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Effect of pectin on jejunal glucose absorption and
unstirred layer thickness in normal man
B FLOURIE, N VIDON, CH FLORENT, AND J J BERNIER

From the H6pital Saint-Lazare, Paris, France

SUMMARY The effect of high methoxy apple pectin, a carbohydrate gelling agent, on the
intestinal absorption of glucose, water, and sodium was studied in man. The effect of intraluminal
fibre was evaluated in 22 healthy volunteers by the intestinal perfusion technique under an
occlusive balloon. The test solutions (NaCl 130 mM, KCI 5 mM, glucose or mannitol 30 mM,
PEG 4000 5 g/l) were perfused just beyond the ligament of Treitz at a rate of 10 ml/min. A 25 cm
segment was studied. Three concentrations of pectin were tested: 6, 10, and 15 g/l. The effect of
this pectin at two concentrations, 6 and 10 gIl, on the jejunal unstirred layer thickness was
evaluated in nine other healthy subjects by an electrical technique. In mannitol solution, pectin
reversed water and sodium absorption, whatever its concentration was, while in glucose solution
it significantly reduced absorption of water and sodium at 10 and 15 g/l only (p<001). It
significantly reduced glucose absorption at all concentrations (p<001). This reduction was found
to be correlated with the solution viscosity (p<0.01). Pectin did not alter the glucose dependent
sodium transport but increased significantly (p<0.001) the unstirred layer thickness. These
results suggested that, in healthy man, pectin acutely given may impair intestinal absorption by
means of an increased unstirred layer resistance. This effect could contribute to the diminished
postprandial glycaemia observed in human subjects fed pectin.

Different gelling agents of vegetable origin improve
glucose tolerance test by reducing the peak of
postprandial glycaemia and by preventing late hypo-
glycaemia in both normal subjects1 and diabetic
patients.24 Several factors may influence the level
of glycaemia after an oral load of glucose: rate of
gastric emptying, rate of intestinal absorption,
hormonal gastrointestinal responses, hormonal pan-
creatic response, hepatic glucose balance, and
cellular metabolism of glucose.
As viscous fibres are unabsorbable substances, it

is reasonable to assume that they may only act
directly on the first three factors: rate of gastric
emptying, intestinal absorption, and also hormonal
gastrointestinal responses. The magnitude of post-
prandial hyperglycaemia in man after test meals
containing absorbable and unabsorbable carbo-
hydrates has been shown to be related to the
viscosity of the substances,6 but the effect of
increasing meal viscosity on gastric emptying and on
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intestinal glucose absorption is yet unknown. Holt et
a17 have shown, in an acute study, that relatively
large doses of guar gum (16 g/meal) and pectin (10
g/meal), in 400 ml orange juice containing ll3mIn-
diethylene triamine penta-acetic acid as a non-
absorbable marker, markedly reduce the rate of
gastric emptying in normal man, suggesting that this
alteration in emptying may account for the
reduction of glucose absorption. Moreover, chronic
pectin supplementation (20 g/day/4 weeks)
markedly slows gastric emptying of a 100 g carbo-
hydrate solid meal surface-labelled with
9mTechnetium sulphur colloid in normal
volunteers.8 9 The direct effect of gel fibres on
intestinal glucose absorption has not been shown so
far in man and experiments in rats gave conflicting
results: in in vitro investigation using everted sacs of
rat jejunum, carbohydrate gelling agents were found
to reduce intestinal glucose absorption. This
inhibition was correlated with the incubation
medium viscosity which is a function of the poly-
saccharide concentration alone10 and was probably
brought about by an increased effectiveness of the
mucosal diffusion barrier."1 In rat perfused jejunal

936



Effect of pectin on jejunal glucose absorption and unstirred layer thickness in normal man

loops, however, Schwartz and Levine12 showed that
intraluminal pectin (1% weight/volume) did not
modify intestinal glucose absorption.

In the present study, we have directly investigated
the effect of pectin on human jejunal unstirred layer
and on glucose, water and sodium transport by using
an intestinal perfusion technique which avoids the
influence of gastric emptying on nutrient absorption
rate. We used different concentrations to ascertain
whether its effect was dose dependent and therefore
viscosity dependent.

Methods

SUBJECTS
1 Effect of pectin on intestinal transport
Studies were performed on 22 healthy volunteers
who gave informed consent after an explanation of
the protocol.
Experiments were carried out over a three day

period. On the first day, the subjects were intubated
with a multilumen tube. Intestinal perfusion studies
were performed during days two and three, only one
pectin concentration being tested per day.
The subjects ate every day. The first day, they

received two meals. The second day, they also ate
two meals after perfusion. The third day they went
home. Meal composition was eggs, mashed
potatoes, rusks, soft white cheese, and cream
dessert. Perfusions were performed after about 12
hours fasting.
We used the technique of intestinal perfusion

described by Modigliani and Bernier.13 The
perfusion point, checked radiologically, was at the
ligament of Treitz, under an occlusive balloon. A
25 cm segment was studied. The fluid was perfused
at 37°C at a rate of 10 ml/min.
Each solution was perfused for 80 minutes (a 50

minute equilibration period and three 10 minute
collections). Perfusion of pectin was preceded by a
similar perfusion of a control solution (of the same
composition without pectin). For each day, subjects
had perfusion with mannitol and/or glucose
solutions given in random order without interval
between them; their repartition in each group is
stated in Table 1. Test solutions were isotonic to
plasma. The A solution contained NaCl 130 mM,
KCl 5 mM, mannitol 30 mM, polyethylene glycol
4000 (PEG) 5 g/l, as a water soluble non-absorbable
marker. In B solution, mannitol was replced by
glucose at the same concentration. In the A' and B'
solutions, pectin was added at different concen-
trations of 6, 10, and 15 g/l. Pectin was a high
methoxy pectin type 'brun NF pomme', batch no
2509 (Unipectine Laboratory, Paris, France) (mol
wt 120 000, methoxy content 73.6%). Solutions A'

Table 1 Number ofsubjects perfused with mannitol and
glucose solutions (with and without pectin) for the three
concentrations tested

Pectin concentration

6gll lOg/l ISgll

Number of subjects
Glucose solution 7 11 7
Mannitol solution 9 10 9

Total subjects: 22

and B' were prepared just before the beginning of
infusion and agitated on a magnetic stirrer until
pectin complete dissolution.

In perfused solutions and in each intestinal
sample, PEG was measured by the turbidimetric
method of Hyden,14 sodium by flame photometry,
glucose by Technicon Autoanalyser and viscosity by
a Cannon Fenske capillary viscometer. In vitro,
pectin did not modify PEG concentrations.
Absorption rates were calculated according to the
usual formula.'5

2 Effect of pectin on jejunal unstirred layer
An electrical technique has been described by
Read16 for measuring in situ the unstirred layer
thickness in the human jejunum. The transmural
potential difference was measured between an
electrode situated in the intestinal lumen bathing in
the solution and a subcutaneous reference
electrode. The reference electrode was a plastic
cannula filled with saline and inserted under the skin
of the forearm. These electrodes were connected via
agar salt bridges to the input terminals of a battery
powered electrometer, the output of which was
recorded on a chart recorder.
Nine healthy volunteers were studied. After an

overnight fast, a double lumen radio-opaque tube
was swallowed and positioned in the upper part of
jejunum, within 15 cm of the duodenojejunal
flexure. An intramuscular injection of propantheline
bromide (Pro-banthine, Searle) given just before
the start of the infusions, abolished the spontaneous
fluctuations in potential difference associated with
intestinal motility.
Each subject received the six solutions listed in

Table 2. They were infused at a steady state of 5
ml/min and were continuously siphoned at the same
rate from the site of infusion. This, together with the
effect of propantheline, enhanced the stability of the
electrical record.
The infusion of solution 1 was continued until a

stable baseline had been maintained for at least 10
minutes. Subsequently infusion of solution 2, which
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Table 2 Solutions infused into jejunal lumen to measure
the potential difference in nine subjects

Sodium
chloride Mannitol Pectin

Solution (mM) (mM) (gll)

1 154 0 0
2 104 100 0
1t 154 0 6
2' 104 100 6
1"f 154 0 10
2" 104 100 10

contained a lower concentration of sodium chloride
than solution 1, created a diffusion gradient for
sodium chloride. The measurement of the half time
for the attainment of this diffusion potential was
used to estimate the thickness of the unstirred layer
by the method of Diamond17:

d2 = h0.38
where d is the unstirred layer thickness, ti the half
time for the development of the diffusion potential
difference, and D the diffusion coefficient for 125
mM sodium chloride in free solution (12.4x 106
cm-2/s). After return to solution 1, the diffusion
potential produced by pectin solutions was
recorded. In all subjects the sequence of perfusion
was in increasing concentration of pectin. After each
solution 2 there was a return to the solution 1 before
proceeding to the next pair. Time to obtain a stable
base line after solution 2' was 3-4±1+2
(mean ± SEM) minutes and 5-7±2-3
(mean ± SEM) minutes after solution 2".

STATISTICAL ANALYSIS
Data are expressed as mean ± SEM. The Student's
t test, for paired and non-paired series when
appropriate, Wilcoxon's matched pair test and
correlation analysis were used for statistical
comparisons.

Results

Pectin is a component of dietary fibre; it is resistant
to degradation by digestive enzymes and is not
absorbed by the small intestine.5
We calculated the concentration ratio of pectin

and PEG 4000 in test solutions, and the same ratio
in samples. The mean difference between the two
ratios was +3*3%. This change was not statistically
significant. Moreover, in vitro, pectin did not modify
PEG concentrations. So we may consider that the
perfused solutions remained homogenous in the
small bowel lumen. Viscosity of the perfused

solution increased exponentially with pectin concen-
tration in solution (Fig. 1).
A 50 minute equilibration period was sufficient to

obtain an adequate washout after the first pectin
solution. Indeed, sample viscosity returned to basal
values. Moreover water and Na movements were
similar in the three samples and comparable to
values usually obtained with these control solutions
when they were perfused in human jejunum. At
last, control values (Na and water movements) were
similar when A or B solutions were given first or
second.

EFFECT OF PECTIN ON NET WATER MOVEMENTS
(Fig. 2)
There was no difference in net water movements
when we perfused the control solution of the three
sets of experiments; net absorption of water
occurred with both mannitol and glucose control
solutions. When pectin is added to the mannitol
solutions, it significantly reversed the small net
absorption into a net water secretion. Pectin had the
same effect whatever its concentration in the
perfused solutions was. The significant reduction of
water absorption was similar when concentration of
pectin in glucose solution was either 10 and 15 g/l
while this reduction was not statistically significant
when pectin concentration was 6 g/l.

EFFECT OF PECTIN ON NET SODIUM MOVEMENTS
(Fig. 3)
There was no difference in net sodium movements
when we perfused the control solutions of the three
sets of experiments. With mannitol solution, pectin
significantly reversed net absorption into a net
secretion. It had the same effect whatever its

300

. 200

'2

6 10 15
Pectin concentration (g/l)

Fig. 1 Standard curve: viscosity in centipoises = f (pectin
concentration in gll).
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Fig. 2 Effect ofpectin on net water movements during
intestinal perfusion. Water movements duringperfusion of
(A) mannitol solution, (B) glucose solution, without (A and
B) , and with pectin (A' and B') l:: at three different
concentrations ofpectin (6, 10, and 15 gll) - = means

absorption, + = secretion, NS = not significant,
* p<o.o1, * p<O-OS.

concentration in the perfused solutions.
Presence of pectin at concentration of either 10 or

15 g/l in glucose solution significantly reduced the
absorption of sodium, while this effect was not
statistically significant when its concentration was

6 g/1.

-200 Marwitol

* * *
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Z 200

6 10 15
Pectin (g/l)

Fig. 3 Effect ofpectin on net sodium movements during
intestinalperfusion. Sodium movements during perfusion of
(A) mannitol solution, (B) glucose solution, without (A and
B) and with pectin (A' and B') E at three different
concentrations ofpectin (6, 10, and 15 gll) - = means

absorption, + = secretion, NS = not significant,
* p<O-01.

EFFECT OF PECTIN ON NET GLUCOSE MOVEMENTS
Glucose absorptions were similar during perfusion
of the control solutions. They were reduced when
pectin was in the solution (Fig. 4); this statistically
significant reduction depended upon the pectin
concentration. The percentage of inhibition of
glucose absorption was 10, 13*6, and 23-8% for 6,
10, and 15 g pectin respectively.

Figure 5 shows the decrease in net glucose
absorption (expressed as per cent of glucose
absorption) in relation to the viscosity of the
perfused solution. The results indicate that the
lesser glucose absorption is linearly related to
solution viscosity depending itself on pectin concen-
tration (p<0Q01).

Pectin did not modify the glucose dependent
sodium transport (Table 3) at the sodium and
glucose tested concentration (Na 130 mEq/l, glucose
30 mM). For each subject who received both
mannitol and glucose solutions, the glucose
dependent sodium was calculated using the formula:

Nag- Nam
Ga

Nag and Nam being the sodium absorbed during
perfusion of glucose and mannitol solutions
respectively and Ga the absorbed glucose.

EFFECT OF PECTIN ON UNSTIRRED LAYER
THICKNESS
Table 4 shows the jejunal unstirred layer thickness
estimated from measurements of generation half
time of diffusion potential difference when pectin
was, or was not, in perfused solution.
The results showed that the enlargement of the

apparent unstirred layer thickness was statistically
significant when pectin was added in perfused
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*

Fig. 4 Effect ofpectin on net glucose movements during
intestinal perfusion. Glucose absorption during perfusion of
solutions without and with pectint I at three
different concentrations (6, 10, and 15 gll) - = means

absorption, * p<O0OI.
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solution. There was a linear relation between
logarithm of this unstirred layer thickness and pectin
concentration (r=0.96, p<0.001).

Discussion

These results show, for the first time, that in healthy
man pectin acutely given reduces water, sodium
and glucose intestinal absorption. It does not modify
the glucose dependent sodium absorption at the
sodium and glucose tested concentration. An equal
effect of pectin on both the glucose and Na
absorption could explain that the glucose dependent
Na transport remains unaltered. At pectin concen-

tration of 6 g/l, however, pectin did not cause an

equal effect as Na movements are not affected by
fibre while glucose absorption is significantly
reduced. The diminished glucose absorption is less
likely to be because of a modification of the
absorbing cell membrane itself than to a decrease of
the intraluminal diffusion of glucose.
These results are not in agreement with those of

Schwartz and Levine12 who showed in rat perfused
jejunal loop that pectin (10 g/l) did not impair
intestinal glucose absorption. The effects of chronic
supplementation in fibre on intestinal glucose
absorption were also conflicting, according to
whether experiments were carried out in animal or

man. Schwartz and Levine12 have observed, in rats
which were studied after a fibre free diet supple-
mented with 5% pectin five weeks ingestion, a

decrease of the intestinal glucose absorption. They
suggested that chronic fibre ingestion could have
altered the intestinal membrane or the microvilli
without inducing changes in the morphologic
parameters. These authors,9 perfusing glucose
solution without pectin in fasted patients after they
were placed on a low fibre (3 g) diet for two weeks,
followed by four weeks of an isocaloric diet supple-
mented with 20 g/day of apple pectin have observed
that pectin did not impair intestinal absorption of
glucose.

30

! 20

i 10

100 200 300
Viscosity (cP)

Fig. 5 Correlation between percentage ofinhibition of
glucose absorption and solutions viscosity (expressed in
cP). p<0-OI.

Table 3 Glucose dependent Na transport without and with
pectin at concentrations of 6, 10, and 15 gll during intestinal
perfusion

Glucose dependent Na
transport

Pectin 6 g/I 10 g/i 15 g/l
n=7 n=9 n=7

With pectin 1-28±0-21 1-33±0-22 1-56±0 21
NS NS NS

Without pectin 1-18±0-14 1-28±0-16 1-10±0-18

Mean ± SEM. NS = not significant.

This should confirm the results obtained in the
second part of our study that the pectin effect on
glucose absorption is linked to the intraluminal
viscosity induced by pectin but not to intestinal
mucosa alterations.
Moreover, on incubation of rins of everted rat

small intestine, Elsenhans et al Johnson and
Gee," have shown that inhibition of intestinal
absorption was correlated with the incubation
medium viscosity which depends only on the poly-
saccharide concentration and is independent of the
other properties of the carbohydrate gelling agents.
A medium viscosity increase gives rise to a
thickening of the unstirred layer.
The pectin gel itself may decrease the diffusion

coefficient of the molecule studied. We assumed
that there is no interaction between the solute and
the polymer and that the diffusing molecule is small
in relation to the intersegmental distance of the
lattice. Using Mackie and Meares' formula,'8 the
diffusion coefficient will be reduced by 4% in a gel
having 1% polymer volume. We have ignored this
effect in calculating the apparent unstirred layer
thickness because of the low concentrations of
pectin used. We found in man an enlargement of the
apparent unstirred layer thickness linked to the
viscosity, thus to pectin concentration. The more the
viscosity solution increases, the more the unstirred
layer thickness is important and the less the glucose
absorption is. Viscosity and thickness of the
unstirred layer increase exponentially with the

Table 4 Jejunal unstirred layer thickness when solution,
without and with pectin, was perfused at 5 mllmin

Pectin concentration Unstirred layer thickness
(gll) (nm)
0 667±33
6 1219±48
10 1873±73

Mean ± SEM. n = 9.

i i

940



Effect of pectin on jejunal glucose absorption and unstirred layer thickness in normal man 941

pectin concentration. Thus it seems likely that
pectin is able to reduce the intraluminal diffusion of
solute so it reduces glucose and electrolyte
diffusion to the enterocyte apical pole.
From these data may be suggested a general

picture of pectin effect on the human digestive tract:
(a) pectin delays gastric emptying by a yet discussed
mechanism;7-9 14 l (b) pectin impairs intestinal
glucose absorption by increasing intraluminal
unstirred layer viscosity and thickness; and (c) it is
known by hydrogen breath test (indicator of the
colic fermentation of the unabsorbed glucose) and
by plasma and urine xylose measure, after a xylose
test, that viscous agents do not modify the total
intestinal glucose absorption.' 22 23

It is also established that viscous fibres increase
the orocaecal transit time.6 23 24 Thus, it may be
proposed that glucose absorption remains complete
within the small intestine but in a more greater
length that may modify the hormonal responses. In
our study small quantities of glucose (30 mM at 10
ml/min during 80 minutes) were perfused; blood
glucose concentrations were unaffected; so we did
not study the induced hormonal responses.

It must be noted that pectin inhibitory effect on
glucose intestinal absorption was observed when the
intraluminal concentrations of pectin were smaller
than those probably reached after therapeutical
doses. As the acceptability of high pectin amounts in
chronic indigestion is reduced by its bad palatibility,
a lower dose could be enough for the treatment of
some diabetic patients or of postgastrectomy
digestive disturbances.

This work was supported by grant no 80.7.0211 from
the Delegation Generale a la Recherche Scientifique
et Technique.
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