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Abstract. Rice (Oryza sativa L.) is the primary source of carbohydrate for more than half of
global population. The highest rice consumption is in Asia which more than 100 kg per capita.
It has been reported that rice elicits a high glycemic index (GI) ranged from 54 to 121 which
considers to the higher Gl compared to other starchy foods. Rice consumption showed a positive
correlation with diabetes incidences. Regular consumption of high-Gl rice has been accelerating
the development of type-I1 diabetes problem due to high blood glucose excursions and related to
insulin resistance. The objective of this review is to identify rice genotypes and also the rice
products for low Gl which potentially provide information associated with good eating habits
and prevent type-I1 diabetes and others related diseases. Information regarding Gl value of rice
and other rice products might help rice consumers to choose the right food to reduce the risk of
health problems. Nowadays, it is difficult to find food products with nutritional label of Gl value.
Most of the food products, the Gl value has not been defined yet. Determination of Gl in food
products will significantly support healthy eating habits.
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1. Introduction

Rice (Oryza sativa L.) is daily diets as main source of carbohydrates and nutrients for more than half of
world-wide population with global consumption reaching 456 million tons [1,2]. The highest rice
consumption is in Asia which more than 100 kg per capita [1]. It has been reported that rice elicits a
high glycemic index (GI) ranged from 54 to 121 which considers to the higher GI compared to other
starchy foods [3,4,5,6,7,8,9]. GI of a food is determined as the raise in the blood sugar level after the
food consumption compared with a standard food, usually white bread [10,11,12,13]. Polished white
rice is more consume by the rice consumers compared to un-milled brown rice. These polished white
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rice contribute to higher GI than brown rice which associated with a quick spike in blood sugar of the
rice consumers [14,15,16,17]. Among rice consumers, brown rice is not popular because of rancidity,
poor palatability, and short of self-life [18,19]. Thus, overeating rice contributes to improve GI and
potentially to have type-II diabetes.

Rice is classified as a high GI food that influenced by rice varieties, environmental factors, post-
harvesting processing, and cooking procedures. Nutrient composition of rice consist of carbohydrates
(80%), protein (8%), fiber (3%), and fat (3%). Starch composition, including amylose and amylopectin
with linear and branched chain structure, respectively. These starch composition significantly influence
the GI of rice [20,21]. High-amylose rice showed lower GI level than low-amylose rice varieties
[5,22,23,24,25]. Amylose has more compact structure, leading to have more resistant from enzyme
activity. Therefore, high amylose content showed a positive correlation with higher percentage of
resistant starch, consequently result in a lower GI [12,26]. Prevention of type-II diabetes can be managed
by consuming low GI rice [27]. However, very few countries which consume low GI rice with hard
textured and high-amylose content, such as Indonesia, Sri Lanka, Myanmar, and India. The
intermediate-amylose rice varieties are consumed in Latin America, Northern America, Middle East,
and South Asia. Meanwhile, low-amylose rice with sticky and waxy texture is popular in China,
Vietnam, Taiwan, Japan, Thailand, Cambodia, Australia, and Lao PDR. Most of the rice varieties belong
to high GI [18,28]. Decreasing the GI of rice by using various approaches such as classical breeding,
mutation and genetic engineering will significantly prevent type-II diabetes and related diseases.

During the digestion process, starch from the rice hydrolyze in the mouth by a-amylase enzyme and
continues in the small intestine with involvement of other digestive enzymes, and converted into
glucose. This glucose become the primary energy source in metabolic mechanisms. The extra calories
from the starch are stored as fats or glycogen [18,29]. Therefore, excess rice consumption combine with
sedentary lifestyle leads to serious health problems, including type-II diabetes, obesity, and
cardiovascular [30,31,32,33]. Information regarding GI value of rice and other rice products might help
rice consumers to choose the right food to reduce the risk of health problems. According to Brand-Miller
et al. [34], there are three levels of GI for foods, including low GI foods (55 or less), medium GI foods
(56 - 69), and high GI foods (70 or more).

Rice exhibited a wide variety of glycemic index (GI) which has been influenced by amylose content,
physical size of rice grains, dietary fiber content, cooking methods, and post-harvest treatments [35,36].
The GI of freshly cooked rice is 64 to 93 [37,38]. A high amylose content in rice involves in less
increased blood glucose compared to the higher amylopectin content. Whole grain rice significantly
showed less GI than ground rice. A high dietary fiber in rice produces less blood glucose compared to
the rice with low dietary fiber. Cooking process in rice resulting a high GI due to the gelatinization
process. Additionally, milling process of rice also increase GI. Meanwhile, brown rice without milling
process showed lower GI.

Nowadays, it is difficult to find food products with nutritional label of GI value. Most of the food
products, the GI value has not been defined yet. Determination of GI in food products will significantly
support healthy eating habits. The objective of this review is to identify rice genotypes and also the rice
products for low GI which potentially provide information associated with good eating habits and
prevent type-II diabetes and others related diseases.

2. Methods
2.1. Data Collection

Important information and data related to glycemic index of diverse rice genotypes and rice
production associated with health and diseases were collected from published articles from 1987 until
2023 on Google Scholar and PubMed data bases.

2.2. Data Analysis
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All descriptive statistics and analysis of variance (ANOVA) calculations from the collected data
were analyzed by using JMP Genomics®7 (SAS Institute, Inc.).

3. Results and Discussion
3.1. Rice Glycemic Index in Health and Disease

Since 1980, global type-11 diabetes population has been increasing from 108 million in 1980 become
463 million in 2020, and has predicted it will be increased reaching 700 million in 2050 [39]. Type-II
diabetes has become a major global health problem [27,40]. Rice consumption showed a positive
correlation with diabetes incidences. China, India, Pakistan, Brazil, Indonesia, Japan, and Bangladesh
which consume rice as a staple food have high diabetes incidences. Regular consumption of high-Gl
rice has been accelerating the development of type-Il diabetes problem due to high blood glucose
excursions and related to insulin resistance [16,41,42]. Thus, low-GlI rice potentially decrease the
incidence of type-ll diabetes and other health problems, including cardiovascular, obesity, and
hyperlipidemia [43,44]. Meta-analysis identified that white rice significantly increase the risk of type-I1I
diabetes [45,46]. Diverse rice genotypes showed high variability for GI. However, specific rice varieties
with low-GI have been consuming by type-Il diabetes patients [27,47]. Low-GI brown rice has been
suggested to substitute the white rice in order to prevent and decrease the developing type-Il diabetes
[15,48]. Consumption of brown rice is relative low compared to the white rice. Acceptability of brown
rice for rice consumers is lower than white rice due to the texture, aroma, taste, longer cooking time,
and shorter self-life [16,49].

3.2. Glycemic Index Determination in Rice

The GI of rice can be measured by using in vivo and in vitro methods. In vivo testing for Gl of rice,
blood glucose of rice consumers were measured with glucose drink as the reference food. Glucose drink
has a Gl of 100 [27,50]. The disadvantages of in vivo method are associated with management of human
volunteers and low reproducibility of the results. Hence, the simple method to determine GI of food
need to be developed. Recently, in vitro method which could mimic the in vivo conditions was in
progress. This in vitro method is rapid, simple, reliable, and inexpensive [30,51,52]. During in vitro
testing for GI of rice, the cooked rice was mixed with artificial saliva at pH 7.0 that contains a-amylase,
after 20 second the pepsin enzyme was added to acidify the sample become pH 6.0, and then incubated
for 30 minutes at 37°C in a shaking water bath. Pancreatin and amyloglucosidase were added to the rice
sample and incubate for 5 hours. Glucose concentration of the rice was determined by using automated
electrochemical technique (YSI 2700 Select Bioanalyser, Yellow Springs, OH). Gl of the rice was
calculated based on the percentage of CHO which converted to glucose during incubation time [27,53].
In 2020, Fernandes et al. [12] proposed the new method for in vitro Gl determination, called
INFOGEST. Protocols in INFOGEST, including starch hydrolysis evaluation, determination of GI, and
morphology study of starch granules. Based on the INFOGEST results, rate of the starch hydrolysis in
rice was influenced by amylose/amylopectin content, and rice grain characteristics, such as particle size,
cell wall intactness, and protein content.

3.3. Correlation of Rice Glycemic Index and Cooking Process

Gl of rice showed significant correlation with the cooking conditions, such as cooking time, cooking
method, and cooking liquid volume [16,53]. Cooking conditions which potentially lower the GI of rice
are less time for boiling and steaming, parboiling process, cooling technique, and pregerminated rice.
Meanwhile, cooking conditions that significantly increase the Gl of rice including explosion puffing of
rice, soaking process, milling rice, and grinding process. Steamed rice products have a high GI. However
steaming process in rice produce the lowest Gl compared to various cooking methods, such as
microwaving, electric cooking, and conventional boiling. Puffing process increases the GI of rice
because porous structure and gelatinization. Puffed white rice showed a Gl of 74, and puffed rice cake
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generated a high GI of 128. Soaking process of rice in warm water prior to cooking in order to soften
the grain texture and to elongate the rice grains allow to get better gelatinization and the starch granule
expansion leading to a higher Gl [54]. Rice flour, porridge, and broken rice showed high GI because of
the increased gelatinization and digestibility. In contrast, parboiling process of rice might reduce the Gl
due to the formation of resistant starch. Storing the cooked rice at refrigerator temperature 4°C led to a
reduction in GI because of the crystallization process which increase the resistant starch. Pregerminated
brown rice following soaking in warm water potentially reduce the Gl of rice because of the production
acylated steryl glucoside dysfunctional enzymes. Un-milled rice called brown rice contains high
resistant starch and fiber which significantly reduce the GI. Therefore, it is important to standardize the
cooking methods of rice to control the GI.

3.4. Impact of Environmental Conditions on Rice Glycemic Index

Environmental conditions, including light, air temperature, soil nutrients, water, and atmospheric
carbon dioxide also influence the GI of rice which mainly mediated by the starch contents such as
amylose and amylopectin [56,57]. Under the low intensity light (shading) environment, the starch
content, starch synthase (SS), and granule-bound starch synthase (GBSS) enzyme activity reduced. In
the low temperature (cold) condition, ratio of amylose and amylopectin significantly increase. Whereas,
heat temperature conditions decreased short chain of amylopectin and increased long chain of
amylopectin. Amylose content of rice tend to be increased in the soil with excess nutrients of zinc and
potassium. However, in salinity condition, the amylose content significantly decreased. Flooding
condition increased the amylose contents. Excess carbon dioxide up to 700 ppm also increased amylose
contents. Managing the rice cultivation in the proper environmental conditions is needed to produce
high-quality rice grains with low Gl value.

3.5. Glycemic Index in Diverse Rice Genotypes

Diverse rice genotypes with more than 2,500 rice varieties displayed high variability in GI which
have a range from 48—160. Most of the rice varieties have a high GI (Table 1). In the market only can
find few rice varieties with low GI and higher price. The Gl level of rice is depend on the variety and
influenced by amylose and amylopectin content. Three levels of Gl for foods, including low Gl foods
(55 or less), medium Gl foods (56 - 69), and high Gl foods (70 or more). The primary grain component
that affects Gl is amylose content. Based on the ratio of amylose and amylopectin content, rice can be
classified as high amylose (25-33%), medium amylose (20-25%), low amylose (12—20%), very low
amylose (5—12%), and waxy (0—2%) rice [58,59,60,61]. Amylose content also influences the texture of
cooked rice and showed positive correlation with water absorption during cooking [16,62]. A high Gl
rice tends to have soft-tender texture compared to hard-cooked rice. Gl level of three varieties of rice,
including japonica, javanica, and indica also showed differences. Indica rice showed low Gl and high
amylose (23—31%) with short and slender grains which commonly consumed in India and southern
China. Meanwhile, japonica and javanica have high GI with low amylose content 0—25%. Japonica
grains have short and round shape that is preferred in northern China, while javanica grains are long and
thick (Kaur et al., 2016; Jukanti et al., 2020). Therefore, it allows rice consumers to choose specific rice
varieties based on Gl and amylose content.

Table 1. Glycemic index in cooked diverse rice genotypes

Rice Varieties Estimated Gl References
Karaya 109.2 [63]
Thai Jasmine 100.0 [63]
Kinaures 96.9 [63]
Bagoean 92.3 [63]
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Koshihikari 80.0 [16]
Manumbaeay 87.3 [63]
Njavara 74.8 [64]
IR 64 73.2 [64]
Jyothi 73.1 [64]
Abhishek 70.4 [30]
Luna Barial 70.2 [63]
Heera 69.3 [30]
Kutsiyam 68.5 [63]
Milagrosa 68.0 [30]
Maudamani 67.9 [30]
NE-1 67.9 [30]
CR Dhan 201 67.7 [30]
Pooja 67.6 [30]
Nalbora 67.4 [30]
CR Dhan 310 66.9 [30]
Naveen 66.4 [30]
Nua Kalajeera 66.3 [30]
Kalobhat 65.5 [30]
Luna Sankhi 65.2 [30]
Sarala 63.9 [30]
Pyari 63.5 [30]
Ajay 63.5 [30]
Vandana 63.2 [30]
Tapaswini 62.4 [30]
Rajlaxmi 62.2 [30]
Riceberry 62.0 [65]
CR Dhan 907 61.4 [30]
Swarna 60.8 [30]
Mahsuri 60.1 [30]
Sinlek 58.0 [65]
Frontiére <55.0 [66]
Doongara <55.0 [65]

Intensive selection in rice breeding program to develop low Gl and high amylose by introduction
suitable alleles regulating the low Gl is important to prevent and reduce type-Il diabetes cases. Waxy
(gbssl) gene and starch synthase (SSIlIa) gene are the primary genes which related to Gl in rice
[27,67,68,69]. A recombinant inbred line (RIL) rice population was developed by crossing two rice
varieties with high amylose content, IR5 and IR8 in order to identify the genes which associated to Gl.
Identification of the genetic basis of Gl significantly improve the development of low Gl rice. In 2017,
LSU AgCenter has developed rice cultivar ‘Frontiere’ with low GI (<55), high protein (10.6%), long
grain, semi-dwarf (36 inches), and Cypress genetic background by a mutagenesis approach [66]. Low
GI PinK+4 rice was developed in Thailand with GI 48—79 combined with multiple tolerance to heat,
submerge, and drought stress, and also resistance to several diseases, including brown planthopper,
leaf blast, and bacterial leaf blight [65].

3.6. Glycemic Index of Rice Products
Gl of rice products showed high variation influenced by the condiments, accompaniments, and
also processing methods (Table 2). Acidic condiments, vegetables, dairy products (yogurt, cheese, and
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milk), pulses, emulsifiers, and viscous fiber eaten with rice impacts on Gl reduction due to the
macronutrient affect starch digestion [16,70,71]. Addition of other starches, such as potato, tapioca,
and corn to the rice starch also decrease the Gl of rice. Mixing rice with bean products, including
fermented soybean, bean paste soup, grounded, and roasted soybean also reduce the GI of rice.
Cooking methods that promote gelatinization and disrupt starch structure tend to increase the GI.
Meanwhile, parboiling technique decrease the Gl of rice. Recently, food industries has been
developing low Gl rice noodles, pastries, snacks, etc.

Table 2. Glycemic index in rice products

Rice Products Estimated Gl References

Boiled White Rice

BR 16 55 [72]
Long grain rice (Oxford, UK) 47 [73]
Gem long grain (Dainty Food Inc., Toronto, Canada) 86 [74]
Long grain, boiled 25 minutes 56 [75]
Long grain boiled 15 minutes 83 [76]
Long grain boiled 5 minutes 58 [76]
Italian rice 102 [77]
Pakistani rice 98 [78]
Canadian rice 80 [79]
Indian rice 68 [80]
ZF201, indica milled rice 63 [72]
Jiayu293, indica milled rice 79 [72]
Zhefu504, indica milled rice 99 [72]
Yunuo No. 1, indica milled rice 106 [72]
JIN3, japonica milled rice 78 [72]
Xiushui 11, japonica milled rice, low amylose 69 [72]
Shaonuo, indica milled rice, waxy 102 [72]
Hyou3027, hybrid milled rice 78 [72]
Zanuo, hybrid milled rice, waxy 100 [72]
Fenyouiangzan, hybrid milled rice 92 [72]
Xieyou46, hybrid milled rice 63 [72]
Iranian rice, boiled 10 minutes 55 [81]
Thai long grain, indica 60 [82]
Thai red rice 76 [73]
Koshihikari, japonica 80 [3]
Surti Kolam, India 77 [3]
Ponni rice, India 70 [3]
Sona Masuri rice, India 72 [3]
Bg 406 unparboiled rice 7 [83]
Bg 358 unparboiled rice 67 [83]
Bg 352 unparboiled rice 67 [83]
Bg 300 unparboiled rice 61 [83]
Rathkaral unparboiled 60 [83]
LD 356 unparboiled rice 70 [83]
Heendikwel unparboiled 62 [83]
Wedaheenati unparboiled 57 [83]
Red rice, Sri Lanka 99 [84]
Boiled Brown Rice

Tai Ken (Union Rice Company, Taipei, Taiwan) 82 [85]
Sunbrown Quick (Rice Growers Co-op, Australia) 114 [37]
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Pelde brown (Rice Growers Co-op, Australia) 109 [37]
Doongara brown (Rice Growers Co-op, Australia) 94 [37]
Calrose brown (Rice Growers Co-op, Australia) 124 [37]
Brown rice, South India 50 [86]
Brown rice, USA 50 [87]
Brown rice, Canada 66 [79]
Boiled Basmati Rice

Basmati with wild rice, North America 63 [73]
White and brown basmati rice 59 [73]
Brown basmati rice 75 [73]
White basmati (Mahatma brand, Sydney, Australia) 83 [88]
Parboiled Rice

Bg 356 parboiled rice, Sri Lanka 64 [83]
Bg 358 parboiled rice, Sri Lanka 62 [83]
Bg 352 parboiled rice, Sri Lanka 60 [83]
Bg 406 parboiled rice, Sri Lanka 71 [83]
Hassawi rice, Al-Hassa, Saudi Arabia 59 [89]
Long-grain white parboiled (Uncle Ben’s; Belgium) 54 [89]
Long grain, boiled 15 minutes, Canada 67 [76]
Long grain, boiled 5 minutes, Canada 54 [76]
Long grain, boiled 12 minutes, Denmark 60 [90]
Long grain, boiled 10 minutes, USA 61 [91]
Glutinous Rice

Glutinous rice, Japan 105 [14]
Glutinous rice, Thailand 92 [73]
Glutinous rice, Thailand 94 [92]
Rice Noodles

Pho (made from Thai long grain rice & tapioca starch) 62 [82]
Kway teow (made from Thai long rice & potato starch) 60 [82]
Instant rice vermicelli (Thai long grain rice, tapioca & potato starch) 59 [82]
Rice noodles, boiled, Australia 40 [92]
Rice noodles, dried, boiled (Thai World, Bangkok, Thailand) 61 [92]
Jiangxi rice vermicelli, cooked 8 minutes (Oxford, UK) 40 [73]
Guilin rice vermicelli, cooked 8 minutes (Oxford, UK) 37 [73]
Bihon, Philippines 49 [93]
Vermicelli, 99% long grain rice + 1% calcium 50 [82]
Vermicelli, 100% long grain rice 55 [82]
Taiwan vermicelli (rice, maize starch), Hongkong 68 [94]
Jianxi rice vermicelli (rice, water), Hongkong 55 [94]
Rice vermicelli, Kongmoon, China 83 [8]
Specialty Rice

Instant Doongara, cooked 5 minutes (Rice Growers Co-op, Australia) 132 [88]
Instant rice, cooked 6 minutes (Rice Brand, Australia) 87 [6]
Instant rice, boiled 1 minutes (Canada) 65 [76]
Broken rice 86 [92]
Easy-cook long grain rice 47 [73]
Easy-cook basmati rice 80 [73]
Saskatchewan wild rice, Canada 57 [8]
Mexican Fast and Fancy (Uncle Ben’s; Effem Foods Ltd, Canada) 58 [8]
Long grain and Wild (Uncle Ben’s; Effem Foods Ltd, Canada) 54 [8]
Garden Style (Uncle Ben’s; Effem Foods Ltd, Canada) 55 [8]
Cajun Style (Uncle Ben’s; Effem Foods Ltd, Canada) 51 [8]
Other Rice Products

Puffed rice cakes, Doongara rice (Rice Growers Co-op, Australia) 85 [88]
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Puffed rice cakes, Calrose rice (Rice Growers Co-op, Australia) 128 [88]
Puffed rice cakes, white (Rice Growers Co-op, Australia) 117 [88]
Rice bubbles (Puffed rice) (Kellogg’s Australia) 95 [6]
Chinese Rice Food

Rice with stir-fried vegetables and chicken 73 [16]
Plain steamed vermicelli roll 90 [16]
Steamed glutinous rice roll 89 [16]
Sticky rice wrapped in lotus leaf 83 [16]
Fried rice in Yangzhou-style 80 [16]
Salted meat rice dumpling 69 [16]
Glutinous rice ball 61 [16]
Fried rice noodles with sliced beef 66 [16]
Fried rice vermicelli in Singapore-style 54 [16]
Japanese Rice Food

Glutinous rice cake (mochi) 101 [16]
Rice with soybean paste soup (miso shiru) 74 [16]
White rice and fermented soybean (natto) 68 [16]
White rice and roasted, ground soybean (beihan, kinako) 68 [16]
White rice low-amylose content and pickled food 75 [16]
White rice low-amylose content with raw egg, soy sauce 114 [16]
White rice low-amylose content rolled in toasted algae 94 [16]
White rice low-amylose content and dried fish strip 115 [16]
White rice low-amylose content and salted plum (umeboshi) 98 [16]
White rice low-amylose content with curry and cheese 67 [16]
Curry rice low-amylose content 82 [16]
Butter rice low-amylose content 96 [16]
White rice low-amylose content with milk 59 [16]
Sushi, rice low-amylose content, roasted sea algae 55 [16]
Indian and Sri Lankan Rice Food

Red rice with lentil curry 60 [16]
Red rice with lentil curry, boiled egg, salad, coconut gravy 61 [16]
Parboiled rice with green leaf curry and gravy 55 [16]
Parboiled rice with soya meat gravy 56 [16]
Parboiled rice with green leaf curry (Amaranthus) 48 [16]
Rice, boiled with bottle gourd and tomato curry 69 [16]
Rice with lentil and cauliflower curry 60 [16]
Malaysian Rice Food

Fried beehoon 99 [16]
Nasi lemak 66 [16]
Fried rice 59 [16]
Chilean Rice Food

Lentil-rice meal 49 [16]

4. Conclusion

Identification and development of rice genotypes with low GI is important to prevent and reduce type-
II diabetes cases. Rice grains with high- amylose content are potentially useful for low-GI diets. High-
throughput phenotyping and cost-effective technique to select molecular markers associated with low-
GI in diverse rice genotypes can accelerate identification and development low-GI rice. External
process, such as cooking and other processing methods which can manipulate the properties of rice also
significantly reduce the GI. It is important to standardize the cooking methods of rice to control the GI.
The information presented in this review paper may be useful for selecting low-GI foods.
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