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Abstract

Background: Previous studies show that dietary fibre-rich foods with low energy density have a stronger effect
on satiety per calorie compared to more energy dense foods.

Objective: To investigate subjective appetite and voluntary energy intake (24 h) after consumption of rye
porridge breakfast and pasta lunch made from whole grain compared to iso-energetic reference meals made
from refined cereals: wheat bread breakfast and wheat pasta lunch.

Subjects: In all, 22 healthy subjects, 14 females and 8 males, aged 21-64 years, BMI ranging from 18.7 to
27.5 kg/m?, participated.

Design: A randomised, crossover design was used. Appetite was rated by visual analogue scales (VAS)
regularly from just before breakfast (08:00) until bedtime. An ad libitum dinner was served at 16:00. After
leaving the clinic and in the morning day 2, subjects recorded foods consumed.

Results: Whole grain rye porridge gave a significantly prolonged satiety, lowered hunger and desire to eat
(» <0.05 in most point estimates) up to 8 h after consumption compared to the refined wheat bread. The two
pasta lunch meals did not vary in their effects on appetite ratings. There was no significant effect on ad libitum
energy intake at 16:00 or self-reported energy and macronutrient intake in the evening and breakfast meal on
day 2.

Conclusions: Whole grain rye porridge at breakfast has prolonged satiating properties up to 8 h after
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consumption compared to refined wheat bread, but did not diminish subsequent food intake.
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of psychological and physiological mechanisms
occurring before, during and after a meal (1).
Satiation occurs within a meal leading to its termination.
This state is determined by factors occurring during the
period of eating, such as cognitive influences, mouth feel
and gastric distension. Satiety, on the other hand, arises
in between meals. This state is induced by hormonal
responses to food components in the stomach and small
intestine as well as to absorbed nutrients in the blood
stream (2). An increase in satiation and satiety per food
calorie could help to decrease energy intake and thereby
beneficially influence the rapidly growing global public
health concern of obesity.
At a fixed energy level satiation and satiety vary
depending on several aspects of the food composition.

S hort-term appetite regulation is a complex network

Most short-term studies comparing the relative impact of
protein, carbohydrate and fat have found protein to be
the most satiating macronutrient per calorie (3, 4). The
satiating capacity among carbohydrate-rich foods varies
largely depending primarily on energy density and dietary
fibre (DF) content (5, 6). The majority of controlled
short-term intervention trials show an association be-
tween high DF intake, both soluble and insoluble
DF from a wide variety of sources, and increased satiety
(7-10).

A great variation in satiating capacity (2 h after
consumption) for various foods among and within food
groups has been demonstrated (11). This was done by
serving 1,000 kJ portions of a variety of foods to subjects
who then rated their appetite every 15 min during
120 min. Appetite ratings depended on a number of
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factors; satiety was elevated by increased DF content,
lowered energy density and increased cooked weight of
the food. Among breakfast products, the highest satiety
was induced by oat porridge. In order to further evaluate
whole grain cereal porridge, we have studied the satiating
effect (4 h) of oat versus rye porridge in comparison to
wheat bread reference (12). The strong satiating capacity
of porridge (11) was confirmed in that oat porridge
induced a satiating effect significantly higher than that
from wheat bread reference. The results from our study
(12) also indicated that porridge made from rye flakes
gave an even stronger effect than the oat porridge. The
superior satiating properties of rye may have been due to
a higher DF content. The main DF constituents of rye
are partly soluble arabinoxylans, B-glucans, cellulose and
also fructans (13). Further results (11) showed that pasta
made from whole grain provided one of the highest
satiety responses among the carbohydrate-rich foods.
Although an increased satiety for whole grain porridge
and pasta 2 h after consumption was shown (11), the
study did not reveal the effect of the foods eaten as
complete meals with additional foods, or the effects on
satiety beyond 2 h after consumption.

Whole grain consumption has been suggested to
reduce the risk for obesity (14) and related chronic
disease such as diabetes and cardiovascular disease as
well as for certain cancers (13). These health effects are
likely to be mediated by DF and several bioactive
compounds mainly located in the germ and bran parts
of the cereal kernel may contribute.

The aims of the present study were to investigate
subjective appetite and following voluntary energy intake
after consumption of whole grain foods for lunch and
breakfast, compared to refined grain foods. At breakfast
a commercially available Swedish cereal, rye flakes (whole
grain), was eaten as porridge. The lunch included pasta
made from 100% whole grain wheat flour. The whole
grain material used was whole grain as defined by the
American Association of Cereal Chemists (AACC):
ground or flaked grain containing endosperm, germ
and bran in the same proportion as the intact kernel.
As reference products we used bread for breakfast and
pasta for lunch, both made from refined wheat.

Subjects and methods

Subjects

Criteria for inclusion were the following: age between 20
and 60 years; body mass index (BMI) 20-27 kg/m?; regular
eating habits meaning habit of consuming breakfast, lunch
and dinner every day; fasting P-glucose 4-6 mmol/l;
haemoglobin (Hb) in men 130-170, in women 120-150 g/1;
alaninaminotransferase (ALT) 0.15-1.1 pkat/l; thyroid-
stimulating hormone (TSH) 0.3-4.0 mlE/l; willingness to
comply with the study procedures; signed written informed
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consent and signed written biobank consent. Exclusion
criteria were the following: intake of medicine likely to
affect appetite or food intake; any medical condition
involving the gastrointestinal tract; eating disorder; smok-
ing; consumption of greater than three cups of coffee per
day; change of body weight by more than 10% three
months prior to screening; consumption of any specific
diet such as vegan, vegetarian, gluten free, slimming, etc.;
pregnancy, lactation or wish to become pregnant during
the study period. At least 21 subjects (15) were planned to
attend the study and 22 were recruited by advertisement in
a local paper. Potential subjects were screened through a
telephone interview before being recruited. Included
subjects (n =22) were 14 women and 8 men, mean age
40.7 (SD +14.7) and with a mean BMI of 23.2 (SD +2.4).
All met the criteria listed above and the health parameters
were within the reference intervals. All 22 subjects
completed the study.

Study design

A randomised, crossover design was used to evaluate the
effects on subjective appetite (hunger, satiety and desire
to eat), ad libitum intake and self-reported energy intake
24 h after consumption of two iso-energetic breakfast
(test and reference) and two iso-energetic lunch meals
(test and reference). Each subject spent three weekdays at
the clinic (08:00-16:30), separated by one week during
which they followed their ordinary diet. On each test day
they received one of three combinations of the two
breakfasts and two lunch meals: the combinations are
referred to as A, B or C as described in Fig. 1. The day
prior to the test day subjects were instructed: not to
conduct any heavy exercise or drink any alcoholic
beverages; to avoid eating and drinking after 20:00 and
to eat a similar type and amount of evening meal. Upon
arrival at the clinic on the test day shortly before 08:00
the subjects had been fasting for 12 h. The breakfast meal
was given at 08:00 and lunch at 12:00. Both meals had to
be entirely consumed. Afternoon coffee/tea was served at
14:00 and an ad libitum meal at 16:00. Subjective appetite
ratings were registered just before breakfast at 08:00 and
then repeatedly every half hour between 08:30 and 16:00
and thereafter hourly until bedtime. During the study day
the subjects were restricted to sedentary activities but
were not allowed to sleep. After leaving the clinic at 16:30
the subjects were instructed not to eat or drink anything
until 19:00. During the rest of the evening they were
allowed to consume freely but were instructed to carefully
record amounts and type of foods eaten until breakfast
the day after. Schedule of events is described in Fig. 1.

Meals

The test breakfast included rye porridge that was made
from 62 g of whole grain rye flakes (AXA Ragflingor,
Lantmidnnen Axa, Jirna, Sweden) served as a hot
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Fig. 1. Study events of the test day at the clinic. The two breakfast meals: whole grain rye porridge (test) and refined wheat bread
(reference) and the two lunch meals: whole grain wheat pasta (test) and refined wheat pasta (reference) were combined into the
three meal combinations A, B and C, which were eaten in a randomised order by each subject (n =22) at three separate

occasions.

porridge (rye flakes and 250 g water cooked for 3 min at
750 W microwave) and the reference breakfast included
71 g of refined wheat bread and 250 ml of water. The
porridge and the bread were both served with 45 g of
apple sauce, 5 g of margarine (40% fat), 200 g of milk
(1.5% fat) and a cup of coffee or tea. The test lunch
included 100 g (uncooked weight) of pasta made from
whole grain wheat (Kungsornen Fusilli Fullkorn, Lant-
méinnen Axa, Jirna, Sweden) and as reference food 94 g
(uncooked weight) of pasta made from refined wheat
(Kungsornen Fusilli, Lantmédnnen Axa, Jirna, Sweden)
was used. Each portion of uncooked pasta was added to a
full pot of boiling water and boiled for 12 min (whole
grain pasta) or 9 min (refined wheat pasta) before being
drained. Both pastas were served with 210 g of tomato
sauce and 10 g of parmesan cheese (all additional foods
were obtained from a local store). Energy and macro-
nutrient composition of the test foods are given per 100 g
in Table 1. The meals were composed so that the test and
reference products contributed to about half of the total
energy content of the complete meals. The lunch and

breakfast were served in two energy levels to meet varying
requirements of the subjects (based on BMI and physical
activity) and the energy level was standardised for each
subject between the three test days. All subjects but two
consumed the lower energy level meals that are described
in the text and tables. The higher energy level gave an
extra 31% of energy. All meals were well balanced
regarding energy and macronutrient composition and
differed mainly in DF content and cooked weight
(Table 2). Calculations were made using Dietist XP,
version 3.0, Bromma, Sweden.

The ad libitum meal at 16:00 was served in excess
portions (1,000 g) to measure voluntary food intake. The
meal consisted of a common Swedish dish: a uniform
hash of fried potatoes with beef, fried onions and herb
mix (Axfood Oxpytt, Stockholm, Sweden) served to-
gether with beet roots. The energy content per 100 g was
550 kJ (170 kcal) (protein, 6 g; fat, 8 g; carbohydrate, 16
g). The subjects were instructed to eat until comfortably
satiated. After they had left the clinic the food left on the
plates was weighed for calculation of the amount of

Table 1. Energy and macronutrient content of the test and reference foods per 100 g (the pasta and rye flakes uncooked)

Whole grain rye flakes

Refined wheat bread

Whole grain wheat pasta Refined wheat pasta

Energy (kJ) (kcal) 1,250 (300) 1,100 (260) 1,400 (330) 1,500 (350)
Protein (g) 10 85 13 12
Fat (g) 2.5 35 3 2
Carbohydrate* (g) 59 49 62 71
Dietary fibre** (g) 14 2.5 9.5 3

All values are the manufacturer’s standard values and the exact values may vary between batches. The variation between batches for dietary fibre is

around 40.1%.

*Calculated value (total dry weight minus fat, protein, ash and dietary fibre).
**The dietary fibre content was analysed according to AOAC 45.4. 07/NMKL 129.
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Table 2. Energy and macronutrient composition of the complete breakfast and lunch meals, including test products and additional foods. The

table shows the lower energy level; the higher energy level gave an extra 31%. All additional foods were obtained from a local store. Values are

calculated from manufacturer’s standard values. Calculations are made using Dietist XP, version 3.0, Bromma, Sweden

Breakfast meals

Lunch meals

Test Reference Test

Reference

Whole grain rye porridge
(62 g rye flakes+250 g water)

Additional foods 45 g of apple sauce, 5 g of margarine (40% fat),

200 g of milk (1.5% fat) and a cup of coffee or tea

Energy (kj) (kcal) 1,683 (402) 1,658 (396)
Protein (g) 13.4 13.1

Fat (g) 6.6 6.7
Carbohydrate (g) 71.7 69.8
Dietary fibre (g) 9.0 2.6
Total cooked weight (g) 562 321

Refined wheat bread (71 g) Whole grain wheat pasta

Refined wheat pasta
(100 g uncooked) (94 g uncooked)
210 g of tomato sauce and |0 g of parmesan cheese

2,306 (551) 2,302 (550)
19.3 17.6
18.4 17.0
77.1 822
12.6 5.9

430 417

energy eaten. The purpose of the ad libitum meal was not
known to the subjects.

During the first test occasion, subjects could drink
water without restraint. At 14:00 coffee or tea (2 dl) was
served with milk and sugar by the decision of the subjects.
At the two following test occasions all drinks including
water were kept identical, within subjects, to those
consumed on the first test day.

Subjective appetite measures

A handheld computer (Palm 222, China. Software
supplied by Centre for Human Studies of Foodstuffs,
Uppsala, Sweden) was used to monitor subjective feelings
of hunger, satiety and desire to eat (16) just before
breakfast and then at every half hour between 08:30 and
16:00, thereafter hourly until bedtime. The handheld
computer was programmed to beep when the subject
should answer the questions. Then three unipolar scales
were shown on the computer screen, one at a time,
displaying: “how hungry do you feel right now?”’, “how
full do you feel right now?” and “how strong is your
desire to eat right now?”. Each scale was marked,
respectively: not at all hungry/extremely hungry, not at
all satisfied/extremely satisfied, extremely strong/not at all
strong. The specific value of each registration is presented
by the computer as a number from 0 to 100, measured
from the left of the scale to the mark made by the subject.
The use of hand computers rather than pen and paper
assures that monitoring occurs according to schedule and
prevents the subjects from comparing with previous
ratings.

Data analysis

Statistical analyses were conducted using SPSS (version
14, LEAD Technologies, Inc., USA). The level of
significance was set at p <0.05. Paired #-tests were
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performed for comparisons of appetite ratings at single
time points and energy intake at the ad libitum meal as
well as self-reported energy intake in the evening of the
test day and the morning on day 2.

Results

Intake of the test meals

All the subjects finished the breakfast and lunch meals
completely according to instructions. No adverse events
were recorded and no one had problems finishing the test
meals.

Subjective appetite measures

At each test day morning subjects rated their appetite
similarly. That is, there was no significant difference for
mean rated hunger, satiety or desire to eat at baseline
between the three test days. The mean values at each time
point after breakfast showed a clear effect of time.
Ratings for satiety, hunger and desire to eat followed
the same pattern (Fig. 2a-2c). A comparison between the
meal combinations B (whole grain rye porridge break-
fast/refined wheat pasta lunch) and C (refined wheat
bread breakfast/refined wheat pasta lunch) shows that the
subjective feelings of hunger were significantly lower after
rye porridge breakfast compared to the refined wheat
bread breakfast at every time point between 08:30 and
12:00 (Fig. 2a). Also after consumption of the refined
wheat pasta lunch meal at 12:00 the subjects who had
eaten the rye porridge breakfast continued to rate lower
feelings of hunger until 16:00, with exception of time
points 13:00 and 15:30 where the difference did not reach
statistical significance. Satiety and desire to eat followed
the same pattern (Fig. 2b and 2c). A comparison of diets
A and B, both of which included rye porridge for
breakfast but different lunch meals, revealed that type
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Fig 2. Mean subjective ratings for hunger (Fig. 2a), satiety (Fig. 2b) and desire to eat (Fig. 2c) (n =22) after consumption of
meal combinations A (— O —), B(—A —) and C (—M —) in a randomised order at three separate occasions. *Significantly
different from C (p <0.05 at that specific time). A, whole grain rye breakfast/whole grain wheat pasta lunch; B, whole grain rye
breakfast/refined wheat pasta lunch; C, refined wheat bread breakfast/refined wheat pasta lunch.
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Table 3. Voluntary energy intake (kJ), mean+S.D., at the ad libitum dinner (16.00) and self-reported energy intake after 19.00 (after subjects

had left the clinic) as well as self-reported energy intake at breakfast day 2. No difference was seen in energy intake or macronutrient com-

position (data not shown) between test days

Meal combination A

Meal combination B Meal combination C

Ad libitum meal at 16.00
Self-reported intake on the test day after 19.00
Self-reported intake at breakfast on day 2

2,320+874
2,107+ 1089
1,574 +543

2,376 +877 22944917
2,150+ 1042 2,220+ 1080
1,624 +574 1,486 +585

of pasta did not affect any of the subjective appetite
measures. An additional observation indicated that the
coffee served at 14:00, at all occasions, resulted in a trend
towards decreased hunger and increased satiety.

Food intake measures

Despite diverse appetite responses to the test meals, there
were no significant effects on ad libitum energy intake at
16:00 or self-reported energy (Table 3) and macronutrient
intake (data not shown) in the evening and breakfast on
day 2.

Discussion

The present study demonstrated that non-supplemented,
commonly used foods, refined wheat bread and rye
porridge, eaten as part of iso-energetic breakfast meals
with similar macronutrient composition, varied consider-
ably in their respective effects on subjective appetite up to
8 h after consumption. The main difference in composi-
tion of the two breakfast meals was DF content. But also
processing (flakes versus flour) and cooking method
differed, the porridge being more energy diluted due to
higher water content and therefore served in larger
portion size in order to provide the same amount of
energy as the bread. Particle size of cereal grains have
been shown to influence postprandial satiety, glucose and
insulin responses (17, 18). Water incorporated into a
food, but not served with a food, decreases energy intake
at a directly following meal (19). Furthermore, the early
response may have been affected by a difference in
palatability. Certainly, the satiating effect of the porridge
compared to the bread depends on a combination of
these factors.

The mechanisms underlying the satiating effects were
not investigated in the present study. However, the
satiating properties of DF have been related to several
stages in the physiological processes of short-term
appetite regulation (7). Those include bulking effects
resulting in increased extension of the stomach and, for
some viscose DF, delayed gastric empting causing early
signals of satiation to increase. Furthermore, pre-absorp-
tive hormonal signalling at the level of the small intestine
is essential in the induction and maintenance of satiety.
DF that delay absorption of nutrients may therefore lead
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to prolonged satiety by increasing the time that macro-
nutrients are in contact with the absorptive surfaces.
Finally, end products caused by colonic fermentation of
DF, such as acetate and propionate, have been proposed
to affect satiety. How this effect is mediated is not clear.
Suggested mechanisms are stimulated release of satiety
hormones: GLP-1, PYY, by L-cells in the colon (20) and
through a delay of gastric emptying (21). The increased
satiety during the afternoon, seen in the present study
after a high intake of rye fibre for breakfast, may be
explained by colonic events.

The two lunch meals, whole grain wheat pasta versus
refined wheat pasta, did not differ in any of the subjective
appetite ratings. These lunch foods had similar cooked
weight, appearance and texture and mainly differed in
DF content from wheat bran.

The fact that there was no difference in voluntary food
intake at 16.00, in the evening or during the following
morning is important to consider. In order for the
increase in satiety to contribute to maintenance of energy
balance, a spontaneous decrease in voluntary food intake
is necessary. When using an ad libitum meal as a marker
for how a test meal affects following voluntary food
intake, the timing of the ad libitum meal is central; and
the fact that there was no significant difference in hunger
at the time of the ad libitum meal implies that the meal
was planned too late to reflect the differences in hunger
that occurred earlier in the day. This study was, however,
primarily designed to measure appetite over the course of
the day under energy-standardised conditions, which
ruled out an earlier ad libitum meal. The controlled
conditions between 08:00 and 16:00 may have hidden
possible effects that rye porridge may provoke in a real
life situation, where the availability of food often is
unlimited at every hour. One may also speculate that
less would be eaten if the rye porridge was served ad
libitum, due to its relatively low energy density.

This study has shown that a breakfast based on whole
grain rye flakes served as a hot porridge compared to
reference wheat bread in a complete breakfast meal gave
a significantly increased satiety, subsequent decreased
hunger and desire to eat up to 8 h after consumption.
However, no effect could be demonstrated on subsequent
food intake.
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