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Abstract

There is now substantial evidence that some dietary polysac-
charides, notably dietary fiber, escape absorption in the small
bowel and are then broken down in the large intestine of man.
The main end products of this colonic digestive process, which
is anerobic, are short chain fatty acids (SCFA), and acetic,
propionic, and butyric acids. Although these acids are known
to be absorbed from the colon, their subsequent fate and
significance is unknown. We have measured venous blood
SCFA levels in healthy subjects after a 16-h fast, and then
following oral doses of either 50 mmol SCFA, 5, 10, or 20 g
doses of the fermentable carbohydrate lactulose, or 20 g of
pectin. Fasting venous blood acetate was 53.8+4.4 pmol/liter
(SEM) (n = 14). Fasting arterial blood acetate, taken simul-
taneously with venous blood in six subjects, was higher;
125.6+13.5 umol/liter (arterial) vs. 61.1+6.9 pumol/liter (ve-
nous). Significant levels of propionate or butyrate were not
detected in any blood samples. Following an oral dose of 50
mmol mixed SCFA, venous blood acetate reached a peak of
194.1+57.9 umol/liter at 45 min and returned to fasting levels
at 2 h. Blood acetate also rose in response to lactulose, peak
levels occurring 2—4 h after the dose: 5 g, 98.6+23.1 umol/
liter; 10 g, 127.3+18.2 umol/liter; and 20 g, 181.3+23.9 umol/
liter. Pectin fermentation was much slower, with blood acetate
levels starting to rise after 6 h and remaining elevated at about
twice fasting levels for the subsequent 18 h. However, areas
under the blood acetate curves were closely related (r = 0.97;
n = 5), whatever the source of acetate. These studies show
that the large intestine makes an important contribution to
blood acetate levels in man and that fermentation may influence
metabolic processes well beyond the wall of this organ.

Introduction

Carbohydrate breakdown by the anerobic flora of the gut is
an important component of digestive physiology and metab-
olism in ruminants (1, 2) and is known as fermentation. In
monogastric species, such as the horse (3), pig (4), guinea pig
(5, 6) and rat (7), fermentation occurs principally in the large
intestine and, although quantitatively less than in the rumen,
is nevertheless a significant contribution to the nutrition of
these mammals (8-10). Fermentation also occurs in the large
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intestine of man (11) but its place, both in the normal function
of the bowel and in metabolic events outside the colon,
remains largely unknown.

The main end products of fermentation are short chain
fatty acids (SCFA),' acetic, propionic and butyric acid, which
are the predominant anions in human feces (12). The gases
methane, hydrogen, and carbon dioxide are also produced.
Hydrogen and methane are not formed by human tissues and
their excretion both in breath and per rectum has been used
to monitor colonic carbohydrate metabolism in man (13-15).
Fermentation is also the way in which the microflora of the
large intestine obtain energy for maintenance of cellular func-
tion and growth (16, 17). )

SCFA are the major product of fermentation and potentially
the most important to the host. They are absorbed rapidly
from the colonic lumen (18, 19) but their fate beyond this has
been little studied in man. In the ruminant animal, these fatty
acids make a major contribution to energy metabolism (1).
Butyrate and propionate are largely cleared by the colonic
mucosa or liver while acetate passes into the peripheral circu-
lation (20, 21). In man, butyrate is metabolized by the colonic
epithelial cells (22), but the fate of colonic acetate and propi-
onate is not known. To investigate this we have measured
SCFA in peripheral venous blood after either direct absorption
from the gut or during fermentation of the disaccharide
lactulose or the polysaccharide pectin.

Methods

Subjects

14 healthy subjects, all of whom were university students or staff (2
female, 12 male), average age 24.5 yr (range, 19-41) took part in the
studies.

Protocols

From six subjects, single 10-ml samples of venous and arterial blood
were taken from the forearm after an overnight fast. The other eight
subjects participated, in groups of five, in a series of three experiments
all of which were carried out in the metabolic suite of the Dunn
Clinical Nutrition Center. Subjects lived at the Center and all diets
were supplied from the metabolic diet kitchen. They were encouraged
to lead as normal a life as possible except during the actual hours of
the tests. During the day before a study, subjects were asked to avoid
foods containing dietary fiber. At 7 p.m. that evening, a polysaccharide-
free meal was eaten consisting of prawns, 50 g; mayonnaise (made
from olive oil, egg yolk, and salt), 50 g; chicken, 50 g; 2 eggs, 100 g;
butter, 18 g; meringue, 41 g; double cream, 53 g; cheddar cheese, 44
g; and coca cola, 330 ml. (Nutrient composition: energy, 6.1 MJ;
protein, 52 g; fat, 108 g; carbohydrate [no starch or fiber], 75 g). The
subjects then fasted until 8 a.m. the following day when the studies
commenced.

In the initial experiment, a 400 ml drink of Perrier water was given

1. Abbreviations used in this paper: GC, gas chromatography; SCFA,
short chain fatty acids.



at the start (08.00 h) either on its own (control) or containing 30 mmol
acetate, 10 mmol propionate, and 10 mmol butyrate as the sodium
salts adjusted to pH 7.0 with | M NaOH. The order in which the
drinks were taken was randomized. Venous blood samples were
obtained at 15-min intervals for 2h and then every half-hour for
another 2 h. Breath hydrogen was collected every 10 min and urine at
the start and end of the study. The subjects rested in a comfortable
chair throughout.

In the next study, five subjects followed a similar dietary protocol
on the first day and then on the second day at 8 a.m. took, in random
order, either 5, 10, or 20 g of lactulose as a syrup (Duphalac; Duphar
Ltd., Southampton, England; containing 3.35 g lactulose, 0.3 g lactose,
and 0.5 g galactose/5 ml). Venous blood was sampled every half-hour
and breath every 10 min until such time as breath hydrogen excretion
had returned substantially to basal levels, usually at least 6 h. Urine
was collected at 0, 4, and 6 h. Subjects who had not already done a
control study with water alone did so.

Finally, five subjects were studied for 24 h after a dose of 20 g
pectin. The day before the study the subjects followed the same dietary
protocol as before, but on the day of the study at 08.00 h after
collection of fasting blood, breath, and urine, a breakfast was eaten
consisting of 2 eggs (100 g), lean bacon (25 g), jelly (44 g jelly powder)
with or without pectin (20 g), double cream (50 g), and tea or coffee.
During the rest of the day, meals were eaten at 4-h intervals and a
drink was given two-hourly. The menu consisted of: lunch—lamb (50
g), cheese (30 g), chicken (50 g), lemonade (330 ml); dinner—pork
(100 g), cream caramel (made from one egg [50 g], egg white [50 g],
double cream [12 g), sugar [20 g]) with double cream (30 g), coca cola
(330 ml); evening snack—cheese (40 g), salmon (30 g), coca cola (330
ml). (Total nutrient composition: energy, 8.6 MJ; protein, 129 g; fat,
112 g; carbohydrate, 138 g [no starch or fiber]). Blood was taken
hourly during the day until midnight and every 2 h through the night.
Breath was sampled every half hour until midnight and again every 2
h during the night. Urine was collected every 6 h. Subjects rested
quietly in their rooms throughout the whole 24-h period.

All venous blood was obtained from the forearm, without compres-
sion, using an indwelling 20 g intravenous catheter (Jelco Ltd., Tampa,
FL), kept open by flushing on each occasion with about 1 ml of a
solution of dilute heparin (100 units/ml). Blood was collected into
tubes containing lithium-heparin anticoagulant, centrifuged immediately
(1000 g for 10 min), and then plasma was taken straight for SCFA
analysis. End-expiratory breath was collected in a sampler which traps
expired air in a collapsible polythene tube, similar to a party blower
(H. S. Wiggins, unpublished data).

The studies were approved by the Ethical Committee of the MRC
Dunn Nutrition Unit.

Chemical methods

All chemicals were either Aristar (BDH Chemicals Ltd., Poole, England)
or the highest available purity. Chemicals were checked for acetate
contamination before use by gas chromatography (GC) and those
containing >2 umol/liter were rejected.

Breath analysis. Methane was measured by GC using a Pye 104
gas chromatograph (Pye Instruments, Cambridge, England) fitted with
a 2 ml gas sampling loop and a flame ionization detector. Methane
was separated on a 2 m X 4 mm glass column packed with Poropak-
Q (Alltech Associates, Carnforth, England) at 50°C using nitrogen as
carrier gas. The instrument was calibrated with a 50 ppm standard gas
(British Oxygen Co. Wolverhampton, England).

Hydrogen was measured with a selective electrochemical cell (GMI
Exhaled Hydrogen Monitor, GMI Medical Ltd., Renfrew, Scotland),
calibrated with a 96 ppm standard gas. All breath samples were taken
in duplicate and simultaneous samples of room air were used on each
occasion as a control.

SCFA in blood. Plasma SCFA were determined in duplicate by
GC following vacuum transfer (23, 24). Afier the plasma had been
obtained, it was kept at 4°C until the start of the vacuum transfer
procedure which was usually within 2-4 h of collection. Vacuum

transfer was accomplished using a round-bottomed flask of ~50 ml
capacity (5 cm external diameter, Quickfit 14/23 ground glass joint)
connected to a 10-ml conical tube (12 X 1.5 cm, Quickfit 14/23) by a
10-cm, U-shaped connecting piece which was fitted with a Quickfit
glass tap (STO 1-2) (Camlab, Cambridge, England). The glass joints
and taps were lubricated with a hydrocarbon-based grease.

To 1 ml of plasma in the flask was added 1 ml of 0.36 M perchloric
acid and 80 nmol propionic acid as internal standard. The acidified
mixture was shell frozen using liquid nitrogen. 0.25 ml of 1 M sodium
hydroxide solution was simultaneously frozen in the conical tube.
Immediately after freezing, the flask and conical tube were connected
to the U-tube and then evacuated to <0.1 mbar with a double-stage
vacuum pump. Evacuation was complete within 60 s in satisfactory
assemblies. After evacuation, the conical tube was immersed in liquid
nitrogen contained in a Dewar vessel (22 X 20 cm, internal dimensions)
so that the lower 1-2 cm of it was covered. The flask remained at
room temperature on the outside of the vessel, thus creating a
temperature gradient for the transfer of water and volatile materials
from flask to tube. A series of studies to check the recovery of SCFA
from plasma were undertaken. '“C-labeled acetate, propionate, and
butyrate (Radiochemical Center, Amersham, England) were added to
fasting plasma and the procedure stopped at intervals for up to 2 h.
Fig. 1 shows that recoveries were maximal after 1h, although in
practice the freeze-transfer procedure was allowed to continue for
about 2 h. At 2 h, mean (+SEM) recoveries were acetate, 97.3+0.8%;
propionate, 83.6+0.8%; and butyrate, 79.6+0.8%. Recoveries from
urine were in the range 92-100%. After transfer, the vacuum was
released and the assembly removed from the Dewar vessel. Any
condensate that had frozen around the neck of the conical tube was
allowed to thaw. The contents were then mixed and refrozen before
freeze-drying over a phosphorus pentoxide mixture using a CO,-
methanol cold trap. Losses of “C-labeled SCFA were <5% during
freeze-drying. The dried samples were taken up in 100 ul of 3.33 M
phosphoric acid and 1 ul was injected onto the column. Acetate
standards were prepared from a stock solution (2.5 mmol/liter) and
25, 62.5, 125, and 250 nmol were added to 1 ml of the subject’s
fasting plasma to prepare a standard curve.

Chromatography. A Pye 304 gas chromatograph (Pye Instruments)
with a flame ionization detector was fitted with a 1.5m X2 mm
internal diameter glass column packed with phosphoric acid-treated
Tenax 60-80 mesh (a porous polymer based on 2,6-diphenyl-p-phenylene
oxide). The columns were conditioned at 150°C for several days before
use. The column temperature was 125°C, the injector and detector
temperature was 200°C, and argon carrier gas flow was 30 ml/min.
All gases were purified by passing through a molecular sieve and the
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Figure 1. Percent recovery of ['“Clacetate, propionate, and butyrate
from plasma at various stages during freeze-transfer. Mean+1 SEM. n
=4
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hydrogen for the detector was additionally purified by passing through
a combined molecular sieve cleaning column containing Chromopak.

The coefficient of variation for acetate measurements in 10 samples
from the same fasting plasma was 4.5% (average value, 18.9 pmol/
liter). Plasma samples without internal standard were run as blanks in
each experiment and were chosen to correspond to those with the
lowest and highest acetate concentrations. This was in order to check
on the appearance of propionate or butyrate during the study. Concen-
trations were <2 umol/liter in most samples.

Statistics. SCFA values were computed relative to the internal
standard by the peak-height ratio method and all results are given as
means+1 SEM. Statistical comparisons are with the Student’s ¢ test.
Areas under the curve were calculated from the equation:

t 0 1
Area = 2[(—)( +X)-I-'])(T

© 2
where X is the plasma acetate concentration (micrometer/liter) at time
0 to time n, T is the time interval in minutes, and F is the average
fasting blood acetate from the control study for that subject.

Results

Fasting. Fasting blood acetate was 53.8+4.4 umol/liter (range,
28.1-93.3) in the 14 subjects. In six subjects whose fasting
values were measured repeatedly (between three and eight
times) during the 6 mo of the study, the coefficient of variation
was 34.9+5.2%. No significant (<2.0 umol/liter) amounts of
propionate, butyrate, or isobutyrate were detected in fasting
blood. The subjects fasted for 12 h before each study but, in
addition, plant polysaccharides and other potentially ferment-
able carbohydrates such as starch were excluded from their
diet for the meal before the start of the fast. The effective
period without known fermentable material by mouth was
therefore at least 16 h. Prolonging this ‘“polysaccharide-free”
period to 36 h did not lead to significantly different fasting
blood acetate levels (55.5+11.0 umol/liter after 36 h, n = 5).
Fasting arterial blood acetates were significantly higher at
125.6+13.4 umol/liter than venous blood in the same subjects
taken concurrently at 61.1+6.9 umol/liter (¢ = 4.884, P
< 0.005, n = 6). No propionate or butyrate (<2 umol/liter)
was detected in arterial blood.

Fasting breath hydrogen was 13.6+2.2 ppm and was not
significantly correlated with blood acetate levels (r = 0.32).
Two of the seven subjects who undertook the feeding studies
had detectable levels of methane in breath (19 and 46 ppm
above room air in the fasting state).

SCFA by mouth. Fig. 2 shows the changes in blood acetate
levels during a 4-h period following a drink of water containing
the mixture of 30 mmol acetate, 10 mmol propionate, and 10
mmol butyrate or the control. Fasting acetate levels (42.4+5.5
pmol/liter) had doubled 15 min after the test dose, reached a
peak of 194.1+57.9 umol/liter at 45 min, and were back to
basal levels within 2 h. No significant rise in propionate or
butyrate was observed in any subject. Breath hydrogen was
unchanged during these studies.

Lactulose. Next, a study was undertaken using lactulose to
define the relationship between blood acetate and carbohydrate
fermentation in the colon. Fig. 3 shows blood acetate levels
over the first 6 h after the test doses. Lactulose always led to
a rise in acetate but there was a variable delay between
ingesting the dose and the onset of the rise in blood acetate.
With the 5 g dose, this varied from 90-300 min. The delay
became less as the dose increased: 5 g dose, 171+41 min; 10
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Figure 2. Plasma acetate in five subjects after drinking 400 ml Perrier
water (— @ —) or the same with the addition of 30 mmol acetate, 10
mmol propionate, and 10 mmol butyrate (— 0 —). Mean+1 SEM.

g dose, 94+19 min; and 20 g dose, 78+22 min. Similar delays
were seen in the onset of the rise in breath hydrogen. Peak
acetate concentrations increased progressively with the dose of
lactulose from 98.6+23.1 umol/liter (5 g) to 127.3+18.2 (10
g) and 181.3+23.9 umol/liter (20 g). The area under the acetate
curve was closely related to the dose of lactulose (Fig. 4).
Fermentation continued for several hours in each subject,
blood acetate returning finally to near fasting levels only 7-8
h after the test dose was taken (427+14 min [5 g], 438+29
min [10 g], and 446+42 min [20 g]).

Breath hydrogen excretion, which was monitored primarily
as a guide to the start and finish of the fermentative process
in the colon, showed similar qualitative changes to those in
blood acetate. The delay in the onset of the rise in breath
hydrogen diminished as the dose of lactulose increased: 174+38
min [5 g], 84+15 min [10 g], and 68+19 min [20 g]. Peak
hydrogen levels increased with increasing dose of lactulose:
42+8 ppm (5 g), 6219 ppm (10 g), and 129427 ppm (20 g).
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Figure 3. Plasma acetate in five subjects after drinking 400 ml Perrier
water (— @ —) or the same with the addition of either 5 g (— o0 —),
10 g (—w—), or 20 g (— o —) of lactulose. Mean+1 SEM.
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Figure 4. Changes in area under the blood acetate curve (test, aver-
age fasting value) in groups of five subjects after either 5, 10, or 20 g
of lactulose, @; 20 g pectin, 0; or 50 mmol SCFA, o; calculated as
being equivalent to the fermentation of 5 g of carbohydrate (see
reference 60). r = 0.97, mean+1 SEM.

Pectin. To observe fermentation from a polysaccharide
present naturally in foods and to compare the response with
that obtained with lactulose, studies were undertaken with
pectin. Initially subjects were followed for 6 h after the test
dose but this failed to record any change in blood acetate or
breath hydrogen. This position was not altered by giving pectin
with a polysaccharide-free meal. However, when subjects were
observed for 12 h, a rise in blood acetate was seen although
peak levels were not achieved. Therefore, it was decided to
study subjects for 24 h after the test dose and to include
regular polysaccharide-free meals throughout the period. A
control study with similar meals but without the pectin was
included.

Fig. 5 A shows that blood acetate levels rose significantly
after the pectin dose although they did not do so until 6 h
and showed a broad peak for 8-14 h subsequently. Blood
levels were still significantly above control values at 24 h.
Acetate was ~50 umol/liter throughout the 24-h control
period although it showed some cyclical changes. Peak blood
levels after pectin were 95.8+11.7 umol/liter and were signifi-
cantly less than after the 20 g dose of lactulose (181.3+23.9
umol/liter), but the area under the curve was similar to that
with the 20 g dose of lactulose (Fig. 4). Breath hydrogen (Fig.
5 B) followed a similar pattern to blood acetate, starting to
rise after 6 h and peaking at 15 h (~11 p.m.). Basal levels
were reached by 24 h.

Urine was collected throughout the 24-h period. It was
noted in every subject that despite a constant diet and fluid
intake, urine volumes significantly increased with the pectin
dose from 1713+175 (control) to 2278+207 ml (plus pectin)
(t = 4.7658, P < 0.01). 24-h urine acetate excretions were very
low at 56.1+3.5 umol (control) but increased slightly with
pectin to 86.8+13.1 umol ( = 3.0015, P < 0.05).

Discussion

The measurement of short chain or volatile fatty acids in
biological materials has never been easy as the many papers
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Figure 5. Plasma acetate (4) and breath hydrogen (B) in five subjects
while eating a polysaccharide-free diet (— @ —) or the same diet to
which 20 g of pectin had been added at time zero (8 a.m.) (— o —).
Mean+t1 SEM.

describing different techniques testify (23-32). Problems are
magnified with human plasma because the levels are 100 to
1000 times lower than in ruminal or colonic contents. We
chose to use the vacuum distillation technique (23, 24) coupled
to the GC method of Illman et al. (25). Vacuum transfer of
SCFA avoids steam distillation which can lead to decomposition
of acetyl groups from other plasma components and thus
falsely high acetate values (26). Solvent extraction after depro-
teinization, an alternative procedure, is also less than ideal
because high concentrations of mineral salts are used, which
makes further handling of the sample more difficult and leaves
a complex mixture of organic substances to prepare for chro-
matography (27). Vacuum transfer has the added advantage
that it concentrates the sample and thus reduces the volumes
of blood required. Initially, as an internal standard, we used
isobutyric acid (27), but found that its concentration fell off
rapidly on standing in orthophosphoric acid solution, due
probably to micellar separation (27, 32). The phenomenon
was less of a problem with propionate which Tollinger et al.
used (30). Care must still be taken, however, to minimize the
time between dissolving the residue from the freeze transfer
and injection onto the column. Propionic acid, however, is
suitable only for human peripheral arterial and venous blood
because propionate levels are insignificant (<2 umol/liter). In
blood where all three SCFA are present, such as portal blood,
isobutyrate is preferable. Like Illman et al. (25), we avoided
the use of formic acid in the procedure since we found all
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supplies to be unacceptably contaminated with acetic acid.
Small amounts of acetate were also found in the phosphoric
acid used to make up the standards but this was allowed for
in the calculations. Methodological problems which relate to
the storage of plasma samples before SCFA assay (30, 32)
were avoided by commencing the procedure immediately after
blood had been obtained from the subject.

Using this technique acetate was found in the fasting blood
of all subjects at an average concentration of 53.8+4.4 umol/
liter. These values are similar to those obtained by Tollinger
et al. (30) in 27 fasting subjects (51 umol/liter) using a similar
method but higher than those of Dankert et al. (33) (30.4
umol/liter) who used vacuum distillation but started with
serum rather than plasma from their 10 volunteers. Other
reports of fasting levels vary from 100 to ~1000 pmol/liter
(32, 34). Tangerman et al. (32) used vacuum distillation but
also formic acid. Other workers have not used the vacuum
transfer technique.

Acetate production during fasting could be from a number
of sources both endogenous (liver and peripheral tissues) and
exogenous (gut) (21, 35-39). In normal fasting animals, for
instance, circulating blood acetate is mainly endogenous (liver)
in origin in contrast to the fed state, as in the present study,
where the gut is the major source (38, 39). Human studies of
acetate metabolism during fasting are few (40, 41). However,
following ethanol ingestion (42, 43) and in diabetes (44),
endogenous production is significant. Plasma acetate concen-
tration and turnover in obese subjects after 1- or 2-wk fasting
too may be increased as a result of the conversion of free fatty
acids to acetate (40, 41).

No significant propionate, butyrate, isobutyrate, valerate,
isovalerate, or hexanoate was detected in venous blood in
these subjects either during fasting or after the stimulation of
fermentation. Acetate, propionate, and butyrate are all produced
during fermentation in the human colon (45) but butyrate is
metabolized by both rumen (21, 46) and colonic epithelium
(7, 47, 48). In man, the molar ratio of acetate to butyrate is
much higher in portal blood than in colonic contents (33).
The majority of both propionate and butyrate in portal blood
is cleared by the liver in both the ruminant (21) and rat (49).
The combined effect of colonic mucosal metabolism and
hepatic uptake from portal blood serves, therefore, to clear all
the propionate and butyrate absorbed from the hind gut and
this would appear to be the case in man. Acetate is utilized
by peripheral tissues in various mammals (37), including man
(40-43), and in our studies, there was evidence for this in the
significant fall in acetate concentration between arterial and
venous blood in fasting subjects.

Since it was possible that SCFA absorbed from the human
gut might be completely cleared from portal blood, it was
decided initially in the present study to give a single dose of
the three major SCFA by mouth, in the molar proportions
found in the colon of man (45), and observe their appearance.
As Fig. 1 shows, acetate appeared promptly in blood after an
oral dose and was cleared within 1 h in most cases. The rapid
appearance within 15 min of the dose suggests that the acids
were absorbed from the stomach. At the pH of the fasting
stomach (pH 1.5-2.0), these acids (pKa 4.8) would be proton-
ated, a form in which they are thought to cross the gut
epithelium readily (19, 50-52).

Lactulose is a disaccharide of galactose and fructose (0-8-
D-galactopyranosyl-1-4-D-fructofuranose) and has been used
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extensively in studies of gut function in man. It largely escapes
digestion in the small intestine but is broken down in the
colon (53), unless doses well in excess of 20 g are given. In
the present study, no subjects experienced any untoward
symptoms after taking lactulose but most noticed a temporary
increase in flatus production. Ingestion of lactulose led to a
rise in blood acetate in all subjects at all doses. The onset of
the rise was considerably delayed with the 5 g dose (171+41
min) but less so with the larger doses. This dose-related delay,
which has also been observed in studies of breath hydrogen
production (54, 55), is a function of the rate of passage of
lactulose through the small bowel, and in turn, can be explained
by the differing osmolar loads of the various doses. In contrast
to the rapid clearance of SCFA taken orally, blood acetate
levels were high for 4-5 h after the first rise following lactulose
in most subjects. This prolonged rise probably reflects the time
scale of the fermentative process and the fact that lactulose is
delivered to the cecum from the small bowel over a period of
time rather than as a single bolus as a result of gastric emptying
and passage through the small bowel. There was no suggestion
from these studies that fermentation proceeded any differently
after the second'and third dose which the subjects received.

Pectin is broken down in the human gut (56), almost
certainly in the large intestine (57). The rate at which it travels
through the stomach and small bowel and is fermented in the
colon is, however, slower than for a similar amount of lactulose.
This slower transit time was reflected in the 6-h delay between
the breakfast dose and the rise in either blood acetate concen-
trations or breath hydrogen. Levels then remained elevated for
a further 12 h. Fermentation of polysaccharides in wholewheat
bread is also prolonged for many hours (58) so that a subject
eating regularly will probably have blood acetate levels con-
stantly raised above basal values. The peak acetate concentration
after pectin was only half that seen after a similar amount of
lactulose but the area under the curve was not significantly
different for the two substances (Fig. 4). The clear difference,
however, in blood acetate levels after lactulose and pectin
shows that the physical properties of carbohydrate may be
important in determining the rate of SCFA production and
absorption in the colon. The total amounts of SCFA produced
during fermentation cannot be assessed from these experiments
but the areas under the curve for the acetate allow comparisons
to be made between carbohydrates in a similar way to those
which have been made using breath hydrogen (59).

The results of these studies are consistent with the view
that SCFA are absorbed from the gut but that propionate and
butyrate are cleared by the colonic mucosa and liver. Acetate
reaches peripheral tissues where it is metabolized. Venous
blood acetate in the nonfasting state can be quantitatively
related to carbohydrate breakdown in the colon although
concentrations vary with different substrates. Breath hydrogen
and blood acetate are related but not breath methane.
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