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Abstract - The purpose of this study with the pig was to analyse the influence of the type of dietary
fibre on quantitative kinetics of the absorption of nutrients deriving from enzymatic digestion in
the small intestine and that of volatile fatty acids (VFA) deriving from microbial digestion in the
hindgut influenced by the length of adaptation to the diet. Two groups of four pigs were fitted with
a device for measuring absorption by simultaneous analysis of the differences in the porto-arte-
rial concentrations of nutrients and metabolites and of the portal blood flow rate. They received
successively two diets containing fish- and heat-treated potato flour, balanced in vitamins and min-
erals, and only differing in the type of fibre added at the inclusion level of 10 %: wheat bran (S)
or sugar beet fibre (P). Following an adaptation period of 30 d (C) or 5 d (A) to each of these diets,
and after the last experimental meal of 800 g, the animals were subjected for 12 h to blood sam-
plings every 30-60 min for the analysis of glucose, amino-nitrogen and volatile fatty acids (VFA)
with a simultaneous recording of the portal blood flow-rate. The type of dietary fibre did not
modify nutrient absorption (glucose and amino-nitrogen) but affected the amounts of VFA
appearing in the portal blood. These amounts were higher (P < 0.001) after ingestion of the
sugar beet fibre-rich diet (group PC+PA: 766 mmol/12 h) than after that of the wheat bran-rich
diet (group SC+SA: 477 mmol/12 h). The proportion of acetic acid in the absorbed mixture rose
(PC+PA 63.6 % versus SC+SA 58.5 %, P < 0.01) at the expense of propionic acid (PC+PA
27.4 % versus SC+SA 31.0 %, P < 0.01 Prolongation of the adaptation period from 5 to 30 d led
to a decrease in the absorption of nutrients deriving from enzymatic digestion in the small intes-
tine (glucose g/12 h : SA+PA 341.8 versus SC+PC 244.5, P < 0.01; amino-nitrogen g/12 h:
SA+PA 29.4 versus SC+PC 21.0, P < 0.001) without any subsequent change in the absorption
of the volatile fatty acids. &copy; Inra/Elsevier, Paris
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Résumé - Influence de l’addition de pulpe de betterave ou de son de blé à un régime amy-
lacé sur la cinétique d’absorption du glucose, de l’azote aminé et des acides gras volatiles chez
le porc. L’étude réalisée visait à analyser chez le porc l’influence de la nature de la fibre alimentaire
sur la cinétique quantitative de l’absorption des nutriments libérés par l’hydrolyse enzymatique
dans l’intestin grêle et celle des acides gras volatils (AGV) produits dans le gros intestin et leurs
variations en fonction de la durée d’accoutumance au régime. Dans ce but, deux groupes de
quatre porcs munis chirurgicalement d’un dispositif permettant de mesurer l’absorption par ana-
lyse simultanée des différences de concentrations porto-artérielles des nutriments et métabolites
et du débit sanguin dans la veine porte, ont reçu successivement deux régimes à base de farine de
poisson et de farine de pomme de terre, bien équilibrés en vitamines et minéraux, ne différant que
par la nature des fibres qui leur étaient ajoutées (à raison de 10 %) : son de blé (S) ou pulpe de bet-
terave (P). Après une période d’accoutumance de 30 j (C) ou de 5 j (A) à chacun de ces régimes,
se terminant par un repas expérimental de 800 g, les animaux étaient soumis pendant 12 h à des
prises de sang espacées de 30 à 60 min en vue de l’analyse du glucose, de l’azote aminé et des AGV
cependant qu’était enregistré le débit sanguin portal. Dans ces conditions, la nature de la fibre n’a
pas modifié l’absorption des nutriments (glucose et azote aminé) mais a influé sur les quantités
d’AGV apparaissant dans le sang portal. Celles-ci étaient plus élevées (p < 0,001) après ingestion
des régimes riches en pulpe de betterave (groupe PC+PA : 766 mmol-12 h) qu’après celle des
régimes riches en son de blé (groupe SC+SA : 477 mmol.12 h), la proportion d’acide acétique dans
le mélange absorbé s’y élevant (PC+PA : 63,6 % vs SC+SA : 58,5 % ; p < 0,01) au détriment de
l’acide propionique (PC+PA : 27,4 % vs SC+SA : 31,0 % ; p < 0,01). La prolongation de 5 à 30 j
de la période d’accoutumance aux régimes s’est traduite par une diminution de l’absorption des
nutriments provenant de la digestion enzymatique dans l’intestin grêle (glucose g/12 h : SC+PC
244,5 vs SA+PA 341,8 ; p < 0,01) (azote aminé g/12 h : SC+PC 21,0 vs SA+PA 29,4 ;
p < 0,001) sans qu’il s’ensuive une modification de l’absorption des AGV. &copy; Inra/Elsevier, Paris
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1. INTRODUCTION

The numerous effects of dietary fibres
on the body have long been established in
epidemiological, clinical and experimen-
tal studies. Hence, epidemiological studies
have suggested that the dietary fibre-
depleted diet consumed by Western pop-
ulations is associated with a high inci-
dence of colorectal cancers [5],
constipation and colon diverticulosis [4,
6]. Clinical studies have shown that fibre-
rich diets lead to a decrease in choles-
terolaemia and an increase in glycaemia
[1, 15, 16, 35]. Experimental studies have
shown that dietary fibres play a role at
each stage of nutrient digestion and
absorption [38].

The present trend of offering fibre-
enriched diets to the human consumer is
therefore easy to understand. However,
before using such diets, their effect on the
physiology of digestion and metabolism
should be evaluated by determining the
physicochemical action of the fibres, and
identifying their metabolic products as
well as their influence on the overall
metabolism. It is known that the fibres are

degraded by the microflora in the large
intestine and lead to production of volatile
fatty acids (VFA) that provide energy and
metabolic substrates for the host. In

humans, only a few data are available
because the production and absorption
sites of VFA cannot be reached. There-

fore, such studies require the use of an
animal model such as the pig in which the



porto-arterial differences in the concen-
tration of nutrients can be measured by
means of surgical methods (chronical fis-
tulations) [22, 26]. Moreover, the pig
seems to be the best-adapted animal after
the primate for studying the digestion of
fibres and its consequences on metabolism
since its diet, the retention time and the
profile of VFA in the large intestine are
quite similar to those found in humans
[ 10].

The aim of this study was to compare
the effects of two dietary fibres, i.e. sugar
beet fibre and wheat bran fed to conscious

pigs on the quantitative absorption kinet-
ics of glucose and amino-nitrogen released
in the small intestine as well as on the
VFA production in the large intestine and
their respective variations according to the
length of the period of adaptation.

2. MATERIALS AND METHODS

Eight castrated male pigs of the Large White
breed from the Inra experimental herd

(National institute for agricultural research, La
Minière, France) (mean initial weight: 64.1 ±
5.2 kg) were divided at random into two groups
of four. They were placed in individual cages
adaptable to the size of the animal. Two daily
meals of 800 g each, i.e. 720 g dry matter (DM)
were given at 0900 and 1700 hours. Water was
available ad libitum. The animals of both

groups were fed semi-synthetic diets based on
heat-treated potato starch and fish meal and
well-balanced in minerals and vitamins
(table n. Only the type of dietary fibre that
was included at a level of 10 %, was different
in the two groups, i.e. diet P (for ’pulpe’ in
French) contained sugar beet fibre (dietary
fibre content: 87.5 % of fresh matter FM) and
diet S (for ’son’ in French) contained wheat
bran (dietary fibre content: 48.9 % of FM).
These diets were successively given to both
groups of animals according to different serial
orders and length of feeding phases (figure 1 ).
One of the groups received successively diet S
for 30 d (phase 1, with adaptation), then diet P
for 5 d (phase 2, without adaptation) and finally
diet S for 5 d (phase 3, without adaptation).
The other group received diet P first for 30 d

(phase I), diet S for 5 d (phase 2) and diet P for
5 d (phase 3). Between each experimental diet,
a standard diet containing 10 % purified cel-
lulose was given for 4 d (interphases A and B)



(table I). For studying the kinetics of the
appearance of nutrients in the portal vein [26]
an electromagnetic flowmeter probe around
the portal vein and two catheters, one placed in
the portal vein [2] and the other one in the
carotid artery [28] were set up under general
anaesthesia on day 21 of the first phase. After
having progressively recovered a normal
appetite (1600 g/d in two meals) the pigs were
submitted to a series of blood samplings for
2 d after the experimental meals being offered
following a fasting period longer than the diges-
tion of the former meal in the small gut (more
than 16 h; [23]). The blood samplings per-
formed the first day aimed at evaluating the
VFA concentration in the portal and arterial
blood. The first sampling (10 mL) was per-
formed after a 16-h fast and 10 min before the

experimental meal (720 g dry matter DM)
which was supplied at 0900 hours and before a
series of samplings of the same volume car-
ried out every hour during the 12-h postprandial
period. After a 24-h fast, a second meal (720 g
DM) was supplied at 0900 hours on the sec-
ond day and blood samplings (5 mL each) for
measuring the concentrations in glucose and
amino-nitrogen were performed 10 min before
the meal, during the meal and then every 30
min during the first 6 h of the postprandial
period and every hour during the following 6 h.
Haematocrit values were recorded every 2 h.

Simultaneously, during these 2 d, the portal
blood flow rate was measured continuously
using an electromagnetic flowmeter probe CVI
3760 (Cardiovascular instrument Ltd, UK).
The same samplings and the same flow mea-
surements were carried out during the last 2 d
of the short phases 2 and 3 based on experi-
mental meals without any period of adapta-
tion.

The blood samples were analysed for
amino-nitrogen [19], glucose (glucoseoxidase;
[ 13]) and VFA [9]. The method for VFA anal-
ysis (adapted from Pethick et al. [20]) con-
sisted of extracting them via cold sublimation
under vacuum and then concentrating the sub-
limate. The blood sample (5 mL) was imme-
diately centrifuged (5 000 G) at 0 °C for 5 min
and the plasma rapidly frozen at -80 °C which
made it possible to keep it over long periods
without modifying the VFA concentrations.
After rapid thawing at 40 °C in a boiling water
bath, a fraction of plasma (2 mL) was placed in
a 10-mL flask with 0.25 mL isobutyric acid as
internal standard and 1 mL 1.5 % perchloric
acid to release VFA. This mixture was frozen
in liquid nitrogen for 5 min under continuous
stirring to let a thin layer of the mixture deposit
on the wall. The flask was then connected to a

collecting tube containing 1 mL NaOH via a U-

shaped system equipped with a tap to obtain
the vacuum. The vacuum was obtained in the



whole system at 10 mbar and the collecting
tube was placed in liquid nitrogen for obtaining
full sublimation of the plasma within 2 h via
pressure difference. The VFA collected as salts
were immediately thawed and concentrated by
evaporation at 40 °C for 1 h using an evapora-
tor. They were assayed by gas chromatogra-
phy with a Delsi 330 device (Delsi-Nermag,
Argenteuil, France) equipped with a glass col-
umn 2.10 m long and 10 mm in diameter con-
taining a phase (chromosorb W. AW) impreg-
nated with SP 1200 (Supelec France,
St-Germain-en-Laye, France). The tempera-
ture of the oven was 120 °C, that of the injec-
tor 160 °C and that of the detector 170 °C.
Before being injected into the column the salt
residues were mixed with 0.2 mL orthophos-
phoric acid 5N (pH = 3) for VFA release. The
chromatograph was associated with a Delsi
Enica 10 integrator.

Amounts of microbial metabolites and
nutrients appearing in the portal blood were
measured by determining the variation in the
porto-arterial differences (Cp - Ca) of their
concentration at any time after the intake of
the meal and by multiplying these differences
by the corresponding blood flow rate (D) and
by the length of the observation period accord-
ing to the following formulas

and

where q is the amount absorbed during the
short time dt (5 min) during which each factor
can be considered as constant, Cp the portal
concentration, Ca the arterial concentration, D
the blood flow rate in the portal vein and Q
the quantity absorbed during the postprandial
period between time tn-2 and tn-I’ This mea-
surement only concerns the net intake of nutri-
ents in the portal blood and not the total absorp-
tion because a fraction of nutrients originating
from the intestinal lumen or from the mesen-
teric arterial blood can be metabolized in the

gut wall. For a given ingested nutrient, the val-
ues measured correspond to the absorption
minus the metabolism of the intestinal tissue.

The coefficients defined by Hodgman [14]
were used to calculate the metabolizable energy
related to the absorption of VFA. The coeffi-
cients of Schiemann et al. [36] were used to

calculate the energy produced by the other
nutrients.

Statistical analyses [37] included the com-
parison of two sets of data using the Student’s-
t test, matched paired Student’s-t test and
blocked one way ANOVA.

3. RESULTS

During the experiment, four animals
received the diet based on bran (batch SC)
for 30 d in the first phase; the other four
animals received the diet based on sugar
beet fibre (batch PC) during this first
phase. All the animals received the bran
diet for 5 d, either in the second phase for
four of them (first phase PC) or in the third
phase for the other four (first phase SC)
and their blood parameters were gathered
in batch SA. Similarly, the eight animals
received the sugar beet fibre diet for 5 d,
either in the second phase (first phase SC)
or in the third phase (first phase PC) and
the corresponding blood parameters were
gathered in batch PA.

3.1. Portal blood flow rate

Throughout the postprandial period,
the mean blood flow rate in the portal vein
was not modified either by the diet sup-
plied or the period of adaptation (table I]).
The variations in the flow rate during the
postprandial period were similar in both
cases.

3.2. Glucose absorption

Figure 2 shows the variation in the
blood level of glucose according to the
type of treatment. In all cases the meal
intake led to the appearance of a glycaemic
peak within 60 min which corresponded to
more than 200 % of the initial concentra-
tion (IC) in the portal blood, but which
was much lower (140-165 % IC) in the





arterial blood. This portal peak was not
significantly influenced by dietary treat-
ment. The portal concentrations plateaued
for a more or less long period according to
treatments. For a given period after the
meal, they were not significantly differ-
ent between the dietary treatments and
slowly decreased to reach a level which
was slightly higher than the initial one
( 124-138 % IC) 12 h after the meal. For
each treatment, the arterial concentrations
were significantly lower than the portal
concentrations for 8-10 h after the meal.

Although the porto-arterial concentration
differences at a given time after the meal
seemed to be higher for SA and PA than
for SC and PC, these differences between
treatments only occasionally reached the
level of significance (SC versus SA: hour
2; SA versus PA: hours 7, 10; PA versus
PC: hour 7).

In the first hour, the amounts of glu-
cose absorbed per hour (figure 3) repre-
sented 12-13 % of the total amount
absorbed for 12 h. They reached the max-
imum value at hour 2 ( 15-17 % of the
total, diet P) or hour 3 (17 % of the total,
diet S) and decreased slowly until they
reached a low but not nil value (0.5-3 % of
the total) 12 h after the meal. The amounts
of glucose appearing in the portal vein per
hour after the meal were not different for
a given period of adaptation, whether the
diet contained sugar beet fibre or wheat
bran. However, if the animals were pooled
according to the diet independently of the
adaptation period, the diet had a signifi-
cant effect at hours 7 and 8, but not at the
other time intervals after the meal. In con-

trast, amounts of glucose absorbed per
hour were higher for a given diet after 5 d
than after 30 d of adaptation. However,



these difference reached the level of sig-
nificance only for some time intervals
(hours 2, 3, 4, 8 for diet S; hours 5, 9 for
diet P). If the animals were pooled accord-
ing to the lengh of feeding, amounts of
glucose absorbed per hour in animals
receiving one of the two diets for 5 d were
significantly higher (except at hours 6, 10,
11, 12) than those absorbed from the same
diets for 30 d.

The cumulated amounts of glucose
absorbed were not significantly different
from one diet to another. When the ani-
mal performances were pooled according
to the diet, i.e. if the length of the adap-
tation period was not taken into account,
the diet had no significant effect on the
cumulated absorption of glucose through-
out the postprandial period. On the con-
trary, the cumulated amounts were sig-
nificantly higher from the 2nd hour for a
given diet when the previous adaptation
period lasted 5 d in comparison with the
30-d period and this phenomenon persisted
throughout the postprandial period which
led to marked differences after 12 h (SC
217.3 ± 16.3 g versus SA 321.1 ± 171 g,
P < 0.01; PC 271.7 ± 14.6 g versus PA
385.8 ± 28.3 g, P < 0.05). When the ani-
mal performances were pooled according g
to the adaptation period, the cumulated
amounts of glucose absorbed were signif-
icantly higher after a short than after a
long adaptation period (P < 0.05 after 1 h,
P < 0.01 afterwards). After 12 h, the
absorption balances (amounts of glucose
absorbed % amounts of glucose ingested)
were the following: SC 57.8, SA 85.5, PA
97.5 and PC 68.7 %.

3.3. Amino-nitrogen absorption

Figure 4 shows the variation in the
blood level of amino-nitrogen according to
the type of treatment. The meal intake led
to a marked increase in the blood level of

nitrogen which reached a higher maxi-

mum value in the portal blood (170-180 %
IC) than in the arterial blood (137-147 %
IC) within 90 min (except SC: I50 min).
Portal concentrations plateaued for a more
or less long period according to treatments.
They were not significantly different
between the treatments for a given period
after the meal and slowly decreased to
reach a level which was slightly higher
than the initial one (in % IC, SC: 128; SA:
138; PA: 135; PC: 132). For each treat-
ment, the arterial concentrations were sig-
nificantly lower (with a few exceptions)
than the portal ones during the whole
observation period. For a given treatment
and time after the meal, the porto-arterial
differences were larger after 5 d than after
30 d (SA > SC; PA > PC) of adaptation
but this difference was only significant
for some time intervals (between 1 and 3
h after the meal for diet S; after 30 and
90 min for diet P).

In the first hour, hourly amounts of
amino-nitrogen absorbed (figure 5) rep-
resented 9.2 (SC) 9.0 (SA) 10.0 (PA) and
8.7 (PC) % of the total amounts absorbed
for 12 h. They reached the maximum value
within 2 h (diet P: PA 11.6 %, PC 12.3 %
of the total) or 3 h (diet S: SC 11.4 %, SA
12.5 %) and decreased to values repre-
senting 6.4 (SC) 3.4 (SA) 4.9 (PA) 3.5
(PC) % of the total after 12 h. Amounts
of amino-nitrogen appearing in the portal
vein after the meal were quite the same
for a given period of adaptation, whether
the diet contained sugar beet fibre or wheat
bran (except at hour 3: SA > PA, P <

0.05). Similarly, if the animals were
pooled according to the diet received inde-
pendently of the adaptation period, the
diet had no significant effect. In contrast,
hourly amounts of amino-nitrogen
absorbed after the meal were higher for a
given diet after 5 d of adaptation to this
diet than after 30 d, but these differences
were only significant with diet S (between
hours 2 and 5, and in hours 7 and 8). If
the animals were pooled according to the



length of feeding, the amounts of amino-
nitrogen absorbed per hour in animals
receiving one of the two diets for 5 d were
significantly higher between the hours 2
and 8 (except for hour 6) than those
absorbed from the same diets for 30 d. For
a given diet, the cumulated amounts were
higher when the adaptation period was
short (5 d) than when it was long (30 d)
but the differences were only significant

for diet S from hour 2. The differences
became significant from hour 1 when the
animals were pooled according to the
length of their period of adaptation to the
diet. After 12 h, the absorption balances
(amounts of nitrogen absorbed % amounts
of nitrogen ingested) were lower after a
long (SC: 84.7 %; PC: 96.4 %) than after
a short period of adaptation (SA: 128.4 %;
PA: 123.6 %).



3.4. Volatile fatty acid absorption

Whatever the diet given or the length of
the adaptation period, the portal concen-
trations in total VFA (figure 6) were
always significantly higher (from 280 to
340 %) than the arterial concentrations.
At the time of the meal, the portal con-
centrations were significantly higher for
the sugar beet fibre diet (P) than for the
bran diet (S), whatever the length of the
adaptation period. Afterwards the differ-
ences in favour of the sugar beet fibre diet

(P) were only significant for the short
period of adaptation (5 d) from hour 4.
However, when the animals were pooled
independently of the adaptation period,

the portal concentrations (table III) were
always significantly higher after the intake
of diet P than after the intake of diet S.
On the contrary, the arterial concentra-
tions were significantly higher after the
intake of diet P only at some time inter-
vals after the meal (time 0, 1, 4, 5, 6, 8 h
after the meal).

The differences in porto-arterial con-
centrations which were very high during
the meal (SC 305 :!:: ¡..tmol/L; SA 337 ±
25 pmol/L; PA 475 ± 57 !mol/L; PC 496
± 74 pmol/L) decreased to a minimum
value between hours 2 and 4 (SC 179 ±
38 pmol/L; SA 179 ± 22 !mol/L; SA 239
± 25 pmol/L; PC 282 ± 67 pmol/L) and
progressively increased to a maximum





value between hour 9 and 12 after the meal

(SC 356 ± 13 pmol/L; SA 370 ±
43llmol/L; PA 623 ± 55 pmol/L; PC 506
± 87 pmol/L). The porto-arterial differ-
ences were always higher after the intake
of diet P than after the intake of diet S but
this difference was only significant (P <

0.01) from hour 6 for the short adaptation
period and significant but less so (P <

0.05) in hours 6, 7, 10, 11 and 12 for the
long adaptation period. When the animals
were pooled according to diet without tak-
ing into account the adaptation period, the
porto-arterial differences were always sig-
nificantly higher (P < 0.01 to P < 0.001)
after the intake of diet P than after the
intake of diet S, except during hours 1, 2
and 3 after the meal.

The distribution of individual VFA in
the total mixture present in the portal blood
was characterized by a high level of acetic
acid (69-73 %), a moderate level of pro-
pionic acid (19-23 %) a relatively low

level of butyric acid (5-7 %) and a very
low level of isovaleric and valeric acids

(0.5-2.5 %). In contrast, the VFA mixture
present in the arterial blood contained
almost only acetic acid (90-100 %). The
proportions of VFAs in the portal blood
did not change between hours 1 and 12 2

(table IV), but was different according to
the diet ingested. Thus, the mixture of
VFA contained more acetic acid and less

propionic acid after the intake of diet P
than after the intake of diet S. The differ-
ences were significant for the short adap-
tation period (SA versus PA: acetic acid P
< 0.05 after 12 h; propionic acid P < 0.05
after hours 1 and 12) and for the overall
comparison (PC + PA versus SA + SC).

Amounts of volatile fatty acids
absorbed per hour (figure 7) relatively
high at the time of the meal (46 to
48 mmol/h in hour 1 for diet S and
63-69 mmol/h for diet P), decreased dur-
ing the first 3 h to a minimum value





(28-30 mmol/h for diet S, 41-42 mmol/h
for diet P) and then progressively
increased to a maximum value during the
last 3 h of the study. This maximum value
(mean of the last 3 h) was lower after the
long period of adaptation (SC 96 % of the
first hour, PC 103 %) than after the short
period (SA 126 %, PA 160 %). The hourly
amounts of VFAs absorbed were higher
after the intake of diet P than after that of
diet S for the same length of adaptation.
The differences became significant for the
short period from hour 4, and only from
the hour 6 for the long period (except at
hours 9 and 10, NS). Pooling the animals
according to the diet independently of the
adaptation period showed that the diet had
a significant effect (P < 0.05 to 0.001)
throughout the postprandial period (except
at hour 3, NS), the absorption of volatile
fatty acids being higher after the intake of
diet P. Moreover, it was observed that the
VFA absorption tended to be higher after

the meal when the animals were only
accustomed to their diet for a short period
(5 d) but the differences for all animals
whatever the diet were not significant.

Throughout the postprandial period,
the cumulated amounts of VFA absorbed
within 12 h were higher after the intake
of diet P than after that of diet S, whether
the adaptation period was short (SA 566.2
± 20.3 mmol versus PA 906.1 ± 92.3
mmol, P < 0.01) or long (SC 470.2 ± 32.9
mmol versus PC 752.6 ± 101.8 mmol, P <
0.05). The diet effect was thus highly sig-
nificant for diet P (P < 0.001). However,
the ’adaptation period’ effect was not sig-
nificant even if VFA tended to be more
absorbed after a short period of adapta-
tion.

The differences recorded for individ-
ual VFA were similar to those recorded
for total VFA (table V). Thus, the amounts
of acetic and propionic acid absorbed





within 12 h were higher after the intake
of diet P than after the intake of diet S
whether the adaptation period was short
(SA versus PA: P < 0.01 for acetic acid; P
< 0.05 for propionic acid) or long (P <

0.05 for acetic and propionic acid), even
more for the overall comparison of the
two diets (SC + SA versus PC+PA: acetic
acid P < 0.001; propionic acid P < 0.005).
On the contrary, the difference for butyric
acid was only significant (P < 0.05) for
the overall comparison. The VFA mixture
appearing within 12 h in the portal blood
contained a higher percentage of acetic
acid and a lower percentage of propionic
acid after the intake of diet P than after
that of diet S. This was significant for the
short adaptation period (SA versus PA)
and for the overall comparison of the data
(SC + SA versus PC + PA). Despite
changes in composition, the weight of total
fatty acids absorbed within 12 h remained
lower after the intake of diet S (SC
32.20 g; SA 38.20 g) than after that of diet
P (PC 50.48 g; PA 60.21 g). The cumula-
tive absorption of volatile fatty acids for
12 h led to an energy supply much lower
after the intake of diet S (SC:
142.9 cal/12 h, SA 165.7 cal/12 h) than
after that of diet P (PC 217.0 cal/12 h; PA
254.9 cal/12 h). This energy absorption
during the first 12 h after the meal repre-
sented 3.8 (SC) to 4.4 % (SA) of the
ingested crude energy from the bran diet
and 5.9 (PC) to 6.9 % (PA) for the sugar
beet fibre diet.

4. DISCUSSION

The aim of this study, using the pig as
a model for humans, was to analyse the
influence of the type of dietary fibre on
the absorption of nutrients released by the
enzymes in the small intestine and by the
microflora (VFAS) in the large intestine
after the intake of a diet similar to that
consumed by humans. Hence, nutrients
such as potato flour, fish proteins, ground-

nut oil and sucrose were mixed in pro-
portions close to those found in human
diets.

The limits of the method used to quan-
tify absorption kinetics have already been
discussed [24, 26]. The main limitation of
this method is related to the metabolism
in the epithelial cells which can take up a
part of the nutrients released in the intesti-
nal lumen (glucose and amino acids: Rerat
et al. [33]), but also metabolites produced
by microbial fermentation [18]. Addi-
tionally, this method also has limitation
in terms of adequacy between the volume
of blood sampled and the length of the
period necessary for sampling. Thus, it
was difficult to obtain blood samples rep-
resentative of the whole period of diges-
tion and absorption without affecting the
blood volume and the haematocrit. It has
been well established that the enzymatic
digestion of large amounts of starch can
last for 15 to 18 h for large meals [23].
Moreover, the length of the food transit
in the proximal gastro-intestinal tract up to
the ileocaecal valve ranges from 4 to
14-18 h depending on whether the first
or the last fractions of the meal are con-
sidered [7]. According to Hecker and
Grovum [11], an additional period of 30 h
is necessary for the transit in the large
intestine; consequently, the mean reten-
tion time in the total digestive tract ranges
from 20 to 53 h, depending on whether
the first or the last fractions of the meal
are considered. Thus, to study the total
absorption of nutrients originating from
the enzymatic digestion, the establishment
of intestinal balances for a given meal
would require blood samplings for 18 h h
during the postprandial period. However,
according to the variation in the post-
prandial concentrations of these nutrients
the porto-arterial differences generally
became low or nil after hour 12 and more
than 90 % of the absorption of nutrients
occurred during the first 12 h after the
meal. Therefore, the absorption of nutri-



ents after this period can be considered
negligible. On the contrary, studying the
total absorption of microbial metabolites
originating from a given meal would
require blood samplings for 48 to 50 h.
Moreover, the fermentable material pre-
sent in the large intestine corresponds to
residues from several successive meals

[29] and only experimental devices such as
radio isotopes would make it possible to
separate the fermentation products of the
experimental meal from the others. Hence,
only partial balances can be established
and only comparisons on a relatively short
period after the experimental meal
( 12-24 h) can be made when the maxi-
mum fermentation originating from the
experimental meal takes place, the prod-
ucts of which add to those in smaller
amounts originating from previous meals
[29]. Thus, the experimental design con-
stitutes a compromise for obtaining data
for VFA during maximum fermentation
over the 12 to 24 first hours after the

experimental meal, and for glucose and
amino-nitrogen over the 12 first hours fol-
lowing a new experimental meal, after
24 h fast for avoiding residual absorption
from preceding meals.

The portal flow rate expressed relative
to the animal weight (mL/kg/min) was
slightly lower than in previous studies [25,
33]. This difference can be explained by
the fact that, in the present experiment,
the animals were heavier than in the pre-
vious ones. Moreover, it is well estab-
lished that, from 40 kg live weight, there
is a negative allometry between the
increase in the weight of the viscera (and
consequently the blood volume which irri-
gates them) and the weight of the animal
[17].

The variation in the portal and arterial
concentrations of glucose is similar to that
found after the intake of starch-rich diets
in previous studies [9, 27]. It should be
emphasized that, with the type of diet used,
the porto-arterial differences at the 12th

hour were almost nil or even negative cor-
responding to the end of the enzymatic
digestion of starch. The percentage of glu-
cose appearing in the portal blood during
the enzymatic digestion represented only
58-97 % of the carbohydrates ingested,
what is left corresponding to the volume of
residues emptied towards the large intes-
tine plus the glucose uptake by the gut
wall. The negative influence of the pres-
ence of large amounts of fibre on the
digestibility of starch could thus be indi-
rectly estimated. The glucose absorption
seemed to be only slightly modified by
the type of fibre in this case since absorp-
tion coefficients after 12 h were not dif-
ferent whatever the diet and whether the

period of adaptation was long (SC 58 %
versus PC 69 %) or short (SA 86 % versus
PA 97 %). In contrast, shortening the
adaptation period seemed to increase the
enzymatic digestion of carbohydrates and
glucose absorption with a subsequent
increase in hourly amounts absorbed dur-
ing the first hours as well as in the total
amounts. The possible cause for the more
efficient absorption after a short period of
adaptation is the possible slowing down
of the transit time in the proximal small
intestine when feeding an unusual fibre-
rich diet without a previous adaptation.
This could lead to a prolonged contact
between feeds and enzymes and between
the nutrients released and the absorptive
walls thus enhancing both the enzymatic
degradation and the absorption. In sup-
port of this hypothesis, Entringer et al. [8]
suggested that digestibility increased with
a decreasing transit rate in the small intes-
tine.

The variation in the arterial and portal
concentrations of amino-nitrogen observed
in the present trial was similar to that
described in previous studies using simi-
lar types of diets [30]. The total absorp-
tion coefficients within 12 h were very
high (85-128 %), although the absorption
process was not completed, the porto-arte-



rial differences being still found signifi-
cant after 12 h. The absorption of larger
amounts of amino-nitrogen than those
ingested accounted for the recycling of
endogenous nitrogen which can be very
marked [31-33]. Similarly to the absorp-
tion of glucose, that of amino-nitrogen did
not seem to be modified by the type of
fibre since the absorption coefficients after
12 h were not different for either diet,
whether the period of adaptation was long g
(SC 85 % versus PC 96 %) or short (SA
128 % versus PA 124 %). In contrast,
shortening the adaptation period led to a
more rapid and increased appearance of
amino-nitrogen in the portal blood, as in
the case of glucose. The influence of the
period of adaptation was significant for
the hourly amounts absorbed during the
first hours and for the total amounts
absorbed within 12 h. An explanation sim-
ilar to that given for glucose can be pro-
vided for amino-nitrogen.

The concentrations of volatile fatty
acids in the portal blood decreased until
hour 3 or 4 in all cases, whereas the arte-
rial concentrations remained stable. This

phenomenon can be attributed to the
decrease in easily fermentable substrates
originating from the last meal ingested the
day before [29]. The subsequent increase
in the portal concentration corresponded to
the arrival of fresh residues at the level of
the large intestine. It has long been estab-
lished that the transit time of the first frac-
tions of a meal in the small intestine is

approximately 4-6 h [7]. From hour 6, the
porto-arterial differences however were
much larger after the intake of the sugar
beet fibre diet than after that of the bran
diet. After 4 h, these differences led to the
absorption of larger amounts of volatile
fatty acids after the intake of the sugar
beet fibre diet than after that of the bran
diet. The same was observed for the total
amounts of volatile fatty acids absorbed
within 12 h. In contrast, the adaptation
period had no significant influence on the

absorption of volatile fatty acids. This
result was not in agreement with the data
of a previous experiment [9] which
showed a higher VFA absorption when
the adaptation period was extended from
21 to 28 d. The experimental conditions,
especially the type of fibre and the length
of the periods considered, were different in
this other work.

Unlike in portal blood, the mixture of
individual VFA present in the arterial
blood was almost exclusively composed of
acetic acid. This provides further evidence
for the large uptake of propionic, butyric,
isovaleric and valeric acid by the liver
[29]. A major fraction of acetic acid was
also taken up by the liver since the con-
centration in the arterial blood was 2 to 4
times lower than in the portal blood
according to sampling time, but a portion
of it escapes liver metabolism by being
taken up by peripheral tissues, particularly
muscles [21]. The type of fibre introduced
into the diet can modify the composition of
the VFA mixture absorbed. Replacing
wheat bran by sugar beet fibre led to an
increase in acetic acid and a decrease in

propionic acid. Modifications in the com-
position of VFA produced were also
observed when using other fibres [3] or
when hydrogenated sugars were intro-
duced into the diets [34]. The proportion of
butyrate seems to be lower in the pig
(7-15 %) than in humans (20 %), but this
could be due to the type of fibre.

As regards energy, the production of
volatile fatty acids during the 12 h fol-
lowing the meal corresponded to

0.17-0.18 kcal/h/kg live weight for diet
S and to 0.25-0.27 kcal/h/kg live weight
for diet P. These values, which were much
lower than those found with other diets

[9, 24, 29, 39], could be explained by a
difference in the ileal digestibility of the
carbohydrates present in the different diets.

In conclusion, the type of fibre present
in pig diets (wheat bran versus sugar beet
fibre) at an inclusion level of 10 % pro-



duced a change in the amounts of volatile
fatty acids appearing in the portal blood
following the meal, but did not modify
the absorption of nutrients originating from
enzymatic hydrolysis in the small intes-
tine. Diets containing sugar beet fibre led
to the absorption of larger amounts of
volatile fatty acids than those containing
wheat bran. The proportion of acetic acid
in the mixture absorbed was higher and
that of propionic acid lower. Shortening
the period of adaptation (5 d versus 30 d)
did not cause any modification in the pro-
duction of volatile fatty acids whereas it
led to an increase in the absorption of
nutrients originating from the enzymatic
digestion in the small intestine.

ACKKNOWLEDGEMENTS

The authors would like to thank P. Vais-
sade, R. Calmes and P. Vaugelade for their
technical assistance, G. Brachet for skilful care
of animals, J. GaII6 for drawings and C. Gay for
the translation of the manuscript into English.

REFERENCES

[1] Anderson J., Physiological and metabolic
effects of dietary fiber, Federation Proc. 44
(1985)2902-2906.

[2] Arsac M., Rerat A., Technique de fistulation
de la veine porte chez le porc, Ann. Biol.
Anim. Bioch. Biophys. 2 (1962) 335-343.

[3] Bach Knudsen E., Jensen B.B., Hansen I.,
Digestion of polysaccharides and other major
components in the small and large intestine of
pigs fed on diets consisting in oat fractions
rich in I3-D-glucan, Br. J. Nutr. 70 (1993)
537-556.

[4] Brodribb A.I.M., Humphreys D.M., Diver-
ticular disease: three studies 2. Treatment
with bran, Br. Med. J. 1 (1976) 425-428.

[5] Burkitt D.P., Epidemiology of cancer of the
colon and rectum, Cancer 28 (1974) 3-13.

[6] Burkitt D.P., Walker A.R.P., Effect of dietary
fibre on stool and transit-times, and its role in
the causation of disease, Lancet 2 (1972)
1408-1414.

[7] Darcy B., Laplace J.P., Villiers P.A., Diges-
tion dans 1’intestin grêle chez le porc 2) Cin6-
tique compar6e de passage des digesta selon

le mode de fistulation ileocoecale ou ileo-

colique postvalvulaire, dans diverses condi-
tions d’alimentation, Ann. Zootech. 29 (1980)
147-177.

[8] Entringer R.P., Plumlee M.P., Conrad J.H.,
Cline T.R., Wolfe S., Influence of diet on
passage rate and apparent digestibility by
growing swine, J. Anim. Sci. 40 (1975)
486-494.

[9] Giusi-P6rier A., Fiszlewicz M., Rerat A.,
Influence of diet composition on intestinal
volatile fatty acids and nutrient absorption in
unanesthetized pigs, J. Anim. Sci. 67 (1989)
386!02.

[10] Graham H., Aman P., The pig as a model in
dietary fibre digestion studies, Scand. J. Gas-
troenterol. 22, suppl. l29 (1987) 55-61. 1.

[11] ] Hecker J.F., Grovum W.L., Rates of passage
of digesta and water absorption along the
large intestines of sheep, cows and pigs, Aus-
tralian J. Biol. Sci. 28 (1975) 161-167.

[12] Henry Y., Rerat A., Influence des taux
6nerg6tiques et azot6s dans I’alimentation du
porc en croissance, Ann. Biol. Anim.
Biochen. Biophys. 4 (1964) 263-271. 1.

[13] Hill J.B., Kessler G., An automated determi-
nation of glucose utilizing a glucose -oxi-
dase- peroxidase system, J. Lab. Clin. Med.
57 ( 1961 ) 970-980.

[14] Hodgman C., Handbook of Chemistry, 40th
ed., Chemical Rubber Publishing, Cleveland,
OH, 1959.

[15] Jenkins D., Jenkins A., The clinical implica-
tions of dietary fiber, Adv. Nutr. Res. 6 (1984)
169-202.

[16] Kritchevsky D., Dietary fiber, Annu. Rev.
Nutr. 8 (1988) 301-328.

[17] Laplace J.P., Mensurations, in vivo et post-
mortem, et croissance de I’intestin grêle chez
le porc, Ann. Zootech. 19 (1970) 465-469.

[18] Ly J., Caecal function in the pig: VFA content
and utilization by the caecal wall, Cuban J.
Agric. Sci. 8 (1974) 247-254.

[19] Palmer D.W., Peters R., Single automatic
determination of amino groups in

serum/plasma using trinitrobenzene sulfonate,
in: Automation in Analytical Chemistry,
Technicon Symposia, Technicon, New York,
1966, pp. 324-327.

[20] Pethick D.W., Lindsay D.B., Barker P.J.,
Acetate supply and utilization by the tissues
of sheep in vivo, Br. J. Nutr. 46 (1981)
97-I 10.

[21 ] Remesy C., Contribution a 1’etude de la pro-
duction et du m6tabolisme des acides gras
volatils chez le rat, these. Universit6 Cler-
mont-Ferrand, 1973.

[22] Rerat A., Mise au point d’une m6thode quan-
titative d’6tude de l’absorption chez le porc,



Ann. Biol. Anim. Biochen. Biophys. 11 1

(1971)277-279.
[23] Rerat A., Chronolologie et bilans de 1’absorp-

tion des sucres r6ducteurs et de 1’azote a-
amin6 chez le porc selon la nature des ali-

ments, Bull. Acad. Nat. Med. 165 (1981)
1131-1137.

[24] Rerat A., Influence of the nature of carbohy-
drate intake on the absorption chronology of
reducing sugars and volatile fatty acids in the
pig, Reprod. Nutr. Dev. 36 (1996) 3-19.

[25] Rdrat A., Vaissade P., Relations entre la prise
alimentaire et la consommation d’oxyg6ne
des organes drain6s par la veine porte chez
le porc dveiII6, Reprod. Nutr. Dev. 33 (1993)
1-17.

[26] Rerat A., Vaugelade P., Villiers P., A new
method for measuring the absorption of nutri-
ents in the pig: critical examination, in: Low
A.G., Partridge LG. (Eds.), Current Concepts
of Digestion and Absorption in Pigs, Ayr,
NIRD-HRI Technical Bulletin 3, 1980,
pp. 177-216.

[27] Rerat A., Vaissade P., Vaugelade P., Absorp-
tion kinetics of some carbohydrates in con-
scious pigs. 1) Qualitative aspects. 2) Quan-
titative aspects, Br. J. Nutr. 51 (1984)
505-529.

[28] Rerat A., Chayvialle J.A., Kande J., Vaissade
P., Vaugelade P., Bourrier T., Metabolic and
hormonal effects of test meals with various

protein contents in pigs, Can. J. Physiol. Phar-
macol. 63 (1985) 1547-1559.

[29] Rerat A., Fiszlewicz M., Giusi A., Vauge-
lade P., Influence of meal frequency on post-
prandial variations in the production and
absorption of volatile fatty acids in the diges-
tive tract of conscious pigs, J. Anim. Sci. 64
(1987) 448-456.

[30] Rerat A., Vaissade P., Vaugelade P., Absorp-
tion kinetics of dietary hydrolysis products
in conscious pigs given diets with different

amounts of fish proteins 1) Aminonitrogen
and glucose, Br. J. Nutr. 60 (1988) 91-104.

[31 ] Rerat A., Simoes Nunes C., Mendy F., Roger
L., Aminoacid absorption and production of
pancreatic hormones in non anaesthetized
pigs after duodenal infusions of milk

hydrolysates or free aminoacids, Br. J. Nutr.
60 (1988) 121-136.

[32] Rerat A., Vaissade P., Vaugelade P., Quanti-
tative measurement of endogenous
aminoacids absorption in unanaesthetized
pigs, Arch. Tieremährung 38 (1988) 463-479.

[33] Rerat A., Simoes Nunes C., Mendy F., Vais-
sade P., Vaugelade P., Splanchnic fluxes of
aminoacids after duodenal infusion of car-

bohydrate solutions containing free
aminoacids or oligopeptides in the non anaes-
thetized pig, Br. J. Nutr. 68 (1992) 111-138.

[34] Rerat A., Giusi-P6rier A., Vaissade P.,
Absorption balances and kinetics of nutrients
and bacterial metabolites in conscious pigs
after intake of maltose or maltitol-rich diets,
J. Anim. Sci. 71 (1993) 2473-2488.

[35] Rigaud D., Royer I., Les fibres alimentaires:
r6alit6s et fictions, Gastroenterol. Clin. Biol.
12(1988)133-148.

[36] Schiemann R., Nehring K., Hoffmann L.,
Jentsch W., Chudy A., Energetische Futter-
bewertung und Energienormen, VEB
Deutscher Landwirtschaftverlag Berlin, 1971, 1,
p. 344.

[37] Snedecor G.W., Cochran W.G., Statistical
Methods, Iowa State University Press, Ames,
Iowa, 1967, p. 593.

[38] Vahouny G.V., Cassidy M.M., Dietary fibers
and absorption of nutrients, Proc. Soc. Exp.
Biol. Med. 180 (1985) 432-446.

[39] Yen J.T., Nienaber J.A., Hill D.A., Pond
W.G., Potential contribution of absorbed
volatile fatty acids to whole-animal energy
requirement in conscious swine, J. Anim. Sci.
69 (1991) 2001-2012.


