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STELLINGEN

Het gebruik van een niet-absorbeerbare vetvervanger in voedingsmiddelen
in plaats van vet resulteert in een vermindering van de dagelijkse vet- en
energie-inneming, zonder dat daarbij de hongergevoelens toenemen.

(dit proefschrift)

De energie-inneming van de mens wordt niet nauwkeurig gereguleerd
voor perioden korter dan enkele weken.
{dit proefschrift)

Het gebruik van vetvervangers kan helpen bij het voorkomen van toename
van het lichaamsgewicht.
{dit proefschrift}

Het is niet mogelijk om de energie-inneming van een maaltijd nauwkeurig
te voorspellen aan de hand van de mate van honger en verzadiging
voorafgaand aan die maaltijd.

{Mattes, Appetite, 1990;15:103-113; dit proefschrift)

Het gebruik van vetvervangers heeft vooral een gunstig effect op de
gezondheid wanneer het verzadigd vet van produkten wordt vervangen.

Aangezien mensen geen macronutriéntspecifieke verzadiging vertonen zal
het gebruik van vetvervangers leiden tot een voeding die beter aansiuit bij
de Richtlijnen Goede Voeding dan het gebruik van suikervervangers.

Een goede manier om mensen gezonder te laten eten is door het aanbod
van veoedingsmiddelen gemiddeld gezonder te maken.

Het rapporteren van absolute waarden van eetlustgevoelens verdient de
voorkeur boven waarden waarbij de initiéle waarde als referentispunt
wordt gebruikt, omdat er geen enkele aanwijzing is dat verschillen in
eetlust voor de consumptie van een maaltijd invioed hebben op
eetlustgevoelens na de maaltijd.
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Door de krappere arbeidsmarkt als gevolg van de toenemende
bezuinigingen binnen de onderzoekswereld zouden AlQO’s een bredere
opleiding moeten krijgen dan enkel die tot onderzoeker.

De sterke overschatting van het percentage studenten dat de goedkopere
weekend- in plaats van de week-0OV-jaarkaart kiest, geeft aan dat het
Ministerie van Onderwijs de gevosligheid voor economische prikkels van
studenten heeft onderschat.

Ondanks het toenemende aantal televisiezenders waaruit gekozen kan
waorden, neemt de kijkvreugde niet toe.

Promoveren is als het rijden van de Tour de France.

Stellingen behorend bij het proefschrift
"Fat and non-absorbable fat and the requfation of food intake”
van Toine Hulshof.

Wageningen, 16 november 1994,
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ABSTRACT

Fat and Non-Absorbable Fat
and the Regulation of Food Intake.

Thesis by Toine Hulshof, Department of Human Nutrition,
Wageningen Agricultural University, The Netherlandss,
November 16, 1994.

The effects of consumption of meals with differences in energy-, fat-,
protein-, carbohydrate-content, and physical state on subsequent dietary intake and
feelings of appetite, were investigated in eight different studies, The main objective
was to study whether or not humans compensate for the covert and overt energy
differences, obtained by replacement of fat by a fat-replacer, in both the short
{1 day) and long term {12 days). As fat-replacer the non-absorbable sucrose
polyester (SPE) was used. A second objective was to investigate some
methodological issues of research on food intake regulation.

In normal weight men and women little compensation was found for the
energy differences after the different meals. In all sight studies, mean energy
compensation was less than 50% for both men and women, with an average for
all studies of 14%, based upon a meta-analysis. No substantial differences in the
level of energy compensation were found between men and women, or between
the short and long term studies.

Independent of the level of energy compensation, no macronutrient specific
compensation was found. This means that the macronutrient composition of the
subsequent dietary intake was similar after each meal manipulation. As a result the
consumption of SPE lead to a decrease in daily fat intake.

When artificial products (i.e unidentifiable formula products) were given to
the subjects, lower energy levels resulted in higher hunger ratings. When the
energy manipulations were carried out with normal food products, small or no
differences in feelings of appstite were found,

The three macronutrients {fat, carbohydrate, protein) were equally satiating,
and solid products were more satiating than liquid products.

It is concluded that normal weight men and women do not, or poorly
recognize covert energy differences between meals, and poorly adjust their food
intake of subsequent meals after both covert and overt energy manipulations.
Therefore the replacement of fat by a non-absorbable fat-replacer such as SPE can
help to reduce both the daily energy and fat intake in normal weight humans.



CHAPTER 1

GENERAL INTRODUCTION

Fat-replacers are ingredients that can replace, partly or completely, the
dietary fat of foods, preferably without changing the sensory and physical
properties of the food. The use of fat-replacers result in a decrease of both the fat-
and energy content of a food. These low-fat/energy products might help in
reducing the dietary fat and energy intake. A reduction of fat intake is in line with
the current health recommendations in the Western Countries’?, and a reduction
of energy intake could prevent people from becoming overweight, and thus help
in body weight regulation.

One of the most interesting questions with respect to the use of low
fat/fenergy products is their effectiveness: Does the decrease in energy intake, by
the use of low fat/energy products, increase feelings of hunger, and does their use
lead to a decreased overall consumption of energy or fat. In the studies of the
present thesis, the non-absorbable fat-replacer sucrose polyester {(SPE) was used
as a tool to reduce the fat and energy content of foods and meals.

The non-toxic sucrose polyester is a fat-replacer that has a good
resemblance to edible cils and fats. Currently SPE has been used in nutritional and
clinical trials, but it is not yet approved for use in consumer food products. At the
moment its long term safety is under discussion of regulatory authorities in the
U.S.A.. SPEs have a similar appearance, and the same physical and sensory
properties as normal dietary fat, but are not digested and absorbed in the human
body.* Sucrose polyesters are synthesized by esterification of sucrose with
medium- and long-chain fatty acids (mostly C12 to C20) from oil sources that may
be saturated or unsaturated.®® The nature of the ester can be altered by changing
the constituent fatty acids.”®

SPE is not absorbed in the gut, and it leaves the body in the same chemical
state as it came in. Depending on the nature of the fat or oil used to prepare SPE,
stools may become softer and greasier by the use of SPE. In cases SPE is liquid at
body temperature, anal oil leakage can occur.

Because SPE is not absorbed and remains in the gut, it forms an oil-phase
in which fat soluble nutrients can dissolve. Depending on the hydrophobicity, these
fat-soluble substances may leave the body, partiatly or completely, with the SPE.
A positive aspect of this quality of SPE is that serum cholesterol levels decrease

11



Chapter 1

after SPE consumption.*®'% However, consumption of SPE can also decrease the
absorption of fat-soluble vitamins, medicines and oral contraceptives. After SPE
consumption, decreases have been found in serum levels of vitamin A*%*'® and
vitamin E**'%'2, and less or no sffects were found in vitamin K*'%'%, vitamin
D*125 or oral contraceptives'®, Besides this physiological effect, the intake of fat-
soluble vitamins can also be decreased because of the replacement of dietary fat,
containing the fat-soluble vitamins, by the vitamin-free containing SPE.

Previous studies on the effectiveness of SPE show different results. In the
only long-term study {20 days) with SPE of Glueck et al.” no energy and fat
compensation was found in 10 obese subjects. In the short-term studies {1 day)
of Rolls et al."?, Blundell et al.'®, and Birch et al.'® complete energy compensation
was reported. However, in all four studies the compensation found was not fat
specific. The effectiveness with respect to fat intake was good, implying that the
percentage energy derived from fat was reduced. The effectiveness with respect
a reduction in dietary energy intake remains unclear.

Appetite, satiety and energy compensation

For a clear understanding of the thesis, some phenomena or processes with
respect 1o research on the control of appetite feelings and the regulation of food
intake need to be explained first. The control of appetite involves two different
processes, satiation and satiety. Satiation is the process that terminates the eating
within a meal. Satiety is the state that occurs after the meal, and inhibits further
eating. The term hunger is directly correlated with satiety, although it works in the
opposite direction. Satiation determines how much people eat during a meal, and
satiety determines how long people abstain from eating after a meal.’® The effects
of different meals on satiation can be measured by supplying subjects with an
abundance of a food, and measuring how much of that food is eaten ad libitum.
The effects of the consumption of a fixed meal on subsequent satiety can be
measured in two different ways. The first is to ask the subjects to rate their
subjective feelings of hunger and satiety. The second methed is to measure the
subsequent ad libitum food intake. The present thesis investigates effects of
different food manipulations on satiety, and not on satiation. The satiating effect
{satiating power or satiating efficiency} of a foad item is defined as the extent to
which a certain food item is capable of suppressing feelings of appetite or

12



General introduction

subsequent energy intake.

The terms preload and testmeal can best be explained by using the example
of the preload-testmeal design. In this design a fixed amount of manipulated food
is given to the subjects {the preload), which has to be consumed completely by the
subjects, and which is followed by a testmeal from which the subjects can eat as
little or as much as they want. The consumption in the testmeal gives an indication
of the satiating power of the different preloads.

An important measure of the effectiveness of an energy (fat) replacement
is the extent of energy/fat compensation after a low-energy (fat) meal compared
with a non-manipulated meal. The measure energy compensation is used to
investigate how much of the energy differences between the manipulated meals
{preloads), is compensated for by changes in energy intake after the preload
consumption. In the present thesis energy compensation is calculated as the
negative value of the slope of the line between the energy levels of the preloads
and the ad libitum energy intake after these preloads, as was described by
Kissileff?%2',

Figure 1 shows a hypothetical example of three persons who all have a
normal daily intake of 10.0 MJ, and who are receiving three different preloads. The
first preload is a breakfast with normal food products that contains 4.0 MJ. In the
second breakfast 26 gram fat is replaced by 26 gram SPE resulting in a breakfast
of 3.0 MJ, and in the third breakfast 52 g fat is replaced by 52 g SPE resulting in
a breakfast of 2.0 MJ. The three persons react differently to the changes in energy
levels of the preloads. Subject A clearly recognizes the decrease in energy level in
the breakfasts with SPE, and compensates in a way that the total energy intake

at the end of the day is still 10 MJ {complete energy compensation). Subject B
recognizes some differences between the preloads although not very precise and
compensates only for half of the energy differences due to the substitution of fat
by SPE (50% energy compensation). The total energy intake at the end of the day
with the low-energy breakfast is therefore reduced to 9 M.J. Subject C. does not
recognize any difference between the three preloads, and consumes the remainder
of the day the similar amount as after the 4.0 MJ breakfast. Subject C. will
decrease the energy intake on that day by an amount equal to the manipulation.

13
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Figure 2. A visual analogue rating scale (VARS)} with 6 items on appetite feelings.



Chapter 1

The development of a measurement device for appetite feelings

When appetite for a certain food item is high, then this does not necessarily
mean that appetite for another food item is also high. Appetite is not a one-
dimensional construct, but consists of different specific appetites. In this thesis the
iterns on feelings of appetite were derived from the so-called Dutch Appetite Rating
Scals (DARS) developed at Unilever Research Laboratorium Vlaardingen. The DARS
consisted of 29 questions about feelings concerning with food intake. The DARS
is divided in items referring to "appetite for a meal"”, "appetite for a snack"”,
"feeble, weak with hunger”, and "satiety/fullness”. Answering a DARS form takes
about & minutes. As it was intended to measure feelings of appetite frequently {(up
to 20 times per day), it was decided to develop a measure that could be dealt with
much faster. This was the so-called visual analogue rating scale {(VARS) and could
be filled in within a minute. The appetite items on this 150 mm VARS were derived
from DARS. "Appetite for a snack” was divided in: "appetite for something sweet”
and "appstite for something savoury”. Thus, the VARS consisted of five items.

In the study presented in Chapter 2 additional analyses were performed on
the reproducibility of the b appetite items of the VARS and the 29 questions of the
DARS. The study revealed that satiety/fullness had to be changed to
oversatiety/overfullness, and that appetite for any snack had to be included, as the
other two snack items could not cover all the appetite for snacking.?? As a result
a visual analogue rating scale with & appetite items was made (see figure 2). This
study also showed that the appetite ratings were reproducible and valid.*?

Outline of the thesis

In all studies described in the present thesis the effects of energy differences
in preloads on subsequent food intake and appetite feelings were investigated. The
first four studies also concerned some methodological issues.

Table 1 shows the differences in methodology between the studies
described in this thesis. In Chapter 2 the satiating effects of carbohydrates, protein
and fat were investigated, at three different energy levels. No differences were
found between the three energy levels {0.42, 1.05, and 1.67 MJ) of the study
from Chapter 2. It was decided to incraase the energy differences between the
preloads in the next experiment to 2.9 MJ, as it was expected that at a certain
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General introduction

level of energy differences between the preloads, effects on food intake or appetite
feelings should be found. The preleads used in Chapter 2 were liquid preloads.
Chapter 3 describes the effects of different physical states {liquid and solid), with
three different energy levels (by fat manipulation), on subsequent food intake and
feelings of appetite.

The studies in Chapter 2 and 3 were carried out with artificial preloads
(unidentifiable formula foods). In chapter 4 the effects of real foods {croissants) at
three different energy levels was studied. This was the first study of this thesis
where sucrose polyester {SPE) was used as a fat-replacer. In the study described
in Chapter 4 the effects of croissants on subsequent ad libitum food intake and
feelings of appetite as a function of the time of preload consumption were studied.
The subjects consumed each of the three preloads at either 0800, 1230 or 1500
hrs. In Chapter 5 the effects of high-fat and low-fat/high-SPE croissants were
investigated. This was done with three different deprivation periods following the
preload intake. In Chapter 6 a replication study was carried out on the effects of
different fat and SPE levels in warm luncheon meals on subsequent energy intake.
This study included a test meal in which food intake was observed. All studies
described in Chapter 2 to 6 were short-term {one day) studies. Two long-term
studies on the effect of SPE are written down in Chapter 7. In this Chapter two
replication studies on the effects of 12 days SPE or fat consumption in a three
course dinner meal on energy intake, appetite feelings and body weight were
investigated. In the first of the replication studies the subject were unaware of the
energy manipulation, whereas in the second the subjecis were told whether they
received a high or a low energy dinner.

In the general discussion an overview of the results of the presented studies
is given and discussed.
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General introduction

The main questions investigated in this thesis:

What are the effects of:

1) different energy levels of foods
- in the short-term {1 day) (Chapters 2, 3, 4, 5, 6),
- in the long-term (12 days) (Chapter 7},
2} different macronutrients (Chapter 2),
3} different physical states of foods {Chapter 3},
4) consumption of foods at different times of the day {Chapter 4},
5) different deprivation periods after preload consumption {Chapter 5).

On:
1) subsequent dietary intake {in all studies),
2) subsequent appetite feelings (in all studies),
3} body weight (in the long-term studies).
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CHAPTER 2

SHORT-TERM EFFECTS OF DIFFERENT AMOUNTS OF PROTEIN,
FATS, AND CARBOHYDRATES ON SATIETY.

Cees de Graal, Toine Hulshof, Jan A. Weststrate, Pauline Jas

ABSTRACT

This study investigated the satiating effects of proteins, fats and
carbohydrates {CHOs). Twenty-nine female, normal-weight subjects each received
10 liquid breakfasts, which varied in energy and macronutrient contents. Besides
a zero condition [0.03 MJ (8 kcal}], there were three energy levels [0.42, 1.05,
and 1.67 MJ {100, 250, and 400 kcal} combined with three dominant sources of
macronutrients {99% of energy from CHO, 92% of energy from fat, and 77% of
energy from protein). After breakfast the subjects were not allowed to eat or drink
{except water) for 3.5 h. They then recorded their voluntary food intake for the
remainder of the day. Subjects also rated their subjective feelings eoncerning food
intake on five different types of appetite. The resuits showed that neither energy
content or macronutrient composition of the liquid breakfasts had any effect on
energy and macronutrient intake during lunch and the remainder of the day. Ratings
of different types of appetite showed an increasing satiating effect with increasing
energy content of the breakfasts. Proteins, fats and CHOs had similar effects on
appetite.

INTRODUCTION

Of all the properties of food, energy appears to be the variable primarily
responsible for the regulation of appetite.'! Because the three main sources of
energy in our food are carbohydrates, fats, and proteins, it is important to know
whether or not there are differences in the satiating efficiency of these three
macronutrients. The term satiating efficiency originates from Kissileff.2 He argued
that the satiating effects of various dimensions of feod (e.g. volume, weight,
viscosity) should be investigated systematically, by manipulating the level of one
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dimension of food, while holding the other dimensions constant. In such an
experiment, subjects get different preloads with a varying level of a particular food
dimension. Subsequently, subjects get a test-meal. Kissileff’ defined the satiating
efficiency of a particular food dimension as the extent to which that dimension is
capable of reducing subsequent energy intake. He applied this strategy for
assessing the satiating efficiency of liquid and solid foods®, and various types of
soups versus a combination of crackers, cheese and apple juice.* In this paper, the
satiating effect of a food item is defined as the extent to which a certain food item
is capable of influencing motivational ratings or subsequent energy intake.

Studies on the satiating effects of proteins, fats, and carbohydrates have
fixed the energy content of a preload at one level of energy, while varying the
macronutrient ratios within these preloads.®'' The satiating effect was established
by measuring motivational ratings on food intake and by assessing subsequent
energy intake.

With respect to motivational ratings, Geliebter®, Driver® and Barkeling et al.”
found no differences between the satiating effects of different macronutrients. Hill
and Blundell®® and Rolls et al.'® found that the protein preloads were more satiating
than carbohydrate or fat preloads. With respect to subsequent energy intaks,
Geliebter® found no differences, whereas Barkeling et al.”, Hill and Blundell®, and
Rolls et al.'® found that energy intake in a subsequent meal was lower after the
high protein preload than after high-fat or high-carbohydrate preloads. Booth et al.™
also concluded that calorie for calorie, protein was more satiating than fat or
carbohydrates.

The differences in the results of the aforementioned studies may have
resulted partly from the different energy levels of the preloads used. For an
adequate description of the satiating effects of the macronutrients it is appropriate
to assess dose-response relationships.? When dose-response relationships are
assessed, it should be possible to express the magnitude of the effect of each
macronutrient per unit of weight or energy. This enables a sound comparison
between the satiating effects of different food dimensions.

The objective of this study was to investigate the satiating effects of
proteins, fat, and carbohydrates by giving the subjects liquid breakfasts containing
different ratios of the three macronutrients. The energy content was varied within
each type of macronutrient. The description of different motivational concepts with
respect to food intake were derived from unpublished observations (W Vaessen,
JA Weststrate, and B de Boer, 1989) that feelings regarding food intake and
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appetite could be divided into four different types: 1) appetite for a meal, 2)
appetite for a snack, 3) feeble, weak with hunger, and 4} a feeling of over-satiety
or fullness. For the purpose of the present study, "appetite for a snack" was
divided into “appetite for something sweet" and "appstite for something savoury”.

METHODS AND MATERIALS

Subjects

The subjects were 29 female volunteers aged 19-23 y. Body mass indices
{in kg/m?) varied between 17.3 and 25.1 with a mean {+SD} of 21.1 + 1.9. All
the subjects were student at the Agricultural University and were paid for their
participation. The subjects were informed that the experiment was being carried
out to investigate the effect of different nutrients on feelings of hunger and satiety.
They were not aware of receiving a particular treatment on a particular day. The
experiment was approved by the Medical Ethical Committee of the Department of
Human Nutrition.

Preloads

The 10 preload conditions consisted of 550-MI solutions varying in energy
and nutrient contents. There was one zero condition [0.03 MJ (8 kcal)l, and the
remaining nine conditions were composed according to a three-by-three factorial
design. The first factor, energy, had three levels: 0.42, 1.05, and 1.67 MJ {100,
250, and 400 kcal). The second factar, macronutrient, also had three levels:
carbohydrate, protein, and fat. Table 1 shows the macronutrient composition of
the carhohydrate, protein, and fat preloads.

The nutrients were dissolved in a mixture of nine parts tap water to one part
commercially availabie tomato juice, which was added in order to disguise textural
differences. The carbohydrate preloads contained a commerciaily available dist
product (Fantomalt, Nutricia, Zoetermeer, The Netherlands). According to the
package, the product consisted in weight of 90% maltodextrine, 7% maltose, and
3% glucose. The protein preload contained a commercially available diet product
(Protein 88, Wander, Uden, The Netherlands), reported to consist of 88% milk-
protein and 12% water, To obtain an acceptable product from a sensory point of
view, the protein was mixed with carbohydrates and fat. The fat preload contained
commercially available cream (Slagroom, Melkunie, Woerden, The Netherlands).
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Table 1. Macronutriant compaosition of diffarent types of preloads.

Type of preload

Carbohydrate Protein Fat

99 en% CHO 27 en% CHO 5 en% CHO
1 en% PRO 70 en% PRO 3 en% PRO
0 en% FAT 3 en% FAT 92 en% FAT

* Each type of preload was given at three energy levels, 0.42, 1.05,, and 1.67 MJ
{100, 250, and 400 kcal). The 10th condition consisted of a zero preload that had
an energy content of 0.03 MJ (8 kcal).

Measuraments

Subjects characteristics with respect to eating behavior

All subjects completed the Dutch Eating Behavior Questionnaire {DEBQ)
developed by van Strien'?, producing scores for restraint eating, external eating,
and emotional eating.

Subjective feelings of hunger and satiety

The subjects were asked to express their feelings by means of a slash on
five 150-mm visual-analogue scales: 1) appetite for a meal, 2} appetite for
something sweet, 3} appetite for something savoury, 4) satiety (fullness), 5)
feeble, weak with hunger.

One of each of these terms were placed above the centre of the five visual
analogue scales, which were anchored at the left and right hand sides with the
terms weak and strong, respectively.

The subjects were orally instructed, that appetite for a meal refers to
appetite for a complete meal, either a hot meal or a sandwich meal. Appetite for
something sweet is appetite for a sweet snack, eg, a cookie, chocolate, a candy
bar, sweet pie, or a sweet dessert. Appetite for something savoury is appetite for
peanuts, cheese, cocktail nuts, French fries, or a savoury dessert. Satiety {fullness}
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refers to a feeling of having eaten too much (a feeling many people experience at
Christmas). Feeble, weak with hunger is a strong urge to eat.

Energy and nutrient intake

Energy and nutrient intakes were recorded by means of a food diary. The
foods used for the evening meal were weighed to an accuracy of 2 g on electronic
scales {(Soehnle scalina, Soehnle-Waagen GMBH & Co, Murrhardt/Wirtt, FRG). The
weights of the other foods consumed were estimated by means of standards for
household measures. Each food diary for each day contained an instruction and
five pages. The five pages were meant to record the amount of water consumed
in the morning (page 1), the foods and drinks consumed at lunch {page 2), in the
afternoon (page 3), at the evening meal {page 4) and in the evening {page 5}. The
scales were used for the evening meal only. In the Dutch diet lunch and snack
items usually consist of standard food items, of which the weight can be
accurately estimated by standard household measures. This is not the case for the
foods and drinks at the evening meal.

The food diaries were checked and coded by experienced dieticians. Energy
and nutrient intakes were calculated by using the Dutch food composition table.'?

Sensory perception and pleasantness

Subjects rated the pleasantness, and the perceived intensity of the preloads
on seven attributes: sweetness, saltiness, sourness, bitterness, viscosity,
sandiness, and freshness. Ratings were made on 150-mm visual-analogue scales.

Procedures

The different preloads were offered in a random sequence and varied for
each subject. Each subject received each preload on a different day, resulting in a
within-subjects, repeated-measures design. The first experimental day was
regarded as a practice day to accommodate subjects to the experimental
procedure. The data obtained from this day were excluded from further analysis.
The whole study lasted 6 weeks.

Subjects were invited to come to the laboratory between 0800 and 0800.
They were asked not to eat or drink after 2300 the previous evening. The preload
was consumed through a straw placed in a milk-shake beaker. During consumption
subjects wore a noseclip, preventing them from detecting any differences in the
odors of the different preloads.
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Subjects were instructed to rate their feelings concerning the five types of
appetite just before the consumption of the prefoad. Ratings in the morning were
done after 15, 30, 45 min, and then every 30 min after the first rating. Sensory
perception and pleasantness of the preload were rated just after consumption of
the preload. Subjects were requested not to eat, and drink only water until 3 h 45
min after the first rating, just before consumption of the preload. After that time,
subjects were instructed to eat whatever they felt like eating. Subjects recorded
the food they consumed for the remainder of the day.

Data analysis

Ratings on the 150-mm visual-analogue scales for the appetite dimensions
were read automatically by an Optical Mark Reader (Farrington Data Processing BV,
Haarlem, The Netherlands) and were converted into scores from 1 to 25. A score
of 1 corresponded to the |eft side of the scale {weak), a score of 25 corresponded
to the right side of the scale {strong).

Statistical analysis for the effects of the preloads on energy and
macronutrient intake and motivational ratings was carried out with repeated-
measures analysis of variance (ANOVA)'* by using the 8V module of the BMDP
statistical software package.'® The time and type of preload were fixed within
subject factors. Subjects were treated as a random factor. With respect to
characteristics on eating behavior, subjects were divided by a median split into
groups with low and high scores of restraint and external and emotional eating. In
this case, group was treated as a fixed between-subjects factor.

Relationships between motivational ratings and energy intake and between
sensory ratings and motivational ratings were determined by using linear-regression
analysis.

RESULTS

Feelings of hunger and satiety

The first ratings before consumption of the preload were set at zero for each
of the different conditions. ANOVA showed that the type of preload had a
significant effect on appetite for a meal [F(9,252)=3.21, p<0.01] appetite for
something sweet [F{9,252) =2.30, p<0.05], appetite for something savoury
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The satiating effects of macronutrients

[F{8,252)=7.70, p<0.01], satiety {fullness} [F(9,252)=23.55, p<0.001), and
feeble, weak with hunger [F{9,252} =2.27, p < 0.02]. Factor analysis with varimax
rotation on the subjective ratings yielded one factor with an eigenvalue > 1,
indicating that the responses to the five different types of appetite were strongly
correlated. The responses to the five appetite dimensions were similar to one other.
Because the variance in the ratings to appetite for a meal was larger than the
variance to the other attributes, a detailed analysis is given for this dimension only.
The responses and results for the other four types of appetite were similar to those
for appetite for a meal.

The teft-hand panel of Figure 1 shows the net responses to appetite for a
meal averaged over the different macronutrient preloads, excluding the zero
preload. ANOVA showed that the effect of energy level was significant [F(2,56) =
5.02, p<0.01]. ANOVAs carried out for each time separately, showed that the
responses to appetite for a meal were different at 1.75, 2.25, and 2.75 h after the
first rating. The right-hand side panel of Figure 1 shows the mean responses to
appetite for a meal averaged aver the different energy levels, also excluding the
preload. ANOVA showed that the effect of the type of macronutrient is
nonsignificant [F{2,56) =0.25, p>0.50}]. Separate ANOVA's at each time yielded
no significant differences. The net responses to carbohydrates, protein, and fat did
not differ.

The three panels of Figure 2 show the net responses to appetite for a meal
for each of the macronutrients as a function of the time after the first rating, with
a different curve for each tevel of energy. ANOVA showed that the main effect of
energy level {including the zero preload) was significant for the protein [F(3,84) =
12.1, p<0.001], but not for the carbohydrate [F(3,84)=0.36, p>0.5] and fat
[F{3,84)=0.5, p>0.5] preloads. From these analyses the existence of a dose-
response relationship for protein can be inferred. Appetite for a meal is lower after
a preload with a higher energy content than after a preload with a lower energy
content. With respect to carbohydrates, Figure 2 shows that compared with the
zero preload the responses to appetite for a meal were lower for the first 2 h, but
higher after 2.75 h. The responses to the 1.67 MJ (400 kcal) carbohydrates
preload were lower than the responses after the other carbohydrate preloads at
1.75, 2.25, and 2.75 h after the first rating. The right-hand panel of Figure 2
shows that the responses to the different energy levels of the fat preloads were
almost equal.
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Figure 3. Mean energy intake of 29 subjects at lunch and during the whole day
after consumption of liquid breakfasts with different energy and macronutrient
contents. Subjects were not allowed to eat until 3.5 h after breakfast. The CHO-,
PRO-, and FAT-preload types contained 99 en% carbohydrates, 77 en% protsins
and 92 en% fat, respectively. x + 8D,

Energy and macronutriant intake as a function of preload

Figure 3 shows the mean energy intake { £ SD) for lunch and the remainder
of the day as a function of characteristics of the preload. Note that the energy
intake of the preload itself is excluded. ANOVA showed that there were no
differences in energy intake for the remainder of the day between the preload
conditions [F{9,252) =0.76, p>0.50]. Energy intakes at lunch did not differ either
[F(9,252)=1.67, p>0.10]. A two-way ANOVA with energy level and type of
macronutrient as factors (zero condition excluded) showed no effect of energy or
type of nutrient on the energy intake during the remainder of the day [Energy:
F{2,56) =2.30; p>0.10/ Nutrient: F{2,56}=0.25, p>0.50].
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Figure 4 shows the amounts of different macronutrients consumed after the
different preloads, during the whole day. No effect of preload was found for any
of the macronutrients. The F(9,252)-ratios for carbohydrates, fats, protein and
alcohol were raespectively, 1.15, 0.90, 0.90, and 0.74 (all p-values > 0.05]}. The
average and range of SDs of the weights of macronutrients consumed during the
whole day were 74 g {49-91} for carbohydrates, 33 g (23-41) for fats, 22 g (16-
29) for protein, and 17 g {10-31)} for alcohol. The macronutrient content of the
lunch was also independent from the type of preload. The F(9,252)-ratios for
carbohydrates, fats, and proteins were, respectively, 0.75, 1.34, and 1.82 (all
p>0.05). No alcohol was consumed during lunch.

Macronutrient intake after preload (g)

400 — I I I I . ' I I
-¥ BEE gEE EE:

Type of preload (MJ and macronutrient)

Figure 4. Mean macronutrient intake of 29 subjects during the remainder of the day
after consumption of liquid breakfasts with different energy and macronutrient
contents. Subjects were not allowed to eat until 3.5 h after breakfast. The CHO-,
PRO-, and FAT-preload types contained 99 en% carbohydrates, 77 en% protgins,
and 92 en% fat, respectively. For information on standard deviations, see text.
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Energy intake as a function of eating behavior characteristics

Compared with van Strien’s'2 Dutch female reference population, the median
value for external eating for the subjects who participated in the present study
could be classified as average. The median values for restraint and emotional eating
could be classified as above average. An ANOVA was carried out to compare the
energy intakes for the groups with low and high scores on the emotional, external,
and restraint factors. None of these factors had a significant effect on the energy
intake during the whole day [Emotional: F(1,26)=0.40, p>0.5; External
F{1,26) =0.60, p>0.5; Restraint: F(1,26) =0.07, p>0.5].

Sensory ratings of the preloads

The sensory profile of the prefoads differed in all dimensions. All F{9,252)
ratios were > 2.50 with a probability < 0.01. The sweetness and pleasantness
of preloads may exert an influence on motivational ratings and subsequent energy
intake'®'?. Therefore there was an investigation as to whether the sweetness and
pleasantness ratings correlated with the motivational ratings at 2.75 h after the
first rating, and with the energy intake at lunch, and energy intake during the
whole day. The motivational ratings at 2.25 h were chosen, because the
differences in ratings between conditions were largest 2.25 h after the first rating.

The ratings of pleasantness did not correlate with energy intake at lunch
[r{288) =0.08, p > 0.05} or energy intake during the remainder of the day [r{288) =
-0.02, p>0.0b]. Sweetness ratings alsc did not correlate with energy intake at
lunch [r{288) =-0.03, p>0.05] or with energy intake during the remainder of the
day [r{288)=0.03, p>0.05]. The only significant correlations between sweetness,
pleasantness, and the motivational ratings were those between sweetness and
satiety [r{(288) = 0.17, p < 0.01], and between pleasantness and appetite for
something sweet [r(288) = -0.20, p < 0.01].

Motivational ratings before lunch and enargy intake at lunch

About 96% of the lunches were consumed between 1200 and 1400.
Depending on the time of the breakfast, subjects were allowed to eat again
between 1145 and 1245. The responses to the motivational ratings at 3.75 h after
the first rating, which were in most cases just before lunch, correlated significantly
with energy intake at lunch. The correlations were 0.32 for appetite for a meal,
0.28 for appetite for something sweet, 0.40 for appetite for something savory,
-0.23 for satiety (fullness), and 0.33 for feeble, weak with hunger. All correlation

32



The satiating effects of macronutriants

coefficients had a probability < 0.01.

DISCUSSION

The main conclusion from these results is that subjects did not compensate
for the energy taken in at breakfast. They did not eat more after a preload with a
low energy content [0.03 MJ (8 kcal}] than after a preload with a high energy
content [1.67 MJ (400 keal})]l. The nutrient composition of the preloads had no
influence on the energy intake during lunch and the remainder of the day. No shift
occurred in the consumed amounts of carbohydrates, proteins and fats. Thus, after
a high-carbohydrate preload, the subjects consumed just as much carbohydrates
as after a high-protein or a high-fat preload. Similar results were found for protein
and fat consumption.

Although the preloads had no effect on intake, they did have an effect on
motivational ratings. After a high energy intake in the preload, ratings of appetite
were lower than after a low energy intake. Differences between ratings emerged
1 h after consumption of the preload, were highest between 1.75 h and 2.75 h,
but disappeared after 3.75 h after consumption of the preload. The disappearance
of differences in motivational ratings after 3.75 h explains why no differences were
found in energy intake at lunch.

The results of this study generally agree with the results of other studies on
the satiating effects of the different macronutrients.’'"'®'® However, some specific
results differ. The present results concur with those of Geliebter®, Driver® and
Barkeling et al.”, who also found that the three macronutrients had similar effects
on feelings of hunger and satiety. In contrast, the studies of Hill and Blundell®®,
and of Rolls et al.'® found that protein had a larger effect on motivational ratings
than did fats and carbohydrates.

Barkeling et al?, Hill and Blundell®, and Rolls et al.’® found that subsequent
energy intake was lower after a protein preload than after fat or carbohydrate
preloads. These results do not agree with the present findings. It appears that the
present findings are more in line with those of Geliebter® and Sunkin and Garrow'®
who also found that energy intake after a protein preload was not lower than after
fat or carbohydrate preloads. Foltin et al.'? did not find any difference in the effect
on energy intake between high-fat and high-carbohydrate lunches. In that study,
however, subjects ate less after a high-energy lunch than after a low-energy lunch.
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The present finding that different macronutrient preloads did not result in
differences in subsequent macronutrient cansumption concurs with the results of
Rolls et al.'®

The differences between the results of various studies may be explained by
methodological differences in experimental setup. One issue is the time between
preload and test meal or ad libitum food-intake. in the present study the subjects
were not allowed to eat after consumption of the breakfast preload until lunch
time. Two h after the preload consumption there were differences in motivational
ratings; for instance, subjects had a greater appetite for a meal after a low-energy
preload than after a high-energy preload. The significant correlations between
motivational ratings before lunch and energy intake at lunch suggests that, if
subjects had been allowed to eat after 2 h, the result of the present study might
have been different. In the experiments of Rolls et al.’® and Hill and Blundell®, the
protein preload was more satiating than carbohydrate or fat preloads. The higher
satiating effects of protein was apparent from both the motivational ratings and the
subsequent energy intake in a test meal. In these experiments the test meals were
given 2-3 h after the preload. The time between preload and ad libitum food intake
in the present study was almost 4 h. As Figures 1 and 2 show, this is an important
difference. Apparently the time between the preload and test meal is a crucial
variable in determining whether or not energy compensation occurs.

Similar remarks can be made with respect to the time of the preload. In the
present study, the subjects were given breakfast. Would the results have been
different they had been given lunch or dinner instead of breakfast? The resuits of
Barkeling et al.” and Foltin et al.'®, in which subjects got lunch, suggest that this
can be an important variable. The present study lasted only 1 day. If we had given
the subjects similar preloads for a number of consecutive days, would the subjects
then have compensated for the amount of energy in the preload? If so, at what
time would they have started compensating? The results of Louis-Sylvestre et al.?°
suggest that subjects learn about the consequences of preloads within 5 days.
Similarly, in the present study, subjects were given liquid, bland-tasting artificial
preloads; in that sense our preloads were similar to those of Geliebter.® In the other
studies discussed, subjects were given normal food items. In the present study
subjects did not compensate for a [1.67 MJ (400 kcal)] difference in preload. At
what level of energy difference between the preloads would they start to
compensate?

These questions show that the results and conclusions of this study might
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be limited to the specific experimental canditions used. Regarding the complexity
of the issue, it appears that a careful and systematic evaluation of all potential
influences is required to assess the factors that regulate appetite and food intake.
This idea is equivalent to Kissileff's? strategy of determining satiating effects of

various dimensions of foods.
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CHAPTER 3

THE EFFECTS OF PRELOADS VARYING IN PHYSICAL STATE AND
FAT CONTENT ON SATIETY AND ENERGY INTAKE.

Toine Hulshof, Cees de Graaf, Jan A. Weststrate.

ABSTRACT

This study investigated the sffect of the physical state and fat content of a
preload on feelings of hunger and satiety and subsequent energy intake. Thirty
three normal-weight female subjects each received 9 different 550-ml preloads
which were served as breakfast. The preloads differed in physical state and fat
level. There were three types of physical state (liquid, solid with locust bean gum,
and solid with gelatin) combined with 3 energy levels (0.42, 1.67, and 3.35 MJ).
The energy differences were due only to differences in fat content. Subjects were
not allowed to eat or drink {except water) for 3% hr after preload consumption. In
this period they rated their feelings of appetite. Subjects recorded their voluntary
food intake for the remainder of the study day and the day after the study day.
There were no sffects of the different amounts of fat or the three different physical
states on energy intake the remainder of the day or the day after. With respect to
the appetite ratings, however, it appeared that the solid preloads were more
satiating than the liquid preloads and the solid preloads were more satiating with
fibre {locust bean gum) than without fibre (gelatin). The high-fat preloads were
more satiating than the low-fat preloads.

INTRODUCTION

Among the properties of food that influence its satiating effect, the
structure/consistency of a food is important. A priori it seems plausible that solid
foods have a different effect on appetite than liquid foods. The digestion and
absorption of solid foods is more prolonged than of liquid foods (BNF, 1990).
Therefore, it can be expected that solid foods suppress appetite for a longer time
period than liquid foods.
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There is no consistent evidence that solid foods are more satiating than
liquid foods. Haber et al. {(1977), Bolton et al. {1981) and Tournier et al. (1991}
obtained results that suggest that solid preloads are more satiating than liquid
preloads. Kissileff {1985) and Rolis et al. (1990) obtained results in the opposite
direction, whereas Pliner {1973) found no effects.

Table 1 shows that apart from differences in the physical state (liquid versus
solid), the preloads also differed with respect to macronutrient content (Pliner,
1973; Kissileff, 1985; Rolls et al., 1990), volume (Pliner, 1973; Bolton et al.,
1981; Kissileff, 1985) and temperature {Kissileff, 1985; Rolls et al., 1990). Some
of the solid preloads were accompanied by a drink (Kissileff, 1985; Rolls et al.,
1990; Tournier et al., 1991}. Therefore it is difficult to attribute differences in
satiating effect in these experiments to the different physical states. Tournier et
al. (1991) and Haber et al. (1977) had solid and liquid preloads with an identical
composition.

The present study investigated the effect of the physical state with
standardized artificial preloads equal in volume, weight, temperature, and with
equal protein and carbohydrate content. In order to find out whether the effect of
physical state is similar for different levels of energy, three different amounts of fat
were added to the preloads. The purpose of the study was to investigate whether
differences in fat content and/or physical state of preloads infiluence feelings of
hunger and satiety and energy intake in a short-term dose response experiment. A
carbohydrate {Locust bean gum) and a protein {Gelatin) were used for changing the
consistency of the preloads. Locust bean gum added to a meal slows the emptying
of liquids from the stomach (Holt et al., 1979). Gums increase the viscosity in the
gut and reduce macronutrient absorption probably by inhibiting the convective
effects of intestinal contractions (Edwards et al., 1988). Gelatin dissolves in the
stomach immediately after consumption {Tournier et al., 19921}, and therefore no
effect of the solid state of gelatin on the rate of macronutrient absorption in the
gut can be expected.

In this study the liquid preloads were ingested and digested as a liquid. The
locust bean gum preloads were ingested and digested as a solid, whereas the
gelatine preload was ingested as a solid and digested as a liquid {Tournier et al.,
1991). With this design the difference between the gelatin preloads and the liquid
preloads should be due to the difference in ingestion, whereas the difference
between the locust bean gum and gelatin preloads should be due to differences in
digestion and absorption.
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Table 1. Liquid and solid foods used in experiments in which the effects of the
physical state on the satiating efficiency was investigated.

Author Year* Liquid preload Solid preload

Pliner P. 1973 - Milk shake. - Cake.

Haber G. et al. 1977 - Apple juice. - Apple quarters.

Bolton R. 1981 - Grape juice. - Whole grapes.

- Orange juice. - QOranges.

Kissileff H. 1984 - Chicken noodle or - Cheese, crackers and
tomato soup. apple juice.

Rolls B. et al. 1990 - Tomato soup pius - Cheese on crackers
water (225 ml). plus water (225 ml).

- Melon plus water.

Tournier A, et al. 1991 - Vegetable soup, and - Vegetable terrine
tomato juice with plus gelatin), and
liquid gelatin. tomato juice.

* Year of publication

METHODS AND MATERIALS

Subjects

Thirty-three female volunteers with a BMI < 25 kg/m? were recruited for
participation. All subjects were students at the Agricultural University, and were
paid for participation. Table 2 shows the main characteristics of the subjects.

The subjects were informed that the experiment was meant to investigate
the effect of different preloads on feelings of hunger and satiety. The differences
in physical state were clearly recognized by the subjects. Post experimental briefing
revealed that the subjects were not aware of the differences in energy/fat content
of the preloads. All subjects gave their informed consent before participation. The
experiment was approved by the Medical Ethical Committee of the Department of
Human Nutrition.
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