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Effect of time and mixing speed on mixing evaluation parameters for groundnut coating

Abstract

Studies that investigated the effectiveness of groundnut mixing as a function of mixing
speed and time are scarcely reported. Therefore, the objective of the study is to investigate the
main and interaction effects between mixing mixtures and mixing speed on the mixing
evaluation parameters, with respect to different mixing proportions of ginger, wheat flour and
pepper. The mixing evaluation parameters considered are; final and losses after mixing. Also, the
coefficient of variation (CV), Degree of mixing, Percentage loss and mixing efficiency. The
components of the mixer consist of frame, the U shaped trough, a central shaft and a helical
ribbon agitator. The coating units consists of coating trough, drive shaft and electric motor. The
lowest value of CV recorded was 8.94%, while the highest values of the degree of mixing and
mixing efficiency recorded were 92.23 and 99.75%, respectively. The effectiveness and efficacy
of mixing increases as mixing time increases. Similarly, increased performance in mixing was
observed as the mixing speed increases. The main and interaction effects between the mixtures
and speed were insignificant (P > 0.05). The highest speed of 60 rpm and mixing time of 15 mins
produced the highest mixing efficiency.
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1. Introduction
Groundnut (Arachis hypogaea L.) also known as peanut, earthnut and ground bean is a

leguminous oilseed crop cultivated in the semi-arid and subtropical regions of the world



(FAOSTAT, 2014). Groundnut has a rich nutty flavor, sweet taste, crunchy texture and over and
above a relatively longer shelf life. It is an important crop in many countries, especially in SSA,
where it is a good source of protein (25%-34%), cooking oil (48%-50%) and vitamins. The
haulms are a good source of feed for livestock, especially during the dry season when fresh green
grasses are not available.

In Nigeria, groundnut is of the importance, the nuts produced and its processing into
various products is mostly done by women either for home consumption or for commercial
purposes but without value addition (Ajeigbe et al., 2015). Absence of value addition in the
supply value - chain with Nigeria focusing mostly on food production and neglecting the
processing and manufacturing thereby losing opportunities for higher earnings and ability to
generate employment. Food processing enables the year- round availability of foods that have
limited growing seasons (Oluwamukomi, 2021); and this include groundnut and many other
crops. The processing of groundnut includes various unit operations such as decorticating,
cleaning, roasting, mixing, coating and packaging. Mixing, coating and roasting constitute
important aspect in the food industry that enhance rapid production in the processing industry.
Mixing is the combination of two or more elements of particles of different components and
combining them into a homogeneous mixture (Peeranat et al., 2021). The particles are
homogenized when shaken or vibrated (Behnke, 2005). Mixing in the food industry is used
mainly to obtain homogeneity with the best possible equipment and the best relation of the
power correlations.

Edible films and coatings also play an important role in the quality, safety, transportation,
storage and display of a wide range of fresh and processed foods. Food coating is an innovation

within biodegradable active packaging concept, which interacts with food to extend shelf life and



improve safety and/or functional or sensory properties while maintaining the quality of food
packaging. Edible films and coatings based on biopolymers have taken as a major boom in the
food industry owing to many factors such as biodegradability characteristics that contribute to
reducing environmental pollution, and their potential to prevent the alteration in food mainly
preserving physical, chemical and sensory properties. Before mixing, the groundnut mixing
components must be thoroughly mixed, which is a function of mixing speed and time. Therefore,
the main objective of this study is to evaluate effect of various machine speeds and time on

mixing parameters for groundnut coating using a developed groundnut mixing machine.

2.1  Design considerations

The groundnut processing machine was conceived to reduce the cost of mixing, coating and
roasting of groundnut production, alleviate drudgery, time consuming of coating groundnut and
attract people into the processing operation. One of the factors considered in the design of the
processing plant was the cost of the mixing, coating and roasting peanut that was made
affordable by using locally available materials without compromising its effectiveness. The
processing plant was designed in a manner that the mode of operation was made easy for the
operators with minimum training and the components of the processing plant were easy to
fabricate, assemble and maintain. With these considerations, the processing plant should be able
to:

a mix a substantial amount of the additives with the provision of hopper

b discharge the additives through the provision of outlet at the base of the mixer

c mix the additives in a short time without wastage of ingredients



d coat the groundnut effectively in a short period of time with minimum damage through
the provision of the coating chamber

e coat the groundnut with flour and other ingredient

f  help give the groundnut at circular shape with the act of the dish rotating and the
groundnut in it with it centrifugal force

g roasts the coated groundnut in the roasting chamber with minimum loss to the coated
groundnut

h  retain the quality of the end product

I regulate the amount of heat used for roasting the groundnut at a temperature acceptable

with minimum breakage.

2.1.1 The mixing units

The machine employed in the mixing unit is a ribbon mixer. Ribbon mixer are principally
used for homogenous mixing of two or more powder materials with no or minimum possible wet
essential solutions. Ribbon mixers are designed for mixing wide variety of materials with widely
varying densities at high mixing efficiency in a remarkable short time. The machine consists of a
horizontal U shaped trough containing a central shaft and a helical ribbon agitator. Two
counteracting ribbons are mounted on the same shaft, one moving the solid slowly in one
direction, the other moving it quickly in other direction. Mixing results from the turbulence
induced by the counteracting agitators, not from mere motion of solids through the trough. The
ribbon mixer operates on batch wise with the solids charged and mixed until satisfactory. The

whole assembly is fitted on rigid frame structure. The trough is located through the opening at



the top. Bottom discharge spouts is also provided. The exploded view is shown in the figure

below.
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Figure 1 The Conceptual Design of the Ribbon Mixer Machine

2.1.2 Method of mixing
The additives comprise of wheat flour, ginger, pepper and salt formulated using the response
surface method. Three level of different formulation A, B, C were used. The mixer was cleaned
before starting the experiment. The materials were weighed using top pan balance in a container
of known dimensions. As the mixer started to operate, the powder particles were poured into the
mixing tank and the materials began to mix.
2.1.3 Design of the Ribbon Mixing Machine

The ribbon blender is a very efficient and wilder mixing machine for blending dry granules

& powders homogeneously. When using a ribbon mixer, to ensure proper mixing, approximately
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two third of the container volume must be filled. The result of ribbon mixer is best when used for
mixing dry powder & granules, this is due to the design and shape of the product container and
the mixing ribbon.
2.1.4 Design of the mixing chamber

The mixing chamber, as shown in Figure 2, has a U-shape trough form. The shape of the
mixer is designed to enable homogeneous mixing of the powered material to handle. The volume

and weight of the trough can be determined.
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Figure 2: Schematic diagram of the mixer’s trough

With interpolation of the trough using Autodesk inventor software, taking the trough
thickness as  2mm, h,, =0.34m; l,,y = 0.6 m; @py = 0.4m; Ly; = 0.596m; @,y =
0.396 m

The volume of the mixer chamber(V;,,.), according to mensuration, can be determined thus:

Omi’h

s m s .
Vine = Lni@mihm + —g—" = 0.596 X 0.396 X 0.34 + £ (0.396° x 0.34)

Vine = 0.08024544 + 0.02093771 = 0.1011831497265

Vipe = 0.1012 m3



The occupying volume of the ribbon mixer is 0.1012 m?®.

According to literature, for homogeneous mixing, the mixing chamber should be filled to
maximum of 80% of the total volume. Thus, the mass of flour (M,,) that can be mixed in the
chamber is given as:

My, s = pg X 0.8V
Where p; is the bulk density of flour ingredient that will be mixed in the ribbon mixer.

According to Chandra et.al (2015), the bulk density of flour ingredient ranges from
0.762 g/cc to 0.820 g/cc, selecting the maximum value;
pr = 0.820 g/cc ~ 820 kg/m?

Hence;

M, = 820 X 0.1012 X 0.8 = 66.3872

Mpr = 66.39 kg

The maximum mass of flour ingredient that will be filled in the ribbon mixer is 66.39 kg.

The weight of the ribbon mixer can be determined by calculating the material volume (V;,,) of the

mixer.

T[@mfzhm
8

(Z)mizhm

T
Vn = lmfwmfhm + = (lniDmihm + 3 )

mh
Vn = hm(lmf(amf - lmi(bmi) + Tm((amf2 - (Dmiz)

7 X 0.34
Vin = 0.34(0.6 X 0.4 — 0.596 X 0.396) + ——— (0.4 — 0.396%)

V;, = 0.34(0.003984) + 0.13352(0.003184) = 0.00135456 + 0.00042512768

Vm = 0.00177968768

V, = 0.0018 m®



The weight of the mixing chamber (#4,,) can be determined using the formula:
Wy =pm XV X g
Wh = pm XV X g
Where:
pm = Density of the chamber (kg/m?)
g = Acceleration due to gravity (m/s?)
p. = 7850 kg/m3 (density of a stainless steel)
W,, = 7850 x 0.0018 x 9.81
W, = 1359.816093
W, = 1359.82 N ~ 14.13 kg
The weight of the mixing chamber is 14.13 kg.
2.2 Design of the ribbon spiral mixing blade
The mixing blade, as shown on Figure 3, of the ribbon mixer is in spiral form. This made
ribbon mixer a very efficient mixer as the material to be mixed in the mixer is turned spirally by
every part of the flight of the mixing blade. To design the flight of the ribbon mixing auger, we
consider the pitch (p,), smaller diameter (¢;) and bigger diameter(¢,) of the outer flight and

the pitch (p,), smaller diameter (¢;) and bigger diameter(¢,,) of the inner flight.
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Figure 3: Schematic diagram of the ribbon spiral blade



With interpolation of the ribbon auger using Autodesk inventor software, taking the flight
thickness as 20mm, p; = p, = 150 mm; ¢, = 385 mm; ¢; = 345 mm; ¢, = 285 mm,;
@; = 245 mm.

To determine the small length (£,) of the outer flight of the ribbon, we have;

2, = (¢; x )2 + (py)?

2, = /(345 x )2 + (150)2 = V1174729.664 + 22500 = V1197229.664 = 1094.1799047
£, = 1094.18 mm

To determine the big length (L,) of the outer flight of the ribbon, we have;

L, = \/(¢o X m?) + (p1)?

L, = /(385 x m)2 + (150)% = V1462922.1124 + 22500 = v1485422.1124 = 1218.77894
L, =1218.78 mm

To determine the small diameter (d,") of the outer flight development, we have;

g = Pom i 385345 g . = 350.877193
o (L_o) 1 (1218.78) _q 1113875-1 0114 7
?, 1094.18
d,' ~ 351 mm

To determine the big diameter (D,") of the outer flight development, we have;
D," = (¢po — ¢;) + d,’ =385 — 345 + 351 = 40 + 351 = 391
D, =391 mm

The cutting degree () of the outer flight development, using the big diameter(D,"), will give:

385m 1218.78
) = 362.758

a=1L /(M) = 1218.78/( =
°7\360 360 /  3.359759
a = 362.758 — 360 = 2.7

a~ 3°



Let’s check for the outer flight development, using the small diameter(d,"), we have:

= 363.41

b 3457\ 1094.18
*= {)"/(ﬁ) - 1094'18/< 360 ) =~ 3.010693

a =363.43 —360 =34
a ~ 39
This implies that the cutting degree («) of the outer flight development is 3°.

To determine the small length (#;) of the inner flight of the ribbon, we have;

£, =/ (p; X )2 + (py)?

£; = /(245 x )% + (150)2 = V592423.0042 + 22500 = V614923.0042 = 784.17026478
£; =784.17 mm

To determine the big length (L;) of the inner flight of the ribbon, we have;

L = (9o X 2) + (p1)?

L; = \/(285 x )2 + (150)2 = V801658.6175 + 22500 = V824158.6175 = 907.83182
L; =907.83 mm

To determine the small diameter (d;") of the inner flight development, we have;

g/ = Lo i 2857245 40 = = 253.16455686
P = (h) a \ (1907.83) _ 4 11576954—1 0158 "7
7, 784.17
d;' =~ 253 mm

To determine the big diameter (D;") of the inner flight development, we have;
D' = (¢, — ;) + d;’ = 285 — 245 + 253 = 40 + 253 = 293
D;' =293 mm

The cutting degree (B) of the inner flight development, using the big diameter(D;"), will give:

2851 907.83
) = 365.01633

_ g /(%™ _ _
ﬁ_Ll/( ) 907'83/(360 2.48714

360
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B = 365.01633 — 360 = 5.0163
B~ 5
Let’s check for the inner flight development, using the small diameter(d;"), we have:

—€/<¢in)—784 17 (24571)_ 784.17
B=4 360/~ T / 360 / ~ 2.13803

p = 365.0725 — 360 = 5.01

= 365.0725

B~5
This implies that the cutting degree () of the inner flight development is 5°.

The circumferential profile of the ribbon flights for production, are shown on Figure 5

—
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Figure 4: Schematic diagram of the circumferential profile of the ribbon flights for production
2.2.1 Determination of the ribbon mixer capacity
The capacity of a screw conveyor is defined as the weight or volume per hour of a bulk
material that can be safely and feasibly conveyed. According to KWS (2016), the ribbon mixer

capacity can be determined from the formula:

L
R, = 32036.907 X — X C;
Pr

Where;

R, = Ribbon mixer capacity (ft3/hr)
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L, = Weight of material per hour (tons/hr)

ps = Bulk density of material (kg/m°)
Cy = Mixer capacity factor

The amount designed to be mixed per hour is 10 tons, hence;

10
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Tablel: Capacity factors for ribbon flights and cut or cut and fold flight

Capacity Factors for Ribbon Flights

Capacity Factors for Cut or

Cut and Fold Flights

Ribbon Screw Conveyor Loading
Dia. 15% 30% 45%
4 S X X
6 1.32 1.52 1.79
9 1.34 1.54 1.81
12 1.11 1.27 1.50
14 1.27 1.45 1.71
16 1.55 1.69 1.90
18 1.33 1.53 1.80
20 1.60 1.75 1.96
24 2.02 2.14 2.28
30 2.16 2.29 2.44
36 3.27 3.37 3.70

: Conveyor Loading
Flight Type 15% 30% 45%
Cut flight 1.92 1.57 1.43
Cut & folded flight X 3.75 2.54

Source: KWS (2016)

From Table .1, the capacity factor for ribbon flight of 385 mm (14 in) at 45% filled, and
the capacity factor for cut or cut and fold flight, we have;

Cr =1.71 X 2.54 = 4.3434

Cr = 43434

Hence;

10
R, = 32036.907 X ——= X 4.3434
¢ 820

R. = 1696.9403 ft3/hr

The speed of the ribbon mixer can be estimated thus:

R¢

T

- R.at 1rpm
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Table 2: Screw mixer capacity table

Capacity in ft3/hr
At Max. RPM At1RPM

Trough Loading Screw Dia. (in.) Max. RPM *

4
G ]
9 55 305 55
12 50 645 128
k 14 50 1,040 208
16 45 1,404 3.2
18 45 2,025 45.0
20 40 2,500 62.5
24 40 4,380 109.0
30 35 7,465 2133
30% B 3 11,064
4 190 116 081
i 165 368 2.2
4 155 1,271 8.2
12 145 2,813 19.4
14 140 4,368 3.2
16 130 6,071 46,7
18 120 8,112 67.6
20 110 10,307 93.7
] 24 100 16,400 164.0
30 90 28,800 320.0
45% 38 75 41,490 §53.2

Source: KWS (2016)

From the screw conveyor capacity Table 2, at 45% fill, 14 in, R, at 1 rpm is 31.2. Hence;

o __ R 16969403
" Reatlrpm 312 7 rpm.
S, = 55 rpm.

55 rpm is the correct speed for a 14-inch ribbon screw diameter with cut and folded flights and

short pitch for conveying and mixing 390 cubic feet per hour.

2.2.3 Determination of the ribbon mixer power rating
The power rating of the mixer is the power required to homogeneously mix the powered
ingredients fed into the mixer for a specific period of time. The horsepower required to drive a

ribbon mixer is called Total Shaft Horsepower (TSHP). TSHP is a function of the characteristics

14



of the bulk material being mixed and the friction inherent in the mixer. The ribbon mixer is
designed with sufficient horsepower in order to prevent downtime and loss of production.
According to KWS (2016), the Total Shaft Horsepower for a ribbon screw mixer is given by:

FHP + (MHP X SF)
e

TSHP =

Where;

FHP = Friction HP (HP required to drive mixer empty)

MHP = Material HP (HP required to mix bulk material)

SF = Special Flight Factors (Ribbon flight factor will be selected)

e = Drive Efficiency (Typical value of 0.88 issued for a shaft mount reducer/motor)

DF X HBF X Ly X S,
FHP = 1,000,000

Where;

DF = Conveyor Diameter Factor
HBF = Hanger Bearing Factor
Lmg = Mixer Length (feet)

S, = Speed of the ribbon mixer (rpm)

Table 3: Diameter factor table (DF)
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Diameter Factor Table (DF)

Dia. Factor
4 12
6 18
9 31
12 55
14 78
16 106
18 135

20 165
24 235
30 377
36 549

Source: KWS (2016)

Table 4: Hanger Bearing Factor (HBF)

Hanger Bearing Factor Table (HBF)

Bearing Type Bearing Factor
Ball, Roller, or none 1.0
Bronze, or Wood 1.7
Plastic, Nylon, UHMW, or Teflon 2.0
Hard Iron, or Stellite 4.4

Source: KWS (2016)

From Tables 3 and 4, DF is 78 for 385 mm (14 in) ribbon diameter, and HBF is 1.0 for ball
bearing.

The length of the mixer (L) is 0.6 m equivalent to 1.9685 ft. Hence;

B 78 X 1 X 1.9685 x 55

FHP = 1,000,000 = (0.008445

FHP = 0.0084 hp

Likewise;

16



_ Ce X pp X MF X Lyf
B 1,000,000

MHP

Where;
C. = Required Capacity of the mixer in Cubic Feet per Hour (ft*/hr)
N.B:R.=C. X C;

Therefore

Lt
C, =32036.907 x —
Py

L 10
C. = 32036.907 X — = 32036.907 X —— = 390.6939878
oy 820

C. = 390.7 ft3/hr

MF is Material Factor which will be selected From Bulk Material Table, shown on Table 6.

MF for wheat flour is 0.6. The bulk density of the material that will fit into the equation must be
in Ibs/ft®. This implies that;

pr = 820 kg/m3 = 51.1909 lbs/ft>

Hence;

_ CoXpr X MF X Ly 390.7 X 51.1909 X 0.6 X 1.9685

MHP 1,000,000 1,000,000

= 0.02362197267

MHP = 0.024 hp
We can now calculate the mixer power rating thus:

FHP + (MHP x SF)
e

TSHP =

The special flight factor for ribbon flight at 45% loading, as shown on Table 5is 1.2.

Table 5: Special flight factors
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Conveyor Loadin

15% 30%
Cut flight 1.10 1.15 1.2
Cut & folded flight X 1.50 1.7
Ribbon flight 1.05 1.14 1.20

Source: KWS (2016)

0.0084 +(0.024 x 1.2) 0.0084 +0.0288 0.0372

0.88 0.88 = ogg 0422727

TSHP =

TSHP = 0.0423 hp = 31.5 watt
The power needed to homogeneously mix the powered ingredients fed into the mixer is 31.5

watt. For ease of selection, an electric motor of 1hp will be used to run the machine.
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Table 6: Material Factor (MF)

Maximum | Bulk % | Material | Component Abr:

Special
Motes

Bulk Material Particle | Density | Trough | Factor | /Bearing
Size (in.) fft*) |Loading| (MF)

Distiller's Grain, -
. SDIE nt DEW -1/8 an 304 0.5 B4 | | ]
istiller's Grain,
Spent, Wet -1/2 A0-80 304 0.8 c1-C2 | | v M
Dolomite, Crushed | -1/2 80-100 | 30B 2.0 B4 Il | [}
Dolomite, Lumpy +1/2 90-100 308 20 B4 Il | 1
Earth, Loam,
Dry, Loose =112 76 308 1.2 B4 I | [}

Ebonite -1/2 63-70 304 0.8 | A1-A2-A3 I | [} v
Enq. Powder -1/64 16 304 1.0 A2 | | i G.H.J.0
Epsom Salts
(Magnesium -1/64 40-50 304 0.8 | Al-A2-A3 | | ] M,V

Sulfate)

Ethanedioic Acid

Feldspar, Ground | -100M 65-80 15 2.0 B4 il | [l
Feldspar, Lumps -7 40-100 15 20 B4 1] | 1]
Feldspar, Powder | -200M 100 308 2.0 Ba 1] | 1l

Feldspar, i
Screenings 1/2 75-80 15 20 Ba [} | [}

Ferrous Sulphate -1/2 50-75 J04 1.0 B4 | | ] M
Ferrous Sulfide
(Iron Sulfide), -1/2 120-135 | 30B 20 | A1-A2-A3 | | I ")
= LLII‘I'iSI:I$f
mous Sulfide
(Iron Sulfide), Mesh -100M | 105-120 | 30B 20 | A1-A2-A3 | | ] v
Fish Meal -1/2 35-40 J0A 1.0 | A1-AZ-A3 I | IV c.JV
Fish Scrap -7 40-50 304 1.5 | Bi-B2-B3 | | v G
Flaxseed -1/8 43-45 304 0.4 | A1-A2-A3 | | [} HPV
Flaxseed Cake
(Linseed Cake) -7 48-50 304 07 Bi1-B2 I | v 0
Flaxseed Meal
(Linseed Meal) -1/8 25-45 304 04 A1-A2 | | v oV
Flour, Wheat -1/64 33-40 J04 0.6 AZ | | | v FEH, JV

Source: KWS (2016)

2.3 Statistical Analysis

The homogeneity of the mixture is determined using coefficient of variance (CV)
(Dantuma, 2018). The coefficient of mixing was calculated as per equation by (Reese et al.,
2012) and (Patience, 2012). Analysis of Variance (ANOVA) using One-Way was performed.
Also main and interaction effects were performed between the mixing time and speed on the

mixing homogeneity.
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Standard deviation (s)

CV(%) = x 100
mean
G V2 — X)?
n—1

3. Results and discussion
3.1 Mixing of groundnut seed coating ingredient

The effects of the mixing speed on the mixing time, final mass and losses at mixtures A,
B and C are given in Table 7a-c

Table 7a: Influence of speed and different mixtures on the mixing parameters for mixture A

Mixture Speed (rpm)  mixing time(min)  final mass(g)  losses(Q)
A 40 5 996.99a 3.0l1a
A 50 5 995.50a 4.50b
A 60 5 997.19a 2.81ab
A 40 10 996.35a 3.65a
A 50 10 996.28a 3.72a
A 60 10 996.55a 3.45a
A 40 15 996.46a 3.54a
A 50 15 997.58a 2.42b
A 60 15 998.36a 1.64c
Main effects

Speed NS NS NS
Wheat flour NS NS NS
Ginger NS NS NS
Interaction effects NS NS NS
Speed*Wheat flour NS NS NS
Speed ginger NS NS NS
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Note: Mixture A consisted of 930, 25, 25 and 20g of wheat flour, ginger, pepper

Table 7b: Influence of speed and different mixtures on the mixing parameters for mixture B

Mixture Speed (rpm) mixing time(min) final mass(g) losses(Q)
B 40 5 998.12a 1.88a
B 50 5 995.50a 4.17b
B 60 5 997.88a 2.12ab
40 10 997.21a 2.79ab
50 10 996.28a 3.72a
B 60 10 996.82a 3.18b
B 40 15 998.00a 2.00a
B 50 15 996.48a 3.52b
B 60 15 997.74a 2.26a
Main effects
Speed NS NS NS
Wheat flour NS NS NS
Ginger NS NS NS
Interaction effects NS NS NS
Speed*Wheat flour NS NS NS
Speed ginger NS NS NS

Note: The mixture of B consisted of 945, 20, 20 and 159
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Table 7c: Influence of speed and different mixtures on the mixing parameters for mixture C

Mixture Speed (rpm)  mixing time(min)  final mass(g) losses(g)
C 40 5 995.48a 4.52a
C 50 5 995.81a 4.19
C 60 5 997.19 2.81b
C 40 10 997.42a 2.58a
C 50 10 998.48a 1.52b
C 60 10 998.22a 1.78b
C 40 15 997.12a 2.88a
C 50 15 997.45a 2.55a
C 60 15 998.36a 2.03b
Main effects

Speed NS NS NS
Wheat flour NS NS NS
Ginger NS NS NS
Interaction effects NS NS NS
Speed*Wheat flour NS NS NS
Speed ginger NS NS NS

Note: mixture of C consisted of 955, 20, 15 and 10g for wheat flour, ginger, pepper and salt,

respectively

Mixture A consisted of 930, 25, 25 and 20g of wheat flour, ginger, pepper. The mixture of B
consisted of 945, 20, 20 and 15g while the mixture of C consisted of 955, 20, 15 and 10g for
wheat flour, ginger, pepper and salt, respectively. The total mass of the mixture total 1000g. In
all treatments, no obvious effect of mixing speed were observed on the mixing time. The effect
was insignificant (P > 0.05) on the mixing time, final mass and the amount of the mixture losses.
However, the result of the analysis showed that mixing time reduces as the mixing speed
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increases. The lowest mixing time was achieved at a speed of 60 rpm. Also, the mass of losses
mostly reduced as the mixing speed increased. The main effect of all the mixing components and

speed were all insignificant (P > 0.05) on the mixing time, final mass and losses.

The corresponding coefficient of variability (CV) of 13.75, 13.6 and 8.94 %, were obtained
during mixing times of 5, 10, and 15 minutes, respectively. From Table 8 d, it could be observed
that at the mixing time of 15 minutes, the lowest coefficient of variation was recorded, showing
that as the mixing time increases, the coefficient of variation decreases, while percentage degree
of mixing increases. However, the mixing efficiency increased similarly (P > 0.05) with respect
to the considered mixing times. The percentage coefficient of variation and degree of mixing of
the mixing machine at mixing speeds of 40, 50 and 60 rpm were found to be 15.6, 13.64 and
10.86 %, respectively. From Table 8, it can be seen that, at the mixing speed of 40, 50 and 60
rpm, the mixing degree were 84.4, 86.36 and 89.14%, respectively. Also, the mixing efficiency
ranged between 99.56 and 99.75%. The value of coefficient variations obtained at the different
mixing time and speed are similar with the result reported by Herrman and Behnke (1994). The
values of the coefficient of variations (CV) are rated excellent, in terms of
uniformity/thoroughness of mixing. Therefore, the mixing uniformity was highest at the

combination of mixing speed of 60 rpm and 15 minutes of mixing time.
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Table 8: Performance of groundnut seed mixer

mixing Coefficient of Degree of Percentage Mixer efficiency
time(min) variation (%) Mixing (%) loss (%) (%)

5 13.75 85.17b 34.57a 99.62a

10 13.60 86.76b 36.21a 99.64a

15 8.94 92.23a 25.33b 99.75a
speed(rpm)

40 15.6 84.40a 44a 99.56a

50 13.64 86.36a 36ab 99.65a

60 10.86 89.14a 25b 99.75a
Conclusion

On the present work, machines for mixing was designed, fabricated and the performance
evaluations were carried out. Different proportions of ginger, wheat flour, salt and pepper were
considered in the mixing mixtures. From the research, mixing parameters like mixing speed and
the different mixture component do not affect the mixing evaluation parameters. Also, the

designed machine evaluation showed that the degree of mixing and mixing efficiency was high.
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