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Abstract
Exogenous fibre added to liquid meals
delays gastric emptying. Its effect on solid
meals is uncertain, and nothing is known
of the effect on gastric emptying of fibre
naturally present in food. This study
therefore looked at gastric emptying of
two different solid meals in eight
healthy subjects and their blood glucose
responses. The meals were exactly equivalent except for the total dietary fibre content (high fibre 20 g, low fibre 4 g of
dietary fibre per 1000 kcal) and supplied
870 kcal (700 kcal women), 47% of which
was from carbohydrates, 36% from fats,
and 17% from proteins. Ultrasonography
was used to measure antral diameters
before the meal (basal), immediately after
it (time 0), and at 30, 60, 120, 180, 240, and
300 minutes. In addition, subjects filled
in a questionnaire on their feelings of
hunger, epigastric fullness, and satiety
before the meal and at hourly intervals
after it. Basal and maximal postprandial
antral sections were similar for the two
meals (basal section: 283.9 (29.5) v 340.9
(44.7) mm2 for the low and the high fibre
meal, NS; maximal postprandial section:
1726 (101.9) v 1593 (120.4) mm2, NS).
Total gastric emptying time was significantly reduced by fibre removal (186.0
(15.6) v 231.7 (17.3) minutes after the low
and the high fibre meal, p<0.05). Blood
glucose was higher after the low fibre
meal, and the area under the glycaemic
curve significantly greater (226 (23.1) v
160 (20.0) mmollmin/dl-l, p<0.05). No
difference was found in satiety or fullness
feelings, but hunger returned more
rapidly after the low fibre meal. In conclusion, fibre naturally present in food delays
gastric emptying of a solid meal, reduces
the glycaemic response, and delays the
return of hunger.
(Gut 1995; 36: 825-830)
Keywords: gastric emptying, dietary fibre, solid meal.
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Dietary fibre has a number of metabolic
effects, some of which are potentially useful in
treating pathological conditions such as
obesity, hypercholesterolaemia, and diabetes.'
It has been shown that soluble fibre can reduce
the plasma glucose response to meals24 and
slow down the return of hunger.5-7 These
actions are considered to be caused, at least in

part, by the slowing down effect of dietary fibre
on gastric emptying. This has been clearly
shown for liquid meals. In fact, it has been
repeatedly shown that pectin and guar gum

delay the gastric emptying of glucose solutions,
reducing the glycaemic response,8-13 and that
this delay is mediated, at least in short term
experiments, by the increase in viscosity of
gastric contents.14 15 The relation between
postprandial glycaemia and gastric emptying is
more complex when liquid starch is ingested,
as other factors, such as the susceptibility to
ao-amylase,16 play a part. The effect of fibre
on solid meals is even more controversial.
Different authors report a delayed," 17 18
normal'9-22 or accelerated23 gastric emptying
when purified fibre is added to the meal. Also
wheat bran has been reported to accelerate the
emptying of liquid24 but not of semisolid or
solid25-27 meals. Many hypotheses may be put
forward to explain these different results, such
as peculiar properties of the exogenous fibre
tested (solubility, viscosity, water holding
capacity), or the different methods used to
hydrate the fibre itself or to label meal constituents.28 Methods have been suggested to
label fibre, but whereas this permits accurate
measurement of the gastric emptying of
fibre,26 29 it gives no idea of the fate of the
whole meal. Even less clear is the effect on
gastric emptying of dietary fibre naturally
present in food. Most of the studies so far
available on the metabolic effects of natural
fibre were carried out by introducing into the
meal, one at a time, starches of various
sources, obviously different not only in fibre
content, but also in other properties. We are
aware of only two relevant experiments using
meals naturally high and low in cereal fibre but
otherwise equivalent. One was a pioneering
experiment in 1953 comparing wholemeal and
brown bread, spread with barium paste.30 In
each of six volunteers the barium took longer
to leave the stomach when given with the
wholemeal bread. The methodology was crude
(half hourly x rays) and the meals unnatural.
Grimes and Goddard3' found that after white
bread the liquid phase emptied faster than after
wholemeal but there was no difference with the
solid phase. Again, the meals were atypical.
Structurally intact food rich in fibre, such as
fruit and vegetables, may be emptied more
slowly because of a greater resistance to antral
grinding activity or to the action of hydrolytic
enzymes. This could explain why the consumption of fruit juice compared with whole
fruit is associated with greater metabolic
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Composition of the high and low fibre test means (grams)
Constituent

Methods

Subjects
Eight healthy asymptomatic volunteers (five
males; age range 28-41 years), mean (SEM)
body mass index 21.5 (1 -0), taking no drugs,
took part in the study after having given
informed consent. Women were always
studied during the preluteal part of their
period. Subjects were asked to adhere to a list
of low fibre - low glycaemic index foods the
evening before each experiment.
Meals
After an overnight fast, all subjects ate two test
meals, on different days and in random order.
Meals were presented as a two course solid
meal, exactly equivalent except for the total
dietary fibre content (high fibre, 20 g; low
fibre, 4 g dietary fibre per 1000 kcal). The
Table gives the composition of the meal.
For the high fibre meal, wholemeal pasta
(Maccheroni Integrali, Barilla, Italy) was
boiled for 12 minutes in 0.50/o NaCl and then
minced to particles of about 5 mm. It was
dressed with 10 g of raw oil and tomatoes
reduced to a puree in a food processor.
Hamburgers were prepared mixing minced
beef with wholemeal breadcrumbs and cooked
for six minutes on a hot non-stick plate. Raw
carrots were minced in a food processor and
dressed with the remaining oil and with salt ad
libitum. Oranges were peeled and homogenised to give a thick juice.
For the low fibre meal, white pasta
(Maccheroni, Barilla, Italy) was prepared as
for the high fibre meal, then dressed with 10 g
raw oil and tomato juice, obtained by centrifuging tomato puree into a domestic food
processor equipped with a 0.3 mm screen
(Braun Multipratic). The same centrifuge was
used to obtain clear carrot and orange juice,
which were mixed to prevent oxidation of the
carrot juice and used as a drink. The remaining
raw oil was added to the hamburger, prepared

Gastric emptying
Real time ultrasonography was used to measure gastric antrum diameters35 before the
meal (basal), immediately after it (time 0), and
at 30, 60, 120, 180, 240, and 300 minutes. All
measurements were performed by the same
operator (GC). The mean of three readings
was calculated at each time during interperistaltic relaxation. The antral cross sectional
area was calculated assuming an elliptical
shape.
Ultrasound measurement of complete
gastric emptying had been found to parallel the
results of radiological and scintigraphic
methods.35 36 The time required for the return
of antral size to the baseline after a solid meal
('total emptying time') can be divided into
two periods: in the first the antral sections
remain fairly constant ('lag phase'), in the
second they gradually decrease to the baseline.
This behaviour resembles the scintigraphic
sequence of solid emptying but, in our view,
represents different aspects of gastric emptying. The echographic 'lag phase' does not
represent the period before emptying begins,
as it does in scintigraphic studies, but rather a
period during which the antrum is transporting
gastric contents but maintains its size because
it is continuously fed by the fundic reservoir. In
support of this view is the fact that, when two
of our volunteers ate increasing quantities of
pudding on different days, their antral cross
sectional areas increased linearly to a maximum, after 400 and 500 ml meals, but failed to
increase further after 700 and 900 ml meals.
Moreover, when three controls ate a standard
solid meal (800 kcal, 15% from proteins, 45%
from fats, 40/o from carbohydrates) and, on a
different day, a meal with the same composition but twice the size, the 'lag phase' was
prolonged from 30-4-50 to 120-150 minutes,
with no difference in the slope of the rapid
phase of antral emptying (unpublished data).
The phase of 'rapid emptying' begins when no
food is left in the fundus, and continues while
the antrum progressively returns to its fasting
state.
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Pasta
Tomato
Hamburger
Ground beef
Crumbs
Carrots
Olive oil
Oranges

as for the high fibre meal but using white
instead
of wholemeal bread crumbs. Total
High fibre
Lowfibre
dietary fibre and nutrient composition of the
Form
Males
Females
Form
Males
Females
single ingredients of both meals were analysed
using the Prosky33 and AOAC methods34
Wholemeal
73
58
White
73
58
80
Puree
100
Juice
95
72
respectively. The meals supplied 870 kcal (700
kcal women), 47% of which was from carbohy100
80
100
80
Wholemeal
45
36
White
40
32
drates, 36% from fats, and 17% from proteins.
Minced
150
120
Juice
145
116
The final meal volumes were 717 ml for the
27
22
27
22
Homogenised
150
120
Juice
120
96
high fibre and 672 ml for the low fibre meal.
The volumes were adjusted by varying the
amount of water permitted. Subjects were
responses5 6 and suggests that the disruption of instructed to eat in 20 minutes, drinking and
food form, rather than removal of fibre in itself, chewing as they pleased. Meals were prepared
may be important in modifying gastric emptyin the experimental kitchen at the Department
ing.32
of Food Sciences using the same batch of
The aims of this study were therefore to ingredients. They were divided into individual
clarify the effect of dietary fibre naturally portions in plastic containers, sealed under
present in food on (a) gastric emptying; N2/C02 atmosphere, and kept frozen until use.
(b) glycaemic response; (c) feelings of hunger, Meals were reheated in an oven just before the
satiety, and epigastric fullness, using realistic study.
meals.
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In this study, the following parameters were
considered: basal and maximal cross sectional
antral section, time required for total empty0'
ing, per cent retention of the meal at hourly
High fibre
Low fibre
intervals, slope of the emptying curve during Figure 3: Time required for total gastric emptying of the
the rapid phase of antral emptying, and dura- high fibre and of the low fibre meal in the individual
tion of the 'lag phase'. Total emptying time subjects.
was defined as the time required for the return
of antral cross sectional area to the fasting feelings of hunger, epigastric fullness, and
values. It was calculated from the regression satiety before the meal and at 0, 30, 60, 120,
equation for antral areas against time, con- 180, 240, and 300 minutes. Each feeling was
sidering only the time interval from the rated on a triangle, the base of which cormaximal value to the return to baseline. This responded to the maximum and the apex to
method is more accurate and objective than the minimum of the feeling. Results were
simply measuring the time to return to base- expressed in cm2 from the apex (maximum
line. The slope of the emptying curve was possible value 22-5 cm2).38
obtained from the same regression equation.
The 'lag phase' was calculated by extrapolating
the regression line to zero time, as previously Statistics
suggested for the scintigraphic method.37 The Results are given as mean (SEM). The statistiper cent of the meal retained in the stomach at cal significance of differences between paired
each time was calculated by relating the results was calculated using Student's t test or
increase in antral cross sectional area to the the Wilcoxon signed ranks test, as appropriate.
maximal postprandial increase.
Interassay variation of the different parameters was evaluated by performing the study Results
twice in nine controls and calculating the mean Figure 1 shows the change with time of the
coefficient of variation. This was found to be antral cross sectional areas. Basal and maximal
6.7% for the maximal section, 9.1% for the postprandial cross sectional areas were similar
basal section and the total emptying time, and for the two meals (basal: 283.9 (29.5) v 340.9
16-3% for the per cent Qf the meal emptied (44.7) mm2 for the low and the high fibre meal,
NS; maximal postprandial area: 1726 (101.9)
after 120 minutes.
Whole blood glucose was measured in finger v 1593 (120A4) mm2, NS). The apparent
prick samples before and 0, 30, 60, 90, and difference in the figure between the mean
120 minutes after finishing the meal, using an values of maximal cross sectional areas after
the two meals is because this maximal value
enzymatic glucosidase method.
Subjects filled in a questionnaire on their was reached in the studied subjects at different
times. The maximal antral distension was seen
slightly earlier after the low fibre meal. A
significant difference in antral sections was
found
only at time 30 (1708 (102.3) v 1410
80
0
(101.8) mm2 for the low and the high fibre
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Figure 2: Change with time of the per cent of the meal
retained in the antrum (see Fig 1). The difference between
the two meals was not statistically significant.

meal, p<0.02).
Figure 2 shows the change with time of the
per cent of the meal retained in the antrum.
There was a trend towards lower antral retention after the low fibre meal, but at no point
was this statistically significant.
Figure 3 shows the total emptying time in
the individual subjects. Gastric emptying was
significantly shortened by fibre removal (1 86.0
(15.6) v 231-7 (17.3) minutes after low and
high fibre, p<0Q05). The total emptying was
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Figure 4: Capillary blood glucose before and at hal hourly
interv als after the two meals (see Fig 1).

slight tly prolonged only in one subject. In
anotiher subject the emptying curve changed,
after the low fibre meal, to the negative exponenti ial curve of liquid meals. The calculated
'lag rphase' was not statistically different after
thet wo meals (42 (10.3) v 52 (15.8) minutes,
NS).
Figgure 4 shows the glycaemic concentrations over time. A rise in blood glucose was
alrea4dy present after both meals at time 0 (that
is, 2C) minutes after the start of the meal), well
befor^e the end of the lag phase. Blood glucose
was] higher after the low fibre meal from 30
minu tes, the increase being statistically significant at 60 minutes. The area under the
glyca emic curve was statistically greater after
the kow fibre meal (226 (23 1) v 160 (20.0)
mmo l/min/dl-, p<005).
Nc) difference was found in satiety or
epiga stric fullness. There was a quicker return
of huinger, however, after the low fibre meal
(Fig 5), the difference in hunger rating being
statis ,tically significant at 120 and 180 minutes.

to accelerate their passage in the duodenum. In
effect, O'Dea et al showed that polished and

unpolished rice meals, once ground, elicit a
comparable glycaemic response, which is far
greater than the corresponding unground

meals.46
It could be that the fibre rich meal had a
greater viscosity in the stomach, which delayed
intragastric movement of the meal toward the
antrum.14 15 No formal measurement was
obtained of the bolus viscosity just before
swallowing. This would have been very difficult to do and interpret, as the different meal
courses were kept separate and not homogenised, so as to mimic the normal setting of a
Mediterranean diet. Increased viscosity, however, has so far been shown to delay gastric
emptying only of liquid but not of solid meals.
In contrast, the increased viscosity of gastric
contents caused by fibre has been reported to
speed up the emptying of solid particles, such
as light Teflon spheres, which otherwise float
away from the gastric outlet.45 The impression
of all our volunteers was that the consistency of
the two meals, apart from carrots, was very
similar. Moreover, the time required for the
consumption of the two meals was kept constant, ruling out longer gastric filling induced
by fibre as the explanation for the differences in
emptying.5
A more probable explanation for our findings is delayed absorption of fats induced by
the presence of fibre in the meal,3247 48 as it
has been shown that fat present in the small
bowel delays gastric emptying to a degree proportional to the length of the small bowel
exposed to it.49
It may seem surprising that a small bowel
effect of fibre, in terms of blood glucose concentrations, after the two meals was already
evident (though statistically not significant), as
early as 30 minutes after the end of the meal,
which is well before the end of the 'lag phase'.

Disc ussion
This study confirms that fibre naturally present
in fo(od has an effect both on gastric emptying
and c)n the metabolic and sensory effects of the
meal. After the fibre depleted meal, antral
areas were significantly greater but then
rever ted to the basal value more quickly than
after the fibre preserved meal.
Ga Lstric handling of solid food seems, therefore, to be considerably affected by dietary
fibre from its earliest phases. This effect was
evide nt after a single meal, which is not consister it with a commonly accepted hypothesis
for fi ibre action on the stomach, namely, that
when l fibre arrives in the distal ileum or in the
colon, it exerts a negative feedback (the 'ileal
brake').39-43
16
Another explanation for the slowing down
effect of fibre on gastric emptying is greater
resistance of fibre containing food to the C.,0E 12
grinding action of the antrum. Disruption of 0 ci
o a)8
food form, rather than removal of fibre in itself,
might be important in modifying gastric
emptying.32 Evidence for such a phenomenon 0)c 4
was found in a study on the plasma glucose
I
and insulin responses to a meal of varied con10i-30
sistency (spaghetti, rice, French bread, mashed
0 30 60 90 120 150 180 210 240
potatoes) labelled with technetium-99mTime (min)
albumin.44 A clear relation was found between Figure 5: Scores for the feeling of hunger before and at
the gastric emptying rate and the maximum hourly intervals after the two meals (see Fig 1). *p< 0 03.
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change in glucose and insulin concentrations.
The most cohesive food (spaghetti) produced a
flattened response, the least cohesive one
(mashed potatoes) a sharp increase above the
_J / /t "ssbaseline. In our opinion, this hypothesis does
not fully explain our results, as all food constituents were pre-ground to a small particle
size, and unlimited chewing was permitted.
Consequently, swallowed particles must have
been always below the size (1-2 mm) for which
120 a sieving antral action is seen45; no further
90
grinding should therefore have been required
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grinding.29
Whatever the mechanism of the delayed
gastric emptying, this delay is the most probable explanation for the flattened glucose
response after the fibre rich meal. Other mechanisms can explain the low glycaemic response
to foods rich in fibre and in slowly digestible
starches, such as legumes. For example,
Bornet et a116 showed that in vitro digestibility
was the only factor related to the glycaemic
response after the ingestion of foods with different susceptibility to ao-amylolysis; differences in viscosity or in gastric emptying had no
effect on the glycaemic response. Other
authors have shown, however, that wholemeal
bread and pasta are equivalent to their white
counterparts both in terms of glycaemic index
and in vitro digestibility.52 53 As the starch
components of our meals were bread and
pasta, it is unlikely that differences in starch
digestibility had any role in the different
glycaemic response to the meals.
In conclusion, this study shows that fibre
naturally present in food can delay gastric
emptying of a solid meal, even after a single
fibre rich meal. It can reduce the glycaemic
response to the meal and delay the return of
hunger, without any effect on satiety and on
epigastric fullness feelings. The gastric and
metabolic effects of food processing, which
reduces the quantity of fibre naturally present
in food must be carefiully considered.
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