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Formulation and Nutritive Quality Assessment of a Composite Food Supplement Incorporating Malabar Spinach (Basella rubra L.)


ABSTRACT
Abstract
Background: Micronutrient deficiencies, or "hidden hunger," affect over 2 billion people globally. Despite dietary guidelines, urban populations often consume less than 50% of the recommended daily intake of green leafy vegetables (GLVs). Basella rubra L. (red Malabar spinach) is an underutilized indigenous vegetable with superior nutritional density compared to conventional spinach, yet its application in functional food matrices remains limited. Objective: This study aimed to develop and evaluate a novel, ready-to-cook (RTC) composite nutrimix powder incorporating freeze-dried B. rubra to address urban micronutrient gaps. Methods: Five experimental formulations (N₁–N₅) were developed by varying B. rubra content (5–25%) alongside pumpkin powder, brown rice flour, and mung bean flour. Sensory evaluation (n = 30) was analyzed via Friedman's ANOVA. The optimized formulation was subjected to comprehensive proximate, mineral, vitamin, and phytochemical characterization following AOAC (2019) protocols. 	Comment by Dare Ibiyeye: italize 	Comment by Dare Ibiyeye: bold
Results: Formulation N₂ (10% B. rubra) achieved the highest overall acceptability score (8.54 ± 0.35, p < 0.001), with higher inclusion levels (≥15%) significantly reducing scores due to bitter off-flavors. The optimized nutrimix exhibited a balanced macronutrient profile (protein: 11.52 ± 0.02 g/100g) and substantial mineral density (iron: 5.23 ± 0.02 mg/100g; calcium: 125.40 ± 0.53 mg/100g). The co-presence of vitamin C (19.07 ± 0.03 mg/100g) suggests enhanced non-heme iron bioavailability. Furthermore, an exceptionally high total phenolic content (41.35 ± 0.01 mg GAE/g) was recorded, attributed to the betalain-rich B. rubra matrix. Low moisture content (7.04 ± 0.03%) indicates favorable shelf stability. Conclusion: The 10% B. rubra formulation is a sensorially acceptable and nutritionally superior functional food. This study demonstrates the viability of valorizing underutilized indigenous greens to create scalable, shelf-stable solutions for improving micronutrient security in modern food systems	Comment by Dare Ibiyeye: mention standard used to measure these attributes 
Keywords: Basella rubra; Malabar spinach; composite nutrimix; functional food; micronutrient fortification; sensory evaluation; ready-to-cook supplement	Comment by Dare Ibiyeye: these key words are double (phrases) words, they should be single words apart from the named micronutrients.
1. Introduction
Micronutrient deficiencies, or "hidden hunger," affect over 2 billion people globally, with iron-deficiency anemia, vitamin A deficiency, and calcium inadequacy being the most prevalent (Kumar et al., 2023). Despite increased agricultural productivity, modern diets have shifted toward energy-dense, nutrient-poor staples, leading to reduced consumption of green leafy vegetables (GLVs) (Willett et al., 2024). This nutritional transition, driven by urbanization and time-constrained lifestyles, has increased demand for convenient, minimally prepared functional foods (Kaur et al., 2025). Consequently, developing Ready-to-Cook (RTC) and Ready-to-Eat (RTE) supplements that deliver concentrated micronutrients is a vital strategy to combat malnutrition (Rani et al., 2024). Current functional food matrices—predominantly cereals, legumes, and oilseeds—often lack sufficient bioavailable iron, calcium, and folate, which are abundant in GLVs (Natesh et al., 2017). Despite guidelines recommending 100–125 g of GLV intake daily (ICMR, 2020), over 70% of urban adults in developing countries consume less than half this amount (NNMB, 2017). This gap presents a critical opportunity to incorporate underutilized GLV species into convenient food formats. Among these, Basella rubra L. (red Malabar spinach) offers exceptional, yet unexploited, nutritional potential.  comparison of the nutritional content of Malabar spinach leaves with that of other known green leafy vegetables such as Moringa, Kale (Brassica oleracea), and spinach (Spinacia oleracea) showed that crude protein content in Malabar spinach leaves was twice that of Moringa leaves (Teixeira et al., 2014) and has over 3 times more vitamin C than spinach (Spinacia oleracea), 1.5 times more vitamin A than kale (Brassica oleracea). The β-carotene and iron content was also reported to be sevenfold higher than that of spinach leaves (Banerjee et al., 2015). Formulating composite supplements requires strategic ingredient selection to balance macronutrients and enhance bioavailability (Granato et al., 2020). Cereal-legume combinations, such as brown rice and mung bean, provide essential amino acid complementation (Nosworthy et al., 2018), while GLV-derived ascorbic acid can enhance non-heme iron absorption (Karregat et al., 2022). However, nutrient retention is highly dependent on preprocessing. Freeze-drying (lyophilization) is widely considered the premier food preservation method for retaining nutritional value, typically preserving 85–97% of vitamins, minerals, and antioxidants (Nowak et al., 2020). Despite research on other GLVs like Moringa oleifera, there is a notable paucity of data on B. rubra-based composite supplements, specifically regarding optimized formulation ratios, betalain stability, and mineral bioavailability in complex matrices. No published studies have systematically characterized freeze-dried B. rubra-fortified powders for RTC applications. Therefore, this study aimed to develop and evaluate a novel composite powder supplement incorporating freeze-dried B. rubra leaves (10%), brown rice flour (35%), mung bean flour (30%), and dehydrated pumpkin powder (25%). This formulation strategy seeks to address urban micronutrient gaps through a shelf-stable, nutrient-dense, and culturally acceptable food format.	Comment by Dare Ibiyeye: italize 	Comment by Dare Ibiyeye: italize 	Comment by Dare Ibiyeye: delete comma	Comment by Dare Ibiyeye: Capital letter please 	Comment by Dare Ibiyeye: italize 	Comment by Dare Ibiyeye: what informed these % percentages?
2. Materials and Methods
2.1 Plant Material and Authentication
Fresh leaves of Basella rubra L. (red-stemmed Malabar spinach, family Basellaceae) were cultivated and harvested from a plot in Kattakada, Thiruvananthapuram, Kerala, India (Latitude 8.50°N, Longitude 77.08°E) during (March–April 2023. Plants were cultivated in red non-gravelly laterite soil under manual hand watering with standard agronomic practices. Mature, succulent leaves (3–4 inches in length) along with tender stem tips were harvested 70 days after planting during early morning hours to minimize respiration losses. Harvested leaves were immediately transported to the laboratory.
2.2 Collection and Preparation of Raw Materials
Freeze-dried Malabar spinach (Basella rubra) leaves, pumpkin (Cucurbita maxima), whole grain Njavara rice (Oryza sativa var. Njavara), and green gram (Vigna radiata) were processed for nutrimix formulation.
Leaf Processing
Fresh Malabar spinach leaves were washed under running tap water to remove soil and debris, then triple-rinsed with deionized water. Leaves were evenly spread on stainless steel trays (200 g m⁻² loading density) and freeze-dried using a VirTis Genesis FD-10 (SP Scientific, USA) at −40°C chamber temperature,−55°C condenser temperature, and 0.1 mbar vacuum for 72 h until moisture content was <5% w/w. The resulting material was milled, sieved through a 150 µm (100 mesh) screen, and stored in glass jars.



Other Ingredients
Fresh pumpkin was washed, peeled, deseeded, sliced to 2 mm thickness, treated with 1 g L⁻¹ sodium metabisulfite (3 min), blanched (90–95°C, 3 min), and rapidly cooled. Njavara rice and green gram—sourced from Kattakada markets, Thiruvananthapuram—were cleaned of impurities and washed with potable water. All materials (pumpkin slices, rice, mung beans) were dried at 55°C for 9 h in a cabinet dryer, milled, passed through a 150 µm sieve, and stored in airtight containers until blending. 
2.3 Formulation of Composite Nutrimix
Five experimental formulations (N₁–N₅) were developed by varying the proportion of freeze-dried Malabar spinach powder from 5% to 25% in 5% increments, with complementary adjustments in pumpkin, brown rice, and mung bean powders (Table 1). The formulation strategy was based on:
Maintaining a cereal-legume ratio of 55–70% to ensure protein complementation and structural integrity. A strategy of blending legume & cereal-based proteins can thus improve essential amino acid profile as they have complementary amino acid composition (Dimina et al., 2022)	Comment by Dare Ibiyeye: do not use word symbols here	Comment by Dare Ibiyeye: use the word 'and' not it's symbol	Comment by Dare Ibiyeye: italize 
Incorporating 20–30% pumpkin for β-carotene enrichment
Gradually increasing Malabar spinach inclusion to evaluate dose-response effects on nutritional density and sensory acceptability	Comment by Dare Ibiyeye: do not forget punctuation marks 
Table 1 Proportions of Ingredients Nutrimix Formulations
	Ingredients 
	N₁(%)
	N₂(%)
	N₃(%)
	N₄(%)
	N₅(%)

	Malabar Spinach Leaf Powder 
	5
	10
	15
	20
	25

	Pumpkin Powder 
	25
	25
	30
	25
	20

	Brown Rice Powder 
	35
	35
	25
	30
	20

	Mung Bean Powder 
	35
	30
	30
	25
	35



Powders were weighed using an electronic balance (accuracy ±0.01 g) and mixed thoroughly in a stainless steel bowl to ensure homogeneity. Each formulation was prepared in triplicate and stored in airtight amber glass bottles at 4 °C until analysis.
2.4 Proximate Composition Analysis
Proximate analysis was conducted in triplicate for each formulation following standard AOAC methods (AOAC, 2019)
2.5 Experimental Design & Evaluation	Comment by Dare Ibiyeye: do not use symbol 
A Completely Randomised Design (CRD) with five treatments (N1–N5) and three replications was used. Physical and sensory evaluation of cooked mixes thereafter identified the best formulation. Data were analyzed using one-way ANOVA. 	Comment by Dare Ibiyeye: reference 
3. Results and Discussion 
3.1 Sensory evaluation of Nutrimix powder 
The sensory evaluation revealed a pronounced curvilinear relationship between Malabar spinach incorporation and consumer acceptability. Formulation N2 (10% Basella rubra) emerged as the optimal treatment, achieving an overall acceptability score of 8.54 ± 0.35. This score positions the product in the 'like very much to like extremely' category on the hedonic scale, proving its commercial and therapeutic viability. 
Table 2 Sensory Evaluation Scores of Nutrimix Formulations
	Treatment
	Appearance
	Color
	Flavor
	Aroma
	Taste
	Texture
	Overall Acceptability

	N₁ (5%)
	7.90 ± 0.71ᵃᵇ
	7.83 ± 0.65ᵃ
	7.80 ± 0.71ᵃ
	7.83 ± 0.70ᵃ
	8.00 ± 0.64ᵃ
	7.67 ± 0.71ᵃ
	7.84 ± 0.52ᵃ

	N₂ (10%)
	8.53 ± 0.51ᵃ
	8.50 ± 0.51ᵇ
	8.53 ± 0.51ᵇ
	8.50 ± 0.51ᵃ
	8.73 ± 0.45ᵃ
	8.50 ± 0.51ᵇ
	8.54 ± 0.35ᵇ

	N₃ (15%)
	7.50 ± 0.51ᵇ
	7.60 ± 0.50ᵃ
	7.47 ± 0.51ᵃ
	6.67 ± 0.48ᵇ
	5.87 ± 0.73ᵇ
	7.50 ± 0.51ᵃ
	7.10 ± 0.33ᶜ

	N₄ (20%)
	4.97 ± 0.72ᶜ
	5.50 ± 0.51ᶜ
	6.53 ± 0.51ᶜ
	6.50 ± 0.51ᵇ
	4.67 ± 0.48ᶜ
	4.97 ± 0.72ᶜ
	5.53 ± 0.27ᵈ

	N₅ (25%)
	4.33 ± 0.48ᶜ
	4.53 ± 0.51ᵈ
	5.50 ± 0.51ᵈ
	5.50 ± 0.51ᶜ
	3.67 ± 0.48ᵈ
	4.33 ± 0.48ᶜ
	4.64 ± 0.25ᵉ

	Chi-square (χ²)
	124.01
	126.21
	117.65
	120.31
	135.58
	124.18
	136.69

	p-value
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001
	<0.001



Sensory evaluation identified a pronounced curvilinear relationship between Basella rubra incorporation and consumer preference. Formulation N2 (10% inclusion) emerged as the optimal treatment, achieving the highest overall acceptability score of 8.54 ± 0.35. This 10% threshold aligns with research findings on green leafy vegetable (GLV) incorporation in cereal matrices, which suggests that levels between 8% and 12% maximize nutritional fortification without introducing the "grassy" off-flavors or bitter notes associated with concentrated leaf saponins and oxalates. The high sensory score values confirm a robust consensus among the panelists, validating the 10% formulation for commercial scaling.	Comment by Dare Ibiyeye: italize 
3.2 Nutritional and Mineral Characterization
The nutrimix flour exhibited a moisture content of 7.04%, which is well below the 10% threshold required to ensure the shelf stability of dehydrated powders by inhibiting microbial growth and enzymatic activity (FSSAI, 2022). The recorded protein content (11.52 g/100g) demonstrates effective cereal-legume complementation; the inclusion of brown rice (35%) provides sulfur-containing amino acids (methionine and cysteine) to offset the lysine-rich but methionine-deficient profile of mung bean (30%), yielding a balanced amino acid profile suitable for human nutrition (Nosworthy et al., 2017).	Comment by Dare Ibiyeye: italize 
The carbohydrate content (68.16 g/100g) provides a robust energy base, while the crude fiber content (6.28 g/100g) contributes to gastrointestinal health and glycemic regulation. The total mineral content (3.22 g/100g) reflects the substantial inorganic nutrient density achieved through the incorporation of mineral-rich Basella rubra and pumpkin powder.
The mineral profile revealed iron (5.23 mg/100g) and calcium (125.40 mg/100g) levels that significantly enhance the nutrient density of the composite compared to traditional cereal-only formulations (Gopalan et al., 2011). Potassium content (152.13 mg/100g) coupled with minimal sodium (35.03 mg/100g) yields a favorable K:Na ratio (4.3:1), which is beneficial for cardiovascular health. The co-presence of vitamin C (19.07 mg/100g) is scientifically significant, as ascorbic acid acts as a potent enhancer of non-heme iron absorption by reducing ferric iron (Fe³⁺) to the more bioavailable ferrous (Fe²⁺) state within the intestinal lumen, potentially increasing iron absorption by 3–4 fold (Collings et al., 2013). Additionally, vitamin A content (105.93 μg RAE/100g) from β-carotene in pumpkin contributes to visual health and immune function.	Comment by Dare Ibiyeye: italize 	Comment by Dare Ibiyeye: italize 
3.2.1 Bioactive Potential
The total phenolic content (41.35 mg GAE/g) serves as the primary indicator of the product's antioxidant capacity and therapeutic potential. This exceptionally high phytochemical payload, derived predominantly from the betalain-rich red-stemmed Basella rubra, positions the nutrimix as a significant source of dietary antioxidants with demonstrated free radical scavenging activity (Deshmukh & Gaikwad, 2014). The total flavonoid content (0.24 mg QE/g), while modest, represents an additional class of bioactive compounds contributing to the overall health-promoting properties of the formulation.	Comment by Dare Ibiyeye: italize 	Comment by Dare Ibiyeye: ditto 
This finding supports the study's objective of utilizing underutilized indigenous vegetables to bridge the nutritional gap in modern, time-constrained populations through convenient, ready-to-cook (RTC) formats. The synergistic combination of macronutrients, essential minerals, vitamins, and bioactive phytochemicals positions this nutrimix as a functionally superior alternative to conventional cereal-based products, addressing multiple dimensions of nutritional deficiency prevalent in urban populations with suboptimal green leafy vegetable intake (Damndja et al., 2024).	Comment by Dare Ibiyeye: italize 
Table 3: Nutritional Composition of Optimized Nutrimix Formulation (N₂)
	Parameter
	Value
	Unit

	Proximate Composition

	Carbohydrate
	68.16 ± 0.18
	g/100 g

	Protein
	11.52 ± 0.02
	g/100 g

	Crude Fat
	3.03 ± 0.02
	g/100 g

	Crude Fiber
	6.28 ± 0.03
	g/100 g

	Moisture Content
	7.04 ± 0.03
	%

	Total Mineral (Ash)
	3.22 ± 0.03
	g/100 g

	Micronutrient Profile

	Calcium (Ca)
	125.40 ± 0.53
	mg/100 g

	Iron (Fe)
	5.23 ± 0.02
	mg/100 g

	Potassium (K)
	152.13 ± 0.15
	mg/100 g

	Sodium (Na)
	35.03 ± 0.06
	mg/100 g

	Vitamin C
	19.07 ± 0.03
	mg/100 g

	Vitamin A (as β-carotene)
	105.93 ± 0.04
	μg RAE/100 g

	Bioactive Constituents

	Total Phenolic Content
	41.35 ± 0.01
	mg GAE/g

	Total Flavonoids
	0.24 ± 0.00
	mg QE/g






4. Conclusion
This research successfully developed a high-quality composite nutrimix utilizing 10% Basella rubra L., which achieved superior sensory acceptability (8.54/9.0) and a robust nutritional profile. The optimized blend (10% spinach, 25% pumpkin, 35% rice, 30% mung bean) provides a balanced macronutrient distribution (11.5% protein, 68.16% carbohydrate) and critical micronutrients, specifically iron and pro-vitamin A, to combat "hidden hunger" . The low sodium (35 mg/100g) and moisture levels further enhance its therapeutic and commercial viability. This formulation offers a scalable, agronomically sustainable intervention for improving population-level micronutrient security through the valorization of underutilized indigenous greens.	Comment by Dare Ibiyeye: enhanced 
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