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ABSTRACT
	 Although an international table of glycemic index (GI) values has been 
published, most listed values pertain to single foods. However, in recent years, 
mixed-diet GI has been widely studied. This study determined the dose-response 
and mixture interaction effects of food processing supplements (gluten protein, 
canola oil, and dextrin fiber) combined with white rice on glycemic response 
and GI. Twelve healthy adults aged 18-26 years were fed a test or reference 
food containing 50 g of available carbohydrates. Venous blood samples were 
collected before the meal and at 15, 30, 45, 60, 90, and 120 min after the meal. 
The results showed that white rice has a GI value of 93.8±2.8. Supplementation 
with various amounts of lipids and dextrin reduced the GI slightly, whereas 
gluten supplementation significantly (p < 0.05) reduced the GI from 93.8 to 84.9 
and 83.1, respectively. Analysis of the interaction of gluten, lipids, and dextrin 
on GI using three-way ANOVA revealed that significant effects on GI value 
were found with gluten (p < 0.01) and dextrin (p < 0.05). Moreover, adding a 
gluten protein and dextrin fiber mixture yielded a larger glycemic control effect 
than adding a lipid and dextrin fiber mixture did. In conclusion, adding gluten 
protein supplements to rice products may reduce overall postprandial glycemic 
response and induce a lower GI in healthy people.

Keywords: Glycemic index, White rice, Supplementation, Gluten protein, Dextrin 
fiber

INTRODUCTION
	 Otto and Niklas (1980) were the first to analyze the glycemic responses to 
various foods. Jenkin et al. (1981) originally conceived the glycemic index (GI). 
On a scale of 1 to 100, foods can be classified as low GI foods (≤ 55), medium 
GI foods (56 - 69), and high GI foods (≥70). GIs are typically obtained by divid-
ing the incremental postprandial blood glucose level by the corresponding level 
after ingesting an equivalent carbohydrate portion (25 or 50 g) of a reference 
food (Jenkins et al., 1983). Foods with a high GI are more rapidly digested and 
absorbed, causing greater fluctuations in blood glucose per unit of carbohydrate 
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than foods with a lower GI (Jenkins et al., 1987). Studies showed that long-term 
consumption of high GI foods not only increased the risk of obesity, type 2 di-
abetes, and diabetic complications, but may also lead to heart disease and some 
types of cancer (McKeown, 1994; Salmerón et al., 1997; Ludwig et al., 1999; Liu 
et al., 2000; Augustin et al., 2002; Pi-Sunyer, 2002; World Health Organization, 
2003; Schulze et al., 2004; Ebbeling et al., 2005; Wolever, 2006).
	 Rice is a crucial cereal crop and a staple food for more than half of the 
world’s population, particularly for people living in some of the most populous 
countries, such as China, India, and Japan. Miller et al. (1992) classified rice as a 
high-GI food, with a GI ranging from 64 to 93 when freshly cooked. Differences 
in blood glucose responses to carbohydrates can be attributed to various factors, 
including the botanical source; food processing; food storage, which may cause 
retrogradation; physiochemical properties, particularly gelatinisation; particle size; 
the amylose: amylopectin ratio; and consumption in combination with other nutri-
ents, such as fat, protein, and fiber (Frei et al., 2003; Bornet et al., 2007; Thompson 
et al., 2012; Sun et al., 2014). Although an international table of GI values has 
been published (Foster et al., 2002), most values denote the GI of single foods. 
However, in recent years, mixed-diet GI has been widely studied. Supplementing 
carbohydrates with fat and proteins reduces the glycemic response by delaying 
gastric emptying and stimulating insulin secretion (Nuttall and Gannon, 1991). 
Moreover, the effect of proteins on glycemic responses to glucose is related to 
dietary fiber intake (Moghaddam et al., 2006). Notably, soluble fiber has been 
shown to lower GI and glycemic responses postprandially (Gatenby et al., 1996).
	 White rice is the main staple food in Asian diets. Asians often consume 
white rice with meals that contain lipid, protein, and fiber; however, whether 
the involved interaction affects the GI value of white rice remains unclear. This 
study determined the individual dose-response and mixture interaction effects of 
gluten protein, canola oil, and dextrin fiber combined with white rice on glycemic 
response and GI. These supplements are particularly common additives used in 
food processing in Taiwan. Gluten is often used instead of meat in Asian cuisine, 
and an indigestible form of dextrin is often used as a fiber supplement. Canola oil 
is generally considered a healthy oil because it is particularly low in saturated fat. 
Our findings may clarify the effects of food factors on GIs and food processing, 
and thereby assist people who are sensitive to glycemic effects in developing an 
appropriate diet.

MATERIALS AND METHODS
Subjects
	 Twelve healthy adults (ethnic East Asians) consisting of 5 females and 7 
males were recruited from National Pingtung University of Science and Tech-
nology. Before inclusion in the study, the participants were briefed on all aspects 
of the experiment, including their right to withdraw or suspend at any time, and 
were also provided with an opportunity to ask questions. This research project is 
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in full compliance with the Declaration of Helsinki and has stated all foreseeable 
risks and stress that the study subjects may be exposed to. The Pingtung Christian 
Hospital Research Ethics Board approved the protocol, and all subjects provided 
their informed consent to participate by signing the approved consent form.
	 The recruited participants were weight-stable and not on any medication 
during the study period. All participants had normal fasting blood glucose levels. 
They were asked to restrict their intake of alcohol, beans and other legumes, and 
fried foods, and to refrain from unusual eating habits and activities before each 
test day (Brand-Miller, 2004; Lin et al., 2010). The mean age (±SEM) of the 
participants was 20 ± 1 years (range 18-26). The mean body mass index (kg/m2) 
was 22.0 ± 0.4 (range 20.0-24.0), with an average weight (kg) of 67.8±1.1 (range 
49.0-75.0) and average height (cm) of 174.4±1.8 (range 147.0-183.0). The average 
fasting venous plasma glucose (mg/dL) was 74.0 ± 0.6 (range 69.5-76.5).

Test foods 
	 The test meals included white rice, canola oil, gluten protein, and dextrin 
fiber. White rice, Kaohsiung 145 (a strain of Japonica rice that has starch with an 
amylose content of approximately 19.8% and carbohydrate content of 80%), was 
purchased from a white rice factory (Pingtung Sin Fang, Taiwan). Lipids, with 
a lipid content of 92%, were purchased in the form of canola oil from a local 
supermarket (Changhua, Taiwan). Gluten protein and dextrin fiber were purchased 
from Genfont Corporation (Taipei, Taiwan), with protein and fiber contents of 
85.5% and 82%, respectively. 
	 The chemical composition of the test food was analyzed using the standard 
method described in AOAC (2000). First, all the collected samples were dried 
to a constant weight. The crude protein contents were calculated from nitrogen 
contents obtained using the Kjeldahl method. A factor of 6.25 was used to convert 
the nitrogen value into that for protein. The crude fat contents were measured 
gravimetrically through extraction in diethyl ether and petroleum ether after hydro-
lysis with acid. All foods were measured in triplicate. Free sugars were measured 
using an ion chromatograph system. Enzymatically available starch content was 
analyzed using the method of McCleary et al. (1994) and an assay kit (Megazyme, 
Bray, Ireland). The available carbohydrates were calculated as the sum of free 
sugars and enzymatically available starch. Glucose was used as a reference food 
for the GI test. All test meals contained 50 g of available carbohydrates, wherein 
the amount of available carbohydrates was equal to the total carbohydrates in the 
food minus the value of dietary fiber. Each subject was asked to consume glucose 
three times at the beginning, middle, and end of the study to reduce the effect of 
day-to-day variation in glucose tolerance (Brand-Miller, 2004). This procedure 
was followed in strict compliance with the protocol recommendations described 
in the ISO guidelines.
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Experimental procedures
	 The subjects fasted 10-12 hours overnight and performed the test from 7:30 
to 8:30 a.m. in the laboratory. They only ate the food we offered, and were not 
allowed to eat other vegetable or protein supplemented food. Each subject was 
randomly fed the equivalent of 50 g of available carbohydrate as either the test 
foods or the reference food. The test foods were freshly prepared on the morning 
of the test days. White rice (62.5 g of raw rice) was soaked preliminarily in water 
at a 1:1 rice to water ratio and then cooked using a rice cooker for 40 min (Tatung 
Co, TAC-10A-G., Ltd., Taiwan), yielding 107 g of steamed white rice. For the 
gluten and dextrin supplements, steamed white rice balls were produced using 
various amounts of gluten and dextrin, and reheated for 10 minutes. For the lipid 
supplement, steamed white rice was mixed with canola oil first and reheated for 
10 minutes, and then formed into rice balls and served with 220 mL water while 
it was still warm.
	 Blood samples were taken before the subjects ate (at 0 min) and at 15, 
30, 45, 60, 90, and 120 min after the meal (Wolever et al., 1991; American 
Diabetes Association, 2000; Brouns et al., 2005). The blood samples collected 
were processed as follows: a researcher withdrew intravenous blood (1.5 mL) by 
inserting a scalp needle into the subjects’ forearms. When blood samples were 
taken, the outer tube was filled with normal saline (0.9%) to prevent the scalp 
needle from clotting. The collected blood samples were placed in heparinized 
tubes and centrifuged at 12,500 ×g for 3 min at 4°C to separate the plasma. The 
plasma was subjected to principle analysis (glucose oxidase and peroxidase) by 
using a biochemical analyzer (Model YSI 7100; Multiparameter Bioanalytical 
System, Yellow Springs, USA) to determine the blood glucose levels. The peak 
rise was determined by subtracting the fasting glucose from the maximum glucose 
concentration. The two-hour glucose blood response curve was assessed using the 
trapezoidal rule; this involved using the incremental area under the curve (IAUC) 
to calculate the GI values (ignoring the area beneath the fasting concentration). 
The GI value for the test food was the ratio of the test food IAUC to the standard 
glucose IAUC, multiplied by 100.

Statistical analysis
	 The data obtained were first calculated in Microsoft Office Excel 2003 
(Microsoft Corporation, Redmond, WA) and then represented as mean ± SEM. 
All the figures were produced using SigmaPlot version 12.5 (Systat Software 
Inc., San Jose, CA, USA). One-way ANOVA with Tukey’s post-hoc procedure 
was conducted at each time point for each sample to observe the difference of the 
samples against the control (white rice). One-way ANOVA with Tukey’s post-hoc 
procedure was performed to observe the difference between the groups. Three-way 
ANOVA was performed to calculate the p-value of sample interaction between 
gluten protein, lipids, and dextrin fiber according to the glycemic index result. All 
statistical analysis was performed using SPSS version 21.0 (IBM Corp., Armonk, 
NY, USA). 
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RESULTS
Coingestion of white rice with gluten protein, dextrin fiber, or lipids
	 Postprandial glycemic response. Figure 1 depicts the measured postpran-
dial glycemic response after the coingestion of white rice with gluten protein, 
dextrin fiber, or lipid. Of all the test foods, the glucose concentration of white 
rice supplemented with gluten tended to show the lowest response curve at every 
time point, whereas white rice (control) showed the highest response curve. The 
postprandial glycemic response peaked at 45 and 60 min for most of the test 
foods (Figure 1). The blood glucose response was considerably more stable after 
gluten supplementation than after lipid and dextrin supplementation. Compared 
with the control, supplementation with 10 g of gluten showed the most significant 
(p = 0.004) blood glucose-lowering effect at 60 min (Figure 1A). Moreover, 5 
g and 10 g of gluten significantly affected blood glucose reduction (at 60 min,  
p = 0.038; at 90 min, p = 0.045, respectively) compared with the control. White 
rice supplemented with 10 g of dextrin showed significant blood glucose reduction 
at 60 min (p = 0.045) and 5 g at 120 min (p = 0.037) (Figure 1B). However, white 
rice supplemented with lipids did not show a significant blood glucose reduction 
effect at any time point (Figure 1C).

Figure 1.	 The postprandial glycemic response peaked at 45 and 60 min for most 
of the test foods.

(1A)

(1B)

(1C)
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	 Glycemic index. The GI of the test meals is shown in Figure 2. The GIs are 
ranked as white rice alone (93.8±2.8), white rice with 5 and 10 g of lipid (89.7±2.4 
and 90.3±2.1, respectively), white rice with 5 and 10 g of dextrin (89.3±2.6 and 
88.1±2.1, respectively), and white rice with 5 and 10 g of gluten (84.9±1.7 and 
83.1±1.6, respectively). Of the three nutrient components, dextrin showed a larger 
GI-lowering effect than did lipids, as indicated by the nonsignificant effect of 
white rice supplemented with lipid on reducing the overall glycemic response. 
A significant reduction (p < 0.05) was observed only in white rice supplemented 
with 5 and 10 g of gluten, which reduced the GI values by 8.9% and 10.7%, 
respectively.
 

Figure 2. The GI of the test meals.

Coingestion of white rice with a gluten protein, lipids, and dextrin fiber mixture
	 Postprandial glycemic response. Figure 3 shows the postprandial glucose 
response of two types of test food combination. The combination of gluten and 
dextrin, as shown in Figure 3A, yielded the most significant reduction in the post-
prandial glucose response. Every combination at a concentration of 5 and 10 g 
significantly reduced the postprandial glucose response after 60 min of digestion. 
Moreover, a significant reduction was observed for white rice supplemented with 
10 g of gluten and 10 g of dextrin after 90 min of digestion. The combination of 
10 g of lipid and 10 g of gluten significantly reduced the glucose response after 
60 min of digestion (Figure 3B). However, no significant decrease was observed 
for any lipid or dextrin combination (Figure 3C).



CMU J. Nat. Sci. (2017) Vol. 16(3) 197➔

Figure 3.	The postprandial glucose response of two types of test food combination.

	 Figure 4 shows the postprandial glucose response of three types of test 
food combination. For 5 g of lipid ingestion (Figure 4A), significant reduction of 
postprandial glucose response can be found 60 min after ingestion of a meal con-
taining 10 g of gluten. The reduction of postprandial glucose response by a meal 
containing 10 g of lipids (Figure 4B) can be found 60 min after ingestion of white 
rice combined with 10 g of lipids, 10 g gluten, and 10 g of dextrin. Compared to 
the results shown in Figure 3, the addition of lipids reduced the significance of 
the effect of gluten on postprandial glucose reduction; higher amounts of lipids 
resulted in a corresponding lowering of the reduction effect.

(3A)

(3B)

(3C)
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	 Glycemic index. The GI of white rice supplemented with a mixture of 
gluten, lipids, and dextrin is shown in Table 1. Compared with the GI of white 
rice alone (93.8 ± 2.8), white rice supplemented with gluten and dextrin yielded 
a lower GI. Moreover, white rice combined with 10 g of gluten and 5 or 10 g of 
dextrin significantly reduced the GI to 86. The GI of white rice supplemented with 
lipids and dextrin (but no gluten protein) non-significantly increased the GI to 96 
(white rice with 10 g of dextrin and 10 g of lipids). The combination of lipids, 
gluten, and dextrin did not significantly reduce the GI. Test foods containing 10 
g of lipids tended to yield non-significantly higher GIs than did those containing 
5 g each of lipids, gluten, and dextrin.

	 Three-way ANOVA. Three-way ANOVA revealed an interaction between 
lipids, gluten, and dextrin that was observed based on GI values. The results 
of their first, second, and third levels of interaction are shown in Table 2. The  
significant interactions of the GIs were observed only in the main effects of  
gluten (p = 0.000) and dextrin (p = 0.005). No significant two-way and three-way 
interactions were observed in the effects of lipids, gluten, and dextrin regarding 
the reduction of the GI values.

Figure 4.	 The postprandial glucose response of three types of test food combi-
nation.

(4A)

(4B)
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Table 2.	Three-way ANOVA showing interaction among lipid, gluten protein, and 
dextrin fiber observed from glycemic index (GI) values. 

Source Type III sum 
of squares

Degree of 
freedom

Mean square F value p-value

Gluten 1521.562 2 760.781 13.458 .000**
Dextrin 619.445 2 309.722 5.479 .005**
Lipid 138.081 2 69.040 1.221 .296
Gluten*Dextrin 156.910 4 39.228 .694 .597
Lipid*Dextrin 95.976 4 23.994 .424 .791
Lipid*Gluten 128.788 4 32.197 .570 .685
Lipid*Gluten*Dextrin 771.272 8 96.409 1.705 .097

Note: **Data indicates p < 0.01. Gluten indicates gluten protein, Dextrin indicates dextrin fiber, 
Lipid indicates canola oil.

	 Multiple regression analysis. Multiple regression analysis of the GI was 
performed to fit mathematical models of the tested variable to the response data. 
Linear regression was selected because it showed a higher adjusted R2 value 
(0.762) than did the second-order polynomial regression model (0.688). The linear 
regression for the GI is expressed in Equation (1), where variables A, B, and C 
represent lipids, protein, and fiber, respectively.

	 	 	 Y = 92.653 + 0.415A − 0.449B + 0.138C 	 (1)

	 ANOVA of the fitted linear regression for the GI of the test foods showed 
p = 0.000, and the error of the model was less than 0.05.

DISCUSSION
	 This study determined the dose–response and mixture interaction effects of 
food processing supplements (gluten protein, lipids, and dextrin fiber) combined 
with white rice on glycemic response and GI. Our results revealed that for the 
individual dose-response, white rice with gluten supplementation yielded the 
most significant postprandial blood glucose-lowering and GI effect of the three 
supplementations. Regarding the mixture interaction effect on GIs, white rice 
combined with gluten or dextrin produced the most significant reduction in the 
postprandial glucose response. However, the combination of lipids and dextrin 
at any concentration showed no significant decrease. Although the individual 
dose-response effects of gluten may reduce the GI effectively, the combination of 
lipids, gluten, and dextrin did not exhibit significant reduction of the GI. Signifi-
cant interactions with the GI were observed only in the main effects of gluten and 
dextrin. No significant two- or three-way interaction was observed in the effects 
of lipids, gluten, and dextrin regarding reducing the GI. 
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	 The regression coefficient revealed that gluten supplementation had the 
most pronounced effect in altering the GI of white rice. Specifically, increased 
gluten levels caused a corresponding enhancement of GI reduction. However, 
lipid supplementation tended to reduce the effect of gluten. In short, increased 
addition of lipids to white rice resulted in correspondingly higher GI. This indi-
cated that gluten supplementation had a larger glycemic control effect than lipid 
supplementation. This information is crucial, because previous dietary recommen-
dations for both healthy individuals and diabetics have focused on the relative 
types and amount of carbohydrates and lipids (Krauss et al., 1996; Gannon et al., 
2003). Gannon et al. (2003) compared the metabolic effects of high and normal 
protein diets in people with and without diabetes, and found that a high protein 
diet reduced postprandial blood glucose and improved overall glucose control. 
Moghaddam et al. (2006) indicated that the blood glucose response of people 
who consume a low-protein–high-lipid diet is twice that of those who consume 
high-protein–low-lipid diets. These findings support our data, which showed that 
consuming protein (gluten) with white rice reduced the 2-h postprandial blood 
glucose response and improved overall glycemic control in healthy subjects.
	 Numerous factors affect the glycemic response from food, including the 
types of carbohydrate (glucose, galactose, fructose, amylose, amylopectin, soluble, 
and insoluble fiber); interaction between protein and carbohydrates; the process-
ing of food; and the presence of lipids, protein, and fiber (Bornet et al., 2007). 
Moreover, some hormones involved in glucose uptake and utilization, such as 
glucagon, glucose-dependant insulinotropic polypeptide (GIP; gastric inhibitory 
polypeptide), and glucagon-like peptide-1 (GLP-1), are the main hormones in 
postprandial glucose homeostasis (Larsen et al., 1997). Macronutrients, including 
carbohydrates, lipids, and protein, stimulate GLP-1 secretion (Deacon, 2005). The 
GLP-1 receptor is mainly present in pancreatic β cells (Tornehave et al., 2008) 
and the central nervous system (hypothalamus). Thus, food intake stimulates 
pancreatic β cells to produce insulin and triggers the hypothalamus to produce a 
sense of satiety (Larsen et al., 1997).
	 The findings of the present research indicated that the coingestion of lipids 
with white rice did not produce a larger postprandial glycemic effect in compar-
ison with that produced by white rice combined with gluten protein or dextrin 
fiber. Some studies have shown that protein increases amino acid-mediated insulin 
secretion and β-cell mass through GLP-1 activation (Moghaddam et al., 2006). 
Hurley et al. (1995) indicated that different protein sources have different effects 
on insulin secretion; insulin secretion triggered by protein from soy is lower than 
that triggered by protein from cod or casein. Protein appears to strongly affect 
insulin secretion. The concentration, structure, and digestibility of protein, as 
well as the ability of specific amino acids to stimulate insulin, appear to be the 
main explanatory factors (Moghaddam et al., 2006). In the present study, we used 
gluten protein, comprising gliadins and glutenins, which are water absorbent, and 
exhibit network structures and starch-binding properties (Marshall and Chrastil, 
1992). These properties can slow digestion and lower the increase in postprandial 
blood glucose (Jenkins et al., 1987). This explains why gluten protein can yield 
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a more stable glycemic response and lower GI. Furthermore, gluten protein is a 
markedly popular additive that is used in food processing in Taiwan, especially 
in Buddhist vegetarian cooking as a meat alternative, because it has high protein 
content (85.5%, dried weight). 
	 Jenkins et al. (2010) reported that adding fiber controlled blood glucose 
level fluctuations and reduced GIs. Soluble fibers may modulate the GI of foods 
by delaying gastric emptying and lowering the glucose absorption rate (Bornet et 
al., 2007). Moreover, soluble fiber is more efficient than insoluble fiber in reducing 
the postprandial glycemic response (Pastors et al., 1991). The effect of dietary 
fiber on GI remains controversial. Jenkins et al. (1986) analyzed the relationship 
between the GI of 25 foods and dietary fiber content and found a correlation 
between total dietary fiber and GI (R= 0.461> 0.05), but found no significant 
correlation between the content of the soluble fiber and GI. In contrast, Silvester 
et al. (1995) found that soluble fiber had a significant impact on postprandial 
blood glucose. These arguments may be due to a number of factors affecting GI 
of foods, with dietary fiber not the main factor. As Jenkins et al. (1986) found, 
dietary fiber can only explain 50% of the change in blood glucose. Thompson et 
al. (2012) showed that white rice coingested with pinto or black beans produced a 
lower overall glycemic response than did dark kidney beans; this lower response 
might be correlated with a lower level of soluble fiber and resistant starch. This 
supports the present finding regarding dextrin, which is a fiber, but is not digested 
(Riccardi and Rivellese, 1991).
	 Lipids reduce the glycemic response through GLP-1-mediated gastric 
emptying effects (Foster-Powell et al., 2002; Bornet et al., 2007). Various types 
and amounts of lipids are closely related to insulin sensitivity. Insulin sensitivity 
reduces when the amount of fat in the diet is more than 35%-40% of total calories. 
Moreover, in a study investigating the effects on GI of the coingestion of white 
rice with oil, chicken breast, and vegetables, rice cooked with fat was shown to 
yield the lowest overall glycemic response. However, the corresponding increase 
in the insulin response was nonsignificant. By contrast, chicken breast (protein) 
significantly increased the insulin response (Sun et al., 2014). In addition, differ-
ent types of fatty acid have different effects on the human body. For example, 
saturated fatty acids can increase insulin resistance, whereas monounsaturated and 
ω-6 polyunsaturated fatty acids can increase insulin sensitivity; ω-3 polyunsat-
urated fatty acid does not affect insulin sensitivity (Reaven, 2005). The present 
study used canola oil, which contains less saturated fatty acids (linoleic acid: 
21% (ω-6), alpha-linolenic acid: 11% (ω-3), saturated fatty acid 7%) (Gunstone 
and Hamilton, 2002) than other edible oils, but its effect on glucose response 
was not significant compared with that of the control. However, we need more 
studies to investigate the effects of different types of protein, lipids, and fiber on 
postprandial glycemic response and the GI in different forms of carbohydrate-rich 
foods, such as breakfast cereals, bread, and noodles.
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CONCLUSION
	 Supplementing white rice with gluten protein, lipids, and dextrin fiber (com-
mon Chinese food processing supplements) reduced postprandial blood glucose 
response and GI. Gluten protein with white rice provided the highest glycemic 
response and largest GI-lowering effect compared with dextrin fiber and lipids 
with white rice. Coingestion of white rice with gluten protein was associated 
with a reduction in the overall postprandial glycemic response curve and induced 
a lower GI, whereas lipids and dextrin fiber reduced the glycemic response and 
GI, but not significantly. In the gluten protein, lipid, and dextrin fiber mixture, 
the lipids tended to exert adverse effects. The present data suggested that gluten 
protein with rice offers promise as a food processing supplement in rice products.
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