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Abstract. Analog rice was expected to have characteristics that similar to native rice,
particularly on level of stickiness. Therefore, formulation of ingredients is important
for the consideration. Nagara bean flour fermented by L. plantarum have a high
amylose content of 23-25 percent, in the formulations, nagara bean flour is combined
with sago flour to balance amylose and amylopectin content. This combination is
expected to result on good rehydration and texture that similar to to native cooked
rice. This research was examined formulation of nagara bean flour, sago starch and
glycerol monostearate concentration as emulsifier to facilitate the extrusion process.
The analog rice from proportion nagara bean flour and sago starch of 50: 50 have
high levels of rehydration and have small solid losses. This characteristic was not
different from the proportion nagara bean flour and sago starch of 60 : 40. Increasing
the proportion of nagara bean flour to sago starch will increase the cooking time of
analog rice. In addition, the addition of glycerol monostearate concentration of 2% to
5% could result good extrusion quality.

Keyword: nagara bean, sago starch, glycerol monostearate, rehydration, cooking time.

1. Introduction

Rice currently becomes a staple food in some developing countries and other countries in the world.
It is able to provide 20% of energy needs from its starch content. On the other hand, as the staple
food, rice has low protein. It will result in protein deficiency. The extrusion technology can be used
for processing the fortification rice or analog rice to obtain adequate nutrient type rice or rice with a
certain amount of micronutrient [1]

Analog rice is the food product that has a shape as rice with a carbohydrate content that is close to
or exceeds the carbohydrate content in ordinary rice. The analog rice can increase the diversification
of staple food by manipulating the mindset as if consuming cooked rice from ordinary rice.

Nagara bean that has been fermented using L. plantarum will have high protein content up to 24%
and it will increase the starch and protein digestibility in vitro [2]. The fermentation process is also
able to improve the characteristic of beans [3], modify the structure and the physic-chemical
characteristic of starch [4], affect the solubility characteristic, the granule swelling, and starch
viscosity [5] and eliminating the anti-nutrient compounds [7.8].

To obtain the rice analog with a character that is close to the characteristic of ordinary rice in the
stickiness level, and the good tasting, while, nagara bean flour has the amylose content of 23% to
25% [2], therefore, in formulating the analog rice. nagara flour is fermented using L. plantarum is
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composed with sago starch as the counterbalancing component for the amylose and amylopectin
contents. Thereby, the best rehydratidBjcapacity and texture that is similar to rice can be obtained.

This research aimed at analyzing the rehydration level and the cooking time of analog rice from
the formulation of nagara bean flour fermented using L. plantarum and sago starch by adjusting the
proportion of nagara bean flour and sago flour.

2. Materials And Method

Materials and Instruments
Nagara bean was obtained from Nagara, Hulu Sungai Selatan Regency, South Kalimantan, sago
starch and glycerol monostearate. The instrument used here comprising water bath, oven (memmert),
and glassware for chemical analysis.

Fermentation Process
The fermentation process was done by using nagara bean: solvent ratio i.e. 1: 4. The amount of L.
plantarum that was inoculated in the treatment was 1% (v/b the basis of nagara bean). The nagara
bean was fermented for 48 hours and then the bean skin was peeled and washed. Next, it was dried in
the oven at a temperature of 60°C for 48 hours, and it was ground to produce flour of 80 mesh.

The Process of Analog Rice Production [8]
a. The Test on The proportion of Nagara bean flour and sago starch

The mixing process was done through two stages i.e. mixing the dry materials (nagara bean flour
and sago flour) with several nagara bean flour : sago flour ratios i.e. 80: 20, 70: 30, 60: 40, 50: 50,
40: 60, 30: 70, 20: 80. The mixture was mixed using a mixer for 5 minutes and then adding 10% of
water at 60°C and the process of mixing was done again for 5 minutes. The dough was put into the
extruder of analog rice using cold extrusion system. Pregelatinization was applied to extruded rice
for 10 minutes and it was dried at 60°C to reach the water content that was less than 14%.
b. The Test on Glycerol Monostearate Concentration

This stage was used for testing the use of glycerol monostearate at the concentration of 1%. 2%.
3%, 4%, and 5% only at one proportion i.e. nagara bean flour: sago flour ratio i.e. 50: 50. Then, it
would be processed using a similar process as stage a.

The Parameter of Analysis
The water content [9], ash content [9], bulk density, water absorption, swelling volume, total
dissolved solids, and the cooking time of the analog rice that had been obtained would be tested.
The capacity of water absorption [ 10], solubility, and swelling volume (the modification [11].

Data Analysis
The collected data was tested using ANOVA at an error rate of 5%. If it had a significant impact,
Duncan’s Least Significant Difference was conducted afterward.

3. Result And Discussion
Analog rice as the result of the formulation of modified nagara bean flour through L.plantarum
fermentation and sago starch had various characteristics of the extrudate. It depended on the
proportion of flour that was being used. The more proportion of nagara bean flour (80: 20) than sago
starch, the easier the cold extrusion process in analog rice extruding machine compared to the
proportion with more sago flour (20: 80). The extrudate would be easy to come out from the hole of
the machine because the resistance of mixture toward the extrusion force of screw was not as big as
the mixture with a high proportion of sago starch.

The application of the pregelatinization process for 10 minutes toward the extrudate showed that
the higher the proportion of sago starch was, the stickier the extrudate to one another was. Thereby, it
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would be difficult to be separated. Meanwhile, the higher the proportion of nagara bean was, the less
sticky the extrudate to one another was. Thereby, it could be separated easily. The proportion of
nagara bean flour of 50%, 60%, 70%, and 80% toward sago starch was relatively easy to be separated
(less sticky).

Y

% lp:6o

L 20 : 8o
Figure 1. Analog rice from formulation of nagara bean flour fermented by L. plantarum and sago
starch

80: 208) @i

Figure 1 showed that, physically, the shape of rice is quite similar to pellet with various size from
the small size of the broken shape up to the long one of 1 cm. The color of analog rice was around
yellowish-brown up to brown. The proportion of nagara bean flour around 70% — 80% was relatively
yellowish-brown, the proportion of nagara bean flour around 40% — 60% was relatively brown, and
the proportion of nagara bean flour around 20% — 30% was relatively bright brown. The proportion
of nagara bean of 20% had an agglomeration of extrudates. It happened because several extruded rice
stuck on each other after the application of the pregelatinization process and it was difficult to be
separated.

The variables that were analyzed in analog rice comprising water content, bulk density, ash
content, water absorption, swelling volume, and density loss. It was conducted to find out the quality
of cooking of the analog rice that had been produced.

Effect of The Proportion of Nagara Bean Flour and Sago Starch Water Content

The result of the analysis of variance (o= 5%) showed that the treatment of nagara bean flour and
sago starch ratio had no significant impact on the water content. The water content of analog rice
was around 5.61% to 8.23%. This value was lower than the maximum limit in milled rice (whiterice)
i.e. 14%. There was a tendency i.e. by the increasing proportion of sago starch toward nagara bean
flour proportion, the water content of analog rice would increase too. It was strongly related to the
ability of sago starch to bind more water. The water used in the formulation was the water from the
steaming process when pregelatinization was conducted (Figure 2).
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Figure 2. Water content of analog rice from formulation of nagara bean fermented by L.
plantarum and sago starch

The sago starch granule has an oval shape with a bigger size. If it is compared to other starch
types, sago starch granule has relatively big size i.e. it reaches the average size of 24.8 ym [12] or 25
pm [13]. The big size of granule indicated the high ability to absorb water during the process of
gelatinization. It was correlated with the increase of sago starch proportion on analog rice
formulation. The water absorption would increase too. Therefore, when it was dried, the water
content value was bigger.

Bulk Density
The bulk density of analog rice was around 0.58— 0.74 gfcm"*. The result of the analysis of variance
(o0 = 5%) showed that the treatment of nagara bean flour to sago starch ratio had no significant
impact toward the bulk density (Figure 3)
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Figure 3. Bulk density of analog rice from formulation of nagara bean fermented by L. plantarum

and sago starch

[14] stated that the material with higher bulk density would result in more amounts of material that
was packaged using a certain packaging.

Water Absorption Capacity
The pregelatinization treatment resulted in heating that caused the water absorption and swelling in
starch granule. The use of the heat that was gradually increased caused the intermolecular hydrogen
bond between the amylose chain and amylopectin branch chain to weaken so that the starch granule
was swollen rapidly.

This analog rice was produced by formulating nagara bean flour and sago starch. Figure 4 shows
that the increased proportion of sago starch caused the water absorption of analog rice to increase.
The sago starch had some characteristics that were similar to the characteristics of tuber starches.
Those characteristics were having big size of the granule [12]. having a swelling index (swelling

4
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power), high solubility [13] and the characteristic of type A gelatinization (having a high peak
viscosity). However, it would decrease drastically when it was heated continuously at a high
temperature (95°C).

Water
absorption
capacity/swelli
ng volume(%) -

20 30 40 50 60 ) 80 an

Proportion of nagara bean flour fermented by I. plantarum and
sago starch (%)

—s— water absorption capacity — A~ swelling volume
Figure 4. Water absorption capacity and swelling volume of analog rice from formulation of nagara
bean fermented by L. plantarum and sago starch

Swelling Volume

The swelling volume of analog rice along with the water absorption level showed that the increase of
sago flour proportion caused the increase in water absorption level and the swelling volume in rice
analog (Figure 4).

Besides the relatively big size of sago starch granule, the low amylose content also caused the
increase of swelling volume in the starch [15]. The amylose would suppress the swelling of granule
and maintain the integrity of swollen starch granule. The ability to swell was affected by
amylopectin. The starch with a high amylopectin content would be swollen easily.

When starch molecules heated in excess water, the semi-crystalline structure is broken, and water
molecules combine with hydrogen to hydroxyl bonds groups exposed to amylose and amylopectin
molecules. This relationship causes swelling and increases the size of the granule and solubility [16].
Swelling capacity and solubility starch describes polymeric chain interactions consists of amorphous
and crystal granule fractions [17].

Solid Loses

The solid loses of analog rice from the formulation of nagara bean and sago starch was around
0.76% - 3.50%. The result of the analysis of variance showed that the proportion of nagara bean
flour toward sago starch had no significant impact on solid loses of analog rice.
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Figure 5. Solid loses of analog rice from formulation of nagara beanfermented by L. plantarum and
sago starch

Figure 5 showed that the highest value of solid loses during the cooking process was at the
proportion of nagara bean of 20%, and then it would be decreased up to the proportion of 40%.
Meanwhile, at the proportion of 50%, it would start to increase again after the density loss. The low
content of sago flour caused the adhesion of rice granule particle to weaken, crumbly texture, and
during the cooking process, the analog rice was easily separated. Similarly, the low proportion of
nagara bean flour and dominant sago starch caused the analog rice would be easily gelatinized during
the cooking process. If the sago starch were cooked over the gelatinization temperature, the solubility
of starch granule would increase.

Cooking Time

Cooking time is a duration needed to cook the analog rice. The duration needed for cooking was
around 2.11 — 11.95 minutes. The result of the analysis of variance showed that the ratio of nagara
bean flour to sago provided aflignificant impact on the duration of for cooking the analog rice.
Duncan’s test showed that the cooking time of analog rice at each proportion of nagara bean flour
and sago was various, except for the nagara bean flour: sago ratio of 70: 30 and 80: 20, it had no
much difference. The more amount of the nagara bean flour was, the longer the cooking time would
(Figure 6)
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Figure 6. Cooking time of analog rice from formulation of nagara bean fermented by L. plantarum and
sago starch

The starch that had high amylose content would be difficult to be gelatinized. Hence, the cooking
time needed more times. It was because of the amylose molecule had a tendency to be at the parallel
position. This condition caused the hydroxyl groups to be able to bind freely and the starch could
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form a strong crystal aggregate. In contrary, the starch that had a high amylopectin component would
be difficult to be bound to one another due to the branch chain. Thereby, the starch with high
amylopectin would be easily gelatinized. Naturally available amylose and lipids in starchy materials
can inhibit swelling under conditions of formed amylose-lipid complexes. The complexity of lipids
with starch is a very important reaction in the extrusion and texture of the extruded product [18, 19]

In seven combinations of nagara bean flour to sago starch ratio, it was obtained the highest level
of solid loses at the proportion of nagara bean flour of 20% and 80%. The proportion of nagara bean
flour of 80% had dry texture, low water absorption capacity. In addition, the rice that had been
cooked and left at room temperature would easily undergo retrogradation, and it would easily dry
because the water content in analog rice would evaporate. At the proportion of nagara bean flour of
20%, which means the 80% was sago starch, during the cooking time that was over the gelatinization
temperature would easily be crumbled due to the amylopectin structure that was easily gelatinized.
The physical quality of analog rice that has been cooked can be seen in Figure 7.
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Figure 7. Cooked quality of analog rice from formulation of nagara bean
fermented by L. plantarum and sago starch

The ratio of starch that was less than 30% from the flour would make the analog rice product had
low rehydration characteristic. Meanwhile, if the ratio of starch was more than 70%. it would affect
the extrusion characteristic; and the control toward the shape and the size of analog would be difficult
to be done [20]. In the analog rice that contained amylose around 25% would result in hard gel since
the molecule of starch formed a tissue. On the other hand, the starch with low amylose would result
in soft texture and had no tissue [21].

Effect of Glycerol Monostearate Concentration Toward The Capacity of Water Absorption and
Swelling Volume
The study on the use of glycerol monostearate as emulsifier aimed to facilitate the extrusion process
in the extruder (lubricant) and to decrease the stickiness level of extruded rice to one another.
Therefore. during the pregelatinization process. it was easy to be separated from one another.
Glycerol monostearate as a lubricant would able to decrease the friction force between the particle in
the mixture and between the surface of the screw and the dough [22]. The use of monoglycerides
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could strengthen the water contained in the dough that had a function as a plasticizer. Thereby, the
plasticity characteristic of the dough in the barrel could be maintained.

This research was conducted by taking one formulation of nagara bean flour to sago starch ratio
i.e. 50: 50 and examining the GMS concentration at 1%, 2%. 3%. 4%, and 5%. The functional
characteristics ( water absorption level and swelling volume) were tested to the product that had been
produced.

Water Absorption and Swelling Volume

The research finding showed that by adding GMS emulsifier during the analog rice production could
make the extrusion process in the extruder easier and there was no stickiness between one extrudate
to another after the pregelatinization process. At a concentration of 1% GMS, the rice was still stuck
to one another. Meanwhile, at a concentration of 2% GMS, the rice product was not stuck to one
another. The increase of GMS concentration of 2% to 5% showed that the physical quality had no
significant difference (Figure 8). According to [25]. the concentration of lipid more than 3% would
not affect the expansion characteristics. However, it would affect the expansion rate if the
concentration was more than 5%.

W &

1% 2% t4 % 5%

Figure 8 Swelling of analog rice by various of glycerol monostearate concentration

Figure 9 shows that the increase of glycerol monostearate concentration could increase the water
absorption and swelling volume of analog rice. Nonetheless, the difference of water absorption level
and swelling volume in rice analog by adding GMS at the concentration of 3% to 5% was not
significant. Therefore, further research was conducted by adding the GMS concentration of 1%, 2%,
and 3%. The picture of analog rice after the result of water absorption test at some concentrations is
presented in Figure 8.
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Figure 9. Effect of glycerol monostearate to water absorption capacity and swelling volume of
analog rice from formulation nagara bean flour fermented by L. plantarum and sago

starch
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The level of starch swelling was beneficial for explaining the intermolecular bond. The starch
swelling was correlated to the amylopectin content. In this case, amylose had a function as a diluent
and an inhibitor of swelling, especially when the existence of lipid could form an insoluble complex
using amylose during the swelling process. In cereal starch granule, it did not show a complete
swelling level until the amylose was out of granule [23]. Thus, the increase of GMS concentration
that was added could make the lipid amylose complex increasingly increase. It would be the barrier
for water-binding so that the swelling capacity of granule became limited.

The amount of lipid and protein in starch could also affect the swelling level. [24] stated that the
complex between lipid and amylose in the granules had been formed during the swelling process.
The protein and the starch interacted to each other due to the attraction of opposite charges.
Furthermore, it formed the complex during the gelatinization and it inhibited the swelling.

4. Conclusion
The formulation of analog rice between the modified nagara bean flour through L. plantarum
fermentation and sago starch results in a high rehydration characteristic with the lowest solid loses
level at the proportion of nagara bean flour to sago starch of 40%. However. it is not relatively
different from the proportion of nagara bean flour of 50%. The increase of glycerol monostearate
concentration up to 5% still gives an increase in water absorption capacity, but the glycerol
monostearate concentration of 2% can be extruded well.
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