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Abstract. Rice is the main staple food for the people of Indonesia. It consists of some variation 

as its diversity. Each rice variety has a different physical shape and size in the grain. This study 

aims to determine the physical properties of several local Indonesian rice varieties. Research on 

the physical properties of grain was carried out on nine Indonesian local rice varieties from 

Banten, West Sumatra, and East Java provinces. Physical properties parameters observed in 

grain include length, width, shape, 1000 grain weight, bulk density, and chalkiness percentage 

of rice. The results showed that the grain shape of Tunggul Hideung and Genjah Nganjuk was 

slender and the other varieties were oval. While the type of Kewal Bulu Hideung includes 

round rice, the Kewal Bulu Hideung is slim in shape, and other varieties are oval. The highest 

1000 grain weight in grain and rice was possessed by Kewal Gudril (28.23 g and 22.44 g), and 

the lowest was in Kuriak Kusuik (20.62 g and 14.09 g). The highest density of unhulled bulk 

density is Kuriak Kusuik (0.62 g..mL-1), and the lowest is Kewal Bulu Hideung (0.3 g.mL-1), 

while the highest rice bulk density is Susu Putih (0.89 g.mL-1) and the lowest one is the 

Genjah Nganjuk (0.79 g.mL-1). Based on the percentage of calcareous rice, Kewal Benur and 

Genjah Nganjuk including premium quality rice, Kewal Bulu Hideung, Tunggul Hideung and 

Kuriak Kusuik rice including medium quality class 1 rice, and other varieties do not meet the 

quality requirements set by SNI (> 5%). 

 

Keywords: rice, grain, local rice, physical properties 

1. Introduction 

Rice is one of the primary food crops of almost half the world's population [1]. About 90% of the 

world's rice is grown and consumed in Asia [2]. Indonesian poeple has become the largest nation that 

consumes rice as a staple food and makes it a preeminent source of carbohydrates because it is easy to 

obtain, tastes good and can be combined with other food ingredients. According to [3], rice as a staple 

food contributes around 40-80% of energy and 45-55% of the protein in the average menu of the 

Indonesian people. 

Rice (Oryza sativa) is also cinsidered the most important cereal crop in the developing world. It is 

generally considered a semi-aquatic annual grass plant. About 20 species of the genus Oryza are 

recognized, but nearly all cultivated rice is O. sativa L. A small amount of Oryza glaberrima, a 

perennial species, is grown in Africa. So-called "wild rice" (Zizania aquatica), grown in the Great 

Lakes region of the United States, is more closely related to rice than to rice [4]. 
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Since 2011 to 2017 rice production has continued to increase at 65.75 million tons in 2011 and 

81.38 million tons in 2017. The achievements in 2017 have exceeded the rice production target set at 

79 million tons [5]. National rice production in the period 2010-2017 continues to increase. In 2017 

rice production is estimated to reach 81,382,451 tons, growing 2.56 percent from the previous year [6].   

Indonesia has a vast genetic diversity of rice because the archipelago was formerly united with the 

Asian continent, which is the center of origin (center of origin) rice [7]. Rice germplasm in the form of 

varieties is very diverse, ranging from national varieties and local varieties. [8] reported that some 

rice-producing farmers in several regions in the Indonesian province still planted local varieties 

hereditary. According to [9], differences in varieties show significant differences in morphology, 

physical-chemistry, and cooking properties. 

The marketing values of rice as an agricultural product depend on its physical qualities after the 

harvesting. Information on nutritional content and physical properties of rice are generally only found 

in superior varieties of rice. While rice on the market is very diverse in types and varieties, there is still 

little information related to the physicochemical nature of Indonesia's local rice germplasm. So it is 

deemed necessary to obtain primary data regarding the physical properties of local Indonesian rice for 

various purposes, especially for plant breeding activities. Based on this, it was necessary to research 

the physical properties of Indonesian local rice (Oryza sativa L.) varieties. 

  

2. Method 

This type of research is descriptive quantitative research. The research has been carried out in the 

biotechnology laboratory of Faculty of Agriculture, University of Sultan Ageng Tirtayasa 

and analized in laboratory of Faculty of Agriculture, University of Jember from October 2017 

until February 2018. 

The research began with the collection and identification of local rice variety from several regions 

in Indonesia. The local rice varieties used were Kewal Bulu Hideung, Kewal Gudril, Kewal Benur, 

Kewal Sampai Putih and Tunggul Hideung from the Banten region; Kusuik Kuriak from West 

Sumatra and MS Pendek, Susu Putih and Genjah Nganjuk from East Java. After collecting and 

searching for data on local rice varieties used including the date of harvest and the method of storing 

the local rice, the physical characteristics were analyzed, namely length, width, size, shape, the weight 

of 1,000 grains, density, and chalkiness.. 

 

3. Results and Discussion 

 

3.1. Length, width and shape on grain and rice 

Physical properties that are closely related to the quality of grain and rice and the level of consumer 

acceptance include grain size (length and width) and length and width ratio that reflects the shape of 

grain and rice. Classification of grain size and shape criteria is based on the SNI scale [10], and rice is 

based on the FAO scale [11]. 

 

Table 1. Average of length (L), width (W), the ratio of L/W, size, and shape of grain 

Varieties 
Length 

(mm) 

Width 

(mm) 

Ratio 

L/W 

Size 

Grain 

Form 

Grain 

Kewal Bulu Hideung 8.01 3.38 2.37 Very long Oval 

Kewal Gudril 8.42 3.22 2.62 Very long Oval 

Kewal Benur 8.56 3.00 2.85 Very long Oval 

Kewal Sampai Putih 8,12 3.37 2.41 Very long Oval 

Tunggul Hideung 9.68 2.60 3.72 Very long Slim 

Kuriak Kusuik 8.05 2.75 2.93 Very long Oval 

MS Pendek 8.44 2.92 2.89 Very long Oval 
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Varieties 
Length 

(mm) 

Width 

(mm) 

Ratio 

L/W 

Size 

Grain 

Form 

Grain 

Susu Putih 9.44 3.18 2.97 Very long Oval 

Genjah Nganjuk 9.54 2.88 3.31 Very long Slim 

  

All rice varieties studied have very long grain size with a length of more than 7.5 mm (Table 1). 

The layer of the husk primarily determines the length and shape of the grain. The longer and the larger 

size of the grain show the thicker layer of the husk that wraps the rice grains on the rice. 

 

Table 2. Average of length (L), width (W), the ratio of L/W, size, and shape of rice 

Varieties 
Long 

(mm) 

Wide 

(mm) 

Ratio 

L/W 

Size 

Rice 

Form 

Rice 

Kewal Bulu Hideung 5.61 2.81 1.99 Medium Round 

Kewal Gudril 5.67 2.74 2.07 Medium Oval 

Kewal Benur 6.08 2.45 2.48 Medium Oval 

Kewal Sampai Putih 5.76 2.70 2.13 Medium Oval 

Tunggul Hideung 6.50 2.10 3.10 Medium Slim 

Kuriak Kusuik 5.57 2.07 2.69 Medium Oval 

MS Pendek 5.71 2.21 2.58 Medium Oval 

Susu Putih 6.12 2.42 2.53 Medium Oval 

Genjah Nganjuk 6.79 2.33 2.91 Long Oval 

 

The size of the local rice studied was obtained in length ranging from 5.57 to 6.79 mm (Table 2). In 

general, rice in Indonesia is of medium to long size. Long sized rice is preferred on the international 

market compared to medium and short sized rice. However, in certain countries, short-sized rice is 

preferred in Japan, Korea, and Taiwan. 

The width of rice obtained ranged from 2.07 to 2.81 mm. The widest rice is Kewal Bulu Hideung 

rice from Banten, while the rice with the smallest width is Kuriak Kusuik rice from West Sumatra. 

The length and width ratio of rice obtained ranged from 1.99 - 3.10. Based on the ratio of 

length/width, the shape of ground rice, according to FAO, is divided into three types, namely slim, 

oval, and round. Kewal Bulu Hideung Variety from Banten has a round shape with a ratio of 1.99 

between its length and width, and Tunggul Hideung variety has a slim shape with a ratio of 3.10 

between its length and width, while other varieties have an oval shape with a ratio between 2.00-3.00 

between its length and width. According to [12], the size and shape of rice is the dominant character 

derived from the genetic characteristics of the parent and can be used as a parameter for determining 

the purity of a variety. The length and shape of rice are influenced by genetic factors, agroecosystems, 

and land fertility. 

All rice varieties studied have a variety of sizes, shapes, and colors, as well as the appearance 

of grain and rice, as seen in Figure 1 and Figure 2. The grain color is generally yellow, but the yellow 

Kuriak Kusuik grain is mixed with brown. The variety of Kewal Bulu Hideung and Kewal Sampai 

Putih also have fur on their grain. The color of rice is not only white, but also yellowish as on the 

Kewal Gudril variety, red on the MS Pendek variety and pale white color on the Susu Putih glutinous 

rice variety. 
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1. Kewal Bulu Hideung  2. Kewal Gudril   3. Kewal Benur 

 

     
4. Kewal Sampai Putih  5. Tunggul Hideung  6. Kuriak Kusuik 

 

     
7. MS Pendek   8. Susu Putih   9. Genjah Nganjuk 

Figure 1. Diversity of shape, size and color of grain in 9 local Indonesian rice varieties 
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4. Kewal Sampai Putih  5. Tunggul Hideung  6. Kuriak Kusuik 

     
7. MS Pendek   8. Susu Putih   9. Genjah Nganjuk 

Figure 2. Diversity of shape, size and color of rice in 9 local Indonesian rice varieties 

 

3.2. 1000 grain weight in grain and rice 

The weight of 1000 points indicates the weight of each grain which determines the yield of 

production. 1000 grain weight grain also determines the yield of milled rice. This value can be used to 

determine whether there is a mixture in a rice sample on the market. It also can be used to determine 

the purity of a rice variety. The results of an analysis of the measurement of 1000 grain weights on the 

grain and rice studied are presented in Figure 3. 

The weight value of one thousand grains analyzed ranged between 20.62 - 28.23 grams, while the 

weight value of one thousand grains of rice ranged between 14.09-22.44 grams. According to [13], 

one thousand grains are affected by the availability of nutrients in the soil during rice planting. 

Nutrient deficiencies at the time of planting will cause in the weight of a thousand grains produced 

lower than its optimum potency. 

 

Figure 3. 1000 weight of grain and rice 
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Figure 4. Grain and rice bulk density 

 

Table 3. Percentage of chalkiness rice 

Varieties 

White-

based 

Rice (%) 

White-

belly 

Rice (%) 

White-core 

Rice (%) 

Milky-

white 

Rice (%) 

Rice Total 

Whitewashing 

(%)* 

Perfect 

Rice (%) 

Kewal Bulu 

Hideung 

1,4 44,4 5,2 1,0 52,0 48,0 

Kewal Gudril 0,0 73,4 4,6 5,4 83,4 16,6 

Kewal Benur 0,0 59,6 9,6 0,0 69,2 30,8 

Kewal Sampai 

Putih 

0,0 83,0 9,2 5,8 98,0 2,0 

Tunggul Hideung 0,0 4,6 9,2 1,2 15,0 85,0 

Kuriak Kusuik 0,6 1,4 32,2 1,8 36,0 64,0 

MS Pendek 0,8 24,4 23,0 7,0 55,2 44,8 

Susu Putih - - - - - - 

Genjah Nganjuk 1,4 0,4 9,0 0,0 10,8 89,2 
Note:  

*Total Whitewashing Rice (%) = White-based Rice + White-belly Rice + White-core Rice + Milky-white Rice 

Total observed rice (%) = total whitewashing rice+ Perfect Rice = 100% 

 

 
 

Figure 5.  Grouping chalkiness: perfect rice (PR), white-based rice (WBSR), white-back 

rice (WBCR), white-back and -based rice (WBBR), white- belly rice (WBR), white-core 

rice (WCR ) and milky-white rice (MWR) (Yoshioka, 2007). 
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3.3. Grain and rice bulk density 

The density of grain or rice is a measure that describes the weight of grain or rice per unit volume 

expressed in units of g/ml. 1000 grain weight grain also determines the yield of milled rice. The size 

and shape of the grain and rice also directly affect the density. The rough rice of each variety show 

shows the least value of actual density, which agrees with [14], who stated that the specific gravity of 

paddy is lower than that of brown rice. Also, [15] reported similar results in the case of the actual 

density of rice by processing. 

The bulk density of rice varieties in Indonesia ranges from 0,45 - 0.58 g/mL. Thus all grain samples 

are within the bulk density range, except for the Kewal Bulu Hideung grain variety which has a bulk 

density below the range of only 0.30 g/mL. The cause of this deference is the Kewal Bulu Hideung 

variety has fur at the tip of its grain, thereby reducing its density in storage. The Kuriak Kusuik has the 

highest bulk density of rice, and the lowest is possessed by the Kewal Bulu Hideung grain. It means 

that the Kewal Bulu Hideung grain needs two times more storage space than the Kuriak Kusuik grain, 

whereas the densest rice is possessed by Susu Putih variety. That is, for the same weight of Genjah 

Nganjuk rice requires 1.13 times more storage space than Susu Putih rice. 

  

3.4. Percentage of number of chalking rice (chalkiness) 

Whitewashing grains are white broken rice skin such as chalk and soft texture caused by physiological 

factors [16]. This white area is the result of very little starch development in the peripheral area of the 

endosperm. This is caused by insufficient carbohydrate transport during rice ripening [17]. 

When referring to the SNI standard for rice (2015) which requires a maximum content of limestone 

grains of 5%, then the level of whitewashing rice in varieties of Kewal Gudril (5,4 %), Kewal Sampai 

Putih (5.8%) and MS Pendek (7.0% ) does not meet these requirements. Whereas the Susu Putih 

variety is glutinous rice so it cannot be observed its whitewashing grain because the color of the rice is 

indeed all murky white like glutinous rice in general. Chalkiness grouping  based on Figure 5. below. 

 

4. Conclusions 

The grain size indicates that all grain is very long. The grain form of the Tunggul Hideung and Genjah 

Nganjuk varieties is slim, and the other varieties are oval-shaped. Whereas in the size of rice, the 

Genjah Nganjuk variety is long and the other varieties are medium. Rice forms of Kewal Bulu 

Hideung are round, Tunggul Hideung is slim and other varieties are oval-shaped. 

The weight value of one thousand grains analyzed ranged between 20.62 - 28.23 grams, while the 

weight value of one thousand grains of rice ranged from 14.09 - 22.44 grams. The grain samples 

studied have densities in the range of 0.3 - 0.55 g / mL. Kewal Bulu Hideung variety has the smallest 

density (0.3 g / ml) because there are long black feathers in each grain of grain. The level of 

whitewashing rice in the studied rice fulfills SNI requirements (maximum 5%), except varieties of 

Kewal Gudril (5.4%), Kewal Sampai Putih (5.8%) and MS Pendek (7.0%). 

Rice varieties on the market are very diverse. Therefore, the physical characteristics of them need 

to be known by consumers in order to obtain consumers preferences. As a result, we can find out the 

characteristics of rice they preferred and can arrange appropriate steps to gain those rice. 

 

5. References 

[1] Childs, NW 2004. Production and Utilization of Rice. In Elaine T. Champagne (ed). Rice: 

Chemistry and Technology. American Association of Cereal Chemists, Inc. Minnesota, pp. 

[2] Tyagi, AK, Khurana JP, Khurana P., Raghuvanshi S., Gaur A., Cretaceous A., Gupta V., Kumar 

D., Ravi V., Vij S. and Sharma S. 2004. Structural and Functional analysis of Rice Genome. 

Journal Genetic. Vol 83: 79-99. 

[3] Widjayanti, E. 2004. Potentials and Prospects of Indonesia's Indigenous Functional Food: 

Potential, Regulation, Security, Efficacy, and Market Opportunities. Bandung, 6-7 October 

2004. 



The 1st International Conference on Agriculture and Rural Development

IOP Conf. Series: Earth and Environmental Science 383 (2019) 012026

IOP Publishing

doi:10.1088/1755-1315/383/1/012026

8

[4] Juliano, Bienvenido O. 1993. Rice in Human Nutrition. Published With The Collaboration Of 

The International Rice Research Institute Of  Food And Agriculture Organization Of The 

United Nations. Rome, Paris. 

[5] Ministry Agriculture of Republic of Indonesia. 2018. Rice Production 2018. Indonesia. Jakarta 

[6] BPS. Statistic Central Agency. 2018. National Rice Production 2010-2017. Indonesia. Jakarta. 

[7] Abdullah, B. 2006. The Potential of Wild Rice as a Genetic Source in Rice Breeding. Food Crop 

Science and Technology Bulletin 1(2): 143-152. 

[8] Ariani, M., A. Saryoko, Kardiyono, and Z. Yursak. 2011. Appropriate Engineering Technology 

Engineering Study in Supporting Food Security: Potential and Opportunities for Local Rice 

Development and Local Tubers. Final Report of Research Cooperation BPTP Banten - 

Balitbangda Banten Province. 

[9] Yadav R B, Khatkar B S, Yadav B S. 2007. Morphological, physicochemical and cooking 

properties of some Indian rice (Oryza sativa L.) cultivars. J Agric Technol, 3(2): 203–210. 

[10] Indonesian National Standards. 1987. Grain, Quality Standards. National Standardization 

Agency. 

[11] FAO. 1980. Dimensions and shapes (of grain, brown rice, or milled rice). In: Descriptors for Rice 

(L.) by IBPGR-IRRI Advisory committee. The International Rice Research Institute. Manila, 

Philippines. 

[12] Setyono, A and Wibowo P. 2008. Rice Quality Selection and Its Relationship with the 

Characteristics of Several Inbred and Hybrid Strains. National Rice Seminar 2008. 

[13] Hernawan. 2016. Analysis of the Physical Characteristics of White Rice, Red Rice and Black 

Rice (Oryza sativa L., Oryza navira and Oryza sativa L. indica ). Bakti Tunas Husada Health 

Journal, Siliwangi University. 15(1): 79-91. 

[14] Araullo EV, De Padua DB, and Graham M., 1976. Rice: Postharvest Technology. Int. Devel Res. 

Center Press, Ottawa, Canada.  

[15] Correa PC, Schwanz da Silva F., Jaren C., Afonso Junior P.C., and Arana I., 2007. Physical and 

mechanical properties in rice processing. J. Food Eng., 79. 137-142. 

[16] Indonesian National Standards. 2015. Rice. National Standardization Agency. 

[17] Juliano. 1973. The Chemical Base of Rice Grain Quality. Proceedings of the Workshop on: 

Chemical Aspects of Rice Grain Quality. IRRI. Los Banos, Philippines. 

 

 


