103

The effect of soluble- and insoluble-fibre supplementation on
post-prandial glucose tolerance, insulin and gastric inhibitory
polypeptide secretion in healthy subjects
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Six healthy non-obese male subjects were given three test meals containing 100 g carbohydrate and 1.5 g
soluble paracetamol, supplemented on one occasion with 10 g guar gum and on another with 10 g sugarbeet fibre. A further six subjects were given the same test meal supplemented on one occasion with 10 g
soya-bean-cotyledon fibre and on another, 5 g glucomannan. Venous blood samples were taken before,
and at intervals for 180 min following the meal, and analysed for insulin, gastric inhibitory polypeptide
(GIP) and paracetamol (as an index of gastric emptying). Arterialized blood samples were taken and
analysed for glucose. Meal supplementation with both guar gum and sugar-beet fibre improved glucose
tolerance, but circulating glucose levels were unaffected by the addition of either soya-bean-cotyledon
fibre or glucomannan to the meals. Supplementation with guar gum and glucomannan lowered postprandial insulin levels. Insulin levels were enhanced by addition of soya-bean-cotyledon fibre to the meal
and unaffected by sugar-beet fibre. Post-prandial G I P levels were lowered in the guar-gum-supplemented
meal and augmented with sugar-beet fibre supplementation. Addition of glucomannan and soya-beancotyledon fibre did not affect circulating G I P levels. The study failed to confirm previous reports of
improved glucose tolerance following glucomannan and soya-bean-cotyledon fibre supplementation. The
failure of sugar-beet fibre to reduce post-prandial insulin secretion despite improved glucose tolerance
may be due to the observed increased secretion of GIP. The increased insulin levels seen following soyabean-cotyledon fibre supplementation cannot be attributed either to changes in glucose tolerance, GIP
secretion or gastric emptying.
Dietary fibre : Insulin : Gastric inhibitory polypeptide : Glucose tolerance

The addition of various types of dietary fibre (Trowell, 1972) to oral carbohydrate loads
has been shown to lower post-prandial circulating glucose levels in healthy human subjects.
Soluble fibres, or non-starch polysaccharides, such as guar gum, a galactomannan derived
from the seeds of the Indian cluster bean (Cyamopsis tetragonoloba),have been shown to
be particularly effective (Leeds et al. 1975) and guar gum has been used clinically to
improve metabolic control in patients with diabetes mellitus (Jenkins et al. 1 9 7 7 ~Morgan,
;
1985).
Other soluble polysaccharides such as glucomannan and pectin have also been reported
to improve glucose tolerance under certain conditions (Jenkins et al. 1977b, 1984; Doi
et al. 1981). In addition, some preparations of soya-bean-cotyledon fibre (SCF), a mixture
of insoluble polysaccharides consisting mainly of arabinogalactan and arabinan (Aspinall
et al. 1967), have been reported to reduce post-prandial reactive hypoglycaemia (Tsai et al.
1983) and improve glucose tolerance (Schweizer et al. 1983). Similar effects in diabetics
have been reported with sugar-beet fibre (SBF), and a mixture of soluble (pectin) and
insoluble polysaccharides (Hagandar, 1987; Hagandar et al. 1987). The clinical use of each
of these various types of dietary fibres in the management of diabetes has been suggested
at one time or another.
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Whilst the literature concerning the metabolic effects of guar gum is considerable it is
comparatively scanty regarding other types of fibre. Previous studies have concentrated
on the effect of fibre supplementation on the response to liquid test meals which are
unrepresentative of the normal diet; there has been little investigation into the mechanisms
whereby any effect that was produced was achieved. Guar gum has been shown to decrease
post-prandial secretion of the insulinotropic gastrointestinal hormone gastric inhibitory
polypeptide (GIP) and this may be the main mechanism by which it lowers post-prandial
insulin secretion (Morgan et al. 1979).
Gastric emptying rates can also affect glucose tolerance and whilst the effect of guar gum
on gastric emptying has been investigated (Rainbird et al. 1982; Tredger e f al. 1984;
Rainbird & Low, 1986) and shown not materially to change it, little is known about the
effects of other types of dietary fibre. The present study was designed to compare the effect
on glucose tolerance and insulin secretion in healthy human subjects of four non-starch
polysaccharides, namely guar gum (galactomannan), Konjac (glucomannan), SCF and
SBF, when mixed into a high-carbohydrate solid-liquid test breakfast. Gastric emptying
rates were monitored by the addition of soluble paracetamol to the meal and measuring
post-prandial plasma levels of the drug. This has previously been shown to be a useful
marker of liquid-phase gastric emptying (Holt et al. 1979; Morgan et al. 1988). Postprandial G I P levels were also monitored.
MATERIALS A N D METHODS

Clinical studies
Twelve healthy male volunteers participated in the study. Their mean age was 19.5 (SD 9.0)
years and body mass index 22.9 (SD 3.1) kg/m'. Each subject gave his informed consent,
and the study was approved by the Ethical Committees of St Luke's Hospital, Guildford,
and of the University of Surrey. Subjects attended the Clinical Investigation Unit on three
separate occasions after an overnight fast at least 1 week apart.
Expt A. Gum gum and SBF supplementation
Six of the subjects were given three test meals in random order containing 100 g
carbohydrate, which on one occasion included 1 0 g guar gum (Guarem; Rybar
Laboratories, Amersham, Bucks) and on another, 10 g SBF (Beta Fibre; British Sugar plc,
Peterborough) as detailed in Table 1. Each type of dietary fibre was mixed with the honey
before being eaten. Soluble paracetamol (Soluble Panadol ; Wynpharm, Guildford), 1.5 g
dissolved in 150 ml water, was consumed simultaneously with the meal on each occasion
and plasma paracetamol levels were measured as an index of liquid gastric emptying.
Expt B. Glucomannan and SCF supplementation
Six of the subjects were given the test meal (Table 1) in random order either with or
without 10 g SCF (Fibrim; Ralston Purina Co., St. Louis, USA) or 5 g glucomannan
(Tsuruta Food Engineering Co., Gunma-Ken, Japan). Paracetamol (1.5 g) was taken with
the meal as in the previous experiment.
Venous blood samples were collected through an indwelling venous cannula inserted into
an antecubital vein and kept patent with 0.123 M-sodium citrate. Samples were collected
whilst the subjects were fasting at rest and at frequent timed intervals for 180 min from the
start of the meals.
Arterialized blood samples were collected at similar time intervals from an indwelling
cannula inserted into a dorsal vein of the contralateral hand, heated to approximately 55"
by means of an electric heating blanket.
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Table 1. Composition of the control meal, consumed by subjects with and without jibre
supplementation
Wt
(9)
White bread
Honey
Orange squash
Total

96
55

Energy

(kJ)
937

Carbohydrate
(g)

35

665
155

48
42
10

186

1757

100

Chemical analyses
Plasma glucose concentrations were measured in the arterialized and venous blood samples
using an automated glucose oxidase (EC 1 . 1.3.4) technique on a Cobas Bio centrifugal
analyser. Measurement of plasma immunoreactive insulin and GIP concentrations were
performed on venous blood by double-antibody techniques (Morgan et al. 1978) using
antisera supplied by Guildhay Antisera Ltd (Guildford). The sensitivity of the insulin assay
was 2.5 mU/1 and of the GIP assay 110 ng/l; interassay coefficients of variation were 7.4
and 11 % respectively. Plasma paracetamol was measured by an automated enzymic
technique (Hallworth, 1983).
Statistical analyses
Results were compared using one-way analysis of variance, followed by Duncan’s
multiple-range analysis and repeated measures design ANOVA, where appropriate.
Differences at individual time-points between control and fibre-supplemented meals were
compared using Student’s test for paired data. Areas under the curve (AUC) were
calculated using the trapezoidal rule. Values of P < 0.05 were accepted as statistically
significant .
RESULTS

Meals containing the various dietary fibres under test were well-tolerated by the subjects,
although their acceptability was reduced. This was mainly because fibre supplementation
caused changes in the taste and consistency of the honey. The SCF was the least preferred
as it had a sawdust-like consistency and a gritty texture. No adverse side effects were
experienced by any of the subjects.
Expt A . Guar gum and SBF supplementation
Analysis of variance demonstrated a significant effect of fibre supplementation on the postprandial glucose, insulin and GIP curves in comparison with the unsupplemented control
meal (P< 0.05). Supplementation with either guar gum or SBF improved glucose tolerance
(peak mean arterialized plasma glucose level 9.55 (SE 0.44) mmol/l for control meal v. 7.26
(SE 0.39) mmol/l for guar-gum-supplemented meal (P< 0.01) and 8.07 (SE 0.56) mmol/l for
SBF-supplemented meal ( P < 0.025)) (see Fig. 1). The AUC for glucose (0-90 min) was
also significantly reduced with both guar gum ( P < 0.02) and SBF (P< 0.05) supplementation (see Table 2).
Post-prandial peripheral insulin levels were reduced with guar gum supplementation
(mean peak plasma insulin level 103 (SE 192) mU/1 for control v. 61 (SE 8.0) mU/1 for guar
gum (P < 0.01)). The AUC for insulin (0-90 min) was also significantly reduced (P< 0.02)
by guar gum (Fig. 2). Insulin levels were unaffected b y the addition of SBF to the meal.

Downloaded from https://www.cambridge.org/core. IP address: 18.208.186.19, on 11 Nov 2019 at 21:12:59, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19900013

EFFECT O F F I B R E O N INSULIN A N D G I P S EC R ETI O N

0

0
(D

0

.N

0

Downloaded from https://www.cambridge.org/core. IP address: 18.208.186.19, on 11 Nov 2019 at 21:12:59, subject to the Cambridge Core terms of use, available at https://www.cambridge.org/core/terms. https://doi.org/10.1079/BJN19900013

L. M. M O R G A N A N D OTHERS

I06

?

Table 2. Incremental plasma glucose, insulin and gastric inhibitory pozypeptide (GIP)
responses (0-90 min) in six healthy subjects following a test meal containing 1OOg
carbohydrate with and without fibre supplementation
(Mean values with their standard errors)

__
Glucose
(mmol/l .min)

Expt A
Control meal
Guar gum (10 g)
Sugar-beet
fibre (10 g)
Expt B
Control meal
Glucomannan (5 g)
Soya-bean-cotyledon
fibre (10 g)
~~

Insulin
(mU/l. min)

GIP
(&g/l. min)

Mean

SE

Mean

SE

Mean

SE

Mean

SE

690
557
589

23
38**
33*

6528
3279
6502

978
392**
1095

919
647
1138

115
41*
162*

5260
8058
7208

1210
950
1480

687
710
663

41
47
26

5989
4911
7102

456
547**
SO**

1297
1210
1125

173
205
158

6748
5593
7391

1063
735
1193

~

1401

Mean values were significantly different from those for the control meal

rJ
a,

Paracetamol
(mmol/l .min)

~-

* P < 0 05, ** P < 0.02.
T

120

E
-
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8
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E
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0
Q)

40

V

3

a

20
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Insulin
GIP
Fig. 2. Expts A and B. Effects of supplementing a I0 g carbohydrate meal with 10 sova-bean-cotvledon fibre
(SCF), 10 g sugar-beet fibre (SBF), 10 g galactomannan (guar gum) or 5 g glucomannan (Konjac) on integrated
post-prandial insulin, glucose and gastric inhibitory polypeptide (GIP) responses in six healthy subjects. Values
are means, with their standard errors represented by vertical bars, expressed as a percentage of the control (fibrefree) meal. (D), Control meal; (H), SCF; (m), SBF; (n),Konjac-supplemented meals; (m), guar gum. Mean
values were significantly different from control values: * P i0.05, ** P < 0.02, AUC, area under curve.

Post-prandial GIP levels were affected by both guar gum and SBF. Peak G IP levels were
significantly lowered by guar gum supplementation (mean peak G IP level after control
meal 1390 (SE 214) ng/l; after guar-gum-supplemented meal 893 (SE 54) ng/l ( P < 0-025)).
The integrated G IP response 0-90 rnin following the meal was also significantly decreased
( P < 0.05) by guar gum.
Following SBF supplementation plasma GIP levels were significantly higher ( P < 0.025)
at 20 and 40 rnin (see Fig. 1). The integrated GIP response was also significantly increased
( P < 0.05) with SBF.
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Plasma paracetamol levels were significantly higher between 20 and 90 min following the
guar-gum-supplemented meal compared with the control (P< 0.05), and also following the
SBF-supplemented meal at 20 and 90 min (P< 0.05) (Fig. 1). However, the incremental
areas (0-90 min) under the paracetamol curves were not significantly different for either
fibre-supplemented meal (Table 2).
Expt B. Glucomannan and SCF supplementation
Analysis of variance demonstrated a significant post-prandial effect of glucomannan and
SCF supplementation on the post-prandial insulin curves alone in comparison with the
unsupplemented control meal (P< 005). Glucomannan supplementation resulted in
significantly reduced peak insulin levels (96.2 (SE 11) mU/1 v. 64.3 (SE 2.6) mU/l for control
and glucomannan meals respectively, P < 0.02). The incremental area (0-90 min) under the
insulin curve was significantly reduced (P < 0.02) by glucomannan, but significantly
increased (P< 0.02) by addition of SCF to the meal (Fig. 2). Mean peak post-prandial
insulin levels were also higher following addition of SCF to the meal, but not significantly
so. (Mean peak insulin 104 ( ~ ~ 6 .mU/l
7)
v. 119 (SE 14) mU/1 for control and SCF
supplemented meals respectively, P > 0.05.)
Post-prandial glucose, GIP and paracetamol levels were not affected by addition of either
glucomannan or SCF to the control meal.

DISCUSSION

The four types of dietary fibre studied were chosen because they had each previously been
reported to reduce the rise in circulating glucose levels following their addition either to an
oral liquid glucose load or to a test meal in normal subjects or diabetics. In the present
study, we found that only guar gum and SBF were effective in reducing the rise in blood
glucose levels produced by our mixed solid-liquid high-carbohydrate test meal. SCF, which
has been reported to reduce post-prandial reactive hypoglycaemia, and to improve glucose
tolerance in hyperlipidaemic patients with impaired glucose tolerance given glucose in
solution (Tsai et a/. 1983, 1987), had no effect under the more physiological conditions of
a test meal. However, the effects of SCF on glucose levels previously reported were
relatively minor (Tsai et al. 1987) and may have depended on the type of SCF preparation
used (Schweizer et a/. 1983) as well as on its mode of administration.
Glucomannan has been claimed to be more effective than guar gum in improving glucose
tolerance (Doi et a/. 1981) on a weight-for-weight basis. We limited the amount of
glucomannan added to our test meal to 5 g because of a previous report that the
incorporation of more than 5.2 g glucomannan into a meal can cause abdominal pain and
diarrhoea (Doi et al. 1981). We were not, therefore, able to make a direct comparison
between the glucomannan-supplemented meal with the meal supplemented with 10 g guar
gum. We were unable to confirm previous reports which described an effect of 3.9 g and of
2.6 g glucomannan on glucose tolerance in normal subjects (Doi et al. 1979, 1981).
However, one of the earlier studies used a test meal of unspecified composition and the
other investigated the effect of 2.6 g glucomannan on the effects produced by a 50 g glucose
load given in liquid form, so once again direct comparisons cannot be made.
Whereas both guar gum and glucomannan supplementation reduced post-prandial
circulating insulin levels, SBF supplementation did not in spite of its ability to improve
glucose tolerance. A possible explanation of this failure of SBF supplementation to reduce
the plasma insulin response to the meal may lie in the post-prandial GIP levels obtained.
Guar gum supplementation diminished post-prandial G I P secretion, in response to
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ingestion of the meal, in agreement with previous studies (Morgan et al. 1979, 1985). GIP
secretion was actually increased by the addition of SBF to the meal. This augmentation
may have been sufficient to maintain the level of insulin secretion despite a smaller rise in
the prevailing (arterial) blood glucose levels.
Although post-prandial insulin levels were attenuated by glucomannan and increased by
SCF, these were not associated with any changes in post-prandial glucose or GIP levels or
gross changes in liquid gastric emptying rates. Other mechanisms must therefore be
responsible for the changes observed. These could include changes in glucose absorption,
insulin sensitivity or the relation between hepatic portal and peripheral venous insulin levels
as a result of fibre ingestion. High plasma ‘enteroglucagon’ concentrations have also been
observed following the ingestion of some high-viscous-fibre diets (Jenkins et al. 1984),
possibly reflecting a rise in glucagon-like polypeptide- 1 (GLP- 1 (7-36)), a recently isolated
insulinotropic polypeptide which is at least as effective as G I P in stimulating insulin release
(Kreymann et al. 1987). The effects of fibre supplementation on GLP-I secretion are
unknown, and its contribution to post-prandial insulin secretion must therefore remain
speculative.
In the present study liquid gastric emptying, as assessed by circulating paracetamol
levels, appeared slightly accelerated both by guar gum and by SBF supplementation.
Previous reports using test meals of varying compositions have suggested that gastric
emptying rates remain unaltered (Rainbird et al. 1982; Tredger et al. 1984) or are delayed
(Wilmshurst & Crawley, 1980) by guar gum supplementation. The composition of the meal
is clearly of importance in determining the extent and way that fibre supplementation
affects gastric emptying and caution should, therefore, be exercised before extrapolating
findings obtained under one set of experimental conditions to other situations. The findings
presented illustrate both the complexity and diversity of mechanisms governing the
improvement in glucose tolerance produced by dietary fibre supplementation. Non-starch
polysaccharides such as glucomannan and guar gum (galactomannan), though structurally
similar and with the ability to form highly viscous solutions, seemingly have diverse effects
on gut hormone secretion, gastric emptying and glucose tolerance.
The effects on glucose tolerance observed for a test meal of a particular composition
cannot necessarily be extrapolated to other situations. Studies on the effects of fibre
supplementation following a single test meal are necessary to elucidate their mechanism of
action and are an indication of their usefulness in a clinical situation. However, long-term
supplementation studies where the fibre in question is incorporated into a variety of
different meals which form part or all of a subject’s habitual diet are also necessary. This
is especially relevant in diabetics where measurement of glycated proteins in blood provides
a more reliable index of clinical efficacy of dietary fibre supplementation taken over a
prolonged period of time than do measurements of fasting or even post-prandial blood
glucose levels.
The authors wish to thank British Sugar plc, Rybar Laboratories, Britannia Pharmaceuticals and Dr P. Ellis for supplying sugar beet fibre, Guarem, Fibrium and Konjac
respectively. They also thank British Sugar plc for financial support.
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