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The metabolic responses to South American foods remain to be 
determined. Using glycemic index (GI) and insulinemic index (II) values 
as references for therapeutic potential of foods, this study investigated the 
glucose responses to a typical Venezuelan corn bread (arepa) and to an 
arepa supplemented with rice bran. Adding rice bran to the bread 
increased the content of resistant starch and dietary fiber measured as 
total, soluble, and insoluble dietary fiber. It also increased the protein 
content of the arepa. Three meals, white wheat bread, 100% corn meal 
arepa, and an arepa supplemented with 20% rice bran, were administered 
within a one-week period. Available starch in the foods was determined to 
provide 50 g of available carbohydrate per meal. To calculate the indices, 

bread was used as the reference. The GI and II of the two arepa meals 
were significantly smaller than the GI and II of white wheat bread, 
although the differences between the two types of arepas were not 
significant. It is concluded that Venezuelan arepas (corn meal bread) may 
have potential health benefits and that the presence of 20% rice bran in 
the arepa meal did not produce a significant improvement in the glucose 
response. Due to the presence of antioxidant elements in the supple-
mented arepa and its higher protein, dietary fiber, and resistant starch 
content, it may have a potential preventive effect against the development 
of other pathologies. 

 
Arepas are staple Venezuelan food made from commercially 

produced, precooked, white corn meal flour obtained by partially 
cooking dehusked degerminated corn grain (Garrido et al 1990). 
Corn has a low nutritional value, as indicated by its low nitrogen 
content. Researchers have tried to increase the nutritive value by 
partly substituting corn flour for amaranth flour, which rendered a 
product with a higher protein energy ratio (PER) and available 
lysine (Pacheco y Portillo 1990). 

Rice bran is a subproduct obtained from the external wall of 
dehusked rice (Carroll 1990). During grinding, lipases contained 
in rice oil are activated, producing rancidity of the bran. Using 
stabilization techniques such as chemical enzyme inactivation or 
thermal treatment of bran makes possible the production of a stabil-
ized rice bran with a nut flavor. Stabilized rice bran contains 15–
20% lipids, with a major proportion of highly unsaturated fatty 
acids, 12–18% protein, and 23–28% dietary fiber. When defatted, 
the dietary fiber content increases to 38–47% (Don et al 1999; 
Pacheco et al 2002) and the bran also shows a high content of 
vitamin E and group B vitamins. Probably the most important 
nutritional fact about this bran is that it contains γ-oryzanol, 
which has been described as a natural antioxidant that reduces 
plasma cholesterol levels by inhibiting HMG-CoA reductase 
(Gerhart and Gallo 1998; Serra and Barrera 1998). 

In recent years, research indicated that high glycemic response 
to starches may be a risk factor for the development of diabetes, 
atherosclerosis, and obesity (Anderson et al 1980, 1982; Behall et 
al 1989; Brand et al 1991). The glycemic index (GI) is a concept 
for ranking carbohydrate foods based on their effects on post-
prandial glycemic response (Jenkins et al 1981, 1994). The studies 
of bread have shown a very consistent effect regarding glycemic 
response (Wolever et al 1990; Liljeberg and Bjorck 1994); 
therefore white bread has been recommended as the reference 
food. When bread is used as a reference, the GI range of different 
food stuffs is 20–120%. This is due to different rates of digestion 
and absorption of the carbohydrates (Blackburn and Johnson 
1983; Blackburn et al 1994). Low GI foods are those that release 

glucose to the blood at a slower rate. The therapeutic potential of 
low GI foods is not only for diabetes (Toeller et al 1999) but also 
for dyslipidemia (Glore et al 1994; Anderson 2003; Brynes et al 
2003) and prevention of noninsulin-dependent diabetes mellitus 
(Jenkins et al 1987; Livesey 2001; Scheppach et al 2001). Long-
term studies suggest that a diet rich in low GI food items 
improves metabolic parameters in rats (Lerer-Metzger et al 1996) 
and in healthy and diabetic subjects (Anderson 2003; Brynes et al 
2003; Murtaugh et al 2003) and is considered in the recom-
mendations from diabetic societies (Toeller et al 1999). GI values 
for foods prepared and eaten in South America have to be deter-
mined. 

Most common starchy foods consumed in the Western diet such 
as bread, breakfast cereals, and potato products have high GI 
values (Miller and Lobbezoo 1994; Foster-Powell and Brand 1995) 
because the starch in most of these foods is rapidly digested. A 
high dietary fiber content of a food does not necessarily provoke a 
low GI of the meal unless the fiber is part of the botanical 
structure of the food (Liljeberg and Bjorck 1994). The nutritional 
interest on dietary fiber coincides with industrially recovered fiber, 
hence products that were discarded are now used in human 
nutrition. Rice is the second largest product grown in Venezuela. 
Rice bran is a by-product of rice polishing and a source of protein 
(12–16%), lipids (15–20%), dietary fiber (22–28%), carbo-
hydrates (35–52%), vitamins, and minerals. The antioxidant prop-
erties of rice bran are well known (Kahlon et al 1996). Stabilized 
rice bran contains more tocopherols and tocotrienols than other 
natural food sources. It is also rich in vitamin B, minerals, and 
essential fatty acids. During grinding of rice bran, lipase activa-
tion must be prevented by low-heat stabilization to maintain its 
functional properties. After stabilization, rice bran has a shelf life 
of one year. In Venezuela, one of the most common food items is 
arepa, a special corn bread made with precooked corn flour that 
substitutes white bread. To our knowledge the GI of arepas made 
with regular corn havenot been reported. This report shows the GI 
and II of corn meal arepa and the effect of rice bran addition on 
these indices. 

MATERIALS AND METHODS 

Precooked white corn meal flour and rice bran were provided 
by Industria PROMASA C.A. Rice bran was stabilized using 
dehydration in a double drum at 121°C followed by freezing until 
it was mixed with corn meal to make the arepas. 
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Chemical Composition 
The protein (N × 6.25) fat, ash, and reducing sugars were 

estimated according to the methods described by AOAC (1990) 
and were reported as the arithmetic mean ± the standard deviation 
of five observations. Dietary fiber was measured using a kit (Sigma) 
based on the method described by Prosky et al (1998) and accepted 
by AOAC (2000). The method measures soluble and insoluble 
fiber and adds these two values to obtain the total. Determination 
of available starch in white wheat bread (WWB), arepa, and arepa 
with rice bran was made using the method developed by Holm et 
al (1986) modified by Tovar et al (1990). Resistant starch was 
measured as in Goni et al (1996) and Saura-Calixto et al (1993). 

The hydrolysis of corn meal starch in vitro was done as reported 
by Holm et al (1983). The sample was suspended in phosphate 
buffer at pH 6.9 and was incubated with pork pancreatic D-
amylase (Sigma) (≈200 µg–1 of starch, 37°C). Aliquots (1 mL) 
were withdrawn at specific time intervals and centrifuged for 5 
min at 3,000 × g. A factor of 0.95 was used for the conversion of 
maltose equivalents to starch. In vitro starch hydrolysis curves of 
the corn meal flours are shown in Fig. 1. 

Subjects 
Ten normal medical students gave written consent to participate 

in the study according to the Helsinki ethical guidelines (Helsinki 
1997). Body mass index (BMI), cholesterol, triglycerides, gly-
cemia, and blood smear of subjects before entering the protocol 
were normal. Use of any medication was an exclusion criteria. 
Approval of the study was given by the ethical committee of the 
Instituto de Medicina Experimental at the Universidad Central de 
Venezuela. 

Test Meals 
Two types of corn meal arepa were prepared by the laboratory 

staff using traditional methods. A mixture of corn meal or corn 
meal supplemented with 20% rice bran and water (140.44 g and 
150.24 g/250 mL) was prepared, followed by kneading for 5 min 

until a soft dough was achieved. Round breads of this mixture 
were cooked in a special toaster for 7 min and allowed to cool for 
3 min. The crust of the arepa was discarded and the rest was used 
as the test meal. Composition of the arepas is shown in Table I. 

The test meals were fed in random order to provide 50 g of 
available carbohydrate and served with 250 mL of water. The 
meals were served as breakfasts in random order on three separate 
occasions, after a night fast, with at least a one-week interval. The 
subjects were asked to eat the meal in a 10-min period. Blood 
samples from the antecubital vein were taken before the meal (0 
min) and at 30, 45, 60, 90, and 120 min after the meals for 
glucose and insulin analysis. 

Glucose and Insulin Indices 
Blood glucose concentration was determined with a glucose oxi-

dase peroxidase reagent (Trinder 1969) and plasma insulin was 
determined by radio immunoassay (Marschner 1974). Glycemic 
indices (GI) were calculated from the 120-min incremental post-
prandiaI blood glucose using white wheat bread (WWB) as a 
reference (GI and II of bread = 100) (Jenkins et al 1981, 1984; 
Wolever 1991 et al). 

To calculate the GI areas under the glucose, increment curves 
were obtained using the computerized method developed by T. M. 
S. Wolever (personal communication). Indices were drawn from 
the percent relationship between the area of blood glucose incre-
ment curve after the test food and the area of the glycemic response 
curve after the reference meal. The insulinemic indices were cal-
culated in a manner similar to that of the insulin response curves 
(Bornet et al 1987). Two-way ANOVA was used to compare 
differences in blood glucose and insulin responses between the test 
meals. Paired Student’s t-test (two-tailed) was used to assess 
statistical significance. Results were expressed as means ± SEM. 

RESULTS  

Chemical analysis of the arepas (Table I) shows that substi-
tuting precooked corn meal flour with 20% stabilized rice bran 
increases the protein, unsaturated fat, soluble and insoluble dietary 
fiber, and resistant starch content of the corn bread. These results 
point in the direction of a slow glucose absorption food. Food 
items rich in dietary fiber and resistant starch have been demon-
strated as adequate for improving health (Scheppach et al 2001). 
More specific research should be conducted to prove this point. 

Figure 2 presents the mean increase of glucose responses to the 
test meals. There are no significant differences between the 
responses to the arepa meals. The bread meal (WWB) used as a 
reference provoked a higher response during the first 30 min. But 
no major differences were noted at the late postprandial phase. 

TABLE I  
Composition of Two Corn Bread Arepas Determined  

by Standard Chemical Analysis (g/100 g)a 

 Control Arepa Rice Bran Arepa 

Humidity 60.50 ± 0.8 61.0 ± 0.55 
Ash 0.43 ± 0.02 0.95 ± 0.04 
Available starch 35.30 ± 0.88 32.16 ± 0.75 
Resistant starch 1.65 ± 0.05 1.86 ± 0.02 
Reducing sugars 0.06 ± 0.005 0.18 ± 0.006 
Protein 3.0 ± 0.20 3.60 ± 0.20 
Lipids 0.46 ± 0.02 1.12 ± 0.05 
Total dietary fiber 1.68 ± 0.10 2.79 ± 0.21 
Soluble dietary fiber 0.42 ± 0.05 0.7 ± 0.02 
Insoluble dietary fiber 1.26 ± 0.04 2.09 ± 0.04 

a Values are mean ± SEM. 

Fig. 1. Time course of in vitro starch hydrolysis of two corn-based 
starchy test meals [(Q) arepa; ( ) rice bran arepa] and white bread ( ) 
used as reference.  

Fig. 2. Mean increase in plasma glucose above baseline in healthy sub-
jects after consumption of the three starchy test foods [( ) white bread, 
(Q) arepa, ( ) rice bran arepa]. Mean values were lower for the arepa
meals without reaching statistically significant differences. 
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Figure 3 shows a different trend in the mean insulinemic re-
sponses to the test meals; that is, the insulin response curve gener-
ated by bread consumption is higher than the response generated 
after both arepa meals over the total experimental period. This 
difference is significant (P < 0.05) for the first postprandial 60 min. 

There were no differences between the areas of the curves after 
arepa consumption. Table II shows that the glycemic and 
insulinemic indices of the arepa meals were significantly lower 
than that of the reference meal (P < 0.05). No differences were 
noted between the GI and II of the arepa meals. 

DISCUSSION 

In early studies, it was shown that including dietary fiber into 
bread flattened the postprandial glucose and insulin response 
curves. The beneficial effects of dietary fiber have been clearly 
supported by different authors (Anderson et al 1980, 1992, 2000; 
Jenkins et al 1978, 1987, 2000). 

This has been attributed to a number of factors (Truswell 1992), 
including the amylose-to-amylopectin ratio. Several studies using 
cereals have shown that a higher amylose content is accompanied 
by a lower response (Goddard et al 1984; Behall et al 1989; Amels-
voort and Weststrate 1992; Brand Miller 1992). The digestibility 
of the starch contained in the food has also been related to the 
glycemic response (Rao 1970; Panlasigui et al 1991). The cause 
for reduced enzyme availability could be due to recrystallization 
of amylose, its interaction with lipids (Holm et al 1983; Berry 
1986), or the production of resistant starch (Liljeberg et al 1992; 
Grandfeldt et al 1993, 1994). Jenkins et al (1987) supported this 
possibility when they reported an inverse relationship between 
glucose response and nondigested starch present in the meal. 

The meals of corn arepas produced significantly lower meta-
bolic response than the bread reference meal. Similar low res-
ponses for arepas were reported previously by Granfeldt et al 
(1995) using high-amylose corn arepas. The decreased response 
appears to be related to a decreased rate of enzymatic digestion of 
the arepas (Fig. 1). This could be an effect of the conditions used 
to prepare the corn flour because there are no significant differ-
ences between the metabolic responses of the 100% corn arepa 
meal and the arepa meal with 20% rice bran. Holm et al (1983) 
showed that the formation of amylose lipid complexes diminishes 

the hydrolysis rate of starch. But in this case, the amount of fat 
present in the corn flour is very small, therefore a 50% decrease 
of the response is very unlikely due to formation of these com-
plexes. In this study, all meals provided 50 g of available starch. 
The amount of total starch present in these meals was different 
due to the presence of resistant starch. The resistant starch present 
in the corn flour could be partially responsible for the diminished 
absorption. Granfeldt et al (1993) showed a good correlation 
between the total amount of starch that passed the rat intestine 
and the presence of resistant starch in fiber residues. In this study, 
the arepa meals provided a higher dietary fiber content; the bran-
supplemented arepas had a higher proportion of insoluble dietary 
fiber. It is well known that soluble dietary fiber (Jenkins 1978) 
and resistant starch may represent difficulty in starch hydrolysis 
and glucose absorption. Dietary fiber and resistant starch diminish 
the relationship of enzyme to substrate, impair starch hydrolysis, 
and increase the resistance to diffusion of the hydrolysis products. 
The fact that the glycemic and insulinemic indices of the arepas 
were smaller than the indices of the reference food coincides with 
the higher resistant starch and dietary fiber content of the arepas. 

The in vitro amylolysis data supports the suggestion that the 
corn meal arepas have a decreased rate of enzymic digestion, 
possibly due to the corn meal processing because the differences 
in the rate of digestion between the two types of arepas are not 
significant and the amount of potentially available starch was the 
same (50 g) in all meals. 

We concluded that the arepas of either corn meal or corn meal 
supplemented with rice bran gave low metabolic responses that 
could not be explained by differences in the amount of available 
starch. The corn meal processing and the presence of dietary fiber 
(rice bran in the supplemented arepas) could explain the low 
glycemic index obtained in comparison with the glycemic index 
of white bread. 
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