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ABSTRACT 

The physical properties of drum dried instant millet flours were investigated. Drum dried instant flours 

were produced from depigmented dehulled millet achieved by soaking dehulled millet in different solutions; 

water, 1% NaCO3, 1% NaCl, 1% citric acid. After soaking, depigmented dehulled millet was washed and 

wet milled, their respective slurries were fed into the drum drier to produce their respective flours. 

Furthermore, pregelatinized millet flour (control) was produced by conventional (traditional) method; 

dehulled millet was soaked in water for 12h, washed, steamed for 30min, dried in oven and milled into 

flour (GMFc). The whiteness (L*) values (63.63 to 75. 08) of drum dried instant flours processed from 

depigmented dehulled millet soaked in different solutions varied significantly (p<0.05) with the control 

(59.64). The water absorption of products varied significantly from control (GMFc) with values ranging 

from 5.40 to 7.63 while control had 2.12.The swelling power of products varied significantly from control 

(GMFc) with values ranging from 6.10 to 8.86 while control had 4.81. Minimum, mean and maximum 

particle size distribution of drum dried instant millet flour ranged from 5.30 to 32.03µm, 10.66 to 52.73µm 

and 17.98 to 84.24µm respectively. The starch structure of drum dried instant flours using the scanning 

electron microscope was seen to be flat, broken and hollow while the starch granule of control (GMFc) 

was intact, gelatinization was incomplete.  
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INTRODUCTION 

Millet is a promising alternative in solving the problem of food insecurity and malnutrition giving 

to climate change and the increase in population (Jaybhaye et al., 2014). This is because millet has 

a short growing season, and is drought, disease and pest resistant. In most developing countries 

especially of the semi-arid and tropic countries, millet contributes significantly to food and 

nutritional security of the rural and urban poor people. Urban consumers want food products that 

deliver convenience, taste, texture, colour and shelf stability at an economically competitive cost, 

however, millet products that meet these requirement are usually not readily available in urban 

areas. Though, several attempts have been made using simple conventional processing methods 

that involve steaming, drying and milling into powder yet these attempts have not been able to 

yield the much needed and desired convenience as the millet products fails in being instantized. 

The confinement of millet to mostly traditional consumers especially in sub-saharan Africa also 

constraints its processing, such that contemporary processing methods have not been fully 

exploited. Even though, the nutritional qualities of millet have been well documented, its 

utilization for food is confined to the traditional consumers mainly due to the non-availability of 

consumer friendly, ready-to-eat or ready-to-use products as are found for rice and wheat 

(Ushakumari et al., 2004). The food uses of millets have been confined to mostly traditional 

consumers and limited especially to the areas of their cultivation, thus have remained 
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underutilized. Processing millets using traditional as well as contemporary methods for preparation 

of value added and convenience products would certainly diversify their food uses (Chandra et al., 

2018). The absence of appropriate primary processing technologies to prepare ready-to-use or 

ready-to-cook (RTC) products as well as the secondary and tertiary processing to prepare ready-

to-eat value added products are the major limiting factors for the diversified food uses and better 

economic status (Malleshi, 2014). However, ready to eat (RTE) millet based ‘fura’ have been 

processed by extrusion technology (Nkama and Filli, 2006). Other contemporary processing 

technologies, such as drum drying can be exploited to provide consumers with variety and put food 

in RTE form. The potential of preparing ready-to-use or ready-to-cook and eat products would 

help increase the consumption of millets among non-millet consumers (Chandra et al., 2018). 

The drum drying process can be used to make ready-to-use flours that need only reconstitution in 

water before consumption. Drum dried products have longer shelf life because of their low water 

activity and has the potential of inactivating enzymes that promote lipid rancidity, lipase and 

lipoxygenase during the thermal process (Onyango et al., 2004; Moussa et al., 2011). Health 

benefits associated with regular intake of millet foods include; hypocholesterolemic, 

hypoglycemic and antiulcerative characteristics, these indicate potential for use and acceptance by 

non-traditional consumers (Shobana and Malleshi, 2007). Also, by providing millet in ready-to-

eat / ready-to-cook form, acceptability of products would increase.  

Several researchers in India have also attempted to develop processed millet based products into 

popped, flaked, puffed, extruded and roller dried products (Jaybhaye et al., 2014).  The rationale 

of this study was to investigate the physical properties of drum dried instant millet flour from 

depigmented dehulled millet. 

 

MATERIALS AND METHODS 

Pearl millet (Pennisetum glaucum) used in this study was purchased from Alamis market in Lafia, 

Nigeria. 

 

Preparation of depigmented drum dried instant millet flour 

Drum dried instant millet flour was produced by the method of Adgidzi, (2017). Double drum 

dryer (R. Simon LTD Nottingham, England) at 2 rpm rotation speed, 2 bars pressure at 120.2ºC 

and 0.1mm feed gap was used. Dehulled millet (2 kg) was divided into 4 portions of 500 g each 

and soaked for 12 h in varying depigmenting solutions (distilled water, 1% Na2CO3, 1% NaCl, 

1%, and 1% citric acid, respectively). A 5th portion was water soaked, steamed for 20 min and 

oven dried (control) while a 6th portion was neither soaked nor steamed and drum dried. After 

soaking, washing and rinsing each portion was wet milled, sieved and the respective slurry was 

fed into the double drum dryer (R. Simon (dryer) LTD, Nottingham England) and drum dried. The 

production of drum dried instant millet flour is as shown in Fig.1. 

 

Physical properties of drum dried instant flour 

The L*, a* and b* values measured lightness ranging from black (0) to (100) white, greenness 

(minimum) to redness (maximum) and blueness (minimum) to yellowness (maximum) 

respectively of samples using HunterLab Colorimeter (UltraScan PRO, USA). The whiteness 

index (WI) was calculated using the formular; Whiteness index (WI) = 100-[(100-L)2 + a2 + b2]½ 

Water absorption capacity (WAC) was determined by the modified method of Gandhi and 

Srivastava, (2007). One gram of the sample was mixed with 10 ml distilled water in centrifuge 
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tubes and then allowed to stand for 30 min. Samples were centrifuged at 2000 rpm for 30 min. The 

supernatant was discarded and the tube weighed.  

Water absorption capacity (grams of water per gram of sample) was calculated using the formula; 

 

WAC =   Weight of tube plus sediment – Weight of tube plus dry sample 

 

                                          Weight of sample 

 

Swelling power was determined as described by Leach et al., (1959). One gram of the sample was 

mixed with 10 ml distilled water in a centrifuge tube and heated in a hot water bath at 80°C for 30 

min while continuously shaking the tube. After heating, the suspension was centrifuged at 1000 g 

for 15 min. The supernatant was decanted and the weight of the paste taken. The swelling power 

was calculated as: Swelling power = weight of the paste / weight of dry flour. 

Bulk density was determined by the method of Okaka and Potter (1979). Each sample (50g) of 

flour was weighed into a 100ml measuring cylinder, tapped to a constant volume and the bulk 

density (gcm-3) was calculated using the formula: Bulk density = weight of flour (g) / flour volume 

(cm3). 

 

Reconstitution index was determined by the method described by Banigo and Akpapunam, (1987).  

Boiling water (50ml) was mixed with 5g of sample for 90 sec in a 100ml graduated cylinder. Ratio 

of the volume of sediment recorded after 10min to the original volume served as index of 

reconstitution. Particle size of drum dried instant millet flours was determined using a laser particle 

size analyzer (Mastersizer 2000, Malvern Instrument LTD, Malvern UK). Samples were fed into 

the Mastersizer at a vibration feed rate of 50% and a dispersive air pressure of 1.475bar. Particle 

sizes were classified into average minimum, mean and maximum particle sizes(��) by an in-built 

software Scirocco 2000. 

 

Moisture content, pH and water activity was determined by the methods of AOAC, (2012). 

 

Scanning Electron Microscopy (SEM) 

Drum dried instant millet flours were analyzed by scanning electron microscopy for 

microstructure. Samples were fixed on aluminium stubs using double sided tape and coated with 

a layer of gold using the sputter coater to improve conductivity. The coated samples were viewed 

under a scanning electron microscope (JOEL, made in Japan) using an electron voltage of 15-22v 

during the scan (Pellisari et al., 2011). 

 

Statistical Analysis 
The data generated from the study was subjected to analysis of variance (ANOVA) using the 

statistical software IBM SPSS version 20. Means were separated using Duncan Multiple Range 

Test (DMRT) and significance was accepted at p < 0.05.  

 

RESULTS AND DISCUSSION 

 

Physical Properties of Drum Dried Instant Flours from Dehulled Depigmented Millet 
Table 1 showed the physical properties of drum dried instant flour from depigmented dehulled 

millet.  
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The L* value of millet flour from dehulled, water soaked, steamed and oven dried millet (control 

sample -GMFc) was 59.64. Drum dried millet flour from undepigmented (unsoaked) dehulled 

millet (DDIF0) showed L* value of 63.63 while drum dried instant flours from dehulled millet 

depigmented in other solutions (water, NaCl, Na2CO3 and citric acid) showed L* values that ranged 

from 63.87 in sample DDIF3 to 75.08 in sample DDIF4. There were significant differences (p < 

0.05) among the L* values of control sample (GMFc), and drum dried instant flours. Sample 

soaked in 1% citric acid concentration prior to drum drying had higher L* value (75.08) than other 

samples, due probably to the bleaching effect of citric acid on the samples. Sample GMFc had the 

least L* value (59.64) compared to drum dried products (63.63 to 75.08), this disparity suggests 

that the temperature and duration of drying may have had effect on the whiteness of products 

implying that high temperature short time employed by the drum drying process minimally 

affected the browning of drum dried products. Similar observations were reported by Shobana and 

Malleshi (2007), intensity of dark colouration increased for hydrothermally treated millet. The 

processes involved in the hydrothermal treatment of millet included cleaning, steeping in water 

(30oC,8h), steaming (atmospheric pressure (101.32 kPa), 20min) and drying (mechanical cross 

flow dryer). Avula, (2005) reported whiter (brighter) colour for potato flour obtained from drum 

drying compared to potato flour obtained from hot air and other conventional drying methods. 

The a* value of sample GMFc (control) was 1.28, sample DDIF0 was 0.97 while that of other 

drum dried instant flours ranged from 1.20 in sample DDIF3 to 1.74 in sample DDIF4. Redness 

values (a*) were higher in samples DDIF1, DDIF2, DDIF3, and DDIF4 than in the sample DDIF0 

and GMFc. This could suggest influence of the soaking followed by drum drying.           

Sample GMFc (control) had b* value of 10.30, sample DDIF0 had yellowness (b*) value of 11.27 

while other drum dried instant flours that had b* values ranged from 11.49 (sample DDIF2) to 

13.25 (sample DDIF4). Na2CO3, an alkali had similar effect as sodium sesquicarbonate (‘kanwa’) 

in foods. Eyzarguire et al. (2006) reported that ‘kanwa’ (NaCO3, NaHCO3.xH2O) darkened the 

colour of porridge made from pearl millet, impaired the flavor and hence the acceptability of the 

porridge particularly among consumer groups that are not familiar with kanwa. Sample GMFc 

(control) had Whiteness index (WI) of 58.32 which differed significantly (p < 0.05) from sample 

DDIF0 that had WI of 61.86 and other drum dried instant flours that had values ranging from 61.80 

in sample DDIF3 to 73.15 in sample DDIF4. Whiteness index represents the overall whiteness of 

food products that may indicate the extent of discolouration during the drying process, higher WI 

reflects whiter sample.  

 

Water absorption capacity (WAC) of samples differed significantly (p < 0.05), sample GMFc 

(control) had 2.12g/g WAC, sample DDIF0 had 6.88g/g WAC while other drum dried instant 

flours made from dehulled millet depigmented in other solutions (water, NaCl, Na2CO3 and citric 

acid) showed WAC that ranged from 5.40g/g in sample DDIF1 to 6.62g/g in sample DDIF4. 

Sample GMFc (control) had swelling power of 4.81g/g which differed significantly (p < 0.05) 

from swelling power (6.10g/g) of sample DDIF0 and other drum dried instant flours that ranged 

from 6.55g/g in sample DDIF1 to 8.59g/g in sample DDIF4.  

Higher water absorption capacities and swelling power were observed in sample soaked in citric 

acid prior to drum drying (DDIF4). Avula, (2005) reported higher water absorption capacities and 

swelling power in drum dried potato and sweet potato flour and attributed it to higher degree of 

macromolecular disorganization. The collapse of granules as a result of heat may probably have 

led to higher imbibition of water possibly enhanced by citric acid thus leading to the observed 

higher water absorption capacities and swelling power. Water absorption capacity has been 
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reported to be dependent on the availability of hydrophilic groups that bind water molecules and 

on the gel forming capacity of macromolecules. Higher amylose ratio has also been shown to result 

in higher water absorption capacities. Rathi et al. (2004) reported that amylose fraction increases 

when starch is subjected to acid modification indicating that acid preferably hydrolyses 

amylopectin. However, according to Onyango et al. (2003) drum dried flours have high water 

absorption capacity and can absorb four times the amount of their own weight of water. The 

branching in amylopectin polymers enables pregelatinized flours to have severally exposed 

hydroxyl groups which readily form hydrogen bonds with added water, thus encouraging swelling 

of granules and formation of viscous pastes that have more cohesive and elastic characteristics 

(Onyango et al., 2003). Waliszewski et al. (2003) also reported that during gelatinization of banana 

starch there was reduction in crystalinity and eventual degradation of starch molecules which made 

the starch structure to be porous and easily collapse, thereby absorbing more water readily 

compared to the gelatinized native banana starch. 

Bulk density of (0.73g/cm3) sample GMFc (control) differed significantly (p < 0.05) from the bulk 

density (0.60g/cm3) of sample DDIF0 and other drum dried instant flours that had bulk densities 

that ranged from 0.33 g/cm3 in sample DDIF4 to 0.60g/cm3 in samples DDIF1 and DDIF3. 

Samples DDIF0, DDIF1 and DDIF3 had comparable bulk densities of 0.60g/cm3, 0.58g/cm3 and 

0.60g/cm3, respectively. 

 

Bulk density is a measure of the heaviness of flour. Increase in bulk density is desirable as it offers 

greater packaging advantage, greater quantity of food product may be packed within a constant 

volume. However, low bulk density is desirable in preparing instant and weaning foods. In this 

study, low bulk density was observed in samples soaked in citric acid prior to drum drying 

compared to the values shown by samples soaked in other depigmentation solution.  

Millet flour produced from dehulled, water soaked, steamed and oven dried millet (GMFc- control 

sample) had reconstitution index (27.33) which differed significantly (p < 0.05) from the 

reconstitution index (52.00) of drum dried millet flour from undepigmented (unsoaked) dehulled 

millet (sample DDIF0) and other drum dried instant flours from dehulled millet depigmented in 

different solutions (water, NaCl, Na2CO3 and citric acid) that had reconstitution index that ranged 

from 49.00 in sample DDIF1 to 52.00 in sample DDIF4. The low reconstitution index observed in 

sample GMFc suggest the extent to which gelatinization occurred compared to drum dried samples 

that had higher reconstitution indices, implying incomplete gelatinization for sample GMFc.  

The minimum, mean and maximum particle size distribution of samples ranged from 5.29 (DDIF4) 

to 28.83µm (GMFc), 10.66(DDIF4) to 52.73 µm (GMFc) and 17.98 (DDIF0) to 84.24µm (GMFc), 

respectively. The moisture content of drum dried instant flour from dehulled undepigmented millet 

(-DDIF0) was 7.85%, the moisture contents of drum dried instant flour from differently 

depigmented millet ranged from 4.57% in sample DDIF3 to 5.82% in sample DDIF1 while millet 

flour produced by soaking dehulled in water, steaming, and oven drying (GMFc) showed a 

moisture content of 7.19% . The pH content of samples differed significantly (p < 0.05), sample 

DDIF0 had 6.59, sample GMFc (control) had a pH value of 6.85 while other drum dried instant 

flours from differently depigmented millet ranged from 4.88 (DDIF4) to 7.43 (DDIF3). Samples 

depigmented in water (DDIF1) and 1%NaCl (DDIF2) had comparable pH values of 6.15 and 6.20.     

 

Sample GMFc (control) had a water activity of 0.42, sample DDIF0 had a water activity of 0.44, 

while other drum dried instant flours from differently depigmented millet had values that ranged 

from 0.25 (DDIF4) to 0.34 (DDIF1). Samples DDIF0 and GMFc also showed comparable water 
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activity values of 0.44 and 0.42 respectively, which differed significantly (p < 0.05) from the water 

activity values of other samples. The water activity of samples reported in this study is in 

agreement with the report of Caparino (2002) on the water activity of mango powder made from 

different drying systems. Caparino (2002) suggested that water activity (0.2 to 0.4) and moisture 

content (0.1 to 10%) have water monolayer molecules that are strongly bound to active sites mainly 

hydrogen bonds. Consequently, water is not available as a solvent to support chemical and 

microbiological activity. 

 

Scanning Electron Micrograph of Drum Dried Instant Flour From Dehulled Depigmented 

Millet 

Figures 2 to 7 (indicated as a to f, respectively) show the scanning electron micrographs of drum 

dried instant flours and dehulled, water soaked, steamed and oven dried millet (GMFc). Starch 

structures in a, b, c, d, e, in Fig 2-6 were flat, broken and hollow suggesting that the starch granules 

were probably destroyed by heat during the drum drying process. Avula, (2005) made similar 

observations in potato and sweet potato flour and attributed it to the release of amylose during 

processing which resulted in the hollowness of samples during the drum drying consequently it is 

exhibited in the micrograph as broken and flat structures. Conversely, starch structure in f of Fig.7 

which is the micrograph of GMFc (control sample) show more intact starch granules with little 

deformation. Apparently, the treatment effected only partial gelatinization and hence there was no 

serious deformation observed. 

 

CONCLUSION 

Soaking of dehulled millet in 1% citric acid concentration for 12 h prior to drum drying further 

improved the colour (L* value) of product.. 

The application of drum drying technology brought about complete gelatinization of millet flour 

thus improved the physical properties of samples, compared to the conventional (traditional) 

processing method of ‘instantizing’ millet flours. 
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  Fig: 1 Flow chart for the production of drum dried instant millet flours 
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LEGEND  
DDIF0 - Drum dried instant millet flour from undepigmented dehulled millet grain 
DDIF1 - Drum dried instant millet flour from dehulled millet grain depigmented in water,  
DDIF2 - Drum dried instant millet flour from dehulled millet grain depigmented in 1% NaCl,  
DDIF3 - Drum dried instant millet flour from dehulled millet grain depigmented in 1% Na2CO3,  

DDIF4 - Drum dried instant millet flour from dehulled millet grain depigmented in 1% citric acid,  
GMFc - Water soaked, steamed and oven dried dehulled millet flour (control) 
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Table 1: Selected physical properties of drum dried instant flour from dehulled depigmented millet  

Sampl

e 

Colour 
Functional properties 

 

Particle size 

distribution (µm) 

Moisture 

(%) 
pH 

Water 

activity 

(aw) L* a* b* 
Whiteness 

index 

Water 

absorptio

n capacity 

(g/g) 

Swelling 

power 

(g/g) 

Bulk 

density 

(g/cm3)  

Reconsti- 

tution 

index 

Mini 

mum 

Mea

n 

Maxi 

mum 

DDIF0 63.63bc±2.02 0.9 7d±0.05 11.27 bc±0.85 61.86c±1.67 6.88a±0.09 6.10c ±0.41 0.60 b±0.01 52.00a±1.15 6.53 11.12 17.98 7.85a±0.06 6.59c±0.01 0.44a±0.0 

DDIF1 65.89b±2.05 1.44b±0.03 11.98 ab±0.81 63.76bc±1.66 5.40c±0.00 6.55c ±0.22 0.58 b±0.02 49.00c±0.58 5.30 13.06 24.80 5.82c±0.07 6.15d±0.09 0.34b±0.0 

DDIF2 67.52b±1.63 1.27c±0.04 11.49abc±0.69 65.48b±1.30 6.31b±0.01 7.91b ±0.06 0.45 c±0.01 51.00bc±0.58 22.67 32.32 44.04 5.43d±0.12 6.20d±0.00 0.28c±0.0 

DDIF3 63.87bc±2.26 1.20cd±0.05 12.14 ab±0.96 61.80c±1.83 5.63c±0.06 6.77c ±0.04 0.60 b±0.00 50.00bc±0.00 17.70 28.07 41.55 4.74e±0.07 7.43a±0.00 0.27c±0.0 

DDIF4 75.08a±1.67 1.74a±0.02 13.25 a ±0.70 73.15a±0.76 6.62a±0.07 8.59a±0.18 0.33 d±0.00 52.00 a±0.00 5.29 10.66 19.39 4.57e±0.03 4.88e±0.00 0.25d±0.0 

GMFc 59.64c±0.26 1.28c±0.04 10.30 bc±0.08 58.32d±0.24 2.12d ±0.03 4.81d±0.04 0.73 a±0.01 27.33 d±1.45 28.83 52.73 81.21 7.19b±0.13 6.85b±0.05 0.42a±0.0 

 

Values are means of triplicate determination ± standard error mean (SEM). Means bearing the same superscript in the same column are not 

significantly different (p > 0.05) 

LEGEND                                            

DDIF0 – drum dried millet flour from unsoaked dehulled millet grain  

DDIF1 drum dried millet flour from dehulled millet grain soaked in water                                        

DDIF2 - drum dried millet flour from dehulled millet grain soaked in 1% NaCl                                

DDIF3 - drum dried millet flour from dehulled millet grain soaked in 1% Na2CO3 

DDIF4 - drum dried millet flour from dehulled millet grain soaked in 1% citric acid 

GMFc - Millet flour produced from dehulled, water soaked, steamed and oven dried millet (control)   
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Fig.2 Drum dried instant cereal from dehulled millet 

soaked in 1% citric acid   x1000 

Fig.3. Drum dried instant cereal from dehulled millet 

soaked in 1% Na2CO3 x1000 

Fig. 4 Drum dried instant cereal from dehulled millet 

soaked in 1% NaCl  x1000 

 

Fig.5 Drum dried instant cereal from dehulled millet 

soaked in water x1000 

  

Fig. 6 Drum dried instant cereal from dehulled millet 

(no soaking) x1000 

Fig.7 Flour from water soaked steamed oven dried 

millet x1000 

a b 
 c 

d f 
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