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Sucrose polyester (SPE) is a tasteless, odourless substance which reduces plasma cholesterol
concentrations and may therefore be valuable as a fat substitute in human foodstuffs. It has
recently been approved for use in snack foods by the United States Federal Drug Administration.
The current study was designed to investigate its effects on gastrointestinal physiology and
nutrient absorption in human subjects. A 6-monthkx month periods) double-blind, placebo-
controlled, randomized, cross-over trial of SPE and control fat was performed in healthy free-
living volunteers. Subjects consumed 20—40 g of SPE daily (me@&(&65:8) g) which reduced

the intake of total and saturated fat but had no effect on energy intake or body weight. Plasma
cholesterol and triacylglycerols were reduced. The frequency of bowel movements and their
urgency were increased and anal leakage occure@ i Of subjects. Abdominal pain was more
frequent in subjects receiving SPE and was significantly greater than in the control group after 8
weeks feeding. The plasma concentrations of vitamin E and six carotenoids were significantly
reduced. Routine haematology and biochemistry, other vitamins, intestinal biopsies, bile-salt
retention, rectal prostaglandins, fractional Ca absorption and aminopyrine metabolism were
unaffected. The ingestion of foods containing 20—-40g SPE daily provoked significant gastro-
intestinal problems. This intake is greater than that to be expected from the use of SPE in savoury
shack foods, for which it has been approved by the United States Federal Drug Administration.
However, the favourable effects on lipid profiles must be balanced against the reduction in the
concentrations of vitamins and carotenoids, as these compounds may have beneficial effects on
health through protection from free-radical oxidative stress.

ssa.d Ansseniun abpriquie) Aq auljuo paysiignd 55/ 100865 L LL000S/LL0L 0L/BIo 10p//:sdny

Sucrose polyester: Absorption: Cholesterol

Sucrose polyester (SPE) is a tasteless, odourless, nonin the light of this decision it seemed important to report our
absorbable fat-like substance synthesized from sucrosestudies on the effects of chronic administration of SPE on
and fatty acid methyl esters. It interferes with the absorption gastrointestinal physiology and nutrient absorption in man.
of dietary cholesterol from the gut and studies in man have

shown that it may lower plasma cholesterol (Jandacek,

1984, Mellieset al. 1985). In obese subjects it may lower Methods

dietary energy intake and thereby promote weight loss
(Glueck et al 1982). SPE thus appears likely to have

considerable commercial potential as a fat-substitute, parti- This was a 6-month, two-period, double-blind, cross-over

cularly as earlier studies had suggested that its ingestion hadrial. Healthy subjects aged 18 to 65 years were recruited.
little effect on bowel function (Bergholtet al. 1991) and They were paid expenses of £50—-100 depending on the
that vitamin E was the only fat-soluble vitamin whose complexity of the special investigation they chose to

absorption was significantly impaired (Crouse & Grundy undergo, and all trial food items were supplied free. Most

1979). Early in 1996 SPE was approved by the United Statesvolunteers were health professionals at Addenbrooke’s
Federal Drug Administration for use in savoury snack foods. Hospital or their close relatives. The studies were approved

Subjects and study design

Abbreviations: P:S, polyunsaturated : saturated fat; SCFA, short-chain fatty acid; SPE, sucrose polyester; TAG, triacylglycerol; WGTT, whole-gut transit-
time.
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by the Cambridge Local Research Ethics Committee and
informed consent was given by all subjects. Females were
required to use a reliable method of contraception. Subjects
were randomized to receive either foods containing SPE or
identically packed control food, for a period of 3 months
followed by a further 3 months on the alternative food.

All SPE was produced by Unilever Research Laboratory
pilot plant, Vlaardingen, The Netherlands. Four types of
SPE were used, described as L, H1, inES and H2. L is SPE
oil, whilst the other three are solid fats at room temperature,
having melting points of 35—45Analytical specifications
and the typical fatty acid composition are available on
request. The majority of foods contained L and H2 types;
H1 was used only in chocolate, inES in only one batch of
milk (Table 1). Control products contained fats (triacylgly-
cerol, TAG) having properties comparable to those of the
SPE types in the test products. SPE was incorporated into
the following foods: chips, beefburgers, meat pies, sausages
sausage rolls, fruit pies, milk, margarine, salad cream, fruit
dessert, processed cheese, biscuits, peanut butter, cak
crisps, chocolate spread and chocolate bars.

Before starting the trial, subjects discussed with a dieti-
tian how to achieve their daily lipid target of 20—40 g of SPE
or TAG. One unit of approximately 5g of SPE or TAG
could be identified in a single portion of a food product. The
daily diet could then be composed from available foods so
that 4—8 units/d were consumed. Volunteers were then free
to choose those trial foods which fitted most closely with
their normal eating patterns. A computer system was
installed which enabled each subject’s intake to be closely
monitored. Products were labelled with a bar-code which
identified the food product, the period of the cross-over trial
and the individual food portion.

Table 1. Information on sucrose polyester food products

SPE type (%)

Product SPE (g)/portion H1 H2 L
Bakery products
Biscuits 4-2 0 80 20
Cake 54 0 50 50
Crisps 60 0 100 0
Sausage rolls 67 0 100 0
Fruit pie 5:0 0 100 0
Meat pie 74 0 100 0
Dairy products
Milk 53 0 100 0
Fruit dessert 4-2 0 100 0
Processed cheese 37 0 0 100
Fats
Margarine 4-3 0 25 75
Food products
Chocolate 4-4 100 0 0
Chocolate spread 37 0 0 100
Peanut butter 4-8 0 0 100
Salad cream 31 0 0 100
Beefburger 4-7 0 100 0
Sausage 4-6 0 100 0
French fries 5:0 0 100 0

SPE, sucrose polyester.

S. M. Kellyet al.

Study procedures

The following investigations were performed throughout
the study period.

Dietary assessment.A dietary assessment was com-
pleted before commencement of the study and again during
the final week of each 12-week period. Subjects recorded a
full food diary for 4 days. The diary data were analysed
using a standardized computer program (UNIDAP, Unilever
plc, Blackfriars, London, UK). The parameters assessed
included energy (kJ/d), polyunsaturated : saturated fat ratio
(P:S), cholesterol (mg/d), fibre (g/d), vitamin A (mg
retinol/d), vitamin D {vg/d), Ca (mg/d), Fe (mg/d), SPE
(g/d) and total fat (g/d).

Dietary intake was also monitored by computer analysis
of the foods distributed to volunteers which were marked

with specific barcodes.

Medical questionnaire. At weeks 4, 8 and 12 of each 3-
month period, subjects completed a questionnaire when

éc,ymptoms were scored by categories and recorded. These

included bowel frequency, urgency associated with bowel
movement, abdominal discomfort, flatulence, bloating, anal
leakage and rectal irritation. At the preliminary medical
examination, any subjects suffering any of the above
symptoms were excluded.

Investigations

Haematology and biochemistry.The following investiga-
tions were performed before and after 4, 8 and 12 weeks of
each 3-month period. Blood tests were processed routinely by
the Departments of Haematology and Biochemistry at
Addenbrooke’s Hospital. These included body weight, full
blood count, prothrombin time, urea and electrolytes, liver
function tests, cholesterol, TAG, HDL and LDL. Before and
after 12 weeks of each period, blood samples were also taken
to assay vitamins A, D, E and carotenoids, as well as the
percentages of essential fatty acids in plasma phospholipid.

Colonic function Before and after 12 weeks in each
period, all stools passed over a 48 h period were collected
for measurement of faecal weight, whole gut transit time
(WGTT), faecal bile acids and faecal short chain fatty acids
(SCFA). Random stool samples were taken occasionally
from all subjects to check for the presence or absence of
SPE.

Urine. All subjects completed a 24 h urine collection
before and after 12 weeks for measuremenb-gflucaric
acid, a marker of hepatic enzyme induction.

Specialized investigations.Each subject also underwent
one of the following investigations at the end of each diet
period: rectal biopsy and histological examination, intesti-
nal permeability study, bile-salt retention study, jejunal
biopsy and histological examination, measurement of rectal
prostaglandins (PGEand 6-keto-ka) or determination of
Ca absorption and aminopyrine metabolism.

Analytical methods
Plasma vitamins and carotenoids

Vitamin D was measured as 25-hydroxycholecalciferol by
HPLC after extraction from plasma (Hollis & Frank, 1985).
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Vitamins A and E were measured as retinol andoco- using a**Ca method (Peckeet al 1988) and liver micro-
pherol respectively. Plasma lipids were extracted into somalfunction as measured by'&J] aminopyrine breath test
hexane and analysed by reverse phase HPLC (Catignani &Hepner & Vesell, 1975). Twenty healthy volunteers were
Bieri, 1983). Carotenoids were measured by HPLC after recruited as before. A double-blind, randomized, cross-over
extraction with heptane (Thurnhaet al. 1988). Essential  study was performed with 1 month on each group of foods. On
fatty acids were determined by the method of Maekual. entry to the study and at the end of each month, subjects
(1983). underwent one of the following investigations:
p-Glucaric acid p-Glucaric acid in urine was measured Fractional calcium absorption. At 14 d before the first
by an enzymic method after boiling the sample of urine test, 925kBq of **Ca (Amersham International plc) was
(Juno & Pergande, 1984). injected intravenously; 22h later a blood sample was
Colonic function. SCFA and bile acid were analysed in obtained, centrifuged, and°Ca in the serum sample
faecal samples as follows: 3d collections of faeces were measured in a scintillation counter (Beckman, High
homogenized and a portion freeze-dried. For measurementWycombe, Bucks., UK) with automatic corrections for
of SCFA 1g samples of the freeze-dried faeces were quenching. The value obtained was the 100 % absorption
acidified and extracted with diethylether and SCFA value for subsequent studies. On entry to the study and at the
measured by GC (MacFarlanet al. 1986). Bile acids end of each 4-week period, after an overnight fast subjects
were measured by capillary GC after hydrolysis and ingested 185kB§°Ca added to 200 ml milk which had been
derivatization (Grundyet al. 1965). equilibrated by overnight refrigeration. Immediately before
Whole-gut transit-time WGTT was measured using the each test a serum sample was obtained to meaSQa
method described by Cummings & Wiggins (1976). retained from previous tests. Subjects then swallowed the
Subjects ingested capsules containing radio-opaque markersest milk and did not eat or drink for a further 4 h. A further
at 08.00 hours on three consecutive mornings leading up toserum sample was taken 24h later to measti@a.
the day of study. The first stool passed on that day was Fractional Ca absorption was expressed*¥3a at 24 h
collected separately and the time recorded. This stool wasafter the test, divided by”Ca at 22 hours after an
then X-rayed and the different markers counted enabling intravenous dose (Pecket al. 1988).
WGTT to be calculated. Aminopyrine breath test After an overnight fast sub-
jects ingested 74kBq of'fC]-aminopyrine (Amersham
International plc) in 50 ml water. Subjects then remained
supine for 2h to minimize differences in endogenous
Rectal prostaglandins Rectal prostaglandins were meas- CO, production. At the end of this period breath samples
ured by inserting an 8 cm long dialysis bag of ‘Visking’ 8/32 were collected in scintillation vials containing 4 mivi
tubing containing 120 mmol/l N 120mmol/l Cr, hyamine—ethanol (1:1, v/v) with phenolphthalein as an
30 mmol/l Kt and 30 mmol/l HC@ (pH 81), mounted on indicator. This resulted in the collection of 2mmol €O
a catheter, into the rectum to a position 120 mm above the Three consecutive samples were collected. Exh&e®,
anus. Each bag was left in position for 1 h and the volume of was then counted in a scintillation counter with automatic
dialysate was then measured and frozen—&0° until correction for quenching. Cumulative excretion*€0, in
analysed. Prostaglandins &nd 6-keto-ko in the dialysate the 2h was calculated assuming an endogenous output of
were measured by RIA (Amersham International plc, Little 9 mmol COy/kg per h. Total radioactivity in breatf'CO,
Chalfont, Bucks., UK; Ramptoat al. 1980). was expressed as a percentage of the administered dose
Rectal biopsy. A standard rigid sigmoidoscope was (Hepner & Vesell, 1975).
used to obtain a biopsy for histological examination.
Intestinal permeability. Intestinal permeability was
assessed by measuring urinary excretion4€] mannitol
and *'Cr-EDTA (Behrenset al. 1987). The permeation of  Statistical analyses were carried out using SPSSX and
each probe molecule across the intestine is expressed as thBPSSPC statistical packages. The normality of data was
percentage of the dose excreted into urine, and as theconfirmed in cases involving parametric tests where normal-
EDTA : mannitol ratio. ity of distribution was essential. Non-continuous variables
Bile salt retention. The rate of bile acid loss from the from two questionnaires were either dichotomous variables
endogenous pool was measured usifi§€] tauroselcholic  or ordered categorical answers.
acid, which is an analogue of naturally occuring bile salts.  Differences between levels of continuous variables for
Retention is measured using the retention of radioactivity the two treatments were assessed for treatment effect, period
over a 7d period (Nyhliret al. 1983). effect and first-order interactions using a method described
Small bowel biopsy. Following an overnight fast, a by Armitage & Berry (1987). Given that proper randomi-
gastroscope was passed into the second part of the duodenumation was used, there was no reason to expect existence of
and distal duodenal biopsies were taken. Biopsies weresignificant order effect. In the few instances where the test
placed in formalin for histological examination. for the treatmenkperiod interaction proved statistically
Calcium absorption and liver function.Initially attempts significant, using data from the second period would be of
to assess the effect of SPE on Ca absorption were performedloubtful value. Since subjects were randomly allocated to
using a *’Ca method. This had to be abandoned due to the two treatments, the first period itself provides a perfectly
difficulties in obtaining*'Ca at the relevant time. Therefore a valid test of the two diets. In such a case data were analysed
separate smaller study was set up to assess both Ca absorptiomith a two independent sampi¢est using information from
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the first period only, as recommended by Armitage & Berry Table 2. Dietary assessments
(1987). All tests of significance were two-tailed. Differences

between dichotomous variables were tested using the
McNeamar test. Categorical data from questionnaires wereEnergy (MJ/d)

Nutrient Mean SD n P value

analysed using either a sign test or a Wilcoxon matched- ﬁgfgizﬁ'n gg% g'gg gg NS
pairs signed-rank test as appropriate. SPE diet 894 .83 73
Total fat (g/d)
Results Admission 96-7 30-8 80
TAG diet 1068 32:1 73 P <0-001
A total of eighty-three subjects entered the trial although  SPE diet 84-7 29-7 73
some assessments were not available for all subjects; forty-satrated fat (g/d)
four were female and thirty-nine male. This and all sub-  Admission 29-2 10-7 80
sequent data in this paper represent the meanp. Seven TAG diet 358 117 73 P <0001
SPE diet 25-7 106 73

subjects withdrew from the study for various reasons which
were not associated with the diet received. Furthermore, aP:S ratio

mistake in food labelling at the production plant resulted in ~ Admission o A N
five subjects receiving SPE foods during the control period, spg gioy 0-38 ol 73 <

and in three others, random stool analysis revealed theC »

presence of SPE when they were eating control foods. %dnrﬁss)ion 0858 2835 80

However, as these protocol violations would tend to  TAG diet 9374 289-7 73 P <0001
reduce the differences between SPE and TAG rather than SPE diet 1327-3 555-8 73

to mcrease them’ anaIySIS h"’.‘s bee.n presenteq onthe Ir.]tent [B:S, polyunsaturated : saturated fat; TAG, triacylglycerol; SPE, sucrose
treat basis and all seventy-six subjects were included in the pgyester.
analysis. The average age was@B@p 12-2) years.

Dietary analysis Haematology

There was no significant difference between the diets for
their effects on the subjects’ haemoglobin, mean corpuscu-
lar volume, leucocyte count, platelets and prothrombin time.

The daily SPE consumption as calculated by dietary analy-
sis was 26 (sp 6:8) g which correlated well with the daily
consumption calculated from the bar-codes on the food
wrappers of 23 (sp 6:3)g. Total fat and saturated fat
intakes were significantly lower on the SPE diet (Table 2) Biochemistry
whereas both the P : S ratio and Ca increased on the SPE diet. . ) )
There was no statistically significant difference between the There was no difference between the diets for their effects on
diets and the treatment periods for total energy intake. the subjects’ urea, creatinine, Na, K, HClglucose, bili-
The mean body weight at the start of the study wa9®8 rubin, alkaline phosphatasg 3.1.3.1), alanine transamin-
(sp 12551) kg. At 12 weeks the mean weight on control fat had as€ EC 2.6.1.2) ory-glutamyltransferase=C 2.3.2.2).
risen to 69B9 (sp 1298) kg whereas at 12 weeks on SPE it
was 6897 (sp 12:39) kg. The difference between control and
SPE periods is significan®(< 0-001) but it is apparent that no
weight loss occurred in subjects eating SPE foods. Cholesterol and TAG levels were lower on the SPE diet
(Table 4). Both HDL and LDL were reduced significantly
on SPE, with a larger effect in LDL.
No difference was detected between the effects of the
No difference was detected between the diets for general welldiets on concentration in plasma phospholipids of linoleic
being, bloating, nausea and rectal irritation. However, there acid, dihomogammalinolenic acid, palmitic acid, eicoso-

Lipid profiles

Medical questionnaire

were significant differences in bowel function when subjects pentanoic acid, arachidonic acid or docosahexaenoic acid.

were eating SPE food and when they were eating control food. Stearic acid was reduced in subjects eating SPE, beif1d 12
At 4, 8 and 12 weeks there was an increase in stool frequency(sp 1-12) % of total recovered fatty acids on SRE1327
from a median of 7 motions/week on TAG (interquartile range (sp 1-16) % on control diet® = 0-005).

6-5—10) to a median of 10/week on SPE (interquartile range Vitamins. There was no difference between the effects
7-15,P < 0-:001). There was also an increase on SPE at 4, 8 of the diets with regard to vitamins A and D. However, there
and 12 weeks in urgency, and flatulenBeq{0-001, Table 3). was a significant reduction in vitamin E following the SPE
Stool consistency was correspondingly less on SPE at thediet. Vitamin E was 1351 (sp 3:25) g/l on the control diet
same timesK < 0-001). Anal leakage was reported by % compared to 166 (sp 3:01) g/l on SPE P<0-001).

of subjects whilst on SPE, but only one noticed ‘specks’ ona Carotenoids. Carotenoids were all reduced significantly
single occasion on TAGR = 0-028). Abdominal pain was  on the SPE diet compared with the control diet (Table 5).
reported by more subjects when on SPE than when on control  Colonic function. The WGTT was 5.4 (sp 1358 h on
fat, but the difference between the two groups only reached admission and 581 (sp 1344) h at the end of 12 weeks on
statistical significance at week 8 (= 0-02). No differences  the control diet. After SPE there was a significant fall te244
in colonic function were observed between sexes. (sp 1294) h (P < 0-001). Faecal weight (3d) was 347(sp
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Table 3. Colonic symptoms in subjects on sucrose polyester or control foods

4 weeks 8 weeks 12 weeks
Symptom Grade TAG (n 77) SPE (n 80) TAG (n 77) SPE (n 77) TAG (n 77) SPE (n 79)
Urgency
None 1 73 50 70 48 72 52
Slight 2 4 27 6 22 5 24
Rush to toilet 3 - 3 1 6 - 3
Nearly incontinent 4 - - - 1 - -
P <0:001 P <0:001 P < 0-001
Stool consistency
Firm 1 52 14 46 17 45 15
Soft 2 24 48 29 39 31 47
Loose 3 1 14 2 17 1 16
Very loose 4 - 4 - 4 - 1
P < 0-001 P < 0-001 P < 0-001
Abdominal pain
None 1 71 68 75 66 73 69
Slight 23 3 10 2 9 4 8
Bad 3 2 2 2 2 1
Very bad 4 - - - - - -
NS P <005 NS
Flatulence
None 1 49 25 51 26 52 28
Slight 2 27 35 24 33 24 30
Bad 3 1 15 2 13 1 17
Very bad 4 - 4 - 5 - 2
Severe 5 - 1 - - - 2
P <0-:001 P <0-:001 P <0-001
Bloating
None 1 73 69 70 67 71 68
Slight 2 3 10 6 8 5 10
Bad 3 1 1 1 2 1 1
Very bad 4 - - - - -
NS NS NS
Anal leakage
None 1 77 77 77 71 76 74
Specks 2 - 1 - 3 1 3
0—25mm stain 3 - - - 2 1
25-50 mm stain 4 - 2 - 1 - 1
NS P <0-05 NS

1670g on SPE, compared with 2145 (sp 1464)g on or EDTA or the ratio of EDTA : mannitol ration(11, data
control diet P < 0-005). not shown).

There was no change in faecal bile acids (data not shown) Bile salt retention Bile salt retention was not different
but there were significant changes in SCFA. Levels of acetic between the two groups @) being 2125 (sp 12:76) % on
acid, proprionic acid and isobutyric acid all decreased on the control diet and 286 (sp 7-70) % on SPE.

SPE (Table 6). Rectal prostaglandins There was no significant differ-
Urinary p-glucaric acid There were no differences in  ence between levels of PGar 6-ketoPGha (n 10, data not
p-glucaric acid on the SPE diet (data not shown). shown).
Aminopyrine breath test and calcium absorptiorin this
Special investigations separate study the baseline excretion of the administered

. . e I 14C dose was & (sp 1-3) %, on the control diet it was-@
In total, fifty subjects completed specialized investigations. (sp 1-0)% and after SPE it was4 (sp 1-3) %. The SPE

ang?ﬁggbgg?o Qiclféf;;igkt)gog??os 'g dlg% ‘l’.vehrfmn.(g:(r)nsilo excretion was statistically lower than baselife=£ 0-035)
w : u '9 ! PY put such a change is unlikely to be of clinical significance.

on SPE. . ;
Small bowel biopsy Biopsies (i 10) in seven subjects Fractional Ca absorption was not affected.

were normal throughout the study period whereas the other
three subjects had mild non-specific duodenitis before entry
to the study and this did not change throughout the study. No
differences were observed between the SPE and controlin a prolonged dietary study of free-living volunteers it is
periods. impractical to control the diet rigidly. In this study an
Intestinal permeability There was no significant dif- attempt was made to replace up to 40 % of the daily dietary
ference between the two diets in excretion of either mannitol fat by SPE and the daily target consumption of SPE was

Discussion
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Table 4. Plasma lipid concentrations after feeding with sucrose
polyester and control diets

S. M. Kellyet al.

Plasma lipid Mean SD n P value*
Cholesterol (mmol/l)
Admission 5-12 1-04 80
TAG
4 weeks 5-40 0-98 76
8 weeks 5-28 1-02 76
12 weeks 5-32 1-00 77 P < 0-001
SPE
4 weeks 4-89 0-98 79
8 weeks 4-91 1-09 79
12 weeks 4-92 0-99 79
Triacylglycerol (mmol/l)
Admission 1-04 0-49 80
TAG
4 weeks 1.11 0-51 76
8 weeks 1-16 0-55 76
12 weeks 1-09 0-57 77 P <0-02
SPE
4 weeks 111 0-50 79
8 weeks 1-:04 0-45 79
12 weeks 0-99 0-46 79
HDL (mmol/l)
Admission 1-26 0-34 79
TAG
4 weeks 1-37 0-38 79
8 weeks 1-36 0-36 74
12 weeks 1-39 0-33 77 P <0-02
SPE
4 weeks 1-31 0-32 78
8 weeks 1-33 0-33 77
12 weeks 1-34 0-34 79
LDL (mmol/l)
Admission 3-38 0-95 76
TAG
4 weeks 3:54 0-90 75
8 weeks 3:43 0-95 73
12 weeks 344 0-89 77 P < 0-001
SPE
4 weeks 3-10 0-88 76
8 weeks 312 0-98 77
12 weeks 314 0-90 79

SPE, sucrose polyester; TAG, triacylglycerol.

* P values refer to difference between concentrations after 12 weeks on TAG or

SPE diets.

20-40g taken in 4—8 exchanges of 5g. The majority of

Table 5. Effect of sucrose polyester—plasma carotenoids

Carotenoid Mean SD P value

Lutein P < 0-001
SPE diet 0-24 0-10
TAG diet 0-34 0-14

B-cryptoxanthin P < 0-001
SPE diet 0-14 0-11
TAG diet 0-23 0-14

Lycopene P <0-001
SPE diet 0-28 0-18
TAG diet 0-48 0-25

«-Carotene P < 0-001
SPE diet 0-06 0-03
TAG diet 0-08 0-05

B-Carotene P <0-001
SPE diet 0-26 0-16
TAG diet 0-43 0-26

Cis-B-carotene P <0-:02
SPE diet 0-03 0-02
TAG diet 0-05 0-04

SPE, sucrose polyester; TAG, triacylglycerol.

(Table 3). As the reduction was greater in the consumption
of saturated fat, the P:S ratio increased. More surprising
was the lack of any detectable difference in total energy
intake between the two diets. As there was a significant
change in the energy intake of volunteers between the first
3-month period of the study and the second (presumably due
to seasonal factors), SPE and control were compared in the
first period alone and no difference in energy intake was
observed. Dietary assessments were only performed at the
end of the 3-month feeding periods and so no data are
available for any changes in energy intake which might have
occurred within the feeding period. The body weight of
volunteers was unchanged after 12 weeks on SPE foods,
although there was a slight increase in the mean body
weight after 12 weeks on control. This is in keeping with
the lack of any significant change in energy consumption
during the study.

The majority of the volunteers had no difficulty in eating

SPE foods and none suffered any severe adverse effects.

Those who withdrew usually did so for social reasons (e.g.
moving house). Many, however, noted changes in their

subjects were successful in maintaining an adequate intakeTable 6. Effect of sucrose polyester on faecal short-chain fatty acids

and only one was withdrawn because of persistently : _
inadequate fat consumption. The mean SPE consumptionShort-chain fatty acid

was 237 g/d during period 1 and 24 g/d during period 2. In  Acetic acid

studies of chronic feeding of SPE performed by other
investigators the amount of SPE consumed each day has TAGC diet 10732 6263 76
varied from 20-36g/d (Jonest al. 1991; Rollset al

1992). Thus the amount of SPE consumed was comparablePr
with previous studies, with the added advantage that the Tag giet 58-36 3574 76
SPE was distributed in a much wider range and variety of

foods than in others where it was generally presented as gsobutyric

single item such as crisps or biscuits. Subjects were not
able to distinguish SPE-containing foods from the control.
Dietary analysis showed that the total fat consumption

Mean sD n P value
Admission 128-74 67-93 76
P <0-02
SPE diet 87-67 60-11 75
oprionic
Admission 64-14 39-29 76
P <002
SPE diet 48:01 32:63 75
Admission 2-89 2-86 76
TAG diet 1-86 154 76 P <002
SPE diet 152 2:10 75

was significantly reduced following 3 months on SPE spg, sucrose polyester; TAG, triacylglycerol.
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bowel habit. Studies on the effects of short-term adminis- Standard haematological and biochemical analyses
tration of SPE to healthy subjects (Kelly & Hunter, 1996) showed no changes in any routine variable. However,
showed that a drink containing 50 g SPE accelerated gastricplasma cholesterol was significantly reduced after 3
emptying, and slowed small bowel transit, but tended to months on SPE (92 v. 532mmol/l, P<0-001). TAG
increase WGTT and faecal weight. When the SPE was takenwas likewise reduced (89 v. 1:09 mmol/l, P <0-02). The
with varying amounts of natural TAG (Aggarwalt al. reduction in cholesterol was associated with a fall in HDL
1993) these changes in transit time and faecal weight were(1-34 v. 1-39 mmol/l, P < 0-02) but there was a relatively
not apparent, presumably because the TAG present stimu-greater reduction in LDL of 34v. 3-44 mmol/l,P < 0-001).
lated release of gut hormones such as cholecystokinin, These effects are consistent with many previous reports in
motilin and enteroglucagon whose release is much reducedthe literature reviewed by Tongt al. (1988). It is clear that
after ingestion of SPE alone (Kelly & Hunter, 1996). The daily doses of SPE above 20 g will reduce plasma choles-
effect of long-term feeding of foods containing SPE on terol concentrations.
bowel function has not been studied in detail untilnow. Two  As the fat soluble vitamins A, D, E and K might be
reports whose main focus was on the effects of SPE in sequestered in the gut by SPE it seemed possible that their
reducing plasma cholesterol stated that frequency of bowelplasma concentrations might be reduced after SPE feeding.
movement was normal even after 50g SPE/d, and no It proved impractical to measure vitamin K concentrations
diarrhoea occurred (Fallat al. 1976; Gluecket al. 1979). directly as discrepancies in the results of samples sent to an
Bergholz et al. (1991) claimed that controlled clinical independent laboratory suggested that the methodology was &
studies in over 2000 subjects showed no statistical differ- unreliable. Prothrombin time, which is partially dependent
ence in gastrointestinal symptoms after SPE feeding for on vitamin K concentrations, remained normal throughout
single or multiple days, but no detailed results or references the study. This is in keeping with the results of Jopeal.
were provided. (1991), who examined prothrombin concentrations, clotting
These findings are in marked contrast to those of the times and phyllogquinone concentrations and discovered no
present study. Minor upsets in bowel function are very effect after 259 of SPE daily for 6 weeks. Likewise, no
common in the general population, and may affect as changes were discovered in the plasma concentrations of
many as one-third of people. When these occur with no vitamins A and D. A significant difference detected between
evidence of underlying disease, patients are usually said tothe two feeding periods in 25-hydroxycholecalciferol was
suffer from irritable bowel syndrome. This is not a homo- probably seasonal as no difference was detected between
genous group, as irritable bowel syndrome may be causedSPE and control diets. Cholecalciferol may be synthesized
by a number of factors including stress and food intolerance in the skin under the influence of u.v. light. Jonetsal.
(Hunter, 1991). Volunteers underwent a medical examina- (1991) performed a study of the effects of SPE on vitamin D
tion before admission to the present study. A careful absorption and avoided the effect of sunlight by supple-
assessment of baseline symptoms was made and any subjectaenting the diet with ergocalciferol (vitamin,p which is
suffering gastrointestinal symptoms were excluded. not synthesized naturally in the human body. Volunteers
Bowel frequency in subjects consuming SPE was sig- consumed 20g of SPE or TAG daily for 6 weeks and it
nificantly increased with a median of 10 stools/week was found that the concentration of 25-hydroxyergocalci-
compared with 7/week on TAG. Such an increase is of ferol was 19% lower in subjects given SPE than in the
little importance but urgent calls to stool, a much more controls. Clearly SPE has the propensity to reduce vitamin
distressing symptom, was reported in approximately 30 % D absorption from the gut.
of subjects on SPE but only 10 % of controls. Anal leakage Vitamin E is a less polar compound than the other fat-
of SPE oil was a problem occurring inZ® on SPE, and  soluble vitamins and is therefore more likely to be poorly
anal leakage and abdominal pain were both signi- absorbed in the presence of SPE. This was confirmed in the
ficantly increased at week 8 when compared with controls. present study, where the mean concentration after SPE was
Subjective assessment of increased flatulence wasl1-66 mg/l compared with 131 mg/l on the control diet. In
reported in two-thirds of subjects on SPE. Most of these the plasma, vitamin E is carried in lipoproteins and its
changes occurred equally at 4, 8, and 12 weeks. Faecalkoncentration is therefore related to total lipid concentra-
weights were also significantly raised when volunteers tion. When vitamin E concentrations were adjusted for
were taking SPE, and WGTT were reduced. The reasoncholesterol concentration they were still found to be lower
for the discrepancy from previous reports probably after SPE feeding. However, the levels recorded in the SPE
relates to the trial designs. In the present study, subjectsvolunteers remained within the normal range and no clinical
were carefully studied, double-blind, over a 3-month ill-effects were detected.
period and using a standardized questionnaire. Their The 15 % difference in plasma concentrations of plasma
bowel function on SPE foods was compared with that vitamin E in subjects eating 20 g SPE daily agrees well with
on TAG foods. Under these stringent conditions it is previous reports. Addition of 62 g daily of SPE to the diet
clear that SPE significantly affects bowel function, resulted in a fall of 24 % in vitamin E (Crouse & Grundy,
although it is possible that it might not do so in smaller 1979), and in a further study, lower doses of SPE such as 8
doses such as those used in shack items. Confusion withand 16 g daily had little effect (Melliest al. 1983). Plasma
irritable bowel syndrome could therefore arise in subjects carotenoid concentrations found in subjects at the start of
eating foods containing SPE, and might lead to significant the present study were similar to those previously reported
expense in unnecessary medical investigation and for the British population (Thurnham & Flora, 1988). It was
treatment. only possible to measure six carotenoids but over 600 have
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been characterized in nature. Profound falls were seen in allcaecum and a reduction in liver weight, hepatic function
carotenoids measured (Table 6). The concentrations werewas further investigated. Routine liver-function tests in
restored promptly in those volunteers who were studied volunteers in the present study had been unchanged and
after a return to a normal diet. Since this initial work was urinary p-glucaric acid excretion, an indirect index of
completed a further study has confirmed the effects of SPE hepatic microsomal activity, was also unchanged on SPE.
on plasma carotenoid concentration. As little as 3 g of SPE Radio-labelled aminopyrine breakdown was determined as
daily was sufficient to reduce concentrationsBe¢arotene a sensitive indicator of the activity of cytochrome P450 and
and lycopene (Westrate & van het Hof, 1995). related hepatic drug-metabolizing enzymes. The baseline
The role of carotenoids in human physiology is still excretion was 4 % of the administered dose. On the
poorly understood. In recent years it has become apparentcontrol diet this was reduced to6%6 and on the SPE diet
that diets low in fruit and vegetables are associated with anto 44%. The result for SPE is significantly less than
increased risk of cancer (Hennekens, 1986) and cardiovas-baseline but it is clear that the reduction compared with
cular disease (Gazianet al. 1990). Epidemiological and  control is clinically unimportant. In summatry it is unlikely
experimental evidence exists that fruit and vegetables maythat SPE affects hepatic function.
reduce the risk of certain cancers and prospective studies This study has demonstrated important deleterious effects
have shown that healthy adults with low concentrations of of SPE which need to be carefully examined before this
B-carotene have an increased tendency to develop neoplasi@roduct is made available for widespread long-term con-
over subsequent years (Conngttel. 1989). Concentrations  sumption in a broad range of foods.
of less than 0.25umol/l were associated with a two-fold
increase in the risk of lung cancer (Watal. 1988). Recent
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