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Summary. The supplementation of a breakfast by 
10 g of guar, pectin, agar or locust bean gum in pow- 
der form in 13 maturity onset, non-insulin dependent 
diabetics failed to decrease significantly the post- 
prandial rise in plasma glucose and insulin seen after 
a similar meal without the supplement. The values of 
one hour post-prandial increment in blood glucose 
seen with guar powder were, for control meal (mean 
+ SEM) 5.8 _+ 0.4 mmol/1, for test, 5.7 + 0.5; with 
pectin powder, control 6.4 + 0.8 mmol/1, test 5.0 + 
1.2 mmol/1; with agar powder, control 7.5 + 1.0, test 
7.0 _+ 0.5; with locust bean gum powder, control 5.9 
_+ 1.0, test 5.0 +_ 0.7. The equivalent values for one 
hour insulin (gU/ml, mean + SEM) were, for guar 
powder, 51 + 21 and 51 + 16; for pectin powder 60 
_+ 24 and 63 _+ 17; for agar powder, 27 + 9 and 36 + 
11 and, for locust bean gum powder 53 + 26 and 62 
+ 18. The guar, pectin and locust gum tended to 
form lumps, and all the substances tested were 
unpalatable in powder form producing feelings of 
abdominal discomfort and abnormal fullness. 
Administering the same quantity of guar or pectin in 
a well hydrated form (but not premixed with the car- 
bohydrate portion of the food) to the same people 
under identical conditions did not enhance its effec- 
tiveness. Supplementing diets with any of these 
sources of dietary fibre in either of these forms and in 
these amounts is unlikely to be beneficial in the man- 
agement of non-insulin dependent diabetes. 
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Investigators assessing the usefulness of dietary fibre 
in the management of diabetes have used several 
approaches. Some have examined the effect on glu- 

cose and insulin responses of the addition of dietary 
fibre and fibre analogues to liquid test meals [1, 2], 
while others have considered the effect of incorporat- 
ing dietary fibre into foods such as bread, crispbread 
or marmalade [1, 3, 4, 5, 6, 7]. A third approach has 
been to modify the diet by increasing the intake of 
dietary fibre from readily available foods but this 
involves altering the intake of nutrients such as car- 
bohydrate, protein and fat [8] or changing from 
largely cooked to raw foods [9] so that the role of 
dietary fibre as such in the metabolic changes pro- 
duced cannot be deduced. A fourth approach is to 
supplement frequently consumed foods of low fibre 
content with fibre in powder forml Although, with 
this approach, the dietary fibre supplement is not 
premixed with the carbohydrate portion of the meal 
and is not hydrated before administration, it would 
seem the most practicable means of fibre supplemen- 
tation in diabetes and worthy of exploration. 

We therefore investigated in the first part of this 
study, the effect on post-prandial glucose and insulin 
concentrations of adding one of four fibre com- 
pounds in powder form to a test breakfast adminis- 
tered to maturity-onset diabetics. In the second part, 
two of these compounds were fed in a semi-solid, 
well hydrated form as part of a meal with the same 
protein, fat and carbohydrate content as that used in 
the first part of the experiment. Preliminary results 
have already been reported for the guar containing 
meals [10]. 

Subjects and Methods 

Volunteers were chosen from diabetics attending the West Suffolk 
Hospital, Bury St. Edmunds. Patients presenting with diabetes 
after the age of 35 and managed for at least two years without 
insulin therapy were deemed suitable for study. Thirteen volun- 
teers (ten male, three female) were investigated in the first part of 
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Fig, 1 a-d. Increments in plasma glucose 
(mean __. SEM) above fasting against time in 
minutes after starting the meal. �9 �9 
control meals, � 9 1 6 9  meals with 10 g 
dietary fibre, a guar (in powder form), 
n --- 6; b pectin (in powder form), n = 7; 
e guar (hydrated form), n = 4; d pectin 
(hydrated form), n = 4. Statistically signifi- 
cant difference (t-test for paired samples) 
indicated by asterisk. Absolute fasting 
plasma glucose (mmol/1, mean _+ SEM) for 
controls and tests: a 8.5 _+ 0.8 and 8.6 _+ 0.8, 
b 8.6 + 1.1 and 9.1 _+ 1.3, e 7.7 + 1.0 and 
7.8 +_ 0.8, d 7.7 + 1.9 and 6.3 + 0.6. 
No statistically significant differences 

the experiment. Their ages at the time of study ranged from 39-64 
years (mean + SEM, 55 -+ 2). They weights ranged from 82% to 
138% of the desirable weight for their height (mean + SEM, 110 
+ 4). Twelve of the patients were maintained on dietary therapy 
alone; one was taking 250 mg of chlorpropamide daily. Three of 
the men had suffered previous myocardial infarctions and one was 
a chronic asthmatic (using a beclomethasone inhaler three times 
dally). No patients were receiving any other medication at the time 
of the study. Informed written consent was obtained from each 
subject before the first test meal was administered. Approval for 
the study had been given by the Ethical Committees of the Dunn 
Clinical Nutrition Unit and of the West Suffolk Hospital. 

Each volunteer reported to the ward after a twelve hour fast. 
After 15 minutes resting in a chair, a fasting blood sample was 
taken before the meal was eaten over 15 minutes. Further blood 
samples were taken at 15, 30, 45, 60, 90 and 120 min, the subjects 
remaining seated throughout. Smoking was not allowed. The 
patient taking chlorpropamide omitted this on the mornings of the 
meals, and all subjects were urged to eat their customary diet for 
the week before the tests were carried out. 

The test meal used in the first part of the experiment consisted 
of 30 g cornflakes with 200 ml (204 g) of milk and 15 g sucrose 
(eaten first), then 100 ml of diabetic orange squash (20 ml squash, 
80ml water), followed by 35 g of white bread (with crusts 
removed) with 8 g of butter and 25 g of shredless marmalade, 
followed by 150 ml of tea. The composition of the meal was pro- 
tein 12 g, fat 15.4 g and carbohydrate 84.9 g. 

Half of the fibre supplement in powder form was stirred vigor- 
ously into the orange squash, the remaining 5 g being sprinkled on 
the bread and butter before adding the marmalade. Each of the 13 
subjects ate a control meal with no added fibre and eleven ate two 
further meals each supplemented by different fibre preparations 

(10 g of either guar (6 subjects), pectin (7 subjects), locust bean 
gum (5 subjects), or agar (4 subjects). The other two patients were 
tested with a single fibre preparation (one with locust bean gum, 
the other with agar). The meals were eaten in random order and 
each subject was tested with the fibre enriched meals within one 
week of receiving the control breakfast. Twenty four hours after 
each of the meals the subjects completed a questionnaire rating the 
meals in terms of palatability on a five point scale and reporting 
any nausea, vomiting, diarrhoea, excessive flatus or other symp- 
toms. 

In the second part of the experiment four of the subjects previ- 
ously tested with guar and four tested with pectin in powder form 
received a modified test meal with either guar or pectin in a 
hydrated form as part of a mixture made up at least 24 h before 
administration and consisting of dietary fibre (10 g), cream (20 g), 
water (130 ml), flavouring (0.6 ml), colouring (0.6 ml) and saccha- 
fin (0.8 ml). The second meal was almost identical in terms of fat, 
protein and carbohydrate composition (11.8 g, 15.4 g and 85.5 g 
respectively). Dried skimmed milk (17 g), made up with 170 ml of 
water, was substituted for whole milk and 11 g of low fat spread 
('Outline') for butter. The orange squash was eliminated 
altogether. Otherwise the quantities of foods were the same and 
the volume of fluid identical. The mixture containing the fibre 
preparation was eaten between the cereal course and the bread. 

Plasma glucose levels were measured by the glucose oxidase 
method, and plasma insulin estimated by radioimmunoassay with a 
kit (The Radiochemicals Centre Ltd, Amersham, UK) using the 
double antibody technique (within assay coefficient of variation 
6.5%). 

Mean values of plasma glucose and insulin were compared 
using the t-test for paired values. Differences were deemed statisti- 
cally significant at p < 0.05. Areas under the curves were esti- 
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Fig. 2a and b. Increments in plasma glucose 
above fasting (mean + SEM) against time in 
minutes after starting the meal. �9 �9 
control meals, 0 - - - - - (3  meals with 10 g 
dietary fibre, a agar (in powder form), 
n = 5; b locust bean gum (in powder form), 
n = 6. Statistically significant difference 
(t-test for paired samples) indicated by 
asterisk. Absolute fasting plasma glucose 
(mmol/1, mean + SEM) for controls and 
tests: a 9.4 4- 0.7 and 9.4 + 0.5, b 8.5 +- 1.1 
and 8.8 + 1.3. Neither difference statisti- 
cally significant 

Table 1. Effect of 10 g of dietary fibre supplement on post-prandial insulin 

Meal n Mean increment in plasma insulin (~tU/ml 4- SEM) at intervals after beginning meal 

15 min 30 min 45 min 60 min 90 rain 120 min 

(a) Control 6 15 (_ 8) 35 (+ 14) 47 (+ 20) 51 (4- 21) 83 (+ 35) 46 (+ 8) 
+ guar (powder) 13 (4- 8) 38 (_ 16) 54 (+ 14) 51 (4- 16) 47 (+ 5) 32 (+ 7) 
(b) Control 4 21 (+ 11) 39 (_+ 21) 57 (+ 30) 58 (+ 33) 99 (+ 53) 36 (_ 9) 
+ guar (hydrated) 25 (+ 5) 43 (4- 11) 37 (+ 10) 53 (4- 12) 64 (+ 17) 58 (+ 18) 
(c) Control 7 10 (+ 8) 28 (__. 13) 53 (+ 24) 60 (+ 24) 63 (+ 34) 30 (_ 8) 
+ pectin (powder) 8 (+ 2) 25 (+ 8) 45 (4- 12) 63 (+ 17) 48 (+ 12) 29 (4- 3) 
(d) Control 4 19 (4- 19) 43 (_+ 21) 81 (4- 38) 88 (4- 37) 92 (+ 57) 29 (4- 10) 
+ pectin (hydrated) 23 (+ 7) 52 (_+ 23) 75 (4- 34) 54 (4- 22) 52 (+ 13) 42 (4- 15) 

(e) Control 5 4 (4- 3) 18 (_+ 9) 19 (_+ 7) 27 (4- 9) 42 (4- 11) 30 (4- 10) 
+ agar (powder) 8 (4- 5) 25 (+ 9) 28 (4- 9) 36 (4- 11) 43 (4- 8) 28 (4- 8) 
(f) Control 6 8 (4- 5) 30 (4- 9) 52 (4- 26) 53 (4- 26) 46 (4- 15) 32 (4- 8) 
+ locust bean 
gum (powder) 6 (+ 2) 38 (4- 5) 58 (4- 18) 62 (4- 18) 44 (4- 8) 43 (+_ 14) 

Absolute fasting values of plasma insulin (mean -4- SEM, ~tU/ml), controls and tests respectively: (a) 14.7 +_ 2.1 and 12.5 + 3.6 (b) 15.0 + 
3.3 and 15.8 + 1.4, (c) 18.4 + 4.6 and 15.3 + 2.6, (d) 13.0 + 3.7 and 16.0 _+ 3.6, (e) 15.8 + 2.8 and 19.2 + 2.2, (f) 20.6 + 2.2 and 16.2 + 
3.0. No statistically significant differences 

mated by the summation of areas of triangles and rectangles sub- 
tended by the lines joining the glucose and insulin values at each 
time point after the beginning of the meal. 

Resul t s  

Glucose and Insulin 

Figure  1 c o m p a r e s  the m e a n  rise in p l a sma  glucose 
concen t ra t ions  af ter  the  contro l  mea l s  and  the  b r e a k -  
fasts conta ining guar  and  pect in  in p o w d e r e d  f o r m  (a 
and  b) and in hyd ra t ed  f o r m  (c and  d). F igure  2 illus- 
t ra tes  the  effect  of  agar  and  locust  bean  g u m  in pow-  
de red  form.  Tab l e  1 shows the  r e sponse  to each  f ibre 
s u p p l e m e n t  in t e rms  of p l a sma  insulin. 

T h e  decrease  in p l a sma  glucose r e sponse  was 
small  in all cases, be ing  mos t  m a r k e d  dur ing the  sec- 
ond  half  of  the  test.  T h e  di f ferences  b e t w e e n  cont ro l  

and  test  values  ach ieved  statistical significance 120 
minu tes  af ter  the  agar- r ich  mea l  and 60 minu tes  af ter  
the  mea l  s u p p l e m e n t e d  with pect in  in the  hyd ra t ed  
form.  P la sma  insulin values  were  dec reased  only dur-  
ing the second half  of  the  guar  s u p p l e m e n t e d  meals  
and  these  changes  were  not  statistically significant. 
H y d r a t i o n  of the guar  and  pect in  supp lemen t s  p ro -  
duced  no  significantly g rea te r  fall in the  glucose o r  
insulin responses .  W h e n  the  areas  unde r  the  curves 
were  c o m p a r e d  they  did not  revea l  any statistically 
significant effects  of  the f ibre supp lemen t s  e i ther  in 
the first hou r  or  dur ing the  ent i re  test  per iod.  

Palatability of  the Meals and Side-effects 

All pa t ien tes  no t ed  tha t  the  addi t ion  of the  p o w d e r  to 
the mea l  r educed  its palatabil i ty.  N o n e  of the  sub- 
s tances  was cons idered  to be  comple te ly  unaccep t  7 



382 D. R. R. Williams et a|.: Dietary Fibre Supplementation in Diabetics 

able, but the texture of the modified foods was found 
to be unpleasant. Guar and locust bean gum, and 
particularly pectin, coated the teeth and palate with a 
sticky film which was difficult to remove. These three 
fibre preparations also tended to form lumps when 
mixed with the orange squash. Several patients 
described a feeling of abnormal fullness which lasted 
throughout the morning with excessive flatus and 
mild abdominal discomfort later in the day. 

The supplements were considered to be more 
acceptable in the hydrated form, although the pectin 
mixture was slightly acid in taste and produced some 
nausea in one subject. Two subjects complained of 
excessive flatus after the pectin meal and two after 
the guar. Diarrhoea was noted by one subject the 
evening after eating the pectin-supplemented meal. 

Discussion 

Monitoring the effect on blood glucose and insulin 
response after the addition of dietary fibre to liquid 
test meals [1, 2] is a convenient method of investigat- 
ing the gastro-intestinal and metabolic effects of 
fibre. With this approach the stabilizing effect on 
blood glucose seems to be closely related to the cal- 
culated viscosity of the hydrated fibre compound [2]. 
This form of test meal, however, bears no resem- 
blance to a normal meal or to the type of food tradi- 
tionally considered suitable for a diabetic patient. 
Thus any substance of high viscosity and capable of 
converting a liquid into a solid meal will tend to 
reduce the post prandial response by slowing the rate 
of entry of carbohydrate into the duodenum. 

The results from the first part of this experiment 
demonstrate that insignificant changes in post-pran- 
dial glucose and insulin result when powdered fibre is 
sprinkled onto food, even though similar quantities 
added to liquid test meals markedly depress the glu- 
cose and insulin response curves [2]. 

In powder form, guar, pectin and locust bean gum 
tended to form lumps when mixed in orange squash 
or eaten with bread, butter and marmalade. Agar was 
more readily miscible. In the second part of the 
experiment little effect was achieved even after the 
same quantities of guar and pectin had been 
thoroughly mixed into a blancmange of uniform con- 
sistency, without lumps. Studies with the same fibre 
compounds in similar doses have shown a significant 
depression in post-prandial responses when the fibre 
has been added to either the bread, soup, mashed 
potato or crispbread components of test meals [4, 6, 
7]. These differences suggest that to reduce effec- 
tively the response in post-prandial glucose and insu- 
lin the fibre supplement must be administered with 

the major carbohydrate content of the meal or that 
the timing of the fibre supplement in relation to the 
comsumption of the remainder of the meal is crucial. 
Heaton et al. [11] have suggested that it is important 
to maintain the natural physical relationship between 
starch and fibre but the effectiveness of enriching 
bread with guar suggests that the addition of fibre to 
cooked starch is also effective. This approach would, 
however, require the co-operation of food manufac- 
turers in the production of a wide range of diabetic 
foods and would make difficult the manipulation of 
fibre dosage, if this proved necessary. The long-term 
results of other metabolic effects of feeding guar and 
pectin, for example on the absorption of minerals and 
fat soluble vitamins, would also have to be assessed. 

We were impressed by the unpalatability as well 
as the ineffectiveness of the fibre supplement in the 
powdered form. Presenting the fibre in a hydrated 
state increased its palatability but not its effective- 
ness. Clearly this aspect is of paramount importance 
when a life long dietary regime is contemplated. 
Tredger and Ransley [12] have reported that certain 
food products are acceptable to diabetics even when 
they contained 5 g of guar per portion. When cheese 
biscuits were made with differing amounts of guar, 
most partients chose the biscuits with the least added 
fibre. 

Given the ineffectiveness and unpalatability of 
powdered fibre supplements in diabetics and the 
manufacturing changes required for the production 
of fibre-enriched foods, the most practical way of 
improving the management of the diabetic may be to 
use naturally occurring high fibre foods. Unfortu- 
nately, simultaneous changes in fibre and carbohy- 
drate intake have been made in previous investiga- 
tions adopting this approach [8, 9] making it impos- 
sible to identify dietary fibre as the effective dietary 
component. The amount of dietary fibre needed for a 
therapeutic effect remains uncertain. It seems clear, 
however, that dietary fibre is likely to be most effec- 
tive only when the fibre is closely associated with the 
main source of carbohydrate. Of equal importance 
for the management of the diabetic is the palatability 
of the modified diet. 
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