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Materials and Methods
Sources of the raw material

The selected seven (5) different cereals and pulses such as barley, finger millet, chickpeas, green gram, horse gram, unripe banana, and arrowroot powder were procured from the local markets of Davangere, Karnataka, India. These selected cereals and pulses were cleaned and roasted on an ordinary household kitchen stove on a low flame until before turning light brown. Then they were allowed to come to room temperature and made into powder separately using a household mixer (Maharaja Whiteline Perfect W&R 500 Mixer grinder). The obtained powders were packed in an air-tight container in the dark until further use.

Chemicals
The chemicals used for nutritional analysis were purchased from Sisco Research Laboratory (Bangalore, India). All standard compounds and chemicals such as phenolics, flavonoids, 2,2'-Diphenyl-1-picrylhydrazyl (DPPH), and 2,2'-Azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS), were obtained from Sigma-Aldrich, Bangalore, India. For HPLC and HRMS/MS analysis, LC and MS grade solvents and water were purchased from JJ Biotech, Bangalore, India.
Preparation of RTC food formulations

The RTC food formulations were prepared based on the assumption that the formulation should serve from 6 to 70 year of age consumers with 50-100 g per day (Supplementary Table 1). During RTC preparation, a base was prepared using barley, finger millet, chickpeas, green gram, and horse gram, thoroughly mixing these flours. After the base preparation, the unripe banana powder and arrowroot powder were supplemented alone or in combinations with eight RTC food formulations with different percentages, and base preparation alone was kept as control (F-9) (Supplementary Fig. 1).

Sensory analysis

The trained and untrained sensory panel members screened the sensory profile of the prepared nine RTC formulations for their sensory acceptability [1]. A quantitative descriptive analysis (QDA) comprised of a 15-point scale with different sensory parameters was screened to determine the best combination of RTC formulation using selected cereals, pulses, skimmed milk powder, unripe banana, and arrowroot powder. Sensory evaluation was performed under ambient conditions by providing a glass of lukewarm water between the samples to cleanse the palate. The mean score of 30 members was considered to select the optimized combination of ingredients for RTC formulation preparations.

Nutrient composition

The moisture content in the prepared RTC powder formulations was analyzed by drying at 50 °C overnight in a hot air oven to determine the moisture content Da 2a-48 method [2]. The total carbohydrates (Phenol sulfuric acid method), reducing sugars (3,5-Dinitrosalicylic acid method) with glucose as a standard compound, and total protein (Folin-Ciocalteu’s reagent) with bovine serum albumin (BSA) as standard in phosphate buffer extracts were determined [3]. The total oil content was estimated using hexane at 60 ºC for 8 h from dried (moisture-free) powder formulations by following the Soxhlet extraction method [2]. The ash content was obtained by incinerating the powder formulations in a muffle furnace for 8 h at 550 °C in crucibles to ensure complete carbon burning. Once after cooling to room temperature, the obtained ash was weighed and recorded [3].

The crude fiber in the powder formulations was analyzed by the acid-base digestion method [3]. The final percentage of crude fiber in food formulations was calculated as said below,
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W1 = Empty weight of the crucible, W2 = Weight of the crucible with the sample, and W3 = Weight of the crucible after ashing.

The total calories content of the powder formulations was calculated as follows,

Total calories content = 4 × percentage of proteins + 9 × percentage of lipids + 4 × percentage of carbohydrates.

Mineral analysis

The mineral composition of the prepared RTC food formulations was estimated by atomic absorption flame emission spectroscopy (Model AA-6701F; Shimadzu Corporation) with a graphite furnace attachment [4]. A known quantity of powder formulations was incinerated in a muffle furnace for 3×90 min at 550 ºC to ensure complete carbon burning. The ash was dissolved in aqua regia (3 HCl:1 HNO3) and used the residue-free top layer. Iron, zinc, copper, magnesium, potassium, sodium, and calcium were analyzed after diluting with their respective acid solution. The minerals were quantified using reference standards (Agilent Technologies, Bangalore, India) calibration and generated standard curve.

Estimation of chlorophyll and carotenoids

The prepared RTC formulations were extracted with acetone in a motor and pestle (1:10 w/v), centrifuged at 7000×g for 10 min, and the supernatant was collected. The absorbance of the clear supernatant was measured at 661.5 nm, 663 nm, 645 nm, and 450 nm using a double beam spectrophotometer (UV-160 A, Shimadzu Corporation, Kyoto, Japan). The content of chlorophyll a, chlorophyll b, total chlorophyll, and carotenoids were calculated and compared with two standard methods [5, 6].

Particle size distribution

The particle size and particle distribution of prepared RTC formulations were determined by a laser light diffraction instrument (S3500, Microtrac, Largo, Florida, USA), and samples were drawn with vacuum pressure inside the analyzer [7]. The volume mean diameter has been analyzed (D43) to find the particle size of the powders. The recorded data were analyzed using the Flex software for the Microtrac S3500 instrument. The data was generated with a mean of triplicate reads for each sample loaded.

GC/MS characterization of individual fatty acids

The fatty acid methyl esters (FAME) were performed for the extracted oil samples to determine the individual fatty acid profile by trans-esterification [2]. Briefly, 100 mg of extracted oil sample was mixed with 1 mL of Boron trifluoride (BF3) in methanol and incubated at 60 °C for 30 min in the water bath. After incubation, the tubes were transferred into the ice bath for 5 min, added 1 mL of each hexane and distilled water, and the tubes were vortexed for complete mixing. After phase separation, the upper layer was collected in an anhydrous sodium sulfate tube to remove moisture. The top layer of the methyl ester layer, free of water and residual particles, was transferred to GC vials for GC/MS analyses (Agilent Technologies, Milan, Italy) with GC column DB-23 (60 m 0.25 mm I.D 0.25 mm film thickness). The heptadecanoic acid (C17:0) of 1 mg/mL was added as the internal standard [8].
FT-IR analysis

The FT-IR spectra of the extracted oils were determined to identify the molecular functional groups of the fatty acids (Tensor II, M/s. Bruker, Germany). The FT-IR was performed from the mid-infrared range of 400 to 4000 cm-1 with a DLATGS (Deuterated L-Alanine Doped Triglycine Sulphate). PC-based data acquisition with OPUS software version 7.5 was used for qualitative transmission. The spectra were compared with the reference identification FT-IR functional group interpretation [8]. The presented FT-IR spectra are representative spectra of three spectra collected.
Extraction and estimation of ascorbic acid by using HPLC

100 mg of prepared RTC powders were extracted with 2 mL of methanol and 10 mL of cold extraction solution (3% metaphosphoric acid (MPA) (w/v), 0.05% Ethylene diamine tetra acetic acid (EDTA) (w/v), and 0.8% glacial acetic acid (v/v)) [9]. The clear extract after centrifugation (8000 rpm for 15 min at 4 °C) was syringe filtered (0.22 µm). The chromatographic analysis was carried out in LC 20 AD (M/s Shimadzu Corporation, Kyoto, Japan), Chromatopak C18 (150 x 4.6 mm i.d., 5 µ particle size) was used for separation. The mobile phase was 50 mM dipotassium hydrogen phosphate (K2HPO4) adjusted to pH 7 (Solvent A) and 100% methanol (Solvent B) with a flow rate of 1 mL/min. Ascorbic acid was detected at 254 nm.
Sample extraction for bioactives and in vitro antioxidant analysis

To determine the extraction efficiency of different solvents (distilled water, 80% ethanol, and 70% methanol) [9]. Briefly, 5 g powder RTC formulation was extracted with 50 mL of respective solvent and centrifuged (10,000 rpm for 10 min) to obtain a clear solution and stored at -20 °C for further analysis.
Determination of total phenolics content (TPC) and total flavonoid content (TFC)
The TPC of the above-prepared extracts was determined using the Folin-Ciocalteu method with gallic acid as the standard compound [3]. The TFC was analyzed using Aluminum Chloride (AlCl3) method with rutin as the standard compound [10].
HPLC characterization of individual phenolics and flavonoids

The individual phenolics and flavonoid compounds in the prepared RTC formulations were extracted with 70% methanol and analyzed using reverse phase HPLC (Shimadzu LC 20A; Shimadzu Corp.) fitted with a C18 column (250×4.6, 5µm, Waters Corporation, Milford, MA, USA) and UV detector was monitored at 280 nm and 320 nm respectively [11]. The standard phenolics and flavonoid compounds detected were gallic, protocatechuic, catechin, epicatechin, syringic, para-coumaric, chlorogenic, ferulic, sinapic, rutin, trans-cinnamic acid, and quercetin.
LC-HRMS/MS characterization of major phenolics and flavonoids

The LC-HRMS/MS of RTC sample extracts (70% methanol) were analyzed in a Hybrid Quadrupole-TOF LC/MS/MS Mass Spectrometer system (Sciex Triple ToF 5600, Singapore), which was connected to a Kinetex C18 100A (30 × 2.1 mm, 1.7 µm) Phenomenex column at a flow rate of 0.4 mL/min. The mobile phase consists of Solvent A-0.1% acetic acid in water and Solvent B-0.1% acetic acid in acetonitrile and methanol in an 8:2 ratio [12]. The mass measurements were taken with a scan range from 200–2000 m/z in ESI negative mode. The data were analyzed using Peak View 2.1 Software (AB SCIEX Triple TOF 5600, Singapore) and equipped with MasterViewTM (Version 1.0, AB SCIEX).
Antioxidant assays (AA)

The total antioxidant assay (TAA) of RTC extracts was performed following the phosphomolybdate method [13]. The Ferric reducing antioxidant power (FRAP) analysis was performed according to the earlier method [14]. The TAA and FRAP activity was expressed as the number of gram equivalent of ascorbic acid (AA) in mg/100 g DW of powder samples. Further, the extracted sample’s DPPH and ABTS radical scavenging activity was performed following the earlier method [15, 16]. Trolox was used as the standard compound for the ABTS assay, and the results were expressed as Trolox equivalent antioxidant capacity (TEAC).
Functional properties of the RTC formulations

Color measurement

The color of the RTC formulations was measured using a color measurement instrument (Konica Minolta CM-5, VA, USA) by measuring L (lightness or darkness), a* (red-green), and b* (blue-yellow) values [1]. The chroma and Hue angle were estimated using L, a*, and b* values.

Bulk density

The bulk density of the RTC formulations was determined by measuring the volume of 100 g of the product in a measuring cylinder after tapping on a wooden plank without any air gaps noted. The bulk density was calculated based on recorded volume [17].
Swelling power and solubility index

1 g of RTC sample was taken in a centrifuge tube, and 10 mL of water was added and kept in a water bath maintained at 30 °C and 97 °C for 30 min, followed by centrifugation. The supernatant was transferred into a pre-weighed petri plate, and the supernatant was entirely evaporated to dryness in an oven set at 105 °C or 3 h. The residue in the centrifuge tube and the dried petri plates were weighed to calculate swelling power and solubility index [18].
Dispersibility and viscosity

A known amount of RTC sample 5 g was dispersed uniformly in 100 mL of water. A 10 mL aliquot of the dispersion was taken and filtered through a pre-weighed filter paper. The filtrate was dried and weighed separately. The solids on the filter paper accounted for the percentage of dispersed solids, and the dried filtrates gave the percentage of soluble solids [17]. Similarly, the viscosity of the 10% (w/v) of the RTC in distilled water was measured for viscosity using a Brookfield viscometer (Model RV; Brookfield Engineering Inc., Stoughton, USA). Accordingly, the cooked RTC formulation’s viscosity was measured following the method described above [17].

Microbial analysis

The microbial analysis of the freshly prepared RTC formulations was determined using standard methods [1]. A 10 g powder sample was dissolved in 100 mL of 0.9% saline. The aseptically serially diluted samples up to 10-4 (g/mL) were analyzed for total aerobic bacteria, coliforms, yeast, and moulds, respectively. The number of colonies observed after incubation is expressed as log/g of the sample. 
Statistical analysis

All the data were presented as mean ± S.D of three replicates. One-way ANOVA was performed by post hoc Duncan’s Multiple Range Test (DMRT) using SPSS 17 (SPSS Inc., Chicago, IL, USA) for determining significance at p<0.05. The EC50 values were calculated using non-linear regression.
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Supplementary Tables

Supplementary Table 1 Composition of RTC food formulation
	RTC Formulations
	RTC-1
	RTC-2
	RTC-3
	RTC-4
	RTC-5
	RTC-6
	RTC-7
	RTC-8
	RTC-9

	Barley
	20
	20
	20
	20
	20
	20
	20
	20
	20

	Finger millet
	30
	30
	30
	30
	30
	30
	30
	30
	30

	Chickpeas
	25
	25
	25
	25
	25
	25
	25
	25
	25

	Green gram
	05
	05
	05
	05
	05
	05
	05
	05
	05

	Horse gram
	05
	05
	05
	05
	05
	05
	05
	05
	05

	Skimmed milk powder
	15
	15
	15
	15
	15
	15
	15
	15
	15

	Base 
	100
	100
	100
	100
	100
	100
	100
	100
	100

	The base taken
	90
	80
	70
	90
	80
	70
	80
	70
	100

	Unripe banana powder
	10
	20
	30
	00
	00
	00
	10
	15
	00

	Arrowroot powder
	00
	00
	00
	10
	20
	30
	10
	15
	00


Supplementary Table 2 Nutritional and mineral composition of the prepared RTC food formulations
	Parameter (g/100 g DW)
	RTC-1
	RTC-2
	RTC-3
	RTC-4

	Moisture (%)
	1.92 ± 0.11
	3.75 ± 0.21
	3.82 ± 0.18
	3.03 ± 0.14

	Total Carbohydrates
	49.81 ± 0.68
	61.19 ± 1.37
	74.45 ± 1.28
	46.46 ± 0.63

	Total Reducing sugars
	8.06 ± 0.28
	6.91 ± 0.45
	4.32 ± 0.21
	10.57 ± 0.57

	Total non-reducing sugars*
	41.75 ± 0.86
	54.28 ± 1.65
	70.13 ± 1.37
	35.88 ± 0.63

	Total protein content
	8.89 ± 0.14
	10.10 ± 0.24
	8.19 ± 0.17
	11.50 ± 0.26

	Total oil content (%)
	2.38 ± 0.04
	4.13 ± 0.09
	4.46 ± 0.05
	5.48 ± 0.09

	Ash content
	2.10 ± 0.07
	2.16 ± 0.01
	1.74 ± 0.10
	2.37 ± 0.05

	Crude fibre
	3.43 ± 0.21
	4.25 ± 0.13
	3.20 ± 0.10
	2.59 ± 0.07

	Calorific value (J/100 g)
	256.34 ± 2.92
	322.35 ± 6.51
	370.70 ± 4.50
	281.21 ± 4.15

	Minerals (mg/100 g DW)
	
	
	
	

	Iron
	12.49 ± 0.55
	13.07 ± 0.13
	11.18 ± 0.11
	12.15 ± 0.21

	Zinc
	0.10 ± 0.00
	0.10 ± 0.00
	0.11 ± 0.01
	0.30 ± 0.01

	Calcium
	716.79 ± 6.26
	857.18 ± 19.71
	839.56 ± 18.22
	978.35 ± 18.94

	Copper
	1.84 ± 0.03
	1.40 ± 0.02
	1.21 ± 0.01
	1.04 ± 0.04

	Magnesium
	50.80 ± 0.06
	51.86 ± 3.14
	45.84 ± 0.65
	60.56 ± 1.87

	Potassium
	248.67 ± 8.10
	225.11 ± 10.00
	222.43 ± 8.02
	243.91 ± 5.84

	Sodium
	412.07 ± 17.95
	402.98 ± 18.92
	324.40 ± 0.37
	341.39 ± 5.70


All the values are mean ± SD of three replicates (n = 3) analysed. * Values are obtained by subtracting total carbohydrate value with total reducing sugars.

Supplementary Table 3 Comparison of chlorophyll content using two methods in the prepared RTC food formulations (mg/100 g DW)
	Sample
	Lictenthaler method
	 
	Arnon method

	
	Chl.a 
	Chl.b 
	Total chl. 
	Total carotenoids
	Chl.a 
	Chl.b 
	Total chl.

	RTC-1
	0.08 ± 0.00
	0.05 ± 0.00
	0.13 ± 0.00
	125.25 ± 2.28
	0.11 ± 0.03
	0.05 ± 0.01
	0.16 ± 0.02

	RTC-2
	0.35 ± 0.04
	0.42 ± 0.07
	0.77 ± 0.11
	194.65 ± 7.77
	0.39 ± 0.05
	0.47 ± 0.08
	0.87 ± 0.13

	RTC-3
	0.39 ± 0.03
	0.53 ± 0.01
	0.92 ± 0.02
	168.83 ± 4.47
	0.42 ± 0.03
	0.60 ± 0.01
	1.03 ± 0.02

	RTC-4
	0.77 ± 0.00
	1.21 ± 0.05
	1.97 ± 0.04
	236.05 ± 2.28
	0.85 ± 0.01
	1.35 ± 0.05
	2.23 ± 0.05


All the values are mean ± SD of three replicates (n = 3) analysed.
Supplementary Table 4 Particle size and volume distribution of the prepared RTC food formulation
	Sample
	Particle size analysis

	
	Size (nm)
	Volume (%)

	RTC-1
	185.2
	67.6

	RTC-2
	232.7
	92.8

	RTC-3
	210.1
	58.3

	RTC-4
	232.0
	91.2


All the values are mean ± SD of three replicates (n = 3) analysed.

Supplementary Table 5 Microbial analysis of the prepared RTC food formulation
	Sample
	Total aerobic bacteria
	Coliforms
	Yeast and mould

	RTC-1
	Nil*
	Nil*
	Nil*

	RTC-2
	Nil*
	Nil*
	Nil*

	RTC-3
	Nil*
	Nil*
	Nil*

	RTC-4
	Nil*
	Nil*
	Nil*


All the values are mean ± SD of three replicates. *No colonies were observed in 10-1 dilution.
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