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Abstract– Polishing is done in the selected minor millets of browntop millet and little millet in Satake
polisher. The standard operating conditions of machine, viz. speed, time and degree of polishing and crop
parameter of mc(%wb) of the crop, were optimized for the minimum wastage of carbohydrate, protein, fat,
dietary fibre, ash and minerals such as calcium, iron and zinc estimated using standard procedure. Minor
millets have the potential to grow with the minimum resources under abiotic stress and it fulfills every
criterion be considered as a potential alternative for combating malnutrition and ensure food security. The
degree of polishing  is very important in making value added products using browntop and  little millet
since it determines the premium quality of polished grains with higher whiteness index in the hunter
colorimeter. The bran layer being brown in color brings down the commercial value of  the crop. Polishing
inactivates the enzyme lipase that is very important in preventing rancidity of the value added product. The
bran being a byproduct of milling is used in oil extraction using Soxhlet apparatus. The selected machine
parameters of polishing and the crop includes moisture content,% of 8,12& 16% mc (wb), polishing speed
of 800,1600 & 2400rpm and polishing time of 0.5,2,3.50min for little millet and polishing time of 2,5&8min
for browntop millet. Using design expert software 12.0 version using Box Bekhnen design, the optimized
trials were selected for the two millets. The moisture content of the selected  2 millets were found out using
water sprinkling method and the standard formula for water addition. The polished outturn of head rice
yield of millets and brokens were weighed and tabulated. Among all the trials the optimized outturn for
both crop and machine parameters were found out using the software. The optimized condition using
design expert software version 12.0 in polishing parameters include moisture content of the grain, 10%,
speed of rollers in polisher, 1300rpm, polishing time, 8.00min, degree of polishing, 3.5%, head  yield, 84.02%
and brokens, 10.03%. The optimized little millet polishing parameters include moisture content of the grain,
10%, speed of roller in polisher, 1500rpm, polishing time, 2.00 min, degree of polishing, 3.80, head yield,,
94.36 % and brokens, 5.80%. All readings were mean of 3 observations. The statistical significance was
significant at 5% level of significance.

INTRODUCTION

Millets are next to rice and wheat in staple food crop
and owing to its cultivation in rainfed areas they are
considered to be less investment crop for making

value added products. The post harvest processing
of minor millets are difficult owing to its smaller in
size and machineries are important to make it fit for
consumption. Polishing plays a major role in
determining the quality of selected minor millets
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little and browntop millets. Polishing is mainly done
to remove the bran a thin outer layer that is present
in minor millets after dehulling. All minor millets
were subjected to polishing in Satake polisher and
standards in polishing were established balancing
their unique nutritional benefits.

Polishing is mainly done to enhance the quality of
the value added product made out of the selected
minor millets viz browntop and Little millet (Fig. 1).
Millet being the pseudo cereals  is rich in nutritional
benefits viz. moisture, ash, protein, fat, dietary fibre
and minerals such as iron,zinc and calcium using
standard procedures. Little millet though very small
in size is high in iron content, has high antioxidant
activities and it contains about 38% of dietary fibre.
Browntop millet has more amount of magnesium
and potassium. This helps in controlling heart
diseases and blood cancer control, Using this millet
rotis can be made. This intake improves the
digestion in the body and energy level gets boosted
up with intake of their value added products. Little
millet is rich in iron and fibre. This helps in
digestion and in weight control. Using this khichadi,
dahlia and Pulav are made. This improves the iron
content and eliminates anaemia and boosts the
energy. Polishing is done to remove the outer thin
layer of bran since it causes rancidity during storage
because of the oil content present in it. This
polishing is done to the selected minor millets with
varying parameters of speed, moisture content and
time and thereby degree of polishing to maintain the
nutritional status of the crop.

The nutritional parameters of carbohydrates,
moisture, ash, protein, fat and dietary fibre were
found out using standard procedure. The minerals
of zinc, calcium and iron were found out using
spectrophotometer.

Length, width and thickness was determined
using vernier callipers. (AOAC, 2005)
Geometric mean diameter = (LWT)1/3 (Mpotokwane
et al., 2008).
Arithmetic mean diameter = (L+W+T)1/3

(Mpotokwane et al., 2008).
Sphericity = [(LWT)1/3)/L]100 (Hamdani et al., .2014)
Surface area = (BL2 )/(2L-B) (Karababa and
Coskuner, 2013)

Where, B = (WT)0.5

Sample volume = (B2L2)/[6(2L-B)] (Mpotokwane
et al., 2008).

Where, L= Length, W= Width, T= Thickness, mm
%Moisture content =(Loss in weight/Weight of

sample)×100 (AACC, 2000)
Aspect ratio=(W/L)*100
%CrudeFat=(Weight of dried ether soluble

material/ Weight of sample) X 100 (AOAC,2005)
%Nitrogen=(TS-TB) × Normality of acid×0.014)/

Weight of sample) × 100 (AOAC, 2005)
Where, TS = Titre volume of the sample (ml),
TB = Titre volume of Blank (ml), 0.014= M eq. wt.

of N2.
% Protein = Nitrogen × 6.25
% Ash content= (AW/ IW)*100 (AOAC, 2005)
Where, AW = Weight of Ash
IW= Initial weight of dry matter
% Crude fibre (AOAC,2005)
 Carbohydrate (%) = 100 “ (%Moisture + %Protein

+ %Ash + %Fat + % Fiber) (Farzana et al., 2017).
 Energy value (kcal) = (g/100g carbohydrate × 4 +

g/100g fat × 9 + g/100g protein × 4 + g/100g
fiber × 2) (Farzana and Mohajan, 2022)
The proximates including protein, fat, ash, crude

fibre and carbohydrates were estimated using
standard bio chemical procedure and minerals such
as iron, zinc and calcium were  estimated using
atomic absorption spectrophotometer. Chemical
constituents include the estimation of moisture
(%wb) using sartorius moisture analyzer, protein
(Kjeldhal method), fat (soxhlet apparatus), ash
(muffle furnace method) and dietary fibre using
fibrestat method. Total carbohydrate content(%)  of
the samples was determined as total carbohydrate
by difference that is by subtract -ing the measured
protein, fat, ash, fibre  and moisture.

Fig. 1. Browntop millet and Little millet, unpolished and
polished

METHODS AND MATERIALS

Raw selected minor millets were got from gubba
storage and were stored  in fridge/ freezer for
further conducting experiments and  to prevent
insect spoilage. Then after a week the grains were
subjected to polishing in Satake Polisher. Then the
head  millet recovery, brokens (%) and degree of
polishing were found out using standard formulae.
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Design of Experiments (DoE) Parameters

factors -3 different moisture levels -8,12,16%wb
factors- 5 different speeds -800 to  2400rpm,
800,1200, 1600, 1800,2400rpm
factors-5 different times- 2 to 10 minutes, 2, 4, 6, 8
&10 minutes
factors-2 different types of millets –, little and
browntop millets
factors -5 different chemical properties –
carbohydrate, protein, fat, ash and  dietary fibre
factors -3 different minerals – calcium, zinc and iron
factors-3 different physical properties –length,
width, thickness,volume,surface area, aspect ratio,
sphericity

3 responses - whole grains, brokens and bran.
degree of polishing, DoP,%= (weight of bran%

removed)/(weight of sample feed)*100
head yield, % = (weight of head grains in output)/

(total weight of output)*100
Brokens,% =(weight of brokens in output)/(total

weight of output)*100
Amount of water to be sprinkled in the sample

Q=WI(Mf-Mi)/(100-Mf)
where, Wi, is the initial mass of sample in kg;
Mi, is the initial moisture content of sample in %

w.b.; and
Mf, is the final moisture content of sample in %

w.b.
Initial moisture content was determined using

hot air oven method.
Final moisture content were found out for the

millet grain samples after equilibriation of the
moisture after storing in the refrigerator at 0°C for
10 days.

Physical parameters of length, width and
thickness were found out using vernier calipers.
Color values can be found out using Hunter
Colorimeter for both polished and unpolished
condition.

RESULTS AND DISCUSSION

Physio-chemical parameters  of selected minor
millets

The minor millets selected for study includes
browntop millet and little millet. The physical
parameters of moisture content (%wb), length,
width, thickness and derived parameters of surface
area were calculated. The moisture content was
9.7%(Little) and 11.30%(Browntop). The physical
dimensions (Length X Width X Thickness) of little
millet are 1.63X1.26X0.84 mm and browntop millet
are 1.87X1.63X 0.95 mm (Table 1). The surface area
for browntop millet was 4.65 ±1.58mm2 and that of
little millet was 3.67 mm2 ±1.58. Fig. 4 represents the
physical parameters of selected minor millets. The
dehulled browntop millet was more than little
millet. First both the millets browntop and little
millets were cleaned thoroughly and then dehulled
before subjecting to polishing in Satake polisher. The
sample size was 100g. The chemical properties of
little millet viz. ash%, 1.7, protein, 10.1%, fat, 3.9%,
dietary fibre, 7.8%, iron, 1.23 mg/ 100g, calcium,
16.1mg/100g and zinc, 1.81 mg/ 100g was more in
unpolished condition than that of polished
condition. The nutritional status after polishing of
little millet was ash, 1.27%, protein, 8.08%, fat,
2.86%, dietary fibre, 5.57%, iron, 0.84mg/ 100g,
calcium, 12.71 mg/100g and zinc, 1.09 mg/100g. Fig
3 represents the nutritional benefits of selected
minor  millets. The browntop millet chemical
constituents in unpolished condition were moisture,
11%, ash, 1.9%, protein, 10%, fat, 2.85%, dietary
fibre, 12.3%, iron, 5mg/100g, calcium, 15 mg/g and
zinc, 3.2mg/100g. In polished at optimum condition,
the moisture was 8.78%, ash, 1.09%, protein, 9.16%,
fat, 1.71%, dietary fibre, 10.24%, iron, 3.9mg/100g,
calcium, 11.31mg/100g and zinc, 2.66 mg/100g.

Table 1. Physical properties of Little and browntop polished millets

SN type of millet d-Len, mm d-Wid, mm d-Thi, mm p-Len, mm p-Wid, mm p-Thi, mm

1 Little millet 1.47 1.17 0.81 1.55 1.38 1.01
2 Browntop 1.85 1.54 0.97 1.72 1.54 1.02

Table 2. Color Parameters of different types of polished millets

SN Col par L a b L* a* b* X Y Z

1 d-Little 47.86 4.22 13.06 55.02 5.13 19.68 22.98 23.05 14.57
2 d-Browntop 49.97 1.83 18.87 56.59 2.14 30.29 23.90 24.74 11.53
3 p-Little 52.44 4.37 10.15 58.94 5.12 13.35 27.55 27.80 21.14
4 p-Browntop 52.17 4.38 10.02 58.69 5.14 13.21 27.28 27.51 20.98
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Effect of moisture content on degree of polishing

The dehulled millet grains were polished in Satake
polisher (Fig. 2). The effect of initial sample with 3
different moisture contents, viz. 8,12& 16% wb,
degree of polishing for browntop millet varied
between 0.47% to 12.67% in 8% wb, in 12%wb mc,
the DoP varied between 0.23% to 18% using 16%wb
mc, the DoP varied between 0.21% to 10.67%. Table
4 represents the DoE Machine parameters and crop
nutrition parameters of browntop millet. The effect
of moisture content of the debranned sample was
inversely proportional to DoP, %,with increase in
moisture content the DoP was lesser in all trials and
it varied between 0.21% to 18% in browntop millets.
The effect of 3 initial moisture contents in little

millet, the effect of DoP was most in 12% mc and
least in 8% moisture content and with 16% mc it was
lesser than 8 & 12% mc. The values recorded were
3.00 to 17.20% in 8% mc, 0.66 to 18.91% in 12% mc
range and in 16% mc range it was found to be in
between 0.21 to 10.67%. Table.5 represents the DoE
Machine parameters and crop  nutrition parameters
of Little millet In the debranned sample, the
moisture content varied between 2.34% to 15.48%.
The DoP was inversely proportional to the
debranned  moisture content and it varied between
0.80 to 17.20%.

Effect of polishing time on degree of polishing

The DoP was 0.66% to 5.86% for 30sec of polishing
in the polisher and 0.80 to 17.20%. DoP was
observed in 2.00 min polishing time and in 3.5min
polishing time, the DoP ranged betw -een 0.21% to
10.67%. The brokens were less in 12% mc and it was
more in 16%mc. For browntop millet, the effect of
polishing time selected were 2, 5, 8min since the
dehulled grain was tough and big in size to polish
and hence higher polishing time were employed.
With 2min polishing time, the DoP% varied between
0.23% to 10.00%, with 5min polishing time, the
DoP% varied between 0.21% to 12.67% and with
8min polishing time the DoP% varied between
0.33% to 18%. The polishing time of 8min increased
the DoP also increased.

Table 3. Color Parameters of different types of polished millets

SN. Col par p-Little p-Browntop d-Little d-Browntop

1 Hue angle 63.83 63.53 72.11 84.46
2 Chroma 11.21 11.09 13.72 18.95
3 Tot Col Diff 8.15 8.13 8.07 8.41
4 White Ind 50.81 50.58 46.08 46.50
5 Yellow Ind 26.70 26.50 38.99 53.94
6 Brown Ind 826.99 829.45 850.81 293.23
7 E 7.34 7.35 9.79 13.24
8 Sat Ind 14.48 14.35 20.33 30.37

SN Factor Name Units Min Max

1 A Moisture content (%wb) % 8 16
2 B Speed rpm 800 2400
3 C Polish time min 0.5 3.5

sn Factor Name Units Min Max

1 A Moisture content (%wb) % 8 16
2 B Speed rpm 800 2400
3 C Polish time min 2 8

Fig. 2. Satake polisher
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Effect of polishing speed on degree of
polishing

In browntop millet, the effect of polishing speed
with DoP among the 17 trials tested with 3
different speeds at varied combination
viz.800,1600 and 2400rpm, the lesser the speed
of 800rpm, the DoP varied between 0.21% to
6.00% with increase in speed of 1600rpm the
DoP varied between 0.67% to 18% and with still
higher speed of 2400 rpm the DoP varied
between 0.33 to 10.67%. In little millet the effect
of polishing speed with DoP, the polishing
speeds selected were 1200rpm,1800rpm and
2400rpm, at 1200rpm lesser speed, the DoP
varied between 0.80% to 1.33%, with 1800 rpm
speed, the DoP varied between 1.20% to 10.66%
and at still higher speed of 2400 rpm the DoP
varied between 5.86% to 18.93%. In unpolished
condition, the browntop millet has moisture
content, 11%, ash, 1.9%, protein, 10%, fat, 2.85%,
dietary fibre, 12.3%, iron, 5 mg/100g, calcium,

Fig. 4. Physical parameters of selected minor millets

Fig. 3. Nutritional benefits of selected minor millets
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15mg/100g and zinc, 3.2 mg/100g. In polished at
optimum condition, the moisture was 8.78%, ash,
1.09%, protein, 9.16%, fat, 1.71%, dietary fibre,
10.24%, iron, 3.91 mg/100 g, calcium, 11.31mg/100g
and zinc, 2.66 mg/100g.

Effect of polishing yield (hry & brokens) on
degree of polishing

In browntop millet with gradual increase in head
rice recovery the DoP started decreasing and for a
head rice yield of 10 to 98.70% the DoP ranged
between 0.47% to 18.00% for a head rice yield of 80-

Fig. 5. Browntop millet dop and its relation with other machine and crop nutrition  parameters

90% the DoP ranged between 2.33 to 2.% for a head
rice recovery of maximum of 90-98% the DoP%
ranged between 0.47 to 0.67% for a lesser head rice
yield of 50 to 70% the DoP ranged between 2.64 to
6.00% for a head rice yield of 10-30%, the DoP
ranged between 10 to 18%. In browntop millet the
brokens ranged between 0.84% to 73.33% for a DoP
of 0.47% to 18.00%. Upto 1-30% brokens, the DoP
was found to be 0.21 to 2.73%, upto 30-60% brokens,
the DoP was 4-12.67% and from 60-73% brokens the
DoP was 10.67% to 18.00%.

In Little millet with increase in head rice yield the
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DoP decreased and ranged between 0.66% to
18.93%, for 80-90% the DoP was found to be 0.66%
to 3.80%, for 60-80% the DoP was 3.00 to 5.66% for
10-50% the DoP varied between 5.66% to 18.93%. In
little millet, the brokens ranged from 2 to 68.2% with
increase in DoP% the brokens increased upto 10%
brokens the DoP was found to be 0.66% to 5.86%,10
to 42% brokens, the DoP was found to be 1.2% to
10.66% from 50 to 68% brokens, the DoP varied
between 5.66% to 18.93%.

Effect of major nutritional parameters on degree of
polishing

In browntop millet, the ash content, the organic
content that is present in the grain varies between
0.48% to 2.1% with decrease in DoP of 0.23% to
18.00%. The ash content is inversely proportional to
DoP. The protein content ranged between 6.71% to
11.24% and the DoP is inversely proportional to
protein content and it ranged between 0.23% to
18.00%. The fat content ranged between 1.06% to
2.02% for a DoP range of 0.23 to 18.00% and this is
also inversely proportional. The dietary fibre ranged
between 5.49% to 12.17% for a DoP  range of 0.23%
to 18 % and this is also inversely proportional to the
DoP. Fig.7 represents Browntop millet DoP and its
relation with other machine and crop nutrition
parameters.

In Little millet the ash content ranged between
0.29% to 1.62% for a DoP ranged between 18.93 % to
0.66%. The protein content varied between 2.95% to
9.73% and the DoP varied between 0.66% to 18.93%.
The fat content varied between 0.49% to 3.79% for a
DoP of 18.93% to 0.66%. The dietary fibre ranged
between 0.72 to 7.63% and DoP ranged between
18.93% to 0.66%, in common the relationship is
inversely proportion al between the 2 variables, DoP
and the selected mineral. Fig.8 represents Little
millet DoP and its relation with other machine and
crop nutrition parameters

Effect of nutritional parameters of minerals on
degree of polishing

In browntop millet, the mineral Fe, iron in mg/100g
ranged between 1.86% to 5.05 %, zinc varied
between 1.78% to 2.98% and calcium varied between
10.84% to 12.69 % for a DoP ranged between 0.21%
to 18.93%. Both the variables of DoP and selected
minerals were inversely proportional. This
coincided with the earlier findings of  Sanganamoni
Shivasankar et al., 2024 and Rao. B.D. et al., 2024.
Fig.5 represents DoP relationship with yield Ta
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parameters of hry and brokens (%) and nutritional
benefits for browntop millet. In Little millet, the
minerals Fe, iron in mg/100mg ranged between 0.06
to 1.16%, zinc varied between 0.10 to 1.78% and
calcium varied between 6.78% to 17.65% for a DoP
ranging between 0.66 to 18.93%. Both the variables
of DoP and selected minerals were inversely
proportional. Fig. 6 represents DoP relationship
with yield parameters of hry, brokens(%) and
nutritional benefits for Little millet

In little millet the DoP increased with increase in
carbohydrate and decrease in protein, fat, ash and

dietary fibre. This may be due to leaching away of
these nutrients and enrichment of carbohydrate
thereby increasing the energy levels and starch
content present in the millet grain. This coincided
with the earlier findings of Umesh Chandra Lohani
et al., 2012 for the nutrient content loss during
debranning of barnyard millet. In Browntop millet
the highest hry of 98.70% is accompanied with
11.96% dietary fibre, 10.96% of protein,1.79% of fat,
2.02% of ash, mc of 7.83%, carbohydrate content of
65.44%, Iron is 5.05 mg/100g, zinc is 2.98 mg/100g
and calcium is 12.48 mg/100g. The leaching is 10% as

Fig. 6. Little millet dop and its relation with other machine and crop nutrition
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compared to unpolished browntop millet. But the
values are found to be lesser than the unpolished
condition. This  coincides with the earlier findings of
Shanmuga shobana et al., 2024.

As polishing speed increases from 1200rpm to
2400rpm, hry for little millet decreases from 97.33%
tp 27.13% and brokens increased from 2.00% to
54.07%. This coincided with the earlier findings of
Shivashankar et al., 2024 for foxtail millet. The
highest hry was observed at 12%wb moisture for a
polishing speed of 1200rpm, polishing time of
0.5min and DoP of 0.66%, the lowest hry was
observed for a polish speed of 2400rpm,polish time
of 2.00min, mc of 16% and a DoP of 11.20%. For
browntop millet, the head rice recovery was highest
98.70% for a polish time of 5min,polish speed of
800rpm, mc of 8%, DoP of 0.47%, brokens was
0.84%. The lowest hry was found for the operating
conditions of polishing speed of 1600rpm, polish
time was 8min, mc was 12%,a DoP of 18% and
brokens of 72%.

Color parameters of Little and browntop millet

Color values in selected minor millets

Polished little and browntop millet whiteness is
more since ‘L’ value is more. For the same DoP of
Little millet is more as compared to browntop
millet. The color parameters of ‘a‘ (red to green) and
‘b’(yellow to blue) is positive in both dehulled and
polished condition (Table 2). The derived
parameters of chroma the indicator of intensity of
color is more strong and is more in dehulled
browntop millet and least is ie. Dull in little millet
polished. Brownness index is more in dehulled little
millet and least in dehulled browntop millet. Degree
of saturation is most in dehulled browntop millet
since the pigmentation did not get removed
completely and hence whiteness index is least in this
millet as compared to little millet. Yellow color is
more in dehulled browntop millet wheras less in
polished browntop millet. This is evidenced with
the hue angle values (Table 3).

Pearson correlation of machine and  nutritional
parameters of the selected millets, brown -top and
little millet were found to be between polishing
speed and polish time and all nutritional parameters
of ash, protein, fat, dietary fibre, iron, zinc and
calcium is negative, as the polishing speed and
polish time increases the nutritional parameter
decreases. DoP is also negatively correlated to all
nutritional parameters. Calcium and other
nutritional parameters are least correlated. Table 6

and 7 represents the correlation using pearson
correlation method for both crop and machine
parameters for browntop and little millet

 CONCLUSION

Degree of Polishing of Browntop millet, at higher
moisture, speed, and time, DoP reached 18%,
significantly lowering head yield (10%) and raising
brokens (72%). Nutrients like protein (down to
6.71%) and iron (down to 1.858 mg/100g) decreased
sharply with aggressive polishing, whereas minimal
polishing retained superior nutritional values.
Degree of Polishing of Little millet, DoP varied from
0.66% to 18.93%. Maximum head yield reached
97.33% at gentle polishing, preserving protein (up to
9.73%) and fat (3.79%). Harsh polishing drastically
reduced iron (from 1.16 to  0.06 mg/100g) and zinc
(from 1.78 to 0.1 mg/100g). The optimized condition
using design expert software version 12.0 in
polishing parameters include moisture content of
the grain, 10%,speed of rollers in polisher, 1300rpm,
polishing time, 8.00min, degree of polishing, 3.5 % ,
head yield, 84.02% and brokens, 10.03%. The
optimized little millet polishing parameters include
moisture content of the grain, 10%, speed of roller in
polisher, 1500rpm, polishing time, 2.00min, degree
of polishing, 3.80, head yield, 94.36% and brokens,
5.80%.
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