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Abstract 

In this study functional properties of five finger millet grains and their flour were evaluated. 

Finger millets are staple food grains originated from Ethiopia. It is a gluten-free grain with 

smallest glycemic index and maximum nutritional content. Although finger millets have high 

nutrient value, it is neglected and underutilized grain not only in Ethiopia but also in the 

world. The grain is also rich sources of minerals such as calcium which is vital for growth 

and development of human being. Finger millet is also rich sources of essential amino acids 

like methionine, tryptophan and lysine. So in this study imperative physicochemical property 

of five finger millet grains and their flours were investigated. Pertinent physical properties of 

the grain like aspect ratio, thousand grain weight, true density, bulk density, porosity, sample 

volume, surface area, sphericity, dimensional properties and moisture content of grain finger 

millet varieties were analyzed. Bulk density, dispersibility, water absorption capacity and 

viscosity of five finger millet flours were evaluated. Neche-deke finger millet variety grain 

was significantly higher at (p < 0.05) than other grains in terms of weight, bulk density, true 

density, aspect ratio and sphericity. The research output provides basic information for 

engineers and food processors for designing and manufacturing of processing equipment’s 

for finger millet and for new food product development from the grain. 
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Introduction 

Finger millet is a staple cereal crop and 

originated from Ethiopia. Finger millet 

ranks fourth after sorgum, foxtail and pearl 

millet in terms of production in dry land 

regions (Shiihii et al., 2011). Now a day’s 

finger millet is becoming a staple food 

grain in developing countries mostly in  

 

Asian and African courtiers. Finger millet 

is a gluten free grain having a minimal 

glycemic index with having superior 

nutritional content. But the grain is 

neglected and underutilized crop (Saleh et 

al., 2013). The grains are rich sources of 

minerals such as calcium which is vital for 
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growth and development of human-being 

in general and also strengthening bone and 

teeth. Finger millet is also rich sources of 

essential amino acids, such as methionine, 

tryptophan and lysine (Abdullah et al., 

2012). Grains of finger millet varieties are 

different in shape, size and color (Jideani, 

2012). Major physical properties of finger 

millet include moisture content, thousand 

grain weight, porosity, bulk density, aspect 

ratio true density, sample volume, sample 

surface area and perpendicular dimensions 

(Vadivoo et al., 1998). Functional 

properties of cereal grains are the 

fundamental physicochemical properties 

that reflect the complex interaction 

between the structure, molecular 

components, and composition and 

physicochemical properties of food 

components. The functional property of 

food is defined as physical, chemical 

and/or organoleptic properties of food. 

Examples of functional properties of food 

include viscosity, foaming capacity, water 

absorption capacity, dispersibility, bulk 

density, oil absorption capacity and 

swelling capacity (Walter et al., 

2002).There for in this study physical 

properties of five finger millet grains and 

functional properties of their flours were 

evaluated so that food processing 

equipment manufacturers and food 

processors would have an access on basic 

information of functional properties of 

finger millet varieties. 

Materials and Methods 

Sample collection and preparation 

Different finger millet cultivars (Neche-

deke, Neche, Tikure, Keye and Gebesema) 

were collected from local market at Mecha 

woreda, western Amhara region, Ethiopia. 

Foreign materials were removed from the 

grains by traditional winnowing method 

using “sefede” and then immersed in clean 

water and finally dried in direct sun 

drying. The grain samples were randomly 

selected and 20 replicates were performed 

for dimensional properties (length, width 

and thickness). determination of other 

physical properties such as moisture 

content, thousand grain weight, bulk 

density, true density, porosity, aspect ratio, 

sample volume and sample surface area 

were performed in triplicates for each 

grains. Functional properties of these grain 

flours such as water activity, dispersibility, 

bulk density, colour attributes and 

viscosity were also performed in 

triplicates. 

Preparation of flours 

The sorted samples were then dried up to a 

moisture content of 12%. All samples were 

milled and sieved at 200μm Amhara 

Regional Agricultural Research Institute 
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Grain Laboratory, Bahir Dar, Ethiopia. 

The samples were then packed and sealed 

in a polythene bag. All the experiments 

were conducted at Bahir Dar food Science 

and Post-Harvest Handling Research 

Center and Ethiopian Health and Nutrition 

Research Institute laboratories. 

Determination of physical and 

functional properties 

Moisture content on wet basis: The 

moisture content was determined 

according to a method (AACC, 2000).  

Dimensional properties: Three different 

dimensional properties (mm) were 

determined by measuring the length (L), 

width (W) and thickness (T) of the grains 

using digital caliper at an accuracy of 

0.001 mm according to method followed 

by (Mpotokwane et al., 2008). 

Geometric mean diameter: The geometric 

mean diameter (mm) was determined 

according to (Mpotokwane et al., 2008). 

Arithmetic mean diameter: Arithmetic 

mean diameter (mm) of the sample was 

determined by a method (Mpotokwane et 

al., 2008). 

Thousand grain weight: Thousand grain 

weights were determined according to a 

method by (Sangamithra et al., 2016). 

Bulk density: Bulk density (kg/m3) was 

determined according to a method by 

(Vanrnamkhasti et al., 2008). 

True density: The true density (kg/m3) was 

determined by a method followed by 

(Karababa and Coᶊkuner, 2013).  

Sphericity: The sphericity of the grains 

was determined according to a method 

followed by (Hamdani et al., 2014). 

Surface area: The surface area (mm2) of 

the grains was calculated according to a 

method (Karababa and Coᶊkuner, 2013).  

Aspect ratio: The aspect ratio (%) was 

calculated according to a method used by 

(Karababa, and Coᶊkuner, 2013).  

Porosity: Porosity of grains was calculated 

according to a method by (Karababa and 

Coᶊkuner, 2013).  

Sample volume: The volume (mm3) of the 

grains was calculated using a method used 

by (Karababa and Coᶊkuner, 2013).  

Water absorption capacity: Water 

absorption capacity of samples was 

determined by a method (Sawant et al, 

2013). 

Bulk density:  Bulk density of the flours 

were determined a method by (Mandge et 

al., 2014). 

Determination of dispersibility: 

Dispersibility of samples were determined 

a method by (Olapade et al., 2014). 

Viscosity: Viscosity of samples was 

determined by a method according 

(Krishnan et al., 2011). 
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Data analysis 

The data were subjected to analysis of 

variance (ANOVA) and means were 

separated using the Duncan multiple range 

test. Significance will be accepted at 95% 

confidence interval (p < 0.05). 

 

Results and Discussion 

Moisture content 

Moisture content of five finger millet 

grains (Neche-deke, Neche, Tikure, Keye 

and Gebesema) were found in the  ranges 

from 8.04% to 10.24% while moisture 

content of the flours were ranging from 

7.18% to 8.69%. Tikure and Keye finger 

millet grains moisture content showed a 

significant difference at (p < 0.05) for both 

grains and flours as compared to Neche-

deke, Neche and Gebesema finger millet. 

The moisture content of finger millet 

grains found in this experiment was found 

minimum as compared to a report by 

(Saleh et al., 2013). From all the grains 

Neche-deke had highest moisture content 

while Tikure finger millet grain had the 

lowest moisture content. Moisture content 

is an important factor that directs the 

physical properties of grain. It is also 

excellent indicator as to whether the grains 

can be stored for a long or short period 

where the higher the moisture content, the 

shorter the storage life of the grain 

(Goswami et al., 2015).  

Dimensional properties 

The experimental mean results of the 

length, width and thickness of the five 

grain samples were found in range 

between 1.78 to 1.45mm for length, 1.56 

to 1.31mm for width and 1.45 to 1.28mm 

for thickness as shown in table-one below. 

The result found was completely different 

form the finding and report by (Hamdani 

et al., 2014). This large difference may 

arise from agro-ecology and variety 

variation. Length values were significantly 

higher (p< 0.05) for Tikure finger millet 

grain while the rest four grains were not 

significantly different. Width values for 

Tekure cultivar was also significantly 

higher (p<0.05) while others were not 

significantly different at (p>0.05). 

Thickness values for Tikure finger millet 

were significantly higher when compared 

with other cultivars at (p<0.05). The 

geometric mean diameter for all grain 

samples were found in a range from 3.21 

mm to 1.95mm while the arithmetic mean 

diameters range from 3.45mm to 1.85 mm. 

Similar values were reported by 

(Adebowale et al., 2012) concerning with 

geometric and arithmetic mean diameters. 
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Table 1. Dimensional properties of five finger millet grains 

Dimensions (mm)     Neche-deke        Neche       Gebesema          Tikure                Keye 

Length                         1.45a±0.03          1.53b±0.09        1.56c±0.18            1.78e±0.12        1.51e±0.02                                                  

Thickness                    1.31a±0.01          1.42b±0.10        1.34e±0.12            1.56d±0.08        1.52c±0.05 

Width                          1.28a±0.05          1.31d±0.06        1.33d±0.13            1.45a±0.15        1.35d±0.10 

GMD                          1.95c±0.01           2.32b±0.91        2.41b±0.2              3.21a±0.01        2.83a±0.02 

AMD                          1.85d±0.07           3.22e±0.20       3.32e±0.04             3.45c±0.07        2.89a±0.01 

*The mean ± standard deviation, n=20, Values followed by the same letters in the same row are not 

significantly different (p > 0.05), GMD= Geometric mean diameter and AMD= Arithmetic mean diameter 

Physical and functional properties of 

grains 

The highest mean result for thousand grain 

weight was obtained from Neche-deke 

cultivar which is 825.6gm and the lowest 

mean result for thousand grain weight was 

536.8gmfrom Tikure finger millet cultivar 

as shown in the table-two below. Neche-

deke was significantly different at (p<0.05) 

for thousand grain weight as compared to 

other finger millet grains. The 

experimental result disagrees with the 

findings and report by (Balasubramanian 

and Viswanathan, 2010). These 

researchers reported that thousand grain 

weightswere185.8g at a moisture content 

of 11.1 to 25%. Contradicting result was 

also reported by (Siwela et al., 2007). Bulk 

density of finger millet grains were found 

in a range from 1093.6 to 1351.6 kg/m3 

respectively, with Neche-deke showing the 

highest bulk density and Gebesema 

cultivar showing the lowest. In terms of 

true density Neche-deke finger millet 

cultivar had significantly highest (p<0.05) 

true density of 1751.6 kg/m3 while 

Gebesema finger millet cultivar had the 

lowest value of 1415.8 kg/m3. Similar 

results were reported on true density of 

finger millet grains by (Balasubramanian 

and Viswanathan, 2010). The findings 

were ranged from 884.4 to 1988.7 kg/m3 at 

a moisture content of 11.1 to 25%. ). Bulk 

density is an essential factor that 

determines the grade and test weight of the 

grains during drying, storage and 

processing. It helps for storage and 

processing since size and shape of the 

grains were indicating high quality and 

better production of grains into flours. 
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Table 2. Physical properties of finger millet grains 

Physical properties        Neche-deke      Neche       Gebesema           Tikure               Keye 

1000 grain weight(wt.g)     825.6a±10.2     703.4c±5.2         689.7c ±9.2          536.8b±12.5       598.7e±20.3 

Bulk density (Kg/m3)         1351.6a±16.5    1253.7c±12.6    1093.6c±18.3       1131.9b±20.5     1200.5e±15.6 

True density (Kg/m3)         1751.6a±20       1532.3b±15.9    1415.8c±18.4       1567.1c±17.2     1498.7d±17.2 

Sphericity (%)                    95.43a±0.7        90.23b±0.08       85.45c±0.07        79.75c±0.2         83.23c±0.1 

Porosity (%)                       22.51a±1.2        24.32a±1.5         30.51a±2.5           27.35e±2.1         28.91b±1.8 

Aspect ratio (%)                 96.21a±0.08      86.35a±0.06       81.57a±0.02        78.55e±0.07        80.75a±0.04 

Volume (mm3)                   0.84a±1.2          1.03a±0.08         1.12a±0.2             1.32e± 0.1           0.92a±0.07                                               

Surface area (mm2)            5.73a±0.09        5.96e±0.3           6.03e±0.02           6.97d±0.06          6.21e±0.06 

*The mean ± standard deviation, n=3 and Values followed by the same letters in the same row are not 

significantly different (p >0.05). 

The porosity results obtained varied from 

22.51 to 30.51%. The highest porosity 

value was found at Gebesema grain while 

Neche-deke finger millet cultivar had 

lowest value. Our finding also coincides 

with the report by (Al-Mahasneh and 

Rababah, 2007). Different porosity value 

was also reported by (Jain and Bal, 1997) 

which was ranging from 32.5 to 63.7% 

with having 11.1 to 25% moisture content.  

Nearly similar porosity was presented by 

(Zewdu and Solomon, 2007) but it was 

done for Teff. The mean results of aspect 

ratio of the grain found in a range from 

78.55 to 96.21% where Neche-deke finger 

millet grain was found to have a highest 

percentage while lowest percentage was 

Tikure cultivar. Contradicting and lowest 

value by (Adebowale et al., 2012) was 

discovered and reported as 59.62% of 

aspect ratio at a moisture content of 10%. 

Very different values of aspect ratio were 

also reported by (Markowski et al., 2013). 

In our experimental result the mean results 

of sphericity ranged from 79.75 to 95.43 

%. The highest result was obtained on 

Neche-deke cultivar and the lowest result 

on Tikure cultivar.  Similar finding was 

also reported by (Baryeh, 2002). The 

surface area mean results of this study 

varied from 5.73 to 6.97 mm2 in which the 

highest result was obtained from Tikure 

cultivar and the lowest result from Neche-

deke cultivar. Our finding also coincides 

with the finding and the report by 

(Adebowale et al., 2012).The mean sample 

volume of the samples studied varied from 

1.17 to 0.88 mm3, respectively. The 
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highest result was obtained from 

Gebesema and lowest results from Tikure 

cultivar. Similar results which ranged from 

3.79 to 5.79 mm3 at a moisture content of 

7.4% were also reported by (Jain and Bal, 

1997). 

Functional properties of flours 

Table-three below shows the results of 

functional properties on finger millet 

flours such as bulk density, water 

absorption capacity, dispersibility, 

viscosity and micro-structure. The results 

of bulk density were highest on finger 

millet Neche-deke cultivar (0.99g/mL) and 

lowest on Tikure flour (0.86 g/mL). 

Neche-deke flour showed a significant 

difference at (p<0.05) higher as compared 

to Gebesema and Tikure. Similar result 

reported by (Dharmaraj et al., 2015). 

Another similar report was also published 

by (Mandge, et al, 2014). Low bulk 

density of finger millet flour would be an 

advantage in the preparation of instant 

foods. Higher bulk density indicates that 

the flour can be used in food preparation 

while low bulk density flour is suitable to 

use in the preparation of weaning food 

formulation. Since Tikure finger millet 

flour had the least bulk density, it can be 

used in the preparation of the 

complementary foods. Water absorption 

capacity of finger millet flours ranged 

from 0.92 to 1.26 mL/g where Neche-deke 

flour had the highest value and black flour 

with the lowest value. Neche-deke showed 

a higher significant difference (p<0.05) in 

water absorption activity as compared to 

other finger millet samples. 

        

Table 3. Functional properties of raw finger millet cultivar flours 

Functional properties         Neche-deke      Neche         Gebesema       Tikure              Keye 

WAC(ml/g)                               1.26a± 0.31       0.98e± 0.6          1.06 b± 0.02     0.92d±0.02         0.95d±0.04 

Bulk density (Kg/m3)                 0.99a±0.07       0.92e± 0.02        0.89b±0.07        0.86d±0.03        0.93d±0.02 

Viscosity, cold paste (cP)          7.00a±0.02        6.32b±0.08         6.46d±0.07       6.00e±0.12        6.77c± 0.09 

Viscosity, cooked paste (cP)     134.21e±0.02    234.12c±0.23     46.74e±0.03      59.67e± 0.1      123.02c±0.1 

*The mean ± standard deviation, n=3,Values followed by the same letters in the same row are not 

significantly different (p >0.05) and WAC= water absorption capacity 

Water absorption capacity of flours was 

found under range of 1.26 to 0.92.  Similar 

result was found and reported by (Olapade 

et al., 2014). The water absorption 

capacity of flour or isolate is a useful 

indicator for determining if the flour can 

be incorporated into aqueous food 

formulations, especially those involving 
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dough handling. Lower water absorption 

activity is suitable for making thinner 

gruels and also indicates the amount of 

water available for gelatinization (Giami, 

1993). High water absorption activity 

values indicate loose structure of starch 

polymers while low values indicate the 

compactness of the structure (Adebowale 

et al., 2012). The dispersibility (%) of 

finger millet flour was higher on Neche-

deke finger millet (96.03) while lower 

values were obtained from Tikure sample 

(86.73). Neche-deke finger millet was 

significantly different in dispersibility as 

compared to Gebesema and Tikure finger 

millet flours. The findings of this study 

were similar to those by (Olapade et al., 

2014) who reported dispersibility ranging 

from 68 to 70.67% in cassava-bambara 

flours. The values of dispersibility may 

help produce fine constituent dough during 

mixing. The cold viscosity paste of the 

flour samples ranged from 6.00 to 7.00cP 

while cooked viscosity ranged from 59.67 

to 346.74cP, respectively. Gebesema 

finger millet flour for cold and cooked 

paste was significantly higher (p<0.05) as 

compared to Neche-deke and Tikure finger 

millet flours. These results are similar to 

those of who studied the cold and cooked 

viscosity pastes of native, hydrothermal 

and decorticated finger millet. It is also 

indicated that cold viscosity paste not 

measured on native finger millet but 

measured on hydrothermally treated and 

decorticated finger millet were 11 and 

22cP. Finger millet seed coat, (Krishnan, 

2012) obtained results ranging from 12.0 

to 21.0cP for cold viscosity paste while the 

cooked viscosity ranged from 48.0 to 

248.0cP.  

Conclusion 

Neche-deke finger millet grain and flour 

was significantly higher in moisture 

content, water absorption capacity, bulk 

density, dispersibility, thousand grain 

weight, true density, aspect ratio and 

sphericity as compared to other finger 

millet varieties and their flours. Neche-

deke finger millet flour was found 

important and convent for food processors 

to develop new food products. It is also 

found pertinent for consumption in urban 

areas especially by people who suffer from 

chronic diseases such as celiac disease. 

This basic information would also be used 

by design and manufacturing engineers for 

production of appropriated storage, 

processing and packing for finger millet 

grains and their flours. Additionally, the 

size and shape such as geometric mean 

diameter and sphericity properties of the 

finger millet grains required to be 

identified by manufacturers as they have a 

say in designing enhanced equipment 
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appropriate for grain and other food 

processing operations. Tikure finger millet 

cultivar also recommended for the 

formulation of infant foods. 
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