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Abstract: Storage of rice for a certain period of time can lead to decrease in the quality of rice, hence 

the purpose of this study was to determine the effect of storage method and duration on total sugar 

content, starch, and preference level of Inpari 43 GSR white rice and black rice Sembada Hitam 

varieties. The research was conducted at the Food Biochemical Chemistry Laboratory, Faculty of 

Agricultural Technology, Gajah Mada University The stage of this research is to cook the rice, and the 

storage time in two ways inside and outside the rice cooker is 0, 9, 18, and 27 hours, respectively. Then 

tested for sugar content, starch and level of preference. The experimental design used was factorial 

randomized design with 3 replications The stage of this research is to cook the rice, and the storage 

time in two ways inside and outside the rice cooker is 0, 9, 18, and 27 hours, respectively. Then tested 

for sugar content, starch and level of preference. The experimental design used was a factorial 

randomized design with 3 replications, while the Sembada Hitam variety had initial sugar content of 

0.019%, and 0.007% when in stored in the rice cooker and 0.001% outside the rice cooker. The 

increase in starch content increased at 9 hours of storage in Inpari 43 GSR and Sembada Hitam 

varieties and a decreased at 18 and 27 hours. Based on the test of preference for color, aroma, taste and 

texture, panelists preferred 9 hours of storage in the rice cooker both on rice Inpari 43 GSR and 

Sembada Hitam because more suitable for consumption. 
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1. Introduction 

Rice is the staple food for half of the world's population [1]. Based on color, rice is divided into 

three kinds, namely white rice (Oryza sativa L.), red rice (Oryza nivara), and black rice (Oryza 

sativa L. Indica) [2]. However, the most consumed rice by Indonesian people’s white rice. Colored 

rice usually has a harder texture and tasteless sensation if compared with white rice, so it is less 

preferred by Indonesian people. Each kind of rice contains different components and benefits. 

Black rice derived from black rice (Oryza sativa L. Indica) is a local variety that contains a 

different pigment from white rice or other colored rice. Besides the low glucose levels, black rice 

also has dietary fiber and hemicellulose content of 7.5% and 5.8%, greater than those of white rice 

which are only 5.4% and 2.2% respectively [3]. 

Diabetes Mellitus is one of degenerative diseases syndrome that has high prevalence rate. 

Lifestyle changes including consumption pattern is one of the causes of this diseases. Now 

people are starting to limit themselves to consume rice because of the high sugar content in rice. 

There are several methods of processing rice into cooked rice, namely the traditional method using 

cormorant and the modern method using rice cooker [4]. In this era of increasingly developing 

technology, the method of cooking rice using rice cooker is preferred because this method is 

considered more practical and easy. 

In Indonesia, rice that has been cooked can be stored in two ways, namely in a plastic basket in 

room temperature and in a rice warmer such as a rice cooker. Storage of cooked rice using a rice 

cooker also aims to preserve rice by heat treatment. Nowadays there are many housewives who use 

electronic devices such as rice cookers for the purpose of processing rice into cooked rice. Apart 

from being a cooking tool, rice cooker is also used as a tool to store of cooked rice. Heat is used to 

raise the temperature of food and plays a role in the process of inhibiting microbial growth and 

increasing a chemical reaction, for example for enzyme inactivation. Therefore, heating is known as 

a method of food preservation. However, giving heat for a long time can result in a decrease in the 

quality of food, both in terms of physical and nutritional levels [5]. 

According to [6], storage of cooked rice in rice cookers can reduce the physical quality of rice. 

The decrease in the physical quality of the rice is marked by the color of the rice being yellow and 

the smell becoming rotten. In addition to changes in physical quality, cooked rice stored in rice 

cookers will also experience changes in the quality of nutritional levels, especially carbohydrate 

levels [7]. In the Indonesian community, there are various ways of limiting rice consumption to 

reduce sugar intake from food, including eating yesterday's cooked rice (sego wadang). There is an 

assumption that yesterday’s cooked rice (sego wadang) can help control blood sugar levels, 

especially for people with type 2 Diabetes Mellitus and pre-diabetes. Scientifically this can be 

explained as a result of changes in temperature that affect the structure of starch in rice so that 

resistant starch, especially in the form of increasing in amylose levels [8,9]. In addition to affecting 

starch levels, the continuous heating process in rice will also cause a decrease in sugar levels in rice [10]. 

Based on the description above, several factors can affect changes in rice nutrient content 

during storage, namely the length of time and temperature of storage [11]. Research related to 

food storage (temperature and storage time) is very important so that we can store it properly so that 

its nutritional value is still good enough to be eaten. These results were studied by [12] on 

Baobab fruit (Adansonia digitata L.) juice showed that storage condition (temperature and storage 

time) affect the stability of natural flavonoids and their resulting antioxidant activity in food. Based 
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on the background above, it is necessary to study the effect of cooking process and storage method 

on sugar content, starch content and sensory preference level of white rice and black rice. 

2. Materials and methods 

Materials and testing were performed by the Laboratory of Food Biochemical Chemistry, 

Facultyof Agricultural Technology, Gajah Mada University, Yogyakarta, Indonesia. The materials 

used assamples in this study were white rice with a new superior variety, namely Inpari 43 Agritan 

GSR,obtained from Indonesian Center for Rice Research (ICRR) at Sukamandi, West Java planted 

onaluvial soil at an altitude of 40–50 m asl and black rice Sembada Hitam variety, obtained from 

farmer, Sleman, Yogyakarta planted on regosol soil at an altitue of 400–600 m asl. 

The chemicals used for the analysis included Nelson A and B solution (25:1), distilled water, 

anhydrous glucose solution, arsenomolybdate solution, Pb-acetate solution, Na-oxalate solution, 30% 

HCl solution, 40% NaOH solution, standard amylose 40 mg/100 mL, 1 N acetic acid solution, 0.2% 

iodine solution, 95% ethanol solution, and 1 N NaOH solution. 

The stage of this study was rice cooking, and the storage times for the two storage methods (in the 

rice cooker and outside the rice cooker) were 0, 9, 18, and 27 hours, respectively. Then, the sugar 

content, starch and sensory evaluation was performed on white and black rice samples stored in a 

certain manner and for a certain period of time rice. This test was carried out using 30 sample panelists, 

carried out with a hedonic rating test both from a sensory and physical perspective, which included the 

attributes of taste, aroma, texture, color, and overall. The hedonic rating test uses 6 rating scales, 

namely: very dislike (1), dislike (2), not very like (3), somewhat like (4), like and very like (5). The 

sensory testing method did not compare between the types of rice (black rice and white rice), and 

between types of treatment (method and duration of storage).The experimental design used was a 

factorial randomized design with 3 replications. 

Rice preparation includes weighing of the rice, washing of the rice, adding water and cooking 

using rice cooker. Rice from each variety was weighed to an appropriate weight for testing, which 

was 250 grams. Afterwards, the rice was washed 2 or 3 times to make sure that the rice was clean from 

dirt and suitable for consumption [13]. Hence, the amount of water added in this study was 500 mL. 

Next, the cooking was done using rice cooker until the rice was fully cooked. Once fully cooked, let 

the rice rest for about 30 minutes before proceeding to the next step (Figure 1). 

3. Results and discussion 

3.1. Morphological of Sembada Hitam black rice and Inpari 43 Agritan GSR 

The morphological quality of rice is strongly influenced by intermittent drying [14] and by the 

variety and level of fertilization [15]. The morphologies of Sembada Hitam black rice and Inpari 43 

Agritan GSR are shown in Table 1. The thing that looks different (Table 1) from the two research 

materials is the color of the rice and the amylose content. 

3.2. Effect of cooking on total sugar 

The effect of the cooking process on the total sugar content in black rice Sembada Hitam and 

Inpari 43 GSR is shown in Table 2. 
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Figure 1. Rice preparations. 

Table 1. Morphological of Sembada Hitam black rice and Inpari 43 Agritan GSR. 

No. Character Variety 

Sembada Hitam Inpari 43 

1 Origin of selection  Results of Mass Selection of Sembada 

Hitam black rice local population 

Wufengzhan/IRBB5/Wufeng

zhan 

2 Group Cere Cere 

3 Plant age ±140 days ±111 days 

4 Plant shape Erect Erect 

5 Plant height ±125 Cm ±88 Cm 

6 Number of productive tillers ±10–15 panicle ±21 panicle 

7 Culm colour Green Green 

8 Colour of auricle Purple stripe No colour 

9 Colour of ligule White No colour 

10 Colour of culm Green Green 

11 Colour of leaf blade Green Green 

12 Leaf surface Medium/Hair Rough 

13 Leaf attitude Erect Erect 

14 Flag leaf: Attitude Erect Erect 

15 Grain shape Slim Slim 

16 Grain colour Black stripe yellow Yellow straw 

17 Rice colour Black White 

Continued on the next page 
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No. Character Variety 

Sembada Hitam Inpari 43 

18 Rice shape Slim Slim 

19 Panicle: Threshability Medium Medium 

20 Lodging incidence Hold Hold 

21 Yield potential 6.0 t/ha 9.02 ton/ha 

22 Average yield 4.0–5.0 ton/ha 6.96 ton/ha 

23 1000 grain weight 24.0 g 23.74 g 

24 Rice texture Very mushy Mushy 

25 Brown rice yield 72.97% 77.58% 

26 Milled rice yield 65.52% 94.15% 

27 Amylose content 5.891% 18,99% 

28 Release of year 2019 2016 

29 Minister of agriculture 

decree 

125/HK.540ic/03/2019 369/Kpts/TP.010/6/2016 

Table 2. Total Sugar of rice (before and after cooking). 

Variety Total sugar (mg/g db) 

Before After 

Inpari 43 GSR 0.045 0.538 

Sembada Hitam 0.035 0.185 

Sugar white rice of the Inpari 43 GSR variety had higher total sugar content than black rice of the 

Sembada Hitam variety before and after cooking (Table 2). What's more, the analysis results show that 

the cooking process can increase the sugar content in rice. Before the cooking process, the total sugar 

content in white and black rice was 0.004% and 0.003%, while after the cooking process, the total 

sugar content in white and black rice increased to 0.053% and 0.018%respectively. The increase in 

total sugar content by an increase in temperature during the cooking process. According to [16] higher 

temperatures during the cooking process will result in the leaching process or damage to starch 

molecules due to hydrolysis. Hydrolysis is a decomposition reaction between a compound and water 

which causes the compound to break or decompose [4]. Starch molecules will be hydrolysed into their 

constituent compounds, namely glucose. The more effective the hydrolysis process is, the more 

glucose is produced. With the increase in glucose, the total found in rice also increases. The following 

is the hydrolysis reaction of starch to form glucose. 

 

Based on the results of the ANOVA, the DMRT follow-up test at the 5% real level, there Sig. of 

0,000 for both varieties, so that the total sugar content in white and black rice before the cooking 

process has significant as compared with that after the cooking process. 
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3.3. Effect of cooking on total starch 

Starch is a complex carbohydrate that is insoluble in water. The starch content after cooking is 

shown in Table 2. The starch content of white rice Inpari 43 GSR was higher than that of black rice 

Sembada Hitam before and after cooking (Table 3). 

Table 3. Total Starch before and after cooking. 

Variety Starch content (%) 

Before After 

Inpari 43 GS 92.35 76.58 

Sembada Hitam 89.35 56.14 

Analysis of starch content in rice showed that the cooking process could reduce the starch content. 

In rice before the cooking process, it can be seen that the starch content in white and black rice is 

92.3527% and 89.3543% respectively. After cooking total sugar content of white rice and black rice 

dropped to 76.5794% and 56.141% respectively. 

The heating process can cause the starch to transform into starch, resulting in more and more 

starch granules. Gelatinization is the process by which starch granules expand when heated in an 

aqueous medium. According to [17], gelatinization begins with the swelling of the starch is reversible 

(can return to its original form), but when the temperature increases, the swelling of the starch granules 

becomes irreversible. The condition of the swelling of the starch granules that is irreversible is called 

gelatinization. The swelling of the starch granules is caused by the diffusion of water into the are 

followed by the entry of water into the amorphous area, which results in the swelling of the granules. 

The starch gelatinization process is influenced by the amount of water, temperature and heating 

time. The more water is added during the heating process, the more gelatinized the starch will be. 

Higher temperatures and longer heating duration can result in the development of more swollen starch 

granules and further breakdown of the starch granules, which are then evenly distributed. In this case, 

the starch polymer will be hydrolysed and broken so that it can cause a decrease in starch content. 

Based on the results of the ANOVA test and further tests with the DMRT method at the 5% level, 

there were found Sig. of 0.004 for the Inpari 43 variety and 0.001 for the Sembada Hitam variety. The 

Sig value of the two varieties was still lower than α, namely 0.05 so the starch content in Inpari 43 GSR 

and Sembada Hitam cooked rice before the cooking process had a significant difference from that after 

the cooking process. 

3.4. Effect of storage methods on total sugar 

The treatments in this study were the storage of the cooked rice in rice cooker and outside the rice 

cooker (room temperature) with a duration of 0, 9, 18 and 27 hours. Observation parameters include 

sugar, starch, and amylose levels. Effects of the storage process on the total sugar content of Inpari 43 

and Sembada Hitam is shown in Figure 2. 
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(a) 

 

(b) 

Figure 2. Effect of storage methods on total sugar (a) white rice and (b) black rice. 

Storage methods in the long term can reduce the total sugar content in the two types of rice 

varieties (Figure 2). The longer the storage time, the less the sugar content will be. The total sugar 

content before the storage process (0 hours) in Inpari 43 GSR variety was 0.0538%, which after the 

storage process of 27 hours decreased to 0.0207% for storage outside rice cooker and 0.0112% for 

storage inside rice cooker. On the other hand, for black rice variety Sembada Hitam, the total sugar 

content before the storage process (0 hours) was 0.0185%, and after the storage process for 27 hours, it 

decreased to 0.0071% for storage outside the rice cooker, and 0.0009% for storage in rice cooker. The 

sugar content of Inpari 43 GSR is higher than Sembada Hitam, so that a higher consumption of white 

rice is associated with an increased risk of developing diabetes [18];[19]. 

Storage of cooked rice in rice cooker causes a decrease in total sugar content which is larger than 

storage outside of rice cooker room temperature (27oC). Therefore, the lowest total sugar content in 

both varieties is at 27 hours storage duration in rice cooker. This can happen because during storage in 

rice cooker there is a continuous heating process with a high enough temperature, which can cause 

damage to the compounds contained in rice so that the total sugar content is reduced. 

Another factor that may lead to a decrease in the total sugar content of rice during storage is the 

growth of microorganisms in the stored rice. According to [20], rice that is stored both inside and 

outside of rice cooker can be overgrown with bacteria. This event is an important phenomenon because 

most microorganisms are capable of destroying food. Another factor that may lead to a decrease in the 

total sugar content of rice during storage is the growth of microorganisms in the stored rice. According 
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to [21], rice that is stored both inside and outside of rice cooker can be overgrown with bacteria. This 

event is an important phenomenon because most microorganisms are capable of destroying food. 

The temperature presented during storage is the optimum temperature for the growth of 

mesophilic microorganisms. The longer a food or food is stored, the higher the number of 

microorganisms, and therefore the lower the total sugar content in these foods. To grow and survive, 

the microorganisms will break down the sugar in rice and convert it into energy. The growth of 

microorganisms can be seen with changes in the rice, such as the runny/slimy appearance of the rice, 

and the emission of an unpleasant (rotten) aroma. 

Based on the results of ANOVA and further tests with the Duncan method, in the Inpari 43 GSR 

variety, there were two treatments that had no significant difference in total sugar levels, namely the 

total sugar content at 9 hours' storage in rice cooker and 18 hours outside the rice cooker. At the same 

time, among the Sembada Hitam varieties, there were also two treatments with not significant 

difference in total sugar content, namely, the total sugar content stored in rice cooker for 9 hours and 

outside rice cooker for 27 hours. 

3.5. Effect of storage methods on total starch 

The starch content of Sembada Hitam and Inpari 43 GSR varieties in different ways and for 

different storage times is shown in Figure 3. 

 

(a) 

 

(b) 

Figure 3. Effect of storage methods on total starch (a) white rice and (b) black rice. 
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Starch is the main component of rice, making up 90% of the total weight of the rice grain [10]. 

Based on Figure 3, it can be seen that the storage process in the two rice varieties can increase the 

starch content in the 9 hours of storage, both inside and outside the rice cooker, but then the starch 

content will decrease until the 27 hours. The highest starch content of the two varieties was the 

9-hour storage time outside of rice cooker. The increase in starch content during storage for 9 hours 

was caused by the retrogradation process. According to [22], retrogradation is the process in which 

the starch gelatinized molecules begin to recombine to form a structure, and it is a process in which 

the linear polysaccharide chains dissolve and the molecular solubility decreases. 

The retrogradation phenomenon is the result of hydrogen bonding between starch molecules 

that have a hydroxyl group and a hydrogen receiving side. In the early stages, two or more chains of 

starch molecules from simple bonds can expand in an orderly manner to form crystalline regions. By 

increasing the retrogradation process, it will also make the starch content even higher. The 

retrogradation process operates quickly and efficiently at low temperatures, so the increase in starch 

content in rice stored outside of magic corn will be higher. 

The 18th and 27th hours of storage time, both on the outside and inside of rice cooker, reduced 

starch content. This event is due to continuous heating during storage in rice cooker. Alternative: The 

Prolonged heating at higher temperatures can revert the retrograded starch to gelatinized starch [23], 

in which case the starch polymers will be hydrolyzed and broken, causing damage to the 

carbohydrates. With increasing temperature, the amylose content and the number of short 

amylopectin decreased, while the intermediate amylopectin increased, resulting in an increase in 

starch gelatinization temperature and enthalpy [11]. The decrease in starch content along with the 

increase of storage duration can also be caused by the growth of microbes in the rice. The presence 

of microbial activity will make the stored rice undergo a change of carbohydrates from starch to 

simple sugars. The monosaccharide will then be used by the microbes for energy to develop and 

survive. 

Based on the results of statistical analysis with ANOVA and further tests with the Duncan 

method, in the Inpari 43 GSR variety, there were two treatments that had no significant difference in 

starch content, namely the starch content at 0 hours storage and 27 hours storage outside the rice 

cooker. On the other hand, in Sembada Hitam variety, it was found to be significantly different for 

all storage treatments. 

3.6. Sensory evaluation 

An organoleptic test was performed on all samples with storage times of 0, 9, 18 and 27 hours. 

The test was carried out by 30 panelists which included aroma, color, texture, taste and overall 

parameters were carried out on cooked rice Inpari 43 GSR and Sembada Hitam varieties. The results 

of the sensory analysis showed a very significant difference when stored for 27 hours. The results of 

the sensory analysis are sown in Figure 4. 

According to aroma parameter, Inpari 43 GSR cooked rice before storage, is preferred by 

panelists, compared to Sembada Hitam cooked rice. However, the aroma preference level for Inpari 

43 GSR cooked rice which is stored inside and outside rice cooker decreased after 27 hours Sembada 

Hitam rice only slightly decreased the level of preference for aroma for 27 hours storage. High 

temperature storage causes volatile compounds such as aldehydes, ketones, and furans increase, so 

that the aroma of rice decreases during storage [24]. 
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Figure 4. Sensory test of Inpari 43 GSR and Sembada Hitam cooked rice. 

Panelists prefer Inpari 43 GSR to Sembada Hitam cooked rice. Inpari 43 GSR cooked which is 

stored outside rice cooker more decrease in color preference than that stored inside rice cooker. This 

means that the storage in rice cooker retains the color of the rice. Sembada Hitam cooked rice only 

slightly decreased its color preference level for 27 hours storage. 

Panelists prefer the texture of Inpari 43 GSR to Sembada Hitam cooked rice, this means that the 

panelists prefer cooked rice with high starch content. Inpari 43 GSR cooked rice slightly decreased 

the level of texture preference for 27 hours storage. Storage temperature also has an important 

effect on the fraction of starch molecules in rice, related to the process of retrogradation or 

re-association in a regular/crystal form [25]. Meanwhile, Sembada Hitam cooked rice more 

decreased the texture preference level for 27 hours of storage. Storage of Sembada Hitam cooked 

rice in rice cooker further reduces the level of preference texture parameters, because the texture 

becomes softer. 

The taste of Inpari 43 GSR cooked is preferred to Sembada Hitam cooked rice, this is because 

the panelists usually consume white rice so they do not like the taste of black rice. The taste of Inpari 

43 GSR rice decreased during storage, especially if it was stored outside of rice cooker, the decrease 
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in taste was sharper than that stored inside rice cooker. Based on taste parameter, the level of 

preference of Sembada Hitam cooked rice increases after being stored 27 hours inside rice cooker 

and slightly decreases when stored outside rice cooker. 

According to the overall parameters, Inpari 43 GSR rice is also preferred to Sembada Hitam rice. 

However, during 27 hours of storage inside and outside of the rice cooker, the preference level 

decreased. This means that Inpari 43 GSR cooked rice, after cooking or before storage is preferred 

over after storage. Meanwhile, Sembada Hitam cooked rice is preferred after being stored for 27 

hours inside the rice cooker compared to freshly cooked or before storage. The process of cooking 

will affect the overall preference of rice, which is related to the cultural background and personal 

preferences of consumers [1,23,25]. 

4. Conclusions 

The rice cooking process by using a rice cooker can affect the sugar levels and starch levels. 

Inpari 43 GSR cooked rice has a higher sugar content and starch content than that of Sembada Hitam. 

The method of storing cooked rice (inside and outside) of Inpari 43 GSR and Sembada Hitam 

varieties had no significant effect on total sugar content. Whereas the method of storing the cooked 

rice (inside and out) had a significant effect on the starch content of Sembada Hitam, while in the 

outside rice cooker had no significant effect on Inpari 43 GSR. The storage time generally reduces 

the preference level, Sembada Hitam cooked rice stored for 27 hours which is stored outside the rice 

cooker is more preferable over Inpari 43 GSR according to color and aroma parameters. Future 

research should investigated the effect of storage time and methods on the anthocyanin/flavonoid 

brown and black rice. 
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