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Abstract
The availability of scientific information on the nutrient composition of 
cooked rice and glycemic responses of Sri Lankan traditional rice varieties 
with a high export potential is scarce. This study determined the nutrient 
composition (moisture, ash, crude fat, and protein, digestible (DC) and total 
carbohydrate (TC), resistant starch (RS), insoluble (IDF), soluble (SDF), and 
total dietary fiber (TDF)), amylose, amylopectin, and glycemic indices (GI) of 
sixteen cooked unpolished traditional rice varieties with standard methods. 
Cooked rice and rice flour contained 55.9-70.6% (fresh weight) and 6.2-9.5% 
(dry basis) moisture respectively. Ash, crude fat and protein contents were 
1.1-1.6%, 4.1-6.0% and 4.8-9.5% respectively. Digestible carbohydrates 
comprised 73.8-83.8% with over 80% TC.  Cooking increased the RS (1.3-
5.5%) while IDF, SDF and TDF of cooked rice were 3.8-6.4%, 0.4-4.8%, and 
5.4-9.8% respectively. All varieties contained high amylose (24.2-35.7%) 
except for one variety and elicited either low or medium GI (49-67). GI and 
amylose of cooked rice showed a significant (P=0.04) negative correlation.  
Significant (P≤0.05) positive correlation between moisture and rice portions 
containing 50g of carbohydrate allows the selection of rice that provides 
low glycemic loads. Unpolished traditional rice, rich in nutrients eliciting low 
or medium GI are highly suitable in diet plans for controlling the glycemic 
response and in achieving sustainable health benefits.
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Introduction
Rice, the dietary staple plays a major role in 
providing a substantial proportion of energy and 

protein for Sri Lankans like other rice-consuming 
nations. In ancient times, Sri Lanka was known as 
‘The granary of the East’ due to the existence and 
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cultivation of over 1000 indigenous varieties of rice 
with an unparalleled irrigation system supporting 
rice cultivation.1 These traditional rice varieties 
had unique nutritional and functional properties as 
evidenced by folklores, indigenous and ayurvedic 
medicine practices where these have been used as 
a remedy for several diseases including malnutrition. 
Traditional rice varieties are components in remedies 
such as functional drinks (Peyawa), gruels made 
out of only water, rice, and salt (Lunu kenda), and 
gruel made with rice and green leafy vegetables 
(Kola kenda) with the knowledge handed down from 
generation to generation or according to directions 
of indigenous doctors.2 However, traditional rice had 
been replaced from regular farmer fields due to the 
introduction of new improved varieties following the 
green revolution in 1960s. These varieties produce 
higher yields and require comparatively lesser 
time to seed, grow and harvest, than the traditional 
varieties.1 Compared to newly improved varieties 
producing higher yields, traditional rice varieties 
could withstand extreme weather conditions, 
diseases, and pests which are major problems 
associated with sustainable rice cultivation.3

Rice, the dietary staple, is the primary source of 
carbohydrates for Sri Lankans as well as other 
Asians and the increased consumption of highly 
refined newly improved rice consumption is identified 
as one reason for the increased prevalence of 
non-communicable diseases (NCDs).4 Digestibility 

of starch depends on inherent properties such as 
amylose: amylopectin ratio, other nutrients, and 
dietary fiber in addition to extrinsic factors such as 
storage, processing method, and interaction with 
components of a meal.5

Glycemic index (GI) which reflects the quality of 
carbohydrates and thus the postprandial glycemic 
response is important in identifying starchy foods 
suitable for consumption for lowering the intake 
of glycemic load (GL) and energy.  However, the 
glycemic indices (GI) of rice differ widely from as 
low as 59 to high as 109.6 GI range of improved Sri 
Lankan varieties was between 56-73,7 and parboiled 
Nadu, samba and basmati varieties available 
in the market elicited low, medium, and high GI 
respectively.8

An upward trend in health-conscious diet consumption 
among Sri Lankans due to the high prevalence of 
NCDs9 has increased the demand for traditional rice 
varieties during the past decade.  In addition, these 
varieties have a high export potential due to the many 
health benefits attributed.  However, the availability 
of scientific data on cooked traditional rice in terms 
of nutritional quality and GI is not satisfactory. The 
present study is an attempt to address the shortage 
of scientific data on nutritional quality, glycemic 
responses, and some factors that contributes to the 
variation in GI of less commonly consumed sixteen 
Sri Lankan traditional rice varieties. 

Fig.1:  Paddy and rice of some rice varieties used in the study 
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Material and Methods
Materials
Less commonly consumed paddy varieties 
harvested in the Yala season (2018), i:e, Pokkali, 
Murugakayan, Rathdel, Madathawalu, Kuruluthuda, 
Pachchaperumal,  Suduheenat i ,  Suwadel , 
Kaluheenati were obtained through Rice Research 
Institute (RRI), Bathalegoda, Sri Lanka and Mavee, 
Masuran, Gonabaru, Kahamala, Kahawanu, 
Hetadawee, Behethheenati (Figure 1) were collected 
from an authentic traditional rice supply center 
(Paramparika Govi Urumayan Rekime Wyaparaya, 
Circular Rd, Homagama, Sri Lanka). Thus, collected 
paddy, were stored under temperature-controlled 
conditions and dehulled (Satake THU 35B), and 
used for the study.  

Methods
Rice and Flour Preparation
Cleaned dehusked, unpolished rice was washed, 
and cooked for 30 to 60 minutes (350-500 mL water 
/100g rice) as required for each variety and used 
for glycemic index determination.  For chemical 
analyses cooked rice was sun dried (2-3 days) and 
dried at 50oC (3-4 hours; Memmert, Germany). 
Dried cooked rice was milled (IKA ® A11 basic, New 
Zealand), sieved (100 mesh sieve), stored (-20 oC) 
in tightly closed containers until analyses. 

Coconut Gravy Preparation 
For GI determination portions of rice containing 50g 
of digestible carbohydrate were offered with coconut 
gravy. Coconut gravy was prepared by mixing and 
extracting scraped coconut (100 g) with water (100 
mL) to obtain the first extraction (100 mL) and the 
residue with 125 mL of water to obtain the second 
extraction of coconut milk (125 mL). Both extractions 
were mixed with onions (10 g), curry leaves (5 g), 
garlic (5 g), fenugreek (1 g), turmeric powder (2.5 g), 
and  3 g of salt and cooked with continuous stirring 
until boiling and continued for five minutes and 
prepared freshly on each day of GI studies.

Proximate Composition 
Moisture, ash, crude protein,10 and crude fat11 
contents were analyzed by standard methods. 
Digestible carbohydrate, total carbohydrate, and 
resistant starch were determined by enzymatic 
gravimetric methods (Megazyme assay kit, Ireland).  

Insoluble and soluble dietary fiber were analyzed by 
total dietary fiber assay kit (TDF 100A-1KT, Sigma-
Aldrich). 

Amylose and Amylopectin  
The method described by Juliano12 was used in 
determining the amylose content. Amylopectin 
content was obtained by subtracting amylose 
percentage by 100 for each variety. 

In Vivo Glycemic Response
Glycemic index (GI) was determined using FAO/
WHO13 procedure using glucose as the reference 
food (gsk Glaxo Wellcome Ceylon Ltd, Sri Lanka). 
Apparently healthy (n=30, age 20-30 years), 
consenting volunteers (BMI range of 18.5-23 kg/m2) 
not on medical treatment were enrolled for the study. 
The day before the test, subjects were advised to 
maintain their usual diet and other habits but refrain 
from vigorous exercise, smoking, or consuming 
diets high in fat or carbohydrate.14 Subjects were 
requested to report to the laboratory after an 8-10 
hr fast and on arrival fasting blood glucose was 
determined. Subjects were given a portion of 50 g of 
standard with 250 mL of water to be ingested within 
15 min and blood glucose was determined at 30, 
45, 60, and 120 min (GOD-PAP, Biolabo, France) 
using capillary blood drawn by finger prick (100 µL; 
Accu Check pricking device). The standard was 
administered twice during the study. The procedure 
was repeated on subsequent days following 
ingestion of portions of 50g available carbohydrate 
of cooked traditional rice with approximately 70 mL of 
coconut gravy. GI was obtained by percentage ratio 
of IAUC of blood glucose for the standard (glucose) 
and each rice variety and by averaging the GI of 10 
participants. Glycemic loads of traditional rice were 
calculated with available digestible carbohydrates 
in the given portion and the GI of each rice variety.

Statistical Analyses
Data are presented as mean±SD for measured 
chemical parameters and GI as mean±SEM. 
Significances were expressed at 95% confidence 
interval with ANOVA Tukey’s posthoc test. Pearson's 
correlation coefficient was used for correlation 
analysis. Data were analyzed using statistical 
software (SPSS 24, 2016) and Microsoft office 
Excel 2010.
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Ethical Clearance
Ethical clearance for the in vivo study was acquired 
from the Ethics Review Committee, Faculty of 
Medical Sciences, University of Sri Jayewardenepura 

(ERC no: 10/17), Sri Lanka. Informed written consent 
was obtained from the volunteers before the study 
commenced. The volunteers were informed that they 
could withdraw from the study at any time. 

Table 1: Moisture (cooked rice and cooked rice flour), ash, crude fat, 
and protein of traditional rice flour (mean±SD; g/100g dry basis)

Rice varieties Moisture (cooked Moisture (cooked Ash *Crude fat **Crude
 rice; WB) rice flour)   protein 

Pokkali 60.3± 0.6a 8.8± 0.0a 1.2± 0.0a 4.6± 0.2a 9.3± 0.2a

Murugakayan 66.0± 1.3bd 8.0± 0.1b 1.4± 0.1bd 4.1± 0.4bc 6.9± 0.2c

Rathdel 64.8± 0.8bd 8.6± 0.2c 1.5± 0.0c 4.4± 0.3c 8.5± 0.2b

Madathawalu 62.2± 2.3ac 6.2± 0.2j 1.5± 0.1ce 4.3± 0.4c 7.8± 0.1b

Kuruluthuda 61.9± 2.2ac 8.6± 0.2c 1.4± 0.0bd 5.1± 0.2d 8.7± 0.1b

Pachchaperumal 61.8± 2.4a 8.0± 0.2b 1.5± 0.1ce 4.2± 0.4bc 8.2± 0.2b

Suduheenati 67.7± 1.0d 8.9± 0.1ad 1.5± 0.0c 5.5± 0.2e 9.2± 0.2ab

Suwadel 55.9± 1.1i 9.5± 0.7e 1.6± 0.0e 5.5± 0.1e 9.5± 0.1a

Kaluheenati 70.5± 0.3e 8.6± 0.3c 1.4± 0.1bd 4.5± 0.3a 8.5± 0.2b

Mavee 65.2± 2.2bd 7.5± 0.1f 1.3± 0.0b 4.9± 0.2ade 9.2± 0.3a

Masuran 70.6± 0.3e 7.6± 0.1f 1.5± 0.0c 6.0± 0.3f 7.4± 0.1c

Gonabaru 66.3± 1.0bd 9.3± 0.1e 1.1±0.1a 4.4± 0.1c 5.9± 0.3e

Kahawanu 67.4± 0.7d 8.2± 0.3bc 1.5± 0.1ce 4.7± 0.2a 8.2± 0.1b

Kahamala 65.6± 0.5bd 9.4± 0.2e 1.7± 0.2e 5.2± 0.1d 4.8± 0.1f

Hetadawee 62.4± 1.9ac 9.1± 0.1a 1.6± 0.1e 5.4± 0.3e 7.2± 0.2d

Behethheenati 63.9± 0.9c 9.4± 0.5e 2.0± 0.1f 5.3± 0.2e 7.4± 0.6d

n= 6; *n= 5; **n= 3; SD: Standard deviation; WB: Wet basis; Different superscripts in each column 
indicate significances at 95% confidence interval 

Results and Discussion 
Proximate composition (moisture, crude protein, 
crude fat, ash, digestible and total carbohydrate), 
dietary fiber (soluble, insoluble, total dietary fiber), 
glycemic indices, and the contributions of amylose 
and resistant starch in addition to other nutrients to 
the GI of 16 not commonly available whole grain 
rice were studied. Whole grains were studied as 
consumption of whole grains is widely known to 
confer many health benefits compared to polished 
rice.15 The moisture content of cooked rice and 
cooked rice flour, ash, crude fat, and protein of 
cooked rice flour are stated in Table 1. 

The moisture of cooked rice varied between 
55.9- 70.6% where both Masuran and Kaluheenati 
varieties retained the highest (P≤0.05) amount. 
Except Suwadel (56%), the cooked rice comprised 
moisture over 60% of their weight. The moisture and 
ash contents of cooked rice flour varied between 

6.2-9.5% and 1.1-2% respectively.  Cooked polished 
varieties had less than 0.6% of ash16 where removal 
of outer layers had contributed to a significant decline 
in mineral content. 

The crude fat content of cooked varieties was 
4.1-6.0% whereas Masuran (6.0%) contained 
significantly (P≤ 0.05) high fat. The crude fat of 
uncooked traditional rice was 1.5- 3.5% 17-19 
except in a few varieties.20  Some cooked traditional 
varieties contained lower fat 0.6-2.5%.16,21 In the 
present study, the fat content was determined 
without heating compared to methods used in 
other studies. In addition, unpolished rice as in the 
present study retains both the bran and the germ 
that accommodate fat in the grain.21

The amount of protein in uncooked and cooked 
rice flour varied between 4.8-9.5%. Out of the 
analyzed varieties Pokkali, Suduheenati, Suwadel, 
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and Mavee had significantly high (P≤0.05) crude 
protein. According to many studies17-20 uncooked 
traditional rice flour consists of 7-13% protein which 
is higher than found in improved varieties which had 
lower protein (5.9-9.2%).8,23-24 Thus consumption of 
traditional rice or foods made with such rice flour 
could contribute to a sustainable increase in protein 
intake. 

Digestible carbohydrates, resistant starch, total 
carbohydrate, insoluble, soluble, and total fiber 
of traditional rice flour are stated in Table 2. 
Digestible and total carbohydrate contents varied 
between 73.8-83.8% and 78.3-86.5% respectively.  
Carbohydrate, being the prominent nutrient 
comprised more than 70% of the weight in cooked 
rice flour and contributes to glycemic response and 
energy. The contents compared well with reported 
values for other traditional rice varieties.17-18,20  

The resistant starch (RS) content of cooked flour 
of 16 varieties varied between 1.2-5.5% and this 
is the first report on resistant starch of cooked Sri 
Lankan traditional rice. An apparent increase in RS 
was observed in rice varieties following cooking 

compared to raw rice flour thus proving their probiotic 
potential. Cooked Pokkali, Gonabaru, and Kahamala 
contained more than 5% resistant starch (P≤0.05). 
Elevated levels of resistant starch in foods reduce 
caloric density due to minimal digestibility. The 
combination of temperature, moisture, and time 
decreases the digestibility of starch and increases 
the resistant starch in foods.25

Insoluble and soluble fiber contents of rice varied 
between 3.3-6.4% and 0.4-4.8% respectively. The 
total fiber content of the varieties was between 
5.4-9.8%. Varieties Rathdel, Kuruluthuda, Mavee, 
and Kaluheenati had significantly (P≤0.05) high 
insoluble dietary fiber (>6%) whereas Madathawalu 
and Pachchaperumal had significantly (P≤0.05) high 
soluble fiber (>4.8%).  The total dietary fiber content 
was highest in Kuruluthuda (9.8%) and Madathawalu 
(8.6%) varieties.  Cooked rice flour had high (P≤0.05) 
dietary fiber compared to uncooked (unpublished 
data) which could be due to the contribution 
of increased resistant starch following cooking  
(Table 2). Foods containing resistant starch have 
lower digestible carbohydrate contents and relatively 
increased dietary fiber content.25

Table 2: Digestible carbohydrate, resistant starch, total carbohydrate, insoluble, soluble, and 
total fiber contents of traditional rice flour (mean±SD; g/100g dry weight)

Rice varieties Digestible Resistant Total Insoluble Soluble Total 
 carbohydrate starch carbohydrate fiber fiber fiber

Pokkali 77.2± 1.7a 5.3± 1.2a 82.5± 1.1a 4.7± 0.4ae 1.7± 0.3a 6.4± 0.7a

Murugakayan 83.2± 1.1b 3.2± 1.2c 86.3± 1.0b 4.3± 0.1a 1.1± 0.2b 5.4± 0.2b

Rathdel 79.6± 1.1c 4.1± 1.1b 83.7± 1.0ci 6.4± 0.2b 1.1± 0.1b 7.4± 0.3d

Madathawalu 73.8± 1.2f 4.6± 1.6ab 78.3± 1.4gh 3.8± 0.1c 4.8± 0.5c 8.6± 0.4ce

Kuruluthuda 78.8± 0.1c 2.6± 0.6c 81.5± 0.6g 6.3± 0.6b 2.7± 0.6d 9.8± 0.9e

Pachchaperumal 79.4± 0.9c 3.9± 0.4b 83.3± 0.3d 3.3± 0.2c 5.1± 1.7c 8.4± 1.9c

Suduheenati 80.4± 1.7g 3.9± 0.5b 84.3± 1.1d 4.6± 0.3ae 1.8± 0.3a 6.3± 0.9b

Suwadel 77.0± 1.3a 4.4± 0.9ab 81.4± 0.9f 4.5± 0.2ae 2.9± 0.2d 7.4± 0.3d

Kaluheenati 81.6± 1.2b 1.3± 0.5d 82.9± 0.5c 6.0± 0.8b 1.2± 0.2e 7.3± 0.7d

Mavee 83.8± 0.7b 1.2± 0.2d 84.9± 1.1e 6.1± 0.8b 0.7± 0.2f 6.4± 0.7a

Masuran 78.2± 1.8ac 2.9± 0.9c 81.1± 0.9a 5.0± 0.2e 0.4± 0.2f 5.4± 0.8b

Gonabaru 81.4± 0.6e 5.1± 0.6a 86.5± 0.5e 5.3± 0.5e 2.1± 0.4g 7.4± 1.0d

Kahawanu 79.1± 1.1g 1.6± 0.2d 80.7± 0.9fg 4.9± 0.8ae 1.0± 0.4e 6.0± 1.0ab

Kahamala 80.4± 1.0e 5.5± 0.4a 85.9± 0.4b 4.9± 0.2ae 1.5± 0.3a 6.3± 0.4ab

Hetadawee 83.4± 0.6b 2.3± 0.8cd 85.6± 0.7b 5.2± 0.5e 0.8± 0.2e 6.0± 0.4ab

Behethheenati 83.4± 0.6b 1.3± 0.6d 84.7± 0.5i 4.8± 0.2d 1.9± 0.3g 6.7± 0.2a

n= 4, SD: Standard deviation ;  Different superscripts in columns indicate significances at 95% 
confidence interval
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Thus, these data prove that unpolished Sri Lankan 
traditional rice varieties are relatively better 
sustainable sources of energy, minerals, proteins, 

and fat than improved polished varieties and may 
impact to augment the nutrient intake as the portion 
of rice consumed is large in rice-eating populations.  

Table 3: Amylose and amylopectin of cooked traditional rice flour (mean± SD; µg/mL)

Varieties Amylose Amylopectin Amylose/ Amylopectin Category on
    amylose content

Pokkali 32.3± 0.4a 67.7± 0.4a 0.48± 0.01a High
Murugakayan 29.1± 0.6d 70.9± 0.6d 0.41±0.01 d High
Rathdel 34.5± 0.2ae 65.5± 0.2ae 0.53± 0.01be High
Madathawalu 33.6± 0.8b 66.4± 0.8b 0.51± 0.01b High
Kuruluthuda 27.4± 0.5c 72.6± 0.5c 0.38± 0.01c High
Pachchaperumal 35.7± 0.4e 62.3± 0.4e 0.56± 0.01e High
Suduheenati 33.3± 0.9b 66.7± 0.9b 0.50± 0.02b High
Suwadel 26.2± 0.3c 73.8± 0.3c 0.35± 0.01c High
Kaluheenati 33.5± 0.2b 66.± 0.2b 0.50± 0.01b High
Mavee 32.6± 0.6b 67.4± 0.6b 0.48± 0.01a High
Masuran 30.2± 0.5d 69.8± 0.5d 0.43± 0.01d High
Gonabaru 27.2± 0.5c 72.8± 0.5c 0.37± 0.01c High
Kahawanu 24.2± 0.6f 75.8± 0.6f 0.32± 0.01f Intermediate
Kahamala 32.9± 0.4b 67.1± 0.4b 0.49± 0.01a High
Hetadawee 31.5± 0.8a 68.4± 0.8a 0.46± 0.02a High
Behethheenati 27.0± 0.7c 73.0± 0.7c 0.37± 0.01c High

n= 4; SD: Standard deviation; Different superscripts in columns indicate significances at 95% 
confidence interval 

The amylose content of cooked rice flour varied 
between 24.2-35.7 µg/mL with amylose/amylopectin 
ratios between 0.32-0.56 (Table 3). Varieties 
Pachchaperumal and Rathdel had the highest 
amylose and amylose/ amylopectin ratio (P≤0.05). 
Except for the variety Kahawanu, all other varieties 
were categorized as high amylose varieties as 
cooked rice flour contained more than 25% of 
amylose.26

Cooking has contributed to increasing the amylose 
content in all varieties which had intermediate 
amylose contents in the uncooked state (unpublished 
data).  Further, a non-significant positive correlation 
(P=0.36) was observed between amylose and 
resistant starch in cooked rice. Thus, increased 
amylose in cooked rice is a reflection of the resistant 
starch content.  The increase in resistant starch was 
higher than that of amylose following cooking due to 
some amylose being converted to RS thus reducing 
the significance when compared with uncooked rice 
flour (unpublished data). 

Portion sizes of rice given to determine the GI, peak 
reduction relative to glucose, glycemic index, and 
glycemic load data are stated in Table 4. Glycemic 
indices (GI) of the studied 16 varieties varied from 
49-67 and were categorized as either medium or 
low despite the same amount of carbohydrate being 
ingested indicating differences in digestibility and 
availability in contrast to commonly consumed raw 
(Kekulu) varieties with high GI.27

Present study included both red and white traditional 
rice varieties and no correlation was observed 
between glycemic index and the color of the pericarp 
as reported for improved7 and other traditional rice.16 
These results further prove the glycemic indices 
of rice are not dependent on the pericarp color in 
contrast to popular belief among people. 

The average blood glucose peaks of standard and 
rice were observed at 30 min (Figure 2: a and b). 
Blood glucose peak reduction following consumption 
varied between 3.2-14.7% compared to glucose. The 
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highest reduction in peak glucose was observed 
in Pachchaperumal which had the highest soluble 
dietary fiber (5.1%).  Glycemic response curves of 
all the varieties indicated an increase followed by a 
rapid decline compared to glucose demonstrating 
that the blood glucose after consuming all these rice 

varieties even when given without accompaniments 
could remain low. Lower peaking and rapid decline 
of blood glucose could be due to slower digestion 
of carbohydrates due to the nature of starch (high 
or intermediate amylose), protein, dietary fiber, and 
resistant starch. 

Table 4: Portion size,  incremental area under the curve (IAUC), glycemic 
index (GI), and glycemic load (GL) of traditional rice

Traditional rice Portion IAUC GI± GL for a Edible GL for 
 size (g)  SEM given portion portion (g) edible portion

Pokkali 163 2059 53± 5 27 122 20
Murugakayan 177 2717 63± 5 32 118 21
Rathdel 179 2588 51± 4 26 119 17
Madathawalu 179 2147 56± 5 28 119 19
Kuruluthuda 166 2539 64± 5 32 125 24
Pachchaperumal 165 1806 49± 3 25 124 18
Suduheenati 193 1912 55± 6 28 129 18
Suwadel 147 2183 60± 6 30 110 23
Kaluheenati 208 2068 61± 5 30 139 20
Mavee 171 3009 60± 6 30 114 20
Masuran 218 2734 67± 5 34 145 22
Gonabaru 183 2330 63± 7 32 122 21
Kahawanu 194 2609 56± 6 28 129 19
Kahamala 181 2499 54± 4 27 121 18
Hetadawee 160 2221 51± 5 26 120 17
Behethheenati 166 2733 58± 5 29 125 19

n= 10;  SEM - Standard Error Mean;  Glucose IAUC =3050-5495

a
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A significant (P≤0.05) negative association between 
GI and amylose content of cooked rice was apparent 
(Figure 3). High amylose ensures less glucose 
release by α-amylase. However, despite having high 
amylose, rice elicits different GI (low to medium) 
which could be due to the chemical structure, 
particularly the ratio of amylose to amylopectin, 
the constituent fractions, as well as functionality 
of starches.  The nature of type 3 RS varies with 
molecular weight, dispersibility, and crystallinity 
and affects the rate of digestibility.  High molecular 
weight, narrow dispersion, and A-type crystals resist 
digestion.28

b

Fig. 2: Average (±SEM) glucose responses of  a) medium GI  rice varieties and  glucose    
b) low glycemic index rice varieties and  glucose

Fig. 3: Correlation between glycemic indices 
over amylose of cooked rice 

Glycemic indices of examined varieties had 
insignificant (P≥0.05) negative correlations with 
ash, protein, and total dietary fiber in 50g available 
carbohydrate portion. Rice grains that comprised 
more than 5.5% protein were considered as low 
glycemic index with a reduction of 6.44% in glycemic 
index per 1% increase in grain protein.21 All studied 
rice were unpolished and except Kahamala other 
varieties had more than 5.5% of protein. Thus, 
protein content could also have contributed to the 
lower glycemic index of these varieties in comparison 
to commonly consumed raw rice8 which contained 
lower protein (<5%).  

The rate of digestion and blood glucose response 
were lower with under-milled rice compared to highly 
milled rice due to the inability of digestive enzymes 
to act upon starch of under-milled rice.  Bran, a rich 
source of phytic acid and polyphenols, contributes 
to decreasing the rate of starch digestion and lowers 
the blood glucose response.29 Epidemiological and 
clinical trials have related the intake of grains without 
milling to reduced risk of chronic diseases such as 
diabetes.15 Thus, consumption of traditional under-
milled rice with low or medium GI is recommended 
for individuals with diabetes and other NCDs.

A negative correlation (P≥0.05) was observed 
between resistant starch of cooked flour and 
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glycemic indices. The cooking process also 
contributed to increasing the resistant starch content 
which may have partly contributed to decreasing the 
glycemic indices of the rice. Amylose retrogrades 
during processing and become less susceptible to 
digestion. Thus, the high amylose in these varieties 
may have contributed to the RS and lowered the GI. 

The carbohydrate load or the glycemic load depends 
on the portion size of the rice sample one consumes. 
High glycemic load (GL) values were obtained 
for all the tested portions of rice. When portion 
size was reduced to the preferred edible portion 
size the glycemic load of Rathdel, Madathawalu, 
Pachchaperumal, Suduheenati, Kahawanu, 
Kahamala, Hetadawee, and Behethheenati had 
medium glycemic loads. The volume of rice 
containing 50 g of digestible carbohydrate increased 
significantly (P=0.000) when rice contained high 
moisture (Figure 4). Therefore, the actual portion 
that could be consumed and thus the carbohydrate 
load of varieties that absorb a high amount of 
moisture during cooking is less. Consequently, the 
moisture content of cooked rice will be an important 
determinant in determining the edible portion and 
thus the glycemic load. 

vegetables, legumes, and green leafy vegetables 
to the meal. Glycemic index and GL of rice mixed 
meals when incorporated with increasing proportions 
of dietary fiber reduced significantly.27 Low glycemic 
index and high fiber meals support reducing post-
prandial glycemic response and increase satiety.30 
The studied traditional rice all of which elicited 
either low or medium GI will elicit further reduced 
glycemic response when consumed with other 
accompaniments.

Conclusion 
The varieties of traditional rice analyzed in this 
study were dehulled retaining the aleurone and 
germ, conserving most of the nutrients. Thus, the 
varieties contained high protein with cooked rice 
varieties Suwadel, Mavee, Pokkali, and Suduheenati 
having more than 9% of protein. Mineral, crude 
fat, and dietary fiber contents were also relatively 
higher than in polished improved varieties. Glycemic 
indices of the varieties were either low (Pokkali, 
Rathdel, Pachchaperumal, Suduheenati, Kahamala, 
and Hetadawee) or medium (Murugakayan, 
Madathawalu, Kuruluthuda, Suwadel, Kaluheenati, 
Mavee, Masuran, Gonabaru, Kahawanu, and 
Behethheenati) independent of the pericarp color. 
Fifteen rice varieties were of high amylose rice and 
the increase in resistant starch following cooking 
contributed significantly to decreasing the glycemic 
indices of these rice varieties which may confer 
probiotic potential. Glycemic loads for all varieties 
were high for the portion given to study the glycemic 
index (glycemic load ≥20) which declined when actual 
edible portions were considered.  The moisture in 
cooked rice contributes significantly to increasing the 
volume of rice and thus decreases the carbohydrate 
load of a rice portion. A further decrease in GL could 
be achieved when these varieties are consumed 
as part of a meal.  The high nutrient content, high 
RS, high amylose, and suitability as a staple with 
low available calories giving rise to low glycemic 
response, these Sri Lankan traditional rice varieties 
can be highly suitable in diet plans for controlling 
the glycemic response and in achieving sustainable 
health benefits.  In addition, such benefits make 
these varieties to have a high export potential.   
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