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Abstract. The increasing prevalence of type 2 diabetes mellitus (T2DM), which reached 11.7% in 
Indonesia in 2023, reflects a growing trend of non-communicable diseases. This indicates the 
need to strengthen T2DM prevention strategies to reduce metabolic and nutritional risk factors 
among patients. Micronutrients such as magnesium, calcium, iron, and zinc play important roles 
in glucose metabolism and insulin sensitivity. The development of nutritionally balanced foods has 
been explored, specifically instant analog rice made from edamame, which contributes 
magnesium (600 mg/kg) and zinc (32.8 mg/kg), and seaweed, which provides calcium (3200 
mg/kg) and iron (45.6 mg/kg). This study aimed to determine the differences in magnesium, 
calcium, iron, and zinc content among various formulations of instant analog rice. The research 
employed a True Experimental design with a Completely Randomized Design (CRD), consisting 
of four groups: F0 (commercial instant rice) and formulations of edamame flour to seaweed flour 
ratios, namely F1 (40%:60%), F2 (50%:50%), and F3 (60%:40%). The results showed that calcium 
and iron contents among the treatment groups were significantly different (p < 0.05), while 
magnesium and zinc contents showed no significant difference (p > 0.05). The best formulation 
was F3, consisting of 60% edamame flour and 40% seaweed flour, with magnesium content of 63 
mg/kg, calcium 320 mg/kg, iron 38.49 mg/kg, and zinc 16.41 mg/kg. Comparative analysis 
between F0 and F3 showed a significant difference in all parameters. These results indicate that 
instant analog rice based on edamame and seaweed is a promising mineral‑rich food ingredient; 
further research on mineral bioavailability, sensory acceptance, and clinical outcomes is 
recommended.

1 Introduction 

Diabetes mellitus (DM) represents a major global 
health concern with increasing prevalence across 
all age groups, projected to affect 738 million adults 
by 2045 [1]. In Indonesia, DM prevalence rose from 
10.9% in 2018 to 11.7% in 2023, reflecting a 
growing trend of non-communicable diseases 
associated with nutritional and metabolic risk 
factors [2]. Type 2 diabetes mellitus (T2DM), the 
most common form, is closely linked to high intake 
of sugar and fat, low fiber consumption, and 
sedentary lifestyle [1]. Management strategies 
emphasize pharmacological therapy, nutrition 
education, and dietary interventions to maintain 
optimal glycemic control and prevent complications 
[3]. Continuous consumption of low-glycemic index 
foods has been shown to improve insulin 
sensitivity, reduce glucose absorption, and 
decrease HbA1c levels in individuals with T2DM 
[4]. 

Patients with T2DM also require adequate 
intake of micronutrients such as magnesium, 

calcium, iron, and zinc. Magnesium improves 
glycemic control, enhances insulin sensitivity, and 
reduces the risk of cardiovascular complications 
[5]. Calcium contributes to the insulin secretion 
process in pancreatic β-cells [6]. Iron plays a role 
in insulin secretion and effectiveness as well as 
blood glucose regulation [7]. Zinc functions as a 
cofactor for insulin enzymes, participating in insulin 
receptor phosphorylation, GLUT4 translocation, 
and insulin storage in the hexameric form within 
pancreatic β-cell granules [8]. Deficiency or 
imbalance in these micronutrients can impair 
insulin sensitivity and glucose metabolism, 
consequently increasing the risk of diabetes 
progression [9]. 

White rice remains the staple food of the 
Indonesian population, with an average 
consumption of 81.23 kg per capita per year in 
2023 [10]. Although it provides a high energy yield 
(180 kcal/100 g), white rice has a high glycemic 
index (GI 64). It contains relatively low amounts of 
magnesium, calcium, iron, and zinc, which are 21 
mg, 25 mg, 0.4 mg, and 0.6 mg per 100 g [11]. This 
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condition makes it less suitable for individuals 
requiring controlled blood glucose levels.  
Therefore, the development of nutrient-enriched 
analog rice has emerged as a promising 
alternative. Analog rice, produced from non-rice 
ingredients through an extrusion process, enables 
the customization of nutrient composition and 
functional properties while forming rice-like 
granules with improved nutritional diversity [12].  
Furthermore, the development of instant analog 
rice enhances convenience, as its porous granules 
rehydrate easily and allow for faster preparation 
[13]. 

Edamame and seaweed are promising local 
ingredients for formulating instant analog rice. Both 
are rich in essential minerals such as calcium, iron, 
and magnesium, and have potential to improve 
metabolic function and reduce the risk of diabetes 
[14]. Edamame exhibits antihyperglycemic effects 
through improved insulin sensitivity [15]. In 
addition, edamame contains protein, fiber, 
isoflavones, antioxidants, iron, and zinc, which 
support metabolic improvement in individuals with 
T2DM [16]. Soy-based products generally have a 
low glycemic index and are effective in lowering 
postprandial blood glucose responses [17]. Every 
100 g of edamame flour provides 228 kcal of 
energy, 22.35 g of carbohydrates, 11.7 g of protein, 
2.7 mg of iron, 1.4 mg of zinc, 61 mg of 
magnesium, and 60 mg of calcium [16]. 

Seaweed is rich in fiber and bioactive 
compounds that play important roles in reducing 
blood glucose and blood pressure [18]. In vitro 
studies have shown that alginate and phlorotannin 
extracted from brown seaweeds inhibit α-
glucosidase and ACE activities, thereby reducing 
glucose absorption and blood pressure [19, 20]. 
Meanwhile, in vivo experiments demonstrated that 
dietary seaweed supplementation delays gastric 
emptying and improves postprandial glycemic 
control in animal and human models [21, 22]. The 
incorporation of dietary fiber or other functional 
components into carbohydrate-based foods can 
effectively lower their glycemic index [23]. Soluble 
fibers, such as alginate and agar, form viscous gels 
that delay gastric emptying and reduce glucose 
diffusion, whereas bioactive compounds like 
phlorotannins inhibit α-amylase and α-glucosidase 
activities, slowing starch hydrolysis and 
postprandial glucose rise. The nutritional 
composition of seaweed includes 1218 kcal/kg of 
energy, 255 g/kg of carbohydrates, 45.6 mg/kg of 
iron, 32.8 mg/kg of zinc, 320 mg/100 g of 
magnesium, and 2740 mg/100 g of calcium, 
making it a potential ingredient for functional foods 
targeted at T2DM patients [24, 25]. Furthermore, 
as a maritime nation, Indonesia possesses an 
abundant supply of seaweed exceeding ten million 
tons each year, which provides a strong foundation 
for the large-scale development of innovative and 
sustainable functional food products [26]. 

To date, no study has specifically investigated 
the mineral composition, particularly magnesium, 
calcium, iron, and zinc in instant analog rice 
formulated with edamame and seaweed. 
Therefore, this study aims to analyze the 
magnesium, calcium, iron, and zinc contents of 
instant analog rice made from edamame and 
seaweed as a contribution to the development of 
functional foods and nutritious dietary alternatives 
for individuals with T2DM.  

2 Method 

2.1 Tools and Materials 

The tools used to make analog rice include digital 
scale, stove, food dehydrator “ST-32 GETRA”, 
food dehydrator tray, manual pasta press, 
“Panasonic NR-BL347PS” refrigerator, baking 
paper, a stainless-steel bowl, thin-wall 500 ml, one 
one-liter measuring cup, a steamer, a pot, a plate, 
spatula, spoon, plastic gloves, and vacuum plastic. 
The tools for analyzed used was Whatman No. 40 
filter paper, an air compressor, acetylene gas, 
calibrated 10 mL and 25 mL volumetric pipettes, 
dropper pipettes, test sample bottles, an analytical 
balance, a bulb, a glass stirring rod, a 250 mL 
Erlenmeyer flask, 100 mL measuring cups and 
flasks, an electric heater, a glass funnel, and an 
atomic absorption spectrophotometer with 
calibrated accessories. 

The materials used in this study were seaweed 
flour from PT. Kappa Carrageenan Nusantara 
Malang, and edamame flour from Ommah Tepung 
Organic. Both of the raw materials were then mixed 
with other ingredients such as tapioca flour (5%), 
cornstarch (5%), food-grade CMC (0,5%), pandan 
leaf extract, and water. 

2.2 Experimental Design 

 This research design is a quantitative study 
conducted using the True Experimental method 
with a Completely Randomized Design (CRD). It 
was conducted using a control sample of 
commercial instant rice of the brand “CJ Heatban 
Cooked White Rice” with code F0. Then, three 
treatments were formulated from Glycine max L. 
Merr and Eucheuma cottonii flour, based on 
previous research [27]. The differences were 
obtained from the comparison of the composition 
of Glycine max L. Merr and Eucheuma cottonii flour 
with formulations F1 (40%:60%); F2 (50%:50%); 
and F3 (60%:40%). Replication was carried out 
three times for each treatment, resulting in a total 
of twelve samples. Data analysis was performed 
using a One-Way ANOVA test for zinc and a post-
hoc LSD test for iron. Meanwhile, for data that were 
not normally distributed, analysis was performed 
using the Kruskal-Wallis test for magnesium and 
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the Mann-Whitney post-hoc test for calcium. After 
that, the best formulation was selected using the 
Multiple Attributed method [28]. The final process 
was to compare the best formulation with the F0 
control sample. 

2.3 Analysis Method 

2.3.1 Atomic Absorption Spectrophotometry 
(AAS) 

 Atomic Absorption Spectrophotometry (AAS) is 
a highly sensitive quantitative method used to 
analyze metal elements, particularly base cations, 
by measuring light absorption at specific 
wavelengths. Its working principle is based on the 
absorption of radiation by neutral atoms in a free 
state, where the absorption level is proportional to 
the number of atoms in the flame. This method is 
selective, fast, and capable of detecting very small 
concentrations of elements. The concentration of 
elements is determined using a regression line 
equation from a calibration curve, and the process 
allows for the analysis of several metals at once. In 
practice, calcium concentration measurements are 
performed at a wavelength of 422.7 nm, 
magnesium at 285.2 nm, iron at 248.3 nm, and zinc 
at 213.9 nm using an air-acetylene flame. 

3 Result and Discussion 

3.1 Characteristics of Instant Analog Rice 

The process of making instant analog rice involves 
several stages, starting from the selection of 
ingredients, mixing, and then forming into analog 
rice [27]. Instantization is carried out from the 
formed analog rice, followed by further processes, 
namely steaming, freezing, and drying [29]. Visual 
and sensory characteristics can be key 
determinants of consumer acceptance. Color is the 
most prominent visual cue for the sensory 
properties of a product [30]. The comparison 
between the control sample, which is white, and 
the instant analog rice, which is brown, is due to 
the different ingredients used in the two products. 
The increased proportion of edamame flour makes 
the color more yellowish-brown. The increased 
proportion of seaweed flour in the sample observed 
a higher score for seaweed aroma and taste. 

 

 

3.2 Mineral Analysis 

3.2.1 Magnesium 

 Magnesium is an essential divalent cation that 
functions as a cofactor for numerous enzymes and 
stabilizes ATP-dependent processes critical to 
cellular metabolism. This mineral plays an 
important role in biochemical pathways, such as 
macronutrient degradation, oxidative 
phosphorylation, DNA and protein synthesis, 
neuromuscular excitability, and regulation of 
parathyroid hormone (PTH) secretion, which 
affects diabetes mellitus [31].  
 Analysis of magnesium levels in various instant 
analog rice formulations showed no significant 
differences between formulations (p > 0.05). The 
processing of instant analog rice, which consists of 
mixing, drying, and boiling, can affect the content 
of the final product. The findings state that the 
temperature and acidic pH conditions during the 
manufacturing process affect the solubility of Mg 
[32]. Antinutrient activity from raw materials can 
also affect the final content of instant analog rice, 
one of which is phytic acid found in legumes, 
namely edamame. Phytic acid is a negatively 
charged structure that usually binds to positive 
charges such as magnesium. This creates a 
complex bond and reduces the bioavailability of 
absorption [33]. This is one of the causes of 
mineral ions deficiency in humans, as it is the most 
effective antinutrient in food. 

3.2.2 Calcium 

 Calcium is one of the minerals that greatly 
affects human health, especially bone health. The 
results showed that the highest calcium 
concentration was found in formulation F2 (3800 
mg/kg). The highest calcium concentration was 
observed in F2 (3800 mg/kg), while the lowest was 
found in F2 (3200 mg/kg). Seaweed is one of the 
sources that contributes significantly to the calcium 
content in instant analog rice. It is mentioned that 
seaweed from the sea, especially green algae, is 
rich in calcium [34].  
 From the data obtained, the calcium content 
decreased in sample F1 with the highest amount of 
seaweed flour formulation. The decrease in 
calcium content may have occurred due to the 
repeated drying of the product [35]. Another factor 
that caused the calcium content to be lower than 
that of the ingredients was the interaction between 
the two ingredients, particularly the use of 
edamame flour. Edamame is a type of legume 
(young soy) that contains phytic acid, a form of 
antinutrient, which can bind with calcium ions to 
form insoluble complexes, thereby reducing 
bioavailability in the product [36].
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Table 1. Mineral Analysis of Instan Analog Rice 

Parameters 

Formulations 

F0 F1 F2 F3 

Magnesium 
(mg/kg) 

0,002 
(0,0017;0,002) 0,060(0,06;0,07) 0,070(0,07;0,07) 0,060(0,06;0,07) 

Calcium (mg/kg) 
0,020 

(0,020;0,020) 0,370(0,36;0,38)b 0,380(0,38;0,38)b 0,320(0,31;0,33a 

Additional information:  
- Data Magnesium and Calsium are presented as the median of 3 replicates (min;max) 
- Different superscripts in the same column indicate significant differences (α<0.05) 
- F1, F2 and F3 are instant analog rice formulations using Glycine max L. Merr and Eucheuma cottonii with 

respective ratios (40%:60%); (50%:50%); and (60%:40%). 

 
3.2.3 Iron 

Iron is one of the essential minerals involved in 
various physiological functions, particularly in 
oxygen transport and hemoglobin synthesis [7]. As 
shown in Figure 1, the iron content in formulation 
F3 differed significantly (p < 0.05) from that in F1 
and F2. The highest iron concentration was 
observed in F3 (38.49 ± 13.50 mg/kg), while the 
lowest was found in F2 (17.59 ± 1.71 mg/kg). Iron 
content is influenced by processing techniques 
such as heating, drying, and boiling [37, 38, 39]. 
 In this study, the production of instant analog 
rice involved mixing, drying at 50 °C for 8 h, 
steaming at 100 °C for 60 min, and a second drying 
process at 50 °C for 3 h 30 min. These treatments 
decreased iron levels due to leaching into the 
steaming water and oxidation of Fe²⁺ to the less 

stable Fe³⁺ form [37]. This finding is consistent with 
the results reported by [40], who observed that the 
rate of iron release at 50 °C was initially low but 
increased significantly with prolonged heating time. 
Heating at 97 °C for 60 min led to an iron release 
ranging from 4.91 to 6.07 mg/L [40]. Additionally, 
heat exposure can induce protein denaturation and 
polysaccharide degradation, leading to the 
formation of iron–protein or iron–fiber complexes 
that are difficult to quantify using SSA [38]. The 
dehydration process can further promote mineral 
diffusion from the food matrix, thereby reducing 
measurable iron concentrations in the final product 
[39]. 

3.2.4 Zinc 

 Zinc is another essential mineral that plays a 
crucial role in supporting numerous biological 
processes such as immune function, enzymatic 
reactions, DNA synthesis, and cellular growth and 
development [8]. As shown in Figure 1, zinc 
content did not differ significantly (p < 0.05) among 
the formulations. The highest zinc concentration 

was recorded in F3 (16.41 ± 1.64 mg/kg), while the 
lowest was found in F1 (14.50 ± 1.23 mg/kg). 
 Compared to the raw materials, the zinc 
content in instant analog rice was relatively lower. 
According to [16] the zinc content of edamame 
flour is 14 mg/kg, whereas seaweed flour, as 
reported by [24]), contains up to 32.8 mg/kg. This 
reduction may be attributed to the steaming 
process, which induces mineral leaching into the 
condensate or surface moisture layer [41]. Heat 
and humidity during steaming can weaken the 
binding of minerals within the food matrix, thereby 
facilitating the migration of zinc into the aqueous 
medium that is typically discarded [42]. Several 
studies have reported that mineral retention in 
steamed foods ranges from 80 to 100%, indicating 
that mineral loss accounts for approximately 0–
20% of the initial content [43]. 
 

 
Figure 1. Iron and Zinc Content of Instan Analog 
Rice 

1.1 Best Formulation 

 The best formulation was calculated for the 
parameters magnesium, calcium, iron, and zinc 
using the Zeleny method, with the following results: 
F1=0.219; F2=0.200; F3=0.105. Based on the 
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data, F3 was the best formulation for making 
instant analog rice. 

1.2 Best Formulation with Control 

 Further analysis was conducted by comparing 
the magnesium, calcium, iron, and zinc contents of 
the best formulation (F3) with the iron and zinc 
contents of the control product (F0). Based on 
Table 1, formulation F3 exhibited significantly 
different levels of magnesium, calcium, iron, and 
zinc (p < 0.05) compared to the control (F0). 
Edamame is known to contain moderate amounts 
of magnesium, calcium, iron, and zinc, along with 
absorption-promoting compounds such as protein, 
vitamin C, and specific amino acids that facilitate 
mineral bioavailability. Seaweed, particularly 
Eucheuma cottonii, is naturally rich in magnesium, 
calcium, and iron, and also provides a relatively 
high zinc content [16, 24]. The combination of 
these two ingredients enables a superior mineral 
profile compared to white rice–based products, 
which tend to lose most micronutrients due to 
extensive milling and processing [44]. Therefore, it 
can be concluded that the low moisture content 
and the incorporation of edamame and seaweed in 
the analog rice formulation substantially contribute 
to increased mineral density. This finding 
underscores the potential of instant analog rice as 
a superior alternative food source in providing iron 
and zinc compared with conventional rice-based 
products. 

4 Conclusion 

The results showed that the best formulation was 
F3, with magnesium, calcium, iron, and zinc at 630 
mg/kg, 3200 mg/kg, 38.49 mg/kg, and 16.41 
mg/kg, respectively. Other tests, such as raw-
material testing, need to be conducted to 
determine the initial composition of the materials 
used, thereby further strengthening the research 
results. Analog instant rice made from edamame 
flour and seaweed has strong potential as a 
functional food for supporting the management of 
type 2 diabetes (T2DM). 
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