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Breakfasts with different fiber 
and macronutrient contents 
do not differentially affect timing, size 
or microstructure of the subsequent lunch 

Friihstiicke mit unterschiedlichem 
Faser- und Makron[ihrstoffgehalt 
haben keinen unterschiedlichen 
EinfluB auf Zeitpunkt, GriiBe 
oder Mikrostruktur des darauf- 
folgenden Mittagessens 

Summary The effects of four 
equienergetic breakfasts with 
varying fiber and macronutrient 
contents on hunger and satiety 
ratings, on subsequent lunch intake, 
and on postprandial carbohydrate 
and fat metabolism were 
investigated in normal weight male 
subjects in two experiments, in 
which lunch was offered at a 
predetermined time (Experiment 1) 
or in which the subjects were free 
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to choose when to eat lunch 
(Experiment 2). Consumption of  
either a commercially available 
high fiber cereal (HFC, 10 % 
fiber), a medium fiber cereal 
(MFC, 7 % fiber), a low fiber 
cereal (LFC, 3 % fiber), or a 
standard continental breakfast (0 % 
fiber) on nonconsecutive days did 
not differentially affect hunger and 
satiety ratings, the size or 
microstructure of the subsequent 
lunch, and the breakfast to lunch 
intermeal interval (in Experi- 
ment 2). Plasma concentrations of 
glucose, lactate, and insulin 
increased more after the LFC 
breakfast than after the other 
breakfast varieties. A reactive 
postprandial hypoglycaemia 
occurred after the LFC breakfast, 
shortly before lunch. The plasma 
concentrations of fat metabolites 
(triglycerides, free fatty acids, 
13-hydroxybutyrate) and of 
glucagon were not differentially 
affected by the breakfast varieties. 
The results are consistent with the 
assumption that energy content of 
a meal is the major determinant of 
subsequent energy intake in man 
and that fiber content and 
macronutrient composition have 
only a modulating effect. 

Zusammenfassung Der Einfluss 
von 4 isoenergetischen Friihst/.icken 
mit unterschiedlichem Nahrungsfa- 
ser- und Makron~ihrstoffgehalt auf 
Hunger und S~ittigung, auf das 

nachfolgende Mittagessen sowie 
auf den l~ostprandialen Kohlenhy- 
drat- und Fettstoffwechsel wurde 
an normalgewichtigen, m~innlichen 
Probanden in 2 Experimenten unter- 
sucht, in denen das Mittagessen ent- 
weder zu einem vorbestimmten 
Zeitpunkt angeboten wurde (Experi- 
ment 1), oder in dem die Proban- 
den selbst den Zeitpunkt des Mit- 
tagessens bestimmen konnten 
(Experiment 2). Der Verzehr eines 
handelsiiblichen Mtislis mit hohem 
(10 %), mittlerem (7 %) und niedri- 
gem (3 %) Fasergehalt (HFC, 
MFC und LFC) eder ein Standard- 
Friihsttick (0 % Fasem) hatten kei- 
nen unterschiedlichen Einflug auf 
Hunger und Sfittigung, Gr6sse und 
Mikrostmktur des folgenden Mittag- 
essens und auf die Zeitspanne zwi- 
schen Fr/ihsttick und Mittagessen 
(in Experiment 2). Die Plasmakon- 
zentrationen von Glucose, Lactat 
und Insulin stiegen nach dem LFC- 
Fr/ihstiick st/irker an als nach den 
anderen Friihstiicksvarianten. Eine 
reaktive postprandiale Hypoglyk~i- 
mie trat nach dem LFC-Frfihsttick 
kurz vor dem Mittagessen auf. Die 
Plasmakonzentrationen von Metabo- 
liten des Fettstoffwechsets (Trigly- 
ceride, freie Fetts~uren, 13-Hydroxy- 
butyrate) und von Glucagon 
wurden durch die Friihstiicksvarian- 
ten nicht unterschiedlich beein- 
flusst. Die Resultate stehen im Ein- 
klang mit der Annahme, dab der 
Energiegehalt einer Mahlzeit die 
wichtigste Determinante ftir die 
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nachfolgende Energieaufnahme ist. 
Der Faser- und Makronghrstoffge- 
halt scheinen diesbez/iglich nur ei- 
nen modulierenden Effekt zu besit- 
zen. 

Key words Microstructure of  
eating - dietary fiber - 
macronutrients - mechanisms of 
satiety - cereals - metabolites 

Sehliisselwiirter Mikrostruktur 
des Essens - Nahrungsfasern - Ma- 
kronhhrstoffe - Mechanismen der 
Shttigung - Miislis - Metabolite 

Introduction 

Dietary fibers have repeatedly been reported to reduce 
hunger or increase satiety ratings (e.g., 9, 17, 2r), in 
particular in people on low calorie diets (I), and to affect 
both satiation (the process that terminates eating) and 
satiety (the subsequent state that prevents eating) (see 
(3)). In one study the ingestion of a high fiber breakfast 
decreased subsequent lunch intake (18). In another study, 
however, moderate differences in the fiber content of a 
test breakfast did not influence hunger ratings or sub- 
sequent energy intake at lunch (4). These discrepancies 
are presumably due to procedural differences and the use 
of different forms of fiber. Thus, the generality of an 
effect of  dietary fiber on energy intake is open to dis- 
cussion. The possible mechanisms of  such an effect are 
also unclear. Gastrointestinal factors such as a retardation 
of gastric emptying by dietary fiber (9, 17, 18), or de- 
layed absorption of glucose from the small intestinal 
lumen (11, 24, 25, 26), as well as metabolic factors 
related to differences in postprandial glycaemia or insu- 
linaemia may be involved (8, 17, 20, 24, 25). 

There are also disparate findings with respect to the 
influence of  macronutrient content on subsequent energy 
intake. When compared with a high carbohydrate sup- 
plemented meal, an equienergetic high fat supplementa- 
tion diminshed the satiating efficiency of  the meal as 
evidenced by differences in energy intake in a test meal 
90 min later (2). In another study, the macronutrient 
composition of a liquid breakfast had no effect on the 
subsequent lunch or on total energy intake for the rest of 
the day (7). Moreover, covert manipulations of macronu- 
trient or energy contents of  meals apparently lead to 
subsequent caloric but not macronutrient compensation 
(10). 

The present study investigated the effects of equien- 
ergetic, real breakfasts with varying fiber and macronu- 
trient contents on subsequent energy intake and on post- 
prandial carbohydrate and fat metabolism. The effects of 
four breakfast varieties were tested. A short-term in- 
fluence of  the breakfasts on hunger and satiety might be 
reflected by changes in the size or timing of the sub- 
sequent lunch. Therefore, in a first experiment lunch was 
offered at a predetermined time after breakfast, whereas 
in a second experiment subjects were isolated from time 
cues and allowed to decide individually when to have 
lunch. To assess the metabolic consequences of the test 
breakfasts, plasma carbohydrate and fat metabolites, in- 
sulin and glucagon were measured before and at various 

times after the test breakfasts, as well as before and after 
the subsequent target lunch (only in the first experiment). 
In addition to the amount eaten at lunch, the microstruc- 
ture of  eating was recorded using the universal eating 
monitor (UEM; described in (13)). Information about 
subjective hunger ratings and postprandial feelings were 
obtained by questionnaires. 

Subjects and methods 

Subj ects 

Eighteen male normal weight subjects, age 21 to 32 
years, participated in the study (nine in each experiment). 
Two subjects were later excluded because one was unable 
to participate in all four test trials of  Experiment 1, and 
because blood could not be obtained from one subject in 
Experiment 2. The subjects weighed 60.2 to 81.2 kg, and 
their height was 168 to 190 cm. All subjects usually ate 
breakfast between 06:30 hours and 09:30 hours, lunch 
between 11:30 hours and 14:00 hours, and dinner be- 
tween 18:00 hours and 21:30 hours before going to bed 
between 22:30 hours to 01:30 hours. Only a few subjects 
consumed snacks between meals. Subjects estimated 
drinking 10 to 25 dl of fluids a day. Regular physical 
activity was reported by nine subjects (between 4 and 
10 h/week). Four subjects were smokers with an average 
of 2, 15, 17, and 20 cigarettes a day. The study was 
approved by the ethics committee of the University Hos- 
pital Zurich, and all subjects gave their written consent 
after the experimental procedure had been explained to 
them. 

Test breakfasts 

The four breakfast varieties were: 1) A commercially 
available high fiber Swiss breakfast cereal with raisins 
(HFC) (Bio-Huus-Mfiesli, Bio-Familia AG, Sachseln), 2) 
a medium fiber breakfast cereal (MFC) with dried straw- 
berry chunks (Frutta Crunch, Bio-Familia AG, Saehseln), 
3) a low fiber high sucrose cereal (LFC) consisting of 
sweetened puffed rice (Smacks, Kellogg Company, USA), 
and 4) a standard continental breakfast consisting of two 
white rolls, butter, strawberry jam, and apricot yoghurt 
(Table I). The HFC cereal consisted of  oat flakes, corn 
flakes, sultanas, barley flakes, sun flower seeds, honey- 
wheat bits, almonds, hazelnuts, apple pieces, and wheat 
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Table 1 Energy and macronutrient composition of meals 

Breakfast Energy Carbohydrates Fat Fiber Protein 

High fiber cereal 
250 ml milk 
20 ml cream 

Medium fiber cereal 
220 ml milk 

Low fiber cereal 
250 ml milk 
30 ml cream 

125 g 2 038 kJ 86.3 g*~ 8.8 g 12.5 g 13.8 g 
3.7 % fat 700 kJ 12.0 g 9.2 g - 8.0 g 
35 % fat 28 kJ 6.4 g 0.7 g - 4.2 g 

Total 2 766 kJ 104.7 g 18.7 g 12.5 26.0 g 

125 g 2 236 kJ 75.0 g*2 20.6 g 8.75 g 12.5 g 
2.8 % fat 528 kJ 11.0 g 6.2 g - 7.0 g 

Total 2 764 kJ 86.0 g 26.8 g 8.75 g 19.5 g 

125 g 2 033 kJ 105.0 g,3 1.9 g 3.75 g 10.4 g 
3.7 % fat 700 kJ 12.0 g 9.3 g - 8.0 g 
25 % fat 31 kJ 10.5 g 0.7 g - 7.2 g 

Total 2 764 kJ 127.5 g 11.9 g 3.75 g 25.6 g 

Standard breakfast 
2 white bread buns 90 g 1 206 kJ 46.8 g 7.2 g 8.0 g 
butter 20 g 634 kJ 0.1 g 16.6 g 0.1 g 
jam 50 g 560 kJ 33.0 g - 0.3 g 
joghurt, 180 g 0.1% fat 369 kJ 14.4 g 0.2 g 7.2 g 

Total 2 769 kJ 94.3 g 24.0 g - 15.6 g 

Lunch total amount offered 

Risotto 
tomato risotto 250 g 3 750 kJ 185.0 g 5.0 g 22.5 g 
butter 20 g 634 kJ 0.1 g 16.6 g 0.1 g 
Parmesan cheese 25 g 400 kJ 0.0 g 7.0 g 8.0 g 
minced pore 250 g 1 825 kJ 0.0 g 25.0 g 50.0 g 

Total 6 609 kJ 185.1 g 53.6 g 80.6 g 

declarations according to the manufacturers 
(*~ sugar content not available, .2 22.0 g sugars, "361.0 g sugars) 

flakes.  The M F C  cereal  was made  o f  whole  oat flakes, 
wheat  f lakes,  unref ined sugar,  peanut  oil,  coconut,  hazel-  
nuts, honey,  f reeze-dr ied  strawberries,  raspberries ,  wheat-  
germ, glucose,  pectin,  and salt. The LFC cereal was 
produced  f rom wheat ,  sugar,  g lucose syrup, honey,  p lant  
fats, lecithin,  v i tamins ,  and iron. 

Design and procedure  

Experiment 1 

A fully repea ted-measures  design was employed.  Inde- 
pendent  var iables  were the composi t ion  o f  the test break-  
fasts (see above)  and the t iming o f  b lood sampling 
(12 t ime points) .  Dependent  var iables  were p lasma meta-  
bol i te  and hormone  levels,  parameters  o f  meal  micro-  
structure, and quest ionnaire  data. The exper iment  was 
per formed  on 12 test days  over  a per iod  o f  20 working  

days.  Each subject  par t ic ipa ted  on 4 days  with a mini-  
mum intermit tent  pe r iod  o f  1 day.  Smoking,  strenuous 
exercise,  and alcohol  consumpt ion  were  prohib i ted  after 
17:00 hours the day  before tests. Be tween  18:00 and 
21:00 hours, subjects  consumed a p re -packaged  dinner  
consist ing o f  fresh meat  tor tel lonis  (250 g), canned to- 
mato sauce (190 g), gra ted  parmesan  cheese (50 g), fresh 
carrot salad (160 g), and canned fruit  cocktai l  (227 g 
including syrup).  The dinner  p rov ided  5 029 kJ (161.6 g 
carbohydrates ,  46.7 g fat and 44.2 g protein) .  The dessert  
fruit cocktai l  could be eaten until  23:00 hours. Subjects  
were instructed to dr ink 330 ml minera l  water  at dinner. 
Addi t ional  bott les o f  minera l  water  were  p rov ided  for 
individual  f luid demands.  

Three subjects were tested dai ly,  beginning  at 07:00, 

07:30 and 08:00 hours. Upon arr ival  at the labora tory  on 

the morning o f  the test day,  each subject  had fasted for 

at least 8 to 9 h. Figure 1 (top) shows the dai ly  proceed-  

ings for each subject.  Af ter  weight  and height  measure-  
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Fig. 1 Schedule of ex- 
perimental proceedings for the 
first subject on each test day. 
Experiment 1: Second and 
third subject with delay of 
30 rain and 60 min, respec- 
tively. Experiment 2: Second, 
third and fourth subject with 
delay of 25 min, 50 min, and 
75 min, respectively. 

Experiment 1 

7:00 7:30 

10:30 11:00 

Experiment 2 

7:00 7:10 7:40 

8:00 8:20 8:40 9:20 

11:30 1 1 : 5 0  12:10 
J 

12:50 

8:05 rain 0 rain 10 rain 40 

10:00 

13:30 

weight and height ~ blood sample l meal I break 

ments, a 20-gauge Vialon catheter (Becton, Dickinson, 
Switzerland) was placed into the antecubital vein and a 
fasting blood sample was drawn for baseline measure- 
ments. Eleven more blood samples were taken at various 
times, starting immediately after breakfast (see Fig. 1). 
Breakfast lasted 30 min, including completion of the two 
questionnaires given before and after the meal. Subjects 
were allowed to drink bottled mineral water with the 
meals and throughout the test period at their discretion. 
Between breakfast and lunch, subjects engaged in seden- 
tary activities such as reading and watching TV. 

A hot lunch was served 3.5 hours after the onset of 
breakfast. The lunch consisted of risotto (tomato fla- 
voured rice stew; Knorr-N,ihrmittel AG, Thayngen) with 
bite-size pieces of meat. Subjects were instructed to eat 
as much of the oversized serving (6 609 kJ, carbohydrates 
185.1 g, fat 53.6 g, protein 80.6 g) and to drink as much 
of the provided mineral water as they wanted. Lunch 
lasted 30 min, including answering the questionnaires 
before and after the meal. Subjects remained in the lab- 
oratory after lunch, engaging only in sedentary activities, 
until all blood samples were drawn. 

Experiment 2 

Basically the same design and procedure as in Experi- 
ment 1 were employed, with the following alterations (see 
Fig. 1, bottom): 1) Only three blood samples (baseline, 
after breakfast, just prior to lunch) were drawn by vena- 
puncture. 2) Four subjects were tested daily, beginning 
at 07:00, 07:25, 07:50, and 08:15 hours. 3) The subjects 
themselves could determine when they wanted to con- 
sume the target lunch. Watches were taken from the 
subjects upon arrival at the laboratory, and other potential 
time cues were not available. After breakfast subjects 
engaged in sedentary activities, e.g. listening to music, 

in separate rooms. As soon as the subjects felt hungry 
enough to consume a warm meal, they came to the blood 
sampling room. After the third and last blood sample was 
drawn and the questionnaire was filled out, the same hot 
target lunch as in Experiment 1 was served. 

Questionnaires 

Subjects filled out a questionnaire before and after break- 
fast and lunch in each experiment. The questions ad- 
dressed the subjects' degree of hunger and thirst and their 
perception of the meal. Some questions (not reported 
here) were posed to obscure the major purpose of the 
study. Answers were given through visual analogue scales 
ranging from 0-107 mm (e.g. from "not at all" (0 mm) 
to "extremely" (107 mm)). Other questions were 
answered by marking the appropriate expression on a 
five-point scale. Example: "no desire to eat" (1 point), 
"strong desire to eat immediately" (5 points). The ques- 
tionnaire before each meal focused on the subjects' cur- 
rent hunger and thirst state, and the questionnaire after 
each meal inquired about the satisfaction of postprandial 
sensations. 

Universal Eating Monitor (UEM) 

The amount eaten at lunch and the microstructure of the 
meal (i.e. the cumulative food intake curve) was recorded 
with a scale integrated in the table underneath the plate 
(13). Subjects were not aware of  the scale but were 
informed that they were supervised through a video ca- 
mera during the meal. The weight of the plate was con- 
stantly monitored by the built-in scale, and recorded on- 
line by a computer in an adjacent room. By graphing the 
cumulative weight of the food eaten against time, a curve 
results that can be best described by a quadratic equation 
(y = a + bx + cx 2) (14). A non-linear regression analysis 
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Fig. 2A Experiment 1: Size and duration of the fixed time lunch 
after the HFC, MFC, LFC, and standard breakfast. Bars represent 
means + SEM of eight subjects. 

determines the coefficients of the cumulative intake 
curve, where "b" describes the initial rate of eating, and 
"c" reflects the deceleration of eating and is, therefore, 
considered to be an expression of internal mechanisms of 
satiation (14, 22). 

Blood analyses 

Each blood sample (the first 2 ml discarded) was drawn 
into a 2.7 ml sodium-fluoride tube and a 4 ml EDTA-tube 
of which 1 ml was transferred into a glass tube containing 
50 ml Aprotinin (500 KIU, Boehringer, Mannheim) for 

later analysis of glucagon. All tubes were centrifuged at 
3 800 rpm (~- 1 900 G) for 10 min at 4 °C, and the 
plasma was removed and stored at -20 °C for analysis of 
metabolites and hormones. Insulin and glucagon were 
determined by commercially available radioimmunoas- 
says (Insulin RIA 100; Pharmacia Diagnostics AB, 
Uppsala, Sweden; Glucagon Double Antibody, Diagnostic 
Products Corporation, Los Angeles, CA). Glucose, lac- 
tate, triglycerides (TG), free fatty acids (FFA), and 13-hy- 
droxybutyrate (BHB) were determined by standard colo- 
rimetric and enzymatic methods adapted for the Cobas 
Mira autoanalyzer (Hoffman LaRoche, Switzerland) (16, 
23). 

Statistics 

One-way repeated measure analyses of variance 
(ANOVA) were used to detect differences between break- 
fast varieties in energy intake at lunch, cumulative intake 
curve coefficients, questionnaire ratings, plasma levels of 
metabolites and hormones, and time between breakfast 
and lunch in Experiment 2. Changes in plasma metabolite 
and hormone levels with time were also analyzed by 
ANOVA. When appropriate, additional comparisons of 
means were done with Student-Newman-Keuls post-hoc 
tests. Pearson product moment correlations were used to 
correlate energy intake, plasma levels of metabolites and 
ratings. To compare overall glucose, lactate and insulin 
responses to the test breakfasts and to the target lunch, 
the integrated areas under the curves' main peaks around 
breakfast and lunch (= net response; see results for exact 
time points) were calculated for each subject in Experi- 
ment 1. p values < 0.05 were considered significant. 
SigmaStat software version t.0 (Jandel Corporation, San 
Rafael, CA) was used for statistical calculations. 

Fig. 2B Experiment 2: Size and 
duration of the self-timed lunch and 
duration of the intermeal interval 
(breakfast to lunch) after the HFC, 
MFC, LFC, and standard breakfast. 
Bars represent means + SEM of 
eight subjects. 
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Fig. 3B Experiment 2: Fitted cumulative intake curves at the 
self-timed lunch plotted with the mean coefficients for each break- 
fast variety. See text for further details. 

Results 

Lunch intake 

The amount of  food consumed during the fixed time 
lunch (Experiment 1) or the self-timed lunch (Experiment 
2) did not differ significantly after the HFC, MFC, LFC 
or standard breakfasts (Figs. 2A and 2B) (Experiment 1: 
F(3,7) = 2.77, p > 0.07), Experiment 2: F(3,7) = 1.01, p 
> 0.40). Lunch duration did also not differ significantly 
after the four breakfast varieties in both experiments 
(Experiment 1: F(3,7) = 0.16, p > 0.92, Experiment 2: 
F(3,7) = 1.84, p > 0.18). In Experiment 2, the breakfast- 

lunch intermeal interval ranged from 172 to 345 min and 
was not influenced by the breakfast variety (F(3,7) = 
0.94, p > 0.43) (Fig. 2B). Water intake during lunch was 
around 300 ml for all breakfast varieties in both experi- 
ments and was also not significantly different (Experi- 
ment 1: F(3,7) = 0.54, p > 0.66; Experiment 2: F(3,7) = 
1.27, p > 0.31). 

Microstructure of  lunch 

As indicated by the mean cumulative food intake curves 
for the breakfast varieties (Figs. 3A and 3B), the micro- 

, structure of eating during the fixed time lunch (Fig. 3A) 
20 and the self-timed lunch (Fig. 3B) was also not affected 

significantly by the four breakfast varieties. The plots 
presented in Figs. 3A and 3B were obtained by perform- 
ing a non-linear regression analysis on the microstructure 
data recorded by the UEM, fitting a quadratic equation 
to the cumulative intake curve (14, 21), plotting intake 
as a function of  time, and extending the average curves 
for the mean meal duration. There was no significant 
difference in the rate (b) or deceleration (c) coefficients 
between HFC, MFC, LFC, and the standard breakfast in 
either experiment. In both experiments lunch duration 
was negatively correlated with the rate of  intake (Experi- 
ment 1: r = -0.55, p < 0.01; Experiment 2: r = -0.83, p 
< 0.01). In Experiment 2 the duration of  the intermeal 
interval was positively correlated with the intake rate (b: 
r = 0.41, p < 0.03), and negatively correlated with the 
deceleration of  intake (c: r = -0.43, p < 0.02), but it was 
not significantly correlated with the amount eaten at 
lunch (r = -0.09, p > 0.65). Furthermore, there was a 
positive correlation of  the deceleration of  the cumulative 
intake curve with the amount eaten (r = 0.59, p < 0.01) 

2'0 and with lunch duration (r = 0.71, p < 0.01). 
Although the results of  the two experiments in this 

study cannot be directly compared (different subjects, 
different days), it is interesting to note some overall 
differences between the microstructure of  lunch in both 
situations: 1) There was less variability in the cumulative 
intake curves between the breakfast varieties in Experi- 
ment t than in Experiment 2. 2) Despite the somewhat 
longer intermeal interval in the self-timing situation, sub- 
jects in Experiment 2 consumed generally less food dur- 
ing lunch than subjects in Experiment 1 (F(I,15) = 20.8, 
p < 0.01). As this was not associated with a reduced 
lunch duration (F(1,15) = 0.19, p > 0.67), the overall rate 
of intake (expressed by the coefficient b of  the cumula- 
tive intake curve) was lower in Experiment 2 (b = 0.80 
+ 0.05, mean + SEM) than in Experiment 1 (b = 1.11 + 
0.05) (F(1,15) = 17.6, p < 0.01). 

Questionnaires 

The subjects liked all test breakfasts similarly in both 
experiments (Tables 2 and 3). Hunger ratings before and 
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Table  2 Exper iment  1 : Answers  to questionnaires concerning hunger and satiety sensations before and after meals  

Breakfast questions HFC MFC LFC Standard P-value 

before breakfast How strong is your desire to eat? (answers 1--5) 3.1 _+ 0.2 3.2 _+ 0.2 3.1 + 0.2 3.3 ± 0.5 NS 
How full do you feel? 20.5 _+ 7.0 14.4 _+ 4.9 18.6 ± 8.5 18.4 ± 7.8 NS 

A How hungry are you right now? 58.3 _+ 5.8 63.1 + 6.3 55.0 + 6.0 58.9 + 6.5 NS 

after breakfast 

B 
AI 

How did the meal taste? 62.1 +_ 7.2 74.2 + 7.5 
How full do you feel after this meal? 69.8 + 8.3 53.5 ± 10.4 
How hungry are you after this meal? 27.0 _+ 7.9 43.9 ± 10.4 
Prandial decrease of hunger (= A-B) 31.3 _+ 8.8 19.3 + 12.2 
How thirsty are you after this meal? 17.4 _+ 5.1 13.6 ± 4.3 
How long do you think you will be satiated 61.5 _+ 9.3 46.6 + 10.2 
after this meal? 

60.3 + 9.4 85.3 + 5.9 NS 
70.6 ± 9.5 63.3 + 8.3 NS 
30.4 + 10.7 27.4 + 10.3 NS 
24.6 _+ 12.7 31.5 + 12.6 NS 
27.3 + 10.1 12.0 ± 3.7 NS 
25.0 ± 6.0 55.3 + 10.2 0.0251 

Lunch 

before lunch How strong is your desire to eat? (answers 1-5) 3.0 _+ 0.2 3.3 + 0.3 3.5 + 0.3 3.3 + 0.4 NS 
How full do you feel? 28.1 ± 8.5 24.3 + 10.4 12.6 _+ 4.5 21.1 + 6.6 NS 

C How hungry are you right now? 59.9 _+ 8.2 56.8 + 10.2 65.5 + 6.2 61.4 + 6.6 NS 
A 2 Postprandial increase in hunger (= C-B) 32.9 + 10.8 12.9 + 14.9 35.1 + 13.1 34.0 ± 12.5 NS 

after lunch How did the meal taste? 63.9 _+ 4.9 60.4 + 6.0 67.3 ± 7.1 65.0 + 5.3 NS 
How full do you feel after this meal? 93.0 + 3.4 88.1 + 3.8 86.1 + 5.7 92.8 + 3.1 NS 
How hungry are you after this meal? 6.5 _+ 2.4 8.4 + 3.4 10.3 + 4.3 4.8 + 2.1 NS 
How thirsty are you after this meal? 27.9 +_ 8.0 15.5 + 5.1 37.9 + 11.6 18.3 + 6.57 NS 
How long do you think you will be satiated 65.5 ± 10.7 67.3 + 8.4 59.3 + 11.9 64.0 + 6.9 NS 
after this meal 

Values are means + SEM of 8 subjects; 0 = weakest and 107 (in mm of visual analogue scale or 5 respectively) = strongest sensation of the feeling. 
HFC = High fiber cereal, MFC = Medium fiber cereal, LFC = Low fiber cereal. 
i Student-Newman-Keuls test: F(3,21) = 3.82; HFC different from LFC, LFC different from standard breakfast. 

Tab le  3 Experiment  2: Answers  to questionnaires concerning hunger and satiety sensations before and after meals 

Breakfast questions HFC MFC LFC Standard P-value 

before breakfast How strong is your desire to eat? (answers 1-5) 3.3 + 0.3 3.0 _+ 0.3 3.3 + 0.2 3.3 ± 0.3 NS 
How full do you feel? 14.0 _+ 2.7 22.7 + 4.6 17.3 _+ 4.4 17.4 _+ 4.3 NS 

A How hungry are you right now? 74.1 + 4.8 64.9 ± 5.8 68.6 + 3.0 70.9 ± 6.6 NS 

after breakfast How did the meal taste? 61.1 + 9.66 71.9 ± 7.7 48.9 ± 10.3 64.6 ± 9.26 NS 
How full do you feel after this meal? 81.4 _+ 4.4 82.9 ± 3.4 79.3 _+ 7.5 75.9 ± 3.7 NS 

B How hungry are you after this meal? 34.6 ± 12.l 14.6 + 3.4 21.4 ± 6.1 23.3 ± 5.8 NS 
A 1 Prandial decrease of hunger (= A-B) 39.6 ± 13.7 50.3 ± 6.5 47.3 ± 6.6 47.6 ± 7.8 NS 

How thirsty are you after this meal? 48.4 _+ 11.9 62.9 ± 8.3 52.6 ± 11.3 42.5 ± 12.6 NS 
How tong do you think you will be satiated 51.6 _+ 9.5 66.0 +_ 6.7 39.1 _+ 5.54 33.4 _+ 6.0 0.021 
after this meal 

Lunch 

before lunch How strong is your desire to eat? (answers 1-5) 3.3 _+ 0.2 3.1 + 0.1 3.5 _+ 0.3 3.6 +_ 0.3 NS 
How full do you feel? 13.0 + 3.4 19.8 + 3.3 14.6 + 4.2 13.8 + 4.2 NS 

C How hungry are you right now? 76.3 _+ 4.8 72.5 + 4.8 78.1 + 5.6 76.9 + 5.5 NS 
A 2 Postprandial increase in hunger (= C-B) 41.7 +_ 12.0 57.9 + 6.1 56.8 ± 8.6 53.6 + 6.7 NS 

after lunch How did the meal taste? 69.5 _+ 6.7 74.0 _+ 5.3 79.5 ± 5.9 73.5 + 5.9 NS 
How full do you feel after this meal? 78.1 _+ 10.0 81.3 + 5.6 89.1 + 3.7 89.4 + 3.6 NS 
How hungry are you after this meal? 6,6 + 1.3 11.3 + 2.7 6.3 + 1.6 7.9 + 1.8 NS 
How thirsty are you after this meal? 28.0 + 11.6 42.1 _+ 11.0 33.3 + 13.1 24.9 + 10.2 NS 
How long do you think you will be satiated 71.7 _+ 11.5 80.0 + 5.9 64.5 + 11.5 77.5 + 6.9 NS 
after this meal? 

Values are means + SEM of 8 subjects; 0 = weakest and 107 (in mm of visual analogue scale or 5 respectively) = strongest sensation of  the feeling. 
HFC = High fiber cereal, MFC = Medium fiber cereal, LFC = Low fiber cereal. 
i Student-Newman-Keuls test: F(3,20) = 4.12; MFC different from LFC and standard breakfast. 
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Fig. 4 Effect of HFC, MFC, LFC, and standard breakfast on 
plasma glucose (top) and plasma lactate (bottom) concentrations. 
Values are means _+ SEM of eight subjects. * Indicates significant 
treatment differences, p < 0.05 in post-hoe tests after significant 
ANOVA (glucose: 60 rain, F(3,7) = 3.27, 210 min, F(3,7) = 5.59; 
lactate: 80 min F(3,7) = 3.63, 120 rain F(3,7) = 6.29). 
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Fig. 5 Effect of HFC, MFC, LFC, and standard breakfast on 
plasma insulin (top) and plasma glucagon (bottom) concentrations. 
Values are means + SEM of eight subjects. * Indicates significant 
treatment differences, p < 0.05 in post-hoe tests after significant 
ANOVA (F(3,7) = 3.53). 

after the meals as well as the prandial declines and 
post-breakfast increases in hunger ratings (A 1, •2 in 
Tables 2 and 3) were also not affected significantly by 
the different test breakfasts. The HFC and standard break- 
fasts (Experiment 1; F(3,7) = 3.82, p < 0.05) and the 
MFC breakfast (Experiment 2; F(3,7) = 4.12, p < 0.02) 
were estimated to have a longer lasting satiety effect than 
the LFC breakfast. After lunch, postprandial fullness (r = 
0.40, p < 0.05), but not remaining hunger sensations (r 
= 0.11, p > 0.5), was positively correlated with the 
amount eaten at lunch. 

Plasma metabolites and hormones 

Experiment 1 

The plasma glucose concentration changed significantly 
with time (F(11,31) = 19,2, p < 0.001) and varied be- 
tween breakfasts (Fig. 4). With the LFC breakfast, it was 
higher than with the other breakfasts at 60 min and lower 
at 210 min. The overall glucose response to the breakfasts 
(area under the curve between 0 and 80 rain) was also greater 
after the LFC than after the other breakfasts (p < 0.05 in 
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post-hoe test after significant ANOVA, F(3,7) = 4.01). 
The breakfasts did not affect the plasma glucose level or 
overall glucose response after lunch (area under the curve 
between 210 and 290 rain; F(3,7) = 0.45, p > 0.7), nor 
did the glucose response after breakfast differ from the 
response after lunch (F(1,31) = 0.49, p > 0.5). Only with 
the LFC breakfast, plasma glucose level was lower before 
lunch (210 rain) than at baseline (0 min) (F(1,7) = 32.9, 
p < 0.001). After the HFC and MFC breakfasts, the 
plasma glucose level was significantly lower than after 
the subsequent lunch (40 min vs. 250 rain) (HFC: F(I,7) 
= 11.9, p < 0.01; MFC: F(1,7) = 10.4, p < 0.01). Finally, 
there was no significant correlation between the glucose 
level before lunch and hunger ratings at the correspond- 
ing time (r = 0.07, p > 0.16). 

The plasma lactate concentration (Fig. 4) also changed 
with time (F(l l ,31)  = 14.1, p < 0.001) and differed 
between breakfasts, i.e., it was higher after the LFC 
breakfast than after the other breakfasts at 80 and 120 
min (Fig. 4). The overall lactate response (area under the 
curve between 40 and 160 rain) to the LFC breakfast was 
also greater than the response to the other breakfasts (p 
< 0.05 in post-hoe test after significant ANOVA, F(3,7) 
= 6.33). The lactate response was generally greater after 
breakfast than after lunch (F(1,31) = 23.6, p < 0.001). 
After the MFC, LFC, and standard breakfasts, plasma 
lactate concentration was higher than after lunch (ps < 
0.05 for 80 vs. 290 min). 
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Fig. 6 Effect of HFC, MFC, LFC, and standard breakfast on 
insulin/glucagon ratio. Values are ratio means _+ SEM of eight 
subjects. * Indicates significant treatment differences, p < 0.05 in 
post-hoe tests after significant ANOVA (40 rain F(3,7) = 4.22, 
I20 min F(3,7) = 3.66). 

The plasma insulin concentration also changed with 
time (F(11,31) = 36.0, p < 0.001) (Fig. 5) and significant 
treatment differences were observed after breakfast (60 
min): The LFC breakfast increased plasma insulin con- 
centration more and triggered a greater overall insulin 
response (area under the curve between 0 and 160 rain) 
than the HFC and MFC breakfasts (p < 0.05 in post-hoe 
test after significant ANOVA, F(3,7) = 6.10). The overall 
insulin response to all breakfasts was not significantly 
different from the response to lunch (F(1,31) = 0.23, p 
> 0.62). Plasma insulin generally dropped to about ba- 
seline level before lunch. In general, postprandial hyper- 
insulinemia was also similar following breakfast and 
lunch, but with the HFC (F(1,7) = 4.77, p < 0.05) and 
the standard breakfast (F(1,7) = 5.08, p < 0.05), plasma 
insulin was higher after lunch than after breakfast (250 
vs. 40 min). Insulin levels just before lunch (210 min) 
were negatively correlated with the reported satiety state 
at that time (r = -0.47, p < 0.01) and positively correlated 
with the amount eaten at lunch (r = 0.43, p < 0.05). 

Plasma glucagon levels gradually increased with time 
(F(11,31) = 19.2, p < 0.001) (Fig. 5), but there was no 
significant difference between breakfast varieties at any 
time. The insulin/glucagon ratio (Fig. 6) was also calcu- 
lated for all individual plasma samples and was signifi- 
cantly higher at 40 and 120 rain after the LFC breakfast 
than after the other breakfast varieties. 

Plasma ~-hydroxybutyrate (BHB) decreased with time 
(F(11,31) = 13.5, p < 0.001) (Fig. 7). Basal plasma 
concentrations of  BHB varied considerably between sub- 
jects. This was mainly due to one subject who's BHB 
value was always particularly high in the first four plasma 
samples. No significant treatment differences in plasma 
BHB level were observed between breakfast and lunch. 
After lunch, plasma BHB level was lower at 270 rain 
with the LFC breakfast than with the MFC breakfast. At 
290 and 330 min plasma BHB was lower with the stan- 
dard breakfast than with the HFC or MFC breakfast. 

The plasma free fatty acid (FFA) concentration 
changed with time (F(l l ,31)  = 25.1, p < 0.001) (Fig. 7). 
More specifically, it decreased during breakfast and in- 
creased after lunch. Significant differences between test 
breakfasts were found at 160 min, when the plasma FFA 
level was higher after the HFC than after the LFC or the 
standard breakfasts, and higher after the MFC than after 
the LFC breakfast. Plasma FFA level was generally 
higher after lunch than after breakfast (290 vs. 80 rain, 
p < 0.05 for MFC, LFC, and standard breakfast). With 
the standard breakfast the FFA level was significantly 
higher after the subsequent lunch (330 min) than with the 
other breakfasts (Fig. 7). 

The plasma triglyceride level (F(l l ,31)  = 45.7, p < 
0.01) gradually increased, and total plasma protein level 
(F(11,31) = 4.44, p < 0.01) (Fig. 8) decreased with time, 
but there was no significant difference between breakfast 
varieties for these parameters at any time. 
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Fig. 7 Effect of HFC, MFC, LFC, and standard breakfast on 
plasma 13-hydroxybutyrate (BHB, top) and free fatty acids (FFA, 
bottom) concentrations. Values are means + SEM of eight subjects. 
* Indicates significant treatment differences in post-hoe tests after 
significant ANOVA (BHB: 270 min F(3,7) = 3.17, 290 min F(3,7) 
= 6.42, 330 min F(3,7) = 5.15; FFA: 160 min F(3,7) = 7.24, 330 min 
F(3,7) = 4.78). 
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Fig. 8 Effect of HFC, MFC, LFC, and standard breakfast on 
plasma triglyceride (top) and plasma protein (bottom) concentra- 
tions. Values are means + SEM of eight subjects. 

Experiment 2 

As far as can be judged from the limited number of  
samples, the postprandial metabolic responses to the four 
breakfast varieties were similar to the responses in Ex- 
periment 1 and are therefore not presented. Again plasma 
glucose level just prior to lunch was lowest after the LFC 
breakfast (F(3,7) = 7.68, p < 0.002). None of  the other 
metabolite and hormone levels at that time differed be- 
tween the breakfast varieties. Hunger ratings prior to 

lunch and glucose level were again not correlated, but 
there was a significant positive correlation between the 
glucose level just before lunch and the duration of  the 
intermeal interval (r = 0.37, p < 0.05). 

Discussion 

In the present study, equienergetic, "real" breakfasts with 
varying fiber content and nutrient composition did not 
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differentially affect hunger ratings, energy intake and 
microstructure of  eating during the subsequent lunch, 
served at a predetermined or at a self-selected time. This 
is in line with and extends several previously reported 
failures of dietary fiber (2, 4, 7) or macronutrient content 
(7, 10) to affect energy intake. Yet, reduced hunger 
ratings or energy intake in response to dietary fiber in- 
gestion have also been reported (1, 9, 18, 20, 21). These 
discrepancies are presumably due to procedural dif- 
ferences. In some studies in which dietary fiber did re- 
duce hunger ratings or subsequent energy intake, higher 
amounts of  fiber were used (1, 9, 18), the fiber was given 
over longer periods of time (1, 21), or the high and low 
fiber test meals were not equienergetic (18). Considering 
that the HFC (10 % fiber) and MFC (7 % fiber) break- 
fasts contained a fairly high amount of fiber, the present 
results also suggest that fiber content of a test meal must 
be above 10 % to influence subsequent energy intake 
under normal ecological conditions. 

Unlike some other studies testing the effect of  dietary 
fiber on energy intake, the macronutrient content of the 
breakfasts used in this experiment varied because the 
main goal was to compare "real" breakfasts, i.e., com- 
mercially available cereals prepared close to the sugges- 
tions of  the manufacturer. Therefore, the breakfasts pro- 
vided the same amount of energy but had a different 
macronutrient content. It is unlikely that an effect of 
dietary fiber on lunch intake was obscured by the varying 
macronutrient content because the target lunch was 
served about 3 h after completion of breakfast, at a time 
when an immediate effect of breakfast macronutrient 
composition on energy intake had presumably ceased (2). 
Furthermore, nutrient composition of liquid breakfasts 
used elsewhere had no effect on the energy intake of a 
lunch consumed 3.5 h later (7). On the other hand, fiber 
supplementation of breakfast has been reported to affect 
lunch intake 3.5 h later (18). 

The fiber content and the nutrient composition of the 
breakfasts used in this study were apparently not able to 
change the timing of the subsequent lunch or the amount 
eaten. As meal size and the timing of meals may to be 
in part controlled by different factors (15), the present 
results indicate that fiber content and nutrient composi- 
tion of  breakfast do not influence the maintenance of 
satiety or the mechanism(s) that terminate food intake at 
lunch. 

The shape of the cumulative intake curve is considered 
to reflect learning processes and internal mechanisms 
regulating food intake (14, 26). The mean cumulative 
intake curves of each test day in this study were remark- 
ably similar to the curves described by Kissileff et al. 
(14). We did not see a pronounced deceleration of  intake 
towards meal end in any of  the experiments, as described 
for normal weight subjects by Westerterp-Plantenga et al. 
(26). However, non-decelerated cumulative intake curves 
are not unusual for normalweight, young males (12, 26). 

Although a direct comparison of the curves of both ex- 
periments is inappropriate, the smaller variability of  the 
cumulative intake curves, the higher rate of  intake and 
the greater lunch intake, despite the somewhat shorter 
intermeal interval in Experiment 1 compared to Experi- 
ment 2, seem to suggest that the normal physiological 
controls of eating were somehow weakened by the fixed 
timing of the lunch in Experiment 1. Further studies are 
necessary to clarify this interesting point, in particular as 
most short-term human eating studies employ fixed time 
target meals. 

Although the breakfast varieties did not significantly 
affect post-breakfast hunger ratings and lunch intake, the 
subjects believed that the HFC and standard breakfast 
(Experiment 1) or the MFC breakfast (Experiment 2) 
would suppress hunger for a longer time than the LFC 
breakfast. This seems to reflect a judgement of the 
satiating efficiency of  foods based on the perceived 
nutritional value: The sweet LFC may have been con- 
sidered less nutritional than the HFC or MFC, two pro- 
ducts that are advertised and conceived as healthy and 
very nutritional. 

There were significant postprandial metabolic dif- 
ferences between treatments, particularly for glucose, in- 
sulin, and lactate. In earlier studies, a delayed postpran- 
dial increase in plasma glucose after the consumption of  
complex carbohydrates has been reported (8, t7, 24), 
presumably due to a slower glucose absorption from the 
intestine into the blood. The higher fiber content of the 
HFC and MFC may have resulted in the slower uptake 
of glucose into the blood stream, resulting in the attenu- 
ated increase in blood glucose. Glucose and insulin, ex- 
cept on LFC breakfast days, increased faster after lunch 
than after breakfast. Whether or not this reflects a de- 
laying effect of the breakfast fiber content (in particular 
of the HFC and MFC breakfasts) on glucose absorption 
cannot be judged from the present data. On the other 
hand, the overall glucose, insulin, and lactate responses 
to breakfast were more pronounced after the LFC than 
after the other test breakfasts. The higher glycaemic re- 
sponse to the LFC might be a result of the higher sugar 
and lower fiber content of the breakfast. The fiber content 
of  the breakfasts may have delayed glucose absorption 
somewhat. However, as carbohydrate and fiber content 
of the breakfasts varied, it cannot be judged from the 
present results to what extent the fiber content alone 
influenced the glycaemic response. 

A reactive postprandial hypoglycaemia was detected 
after the LFC breakfast in both experiments, i.e., shortly 
before lunch, plasma glucose concentration was lower on 
days with the LFC breakfast than on the other experimen- 
tal days. As indicated by the high plasma lactate concen- 
tration after the LFC breakfast, the reactive hypoglycae- 
mia reflects an enhanced glucose utilization which can 
be attributed to the high insulin response. Considering 
presumably that a pre-meal decline in blood glucose may 
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provide  a metabol ic  pat tern that contributes to meal  in- 
i t iat ion (5, 19), which  has recent ly  been descr ibed also 
in man  (6), it is interest ing to note that the preprandia l  
glucose level  was corre la ted  with the durat ion o f  the 
se l f -cont ro l led  intermeal  interval  in Exper iment  2. This 
is compat ib le  with the idea that b lood  glucose level is 
somehow involved  in the maintenance o f  satiety. On the 
other  hand, we  found no s ignif icant  correlat ion between 
the b lood  glucose  concentra t ion and the hunger  ratings 
before  lunch. 

The rise in the p lasma  F F A  level  after lunch is pres-  
umab ly  due to hydro lys i s  o f  ingested t r ig lycer ides  by  
l ipoprote in  l ipase.  This r ise appeared  par t icular ly  pro-  
nounced on days  when the HFC or the standard breakfas t  
were served,  but  there is no clear  explanat ion for this 
f inding since no other b lood  paramete r  showed treatment  
differences.  The increase in p lasma  F F A  after lunch was 
not  accompan ied  by  an increase in p lasma  BHB, indicat-  
ing that hepat ic  fatty acid  oxidat ion was not  enhanced. 
The reasons for this d issocia t ion are unknown.  Whether  
the h igher  p l a sma  F F A  concentrat ion after the HFC 
breakfas t  ref lects  an inhibi tory  effect o f  dietary f iber  on 

fatty acid  oxidat ion (20), or whether  it coincides  with 
enhanced fatty acid oxidat ion,  as might  be poss ib le  con- 
s idering the usual posi t ive  correla t ion be tween  p lasma  
F F A  concentrat ion and fat ty acid  oxida t ion  and the low 
insul in/glucagon ratio for HFC,  cannot  be dec ided  from 
the present  results.  

In summary,  the present  s tudy demonst ra tes  that "real"  
breakfasts  with different  f iber  content  and nutrient  com- 
posi t ion have some dist inct  effects on pos tprandia l  meta-  
bol ic  variables,  but  do not  d i f ferent ia l ly  affect  the t iming,  
the size, or the microstructure  o f  the subsequent  lunch. 
They also do not al ter  subsequent  hunger  and sat iety 
ratings. The results are consis tent  wi th  the assumpt ion 
that energy content  o f  a meal  is the ma jo r  determinant  
o f  subsequent  food intake and that  f iber  content  and 
nutrient composi t ion  have only a modula t ing  effect  on 
subsequent  energy intake. 
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