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Abstract. East Nusa Tenggara (NTT) Province relies heavily on rice, yet 

limited production highlights the need for food diversification using local 

resources such as corn and legumes. This study aimed to evaluate the 

chemical composition and amino acid profile of analog rice formulated from 

local corn, arbila beans, and cowpeas. The research consisted of three stages: 

flour preparation, formulation, and analog rice production. Five 

formulations were developed with corn:arbila:cowpea ratios of 100:0:0 (F1), 

88:10:10 (F2), 70:15:15 (F3), 65:25:10 (F4), and 65:10:25 (F5). Proximate 

composition and amino acid profiles were analyzed using HPLC, and data 

were subjected to ANOVA followed by DMRT at a 5% significance level. 

Formulation F4 (65:25:10) demonstrated the best chemical characteristics, 

with 7.18% moisture, 2.44% ash, 14.63% protein, 6.22% fat, 69.55% 

carbohydrate, and 9.57% crude fiber. Analog rice from F4 contained 14 

amino acids, including seven essential and seven non-essential, with 

glutamic acid, aspartic acid, lysine, and leucine being the most abundant. 

Lysine and leucine are vital for human nutrition, particularly in reducing 

childhood stunting. These findings indicate that analog rice made from local 

corn and legumes may serve as a sustainable protein source to enhance food 

security and support efforts to reduce malnutrition and stunting.  

1 Introduction 

Rice is the primary staple food in Indonesia, including in East Nusa Tenggara (NTT). 

However, rice production in the region remains low due to limited irrigated land, dependence 

on rainfed systems, and a dry climate characterized by irregular rainfall. These constraints 

reduce productivity and create supply deficits that threaten local food security. Government 

interventions through the national logistics agency (Bulog) have helped stabilize availability, 

but current efforts remain insufficient to reduce reliance on rice or anticipate periodic 

shortages. 

Food diversification using locally available crops is therefore essential for strengthening 

food security in NTT. Maize is a major regional commodity with relatively high productivity 

and favorable nutritional attributes, particularly complex carbohydrates and dietary fiber that 
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support digestive health and glycemic stability [1-3]. Recent technological advances enable 

maize to be processed into analog rice, offering a more sustainable and nutritionally improved 

alternative to conventional rice [4, 5]. 

Despite its advantages, maize is limited by low protein content. Locally grown pulses 

such as arbila bean (Phaseolus lunatus L.) and cowpea (Vigna unguiculata L.) have high 

protein levels (20–32%) and complementary essential amino acids, making them potential 

ingredients for improving the nutritional quality of analog rice [6-8]. Previous studies show 

that incorporating local legumes into analog rice formulations can significantly enhance 

physicochemical and functional properties [9]. Within Indonesia’s current nutrition policy, 

particularly the Free Nutritious Meals program, protein-enriched analog rice produced from 

maize and local legumes offers a promising option for improving the nutrient intake of 

schoolchildren and vulnerable communities. Such formulations also support local farmers 

and contribute to food sovereignty through value addition to regional agricultural resources 

[10-13].  

Given these considerations, this study evaluates the chemical composition and amino acid 

profile of analog rice formulated from local maize, arbila bean, and cowpea. The goal is to 

develop nutrient-dense staple alternatives that align with regional food resources while 

supporting national strategies for dietary diversification and improved nutrition 

2 Materials and Methods  

This study was conducted at the Laboratory of Science and Technology, Universitas 

Katolik Widya Mandira, Kupang, from June to August 2025. The primary raw materials were 

locally grown maize, lima bean (arbila), and cowpea, sourced from smallholder farms in 

Kupang Regency. Auxiliary reagents included glycerol monostearate (GMS), mineral water, 

H₂SO₄ (Merck), NaOH (Merck), gallic acid (Merck), o-phthalaldehyde (OPA), and HCl 

(Merck). The main equipment comprised a drying oven (Memmert), grinder (Justby), muffle 

furnace (B-One FNC-2), desiccator (Schott Duran), and an HPLC system (Thermo Dionex 

UltiMate 3000) fitted with a LiChrospher 100 RP-18 column (5 µm). 

2.1 Flour preparation 

Maize flour was prepared following Khamidah [12] with minor modifications. A 500 g 

portion of cleaned maize kernels was washed under running water to remove debris and 

soaked for 24 h. The kernels were then dried in a hot-air oven at 60 °C for 48 h, milled to 

flour, and sieved through an 80-mesh screen. The fraction passing the sieve was retained for 

analog-rice forming. Lima bean and cowpea flours were produced according to Farinde et al 

[13]. For each legume, 500 g of cleaned seeds were washed to remove impurities, soaked for 

24 h, and rinsed under running water. Boiled for 1 h, drained, and reboiled for another hour. 

Cooked seeds were rinsed, dried in a hot-air oven at 60 °C for 48 h, milled, and sieved to 80 

mesh. The sieved flours were used for formulation. 

2.2 Analog rice formulations 

Prior to forming, maize, lima bean, and cowpea flours were blended into five formulation 

combinations as shown in Table 1. The resulting blends were then subjected to the analog-

rice forming process. 
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Table 1. Formulations of flour blends for analog rice production. 

Formula Maize (%) Arbila bean (%) Cowpea (%) 

F1 100 0 0 

F2 80 10 10 

F3 70 15 15 

F4 65 25 10 

F5 65 10 25 

Following formulations F1–F5, the blends were processed into analog rice using a 

granulation approach [14]. First, the three flours were mixed according to each formulation 

and hydrated with water at 50% (w/w, based on total flour). The dough was extruded with an 

electric pasta machine and cut to ± 3 mm to resemble milled rice. The fresh analog rice was 

then steamed at 70 °C for 6 min to achieve gelatinization, cooled to ambient temperature, and 

dried in a hot-air oven at 50 °C for 6 h. Each formulation (F1–F5) was produced as a single 

batch, and no replicate batches were prepared. 

2.3 Nutritional composition analysis 

The produced analog-rice samples were analyzed for proximate composition. Moisture 

and ash were determined gravimetrically (SNI 01-2891-1992), crude fat by Soxhlet 

extraction, crude protein by the Kjeldahl method, and carbohydrate by difference AOAC, 

2005 [9]. Proximate analyses were performed in triplicate (n = 3) for each formulation. 

2.4 Amino acid profiling 

Amino acid analysis followed AOAC, 2023 using HPLC with a LiChrospher 100 RP-18 

column (5 µm). The mobile phase was a mixture of methanol, sodium acetate, and 

tetrahydrofuran (2:96:2). A 10 µL injection volume and a flow rate of 1.5 mL min⁻¹ were 

applied, and detection was carried out using a UV–Vis detector at 300 and 500 nm. 

Chromeleon software was used for peak verification and amino acid identification [15]. 

2.5 Data analysis 

Proximate and amino-acid data were subjected to analysis of variance (ANOVA) using 

SPSS 23. When significant effects were detected, Duncan’s Multiple Range Test (DMRT) 

was applied at a 5 % significance level. 

3 Result and Discussion  

3.1 Proximate analysis 

Analog rice produced from blends of local maize, arbila bean, and cowpea (Figure 1) was 

evaluated for proximate composition, including moisture, ash, fat, protein, and carbohydrate. 

The proximate results are summarized in Table 2. 
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Table 2. Proximate composition of analog rice. 

Parameter 
Analog rice 

F1 F2 F3 F4 F5 

Moisture (%) 3.57±0.19a 6.11±0.06b 6.56±0.11c 7.18±0.07d 7.15±0.09d 

Ash (%) 1.21±0.07a 2.45±0.09b 3.02±0.02b 2.44±0.92b 2.86±0.06b 

Fat (%) 11.62±0.06e 7.03±0.04c 6.74±0.12b 6.22±0.04a 8.24±0.02d 

Protein (%) 6.53±0.31a 11.48±0.07b 13.19±0.18d 14.63±0.17e 12.63±0.02c 

Carbohydrate 

(%) 
74.16±0.22d 72.48±0.04c 70.95±0.11b 69.54±0.65a 72.70±0.28c 

Crude fiber 

(%) 
4.51±0.35a 4.6±0.23a 6.68±0.41b 9.57±0.27c 9.45±0.75c 

Values are mean ± SD (%, w/w). Within each row, different superscript letters denote 

significant differences among formulations (DMRT, p < 0.05). 

 

F1 F2 F3 

F4 F5 

 

Fig. 1. Analog rice from maize, arbila, cowpea blend. F1=100:0:0, F2=80:10:10, F3=70:15:15, F4=65:25:10, 

F5=65:10:25. 

3.1.1 Moisture content 

ANOVA showed a significant effect of formulation on moisture (p < 0.05). Moisture 

ranged 3.57–7.18 %, with the lowest velue in F1 (100:0:0; 3.57 %) and the highest in F4 

(65:25:10). All values were below the SNI 01-6128-2008 limit for milled rice (14 %), 

indicating potential for longer shelf life due to lower water activity that suppresses microbial 

growth [16]. The lower moisture in F1 is attributable to the dominance of maize starch 

without legume proteins, as higher maize proportion tends to reduce product moisture. This 

relates to initially low moisture of maize flour and the ability of maize starch 

(amylose/amylopectin) to immobilize water during gelatinization, thus reducing free water. 

A similar mechanism was reported by Li et al. [17], where higher starch content decreased 
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measured moisture because water becomes entrapped within starch granules rather than 

remaining on the product surface. Conversely, protein from legumes contributes to water 

binding, elevating moisture in pulse-enriched blends. The steaming step used in this study 

was considered unlikely to cause meaningful nutrient loss because the temperature was mild 

and the duration was short. This consideration aligns with Saragih [18], who reported that 

nutrient reduction generally occurs only under longer and higher-temperature steaming 

conditions. 

3.1.2 Ash 

Mean ash content was 1.21–3.02 %, highest in F3 (70:15:15) and lowest in F1 (100:0:0). 

Formulation effects were significant (p < 0.05). F1 differed significantly from all pulse-

containing treatments (F2–F5), whereas differences among pulse-containing formulations 

were not significant. The trend indicates that adding legume flours increases ash in analog 

rice, consistent with Lalong et al. [9], who observed significant ash increases with red-bean 

addition. The rise in ash likely reflects the higher intrinsic ash or mineral content of legumes 

compared with cereal flours, including contributions of Ca, Mg, P and K. 

3.1.3 Protein 

Protein ranged 6.53–14.63 %, highest in F4 (65:25:10) and lowest in F1; ANOVA 

confirmed a significant formulation effect (p < 0.05). The increase with arbila and cowpea 

reflects their higher protein content compared with maize. Arbila is nutritionally rich, 

particularly in protein suitable for meeting daily needs [19]. Cowpea likewise provides 

substantial protein 18.3–35 % depending on variety and preparation [20]. Combining cowpea 

with other ingredients has been shown to raise protein in snack bars for undernutrition 

interventions [21]. Beyond meeting requirements, dietary protein in functional foods 

supports chronic disease prevention/management [22]. Protein intake can also aid glycemic 

control via insulin secretion and satiety related hormones (CCK, GIP, GLP-1) [23]. 

Leveraging local protein-rich foods, including biofortification approaches, improves diet 

quality, reduces nutrient deficiencies, and aligns with public health strategies against food 

insecurity [24]. 

3.1.4 Fat 

Fat content was 6.22–11.62 %, highest in F1 (100:0:0) and lowest in F4 (65:25:10); 

formulation effects were significant (p < 0.05). The higher fat in F1 reflects the relatively 

greater native lipid fraction in maize flour, as shown for biofortified yellow maize (crude fat 

6.87 %) compared with naturally low-fat cowpea flour [25]. Mixing maize with low-fat 

legumes thus lowers total fat via compositional dilution. Moreover, legume processing 

(soaking/boiling) can reduce extractable lipids through leaching or oxidation, contributing to 

lower fat in composite flours. 

3.1.5 Carbohydrate 

Total carbohydrate was 69.54–74.16 %, highest in F1 and lowest in F4; the formulation 

effect was significant (p < 0.05). The decline in carbohydrate with pulse addition mirrors the 

proportional rise in protein and ash, consistent with earlier reports on analog rice with legume 

substitution [9, 13]. Given maize starch is rich in amylopectin with substantial amylose (25% 
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amylose, 75 % amylopectin), maize is the primary carbohydrate contributor; lowering its 

proportion reduces total carbohydrate in the final product [27]. 

3.1.6 Crude fiber 

Formulation significantly affected dietary fiber. F1 and F2 had the lowest fiber (4.51 ± 

0.35 % and 4.60 ± 0.23 %, not different), while F4 and F5 were highest (9.57±0.27 % and 

9.45±0.75 %). Increasing legume proportion significantly elevated fiber, in line with 

evidence that legume combinations effectively raise product fiber. The rise is attributable to 

the intrinsically higher fiber in arbila and cowpea used alongside maize flour 

3.2 Amino acid profile 

The HPLC-derived amino acid profiles of analog rice across formulations are presented 

in Table 3. 

Table 3. Amino acid profile of analog rice 

Asam Amino 

Amino acid composition of analog rice (g/100 g 

protein) 

F1 F2 F3 F4 F5 

Essential amino acids 

 Leucine 2,67 2,65 2,71 2,73 2,95 

 Histidine 2,44 2,46 2,45 2,45 2,64 

 Lysine 2,67 2,69 2,73 2,72 2,98 

 Phenylalanine 2,53 2,53 2,57 2,57 2,71 

 Threonine 2,48 2,48 2,49 2,50 2,66 

 Valine 2,54 2,55 2,56 2,60 2,77 

 Isoleucine 2,46 2,45 2,47 2,47 2,63 

TAAE 17,79 17,83 17,97 18,05 19,34 

Non-essential amino acids 

 Alanine 2,62 2,65 2,66 2,70 2,91 

 Arginine 2,56 2,57 2,61 2,66 2,79 

 Aspartic acid 2,72 2,74 2,86 2,85 2,85 

 Glutamic acid 3,21 3,03 4,19 6,75 3,73 

 Glycine 2,54 2,58 2,57 2,60 2,83 

 Serin 2,59 2,63 2,65 2,65 2,79 

 Tyrosine 2,73 2,76 2,79 2,83 3,05 

TAANE 18,97 18,96 20,33 23,04 20,95 

Total amino acid 36,76 36,79 38,30 41,09 40,29 

 

A total of 14 amino acids—seven essential and seven non-essential—were identified in 

all analog rice formulations (Table 3). Total amino acid content ranged from 36.76 to 41.09 

g/100 g protein, with the highest value observed in F4, consistent with its superior protein 

content. Differences among formulations reflect the combined amino acid contributions of 

maize and local legumes, where arbila and cowpea provide concentrated plant proteins that 

complement maize. 
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Glutamic acid, aspartic acid, and tyrosine dominated the non-essential group, while 

leucine and lysine were the most abundant essential amino acids. High levels of glutamate 

and aspartate are commonly found in cereal–legume matrices and are associated with roles 

in nitrogen metabolism and flavor enhancement [28, 29]. Tyrosine also contributes to 

neurotransmitter synthesis, which supports cognitive function [30]. 

Essential amino acids ranged from 17.79 to 19.34 g/100 g protein. The relatively high 

leucine and lysine contents are noteworthy, as these amino acids support protein synthesis, 

tissue growth, and mTOR activation—processes important for child growth and the 

prevention of stunting [31]. Overall, the amino acid data indicate that incorporating arbila 

and cowpea into maize-based analog rice substantially improves its nutritional quality.  

4 Conclusion  

Variations in the proportions of local maize, arbila bean, and cowpea significantly 

influenced the chemical composition and amino acid profile of the analog rice. Among all 

formulations, F4 (65% maize, 25% arbila, 10% cowpea) demonstrated the most favorable 

nutritional characteristics, including higher protein, crude fiber, and total amino acids. 

Fourteen amino acids were identified across all samples, with F4 exhibiting the highest 

essential (18.05 g/100 g protein) and non-essential (23.04 g/100 g protein) amino acid 

contents. Glutamic acid, aspartic acid, tyrosine, leucine, and lysine were the dominant amino 

acids, highlighting the improved nutritional value provided by legume enrichment. These 

findings indicate that analog rice formulated from maize, arbila, and cowpea can serve as a 

nutrient-dense staple alternative that aligns with local food resources and supports regional 

dietary diversification strategies. 
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