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Exceptionally low blood glucose response to dried beans:
comparison with other carbohydrate foods

DAVID J A JENKINS, THOMAS M S WOLEVER, RODNEY H TAYLOR,
HASHMEIN FIELDEN

Summary and conclusions

Normal volunteers took 50-g carbohydrate portions of
eight varieties of dried legumes and 24 common foods
drawn from grains, cereals and pasta, breakfast cereals,
biscuits, and tuberous vegetables. Both the mean peak
rise in blood glucose concentration and mean area under
the glucose curve of the subjects who ate beans were at
least 45% lower than those of subjects who ate the other
foods.
These results suggest a potentially valuable role for

dried leguminous seeds in carbohydrate exchanges for
individuals with impaired carbohydrate tolerance.

Introduction

Not all carbohydrate sources raise the blood glucose to the same
extent when fed in equivalent amounts. Such factors as food
form,1-3 the nature of the carbohydrate,4 and the dietary fibre
content5 may in part explain these differences.

Recent workon the dietary control of diabetics6-8 has focused
attention on these factors. There is now evidence that high-fibre,
high-carbohydrate diets may greatly improve control and reduce
urinary glucose loss.9 At the same time, these diets and others
which result in flatter glucose and insulin responses'0 have been
found to lower the fasting triglyceride concentration in hyper-
triglyceridaemic individuals."

Preliminary studies suggest that leguminous seeds are one of
the high-fibre, high-carbohydrate foods which cause only a
small rise in the blood glucose.'2 We therefore compared them
with other more common high-carbohydrate foods to see
whether these may usefully be exchanged for beans in the diets
of diabetics and hypertriglyceridaemic individuals.

Subjects and methods
After overnight fasts groups of five to 10 healthy volunteers (15 men,

10 women; 110±3% ideal body weight) took test meals containing a
50-g carbohydrate portion of a single food. These included cooked
beans and peas, cereal grains, breads and pasta, breakfast cereals,
biscuits, and tuberous vegetables. Altogether 35 foods were tested.
The portion sizes were calculated from food tables.'3 14

Dry grains, legumes, and vegetables were cooked by boiling in a
minimum of water with 2 g salt. Breakfast cereals were taken with
300 ml milk. To increase palatability, all meals included at least 250 ml
of tea made with one tea bag, 50 ml of milk, and water so that the final
meal volume was over 600 ml. 120 g of skinned, pipped tomato was
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Change in blood glucose concentration after eating 50-g carbohydrate
portions of individual grains, breads and pasta, breakfast cereals, biscuits,
tubers, and dried legumes.

Conversion: SI to traditional units- Glucose:1 mmol/l 18 mg/l00 ml.

added to the spaghetti, rice, bread, millet, buckwheat, and legumes.
To ensure that the groups selected to test each food were drawn

from a similar population with respect to glucose tolerance, at least one
standard 50-g glucose tolerance test was performed on each subject
and more where subjects tested more than one food-that is, one test
for every two to three foods. Tests were performed over the same time
as the respective meals in 550 ml of tea with 50 ml of milk (except'for
the cereal test, where 250 ml of tea and 350 ml of milk were used).

All test meals were eaten in the morning over 10 or 15 minutes after
10- to 12-hour overnight fast and standard physical activity and meal
times on the previous day. Finger prick samples were obtained with
Autolet lancets 0, 15, 30, 45, 60, 90, and 120 minutes after the start of
the meal. Hands were warmed between electric blankets to ensure
good blood flow. Blood samples were collected into tubes containing
83 Fg of sodium fluoride and 250 ,ug of potassium oxalate and stored on
crushed ice or frozen at - 20'C before analysis of glucose by a glucose
oxidase method (Yellow Springs Instruments, 23AM Glucose
Analyser).15

Areas under the two-hour glucose curve were calculated, and the
results are given as means ±standard error of the mean (SEM).
The significance of the difference between foods was calculated using
Student's t test for unpaired data assuming unknown variances to be
equal.

Results

The mean blood glucose response after the eight dried leguminous
seeds lay significantly below the mean curves of all the other food
groups (see figure) on at least two occasions over the two-hour test
period. Both the mean peak rise in glucose concentration and area
under the glucose curve were also significantly lower after the dried
legumes. The mean glucose area and peak rise after beans were,
respectively, only 51i% (p < 0 001) and 410% (p < 0-001) of the values
after the grains; 51 0, (p < 0 01) and 45°' (p < 0 001) of those after the
bread and spaghetti; 45% (p<0001) and 43%/1 (p<O001) of those
after the biscuits; 51% (p<00Ol) and 480% (p<O00l) of those after
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Mean blood gluicoseconicentrtatioonls,gliucose areas, peak rises, and areasof glucose tolerance test (GTT)for groups of 5-10 subjects who took one or more carbohydratefood

No Blood glucose (rnumol 1) at time (min): Mean Mean Mean area
of glucose area peak rise of GTT

subjects 0 15 30 45 60 90 120 (mmol min, 1) (mmcl/I) (mmol min I)

Dried legumnes
Beans:

Butter beans 6 4-2 :02 4.7 0-2 5-6- 0-2 5-5---0-3 51-0LO4 4-6 - 0-3 460-02 84-7: 12-6 1-6 ±01 232-5 ±4-6
Haricot beans .. 6 44 -0-1 4-6 -0-1 5-1 0-2 5.5 z0o2 5 5 0-03 4-84-0-3 450-02 72-8:f 16-1 1-2

__
03 .223-3±20-3

Kidnev beans .. 7 4-3 0-2 4-5 -0-2 4-8 0-1 4-9--0-2 4-9 -0-3 5SOzrO03 4-7 0-2 64-3 17-7 1.0 02 2283±13-1
Sox-a beans -- 5 4-3 0-1 4-6 -0-1 4-6 -0-1 4-4=0-2 4-3 _0-1 4-1 ±0-1 4-1-- 0-1 16-8 06l 4 0rOi 188-0---18-2
Blackeye peas .. 6 4-2 -0-1 4-6 -0-1 5-1 --01 5-2 -0-1 5-2--0-2 4-8±0-2 4-5 0.1 74-0 :-11-2 1-2 ZrOi 230-3±23-4
Chick peas .. 6 4-3 -0-2 4-7 02 5-5 0-02 5-6 --0-3 5-3---0-4 4-7 -0-4 4-8 -0-3 81i7 -16-3 1-4±0-3 221-5±19-9
Marrowfat peas .. 6 4-2 -0-1 5-1 -0-2 6-6 0-2 6-1 --0-3 4-9 -0-3 4-1 -0-2 4-2 -0-i 98-5--- 8-3 2-5±+0-2 212-3±+18-0
Lentils .. . 7 4-3 0-2 4-8 0-2 5-2---0-2 5-0: 0-2 4-8--0-2 4-7 0-2 4-94- 0-2 59-7-- 6-1 0-9±0-1 212-9±20-9

Mean . ..4-3, 0-03 4-7 0-1 5-3 0-2 5-3 --0-2 5-0 -0-1 4-6 -0-1 4-54-v0-1 69-1 ±8-6 1-3±0-2 218-6± 5-1

Root vegetables
Instant mash .. 8 4-8 _0-1 5-5 0-2 7O0Zr03 7-1-~0-3 6-6 _~--OS S2 _r04 4-8 -03 138-3±18-3 2-84-03 193-6±+27-2
New potato . .. 8 4-5 0- 1 5-2 _-0-2 7-5-±0-4 8-0-__0-5 6-9 -0-2 4-3 -0-1 4l1ZrOl 155-8±18-8 3-5±0-5 228-6±17-0
Sweet potato.. .. 5 4-3 - 0-3 5-4 --O04 6-9 -0-2 6-24-03 4-9 -0-06 4-5 Z0O4 4-2±0-3 103-0 6-9 2.7 Zr03- 226-0±24-7

Yams . - 5 4-2 0-2 5-2 -0-3 ~~~~~6-5-0-2 6-0 ---0-4 5-0 ---0-4 4O0 O2 4-2 -01 104-2 ±258 2-5±-04 204-8±27-7

Mean . ..4-5 0-1 5-3--Ol- 7-0±0-2 6-8 ±0O5 5-9±0-5 4-5±0-3 4-3±0-2 125-3±13-0 2-9±0-2 213-3± 8-4

Cereals and cereal products
Grains:

Buckwheat .. 5 4-3 -0-1 5-2 0-2 6-5--OS 6-1 ±0-4 5-2 ±0-2 4-3 r0-2 4-4±0-1 99-8± 15S 2-4±0-4 207-4±25-3
Miillet . .. 5 4-3 0-2 5-8 --0-3 7-9 -i 0-3 6-9---0-4 5-4--0-2 4O0ZrOO3 4-1 Z0O2 1408 ±14-2 3-6±0-3 2074-:25.3
Rice (brown) .- 7 4-2A u- 5-7 -:_0-3 7-6---0-3 6S7Z0U6 5-4Zr0-4 4-3 ZrUl 4-3 -0-03 150-4±17-9 3-5±0-2 227-9±24.2
Rice (white) .. 7 4-1 --0-1 5-4 --0-3 7-0 ZrO-3 6-8 -0-6 5-7 -0-6 4-8-4 0-3 4-4 -03 166-9±29-1 3-3±0-3 227-9±24-2
Sweetcorn .. 5 4-7 -0-2 6-4-_-0-3 7-8-_-0-3 6-8--0-4 5-2 -0-4 3-9 --0-2 4-2 -rO02 118-0±14-8 3-2±+0-4 209-8±18-8

Mean . ..4-3 -0-1 5-7--0-2 7-4 -0-3 6-7-' -O 54ZrO1 4-3 rO02 4-3ZO1 135-2±11-9 3-2±+0-2 216-1± 4-9

Bread and pastas:
Bread (white) .. 10 4-3 4-0-1 5-1 -0-2 7-14-0-3 7-2 -0-4 6-5- -OS 4-7±0-2 4-3ZrO2 162-S 4£19-i 3-3±0-3 237-3±+23-9
Bread (wholemeal) 10 4-2 --_0-1 5-.1 -0-2 7-1 --0-3 6-8--OS 6-3--0-6 4-9 ZrO03 4-2 02 173-4±723-7 3-44-0-3 237-3±23-9
Spaghetti (white) 6 412z- 0-1 5-l-t0-3 6-3 -_0-2 5-5- 0-4 4- 0O-3 46Z-O 46ZrOl 95S5 13-9 2-2±0-2 192-8±13-8
Spaghetti (brown) 6 4-5 0-3 5 80-03 6-9 02 5-30-06 45Zr03 4-4ZrO2 4-6-0-2 78-3Z 70 2-4ZOl1 192-8±13-8
Ryvita . .. 7 4-4 -0-1 5-3-0-1 7-1O 7-4 --0-3 65-O 5-24-i-0-3 SOZ0O2 173-4±27-7 3-1 O4 2031-

Mean . ..4-34-0-1 5S3 0Ol 6-9±0-2 6-44--0-4 5-7-4-0-4 4-8±0-1 4-5±0-1 136-6±20-6 2-9±0-2 222-1±12-2

Breakfast cereals:
All-Bran . .. 6 4-3 to- -2 5-6±0-4 6-4±0-1 5 6Z0O3 4-8 0--3 4-7 0O2 4-8 0-2 102-5±9-9 2-3ZrO1 208-2±22-3
Cornflakes .. 6 4-3 0-2 5-7--0-3 7-4 Z0OS 7-0 --O 5-9±0-7 4-9±0-4 4-5 -0-3 171-2 -T-25 8 3-2±0-3 208-2±22-3
Muesli . 6 4-3 -0-2 5-5 --0-3 7-2±--0-4 6-6 -OS 5-5-0-4 4-6 --0-2 450-02 136-5±22-2 2-9 0O3 208-2±22-3
Porridge oats .. 6 4-7 0-4 5-6±10-4 6-9±0-5 6-2 ±0S 5-7-0-6 4-8±0-5 4-6 0O-4 98-0±17-7 2-3±0-4 208-2±22.3
Shredded Wheat 6 4-3 ~-0-2 9-2±T~0-3 6-8-5-0-5 6-44-0-6 5-8-±_0-7 4-8 ±0-4 4-7--0-3 145-04±30-4 2-8 ±0-4 208-2±22-3
Weetabix . .. 6 4-3 -0-2 5-6-0-2 7O0Z±04 6-6-OS- 5-7-OS 5-04-i0-4 4-7ZrO03 156-7Zr25O 2-8±0-3 208-2±22.3

Mean .. . 4-4 0-1 5-54-0-1 7-04-0-1 6-4Zr0-2 5-6--'0-2 4-84±0-1 4-6±0-1 135-0±12-0 2-7±0-1 208-2± 0

Biscuits:
Digestive . .. 6 4-4-40-2 5-3±0-3 6-5-0-3 6-7 -0-3 6-0±0-3 5-2-Ol 4-8 ZrO1 144-8 £17-6 2-5±0-2 248-7± 9-8
Oatmeal . .. 6 4-5 -0-2 5-7Zr0-2 7-1±0-2 6-8 ±0-5 6-0±0-5 5-1 -4-0-2 4-8 -0-2 149-S £12-4 2-8±0-2 282-0±32-6
Rich Tea . .. 6 4-8 --0-2 5-74-0-2 7-7-0-2 7-6 ZrOS0- 6-4±0-5 4-8+-04 4-8 ZrOl0- 145-2±12-2 3-2±0-2 274-2 ±33-1
Water . .. 6 4-6ZO02 SOZrO02 7-0-0-4 7-7 rO04 7-3Zr06 5-4±0-6 4-7±0-3 177-5±23-7 3-4±0-3 288-2±30-1

Mean . ..4-6 ---0-1 5-4-0-2 7-1 _~-0-3 7-2-0-3 6-4-0-3 5-1 ±0-1 4-8±-10-03 154-3± 7-8 3-0±0-2 273-3± 8-7

Mean for all cereals and
cereal products .. 20 4-4-:__0-04 5-5 _- 0-1 7-1 -0-1 6-7 --0-1 5-74-0-2 4-74±0-1 4-64- 0-1 139-3± 6-8 2-9±+0-1 226-7± 6-4

Other carbohydrate foods
Fresh peas . .. 6 4-2 -Ol 52± 0-2 6-9-0-3 5-9±0-4 4-7±0-3 4-2±0-1 4-5±0-1 96-3±15-0 2-7±0-3 213-0±17-9
HeinzBakedBeans .. 7 4-5 -Ol 5-4±0-2 6-6ZrO1 6-64±0-5 52ZrO-4 4-3 ±0l 4S5ZrOl 92-1 ±11-0 2-3±0-2 233-7±20-1
Tinned soya beans .. 6 4-4 -Ol 4-7-0-2 S-0- -0-1 4-7 -rO03 4-6 - -0-2' 4-4±0O2 4S5 0-2 30-0± 6-9 0-7±0-1 215-2±19-5

Conversion: SI to traditional units-Glucose: 1 mmol/lz 18 mg,/100 ml.

the breakfast cereals; and 550I' (p <0-01) and 45o (p <0 001) of those
after the tubers.
Most of the leguminous seeds were similar in their effect on blood

glucose, with glucose areas of 60-85 mmol min/1 (1081-1531 mg
min/ 100 ml). The two exceptions were the high response to marrowfat
peas of 99 mmol min 1 (1784 mg min/I00 ml) and the very low one of
17 mmol min/m (306 mg min 100 ml) to soya beans (see table).
Group means of the other foods all fell between 125 and 154

mmol minmI (2252 and 2775 mg min/100 ml), and no individual mean
for any food lay more than 3000 away from its group mean, most
being within 200o of the group mean.

Fresh frozen garden peas produced a relatively large peak rise and
glucose area, similar to those of the dried peas but different from those
of the other leguminous seeds tested. The canned baked beans in
tomato sauce showed a 920,, (p<0-01) greater peak rise than the
plain haricot beans, although the canned soya beans, also in tomato
sauce, were not significantly different from the plain soya beans.

Except when eating biscuits, the mean glucose areas for the glucose
tolerance tests taken by each group of subjects who tested a food were
all similar, and the comparison of glucose areas of the different foods
was therefore considered justified. The mean age of the subjects
testing biscuits was older than that of the other groups, and the mean
glucose area on the glucose tolerance test was significantly higher than
the test glucose areas of the other food groups (by 270 ). The biscuit
values therefore appeared artificially high. Nevertheless, the mean

glucose area of the group who ate the beans, which was only 450O of
that of the group who ate the biscuits, was still only 56%o of the
biscuits group's value when a correction was made for the 259°
difference in areas on the glucose tolerance test of the two groups.

Discussion

With the possible exception of dried peas, beans gave very
much flatter blood glucose responses than other foods con-
taining the same amount of carbohydrate.
Leguminous seeds are rich sources of dietary fibre13 and may

also contain starch in a form that is more resistant to enzymic
breakdown'2 than that in more commonly consumed foods.
Both these factors have been suggested as important in govern-
ing the rate of release of carbohydrate from the gastrointestinal
tract4 5 and thus determining the suitability of foods for in-
clusion in the diabetic diet.
The leguminous seed fibre guar gum has been used success-

fully in the diet to reduce urinary glucose loss in diabetics,7 and
a high-fibre, high-carbohydrate diet containing generous daily
portions of beans, as judged by their contribution to total fibre
intake,6 allowed insulin to be withdrawn in most diabetics taking
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less than 30 units/day. Perhaps even more surprisingly, such
diets have successfully reduced serum triglyceride concentra-
tions in hypertriglyceridaemic men," even though diets high in
carbohydrate from conventional sources are reported to cause
hypertriglyceridaemia." Nevertheless, such diets may require
the consumption of relatively large amounts of leguminous seed
carbohydrate because no reduction in serum triglyceride con-
centrations was seen when only 6% of the calories were derived
from dried legumes.'7
Meals of soya beans and lentils have also been shown to

raise the blood glucose concentrations of diabetics only 30% of
that seen when meals containing an equal amount of carbohy-
drate as wholemeal bread were taken.'2 Since three of the
diabetics described were insulin dependent, it is unlikely that
the effect was due to increased insulin secretion, since their
responses were similar to those of the others with 5-cell function.
Previous studies using added dietary fibre"8 or looking at the
glucose response to carbohydrate-rich foods2 have noted that
when the blood glucose response is reduced more than expected
even larger reductions are generally seen in the serum insulin
response.
Compared with bread, leguminous seed starches are digested

more slowly in vitro by human digestive juices." Intraluminal
starch digestion has not previously been considered to be rate-
limiting on the basis of the excess amount of amylase present.'9
Nevertheless, no account has been taken of difference in fibre
content' and the type of starch4 found in different foods, and it
may be through modification of such gastrointestinal functions
as transit, digestion, and absorption that these factors may have
an effect.
The dramatic effect of beans as a class on postprandial

glycaemia has not hitherto been reported because legumes have
been neglected in the limited comparative testing of individual
foods on blood glucose.4 20 For the foods that have been tested
our own results are in broad agreement with the findings of
others,4 20 except for potato, which in one study20 was considered
to produce only half the rise seen with bread.
From the epidemiological point of view, there is an additional

reason why it may be desirable to reintroduce leguminous seeds
in the Western diet. Recently, it has been claimed that dietary
fibre is important in preventing the development of many of the
diseases of Western civilisation (colon cancer, diverticular
disease, coronary arterial disease, etc).21 Yet the epidemiological
leads on which this is based would do equally well for legu-
minous seeds, which form so much of a part of the diet in rural
Africa, India, Asia, and Latin America and are so conspicuously
absent from the modern industrial Western diet.
The leguminous dishes that are still eaten in the West include

peas and canned baked beans in a sugar-rich tomato sauce.
Both produce higher postprandial rises in blood glucose con-
centration than other legumes. Both fresh garden peas and
mature marrowfat peas were similar, although the nature of the
carbohydrate would have been different, with more starch and
less sugar in the mature seed. Peas may therefore be different
from beans. Nevertheless, the replacement of over 450/ of the
carbohydrate as sugar in the baked beans abolished some of the
reduction predicted from the results with plain haricot beans.
We conclude from our results of testing individual foods that

leguminous seeds as a class produce by far the lowest rise in
postprandial blood glucose of the carbohydrate-rich foods
tested. It has already been shown that a meal of soya beans and
lentils produces very little increase in the blood glucose con-
centration-compared with an equivalent amount of carbohydrate
as wholemeal bread.12 Legumes may perhaps be incorporated
usefully into the diabetic diet to increase the carbohydrate intake
and so reduce fat consumption. Substitution for other forms of
carbohydrate in the diet of the hypertriglyceridaemic individual
may also aid the reduction of fasting serum triglyceride con-
centrations. This would be especially useful at a time when
reports of side effects have made certain drug treatments less
attractive.22
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the great help ofMr Mike Hogan, who together with Mr Bill Williams,
Mr Nick Daw, Mr Richard Studerest, and Mr Andrew Lawrence took
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the Granose Food Company, Watford, Herts.
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ONE HUNDRED YEARS AGO The New York Medical Record
records two cases in which the new anaesthetic bromide of ethyl was
administered. It required eleven minutes to bring one patient under
its influence, and nine drachms were used. Its odour was very
disagreeable, its effect was evanescent. Two drachms had previously
put the house-physician asleep, and, during its administration to the
patient, the doctor-who appears to be unusually susceptible to the
effects of anaesthetics-came near falling asleep. Another patient, a
very strong man, just as he was coming under the influence of the
same anaesthetic, became excited, violent, and unmanageable, sprang
from the table, and escaped to his bed. This is not a very satisfactory
"record," but it probably does not represent the results of very skilled
administration. (British Medical3Journal, 1880.)
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