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Background and Objectives: Few studies exist on resistant starch in rice grains. The Okinawa Institute of Sci-
ence and Technology Graduate University (OIST) has developed a new rice (OIST rice, OR) rich in resistant 
starch. This study aimed to clarify the effect of OR on postprandial glucose concentrations. Methods and Study 
Design: This single-center, open, randomized, crossover comparative study included 17 patients with type 2 dia-
betes. All participants completed two meal tolerance tests using OR and white rice (WR). Results: The median 
age of the participants was 70.0 [59.0–73.0] years, and the mean body mass index was 25.9±3.1 kg/m2. The dif-
ference in total area under the curve (AUC) of plasma glucose was -8223 (95% confidence interval [CI]: -10100 
to -6346, p<0.001) mg·min/dL. The postprandial plasma glucose was significantly lower with OR than with WR. 
The difference in the AUC of insulin was -1139 (95% CI: -1839 to -438, p=0.004) µU·min/mL. The difference in 
the AUC of total gastric inhibitory peptide (GIP) and total glucagon-like peptide-1 (GLP-1) was -4886 (95% CI: -
8456 to -1317, p=0.011) and -171 (95% CI: -1034 to 691, p=0.673) pmol·min/L, respectively. Conclusions: OR 
can be ingested as rice grains and significantly reduced postprandial plasma glucose compared to WR independ-
ent of insulin secretion in patients with type 2 diabetes. OR could have escaped absorption not only from the up-
per small intestine but also from the lower small intestine. 
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INTRODUCTION  
Diet therapy is one of the basic treatments for diabetes. 
Carbohydrates/sugars are important targets for diet thera-
py since these nutrients directly affect plasma glucose. 
However, insufficient evidence exists on the carbohydrate 
quality and means for its consumption. 

“Rice”  is considered a staple food and an indispensable 
ingredient in the Asian population. Recently, similar to 
non-glutinous and glutinous rice, the effect of the differ-
ent starch constituents on postprandial plasma glucose 
rise has been investigated.1 Resistant starch is character-
ized by evading digestion and absorption in the small 
intestine. Foods rich in resistant starch possess a reported-
ly low glycemic index (GI). In the European Union (EU), 
foods containing 14% or more of resistant starch can be 
labeled as “ reduction of postprandial glycemic respons-
es.”2 

In recent years, the development of resistant starch rice 
has been progressing for the improvement of postprandial 
hyperglycemia. A wx/ae rice was developed by crossing 
the amylose-free waxy (wx) mutant and amylose-
extender (ae) mutant.3 The wx/ae rice lacks amylose and  

 
 
is composed of long unit chains of amylopectin that are 
difficult to digest.4,5 Thus, the wx/ae rice possesses the 
characteristics of resistant starch. The Okinawa Institute 
of Science and Technology Graduate University (OIST) 
has further improved wx/ae rice and developed a new 
variety rich in resistant starch. We decided to call this 
new variety OIST rice (OR). Thus, it is reported that 
38.5% of OR is composed of resistant starch (Supplemen-
tary Table 1). On the contrary, less than 1% of white rice 
(WR), and approximately 15% of wx/ae rice are com-
posed of resistant starch. According to a meta-analysis,6 
resistant starch has a triglyceride-lowering effect in  
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healthy participants (-0.10 [-0.19, -0.01] mmol/L, Mean 
Difference [95% confidence interval, CI]) and a weight 
loss effect in patients with type 2 diabetes (-1.29 [-2.40, -
0.17] kg). However, the efficacy for fasting plasma glu-
cose (-0.30 [-0.69, 0.10] mmol/L) or HbA1c (-0.27 [-0.57, 
0.03] %) has not been demonstrated in patients with type 
2 diabetes. On the other hand, most of the studies adopted 
in this meta-analysis used milled and processed high am-
ylose starch, such as resistant starch. The use of rice 
grains for glycemic control is considered crucial since 
rice is consumed as a staple food; however, few studies 
exist on resistant starch in rice grains.7 Moreover, past 
studies may have demonstrated that the amount of re-
sistant starch (10 to 30 g daily) was insufficient for the 
improvement of glycemic control. On the contrary, OR 
can be used as cooked grains in the form of granules. 
Thus, plasma glucose improvement can be expected ow-
ing to its high resistant starch content. Therefore, in the 
present study, we aimed to prove the efficacy of OR in 
improving the plasma glucose concentrations in patients 
with diabetes. 

The purpose of this study was to compare the plasma 
glucose improving effect of OR with WR in patients with 
type 2 diabetes. Furthermore, to clarify the mechanism of 
the plasma glucose improving effect of OR, the compo-
nent analysis of OR and dynamics of insulin and incretin 
following the ingestion of OR were evaluated. 
 
METHODS 
Study population 
The study included 20 patients with type 2 diabetes ad-
mitted to the Diabetes Center at St. Marianna Medical 
University Hospital, Kawasaki, Japan, from April 2020 to 
March 2021. The inclusion criteria were as follows: 1) 
patients with insulin-independent type 2 diabetes mellitus, 
fasting serum C-peptide �•�������� �Q�J���P�/�� �D�Q�G�� �J�O�X�W�D�P�L�F�� �D�F�L�G��
decarboxylase (GAD) antibody negative; 2) patients with 
a fasting plasma glucose concentration of 54–300 mg/dL 
during the last 3 days; 3) male or female over the age of 
20 at the time of obtaining informed consent; 4) patients 
who permitted the use of their urine and plasma test data; 
and 5) patients with written informed consent after re-
ceiving a full explanation. The exclusion criteria were as 
follows: 1) patients using any of the following diabetes 
treatments, such as dipeptidyl peptidase-4 (DPP4) inhibi-
tor, glucagon-like peptide-1 (GLP-1) receptor agonist, 

�D�Q�G���.-glucosidase inhibitor; 2) patients who require more 
than 15 units of rapid-acting insulin in the morning; 3) 
patients with unstable oral intake, 4) females who were 
pregnant, possibly pregnant, or were breastfeeding; 5) 
those having their menstrual period during testing; 6) rice 
allergy or brown rice allergy; and 7) those considered 
unsuitable for inclusion in the study by the study investi-
gators. 

The study was conducted in accordance with the ethi-
cal principles set forth in the Declaration of Helsinki and 
was approved by the ethics committee at St. Marianna 
University School of Medicine (Approval ID: 4632). All 
the patients provided written informed consent. This 
study was registered with the Japan Registry of Clinical 
Trials (jRCT) (registration number: jRCTs031200008). 

 
Protocol 
This was a single-center, open, randomized, crossover 
comparative study. Figure 1 illustrates the study protocol. 
After confirming each participant’s eligibility, the partici-
pants were assigned to two groups, the OR-preceding 
group, and the WR-preceding group, by simple randomi-
zation. Breakfast on the first test day was considered test 
meal 1. The second test day was set 1–3 days following 
the first test day. The breakfast on the second test day was 
considered test meal 2. In the OR-preceding group, test 
meals 1 and 2 were OR and WR, respectively. In the WR-
preceding group, test meals 1 and 2 were WR and OR, 
respectively. 

 
Meal tolerance test 
The test day started at 8:30 in the morning, and the test 
meal was consumed in 10 minutes. The test meal com-
prised only 150 g of cooked OR or 150 g of cooked WR. 
The OR was cooked by a person with the educational 
qualifications of a dietician and was not the research co-
ordinator. The cooked OR weighed 150 g each and was 
stored frozen until the test day. Immediately before eating 
the test meal, it was thawed and warmed in a microwave 
oven and provided to the participants. WR was provided 
with 150 g of commercially available packed rice (SATO 
NO GOHAN ®, Sato Foods Co., Niigata, Japan). Imme-
diately before eating the test meal, it was warmed in a 
microwave oven and provided to the participants. The 
nutrition facts of the cooked test meal are shown in Table 
1. The nutritional facts of OR and WR were analyzed by 

 

 
 

Figure 1. Study protocol. WR: white rice; OR: OIST rice.  
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the Japan Food Research Laboratory (Tokyo, Japan). Re-
sistant starch was measured with a Resistant Starch Assay 
Kit (Megazyme, Wicklow, Ireland). Although the amount 
of energy and carbohydrates was nearly the same between 
the two types of rice, OR contained approximately 5 
times more resistant starch than WR (4.7 g/100 g vs. 0.9 
g/100 g). 

All hypoglycemic agents on the morning of the test day 
were discontinued except for basal insulin. Blood was 
collected after 0, 30, 60, 120, and 240 minutes from the 
time of eating the test meal. Blood tests evaluated the 
plasma glucose, insulin, plasma C-peptide, total gastric 
inhibitory peptide (GIP), and total GLP-1. The sample 
was collected, centrifuged at 1400 g for 10 minutes, and 
the supernatant was used. Total GIP was measured by 

enzyme-linked immunosorbent assay (ELISA) kits (# 
27203, IBL Co. Ltd, Gunma, Japan), and total GLP-1 was 
measured by ELISA kits (YK 161, Yanaihara Institute 
Inc., Shizuoka, Japan) according to the manufacturer’s 
instructions. 

 
Food palatability questionnaire 
We followed the previously reported method.8 A self-
administered questionnaire was completed after the test to 
assess the palatability of OR and WR. The questionnaire 
comprised the following five items: taste (delicious or 
not), texture (rice cake-like or dry), consumability (can be 
eaten every day or not), habitual intake (possible to con-
sume for one meal every day or not), and satiety (feeling 
of fullness or not). Each item was assigned a score, which 

 

Table 1. Nutrition facts of test meal (per 100 g) 
 
 OR WR Ratio OR/WR 
Energy (kcal) 148 140 1.06 
Water (g) 64.2 65.4 0.98 
Carbohydrates (g) 30.0 32.3 0.93 
Protein (g) 3.9 2.0 1.95 
Fat (g) 1.4 0.3 4.67 
Starch (g) 23.2 30.4 0.76 
Resistant starch (g) 4.7 0.9 5.22 
Dietary fiber    
 Soluble dietary fiber (g) <0.5 <0.5 �Š 
 Insoluble dietary fiber (g) 1.7 <0.5 �Š 
Sodium (mg) 4.6 1.2 3.83 
Phosphorus (mg) 102 20.6 4.95 
Iron (mg) 0.38 not detected �Š 
Calcium (mg) 7.5 2.9 2.59 
Potassium (mg) 109 9.2 11.85 
Magnesium (mg) 40.1 2.4 16.71 
Copper (mg) 0.15 0.06 2.50 
Zinc (mg) 1.40 0.38 3.68 
Manganese (mg) 1.13 0.18 6.28 
Selenium (mg) not detected not detected �Š 
Thiamine (mg) 0.10 not detected �Š 
Riboflavin (mg) 0.02 not detected �Š 
Vitamin B6 (mg) 0.118 0.007 16.86 
Vitamin E (mg) 0.3 not detected �Š 
Folic acid (µg) 3 2 1.50 
Amino acid    
 Arginine 321 180 1.78 
 Lysine 173 75 2.31 
 Histidine 100 53 1.89 
 Phenylalanine 197 112 1.76 
 Tyrosine 156 96 1.63 
 Leucine 309 172 1.80 
 Isoleucine 156 83 1.88 
 Methionine 92 51 1.80 
 Valine 232 123 1.89 
 Alanine 236 117 2.02 
 Glycine 194 97 2.00 
 Proline 182 99 1.84 
 Glutamic acid 595 363 1.64 
 Serine 196 108 1.81 
 Threonine 147 74 1.99 
 Aspartic acid 366 192 1.91 
 Tryptophan 57 29 1.97 
 Cystine 84 46 1.83 
�)�U�H�H����-aminobutyric acid 7 not detected �Š 
Oryzanol 8.4 not detected �Š 
Total ferulic acid 20 4.9 4.08 
Polyphenol 0.04 not detected �Š 
 

WR: white rice; OR: OIST rice. 
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could range from the most positive response (+3 points) 
to the most negative response (-3 points). 

 
Outcome 
The primary outcome of this study was the difference in 
the area under the curve (AUC) of plasma glucose (0–240 
min) during the meal tolerance test. Secondary outcomes 
included the difference in the AUC of insulin, plasma C-
peptide, total GIP, and total GLP-1. In addition, the dif-
ferences in the incremental AUC (iAUC) of plasma glu-
cose, insulin, plasma C-peptide, total GIP, and total GLP-
1 were considered the secondary outcomes. Moreover, the 
food palatability questionnaire was evaluated as the sec-
ondary outcome. 

 
Statistical analysis 
The results are expressed as mean ± standard deviation 
(SD) or median (interquartile range [IQR]). Treatment 
effects were analyzed with an analysis of variance model 
adjusted for the timing effects and baseline values. Anal-
yses were performed with R version 3.4 (R Foundation 
for Statistical Computing, Vienna, Austria). Statistical 
significance was set at p<0.05. 
 
RESULTS 
Table 2 shows the baseline characteristics of the partici-
pants. Three of the 20 participants were unable to com-
plete the test meal; thus, 17 participants were included in 
the main analysis (Figure 2). The median age of the par-
ticipants was 70.0 [59.0–73.0] years, 10 participants were 
males (58.8%), and the median disease duration was 1.0 
[0.1–5.0] years. The mean body mass index (BMI) was 
25.9±3.1 kg/m2. The mean plasma glucose was 
193.0±66.5 mg/dL, and the mean HbA1c was 11.5±3.0 
%. 

Figure 3 shows the time course and AUC of plasma 
glucose, insulin, plasma C-peptide, total GIP, and total 
GLP-1. Considering the plasma glucose, no difference 
was observed between the OR and WR for up to 60 
minutes. However, after eating OR, the plasma glucose 
concentration peaked at 60 minutes, while WR peaked at 
120 minutes. The plasma glucose concentration after eat-
ing OR was significantly lower at 120 minutes than after 
eating WR. Considering the insulin and plasma C-
peptide, there was no difference between the OR and WR 
for up to 60 minutes. The insulin concentration after eat-
ing OR was significantly lower at 120 minutes than after 
eating WR. The plasma C-peptide concentration was sig-
nificantly lower at 240 minutes than after eating WR.  

Table 3 shows the difference in the AUC and iAUC for 
each evaluation item. The difference in the total AUC of 
plasma glucose, which is the primary endpoint of this 
study, was -8223 (95% CI: -10100 to -6346, p<0.001) 
mg·min/dL. The difference in iAUC of plasma glucose 
was -8162 (95% CI: -9985 to -6340, p<0.001) 
mg·min/dL. Therefore, the postprandial plasma glucose 
was significantly lower when OR was ingested than when 
WR was ingested. The difference in the total AUC of 
insulin and  

Table 2. Characteristics of the participants 
(mean±SD, median [IQR]) 

 
 Participants 
Number 17 
Gender   
 Male 10 
 Female 7 
Type of diabetes  
 Type 1 0 
 Type 2 17 
 Other 0 
Age (years) 70.0 [59.0-73.0] 
Weight (kg) 69.7±12.6 
BMI (kg/m2) 25.9±3.1 
Disease duration (years) 1.0 [0.1-5.0] 
Neuropathy ( +/- ) 4 / 13 
Retinopathy ( +/- ) 0 / 17 
Nephropathy  
 Stage 1 14  
 Stage 2 3 
 Stage 3 0 
 Stage 4 0 
 Stage 5 0 
HbA1c (%) 11.5±3.0 
GA (%) 29.1±9.1 
PG (mg/dL) 193.0±66.5 
Cre (mg/dL) 0.78±0.15 
F-CPR (ng/mL) 1.9±0.6 
Urine albumin (mg/day) 9.4 [5.6-19.4] 
Other antidiabetic drugs  
 insulin 16 
 metformin 11 
 SGLT2-I 1 
 

BMI: body mass index; HbA1c: hemoglobin A1c; PG: plas-
ma glucose; Cre: serum creatinine; F-CPR; fasting serum 
C-peptide immunoreactivity; SGLT2-I: sodium glucose co-
transport inhibitor. 
 
 

 
 

Figure 2. Flow chart of participants.  
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plasma C-peptide was -1139 (95% CI: -1839 to -438, 
p=0.004) µU·min/mL, and -225 (95% CI: -316 to -133, 
p<0.001) ng·min/mL, respectively; the difference in the 
iAUC of insulin and plasma C-peptide was -1068 (95% 
CI: -1770 to -365, p=0.006) µU·min/mL and -225 (95% 
CI: -316 to -134, p<0.001) ng·min/mL, respectively. 
Therefore, insulin secretion was significantly lower when 
OR was ingested than when WR was ingested. The dif-
ference in the total AUC of total GIP was –4886 (95% CI: 
-8456 to -1317, p=0.011) pmol·min/L, and the difference 
in iAUC was -4877 (95% CI: -8438 to -1316, p=0.011) 
pmol·min/L. The difference in the total AUC of the total 
GLP-1 was –171 (95% CI: -1034 to 691, p=0.673) 
pmol·min/L, and the difference in iAUC was 143 (95% 
CI: -265 to 550, p=0.461) pmol·min/L. The total GIP was 
significantly lower when OR was ingested; however, the 
difference in total GLP-1 did not reach statistical signifi-
cance. 

Figure 4 shows the results of the food palatability ques-
tionnaire. Compared to WR, OR was rated lower in taste, 

texture, consumability, and habitual intake. No adverse 
events were observed during the study period. In particu-
lar, no gastrointestinal side effects such as nausea, vomit-
ing, abdominal bloating, or diarrhea were observed after 
ingesting OR. 
 
DISCUSSION 
In patients with type 2 diabetes, the rise of plasma glu-
cose following single ingestion of OR was significantly 
lower than that following ingestion of WR. In addition, 
the rise of insulin, plasma C-peptide, and total GIP were 
also significantly lower with OR. These indicate that OR 
results in postprandial plasma glucose improvement inde-
pendent of insulin. 

A meta-analysis published in 2019 revealed that re-
sistant starch improved fasting plasma glucose (-0.26 [-
0.5, -0.02] mmol/L) and HbA1c (-0.43 [-0.74, -0.13] %) 
in patients with type 2 diabetes.9 On the other hand, a 
similar meta-analysis published in the same year showed 
no effect on the fasting plasma glucose (-0.03 [-0.11, 

 (a) 

(c) 

(b) 

(d) 

(e) 

 
 

Figure 3. Result of the meal tolerance test. (a) glucose, (b) insulin, (c) plasma C-peptide, (d) total GIP, (e) total GLP-1. The line graph 
shows the time course of each parameter. The bar graph shows the area under the curve (AUC) for each parameter. The dashed and solid 
lines show white rice (WR) and OIST rice (OR), respectively. The diagonal stripes and the black bar show WR and OR, respectively. 
Since total GLP-1 was not normally distributed, it shows median (IQR) (e). iAUC; incremental AUC. 
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0.05] mmol/L) or HbA1c (-0.27 [-0.57, 0.03] %) levels in 
patients with type 2 diabetes.6 These results indicate that 
the effect of resistant starch on plasma glucose is contro-
versial. We propose the following reasons for their incon-
sistency. First, the use of processed foods contain milled 
grains with resistant starch instead of cooked grain. Sec-
ond, the included participants were often obese. Finally, 
the amount of resistant starch was probably inadequate. In 
this study, OR containing resistant starch (4.7 g/100 g) 
was employed to improve the postprandial plasma glu-
cose concentrations in patients with type 2 diabetes, who 
had an average BMI of 25 kg/m2. In addition, this study 
demonstrated that OR suppressed the increase in insulin 
and incret�L�Q�� �I�R�O�O�R�Z�L�Q�J�� �P�H�D�O�V���� �.-glucosidase inhibitors 
���.�*�,�����D�U�H���R�Q�H���R�I���W�K�H���R�U�D�O���K�\�S�R�J�O�\�F�H�P�L�F���D�J�H�Q�W�V�����.�*�,���L�Q�K�L�E��
�L�W�V���W�K�H���D�F�W�L�R�Q���R�I���.-glucosidase, an enzyme that hydrolyzes 
�.-glycosidic bonds, and suppresses postprandial hyper-
glycemia by delaying glucose absorption. The effect of 
�.�*�,�� �L�V���F�R�Q�V�L�G�H�U�H�G���W�R���E�H���V�L�P�L�O�D�U���W�R���W�K�D�W���R�I�� �U�H�V�L�V�W�D�Q�W���V�W�D�U�F�K����
�,�W�� �K�D�V�� �E�H�H�Q�� �G�H�P�R�Q�V�W�U�D�W�H�G�� �W�K�D�W�� �.�*�,�� �V�X�S�S�U�H�V�V�H�V�� �*�,�3�� �D�Q�G��
increases GLP-1.10 GIP-secreting cells (K cells) are pre-
sent in the upper small intestine, and GLP-1-secreting 
cells (L cells) are present in the lower small intestine.11 
�8�S�R�Q���G�H�O�D�\�L�Q�J���W�K�H���D�E�V�R�U�S�W�L�R�Q���R�I���F�D�U�E�R�K�\�G�U�D�W�H�V���X�V�L�Q�J���.�*�,����
the stimulation of incretin secretion from the upper small 
intestine was reportedly suppressed, and the stimulation 
of incretin secretion from the lower small intestine was 
enhanced.10 �7�K�L�V���Z�D�V���Q�R�W���F�R�Q�V�L�V�W�H�Q�W���Z�L�W�K���W�K�H���H�I�I�H�F�W���R�I���.�*�,��
and the obtained result that GIP was suppressed, but 
GLP-1 was not elevated in this study. OR could have es-
caped absorption not only from the upper small intestine 
but also from the lower small intestine. In addition, it has 
been reported that GIP secretion response to 15 g oral 
glucose tolerance test (OGTT) was comparatively lower 
than 75 g OGTT, however, no significant difference was 
observed in GLP-1 secretion.12 Based on the findings of 
this study, it can be considered that the amount of GIP 
secreted depends on the amount of absorbed nutrients. 
However, the relationship between GLP-1 secretion and 
absorbed nutrients is unclear. On the other hand, in the 
medium to long term, resistant starch has been shown to 

act as prebiotics. Ingested resistant starch is fermented by 
gastrointestinal microbiota. Since gastrointestinal micro-
biota produces short-chain fatty acids (SCFAs), there is 
an increase in SCFAs.13,14 SCFAs are also associated with 
elevated GLP-1.15 GLP-1 could increase in long-term OR 
consumption. Therefore, a long-term study should be 
conducted in the future. 

In this study, we analyzed the nutritional components 
of OR and WR after cooking rice. The proportion of re-
sistant starch in OR before cooking the rice was reported-
ly 38.5% (Supplementary table 1); however, after cooking 
rice it was 4.7 g/100 g. In cooked WR, the resistant starch 
was 0.9 g/100 g. The resistant starch of OR was approxi-
mately 5 times that of WR. Even after considering water 
to occupy nearly 65 g/100 g, the resistant starch of OR 
was only 13% of the components with the exception of 
water. In the EU, a health claim can be presented if re-
sistant starch is 14% or more. In this study, OR did not 
meet the criteria of the health claim; however, it demon-
strated a statistically significant plasma glucose im-
provement effect. A study investigating the resistant 
starch content and glycemic index of various rice in vitro 
reported that the resistant starch content was 0.35–2.57% 
and the glycemic index was 60– 70.1 Thus, resistant 
starch of approximately 2% may lower the glycemic in-
dex by nearly 10. On the other hand, it is generally re-
ported that the higher the amylose content, the higher the 
proportion of resistant starch.1 OR possesses the charac-
teristics of resistant starch by extending the side chain of 
amylopectin. Such a difference in the starch structure 
could possibly improve plasma glucose control. On the 
other hand, several studies claimed that resistant starch 
increased due to low-temperature storage16 or micro-
wave.17 In order to increase the feasibility of the study, 
the OR after cooking was frozen and reheated with mi-
crowave before the test. In this study, the effects of freez-
ing and microwave have not been investigated. In the 
future, it is necessary to investigate how OR improves 
plasma glucose. 

Since the rice grains of OR are easily broken, 30% of 
the rice is polished. Thus, the OR contains some bran. 

Table 3. Results of group differences (OR vs WR) 
 
 

OR WR Group 
differences 

95% Confidence interval 
p value 

 Lower limit Upper limit 
Plasma glucose       
 AUC (min.mg/dL) 38329±6944 45147±6803 -8223 -10100 -6346 <0.001 
 iAUC (min.mg/dL) 12910±4592 20654±4423 -8162 -9985 -6340 <0.001 
Insulin       
 AUC (min.µU/mL) 4230±1511 5328±1913 -1139 -1839 -438 0.004 
 iAUC (min.µU/mL) 1376±741 2472±1749 -1068 -1770 -365 0.006 
Plasma C-peptide       
 AUC (min.ng/mL) 686±247 913±352 -225 -316 -133 <0.001 
 iAUC (min.ng/mL) 380±140 607±242 -225 -316 -134 <0.001 
Total GIP       
 AUC (min.pmol/L) 24779±7497 28374±10361 -4886 -8456 -1317 0.011 
 iAUC (min.pmol/L) 14725±5841 19205±6529 -4877 -8437 -1316 0.011 
Total GLP-1†       
 AUC (min.pmol/L) 3694 [2890-4890] 3970 [3258-5192] -171 -1034 691 0.673 
 iAUC (min.pmol/L) 505 [301-845] 608 [376-1020] 142 -265 550 0.461 
 

OR: OIST rice; WR: white rice; AUC: area under the curve; iAUC: incremental AUC; GIP: gastric inhibitory peptide; GLP-1: glucagon-
like peptide-1.  
†Median (IQR). 
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�7�K�H�U�H�I�R�U�H���� �2�5�� �F�R�Q�W�D�L�Q�V����-oryzanol, various amino acids, 
and trace elements. In particular, potassium and magnesi-
um reportedly possess insulin secretion promotion and 
insulin resistance improvement effects.18 Since potassium 
and magnesium are in greater quantity in OR than in WR, 
it is necessary to consider their possible role in plasma 
glucose control. However, considering the results of our 
previous study on the glycemic levels between WR, 
brown rice, and glutinous brown rice for one day, no sig-
nificant difference was found in the glycemic levels be-
tween WR and brown rice.8 Therefore, nutrients con-
tained in the bran possibly do not directly improve gly-
cemic control. Thus, it is necessary to further investigate 
the cause for the plasma glucose improvement observed 
in this study. 

In the past studies, high amylose starch was milled and 
processed (bread, muffins, cookies, and so forth) as re-
sistant starch.19 On the other hand, few studies exist on 

resistant starch using rice.7 Flour, such as wheat flour, can 
be processed into various dishes. If rice can be consumed 
as grains and not milled, the variety of meal menus would 
increase. In the Asian population, rice grain is consumed 
as a staple food, which is an indispensable ingredient. 
Since eating habits differ based on one’s tastes, attention 
should be paid to one’s preferences during diet therapy 
supervision.20 Grain consumption could open up the pos-
sibility of considering the tastes of people who eat rice as 
their staple food. 

On the other hand, according to the food preference 
questionnaire of this study, OR was inferior to WR in 
taste and consumability. In the future, it is necessary to 
establish a cooking method to compensate for these 
weaknesses. Specifically, we should investigate whether 
consumption of OR can be made easier by combining OR 
and WR without compromising on the effectiveness of 
glycemic control of OR. In addition, we should consider 

(a) (b)

(c) (d)

(e)

 
 

Figure 4. Result of the food palatability questionnaire. (a) taste, (b) texture, (c) consumability, (d) habitual intake, (e) satiety. The diagonal 
stripes and the black bar show white rice (WR) and OIST rice (OR), respectively. The figure on the left shows the histogram. The figure 
on the right shows the total score as mean±SD 
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developing a menu and including dishes such as soups, 
which would make consumption of OR easier. 

This study has several limitations. First, the test meal 
was only rice. When eating meals, it is common to eat not 
only rice but also side dishes and soup at the same time. 
Second, the test meal was consumed only once. Finally, 
the number of participants was small, and all the partici-
pants were hospitalized at a single center. In the future, it 
is necessary to examine the effect of OR in improving 
long-term glycemic control in the real world. 

In conclusion, OR, which is a type of rice rich in re-
sistant starch, significantly reduced postprandial plasma 
glucose concentrations compared to WR in patients with 
type 2 diabetes. In addition, insulin, plasma C-peptide, 
and total GIP were significantly reduced during OR in-
gestion compared to WR ingestion. Therefore, for pa-
tients with type 2 diabetes, OR ingestion improved the 
plasma glucose independent of insulin secretion com-
pared to the effects of WR. 
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Supplementary table 1. Nutrition facts of test meal 
(uncooked) 

 
  OIST rice Brown rice 
Energy (kcal/100g) 352  389  
Water (%) 4.8  5.0  
Carbohydrates (%) 76.4  77.4  
Protein (%) 11.0  7.3  
Fat (%) 5.9  4.7  
Digestible starch (%) - 77.4  
Resistant starch (%) 38.5  <1.0 
Dietary fiber (%) 25.5  3.7  
 

It is reported that 38.5% of OR is composed of resistant starch. 
On the contrary, less than 1% of white rice (WR) is composed 
of resistant starch. 
 
 


