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Abstract—Efforts to diversify the main food product have good prospects of developing, bearing in mind that Indonesia has great potential in relation 

to the variety, amount, and spread of sources of non-rice carbohydrates. The formulation for creating a rice-like grain ingredient has always followed the 

direct presentation determination approach. The purpose of this research is to optimize the grain formed by a simulated rice grain (SRG) machine, using 

Response Surface Methodology (RSM). Using RSM, the research finds the optimization result for the grain produced by an SRG machine, allowing 

pressure treatment times of 2, 3.5, and 5 seconds, compression ratios of 1.9, 2.1, and 2.3, and the water content of the SRG ingredients in their dry state 

of 12%, 14%, and 16%. The optimized grain is obtained with a compression ratio of 1.9, a pressure time of 3.39 seconds, and a water content of 15.7%, 

and has a predicted hardness of 0.95 N, Bulk’s density 706 kg/m3, water uptake 2.83 g/g, L/B ratio of 3.97, and a brightness level of 78.31%  

Index Terms -food diversification, optimization, physicochemical features of various carbohydrate sources, Simulated Rice Grain Simulated  rice 

grain 

———————————————————— 

1 INTRODUCTION

he average growth rate of the Indonesian population is 
1.42% per year [1].This must be supported by an adequate 
amount of food. On the assumption that the population 

growth rate will decrease by 0.03% per year, the total Indone-
sian population for 2010, 2015, and 2020 will be 235, 249, and 
263 million people. If rice consumption of 137 kg per head per 
year is assumed, the total rice consumption for 2010, 2015 and 
2020 will reach 32.13 million tons, 34.12 million tons, and 35.97 
million tons, respectively. The pressure of the need for rice 
will decrease if food diversification is successfully achieved[2]. 

Efforts to diversify the main food products in Indonesia 
have great potential, both in the amount and in the spread of 
various of carbohydrate sources, such as cassava, arrowroot, 
canna, breadfruit, sweet potato, corn, taro, lesser yam, ele-
phant foot yam, yam, kimpul, black potato, and sago. The 52 
million hectares of forest have the potential to produce 1,560 
million tons of food per year [3]. Indonesia also has diversity, 
with 77 varieties of sources of carbohydrate and 26 varieties of 
bean [4]. From 1998 to 2010, the forestry sector produced food 
from 16 million hectares of agricultural land. Using the 
tumpang sari pattern among the trees, the forestry sector can 
produce 9.4 million tons of rice, corn, and soybeans each year 
[3]. 
Research has been conducted into the development of several 
types of grain that have similar physicochemical features to 

rice, using different materials, processes, and technology. Arti-
ficial rice has been produced from various starch sources, with 
nutrients and flavors that are not contained in the rice being 
added by granular roll-type[5]. A grain that looks like rice and 
is known as simulated rice grain has been developed using the 
addition of Ferrous Sulfate Heptahydrate (FSH) as a fortifica-
tion substance, through an extrusion process[6]. Extrusion 
technology has been used for the development from rice 
starch of grain that looks like rice[7]. The purpose of this re-
search is to discover the optimal physical features of grain 
produced by a simulated rice grain (SRG) machine from a 
mixture of various non-rice carbohydrate sources, using Re-
sponse Surface Methodology. 
 

2 MATERIALS  AND METHODS 

2.1 SRG process  
The SRG was made from a mixture of 30% canna starch 

(Maranta arundinacea Linn), 42% beneng taro flour (Xantoshma 
undipes K.Koch), and 28% sorghum flour (Sorghum bicolor) of 
the Numbu variety[8]. The tools used in this research were an 
SRG forming machine[9], a cabinet dryer tool, and a Chro-
mameter CR300 Minolta. The SRG forming machine was test-
ed with pressure treatment times of 2, 3.5, and 5 seconds, 
compression ratios of 1.9, 2.1, and 2.3, and SRG ingredients 
with a water content of 12%, 14%, and 16% background mate-
rial (bk). The SRG produced was dried using the cabinet dryer 
until its water content reached 12% bk. 
 

 

2.2 SRG grain analysis 

The bulk density was measured by pouring the grain 
into a measuring glass until it filled a certain volume without 
compression, then weighing the grain. The bulk density was 
calculated by dividing the mass of the grain by the volume of 
the glass [10]. The water uptake ratio was measured by pour-
ing 2 grams of the grain sample into a cylinder containing 20 
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ml of distilled water and then putting the cylinder into a pot of 
boiling water for 10 minutes. The sample was then drained by 
putting it onto filter paper, and then it was weighed. The wa-
ter uptake ratio is the ratio between the weight of grain after 
cooking and its weight before cooking. The L/B ratio is the 
ratio between the length of a grain and its thickness [11]. The 
brightness level was measured using a Chromameter CR300 
Minolta and the grain’s hardness was measured using a Rhe-
ometer. 

 
2.3 Experimental design and equation model test 

 

The Box-Behnken method is used to analyze response 
variables that are influenced by several variables. The actual 
level of the variables for each experiment and the experi-
mental design coding are shown in Table 1. The statistical 
analysis of the experimental results used the Minitab 17 soft-
ware. This software was also used to conduct second order 
equation modeling to optimize the bounded variables (Equa-
tion 1). The response variables of the surface and contour plot 
for this model were plotted as functions of two variables while 
the other variables were held at the optimum level. 

 (1) 

where b_o, b_i, b_ii, b_ij are the coefficients for the interaction 
intercept, linear, quadratic, and effect terms, and X_i and X_j 
are the coded variables. 
 

2.4 Second order equation model validation 
The validation of this model was conducted by compar-

ing the behavior of the model with the real system through the 
Mean Absolute Percentage Error (MAPE) test. The MAPE test 
is a relative measurement involving the percentage error, and 
shows how well the predicted result matches the actual data 
(Equation 2). The criteria for the accuracy of the model with 
this test are: MAPE < 5% means that the model is very accu-
rate, 5% < MAPE <10% means that it is accurate, and MAPE > 
10% means that it is not accurate[12] 

   (2) 

where  are the simulated data results,  are the actual 
data, and  is the period/amount of data. 

3 RESULTS AND DISCUSSIONS 

3.1 Model analysis and validation 

The bulk density is significant (P < 0.1) for the quadratic 
term at B2. The ‘lack of fit’ analysis shows that this is less sig-
nificant in the data representation, because of the deviation of 
the data at numbers 9 and 12 (Table 3). The test of the model’s 
accuracy produces a MAPE value of 4.16%. This shows that 
Equation 3 can be used to predict the bulk density from the 
pressure time, the compression ratio, and the water content of 
the material. 

Grain hardness is not significant for all the response 
variables, as can be seen from the very low correlation coeffi-
cient value despite the significant data representation (P > 
0.05) (Table 3). However, the result of the MAPE test to vali-
date the equation model produced to predict grain hardness 
shows that the model is not accurate because the MAPE value 
is above 10%. 

Water uptake is significant at P < 0.10, and the regres-
sion value reaches 85%, which shows that the water uptake is 
influenced by the pressure time, the compression ratio, and 
the water content of the material; it is significant for the quad-
ratic terms at A2, B2, or C2, but is not significant for the AB, 
AC, or BC interaction terms (Table 3). The data representation 
shows that the model is significant, while the accuracy test of 
Equation 5 for the model shows that it is a very accurate mod-
el with a MAPE value of 2.59% 

The L/B ratio is very significant for the model, with P 
< 0.05; the ratio is significant for the linear term only for B, and 
significant for the quadratic term only for A2. The data repre-
sentation is significant and the validation test result is 1.53% 
so this model comes within the very accurate category. The 
brightness level is not significant in the Equation 4 model, for 
the linear or quadratic terms, or for interaction among the re-
sponse variables. The data representation of the model is sig-
nificant, while the test for the validation of the model gives a 
very accurate value for MAPE (MAPE < 5%). Therefore, the 
brightness level of the grain can be predicted using Equation 2 
 
3.2 Bulk density 

Equation 3 (Table 3) shows that Y1 is not significant to 
the response variables, with a negative coefficient for the line-
ar (A, B, and C) and interaction (AB, AC, and BC) terms that 
causes a decrease in the value of Y1. The quadratic terms (A2, 
B2, and C2) have positive coefficients, causing an increase in 
the value of Y1. The SRG’s bulk density has its maximum val-
ue for low water content and a high compression ratio or for 
high water content and a low compression ratio (fig. 1). More-
over, it has its maximum value for high water content and the 
lowest pressure time (fig. 2). 

The maximum bulk density is 684.4 kg/m3 at a pressure 
time of 4 seconds, a compression ratio of 1.9, and a water con-
tent of 12%. The value of the SRG’s bulk density for the vari-
ous treatments ranges between 600 and 770 kg/m3, with a 
maximum value of 684.4 kg/m3. These values are close to the 
bulk density of the Ciherang variety of rice (780 kg/m3) and 
higher than the bulk density of the analog rice that has ever 
been produced, which is 591 kg/m3 [13]. Given the pressure 
time, the compression ratio, and the water content response 
variables, the SRG’s bulk density can be predicted using Equa-
tion 3, and the validation test using Equation 2 shows that this 
is very accurate [12]. Knowing that Equation 3 gives the mod-
el, the bulk density can be controlled as the dependent 
variable. 
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Table 1  Level code for 3 independent variables 

Run 
Code value  Actual value 

X1a X2b X3c Aa Bb Cc 

1 -1 -1 0 2 1.9 14 
2 +1 -1 0 5 1.9 14 

3 -1 +1 0 2 2.3 14 

4 +1 +1 0 5 2.3 14 

5 -1 0 -1 2 2.1 12 

6 +1 0 -1 5 2.1 12 

7 -1 0 +1 2 2.1 16 

8 +1 0 +1 5 2.1 16 

9 0 -1 -1 3.5 1.9 12 
10 0 +1 -1 3.5 2.3 12 

11 0 -1 +1 3.5 1.9 16 

12 0 +1 +1 3.5 2.3 16 

13 0 0 0 3.5 2.1 14 

14 0 0 0 3.5 2.1 14 

15 0 0 0 3.5 2.1 14 

Note :a) X1 and A, press duration (s) b) X2 ans B, compaction ratio c)X3 and C, moisture content of materials (%, bk
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Table 1   The results of the analysis of physical properties SRG 

Run X1
a X2

 b X3
 c 

Density 

(kg/m3) 

Grain 

hardness 

(N) 

Water  

uptake 

(g/g) 

Ratio 

of 

L/B 

Brightness 

level (%) 

1 2 1.9 14 770 1.1 2.50 3.78 76.7 

2 5 1.9 14 750 0.9 2.33 3.65 77.6 

3 2 2.3 14 685 0.2 2.40 3.15 80.5 

4 5 2.3 14 640 0.6 2.45 3.25 77.1 

5 2 2.1 12 685 0.5 2.35 3.50 78.0 

6 5 2.1 12 680 0.2 2.60 3.46 79.5 

7 2 2.1 16 670 0.5 2.50 3.59 77.6 

8 5 2.1 16 620 0.8 2.38 3.55 77.3 

9 3.5 1.9 12 620 0.2 2.85 3.88 80.7 

10 3.5 2.3 12 680 0.8 2.73 3.58 78.0 

11 3.5 1.9 16 700 0.7 2.90 3.97 79.1 

12 3.5 2.3 16 725 1.0 2.53 3.46 77.3 

13 3.5 2.1 14 615 0.8 2.55 3.32 79.8 

14 3.5 2.1 14 620 0.6 2.60 3.52 79.6 

15 3.5 2.1 14 600 0.8 2.75 3.44 80.7 

a press duration (s), the compaction ratio b, and c of water content (%, bk) 
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Table 2  Prediction model of equality and the value of MAPE 

Response Equation R2(%) F MAPE 

(%) 

Y1(bulk 

density) 

 

 

Y2(grain 

hardness) 

 

 

Y3(water 

uptake) 

 

 

 

Y4(ratio of 

L/B) 

 

 

 

Y5 

(brightness 

level) 

6986-41A-5836B–

15C+18.2A2+1464 B2 +2.76 C2 -

20.8AB-3.75AC -21.9BC 

 

1.5-1.41A-6.7B+1.2C-0.0463A2 

+1.77B2-0.0323C2+0.500AB+ 

0.0500AC-0.188BC 

 

5.46+0.834A-2.92B-0.116C-

0.1130A2+0.99B2 

+0.0193C2+0.187AB-0.0313AC-

0.156BC 

 

24.17-0.164A-11.77B-0.994C-

0.0361A2+2.82B2 

+0.0458C2+0.192AB+0.0003AC-

0.134BC 

 

-42+13.67A+75.9B+3.14 C-0.600 

A2-17.1 B2-0.146 C2-3.59AB-

0.146AC+0.55BC 

(3) 

 

 

 

(4) 

3 

 

 

 

(5) 

 

 

 

(6) 

 

 

 

 

 

(7) 

 

59.70 

 

 

 

48.64 

 

 

 

 

85.51 

 

 

 

95.18 

 

 

 

 

 

64.19 

0.82 

 

 

 

0.48 

 

 

 

 

3.28 

 

 

 

10.98 

 

 

 

 

1.00 

4.16 

 

 

 

42.61 

 

 

 

 

2.37 

 

 

 

1.53 

 

 

 

 

 

0.97 
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3.3 Hardness of the grain 
Equation 4 (Table 3) shows that Y2 is not significantly 

affected by the response variables. Negative coefficients oc-
cur for the linear (A and B), quadratic (A2 and C2) and inter-
action (AC) terms, which cause a decrease in the value of Y2, 
while the linear (C), quadratic (B2), and interaction (AB and 
AC) terms have positive coefficients that can increase the 
value of Y2. 

The hardness of the SRG grain will increase when the 
water content of the ingredients and the compression ratio 
are lower (fig. 3), and will increase with an increase in the 
pressure time (fig. 4). The maximum hardness of the SRG 
grain is 0.949 N with a pressure time of 3.36 seconds, a com-
pression ratio of 1.9, and a water content of 15.8%. The hard-
ness of the SRG grain is still far from the hardness of the Ci-
herang variety rice grain, which is valued at (68 ± 3.8) N and 
of analog rice (the output of grain formed by the twin-roll 
process), which is valued at 2.4 N[14]. 

Mixing in pre-gelatinized flour will strengthen the 
flour particles’ interlocking bonds, while an increase in the 
water content will have an effect when the mixture of ingre-
dients fills the chamber. Another step that can be taken to 
increase the grain’s hardness is to increase the pressure. In 
this research, the maximum pressure was 5000 N/cm2. A 
pressure of 12,500 N/cm2 should be applied to increase the 
hardness of the grain. The validation test result for the actual 
data for various treatments against the predicted output data 
produced from Equation 3 shows the inaccurate result 
(MAPE > 5), although the data representation is significant 
for all treatments. 

 
3.4 Water Uptake of the Grain 

Equation 5 (Table 3) shows that the value of Y3 de-
pends on the three response variables (pressure time, com-
pression ratio, and water content). Negative coefficients oc-
cur for the linear (B and C), quadratic (B2), and interaction 
(AC and BC) terms, which will decrease the value of Y3. Posi-
tive coefficients are for the linear (A), quadratic (A2 and C2), 
and interaction (AB) terms, which can increase the value of 
Y3. 

The maximum value of water uptake occurs for ei-
ther high or low water content and a low compression ratio. 
Water uptake will also take its maximum value for low water 
content and a high compression ratio (fig. 5). Looking at the 
pressure time, water uptake will be at its maximum for a wa-
ter content of 16%, a pressure time of 3.18 seconds, and a 
compression ratio of 1.9 (fig. 6). The maximum value of the 
water uptake was 3.84. The water uptake for the SRG is high-
er than it is for Ciherang variety rice (2.0 ± 0.21 g/g) and 
lower than the water uptake for System of Rice Intensifica-
tion (SRI) rice, which is valued 3.75 g/g [11] 

The validation test for the actual data for various 
treatments against the predicted output data produced from 
Equation 5 shows that the result is very accurate –the MAPE 
value is 2.37, with the data representation being significant 
for all treatments. An increase in water uptake is determined 
more by the value of the compression ratio. Water uptake 
will be higher, and the produced grain denser, because there 

will be more particles in the grain as a result of the compres-
sion of the material. High water uptakes mean that water 
content is expected to be held in the grain after it is cooked so 
the grain will be hydrated for longer. 
 
3.5 L/B Ratio 

Equation 6 (Table 3) shows that the value of Y4 de-
pends on the three response variables, pressure time, com-
pression ratio, and water content. Negative coefficients occur 
for the linear (A, B, and C), quadratic (A2) and interaction 
(BC) terms that will decrease the value of Y4. Positive coeffi-
cients occur for the quadratic (B2 and C2) and interaction (AB 
and AC) terms that can increase the value of Y4. 

The L/B ratio will become higher with an increase in 
the water content of the ingredients and a low compression 
ratio (fig. 7). For a compression ratio of 2.1, the maximum 
L/B ratio will be produced for a high water content (fig. 8). 
The optimum value of the L/B ratio is 4.02, which occurs for 
a pressure time of 2.78 seconds, a compression ratio of 1.9, 
and a water content of 15.9%. The L/B ratio for the SRG of 
4.02 is higher than that for Ciherang variety rice (3.2 ± 0.31) 
and for SRI rice (4.87) [11]. 

The validation test result, comparing the actual data 
for the various treatments and the predicted output data us-
ing Equation 6, shows that Equation 6 is very accurate, with a 
MAPE value of 1.53, and the data representation is significant 
for all treatments. The value of the L/B ratio is more strongly 
determined by the compression ratio. Because the grain’s 
length is relatively constant, the L/B ratio is actually more 
strongly determined by the grain’s thickness (B), and, there-
fore, the compression ratio has an impact on the thickness of 
the output grain. This conclusion shows that the compression 
ratio does not yet create solids that are more compact. 
 
3.6 Brightness Level 

Equation 7 (Table 3) shows that Y5 does not have a 
significant relationship with the experiment response varia-
bles. Negative coefficients occur for the quadratic (A2, B2, and 
C2) and interaction (AB and AC) terms, and these can de-
crease the value of Y5. Positive coefficients occur for the linear 
(A, B, and C) and interaction (BC) terms, which can cause the 
value of Y5 to decrease. The brightness level has its maximum 
value with a pressure time of 3.35, a low water content, and a 
compression ratio of 2.1 (fig. 9); likewise, the maximum 
brightness level will occur with a low water content, a com-
pression ratio of 2.1, and a pressure time of 2.5 (fig. 10). The 
maximum value of the brightness level is 78.36%, which oc-
curs with a pressure time of 3.39 seconds, a compression ratio 
of 1.9, and a water content of 15.7%. The brightness level of 
the SRG is close to that of the Ciherang variety of rice, which 
is (73.8) %. 
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Figure 0  The 3D graphics optimization SRG grain density bulk against compaction and 

 moisture content ratio of ingredients (a) Plot surface, (b) Plot contour. 

 

 

 
Figure 2 The 3D graphics optimization SRG grain density bulk against long tap and  

the water content of the ingredients (a) Plot surface, (b) Plot contour 
 

 

Figure 3  The 3D graphics optimization SRG grain hardness of the ratio of the density and  

moisture content of materials (a) Plot surface, (b) Plot contour 
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Figure 4  The 3D graphics optimization SRG grain hardness against long tap and  

the water content of the ingredients (a) Plot surface, (b) Plot contour 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure 5  The 3D graphics optimization SRG towards water uptake ratio of compaction and 

 moisture content of materials (a) Plot surface, (b) Plot contour 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6  The 3D graphics optimization SRG water uptake of the old tap and  

the water content of the ingredients (a) Plot surface, (b) Plot contour. 
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Figure 7 The 3D graphics optimization of the ratio L / B ratio of SRG to the density and 
moisture content of materials (a) Plot surface, (b) Plot contour 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 8
 The 3D graphics optimization ratio L / B SRG towards the old tap and  

the water content of the ingredients (a) Plot surface, (b) Plot contour 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 9  The 3D graphics optimization SRG degrees of brightness on the ratio of the density and  
moisture content of materials (a) Plot surface, (b) Plot contour 
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Figure 00 The 3D graphics optimization SRG degrees of brightness on the ratio of the density and 

moisture content of materials (a) Plot surface, (b) Plot contour. 
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The validation test result checking the actual data for 
the various treatments against the predicted output data 
produced using Equation 7 shows that the model is accurate, 
with a MAPE value of 0.97; the data representation is 
significant for all treatments. The insignificant effect of the 
response variables on the brightness level shows that there is 
no alteration to the color of the ingredients, or that the grain 
forming process using the SRG machine does not change the 
color of the material. 

4  CONCLUSION  

The optimization result for the grain produced by the 
SRG machine shows that the response variables have a very 
significant effect on the L/B ratio and the water uptake. 
However, they are insignificant for the bulk density, the 
hardness of the grain, and the brightness level. 
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