed. It allows for the present

ation of highly palatable foods in large variety, the mon

itoring of food consumption throughout a meal, and keeps 

the subject from direct counting of amount eaten. The new 
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technique is highly reliable in measuring. food consumption. 

It makes the difference between perceived intake and actual 

intake possible to recognize, thus is particularly suitable 

for the study of restrained eaters. It is also sensitive 

enough to differentiate· treatment effect, group effect, 

and trial effect when these are present. The additional 

data on energy intake reported habitual intake suggested 

external validity. 

It is not clear if the pattern of decreased palat

ability rating with satiety produced by experiments using 

limited food items can be identified by this method. It 

is also not clear whether the technique is feasible for 

studying the rate of eating, because it requires concurrent 

task by the subjects during the course of a meal. The tech

nique provides a good opportunity to study food choices, al

though there is definite need for a good hypothesis relating 

food choice to food intake regulation, before any meaning

ful findings are possible. 



CHAPTER 3 

EFFECT OF ENERGY AND SWEETNESS ON SHORT-TERM FOOD INTAKE 

In recent years, environmental and subject variables 

associated with overeating have been investigated extensive

ly in laboratory studies, but few characteristics have 

uniform results (Spitzer and Rodin 1981). The methodological 

problems involved in studying a learned habitual behavior 

such as food intake in laboratory setting have already 

been discussed in Chapter 2. The conceptual problemsrelat

ing short-term experimental work to long-term real food 

habits will be illustrated and dealt with in this chapter. 

Two major points are directly relevant to laboratory 

studies of appetite control and this experiment. The first 

is that the definition of overeating is better based on 

the individual body's need for maintaining long-term energy 

balance, rather than on a cross-sectional population norm 

or sample mean. The second point appears obvious but is 

often overlooked by investigators preoccupied with improving 

experimental technique and context. It is the need to oper

ationalize the hypothesis to be tested adequately. Consist

ency in research questions, design, indicators and measure

ments needs to be cross-checked. 

~l 
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Energy content and the sensory factor of sweetness 

were the variables investigated in this experiment. The 

general goal was to identify differences in food consumption 

behavior of restrained eaters, normal and overweight indiv

iduals. Repeated measures of eating behavior were recorded 

in an effort to differentiate the tDpography of eating 

behavior of these subjects. 

The laboratory technique presented in Chapter 2 

was applied with a more elaborate design in this study. 

In the Methods section, additional protocols used will 

be discussed. The Background and Res,ults will be organized 

according to the two experimental variables, energy and 

sweetness. Comments on the difference between caloric 

and non-caloric sweetness will be covered under general 

discussions of sweetness. The relationship of subject char

acteristics and short-term food intake is investigated 

in all analyses. Some other dependent variables related 

to food intake behavior which are often used in obesity 

studies will also be included in review. The lack of a 

functio~al hypothesis connecting these behavioral or affect

ive variables quantitatively to appetite control so far 

has limited the application of research findings. The pers

pective of long-term energy balance will be utilized to 

interpret laboratory results. 
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Background 

Studies on the effect of energy content, sweet taste, 

body weight and restraint on short-term eating behavior 

will be reviewed in sequence. The review on the subject 

of sweet taste and appetite control may appear lengthy, 

but the details are pertinent background for a major hypo

thesis to be tested in this study. Other commonly used 

indicators in short-term food intake studies will be eval

uated. The validity of many of these measures still needs 

to be assessed in terms of relationship to short or long-term 

energy intake. Better hypotheses relating these independent 

and dependent variables to long-term energy balance also 

need to be developed. 

There were two basic assumptions underlying much 

of the recent work. One was that if "normal", "overweight" 

and/or "restrained" patterns of eating could be identified, 

overweight people could be taught to eat as normal or as 

restrained eaters do and thus, lose weight. A second assump

tion was that the overweight are more responsive to external 

food cues and/or less attentive to internal cues. Hypotheses 

generated from these assumptions of food behavior varied 

in quantity and quality. Neither assumption had been fully 

validated or rejected by the results of tests of these 

hypotheses so far. 
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A thorough and critical review of studies on human 

eating behavior in normal weight and overweight individuals 

by Spitzer and Rodin (1981) presented an excellent summary 

of the state of the art. Studies of both laboratory and 

naturalistic settings were included in their analysis. It 

should be noted that these naturalistic observations were 

carried out in public eating places for a number of meals 

. with self-selected patrons. Although interesting correl

ations have been drawn from these studies, they should 

be differentiated from measures of habitual food intake 

in individua~s. Three earlier reviews of human feeding 

behavior (Bellisle 1979, Pudel 1977, Stunkard and Kaplan, 

1977) were also helpful in understanding the development 

of this research field. Background on the effect of sweet

ness and measures of food choice will draw on sources in 

somewhat different research areas. 

Many hypotheses investigating the effect of a variety 

of environmental and physiological factors on short-term 

appetite control have been proposed and tested. with a 

few exceptions, there were usually as many published results 

supporting one hypothesis as rejecting it. Methodological 

and theoretical problems contribute to the impressive incon

sistency in findings. 
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Effect of energy content of food on amount eaten 

One common way of investigating the regulation of 

food intake by energy is to determine the effect of preload

ing on subsequent meal ingestion. In only 11 out of 21 

laboratory studies reviewed by Spitzer and Rodin did subjects 

adjust their intake in response to pre loading procedures. It 

was suggested that time of ingestion of preload, sensory 

and cognitive cues (provided or perceived), and the nature 

of other tasks performed during eating may be as important 

as preload calories or volume. 

The interaction of energy and body weight or restraint 

with preloading has not been consistent in recent liter

ature. Nine out of twelve reviewed studies did not support 

the assertation that the obese could not respond to caloric 

pre loading (i.e. internal stimuli) as accurately as do 

normal weight subjects. Three out of five studies showed 

that those with higher scores on the restraint scale ate 

more on the average after ingesting a preload (i.e. counter

regulation) (Spitzer and Rodin 1981). 

Other methods of manipulating energy in laboratory 

experiments have included false feedback on calories (Pudel 

1973), varying caloric density, false caloric labeling, 

etc. Some of these studies using a liquid diet or a single 

food item have independently concluded that the caloric 

content of a meal has little or no influence on food intake, 



especially in obese subjects. However, normal subjects 

were occasionally found to be influenced by variations 

in caloric content, particularly under long-term experi

mental conditions (Pudel 1977). 
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In none of the studies using repeated measures of 

the same subject did the adjustment in amount eaten compen

sate completely for differences in calories. After all, 

it is difficult to separate the cognitive and physiological 

effects of a caloric manipulation, and cognitive factors 

often have physiological repercussions. 

Effect of sweet taste on amount eaten 

The review on the effect of sweet taste on food 

intake is discussed in three parts. The first part covers 

taste mediated appetite control in general. The next one 

is on the relationship between sweet taste and oral satiety.

The last part deals with the alliesthesia theory and the 

preference for sweet taste. 

It will become obvious that the knowledge in this 

area is fragmentary. The process linking taste to actual 

food intake is not well understood. Intermediate steps 

in the process, such as food preference, food likes and 

dislikes, food palatability, taste perception, food accept

ability, and food selection are not well defined and differ

entiated. When measures of overweight people have been 
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compared with those of normal individuals in these para

meters, very few of the research questions have been stated 

in relation to long-term energy intake. Many results have 

been difficult to explain or non-reproducible. 

i. Taste Mediated Appetite Control. The sense of 

taste plays two roles in the regulation of food intake 

(Rodin 1979, Young 1966, Zajonc, 1980). First, it provides 

qualitative information and therefore clues on energy content 

of a foodstuff. The second role is the motivating aspect 

of taste via food palatability. Taste can elicit its effect 

on food intake through activation of physiological res

ponses. Taste stimulation can influence salivary flow, 

exocrine pancreatic flow, endocrine insulin and glucagon 

release, and can even change metabolic rate (Beauchamp 

1980). The satisfying power of a food item is partly acquired 

by association of its sensory qualities (e.g. taste, flavors, 

textures, etc.) with some physiological consequence of 

ingesting the nutrients, usually contained in that food 

(Booth, Lee and McAleavey 1975). 

Taste is a major sensory characteristic of food 

that influences food likes and dislikes (Rozin 1983), food 

acceptibility (Booth 1981), food palatability (LeMagnen 

1980), food preference, food selection (Lau, Krondl and 

Coleman 1983), and maintenance of feeding (Rolls et al. 



1980). Although these parameters have not been clearly 

defined, they all relate to food intake. 
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The effect of palatability on the amount eaten per 

se will be reviewed separately later in the self-reported 

measures part of this section. Taste preferences are con

sistently evident in the newborn human infant as measured 

by volume intake during a brief period of presentation, 

parameters of sucking, and facial expressions (Beauchamp 

1981, Lipsett 1977, Maller and Oesor 1972). Taste, along 

with other sensory stimuli, physiologial state, and cogni

tive factors may be conditioned and affect food intake. The 

learning of satiety during years of development could be 

adaptive or maladaptive, and varies considerably between 

individuals (Booth 1977). 

ii. Sweet Taste and Oral Satiety. Sweet taste can 

bring about changes in blood sugar levels, perhaps due 

to the release of a pancreatic hormone (Nicolaidis 1969, 

1977). Systematic changes like blood glucose level ought 

to affect feeding in a nonspecific way (Mook et al., 1980). 

Some animal studies suggest that sensory factors such as 

sweet taste might affect satiety in much the same way that 

calories are presumed to do. 

In rats, sweet taste from a saccharin solution was 

found to induce oropharyngeal satiety or feeding alternately 
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(Mook, et al., 1980). In another study, saccharin preload 

reduced subsequent intake of glucose (Hsiao and Tuntland 

1971). A diet flavored with saccharin was reported to lead 

to decreased meal size because of satiety resulting from 

the saccharin taste input (Gentile 1969). 

iii. Alliesthesia and Preference for Sweet Taste. 

The alliesthesia theory of Cabanac, Duclaux and associates 

(1971) hypothesized: "as long as a food contributes toward 

maintenance of a preset body weight (dictated by a pondero

stat), the taste of that food will be pleasant; when further 

ingestion of a food would result in excess body weight 

(i.e. higher than the ponderostat dictated weight), the 

taste of the food becomes unpleasant." Obesity, then, "could 

be a resetting of the ponderostat at a higher value," or 

results from the lack of awareness of internal signals 

for control of food intake (Cabanac 1971, Cabanac, Duclaux 

and Spector 1971). 

The original work that led to the proposed allies

thesia theory was on observations of preference for sucrose 

solution by obese and normal weight subjects. Subsequent 

studies on food preference had aimed at supporting or dis

approving this theory. However, the inconsistent findings 

have not improved our understanding of the relationship 

between taste preference and obesity. 
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The diagram in figure 3.1 illustrates the relationship 

of body weight and taste preference as proposed by the 

alliesthesia theory. The only important stimulus from the 

environment considered to affect energy intake was the 

input of food as an energy source. The overlooking of the 

environmental context of food stimulus, other sensory qual

ities of food, and cognitive activities have1made efforts 

to correlate taste preference and obesity un$uccessful. 

A diagram presented in figure 3.2 proposes a revised model 

incorporating some of these overlooked varialles. The role 

of the "big head" (Cahill 1978) in human tasi:e preference 

and energy intake is emphasized in the new model. Cerebral 

activities function at both the hedonic level and the behav-

ioral level. The alliesthesia theory is thus reevaluated 

under the new conceptual framework. 

The preference for taste is likely to be determined 

by similar factors that affect food acceptibility (Booth 

1981), palatability, (LeMagnen 1980), food likes and dislikes 

(Rozin 1983), or food selection (Lau et al. 1983). Although 

different terms have been used to denote the general hedonic 

feeling toward food by various investigators, the deter-

mining factors found generally fall into four categories: 

sensory characteristics, physiological state, cognition 

and learning. 
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Since the taste quality of sweetness is only one 

of the many sensory characteristics associated with the 

ingestion of a food item, it is reasonable that the prefer

ence for sweet taste depends also on other sensory factors 

in the foods tested. For example, the preference for sweet 

taste had been shown to be closely related to the preference 

for fat, and this was weight and restraint dependent in 

the study. Obese subjects were found to prefer fat far 

more than sugar,. while stable reduced-obese people showed 

enhanced preference for both (Drewnowsky et al., 1983). 

At the level of sweetness preference, the degree 

to which cognition and learning interact with physiological 

states and other sensory cues may be very individualized 

(Coleman and Krondl 1983), and changeable with sociopsycho

logical context. Learning and conditioning can interact 

freely with the physiological, sensory or cognitive factors 

associated with food. From this perspective, it is under

standable why restraint did not predict sweetness preference 

by ideal sweetness intensity in a carefully designed psycho

logical study (Frijters, 1983). 
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At the next level of energy intake, again, the same 

four categories of sensory, physiological (internal and 

external input), cognitve and learning controls are working 

together. Therefore, taste preference does not always lead 

to predictable energy consumption or obesity state. A study 

of taste and food intake frequency showed that the correl

ations varied with particular food, developmental period, 

and ethnographic/social background (Lau et al. 1983). When 

Kendall's tau correlation with food frequency was calculated 

for 48 foods, the median correlation value for taste was 

0.36. Other factors (food perceptions) that affected actual 

food intake in this ecological model included satiety, 

tolerance, health belief, prestige, familiarity and price. 

Again, they fell into the same basic four categories of 

determinants. 

With a more comprehensive picture of the relationship 

of sweet taste preference and body weight, some reported 

results on obese and normal subjects in this area are no 

longer surprising. The original study of Cabanac and Duclaux 

demonstrated that normal weight subjects reduced preference 

for sucrose solution after glucose solution (Cabanac and 

DuClaux 1970). Another group found no difference in reduc

tion of preference for sucrose solution after glucose or 

cyclamate (Wooley, Wooley, and Dunham 1972). A recent study 

reported a similar tendency toward negative alliesthesia 
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with satiation by obese and non-obese women, and suggested 

the phenomena to be highly individualized (Coleman and 

Krondl 1983). 

When sweetness was judged hedonically, two studies 

showed that obese subjects found sweet taste to be more 

pleasant than did non-obese subjects (Underwood et ale 1973, 

Thompson, Moskowitz and Campbell 1976). Another study showed 

no difference in preference of milk shakes of varying sweet

ness by weight groups (Rodin 1975). As discussed earlier, 

a recent study manipulating both sweetnees and fat content 

showed that the preferences for both varied with weight 

and restraint (Drewnowski 1983). But a study also discussed 

previously showed no effect of cognitive restraint on sweet

ness preference (Frijters et ale 1983). An investigation 

of nine morbidly obese patients undergoing vagotomy showed 

that the pre-operative dislike for strong sweet solution 

was decreased after the operation. The rating of taste 

intensity of weak sweet solution was also attenuated. The 

change in preference for bitter solution followed the same 

direction as that of sweet solution (Alfredsson et al., 

1983). 

Since these experiments did not control for subject, 

other sensory and environmental variables systematically, 

interpretation of the above results should have been made 

only for the given subject group and the experimental con-
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text, without further generalization. It is clear from 

the above review that the relationship of sweet taste and 

food intake is very complex, and information so far is 

rather fragmentary. Before the role of a hedonic feedback 

(such as sweetness) on modulation of energy consumption 

can be explored in a clinical setting, this relationship 

needs to be defined quantitatively. 

Effect of Subject Variables on Amount Eaten 

i. Effect of Body Weight. Overweight subjects do 

not eat more than normal weight subjects in most laboratory 

studies, but results from field observations seem to show 

that overweight people order more or consume more food. 

In general, cognitive factors r environmental cues and palat

ability are important determinants of amount eaten on any 

single eating occasion. Overweight individuals often seem 

more influenced by these factors, although prediction of 

amount eaten based on weight per se can be misleading (Spit

zer and Rodin 1981). 

ii. Effect of Restraint. with one exception (Polivy, 

et al. 1979), scores on restraint questionaires have not 

been shown to correlate directly with amount eaten. However, 

under experimental manipulations such as anxiety, dis in

hibitor (e.g. alcohol) and other cognitive variables, sub-
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jects scoring high on the restraint scale consumed signi

ficantly more food than low scorers (Herman and Polivy 

1975. Polivy et al., 1976, Pudel and Oetting 1979). In 

manipulations that induced conscious regulation of eating, 

the highly restrained eaters also tended to be affected 

more (Herman et ale 1979). 

When characteristics of restraint were combined 

with body weight, it was found that restraint scores did 

not predict behaviors of obese and normal weight subjects 

equally well. Restrained normal weight subjects (LO) ate 

similarly to manifestly obese subjects, disregarding their 

degree of restraint in an external-internal stimulus dis

crepancy test. However, when informed of false caloric 

feedback manipulations, only the latent obese overcompen

sated by undereating (Pudel and Oetting 1979). 

Dietary restraint may be viewed as the conscious 

response to factors that would lead to overeating if left 

unchecked. The three instruments currently available for 

measuring restraint (Pudel, et ale 1975, Herman 1976, Stun

kard et ale 1981) have not been tested for external valid

ity. In addition the various components in these question

aires such as weight history, cognitive restraint, and 

externality have not been delineated for their individual 

associations with specific feeding behaviors. The potential 

application of the restraint concept in clinical treatment 
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of obesity cannot be realized until the theoretical basis 

is better defined. The relative benefits and risks of dietary 

restraint, the process linking cognitive restraint to actual 

food intake control, and the effectiveness of treatment 

strategies on long-term energy balance, are some fundamental 

questions to be answered. 

Other commonly used indicators 
of short term food intake 

In addition to the amount eaten from testmeals, 

other dependent variables related to food intake have also 

been co~monly used in laboratory studies of appetite control 

and obesity. Three variable categories are selected for 

general review here because their measurements were also 

included in the experiment to be described later in this 

chapter. 

Again, it should be pointed out that all of these 

variables were selected to indicate different aspects 

of food intake control because of a basic interest in differ-

entiating obese eating patterns. They have not been shown 

to predict short or long-term enery intake per se. Actually 

only a few hypotheses based on'these indicators have been 

proposed in theoretically meaningful ways. 

i. Measures of Eating Style. Aspects of eating 

style that have been assessed include meal duration, rate 

of eating and a long list of measures from bite size, number 
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of chews, to frequency of "thin eating responses" (e.g. 

picking at food, putting down utensils, etc.). These meas

ures of eating style are often assumea to be determinants 

of amount eaten. Thus, in behavioral treatment programs, 

one major strategy for controlling food intake is to adopt 

"thin" eating styles such as slowing down the eating rate 

(Brownell, 198~). It has been suggested that these measures 

may be potentially useful as more subtle measures of appet

ite/satiety. These variables of habit may also be included 

as subject variables in attempts to find differe~ces in 

eating behavior. However, despite the plausible speculations, 

the existence of "obese" or "thin" eating styles have not 

been supported by studies using these temporal dependent 

variables or other behavioral measures. 

Meal duration was found not to be reliably associated 

with body weight in laboratory studies or in naturalistic 

studies when the impact of amount eaten was held constant. 

(Spitzer and Rodin 1981). Spitzer and Rodin thus recom

mended that meal duration be used as a covariate or blocking 

variable in the statistical analysis of other variables. 

The rationale was that subjects eating longer than 20 min

utes may have the potential to be influenced by more differ

ent kinds of physiological feedback cues from absorbed 

foods than otherwise. 
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Rate of eating is a measure of the vigor of eating 

and an aspect of habitual eating style. It has implications 

for appetite regulation because eating faster allows the 

consumption of more foods before the effect of postingestive 

satiety cues. Also the rate of eating at one meal influences 

salivation, a putative measure of appetite, at subsequent 

meals (Wooley, Wooley, and Turner 1975). 

Labbratory findings on measures of rate of eating 

in overweight weight and normal subjects have yielded con

flicting results, probably because of indicators selected 

(e.g. bites -per time period vs. measures on entire meal 

period). In a field study, it was found that overweight 

individuals ate faster than normal weight individuals only 

when rate was assessed by actual amount ingested per time 

period. The overweight people also took significantly larger 

bites (Dodd, Birkey, Stalling 1976). 

The most consistent finding of all studies is that 

rate of eating decreases over the course of a meal. This 

slowing may reflect increasing satiety from conditioned 

and unconditioned stimuli (Booth 1977). Rate of eating 

appears stable for individuals over several days (Moon 

1979, Meyer and Pudel 1977), but the variances between 

individuals are large. Using liquid diet, a negatively 

accelerated cumulative curve over the course of a meal 

has been recorded in normal weight adult subjects, infants 
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and young children. A similar curve is also found in anim

als. A linear intake curve reflecting the failure to slow 

intake as the meal progresses has been identified in over

weight persons, elderly subjects and certain disease states 

(Pudel 1977). 

Liquid intake curves seemed modifiable with feedback 

training by using external signals (Pudel 1980). There 

was also evidence that rate of eating of solid foods de

creased over the course of a meal (Kissilef, Klingsberg 

and Van Itallie 1980, Moon 1979). When the eating rate 

is studied, it would be desirable that all subjects are 

presented with the same amount and types of food, and no 

additional task is required during the eating period (al

though this makes a deception design unlikely). 

The search for an obese eating style has led many 

investigators to assess various aspects of eating style 

without preformulated hypotheses or a firm theoretical 

framework (Stunkard and Kaplan 1977). Hoewever, when a 

conceptually sound hypothesis is the basis for research, 

the findings can be very promising. The hypothesis of 

Blundell and his colleagues, that "different neural systems 

modulate different aspects of eating behavior and may relate 

in systematic ways to successful control of food intake," 

has been supported by studies of drugs which dissociate 

these aspects (Blundel, Latham, Moniz, McArthur and Rogers 
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1979). For example, although both amphetamine and fenflur

amine tended to reduce total amount eaten, they affected 

certain features of eating behavior differentially. Ampheta

mine decreased meal duration and protein intake while in

creasing rate of eating and meal interval. Fenfluramine 

decreased number of bites and eating rate, but spared pro

tein selectively. 

ii. Self-reported Measures. Measures in self-reports 

of laboratory studies range from assessment of hunger, 

and estimation of consumption, to perception of taste. As 

in many areas of psychology, there is a poor correlation 

between self-report and behavioral variables. None of the 

verbal report measures demonstrate clear differences between 

normal and overweight individuals. Verbal report of hunger 

has been shown to be a function of deprivation, but it 

does not reliably predict amount eaten subsequently. It 

has been suggested that hunger might be a better predictor 

of the onset of a meal than the size of that meal (LeMagnen, 

Devos, Gaudilliere, Louis-Sylvestre, Tallon 1973). 

Estimation of the amount of food just eaten is another 

type of task subjects may be asked to do. It has been hypo

thesized that inaccuracy in estimating the amount of food 

one has just consumed may be an important part of a weight 

disregulation problem. Several studies suggested that over

weight and restrained eaters tended to be less accurate 
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in evaluating their own food consumption, but only one 

showed significant differences (Nisbett and Storms 1975). 

Another study showed that obese subjects can be as accurate 

in estimating prior consumption as normal weight counter

parts, except when they are under conditions of distract

ion (Ross 1969). 

Food preference and quality are also assessed by 

verbal r~port measures. One hypothesis was that overweight 

subjects would perceive food to be more palatable or sweet 

taste more intense than normal subjects, and thus overeat. 

Although palatability does not represent a stable property 

of the stimulus itself because of possible change in taste 

perception with satiety and variety (Pliner, Polivy, Herman, 

Zakalusky 1980, Le Magnen 1981), it is the most consistent 

variable influencing the amount eaten. Palatability has 

been shown to increase food consumption of overweight sub

jects more than that of normal weight subjects in most 

studies. Increased taste responsiveness may relate to 

the development and maintenance of obesity. It has been 

speculated that heightened baseline responsiveness to palat

ability may precede obesity in some individuals. It is 

also possible that increased responsiveness as a result 

of food or energy deprivation may also contribute to obesity. 
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iii. Measures of Food Choices. Hypotheses on food 

choice seldom extend beyond those for sensory analysis 

and consumer research. Models and process theories on deter

minants for food acceptability and changes in the structure 

of acceptability have been developed (Booth 1981, Lau, 

Krond1, and Coleman 1983). But from the other direction, 

the interpersonal overtones of food choice and conditioning 

by hunger or satiety have not been linked back to appetite 

control in obesity in a conceptually meaningful way. 

One food prefernce study of the u.s. military popul

ation showed that overweight persons preferred entree or 

main dish items, and normal or underweight persons appeared 

to prefer desserts more (Meise1man and Wyant 1981). Another 

study found that foods rich in carbohydrate were considered 

most difficult to resist by female members of slimming 

clubs (Yudkin and MacAdie 1983), thus supporting the hypo

thesis that obesity in affluent countries is largely caused 

by the increasing availability of highly attractive man

made foods, often rich in carbohydrate. 

Perspective of long-term energy balance 

In the present treatment of laboratory studies invest

igating appetite control and obesity, three types of problems 

exist. The first type are the technical problems. The 

second is the large variance between and within individuals. 
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The third problem lies in conceptualizing and operation-

alizing hypotheses. Many inconsistent findings in this 

general area probably are due to one or more of the problems 

mentioned. 

An overall perspective for long-term energy balance 

will be used here to analyze the nature of these basic 

problems at the levels where they occur. As shown in Figure 

3.3, change in energy content of body at leJel IV is deter-
i 

mined by many factors at levels I, II, and ~II. Laboratory 

studies which attempt to correlate obesity state at level 

IV and measures of short-term food intake a level I need 

to take into consideration all the intervening factors 

between these two levels. This is where large variances 

occur and why hypotheses should be evaluated for theoretical 

meaning and valid operationization. 

For most laboratory studies, the technical aspect 

of measurement problems occurs at level I. Meal size is 

measured directly by the amount eaten or indirectly by 

other aspects of eating style (which supposedly determine 

amount eaten). Reviews of literature have concentrated 

on reliability and validity problems in measures of food 

intake in a meal or several repeated meals. Overeating 

is often defined at this level too, usually compared to 

group mean or population mean, rather than based on indiv-

idual energy balance. 
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With the lack of attention to long-term energy bal

ance, it is not surprising that many conflicting results 

have been reported from these short-term intake studies. 

Along with meal size, meal frequency also determines energy 

intake in a day at level II. In turn, the fluctuation of 

daily caloric consumption is also important in deciding 

long-term energy intake in level III. Individual variance 

in long-term energy expenditure is in itself a complicated 

subject under intensive study. All these variables between 

level I and IV and the variances they may contribute should 

be taken into account in the formulation of any hypothesis 

linking levels I and IV. In testing the hypothesis, mostly 

at level I, it is also crucial to view dependent and indepen

dent variables in terms of their relationship with long-term 

energy balance. 

Specific Aims 

The purpose of the experiment was to study the first 

dissertation objective: whether the manifest obese, latent 

obese and normal groups are different in short-term labor

atory eating behavior in response to energy content, sweet 

taste and type of sweeteners, using a deception design. 

Specifically, a series of dependent variables on food intake 

was measured to determine: 



1) whether consumption of high or low energy 

foods affect subsequent food intake differently. 

2) whether consumption of sweet or non-sweet 

foods affect subsequent food intake differently. 

3) whether c6nsumption of iso-caloric foods with 

artificial sweetener or caloric sweetener affects 

subsequent food intake differently. 

4) whether the manifest obese, latent obese and 
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normal subjects differ in any of the above responses. 

Dependent variables to indicate short-term food intake 

behavior and the various measures selected are as follows: 

1) Amount eaten as a major indicator. Three meas

ures were used to indicate amount eaten in a 

test meal: number of hors d'oeuvres eaten, calories 

of hors d'oeuvres eaten, .and total calories of 

testmeal (preload and hors d'oeurves) 

2) Other indicators of short-term food intake 

i. Measures of eating style. Meal duration, mean 

time interval between hors d'oeurves and standard 

deviation of time interval were used to indicate 

eating style. 

ii. Self-reported measures. Perceived number 

of hors d'oeurves consumed, mean palatabiltiy 

rating of hors d'oeurves, standard deviation 

of palatability rating, preload palatability 



rating and hunger rating after preload are self

reported measures selected to indicate hedonic 

feelings of food intake. 

iii. Measures of Food Choice. Number of differ

ent food choices, percentage of each menu item 

chosen, percentage of non-sweet, mildly sweet 

and very sweet choices were measures to indicate 

food selection. 
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Experimental protocols were based on the laboratory 

technique describ~d in Chapter 2, which is particularly 

useful for studying the eating behavior of restrained eaters, 

because the set-up makes it difficult to observe the amount 

eaten. In addition, the procedure of preload treatment 

was utilized for manipulations of energy content, sweetness 

and sweetener effect with minimum cognitive influence. 

Methods 

The experiment involves five test lunches of assorted 

hors d'oeurves after different pudding preloads for the 

manifest obese, latent obese and normal subjects. Subject 

recruitment, preload composition, laboratory protocols 

and data analysis will be discussed in sequence. Details 

of research design including general experimental design, 

subject classification and preload treatment are presented 

first. 



Research design 

A deception design was used for the experiment to 

minimize cognitive influence on the feeding behaviors to 

be studied. All subjects thought they were participating 
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in a taste panel, and the purpose of the study was to invest

igate the influence of previously eaten fobd on the sense 

of taste. 

i. General experimental design. Repeated,measures 

on the same subjects were used to control for heterogeneity 

of individuals (Spitzer and Rodin 1981). Five test meals 

including pudding preloads and assorted hors d'oeurves 

were given to all subjects. The 24 female subjects were 

categoried into manifest obese, latent obese and normal 

groups. Three experimental variables were manipulated in 

five preloads: sweetness, energy and type of sweetener 

(see table 3.1 for exact compositions of preloads). The 

effects of these preload factors on subsequent feeding 

behavior with appetizing hors d'oeurves half an hour later 

were investigated in the three groups. A modified balanced 

squares design (Williams 1949) was used to randomly assign 

five different preloads to five trial days for each group. 

A menu of puddings to be served on the test days 

was also passed out. Attractive names were given to each 

pudding without any indications of the ingredients, and 
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misleading energy values were printed casually on the side 

so that all puddings were perceived to contain 400 + 2 

kcal (see Appendix 5 for a copy of the menu). 

ii. Subject Classification. Twenty four female 

subjects were assigned to three groups based on their body 

weight and restrained eating scores (RES). 

Manifest Obese (MO) = all overweight subjects (N =9) 
Latent Obese (LO) = weight within normal range, RES> 20 (N=8) 
Normal (NM) = weight within normal range,RES< 20 (N = 7) 

A subject was assigned to the MO group if the (height 

in cm. - 100) x 110% was less than the body weight in kg 

(Pudel 1973). This is approximately the equivalent of 

a Body Mass Index [weight in kg./ (height in m.)2] of 25. 

This rigid criterion of obesity was used so the classifi-

cation of subjects would be comparable to previous studies 

at the University of Goettingen. It was recognized that 

the MO group as defined probably included some "benign 

obese" (Ritenbaugh 1982) subjects. However, the problem 

of setting arbitrary dividing lines for classification 

purposes on the two subject variables with continuous dis-

tribution was offset by analyzing data also with these 

two independent variables separately. 



iii. Preload treatment. Recipes of thepreloads 

were developed to meet the following criteria: 

(a) All preloads should have a similar appearance 

and acceptable flavor, while energy level, sweet

ness level and type of sweetener could be manipulated. 

(b) They should have the same volume and fat 

content to minimize differences in gastric emptying 

time (Booth, Toates and Platt 1976, Hunt and 

Stubbs 1975, Walike et al. 1969). 

(c) The volume should be small (about 2/3 cup), 

but the energy difference between high calorie 

and low calorie preloads should be as large as 

possible (Pudel 1978). 

Subject recruitment 
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Subjects were initially contacted in March 1980 by 

phone from a pre-existing list of volunteers who had showed 

interest to participate in studies at the University of 

Goettingen. Subjects usually learned about the opportunity 

through newsp~per advertisement or word-of-mouth. The age, 

sex, height, weight, and restrained eating scores (assessed 

by mailed-in questionaires) were already registered in 

the volunteer file before recruitment. Fem.ale subjects 

were recruited according to their body mass and restraint 

characteristics until each of the MO, LO, and NM group 
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had eight consented subjects. 

The subjects did not represent a random sample of 

local female residents in the college town. During the 

first telephone call, the purpose and procedure of a "taste 

panel," the requirement and schedule of participation, 

and the arrangement of payment were explained to the sub

ject. If the oral consent to participate was given, a sched

ule was set for five consecutive testing days. No further 

written form of consent was obtained. Twenty-five German 

Marks (about $12.50 in u.s. dollars) was paid to each 

subject at the end of the fifth· test day for her partici

pation. Out of the initial 25 subjepts, only one (NW group) 

failed to complete the test meals due to family illness. 

Composition of preloads 

Various ingredients and recipes were tested for 

the development of five preloads that could meet the three 

criteria specified in the research design. 

Pilot testings involved several commercially available 

elemental liquid diets and various dairy products. A pudding 

recipe of "quark", egg and lemon juice was chosen as the 

basis for various modifications. Quark is a German dairy 

product with the texture of a curd and a flavor in between 

yogurt and sour cream. It is a favorite food of the culture 
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and is available in whole or skimmed form, thus making 

it possible to adjust calorie and fat contents. The lemon 

flavor was used to cover any specific taste of cyclamate. 

All puddings were similar in appearance with whipped 

egg white foam and a slice of lemon as topping. Sucrose 

or starch was added to the high energy pre loads for extra 

calories (see Appendix 7 for nutrient analysis of the starch 

products used), and gelatin was used for a firmer texture 

of the low energy preloads. Cyclamate (under the brand 

name of Natrinn in West Germany) was the artificial sweeten

er used in two preloads. 

Table 3.1 shows the composition of the five preloads 

varying only in energy, sweetness and type of sweetener. All 

puddings were 167 mI. in volume and contained 5.2 grams 

of fat. The flavors and textures were different for the 

preloads, but efforts were made to minimize the cognitive 

cues associated with caloric values except for sweetness. 

However, since the manipulation of energy difference was 

not independent of flavor and texture difference, the argu

ment that the experimental results of energy difference 

were due to sensory cues (rather than internal regulatory 

cues) could not be ruled out. 
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Table 3.1 

Composition of Five Pudding Preloads 
in Laboratory Feeding Exoeriment 

Inoredients Energy (kcal) Sweetness Sweetener 

l. Skim Quark 300 9 393 = 28% Sucrose 
Egg 57 9 Sucrose 
SucrOse 66 9 Solution 
Lemon Juice 3 ml 
Water 50 ml 

2. Skim Quark 300 9 393 No None 
Egg 57 9 
Starch 75 9 
Lemon Juice 3 ml 
Water 150 ml 

3. Quark 38 9 67 No None 
Egg Yolk 10 9 
Gelatin 5 9 
Lemon Juice 3 9 
Water 250 ml 

4. Quark 38 9 67 - 28% Cyclamate 
Egg Yolk 10 9 Sucrose 
Gelatin 5 9 Solution 
Lemon Juice 3 ml 
Water 250 ml 
Natrinn 5 ml 

(cyclama te) 

5. Skim Quark 300 9 393 - 28% Cyclamate 
Egg 57 9 Sucrose 
Starch 75 9 Solution 
Lemon Juice 3 ml 
Water 150 ml 
Natrinn 5 ml 

(cyclamate) 
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Laboratory protocols 

Similar protocols as described in Chapter 2 were 

used except for the types of preloads. In addition to the 

introduction sheet to subjects (appendix 1), other handouts 

and forms were utilized. A preload menu (appendix 5, des

cribed earlier in the Research Design section) was passed 

out with the introduction sheet on the first testing day. A 

laboratory daily log (appendix 8) was used to record palat

ability rating of preload, breakfast eaten, and unusual 

daily activity each day for each subject. All of this inform

ation was collected during the half-hour waiting interval 

between preload and hors d'oeurves. 

Another questionaire form was administered at the 

completion of the five testmeals. Questions included general 

evaluation of experimental context, self-perceived number 

of hor d'oeuvre consumption on each test day, hunger rating 

after preload on each day, and brief weight history (see 

appendix 9). Questions on self-perceived consumption and 

hunger of previous test days were asked only at the conclus

ion of the experiment. This was to avoid any increased 

awareness of the subject on quantity of food intake during 

the feeding experiment. It was recognized that the reliabil

ity of perceived consumption might decrease with increased 

time interval, and individuals might differ systematically 

in their ability to recall intake. 
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A 24 hour food recall of the previous day was also 

collected at the end. The form (appendix 10) was adapted 

from the 14-day Nutrition Protocol booklet used in the 

National Food Intake Survey of West Germany, developed 

by the collaborating German research group. Each subject 

was thanked and given a check at the conclusion of the 

written task. 

Data analysis 

Three types of data analysis were used for the labor

atory investigation. The first type involved multi-variate 

procedures to test hypotheses. These analyses provided 

major results for the objectives of the experiment. The 

other two types of analysis were of an exploratory nature 

to search for hypotheses. The results were not directly 

related to the major research objectives, but might be 

considered as side products that were nevertheless interest

ing. 

i. Hypothesis testing. To assess the effects of 

the three experimental variables and any possible learning 

by trials, three-way analysis of variance was used on various' 

measures. The repeated measure procedure took into consider

ation that the same individual served as her own control. The 

effect of each independent variable on a dependent variable 
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effect of each independent variable on a dependent variable 

could be analyzed when the influences of other independent 

.variables were held constant. 

ii. Subject description. Subject characteristics, 

such as age, weight, height, body mass index, restrained 

eating score, and age of onset of weight problem, were 

described by their distribution in the pooled group. Pear

son's correlation coefficient was then calculated for these 

independent variables to check for any systematic relation

ship. A one-way analysis of variance was also done on these 

subject variables by subject grouping. Although the group 

assignment was by definition, it was helpful to know that 

the group did not differ in any other subject variables 

than body mass and restraint. 

iii. Exploratory analyses of time-sequence study. 

Time-sequence analyses is difficult to perform for various 

aspects of food intake behavior when a variety of palatable 

foods is presented (as is often the case in natural sit

uations). Two eating parameters that might be influenced 

by the progression of a meal, and therfore determine the 

termination of a meal, are palatability and rate of eating. 

Studies using liquid or a few solid foods have suggested 

that measures of both variables decrease with the progress-
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ion of a meal. But few methods of time-sequence analysis 

or pattern recogniton are useful in analyzing the temporal 

changes of these two variables with a variety of foods 

(Bellisle and LeMagnen 1980, Koster 1981, Meyer and Pudel 

1977). 

In this case, scattergram and other exploratory 

techniques of pattern recognition were used to identify 

temporal changes of the two variables in individual meals. 

Description of subject characteristics 
and group classifications 

Subject characteristics in the three study groups 

are summarized in table 3.2 . Means, standard deviations 

and ranges are shown for all subject variables. All three 

groups had similar heights. By definition, the LO and NM 

groups were similar in body mass index, and the MO group 

had significantly higher body mass. Mean restrained eating 

scores of the MO group turned out to be similar to those 

of the LO, but the distribution was wider with one tail 

extended further into the lower end. 

Self-reports of perceived overweight problems showed 

that eight out of nine subjects (89%) classified as over-

weight (MO) recognized the problem themselves. All eight 

subjects classified as restrained normal weight (LO) per-

ceived themselves to have the problem; while only one out 

of seven subjects (14%) classified as non-restrained normal 



TABLE 3.2 
Characteristics of Female Subjects 

in Study Groups 

Manifest Obese 

Number 
of Subjects 

Height 
(cm) 

Weight 
(kg) 

Body Mass 
Index 

Age 

Restrained 
Eating 
Score 

Latent Obese 

9 

166.9 + 8.3 
(153-179 ) 

80.3 + 13.9 
(63-107 ) 

28.7 + 3.7 
(25. 4 =-37 .0 ) 

48.6 + 9.8 
(36-60) 

23.3 + 5.5 
( 14-29) 

% with 89 
Self-
perceived Weight Problem 

** Age of 
Onset of 
Perceived 
Weight Problem 

Cd = 33% 
Ad = 56% 
No = 11% 

Normal 

7 

167.0 + 10.4 
(153-183 ) 

61.7 + 8.4 
( 50-73) 

22.1 + 1.7 
( 19.9=-25.3 ) 

40.4 + 12.3 
( 23-56) 

23.0 + 3.7 
( 2~-30) 

100 

Cd = 
Ad = 
No = 

50% 
37% 
13% 

** Age of onset of perceived weight problem 
Cd = childhood 1< 18 years) 
Ad = adult (>18 years) 
No = no weight problem 

6 

168.5 + 7.7 
(160-180 ) 

59.5 + 5.4 
( 53-65) 

20.9 + 1.1 
(19.2=-22.1) 

41.0 -+- 12.8 
(23-62) 

15.2 + 3.7 
( 10-19) 

14 

Cd 0% 
Ad = 14% 
No = 86% 

One-way ANOVA of subject 
Weight 
Body Mass Index 
R.E.S. 

characteristics 
p< 0.001 (F 
p< 0.01 (F 
p< 0.04 (F = 

by group classification 
9.97, d. f. 2, 19) 
5.98, d.f. 2, 19) 
3.78, d.f. = 2, 19) 

90 
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weight (NM) claimed to have a minor problem. Half of the 

self-perceived weight problems were reported to originate 

from childhood, especially in the LO group. Reasons cited 

often for adulthood weight problems were (in decreasing 

order): pregnancy, stress, gynecological operations or 

menopause, and thyrold problems. 

Also shown in table 3.2 were the results of a one

way analysis of variance for the subject variables by group. 

The results were not different in any other subject measures 

except in the two variables on which the classification 

was based. 

Pearson's correlational analysis was done on all 

subject variables to identify any systematic relationship 

of their distributions. Except for the expected associations 

of height, weight, and BMI, the correlation of restrained 

eating score with other variables was significant only 

for age of onset of weight problems. (Table 3.3). 

Results 

The effects of energy content, sweet taste and sweet

ener on the dependent variable "amount eaten" in three 

groups are the primary focuses of the analysis. Other indic

ators of short-term food intake (i.e. measures of eating 

style, self-reported measures, measures of food choice) 

are also included. 
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Table 3'.3 
Pearson's Correlation Coefficient of Restrained 

Eating Scores and Other Subject Variables 

Variable 
Height 
Weight 
Body Mass 
Index 

Age 

Age of Onset 
of Obesity 

R-Value 
0.46 
0.53 
0.50 

0.00 

-0.66 

Significance Level 
0.02 
0.006 
0.01 

n.s. 

0.001 

* For subjects participating in laboratory study. N = 25. 
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Table 3.4 summarizes the general distributions of 

variables measured for different indicators of eating bahav

ior in the pooled sample. Measures of amount eaten, eating 

style, perceived amount eaten and choice in individual 

menu items showed very large variation from subject to 

subject, while all self-reported hedonic ratings showed 

less variation. 

Effect of type of sweetener on amount eaten 

There was no effect of sweetener on amount eaten 

and other dependent variables in the three study groups.As 

shown in table 3.1, the only compositional difference be

tween preload number one and number five was the substit

ution of the non-caloric sweetener cyclamate and starch 

for the caloric sweetener sucrose. Subsequent MANOVA was 

therefore done for the two experimental variables energy 

and sweetness only. Means and standard deviations of labor

atory tests as shown in the following tables are from MANOVA 

procedures and therefore represent only four test meals 

(#1-#4) unless otherwise noted. 

Effect of energy and sweetness on amount eaten 

Three variables of amount eaten were monitored for 

each testmeal: number of hors d'oeurves eaten after each 

preload, calories of hors d'oeurves eaten, and total calories 



Table 3.4 
Distribution of Feeding Variables Measured 

in Laboratory Study with Pooled Subjects from Five Testmeals 

Variables 

Amount Eaten 
Number of hors d' oeuvres 
Calories from hors d' oeuvres 
(kcal) 
Total calories of testmeal 
(kcal) 

Measures of Eating Style 
Mean time interval between 
hors d' oeuvres (seconds) 
S.D. of time interval (seconds) 

Duration of meal (seconds) 

Self-Reoorted Measures 
Perceived Amount Eaten 

Perceived number 
of hors d' oeuvres 

Difference of perceived 
and Actual Number 

Hedonic Ratings 
Palatability of preload 

Mean palatability 
of hors d' oeuvres 
S.D. of palatability 
of hors d' oeuvres 

Hunger after preload 

Measures of Food Choices 
Number of different choices 

% of each menu item chosen 

% of very sweet items chosen 

% of mildly sweet items chosen 

% of non"-sweet i terns chosen 

Mean + S.D. Range 

18.8 + 9.2 5-50 
497. +" 148.0 l38-1408 

712.7 + 265.1 205-1801 

58.2 + 22.2 26.7-137.0 

14.6 + 11.0 3.5-83.8 

1061. 0 + 623.5 246-1731 

16.4 + 7.6 5-40 

-3.8 + 6.2 -120-8 

3.3 + 1.9 1-6 

2.5 + 0.7 1.3-5.0 

0.9 + 0.3 0.0-2.8 

4.2 + 0.7 1-7 

6.3 + 1.8 1-9 

7.1 + 9.3 3.8-9.8 

5.4 + 9.4 0-52.6 

10.5 + 1l.8 0-51. 8 

84.1 + l3.7 35.7-100.0 
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of testmeal (preload and hors d'oeurves). Group means for 

these three variables are shown separately in tables 3.5, 

3 .6, and 3.7. Results of repeated measures MAN OVA are also 

shown in these tab les. The energy level of the preload 

and the interaction of group and sweetness were the only 

factors that affected the amount eaten, no matter which 

of the three measures was used. 

i. Effect of energy. Subjects from various body 

weight and restraint groups adjusted hor d'oeuvre intakes 

similarly according to the experimental manipulation of 

preload energy levels. Lower energy pre loads led to more 

intake 30 minutes later, as compared to that after higher 

energy preloads. On the aver~ge, an energy increase of 

326 kcal in pre loads led to a decreased consumption of 

3.0 hors d'oeurves (table 3.5), or 71.9 kcals (table 3.6). 

The three subject groups were not statistically different 

in their responses to this experimental manipulation of 

internal/external energy discrepancies. 

Total energy intake of the testmeal was calculated 

as the sum of energy consumption from preload and hors 

d'oeuvres. The difference in total calories including high 

or low total energy preload was 254.0 kcal. This was the 

part of the preload energy difference not compensated for 

by increased hor d'oeuvre consumption later on. 



Manifest Obese 

Sweet 

Non-sweet 

Latent Obese 

Sweet 

Non-sweet 

Normal 

Sweet 

Non-sweet 

Pooled 

Table 3.5 
Number of Hors 0' Oeuvres 

Eaten After Preloads 
(number/testmea1/person) 

Energy of Preload 

Low Energy High Energy 

18.1 + 9.9 15.3 + 7.5 

18.7 + 9.9 15.3 + 9.9 

17.4 + 9.0 15.4 + 7.0 

20.6 + 8.7 17.0 + 7.4 

25.0 + 11.3 20.0 + 8.9 

21.7 + 11.0 21.0 + 11.8 

20.3 + 10.1 17.3 + 9.0 
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Pooled 

16.7 +10.8 

17.0 + 10.2 

16.4 + 6.9 

18.8 + 8.0 

22.5 + 8.9 

21.4 + 10.6 

18.8 + 9.2 

Repeated measures MANOVA by group, trial sequence, and experi
mental treatment (i.e. energy or sweetness) 

energy p< 0.01 (F = 7.47, d.f. = 1, 21) 
group x sweetness p< 0.07 (F = 3.13, d.f. = 2, 21) 



Manifest Obese 

Sweet 

Non-sweet 

La tent Obese 

Sweet 

Non-sweet 

Normal 

Sweet 

Non-sweet 

Pooled 
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Table 3.6 
Calories from Hors D'Oeuvres 

Eaten After Preloads 
(Kcal/Testmeal/Person) 

Energy of Preload 

Low Energy High Energy Pooled 

480.3 + 277.7 403.1 + 199.9 441.7 +300.7 

498.0 + 272.3 415.0 + 255.2 456.5+270.8 

456.4 + 223.4 406.3 + 169.8 431.4 + 178.5 

544.6 + 211.7 461.3 + 185.9 508;0 +197.5 

656.5 + 319.5 533.8 + 243.5 595.2 +239.8 

566.7 + 301. 2 551.8 + 323.9 559.3 +287.8 

533.8 + 258.9 461.9 + 238.1 497.9 +248.0 

Repeated measures MANOVA by group, trial and treatment: 
p< 0.01, (F = 7.43, d.f. = 2,21) 
energy group x sweetness p<0.04 (F = 3.99, d.f. = 2,21) 



l>lanifest Obese 

Sweet 

Non-sweet 

Latent Obese 

Sweet 

Non-sweet 

Normal 

Sweet 

Non-sweet 

Pooled 

Table 3.7 
Total Calories From Testmeal 

Including Preloads 
(Kcal/Testmeal/Person) 

Energy of Preload 

Low Energy 

547.3 

565.0 

523.4 

611. 6 

723.5 

633.7 

600.8 

High Energy 

796.1 

808.0 

799.3 

854.3 

926.8 

944.8 

854.9 

Repeated measures MAN OVA by group, trial and treatments 
energy p<O.Ol (F = 6.22, d.f. = 2,21) 
group x sweetness p<O.Ol (F =5.98, d.f. = 2,21) 

Pooled 

671. 7 

686.5 

661. 4 

733.3 

825.2 

789.3 

727.9 

98 
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ii. Effect of the interaction of sweetness and group. 

The sweet taste of the preload did not produce statist-

ically significant results for pooled subjects, but its 

interaction with groups turned out to be significant for 

the three variables of amount eaten. A closer examination 

of group means in tables 3.'5 and 3.6 revealed that, when 

preload energy was controlled, the LO group lowered intakes 

of hors d'oeurves after sweet preload, as compared to that 

after non-sweet preloads. The decrease averaged 2.2 hors 

d'oeurves or a 15% reduction in calories from' hors d'oeurves. 

When mean total caloric intakes of testmeals in 

the LO group were compared from table 3.7, the difference 

between that of sweet and non-sweet preload was 70 kcal, 

which accounted for about 10% of their laboratory lunch 

intake. 

Effect of non-experimental variables 
on measures of eating style 

Measures of eating style included time interval 

between hors d'oeurves, standard deviation of time interval 

between hors d'oeurves, and meal duration. None of them 

were affected by experimental treatments or group assignment, 

but some were found to be influenced by non-experimental 

'variables. Meal duration was correlated with meal size 

(r = 0.78) and the first trial (r = 0.92). Rate of eating 
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was dependent on temporal variables, suggesting the learning 

effect of experimental procedures. 

The rate of eating in a testmeal was measured by 

the time interval between hors d'oeurves. Since this labor

atory technique involved the operation of a computer keyboard 

by the subject with each selection of an hor d'oeuvre, 

some learning effect was expected. "Table 3.8 showed the 

reduction in mean interval time and standard deviation 

after the first trial day. These two variables remained 

stable thereafter throughout the rest of the trial days. 

Repeated MAN OVA procedures showed the trial sequence effect 

to be significant at 0.001 level, but did not reveal any 

significant effects of group, treatment or interactions. 

When the mean time lapse of all subjects was followed 

from the first hor d'oeuvre through the last, there was 

a negative correlation with meal progression (also see 

table 3.8). This correlation was strongest on the first 

trial day (r = -0.50). Pearson's correlation coefficient 

remained relatively constant after the second trial day. 
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Table 3.8 
ElaEsed Time and its Correlation 

with Meal Progression by Trial Days 

Elapsed Time S.D. of Pearson 
, 
s 

Between Elapsed Time Correlation 
Hors D'oeuvres Mean + S.D. Coefficient 
Mean + S.D. ( Range) with Meal 

Trial Day ( Range) Progression 

1 75.3 + 29.1 27.5 + 16.2 -0.50 
( 3 9 . 5 =-137 . 0 ) ( 9 . 3 -83.8 ) 

2 55.0 + 18.5 12.4 + 8.9 -0.31 
(27.3=-84.9) (5.6-43.6) 

3 53.9 + 17.2 10.8 + 5.1 -0.31 
( 2 6 . 9 =-9 0 . 1 ) (5.4-24.2) 

4 54.7 + 18.7 11.5 + 5.0 -0.35 
(26.7=-95.3) (5.3-24.3) 

5 52.0 + 18.1 10.8 + 3.8 -0.31 
( 2 7 • 1 =-8 9 . 4 ) (5.3 -23.0 ) 
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Scattergrams were used to examine individual patterns 

of change in eating rate throughout a meal. Using the time 

interval between hors d'oeurves from the beginning to the 

end of a meal, each subject was examined for any pattern 

of change. For all five trials, each of the three subject 

groups was also examined for general patterns of change 

for the trials in sequence. Results showed that in all 

groups and in all trials, most subjects seemed to increase 

their rate of eating with the progressions of a meal. But 

there were subjects in all three groups that decreased 

or maintained eating rate. Within each individual, there 

appeared to be some intrasubject consistency in the temporal 

change of eating rate from five trials. 

Effect of group and sweetness on perceived amount eaten 

One of the self-reported measures of food intake 

in the experiment was perceived consumption of hors d' 

oeurves. At the completion of laboratory testing on the 

fifth day, subjects were asked to estimate the number of 

hors d'oeurves eaten for each of the five test days. All 

subjects combined, when the perceived number was compared 

to actual consumption, eight percent of the time it was 

absolutely accurate, 25% was overestimation, and 67% was 

underestimation. On the average, subjects underestimated 
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by 3.8 hors d'oeurves per testmeal per person, which ac

counted for 20% of their mean intake. 

Results showed that the perceived consumption did 

not differ for group, treatment, or any interactions. The 

difference of perceived and actual consumption also was 

not significant for these variables except for the group 

and sweetness interaction (p < 0.04, d.f. = 2,17). Overall, 

there was no significant effect of trial sequence on these 

two variables in all three groups. The length of time inter

val between testmeal and recall did not seem to affect 

the accuracy of estimation in a systematic way. To delineate 

the interactions of group and sweetness on the accuracy 

of perceived consumption, group means in table 3.9 are 

examined. With sweet preloads the MO and NM groups tended 

to underestimate their intakes further than with non-sweet 

preloads, while the LO changed from a slight underestimation 

to a slight overestimation. 

Patterns of individuals in the three groups deserve 

comment. As shown in table 3.10, in the MO and NM groups, 

underestimation of amount eaten was the rule rather than 

the exception. Two subjects in the MO group could not 

recall the number of hors d'oeurves eaten either, and only 

estimated the number of sweet cookies eaten for the test

meals. Four subjects who gave up recalling the amount eaten 



Table 3.9 
Difference between Perceived 

Number of Hors D' Oeuvres Eaten and Actual 
Consumption: Group Means 
(Number/Testmeal/Person) 

Low Energy High Energy 

Manifest Obese 

Sweet -6.0 -2.4 

Non-sweet -3.6 -1.8 

Latent Obese 

Sweet O. 7 1.5 

Non-sweet -1.1 -0.6 

Normal 

Sweet -8.4 -6.6 

Non-sweet -5.7 -5.9 

Pooled -4.0 -2.6 
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Pooled 

-4.2 

-2.2 

1.1 

-0.9 

-7.5 

-5.8 

-3.3 
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Table 3.10 

Difference Between Perceived Number of Hors o 'Oeuvres Eaten 
And Actual ConsumEtion (Number/Testmeal/Person): Individuals 

Group Subject Pre10ads Mean Restraint 
1 2 3 4 5 + S.D. Score 

I 

MO 1 * * * * * * .16 
2 * * -6 * -4 -5 ,14 
3 -9 -15 -16 -4 -6 -10 119 
4 0 -3 -3 -2 -4 -3 i 26 
5 2 -15 -1 -1 -9 -4.8 . 29 
6 -3 2 -5 -3 -3 -1.4 127 7 * * * * * * 17 
8 2 o· 3 1 -1 1 25 
9 -6 -5 -4 -3 * -4.5 24 

LO 1 * * * * * * 20 
2 2 -0.5 0.5 6.5 4.5 2.6 22 
3 1 2 3 2 -4 0.8 25 
4 -6 -11 -9 -17 -9 -10.4 23 
5 4 1 5 2 2 2.8 24 
6 0 -3 0 7 7 2.2 20 
7 -1 0 -3 2 3 3.6 30 
8 -3 3 -1 2 0 0.2 20 

NM 1 -2 -1 -1 -8 -5 -3.4 18 
2 -2 -1 -1 -8 -5 -3 18 
3 -14 1 -16 -8 -11 -9.6 16 
4 -8 -8 -3 -1 -3 -4.6 10 
5 -3 -7 -10 -12 -10 -8.4 18 
6 -1 -20 -a -9 -14 -o.a 19 
7 -1 -20 -a -9 -14 -10.4 11 
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completely seemed to have lower restrained eating scores 

(range 14-20). 

Six of seven LO subjects (i.e. those with estimations) 

over-reported intakes most of the time, with an average 

of 2.0 hors d'oeurves overestimated. One particular LO 

subject had underestimated her intake significantly and 

consistently (mean difference =,10.4 hors d'oeurves), and 

had the highest number of hors d'oeurves consumed (mean= 

182% of LO. group mean). Examination of the questionaire 

data revealed that she was a first generation inmigrant 

from the u.S. who had resided in Germany for ten years. 

Effect of group treatment and trial on hedonic rating 

Self-reported measures of palatability and hunger 

were analyzed by group, treatment and trial effect. The 

hunger rating was not significantly influenced by any of 

the above independent variables. Table 3.11 summarizes 

the subjective hedonic ratings of various pudding preloads 

by groups. The sweet flavor made a drastic difference on 

palatability rating. Two low energy preloads (#3 and #4) 

had the same ingredients except for cyclamate, and the 

mean difference in rating was 2.1 on a 6 point scale. In 

general, the high energy preloads were rated better, but 

this was only marginally significant. (PC <0.07) 

The MO group appeared to respond most strongly to 
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Table 3.11 

Palatability Rating of Pudding Preloads 

Energy of Preload 

Manifest Obese 

Sweet 

Non-sweet 

Latent Obese 

Sweet 

Non-sweet 

Normal 

Sweet 

Non-sweet 

1 = very palatable 
6 = very unpalatable 

Low Energy 

2.6 + 0.9 

5.0 + 1.0 

3.1 + 1.9 

5.0 + 1.3 

3.1 + 1.1 

4.9 + 1.3 

High Energy 

1.4 + 0.5 

5.6 + 1.0 

2.9 + 1.6 

3.6 + 1.5 

2.4 + 1.1 

4.6 + 1.3 

Repeated measures MANOVA by group, treatment and trial 

energy 
sweetness 
group x sweetness 
group x energy 
x sweetness 

p< 0.07 (F = 3.80, d.f. = 2,21) 
p< 0.000 (F = 91.95, d.f. = 2, 21) 
p< 0.01 (F = 6.65, d.f. = 2, 21) 
p< 10.01 (F = 5.54, d.f. = 2, 21) 



TRIAL DAY 

1 

2 

3 

4 

5 

Table 3.12 

Standard Deviation of Palatability 
Rating of Hors D'Oeuvres 

in a Testmeal 

S.D. OF RATING 

1.07 + 0.45 (0.65-2.82) 

0.85 + 0.27 (0.44-1.58) 

0.80 + 0.28 (0.32-1.50) 

0.79 + 0.32 (0.00-1.41) 

0.75 + 0.20 (0.48-1.17) 
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the sweetness factor in preloads by giving most extreme 

ratings. When the preloads were sweet and generally accepted 

as palatable, the MO group gave the best ratings. When 

the preloads were non-sweet and disliked by all, they gave 

the worst ratings. This group and sweetness interaction 

was significant at 0.01 level. The mean palatability rating 

of hors d'oeurves showed some learning effects as seen 

variance in the rating, and the rest of the trial days 

did not differ much. 

Effect of group and sweetness on food choices 

i. Number of different food choices. Out of nine 

menu items which consisted of 14 varieties, an average 

of 6.3 different items were chosen per testmeal. As one 

might expect, the number of different choices increased 

with a higher consumption of hors d'oeurves. Small vari

eties always occurred with low intake. There were not any 

significant results for group, preload treatment, trial 

or any interactions. Individuals seemed to be stable in 

choosing the number of varieties across trials. 

ii. Frequency of choice for each menu item. Table 

3.13 shows the frequency of choice for menu items of differ

ent taste qualities. The most frequently chosen hor d'oeuvre 



Menu 
Item 

1 

2 

3 

4 

5 

6 

8 

9 

Table 3.13 

Mean Percentage of Time Each Menu Item Chosen 
in a Testmea1 

Number 
of 
Varieties 

2 

4 

1 

1 ' 

1 

1 

1 

2 

1 

Taste 
Characteristics 

Non-sweet, 
Seafood 

Non-sweet, 
Seafood 

Non-sweet, 
Seafood 

Non-sweet, 
Cheese 

Non-sweet, 
Ham 

Mildly sweet, 
Cheese & tomato 

Non-sweet, 
Cheese 

Mildly sweet, 
Cheese & 
Fruit 

Very Sweet, 
Cookie 

% of Time 
Chosen 
per Item 
Mean + S.D. 

19.5 + 12.6 
(0-61:-5 ) 

23.7 + .16.9 
(0-100.0) 

8.9 + 9.4 
(0-55.6) 

9.5 + 9.6 
(0-44.4) 

6.0 + 7.0 
(0-40.0) 

13.5 + 11.5 
(0 -4 0:-7 ) 

5.9 + 6.5 
(0-42.9) 

7.6 + 7.7 
(0-40) 

5.4 + 9.4 
(0-52.6) 

Mean % 
of Time 

Chosen Per 
Variety 

9.8 

5.9 

8.9 

9.5 

6.0 

13 .5 

5.9 

3.8 

5.4 
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was cream cheese with a tomato slice on pumpernickle bread. 

Items of seafoods and cheeses were selected more often 

than those of fruits or cookies. In general, the frequency 

of individual menu choices were not different for various 

subject variables, trial days, experimental variables or 

their interactions. The few exceptions (less than four 

percent in 72 tests) were Bousin cheese by group X trial, 

cottage cheese and fruits by trial and groups X trial. These 

differences were not explainable and probably due to chance 

variations. 

iii. Frequency of choice by degree of sweetness. 

When the frequency of food choices were analyzed by the 

sweetness quality of items, there was an almost signif

icant difference of very sweet choices for the independent 

variable "sweetness of preload" (p< 0.06, d.f. 1,21). The 

selection of very sweet butter cookies increased by an 

average of 3.9% of total choice after non-sweet preloads. 

The frequency of cookie consumption stayed rather 

stable in all three groups after sweet preloads (#1, 4 

and 5), but more than doubled in MO and LO groups after 

non-sweet preloads (#2 and 3). These trends were self

evident in table 3.14 and 3.15. Interestingly, the minimum 

consumption of sweet cookies was always zero for all ~roup

treatment combinations. Examination of individual data 



Table 3.14 
Frequency of Very Sweet Choices 

Per Testmeal by Group and Sweetness Treatment 

Group 

Manifest Obese 

Latent Obese 

Normal Weight 

Percentage of Very Sweet Choices 
(Mean ~ S. D. ) 

After Non-sweet 
Preload 

6.0 + 7.0 

13.5 + 17.1 

3.5 + 5.0 

After Sweet 
Preload 

2.7 + 4.5 

5.4 + 10.3 

3.2 + 3.9 
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Group 

Manifestly 
Obese 

Latent 
Obese 

Normal 

Table 3.15 
Frequency of Very Sweet 

Choices by Group and Preload Treatment 
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Preload 
Treatment 

% VERY SWEET CHOICE 
Mean + S.D. Range 

1 2.3 + 3.5 0-9.1 -
2 6.7 + 7.0 0- 1 9. 7 -

3 5.3 + 7.4 0-16.7 -

4 2.9 + 4.3 0-10.7 -
5 ,?-.7 + 5.9 0-16.7 -

1 4.7 + 9.3 0-25.0 

2 16.5 + 19.6 0-52.6 -

3 10.4 + 14.7 0-42.9 -

4 5.6 + 9.6 0-27.3 -

5 5.8 + 13.2 0-37.5 

1 3.7 + 4.0 0-9.5 

2 2.7 + 4. 7 0-11.1 -

3 4.3 + 5.5 0-12.5 
-

4 2.9 + 4.2 0-10.9 
-

5 2.9 + 4.2 0-10.0 
-
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revealed that there were four subjects in each group that 

never touched the cookies. MO and LO subjects who did select 

the very sweet cookies (N = 4) increased their intakes 

after non-sweet preloads at all times, but this pattern 

was not obvious in NM subjects. 

Discussion 

Subject classification by 
both body mass and dietary restraint 

The results showed that the subject classification 

method was helpful in delineating aspects of eating behavior 

controlled by cognition. Using the two subject variables 

of body mass and restrained eating score together as Pudel 

had suggested (1977), the classification of subjects into 

MO, LO, and NM groups turned out to be useful in predicting 

specific eating parameters. 

The use of repeated measures of the same subjects 

in the research design controlled for other related variables 

of energy intake and expenditure. As was shown in figure 

4, laboratory study of short-term meal size should only 

be interpreted with a perspective of long-term energy in-

take. Variations of meal frequency, daily variation of 

consumption and energy expenditure often mask the subtle 

differences in short-term energy intake behavior. Although 

subjects in each of the MO, LO, and NM groups might have 
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varied in age, body composition, exercise pattern, etc., 

this study found significant differences among them using 

each subject as her own control. 

Correlation of restrained eating scores with subject 
characteristics 

The correlation of restraint with body weight was 

consistent with the hypothesis or findings of other invest-

igators, although the instruments used for assessment were 

different, (Nisbett a~d Storms 1974, Polivy et al., 1976, 

Herman 1978, Ruderman and Wilson 1979, O'Neil et al. 1981). 

This was expected because many manifestly overweight indiv-

iduals in the Western culture probably are restrained eaters 

to a certain degree, while a few of them may not have yielded 

to social pressures or health advocacies. The negative 

correlation of restraint with age of onset of obesity was 

in line with one investigation (O'Neil et al~ 1981), while 

another study failed to show such a relationship (Harris 

1983). 

One subject in the latent obese group behaved rather 

differently from the rest of the group, especially in her 

consistent gross underestimation of perceived amount eaten. 

Her restraint score and BMI were not extreme in the assigned 

group. The only clue was that she was an American who had 

been residing in West Germany. There might be some cultural 

factor involved in the measurement of restraint by LFS 
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(and therefore group assignment), because the particular 

behavior of this subject as a LO member became normal if 

she were assigned a lower restraint score (and therefore 

the NM group). 

Effect of energy and sweet taste 

The use of caloric or non-caloric sweetener did 

not produce any difference in all of the eating parameters 

measured. This indicated that all the significant effects 

of energy observed in the study were independent of the 

energy source (sucrose or starch), and those of sweetness 

were independent of the sweetness source (sucrose or cyclam

ate). Although three variables were used to represent differ

ent aspects of absolute amount eaten in the testmeal, the 

sources of variance that led to significant findings were 

exactly the same ones: energy and the interaction of group 

with sweetness. 

The variable "total calories of testmeal" was the 

best indicator of overall physiological/sensory regulations 

of short-term energy intake. The variable "calories of 

hors d'oeurves eaten" reflected a compromise of cognitively 

perceived energy needs and internally regulated physiologic

al and/or sensory cues. The third variable "number of hor 

d'oeuvre eaten" was a rough measure of hors d'oeurves con-



sumption becaUse the hors d'oeurves were not uniform in 

energy content. 
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The mean total calories of testmeals after lower 

energy preload was 230 kcal less than the mean total intake 

after higher ones. The physiological, involuntary compen

sation by increased hor d'oeuvre intake (72 kcal) offset 

only 18% of the original discrepancy in energy levels of 

preloads (326 kcal). The data suggested an innate ability 

to monitor mild energy fluctuation (e.g. 300 kcal) in all 

subjects, although the compensation was not complete. The 

results did not support the notion that obese people ate 

more or responded to internal cues less well in short-term 

laboratory settings. 

Adjustment of intake according to energy content 

of preload seemed to have been regulated through physio

logical and/or sensory cues independent of cognition or 

group associations. It occurred without the awareness 

of subjects and despite the misleading cognitive information 

provided by the researcher about the uniform caloric values 

of all preloads. All subjects in MO, LO, and NM groups 

responded similarly. The sweet taste in preload decreased 

subsequent energy intake in the LO but not the other two 

groups. 

The LO subjects might have learned different cognitive 

processes associated with a specific sensory cue of swee-
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tness. Since the effects of caloric sucrose and non-calor~c 

cyclamate were the same, the regulatory response in the 

LO was probably not due to the different physiological 

consequences of sucrose ingestion. A cognitive method which 

the LO subjects might have adopted to control their energy 

intake successfully was to use sweet taste as a caloric 

gauge. The conditional response to one single sensory cue 

had resulted in an impressive energy reduction of 15% in 

a meal. The implication for weight management program war

rants more investigation. 

Hunger rating after preload consumption was not 

different for energy or sweetness treatments, groups or 

trials. It was not correlated with amount eaten or any 

other eating parameters measured. Since verbal report of 

hunger depends mainly on the intermeal interval, it is 

probably a better predictor of the beginning of a meal, 

as was suggsested in earlier studies (Spitzer & Rodin 

1981, Le Magnen et al., 1973). 

Measures of eating style by the laboratory technique 

The results with regard to parameters of eating 

style suggested some limitations of this technique in time 

series analysis of food consumption. Techniques that were 

developed specifically for measuring the temporal aspect 

of feeding usually had the limitations of monotonous food 
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selection or ease to keep track of consumption by subjects 

(Pudel 1978, Koster 1981, Bellisle and Le Magnen 1980). 

Because of the simultaneous mental task of data 

entry, the elapsed time between selections was more than 

the sum of chewing and waiting time. The theoretical classi

fication of subjects into fast, medium and slow eaters, 

a procedure which might delineate mechanisms of feeding 

control further (Koster 1981), was therefore not meaningful 

in this case. 

Athough there was typical intrasubject consistency 

(Meyer and Pudel 1977) in the observed patterns of eating 

rate by this technique, the intake curves did not seem 

to agree with some well documented satiation curves in 

normal weight and obese subjects (Nisbett 1972, Gaul, Craig

head and Mahoney 1975, Kinderman 1976, Pudel 1978). 

Palatability in appetite control 

Sweet taste is an important sensory quality affecting 

the perceived palatability of foods. Therefore an inherent 

problem in the research design was the difficulty of differ

entiating the effect of sweetness from palatability of 

preload treatments. All of the observed effects of the 

variable "sweetness of preload treatment" on the LO could 

logically have been regarded as the effects of high palat

ability. Strictly speaking, the effects therefore were 
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better considered as responses to oral sensory cues and 

not sweet taste per see 

Decreased palatability rating of the variety of 

food items with the progression of a meal was not observed, 

contrary to studies using limited menu selections (Bellisle 

and LeMagnen 1980, Pudel 1978, Durrant and Wloch 1978). It 

had been suggested that food variety is closbl y associated 

with perceived palatablility (Pliner, Polivyl and Herman 
I 

1980). Because of the many menu items available to subjects 

(i.e. 9 menu items or 14 varieties of choice), and the 

large range of amount eaten (i.e. 5 to 50 hors d'oeurves), 

the study was not designed to answer this SPfCifiC research 

question. 

However, the role of palabability in food selection 

and satiety control is another area of human eating behavior 

which warrants further investigation. If we accept that 

perceived palatability decreases with continual consumption 

of a particular food, then what is the normal course of 

eating behavior when the hedonic feeling changes? In this 

study it was not clear whether the lack of identifiable 

patterns of change in palatability rating of all groups 

was due to weak signal/loud noise or not. One possibility 

was that with the availability of a large variety of foods, 

as in today's Western culture, the decline in palatability 



may be a motivation in selecting new foods, rather than 

an effective means of satiety control. 
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In the case of a common eating disorder, binge eating, 

the above questions become clinically relevant. Binge eating 

is half of the problem of the binge-purge vicious cycle 

of bulimic patients, and is associated with some obese 

patients (Herman 1980). The behavior becomes pathological 

when it affects long-term energy balance or psychological 

well-being. Most self-reported cases of binge eating were 

on a limited variety of favorite foods, such as half of 

an eight-inch chocolate cake, one gallon of ice cream, 

two pounds of potato chips, or three pounds of barbequed 

ribs, etc. Was there a defect in the mechanism respons-

ible for changes in hedonic rating, and therefore control 

of appetite/satiety? Or did other psychological "drives" 

to binge simply override the subtle physiological programming 

of eating control (including change in hedonic feeling) 

at any time? 

Food selection 

Menu selection of assorted hors d'oeurves was based 

on the popular food preferences in the culture. Food select

ion observed was still a highly individualized behavior. Be

cause of the high interpersonal variance men~ choice, system

atic differences of any kind would be difficult to identify 
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even when present. When the amount eaten was controlled, 

the varieties chosen appeared stable for each individual. 

Although the standard 'deviation of palatability rating 

of hors d'oeurves showed learning effect (i.e. larger vari

ation in first testmeal), the number of different choices 

was not significantly influenced·by trial sequence. This 

.might have been due to the fact that subjects learned about 

the taste of most menu selections that appealed to them 

visually in the first experimental trial, and only went 

for favorite choices at subsequent trials. This change 

was not statistically identifiable b~cause many menu items 

included several varieties that had the same coding assigned 

in direct data entry. 

Conclusion 

This study of the effect of energy and sweetness 

on short-term food intake behavior identified some similar

ities and differences in appetite control of the MO, La 

and NM groups. All subjects in the experiment adjusted 

their intake of hors d'oeurves according to energy differ

ences in the preloads, although they were not aware of 

these differences. A mean increase of about 70 kcal in 

subsequent hors d'oeurves consumption only compensated 

for 22% of the total difference of 326 kcal. in low energy 

preloads. 
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The three subject groups responded differently to 

the sensory cue of sweet taste in preloads. The latent 

obese consistently lowered their intakes of hors d'oeurves 

after a sweet preload, although they did not report recog

nizing the adjustment. These restrained eaters often per

ceived themselves to be eating more than they actually 

did, and overestimateed even more after a sweet preload. A 

non-caloric sweetener in preload had similar effects on 

all eating parameters measured as did sucrose. Other indic

ators of short-term food intake also showed few experimental 

and group effects, and at times they were subjected to 

non-experimental effects. Measures of eating rate, meal 

duration, and the standard deviation of palatability rating 

of hors d~oeurves were influenced by the learning effect. 

With the temporal progression of a meal, the rate 

of eating did not slow down, and the self-reported palatabil

ity rating of hors d'oeurves did not decrease. It is not 

clear whether the discrepancies in these findings with 

other experimental reports were due to the presentation 

of a large variety of palatable foods, the simultaneous 

task of data entry during meal consumption, or other exper

imental contexts. 

The palatability rating of pudding preloads was 

highly dependent on the sweetness quality, and the MO group 

gave the most extreme ratings for the most and least liked 
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preloads. However, the groups did not differ in their 

mean palatabilty rating of the assorted hors d'oeurves 

which were generally accepted as very pleasant by the sub

jects. The numerous food choices available led to large 

variations in selections from one individual to the next. In 

each subject group, there were always individuals who never 

selected any very sweet items. Only in the MO and LO groups, 

did subjects who selected very sweet choices increase con

sumption further aft,er non-sweet preloads. 



CHAPTER 4 

COMPARISON OF LABORATORY AND HABITUAL ENERGY INTAKE 

Laboratory investigations of human eating behavior 

have identified many physiological, sensory and cognitive 

factors that determine the beginning and ending of food 

intake. In order to apply these findings in behavior modifi

cation programs for weight reduction, it is crucial to 

understand the contribution of these factors in long-term 

energy balance. There are two reasons why studies of habit

ual energy intake in natural environment may help in the 

interpretation of results from controlled laboratory studies. 

First, variation in daily energy intake may be an 

important determinant of energy balance and the pattern 

of change within the "normal" range of an individual can 

only be observed from free-range habitual intake. Laboratory 

studies often use meal size (or variables assumed to affect 

meal size) as the dependent variable. Related variables 

such as meal frequency and temporal variation need to be 

considered when the result of long-term energy intake (e.g. 

obesity) is a major concern. 

The second reason is that mean energy intakes of 

groups obtained from laboratory investigation may incorporate 

systematic reactivity toward unnatural measurement con-

125 
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ditions. Comparison of group means across different dietary 

methods may indicate the relative direction and magnitude 

of reactivity for each method. Restrained dieters have 

been found to show heightened eating responses to environ

mental changes (Pudel 1977, Herman 1980). It is possible 

that the operation of their appetite control in the often 

obtrusive laboratory setting may differ considerably from 

that in everyday environments. Some reactivity can probably 

be expected from all measures of dietary intake except 

for refuse analysi~ (Harrison & Rathje 1977). 

However, factors affecting the reactivity in labor

atory observation are probably not the same ones, or of 

the same magnitude, as those working in a more natural 

setting. Since it is in these natural settings that obese 

people become obese, not in the laboratory, it would be 

worthwhile to supplement laboratory findings of eating 

behavior with dietary intake data from natural environments 

whenever possible. Indeed, this was the design of this 

dissertation research. In this chapter, data on habitual 

energy intake of the manifest obese, latent obese and normal 

subjects will be described and be compared with earlier 

laboratory findings. Differences in reactivity under two 

observational settings will be studied in three subject 

groups. 



Background 

This section will review in sequence the two ap

proaches to food intake study with their pros and cons, 
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the variation of daily energy intake, and the problem of 

reactivity in measurement of habitual behavior. It will 

become clear that comparative studies of different dietary 

methodologies provide important clues to the validity of 

measures. This is especially relevant to the interpretation 

of results and the selection of methodology. 

The significance of short-term laboratory findings 

on appetite control can only be put into proper perspective 

in long-term energy balance, and thus the treatment of 

obesity, when the nature of the distribution of energy 

intake is understood. New dietary methodologies developed 

to study means and variations of energy consumption in 

population and in individuals (Beaton 1983) have not been 

applied to the study of obesity. Although there have been 

some reports on the prevalence of deviant eating behavior 

(e.·g. binge eating) in the obese or restrained people (Har

ris 1983, Herman1980), the variations of their daily intake 

have not been investigated. 

Food intake studies 

Understanding of human eating behavior and its role 

in spontaneous body weight regulation is crucial for the 
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development of eating control strategies that can be used 

in weight loss or maintenance programs. Studies of consum

ption behavior involve two types of methodological approaches 

with different emphases. The first approach attempts to 

unravel the control mechanisms of eating behavior and the 

correlates of obesity. Laboratory feeding and systematic 

observation of meal consumption in public sites are the 

methods often used (Pudel 1977, Spitzer and Rodin 1982). The 

second approach tries to quantify the habitual food and 

energy intake in a natural setting by diet history interview, 

food recall or other methods (Burk 1976, Beaton 1979, Kar

vetti and Knuts 1981). 

Both approaches have limitations in the study of 

appetite control: well controlled feeding experiments that 

could establish causal links are usually obtrusive, and 

reports of consumption behavior in natural settings offer 

mostly statistical correlations but not information on 

mechanisms of control. In addition, technical problems 

limit the palatability, or variety of foods, duration of 

observation or quantification of intake in the laboratory 

approach (Hashim and Van Itallie 1964, Schachter 1971, 

Spiegel 1973, Grinker 1972, Wooley et ale 1975, Durrant 

and Wloch 1978, and Silverstone 1980), and some sources 

of error are difficult to eliminate in all food recalls 
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(Fidanza 1974, Linusson et ale 1974, Hankin et al., 1975, 

Garn et ale 1978, Gersovitz et al., 1978). 

Laboratory studies have been reviewed in detail 

in Chapter 2 and Chapter 3. An overview of various methods 

used for quantification of habitual food intake in natural 

environment will be summarized here. Investigators interested 

in habitual energy consumption have used several standard 

methods to measure such behaviors. The indirect determination 

from information on group or household consumption is usually 

not selected for measuring individual intakes (Miller 1970, 

Marr 1971, Garrow 1974, NAS/FNB, 1980). The intensive meth

ods of bomb calorimetry and food weighing are seldom used 

on a large scale over an extended period of time. The other 

two standard methods are the diet history interview method 

and the estimation by recall or record of food consumed 

over the past day, week or month, with or without a food 

list or an interviewer. Comparative studies had evaluated 

the validity of these methods and there appeared to be 

inherent errors in all of them (Keys 1965, Fidanza 1974, 

Burk 1976). 

The diet history interview method in general gives 

larger estimates of energy intake than do the recall methods 

(Young 1952, Trulson 1954, Morgan et ale 1978, Rasanen 

1979). Since the 24-hour recall may show temporary variations 

from the usual dietary intake, small intakes tend to be 
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over-reported and large intakes under-reported in 24-hour 

recalls (Linusson et al. 1974, Garn et al. 1978i Gersovitz 

et al. 1978); intakes on weekends also tend to be greater 

than weekdays (Beaton et al. 1979). Repeated 24-hour recalls 

have been shown to be useful in obtaining a more accurate 

assessment of the habitual dietary intakes of individuals 

than single or consecutive recalls (Balogh et al., 1971, 

Beaton et al. 1979). There have been only a few comparative 

reports concerning the use of the seven-day recall (Adelson 

1969, Hankin et al., 1975). A recent study of interview 

methods with male myocardial infarction patients in Finland 

showed that energy intake estimated by dietary history 

was approximately 130% of that by 24-hour recall, while 

that by 7-day recall was approximately 110%, and it could 

not be determined which interview method had given the 

most reliable results (Karvetti and Knuts 1981). 

Validity of data 

A question that is beginning to be addressed in 

dietary methodology is that of indentifying the sources 

of variance in dietary data obtained by various methods. The 

partition of within subject and between subject variances 

has been used to give estimations on the validity of indiv

idual and group assessments. Inter-individual variance, 

a measure of the variability among the habitual intakes 
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of subjects is usually what is sought in diet analyses. 

Intra-individual variance, the sum of day-to-day variation 

within individuals and any variability associated with 

the methodology itself, contributes to noise. A large intra

to inter-individual variance ratio will mask correlations 

of diet and other variables and lead to substantial mis

classification of individuals by dietary intake (Beaton 

et al., 1979). 

An effective way to assess intra-individual variance 

of dietary intake is to use repeated observations on the 

same individual. For the measurement of energy intake, 

it has been demonstrated that a l-day dietary record gave 

an estimate within 15% deviation of the usual intake of 

the group but an estimate of about 50% away of the true 

mean intake of an individual (Todd et al. 1983). In a 

Toronto study of 30 males and 30 females, the 95% confidence 

range for deviation of observed individual sample mean 

from real intake was reduced to 30%, 19% and 14% when the 

number of days of observation was increased to 3, 7, and 

14 days (Beaton et al. 1979). 

The partitioning of variance is often expressed 

as coefficients of variation (standard deviation/mean of 

intake). In the Toronto study, the ratio of intra- to inter

coefficient of variation for energy intake was found to 

be 1.0 in males and 1.2 in females from six replicated 
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measures. Using this method, observed within subject vari

ation was reduced to about 25% of the mean, similar to 

the variation attributable to differences in usual intake 

among subjects (Beaton et al., 1979). 

These advances in interpretation of dietary data 

of individuals and groups have definite implications for 

the study of energy intake in obese people. Observations 

of eating behaviors of obese people are usually made from 

a limited number of meals in laboratory situations or public 

places. The deviation of observed data from habitual energy 

intake have never been assessed, and the day-to-day variation 

within individuals and the variation between them not par

titioned. In fact, the partition of variance of energy 

intake among overweight or restrained eaters needs to be 

investigated closely. Considering the chronic dieter's 

heightened responses to environmental stimuli and the usual 

variation of external food cues from day to day in natural 

environment, it is possible that the degree of their intra

individual variability of energy intake differ systematic

ally from non-dieters. 

Reactivity to obtrusive measures 

It is well documented that environmental conditions 

influence eating behavior of individuals differently (Rodin 

1978, Stunkard and Kaplan 1977). What we do not know is 
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whether there is any systematic change of behavior in res

ponse to various study methods, i.e. reactivity, in subjects 

of different weight and restraint characteristics. 

Reactivity is defined as any systematic deviation 

from habitual behavior due to measurement procedures (Rathje 

1976). All dietary methods currently available probably 

produce some reactivity in subjects, except possibly for 

food refuse analysis which is useful only on the household 

level (Harrison & Rathje 1977). The use of reactivity in 

this text does not include the normal range of responses 

to usual variations on environmental stimuli. Reactivity 

should therefore be differentiated from externality which 

is the degree of responsiveness to environmental cues. 

Reactivity to the study may be reflected in means or vari

ations. It would be difficult to determine the absolute 

magnitude of reactivity for each dietary method, but several 

methods could be cross-checked for the direction and rel

ative magnitude of reactivity. Also, different subject 

groups could be compared for general trends of reactivity 

to varied environmental settings. 

Specific Aims 

The purpose of the habitual dietary intake study 

in natural environment was to investigate the following 

two dissertation objectives: 
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I. Whether the manifest obese, latent obese and 

normal groups were different in self-reported usual energy 

intake pattern, as measured by mean daily intake , inter

and intra- individual variability, energy sources and 

daily meal patterns. 

II. Whether the three groups differed in direction 

and relative magnitude of reactivity toward laboratory 

observations and self-reports, as measured by the mean 

and variation of energy intake within and between subjects. 

The first objective will be addressed to by the 

analysis of self-reported two week dietary intake data. 

The second one will be based on comparison of laboratory 

observations and reported usual intake in free-range envir

onment. Specifically, the comparison will address the follow

ing four questions: 

i. Whether the mean energy intake from test lunch 

was different from that of reported usual lunch intake 

for the three groups. 

ii. Whether average intra- and inter-individual 

variations of energy intake changed from laboratory data 

to self-reports for the three groups, and if change occurred, 

in what direction and magnitude. 

iii. Whether the mean test lunch intake after high 

and low energy preloads were within the normal range (one 



standard deviation) of mean reported usual lunch intake 

for the three groups and individuals. 

iv. Whether test lunch intake as a percentage 

of reported usual lunch intake was correlated 

with testday intake as a percentage of reported 

usual daily intake in individuals. 

Methods 

The study of usual energy intake of the MO, LO, and NM 

subject~ in free-range environment involved lhe use of 

a 14-day dietary record. The research designl, subjects, 
, 

instrument of data collection and data analysis will be 

discussed in sequence. 

Research design 
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The habitual dietary intake study was designed as a supple-

mentary study to validate findings of the earlier laboratory 

study on short-term appetite control. It was hypothesized 

that systematic reactivity toward. measurements in laboratory 

and natural environments exists among the MO, LO and NM 

groups. The validity and sources of variance of dietary 

record~ have been analyzed with considerable insight recently 

(Beaton et al. 1979). Therefore information on self-reported 

usual dietary intake record over a two-week period may 

serve as an important reference data for the real habitual 
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intake. The laboratory data of the three subject groups 

can then be compared with these reference data to identify 

tren~s and relative magnitude of reactivity. 

In interpreting comparative data, it is important to 

keep in mind the limitations of both dietary methodologies. 

Laboratory study of appetite control often produces a context 

that tends to affect eating behavior strongly. Self-reported 

habitual dietary intake data which will serve as reference 

data in this study also suffer from validity and reliability 

problems. It wi~l be difficult to decide whether any ob-

served differences in dietary records among groups are 

true differences in eating behavior, or only systematic 

differences in quality of self-reports. However, with the 

comparison of data within and outside the laboratory in 

each individual, the relative direction and magnitude of 

reactivity can be compared among subject groups. 

In this research design, self-reported l4-day dietary 

records were collected, using an existing instrument. 

The same subjects participating in laboratory study were 

recruited for the supplementary study.It should be noted 

that the research questions regarding groups stated in 

Specific Aims could have been answered (but only with much 

less power) by using entirely different subjects in the 

three groups. By matching of some subject characteristics 

such as age, activity pattern etc., comparisons of groups 
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might be carried out with minimum difference in samples. 

However, because of the large intra-individual variance 

involved in energy intake it was desirable to match labora-

tory observation with reported usual intake on a one-to-one 

basis. 

Subjects 

When the same subjects were contacted again in 'April 

1981 for the supplementary study, all except two (one from 

LO and one from NM group) agreed to record food intake 

for 'two weeks. One additional subject was recruited for 

each of the three groups. These three new subjects were 

included for the analysis of selfreported dietary record, 
I 

but not for any comparison analysis. A summary of subject 

characteristics is presented in table 4.1. None of the 

values on subject variables were statistically different 

from those of the laboratory study (see table 4.1) 

Fourteen - day dietary intake record 

The Nutrition Protocol booklet for recording l4-day 

dietary intakes in a nation-wide nutrition survey in West 

Germany was used for data collection (see Appendix 11 for 

instructions for filling out the Nutrition Protocol book-

let). The German collaborating group of this study was 

the same group conducting the national survey, and all 



Number 
of Subjects 

Height(crn) 

Weight(kg) 

Body Mass 
Index 

Age 

Restrained 
Eating 
Scores 

TABLE 4.1 
Characteristics of Female Subjects in 

Habitual Food Intake Study 

Manifest Obese 

10 

168.0 + 8.5 
(153-179) 

81.0 + 13.2 
(63-107) 

28.8 + 4.2 
( 25. 4 =3 7 • 0 ) 

47.0 + 10.7 
(32-60) 

24.0 + 5.4 
( 14-29) 

Latent Obese 

8 

168.3 + 10.4 
( 153-183) 

63.8 + 4.9 
(50-74) 

22.5 + 22.2 
( 19. 9 =2 5.3 ) 

38.3 + 12.9 
( 23-56) 

23.0 + 3.4 
( 20-30) 

Normal 

7 

169.0 + 7.2 
(160-180 ) 

60.3 + 4.9 
! 53-65) 

20.9 or 1.6 
(1.9.2=22.1) 

38.4 + l3.5 
( 23-62) 

15.4 + 3.5 
( 10-19) 

138 
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protocols remained consistent with their other work. Each 

subject was paid 25 D.M. (about $12.50 u.s. Dollars) when 

the booklet was turned in, and was mailed a computer printout 

of personalized nutritional analysis and advice at a later 

date. 

Meals were separated into breakfast and morning meals, 

lunch and afternoon meals; and dinner and evening meals 

on color coded sheets. Food items consumed were recorded 

under 100 food categories under 12 groups. An example of 

foods recorded from breakfast and morning meal was also 

included in the booklet (not shown in Appendix 11). The 

mean and standard deviation of daily caloric intake~ the 

mean caloric distributions of morning, afternoon and evening 

meals; the mean caloric contributions of protein, carbohy

drate and fat and alcohol; and the 18 major food categories 

contributing to caloric intake were automatically printed 

out by the preprogrammed analysis. (see Appendix 12 for 

a sample print-out). 
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Data analysis 

i. Self-reported 14-day dietary recall. One-way 

analysis of variance was used to test for group differences 

in self-reported 14-day energy intake pattern as measured 

by: 

1. mean and standard deviation of daily intake 

2. mean and standard deviation of percentage distri

bution of calories in breakfast and morning meals, lunch 

and afternoon meals, and dinner and evening meals. 

3. mean and standard deviation of percentage distri

bution of calories in protein, carbohydrate and fat. 

4. percentage contribution of 18 food groups to 

caloric intake. 

Group means and standard deviations of the first 

three sets of measure were calculated from individual means 

and S.D. 's which were automatically printed out. Thus, 

the denominator for calculating S.D of each individual 

was n - 1, and that for calculating group value from indiv

idual means was n. For calculating the percentage contri

bution of 18 food groups to caloric intake, the sum of 

14-day intake for each food group was divided by total 

caloric intake during the period. 
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In addition, correlational analysis of these computed 

intake parameters with each other and with subject variables 

were computed. 

ii. Comparative study of laboratory data and report

ed habitual intake. For comparison of energy intakes within 

and outside the laboratory, individual means for lunch 

intake were compared for each of the three groups utilizing 

a Student's "t" test and Pearson's Coefficient of Correl

ation. Inter- and intra-individual co-efficients of variation 

were also calculated to compare the patterns of reactivity 

to laboratory observation by groups (Beaton et al. 1979) 

Energy intake on the fourth day of laboratory study 

was available from 12 subjects. Because the 24-hour recall 

of the previous day was collected on the last test day 

of each individual, only some of these recalls were from 

the fourth test day. The test day intake was compared with 

test lunch intake of the same day, and with mean reported 

habitual daily intake for each individual. This exploratory 

comparison was conducted in an attempt to identify any 

systematic patterns of change among test lunch intake, 

testday intake and reported usual intake. 
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Habitual energy intake in three groups 

i. Mean and variation of daily consumption. Table 

4.2 summarizes the results of l4-day dietary record anal

ysis. The LO seemed to have the highest mean reported daily 

caloric intake. The LO and the MO had similar standard 

deviations of the daily energy intake, and the NM had the 

lowest variance of daily consumption. The range of daily 

intake was also greater in the LO and MO groups who had 

higher mean restraint scores than the NM group. However, 

these trends were not statistically significant. 

The reported mean energy intake of the subjects 

was considerably lower than the mean of 2674 kcal from 

females 36- 50 years in the West German Nutrition Report 

of 1980 using the same instrument (Deutsche Gesellschaft 

fur Ernahrung e.v. 1980). However, the reported figure 

was on the higher end of the ~ecommended Energy Intake 

range of 1600-2400 KCal. for women 23 - 50 years old in 

the u.s. (NAS/NRC. 1980.). 

ii. Distribution in meals. More energy was consumed 

in the noon/afternoon or evening /night than during the 

morning in all groups. This pattern was consistent with 



Number 

TABLE 4.2 

Energy Intake from 14- day Diet Record * 
( Me an ±.. S. D. ) 

Manifest Obese Latent Obese 

10 8 

143 

Normal 

7 

Daily 2193.5 + 850.2 2533.3 + 997 2170.7 + 279 
Caloric 
Intake (kcal) 

Range 1062-3601 1450-4192 1829-2520 

Distribution 
of Calories 
( % ) 

Breakfast 22.1 + 8.0 23.4 + 13.3 26.2 + 6.8 

Lunch 41.2 + 6.6 35.9 + 7.8 38.2 + 6.1 -

Dinner 35.1 + 2.9 41.0 + 11.0 35.0 + 5.4 - -

Distribution 
of Caloric 
Sources ( % ) 

Carbohydrates 42.7 + 3.8 40.4 + 7.1 48.6 + 5.1 

Fat 41.9 + 4.1 40.9 + 7.3 37.0 + 4.8 -

Protein 13.8 + 1.6 13. 1 + 2.7 10.4 + 2.8 -

Alcohol 2.0 + 1.9 5.9 + 3.5 3.0 + 3.4 
- -
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Table 4.2 Continued 
Pooled West Germany 

Daily Caloric 
Intake (kcal) 

Range 

Distribution 
of Calories (%) 

Breakfast 

Lunch 

Dinner 

Distribution 
of Caloric 
Sources (%) 

Carbohydrates 

Fat 

Protein 

Alcohol 

2192.8 + 719.0 2674*** 

1062-4192 

23.2 + 7.5 29** 

39.7+ 6.7 38** 

37.1 + 7.4 34 ** 

44.1 + 5.7 43** 

40.4 + 5.0 40** 

13.0 + 2.3 13** 

3.1 + 3.3 4.2* 

* Mean and inter-individual S.D. and range derived from individual 
means form 14-day intake. 
** Nutrition Survey in West Germany (Kappus et ale 1981) 
*** For females 36-50 years of age. Nutrition report, West 
Germany (Deutsche Gesellschaft fur Ernahrung e.v. 1980) 

One way Analysis of Variance by Group: 
Percentage kcal from dinner and evening meals. 

p<0.04 (F = 3.80, d.f. = 2,22) 
Percentage kcal from protein sources 

p<0.09 (F = 2.77, d.f. = 2,22) 
Percentage kcal from alcohol source 

p<0.02 (F = 4.11, d.f. = 2,22) 
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the results of a recent nutrition survey in West Germany 

using a different dietary recall instrument (Kappus et 

al. 1981). The LO reported more intake from dinner and 

evening snacks than the other two groups (p < 0.04), they 

also showed more variation in distribution of calories 

among meals from different time of the day. 

iii. Source of food energy. The contribution of 

protein, carbohydrate, and fat to energy intake was similar 

in groups, with the NM consuming slightly less protein. 

The mean percentage contribution from macronutrients (13% 

protein, 43% carbohydrate, 40% fat, and alcohol 4%) was 

not very different from that of the Americans (12% protein, 

46% carbohydrate and 42% fat, excluding alcohols) (Fried 

1974). The reported relative intake of alcohol was higher 

in the LO (p < 0.02) than the other two groups. As with 

other self-reported dietary data, it was difficult to decide 

whether any difference was due to actual behavior or system

atic difference in data recording. 

iv. Major food groups contributing to energy intake. 

Food groups contributing more than five percent of daily 

calories are listed for the three groups in table 4.3. The 



GROUP 

Manifest 
Obese 

Latent 
Obese 

Normal 

TABLE 4.3 

Food Groups Contributing More 
than 5% Calories 

to Habitual Energy Intake 

FOOD GROUPS (ill order of decreasing caloric 
contribution) 

Pastries and sweets, breads and cereals, fats, 
fruits and vegetables, milk and cheese, meats, 
nonalcoholic beverage 

Pastries and sweets, fruits and vegetables, milk, 
cheese, meats, alcoholic bevcrGge, fats, 

Pastries and sweets, breads and cereals, fats, 
fruits and vegetables, milk and cheese, meats 

I-' 
~ 
0\ 
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MO and the NM were very similar in the general consumption 

of food groups, which followed reported food intake patterns 

of Germans (Deutsche Gesellschaft fur Ernuhrung e.v. 1980). 

Close examination of individual data showed that the LO 

had more intra-group variation in food use patterns, and 

the use of breads and fats were much less in most subjects. 

Very sweet foods such as cakes, cookies, sherbert, candies, 

etc. were primary sources of energy in all g~oups. Interest

ingly, the LO did not cut down on this high. calorie/low 

nutrient density food category. 

v. Correlations of energy intake parameters. Correl

ations of habitual energy intake parameters with each other 

and age of subject are summarized in table 4.4. As might 

be expected, the higher the averaged daily caloric intake 

of a SUbject, the larger the standard deviation of the 

14- day intake (p < 0.00). In this sample, increasing 

age was associated with decreasing caloric contribution 

from dinner and evening meals (p < 0.003), increasing per

centage protein intake (p < 0.04), and decreasing percentage 

alcohol intake (p < 0.006). Body Mass Index, height, weight, 

Restrained Eating Score, age of onset of obesity problem 

did not correlate significantly with any of these intake 

parameters. 
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Table 4.4 

..:. -Correlation Coefficients for Reported 
Habitual Energy Intake Patterns 

kft />ten S.D. c:f % &al. % ¥all % ¥all % C3I:b:l- % Eat % % 
r:ail.y r:ail.y BI:e3k- I1n::h IliIrEr l¥Jtat:Es P.rot:ein Alc:dPl 
¥all ¥all fast 

k:ft 1.00 

M:sn D:Uly -<l.23 1.00 
&al 

S.D. of -<l.U 0.72* 1.00 
dilly 
&al. 

%~ 
FmnElek- 0.36 0.47** 0.46** 1.00 
fast 

% ¥all 0.21 -<l.9)* -<l.45** -0.57* 1.00 
fran IL..-x::h 

% Ia!l -<l.59*'" -0.07 -0.03 -0.64* -0.25 1.00 
El'an 
Oirre: 

% Qu:l:o- 0.03 -o.~ -<l.38 -0.1)) . 0.34 -o:n 1.00 
l¥kate 

%Fat 0.22 0.4E 0.41** 0.24 -<l.31 0.03 -0.84* 1.00 

% &t:tEi.n 0.42** -<l.01 -o .. ~ -<l.U 0.42** -0.24 -0.33 0.25 1.00 

% Alo:tol -0.54* -<l.01 0.15 -0.24 -<l.29 0.00* -0.24 -<l.13 -0.42** 1.00 

* p< 0.01 
** p< 0.00 

• 
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Subjects with higher daily energy intake or larger 

standard deviations than others tended to consume more 

calories in morning meals (p < 0.02 and p < 0.03 respect

ively); and fewer in lunch and afternoon meals (p < 0.01 

and p < 0.03 respectively), but were not different in dinner 

consumption. Higher percentages of fat intake were associ

ated with larger S.D. of 14-day energy intake (p < 0.05). 

Not surprisingly, fat intake was highly negatively associ

ated with carbohydrate intake (p <0.00). Alcohol was usually 

consumed with dinner (p < 0.002) and negatively associated 

with total protein intake (p < 0.04). 

Comparison of laboratory data and reported habitual intake 

i. Mean and Variation for Lunch Intake. Most group 

means of testmeal intakes were within one standard deviation 

of those from reported 14-day lunch intakes as shown in 

table 4.5. Exceptions were the low intakes after low energy 

preloads in MO and LO groups. The NM was the only group 

with laboratory mean lunch intake level higher than the 

14-day average. The group means of lunch intake were not 

statist1cally different within vs. outside the laboratory 

using paired t tests. 
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Table 4.5 
ComEarison 

of Energy Intake Within and Outside the Lab 
(Mean ~ s. D. ) 

Group Manifestly Latent Normal All 
Obese Obese 

HE 814 + 251 725 + 144 958 + 222 832 + 252 
Preload 

- - -I-

, 

LE 556 + 267 503 + 129 746 + 297 602 + 231 - - -Preload 

Lab 711 + 258 676 + 138 842 i 252 736 + 216 
Lunch 

- -

14-Day 
+ Lunch 826 + 256 913 + 347 840 131 860 + 244 - - -Intake 

14-Day 
24 Hour 2062 + 884 2343+ 863 2218 + 274 2193 + 720 - - -
Intake 



It should be noted, however, that the LO had the 

lowest mean lunch intake in laboratory observation and 

the highest reported mean intakes of both lunch and 24 
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hour in natural environment. The absolute difference of 

lunch intake was 236.8 kcal, although this was not signi

ficant statistically. The NM who had the highest mean 

intake in laboratory setting reported almost the same lunch 

intake in,natural environment.The MO on the average consumed 

115.2 kcal for lunch more in a natural setting, according 

to their records. 

ii. Coefficient of variation for lunch intake. When 

inter- and intra-individual coefficients of variation were 

calculated from energy intakes in the laboratory and natural 

settings, some trends were evident. Table 4.6 summarizes 

these coefficients for energy intake from laboratory lunch, 

reported usual lunch and one-day, in the three groups. 

The ratios of intra-linter-individual coefficient of vari

ation are also listed. Two reference data using different 

dietary instruments and sample populations were included 

in the table for comparison. 

When the inter-individual coefficients of variation 

(CVl) were compared for the three groups, the LO had the 



Table 4.6 
Comparison of 
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Coefficient of Inter-individual Variation (CV1) and 
Coefficient of Intra-individual Variation (CV2_)_ 

of Energy Intake 

Group 

Number 

Lab 
Lunch 

Reported 
Usual 
Lunch 

Reported 
Usual 
One-Day 

Within and Outside the Laboratory 

Manifest Latent Normal 6-Day* 15-Day** 
Obese Obese 

9 7 6 30 18 

34.1 18.9 27.3 

25.1 29.7 20.3 

0.7 1.6 0.7 

29.1 35.2 14.3 

24.6 38.2 27.3 

0.8 1.1 1.8 

37.5 34.1 11.3 26.4 22.0 

23.6 41.6 27.1 31.3 25.0 

0.6 1.2 2.4 1.2 1.1 

* 6 repeated one-day records for 30 subjects from Toronto, 
Canada. (Beaton et al. 1979). 

** 15 (non-independent) one-day records for 18 subjects from 
Berkeley, California. (Todd et al~ 1983). 
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lowest value for laboratory lunch, and along with the MO, 

the highest values for reported usual lunch and one day 

intakes. The LO subjects as a group behaved more alike 

under laboratory observation than in self reports from 

a natural environment, as shown by a 80% increase in CV1. The 

MO subjects showed similar inter-individual variation within 

the group in both settings and the NM subjects decreased 

CVl by about one half from laboratory to natural envir-

onment. 

The intra-individual coefficients of variation (CV2) 

had similar values for reported lunch and one day intakein 

all three groups. The LO and MO increased CV2 moderately 

form lab to natural environment. Their ratio of CV2/CVl 

also fluctuated from one situation to the next, because 

both numerator and denominator were changing. In comparison, 

the MO maintained similar CV2 and ratio in two settings. 

Data on CV1, CV2 and ratio from the dissertation studies 

seemed to deviate from the reference data on both directions. 

iii. Variation of testlunch and testday energy intake 
from habitual consumption. Table 4.7 lists energy intakes 

of some subjects on the fourth trial day as compared with 

those of reported 14-day average. Because of the limited 

number of subjects observed under each group and energy 

treatment, and large variation in individual intake, no 

systematic pattern could be drawn at this point. As discussed 



154 

in table 4.5, the mean caloric intake of test lunch was 

not statistically different from the average of reported 

usual lunch in all groups. Table 4.7 suggests further that 

the mean caloric intake of test day was also similar to 

that of reported usual one day intake. At least in the 

3 subjects observed, lower mean total intake of test lunch 

with low energy preload did not predict lower mean daily 

intake. A subject's weight group category was not very 

useful in predicting the relative direction of deviation 

of test lunch from reported usual lunch intake, or test 

day intake from reported usual daily intake. A sUbject's 

test lunch intake relative to the l4-day daily average 

was also not predictive of her test day intake level as 

compared to the l4-day daily average. 

Discussion 

It should be emphasized that the purpose of this 

supplementary study of self-reported usual energy intake 

was to investigate the external validity of laboratory 

findings of appetite control. Since studies on the relation

ship of human food intake behavior to obesity have been 

mostly done in laboratory settings, the representiveness 

of energy intake data obtained under the somewhat obtrusive 
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Energy Intakes on the Fourth Test 'Day 
From 14-Day Average in Natural Setting 

4th 4th 'IEst:dly 14~ 4th 'Thstm.y 
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585 112% 1C62+266 93) 

2.34S+@1 2325 66SV 67% 
846 88% 2096+4so 2S8O/\ 

89.0:,22.5% 

1016 103%. 2679+583 1426\1 
700 129% i326+486 1330 
553 90S 1178+-358 1463 
PJJl 93% 1.933+470 XE7 

625 85% 163Ot341 ZT2O/\ 
753/\. 192% 145OFl71 2101/\ 
8fJJV 59% 3411+1022 3342 
74fJV 63% 4192+2684 1140\1 

1<X57/\ 153% 11m+57l 

102.8+-39% 
(59-l.92%) 
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4th 'IEst:dly 
. % of 14-d:!y 
lweJ:;;g: 

88% 

99% 
123% 

103.3+17.9% 

53% 
104% 
124% 
108% 

167% 
145% 
98% 
27% 

124% 
105.0+-37.7% 
(27-167%) 
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situations becomes a critical question. Two sources of 

variation in energy intake are important problems for the 

external validity of laboratory data; one is the usual 

day-to-day variation of energy intake in an individual, 

the other is the reactivity to the measurement procedure. 

This study should·be regarded as an attempt to study to 

these two problems in interpretation of laboratory data 

as they relate to treatment strategies, rather than to 

describe the habitual intake behaviors of subject groups 

per se. 

When the two sets of data obtained by different 

dietary methodologies were compared for each group, inference 

could be made about the relative direction and magnitude 

of reactivity in two environments. However, since the sub

jects in three groups were not matched for other important 

variables that influence long-term energy balance and the 

sample size was small, false negative findings are likely 

to be observed. 

with an understanding of the general purpose, pro

spects and limitation of the study, the following discussions 

will be drawing from these basic points. The mean, intra-

and inter-variation of energy intake under two environmental 

settings will be dealt with for each of the three groups. 

The difference in mean and variations between settings 

will provide clues of reactivity and externality in each 
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subject group. Any comparison across groups should be re

garded as an indication of possible trends which warrants 

further investigation. The general considerations will 

be discussed last. The patterns of self-reported habitual 

energy intake will not be discussed further because of 

the limited implication for treatment at this point. 

The latent obese group 

The La group increased both mean and inter-individual 

variation in energy intake from laboratory to natural en

vironment, as shown by an increase in average intake of 

35% and in coefficient of variation of about 80%. The intra

individual variation increased by about 30% with the change 

of environment. These findings suggested that under labor

at~ry observation, these successful dieters who were cognit

ively highly responsive to environmental food cues (e.g. by 

overcompensation or overestimation of intake) behaved rather 

similarly as a group. As individuals, their adjustments 

of intake to experimental manipulations of energy and sweet

ness were effective, as shown by the intra-individual co~ 

efficient of variation of about 30% in laboratory settings. 

Self-reports from usual "real" food intake in free 

natural setting could potentially incorporate two environ

mental influences into the dietary record in the La. One 

is that this group is likely to overreport their habitual 
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intake by portion sizes, given the tendency to overestimate 

their own intake in the laboratory study. The second one 

is the environmental impact of the constant stimulation 

of food-related cues in the Western affluent world on the 

chronically deprived and stressed dieter. Both of these 

influences may be differentially affecting individuals 

in the LO group. It could be stipulated that the first 

factor may lead to a higher reported mean intake, while 

the second factor may contribute to larger variances within 

and between individuals. 

The manifest obese subjects 

The MO behaved as a somewhat heterogeneous group 

within and outside the laboratory. This was not surprising 

because the subjects varied in restrained eatin~ scores 

and probably had different susceptibility or degree of 

control over internal and external cues of feeding. Neither 

of {nter- and intra-individual coefficients of variation 

changed much in this group with changing environments. The 

mean reported usual intake of lunch was similar to that 

of testmeal after high energy preloads. The comparison 

of data suggests that the MO did not demonstrate more react

ivity in laboratory observation than in self reports, and 

not more variation between settings. 
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The MO are overweight despite their similar restrained 

scores as the normal weight LO. It is hard to define to 

what extent their fatness is, due to the general lack of 

cognitive appetite control, occasional large binges, high 

efficiency of energy metabolism, low energy expenditure, 

Or, it is possible that the MO are in energy balance now 

but were not so in the past. The RES assesses the subject's 

control of eating at the cognitive level but not at the 

"bite" level; therefore the score represents what a sub-

ject wants to do cognitively or even affectively, but not 

what she actually does. The MO is a group that did not 

succeed in controlling weight (at least to a satisfactory 

degree) behaviorally, although it shares the cognitive 

know-how and physiological or emotional vulnerabilities 

of the LO, as defined by the restraint questionaires. 

The normal group 

This group reported about 10% lower mean usual lunch 

energy intake than that of testmeal after high energy pre

loads. These non-restrained normal weight subjects showed 

a decrease of about half inter-individual variation from 

laboratory to natural environment, and an increase of 35% 

in intra-individual variation with the change. The subjects 

were alike in their reported variation of energy intake 

in natural setting. 
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General considerations 

When mean energy intake is compared within and outside 

the laboratory, it is important to keep in mind the type 

of energy manipulations used in the experimental study. 

The high energy preload was 393 kcal and the low energy 

one only 67 kcal but the subjects were provided with the 

false information that all preloads were about 400 kcal. 

Therefore, the means of all testmeals and those including 

high energy preloads should both be compared in estimating 

the direction of reactivity toward measures. 

In general, the laboratory intakes were poorly correl

ated with habitual reported intakes for lunch and one day 

recorded intake. Although the energy content of the preload 

was a good predictor of total energy intake in the test 

meal for all subject groups in the laboratory study, it 

did not seem to affect the testday intake substantially. The 

laboratory studies definitely delineate factors that system

atically influence appetite control, but the laboratory 

energy consumption of individuals or groups barely reflect 

their usual real intake. The inter- and intra-coefficients 

of variation in reported lunch and one-day intake were 

similar in all subjects. The calculated values of coeffi

cients within and between individuals were not consistent 

with the reference data from two recent careful studies 
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of dietary methodology in North America. The observed 

ratios of intra- to inter-individual coefficients of vari

ation were deviant in both directions from these reference 

values. 

These discrepancies are quite possible because of 

the different sampling of study days, the different instru

ments used for data collection, and the different population 

studied. The sampling of independent study days in compar

able ways as was done in the reference data (for calculating 

coefficients of variation and partitioning of variances) 

was not possible from the aut~matically aggregated indiv

idual data. Individual means and S.D. from reported 14-

day recalls were used for ~ll calculations. The 14-day 

dietary recall form required that the subject recorded 

portion sizes of food intake under pre-printed 100 food 

categories while the other studies did not require this 

mental step of data transformation. 

The data seems to suggest that the LO might be most 

reactive to laboratory observation, the NM least reactive, 

and the MO in between. But the possibility cannot be ruled 

out that the LO were simply the best record keepers or 

most external eaters in natural feeding situations. It 

would be worthwhile crosschecking the habitual intake be

haviors of restrained eaters by several dietary method

ologies. Further studies with larger and well matched sample 
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in three groups should reveal different aspects of daily 

appetite control which would help the interpretation of 

laboratory data. 

Conclusion 

The follow-up study of habitual energy intake was 

designed to supplement the laboratory study of appetite 

control in the manifest obese, the latent obese and the 

normal subjects. Self-reported l4-day dietary intake records 

by the same subjects were used to address two questions 

which are important for the proper interpretation of labor

atory findings from a long-term energy balance perspective.-

One question is the representiveness of habitual energy 

intake from one or more testmeals. The distribution and 

sources of variance in energy intake need to be understood. 

It is likely that the inter- and intra-individual vari

ations of usual caloric intake differ among subject groups.-

The second issue is the reactivity to the laboratory study 

of the three groups. Although some reactivity is also expect

ed in the use of dietary records, a comparison study of 

two methodologies can provide clues on the relative direct

ion and magnitude of reactivity of each subject group. 

Analysis of reported dietary records showed that 

the three groups were not statistically different in their 

mean daily energy intakes. The NM group behaved more sim-
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ilarly as a group in reported usual energy intake than 

the MO and LO, as shown by an inter-individual coefficient 

of variation le~s than one third the value of the latter 

ones. LO individuals reported highest fluctuation of report

ed day-to-day energy intake, while the MO and NM individuals 

had similar intra-person variation. 

The LO group seemed to consume relatively more energy 

in the evening meals than the other two groups, and showed 

higher variation between sUbjects. This group also consumed 

fewer calories from breads, cereals and fats, and more 

calories from alcoholic beverages. Also, the individual 

variation of selection of food groups varied more than 

the MO and NM groups. 

When laboratory data for energy consumption for 

five testmeals were compared with those of self-reported 

habitual intakes of 14 days in natural environment, the 

three groups showed distinctly different trends of relative 

reactivity toward the two methods. In the natural environ-

ment, the LO subjects, who behaved very similarly to each 

other in the laboratory drastically increased their differ

ence between individuals, and moderately increased their 

group mean and day-to-day variation within themselves in 

the natural environment. The NM subjects increased their 

daily variation moderately in the free-range environment, 

slightly decreased mean intake while dropping their differ-
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ence with each other considerably. The MO maintained high 

variations of energy intake between and within subjects 

in both situations. 

These trends of relative reactivity toward two meas

urement settings in the MO, LO and NM groups suggest that 

one cannot assume that laboratory intake data represent 

habitual energy consumption in any group. The observed 

mean of the LO in laboratory is likely to be close to the 

true mean in the setting, but far from the usual mean in

take. The NM is probably the easiest group in estimating 

mean habitual intake from the laboratory data. The MO is 

highly variable as a group in both settings. It is also 

possible that some LO and MO individuals change their habit

ual energy intake level and body weight category back and 

forth on a temporal basis longer than two weeks. 



CHAPTER 5 

CONCLUSIONS AND IMPLICATIONS 

The food intake behavior of the manifest obese, 

latent obese and normal female adults have been studied 

in laboratory and natural environments to investigate the 

determinants of appetite control in relation to obesity. The 

dissertation re~earch was designed to alludel to the consum

ption behavior of restrained eaters with a pF-rspective 

of long-term energy balance. Research questibns focused 

on problems' with immediate implications for ehavioral 

modification programs of weight management. 

The laboratory experiment was an att~npt to delineate 

some mechanisms of control for two core elements in behav-

ioral modification program: stimulus control and change 

of eating style. The supplementary study of habitual energy 

intake addressed the problems of temporal change in energy 

consumption and measurement in general, thus providing 

a long-term energy balance perspective for the interpret

ation and application of the laboratory data. 
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Conclusions 

The new laboratory technique 

A new laboratory technique for monitoring short-
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term appetite control was developed to meet the special 

requirement of studying restrained eaters. The technique 

allows for the presentation of highly palatable foods in 

large variety, the recording of food intake throughout 

a meal, and keeps the subjects from direct co~nting of 

amount eaten. Tests of reliability, feasibility were satis

factory, and there were some indications of external validity 

and sensitivity to certain experimental manipulations. 

The laboratory study 

Specifically, the effects of energy, sweet taste 

and type of sweetener, using pudding preloads on subsequent 

intake of assorted hors d'oeuvres were assessed in the 

three subject groups during the laboratory experiment. All 

subjects adjusted intake of hors d'oeuvres according to 

the energy content of preload, although they were not aware 

of these differences. This suggested that, in the control 

of food intake, sensitivity to small physiological cues 

(such as an energy difference of about 300 kcal) may be 

universally present. 

The three groups responded differently to the sensory 

cue of sweet taste in preloads. The LO consistently lowered 
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their intakes of hors d'oeuvres after sweet preload, al

though they did not report recognizing the adjustment. These 

subjects often perceived themselves to be eating more than 

they actually did, and overestimated even more after a 

sweet preload. The MO and NM subjects did not change meal 

intake significantly after sweet taste, and mostly under

estimated consumption. The observed effect of sweetness 

appeared to be due to the sensory quality, because a non

caloric sweetener had similar effect on all parameters 

measured as did sucrose. These findings suggested that 

food intake can be affected substantially by a learned 

response to the sensory factor of sweetness. In the case 

of the experiment; it accounted for about 150 kcal without 

the awareness of the LO subjects. 

The supplementary habitual intake study 

Analysis of self-reported 14-day dietary records 

from natural environment showed that the three groups were 

not statistically different in their mean daily energy 

intake. However, the NM behaved more similarly as a group 

than the MO and LO, and the LO reported highest within 

subject variation of daily energy consumption. The LO also 

seemed to consume relatively more energy in the evening 

meals, obtain less proportion of their calories from breads, 



cereals and fats, and show more within group variations 

than the other two groups. 

The comparison study 
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When laboratory data of energy intake was compared 

with those of reported usual consumption in natural environ

ment, the three subject groups showed distinctly different 

trends of relative reactivity toward the two types of meas

urement. The LO, who behaved as a homogeneous group in 

laboratory intake, became heterogeneous in reported habitual 

intake from free environment, with individuals also increas

ing their intra-person variation. The MO who had high vari

ations of intake between and within subjects in labora-

tory study maintained similar levels with reported dietary 

recalls. The LO and MO are probably utilizing different 

sensory and cognitive cues at various degrees at different 

periods of their life cycle to control energy intake. They 

are likely to fluctuate in their body weight, usual energy 

intake and the extent of dietary restraint at the eating 

site. 

The NM behaved extremely like each other in natural 

environment, with individuals increasing intra-person vari

ation moderately toward the various external food cues. 

These individuals probably rely mainly on a stable physio

logical mechanism of appetite control and a steady set 
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of internal cues. Their intake are not likely to be affected 

as much by environmental changes as those of the subjects 

with higher restrained scores (i.e. the MO and the LO). 

Implications 

The implications of- the research findings can be 

discussed in terms of behavioral modification programs 

for weight control and methodological problems in laboratory 

research of human food intake control. 

Behavioral modification programs 

Results from the dissertation research sugges~ that 

there are two additional important elements in appetite 

control that should be incorporated into behavioral treatment 

strategies. The first is the issue of conditioned appetite 

control by sensory qualities .. · The latent obese have learned 

to use sweet taste as an effective caloric gauge without 

any conscious control, although their strategy may be mis

leading at times. No additional stress was involved in 

applying this strategy constantly once it was conditioned. 

The second element relevant to weight management 

is the temporal change of energy intake in restrained eaters, 

and the stress associated with the change. The latent obese 

and manifest obese have shown higher reported day-to-day 

variation from a 14-day period than the normal subjects, 
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and it is likely that certain temporal change of intake 

with a longer cycle also occur in many of the restrained 

dieters disregarding their present weights. For any behav

ioral treatment program to have long-term success, strat

egies need to be developed to deal with extreme temporal 

changes in energy intake which might have both physiological 

and psychological repercussions. 

Laboratory studies 

Systematic reactivity toward measurement procedures 

have been suggested in subject groups characterized by 

different body weight and restraint. Laboratory intake 

data in general do not reflect the habitual energy consum

ption well, especially for individuals. Laboratory study 

can still be a valuable methodology in the investigation 

of food intake control if the findings are properly inter

preted with a perspective of long-term energy balance, 

and an understanding of the trend of systematic reactivity. 

Research questions in laboratory study need to be 

defined in operational details as specific as possible 

for subjects of various weight and restraint characterist

ics. The findings from laboratory data need to be validated 

in natural settings with the usual intake data recorded 

in specific ways to test the same hypothesis on the same 

independent variables. Before long-term appetite control 
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could be modified in the obese, the unit and mechanics 

of temporal change among individuals and the environmental 

variables associated with change also warrant more investi

gation. 



APPENDIX 1a 

Klinikum der Georg-August-Universitat G6ttingen 

Zentrum 16: Psychologische Medizin 

Ernahrungspsychologische Forschungsstelle 

Ernahrungsforschung, von·Siebold-StraBe 5, 3400 GoUingen 

WORUM GEHT ES? 
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Erniihrungsforschung 
von Siebold-Straf?,e 5 
3400 Gottingen 
Telefon: 0551/39-6741/2742 
Zentrale: 39-1 
Telex: 96703 

Schon seit einiger Zeit f~hrt die Arpeitsgruppe fur Ernchrungsforschung 
Geschmacksuntersuchungen durch. Mit einer neuen Versuchsreihe 5011 die 
Beeinflussung der Geschmacksreaktion auf vorheriges Essen untersucht , 
werden. 

Dazu testen Sie nach dem Essen einer Quarkspeise vierhehn verschiedene. 
Sorten von belegten "crackers", die unterschiedl ich suS and salzig sind. 

Wir bitten darum, daS Sie an den Untersuchungstagen auf Ihr normales 
Fr~hst~ck bzw. Mittagessen ~erzichten and ein leichtes Mal (z.8. ein 
Br~·tchen oder zwei Stuck Knackebrot und eine Tasse Kaffee) vier bis 
funf Stunden vorher zu sich nehmen. 

Wir hoffen, daS Sie die leckeren Geschmacksprqgen, die wir fur Sie 
Vorbereiten werden, {~r diesen Verzicht entschadigen werden. 



APPENDIX lb 

WHAT IS THE STUDY ABOUT? 

For some time the Work Group for Nutritional Research has 
been carrying out taste studies. In this study we wish to 
investigate the influence of previously eaten food on the 
sense of taste. 

For this purpose, after you have eaten a pudding, you will 
taste fourteen different types of hors d'oeurvres, some of 
which are sweet and some of which are salty. 

We ask you to skip your normal breakfast or lunch, and to 
eat only a light meal, (for example, a breakfast roll or 
two pieces of Zwieback and a cup of coffee) four to five 
hours before you come here. 

We hope the tasty crackers we prepare for you will make 
up for this. 
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Four digit 
Entered by Re 

e.g. [4211] 

APPENDIX 2 

Computer Prompt Program for Direct Data Entry 
by Subjects in Lat, .. ratory Feeding Experiment (English translation) 

Enter subject 1.-0. # 

number 
searcher --- - ---- -- - - - --- -- - ~ 

,/ 

} 
Please choose an hors 

.' , d'oeurvre and put it 
on the plate 

1 
Enter the menu number 
of your choi ce: 

1 2 3 
Egg & :,Mushroom 

Seafood Seafood & Shrimp 
4 5 6 

Bousan Tomato & 
Cheese Asparagus Cheese 

7 8 9 
Camembert Fruit & 
Cheese Cheese Cookies 

~----------.\jj 

~ 
Now eat the hors d'oeuvre. 
How do you like it? 

1 2 3 4 5 6 
very very 
good bad 

~--- ------e.g. 
[1] 

r------{6] [6] [6] 

'\ 1I 
STOP 
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Researc!-ier 
Operated 

Subje::t 
Operate': 



Appendix 3 

A sample computer printout of a feeding test. Raw data recorded were type of 

menu choice, palatability rating and the elapsed time. Subjects were instructed 

to rate "6" three times when thev'were ready to stop eating. 

Subject Amount 
Code Eaten 

CODE 15122 GEGESSEN: 11 

Lfd Nr: 1 Jofenu: 9 Bewertung: 1 Zeit: 241 
Lfd Nr: 2 Menu: 2 Bewertung: 1 Zeit: 94 
Lfd Nr: 3 l.fenu: 1 Bewertung: 1 Zei t: 84 
Lfd Nr: 4 Jofenu: 2 Bewertung: 2 Zei t: 78 
Lfd Nr: 5 Menu: 3 Bewertung: 1 Zeit: 71 
Lfd Nr: 6 Menu: 1 :Bewertung: 1 Zeit: 83 
Lfd Nr: 7 Menu: 2 Bewertung: 2 Zeit: 90 
Lfd Nr: 8 ~renu: 1 :Bewertung: 2 Zei t: 78 
Lfd lTr: 9 Menu: 3 Bewertung: 6 Zei t: 70 
Lfd ITr: 10 Menu: 7 Bewertung: 6 Zeit: 65 
Lfd Nr: 11 Menu: 9 Bewertung: 6 7.eit: 89 

(Sequence No.) (Menu 
Item) 

(Palatability 
Rating) 

(Time In 
Seconds) 

...... 
'-l 
V1 



I 
Subject 

-

I 
( 1 ) 

( 9 ) 

( 5 ) 

( 6 ) 

(8 ) 

Appendix 4 

Modified Balanced Squares Design 
(Williams 1949) for assigning 

Preload Treatment on Trial Days 

Tri a 1 Da.l Trial 
1 21 3 4 5 Subject 1 2 3 

1 2 5 3 4 (7) 4 3 5 

2 3 1 4 5 ( 1 0 ) 5 4 1 

3 4 2 5 . 1 ( 2 ) 1 5 2 

4 5 3 1 2 ( 3 ) 2 1 3 

5 1 4 2 3 (4 ) 3 2 4 

I7G 

Da\ 

4 5 

2 1 

3 2 

4 3 

5 4 

1 5 



"Flip" 
(400 Kcal) 

"Velvet" 
(392 Kcal) 

"Tropical" 
(402 Kcal) 

APPENDIX 5 

_<l!!ARKSPEISE }llNU 

(Pudding Henu) 

~. (iJd'LL>d£Lr/) 

.~. ( '17u~-) 

:JJU. (§4-) 

"Fizz" 1\ 
(408 Kcal) • • • . • . . • . . • • . . • . . • • . rI::J-~. (.JJUUUl-iiP...(j_ ) 

"Pearl" f\ . 
(398 Kcal) . • . . • • • • . • . • • • . • • •. #U. ( J~LQ~J-) 

~ 

-...J 
-...J 



APPENDIX 6a 

L-F-S,1 
~~I."ml 

1. Bis he:::.:, batte ich elgentlich nie zuvid Ge\·:icht ...................• 

2. Mind(;st':::1s einmal in (i~~l' Woehc wiege lch mi.ch ..•.•..••••••..•••.•• 

3. Fur mieh all~~in ..-:i.'tedc leh nie):', extra koehen .....•...•••.•.....•... 

4. Eei den iibliehen N,lhl':mgemittein wd~ ich ungefllhr UbE:l' dell Kalo-
riengehalt B.::seheid ..•........ =-................................. . 

5. In Zeitu:1.gl::n lese i.ell haufigt;:r Hat'sehlage um schl(1lJkcr zu w~rden •... 

6. Ieh ha.;.te mich bcim ::::ssen l)e··.V1.Wt zuruck, um nieht ~;uzunehmen .•.... 

7. In rIJ.:inel· Verwandtsch •• f'i (Farr..ilic) gibt es keilll.: richtig dicl'el1 Pe:c-
sonen •••••....•.••.....•••••..•.•.••••.•..•••.••.••••...••...••. 

a. 1eh kc:.nn nul' schw.::r widersteben und mlch vom Escer. zU!'ilckhalten, 
wenn ein zarter Huhncil.e).;duft oder em leckerer Bra.twiir·stchengeruch 
an l"l1ir vorbli:i.zie!lt, ouch \'.'0:111 ich.gerade gegessen habe.: ..... , ..••. 

9. Schon ~"Ijchr c.ls eim:nal habe ich eine Schlankheitsdiiit. gemacht ....•...• 

10. Wahrenc1 einer r,·!a.hlzeit \','el'dt~ ich mandum'.l so satt, dan ich einfach 
nicht weitel'es~en kann... . .. . •. . .. .. . . .. . ... .. ,'"", ... , ......• , .. 

11. i\"lir fallt es nichi: sc.:hwel', J.i:sser:Sl'cste einfach ubrig zu iassen ...•... 

12. ~Ieistcns esse ich mehr als dreirnal am Tag .•.•...•••••.••..••..• ~ . 

13. Aufregung schlaegt mir meistens auf den magen •••••••••••••••••••••• ~ ••••• 

14. Aus Erzahlungen wei/3 ieh, da/3 lch als Kind etwas "ntndlich" war .••.. 

15. WClln kein Essen in rneiner Nahe steht, brauche lch um meine 
schlanke Linie nicht zu bangen ..•.•.••.•.•••.••••••••....•.•...••.. 

16. Manclunal wUnsche ich mir. da/3 rnir em Fachmnnn beirn Essen sagt, 
da/3 ich schon satt bi.n oder noch essen durfte •.•......••••.•...•....• 

17. Zu den Hauptmahlzeiten esse ich eigentlich imrner ungefiihr gleich-
viel •••.•.••••.••••..•••..••••.•••.•••..••••.••.•..•••••..•••.... 

18. In den letzten zehn J?.hren hat slch rnein Gewicht so gtlt wie nicht ver-
B.!ldert .•••....•..•....•••••••.••.•••••..••••.•• , ••.••••••••••..•• 

10. Bestimmte No.hnmgsmittellneide ich, weil sie "dick" machen .....•... 

2 G. Oft habe ich e!:1 so starkes Hungergefilhl, da/3 ich unbedingt etwas 
essen Inu/3 •..•••..••.••.••••....•••••.•••••...•..•••..•..•. : ..•.. 

0 
(0 

(0 

Q 

(€) 

0 

0 

0 
I~ 

0 

0 

G 

0 
Q 

0 

Q 

0 

0 
(0 

0 
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~tHi1mt 
'Iict"\t 

0 

0 

0 

0 

0 
0 

Q 

0 

0 

G 

Q 

0 

0 

0 

0 

0 

8 

([) 

0 

0 
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L-F-S~ 2 
stirnmt slimrr.1 

niet"lt 

21. Am 'WoehEnende J.:ommt es hiiuiigel' wor, da13 Mahlzeiten ausfallen.. . .. 0 0 
22. lch wollte schon i.mmer etwas mehl' wiegcn. , .... , . , ••• .. •. •. . .• ...•. 0 G> 
23. IVlorgens esse ieh oft .wenig. , ,. , ..••.• , ••.• , •...••••.•••• ,.. .•.• ... 0 0 

24. leh nehme mir viel Zeit zum Essen •... , , •••.•• , •.•• , • , .• , . , . , •. , • • 0 Q 

25. Zu bestimmten Tageszeiten bekorz:1me ieh Hunger, weil ich rnich an die 
Bssenszeiten gewohnt habe •.•• , • , ••.••••.• , • , •••• ', . , , , . , •••.•.••• , 

26, Hiiufiger konnte ich Cluch "nur so aus Gesellsehn.ft," mitessen, ...•. , , •. 

27. Wenn ieh riehUg leck~re Dinge sehe, moebte ich sle hauflg sofort 
essell ....................... I" ••••••••••••••••••••••••••••••••••• 

28. :;\'1ein Magen kommt mir haufig wie ein Fa13 ohne Boden vor •...• , ..... , 

29. Auf ein besonders sehmaekhaftes Essen kann ieh mieh richtig freuen., 

30. Haufig beende jeh me-in Essen, wenn ieh noeh gar nieht -riehtig satt 
bin •.........•.....•....•....•.....••.•.•••. " .. , •..•. , ....•.... 

31. Spat abends odcr in dl:!r Nacht bekomme iell mD-nchmal starken Appe-
tit ............................................................... . 

32, Meistens bin ieh mit dem Essen schneller fertig als andere Personen. 

33. Wenn ieh Geld \lbrig hatte, wurde ieh mil' h~:uiiger ein "richtig gu¥ls 
Essen" leisten ••..••.•..•••••..••.••...•.•• , •••••••.•.•..•. , . , .• , 

34. Wenn andere an meinem Tisch essen, hatte ieh auch gerne etwas •..... 

35. Ich kann auch essen;' olme richtig Hunge'r zu haben .................. . 

36, Um eine hohe We-He zu gewinnen, briichte ieh es fertig, mindestens 
zwei ordentliehe Mittagsportionen in einem RestaUl"C'.nt hintereinander 
zu essen .................................. , .. , .................. . 

37. Angebroehene Pach'1!ngen (z. B. Tafel Sehokolade) kann feh gut tage
lang liegen lassen, ohne sie anzuruhren ••. , ...•.•..•.• , .. , •..•.• , .. 

38. lch aehte sehr auf nieine "Figur" .•... , •••••..•••••••.••• , , • , •••... 

39. Manehmal schmeeh-t es mlr so gut, da.13 ieh weiter esse, auch \Venn 
ich eigentlich schon satt bin. , .••.•...•.•••.••. , .••• : , •.. , •. , .•.... 

4 O. Essen halte ich fUr eine ziemlieh gleichgi!lUge .. \Ilgcleg.::nheit ........•. 

G) 

0 

0 
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0 
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APPENDIX 6b 

English Translation of Latent Obesity Questionnaire 
(Latente Fettsuchts Skala, LFS) 

1. I was never really overweight 

2. I weigh myself at least once a week 

3. 

4. 

5. 

6. 

For myself alone, I wouldn't do any extra cooking 

I know the approximate calories for normal food items 

I read advice columns in newspaper.s about how to get slimmer 

I consciously stop eating in order to avoid gaining weight 
I 

7. There are no really fat persons in my family 

8. It is hard for me to resist if I smell a sizzling chicken or! 

Bratwurst, even if I have just eaten 

9. I have tried a weight reducing program more than once 

I sometimes get so full at meals that I cannot go on eating 

It is no problem for me to leave unfinished foods on the pla'Fe 

Usually I eat more than three times a-day . 

Stress usully causes for me a strange feeling in the stomach; 

X 
X 

X 

X 

X 

X 

X 

X 

X 

10. 

Il. 

12. 

13. 

14. 

15. 

16. 

From family stories I know that I was a somewhat chubby chil,p X 

If there is no food around, I do not have to worry about my ~igurex 

Sometimes I wish that a dietitian sat near me at meals to say whethe t 

I have eaten enough or if I can go on eating 

17. I usually eat the same amount at every meal 

18. Within the last ten years my weight has not changed practically 

19. I avoid certain foods because they are fattening 

20. Sometimes I get so hun~ry that I absolutely need to have something 

to eat 

21. I occasionally skip meals at weekends 

22. I always wanted to weigh a little more 

23. In the mornings I usually do not eat much 

24. I take my time at meals 

25. At certain times of the day I become hungry because I am used to 

eating at that time 

Sometimes I eat just to socialize 

X 

X 

X 

X 

X 

X 

X 26. 

27. If I see some really delicious food I often want to eat it immediately X 

28. Sometimes I think my stomach is a bottomle,ss barrel X 

29. I can really enjoy myself at a really great meal 
X 

30. I often finish eating before I am really full 

31. Late in the evening or during the night I sometimes get really hungry X 
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Disaoree 

X 

X 

X 

X 

X 

X 

X 

x 

X 



32. Usually' I complete my meal faster than other persons 

33. If I had extra money, I would enjoy a "real good meal" 
more o~~ten 

34. If others are eating at my table, I wish I had something 
to eat too 

35. I can eat without even being hungry 

36. To win a big bet I co~ld be prepared to eat at least two 
normal lunches in a restaurant one after another 

37. I could let opened packages (e.g. a box of chocolate) 
sit around for days without touching them 

38. I closely watch my figure 

39. Sometimes food tastes so good that I continue eating even 
though I am already full 

40. I consider eating rather unimportant 

Agree Disagree 

X 

X 

x 
X 

X 

X 

x 
X 

X 
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APPEnDIX 7 

Composition of special food ingredient used in pudding preload. 

INGREDIENT 

Starch 
(Hondamin Fix-SoBenbindcr 
hell) 

Speisequark 
(40% fat) 

Speisequark, mager 
(Skinuned) 

WEIGHT 

100g 

100g 

100g 

PROTEIN FAT CARBOHYDRATE ENERGY 
(g) (g) (g) (KCAL) 

1,6 2,5 80,3 350 

12.0 12.1 171 

17.2 0.6 81 

...... 
00 
N 



Time *1.0. No. 

10:30 

II 11 :00 

III 11 :30 

IV 12:00 

V 12:30 

VI 13:00 

VII 13:30 

\II II 14:00, 

*4 digit 1.0. number: 
G') .., 
0 
c: 
-c 

3: 
0 

.::. .. 
r-
0 

"'., 
:z :c 

0'1 

Vl 
c: 
0" 

c...... 
CD 
n 
M-

""' 

IO 

APPENDIX 8 

APPENDIX 8 

Laboratory Daily Log 

Palatability 
Rati.ng of 
Pr'eload Breakfast 

--t --t 
J. '< -c 
"" CD 

0 e. ...., 
"" '< -c .., 
"" CD 

~ 

0 

"" e. 

Date, ______ _ 

M T H Th F 

Unusual Daily 
Activity 

Addit1'onal 
Comments 

183 



APPE~DIX 9a 

Klinikum der Georg-August-Universitat GCittingen 

Zentrum 16: Psychologische Medizin 

Ernahrungspsychologische Forschungsstelle 

Emihrun£llfonchung, yon·Siebold·StraBe 6, 3400 Gottingan 

FRAGEBOGEN ZUM VERSUCE 

Ernahrungslorschung 
von Siebold·Strslle 5 
3400 GOlllngen 
Telelon: 0551/39-6741/2742 
Zenlr.le: 39-1 
Telex: 96703 

Beantworten Siebitte folgende Fragen und geben Sie nach Hoglichkeit 
eine BegrUndung dafUr! 

1. Meinen Sie, daB Hunger- bzw. Sattzustand einen EinfluB auf Ihren 

Geschmack hatten? 

2. Ist Ihnen et'Nas Besonderes beim Geschmackstest aufgefallen? 

3. Haben Ihrer Auffassung nach die Versuche noch einen zusatzlichen 

Zweck als den angegebenen gehabt? BegrUnden Sie Ihre Antwort! 

4. FUhlten Sie sich beim Essen gestort? 

a. durch den Bildschirm 

b. durch das Rotieren der Drehscheibe 

c. uurch irgendetwas anderes 

5.Beurteilen Sie bitte, wie sich die Laborsituation auf Ihr EBver

halten ausgewirkt hat. 

6. Wieviel glauben Sie jedes Mal gegessen zu haben? 

wieviel sUB .. Tieviel salzig 

1- Tag · .................. CJ CJ 
2. Tag · .................. C=:J c::J 
3. Tag · .................. c=J "CJ 
4. Tag · .................. c::J I I 
5. Tag · .................. r=J L-.J 
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Klinikum der Georg-August-.Universitiit G6ttingen 

Zentrum 16: Psychologische Medizin 

Ernahrungspsychologische Forschungsstelle 

Emihnmv.foncllung, _·S~boId-SI"a. 5, 3400 G6n1_ .' 

FRAGEBOGEN SEITE 2 

Emihrungslorschung 
\/on S,eDold·Slral>e 5 
3400 Gonongen 
Telelon: 0551/39·6741/2742 
Zentral.: 39·' 
Telex: 96703 

Aklen2eochen 

Datum 

7. Wann haben Sic nach den Versuchen wieder etwas gegessen? 

8. Hatten d1e Quarkspeisen unterschiedliche Auswirkungen bei Ihnen? 

,Z.E. waren Sie.hungriger oder weniger hungrig nach den einzelnen 

Quarkspeisen? 
sehr hung rig 

1. Tag: 

2. Tag: 

3. Tag: 

4. Tag: 

5. Tag: 

2 

9. Nie hungrig waren Sie, 

sehr hung rig 

1. Tag: 

2. Tag: 

3. Tag: 

4. Tag: 

5. Tag: 
2 

3 4 5 

als Sie bei uns ankamen? 

3 4 5 6 

6 

uberhaupt nicht 
hung rig 

7 

uberhaupt nicht 
hungrig 

7 

10. Raben Sie je Gewichtsprobleme gehabt? 

Wenn ja, qeben Sie an, wie alt Sie waren, als s~e auftraten . 
. 1Uter: 

Gab es besondere Ereignisse, die spater die Gewichtsprobleme 

bei Ihnen aus16sten? 
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APPENDIX 9b 

QUESTIONNAIRE 

Please answer the following questions and where possible give the reasons 
for your answers. 

1. Do you think that being hungry or full had an influence on your 
sense of taste? 

2. Did you notice anything unusual. about the taste study? 

3. Do you think that the taste study might have had another 
purpose in addition to the one stated? Please give your reasons. 

4. Did you feel disturbed while you were eating? 

a. by the monitor screen? 
b. by the rotation of the turntable? 
c. by anything else? 

5. Please tell how the laboratory situation influenced your eating 
behavior. 

6. How many crackers do you think you ate each time? 

1st day 
2nd day • 
3rd day 
4th day 
5th day 

How many sweet? How many salty? 

7. When did you eat again after the test? 

8. Did the various puddings affect you differently each time? For 
instance, were you more or less hungry after particular puddings? 

Very Hunary _ Not a~all Hungry 
Q) ® G) @) ® @ lZJ 

1st day __ ~ ____ ~ ____ ~ __ ~ ____ ~ ____ ~ __ ~ __________ __ 
2nd day __ ~ ____ ~ ____ ~ ____ ~ ____ ~ ___ ~,-__ ~ __________ __ 

3rd day __ -4 ____ ~ ____ ~ ____ 4_--__ ~--~~--~ __________ __ 

4th day __ ~----~--~----,r~_.~--_r--_.------------
5th day __ -L ____ ~ __ ~ ____ ~ __ ~~ __ ~ __ ~ __________ __ 
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9. How hungry were you when you came to us? 
Very' Hungry Not at all Hungry' 

(j) ® ® ® ® ® (J) 
1st day I I I I I 
2nd day I I I I I 
3rd day I I I I I 
4th day I I I I 
5th day I I I 

10. Have you ever had weight problems? 
If yes. please tell us how old you were as they began. Age __ _ 

Were there particular circumstances which later aggravated weight 
problems for you? 
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APPENDIX lOa 

Hinweise zum AusfUllen des Ern~hrun~sorotokolles 

1. Durch das Ern~hrungsprotokoll wollen wir so genau wie moglich 

erfassen, was Sie gestern geqessen und getrunken haben. Dabei 

ist es wichtig, dafi Sie den Zeitpunkt der einzelnen Mahlzeiten 

angeben. Sie brauchen allerdings nicht anzufUhren, was Sie hier 
gegessen haben. 

2. Auf dem Blatt stehen 100 Nahrungsmittel und Getranke. Lesen 

Sie zunachst in Ruhe alles einmal durch, darnit Sie wissen, 

was Sie auf dem Blatt finden. 

3. Traqen Sie die Nahrungsmittel und Getranke, die Sie gestern 

zu sich genomrnen haben in die encsprechenden Kastchen ein 

und notieren Sie daneben die Uhrzeit! 

4. Die angege8enen ~engen konnen Sie entsprechend ver~ndern, wenn 

Sie statt einer Tasse, Scheibe etc. eben 0,5 oder 0,3 (Tasse, 

Scheiben) angeben (daneben). 

5. FUr Ihren Brotbelag (Margarine, ~vurst, Kase) geben Sie bitte 

an, ob er dunn, mittelmafiig oder dick aufgetragen war. 

6. Wenn Sie Nahrungsmittel gegessen oder getrunken haben, die nicht 

auf der Liste stehen, dann fUgen Sie diese am SchluB des Proto

kolles hinzu, und zwar so genau wie moglich w~s und wieviel und 

zu welcher Uhrzeit. 
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7. Es ist sehr wichtig, dafi Sie wirklich alles eintragen. Denken Sie 

an SoBen, Nachtisch, Obst etc. Vcr allern an das, was.Sie nebenbei 

oder unterwegs gegessen und getrunken haben (Bonbon, Eis u.a.). 

8. Wenn Sie jetzt mit dem AusfUllen beginnen, werden Sie sehen, daR 

manche Dinge einzeln angekreutzt werden mUssen, auch wenn sie 

zusarnrnen gegessen werden (z.B. Kaffee, Milch, Zuck,er). 



APPENDIX lOb 

Instruc~ions For Filling Out 
24 Hour Food Recall Form 

(English Translation) 

1. By means of this protocol, we wish to have recorded as exactiy as 
possible what you ate and drank yesterday. It is important that 
you note the time ot' the various meals, but you don't need to wnte 
down what you ate here. 

- 2. On the protocol you will find a list of 100 different food i~ems ana 
drinks. Piease read through thlS list carefully now, so that you wi 11 
know what it contains. 

3. Write in the food items and drinks that you had yesterday in ~he 
appropriate spaces and note the time at which they were eaten. 

4. You can change the given quantities if, for example, you drank l/~ 
cup of tea instead of a whole one, or ate 1/3 of a piece of bread 
instead of a whole one. 

5. When entering what you had on your bread (margerine, coid cuts, cheese, etc.) 
please write whether it was spread thickly, thinly or average. 

6. If you ate or drank something which is not on the list, then please add 
this at the bottom of the protocol as exactly as you can, giving the 
time of day at which eaten. 

7. It is very important that you list everything. Don'~ forget sauces, 
desserts. fruit, etc, and especially don't forget what you snacked on 
or ate or drank while driving (ice cream corie, candy, etc.) 

8. ioItien you be'gin to fil'l out the form you wi 11 see that many thlngs must 
be checked separately even though they were eaten together tfor example, 
coffee, milk, sugar). 
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APPENDIX IOc 

Form for 24-Hr. Food Recall (German Original) 
: . •• 
G,aubrot Frucnt •• tt ADlellBunt/Aplelllne/Pflrllch 
5cnllbft 01 Gil. (0.21) 35 Stuck 97 

Schwarz·NollkornDrot lImon.dl, Coil Melone 
SCheibe 02 Gil' (0.21) 36 Stuek 99 

WeISbrot, TOISI 
SCheibe 03 

OIAI·lJmonade 
Gill (0.21) 37 

Banane 
Stuck 99 

BrOlchen 
Stuck 00 

B.8' 
Rllth.(O.51) 39 

eltren,lonlttoeS Obst 
Talll! 100 

Knackebrel 
SCheIbe 05 

ZWIebaCk 
SluCk 06 

Brotbelag; Miisli."""'t1r", 
Clunn g 

Buner 07 mlltel 
dIck 

MarOlnn, dunn, ~ 
08 ~'"kel 

dunn ~ Schmalt 09 m,llat 
Click 
Clunn 

KI .. 10 ~gtkel 

'MJl"lt mage, 
aunn 

It _:r.glce, 
dunn 

'MJl$llen 12 mrnel 
, k 

Wem 
GI .. (o.2I) 39 

Splnluo .. n 
Schnapsglal 00 

WermulweJn 
GI"(O,II) 01 

KaHee, Toe 
Tasse 02 

WaSler, MlneralwBSl,r 
GISliO.2l) 03 

Kel<lo 
"'Ine .. 
Trinkmllch <3,5 %J 
Tane 05 

Bunermllcn 
Taalll oe 

Joghun. Otckmllch 
07 Tassa 

~;- :::n;."'.:, ' .' ,,' :-:"\0" 

, SChMzel 
Sluck 51 

, Rmasleall. 
Sluek 52 

Koleleh 
StuCk 53 

, Braten 
I SCheIbe 50 

I Gulaseh 
55 Tasse 

Brarwursl 
Sluck 56 

Bock-, Koch·, welSwural 
Stuck 57 

Fnkaael1e 
Sh.ICk 59 

Roulade 
~rmel.(Je 
~lIlelof1el 13 

FruChlloghun (3,5 %1 
Becher ' 49 

Stuck 59 

Etsbeln/Hue/SChwetnebauch 
Hon.g Stuck 60 
TeeloHe' 10 

5ahneq~'k Oosenmllch 
Suppenllelsch 
Talle 61 

Ta .. 1 15 

Se, 
T,elONef 09 

ZuClw&l 
1/2 Hahnch.,n 
Stuck 62 

SHiel< 16 

Corn'lak •• 
TaSSI 17 

Sluck/T eek)ffeC 50 

1['.."1". ;'lIw-"".lF.l :::: 
Gellugel,oekochi 
Tasae 63 

Halertlocken 
Tasi. 16 

MUIII 
Tass. 19 

II::;]! , 'I:\in"~" . 
Bonbon 
Stuck 20 

Kel<l. 
Stuck 21 

SchOkolaal 
StUCk 22 

So6e, gebunden 
E6tollel 76 

MayonnaIse 
EBIONel n 
KetchuP,56nl 
E610N,I 76 

Allsehsalsl 
Tasn 79 

Nudel-, Vv\JrSI-, Relssllal 
TlSse BO 

: . .' . ,.' 

L.be' 
Senetbe 64 

Innereten 
Tasse 65 

L.berk.ase 
Sehelbe 66 

Me. 
Ta .. t 67 

Tatar 
TUle 66 

Speck 
69 ScneLM 

Prallnan 
Slue. 23 

Nuna 
Ta ... 20 

Ch'''" Tanl 25 

SllzgeDack 
Ta .. e 26 

KanoN,ln 
StUCk 61 

BralkanoN,ln 
Ta .. t B2 
Kanortetpuree 
Tastt 93 

Pommes Frlles 
Ta ... 60 

l::r!"[il' 

Fi:Jcn oekochl 
T .... 70 

FiSCh oebra1an 
StiJck 71 

Fi.cnkonserva 
Sluek 72 

IT'iI ;T", r.r.& I . 
KanoHelpurt81 
ShIck B5 . .. 

Obsnorte, Auhrkuchen 
SIOck 27 

Aels 
Tasse 6e 

Klare Vorsuppa 
Talle 73 

SUeuaelkucnen 
Shick 29 

Nudlln 
Tant 67 

G.bundena Suppa 
Taue 70 

$ann.kucha" 
Sluck 29 

KloBe, Knodel 
Sluck B6 

Suppen·Elnlopl 
75 Tas,,' 

Schlao··nne 
30 Tas18 

Karlo"el .. lal 
Tanll 99 

8. 
Taa .. 31 

P'annkuchen 
Sluck 90 

Pudding 
Tau. 32 

P';:!a 
Sluek 91 

Aplelmus 
Tanl 33 

G.muse 
Tess. 92 

Kompan 
Tlue 30 Emse" 

TaSSI 93 

Gruner Salal 
Tasslt 90 

Gurken 
Sluek 95 
Tomal&n 
Siliek ~~ 



Friihstiick 
und 
vormittags 

butter 

margarine 

lard 

cheese 

lean sausa 

fat sausa e 

honey 

01 

02 

03 

04 

05 

07 

08 

09 

10 

e 11 

13 

14 

cream cheese 15 

egg 16 

corn flakes 17 

oatmeal 18 

cookie 21 

chocolate 22 

cho.c 23 

nuts 24 

otato chi s 25 

saltines 26 
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APPENDIX 10d 

01 

Datum 

fruit cake 27 

coffee cake 28 

cream cake 29 

whi d cream 30 

ice cream 31 

32 

33 

stewed fruit 34 

fruit juice 35 

soft drink 36 

diet soft dr. 37 

beer 38 

39 

40 

41 

42 

mineral ~]ater 43 

cocoa 44 

milk 45 

buttermilk 46 

47 

canned milk 49 

sugar 50 

Fortsetzung Ruckseite! 
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--:~ . . ~ ---
,. I!t-"'!il • . ,. ...-.. ~."", 

pork cutlet 51 gravy 76 

beef steak 52 mayonnaise 77 

pork chop 53 ketchup 78 

roast 54 chef's salad 79 

goulash 55 other salads 80 --
fried sausages6 ~:[:,jlr._ •• .~.~ 

~ausage 57 potatoes 81 

hamberger 58 fried potatoesS2 

rOll,qrlp 59 mashed potatoe~ 

nn,.k 60' <! f,.; PC: 64 

"h,...';1or! mO!lt- 61 nnt-!lt-n n!ln ,1. .85 ... 
~h; ,1, 62 _..--i "0 86 

cooked poultl1¥ noodles 87 -
liver slice 64 dumplings 88 

r-' 
sweetbreads 65 potato salad 89 

lunch meat 66 I 
' nancake 90 

mprr 67 nizza 91 

l'lrp::Ik 68 lpc: 92 

h~ 69 f-Pea a 93 - ",,,,1!lr! 94 

boiled fish 70 ,1- 95 I 
: 

fried fish 71 tomato £'3 

preserved fisla -m:m. 'l~ apnle. near, cma pge. each. 

broth 73 melon 98 

t-h;("k c:nm 74 "h ... ,........ .... berries99 

~ t-~ •. , 75 h",,.,.;,,,c: ,"'It-h",¥l°f ,.. Ii t-
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APPENDIX 11a 

Esse ich richtig? 
14-Tage
Ernahrungsprotokoll 
fur den Computer· 
Bitte sorgf§ltig 
lesen. 
1 Durch das Ernahrungsprotokoll wollen wir 

• so genau wie moglich erfassen, was Sie tag
-Jich essen und trinken. 

2. 

3. 

4. 

-:;). 
6. 
7. 

Das Ernahrungsprotokoll wird in einen Com
puter eingegeben, der Ihre personliche Er
nahrungsberatungerrechnet.Darumkommt 
es aU'f richtige Angaben an.Jede falsche An
gabe ergibt ein falsches Ergebnis. 

Besonders wichtig: Essen Sie genauso wie 
bisher. Andern Sie nichts, auBer daB Sie 14 
Tage lang alles aufschreiben, was Sie essen 
undtrinken. 

Sie haben fUr jeden Tag drei Blatter: 
eingelbesBlattfUr:Fruhstuckundvormittags 
ein grunes Blatt fur: Mittagessen und nach
mittags 
ein blaues Blatt fur:Abendessen und spate
rerAbend 

Auf jedem Blatt stehen auf der Vorder- und 
Ruckseite 100 Nahrungsmittel und Getran
ke. Lesen Sie sich bitte erst alles in Ruhe 
durch, dam it Sie wissen, was Sie auf dem 
Blatt finden. . 

Tragen Sie auf jedes Blatt immer zuerst das 
Datumein. 

Tragen Sie betjeder Mahlzeit die Menge, die 
Sie gerade gegessen haben, in das entspre
chende Kastchen ein. Manche Mengen sind 
nicht einfach abzuschi:itzen. Um Ihnen zu 
helfen, haben wirdie Bezeichnung Tassean
gegeben. Das heiBt, Sie schi:itzen ab, wievie
Ie der ublichen Kaffeetassen Sie mit der 
Menge fullen konnen, die Sie gerade geges
sen haben. Probieren Sie am Anfang bilte 
aus, wieviel in eine Kaffeetasse hineinpaBt. 

8. 

9. 

12. 

13. 

NatUrlich konnen Sie auch halbe oder drittel 
Tasse, Scheibe, Glas, StUck uSW. angeben. 
Schreiben Sie aber dann bitte 0,5 oder 0,3. 
Schreiben Sie nicht 112 oder 1/3. 

Fur Ihren Brotbelag (Margarine, Wurst, Kase) 
geben Sie bitte an, ob er dunn, mittelmaBig 
oder dick aufgetragen war. Machen Sie hin
ter das zutreffende Wort ein Kreuz in den klei
nen Kreis, z. B. dunn, mittel, dick. 

Trinken oder essen Sie Nahrungsmittel, die 
nicht auf der Liste stehen, oann schreiben 
SiebitteaufdieRuckseitesogenauwiemog
lichwas und wieviel eswar,z.B.2TassenNasi 
Goreng,1 Glas Reisschnaps ... Benutzen Sie 
bitte die entsprechende Spalte. 

Geschlecht: Omannl. ~ Oweibl. 
KorpergroBe in cm: _______ _ 

Korpergewicht bei Beginn des Protokolls: 

Korpergewicht bei Ende des Protokolls: 

Und jetzt geht's los. 
Beginnen Sie moglichst schon morgen mit dem Pro
tokoll. Lassen Sie keinen Tag aus. Notieren Sie 14 Ta
ge hintereinander. Dann ist dieses Heftchen voll. Bitte 
schreiben Sie deutlich.lhre Angaben mussen gut les
bar sein, denn sie werden in einen Computer einge
geben. Bitte den ken Sie immer daran: Die Qualitat 
Ihrerpersonlichen Ernahrungsberatung hangtdavon 
ab, wie sorgfaltig Sie Ihr Ernahrungsprotokoll aus
fullen. 



APPE~DIX llb 

Do I Eat Right? 

14 Day Nutritional Protocol for the Computer 

Please Read Carefully. 

1. Throught this nutritional protocol, we want to know exactly what 
you eat and drink daily. 
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2. The protocol will be fed into a computer which gives back your 
personalized nutrition advice. Therefore, you should make correct 
statements. Every wrong information will lead to a wrong calculation. 

3. Very important: Continue eating as usual. Do not change any~hing 
besides writing down everything that you eat and drink. 

4. For everyday you have three sheets: 

A yellow one 'for breakfast and morning meals 
A green one for lunch and afternoon meals 
A blue om' for dinner and evening meals 

5. On every sheet are 100 food items and b'everages listed on both sides. 
Please read carefully so you know what you can find. 

6. At first, mark the date on every sheet. " 

7. Mark the amount of every meal in the corresponding box. Some amounts 
are not easy to judge. To help you, we introduce the unit cup. That 
means you judge how many cups it takes to fill the amount of food you 
have just eaten. At the beginning, you should try to see how much 
food'fits into one cup. 

B. Of course, you could measure half or 1/3 cup, slice, glass, piece~ etc., 
but write O.S or 0.3 instead of 1/2 or 1/3. 

9. For your spread on bread (margarine, sausage, cheese), choose thin, 
average or thick as applicable. Mark an X in the small circle after 
the correct word. 

10. If you'drink or eat any item not on the list, write down on the back 
side the precise name and amount, ego 2 cups Nasi Coreng, one glass of 
rice wine. Use the corresponding column. 

11. Never just use your memory. Take your protocol with you. Put it be
side you at mealtime. Mark immediately whether in cafeteria or rest
aurant so that the protocol is precise. We know that marking items 
later results in mistakes. 

12. Do not forget to mark everything. Think about sauces, desserts, fruits. 
Do not forget to mark also what you eat while watching TV or visiting 
friends. Every candy bonbon, drink or hazelnut must be marked. 

13. Please mark here your personal data. 
Name, street, city, sex, height in em, weight at beginning of protocol 
and ending of protocol. 



And now it starts. 

If possible, start tomorrow. Do not skip a day. Take 14 consecutive days 
then this protocol will be completed. Please write clearly. Your marking 
must be legible because it will be fed into a computer. Always remember: 
Quality of personalized nutrition advice depends on how carefully you fil~ 
out your protocol. 
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und 
vormitlags 
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APPENDIX lle 

Sample pages (for breakfast and morning meal) from colo~ 

coded 14-day "Nutrition Protocol" booklat. 

~ 01 

~ Datum 
~~-

;; . ~ ,..., .. .._ ... ~.;!..I 

ScnMul 506e, gecunOf1n 
S:UCM 5' EStollet 

Rlndlleak ~avonnlLle 
StuCk ~2 E810"" 
~Utl,n Ketchup, Senl 
SlIoIck 53 E8lottel 

•• :"'I..: • 

ODS none, RunrkuChen 

Brilln Flelschlal.1 
Senelbe 5' Tun 

. , . 

0' Stuck 27 Gulascn Nudel., 'M.!rsl·, R&I!iUlal 

S:rllu.ltl.~.n 
Tasn ~~ Tau. 

02 StuCk 28 Bratwurlt 

Sothne_UChen 
StUCk. ~6 : . . ' . ~ ... 

03 Shick 2. Bock., Kocn·, Welowurl! KanoH,ln 

Sent'OJ .. "n. 
C. Ta"l 30 

Stuck 57 Stuck 

Fflkaa.ne BralkanoNeln 

Eo. 
StuCk 58 Tan. 

O~ Taue 3' Roulade KaMoh.lgur.e 

PudOlng 
~5 Tanl 32 

ADlelmus 

Stuck ~9 Tasse 

Ellbeln/HaJte/Scnwetne:laucn Pommt$ FriltS 
Stuck 60 T~II' 

~ :.51' 33 SUDo.nll'llcn t<.ano!feIDuner 

C7 ~~i;' ~ Komocn 
Tasn 3' 

os ~1~~r ~ 
cun", );; HuctHsat1 

09 g;~~el x G ... (021) 3~ 

O,JI'\I": :;. L,mon.oe. Coil 
10 fT"neIO GI •• 10211 36 o.ek .... 

11 ~~~~I~. o.,l·l.Ima".de 
Gill 10.21) 37 

Cunn ;;. B", 12 m,nel x FI.,Ch, <O.S I) 38 e'CIf 

Tass. 6' StUCk 

1/2 Hanl\Cnen Rels 
Stuck. 62 Tasse 

Gel'ugel,geKocrll ""udeln 
Tasu 63 Tasse 

LeDer KloBe, Knodel 
Scnltlbe 64 Sluek 

Innettlen Kanoflelsalat 
Taln 65 Tane . 
Leb,ruse ?annkuenen 
Scnelbe 66 S1uCk 

Me" Plua 
Tun 67 Stuck We," 

'3 GI •• I'O.2fl 39 

SOII.luo.en ,. Scnn.aDlglai '0 

Talar Gemult 
T .... 68 Tllse 

SOKk Erbltn 
Scnelbe 69 Taut .. 

We~mutwet" 

'5 Gill 10.111 ., 
¥.aNN.T .. 

'6 Tlnl '2 

Gtun.r Silal 
-~ .. - Tlln 

Fisen gekocnt Gurken 
Tasil 70 ShJCk 

~''''. u.ner.I ..... r 
'7 Gill 10.211 '3 Ftlen Goo,alen Tom.,.n 

Slue. 7' Sluek 
KAQO 

18 TIIiI .. Mscnkonserve 
StuCk 72 .. - ....... 

~ 

76 

77 

78 

79 

80 

8' 

82 

8l 

8' 

85 

86 

87 

88 

89 

SO 

9' 

92 

93 

90 

~ 

t~ 

, 
Ttlnkmlleh (3,5 ", 

'9 TIIU .~ AolellSunO/ADltlSlnruPhrsle" 
, .. . - ~ ... J StUCk 97 

Bunemulcn 
T.n. '6 
Jognul'\. DCkmIlen 

20 Tall' H 

Ftucn1tOQnutl 13,5 %) 
2' 8e-c:ner '8 

KJar. \IorsuDDe MeJone 
Tasst 73 Sluek 98 

Gebunoeno SueDe Banon. 
lUll H Stuck 99 

Suoeen·ElntoDI Beeren,sDnsl1c;es ODst 
Tasll 75 Taue '00 

22 Wenn S •• tlw .. essen, ~U, aut dliese' u,la lentl, tune niDI angeben, was uno wI,vlcl: 
Oos'~~llcn 

23 TeeloHel '9 
ZuCk., 

2' SIUC ... nHIOMel 50 

2S 

2E Fortsetzung Ruckseitel 
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APPENDIX 12 
A sample print-out of preprogrammed 14 -day energy 

intake analysis 
===--============--====---============---============== 

~ uswertung ces Err.5ehnmgsrrotoJ:011s fuer 

14 Tage wurcien verrechnet. Groesse: 160 N:a:l1'a1gewieht: 60 K~ 
Jlnfangsgewicht: 57 Encge1llieht: 57 Ic'lea1gewieht: 51 

==--================================ 

Fnergie Ka10rien 
Joule 
Frozent 

Tag (Gesamt) 
====== 

2348 
9813 
100 

Frvehstueek 
-----------

602 
2516 

26 

Tagesschwar~ungen r1US/Minus 691 Ka10rien 

I'ittag 

1005 
4200 

42 

i-reooessen 
====== 

741 
3097· 

32 

===================================== 

Koh1enhydrate Grarnn 
~a1orien 

Prozent 

286 
Jl99 

51 

78 
327 
14 

109 
457 
19 

99 
415 
18 

===--========--=========================== 

Fette 

Eiweiss 

Jll}:cho1 

Gran!" 
Kaloden 
Prozent 

Grarrn 
Ka1crie:n 
Prczent 

Granm 
Kalorien 
Prozent 

94 
854 

37 

64 
267 
11 

-
4 

28 
1 

22 47 25 
200 427 227 

9 18 10 

-================= 

18 29 17 
75 121 71 

3 5 3 

-
0 0 4 
0 0 28 
0 0 -I 

=============== ============================= 

Rangreihe der Nahrurl9SMitte1 naeh Kalcrien georanet 

==--===--============================= 

1 Streuselkuchen 
2 'Seh1l1arzhrot 
3 Cbstkuchen 
4 Genuese 
5 ~'uesli 
6 /Ioargarine 
7 Rartoffe1n 
e Proetehen 
9 t'ileh 3.5%fett 

5250 Real = 15 % 
4253 Keal = 12 % 
2766 real = 8 % 
1957 Keal = 5 % 
1632 Keal = 4 % 
1501 Real = 4 % 
1337 Real = 4 % 
1097 Real = 3 % 
1058 Kea1 = 3 ~ 

10 Bl1tter 
11 Wt'rst fett 
12 Pier-hell-Fils 
13 GeI1'ue£~eintcrf 
14 GcL'laseh 
15 Fruehtsaft 
16 Raesebelag 
17 rosemileh 
18 I-:eissl::rot 

939 Real = 2 % 
835 Real = 2 % 
831 Real = 2 % 
746 f:eal = 2 % 
713 Kea1 = 2 % 
fi94 Real = 2 % 
649 Keal = 1 % 
634 Real = 1 !i: 
613 Keal = 1 % 

============================================= 
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