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The Physical and Chemical Characteristics of Cooked Rice from Some1

Different Lowland Rice Varieties and Cooking Methods2

3
Abstract : The objective of the research was to analyze the effect of different lowland rice varieties and different4
cooking methods on physical and chemical properties of cooked rice. The research used a factorial Randomized5
Block Design with two factors and each combination of the factors was repeated three times. The first factor was6
rice variety (A1: Ciherang variety, A2: Ciliwung variety) and the second factor was the cooking method (B1:7
stovetop, B2: boiled and steamed, B3: rice cooker). Milled rice of Ciherang variety had the ratio between length8
and width was 3.44, lightness of 65.97%, chroma 12.03%, hue 69.37o, moisture content 12.27%, amylose content9
22.64%, protein content 10.73%, total amino acid 7.75%. Milled rice of Ciliwung variety had the ratio between10
length and width was 3.21, lightness of 67.93%, chroma 12.00%, hue 65.70o, moisture content 12.22%, amylose11
content 18.85%, protein content 8.98%, total amino acid content 6.98%. Results showed that the lightness of12
cooked rice was in the range of 73.07% to 76.20%, chroma 5.63% to 7.10%, hue 62.43o to 68.20o and texture13
25.70 gf to 33.00 gf. Statistical analysis showed that cooking method had significant effect on texture, lightness,14
chroma, hue and moisture content of cooked rice.15
Key words : cooking method; lowland rice varieties16

17
18

Rice is one of the important commodity results in rice farming systems in lowland swamp. Lowland swamp land19
that has been cultivated for rice farming with cropping patterns once a year is 91%, while for rice farming with20
cropping twice a year only about 9% (Sudana, 2005). The varieties of rice grown in lowland swamp area consists21
of various varieties namely Ciherang, Ciliwung, Mekongga, IR 10, IR 42, IR 64, Ciherang Dempo, Ciliwung22
Jumbo, and Rojo Lele (Syafutri, 2015). Ciherang and Ciliwung are several varieties widely grown by farmers in23
lowland swamp land. The difference of rice varieties will affect the characteristics of cooked rice produced.24
According to Yadav et al (2007), different rice varieties showed significant effects on the physicochemical25
properties, morphology, and cooking properties, but Putri (2012) stated that the starch contents of rice were still26
the same ie more than 80%. Cooking method also affect the characteristics of cooked rice. According to Han et al27
(2008), different cooking method will affect the hydrolysis of starch rice. Cooking the raw rice into the cooked28
rice can be done in various ways. Indonesian people use two ways to cook rice namely conventional and modern29
way. The conventional way consist of liwet method using stovetop, and combination of boiling and steaming30
method. The modern way was cooking rice using electric rice cooker. Each cooking method uses different heat31
and long cooking. The objective of this study was to analyze the effect of different lowland rice varieties and32
different cooking methods on physical and chemical of cooked rice.33

34
35

MATERIALS AND METHODS36
37

Rice Materials38
39

The rice used in this study derived from lowland swamp land at East OKU, South Sumatera, Indonesia. The40
varieties of rice were Ciherang and Ciliwung.41

42
Methods43

44
This study using Factorial Randomized Block Design with two treatment factors and repeated three times. The45
treatment factors were rice variety (A) and the cooking method (B). The first factor consisted of two levels :46
Ciherang (A1) and Ciliwung (A2), where as the second factor consisted of three levels : liwet method using47
stovetop (B1), combination of boiled and steamed (B2), and rice cooker (B3). The data obtained performed using48
analysis of variance (ANOVA) 5% and HSD test. The parameters of this study were physical and chemical49
characteristics on milled rice and cooked rice. The physical characteristics of milled rice included dimensions rice50
and color, where as the chemical characteristics of milled rice included moisture content, amylose content, protein51
content and total amino acids. The physical characteristics of cooked rice were color and texture, while the52
chemical characteristic was moisture content.53

54
Liwet Method using Stovetop55
The procedurs of liwet method (Deliani, 2004) which has been modified were : first, milled rice with whole56
grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water (2 times) and drained57



for 2 minutes, then put in a regular pot or pan pot. Next step, water (150 mL) was added to the pot containing.58
Fourth, the rice cooked in a covered pot until boiling. Then, stirring done 10 times after boiling water (100°C).59
Sixth, if the water was up, stirred again (stirring the latter performed 5 times and the pot sealed while the fire60
diminished. Last, the cooking times of liwet method were 10 minutes.61

62
Combination of Boiled and Steamed Method63
The procedurs of boiled and steamed combination method (Deliani, 2004) which has been modified were : first,64
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water65
(2 times) and drained for 2 minutes, then put in a regular pot or pan pot. Third, water (150 mL) was added to the66
pot containing. Next, the rice cooked in a covered pot to a boil for 5 minutes, then reduce the heat (during heating67
stirring 15 times until becoming rice (water absorbed by rice). Fifth, stirring done 10 times after boiling water68
(100°C) to become rice (water absorbed by rice). Then, rice stirred and moved to the steamer containing boiled69
water, then waited for 5 minutes.70

71
Rice Cooker Method72
The procedurs of modern cooking method (rice cooker) (Sutarjana, 2009) which has been modified were : first,73
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water74
(2 times) and drained for 2 minutes and put in an aluminum pan on the rice cooker. Then, water (150 mL) was75
added. Fourth, thermostat clicked and light "cooking" light up on the rice cooker to cook the raw rice into the76
cooked rice. Finally, the thermostat button will automatically moved from the position of the light "cooking" to77
the position of the lights "warmer" that shows rice cooked.78

79
Dimention of rice80
Rice dimensions include length and width measured using calipers. Whole rice intact (10 seeds) taken from each81
variety. Seeds of rice measured length and width using calipers and the average was taken.82

83
Texture84
Texture of rice was measured with “Brookfield” texture analyzer (Faridah et al, 2006). Brook (cylindrical type)85
mounted just above the sample. The needle was attached to the tip of the sample. Brooke (blade type) pressing86
right in the middle of the sample. Then, on display listed number of peak load and final load (gram force).87

88
Color89
Analysis of color was measured using “Konica Minolta” Chromameter. Chromameter turned on and the button90
was activated to select and determine the values and numbers were used. The values that be used were Lightness91
(L), Chroma (C) and Hue (H). Samples of rice were placed under the lens of Chromameter and numbers of L (%),92
C (%), and H (o) will be shown (Munsell, 1997).93

94
Chemical Characteristics95
The chemical characteristics included moisture content, amylose content, protein content and total amino acids.96
Moisture content, amylose content, protein content and total amino acids were determined using method of97
AOAC (2006).98

99
RESULTS100

101
Dimention of Rice102

103
Variety of lowland swamp rice used for this study were Ciherang and Ciliwung. Dimention averages of Ciherang104
and Ciliwung varieties included length and width. Rice of Ciherang variety had length 7.01 mm and width 2.04105
mm. Rice of Ciliwung variety had length of 6.75 mm and width of 2.10 mm. The ratio between length and width106
of Ciherang variety was 3.44, while the ratio between length and width of Ciliwung variety ratio was 3.21.107

108
Texture109

110
Texture indicated as hardness of rice that cooked with some cooking methods. Physically, hardness of rice111
defined as rice ability to accept certein load in certein time. Analysis of texture could determine hardness and112
tenderness of rice. Based on this study, texture averages of cooked rice were 25.70 to 33.00 gf (Fig. 1). The113



analysis of variance showed that cooking method had significant effect on texture of cooked rice (Table 1), while114
variety of rice and interaction between cooking method and variety of rice had no significant effect on texture of115
cooked rice. The cooked rice that had high texture value was harder than cooked rice that had low texture value.116

117
Color118

119
Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue). The120
maximum value of lightness was 100% that showed very white. The lightness value of Ciherang variety was121
65.97%, while the lightness value of Ciliwung variety was 67.93% .122
The lightness value of cooked rice with different varieties and cooking methods ranged from 73.07 to 76.20 %123
(Fig. 2). The highest lightness value (76.20 %) found in rice with A2B3 treatment (Ciliwung variety and cooking124
methods using the rice cooker), while the lowest lightness value (73.07 %) found in rice with A1B1 treatment125
(Ciherang variety and liwet methods). The high lightness value of rice indicated that the color of rice was brighter.126
The analysis of variance showed that cooking method had significant effect on lightness of cooked rice (Table 2),127
while variety of rice and interaction between cooking method and variety of rice had no significant effect on128
lightness of cooked rice.129
The chroma value of Ciherang variety was 12.03%, while the chroma value of Ciliwung variety was 12.00%. The130
chroma value of cooked rice with different varieties and cooking methods ranged from 5.63 to 7.10% (Fig. 3).131
The highest chroma value (7.10 %) found in rice with A1B1 treatment (Ciherang variety and liwet method), while132
the lowest chroma value (5.63 %) found in rice with A2B3 treatment (Ciliwung varietiy and cooking method using133
the rice cooker). The analysis of variance showed that cooking method had significant effect on chroma of cooked134
rice (Table 3), while variety of rice and interaction between cooking method and variety of rice had no significant135
effect on chroma.136
The hue value of Ciherang variety was 69.37o, while the hue value of Ciliwung variety was 65.70o. The hue value137
of parboiled rice with different varieties and cooking methods ranged from 62.43 to 68.20o (Fig. 4). The highest138
hue value (68.20o) found in rice with A2B3 treatment (Ciliwung variety and cooking method using the rice139
cooker), while the lowest hue value (62.43o) found in rice with A1B1 treatment (Ciherang variety and liwet140
method). The analysis of variance showed that cooking method had significant effect on hue of cooked rice141
(Table 4), while variety of rice and interaction between cooking method and variety of rice had no significant142
effect on hue of cooked rice. According to hue value, Ciherang and Ciliwung varieties with different cooking143
method had yellow-red (YR) color.144

145
Moisture Content146

147
The moisture content was measured in milled rice and cooked rice. The moisture content averages of Ciherang148
variety was 12.27%, while the moisture content averages of Ciliwung variety was 12.22%. The moisture content149
of cooked rice with different varieties and cooking methods ranged from 56.01 to 57.68% (Fig. 5). The highest150
moisture content value (57.68%) found in rice with A2B1 treatment (Ciliwung variety and liwet method), while the151
lowest hue value (56.01%) found in rice with A1B2 treatment (Ciherang variety and combination of boiling and152
steaming method). The analysis of variance showed that cooking method had significant effect on moisture153
content of cooked rice (Table 5), while variety of rice and interaction between cooking method and variety of rice154
had no significant effect on moisture content of cooked rice.155

156
Amylose Content157

158
Amylose content measured in rice of Ciherang and Ciliwung varieties. Determination of amylose content begins159
with the manufacture of standard curve, where the resulting regression equation was y = 0,0217x - 0.0161. The160
average value of amylose content with treatment A1 (Ciherang variety) was 22.64%, while the average value of161
amylose content with treatment A2 (Ciliwung variety) was 18,85%.162

163
Protein Content and Total Amino Acid164

165
The result showed that protein content and total amino acids of Ciherang variety were 10.73% and 7.75%166
respectively, while protein content and total amino acids of Ciliwung variety were 8.98% and 6,98% respectively167
(Table 6). Total amino acids were observed consisting of 10 types of essential amino acids and 5 types of non-168



essential amino acids. The most abundant amino acids contained in Ciherang and Ciliwung varieties namely169
glutamic acid (non-essential amino acids) of 1.68% and 1.49% respectively.170

171
DISCUSSION172

173
Dimention of rice included length, width, and ratio between length and width. The result showed that length of174
Ciherang and Ciliwung varieties including classification long grain rice. This was consistent with research175
Setyono and Wibowo (2008) which stated that a length of rice 6.6 to 7.5 mm classified as long grain rice. Based176
on the ratio between length and width, Ciherang and Ciliwung varieties including into long grain rice type and177
rice shape slender (ratio L/W ≥ 3,0) (Slaton et al, 2000 ; Setyono and Wibowo, 2008).  The slender rice is more 178
preferable by consumers.179
Texture value indicated as hardness of cooked rice. The rice that cooked with liwet method had low texture value.180
It caused the texture of cooked rice was softer than the other methods. During cooking process with liwet181
method, rice absorb water and starch granules in rice will swell. Cooking process with liwet method performed182
heating temperature setting. The heating temperature setting included the big fire which used to speed up the183
process of heating water reaching the boiling point temperature of water (100 oC), moderate heat to ripen the rice,184
and a small fire to prevent the formation of a thick crust. Setting the heating temperature ranging from the boiling185
water and rice until the rice maturation. Setting the temperature during liwet methods caused heat exposure on rice186
longer than combination of boiling and steaming method and modern method using a rice cooker. Exposure to187
prolonged heat causes the texture of rice was softer. Cooking rice with combination of boiling and steaming188
method had the highest value of texture, so the rice produced had a harder texture than the rice produced using189
liwet method and modern method using the rice cooker. Cooking rice with combination of boiling and steaming190
method had the highest average value of texture because at the time after water boiled at 100 oC, the water191
absorbed into the rice and then the fire was turned off. Furthermore, the rice cooled and occured re-arrangement of192
amylose that leads to retrogradation process before entering the stage steaming, so the texture of rice produced193
was louder. According to Winarno (2004), retrogradation is a re-crystallization process of starch which has194
undergone gelatinization. One of the factors that affect the texture of rice is gelatinization process. Rice to become195
cooked rice must undergo gelatinization (Marshall, 1994). Gelatinization process occurs during the warm rice in196
water until it becomes cooked rice. Gelatinization temperature affect the ripening time. Rice that has a high197
gelatinization temperature need a longer cooking time than rice that has a low gelatinization temperature.198
Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue).199
Lightness value indicates the brightness or darkness of a color (Winarno, 2004). The high lightness value of rice200
indicated that the color of rice is brighter. Lightness value of cooked rice affected by temperature and cooking201
time for each cooking method. The rice cooked using liwet methods was the lowest. Cooking process with liwet202
method performed heating temperature setting manually, which caused heat exposure on rice longer than other203
methods. It caused the time of cooking rice was longer. The heating time on the rice will caused a browning204
reaction between carbohydrates and protein, and will produce darker rice (yellow-red). It indicated by low value205
of lightness. The rice cooked using rice cooker had the lowest value of chroma. The chroma values affected by206
temperature and cooking time for each cooking method. The process of cooking rice using a rice cooker required207
a shorter time than the other methods, so the heating process during cooking was faster. Accelerated warming208
process will minimize the risk of browning reaction (Maillard) on rice, so that rice produced had a weak color209
indicated by lower chroma values. Browning reaction (Maillard) will cause higher chroma values on rice.210
According to hue value, Ciherang and Ciliwung varieties with different cooking method had yellow-red (YR)211
color. Formation of colors on rice affected by heating process during cooking rice. During the heating process212
occurs reaction between the protein and reducing sugar. It cause the formation of glycocylamin. Glycocylamin213
suffered polymerase to form melanoidin which causes color changes of rice to yellow red (Maillard reaction)214
(Wahyudi, 2005).215
The moisture content was measured in milled rice and cooked rice. Water is one of the important elements in food216
stuffs. According to Sudarmadji et al. (2007), the moisture content is the amount of water contained in food,217
included free water and water bound physically and chemically. According to Badan Standarisasi Nasional218
(1999), maximum moisture content is 14% of milled rice. The moisture content of Ciherang and Ciliwung219
varieties according to the moisture content determined by SNI 01-6128-1999. The results of moisture content220
analysis also showed that cooking rice with liwet method had the highest moisture content, so the texture rice221
softer than the other methods. It occured because rice longer exposure to heat. In addition, water trapped in the222
pan can be absorbed back into the rice during the resting time after the fire turned off, so it will affect the moisture223
content of the rice.224



Amylose content is one of the important criteria in the classification system of rice. The amylose content of225
Ciherang variety including moderate classification, while the amylose content with of Ciliwung variety including226
low classification. According to Allidawati and Bambang (1989), based on the amylose level, rice grouped into227
very low of amylose (<10%), low (10 to 20%), moderate (20 to 24%) and high (> 25%). Higher amylose content228
in rice will increase the occurrence of rearrangement of amylose after experiencing gelatinisasi leading to229
retrogradation process. Rice that have high amylose will produce not sticky rice, can expand and become hard if it230
is cold. Moderate amylose rice have fluffier texture generally. Low amylose rice produce sticky rice, shiny, not231
expand, and still coagulate after a cold when cooked (Damardjati, 1995 in Indrasari et al., 2009).232
The protein content of Ciherang and Ciliwung varieties were 10.73% and 8.98%, while total amino acids of233
Ciherang and Ciliwung varieties were 6,98% and 7.75% respectively. The most abundant amino acids contained234
in Ciherang and Ciliwung varieties namely glutamic acid (non-essential amino acids). According to the Nutrition235
Directorate of the Ministry of Health (1996), the protein content of rice per 100 grams is 7.6%. According to236
Haryadi et al. (2008) in Larasati (2012), protein content of rice is 7.3 to 10.2% and a maximum of 14%.237
According to Haryadi (2008), the rice contains higher protein needs more water and a longer cooking time. This238
relates to the structure of the seed. The starch granules enclosed in a protein, so the absorption of water blocked239
by protein. It causes the time of cooking is longer.240

241
CONCLUSION242

243
Ciherang variety had a length and width ratio of 3.44, lightness 65.97%, chroma 12.03%, hue 69,37o, moisture244
content, amylose content 22.64%, protein content 10.73%, and total amino acids 7.75%.245
Ciliwung variety had a length and width ratio of 3.21, lightness 67.93%, chroma 12.00%, hue 65,70o, moisture246
content 12.22%, amylose content 18.85%, protein content 8.98%, and total amino acids 6.98%. The method of247
cooking had significant effects on texture (hardness), color (lightness, chroma, hue), and moisture content of the248
cooked rice.249
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Fig. 2. Lightness average of cooked rice with difference of cooking methods397
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Fig. 3. Chroma average of cooked rice with difference of cooking methods419
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Fig. 4. Hue average of cooked rice with difference of cooking methods447
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Fig. 5. Moisture content average of cooked rice with difference of cooking methods469
470

Table 1. HSD test of cooking method influence on texture of cooked rice471

Cooking Methods Texture Averages (gf) HSD 5% = 0.58

B1 (liwet (traditional method)) 26.70 a

B3 (using rice cooker) 27.37 b

B2 (combination of pengaronan (boiling) and steaming) 32.68 c
472

Table 2. HSD test of cooking method influence on lightness of cooked rice473

Cooking Methods Lightness Averages (%) HSD 5% = 0.58

B1 (liwet (traditional method)) 73.80 a

B2 (combination of pengaronan (boiling) and steaming) 75.07 b

B3 (using rice cooker) 75.88 c

474

Table 3. HSD test of cooking method influence on chroma of cooked rice475

Cooking Methods Chroma Averages (%) HSD 5% = 0.21

B3 (using rice cooker) 5.68 a

B2 (combination of pengaronan (boiling) and steaming) 6.25 b

B1 (liwet (traditional method)) 6.90 c

476

Table 4. HSD test of cooking method influence on hue of cooked rice477



Cooking Methods Hue Averages (o) HSD 5% = 1.00

B1 (liwet (traditional method)) 62.70 a

B2 (combination of pengaronan (boiling) and steaming) 64.13 b

B3 (using rice cooker) 66.82 c

478

Table 5. HSD test of cooking method influence on moisture content of cooked rice479

Cooking Methods
Moisture Content

Averages (%) HSD 5% = 0.16

B2 (combination of pengaronan (boiling) and steaming) 56.24 a

B3 (using rice cooker) 57.18 b

B1 (liwet (traditional method)) 57.64 c
480
481

Table 6. Protein content and total amino acids of Ciherang and Ciliwung varieties482

Parameter
Result

Unit
Ciherang Ciliwung

Protein Content 10,73 8,98 %w/w

Amino Acid

Aspartic acid 0,79 0,69 % w/w

Glutamic acid 1,68 1,49 % w/w

Serine 0,47 0,43 % w/w

Histidine 0,21 0,19 % w/w

Glycine 0,36 0,34 % w/w

Threonine 0,29 0,27 % w/w

Arginine 0,69 0,59 % w/w

Alanine 0,47 0,43 % w/w

Tyrosine 0,30 0,26 % w/w

Methionine 0,13 0,14 % w/w

Valine 0,49 0,44 % w/w

Phenylalanine 0,49 0,44 % w/w

I-leucine 0,37 0,34 % w/w

Leucine 0,72 0,64 % w/w

Lysine 0,29 0,30 % w/w

Amino Acid Total 7,75 6,98 % w/w
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The Physical and Chemical Characteristics of Cooked Rice1

from Some Different Lowland Rice Varieties and Cooking Methods2

3
Abstract : The objective of the research was to analyze the effect of different lowland rice varieties and different4
cooking methods on physical and chemical properties of cooked rice. The research used a factorial Randomized5
Block Design with two factors and each combination of the factors was repeated three times. The first factor was6
rice variety (A1: Ciherang variety, A2: Ciliwung variety) and the second factor was the cooking method (B1:7
stovetop, B2: boiled and steamed, B3: rice cooker). Milled rice of Ciherang variety had the ratio between length8
and width was 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69.37o, moisture content of 12.27%, amylose9
content of 22.64%, protein content of 10.73%, total amino acid of 7.75%. Milled rice of Ciliwung variety had the10
ratio between length and width was 3.21, lightness of 67.93%, chroma of 12.00%, hue of 65.70o, moisture content11
of 12.22%, amylose content of 18.85%, protein content of 8.98%, total amino acid of 6.98%. Results showed that12
the lightness of cooked rice was in the range of 73.07% to 76.20%, chroma of 5.63% to 7.10%, hue of 62.43o to13
68.20o and texture of 25.70 gf to 33.00 gf. Statistical analysis showed that cooking method had significant effects14
on texture, lightness, chroma, hue and moisture content of cooked rice.15
Key words : cooking method; cooked rice; lowland rice varieties16

17
18

Rice is one of the important commodity results in rice farming systems in lowland swamp. Lowland swamp land19
that has been cultivated for rice farming with cropping patterns once a year is 91%, while for rice farming with20
cropping twice a year only about 9% (Sudana, 2005). The varieties of rice grown in lowland swamp area consists21
of various varieties namely Ciherang, Ciliwung, Mekongga, IR 10, IR 42, IR 64, Ciherang Dempo, Ciliwung22
Jumbo, and Rojo Lele (Syafutri, 2015). Ciherang and Ciliwung are several varieties widely grown by farmers in23
lowland swamp land. The difference of rice varieties will affect the characteristics of cooked rice produced.24
According to Yadav et al (2007), different rice varieties showed significant effects on the physicochemical25
properties, morphology, and cooking properties, but Putri (2012) stated that the starch contents of rice were still26
the same ie more than 80%. Cooking method also affect the characteristics of cooked rice. According to Han et al27
(2008), different cooking method will affect the hydrolysis of starch rice. Cooking the raw rice into the cooked28
rice can be done in various ways. Indonesian people use two ways to cook rice namely conventional and modern29
way. The conventional way consist of liwet method using stovetop, and combination of boiling and steaming30
method. The modern way was cooking rice using electric rice cooker. Each cooking method uses different heat31
and long cooking. The objective of this study was to analyze the effect of different lowland rice varieties and32
different cooking methods on physical and chemical of cooked rice.33

34
35

MATERIALS AND METHODS36
37

Rice Materials38
39

The rice used in this study derived from lowland swamp land at East OKU, South Sumatera, Indonesia. The40
varieties of rice were Ciherang and Ciliwung.41

42
Methods43

44
This study using Factorial Randomized Block Design with two treatment factors and repeated three times. The45
treatment factors were rice variety (A) and the cooking method (B). The first factor consisted of two levels :46
Ciherang (A1) and Ciliwung (A2), where as the second factor consisted of three levels : liwet method using47
stovetop (B1), combination of boiled and steamed (B2), and rice cooker (B3). The data obtained performed using48
analysis of variance (ANOVA) 5% and HSD test. The parameters of this study were physical and chemical49
characteristics on milled rice and cooked rice. The physical characteristics of milled rice included dimensions rice50
and color, where as the chemical characteristics of milled rice included moisture content, amylose content, protein51
content and total amino acids. The physical characteristics of cooked rice were color and texture, while the52
chemical characteristic was moisture content.53

54
Liwet Method using Stovetop55
The procedurs of liwet method (Deliani, 2004) which has been modified were : first, milled rice with whole56
grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water (2 times) and drained57



for 2 minutes, then put in a regular pot or pan pot. Next step, water (150 mL) was added to the pot containing.58
Fourth, the rice cooked in a covered pot until boiling. Then, stirring done 10 times after boiling water (100°C).59
Sixth, if the water was up, stirred again (stirring the latter performed 5 times and the pot sealed while the fire60
diminished. Last, the cooking times of liwet method were 10 minutes.61

62
Combination of Boiled and Steamed Method63
The procedurs of boiled and steamed combination method (Deliani, 2004) which has been modified were : first,64
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water65
(2 times) and drained for 2 minutes, then put in a regular pot or pan pot. Third, water (150 mL) was added to the66
pot containing. Next, the rice cooked in a covered pot to a boil for 5 minutes, then reduce the heat (during heating67
stirring 15 times until becoming rice (water absorbed by rice). Fifth, stirring done 10 times after boiling water68
(100°C) to become rice (water absorbed by rice). Then, rice stirred and moved to the steamer containing boiled69
water, then waited for 5 minutes.70

71
Rice Cooker Method72
The procedurs of modern cooking method (rice cooker) (Sutarjana, 2009) which has been modified were : first,73
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water74
(2 times) and drained for 2 minutes and put in an aluminum pan on the rice cooker. Then, water (150 mL) was75
added. Fourth, thermostat clicked and light "cooking" light up on the rice cooker to cook the raw rice into the76
cooked rice. Finally, the thermostat button will automatically moved from the position of the light "cooking" to77
the position of the lights "warmer" that shows rice cooked.78

79
Dimention of rice80
Rice dimensions include length and width measured using calipers. Whole rice intact (10 seeds) taken from each81
variety. Seeds of rice measured length and width using calipers and the average was taken.82

83
Texture84
Texture of rice was measured with “Brookfield” texture analyzer (Faridah et al, 2006). Brook (cylindrical85
type) mounted just above the sample. The needle was attached to the tip of the sample. Brooke (blade type)86
pressing right in the middle of the sample. Then, on display listed number of peak load and final load87
(gram force).88

89
Color90
Analysis of color was measured using “Konica Minolta” Chromameter. Chromameter turned on and the91
button was activated to select and determine the values and numbers were used. The values that be used92
were Lightness (L), Chroma (C) and Hue (H). Samples of rice were placed under the lens of Chromameter93
and numbers of L (%), C (%), and H (o) will be shown (Munsell, 1997).94

95
Chemical Characteristics96
The chemical characteristics included moisture content, amylose content, protein content and total amino acids.97
Moisture content, amylose content, protein content and total amino acids were determined using method of98
AOAC (2006).99

100
RESULTS101

102
Dimention of Rice103

104
Variety of lowland swamp rice used for this study were Ciherang and Ciliwung. Dimention averages of Ciherang105
and Ciliwung varieties included length and width. Rice of Ciherang variety had length of 7.01 mm and width of106
2.04 mm. Rice of Ciliwung variety had length of 6.75 mm and width of 2.10 mm. The ratio between length and107
width of Ciherang variety was 3.44, while the ratio between length and width of Ciliwung variety ratio was 3.21.108

109
Texture110

111
Texture indicated as hardness of rice that cooked with some cooking methods. Physically, hardness of rice112
defined as rice ability to accept certein load in certain time. Analysis of texture could determine hardness and113



tenderness of rice. Based on this study, texture averages of cooked rice were 25.70 to 33.00 gf (Fig. 1). The114
analysis of variance showed that cooking method had significant effect on texture of cooked rice (Table 1), while115
variety of rice and interaction between cooking method and variety of rice had no significant effect on texture of116
cooked rice. The cooked rice that had high texture value was harder than cooked rice that had low texture value.117

118
Color119

120
Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue). The121
maximum value of lightness was 100% that showed very white. The lightness value of Ciherang variety was122
65.97%, while the lightness value of Ciliwung variety was 67.93% .123
The lightness value of cooked rice with different varieties and cooking methods ranged from 73.07 to 76.20 %124
(Fig. 2). The highest lightness value (76.20 %) found in rice with A2B3 treatment (Ciliwung variety and cooking125
methods using the rice cooker), while the lowest lightness value (73.07 %) found in rice with A1B1 treatment126
(Ciherang variety and liwet methods). The high lightness value of rice indicated that the color of rice was brighter.127
The analysis of variance showed that cooking method had significant effect on lightness of cooked rice (Table 2),128
while variety of rice and interaction between cooking method and variety of rice had no significant effect on129
lightness of cooked rice.130
The chroma value of Ciherang variety was 12.03%, while the chroma value of Ciliwung variety was 12.00%. The131
chroma value of cooked rice with different varieties and cooking methods ranged from 5.63 to 7.10% (Fig. 3).132
The highest chroma value (7.10 %) found in rice with A1B1 treatment (Ciherang variety and liwet method), while133
the lowest chroma value (5.63 %) found in rice with A2B3 treatment (Ciliwung varietiy and cooking method using134
the rice cooker). The analysis of variance showed that cooking method had significant effect on chroma of cooked135
rice (Table 3), while variety of rice and interaction between cooking method and variety of rice had no significant136
effect on chroma.137
The hue value of Ciherang variety was 69.37o, while the hue value of Ciliwung variety was 65.70o. The hue value138
of parboiled rice with different varieties and cooking methods ranged from 62.43 to 68.20o (Fig. 4). The highest139
hue value (68.20o) found in rice with A2B3 treatment (Ciliwung variety and cooking method using the rice140
cooker), while the lowest hue value (62.43o) found in rice with A1B1 treatment (Ciherang variety and liwet141
method). The analysis of variance showed that cooking method had significant effect on hue of cooked rice142
(Table 4), while variety of rice and interaction between cooking method and variety of rice had no significant143
effect on hue of cooked rice. According to hue value, Ciherang and Ciliwung varieties with different cooking144
method had yellow-red (YR) color.145

146
Moisture Content147

148
The moisture content was measured in milled rice and cooked rice. The moisture content averages of Ciherang149
variety was 12.27%, while the moisture content averages of Ciliwung variety was 12.22%. The moisture content150
of cooked rice with different varieties and cooking methods ranged from 56.01 to 57.68% (Fig. 5). The highest151
moisture content value (57.68%) found in rice with A2B1 treatment (Ciliwung variety and liwet method), while the152
lowest hue value (56.01%) found in rice with A1B2 treatment (Ciherang variety and combination of boiling and153
steaming method). The analysis of variance showed that cooking method had significant effect on moisture154
content of cooked rice (Table 5), while variety of rice and interaction between cooking method and variety of rice155
had no significant effect on moisture content of cooked rice.156

157
Amylose Content158

159
Amylose content measured in rice of Ciherang and Ciliwung varieties. Determination of amylose content begins160
with the manufacture of standard curve, where the resulting regression equation was y = 0,0217x - 0.0161. The161
average value of amylose content with treatment A1 (Ciherang variety) was 22.64%, while the average value of162
amylose content with treatment A2 (Ciliwung variety) was 18.85%.163

164
Protein Content and Total Amino Acid165

166
The result showed that protein content and total amino acids of Ciherang variety were 10.73% and 7.75%167
respectively, while protein content and total amino acids of Ciliwung variety were 8.98% and 6,98% respectively168
(Table 6). Total amino acids were observed consisting of 10 types of essential amino acids and 5 types of non-169



essential amino acids. The most abundant amino acids contained in Ciherang and Ciliwung varieties namely170
glutamic acid (non-essential amino acids) of 1.68% and 1.49% respectively.171

172
DISCUSSION173

174
Dimention of rice included length, width, and ratio between length and width. The result showed that length of175
Ciherang and Ciliwung varieties including classification long grain rice. This was consistent with research of176
Setyono and Wibowo (2008) which stated that a length of rice 6.6 to 7.5 mm classified as long grain rice. Based177
on the ratio between length and width, Ciherang and Ciliwung varieties including into long grain rice type and178
rice shape slender (ratio L/W ≥ 3,0) (Slaton et al, 2000 ; Setyono and Wibowo, 2008).  The slender rice is more 179
preferable by consumers.180
Texture value indicated as hardness of cooked rice. The result of this study showed that cooking method had181
significant effect on texture of cooked rice. Kim et al. (1987) and Daomukda et al. (2011) stated that cooking182
methods affected texture of rice. The rice that cooked with liwet method had low texture value. It caused the183
texture of cooked rice was softer than the other methods. During cooking process with liwet method, rice absorb184
water and starch granules in rice will swell. Cooking process with liwet method performed heating temperature185
setting. The heating temperature setting included the big fire which used to speed up the process of heating water186
reaching the boiling point temperature of water (100 oC), moderate heat to ripen the rice, and a small fire to187
prevent the formation of a thick crust. Setting the heating temperature ranging from the boiling water and rice188
until the rice maturation. Setting the temperature during liwet methods caused heat exposure on rice longer than189
combination of boiling and steaming method and modern method using a rice cooker. Exposure to prolonged heat190
causes the texture of rice was softer. This was consistent with research of Kim et al. (1987) which stated that191
cooking method of rice with soaking in boiling water had less hard and more cohesive texture than electric192
cooking. Cooking rice with combination of boiling and steaming method had the highest value of texture, so the193
rice produced had a harder texture than the rice produced using liwet method and modern method using the rice194
cooker. Cooking rice with combination of boiling and steaming method had the highest average value of texture195
because at the time after water boiled at 100 oC, the water absorbed into the rice and then the fire was turned off.196
Furthermore, the rice cooled and occured re-arrangement of amylose that leads to retrogradation process before197
entering the stage steaming, so the texture of rice produced was louder. According to Winarno (2004),198
retrogradation is a re-crystallization process of starch which has undergone gelatinization. One of the factors that199
affect the texture of rice is gelatinization process. Rice to become cooked rice must undergo gelatinization200
(Marshall, 1994). Gelatinization process occurs during the warm rice in water until it becomes cooked rice.201
Gelatinization temperature affect the ripening time. Rice that has a high gelatinization temperature need a longer202
cooking time than rice that has a low gelatinization temperature.203
Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue).204
Lightness value indicates the brightness or darkness of a color (Winarno, 2004). The high lightness value of rice205
indicated that the color of rice was brighter. Lightness value of cooked rice affected by temperature and cooking206
time for each cooking method. The rice cooked using liwet methods was the lowest. Cooking process with liwet207
method performed heating temperature setting manually, which caused heat exposure on rice longer than other208
methods. It caused the time of cooking rice was longer. The heating time on the rice will caused a browning209
reaction between carbohydrates and protein, and will produce darker rice (yellow-red). It indicated by low value210
of lightness. The rice cooked using rice cooker had the lowest value of chroma. The chroma values affected by211
temperature and cooking time for each cooking method. The process of cooking rice using a rice cooker required212
a shorter time than the other methods, so the heating process during cooking was faster. Accelerated warming213
process will minimize the risk of browning reaction (Maillard) on rice, so that rice produced had a weak color214
indicated by lower chroma values. Browning reaction (Maillard) will cause higher chroma values on rice.215
According to hue value, Ciherang and Ciliwung varieties with different cooking method had yellow-red (YR)216
color. Formation of colors on rice affected by heating process during cooking rice. During the heating process217
occurs reaction between the protein and reducing sugar. It cause the formation of glycocylamin. Glycocylamin218
suffered polymerase to form melanoidin which causes color changes of rice to yellow red (Maillard reaction)219
(Wahyudi, 2005).220
The moisture content was measured in milled rice and cooked rice. Water is one of the important elements in food221
stuffs. According to Sudarmadji et al. (2007), the moisture content is the amount of water contained in food,222
included free water and water bound physically and chemically. According to Badan Standarisasi Nasional223
(1999), maximum moisture content is 14% of milled rice. The moisture content of Ciherang and Ciliwung224
varieties according to the moisture content determined by SNI 01-6128-1999. The result of moisture content225



analysis also showed that cooking rice with liwet method had the highest moisture content, so the texture rice226
softer than the other methods. It occured because rice longer exposure to heat. In addition, water trapped in the227
pan can be absorbed back into the rice during the resting time after the fire turned off, so it will affect the moisture228
content of the rice. The result also showed that the moisture content of rice that cooked with rice cooker was229
higher than rice that cooked with boiling and steaming combination. This was consistent with research of230
Daomukda et al. (2011) which stated that the moisture content of brown rice that cooked with electric cook231
method was higher than steaming method.232
Amylose content is one of the important criteria in the classification system of rice. The amylose content of233
Ciherang variety including moderate classification, while the amylose content with of Ciliwung variety including234
low classification. According to Allidawati and Bambang (1989), based on the amylose level, rice grouped into235
very low of amylose (<10%), low (10 to 20%), moderate (20 to 24%) and high (> 25%). Higher amylose content236
in rice will increase the occurrence of rearrangement of amylose after experiencing gelatinisasi leading to237
retrogradation process. Rice that have high amylose will produce not sticky rice, can expand and become hard if it238
is cold. Moderate amylose rice have fluffier texture generally. Low amylose rice produce sticky rice, shiny, not239
expand, and still coagulate after a cold when cooked (Damardjati, 1995 in Indrasari et al., 2009).240
The protein content of Ciherang and Ciliwung varieties were 10.73% and 8.98%, while total amino acids of241
Ciherang and Ciliwung varieties were 6,98% and 7.75% respectively. The most abundant amino acids contained242
in Ciherang and Ciliwung varieties namely glutamic acid (non-essential amino acids). According to the Nutrition243
Directorate of the Ministry of Health (1996), the protein content of rice per 100 grams is 7.6%. According to244
Haryadi et al. (2008) in Larasati (2012), protein content of rice is 7.3 to 10.2% and a maximum of 14%.245
According to Haryadi (2008), the rice contains higher protein needs more water and a longer cooking time. This246
relates to the structure of the seed. The starch granules enclosed in a protein, so the absorption of water blocked247
by protein. It causes the time of cooking is longer.248

249
CONCLUSION250

251
Ciherang variety had a length and width ratio of 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69,37o,252
moisture content of 12.27%, amylose content of 22.64%, protein content of 10.73%, and total amino acids of253
7.75%. Ciliwung variety had a length and width ratio of 3.21, lightness of 67.93%, chroma of 12.00%, hue of254
65,70o, moisture content of 12.22%, amylose content of 18.85%, protein content of 8.98%, and total amino acids255
of 6.98%. The method of cooking had significant effects on texture (hardness), color (lightness, chroma, hue),256
and moisture content of the cooked rice.257
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Fig. 1. Texture average of cooked rice with difference of cooking methods375
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A1 = Ciherang B1 = liwet (traditional method)393
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Fig. 2. Lightness average of cooked rice with difference of cooking methods397
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Fig. 3. Chroma average of cooked rice with difference of cooking methods419
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Fig. 4. Hue average of cooked rice with difference of cooking methods447
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A1 = Ciherang B1 = liwet (traditional method)465
A2 = Ciliwung B2 = combination of pengaronan (boiling) and steaming466

B3 = using rice cooker467
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Fig. 5. Moisture content average of cooked rice with difference of cooking methods469
470

Table 1. HSD test of cooking method influence on texture of cooked rice471

Cooking Methods Texture Averages (gf) HSD 5% = 0.58

B1 (liwet (traditional method)) 26.70 a

B3 (using rice cooker) 27.37 b

B2 (combination of pengaronan (boiling) and steaming) 32.68 c
472

Table 2. HSD test of cooking method influence on lightness of cooked rice473

Cooking Methods Lightness Averages (%) HSD 5% = 0.58

B1 (liwet (traditional method)) 73.80 a

B2 (combination of pengaronan (boiling) and steaming) 75.07 b

B3 (using rice cooker) 75.88 c

474

Table 3. HSD test of cooking method influence on chroma of cooked rice475

Cooking Methods Chroma Averages (%) HSD 5% = 0.21

B3 (using rice cooker) 5.68 a

B2 (combination of pengaronan (boiling) and steaming) 6.25 b

B1 (liwet (traditional method)) 6.90 c

476

477
478



Table 4. HSD test of cooking method influence on hue of cooked rice479

Cooking Methods Hue Averages (o) HSD 5% = 1.00

B1 (liwet (traditional method)) 62.70 a

B2 (combination of pengaronan (boiling) and steaming) 64.13 b

B3 (using rice cooker) 66.82 c

480

Table 5. HSD test of cooking method influence on moisture content of cooked rice481

Cooking Methods
Moisture Content

Averages (%) HSD 5% = 0.16

B2 (combination of pengaronan (boiling) and steaming) 56.24 a

B3 (using rice cooker) 57.18 b

B1 (liwet (traditional method)) 57.64 c
482
483

Table 6. Protein content and total amino acids of Ciherang and Ciliwung varieties484

Parameter
Result

Unit
Ciherang Ciliwung

Protein Content 10,73 8,98 %w/w

Amino Acid

Aspartic acid 0,79 0,69 % w/w

Glutamic acid 1,68 1,49 % w/w

Serine 0,47 0,43 % w/w

Histidine 0,21 0,19 % w/w

Glycine 0,36 0,34 % w/w

Threonine 0,29 0,27 % w/w

Arginine 0,69 0,59 % w/w

Alanine 0,47 0,43 % w/w

Tyrosine 0,30 0,26 % w/w

Methionine 0,13 0,14 % w/w

Valine 0,49 0,44 % w/w

Phenylalanine 0,49 0,44 % w/w

I-leucine 0,37 0,34 % w/w

Leucine 0,72 0,64 % w/w

Lysine 0,29 0,30 % w/w

Amino Acid Total 7,75 6,98 % w/w
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The Physical and Chemical Characteristics of Cooked Rice1

from Some Different Lowland Rice Varieties and Cooking Methods2

3
Abstract : The objective of the research was to analyze the effect of different lowland rice varieties and different4
cooking methods on physical and chemical properties of cooked rice. The research used a factorial Randomized5
Block Design with two factors and each combination of the factors was repeated three times. The first factor was6
rice variety (A1: Ciherang variety, A2: Ciliwung variety) and the second factor was the cooking method (B1:7
stovetop, B2: boiled and steamed, B3: rice cooker). Milled rice of Ciherang variety had the ratio between length8
and width was 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69.37o, moisture content of 12.27%, amylose9
content of 22.64%, protein content of 10.73%, total amino acid of 7.75%. Milled rice of Ciliwung variety had the10
ratio between length and width was 3.21, lightness of 67.93%, chroma of 12.00%, hue of 65.70o, moisture content11
of 12.22%, amylose content of 18.85%, protein content of 8.98%, total amino acid of 6.98%. Results showed that12
the lightness of cooked rice was in the range of 73.07% to 76.20%, chroma of 5.63% to 7.10%, hue of 62.43o to13
68.20o and texture of 25.70 gf to 33.00 gf. Statistical analysis showed that cooking method had significant effects14
on texture, lightness, chroma, hue and moisture content of cooked rice.15
Key words : cooking method; cooked rice; lowland rice varieties16

17
18

Rice is one of the important commodity results in rice farming systems in lowland swamp. Lowland swamp land19
that had been cultivated for rice farming with cropping patterns once a year was 91%, while for rice farming with20
cropping twice a year was only 9% (Sudana, 2005). The varieties of rice grown in lowland swamp land consisted21
of various varieties namely Ciherang, Ciliwung, Mekongga, IR 10, IR 42, IR 64, Ciherang Dempo, Ciliwung22
Jumbo, and Rojo Lele (Syafutri, 2015). Ciherang and Ciliwung were several varieties widely grown by farmers23
in lowland swamp land. The difference of rice varieties affected the characteristics of cooked rice. According to24
Yadav et al. (2007), different rice varieties had significant effects on the physicochemical properties, morphology,25
and cooking properties, but Putri (2012) stated that the starch contents of rice were still the same ie more than26
80%. Cooking method also affected the characteristics of cooked rice. According to Han et al. (2008), different27
cooking method affected the hydrolysis of starch rice. Cooking the raw rice into the cooked rice can be done in28
various ways. Indonesian people use two ways to cook rice namely conventional and modern way. The29
conventional ways consist of liwet method (using stovetop) and combination of boiled and steamed method.30
The modern way is electric method (using rice cooker). Each cooking method uses different heat and time of31
cooking. The objective of this study was to analyze the effect of different lowland rice varieties and different32
cooking methods on physical and chemical of cooked rice.33

34
35

MATERIALS AND METHODS36
37

Rice Materials38
39

The rice used in this study derived from lowland swamp land at East OKU, South Sumatera, Indonesia. The40
varieties of rice were Ciherang and Ciliwung.41

42
Methods43

44
This study used Factorial Randomized Block Design with two treatment factors and repeated three times. The45
treatment factors were rice variety (A) and the cooking method (B). The first factor consisted of two levels :46
Ciherang (A1) and Ciliwung (A2), where as the second factor consisted of three levels : liwet method (using47
stovetop) (B1), combination of boiled and steamed (B2), and rice cooker (B3). The data obtained performed using48
analysis of variance (ANOVA) 5% and HSD test. The parameters of this study were physical and chemical49
characteristics on milled rice and cooked rice. The physical characteristics of milled rice included dimension of50
rice and color, where as the chemical characteristics of milled rice included moisture content, amylose content,51
protein content and total amino acids. The physical characteristics of cooked rice were color and texture, while the52
chemical characteristic was moisture content.53

54
Liwet Method (Using Stovetop)55
The procedurs of liwet method (Deliani, 2004) which has been modified were : first, milled rice with whole56
grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water (2 times) and drained57



for 2 minutes, then put in a regular pot or pan pot. Next step, water (150 mL) was added to the pot containing.58
Fourth, the rice cooked in a covered pot until boiling. Then, stirring done 10 times after boiling water (100°C).59
Sixth, if the water was up, stirred again (stirring the latter performed 5 times and the pot sealed while the fire60
diminished. Last, the cooking times of liwet method were 10 minutes.61

62
Combination of Boiled and Steamed Method63
The procedurs of boiled and steamed combination method (Deliani, 2004) which has been modified were : first,64
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water65
(2 times) and drained for 2 minutes, then put in a regular pot or pan pot. Third, water (150 mL) was added to the66
pot containing. Next, the rice cooked in a covered pot to a boil for 5 minutes, then reduced the heat (during67
heating stirring 15 times until becoming rice (water absorbed by rice). Fifth, stirring done 10 times after boiling68
water (100°C) to become rice (water absorbed by rice). Then, rice stirred and moved to the steamer containing69
boiled water, then waited for 5 minutes.70

71
Rice Cooker Method72
The procedurs of modern cooking method (rice cooker) (Sutarjana, 2009) which has been modified were : first,73
milled rice with whole grains (100 g) cleared from foreign objects and dirt. Second, rice washed with clean water74
(2 times) and drained for 2 minutes and put in an aluminum pan on the rice cooker. Then, water (150 mL) was75
added. Fourth, thermostat clicked and light "cooking" light up on the rice cooker to cook the raw rice into the76
cooked rice. Finally, the thermostat button automatically moved from the position of the light "cooking" to the77
position of the lights "warmer" that shows rice cooked.78

79
Dimention of rice80
Rice dimensions included length and width. It was measured with calipers. Whole rice intact (10 seeds)81
taken from each variety. Length and width of rice seeds measured with calipers. The average values of82
length and width were taken.83

84
Texture85
Texture of rice was measured with “Brookfield” texture analyzer (Faridah et al, 2006). Brook (cylindrical type)86
mounted just above the sample. The needle was attached to the tip of the sample. Brooke (blade type) was87
pressing right in the middle of the sample. Then, on display listed number of peak load and final load (gram88
force).89

90
Color91
Analysis of color was measured with “Konica Minolta” Chromameter. Chromameter turned on and the92
button was activated to select and determine the values and numbers that be used. The values that be used93
were Lightness (L), Chroma (C) and Hue (H). Samples of rice were placed under the lens of Chromameter94
and numbers of L (%), C (%), and H (o) will be shown (Munsell, 1997).95

96
Chemical Characteristics97
The chemical characteristics included moisture content, amylose content, protein content and total amino acids.98
Moisture content, amylose content, protein content and total amino acids were determined with method of AOAC99
(2006).100

101
RESULTS102

103
Dimention of Rice104

105
Variety of lowland swamp rice used for this study were Ciherang and Ciliwung. Dimention averages of Ciherang106
and Ciliwung varieties included length and width. Rice of Ciherang variety had length of 7.01 mm and width of107
2.04 mm. Rice of Ciliwung variety had length of 6.75 mm and width of 2.10 mm. The ratio between length and108
width of Ciherang variety was 3.44, while the ratio between length and width of Ciliwung variety ratio was 3.21.109

110
111
112
113



Texture114
115

Texture indicated as hardness of rice that cooked with some cooking methods. Physically, hardness of rice116
defined as rice ability to accept certein load in certain time. Analysis of texture could determine hardness and117
tenderness of rice. Based on this study, texture averages of cooked rice were 25.70 to 33.00 gf (Fig. 1). The118
analysis of variance showed that cooking method had significant effect on texture of cooked rice (Table 1), while119
variety of rice and interaction between cooking method and variety of rice had no significant effect on texture of120
cooked rice. The cooked rice that had high texture value was harder than cooked rice that had low texture value.121

122
Color123

124
Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue). The125
maximum value of lightness was 100% that showed very white. The lightness value of Ciherang variety was126
65.97%, while the lightness value of Ciliwung variety was 67.93% .127
The lightness value of cooked rice with different varieties and cooking methods ranged from 73.07 to 76.20 %128
(Fig. 2). The highest lightness value (76.20 %) found in rice with A2B3 treatment (Ciliwung variety and cooking129
methods using the rice cooker), while the lowest lightness value (73.07 %) found in rice with A1B1 treatment130
(Ciherang variety and liwet methods). The high lightness value of rice indicated that the color of rice was brighter.131
The analysis of variance showed that cooking method had significant effect on lightness of cooked rice (Table 2),132
while variety of rice and interaction between cooking method and variety of rice had no significant effect on133
lightness of cooked rice.134
The chroma value of Ciherang variety was 12.03%, while the chroma value of Ciliwung variety was 12.00%. The135
chroma value of cooked rice with different varieties and cooking methods ranged from 5.63 to 7.10% (Fig. 3).136
The highest chroma value (7.10 %) found in rice with A1B1 treatment (Ciherang variety and liwet method), while137
the lowest chroma value (5.63 %) found in rice with A2B3 treatment (Ciliwung varietiy and cooking method using138
the rice cooker). The analysis of variance showed that cooking method had significant effect on chroma of cooked139
rice (Table 3), while variety of rice and interaction between cooking method and variety of rice had no significant140
effect on chroma.141
The hue value of Ciherang variety was 69.37o, while the hue value of Ciliwung variety was 65.70o. The hue value142
of parboiled rice with different varieties and cooking methods ranged from 62.43 to 68.20o (Fig. 4). The highest143
hue value (68.20o) found in rice with A2B3 treatment (Ciliwung variety and cooking method using the rice144
cooker), while the lowest hue value (62.43o) found in rice with A1B1 treatment (Ciherang variety and liwet145
method). The analysis of variance showed that cooking method had significant effect on hue of cooked rice146
(Table 4), while variety of rice and interaction between cooking method and variety of rice had no significant147
effect on hue of cooked rice. According to hue value, Ciherang and Ciliwung varieties with different cooking148
method had yellow-red (YR) color.149

150
Moisture Content151

152
The moisture content was measured in milled rice and cooked rice. The moisture content averages of Ciherang153
variety was 12.27%, while the moisture content averages of Ciliwung variety was 12.22%. The moisture content154
of cooked rice with different varieties and cooking methods ranged from 56.01 to 57.68% (Fig. 5). The highest155
moisture content value (57.68%) found in rice with A2B1 treatment (Ciliwung variety and liwet method), while the156
lowest moisture content value (56.01%) found in rice with A1B2 treatment (Ciherang variety and combination of157
boiling and steaming method). The analysis of variance showed that cooking method had significant effect on158
moisture content of cooked rice (Table 5), while variety of rice and interaction between cooking method and159
variety of rice had no significant effect on moisture content of cooked rice.160

161
Amylose Content162

163
Amylose content measured in milled rice of Ciherang and Ciliwung varieties. Determination of amylose content164
was begun with the manufacture of standard curve. The resulting regression equation was y = 0,0217x - 0.0161.165
The average value of amylose content with treatment A1 (Ciherang variety) was 22.64%, while the average value166
of amylose content with treatment A2 (Ciliwung variety) was 18.85%.167

168
169



Protein Content and Total Amino Acid170
171

The result showed that protein content and total amino acids of Ciherang variety were 10.73% and 7.75%172
respectively, while protein content and total amino acids of Ciliwung variety were 8.98% and 6,98% respectively173
(Table 6). Total amino acids that be observed consisted of 10 types of essential amino acids and 5 types of non-174
essential amino acids. The most abundant amino acids contained in Ciherang and Ciliwung varieties namely175
glutamic acid (non-essential amino acids) of 1.68% and 1.49% respectively.176

177
DISCUSSION178

179
Dimention of rice included length, width, and ratio between length and width. The result showed that length of180
Ciherang and Ciliwung varieties categorized as long grain rice. It was consistent with research of Setyono and181
Wibowo (2008) which stated that a length of rice 6.6 to 7.5 mm classified as long grain rice. Based on the ratio182
between length and width, Ciherang and Ciliwung varieties were classified into long grain rice type and rice183
shape slender (ratio L/W ≥ 3,0) (Slaton et al, 2000 ; Setyono and Wibowo, 2008).  The slender rice was more 184
preferable by consumers.185
Texture value indicated as hardness of cooked rice. The result of this study showed that cooking method had186
significant effect on texture of cooked rice. Kim et al. (1987) and Daomukda et al. (2011) stated that cooking187
methods affected texture of rice. The rice that cooked with liwet method had low texture value. It caused the188
texture of cooked rice was softer than the other methods. During cooking process with liwet method, rice189
absorbed water and starch granules in rice would swell. Cooking process with liwet method performed heating190
temperature setting. The heating temperature setting included the big fire which used to speed up the process of191
heating water reaching the boiling point temperature of water (100 oC), moderate heat to ripen the rice, and a192
small fire to prevent the formation of a thick crust. Setting the heating temperature ranged from the boiling water193
and rice until the rice maturation. Setting the temperature during liwet methods caused heat exposure on rice194
longer than combination of boiling and steaming method and modern method using a rice cooker. Exposure to195
prolonged heat caused the texture of rice was softer. It was consistent with research of Kim et al. (1987) which196
stated that cooking method of rice with soaking in boiling water had less hard and more cohesive texture than197
electric cooking. Cooking rice with combination of boiled and steamed method had the highest value of texture,198
so the rice produced had a harder texture than the rice produced using liwet method and modern method (using the199
rice cooker). Cooking rice with combination of boiled and steamed method had the highest average value of200
texture because at the time after water boiled at 100 oC, the water absorbed into the rice and then the fire was201
turned off. Furthermore, the rice cooled and occured re-arrangement of amylose that leads to retrogradation202
process before entering the stage steaming, so the texture of rice produced was louder. According to Winarno203
(2004), retrogradation is a re-crystallization process of starch which has undergone gelatinization. One of the204
factors that affect the texture of rice is gelatinization process. Rice to become cooked rice must undergo205
gelatinization (Marshall, 1994). Gelatinization process occured during the warm rice in water until it became206
cooked rice. Gelatinization temperature affected the ripening time. Rice that had a high gelatinization temperature207
needed a longer cooking time than rice that had a low gelatinization temperature.208
Color analysis conducted on milled rice and cooked rice with attribute L (lightness), C (chroma) and H (hue).209
Lightness value indicates the brightness or darkness of a color (Winarno, 2004). The high lightness value of rice210
indicated that the color of rice was brighter. Lightness value of cooked rice affected by temperature and cooking211
time for each cooking method. The rice cooked using liwet methods was the lowest. Cooking process with liwet212
method performed heating temperature setting manually, which caused heat exposure on rice longer than other213
methods. It caused the time of cooking rice was longer. The heating time on the rice will caused a browning214
reaction between carbohydrates and protein, and produced darker rice (yellow-red). It indicated by low value of215
lightness. The rice cooked using rice cooker had the lowest value of chroma. The chroma values affected by216
temperature and cooking time for each cooking method. The process of cooking rice using a rice cooker required217
a shorter time than the other methods, so the heating process during cooking was faster. Accelerated warming218
process would minimize the risk of browning reaction (Maillard) on rice, so that rice produced had a weak color219
indicated by lower chroma values. Browning reaction (Maillard) caused higher chroma values on rice. According220
to hue value, Ciherang and Ciliwung varieties with different cooking method had yellow-red (YR) color.221
Formation of colors on rice affected by heating process during cooking rice. According to Wahyudi (2005), during222
the heating process occurs reaction between the protein and reducing sugar. It cause the formation of223
glycocylamin. Glycocylamin suffered polymerase to form melanoidin which causes color changes of rice to224
yellow red (Maillard reaction).225



The moisture content was measured in milled rice and cooked rice. Water is one of the important elements in food226
stuffs. According to Sudarmadji et al. (2007), the moisture content is the amount of water contained in food,227
included free water and water bound physically and chemically. According to Badan Standarisasi Nasional228
(1999), maximum moisture content is 14% of milled rice. The moisture content of Ciherang and Ciliwung229
varieties according to the moisture content determined by SNI 01-6128-1999. The result of moisture content230
analysis also showed that cooking rice with liwet method had the highest moisture content, so the texture rice231
softer than the other methods. It occured because rice longer exposure to heat. In addition, water trapped in the232
pan could be absorbed back into the rice during the resting time after the fire turned off, so it affected the moisture233
content of the rice. The result also showed that the moisture content of rice that cooked with rice cooker was234
higher than rice that cooked with boiling and steaming combination. It was consistent with research of235
Daomukda et al. (2011) which stated that the moisture content of brown rice that cooked with electric cooking236
method was higher than steaming method.237
Amylose content is one of the important criteria in the classification system of rice. The amylose content of238
Ciherang variety classified as moderate, while the amylose content with of Ciliwung variety classified as low.239
According to Allidawati and Bambang (1989), based on the amylose level, rice grouped into very low of amylose240
(<10%), low (10 to 20%), moderate (20 to 24%) and high (> 25%). Higher amylose content in rice increased the241
occurrence of rearrangement of amylose after experiencing gelatinisasi leading to retrogradation process. Rice that242
had high amylose would produce not sticky rice, could expand and became hard if it was cold. Moderate amylose243
rice had fluffier texture generally. Low amylose rice produced sticky rice, shiny, not expand, and still coagulate244
after a cold when cooked (Damardjati, 1995 in Indrasari et al., 2009).245
The protein content of Ciherang and Ciliwung varieties were 10.73% and 8.98%, while total amino acids of246
Ciherang and Ciliwung varieties were 6,98% and 7.75% respectively. The most abundant amino acids contained247
in Ciherang and Ciliwung varieties namely glutamic acid (non-essential amino acids). According to the Nutrition248
Directorate of the Ministry of Health (1996), the protein content of rice per 100 grams was 7.6%. According to249
Haryadi et al. (2008) in Larasati (2012), protein content of rice was 7.3 to 10.2% and a maximum of 14%.250
According to Haryadi (2008), the rice contains higher protein needed more water and a longer cooking time. This251
related to the structure of the seed. The starch granules enclosed in a protein, so the absorption of water blocked252
by protein. It caused the time of cooking is longer.253

254
CONCLUSION255

256
Ciherang variety had a length and width ratio of 3.44, lightness of 65.97%, chroma of 12.03%, hue of 69,37o,257
moisture content of 12.27%, amylose content of 22.64%, protein content of 10.73%, and total amino acids of258
7.75%. Ciliwung variety had a length and width ratio of 3.21, lightness of 67.93%, chroma of 12.00%, hue of259
65,70o, moisture content of 12.22%, amylose content of 18.85%, protein content of 8.98%, and total amino acids260
of 6.98%. The method of cooking had significant effects on texture (hardness), color (lightness, chroma, hue),261
and moisture content of the cooked rice.262
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A1 = Ciherang B1 = liwet (traditional method)371
A2 = Ciliwung B2 = combination of boiled and steamed372

B3 = using rice cooker373
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Fig. 1. Texture average of cooked rice with difference of cooking methods375
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A1 = Ciherang B1 = liwet (traditional method)393
A2 = Ciliwung B2 = combination of boiled and steamed394
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Fig. 2. Lightness average of cooked rice with difference of cooking methods397
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A1 = Ciherang B1 = liwet (traditional method)415
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Fig. 3. Chroma average of cooked rice with difference of cooking methods419
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A1 = Ciherang B1 = liwet (traditional method)443
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Fig. 4. Hue average of cooked rice with difference of cooking methods447
448
449

450
451
452
453
454
455
456
457
458
459
460
461
462

463
464

A1 = Ciherang B1 = liwet (traditional method)465
A2 = Ciliwung B2 = combination of boiled and steamed466

B3 = using rice cooker467
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Fig. 5. Moisture content average of cooked rice with difference of cooking methods469
470

Table 1. HSD test of cooking method influence on texture of cooked rice471

Cooking Methods Texture Averages (gf) HSD 5% = 0.58

B1 (liwet (traditional method)) 26.70 a

B3 (using rice cooker) 27.37 b

B2 (combination of boiled and steamed) 32.68 c
472

Table 2. HSD test of cooking method influence on lightness of cooked rice473

Cooking Methods Lightness Averages (%) HSD 5% = 0.58

B1 (liwet (traditional method)) 73.80 a

B2 (combination of boiled and steamed) 75.07 b

B3 (using rice cooker) 75.88 c

474

Table 3. HSD test of cooking method influence on chroma of cooked rice475

Cooking Methods Chroma Averages (%) HSD 5% = 0.21

B3 (using rice cooker) 5.68 a

B2 (combination of boiled and steamed) 6.25 b

B1 (liwet (traditional method)) 6.90 c

476

477



478
Table 4. HSD test of cooking method influence on hue of cooked rice479

Cooking Methods Hue Averages (o) HSD 5% = 1.00

B1 (liwet (traditional method)) 62.70 a

B2 (combination of boiled and steamed) 64.13 b

B3 (using rice cooker) 66.82 c

480

Table 5. HSD test of cooking method influence on moisture content of cooked rice481

Cooking Methods
Moisture Content

Averages (%) HSD 5% = 0.16

B2 (combination of boiled and steamed) 56.24 a

B3 (using rice cooker) 57.18 b

B1 (liwet (traditional method)) 57.64 c
482
483

Table 6. Protein content and total amino acids of Ciherang and Ciliwung varieties484

Parameter
Result

Unit
Ciherang Ciliwung

Protein Content 10,73 8,98 %w/w

Amino Acid

Aspartic acid 0,79 0,69 % w/w

Glutamic acid 1,68 1,49 % w/w

Serine 0,47 0,43 % w/w

Histidine 0,21 0,19 % w/w

Glycine 0,36 0,34 % w/w

Threonine 0,29 0,27 % w/w

Arginine 0,69 0,59 % w/w

Alanine 0,47 0,43 % w/w

Tyrosine 0,30 0,26 % w/w

Methionine 0,13 0,14 % w/w

Valine 0,49 0,44 % w/w

Phenylalanine 0,49 0,44 % w/w

I-leucine 0,37 0,34 % w/w

Leucine 0,72 0,64 % w/w

Lysine 0,29 0,30 % w/w

Amino Acid Total 7,75 6,98 % w/w
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Effects of Varieties and Cooking Methods on Physical and

Chemical Characteristics of Cooked Rice

Merynda Indriyani SYAFUTRI, Filli PRATAMA, Friska SYAIFUL, Achmad FAIZAL

(Department of Agricultural Technology, Faculty of Agriculture, Universitas Sriwijaya Jalan Raya Palembang-Prabumulih KM 32,

Indralaya 30662, Ogan Ilir, South Sumatera, Indonesia)

Abstract: To analyze the effect of different lowland rice varieties and different cooking methods on physical

and chemical characteristics of cooked rice. A factorial randomized block design with two factors was used

and each combination of the factors was repeated three times. The first factor was rice variety (Ciherang and

Ciliwung) and the second factor was the cooking method (stovetop, boiling and steaming, and rice cooker).

Results showed that Ciherang and Ciliwung varieties were classified into slender grain rice type with yellow-

red color. The amylose content of Ciherang was classified as moderate, while the amylose content of

Ciliwung classified as low. The most abundant amino acid contained in Ciherang and Ciliwung varieties was

glutamic acid. Statistical analysis showed that cooking method had significant effects on texture, lightness,

chroma, hue and moisture content of cooked rice. Rice cooked with liwet method had the lowest texture

value, lowest lightness value, highest chroma value, and highest moisture content.

Key words: physical and chemical characteristic; cooking method; rice; variety; amino acid

Rice was one of the most important commodity results in

farming systems in the lowland swamp of Indonesia. Lowland

swamp land cultivated for rice farming with cropping pattern

once a year was 91%, while for rice farming with cropping

pattern twice a year was only about 9% (Sudana, 2005).

Various rice varieties namely Ciherang, Ciliwung, Mekongga,

IR10, IR42, IR64, Ciherang Dempo, Ciliwung Jumbo and Rojo

Lele were grown in lowland swamp area (Syafutri, 2015).

Ciherang and Ciliwung were varieties widely grown by farmers

in lowland swamp land. The difference of rice varieties would

affect the characteristics of cooked rice produced. According to

Yadav et al (2007), different rice varieties showed significant

effects on the physicochemical properties, morphology and

cooking properties, but Putri (2012) stated that the starch

content of rice was still the same, ie more than 80%. Cooking

method also affected the characteristics of cooked rice.

According to Han et al (2008), different cooking method would

affect the hydrolysis of starch rice. Cooking the raw rice into

the cooked rice could be done in various ways. Indonesian

people used two ways to cook rice namely conventional and

modern ways. The conventional way consisted of liwet method

using stovetop, and combination of boiling and steaming

method. The modern way was cooking rice using electric rice

cooker. Each cooking method used different heat and cooking

time. The objective of this study was to analyze the effect of

different lowland rice varieties and different cooking methods

on physical and chemical characteristics of cooked rice.

MATERIALS AND METHODS

Rice materials

Rice varieties Ciherang and Ciliwung were derived from

lowland swamp land at East Ogan Komering Ulu, South

Sumatera, Indonesia.

Cooking methods

Factorial randomized block design was used with two treatment

factors and three repetitions. The treatment factors were rice

variety (A) and the cooking method (B). The first factor

consisted of two levels, Ciherang (A1) and Ciliwung (A2),

whereas the second factor consisted of three levels, liwet

method using stovetop (B1), combination of boiling and

steaming (B2) and rice cooker (B3). The data obtained were

evaluated using analysis of variance (ANOVA) and honestly

significant difference test at the 5% level. Physical and
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chemical characteristics of milled rice and cooked rice were

studied.

Liwet method using stovetop

The procedures of liwet method (Deliani, 2004) which have

been modified were: first, milled rice with whole grains (100 g)

was cleared from foreign objects and dirt. Second, rice was

washed with clean water (2 times) and drained for 2 min, then

put in a regular pot or pan pot. Next step, water (150 mL) was

added to the pot containing. Fourth, the rice was cooked in a

covered pot until boiling. Then, stirring was alone done 10

times after water boiling (100 °C). Sixth, if the water was up,

stirred again (stirring the latter performed 5 times and the pot

sealed while the fire diminished). Last, the cooking times of

liwet method were 10 min.

Combination of boiling and steaming method

The procedures of boiling and steaming combination method

(Deliani, 2004) which have been modified were: first, milled

rice with whole grains (100 g) was cleared from foreign objects

and dirt. Second, rice was washed with clean water (2 times)

and drained for 2 min, then put in a regular pot or pan pot.

Third, water (150 mL) was added to the pot containing. Next,

the rice was cooked in a covered pot to a boil for 5 min, then

reduced the heat (during heating stirring 15 times until

becoming rice (water absorbed by rice). Fifth, stirring was done

10 times after water boiling (100 °C) to become rice (water

absorbed by rice). Then, rice was stirred and moved to the

steamer containing boiled water, then waited for 5 min.

Rice cooker method

The procedures of modern cooking method (rice cooker)

(Sutarjana, 2009) which have been modified were: first, milled

rice with whole grains (100 g) was cleared from foreign objects

and dirt. Second, rice was washed with clean water (2 times)

and drained for 2 min and put in an aluminum pan on the rice

cooker. Then, 150 mL water was added. Fourth, thermostat was

clicked and light ‘cooking’ light up on the rice cooker to cook

the raw rice into the cooked rice. Finally, the thermostat button

will automatically moved from the position of the light

‘cooking’ to the position of the lights ‘warmer’ that shows rice

cooked.

Measurement of physical and chemical characteristics

The physical characteristics of milled rice included size

(dimentions of rice) and color, whereas the chemical

characteristics of milled rice included moisture content,

amylose content, protein content and total amino acids. The

physical characteristics of cooked rice were color and texture,

while the chemical characteristic was moisture content.

Rice dimensions including length and width were measured

using calipers. Whole rice intact (10 seeds) was taken from

each variety. Texture of rice was measured with ‘Brookfield’

texture analyzer (Faridah et al, 2006). Brook (cylindrical type)

mounted just above the sample. The needle was attached to the

tip of the sample. Speed of texture analyzer was set. Brooke

(blade type) pressing right in the middle of the sample. Then,

on display listed number of peak load and final load (gram

force). Analysis of color was measured using Konica Minolta

Chromameter. Lightness (L, %), chroma (C, %) and hue (H, %)

were measured according to Anonymous (1997). Chemical

characteristics were determined using method of AOAC

(2006).

RESULTS

Dimentions of rice

Ciherang had length of 7.01 mm and width of 2.04 mm,

whereas Ciliwung had length of 6.75 mm and width of 2.10

mm. The ratio of length and width for Ciherang was 3.44,

while that for Ciliwung was 3.21.

Texture

Texture indicated the hardness of rice. Physically, hardness of

cooked rice defined as rice ability to accept certain load in

certain time. Analysis of texture could determine hardness and

tenderness of rice. Based on this study, average textures of

cooked rice were 25.70 to 33.00 gf (Fig. 1). Analysis of

variance showed that cooking method had significant effect on

texture of cooked rice, while rice variety and interaction

between cooking method and rice variety had no significant

effect on texture of cooked rice. The cooked rice with high

texture value was harder than that of low texture value.

Color

Color analysis was conducted on milled rice and cooked rice

with attributes of lightness, chroma and hue. The maximum

value of lightness was 100% that showed very white.

The lightness values of milled rice were 65.97% (Ciherang)

and 67.93% (Ciliwung). The lightness values of cooked rice

with different varieties and cooking methods ranged from

73.07% to 76.20% (Fig. 1). The highest lightness value

(76.20%) was found in rice with A2B3 treatment (Ciliwung

variety and cooking method using the rice cooker), while the

lowest lightness value (73.07%) was found in rice with A1B1

treatment (Ciherang variety and liwet method). The high

lightness value of rice indicated that the color of rice was

brighter. The analysis of variance showed that cooking method

had significant effect on lightness of cooked rice, while rice

variety and interaction between cooking method and rice

variety had no significant effect on lightness of cooked rice.

The chroma values of milled rice were 12.03% (Ciherang)

and 12.00% (Ciliwung). The chroma values of cooked rice with

different varieties and cooking methods ranged from 5.63% to

7.10% (Fig. 1). The highest chroma value (7.10%) was found

in rice with A1B1 treatment (Ciherang variety and liwet

method), while the lowest chroma value (5.63%) was found in

rice with A2B3 treatment (Ciliwung variety and cooking

method using the rice cooker). The analysis of variance showed

that cooking method had significant effect on chroma of
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cooked rice, while rice variety and interaction between cooking

method and rice variety had no significant effect on chroma.

The hue values of milled rice were 69.37o (Ciherang) and

65.70o (Ciliwung). The hue values of cooked rice with different

varieties and cooking methods ranged from 62.43o to 68.20o

(Fig. 1). The highest hue value (68.20o) was found in rice with

A2B3 treatment (Ciliwung variety and cooking method using

the rice cooker), while the lowest hue value (62.43o) was found

in rice with A1B1 treatment (Ciherang variety and liwet

method). The analysis of variance showed that cooking method

had significant effect on hue of cooked rice, while rice variety

and interaction between cooking method and rice variety had

no significant effect on hue of cooked rice. According to hue

value, Ciherang and Ciliwung varieties with different cooking

method had yellow-red (YR) color.

Moisture content

The moisture content was measured in milled rice and cooked

rice. The average moisture content of Ciherang was 12.27%,

while that of Ciliwung was 12.22%. The moisture contents of

cooked rice with different varieties and cooking methods

ranged from 56.01% to 57.68% (Fig. 1). The highest moisture

content value (57.68%) was found in rice with A2B1 treatment

(Ciliwung variety and liwet method), while the lowest moisture

content (56.01%) was found in rice with A1B2 treatment

(Ciherang variety and combination of boiling and steaming

method). The analysis of variance showed that cooking method

had significant effect on moisture content of cooked rice, while

rice variety and interaction between cooking method and rice

variety had no significant effect on moisture content of cooked

rice.

Amylose content

Determination of amylose content was started with the making

of standard curve, where the resulting regression equation was

y = 0.0217x – 0.0161. The average value of amylose content

with treatment A1 (Ciherang) was 22.64%, while the average

value of amylose content with treatment A2 (Ciliwung) was

18.85%.

Protein content and total amino acid

Protein content and total amino acids of Ciherang were 10.73%

and 7.75%, respectively, while protein content and total amino

acids of Ciliwung were 8.98% and 6.98%, respectively (Table

1). Total amino acids were observed consisting of 10 essential

amino acids and 5 non-essential amino acids. The most

abundant amino acids contained in Ciherang and Ciliwung,

namely glutamic acid (non-essential amino acids), were 1.68%

and 1.49%, respectively.

DISCUSSION

According to Setyono and Wibowo (2008), a length of 6.6 to

7.5 mm was classified as long grain rice. Based on the ratio

between length and width, Ciherang and Ciliwung were

included into long grain rice type and rice shape slender (ratio

of length and width ≥ 3.0) (Slaton et al, 2000; Setyono and 

Wibowo, 2008). The slender rice was more preferable by

consumers.

Rice cooked with liwet method had low texture value. It

Fig. 1. Physical and chemical characteristics of cooked rice.
A1, Ciherang; A2, Ciliwung; B1, Liwet; B2, Combination of boiling and steaming method; B3, Rice cooker.
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caused the texture of cooked rice softer than the other methods.

During cooking process with liwet method, rice absorbed water

and starch granules would swell. Cooking process with liwet

method performed heating temperature setting. The heating

temperature setting included the big fire which used to

accelerate the process of heating water reaching the boiling

point temperature of water (100 oC), moderate heat to ripen the

rice, and a small fire to prevent the formation of a thick crust.

Heating temperature setting was done from the boiling water

and rice to the rice maturation. Setting the temperature during

liwet methods caused heat exposure on rice longer than the

other two methods. Exposure to prolonged heat caused the

texture of rice softer. Cooking rice with combination of boiling

and steaming method had the highest value of texture, so the

rice produced had a harder texture than the other two methods.

Cooking rice with combination of boiling and steaming method

had the highest average value of texture because at the time

after water boiled at 100 oC, the water was absorbed into the

rice and then the fire was turned off. Furthermore, the rice

cooled and occured re-arrangement of amylose that leads to

retrogradation process before entering the stage steaming, so

the texture of rice produced was louder. According to Winarno

(2004), retrogradation was a re-crystallization process of starch

which had undergone gelatinization. One of the factors that

affect the texture of rice was gelatinization process, which was

necessary for cooked rice (Marshall, 1994). Gelatinization

process occured during the rice heating in water until it became

cooked rice. Gelatinization temperature affected the ripening

time. Rice with a high gelatinization temperature needed a

longer cooking time than rice with a low gelatinization

temperature.

Lightness indicated the brightness or darkness of a color

(Winarno, 2004). High lightness value of rice indicated that the

color of rice was brighter. Lightness value of cooked rice was

affected by cooking temperature and time. The rice cooked

using liwet method had the lowest lightness value. Cooking

process with liwet method performed heating temperature

setting manually, which caused heat exposure on rice longer

than other methods. This heating process caused a browning

reaction between carbohydrates and protein, and produced

darker rice (yellow-red), indicated by low value of lightness.

The rice cooked using rice cooker had the lowest value of

chroma. The chroma values were affected by temperature and

cooking time for each cooking method. The cooking process

using a rice cooker required shorter time than the other

methods, so the heating process for cooker was faster.

Accelerated warming process would minimize the risk of

browning reaction (Maillard) on rice, so that rice produced had

a weak color indicated by lower chroma values. Browning

reaction (Maillard) caused higher chroma values on rice.

According to hue value, Ciherang and Ciliwung had yellow-red

color. Formation of colors on rice was affected by heating

process. During the heating process, reaction between the

protein and reducing sugar occured, and it caused the formation

of glycocylamine. Glycocylamine suffered polymerase to form

melanoidin which caused color changes of rice to yellow red

(Maillard reaction) (Wahyudi, 2005).

Water was one of the important elements in food stuffs.

According to Sudarmadji et al (2007), the moisture content was

the amount of water contained in food, including free water and

water bound physically and chemically. According to

Anonymous (1999), the maximum moisture content of milled

rice was 14%. Cooking rice with liwet method had the highest

moisture content, because of longer rice exposure to heat so the

texture was softer than that of the other methods. In addition,

water trapped in the pan could be absorbed back into the rice

during the resting time after the fire turned off, so it affected

the moisture content of the rice.

Amylose content was one of the important criteria in the

classification system of rice. The amylose content of Ciherang

was classified as moderate, while the amylose content of

Ciliwung classified as low. According to Allidawati and

Bambang (1989), based on the amylose level, rice was grouped

into very low amylose (< 10%), low (10% to 20%), moderate

(20% to 24%) and high (> 25%). Higher amylose content in

rice increased the occurrence of rearrangement of amylose after

experiencing gelatinization leading to retrogradation process.

Rice with high amylose would produce no sticky rice, could

expand and became hard when it was cold. Moderate amylose

rice had fluffier texture generally. Low amylose rice produced

sticky rice, shiny, not expand, and still coagulate after cold

(Damardjati, 1995; Indrasari et al, 2009).

Protein content of Ciherang and Ciliwung were 10.73% and

8.98%, while total amino acids of Ciherang and Ciliwung were

6.98% and 7.75%, respectively. The most abundant amino acid

in Ciherang and Ciliwung was glutamic acid (non-essential

amino acids). According to the Nutrition Directorate of the

Ministry of Health (1996), the protein content of rice was 7.6%.

According to Haryadi et al (2008) and Larasati (2012), protein

contents of rice ranged from 7.3% to 10.2% and a maximum of

14.0%. According to Haryadi (2008), the rice containing higher

Table 1. Protein and total amino acid contents of Ciherang and
Ciliwung varieties.

Component Ciherang Ciliwung

Protein 10.73 8.98
Total amino acid 7.75 6.98

Aspartic acid 0.79 0.69
Glutamic acid 1.68 1.49
Serine 0.47 0.43

Histidine 0.21 0.19
Glycine 0.36 0.34
Threonine 0.29 0.27

Arginine 0.69 0.59
Alanine 0.47 0.43
Tyrosine 0.30 0.26

Methionine 0.13 0.14
Valine 0.49 0.44
Phenylalanine 0.49 0.44

I-leucine 0.37 0.34
Leucine 0.72 0.64
Lysine 0.29 0.30



Merynda Indriyani SYAFUTRI, et al. Characteristics of Cooked Rice

protein needed more water and a longer cooking time. This

related to the structure of rice grains. The starch granules

enclosed in a protein, so the absorption of water was blocked

by protein, which resulted in a longer time of cooking.

CONCLUSION

Ciherang had a length and width ratio of 3.44, lightness of

65.97%, chroma of 12.03%, hue of 69.37o, moisture content of

12.27%, amylose content of 22.64%, protein content of

10.73%, and total amino acid of 7.75%. Ciliwung had a length

and width ratio of 3.21, lightness of 67.93%, chroma of

12.00%, hue of 65.70o, moisture content of 12.22%, amylose

content of 18.85%, protein content of 8.98%, and total amino

acid of 6.98%. Cooking method had significant effects on

texture (hardness), color (lightness, chroma and hue) and

moisture content of the cooked rice.
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