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Abstract

The continual increment of a population requires sufficient food, while agricultural land
for rice cultivation keeps on declining. Therefore, the habit of consuming rice needs to be
reduced. This study was aimed to get the best quality analog rice from non-milled rice
based on the proportion of raw materials, time, and sensory. This study used the
ingredients of cassava flour, sorghum, sweet potatoes, corn + lablab bean, and soybeans.
Cooking oil, salt, glycerol monostearate, Na-alginate, and sodium three polyphosphates
were used as additional ingredients and mixed in various formulation/ratios. These
formula ingredients were extruded using KL Protecal Twin-screw to produce analog rice
grains. A randomized block design was used in this study. The randomized block design
was repeated three times. In order to determine the best treatment, this study employed the
5% LSD test. The results of this study showed that flour from cassava, sweet potato,
sorghum, corn + lablab bean, and soybeans can be formulated as an analog rice ingredient.
Cassava flour, sweet potato, sorghum, corn + lablab bean were used as the source of
carbohydrates, and the soy flour was used as a source of protein. This study found that the
best ratio would be 4.5: 4.5: 1 for cassava flour: 50% corn + 50% lablab bean flour: soy
flour. The cooking process required 1.5 mL to 2 mL of water per gram of analog rice, and
the cooking time would be 10-15 mins. The sensory values of color, taste, aroma, and
texture were on the scale of average like to very like.

1. Introduction

Uncontrolled food

Analog rice is illustrated as a rice-shaped grain
formulated from non-rice ingredients so that the human’s

consumption patterns  and energy and protein can be fulfilled (Sukamto, 2018).

population growth might lead us to the other 2 problems,
namely: Development of population during the lack of
food availability and over-consuming people resulting in
overweight and obesity (Sukamto et al., 2019). On the
other hand, the rate of paddy field conversion is
relatively high. For example, the rate of paddy field
conversion in Indonesia is 96,512 ha'. It is estimated
that the provided rice field area of 8.1 million ha will be
reduced to 5.1 million ha by 2045 (Mulyani et al., 2016).
Degradation of land availability causes rice production to
decline. The world food balance is also heading to an
imbalance condition because the food demand is higher
than the food production (Gandhi and Zhou, 2014;
Fukase and Martin, 2017). Therefore, the habit of
consuming rice needs to be balanced immediately with
the consumption of non-rice materials such as analog
rice because it is produced from non-rice raw material.

*Corresponding author.
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Analog rice can also be formulated specifically to
provide the benefit of functional food for obese and
overweight sufferers, diabetes mellitus,
hypercholesterolemia, and others. Non-rice plants such
as cassava, sorghum, corn, and sweet potato are the types
of plants which can be used as the source of
carbohydrates, and they are deemed perfect as the main
ingredients in making analog rice. These plants can be
cultivated more easily than rice plants. They are more
tolerant of land conditions and they do not require much
water. The use of soy flour in analog rice formula is
intended to increase the amount of protein because soy
protein has complete amino acids (Sukamto et al., 2019).
Analog rice is usually made from one type of the main
ingredient. For example, analog rice can be made from
white corn (Noviasari et al., 2013), arrowroot flour
(Caesarina and Estiasih, 2016), sweet potatoes (Hasnelly,
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and Putri, 2013) or White Greater Yam (Discorea alata
L.) (Adicandra and Estiasih, 2016). The level of
carbohydrates and nutrients of analog rice formulated
from a single type of base material are relatively varied,
making them the incomplete grain’, and they might
cause deficiency of some nutrients such as amino acids
or other types of carbohydrates.

This research was carried out in order to produce
analog rice that uses a combination of non-rice
ingredients (sorghum, cassava, sweet potatoes, corn,
lablab bean, and soybeans). The expected result of this
research was the availability of a quality analog rice
product that contains a relatively complete variety of
nutrients so that, in the future, it can replace the role of
milled rice as a staple food. This study aims to get the
best quality analog rice from non-milled rice based on
the proportion of raw materials, time, and sensory.

2. Materials and methods
2.1 Materials

The primary materials of this study consisted of
cassava flour, sweet potato flour, corn + lablab bean
flour, sorghum flour, and soy flour produced by local
farmers of Malang, Indonesia. The food-grade additives
were composed of salt, glycerol monostearate (GMS),
Na.alginate and sodium three polyphosphates (STPP).

2.2 Research methods

The treatment groups in this research were the
number of flour mixture formulas, including; Formula A
(FA): a mixed flour from cassava 45% (4.5 kg), sorghum
45% (4.5 kg), and soybean 10% (1 kg); Formula B
(FB): a mixed flour from 45% (4.5 kg) cassava, 45% (4.5
kg) sweet potato, and 10%(1 kg) soybean; and the
Formula C (FC): a mixed flour from 45% (4.5 kg)
cassava, 45% (4.5 kg) from 50% corn + 50% lablab
bean, and 10% (1 kg) soybean. N was the milled rice
serving as the control group. The formula compositions
used in this study will be explained in Table 1. The
randomized block design was used in this study and it
was repeated three times. In order to determine the best
treatment, the 5% LSD test was performed.

Table 1. The formula for the treatment of the main ingredients
in analog rice

Formula A Formula B Formula C
Flours

(kg) (kg) (kg)
Cassava 4.5 4.5 4.5
Sorghum 4.5 0 0
Sweet potato 0 4.5 0
50% Corn +50% lablab 0 0 4.5
Soybean 1 1 1
Total 10 10 10
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Each of the 10 kg formulae was added with 250 g
cooking oil, 50 g salt, 25 g glycerol monostearate
(GMS), 25g Na.alginate, and 25g sodium three
polyphosphates (STPP). The extrusion of analog rice was
performed using KL Protecal Twin-screw extruder
possessed by CV. Wijaya Food, Blitar Regency,
Indonesia. Each of the materials, which was 10 kg in
weight (determined according to the treatment formula)
were mixed using a dry mixer for 10 mins and they were
combined with cooking oil, salt, glycerol monostearate,
and Na.alginate and Sodium Three Poly Phosphate
(STTP). They were added with moisture in the amount of
40% of the material weight. The temperature of the
screw extruder at the beginning, middle, and end of the
extruding process were 80°C, 85°C, and 90°C
respectively. The screw speed of the extruder was 40 Hz,
and the cutting speed was20 Hz. Analog rice grains
coming out of the extruder were dried until the moisture
content reduced to 10%.

The proximate analysis of nutrition composition was
applied to the protein, fat, starch, amylose, crude fiber,
and ash content using the method of (AOAC, 1995).

Bulk density was calculated using the method of
(Fang et al., 2019) with the following formula:

w2 -w1
\

Where W1 = Weight of beaker glass (g), W2 = Weight
of analog rice and beaker glass (g), and V = analog rice
volume (cm?)

BD (g/mL) = )

The cooking time was evaluated using a method
employed by (Noviasari et al., 2013), but it was modified
as follows: analog rice was cooked by using the rice
cooker, water, and rice with the ratio of 1: 1.5. The water
was cooked first in a rice cooker until it boils. Then, we
put the analog rice in and cooked it until done. The
cooking duration was calculated from the time when the
analog rice entered the rice cooker.

The cooking weight was observed using a method of
(Fari et al., 2011), but it was modified as follows: 2 g of
analog rice was added with 3 g water. The analog rice
was cooked in boiling water until done, rinsed with
20mL distilled water and drained at room temperature
for 2 mins. The cooking weight was determined by
weighing the wet analog rice. The percentage of cooking
weight was calculated by using the following equation:

Weight of wet analogs

Cooking weight (%) = Weight of dry analogs x 100 2)

The Water Absorption Index (WAI) was observed
using the method of (Katsavou et al., 2019) with the
following formula:
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Wy — W,

WAT (%) = % 100 (3)

A
Where W, = Weight of the sample before immersion (g)
and Wp = weight of sample after immersion (g).

The percentages of rehydration and cooking loss
were determined using the method employed by
(Yogeshwari et al, 2018). Analog rice was cooked
according to the cooking time. The analog rice that had
been cooked was then washed with water and drained for
2 mins. Then the rice was taken and weighed to
determine the rehydration percentage. The cooking water
and washing water were collected in the Petri dish (the
weight of the empty Petri dish is weighed before), and
dried in an oven at 105°C to a constant weight. The
residual and Petri dish weights were weighed after
cooling in a desiccator to determine the cooking loss.
The level of cooking loss was calculated by measuring
the number of residual solids after drying. Percentage of
rehydration and cooking loss was calculated by the
following equation:

Weight of cooked analogs — Weight of uncooked analogs
X

Rehydration (%) = 100
ehydration (%) Weight of uncooked analogs (4)
. Weight of dried residues
Cooking loss (%) = % 100
) ( /G) Weight of uncooked analogs (5)

The microstructure of analog rice was observed
using TM 3000 Hitachi Scanning Electron Microscope
(SEM) manufactured by Hitachi High-Technologies
Corporation Tokyo Japan.

3. Results and discussion
3.1 Physical characteristics

The results of analog rice granules produced from
different materials after extrusion were similar to rice,
but the surface those analog grains were still rougher
than milled rice, as detailed in Figure 1. The physical
characteristics of analog rice in formulas A, B, C, and
milled rice are shown in Table 2. Table 2 shows the
highest value of the weight of 100 grains obtained from
milled rice of 3.3 g, while the lowest in formula B was
2.9 g. The highest bulk density values were obtained
from milled rice at 0.55 g/mL, while the lowest bulk
density values were obtained from Formula A, B and C.
The highest WAI value was obtained from formula B at
217.5+£3.22%, while the lowest value was obtained from
milled rice at 25.0+1.23%.

Figure 1. Analog rice granules from different materials after
extrusion. FA: Ratio cassava : sorghum : soybean = 4.5:4.5:
1; FB: Ratio cassava : sweet potato : soybean = 4.5:4.5:1;
FC: Ratio cassava : 50% corn + 50% lablab bean : soybean =
4.5:4.5:1; N : Milled rice
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Table 2. Weight of 100 analog rice grains, bulk density, and
water absorption index in each formula treatment

The formula of Weight of 100 Bulk Densities

analog rice grains (g) (g/mL) WAL (%)
A 3.0 0.5 217.5+£3.22
B 2.9 0.5 222.542.47
C 3.3 0.51 118.0+2.05
N 3.3 0.55 25.0+1.23

A: Ratio cassava: sorghum : soybean = 4.5 :4.5: 1; B: Ratio
cassava : sweet potato : soybean= 4.5:4.5: 1; C: Ratio
cassava : (50% corn + 50% lablab bean) : soybean = 4.5 :
4.5 : 1; N:Milled rice

The weight of 100 grains represented the weight of
each type of analog rice so that it could be used to
determine the weight of production. The data showed
that the average weight per 100 grains of each type of
analog rice was (2.9 g — 3.3 g), which was lower than
that of the milled rice (3.3 g). The weights found in
every 100 grains of analog rice were influenced by
structure, air cavity, and moisture content. The results of
our observation, obtained with the help of Scanning
Electron Microscope, showed that analog rice possessed
more air cavities (Figure 3A and Figure 3B). The
formula C of analog rice possessed the highest water
content and it affected the 100 grains weight of this type.

Bulk density was the density of bulk material in a
balanced volume. When granules or flour were being
handled in large quantities, the bulk contents would be
the same as the contents of solid objects plus the contents
of the space (pores). Table 2 shows the bulk density of
analog rice in formulae A, B, and C. As for the bulk
density of our analog rice, there was no difference. The
bulk density of formula A, B, and C was 0.50 - 0.51 g/
mL. The bulk density and porosity of extruded products
were dependent on feed moisture content, residence
time, and temperature (Thymi et al., 2005; Gopirajah and
Muthukumarappan, 2018). In this study, feed moisture
content, residence time, and temperature were not varied.
The amount of bulk density affected the broadness of the
places needed by the materials. The higher the bulk
density (particles), the smaller the place needed
(Setiawati et al., 2014).

The data of analog rice’s ability to absorb and retain
water according to the formula of rice analog during the
immersion process is shown in Figure 2.The WAIs of
analog rice that was formulated from cassava, sorghum,
and soybean, as well as the one formulated from cassava,
sweet potato, and soybean, were higher. Those types of
analog rice absorbed more water compared to the analog
rice which was formulated from cassava, corn + lablab
bean, and soybean. It was caused by the influence of the
type of starch and its interaction with the protein from
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soy flour. Cassava, sorghum, and sweet potato possessed
higher amylopectin content than corn. The value of WAI
increased after 10 - 50 mins. The gelatinization of
amylopectin would make the bonding process between
hydrogen and water occurred more comfortably. That
temperature was related to starch gelatinization (Estrada-
Girén et al., 2015). In the formula of corn + lablab bean
flour, the water-absorbing process was slow because the
corn and lablab bean starch contain higher amylose than
sorghum and sweet potato. Furthermore, it was reported
by (Estrada-Girén et al., 2015) that the composition of
extruded corn starch, protein pinto, and navy beans
creates a low WAI value.

Water
absorption

(o] 10 20 30 40 50

Time (minutes)

=t Formula A ——#— Formula B Formula C Milled rice

Figure 2. Water absorption index (WAI) of analog rice
formula A, B, C, and milled rice.

3.2 Cooking properties

The characteristic of analog rice was consisted of
cooking time, cooking weight, degree of expansion,
rehydration, and cooking loss in each treatment (Table
3). Table 3 shows the shortest cooking time obtained
from Formula A for 9.0+1.0 mins, while the longest
cooking time was obtained from milled rice for
30.0+2.00 mins. The highest cooking weight value was
obtained from Formula C at 232.5+4.33%, while the
lowest was obtained from Formula B at 202.5+2.55%.
The highest Degree of expansion value was obtained
from Formula C at 3.25+0.21 and the lowest value
obtained from Formula A was 2.50+0.13. Milled rice has
the highest rehydration value of 142.5+2.10%, while the
highest cooking loss value obtained from Formula B is
17.72+1.15%.

Cooking time was the required time in cooking
analog rice until a perfectly cooked analog rice could be
obtained. The cooking time of analog rice for formula A,
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B, and C was between 8-13 mins (Table 3). This research
used the cooking time similar to the cooking time of rice
noodles, developed with extrusion technology between 5
to 9 mins (Yogeshwari et al., 2018).The cooking time of
analog rice products was greatly influenced by the
temperature of gelatinization that occurred in the used
material. Higher gelatinization temperature would
increase the value of analog rice cooking time. The
temperature of starch gelatinization was highly
dependent on the source of the constituent raw materials.
Amylose affected the ability of starch to absorb water in
a greater amount. Amylose had the greater ability to
bond hydrogen with water when compared to the
amylopectin.

Cooking weight. The analog rice cooking weight for
formula A, B, and C was 202.5+2.55% to 232.5+4.33%.
It was lower than the cooking weight of milled rice
(242.5+£4.00%). The highest cooking weight was
possessed by analog rice in formula C, which was
232.5+4.33%. This condition was related to the amylose
content within the extrudate. The amylose affected the
starch's ability to absorb and retain water.

The degree of expansion illustrates the ability of
analog rice to expand during cooking. Expansion during
cooking using water with a ratio of 1: 1.5 (material:
water) expansion has increased in all formulas where
analog rice formula C has a degree of expansion 3.25,
and this value is higher than the expansion of milled rice
(Table 3). The degree of expansion is related to the size,
amount, and distribution of air surrounded by a cooked
matrix (Yanniotis et al., 2007). Water is an excellent
material as a plasticizer from the amorphous region of
starch granules. Besides that, it also encourages the
breaking of hydrogen bonds and the formation of new
hydrogen fishes, among other related components.
Expansion of extrudates will decrease if the amount of
amylopectin in the material increases (Huang, 2001).
The condition causes the analog rice that contains
cornflour to possess a higher expansion when compared
to the ‘native rice’ during the cooking process.

The percentage of rehydration of formula A, B, and
C analog rice after the extruding process showed a
hydration level of 102.5£3.64% to 132.5+4.33%.

Table 3. Cooking time, cooking weight, degree of expansion, rehydration, and cooking loss in each formula

The formulaof - Cookingtime  Cooking weight - Degree of  gopyrtion (%) Cooking loss (%)
A 9.0+1.0 207.5£3.20 2.50+0.13 107.5£3.70 16.08+1.10
B 7.0£1.0 202.5£2.55 2.25+0.22 102.5+3.64 17.72+1.15
C 11.0+0.66 232.5+4.33 3.25+0.21 132.5+4.33 12.08+1.03
N 30.0£2.00 242.5+4.00 3.20£0.22 142.5+2.10 6.00+0.60

A: Ratio cassava: sorghum : soybean = 4.5 : 4.5 : 1; B: Ratio cassava : sweet potato : soybean= 4.5:4.5: 1; C: Ratio cassava :
(50% corn + 50% lablab bean) : soybean = 4.5 : 4.5 : 1; N:Milled rice
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Rehydration level of analog rice was highest in formula
C but still lower than the rehydration level of milled rice,
which was 142.5+2.10%. These conditions were related
to the extrudate conditions, weight per seed, and the
ability to absorb and retain water.

The level of cooking loss of formula A, B, and C
analog rice was 12.08-17.72%. This result was still
higher than that of the milled rice (6%). Significant
cooking loss was undesirable because starch solubility
occurs when this type of rice is being cooked. This
condition would produce boiled water that is turbid or
analog rice which is low in cooking tolerance and sticky
to the mouth (Yogeshwari et al., 2018). The lowest
cooking loss value was possessed by formula C analog
rice (12.084+0.03%). These results indicated that the
number of solids in formula C was less soluble in water
during the cooking. The difference in starch sources
might affect the cooking loss of noodles (Quazi et al.,
2014).

3.3 Nutrient analysis

The proximate composition of the analog rice of
formula A, B, C, and milled rice are shown in Table 4.
Table 4 shows that Formula C has a higher protein
content of 13.08 g/100 g when compared to Formula A
protein of 10.39 g/100 g and Formula B of 6.71 g/100 g.
Formula C also has the highest value in Fat at 5.87 g/100
g, crude fiber at 9.51 g/100 g, amylose at 36.05 g/100 g,
and ash at 1.66 g/100 g when compared to Formula A
and B. Formula C has the lowest value at starch, Ca and
P when compared to Formula A and B, the starch value
of 64.05 g/100 g, Ca of 24 mg/100 g and P of 79 mg/100

g.

The average moisture content of analog rice of
formula A, B, and C, whose component ingredients
consist of various main ingredients such as wood flour,
sorghum flour, cornflour, and sweet potato flour was
9.87-12.05 g/100 g (Table 4). The obtained water content
had reached the level of ground rice water, which was
around 11.62 g/100 g. The maximum moisture content of
ground rice (14%) is required by SNI 01-6128-2008
(Pudjihastuti et al., 2019). The level of water content in
analog rice after extrusion was influenced by material
formula, extrusion temperature, and the drying process
performed after the extrusion process.

The average crude protein content from the analog
rice of formula A, B, and C was 6.71 g/100 g - 13.08
g/100 g (Table 4). These results indicated that the protein
content of analog rice was higher than that of the milled
rice, which was 6.81 g/100 g (USDA, 2015). The amount
of protein within the formula A, B, and C was
determined by the addition of protein from soy flour (the
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protein content in soy flour is more than 38.00%). The
lowest protein content went to the analog rice of formula
B. This condition occurred because the protein content of
this analog rice was directly proportional to the protein
content of the used base material. Protein contents in
formula A and formula C were higher than that of the
formula B. This was due to the influence of soy protein,
corn+lablab bean protein, and sorghum, in which the
amount of those contents was higher than that of the
sweet potato protein. The protein content of the produce
analog rice is highly dependent on the raw materials
(Akdogan, 1999; Noviasari et al., 2017). The presence of
protein in analog rice formulae can also be functioned to
reduce the glycemic response because protein can
prolong the rate of food flow in the stomach so that the
absorption and digestion speed in the small intestine
becomes slower (Alsaffar, 2011). These conditions
would indirectly be the benefit of analog rice as a
functional food.

Table 4. The proximate composition of the analog rice
formula A, B, C, and milled rice

s 1 s =z
o o o =
= = = =
No Component é é é 2
s s s =
> oy o 8
1 Water (g/100 g) 9.87 11.9 12.05 11.62
2 Protein (g/100 g) 1039  6.71 13.08 7.13
3 Fat(g/100 g) 4.87 4.66 5.87 0.66
4 Crude fiber (g/100g)  7.92 7.71 9.51 0.12
5 Starch (g/100 g) 76.4  80.55 64.05 90
6 Amylose (g/100 g) 34 19.93  36.05 17
7 Ash (g/100 g) 0.72 0.55 1.66 0.8
8 Ca(mg/100 g) 92 30 24 28
9 P (mg/100 g) 188 80 79 115

The average fat content in the analog rice of formula
A, B, and C was 4.66 — 5.87 g/100 g (Table 4). This fat
content level was higher than the fat content of the
milled rice, which was 0.55 g/100 g (USDA, 2015). The
fat content was higher in the analog rice due to the
addition of oil in the dough before extrusion. The oil is
essential to avoid adhesions during extrusion and to
produce analog rice whose surface is finer. Fat can
reduce the frictional force between particles and between
the surface of the screw and barrel (Assoud and Kleinke,
2005). These conditions can improve the smoothness of
analog rice’s surface.

The data provided in Table 3 show that the amylose
content of analog rice (formula A, B, and C) was
between 34.0 - 36.05%, while the milled rice contained
amylose in the amount of 17 g/100 g. Amylose and
amylopectin affect the texture of rice and analog rice
after cooking (Budijanto and Yuliyanti, 2017). The high
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amylose will produce dry analog rice that has a hard
texture after being cold. Rice containing high
amylopectin will produce fluffier rice with as of texture
(Yusof et al., 2005). The amylose content of the raw
materials would be related to the level of consumer
acceptance and it could bring influence on the cooking
process (Wang et al., 2010). However, in the production
process, Na-alginate and soy flour were added to the
formula in a fixed amount, and it affected the texture of
analog rice after being cooked.

The data in Table 3 show that the fiber content of the
analog rice (formula A, B, and C) was relatively high (at
7.71 - 9.51%), while the fiber content of the milled rice
was about 0.12 g/100 g. The relatively high fiber content
in analog rice was because the fiber content of the base
material used in creating analog rice was relatively high.
According to the Codex Alimentarius Commission
(2009), food would be deemed as a source of dietary
fiber if it contains at least 3% of fiber, and it would be
considered ‘high in fiber’ if it contains at least 6% of
dietary fiber (Howlett ef al., 2010).

3.4 Microstructure

The structure of the analog rice after the extruding
process will be shown in (Figure 3A), and the gel
structure after cooking will be shown in (Figure 3B). The
microstructures of the analog rice (formulas A, B, and C)
differed from the structure of the milled rice. Starch and
protein components were gelatinized during the heating
that occurred in the extruder machine. Furthermore, the
components also gained an interaction with each other to
form a compact structure, but there were still cavities on
the analog rice’s surface when compared to the real rice
(Figure 3A). Heating and compression during the
extrusion process can cause the gelatinization process
either partially or entirely (Mishra et al., 2012). The
structure of post-extruded analog rice was influenced by
feed moisture in the formula of the extrudates. The water
would serve as a plasticizer agent for starch material and
it can reduce viscosity and mechanical energy, as well as
inhibit the growth of bubbles, resulting in a denser
product (Assoud and Kleinke, 2005). Post-cooking
microstructure gel development occurred due to the
presence of water and the heating. The gel developed in
each formula was different from the gel in the milled
rice. The difference in the shape of the gels was due to
the variations in the ingredients of its constituent
formulas. In analog rice made of various sources of
starch and protein (sorghum, cassava, corn, cassava, and
soybeans), the form of starch granules in each ingredient
was different so the gelatinization process also formed a
different gel. In addition, it was suspected that, by the
process of mixing and extruding at high temperatures,
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accompanied by complaints and high pressure, there was
an interaction between the components.

Figure 3A. Scanning electron microscopy of analog rice
granules uncooked

' o) 2
Figure 3B. Scanning electron microscopy of analog rice
granules cooked

3.5 Sensory of analog rice

The results of the color sensory test performed by
using ten panelists showed that the color value of analog
rice in formulas A, B, and C was 5 to 7 (i.e., preferred to
highly preferred). When we take a deep look, the white
color was still below the milled rice. Based on the
panelist's evaluation on the formula B, it showed a
highly preferred color with a score of 5.8, but still lower
than the color score of the milled rice. Formula A and B
showed a score of 4.4 to 5.1, which meant preferable.
The difference in color between analogous rice and
milled rice was due to the non-rice ingredients (within
the analog rice) whose initial color was not white, unlike
the milled rice.

The results of the texture test using ten panelists
showed that the analog rice (formulas A, B, and C)
possessed a score of 4 to 5, which means somewhat
preferable to preferable. The highest texture score was
found in formula B with a value of 5. Formula B
contained lower amylose.

The taste test results showed that the analog rice of
formulas A, B, and C had a taste value of 4 to 5, which
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mean preferable, but when compared to the milled rice, it
still got a lower score. The most preferable flavor went
to formula C, which possessed a value of 5.

The aroma test results indicated that the numbers of
4 to 5Sm which meant ‘preferable’, but when compared to
the aroma of rice from ordinary milled rice, it still got a
lower score. The essential ingredients influence the
texture, taste, and aroma of the analog rice (formulas A,
B, and C). Moreover, the panelists were accustomed to
consuming the milled rice. This condition was thought to
have caused the lower score of sensory tests for the
analog rice when compared to that of the milled rice.

4. Conclusion

Flours from: cassava, sweet potato, sorghum, corn,
and soybeans can be formulated as an analog rice
ingredient. Cassava flour, sweet potato, sorghum, corn,
lablab bean act as a source of carbohydrates, and soy
flour is used as a source of protein. The best ratio will be
4.5:4.5: 1 for the cassava flour: (50% corn + 50% lablab
bean) flour: soy flour. This formula uses a number of
additional ingredients such as 250 g cooking oil, 50 g
salt, glycerol monostearate (GMS) 25 g, 25 g Na.
alginate and 25 g sodium three polyphosphates (STPP)
per 10 kg of dough. The average nutritional composition
is higher than that of milled rice, especially protein =
13.08%, fat = 5.87%, fiber = 9.51%, and amylose =
36.05%. The amount of water used in the cooking
process must be 1.5 mL to 2 mL per gram of analog rice,
and the cooking time must be 10-15 mins. The sensory
value of color, taste, aroma, and texture of the analog
rice is in the scale of average like to very like, even
though it is still lower than that of the milled rice.
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