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Abstract: Rice consumed as white cooked polished grain has been considered a high glycemic index
(GI) food, particularly compared with other starchy foods. However, the levels of rice GI based food
can vary among different rice types and food processing technologies. Rice GI variation can be
affected by several factors such as rice variety, the genetic background of rice as well as due to crop
edaphoclimatic conditions. The main difference in rice starch composition that influence GI is the
amylose content. Besides chemical composition of rice, the gelatinization characteristics and food
processing can also contribute to starch retrogradation, thus increasing the level of resistant starch
with a great influence on GI. To understand the glycemic response of rice types differing in amylose
and viscosity profiles, four rice samples were analysed and compared with standard and resistant
HI-MAIZE corn starches. An in vitro enzymatic starch hydrolysis procedure was applied to estimate
GI. The results indicate substantial differences in the starch hydrolysis of the two corn starches.
Starch hydrolysis tended to be more rapid and efficient for “Waxy’ and ‘Ceres’ (intermediate-
amylose) rice types than for ‘Macarico’ (high-amylose rice). In addition, the data show that Magarico
variety has the lowest estimated GI and the highest retrogradation rate compared with “Waxy’,
‘Ceres’ and ‘Basmati’ type. The results obtained reinforce the importance of knowing amylose
content and viscosity profiles for prediction of rice glycemic responses.
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1. Introduction

Rice, one of the staple foods of the world’s population, is consumed as white cooked polished
grain and has been considered a high glycemic index (GI) food (64-93%) [1]. Because rice is a
fundamental food in our diet, it is imperative to evaluate its characteristics, which can differ among
different rice varieties. As such, all studies are essential to improve the nutritional characteristics of
rice, together with the active search for new varieties with better quality and healthier characteristics.
The glycemic index (GI) is a measure of the glucose response to the intake of a fixed amount of

Proceedings2020, 2020 www.mdpi.com/journal/proceedings



Proceedings 2020, 2020 20f6

carbohydrates available in the food [2] and can be determined in vivo [3] or extrapolated by in vitro
methods assessing the rate of digestion. There are several factors that influence the GI of foods such
as the type of sugar, starch and its amylose/amylopectin ratio, and the genetic background or crop
edaphoclimatc conditions [4-6]. In the case of rice varieties, the differences on GI have been reported
and established by important factors such as amylose content, resistant starch and gelatinization
characteristics, which can be predictors of starch digestion rate [7-9]. Amylose content is the main
difference in rice starch composition that influence GI, their linear structure hamper the action of
amylolytic enzymes and is more resistant to digestion than amylopectin that has a branched
structure. So, high-amylose rice varieties were reported to have lower glycemic values than low-
amylose varieties. There are even some studies that prove the positive correlation with the resistant
starch content in the sample with low GI [8,9]. Amylose content is directly related to increased
viscosity parameters [10]. Rice starch retrogradation can have a positive influence on decreasing
starch digestibility increasing the resistant starch. This occurs because starch granules reorganization
through hydrogen bonds increase the resistance to digestive enzymes, becoming more difficult to
hydrolyze the starch [11-14]. This process is greatly influenced by food processing, such as parboiling
technology and the cooking method.

As such the main aim of this study was to understand the glycemic response of rice from
different samples (‘Basmati’, ‘Ceres’, “‘Magarico’ and ‘Waxy’) which differ in some of parameters
related with the extension of starch hydrolysis such as amylose and viscosity profiles.

2. Material and Methods

2.1. Samples

Four different rice samples were analysed: two portuguese rice varieties (Ceres and Magarico)
and two commercial rice type (Basmati and a glutinous rice—Waxy) which were compared with two
standards corn starches (54126, Sigma Aldrich) and resistant HI-MAIZE (1043, National Starch and
Food Innovation, Hamburg, Germany). The two varieties were recently released by the Portuguese
Rice Breeding Program, Ceres (Japonica type) and Magarico (Indica type).

2.2. Amylose Content

The determination of amylose content was based on the standard iodine colorimeric method
according ISO 6647-2:2015 [15].

2.3. Rapid Visco Analyzer (RVA) Measurement

Gelatinization and pasting profiles of white rice flours were determined through a rapid visco
analyzer (RVA, Newport Scientific, Warriewood, Australia), with the software Thermocline for
Windows (TCW) according to AACC method 76-21. Each rice flour sample (3—4 g) was mixed with
24-25 g distilled water, was measured on dry weight (dw) basis. Peak, minimum (through),
maximum and final viscosities, were obtained through curve resulting from a cycle of heating,
cooling and stirring a suspension of flour in water. The samples were kept at 50 °C for 1 min, heated
at 12 °C/min to 95 °C, kept at 95 °C for 2.5 min and cooled to 12 °C/min at 50 °C for 3 min. The
determination was performed at a speed of 960 rpm in the first 10 s and then at 160 rpm.

2.4. In Vitro Kinetics of Starch Digestion

The starch digestibility and estimated GI was measured using a modified method suggest by
Goni et al., (1997) [16]. White rice flour (50 mg) was just homogenized in distilled water and
immediately was followed the process of enzymes addition to start the starch digestion. Finally, the
glucose content was measured using glucose oxidase peroxidase kit (K-GLUC, Megazyme). Glucose
was converted into starch by multiplying with 0.9. The rate of starch digestion was expressed as a
percentage of the total starch hydrolyzed at different times (0, 5, 10, 30, and 60 min). The kinetics of
starch digestion was estimated by non-linear equation, first equation and second equation are:
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C = Coo (1 —e ) D
AUC== Ceo (ti — to) + C%o (e’ — e)] 2)

where C corresponds to the percentage of starch hydrolyzed at time t; Ceo is the equilibrium
percentage of starch hydrolyzed after 60 min, k is the kinetic constant and t is the chosen time (min).
Given pairs of points (y;, ti) the kinetic constants Cee and k can be obtained by minimization of the
error sum of squares. Once the kinetic equation constants are estimated, Goni et al. (1997) computes
the AUC (area under the hydrolysis curve) as the integral (Equation (2)) of the kinetic equation in the
interval [to, tf]. The hydrolysis index (HI) was obtained by dividing AUC sample by AUC reference
sample (corn starch). With HI determines the predicted glycemic index (GI) using a model (Equation

3)):
GI = 39.6207 + (0.5498 x HI) 3)

3. Results and Discussion

3.1. In Vitro Starch Hydrolysis Rate Compared with Corn Starches and Estimated GI

In order to prove the effectiveness and usefulness of this in vitro digestion method to GI
estimate, the samples were selected based on knowing relationships associated with GI variation,
defined in the literature. For this purpose, two starches from corn were selected as standards and 4
varieties of rice were selected according the amylose and pasting parameters data variability. As
expected, in Figure 1, there was a wide variation, with significant differences between the normal
corn starch hydrolysis curve (higher hydrolysis rate and GI = 94.6, Table 1) and the resistant starch
corn starch hydrolysis curve (the lower hydrolysis rate and GI = 54.8). These two standards curves
and associated GI, are the expected highest and lowest limits for the rice flour samples. Although the
hydrolysis curves of the all rice samples are not very different (GI from 83.71 to 88.49), it was possible
to establish significantly differences between the different rice types. Ceres rice has the highest rate
of hydrolysis of starch and Magarico rice has the lowest rate of hydrolysis, which was later reflected
in the final GI of each sample. In addition, the values obtained for the estimated glycemic index of
rice samples are according with expectations, and are in the same range as those reported in the
literature [5,9,16,17]. Thus, the results obtained show the effectiveness of the method proving to be a
useful and simple method, which can be used in a first rapid screening for GI estimation of rice
varieties.
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Figure 1. In vitro starch hydrolysis rate of rice samples and corn starches.
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Table 1. RVA parameters and estimated glycemic index (GI) of rice flour samples.

RVA Parameters .

Types Peak Trough Breakdown Final Viscosity Estimated GI (%)
Ceres 2750 b 1428 © 1322 2 2892 b 88.49 b
Basmati 2589 « 1592 b 997 ¢ 37552 86.65 ¢
Magarico 1368 4 977 4 3914 2422 4 83.714
Waxy 3025 @ 1819 2 1206 ® 2488 © 88.20 b
Resistant starch 54.80 ¢
Corn starch 94.60 2

Gl—estimated glycemic index; Different letters (*¢) within one column denote statistically significant
differences (p < 0.05).

3.2. Variation in GI of Rice Samples and Its Relation with Amylose Content

The amylose rice content (Figure 2b) indicates a significant variation between rice samples
(exception between Basmati and Macarico varieties). These two samples with the highest amylose
content, Basmati (25.4%) and Magarico (25.0%) also have the lowest GI (86.6 and 83.7 respectively).
These data show the influence of amylose content on starch hydrolysis and thus on the GI, however
the overall correlation was not positive. Despite the lower number of varieties analyzed, the
relationship is evidently reflected too in differences occurring in the low/intermediate and high
amylose rice samples. The Ceres sample with intermediate amylose content (21.4%) and the Waxy
sample with the lowest amylose value (2.6%), both presented high glycemic response. The amylose
content is not the only factor to affect starch digestibility, the specific proteins and other compounds
can affect the viscosity characteristics and the starch hydrolysis.
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Figure 2. (a) RVA profiles and (b) amylose content of rice flours; values with the letters differents are
significantly different (p <0.05).

3.3. Variation in GI of Rice Samples and Its Relation with Viscosity Profiles

Table 1 gives the values for paste viscosity parameters and the estimated glycemic index (GI) of
rice samples. Paste viscosity parameters analyzed was peak (peak viscosity), through (minimum
viscosity), breakdown viscosity (difference between maximum viscosity and minimum viscosity) and
the final viscosity (after retrogradation).

Waxy rice has the maximum peak viscosity compared to the other samples with a significant
difference, which means that it has greater gelatinization capacity than the other samples. There was
also great variability in the estimated glycemic index between the rice samples except between Ceres
and Waxy varieties. Macarico shows the lowest viscosity profile (Figure 2a) and corresponds to the
variety with the lowest hydrolysis curve starch, following the hydrolysis curve of the resistant starch
(Figure 1) and showing the lowest estimated glycemic index of the rice varieties analyzed. RVA
parameters peak, trough and breakdown have a positive correlation with the GI (0.96, 0.82 and 0.99).
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4. Conclusions

The present work describes a simple in vitro method for predicting GI of different rice samples
and also finds possible correlations with other parameters, such as amylose content and
gelatinization profiles. The results obtained support the use of the starch hydrolysis method for rice
GI estimation. The rice varieties with higher amylose contents and lower pasting profiles exhibit
lower GIs compared with the Waxy and intermediate amylose varieties.
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