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Responses of blood glucose and C-peptide to five Chinese

starchy foods

Wu Xiaomei MD, Ho Zhi-chien PHD, Yu Binjie MD and Weng Jianping MD

Department of Clinical Nutrition, Sun Yat-sen University of Medical Sciences, Guangzhou, China.

Forty-nine patients with non-insulin-dependent diabetes mellitus (NIDDM) were randomly divided into four groups
(10-18 patients per group) to compare the responses of blood glucose and C-peptide to some Chinese starchy foods.
Ten healthy subjects were used as controls. After an overnight fast, the blood samples were drawn at fasting and 30, 60,
120, 180 minutes postprandially to measure plasma glucose and serum C-peptide levels. Bun, which was made from
refined wheat flour and similar to white bread, was used in the assessment as the reference food. Other test foods
includedrice, lotus seed, seed of gordon euryale, and thizome of common yam. There was only one kind of food in each
test meal, and each serving contained 50 g of carbohydrate. With both glycaemic index (GI) and C-peptide index (CI) of
bun set as 100 in this study, the GI and CI respectively were: rice 89 and 91; lotus seed 62 and 72; seed of gordon
euryale 102 and 102; rhizome of common yam 103 and 95. The GI and CI of lotus seed were significantly lower than
those of other test foods. It appears that lotus seed may have a beneficial effect in NIDDM patients, and may be one of

the more appropriate foods for diabetic patients.

Introduction

With the liberalization of carbohydrate intake in diabetic
patients, many studies have focused on postprandial gly-
caemic responses to carbohydrate-rich foods. It is known that
different foods with the same amount of carbohydrate may
produce difference glycaemic responses”. The glycaemic
index, an indicator of post-prandial glycaemic response to
food, is widely used in conjunction with the diabetes
exchange list in planning diabetic diets, especially in select-
ing starchy foods. '

Some Chinese starchy foods (eg lotus seed, seed of gordon
euryale, rhizome of common yam etc.), according to tradi-
tional Chinese Medicine, are regarded as both edible foods
and effective herbal medicines for diabetes, and have been
recommended in China as alternative staple foods for diabet-
ics. On the other hand, bun and rice are two main staple foods
in China. Whether any of these foods can produce a lower
glycaemic response needs to be determined. In this study we
observed the blood glucose and C-peptide responses to these
Chinese starchy foods in diabetic and healthy subjects, in
order to determine which of these foods is more appropriate
for inclusion in a diabetic diet.

Subjects and methods

Subjects included 49 volunteer non-insulin-dependent dia-
betes mellitus (NIDDM) patients (25 male and 24 female)
and ten healthy volunteers (five male and five female). The
age of the subjects, the body mass index (BMI), the fasting
plasma glucose level and daily therapy are shown in Table 1.

Ethics statement

The patients were randomly divided into four groups (10-18
patients per group), while all the healthy persons comprised a
single control group. The studies were conducted on two
mornings in NIDDM patients and three mornings in healthy
subjects. After a 10- hour overnight fast, an intravenous
cannula was placed in the forearm vein of the subject. A test
meal was consumed within 15 minutes. The test meal was
bun for all groups on the first test momning and either rice
(Oryza sativa subsp. hsien), lotus seed (Nelumbo nucifera),
seed of gordon euryale (Euryale ferox) or rhizome of
common yam (Dioscorea opposita) for each test group, on
the second test morning in NIDDM subjects. For healthy
subjects the test meal was also bun on the first test morning,
rice on the second, and lotus seed on the third. Among these
five test foods, bun (which was made from refined wheat
flour and similar to white bread), was served as the reference
foods. The other foods (rice, lotus seed, seed of gordon
euryale, and rhizome of common yam) were prepared by
steaming in some water and a little salt until soft. Each serv-
ing consisted of only one kind of test food and contained 50
grams of carbohydrate. Table 2 shows the composition of the
test foods.

During the test morning, all subjects rested and consumed
no extra foods, but took a sip of water once in a while. Neither
oral hypoglycaemic agents nor regular insulin was used in
NIDDM subjects. Blood samples were drawn at fasting and
after 30, 60, 120, 180 minutes post-prandially via intravenous
cannula, for measuring glucose and C-peptide levels. Plasma
glucose was determined using the glucose oxidase method
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(DPC kits). The equation of Wolever® was used to calculate
the glycaemic index. The C-peptide index was calculated
using a similar method.

Incremental area under blood glucose
response curve for test food
Gly:

ic index = x 100

Corresponding area after equicarbohydrate
portion of reference food

Data were expressed as mean+SE. Incremental areas under
the glucose or C-peptide responses curves were calculated
geometrically. Paired or unpaired data were assessed by T-
test. Multiple comparisons were made by ANOVA, and a
possible association between glyceamic index and C-peptide
index was tested using a correlation analysis. The level of sta-
tistical significance was set at 0.05.

Table 1. Characteristics of NIDDM and healthy subjects: values are means = sd.
Subjects Mean age Mean BMI fasting plasma Daily therapy
(range) (range) glucose
(years) (kg/mz) (mmol/)
NIDDM 528 21.68 +2.44 9.98 +3.62 Diet, oral hypoglycaemic
(28-65) (14.28-26.34) agents,and/or regular inswin
Healthy 4710 22.40+£0.97 4.90 +£0.45 None
(35-61) (16.65-26.99)
P >0.05 >0.05 <0.05
Table2. The Composition of test foods®,
Test Raw weight Protein Fat Carbohydrate Dietary fibre
Foods ® ® ® ® ®
Bun® 67 6.90 0.74 50 0.40
Rice 65 5.40 0.65 50 0.33
Lotus seed 78 13.40 1.56 50 2.34
Seed of gordon 69 6.66 0.14 50 1.04
euryale
Rhizome of 72 6.77 0.72 50 1.01
common yam
*Values from Food Composition Tables, China, published in 1991,
b Weight of refined wheat flour.
and serum C-peptide using the radioimmunoassay method Results

It appeared that the glycaemic index and C-peptide index of
the same starchy food were not significantly different
between NIDDM and healthy subjects (P>0.05, Table 3). For
this reason, the results of NIDDM and healthy subjects were
combined. The glycaemic indexes and C-peptide indexes of
the test foods in NIDDM and healthy subjects were then cal-
culated for the group as a whole (Table 4).

Among the five starchy foods tested, the glycaemic index
of lotus seed was significantly lower than that of rice (t=3.42,
P<0.01), seed of gordon euryale (t=4.37, P<0.001) and rhi-
zome of common yam (t=4.23, P<0.001). The glycaemic
indexes of the latter three foods were not different statisti-
cally (F=1.48, P>0.05). Also the C-peptide index of lotus
seed was significantly lower than that of rice (t=2.11,
P<0.05) and seed of gordon euryale (t=2.49, P<0.05), but not
rhizome of common yam (t=1.89, P>0.05). The C-peptide
indexes of rice, seed of gordon euryale and rhizome of com-
mon yam were not different statistically (F=0.49, P>0.05).

Table 3. Comparison of glycaemic index and C-peptide index between NIDDM and healthy subjects.

Test Glycaemic index C-peptide index
foods
NIDDM(n1) Healthy (n2) NIDDM(nl) Healthy (n2)
Rice 87.50+6.17 91.00+10.31 91.46+8.77 89.90+8.34
(n1=18,n2=10, t=0.31, p=0.76) (n1=13, n2=10, t=0.13, p=0.90)
Lotus seed 72.00+7.78 52.70+6.13 73.80+12.26 70.90+4.29

(n1=10, n2=10, t=1.95, p=0.07)

(n1=10, n2=10, t=0.22, p=0.83)
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Table 4. Glycaemic indexes and C-peptide indexes of five Chinese starchy foods.

Test foods Glycaemic index (case) C-peptide index (case)
Bun® 100 100

Rice” 88.75+5.31°(28) 90.78+6.01°(23)
Lotus seed” 62.35+5.30" (20) 72.35+6.33" &20)
Seed of gordon euryale® 101.7317.39" (11) 101.90+11.05 (10)
rhizome of common yam® 102.60+8.30" (10) 95.00+8.98" (7)

Reference food: glycaemic index and C-peptide index set at 100.
® Pool of NIDDM and healthy subjects.
" ° Group of NIDDM subjects.

Different superscript letters in the same column showed the figures were significantly different at P<0.05.
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Figure 1. Linear relationship between glycaemic indexes and c-

peptide indexes in five Chinese starchy foods.

There was a significant linear correlation (t=6.78, P<0.01,
see Figure 1) between the glycaemic indexes and C-peptide
indexes. The correlation coefficient was 0.97.

When the blood glucose (or C-peptide) response to bun
was compaired with that of rice, it was appropriate to
compare the incremental area under the blood glucose (or C-
peptide) response curve instead of glycaemic index (or C-
peptide index), because the glycaemic index (or C-peptide
index) of bun was a reference value not a mean. In this study
we performed pairwise comparisons between the incre-
mental areas under the blood glucose response curves (IAG)
of bun with those of rice in NIDDM patients. There was no
significant difference between those of rice and bun (t=1.74,

Table 5. Pairwise comparisons between the incremental
areas under the blood glucose (or C-peptide) response curves
of bun and rice in NIDDM subjects.

Test foods IAG IAC
(mmol.h/l, n=18) (pmol.h/], n=13)

Bun 14.31+0.93 1.18+0.21

Rice 12.67+1.00 0.91+0.14

P >0.05 <0.05

P>0.05), but the incremental areas under the blood C-peptide
response curves (IAC) of rice were lower than those of bun
(t=2.32, P<0.05). See Table 5.

Discussion

These results demonstrate that different kinds of starch-rich
foods with an equal carbohydrate content might produce dif-
ferent blood glucose and C-peptide responses. Glycaemic
indexes (GI), which represented the postprandial glycaemic
responses of foods, were valuable parameters. Foods with
lower postprandial glycaemic responses usually also showed
lower glycaemic indexes. On the other hand, C-peptide
indexes (CI), which represented the post-prandial insulin
secretory responses, always varied in concert with the
glycaemic indexes in both NIDDM and healthy persons.
There was a positive correlation between GI and CI, ie foods
with a high glycaemic index appeared to have a high
C-peptide index, and vice versa. This suggests that among
foods with the same macronutrient composition, those
with low glycaemic indexes and C-peptide indexes might be
better for diabetic patients than those with high indexes.

Our results also demonstrated that the glycaemic index and
C-peptide index of the same starchy food were not signifi-
cantly different between NIDDM and healthy subjects, but
there were obvious individual variations for both indexes.
These results are comparable with those of the previous
report Thus the glycaemic indexes and C-peptide indexes
measured in normals were comparable for NIDDM patients.
When we plan a meal for diabetes, not only the glycaemic
indexes and C-peptide indexes of foods but also the individ-
ual variations should be considered.

As Chinese main staple foods, bun is common in the north
and rice in the south. Using pairwise comparisons for bun and
rice, we did not find any difference between the incremental
areas under the blood glucose response curves in NIDDM
patients. This suggests that rice is not superior to bun for a
diabetic diet. This result was consistent with the previous
result in healthy Chinese’. Perhaps some kinds of rice with a
high portion of amylose might produce a low glycaemic
response’, but in our study we did not analyse amylose con-
tent of the rice.

According to traditional Chinese medicine, some foods
with herbal characteristics, for example, lotus seed, seed of
gordon euryale and rhizome of common yam, are deemed to
be the equivalent of herbs and are thought to invigorate the
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dlgestlve organs. They can be used as therapeutic foods for
diabetes'®'". In our study, lotus seed showed a lower gly-
caemic index and C-peptide index than the other foods tested,
but these indexes did not differ between seed of gordon
euryale, rhizomes of common yam and rice. This suggests
that lotus seed may be more suitable food for diabetic
patients.

Growing in most parts of the south of China, lotus seed is
commonly used in soup, congee and dessert. Sweet minced
lotus seed is also widely used in buns, bread and cake in
China. According to Chinese food composition analyses,
lotus seed is rich in carbohydrate (64.2%), protein (17.2%)
and kalium (846m§/ 100g), but low in fat (2.0%). Its dietary
fibre is about 3%'~. All of these factors may confer some
advantages of lotus seed over other foods for diabetic
patients. Lotus seed is, however, limited in methionine'?, so
it is better to consume lotus seed with some methionine-rich
foods.

As we know, there are many factors that affect the post-
prandial glycaemic responses of foods, including: the nature
of the starch; dietary fibre content; food form; particle size;
cooking method; antinutrients (eg lectins, phytates, saponins,
tannins and enzyme inhibitors); as well as starch-protein and
starch-lipid interactions etc® '*. Whether lotus seed gave a
low postprandial glycaemic response due to a high amylose
content, due to the presence of some unknown material,
needs further investigation.

Conclusion

Different kinds of starchy foods may produce various post-
prandial glycaemic responses. Lotus seed appears to produce
both glycaemic and C-peptide lower responses, and may
have a beneficial effect on diabetes. Our study, however, on
single foods, how lotus seed acts in a mixed Chinese meal
will require further study.

References

1

10

11

12

13

Crapo PA. Postprandial hormonal responses to different types
of complex carbohydrate in individuals with impaired glucose
tolerance. Am J Clin Nutr 1980; 33: 1723-1728.

Crapo PA. Comparison of serum glucose, insulin, and glucagon
responses to different types of complex carbohydrate in nonin-
sulin-dependent diabetic patients. Am J Clin Nutr 1981; 34:
184-190.

Coulston A. Effect of source of dietary carbohydrate on plasma
glucose and insulin responses to test meals in normal subjects.
Am J Clin Nutr 1980; 33: 1279-1282.

Coulston A. Effect of differences in source of dietary carbohy-
drate on plasma glucose and insulin responses to meals in
patients with impaired carbohydrate tolerance. Am J Clin Nutr
1981; 34: 2716-2720.

Jenkins DJA. Glycaemic index of foods: a physiological basis
for carbohydrate exchange. Am J Clin Nutr 1981; 34: 362-366.
Jenkins DJA. The Glycaemic index of foods tested in diabetic
patients: a new basis for carbohydrate exchange favouring the
use of legumes. Diabetologia 1983; 24: 257-264.

Du SF. Plasma glucose and serum insulin responses to different
kinds of foods in healthy subjects. Physiological Science 1986;
6(6): 462-470.

Wolever TMS. The glycaemic index. Wid Rev Nutr Diet 1990;
62: 120-185.

Miller JB. Rice: a high or low glycaemic index food? Am J Clin
Nutr 1992; 56: 1034-1036.

Li SZ. Ben Cao Gang Mu. Ming Dynasty (1552-1578); 23:
119-120; 33: 62-63, 70-71.

Kuang AK. Diabetes mellitus in China. Hu Nan Scientific
Technical Publisher 1989; 29-30, 255-256, 271-273.

Institute of Nutrition and Food Hygiene, Chinese Academy of
Preventive Medicine: Food Composition Tables. Ren Min Wei
Sheng Publisher 1991, 26, 52.

Crapo PA. Carbohydrate in the diabetic diet. ] Am Coll Nutr
1986; 5: 31-43.

Responses of blood glucose and C-peptide to five Chinese starchy foods

Wu Xiaomei, Ho Zhi-chien, Yu Binjie and Weng Jianping

Asia Pacific Journal of Clinical Nutrition 1994; 3:207-210

@i iﬁf‘ﬁ»\i@@é@%@@% Fu CAAR %

MIGRFAEYE, NELRATFRGSSERS

18y paim & FEF, (FlRTEERDDFCRET

TR (Ehep sttty

ET . KT

‘?:‘S“H

Chrissris (100, B £

s t\

FOCirfaMEERRK EEWERAHS,

EEATMBESINCHED T HE,

PHFERGIMRREERF[NIDDM)F ARG R44, £510-184 ,

SIBAPEFI0. 60, 120

UE: EREHEIEEL. £,

~

4}
T
>i—
tf
w
o
sF
S
Wik
ot

*
A

72; 7L 3102, 1625 #1103, 95 FEREE, ETHOMmEEES

ETELEHEEQRBNEASEHER

B EARG, TENBRRAAFTH —REREY .



