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Comparison between the bacterial and oligosaccharide
content of ileostomy effluent in subjects taking diets rich
in refined or unrefined carbohydrate
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SUMMARY Dietary surveys have shown that patients with Crohn's disease tend to eat more

sucrose than control subjects and this investigation was undertaken to determine whether a diet
rich in refined carbohydrate affects the bacterial flora of the terminal ileum. Ileostomy effluent in
five patients with Crohn's disease and five with ulcerative colitis after two weeks on a diet rich in
sucrose and refined cereal has been compared with the same period on a diet low in sucrose and
rich in unrefined cereal. Observations were made hourly for nine hours after equicaloric
breakfasts representing the two diets. The amount of ileostomy effluent was greater on the
unrefined carbohydrate diet both in terms of wet weight (238±89 g vs 162±79 g, p<0.02) and dry
weight (23.6±6.8 g vs 14-9±6-6 g, p<0-01); surprisingly, the amount of glucose and
oligosaccharide was also greater (169±41 mg vs 82±26 mg, p<0-001) in all 10 volunteers. The
bacteriological flora per gram was also higher on the unrefined carbohydrate diet after the test
meal (p<002 between three and six hours) as a result of a general increase in all organisms. The
relative proportions of the organisms did not vary between the two diets. No differences were

detected between patients with ulcerative colitis and those with Crohn's disease.

Dietary surveys have shown that patients with
Crohn's disease tend to eat more sucrose than do
control subjects.1-9 A diet rich in refined carbo-
hydrate is characteristic of northern Europe, an area
where the incidence of Crohn's disease has
increased markedly in the last 50 years. It seems
possible that such a diet affects the bacterial flora of
the terminal ileum and right colon, the commonest
site of Crohn's disease. We have therefore studied
the ileostomy effluent in 10 healthy subjects who
volunteered to take two diets, one rich in refined
carbohydrate and the other rich in unrefined carbo-
hydrate, each for a period of two weeks. This paper
reports that the bacterial flora differed at the end of
the test periods, the diet rich in unrefined carbo-
hydrate favoured the development of more profuse
flora, perhaps associated with the finding that the
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quantity of oligosaccharides in the effluent was
greater with this diet.

Methods

SUBJECTS
The study was carried out on 10 ileostomists.
Colectomy had been performed at least nine months
previously for colonic Crohn's disease in five (in one
patient 50 cm of terminal ileum had also been
removed) and for ulcerative colitis in the other five.
In each group there were three men and two
women. The average age was 44 years (range 22-68
years) in the Crohn's disease group and 50 years
(range 32-70 years) in the ulcerative colitis group.
No patient with Crohn's disease had evidence of
small bowel recurrence, although radiology was not
performed for this study. Three patients had had
perianal or perineal disease since surgery and in two
this was present at the time of the study. No patient
was taking anti-inflammatory drugs or had taken an
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antibacterial drug during the weeks preceding the
study, no antidiarrhoeal agents were consumed
during the study period.

DIET
Each subject took in random order for two weeks,
with a rest period of at least one week between, a
diet similar to an average Western diet which
contained much refined cereal food and sucrose with
little unrefined cereal (diet A) and a diet which
aimed to minimise refined cereal and sucrose with
the substitution of unrefined cereal foods (diet B).
The subjects were advised about the two diets by a
dietician and given a booklet of instructions. The
principles of the diets are shown in Table 1.

DIETARY ASSESSMENT
During each two week period the subject kept a
record of foods eaten on one day and at the end a
dietician made a quantitative assessment of the
cereals and sugar taken on that day using the tables
of Paul and Southgate.10

MEALS ON STUDY DAY
On the 15th day, after keeping to one of the diets for
the previous two weeks, the subject came to the
hospital after an overnight fast. A test breakfast of
composition corresponding to the diet period was
given. The two test breakfasts at the end of each diet
period were calculated to be equicaloric, contain

Table 1 Composition of the two diets tested

Foods allowed freely in dietA Foods allowed freely in diet B
and to be avoided in diet B and to be avoided in dietA

White or refined (other than Wholemeal bread (100%
100% extraction) flour in extraction), Ryvita, Ryking,
bread, cakes, biscuits, pastries, Macvita, oatcakes, porridge
spaghetti, macaroni, semolina oats, Shredded Wheat, Puffed
or pasta. Wheat, Weetabix,

Weetaflakes, Malted
Energen rolls or starch-reduced Shreddies, home made muesli
bread. without sugar. Bran, Hi-bran

or cereals containing bran.
Breakfast cereals other than
those listed opposite. Brown unpolished rice.

Wholemeal macaroni or pasta.
White or ground rice. Tapioca,
sago, arrowroot, cornflour, Unsweetened fruit.
custard, blancmange, ice
cream, instant pudding mixes. Unsweetened beverages and

drinks.
Sugar, sweets, confectionary,
sweetened preserves.

Sweetened beverages and
drinks.

Common to both diets: vegetables, milk and milk products, meat,
fish, eggs, fats and oils.

Table 2 Calculated composition ofthe two test breakfasts
taken before the collections ofthe ileostomy effluent

BreakfastA BreakfastB

Energy (Kcal) 445-0 430.0
Simple sugars (g) 13-5 3.5
Starch (g) 45-0 47-0
Fibre (g) 2.5 9-5
Protein (g) 13.0 14.0
Fat (g) 15-5 16-5

equal amounts of protein and fat, but to differ in
their relative contents of sucrose and dietary fibre
(Table 2).
The foods consisted of white bread and butter,

Rice Krispies, milk, sugar, and tea in one; whole-
meal bread and butter, Weetabix, milk and tea in
the other.
Four hours later one of two lunches was given

which were again equicaloric and differed similarly
in the ratio of simple sugars to dietary fibre. A
coloured marker was given to some patients with
this meal and ileostomy effluent was collected after
breakfast until this marker appeared at eight to nine
hours or for the same period in those not given a
marker.

COLLECTIONS FOR CHEMICAL ANALYSIS ON STUDY
DAY
The total output of ileostomy fluid for each hour was
collected into a container and cooled with solid
carbon dioxide. At the end of each hour the effluent
was stored at -25°C until analysis.

COLLECTIONS FOR BACTERIAL ANALYSIS
In an effort to maintain anaerobic conditions a Foley
catheter was inserted approximately 10 cm into the
ileostomy before the test breakfast and at the end of
each hour after breakfast until the marker appeared
and a sample of ileal contents was collected by
gentle suction into a syringe. Approximately 0-5 g of
this sample was immediately placed into a
preweighed bottle of cryoprotective glycerol brotht1
frozen on solid CO2 and maintained at -25°C until
analysis. The exact amount of ileostomy fluid was
determined from the increase in weight of the bottle
and contents.

QUANTITATIVE BACTERIOLOGICAL ANALYSIS
The samples were thawed rapidly at 37°C within a
flexible anaerobic chamber,12 homogenised using a
vortex mixer, and 25 gl aliquots of a decimal
dilution series (prepared in prereduced broth) were
pipetted on to the surface of a range of solid media
using a modification of the method of Miles and
Mistra. 13 The non-selective and selective media used
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were similar to those described by Borriello et a 14
with the exception that all media were supple-
mented with 1% neutralised liver digest (Oxoid
L27) and vitamin K, (1 mg/l) substituted for
menadione. The medium used for the isolation of
veillonellae was that of Rogosa's but with
vancomycin (7-5 mg/l) replacing the streptomycin.
Rifampicin agar'6 was prepared by adding 50 mg/l
rifampicin (as a solution in 50% dimethyl
sulphoxide) to supplemented brain-heart infusion-
blood agar. Enterococci were sought on gentamicin-
thallous acetate-carbonate medium. 17 Oral
streptococci were enumerated on Mitis-Salivarius
agar (Difco) and yeasts on Saboraud's medium with
40 mg/l chloramphenicol succinate added.
Clostridial spores were selected by treatment of the
dilution series with ethanol (final concentration
50%) for one hour at room temperature.t 8
Anaerobic media were incubated at 36°C for three
to five days under an atmosphere of 20% CO2 in H2.
Lactobacillus agar and Mitis-Salivarius agar were
incubated in 20% CO2 in air for two days. Aerobic
plates were examined after 18 hours and 48 hours
incubation. Colonies at appropriate dilutions were

counted and subcultured. Isolates were identified by
their growth in particular media, aerotolerance,
gram morphology, biochemical characteristics and
fermentation end-products. 12 14 19

CHEMICAL ANALYSIS
Wet and dry weight were assayed by weighing
before and after lyophilisation. The samples of
ileostomy fluid were first deproteinised by Carrez
reagents; zinc acetate in acetic acid and then
aqueous potassium ferrocyanide ;20 both of these
reagents give flocculent precipitates (to which the
protein adsorbs) which are removed by centrifuga-
tion together with the solid particulate matter, such
as dietary fibre, bacteria etc, present in the samples.
Analysis was carried out on the clear supernatant,
which appeared to contain no starch (as determined
by the starch-iodine reaction). Presumably the
starch was either in the particulate material or,
possibly, was coprecipitated with the protein. The
material analysed therefore contained mono-

saccharide, disaccharide, and the smaller molecular
weight polysaccharides - the oligosaccharides,
which contain 2-10 monosaccharide units.21 The
amount of glucose in the samples was assayed using
glucose oxidase and oligosaccharides in the sample
were assayed as glucose after hydrolysis with 2N
sulphuric acid.

BREATH HYDROGEN ANALYSIS

Two breath samples of alveolar air were taken at
each hour by a modified Haldane-Priestly tube and

assayed for hydrogen by gas chromatography.22

STATISTICAL ANALYSIS
Mean values were compared by Student's paired t
test.

Results

DIETARY ASSESSMENT (Table 3)
A dietary assessment was possible in seven of the 10
subjects; in one other subject the records were
difficult to interpret and the remaining two subjects
did not keep records. The results in Table 3 show
that compliance with the dietary advice was good,
although one of the subjects did not eat any refined
sugar even during diet A.

BIOCHEMISTRY (Table 4)
The mean total wet and dry weight of ileostomy
effluent was significantly higher on diet B than on
diet A. In all 10 subjects there was an increased
volume of effluent in the first sample after breakfast
and again at five hours (the first sample after lunch).
At these times the ratio of fluid to solid matter was
greater than at other times.
Although the total glucose and oligosaccharide

was less than 250 mg for the nine hour study period
in all 10 patients on either diet, the small amounts
present in ileostomy effluent were always higher on
diet B than on diet A, despite the fact that the intake
of sucrose and starch was very much lower on diet B
than on diet A. Similarly the concentration of
glucose and small oligosaccharides in all but one of

Table 3 Analysis offoods eaten on a representative day
during the preliminary run up period on the diet low in
unrefined carbohydrates (diet A) and high in unrefined
carbohydrate (diet B). No analysis was possible on three
subjects

Disease

Starch +
Fibre Sucrose dextrins

Patient Diet (g) (g) (g)

Crohn's 2 A 15-5 47-5 164-0
disease B 23-5 15.0 110.5

3 A 9-0 40-0 105-0
B 13.0 0 90.0

6 A 9-5 92-5 185-0
B 29-0 5-0 155-0

Ulcerative 7 A 19-5 115-0 215.0
colitis B 28-5 100 115-0

8 A 10-0 82-5 145-0
B 21-5 10() 100.5

9 A 19 5 117-0 165 5
B 29 0 trace 80 0

10 A 8 5 0 900
B 12.0 0 50-5
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Table 4 Physical and chemical characteristics ofthe ileostomy effluent collected during the whole study period after the two
test breakfasts

Concentration of
Total glucose glucose and small

Total wet weight Total dry weight and small oligosaccharide
Patient Diet excreted (g) excreted (g) oligosaccharide (mg) (mglg wet weight)

Crohn's disease
I A 108-1 11-1 71-5 0-66

B 165-1 13-6 120-4 0-73
2 A 271-2 22-6 85-5 0-32

B 376-8 34-3 169-1 0-50
3 A 76-3 9 3 91-6 1-20

B 138-2 19-8 222-6 1-61
4 A 121-9 11-7 93-1 0-76

B 207-9 19-3 221-0 1-06
5 A 104-3 8-6 42 8 0-41

B 354-2 32-2 147-9 0-42
Ulcerative colitis
6 A 86-5 8-0 37-5 0-43

B 130-7 18-2 118-0 0-90
7 A 142-0 11-8 108-2 0-76

B 183-1 18-1 210-5 1-15
8 A 234-6 21-2 78-2 0-33

B 305-1 28-2 196-4 0-64
9 A 179-8 18-0 95-1 0-53

B 298-7 25-1 135-8 0-46
10 A 294-0 26-4 117-8 0-40

B 219-4 26-8 148-4 0-68

Mean ± SD A 161-9±79-0 14-9±6-6 82-1±25-8 0-58±0-27
B 237-9±89-5 23-6±6-8 169-0±40-8 0-82±0-37

PAVSB t=-2-98 (p<0-02) t=-4-37 (p<0-01) t=-7-53 (p<0-001) t=-4-07 (p<0-01)

the subjects was higher on diet B than on diet A. In
all samples the amount of free glucose was lower
than the amount of oligosaccharide, usually by a
factor of 3.

BREATH HYDROGEN
No hydrogen was detected in the breath of any of
the nine patients studied on either diet.

BACTERIOLOGY (Table 5)
The maximum amount of effluent was produced in
the 0-1 hour and the 3-6 hour periods; the results
were analysed at 0-1 hour, 3-4 and 5-6 hours, after
the test breakfast. The total flora, as well as the total
obligate anaerobes, and total facultative anaerobes,
tended to be higher on diet B than on diet A, as
were all of the individual groups of organisms listed
(Table 5). All samples contained bacteria and the
predominant organisms were facultative
streptococci. Most contained anaerobes but
bacteroides and bifidobacteria, which between them
account for 99% of the normal faecal flora, were

often not present at all in these ileostomy samples.
Bacteroides spp were isolated from only three
patients and only regularly from two patients (one

Table 5 Bacterial counts (expressed as log,Jg wet weight
ofterminal ileum contents obtained by intubation) at
various points after the two test breakfasts

Bacterial
group Diet 0-1 hr 3-4 hr 5-6 hr

Total flora A 5.45±1.68¶ 653±1-12 6-79±1-15
B 6-85±1-15 7-24±1-12t 7-48±1-40t

Total faculta- A 5.34±1.61 6-48±1-18 6-75±1-14
tive anaerobes B 6.82±1-14 7-20±1-Ot 7-30±1.36

Streptococci A 5-14±1.70 6-28±1-10 6-52±1-01
B 6-45±0-91 7-04±1-03t 7.32±1.45*

Enterococci A 4-72±1.65 5-40±1.28 6-12±1-24
B 5-76±1-23 6*24±1.05t 6.77±1.44*

Enterobacteria A 3-75±1.55 3-94±1-58 4-72±1-59
B 5-30±1-84 4-80±2-12 5-41±1-91

Lactobacilli A 3-13±1.22 3.51±1.87 3-58±1-19
B 4-02±1-19t 4-33±1-58 4.62±1.39

Total obligate A 4.18±1.91 5-04±1.15 5-01±1-55
anaerobes B 5-08±1-44 5-42±1-54 5-42±2-11

Bacteroides A 2.72±0.88 3-22±1-21 3-16±1-05
B 3-65±1-39t 3-53±1-70 3-77±1-76

Veilionella A 3-08±0.83 4.51±1-23 4.23±1-35
B 4.60±1.75* 4-81+1*59 5-11±1-98

Clostridium spp A 3-65±2.03 3-94±1-61 3-86±1-52
B 4-23±1-60 3-88±1-47 4-40±1-91

Mean ± standard deviation. A<B paired t test.
*P<005; t p<0-02;f p<0-01.
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Crohn's disease and one ulcerative colitis) while
bifidobacteria were present in most of the samples
from two patients (both ulcerative colitis) and
occasionally from samples from three other patients.
Veillonella spp was the dominant anaerobe in nine
of the 10 patients. No differences were observed in
the ileal microflora of patients with Crohn's disease
compared with those with ulcerative colitis.

Discussion

As the incidence of Crohn's disease has increased
greatly in Europe during the last 50 years, it is
reasonable to look for an environmental factor. A
change in the composition of the diet could be
relevant and two characteristics of the present
Western diet are its high content of sucrose and
relatively low content of fibre. A series of dietary
surveys have all shown that patients with Crohn's
disease tend to eat more sucrose than healthy
control subjects or patients with ulcerative colitis.'-9
A retrospective study has suggested that a diet low
in refined, and high in unrefined, carbohydrate
benefited patients with Crohn's disease.23 It could
be that a large intake of sucrose affects the bacterial
flora of the distal ileum and colon, and thus, in some
way predisposes to, or perpetuates, the inflam-
mation of Crohn's disease. The experiment reported
here was designed to study the effect of altering
dietary sucrose and fibre on the bacterial flora of the
distal ileum under the artificial, but experimentally
convenient, conditions afforded by an ileostomy.

Equal numbers of subjects treated by colectomy
for Crohn's disease or ulcerative colitis were studied
in case the effect of diet proved to be different in the
two groups, though in the event the results were

indistinguishable. Patients took each diet for a total
of 15 days in the expectation that this equilibration
period would allow any change in gut flora asso-

ciated with the diet to become established. The test
meals taken under supervision on the 15th day were

not only characteristic of food taken in the previous
two weeks, but also carefully designed to alter only
sucrose and fibre, without alteration in protein, fat
or total calories. A controlled comparison of the
bacterial flora and the ileostomy effluent with each
of the diets was thus possible.
The luminal flora of the distal ileum was sampled

through a tube passed into the ileostomy and the
specimen was immediately frozen in transport
medium without exposure to air. Gorbach and his
colleagues observed that samples obtained from the
distal ileum by peroral intubation contained 80 times
fewer organisms than ileostomy effluent and that the
ratio of aerobes to anaerobes was approximately
equal in both.24 Their figure for total bacterial

count, approximately 106 per gram, corresponds
closely with the results shown in Table 5; our findin6g
of fewer obligate anaerobes (105 compared with 10')
and more facultative anaerobes (106 compared with
105) probably reflects differences in technique.
Drasar et a125 studied the bacterial flora of the lower
small intestine by peroral intubation in six normal
subjects. They found that the numbers of bacteria
isolated increased as the terminal ileum was
approached where samples were qualitatively
similar to faeces. In one subject studied at intervals
after a meal, the flora decreased for up to 31 hours
after food. Such a decrease was not observed in the
present study (Table 5). The results of Finegold et
a126 who quantified the bacterial flora of ileostomy
effluent, correspond with the findings of Gorbach et
a124 in showing a higher total count than that
obtained by intubation. In their results aerobes
predominated over anaerobes in every patient, the
converse of the normal faecal populations.
Our results show an approximately 10-fold

increase of total bacteria per gram of effluent when
patients took a low sucrose high unrefined carbo-
hydrate diet as compared with the high sucrose, low
fibre regime. All types of bacteria increased by
approximately the same factor and there was no
obvious alteration in the relative proportions of
different types of organism. Facultative anaerobes
predominated over obligate anaerobes by a factor
between 10- and 100-fold with both diets.
Bacteroides and bifidobacteria, the dominant
organisms in faeces, were absent in many specimens
obtained from the distal ileum, and were not
isolated at all from five patients. This observation
corresponds with the results of Finegold et a126 who
were unable to isolate Bacteroides fragilis from any
ileostomy jeffluent, indeed one of their seven
subjects had no anaerobes in the effluent, but they
did find the organism in every specimen of faeces.
To our surprise, both the concentration and total

amount of glucose and oligosaccharides, though
small, were greatest with the low sucrose high
unrefined carbohydrate diet. It seems likely that
sucrose was absorbed in the upper intestine and that
the small carbohydrate molecules found in the
ileostomy effluent were derived from breakdown of
fibre. The increased bacterial flora could possibly be
because of the presence of this metabolic substrate.
The total and dry weights of the ileostomy effluent
were about 50% greater with the high than with the
low unrefined carbohydrate diet. This fact may
explain why ileostomists tend to restrict their fibre
intake slightly as compared with control subjects.27

This experiment has not supported the postulate
that alterations in the sucrose and unrefined carbo-
hydrate contents of the diet markedly affects the
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balance of the bacterial flora in the terminal ileum
although it affects the total concentration of
organisms. The results add confirmation to those
already obtained showing that the bacterial flora of
faeces is a poor indicator of the flora in the distal
ileum or right colon.2426 It is thus difficult to assess
the significance of the observation that the
anaerobic flora may be increased in the faeces of
patients with terminal ileal Crohn's disease.28 The
.findings are in accord with those of Stephen and
Cummings2931 that a high fibre diet increases the
bacterial content of stool; our results show that such
a diet is also associated with greater bacterial
numbers in the lumen of the distal ileum.

Dr Berghouse is grateful to the Sir Halley Stewart
Trust for financial support. Dr Hori was a Sir
Thomas Hunt Memorial Fellow of the British
Digestive Foundation. We also thank the Cancer
Research Campaign and Public Health Laboratory
Service Board for support in this study.
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