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Abstract 
The most important source of food in the world is cereal grains, which also play a large part in the global 

diet of people. Additionally, millet grain is currently attracting more interest from food scientists, 

technologists, and nutritionists due to its significant contribution to national food security and possible 

health advantages. Scientists and nutritionists are challenged by these effects to look into the production, 

processing, and use of alternative food sources in order to eradicate hunger and poverty. Malting or 

germination is a suitable pre-treatment that may be used to enhance the nutritional qualities of native 

cereal grains. As a result, the effects of malting on proximate, water absorption index, water solubility 

index, and in vitro protein digestibility were explored and optimised in this study. When compared to raw 

millet flour, malted millet flour had greater protein content (M03-11.75 percent, M08-13.96 percent) and 

protein digestibility (M03-60 percent, M08-64 percent), and the overall results indicated that malted 

millet flour is healthier with good quality and nutrition. 
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1. Introduction 

Cereals are key sources of the world's food supply and play a vital role in the worldwide 

human diet. It's common knowledge that cereals are a fantastic source of calories, protein, 

dietary fibre, and minerals (Slavin et al., 2000) [19]. Millets are cereal grains that are grown all 

throughout the world, with varying importance depending on continent and area. Millets, or 

small-seeded grains, are members of the Poaceae (Gramineae) family (Zhu, 2014) [22]. Millets 

are an important source of nutrition and a staple meal for millions of people in developing 

countries (Filli et al., 2010; Mridula & Sharma, 2015) [9, 13]. Millet is a popular crop among 

farmers in India, Africa, and China because to its hardiness, natural biodiversity, and very low 

agricultural input costs. Millets provide much-needed energy and, to a lesser extent, protein to 

the communities where they grow. Millets are possibly the earliest grains cultivated by man, 

with early cultivation reports dating back to roughly 5,550 BC (Crawford, 2006). In terms of 

output, India and China are the top two millet producers in the world. Finger millet (Eleusine 

coracana), proso millet (Panicum miliaceum), foxtail millet (Setaria italica), and pearl millet 

are the four primary varieties (Pennisetum glaucum) (Annor et al., 2017) [1]. Millets are 

ingested whole or hand-pounded, as opposed to rice and wheat, which are milled and polished. 

As a result, they contribute significantly not only to carbohydrate and protein intake, but also 

to vitamin and fibre intake (Antony et al., 1996) [2]. Millet grains have much more phenolic 

phytochemical compounds than other cereals (Taylor & Duodu, 2015) [20]. 

Malting is a metabolic process that results in the formation of a range of hydrolytic enzymes 

and bioactive substances. Malting is a regulated procedure of limiting germination of cereal 

grain (Banusha & Vasantharuba, 2013) [4]. When grains are malted, they are hydrated under 

ambient circumstances, and endogenous enzymes begin to transform the grain's contents, 

including soluble sugars, protein, and enzyme activity (Nadeem et al., 2010) [14]. Thus, malting 

enhances the nutritive content and digestibility of meals in general, and it may be an ideal easy 

strategy for obtaining the most iron and other minerals from grains. Locally accessible crops 

include fingermillet and mungbean (Platel et al., 2010) [16]. Numerous studies have 

demonstrated how germination may greatly enhance the protein content and nutritious profile 

of grains. Because nitrates are absorbed during germination, which speeds up the metabolism 

of nitrogenous substances from carbohydrate reserves, the crude protein level may rise (Najdi 

Hejazi et al., 2016) [15]. Additionally, because of an increase in the grain's proteolytic activity 

during germination, protein quality is enhanced. Because of this improvement, storage 

proteins, mostly prolamin, are hydrolyzed into albumins and globulins, which causes glutamic  
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and proline amino acids to be converted into limiting amino 

acids like lysine (Chavan & Kadam, 1989) [6]. Malted millet is 

widely used in weaning food, baby food, and supplement food 

formulations and is an excellent source of α- and β-amylases 

(Chethan et al., 2008) [7]. 

Millets are an inexpensive native cuisine that are abundantly 

farmed in India. Millets are also a rich source of nutrients. In 

order to assess and compare the nutritional changes in raw 

millet flour and malted millet flour, the current study was 

conducted. 

 

Method and Material 

Raw materials 

The raw material such as Foxtail, Barnyard millet, little 

millet, Kodo millet, Proso millet, Finger millet, Pearl millet, 

Sorghum was selected and they are procured from a 

departmental store in Thanjavur, Tamil Nadu. And all the 

chemical were procured from Hi-Media, Chennai, Tamil 

Nadu. 

 

Preparation Of millet flour and Malted millet flour 

Using the millets, four varieties of flour were developed 

(germinated and non-germinated flour) namely three millet 

flour (C1), eight millet flour (C2), three millets malted millet 

flour (M03) and eight millets malted millet flour (M08). 

Three millets flour and three millets malted millet flour were 

developed or processed using finger millet, pearl millet, and 

sorghum. Eight millet flour and eight millets malted millet 

flour was processed or developed using Foxtail, Barnyard 

millet, Little millet, Kodo millet, Proso millet, Finger millet, 

Pearl millet, Sorghum. The millets were collected and cleaned 

to remove foreign materials such as mud, dust, and other 

debris.  

 

Preparation of millet flour 

The cleaned millet was roasted for 5min at 60C to remove the 

astringent flavor and then grind to make a fine powder by 

using pulverizer and seived. 

 

Preparation of Malted millet flour (Three millets and 

Eight Millets) 

The millets were cleaned and steeped in water for 24 hours at 

room temperature. Drain the water, germination was 

continued for 48 hours by keeping millets under wet muslin 

cloth. Ungerminated millets were removed, and 

sprouted/germinated grains were placed in a dryer for five 

hours to minimize the moisture content from the millets and 

for 5min at 60 ⁰C, to get rid of the bitter taste, the dried, 

germinated seed was roasted. Then, the grain was ground in a 

pulverizer and sieved (Banusha & Vasantharuba, 2013) [4]. 

 

Proximate Analysis 

Samples were examined for moisture, crude protein, ether 

extract, crude fibre, and ash using conventional A.O.A.C 

techniques in duplicate. The Kjeldhal nitrogen was converted 

to crude protein using a ratio of 6.25. By employing the 

Soxhlet equipment and the ether extraction technique, crude 

fat was identified. Acid digestion and the alkali digestion 

technique were used to measure the crude fibre. Ash 

concentration was assessed in a muffle furnace for six hours 

at 550 °C (Arif et al., 2011) [3]. 

 

Water absorption index (WAI) and water solubility index 

WAI and WSI were calculated using a technique developed 

for cereals. Following thorough mixing, the ground flour 

blends were suspended in water at room temperature for 30 

minutes, gently mixed throughout this time, then centrifuged 

at 3000 g for 15 minutes. The supernatants were decanted into 

a known-weight evaporating dish. The WAI was calculated as 

the weight of gel after supernatant removal per unit weight of 

original dry particles. The weight of dry solids in the 

supernatant calculated as a percentage of the original weight 

of the sample was used to calculate the WSI (Chauhan et al., 

2015) [5].  

 

In vitro protein digestibility  

As per the (Samuel & Peerkhan, 2020) [17] 5 ml each sample 

were weighed in centrifuge tube, and 15 ml of 1.5 pepsin-

pancreatin containing of 0.1 M HCl pancreatin was added. At 

37 ⁰C for 3hr incubate the tube. A phosphate buffer with 

0.005 M sodium azide and a pH of 8.0 was used to neutralize 

the solution. To inhibit microbial development, add 1 mL of 

toluene, and the mixture was carefully mixed before being 

incubated for 24 hours at 37 °C. After being incubated, 

samples were treated with 10ml of 10% trichloroacetic acid 

(TCA) and spun at 5000rpm at room for 20 minutes at room 

temperature. The nitrogen content of the TCA-soluble fraction 

in the supernatant liquid was determined using the micro-

Kjeldahl technique. The formula was used to determine the 

digestibility percentage of proteins (eq.1). 

 

Protein Digestibility % =
(N in the supernatant − N in the blank)

N in the sample
× 100 … (eq. 1) 

 

Water Activity and Color 

As per (Sethupathy et al., 2020) [18], the water activity of fresh 

snack bar assessed by using water activity meter(AQUA LAB 

Dew point water activity meter 4TE). The colour was 

determined using a Lovibond spectrocolorimeter (Model LC 

100). After calibrating the spectrocolorimeter, unmalted and 

malted millet flour were deposited in cuvettes and introduced 

into the colour measuring instrument (Udeh et al., 2018) [21]. 

 

Statistical Analysis   

All of the findings in this study are represented by the mean 

values of two distinct replication standard deviations (n=2 

s.d.). Minitab 16 (Minitab Inc., State College, PA, USA) was 

used to conduct the statistical analysis. For numerous 

variables, an analysis of variance (ANOVA) was used, and a 

Tukey's test was used to discover significant differences. A 

simple linear correlation analysis was used to identify the 

relationship between the mean values (Jabeen et al., 2021) [11]. 

 

Result and Discussion 

Proximate Analysis 

Table 1 shows the proximate analysis result of Malted millet 

flour in comparison to raw millet flour. Malted millet flour 

contained much more protein than raw millet flour. All 

samples (C1, C2, M03, and M08) showed a significant 

difference (p<0.05). The higher protein concentration in 

Malted millet flour might be due to enzyme synthesis during 

germination, which could have resulted in the generation of 

certain amino acids during protein synthesis (Marero et al., 

1989s; Uwaegbute et al., 2000). When comparing malted 

millet flour to raw millet flour, the fat content was reduced. 

There was a significant difference across all samples 

(p<0.05), which is due to increased lipolytic enzyme activity 

during germination, which hydrolyzes lipid components into 

fatty acids and glycerol. The ash level of M03 and M08 
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reduced as compared to raw millet flour, which might be 

owing to solubility in water and subsequent loss on leaching 

throughout these processing processes, as discovered in Arif 

et al., (2011) [3] research. All samples had a significant 

difference (p<0.05). As compared to raw millet flour, the 

malting procedure steadily increased the fibre content of 

Malted millet flour. Every sample (C1, C2, M03, and M08) 

had a significant difference (p<0.05). Malting and 

germination were the causes of the rise in crude fibre. Arif et 

al., (2011) [3], the similar effect was found with malted barley 

flour. The moisture level of malted flour significantly reduced 

owing to millet roasting and pre-process drying. Within the 

sample, there were substantial differences (p<0.05). The 

carbohydrate content of Malted millet flour decreased as 

compared to raw millet flour, and there was a significant 

difference within sample (p<0.05). The drop in carbohydrate 

content was caused by grain germination, and the increase in 

alpha amylase activity was discovered in the same research 

Chauhan et al., (2015) [5].  

 

In vitro protein digestibility 

Based on their initial and final values following pancreatin 

digestion in accordance with Eq (1), the tested samples' 

protein digestibility was assessed. Results are present 

quantitatively in Table 3. Malted millet flour had a greater in 

vitro protein digestibility than raw flour. Significant 

difference existed within the sample (p<0.05). While IVPD 

was estimated to be between 53 and 56 percent for raw millet 

flour samples (C1 and C2), upon malting, this value improved 

to between 60 and 64 percent (M03 and M08), indicating an 

improvement in protein digestibility. Same study were found 

in Najdi Hejazi et al., (2016) [15] where increase in IVPD 

content after germination/malting. 

Water absorption Index (WAI) and Water solubility 

Index (WSI) 

Malted millet flour exhibited a considerably greater WAI than 

raw millet flour, and there was a significant difference within 

the sample (p<0.05). It was discovered that malting and 

germination increase grains' ability to absorb water, Jawad et 

al., (2013) [12], same result were found in current study. As a 

result of the breakdown of polysaccharide molecules and the 

increase in protein amount and quality brought on by 

germination, there are more sites for water interaction and 

water retention (Gamel et al., 2006) [10]. Similarly, the WSI of 

Malted Millet Flour increased as compared to raw millet 

flour, and there was no significant difference in Malted millet 

flour (M03 and M08) and raw millet flour (C1 and C2) 

(p<0.05). According to Chauhan et al., (2015) [5] study he 

found that as a result of the breakdown of polysaccharide 

molecules and the increase in protein amount and quality 

brought on by germination, there are more sites for water 

interaction and water retention. 

 

Color and Water Activity 

The color values for flour, (ungerminated and germinated 

flour) are displayed in Table 6. Following Raw millet flour, 

the malted millet flour exhibits a much greater value for 

lightness (L), but a lower value for redness (a) and yellowness 

(b).As per Chevallier et al., (2000) [8], the Maillard reaction 

was essential in the evolution of color. As a result, the 

increase in total protein content may be associated with a 

decrease in the lightness of germinated amaranth flour. The 

same study was discovered in the case of Malted millet flour. 

Malted millet flour’s water activity steadily decreased in 

comparison to Raw millet flour. There was a significant 

difference between the samples (p<0.05). 

 
Table 1: Proximate Analysis of Raw millet flour and Malted millet flour 

 

Sample Protein(gm/100gm) Fat(gm/100gm) Moisture(gm/100gm) Fibre(gm/100gm) Carbohydrate(gm/100gm) Ash(gm/100gm) 

C1 7.69±0.04c 6.4±0.14b 7.82±0.01b 4.055±0.03c 71.08±0.01a 2.95±0.05c 

C2 8.23±0.09c 7.2±0.14a 8.08±0.02a 5.3±0.14b 68.04±0.41b 3.15±0.01b 

M03 11.79±0.23b 5.3±0.14c 6.46±0.04d 5.8±0.14ab 67.485±0.04b 3.155±0.04b 

M08 13.96±0.09a 6.3±0.14b 7.41±0.02c 6.35±0.21a 61.98±0.01c 4±0.01a 

Note: When the same letter is not immediately after two mean values in the same row, there is a significant difference (p≤0.05). Mean standard 

deviation (n=2) 
 

Table 2: Color analysis and water activity of Raw millet flour and 

Malted millet flour 
 

Sample 
Color 

Water Activity 
L a b 

C1 28.53 7.86 8.96 5.25±0.07ab 

C2 29.36 7.33 9.43 5.7±0.14a 

M03 31.73 6.35 10.03 4.4±0.28bc 

M08 34.63 6.03 11.35 4.85±0.07c 

Note: When the same letter is not immediately after two mean 

values in the same row, there is a significant difference (p≤0.05). 

Mean standard deviation (n=2) 
 

Table 3: In vitro protein digestibility of raw millet flour and Malted 

millet flour 
 

Sample In vitro digestibility (%) 

C1 53.72±0.43d 

C2 56.77±0.26c 

M03 60.94±0.82b 

M08 64.04±0.55a 

Note: When the same letter is not immediately after two mean 

values in the same row, there is a significant difference (p≤0.05). 

Mean standard deviation (n=2) 

Table 4: Water absorption index (WAI) and Water solubility index 

(WSI) of Raw millet flour and Malted millet flour 
 

Sample WAI WSI 

C1 3.82±0.01d 5.86±0.02d 

C2 3.975±0.02c 6.1±0.01c 

M03 4.48±0.05b 11.62±0.04b 

M08 4.95±0.042a 13±0.01a 

Note: When the same letter is not immediately after two mean 

values in the same row, there is a significant difference (p≤0.05). 

Mean standard deviation (n=2) 

 

Conclusion  

The current study set out to assess how the malting procedure 

affected the nutritional composition and in vitro protein 

digestibility of both raw and malted millet flour. The findings 

of this study shown that millets may be malted or germinated 

to generate products that are more easily digested and have 

greater nutritional content. When compared to raw grain, 

malting produced the most advantageous protein digestibility 

and nutrient content, according to the ANOVA study that was 

conducted. According to the study, millet can be efficiently 
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malted to produce products that are more wholesome and 

nourishing. It is recommended that more research be done on 

the bioavailability of minerals in malted millet flour, 

particularly iron, zinc, and calcium. 
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