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ABSTRACT 

 

 

Diabetes is a serious health problem for people around the world, and it is increasing 

with significant medical and economic consequences due to patients developing chronic 

complications. Postprandial glycemic control is very important in preventing diabetes and slowing 

its complications.  

One study found that 66% of diabetic patients mainly consumed glutinous rice and those 

patients had higher HbA1c than those who mainly consumed white non-glutinous rice. The aim of 

this study was to compare the effect of black glutinous rice and black non-glutinous rice on blood 

glucose and insulin levels in people with normal blood glucose also to explore the behavior and 

satisfaction of consuming rice. This information would be used to develop advice on rice 

consumption.   

This was an open-label randomized crossover study. Sixteen subjects, having normal 

blood glucose levels, randomly ate 90 kcal of black glutinous rice or black non-glutinous rice. 

Blood samples were collected for analysis of glucose and insulin levels 4 times, including fasting, 

30, 60 and 120 minutes.   

Statistical analysis was performed by paired T-test and incremental area under the curve 

(iAUC). The results showed that there was no statistically significant difference of changes in blood 

glucose and insulin levels between the black glutinous and black non-glutinous rice groups. I 

recommend eating black glutinous rice or black non-glutinous rice as a food exchange while 

considering the proportion of food to be consumed.   

Result from the questionnaire showed that, rice, the subjects consume the most in daily 

life is white non-glutinous rice (75%). The second is white glutinous rice (18.75%). The third is 

brown non-glutinous rice (6.25%). The subjects prefer black glutinous rice rather than black non-

glutinous rice in taste, feeling their hunger satisfied after eating, and the time between feeling 

hungry again. In contrast, they prefer black non-glutinous rice to black glutinous rice in terms of 

ease of supply, price and cooking methods.   
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INTRODUCTION 

 

 Diabetes is a serious health problem for people around the world, and it is increasing with 

significant medical and economic consequences due to patients developing chronic complications. 

Postprandial glycemic control is very important in preventing diabetes and slowing its 

complications.  

One study found that 66% of diabetic patients mainly consumed glutinous rice and those 

patients had higher HbA1c than those who mainly consumed white non-glutinous rice. The aim of 

this study was to compare the effect of black glutinous rice and black non-glutinous rice on blood 

glucose and insulin levels in people with normal blood glucose also to explore the behavior and 

satisfaction of consuming rice. This information would be used to develop advice on rice 

consumption.   

 

LITERATURE REVIEWS 

 

I. Natapong Kosachunhanun et al. (2003). Comparing the effect of sticky rice and 

white rice on glycemic control in type 2 diabetic subjects. The study from Faculty of Medicine, 

Chiang Mai University found that 66% of diabetic patients mainly consumed glutinous rice. And 

those patients had higher HbA1c levels than those who mainly consumed white non-glutinous rice. 

II. The study of amylose and amylopectin content in rice (Sunee et al, 2015) found that 

Hom Nil rice contains 24.1 g amylose per 100 g of raw rice and 75.9 g amylopectin per 100 g of 

raw rice. Black glutinous rice contains 7.4 g amylose per 100 g of raw rice and 92.6 g amylopectin 

per 100 g of raw rice. 

III. (Seki et al, 2005) High fiber content: Reduce intestinal glucose absorption , blood 

glucose increases less than consuming white rice  

IV. Food synergy: the key to healthy diet. (Jacobs and Tapsell, 2007) The properties of 

vitamins , minerals and antioxidants that work together in many mechanisms (food synergy) which 

controls blood glucose level.  

 

METHODS 

 

This was an open-label randomized crossover study. Sixteen subjects , having normal 

blood glucose levels at OPD of Mit Maitree Medical Clinics , randomly assigned for 2 groups. The 

first group ate 90 kcal of black glutinous rice and then switched having 90 kcal of black non-

glutinous rice in the next two weeks, while another group ate black non-glutinous rice first and then 

switched having black glutinous rice.  

The different types of rice have different nutrients. In this study had selected the rice 

with similar nutrients and phytochemicals. For black non-glutinous rice , use cooked Hom-nil rice 

65 g which is 90 kcal and black glutinous rice, use cooked Neaw Dum 35 g.  

Blood samples were collected for analysis of glucose and insulin levels 4 times, 

including fasting, 30, 60 and 120 minutes.  

The subjects received a control meal for dinner before the experimental days, which was 

brown rice and fried chicken with basil and scald vegetables. The meal provides energy 310 kcal, 

carbohydrate 35 g, protein 37 g and fat 2.5 g.   

The study analyzed statistical data using R program version 3.4.3. For statistical 

analyzing of the glucose and insulin levels after having each rice at the same time by using the 

student’s  paired T-test and analyzing the incremental area under the curve (iAUC) of blood glucose 

and insulin levels after having rice.  
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FINDINGS 

 

This study started from April the 7
th

 , 2018, to June 26
th

 , 2018. There were 22 recruited 

subjects. Three people were excluded because of the DTX is greater than or equal to 100 mg%. And 

three people could not stay until finishing the whole process. Total number of the subjects were 16 

people.  

 

Table 1. Baseline characteristics of the subjects 

 

Baseline characteristics of the subjects 

Age (year) 

Sex 

      Male (person) 

      Female (person) 

25.9 ± 4.2 

 

4 (25) 

12 (75) 

Body weight (kg) 60.0 ± 13.7 

Height (cm) 162.1 ± 8.6 

Body Mass Index (kg/m
2
)  22.6 ± 3.3 

Systolic blood pressure (mmHg)  106.7 ±  9.7 

Diastolic blood pressure (mmHg) 64.6 ± 10.5 

Heart rate (beat per minute) 

Underlying disease (person) 

History of drug use (person) 

Food allergy (person) 

Supplements/Herbs (person) 

75.5 ± 11.9 

0 

0 

2 (12.5) 

0 

Dextrostrip (mg/dL) 87.0 ± 7.6 

 

All health parameters of the subjects are in normal levels. (Table 1) 

 

Table 2. Mean of blood glucose and insulin levels comparing between black non-glutinous rice and 

black glutinous rice while fasting after meal 30, 60, and 120 minutes 

 

 Black non-

glutinous rice 

Mean (SD) 

Black 

glutinous rice 

Mean (SD) 

P-value 

Blood glucose 

Fasting 82.1 (6.3) 86.1 (5.1) 0.034* 

Postprandial 30 min 108.5 (17.7) 109.3 (12.5) 0.873 

Postprandial 60 min 88.2 (15.3) 90 (11.8) 0.699 

Postprandial 120 min 77.4 (8.4) 83.3 (5.1) 0.014* 

Insulin levels 

Fasting 8.4 (0.4) 7.3 (2.1) 0.243 

Postprandial 30 min 37.6 (24.2) 27.8 (13.3) 0.143 

Postprandial 60 min 19.9 (15.4) 14.6 (4.3) 0.070 

Postprandial 120 min 6.9 (4.4) 8.2 (5.1) 0.251 

 

Note : * means statistically significant (P < 0.05) 
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The blood glucose before and after having meal at 120 minutes of both groups; there were 

significant differences. While there were no significant differences on blood insulin levels at all 

periods of 2 groups. (Table 2) 

 

Figure 1. Incremental area under blood glucose curve, iAUC and incremental area under insulin 

curve 

 

 
 

There was no significant difference of incremental area under blood glucose curves after 

having rice of both groups. And there was no significant difference of incremental area under 

insulin curves after having rice of both groups. (Figure 1) 

 

Table 3. Number and percentage of the most common types of rice to be consumed in daily life. 

 

Type of rice Number (%) 

white non-glutinous rice 12 (75) 

brown non-glutinous rice 1 (6.25) 

white glutinous rice 3 (18.75) 

black glutinous rice 0 

 

The result from the questionnaire which showed that, rice, the subjects consume the most in 

daily life is white non-glutinous rice (75%). The second is white glutinous rice (18.75%). The third 

is brown non-glutinous rice (6.25%). (Table 3) 
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Table 4. Rice consumption satisfaction. 

 

 
Black non-glutinous rice 

Mean (SD) 

Black glutinous rice 

Mean (SD) 

Taste, color, smell 4.1 (0.6) 4.3 (0.9) 

feeling their hunger satisfied after eating 3.9 (1) 4.2 (0.9) 

the time between feeling hungry again 3.2 (0.9) 3.6 (1.1) 

ease of supply 4.4 (0.9) 3.4 (1) 

price 4 (0.7) 3.6 (0.7) 

cooking methods 3.9 (0.9) 3.4 (1) 

Average 3.9 (0.5) 3.8 (0.6) 

 

Note : the scores ranged from 1-5, 1 = least satisfied 5 = most satisfied.   

 

The subjects prefer black glutinous rice rather than black non-glutinous rice in taste, feeling 

their hunger satisfied after eating, and the time between feeling hungry again. In contrast, they 

prefer black non-glutinous rice to black glutinous rice in terms of ease of supply, price and cooking 

methods but the averages of scores are similar. (Table 4) 

 

DISCUSSIONS 

 

When considering the blood glucose levels, they were found that the blood glucose levels of 

two groups were different before having meal. Which should not be different because it is the 

baseline level of the same subjects. (Table 2) 

The subjects were asked about the types and the amount of food which they had consumed 

differently during the week before the experiments and found that, 6 subjects ate some foods that 

may affect blood glucose levels : 3 subjects drank soft drinks , 1 subject ate white sticky rice , 1 

subject ate Thai desserts and 1 subject ate sweet fruits. When comparing with the experimental 

results found that, the difference of mean blood glucose levels on fasting of these six subjects was 

11.17 mg / dL. This can be explained why the baseline glucose levels were different. And the 

difference at this point will affect to the glucose levels at other periods as on postprandial at 120 

minutes. 

 

Table 5. Mean differences and Percentage differences of the blood glucose level of each period and 

the fasting glucose levels 

 

Blood glucose 

Black non-

glutinous rice 

Mean (SD) 

Mean 

difference 

(%) 

Black 

glutinous rice 

Mean (SD) 

Mean 

difference 

(%) 

Fasting 82.1 (6.3)  86.1 (5.1)  

Postprandial 

30 min 

 

108.5 (17.7) 

 

26.4 (32.16) 

 

109.3 (12.5) 

 

23.2 (26.95) 

60 min 88.2 (15.3) 6.1 (7.43) 90 (11.8) 3.9 (4.53) 

120 min 77.4 (8.4) 4.7 (5.72) 83.3 (5.1) 2.8 (3.25) 

 

The mean differences and percentage differences of both groups were similar. Moreover, the 

differences of black glutinous rice were even less than the black non-glutinous rice. (Table 5) 
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It cohered with the iAUC of glucose which there was no significant difference. (Figure 1) 

This statistical analysis eliminates the unequal baseline problems. And it can be described as the 

theory that the blood glucose levels of normal people after meal is reduced to the baseline at the 2 

hours. 

From the study of amylose and amylopectin content in rice (Sunee et al, 2015), glutinous 

rice is likely increase higher blood glucose levels than non-glutinous rice as in many studies in 

white rice. But the same attribute of black rice are ; High fiber content which reducing intestinal 

glucose absorption, so, blood glucose increases less than consuming white rice (Seki et al, 2005) 

and the attribute of many vitamins, minerals and antioxidants that work together in many 

mechanisms are called food synergy which controls blood glucose level. (Jacobs and Tapsell, 2007) 

It can be explained why this research shows that having both black glutinous rice and black non-

glutinous rice have no different effect to blood glucose and insulin levels. 

 

CONCLUSION 

 

In conclusion, having black non-glutinous rice and black glutinous rice in the same amount 

of energy have no effect on blood glucose levels. The insulin levels were not significant difference 

in two groups. The iAUC of insulin of both groups were not significant difference. It can be 

concluded that having black non-glutinous rice and black glutinous rice in the same amount of 

energy have no effect to insulin levels. 

 

RECOMMENDATIONS 

 

1. Further studies in pre-diabetic or diabetic patients. 

2. Long-term studies should be done to determine the blood glucose levels, insulin 

levels and other parameters of long-term consumption of rice such as HbA1c and serum lipids.  

3. It should be further explore that people who mostly consume glutinous rice, and 

focus on how much energy that they get, more or less compared to the normal proportion should be 

eaten. 

 

REFERENCES 

 

American Diabetes Association. (2003). Economic costs of diabetes in the US in 2002. Diabetes 

Care.  

Bonora E, Muggeo M. (2001). Postprandial blood glucose as a risk factor for cardiovascular disease 

in type II diabetes: the epidemiological evidence. Diabetologia.  

Brand-Miller, J.C., E. Pang et al. (1992). Rice: A high or low glycemic index food. Am J ClinNutr 

56, 1034-1036. 

Ceriello, A., M. Hanefeld, L. Leiter et al. (2004). Postprandial glucose regulation and diabetic 

complications. Arch Inter Med, 164, 2090-5. 

Foster-Powell, K., S.H.A. Holt, and J.C. Brand-Miller. (2005). International table of glycemic index 

and glycemic load values: 2002. Am J ClinNutr, 76, 5-56. 

Franz, M.J., J.P. Bantle, C.A. Beebe et al. (2002). Evidence based nutrition principles and 

recommendation for the treatment and prevention of diabetes and related complications. 

Diabetes Care, 25, 148-98. 

Goddard, M.S., M.S.G. Young et al. (1984). The effect of amylose content on insulin and glucose 

responses to ingested rice. Am J ClinNutr, 39, 388-392. 

Groeneveld, Y., H. Petri et al. (1999). Relationship between blood glucose level and mortality in 

type 2 diabetes mellitus: a systematic review. Diabet Med, 116, 2-13.  



7 

Hu EA, Pan A, Malik V et al. (2012). white rice consumption and risk of type 2 diabetes: meta-

analysis and systemic review. BMJ, 344, e1454. 

Jenkins, D.J.A., T.M.S. Wolever, R.H. Taylor et al. (1981). Glycemic index of foods: a 

physiological basis for carbohydrate exchange. Am J ClinNutr, 34, 362-6. 

Jenkins, D.J.A., T.M.S. Wolever, R.H. Taylor et al. (1988). Starchy foods and glycemic index. 

Diabetes Care, 11, 149-159. 

Klein, R. (1995). Hyperglycemia and microvascular and macrovascular disease in diabetes. 

Diabetes Care, 18, 258-68.  

Lee YM, Kim SA, Lee IK et al. (2016). Effect of a brown rice based vegan diet and conventional 

diabetic diet on glycemic control of patients with type 2 diabetes: a 12-week randomized 

clinical trial. PLos One, 11, e0155918 

Nanri A, Mizoue T, Noda M et al. (2010). Rice intake and type 2 diabetes in Japanese men and 

women: the Japan Public Health Center-based Prospective Study. Am J Clin Nutr, 

92,1468-1477. 

Natapong Kosachunhanun, Laddawan Limpijarnkit, Somluck Nimsakul et al. (2003). Comparing 

the effect of sticky rice and white rice on glycemic control in type 2 diabetic subjects.  

Omri, The DECODE Study Group. (1999). Glucose tolerance and mortality: comparison of WHO 

and American Diabetes association diagnostic criteria. Lancet, 354, 617-21. 

Prato, S.D., P. Marchetti, and R.C. Bonadonna. (2002). Phasic insulin release and metabolic 

regulation in type 2 diabetes. Diabetes, 51, 109-16 

Sheard, N.F., N.G. Clark et al. (2004). Dietary carbohydrate (Amount and type) in the prevention 

and management of diabetes. Diabetes Care, 27(9), 2266-71.  

Shimabukuro M, Higa M, Kinjo R et al. (2014). Effects of the brown rice diet on visceral obesity 

and endothelial function: the BRAVO study. Br J Nutr, 111, 310-320.  

 

Stratton, I.M., A.I. Adler et al. (2000). Association of glycaemia with macrovascular and 

microvascular complications of type 2 diabetes (UKPDS 35): prospective observational 

study. BMJ, 321, 405-12. 

Sun Q, Spiegelman D, van Dam RM et al. (2010). white rice, brown rice, and risk of type 2 diabetes 

in US men and women. Arch intern Med, 170, 961-969. 

T Nakayama, Y Nagai, Y Uehara et al. (2017). Eating glutinous brown rice twice a day for 8 weeks 

improves glycemic control in Japanese patients with diabetes mellitus. Nutrition & 

Diabetes (2017) 7, e273; doi:10.1038/nutd.2017.26 

Terashima Y, Nagai Y, Kato H et al. (2017). Eating glutinous brown rice for one day improves 

glycemic control in Japanese patients with type 2 diabetes assessed by continuous 

glucose monitoring. Asia Pac J Clin Nutr 2017, 26, 421-426 

Thrinidad, T.P., A.C. Mallillin et al. (2012). The effect of apparent amylose content and dietary 

fibre on the glycemic response of different varieties of cooked milled and brown rice. 

IJFNS, 64(1), 89-93. 


