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Abstract: The development of analog rice, apart from being an effort to diversify food, also has the 
potential to be develop as functional food in fulfilling the nutrients needed by a community. Katuk 
leaf is known for its ability to accelerate breast milk production for lactating women which is 
inseparable from sterol as bioactive content. This study aimed to determine the best formulation of 
analog rice made from cassava flour, banana flour, Katuk leaf powder and soy lecithin that was 
sensory acceptable, in a shape resembling rice, and able to fulfill the nutritional needs of lactating 
women. Analog rice was produced using extruder machine before the physical and sensory 
properties analyses were carried out, followed by the chemical properties analysis. Formulation C 
(80% cassava flour, 20% banana flour, 3% Katuk leaf powder and 0.5% soy lecithin) was obtained as 
the best or most preferred formulation based on sensory analysis which the grain shaped oval round 
resembling original rice and had green-brownish color, fluffy texture, distinct aroma and taste 
derived from the raw material used. Therefore, this research is expected to support the development 
of analog rice for providing the main staple food for fulfilling the lactating women’s nutrition.  

Keywords: analog rice; Sauropus androgynous; lactating women; banana; cassava  
 

1. Introduction 

Analog rice is a processed product shaped like rice grains that can be made from a mixture of 
rice and non-rice flour with the addition of water and has a nutritional content that approaches or 
exceeds that of paddy rice [1]. The increasing consumption of rice as a staple food is in line with the 
increasing population in Indonesia hence resulting in increased rice imports due to the high 
dependence on rice consumption [2,3]. Analog rice is one of the alternatives to substitute paddy rice 
and to overcome the food availability, all the more its nutritional content can be easily designed to 
fulfill the specific nutrients needed [2,4]. One of the groups of people who need certain nutrients is 
lactating women. Insufficient breast milk production is a problem that many lactating women face 
[5–7]. Nutritional fulfilment for lactating women to increase their breast milk supply can be achieved 
by consuming Katuk leaves whose ability to facilitate breast milk is inseparable from its active 
compounds, namely alkaloids and sterols [8,9]. The addition of Katuk leaves in making analog rice 
is carried out to be one of the efforts to fulfil nutrition for lactating women. 

Analog rice can be made by utilizing local food ingredients as carbohydrate sources that are 
available in abundance such as tubers, cereals, pulses, and other materials whose composition and 
properties will determine the nutritional content and characteristics of the analog rice produced [10–
12]. Some of the carbohydrate sources that can be utilized are cassava and bananas. Cassava is a type 
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of tropical plant whose tubers contain lots of nutrients such as carbohydrates, calories, vitamins, 
minerals, protein, and fat in small amounts, as well as various types of fiber (complex fiber, soluble 
dietary fiber, and insoluble fiber) [13–15]. The amount of carbohydrates contained in cassava is higher 
than that in other types of food, such as rice and corn (40% and 20% higher than rice and corn, 
respectively) [14,16]. Moreover, bananas also contain relatively high nutritional content, such as 
calories and carbohydrates, making bananas an opportunity to be used as an alternative source of 
carbohydrates in the form of analog rice [17,18]. In addition to adding the main ingredients, it is also 
necessary to add additional ingredients to reduce the rehydration time and obtain rice grains with a 
soft, firm texture that do not break easily when cooked [19]. Soy lecithin can be added to analog rice 
extrusion products to improve texture, reduce adhesive power, and improve the shape of the final 
product after the hydration process [20]. Another benefit of soy lecithin is that it helps increase milk 
production for lactating women because lecithin is composed of choline, which acts to prevent 
plugged ducts without unpleasant side effects for lactating women [21,22]. This shows the potential 
of both cassava and banana as sources of calories and can be an alternative to rice, which has quite 
an important role in supporting the food security of a region and can be used as a staple food 
diversification program through the development of analog rice with the addition of soy lecithin to 
improve its texture. 

The development of analog rice by utilizing local ingredients has previously been carried out. 
Sada et al. made analog rice with the substitution of mocaf, mung bean and purple corn [23], 
Rumitasari made analog rice with a combination of white corn and mung bean [24], Hasbullah et al. 
with the analog rice formulation consisting of mocaf flour and modified suweg flour [25], and analog 
rice made by Sulfi et al. consisted of cassava and mung bean [26]. The manufacturing of analog rice 
with a combination of cassava flour and banana flour, with the addition of Katuk leaf powder, has 
never been carried out before where the analog rice produced has added value as a functional food 
for fulfilling the nutrition of lactating women. 

The supply of breast milk to nursing women is very important for the fulfillment of baby 
nutrition during the growth and development period [27,28]. Women who breastfeed need 500-1000 
more calories than women who don't breastfeed [29]. Based on this description, it is necessary to 
carry out further research regarding the proper formulation in the manufacture of analog rice 
originating from Indonesia local food ingredients as a source of carbohydrates to replace rice and be 
able to meet the nutritional needs of lactating women with a taste that can be accepted by consumers. 
Therefore, this study aimed to obtain the best formulation of analog rice based on lactating women’s 
preferences, and to produce analog rice that resembles rice in general, as well as to obtain the physical 
and chemical properties of the analog rice produced. 

2. Materials and Methods 

2.1. Production of Analog Rice 

The analog rice formulation refers to [17] with modifications. The formulation for making analog 
rice can be seen in Table 1.  

Table 1. Analog rice formulation of cassava and banana flours ratio. A: 60%:40%, B: 70%:30%, C: 
80%:20%. 

Sample Code 
Cassava Flour Banana Flour 

Katuk Leaf 
Powder Soy Lecithin Water Total 

G %* g %* %* %* %* %* 
A 46.20 60 30.80 40 3 0 20 100 
B  53.72 70 22.83 30 3 0.25 20 100 
C 61.20 80 15.30 20 3 0.50 20 100 

*Percentages based on total flour weight. 
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The literature of analog rice production refers to Damat et al. [30] with modification. Analog rice 
was produced using extrusion technology, which consists of several process stages (Figure 1) 
including material preparation, mixing, steaming, molding using an extruder machine, and drying. 
The preparation of the material begins with sifting the Katuk leaf powder using a 100-mesh sieve. 
Furthermore, the ingredients, namely cassava flour, banana flour, Katuk leaf powder, and soybean 
lecithin, were weighed according to the formulation. The next stage is the mixing process. The 
ingredients, consisting of flour and soy lecithin, are mixed first and stirred for 3 minutes until evenly 
distributed. Then, 20% water is added little by little to the ingredients that have been mixed and 
stirred again for 10 minutes until the ingredients are evenly mixed and form a dough with a slightly 
wet texture. Next, the dough is wrapped in a filter cloth and steamed in the boiler for 30 minutes. 
After that, it is printed using an extruder machine, and during the extrusion process, the dough will 
flow and print through the die (mold). The obtained analog rice grains were then dried in a blower 
oven at 60 °C for 3 hours to reduce the moisture content of the analog rice to 14%. 

 

Figure 1. Detailed illustration of the experimental method. 

2.2. Physical and Chemical Analyses of Analog Rice 

Physical analysis was measured in 1st stage for bulk density [31], absorption [17], swelling 
power [17], cooking time [30], and yield of cooked analog rice [32]. After the evaluation of consumer 
preference, a chemical analysis was conducted. Chemical analysis which was measured for 2nd stage 
were proximate analyses (moisture, ash, protein, fat, and carbohydrate by difference [33], crude fiber 
[34], total calories [35–37], sitosterol and stigmasterol levels [38], total flavonoids [39], and iron (Fe) 
levels (Nasution et al., 2022). 
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2.3. Sensory Analysis of Analog Rice 

The sensory analysis used in this study was the hedonic method refers to Arifin et al. [41] with 
3 levels of scale such as 1 = dislike, 2 = neutral, and 3 = like analog rice samples. The panelists were 
25 breastfeeding mothers aged 18-40 years who were asked to observe their preference for raw and 
cooked analog rice which include color, odor, texture, taste, and overall appearance.  

2.4. Statistical Analysis 

The resulting data were processed using a completely randomized design (CRD) with three 
repetitions, and the results obtained for each parameter were analyzed using an ANOVA with three 
repetitions. Duncan's test was used to confirm the differences between treatments. The software used 
for data processing was Microsoft Excel 2016 and IBM SPSS Statistics 24. 

3. Results and Discussion 

3.1. Analog Rice 

The manufacture of analog rice in this study used hot extrusion technology which in its 
processing used temperatures above 70℃ obtained from steamed heaters [42]. The preferred analog 
rice produced in this study (Figure 2) has a shape resembling rice in general, which is oval with a 
brownish-green color derived from the raw materials of cassava, banana and Katuk leaves used.  
Analog rice produced after cooking has a fluffy texture like rice in general, a deeper color, as well as 
the aroma, and the taste produced has distinctive characteristics derived from the ingredients used. 
Analog rice can be cooked using an electrical rice cooker or the conventional method with a steamer. 
In this research, the result of analog rice was cooked using a conventional cooking method. The 
cooking of analog rice using a steamer can be done by filling the steamer pot with water up to the 
limit of tera and bringing it to a boil, then the analog rice is put in and boiled until half cooked, after 
which the steamer pot filter is removed and the remaining water from cooking the analog rice is 
replaced with new water then the analog rice is steamed. The cooking of analog rice lasted for 10-15 
minutes and the characteristics of cooked rice are characterized by not having white spots in the 
middle and the texture of the rice turns chewy [30]. 

  
(a) (b) 

Figure 2. Preferred analog rice with ratio of cassava flour and banana flour 80%:20%. (a) raw analog 
rice, (b) cooked analog rice. 

3.2. Physical Properties 

The analog rice formulations produced had no significant effect (P>0.05) on all of the physical 
parameters consisting of bulk density, water absorption, swelling power, cooking time, and yield of 
analog rice which can be seen in Table 2. The bulk density obtained in all three analog rice 
formulations showed no significant differences ranging from 0.55-0.57 g/ml with a ratio of cassava 
and banana flour of 60%:40% as the highest. Analog rice with greater bulk density indicates that the 
porosity of analog rice is lower [43–45]. This is attributed to water loss during the drying process in 
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analog rice-making [44,46,47] and is influenced by the moisture content of raw materials and the type 
of ingredients [48,49]. A large bulk density value will require a smaller storage space, and vice versa 
[47,50]. Bulk density is also influenced by the addition of soy lecithin that contains more than 90% fat 
which has a lower density, resulting in a decrease in bulk density [51–53]. 

Table 2. Physical Analyses Results of Analog Rice. 

Physical Properties 
Ratio of Cassava and Banana Flours 

A (60% : 40%)  B (70% : 30%) C (80% : 20%) 
Bulk Density (g/ml) 0,57 ± 0,02 0,56 ± 0,01 0,55 ± 0,02 

Water Absorption (%) 76,54 ± 1,78 75,08 ± 1,53 77,27 ± 1,15 
Swelling Power (%) 29,45 ± 5,17 27,93 ± 5,01 31,64 ± 5,06 

Cooking Time (minutes) 14,15 ± 0,09 14,06 ± 0,07 14,07 ± 0,03 
Yield (%) 58,58 ± 9,25 61,73 ± 5,51 67,67 ± 1,91 

Generally, the water absorption capacity of a material is related to its bulk density value [45,49]. 
Low bulk density in analog rice indicates that the analog rice has high porosity [45,54]. According to 
Yulviatun et al., the higher the porosity of the analog rice produced, the greater the water absorption 
due to the greater number of cavities between particles [45]. The highest water absorption value of 
analog rice was obtained in the 80%:20% ratio of cassava and banana flours (77.27%) with no any 
significant difference from the other two formulas. The high water absorption was influenced by the 
high starch content of the ingredients used in the formulation, especially the amylose content which 
has an amorphous region [55–57]. In addition, soy lecithin as a stabilizer can absorb water and 
increase the water absorption of analog rice because soy lecithin has hydrophilic groups, so its ability 
to bind water from the air will be faster [58–60]. 

The highest swelling power value was obtained in the 80%:20% ratio of cassava and banana flour 
(31.64%) which was influenced by the amylopectin and amylose content contained in the ingredients. 
Banana has a low amylose content, which is 11.2% [61], while cassava has a higher amylose content, 
around 30% [62]. The high starch and amylose content found in the ingredients affects the swelling 
power [63]. Amylose which has amorphous regions is reactive to water molecules causing the amount 
of water absorbed into starch to increase [64,65]. Analog rice made with a 70:30 ratio of cassava flour 
and banana flour showed the lowest swelling power (27.93%), which was inconsistent with the 
increase in starch content. In this case, non-starch components such as the addition of soy lecithin 
affected the swelling power of the analog rice.  Phospholipids present in soy lecithin can easily 
associate with starch present in the material to form starch-lipid complexes, and these complexes 
limit the swelling of starch granules [63,66,67]. 

Cooking time shows the length of time needed to cook the rice until it is cooked. The results 
obtained in the cooking time of analog rice made from cassava flour and banana flour from the three 
formulations were around 14 minutes. Analog rice cooking in this study was done conventionally 
using a steamer pot with boiling and steaming stages. The time needed to cook analog rice in this 
study was 6 minutes faster when compared to paddy rice which took 20 minutes. Herawati et al. 
stated that rice requires a longer cooking time of 20.5 minutes [68], while the cooking time required 
for analog rice is 10-15 minutes faster than paddy rice [69]. This is influenced by the process of making 
analog rice that has gone through a pre-heating process so that the analog rice starch has been 
gelatinized [42,70]. As a result, the water absorption of starch increases, thus the cooking time 
becomes shorter [71]. The higher the water absorption and cooking temperature, the faster the 
cooking time [72,73]. 

The yield obtained in the production of analog rice indicates the loss of product during the 
process. The highest yield was obtained in the analog rice formulation with a ratio of cassava flour 
and banana flour of 80%:20% (67.67%) followed by 70%:30% ratio (61.73%) and 60%:40% ratio 
(58.58%). This was influenced by the addition of soy lecithin to the formulation which functions as a 
binder to improve texture improve the shape of the final product after the rehydration process, and 
reduce adhesion [20,74], increasing yield. This is following the findings of Aini et al. and Van Buren 
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et al. which state that binders function to reduce cooking loss during the processing process and cause 
product yields to increase [75,76]. In addition, the yield value can be influenced by temperature, 
drying time, and moisture content [77,78].  

3.3. Proximate Content 

The results obtained as shown in Table 3, showed that the three analog rice formulations had no 
significant effect (P>0.05) on the moisture content, ash content, protein content, and carbohydrate 
content of analog rice but gave a significant effect (P<0.05) on the fat content of the analog rice 
produced. The moisture content of the three analog rice formulations (around 7%) met the 
requirements of safe moisture content for rice according to SNI 01-6128-2008, which is <14%. A 
moisture content of <14% will prevent mold growth that often grows on rice, cereals, and grains 
[30,79]. According to Mishra et al. analog rice needs to be dried to a moisture content of 4-15% to 
achieve optimal moisture content to increase shelf life [80]. The moisture content of a food product 
can be influenced by the addition of water to the ingredients [42], the steaming process [81,82], and 
the drying process [81,83]. 

Table 3. Proximate Analyses Results of Analog Rice. 

Proximate Properties (%) 
Ratio of Cassava and Banana Flours 

A (60% : 40%)  B (70% : 30%) C (80% : 20%) 
Moisture content 7,15 ± 0,21 7,36 ± 0,69 7,61± 0,44 

Ash content 2,20 ± 0,04 1,54 ± 1,29 2,32 ± 0,10 
Protein content 2,77 ± 0,15 2,76 ± 0,12 3,07 ± 0,21 

Fat content 0,80 ± 0,02a 0,60 ± 0,07b 0,48 ± 0,06c 
Carbohydrate content 87,08 ± 0,29 87,73 ± 1,88 86,53 ± 0,74 
Mean values with different letters are significantly different (P<0.05). 

Ash content is the result that remains from a sample of food that is completely burned in the 
ashing process. The ash content obtained from the three analog rice formulations (1.54-2.32%) is 
under the requirements for analysis of ash content in healthy foods according to SNI 01-7111.1-2005 
standards, namely 3.50% maximum. According to The Indonesian Food and Drug Authority, ash 
content below 3.50% is good for consumption because the minerals contained in it are good for health 
[85]. The ash content in food is influenced by the type of material used [86,87], and the drying process 
[88,89]. The addition of soy lecithin to the analog rice formulation contains minerals consisting of 
calcium, sodium, potassium, iron, magnesium, and copper [90]. Besides that, the drying process 
results in the decomposition of the water molecule bonding components and also increases the 
mineral content, resulting in an increase in the ash content [91,92]. However, ash content in food can 
decrease caused by the steaming process due to minerals solubility in water during the heating 
process, resulting in a lower ash content [93,94].  

The protein content results have no significant difference with the highest value were obtained 
at a ratio of 80%:20% (3.07%), and the lowest value was obtained at a ratio of 70%:30% (1.54%). The 
value of protein content is affected by the extrusion and heating processes. During the extrusion 
process or the application of heat such as drying and steaming in the production of analog rice, the 
protein component in the raw material will experience the breaking of hydrogen bonds, denaturation, 
and modification of its structure, so that the structure of the protein will be damaged and cause a 
decrease in protein content [54,95]. Meanwhile, the increase in the protein content of analog rice could 
be due to the increase in the concentration of soy lecithin in the formulation. Soy lecithin contains a 
protein content between 232 and 1338 mg/kg [96,97]. This is to the statement of Adelina et al., that 
the amount of artificial rice protein will increase by adding a protein source [98]. 

The results of the fat content obtained in this study showed a low value when compared to rice 
in general, namely 1.37%. As the concentration of cassava flour increases and the concentration of 
banana flour decreases, the fat content of the analog rice produced decreases. The highest fat content 
was obtained at a ratio of 60%:40% cassava and banana flour (0.80%), followed by a ratio of 70%:30% 
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(0.60%), and a ratio of 80%:20% (0.48%) with a significant (P<0.05) difference. The use of flour 
ingredients added to the formulation causes a decrease in moisture content, which causes an increase 
in solids, increasing the fat content of the material. This is in line with Novrini, that the total fat 
content is inversely proportional to the total moisture content in the ingredients. The fat content in 
the material used can function as a lubricant in the extruder machine, making it easier to produce 
and mold the dough [99]. 

The carbohydrate content obtained in the analog rice production was higher when compared to 
rice, which contained 80.14% carbohydrates [100]. The analog rice produced from cassava and banana 
flours has no significant difference of carbohydrate content, ranging from 86-87%. The high 
carbohydrate content of the analog rice obtained indicates that the analog rice can be used as an 
alternative source of carbohydrates and calories to rice. Budi et al. in their research related to analog 
rice made from corn flour, sorghum flour, and starch obtained a carbohydrate content of 91% [42], 
while Noviasari et al. producing analog rice with the combination of sorghum and mocaf flours with 
the addition of arenga starch and corn starch obtained a carbohydrate content of 91-94% [101]. The 
high carbohydrate content was influenced by the type of material used in the manufacture of analog 
rice. Where in this study cassava flour and banana flour were used as high carbohydrate sources so 
that the carbohydrate content of the resulting analog rice was also high [102]. 

3.4. Total Calories  
Calories can be interpreted as an energy unit that describes the amount of potential energy 

contained in a food. The results of the total calorie analysis can be seen in Figure 3. The results of the 
analysis of variance showed that the comparison of cassava flour and banana flour in the formulation 
of analog rice had no significant effect (P>0.05) on the total calories of analog rice with a ratio of 
70%:30% as the highest value (367.36 Kcal). The high results obtained on total calories are influenced 
by the levels of carbohydrates, proteins, and fats contained in the ingredients used. The higher the 
three components, the higher the energy contributed, and likewise, the total calories produced will 
be higher. Analog rice calories obtained in this study were around 362-367 Kcal, which was higher 
than refined rice, namely 360 kcal [30]. The high total calories in analog rice can be used as energy 
intake in carrying out activities, especially for lactating women who require a higher calorie intake 
of 500–1000 [29]. This is in line with the statement by Jannah et al., that analog rice can be used as an 
alternative to rice because it contains high calories [103]. At a ratio of 80%:20%, the caloric value 
obtained decreased, which was influenced by the low acquisition of fat and carbohydrate content, so 
that when the calculation was carried out, it resulted in a low total caloric gain. This is confirmed by 
Schriani & Yulianti, who say that the energy value of food is determined by calculating the 
composition of carbohydrates, fats, and proteins [104].  

 
Figure 3. Ratio correlation of cassava flour and banana flour to the total calories of analog rice. 
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3.5. Crude Fiber Content 

Crude fiber is a part of dietary fiber that cannot be hydrolyzed by certain chemicals, namely 
sulfuric acid (H2SO4) and NaOH. The results of the analysis for crude fiber content can be seen in 
Figure 4. The analog rice formulation, in comparison to cassava flour and banana flour, had no 
significant effect (P>0.05) on the crude fiber content of the analog rice. The crude fiber content in this 
study which ranged from 6.45-7.01% was higher when compared to several rice varieties of Indonesia 
which ranged from 0.43-1.83% [105].The crude fiber content obtained in this study indicated that the 
more additional ingredients used, the higher the analog rice’s crude fiber content. This is caused by 
the ingredients used, which consist of cassava flour, banana flour, and Katuk leaf powder. The crude 
fiber content found in cassava flour is 2.41% [106], and in banana flour is 2.0% [107], while Katuk leaf 
contains between 1.07-1.87% of crude fiber [108]. 

 

Figure 4. Ratio correlation of cassava flour and banana flour to the crude fiber content of analog rice. 

3.6. Phytosterol Levels 
The phytosterol analysis carried out in this study consists of sitosterol and stigmasterol levels. 

The results of the phytosterol analyses can be seen in Figure 5. The results showed that the 
comparison of cassava flour and banana flour with the addition of soybean lecithin had no significant 
effect (P>0.05) on the β-sitosterol levels of analog rice, whereas on stigmasterol levels had significant 
effect (P<0.05) in the analog rice. The increase of phytosterol levels contained in analog rice can be 
caused by the addition of Katuk leaf powder. Katuk leaf powder contains 2433.4 mg/100 g dry of 
phytosterol [109], which contributes to the sterol and stigmasterol levels in analog rice. In this study, 
the higher the addition of soy lecithin, the higher the sitosterol content of analog rice obtained, 
ranging from 1.50-1.37% with a ratio of 80%:20% as the highest. Sitosterol can be obtained from 
soybean lecithin, which is the residue from the processing of soybean oil and contains sitosterol. This 
is in accordance with Krisnawati, soybean oil contains 300–400 mg of sterols per 100 grams, with 
levels of β-sitosterol (53-56%), stigmasterol (17–21%), and campesterol (20–23%) [110]. This is also 
confirmed by the statement of Sihmawati & Rosida, that soy lecithin contains a sterol component of 
2-5% [111]. 
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Figure 5. Ratio correlation of cassava flour and banana flour to the phytosterol level of analog rice. 
Mean values with different letters are significantly different (P<0.05). 

Analog rice with a ratio of 60%:40% showed high stigmasterol content (1.60%), and significantly 
(P<0.05) higher than an 80%:20% ratio (1.11%). The decline in stigmasterol content in analog rice is 
due to the reduced ratio of banana flour in the analog rice formulation. The study by Ramu et al., 
found that banana extract contains a fairly high stigmasterol content of 21.91% [112]. As a result, the 
lower the concentration of banana flour, the lower the stigmasterol content in the analog rice 
produced. In addition, Katuk leaves contain stigmasterol, which can be used to increase lactation in 
lactating women. According to Petrus, one of the stigmasterol component in Katuk leaves is 
stigmasta-5,22-dien-3β-ol [113], which has the same way of working as cholesterol in its function in 
the process of steroidogenesis, namely converting free cholesterol into pregnenolone (precursor of all 
hormones) including for producing breast milk [114,115]. Furthermore, sterol has a function in 
modulating gut microbiota (Figure 6), hence it’s beneficial for health and could improve breast milk 
quality [116]. β-sitosterol enhances the variety of Staphylococcus and Streptococcus bacteria found in 
colostrum, which are highly nourishing for infants [116,117].  

 

Figure 6. The schema of phytosterol in increasing breast milk production and quality of lactating 
women. 

3.7. Total Flavonoids 

Flavonoids are phenolic compounds with the chemical structure C6-C3-C6 that are found in 
many plants and foods. The results of the analysis (Figure 7) showed that the rice analog formulations 
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had no significantly different effect (P>0.05) on flavonoids, ranging from 0.17-0.21% with the highest 
value obtained in the 80%:20% ratio. Flavonoids can be obtained from the addition of Katuk leaves 
which contain flavonoids of the quercetin and kaempferol types. Those flavonoids affect the hormone 
prolactin, which works actively in the formation of breast milk so that milk production can run 
smoothly [118,119]. This was confirmed in the study by Magdalena et al., which found that the 
flavonoid type quercetin with an amount of 4.5 mg and 138.14 mg of kaempferol was found in Katuk 
leaves [120]. Moreover, the addition of soy lecithin to analog rice formulations increases the activity 
of flavonoids. Soy lecithin is a phospholipid that acts as a barrier against oxygen, thereby reducing 
the oxidation process or acting as an antioxidant during heating [121,122]. Furthermore, flavonoid 
levels in food are also influenced by the heating process such as steaming and drying. Heating causes 
the flavonoids to easily oxidize, and phenol decomposition will occur, which will affect the flavonoid 
content [123–125].  

 
Figure 7. Ratio correlation of cassava flour and banana flour to the total flavonoids in analog rice. 

3.8. Levels of Iron (Fe) 

Iron is a macro mineral that is needed by the body and plays a role in the formation of red blood 
cells, especially in the synthesis of hemoglobin [126,127]. The results of the iron analysis (Figure 8) 
showed that the rice analog formulation consisting of different ratios of cassava flour and banana 
flour had no significant effect (P>0.05) on iron levels, which the iron level obtained ranging from 
65.87-84.32 ppm with a ratio of 70%:30% as the highest. The results obtained have fulfilled the 
nutritional adequacy of the iron needs of lactating mothers consuming at least 30 mg of iron [128]. 
Iron is needed by lactating women to fulfill nutritional adequacy in producing breast milk. Iron 
content in food is strongly influenced by environmental factors both during processing and storage. 
According to Astuti et al., the stability of iron depends on several environmental factors, namely 
exposure to air, light, and humidity, as well as the nature of the material [129]. In addition, analog 
rice processing consists of a steaming process that can also affect the iron content in analog rice 
produced. Kusnadi stated that processing with traditional steaming can affect nutritional content 
such as iron [130]. The decrease in iron levels in foodstuffs during the boiling process was also shown 
from the results of Prasetyo et al., there was a decrease in the iron content of beef liver and tempeh 
by 22.43 - 34.61% in the boiling process [131]. 
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Figure 8. Ratio correlation of cassava flour and banana flour to the iron levels of analog rice. 

3.9. Sensory Analysis 

Sensory analysis is a method of testing that uses the human senses as the primary tool for 
measuring consumer acceptance or evaluating product quality. Overall, as shown in the sensory 
radar chart (Figure 9), the best formulation of analog rice based on the panelist’s acceptance of four 
sensory parameters was obtained at a ratio of 80%:20% of cassava and banana flours. The dominant 
color produced by analog rice was brownish green. This was due to the addition of Katuk leaf powder 
and other ingredients. In general, Katuk leaves can be used as a natural green colorant as well as a 
source of calcium and protein [108,132]. The food color become fainter after cooking due to starch 
gelatinization which influenced by cooking time and temperature (Alvarez-Ramirez et al., 2018). 

 

Figure 9. The radar chart of sensory analysis on the average scores of three ratio analog rice 
formulation of cassava and banana flours. 

Texture is an important food quality parameter for the acceptance of analog rice which includes 
the fluffiness and stickiness of the rice. The results obtained indicate that the addition of soy lecithin 
made the texture of the analog rice produced more favorable which had a fluffy texture. Soy lecithin 
as an amphiphilic compound has a hydrophilic group that can bind water to make the texture of food 
ingredients more stable [60]. According to Wang et al., lecithin as an emulsifier in analog rice 
functions to improve texture, reduce adhesiveness, and improve the shape of the final product after 
the hydration process [20].  
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Aroma is a sensation that is formed from the combination of the forming ingredients and their 
composition in a food ingredient captured from the sense of smell. The dominant aroma in the analog 
rice produced was due to the addition of Katuk leaf powder and other ingredients in the formulation, 
making the aroma present in the analog rice difficult to distinguish. The addition of Katuk leaf 
powder gave a distinctive aroma, namely a languorous aroma to analog rice. The strong aroma in the 
flour is caused by the enzymes lipoxygenase and chlorophyllase which is caused by cyanide 
compounds (HCN) [2,134]. Katuk leaves have a distinctive and pungent aroma even though the 
addition is in small amounts [135,136]. Meanwhile, another dominant aroma that appeared was the 
aroma of cassava flour as the main constituent ingredient in analog rice produced. 

Taste is formed from the combination of ingredients used in a product. The addition of several 
ingredients in making analog rice caused panelists difficult to distinguish the taste of analog rice 
which the taste was dominated with cassava as the main raw material used. Naknean and Meenune 
stated that the factors that affect food’s flavor are temperature, chemical compounds, concentration, 
and their interaction with other components [137]. While Kusmiandany reported that cassava gave 
bitter taste due to its toxins, Arief et al. on their research found out that the flavor of analog rice made 
of cassava was almost the same with the original rice [138,139]. 

5. Conclusions 

The best formulation obtained was formulation C with a ratio of 80% cassava flour and 20% 
banana flour, which was produced through analog rice sensory analysis based on the preference 
levels of panelists who were lactating women. Formulations with a ratio of 80%:20% can be used as 
an alternative to original rice for lactating women by consuming analog rice of around 300 g per day 
to meet the calories needed which around 500–1000 kcal, 20% protein, and 30–60% iron. The analog 
rice produced had a shape resembling rice grains with oval characteristics. The physical, chemical, 
and sensory properties of analog rice produced varied according to flour ratio and the addition of 
soy lecithin. All the three analog rice formulations had similarity in the physical properties. 
Meanwhile, for the chemical properties of moisture, ash, and protein contents increased 
insignificantly with the same carbohydrate content in all three formulations. However, fat content 
showed a significant decrease as the ratio of cassava flour and soy lecithin increased. Furthermore, 
in the phytosterol content of analog rice, the sitosterol content of the three formulations shared similar 
results while the stigmasterol content decreased significantly with increasing ratios of cassava flour 
and soy lecithin addition. The sensory of analog rice produced had a brownish-green color and 
fluffier texture, as well as a distinctive aroma of Katuk and a distinctive taste of analog rice from the 
ingredients used. However, more efforts are needed to improve the sensory quality of analog rice to 
make it more acceptable to the public so that it can replace the availability of rice. 
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