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Abstract
AIM: To determine the glycemic index (GI), glycemic 
load (GL) and insulinemic index (II) of five starchy foods 
that are commonly used in Chinese diets. 

METHODS: Ten healthy subjects aged between 20- 
30 years were recruited. Each subject was asked to 
consume 50 g of available carbohydrate portions of test 
foods and reference food. Finger capillary blood samples 
were collected at the start of eating and 15, 30, 45, 
60, 90 and 120 min after consumption. The GI and II 
of foods were calculated from the ratio of incremental 
area under the glucose/insulin response curves of test 
and reference foods. The GL for each test food was 
determined from its GI value and carbohydrate content.

RESULTS: The results showed that brown rice elicited 
the highest postprandial glucose and insulin responses, 
followed by taro, adlay, yam and mung bean noodles, 
which produced the lowest. Among the five starchy 
foods, brown rice evoked the highest GI and GL at 82 ± 

0.2 and 18 ± 0.2, followed by taro (69 ± 0.4, 12 ± 0.2), 
adlay (55 ± 0.4, 10 ± 0.2), yam (52 ± 0.3, 9 ± 0.0) and 
mung bean noodles (28 ± 0.5, 7 ± 0.2), respectively. The 
II values of the test foods corresponded with GI values. 
Similarly, brown rice gave the highest II at 81 ± 0.1, fol-
lowed by taro (73 ± 0.3), adlay (67 ± 0.3), yam (64 ± 0.5) 
and mung bean noodles (38 ± 0.3). All five starchy foods 
had lower GI, GL and II than reference bread (P < 0.05). 

CONCLUSION: The GI, GL and II values of starchy 
foods provide important information for the public to 
manage their diet and could be useful for the prevention 
of lifestyle-related diseases such as diabetes mellitus.
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INTRODUCTION
Insulin resistance increases the risk of  type 2 diabetes[1-3]. 
One characteristic that can be associated with insulin resis-
tance is hyperinsulinemia that may result in deterioration 
of  β-cell function, which is involved in the pathogenic 
process of  diabetes[4]. In the context of  current dietary 
strategies to prevent hyperinsulinemia and insulin resis-
tance, it is imperative to consider diets/foods in terms of  
their ability to reduce the degree of  postprandial glycemia 
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and insulinemia[5]. These issues have important public 
health implications. Any diet to counteract diabetes should 
be evaluated for its effects on glucose response and insulin 
secretion. To do this, it is urgent and necessary to continu-
ously determine the glycemic index (GI) and insulinemic 
index (II) values of  foods in different countries, especially 
the GI of  agricultural foods.

GI was introduced to describe the extent to which dif-
ferent foods elicit varying degrees of  postprandial blood 
glucose. It is defined as the incremental area under the  
2 h blood glucose response curve (IAUC) after consum-
ing a test food compared to the corresponding area after 
a carbohydrate-equivalent amount of  a reference food (ei-
ther glucose or white bread)[6,7]. Expanding this theory to 
the postprandial insulin levels evoked by foods, the II of  
foods can also be determined from the corresponding in-
cremental blood insulin areas[8]. Because insulin is the hor-
mone that maintains blood glucose homeostasis, a food or 
diet high in II could induce a higher degree of  postpran-
dial insulin concentration and thus result in higher insulin 
demand in the long term[9,10]. Therefore, it is compulsory 
to grade foods based on their GI, along with the II, to 
prevent both postprandial glycemia and insulinemia in 
humans. Glycemic load (GL), on the other hand, is a 
concept that summarizes both GI and the carbohydrate 
content and is considered to represent the overall glyce-
mic effects of  a food[11]. Recent studies have shown that 
increased dietary GL resulted in predictable increases in 
glycemia and insulinemia in humans[12,13]. Therefore, it is 
important to evaluate the concept of  GI value of  foods 
together with their concurrent II and GL values.

Tubers and cereals have been considered as the main 
carbohydrate sources in Chinese diets since the early 
1960s. They are not only rich in starch, but also contain 
vitamins, minerals, phytoestrogens, and trace elements. In 
the agricultural epoch of  Taiwan, where rice and grains 
are considered rare and expensive, people often consume 
tubers, such as taro and yam, as a main meal or as a rice 
substitute to help them harness energy for endurance 
farm work. In the book, “Ben Chou Gun Mu”[14], a very 
famous Chinese ancient medical book, they were even 
described as having medical purposes. With rapid de-
velopment of  the economy, however, eating habits and 
lifestyle in Taiwan are changing. There is some concern 
that people think it is detrimental to consume tubers and 
some cereal products because they are high in starch and 
regular eating may cause hyperpostprandial glucose re-
sponses. Some people even avoid grains or tubers in their 
diets, particularly diabetic patients. Therefore, it is neces-
sary to evaluate these foods according to their glycemic 
and insulinemic responses, since they are involved in diet 
management that helps maintain normoglycemia (possibly 
also maintaining insulin demand). The five most available 
starchy foods that are controversial regarding their glyce-
mic effects on humans were chosen for this study. The 
proximate nutritional components and indigestible starch 
[dietary fiber (DF) + resistant starch (RS)] were also evalu-
ated in this study.

MATERIALS AND METHODS
Ethics
The study was approved by the Institutional Review Board 
of  Kaohsiung Medical University. Informed consent was 
obtained from each subject before the enrollment.

Study subjects
Ten healthy subjects were selected for the study. The sub-
jects were six females and four males, aged between 20- 
30 years, with a mean body mass index (BMI) of  20.6 ± 0.6 
(BMI ± SE, in kg/m2). Subjects were recruited based on 
the following criteria: (1) healthy weight, stable for 6 mo 
prior to the study; (2) not being on a diet; (3) non-smoker; 
(4) not taking prescription medication; (5) normotensive; 
and (6) normal fasting glucose[7]. All subjects were asked 
to avoid alcohol, legumes and fried foods, eat a regular 
meal the night before each test, and refrain from unusual 
eating habits and activity the day before each test. Subjects 
were also required to complete a food questionnaire be-
fore each test to ensure that they had no irregular eating 
habits. The procedures of  the study were orally explained 
to the subjects, and by written notification.

Test foods
Five starchy foods and one reference food were tested 
in 50 g available carbohydrate portions. The test foods 
examined included adlay (Coix lachryma-jobi L.), brown 
rice (variety, Tai Ken #9) (Oryza sativa L. japonica), mung 
bean noodles (glass or cellophane noodles), taro (Colo-
casia esculenta L. Schott) and yam (Chinese sweet potato) 
(Ipomoea batatas L. Lam). Brown rice was manufactured by 
the Union Rice Company (Taipei, Taiwan). Mung bean 
noodles were produced by the Longkow Company (Taipei, 
Taiwan). Taro and yam were purchased from a local farm 
(Kaohsiung County, Taiwan). Regarding food preparation, 
brown rice was prepared by a preliminary soaking (the 
ratio of  rice to water was 1:1.5) overnight, and cooked by 
a rice cooker (Tatung Co., Ltd. Taiwan) right before the 
tests. Mung bean noodles were boiled. Taro and yam were 
skin peeled, cut into 5 cm cubes and steamed by the rice 
cooker (Tatung Co., Ltd. Taiwan). The reference food, 
white bread, was laboratory made the day prior to the 
tests. 

Experimental procedures
This study was conducted using internationally recog-
nized GI methodology[6,7,15,16]. All subjects were blind to 
the name of  the food being tested. White bread was the 
reference food (GI = 100%) against which all test foods 
were compared. Subjects arrived at the laboratory at eight 
to nine o’clock in the morning after 10-12 h overnight 
fast. Each subject was fed equivalent 50 g available carbo-
hydrate of  test foods or reference food in random order. 
To minimize day to day variation of  glucose tolerance, the 
reference food was tested in triplicate in each subject. All 
test and reference foods were served with 220 mL of  wa-
ter. An automatic lancet device (Safe-T-Pro; Roche Diag-

4974 October 21, 2010|Volume 16|Issue 39|WJG|www.wjgnet.com

Lin MHA et al . GI, GL and II of foods



nostics GmbH Mannheim, Germany) was used to collect 
finger capillary blood samples (1.5 mL). Blood samples 
were taken immediately before the start of  the study  
(0 min) and 15, 30, 45, 60, 90 and 120 min after the start 
of  eating. The blood samples were collected in heparin-
ized tubes and centrifuged at 10 500 × g for 3 min at 4℃ 
to obtain plasma. Plasma was spotted onto a slide which 
contained a reagent layer (glucose oxidase and peroxidase) 
(Fuji Dri-Chem 3000; Fuji Film, Kanagawa, Japan) and 
analyzed with an automatic biochemistry analyzer (Fuji 
Dri-Chem 3000s, Fuji Film, Kanagawa, Japan) for glucose 
concentrations on each test day. Plasma insulin concentra-
tions were analyzed in duplicate using an enzyme-linked 
immunosorbent assay (ELISA) with immunoassay kit 
(Insulin ELISA, Mercodia AB, Uppsala, Sweden) and 
microplate spectrophotometer (PowerWave XS, Bio Tek, 
Winooski, VT, USA).

Glycemic and insulin index determinations
The GI/II was calculated from the ratio of  the IAUC of  
the blood glucose/insulin response curve of  test food con-
taining 50 g of  available carbohydrate and the same amount 
of  reference food (mean IAUC of  three reference white 
bread samples) expressed as a percentage. Because the GI 
value of  white bread is 71 (measured in advance), therefore, 
the resulting values need to be multiplied by 0.71 in order to 
convert them to GI values based on glucose[17-19].

Proximate composition analysis
The fat, protein and carbohydrate contents of  test foods 
were analyzed according to AOAC methods[20]. Crude fat 
was estimated by solvent extraction in a soxhlet appara-
tus for 14-16 h with petroleum ether. Crude protein was 

analyzed by determining the total nitrogen in dried food 
samples using micro-kjeldahl procedures. A factor of  6.25 
was used to convert ‘N’ (nitrogen) value into protein[20]. 
The analyses of  RS + DF were carried out by the method 
of  Onyango and others[21,22] with a slight modification. All 
measurements were in triplicate. 

Statistical analysis
Results are presented as mean ± SE. Insulin concentra-
tions were multiplied by a factor of  6.0 to convert the 
concentration from mU/L to pmol/L (scientific units). 
Analysis of  variance was performed by using SPSS Win-
dows Release 13.00 (Standard Version, Germany) to de-
termine significant differences. A value of  P < 0.05 was 
considered significant. 

RESULTS
Postprandial glucose and insulin responses
The study protocol was well tolerated. All 10 subjects 
completed the study. The mean plasma glucose responses 
curves for the reference and five test foods are displayed 
in Figure 1. The reference food produced a large rise in 
blood glucose during the first 45 min and the greatest 
overall glycemic response. All test foods had similar-
ity in their peak blood glucose concentrations, except 
adlay which reached a glycemic peak at 30 min. All test 
foods, however, varied in their overall glycemic responses. 
Among the test foods, the brown rice elicited the high-
est glycemic responses followed by the taro, adlay and 
yam, and the mung bean noodles produced the lowest. 
Figure 2 shows the mean plasma insulin response curves 
for the reference and five test foods. The reference food 
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Figure 1  Mean glucose concentrations elicited by five different starchy foods in healthy subjects. Data are expressed as the change in plasma glucose con-
centration from the fasting baseline concentration. 
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produced the highest peak plasma insulin concentration 
and the largest overall plasma insulin responses, followed 
by the brown rice, and the mung bean noodles elicited the 
lowest plasma insulin responses. All five test foods and 
the reference food reached their highest response peak at 
30 min, except mung bean noodles which reached a peak 
at 45 min. The plasma insulin responses observed for the 
five test foods showed a similar profile to their concurrent 
glycemic responses. 

GI, GL and II 
The GIs, GLs and IIs of  all the test foods are presented 

in Figure 3 and the classifications of  GIs and GLs are 
showed in Table 1. The mean GI and GL values of  the 
white bread reference were significantly greater (P < 0.001) 
than the mean GI and GL values of  each of  the test 
foods. The II values of  the test foods corresponded with 
the GIs. The mean II value of  the white bread was signifi-
cantly higher (P < 0.05) than the mean II values of  each 
of  the five test foods. 

Proximate nutrition components
The nutrient levels and RS + DF are listed in Table 2. 
The RS + DF content of  the yam, mung bean noodles, 
and adlay was intermediate (15-20 g), whereas the taro 
and reference white bread was low (9-10 g). We fur-
ther estimated the caloric values of  the test foods from 
their carbohydrate, fat and protein contents. All five test 
foods had caloric values ranging from 330 to 384 kcal (= 
1379-1605 kJ) per 100 g. 

DISCUSSION
The present study evaluates the GI, GL and II of  five 
starchy foods that are traditionally used in the Chinese 
diet. The results suggest that brown rice produces the 
highest glycemic and insulinemic responses and has a GI 
lower than white rice cooked in a rice cooker (i.e. GI = 
99-156)[11]. This result is surprising as a characteristic of  
brown rice is that the thick bran layer retained in brown 
rice is often composed of  higher fiber content than white 
counterparts. As judged by several reports[23,24], the rate of  
gastric emptying of  starch and digestibility of  starch influ-
ence the glucose responses and GI values. The effects of  
fiber and RS on gastric emptying and digestibility have 
been evaluated in previous studies, showing that fiber and 
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Figure 2  Mean insulin concentrations elicited by five different starchy foods in healthy subjects. Data are expressed as the change in plasma insulin concen-
tration from the fasting baseline concentration.

Figure 3  Glycemic index, glycemic load and insulinemic index values of 
the starchy foods. The mean glycemic index (GI), glycemic load (GL) and insu-
linemic index (II) for the reference food (white bread) and the five tested starchy 
foods. For the GI values, columns with different superscripts (a, b, c, d, e, f) are 
significantly (P < 0.05) different. Columns representing the GL values with differ-
ent superscripts (v, w, x, y, z) are significantly different (P < 0.05). Columns repre-
senting the II values with different superscripts (A, B, C, D, E, F) are significantly 
different (P < 0.05).
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RS are indigestible and could delay gastric emptying[25-27]. 
Therefore, lower blood glucose responses and GIs are 
expected in brown rice. The present results, however, in-
dicated that the brown rice we tested is considered as high 
GI and medium GL food. This information appears to 
coincide with clinical observations of  a significant rise in 
postprandial blood glucose after consuming brown rice in 
both diabetic patients and healthy consumers. Tradition-
ally, when cooking brown rice, it has often been soaked 
in cold water before cooking to reduce the hardness and 
chewy mouthfeel after cooking. A possible explanation for 
the high GI is that the process of  soaking allows starch 
granule expansion and performance of  better gelatiniza-
tion, leading to improved digestibility and consequently a 
higher GI level is observed. 

The result regarding mung bean noodles showed lower 
glucose and insulin responses than bread and produced 
the lowest GI and GL among the five starchy foods, al-
though higher carbohydrate content was observed. Gen-
erally, mung bean noodles are made of  mung bean or pea 
starch, high in amylose, which has been reported to have 
the effect of  lowering GI[28]. Taro and yam both have long 
been used in the Chinese diet. There have been times 
when rice was considered rare and expensive, so yam has 
often been eaten as a sweet dessert or used as a rice sub-
stitute in traditional diets. The postprandial glucose and 
insulin responses elicited by yam are slightly lower than 
taro, and thus gave lower GI values. These properties of  
yam and taro can be encouraging for people who are con-
cerned about their postprandial blood glucose levels. It 
is interesting to note that taro and yam both have similar 
carbohydrate contents, however they produced variable 
GI and GL values. They also had lower GI and GL than 

bread (the reference food), despite the fact that carbohy-
drate level in bread was much lower than in taro and yam. 
An unexpected observation was the relationship between 
GI and II (i.e. II has usually been described as lower than 
the relative GI values). In our results, the IIs observed 
from the five starchy foods were higher than their rela-
tive GIs. For example, the II of  adlay was 67 ± 0.3; its 
GI, however, was 55 ± 0.4. Previous studies indicated co-
ingestion of  fat and/or protein could increase insulin re-
sponses and potentially elicit higher insulinemic responses 
than relative glycemic responses[29]. In the present study, 
fat and protein contents were observed among the five 
test foods and insulin responses are higher than their rela-
tive glycemic responses, consequently higher II than the 
corresponding GI values were found. This result implies 
that co-ingestion of  fat and protein in real foods may 
influence insulin secretion, despite similar amounts of  
carbohydrate in their contents. The effect may be viewed 
as increasing glycemic and insulin responses as higher 
protein and/or fat contents in the starchy foods are mea-
sured. With regard to calorie content, all five starchy foods 
contained calories of  about 368 kcal (per 100 g), which 
did not reach statistical significance (P < 0.05) when com-
pared with white bread (305 kcal). Accordingly, food with 
lower GI has better satiety than high GI items. Therefore, 
the actual calorie input may be much lower in mung bean 
noodles, adlay, taro and yam than in brown rice and white 
bread. 

Based on the correlation analysis, our results sug-
gested that the RS + DF were negatively correlated with 
the GI and II values (r2 = -0.66 and -0.10, respectively), 
and positively correlated with GL (r2 = 0.49). Although 
this result is in line with previous findings[30,31], showing 
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Table 1  Glycemic index, glycemic load and insulinemic index of the test foods

Glycemic index1,3 (%) Glycemic load2,3 (g) Insulinemic index (%)

mean ± SE Classification mean ± SE Classification mean ± SE

Adlay 55 ± 0.40 Low   9 ± 0.15 Low 67 ± 0.27
Brown rice 82 ± 0.22 High 18 ± 0.15 Medium 81 ± 0.13
Mung bean noodles 28 ± 0.50 Low   7 ± 0.15 Low 38 ± 0.26
Taro 69 ± 0.35 Medium 12 ± 0.16 Medium 73 ± 0.30
Yam 52 ± 0.25 Low   9 ± 0.00 Low 64 ± 0.45
White bread 1003 High 12 Medium 1003

1Level of glycemic indexs (GIs) were classified according to high (> 69), medium (56-69) and low (< 56) GI; 2Level of glycemic loads (GLs) 
were classified as high (> 20), medium (11-19), and low (< 10) GL; 3White bread was used as reference food and was defined as 100.

Table 2  Major nutrient components and resistant starch content of the test foods (mean ± SE)

Carbohydrate1 (g/100 g) Protein1 (g/100 g) Fat1 (g/100 g) RS + DF1 (g/100 g) Calories (kcal/100 g)

Adlay 85.9 ± 0.5   6.7 ± 0.1 2.5 ± 0.0 15.1 ± 0.5 329.9
Brown rice 86.2 ± 0.1      5 ± 0.1 1.7 ± 0.1 30.8 ± 0.6 380.1
Mung bean noodles 93.5 ± 0.1   0.0 ± 0.0 0.0 ± 0.1 15.7 ± 0.5 374.0
Taro 89.9 ± 0.1 3.25 ± 0.0 0.1 ± 0.0   9.8 ± 0.3 373.5
Yam 89.1 ± 0.1 2.12 ± 0.2 2.1 ± 0.2 20.2 ± 0.5 383.8
White bread 49.9 ± 0.5   9.4 ± 0.1 7.5 ± 0.0   8.8 ± 0.4 304.7

1Analyzed by dry weight. DF: Dietary fiber; RS: Resistant starch.
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that indigestible starch reduces postprandial glucose and 
insulin responses, the study may overestimate the amount 
of  RS and DF in the test foods. All the test foods were 
served hot (approximately 60℃) to the subjects for GI 
determination. In the RS + DF analysis, however, all the 
test foods needed to be cooled and dried before proceed-
ing to analytical procedures. The performance of  cool-
ing and drying allows retrogradation to occur in amylose 
chains and may increase the production of  RS (retrograded 
amylose)[32]; consequently higher RS was observed. In par-
ticular, this applied to brown rice and yam. 

Comparing GI data from other nations, the GI values 
of  starchy foods produced in Taiwan are slightly different 
to that of  counterpart foods produced overseas[9,11,19]. 
Findings such as this reveal that GI and II values of  foods 
from different countries need to be determined strictly fol-
lowing their own recipes. The GI values of  a food could 
vary when food preparation, cooking methods, food pro-
cessing, GI testing methods[19] and even geographical loca-
tion are different. This is more applicable for raw agricul-
tural products. Hence, food with equivalent carbohydrate 
does not induce similar glycemic and insulinemic respons-
es. This means that GI and GL, along with II values of  
foods, need to be determined at the same time, in order to 
provide better understanding as to their postprandial gly-
cemic and insulinemic effects. The present study empha-
sizes that mung bean noodles, adlay and yam are low GI 
and GL foods but have variable degrees of  II values. The 
results of  this study may provide important information 
for the public to manage their diet and may prove useful 
for the prevention of  lifestyle-related diseases, such as 
diabetes mellitus. Continuously evaluating GI values of  
foods, along with their relative GL and II values, is neces-
sary for individual countries. 
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COMMENTS
Background
The glycemic and insulinemic effects of foods are relevant to the development 
of some lifestyle-related diseases and are involved in the therapeutic dietary 
plan of chronic diseases. However, the glycemic index (GI) and insulinemic 
index (II) of Chinese traditional starchy foods have not yet been adequately 
examined. 
Research frontiers
GI, one of the most talked about topics in nutrition today, has recently been 
recommended as a potential tool for both diabetic and individual use. Research 
has shown that food GI and II values are relevant to the degree of postprandial 
glycemia and insulinemia and are involved in the therapeutic dietary plan for 
some lifestyle-related diseases. The need to continuously determine the post-
prandial glycemic and insulinemic effects of foods is still valuable for health pro-
fessionals and researchers, and in particular, the GI and II data of agricultural 
products carried out in individual countries. Although some studies have evalu-
ated the GI of Chinese foods, the glycemic and insulinemic effects of Chinese 
starchy foods have not yet been examined in parallel. Therefore, it was infor-

mative to evaluate the GI, glycemic load (GL) and II of Chinese starchy foods, 
since they are beneficial for dietary therapy and meal planning.
Innovations and breakthroughs
The present study evaluated the GI and II of five starchy foods that are com-
monly used in the Chinese traditional diet. The results will provide some pre-
liminary information on both postprandial insulinemic and glycemic effects of 
Chinese starchy foods and prove useful for consumers to manage their diets, 
particular for diabetic patients. 
Applications
Since a dietary approach is involved in the prevention and management of 
some chronic diseases, the results of this study will assist the public and health 
professionals in their meal planning and dietary management. 
Terminology
Glycemic effect is expressed as the incremental area under the curve (AUC) of 
blood glucose response (120 min). Insulinemic effect of food is referring to as 
the AUC of the blood insulin response. GI is defined as the incremental blood 
glucose area (120 min) after ingestion of 50 g of available carbohydrates in 
the test food as a percentage of the corresponding area after an equivalent 
amount of carbohydrate from a reference food (either white bread or glucose). II 
is defined as the incremental blood insulin area after eating of 50 g of available 
carbohydrates in the test food as a percentage of the corresponding area after 
an equivalent amount of carbohydrate from a reference food. GL is calculated 
from the GI value of a food multiplied by the amount of carbohydrate in a usual 
portion size, divided by 100.
Peer review
The authors provided clinically meaningful data for glycemic control of diabetic 
patients and this reviewer agrees that preventing hyperinsulinemia after feeding 
would also be important for that.
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