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Abstract— In this study, a leafy vegetable slicer machine was developed for the local vegetable consumed in Nigeria, which are 

Fluted Pumpkin (Ugu), Green Amaranth (Efo Tete), and African Amaranth (Efo Soko). The main parts of the machine are the 

hopper, slicing unit, sieve, rotating shaft, and transmission unit. Fabricated with locally sourced materials and leafy vegetables 

were sourced from local farmers. Three-speed levels (300, 500, and 700 rpm) and feeding mass (0.2, 0.25, and 0.3 kg) were used 

to evaluate the slicing efficiency, percentage retained, and capacity of the machine for the three varieties of leafy vegetables. 

The highest efficiency of 95.2% was attained at a speed of 500 rpm for the African amaranth variety, and the operating time was 

57secs; 94.0% was attained at a speed of 700 rpm for the Fluted pumpkin variety, and the operating time was 79secs and 92.1% 

was attained at a speed of 700 rpm for Green amaranth variety and the operating time was 57 secs. The machine slicing capacity 

ranges from 3.58 to 19.28 kg/hr. The highest percentage retained was 49.6%, obtained at a speed of 500 rpm, and the operating 

time was 64 secs for the African amaranth variety. The result of the Analysis of Variance on the slicing capacity of the three 

varieties of leafy vegetables shows that speed had a significant effect (p<0.05) on the slicing capacities, while the effect of 

feeding was not significant, and the effect of speed on the slicing efficiency of the three variants of leafy vegetables was not 

significant (p<0.05). This equipment can decrease human drudgery and make chopping vegetables much faster and easier. 

 

Keywords— leafy vegetable, slicer machine, slicer efficiency, Fluted Pumpkin (Ugu), Green Amaranth (Efo Tete), African 

Amaranth (Efo Soko). 

 

1. Introduction 

Any part of a plant that may be consumed raw or cooked is 

referred to as a vegetable. As the cheapest and most plentiful 

possible source of protein, leafy greens are highly valued in 

Africa due to their economic potential and capacity to 

manufacture amino acids from a range of fundamental 

materials [1], [2], [3]. Leafy crops can withstand abiotic 

conditions like heat and drought [4]. They are extremely 

perishable, especially when kept at room temperature. 

Because of their large surface area, the leaves are more 

susceptible to moisture loss. When cooked, the result is a loss 

of crispiness, wilting, and hardness [5]. Vegetables improve 

the taste and consumption of our primary foods. They also 

provide most of the nutrients lacking in other food sources, 

such as calcium and iron, and minerals.  

Generally, a balanced diet and addressing nutritional deficits 

require vegetables [1]. A tropical vine known as the "fluted 

pumpkin" (Telfairia occidentalis), also known as "Ugu" by 

the Igbo ethnic group of Eastern Nigeria, is grown there for 

its edible seeds and as a leafy vegetable [6], [7]. It is a low-

growing creeping leafy vegetable with long, twisted tendrils 

and huge lobed leaves [8]. Amaranthus hybridus, also called 

green amaranth, is cultivated as a green vegetable in parts of 

India, Mexico, the southern United States, and Africa [9], 

[10], [11], [12]. The leaves are rich in protein and contain 

much energy. While in season, amaranth leaves give some 

African tribes up to 25% of their daily protein [13]. Young 

seedlings are pulled up by the roots and picked in West 

Africa before being sold in markets. These are the boiled 

greens that Africans eat the most frequently. According to 

[4], the use of local leafy vegetables is dwindling in favor of 

exotic crops. Which is because they are not usually cultivated 

but mostly gathered. 

Slicing, cutting, crushing, chopping, grinding, and milling are 

different size reduction methods. They can be achieved 

mechanically without altering the material's chemical 

properties [14]. Cutting is the penetration of a sharp knife 

through a material, resulting in a new surface and smaller 

sizes required for a particular purpose. Several methods have 

been devised, but these methods have not been helpful in 

efficiently enhancing the slicing operation, as most of the 

machines are manually operated, and there are no rollers (for 
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compression) in others. [15] reported that cutting force and 

specific energy studies on different vegetables help to design 

the appropriate slicing or cutting devices and that the cutting 

tool parameters also influence the shape of the final output. 

[16] reported that the variation in the width of slices was 

greater in motorized slicers because the feeding could not be 

adequately controlled, and the cutting force required for 

slicing was 1.121N.  

Therefore, the main objective of this research is to develop a 

leafy vegetable-slicing machine. It was in recognition of the 

need to remove drudgery, avoid user harm and associated 

hardships, minimize losses, and get the most out of 

vegetables economically that there arose the need for a 

motorized leafy vegetable slicing machine that is made of 

slicing blades enclosed in a slicing drum to ease problems 

related to manual slicing of leafy vegetables, thereby 

enhancing long shelf life and mass production of sliced 

vegetables at a faster and easier rate. 

2. Related Work  

A manual vegetable slicing device was designed and built by 

[17]. The device was made out of a hopper, a drum for 

slicing, blades, a discharge chute, a handle, and a frame. The 

vegetable was reduced to its smallest size by the rotating 

motion of the cutters (slicing blades) from the handle, and the 

sliced vegetable was collected at the discharge chute. 

 

For small-scale food processing, [18] designed a motorized 

leafy vegetable cutter. Frame, loading chamber, discharge 

chute, cutting blades, and power transmission unit made up 

the machine. Vegetables supplied into the loading chamber 

were transported via the hopper to the cutting chamber, where 

they were sliced into a variety of sizes by the spinning action 

of the cutting blades. 

 

The automated leafy vegetable cutter designed by [18] was 

assessed by [19]. When put to the test, the green vegetable 

cutting machine had an output of 29 kg/h with an efficiency 

of more than 80%. 

 

The manual tomato slicing device designed by [20] was 

redesign by [21]. The same operating theory was applied. The 

new machine has improvements such as better cutting blades, 

a collecting unit, and the usage of aluminum in place of wood 

for machine components. The device's production capacity 

and slicing efficiency were 92% and 3.012 kg/h, respectively. 

A motorized machine for slicing fluted pumpkin leaves was 

designed by [16]. The device was composed of a frame, a 

rubber belt conveyor, a three-bladed cutting disc, a driving 

shaft, a bearing assembly, and a power drive mechanism 

(gear). The device has a 6.67 kg/h capacity and a 73.2% 

efficiency. 
 

[22] developed a slicer machine for slicing bananas and 

potatoes, assessed in terms of slicing capacity, broken 

percentage, and uniform slicing. Around 68.78 kg of bananas 

and 91.8 kg of potatoes may be sliced each hour on average, 

respectively. 

A vegetable-slicing device designed by [23] was discovered 

to have a 1.717 kg/h capacity. [24] designed a manually 

operated potato-slicing machine with the goal of increasing 

process throughput and efficiency. The weight of the sliced 

vegetable divided by the weight of the vegetable before 

slicing was used to calculate the machine's capacity and 

efficiency, which were found to be 42.93 kg/h and 88.8% 

respectively. 

 

A fruit and vegetable slicing machine with a 96 kg/h capacity 

and a 70% efficiency was designed by [25]. [26] created a 

prototype vegetable cutter that was tested on carrots. The 

cutter was constructed with a 0.5 hp, 1400 rpm motor, a 30 

kg/h cutting capacity, and an 86% efficiency. 

 

A mechanical tomato slicer designed by [27] feeds tomatoes 

to revolving blades using a gravity feeding method. The 

machine's efficiency and capacity were determined using a 

0.25 hp and 1200 rpm motor, the machine's capacity and 

efficiency were determined to be 468 kg/h and 60.34%, 

respectively. For greater effectiveness, it was advised that the 

knife carriage be strengthened. 

 

For small-scale food processing businesses, [28] developed a 

power-operated banana slicer with an emphasis on the cutter 

assembly. The cutter plate and the cutting blade make up the 

assembly. It was powered by a 360 rpm motor. The machine's 

efficiency was determined to be 93% and its effective 

capacity to be 100 kg/h. 

 

Cutting force, according to [29] increased with increasing 

load speed, while shear energy remained constant. Knife 

cutting angles from 0
0
 to 40

0
 sharpening angles resulted in a 

decrease in cutting power, strength, energy values, and 

specific energy values. The maximum cutting force 

measurement was recorded by a knife with a sharpening 

angle of 17.50, and the lowest by a knife with a sharpening 

angle of 2.50. 

 

[30] claim that when the speed of the slicing disc rose, 

mechanical damage reduced and efficiency and throughput 

capacity improved. The findings of the experiment were as 

follows: the greatest value of throughput capacity was 184.11 

kg/h, the highest value of slicing efficiency was 99.88%, and 

the mechanical damage index value decreased from 16.05% 

at 300 rpm to 0.30% at 1200 rpm. 

 

3. Theory/Calculation 

3.1 Design Considerations  
The following were considered in the design of the machine 

due to the nature of the leafy vegetables: cutting force 

required for slicing of vegetables, 1.121 N (as recommended 

by [16] the choice of material for construction was chosen 

based on the need to prevent corrosion and contamination of 

the leafy vegetables and locally available materials were used 

in the fabrication of the slicing machine. The cutting blade is 

thin and sharp in order to penetrate and slice the leafy 

vegetables. The machine was designed for ergonomics 



World Academics Journal of Engineering Sciences                                                                                  Vol.10, Issue.1, Mar 2023   

© 2023, WAJES All Rights Reserved                                                                                                                                             26 

convenience and ease of operation as well as to eliminate 

drudgery involved in the traditional way of slicing vegetables. 

 

3.2 Design Calculations of the Major Component Parts 

Components design for leafy vegetable slicing machine and 

design parameters. 

3.2.1 Design of blades 

Cutting blade length is 135 mm (about twice the width of an 

average fluted pumpkin leaf) as recommended by [16]. 

Length of 360 mm and width of 110 mm were considered for 

the slicing unit of the leafy vegetable slicer and the number of 

cutting blades was determined using Equation 1. The area 

provided for the slicing unit is 41400 𝑚𝑚2. Also, blade of 1 

mm thickness was used for the machine and separated by a 

distance of 20 mm from each other. 

 

 𝑁𝑏𝑙 =
𝑤

𝑡+𝑠
             (1) 

 

𝐴𝑟𝑒𝑎 = 𝑙 × 𝑤 = 41400 𝑚𝑚2  

where: w is width, l is length, t is thickness and s is spacing. 

Thus, 9 blades were vertically arranged spirally to fill the 

whole width and 5 blades were arranged on a side of the 

slicing unit. Also, the total force acting on the blades is 28 N.’ 

 

Number of blades = 
𝑤𝑖𝑑𝑡ℎ

𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠+𝑠𝑝𝑎𝑐𝑖𝑛𝑔
   (2) 

 

  = 
110𝑚𝑚

1𝑚𝑚+11𝑚𝑚
= 9 𝑏𝑙𝑎𝑑𝑒𝑠 

Total forces acting on the blades was calculated as 14 blades 

× 2N (assumed value) = 28N 

3.2.2 Selection of electric motor 

The total torque required (T) was computed from Equation 3 

[31];  

 

𝑇 = 𝐹 × 𝑟     (3) 

 

where, 

𝑇 = Torque (Nm) 

F= total force required (N) 

r= radius of the cutting plate (m) 

But angular velocity, 𝜔 in rad/sec can be computed from 

Equation 4. 

𝜔 =
2𝜋𝑁

60
                                                  (4) 

where, 

N = Number of revolutions per minute 

Power required; P in Watts was computed from Equation 5. 

 

P= 𝜔𝑇         (5) 

𝑇 = 𝐹 × 𝑟     (6) 

 

Where, 

F= total force required (N) 

r= radius of the cutting plate (m) 

𝑇 = 28 𝑁 × 0.127 𝑚  

𝑇 = 3.556 𝑁𝑚  

But angular velocity, 𝜔 in rad/sec can be computed from 

Equation 7. 

𝜔 =
2𝜋𝑁

60
      (7) 

𝜔 =
2𝜋×75

60
  

𝜔 = 7.85𝑟𝑎𝑑/𝑠𝑒𝑐  

Power required; P in Watts was computed from Equation 8. 

 

 𝑃 = 𝜔𝑇      (8) 

 

𝑃 = 3.556 × 7.85 = 27.91 𝑊  

Since 746 𝑊 = 1 ℎ𝑝  

 27.91 𝑊 = 𝑥ℎ𝑝  

𝑥 =
27.91

746
  

𝑃 = 0.0374 ℎ𝑝  

𝑃 = 0.0374 ℎ𝑝  

Therefore, a single phase 1hp electric motor will be selected. 

3.2.3 Pulley design 

The diameter of the pulley was obtained from velocity ratio 

relationship in Equation 9. 

 

Velocity ratio, 𝐷1𝑁1 = 𝐷2𝑁2   (9) 

 

where, 

D1 is the diameter of the motor (mm) 

N1 is the speed of the motor (rpm) 

D2 is the diameter of the shaft pulley (mm) 

N2 is the required speed of shaft (rpm)  

The diameter of the pulley was obtained from velocity ratio 

relationship in Equation 10. 

 

Velocity ratio, 𝐷1𝑁1 = 𝐷2𝑁2   (10) 

 

Where, 

D1 is the diameter of the motor (mm) 

N1 is the speed of the motor (rpm) 

D2 is the diameter of the shaft pulley (mm) 

N2 is the required speed of shaft (rpm)  

𝐷2 =
1440×50

500
= 144 𝑚𝑚  

The nearest pulley diameter is 144 mm. 

3.2.4 Weight of cutting blade 

The cutting blades are 14 in number and are attached to the 

shaft and slicing unit. The dimensions are length is 135 mm, 

breadth is 30 mm and thickness is 1mm. Therefore, the 

volume, 

 

𝑉 = 𝐿 × 𝐵 × 𝑡     (11) 

 

where, 

𝐿 =Length (mm)  

𝐵 =Breadth (mm)  

𝑡 =Thickness (mm)  

 

The total weight of blades =  𝜌𝑉𝑔𝑛   (12) 

 

where, 

𝜌 = density of stainless steel (8030 𝑘𝑔/𝑚3) 

V= volume of cutting blade (𝑚3) 

g= acceleration due to gravity (9.81m/s) 

n= number of blades 



World Academics Journal of Engineering Sciences                                                                                  Vol.10, Issue.1, Mar 2023   

© 2023, WAJES All Rights Reserved                                                                                                                                             27 

The cutting blades are 14 in number and are attached to the 

shaft. The dimensions are length is 135 mm, breadth is 30 

mm and thickness is 1 mm. Therefore, the volume, 

 

𝑉 = 𝐿 × 𝐵 × 𝑡     (13) 

 

𝑉 = 0.135 𝑚 × 0.030 𝑚 × 0.001 𝑚
 = 0.0000041 𝑚3 

𝑊 =  𝜌𝑉𝑔𝑛     

     

Where, 

W = total weight of blades 

𝜌 = density of stainless steel (8030 𝑘𝑔/𝑚3) 

V= volume of cutting blade (𝑚3) 

g=  acceleration due to gravity (9.81 m/s) 

n= number of blades 

𝑊 = 8030 × 0.0000041 × 9.81 × 14 = 4.47 𝑁  

 

3.2.5 Belt design 

Length of belt was calculated using Equation 15 ([32]); 

 

𝐿 =
𝜋

2
(𝑑1 + 𝑑2) + 2𝑥 +

(𝑑1−𝑑2)2

4𝑥
   (15) 

 

where,  

L= length of belt (mm) 

x = distance between the centres of the two pulleys = 235 mm 

𝑑1 =diameter of larger pulley(mm) 

𝑑2 =diameter of smaller pulley(mm) 

Length of belt was calculated using Equation 16 ([32]); 

 

𝐿 =
𝜋

2
(𝑑1 + 𝑑2) + 2𝑥 +

(𝑑1−𝑑2)2

4𝑥
     (16) 

 

Where,  

L= length of belt (mm) 

x = distance between the centres of the two pulleys = 241 mm 

𝑑1 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑙𝑎𝑟𝑔𝑒𝑟 𝑝𝑢𝑙𝑙𝑒𝑦 (mm) 

𝑑2 = 𝑑𝑖𝑎𝑚𝑒𝑡𝑒𝑟 𝑜𝑓 𝑠𝑚𝑎𝑙𝑙𝑒𝑟 𝑝𝑢𝑙𝑙𝑒𝑦 (mm) 

𝑥 = (
𝑑2

2
+

𝑑1

2
) + 𝑑1  

𝑥 = (
50

2
+

144

2
) + 144  

𝑥 = 144 + 97  

𝑥 = 241 𝑚𝑚  

𝐿 =
𝜋

2
(𝑑1 + 𝑑2) + 2𝑥 +

(𝑑1−𝑑2)2

4𝑥
  

𝐿 =
𝜋

2
(50 + 144) + 2(241) +

(144−50)2

4(241)
  

𝐿 =
𝜋

2
(194) + 482 +

8836

964
  

𝐿 = 795.6 𝑚𝑚 = 0.80 𝑚  
A flat belt with total length of 1.03 m is recommended to 

drive the slicing unit. 

3.2.6  Angle of contact of motor machine pulley 

The lap angle of the belt was calculated using Equation 17 

([32]); 

 

𝜃 = (180 − 2𝛼)
𝜋

180
rad (considering an open belt)       (17) 

 

𝑆𝑖𝑛 ∝=
𝑑1−𝑑2

𝑥
  

α=𝑆𝑖𝑛−1(
𝑑1−𝑑2

𝑥
) 

Where; 

x= centre distance (mm) 

α= joint angle (°) 

α=𝑆𝑖𝑛−1(
144−50

241
) 

α= 23° 

𝜃 = (180 − 2(23°))
𝜋

180
  

𝜃 = 2.34 𝑟𝑎𝑑  

𝜃 = 2.34 𝑟𝑎𝑑  

 

3.2.7 Coefficient of friction 

[32] reported that the coefficient of friction (µ) for leather 

belts on cast iron pulley, at the point of slipping is given by 

the Equation 18. 

 

𝜇 = 0.54 −
42.6

152.6+𝑣
    (18) 

 

where, 

v = speed of belt (m/min) 

𝑣 =
𝜋𝑁1𝐷1

60
     

    

where; 

𝑁1= Speed of the prime mover (rpm) 

𝐷1= pulley diameter of the prime mover (m) 

𝑉 =
𝜋(1440)(0.05)

60
  

𝑉 = 3.77 𝑚/𝑠  
V= 3.77 m/s= 226.2 m/min 

𝜇 = 0.54 −
42.6

152.6+226.2
  

µ= 0.428, 𝑣 = 3.77 𝑚/𝑠  
 

3.2.8 Tensions in the belt 

The tension in the slight and slack side of the belt labeled 

𝑇1and 𝑇2 respectively was calculated using Equation 18 

([32]); 

 

2.3 log [
𝑇1

𝑇2
] = 𝜇𝜃         (18) 

 

where, 

𝑇1= Tension in the tight side of the belt 

𝑇2=Tension in the slack side of the belt 

µ=coefficient of friction between belt and pulley = 0.449 

𝜃= 2.34 rad 

𝑇2 =
𝑇1

1.76
  

2.3 log [
𝑇1

𝑇2
] = 𝜇𝜃  

log [
𝑇1

𝑇2
] =

1.000

2.3
  

[
𝑇1

𝑇2
] = 2.72  

𝑇2 =
𝑇1

2.72
  

 

3.2.9 Belt tension due to centrifugal force 

The tension of the belt was calculated using Equation 19 and 

20 ([32]); 

𝑇𝑐 = 𝑀𝑉2      19)
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𝑀 = 𝑏 × 𝑡 × 𝜌       (20) 

 

where, 

𝜌= density of belts (leather) = 1000 𝑘𝑔/𝑚3 

b= belt width (129 mm) = 0.129 m 

t= nominal belt thickness (8 mm) = 0.008 m 

A standard flat belt thickness as explained by [32]; was 

selected. 

𝑀 =  0.129 ×  0.008 ×  1000 = 1.032 𝑘𝑔/𝑚  

𝑇𝑐 =  𝑀𝑉2  

𝑇𝑐 =  1.032 ×  3.772  

𝑇𝑐 =  14.7 𝑁  

 

The centrifugal tension is 28 N. 

𝑇1  =  𝑇 − 𝑇𝑐  

𝑇 =  3𝑇𝑐  

𝑇 =  3 ×  14.7 =  44 𝑁  

𝑇1 =  44 −  14.7 = 29 𝑁  

𝑇2 =
𝑇1

1.76
  

𝑇2 =
56

1.76
  

𝑇2 = 10.6 𝑁  

𝑇2 = 11 𝑁  

𝑇1 = 29 𝑁  

𝑇2 = 11 𝑁  

 

3.2.10 Power transmitted by belt 

The power transmitted per belt, P was calculated using 

Equation 21 ([32]); 

𝑃 = (𝑇1 − 𝑇2)𝑉     (21) 

where, 

𝑇1= Tension in the tight side of the belt 

𝑇2= Tension in the slack side of the belt 

V = speed of belt in m/s 

𝑃 = (29 − 11) 3.77  

𝑃 = 67.86 W = 0.06786 kW 

 

3.2.11 Design of shaft 

The shaft diameter was calculated using Equation 22 ([32]); 

 

𝑑3 =
16

𝜋𝑆𝑠
√⌊𝐾𝑏𝑀𝑏⌋2  + ⌊𝐾𝑡𝑀𝑡⌋2   (22) 

 

Where, 

𝑑 = Shaft diameter 

𝑆𝑠 = Allowable shear stress for shaft =  40 𝑀 𝑁 / 𝑚2 
𝐾𝑏 = Shock factor for bending moment =  1.5               
𝐾𝑡 = Shock factor for torsional moment =  1.0  
Mb = Maximum bending moment (Nm), Mt= Maximum 

torque (Nm). To determine both Mb and Mt, the forces acting 

on the shaft must be calculated. 

For a belt drive, the torque is found from Equation 23. 

 

𝑀𝑡 = (𝑇1 − 𝑇2)𝑅     (23) 

 

Where, 

𝑇1= Tight side of belt on pulley, N 

𝑇2= loose side of belt on pulley, N 

R= radius of pulley, m 

𝑅1 + 𝑅2 = 18.80 + 4.47  = 23.27 𝑁 

∴ 𝑅1 = 23.27 − 𝑅2  

𝑅2 × 0.37 = (18.80 × 0.05) + (4.47 × 0.315)  

𝑅2 =
2.35

0.37
= 6.346 𝑁  

𝑅1 = 23.27 − 6.346  

𝑅1 = 16.92 𝑁  

A shaft diameter of 20 mm which is the nearest standard size 

was selected. 

 

4. Experimental Method/Procedure/Design 

 

4.1 Description of the Component Parts of the Leafy 

Vegetable Slicing Machine  

The leafy vegetable slicing machine consists of the frame, the 

hopper, sieve, a rotating shaft with cutting blades and slicing 

unit. The specifications of the machine include; overall length 

of 370 mm, overall width of 115 mm and overall height of 

840 mm. 

 

4.1.1 The slicing unit 
The slicing unit consists of stationary blades with dimension 

of 55 mm by 30 mm by 1 mm. The blades were arranged on a 

side with a distance of 35 mm from each and held in position 

to the slicing unit in a specified direction and it interlocks 

with the moveable blades on the rotating shaft. 

 

4.1.2 The rotating shaft 

The rotating shaft has 9 blades with dimension of 135 mm by 

30 mm by 1mm at a spacing of 10 mm welded spirally. The 

diameter of the shaft is 20 mm. 

 

4.1.3 The sieve 

It has 7 openings of 8 mm by 130 mm and they were made at 

the centre of a plate 1mm thickness, in order to concentrate 

the discharge of the leafy vegetables at the centre of the 

screen. The cylindrical sieve length is 370 mm while the 

diameter is 180 mm. 

 

4.1.4 The frame and engine seat 
The frame was made from angle iron cut to the required 

dimension and welded. The length and width are 370 mm and 

115 mm respectively and the height is 335 mm. The engine 

seat (340 mm by 190 mm) was welded to an angle iron 

located 85 mm high from the ground level. Slotted holes were 

made on it for attaching the engine with bolts. 

 

4.1.5 Hopper 

This has a base dimension of 115 mm by 150 mm and top 

dimension of 115 mm by 165 mm with a slant height of 280 

mm and welded to the slicing unit.  

 

4.1.6 Bearing 

Bearings are on the shaft to support it. There are two bearings 

on the shaft, one on each side of the frame supporting the 

shaft. 

 

4.2 Mode of Operation and working principle 

The machine operates on a shearing and cutting principle, the 

blades around the shaft will be making the necessary cuts, 

and the rotation of the blades will also provide the slicing and 
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motion.  The leafy vegetable slicer consists of frame, hopper, 

sieve, a vertical rotating shaft with cutting blades, slicing unit 

and power transmission elements. It was powered by an 

electric motor and rotary motion produced by the power unit 

was transmitted to the cutting blades through belt and pulley. 

The hopper serves as a means of feeding the leafy vegetables 

for the cutting process. The cutting blades will then reduce 

the size of the vegetables as a result of the rotary motion of 

the cutting edge in the vegetables and the sliced vegetables 

will be collected at the discharge chute. 

 

4.3 Design Drawing 
The drawing was done using AutoCAD, orthographic and 

isometric drawings of the leafy vegetable slicing machine 

with dimensions while the assembly drawing and exploded 

view are shown in Figures 1-2.  

 

 
 

 
Figure 1: Orthographic and Isometric Drawing of the Leafy 

Vegetable Slicing Machine 

 
Figure 2: Exploded View of the Leafy Vegetable Slicing Machine 

 

4.4 Experimental Design 

The machine was operated empty for 5 minutes before 

feeding it with the leafy vegetables. The experiment is a 

2x3x3 randomized design using leafy vegetable slicing 

machine operating speeds (300, 500 and 700 rpm) and 

feedings mass (0.200, 0.250 and 0.300 kg) for three varieties 

(Fluted pumpkin, green amaranth and African amaranth) of 

leafy vegetable. Each combination of speed, feeding and 

variety of leafy vegetable was replicated three times and the 

representative value is the mean of the three readings.  

 

4.5 Performance Evaluation 
The performance of the leafy vegetable slicing machine was 

evaluated under various operating conditions. Plots were also 

made to determine the effect of speed and feeding on the 

slicing efficiency (SE), percentage leaf retained and capacity 

on the machine.  

 

Percentages of sliced and retained leafy vegetables were 

calculated according to Equations 24 and 25 while the output 

capacity was calculated using Equation 26 for each variety of 

leafy vegetables. 

 

𝑆𝐸 =
𝑊𝑠

𝑊𝑇
× 100           (24) 

 

Where, 

𝑊𝑠 = weight of sliced vegetables (g)  

𝑊𝑇 = total weight of vegetables fed (g)  

 

𝑃𝑒𝑟𝑐𝑒𝑛𝑡𝑎𝑔𝑒 𝑅𝑒𝑡𝑎𝑖𝑛𝑒𝑑 =
𝑊𝑟

𝑊𝑇
× 100       (25) 

 

Where, 

𝑊𝑟 =weight of retained vegetables (g)  

𝑊𝑇 = total weight  of vegetables fed (g)  

 

𝐶 =
𝑊𝑇

𝑇
         (26) 

 

Where, 

𝐶 = Capacity (kg/h)  
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𝑤𝑇 = total weight of vegetable sliced (kg)  

𝑇 = slicing time (h)  

 

4.6 Data Analysis 

The data were subjected to graphical representation and 

statistical analysis using Analysis of variance (ANOVA) 

method to determine areas of significant differences in means 

of effect of speed and feeding on slicing efficiency, 

percentage retained and capacity of the leafy vegetable slicing 

machine. 

 

5. Results and Discussion 
 

5.1 Slicing efficiencies of the machines for fluted pumpkin 

(Ugu), green amaranth (Efo Tete), and African amaranth 

(Efo Soko) 

Figure 3 shows the effect of speed on the slicing capacity of 

the machine at different feeding mass for the three variety of 

vegetables (fluted pumpkin (Ugu), green amaranth (Efo 

Tete), and African amaranth (Efo Soko)). For fluted pumpkin 

(Ugu), the highest slicing capacity was observed using 0.3 kg 

feeding mass, the slicing capacity increases linearly for 0.25 

kg and 0.3 kg feeding mass, while at 0.2 kg the slicing 

efficiency increases and decreases. The slicing capacity of the 

machine increased with an increase in the speed of the 

machine, and the highest capacity was recorded at 700 rpm 

for 0.300 kg loading. It was observed that using fluted 

pumpkin (Ugu), there is an increase in slicing capacity as 

feed mass increases and this was due to the increase in 

vibration of the machine as a result of the increase in speed; 

hence the sliced leafy vegetables moved faster through the 

sieve, and this was in line with [28] who reported in his work 

that the capacity of the slicer increased with an increase in 

speed. The Analysis of the Variance result in Table 1 for 

using fluted pumpkin (Ugu), showed a significant difference 

(p<0.05) in the machine capacity as the speed increased. 

There was no significant difference in the slicing capacity as 

the quantity loaded increased as the plot gives almost straight 

lines except for the values at 0.200 kg.  

 

Using Green amaranth (Efo Tete), the slicing capacity ranged 

from 6.136 to 19.286 kg/h and the highest slicing capacity OF 

19.286 kg/h was observed at speed 700 rpm and 0.3 kg 

feeding mass. It was observed that slicing capacity increases 

with an increase in the speed of the machine at each of the 

feedings, as shown in Figure 3b, and this was in tandem with 

previous researchers ([33]; [28]; [16]). This increase in 

slicing capacity was due to the increased vibration of the 

machine due to the increase in speed. Hence the sliced leafy 

vegetables moved faster through the sieve. The Analysis of 

Variance using Green amaranth (Efo Tete) is shown in Table 

2, it was observed that speed has a significant effect on the 

slicing capacity of the slicing machine, while the effect of 

quantity loaded was not significant.  

 

Figure 3 shows the data on the slicing capacity from the 

variation of speed for African Amaranth. The slicing capacity 

ranged from 5.2 to 19.6 kg/h. the highest was observed at 700 

rpm speed and 0.3 kg feeding mass. It was observed that the 

capacity increased as speed increased, as shown in Figure 3. 

The finding aligned with [33], who reported increased speed 

increases chipping capacity. The maximum capacity of 

19.172 kg/h was obtained at a speed of 700 rpm. This 

increase in slicing capacity was due to the increase in 

vibration of the machine due to the increase in speed; hence 

the sliced leafy vegetables moved faster through the sieve. 

The ANOVA of the effect of speed on slicing capacity is 

shown in Table 3. There is a significant difference in the 

machine capacity as speed increases at p<0.05 due to the 

increase in the rotation of slicing blades as speed increases. 
 

Table 1: ANOVA Table for Slicing Capacity of Fluted Pumpkin (Ugu) 

Source of 

Variation SS df MS F P-value F crit 

Speed 64.17507 2 

32.087

53 18.96329 

0.00910

2* 

6.9442

72 

Mass 6.935069 2 
3.4675
34 2.049265𝑛𝑠 

0.24395
4ns 

6.9442
72 

Error 6.768347 4 

1.6920

87 
   

       
Total 77.87848 8         

ns = no significant difference; * = significant difference 
 

Table 2: ANOVA Table for Slicing Capacity of Green Amaranth (Efo Tete) 

Source of 

Variation SS df MS F P-value F crit 

Speed 208.9384 2 
104.46
92 

23.593
12 

0.00610
7* 

6.9442
72 

Mass 3.417954 2 

1.7089

77 0.3859 

0.70264

6 ns 

6.9442

72 

Error 17.7118 4 

4.4279

51 
          Total 230.0681 8         

ns = no significant difference; * = significant difference 
 

Table 3: ANOVA Table for Slicing Capacity of African Amaranth (Efo Soko) 

Source of 

Variation SS 

d

f MS F P-value F crit 

Speed 194.3073 2 97.15364 
42.318
84 

0.002036
* 

6.94427
2 

Mass 13.46137 2 6.730687 2.9317 

0.164456 

ns 

6.94427

2 

Error 9.183015 4 2.295754 
   

       
Total 216.9517 8         

ns = no significant difference; * = significant difference 
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Figure 3: Effect of Speed on Slicing Capacity of Fluted Pumpkin (Ugu), 
Green Amaranth (Efo Tete) and African Amaranth (Efo Soko) a leafy 

vegetable slicing machine 

 

5.2 Slicing efficiencies of the machines for fluted pumpkin 

(Ugu), green amaranth (Efo Tete), and African amaranth 

(Efo Soko) 

The effect of the speed and loading on the slicing efficiency 

of the machine is shown in Figure 4, and the ANOVA is 

shown in Table 4 the three variety of vegetables (fluted 

pumpkin (Ugu), green amaranth (Efo Tete), and African 

amaranth (Efo Soko). Using fluted pumpkin (Ugu), shows 

that the slicing efficiency slicing efficiency ranged from 83% 

-94.2%. the highest slicing efficiency of 94% was observed at 

700 rpm using 0.25 kg feeding mass. Increase in speed leads 

to decrease in slicing efficiency for 0.2 kg and 0.3 kg feeding 

mass, while for 0.2 kg feeding mass, slicing efficiency 

decreases and increases as the speed increases. Using fluted 

pumpkin (Ugu), slicing efficiency of the machine decreased 

with an increase in the speed of the machine, which agrees 

with the findings of [16], though with a higher value. The 

effect of the speed and quantity loaded on the slicing 

efficiency of the machine (p<0.05) were not significant 

(Table 4). 

 

Using Green amaranth (Efo Tete), the slicing efficiency 

increased and decrease for 0.3 kg feeding mass, but decrease 

using 0.25 kg feeding mass, while using 0.3 kg feeding mass, 

it decreases and increased.The speed of operation selected to 

evaluate the slicing efficiency was 300, 500, and 700 rpm. 

The slicing efficiency ranges from 82.4 to 92.1%, as shown in 

Table 5 using Green amaranth (Efo Tete). It was observed 

that as speed increases, the slicing efficiency decreases for 

0.200 and 0.250 kg loading, while as speed increases, the 

slicing efficiency increases for 0.300 kg. The finding was also 

in line with [34] who reported in their work that as speed 

increased, the slicing efficiency decreased, and the efficiency, 

when compared with that of [34] showed a higher value 

indicating an improvement over the previous design. The 

optimal slicing efficiency of 92.1 % was obtained at 0.300 kg 

and 700 rpm. The effect of speed and quantity loaded on the 

slicing efficiency was insignificant at p<0.05, as shown in 

Table 5.  

 

The effect of speed variation on slicing efficiency is 

presented in Table 6 for African Amaranth. An increase in 

speed led to a decrease in slicing efficiency, as shown in 

Figure 4c, and this was in tandem with previous researchers 

[28]; [16]. The maximum slicing efficiency of 95.2 % was 

observed at a speed of 500 rpm. The result of the Analysis of 

Variance for slicing efficiency, as shown in Table 6, shows 

that the effect of speed on the slicing efficiency of the 

machine was not significant, while the effect of quantity 

loaded also was not significant at p<0.05 
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Figure 4: Effect of Speed on Slicing Efficiency of Fluted Pumpkin (Ugu), 

Green Amaranth (Efo Tete), African Amaranth (Efo Soko) a leafy vegetable 

slicing machine 

 

Table 4: ANOVA Table for Slicing Efficiency of Fluted Pumpkin (Ugu) 

Source of 

Variation SS 

d

f MS F P-value F crit 

Speed 
53.928
89 2 

26.964
44 1.659748𝑛𝑠 

0.29864
7 ns 

6.9442
72 

Mass 

15.368

89 2 

7.6844

44 0.473002𝑛𝑠 

0.65405
ns 

6.9442

72 

Error 

64.984

44 4 

16.246

11 

   

       

Total 

134.28

22 8         

ns = no significant difference; * = significant difference 
 

Table 5: ANOVA Table for Slicing Efficiency of Green Amaranth (Efo Tete) 

Source of 

Variation SS 

d

f MS F P-value F crit 

Speed 0.86 2 0.43 0.031563𝑛𝑠 

0.96916
8 ns 

6.9442
72 

Mass 

18.106

67 2 

9.0533

33 0.664546𝑛𝑠 

0.56339

6 ns 

6.9442

72 

Error 

54.493

33 4 

13.623

33 

   

       
Total 73.46 8         

ns = no significant difference; * = significant difference 

 

Table 6: ANOVA Table for Slicing Efficiency of African Amaranth (Efo 
Soko) 

Source of 

Variation SS 

d

f MS F P-value F crit 

Speed 
187.08
67 2 

93.543
33 4.227629𝑛𝑠 

0.10313
7 ns 

6.9442
72 

Mass 

272.24

67 2 

136.12

33 6.152004𝑛𝑠 

0.06019

1 ns 

6.9442

72 

Error 

88.506

67 4 

22.126

67 

   

       
Total 547.84 8         

ns = no significant difference; * = significant difference 

 

5.3 Percentage of vegetables retained fluted pumpkin 

(Ugu), green amaranth (Efo Tete), and African amaranth 

(Efo Soko) 

Using Fluted Pumpkin (Ugu), the effect of speed and quantity 

loaded on the percentage retained in the machine is presented 

in Table 7. The percentage retained in the machine was found 

to decrease with an increase in speed for 0.300 kg feeding; 

however, at 0.200 and 0.250 kg, there was no definite pattern 

of variation for the speeds as shown in Figure 5 for Fluted 

Pumpkin (Ugu) with the highest value recorded at 40.5 kg at 

500 rpm and 0.2 kg feeding mass. Which could be attributed 

to the aperture of the screen observed during the evaluation. 

The effect of speed and quantity loaded is insignificant on the 

percentage retained in the machine at p>0.05, as shown in 

Table 7. The effect of the speed variation on the percentage 

retained, as shown in Figure 5, shows that as speed increases, 

the percentage retained decreases at the feeding of 0.300 kg, 

and the highest value of percentage retained in the machine 

was observed at the speed of 500 rpm for 0.200 kg feeding.  

 

The percentage retained increases initially as efficiency 

increases to an optimum level before decreasing, and this 

forms a bell shape, as shown in Figure 5 for Green Amaranth 

(Efo Tete), with the highest value recorded at 37 kg at 500 

rpm and 0.2 kg feeding mass. Which could be attributed to 

the aperture of the screen observed during the evaluation. The 

Analysis of Variance (Table 8) shows that the effect of the 

speed is not significant on the percentage retained and that the 

quantity loaded significantly affects the percentage retained at 

p<0.05. The effect of speed and feeding on the percentage 

retained in the machine is shown in Figure 5. The percentage 

retained increases initially as efficiency increases to an 

optimum level before decreasing, forming a bell shape as 

shown in Figure 5 for African Amaranth (Efo Soko), with the 

highest value recorded at 49.6 kg at 500 rpm and 0.25 kg 

feeding mass.  

 

Which could be attributed to the aperture of the screen 

observed during the evaluation. The Analysis of Variation 

(Table 9) for the effect of speed and feeding percentage 

retained was determined. It was found that the effect of speed 

has a significant difference on the percentage retained, while 

the effect of quantity loaded has no significant difference at 

p<0.05.  

 

 

 

40

50

60

70

80

90

100

200 400 600 800

S
li

ci
n

g
 E

ff
ic

ie
n

cy
(%

) 

Speed(rpm) 

African Amaranth (Efo Soko)  

0.200kg 0.250kg 0.300kg

0

5

10

15

20

25

30

35

40

45

200 400 600 800

R
et

ai
n

ed
(%

) 

Speed(rpm) 

Fluted Pumpkin (Ugu) 

0.200kg 0.250kg 0.300kg



World Academics Journal of Engineering Sciences                                                                                  Vol.10, Issue.1, Mar 2023   

© 2023, WAJES All Rights Reserved                                                                                                                                             33 

 

 
Figure 5: Effect of Speed on Percentage Retained of Fluted Pumpkin (Ugu), 

Green Amaranth (Efo Tete) Retained, African Amaranth (Efo Soko) a leafy 

vegetable slicing machine 

Table 7: ANOVA Table for Percentage of Fluted Pumpkin (Ugu) Retained 

Source of 

Variation SS df MS F P-value F crit 

Speed 58.38889 2 

29.194

44 0.401577𝑛𝑠 

0.69353

3 ns 

6.9442

72 

Mass 158.5356 2 

79.267

78 1.090349𝑛𝑠 

0.41883

7 ns 

6.9442

72 

Error 290.7978 4 
72.699
44 

   

       
Total 507.7222 8         

ns = no significant difference; * = significant difference 

 

Table 8: ANOVA Table for Percentage of Green Amaranth (Efo Tete) 
Retained 

Source of 

Variation SS df MS F P-value F crit 

Speed 65.28667 2 
32.643
33 2.654649𝑛𝑠 

0.18462
3 ns 

6.9442
72 

Mass 192.4067 2 

96.203

33 

7.823529

* 

0.04145 

ns 

6.9442

72 

Error 49.18667 4 

12.296

67 

   

       
Total 306.88 8         

ns = no significant difference; * = significant difference 

5.4 Effect of loading on capacity of machine fluted 

pumpkin (Ugu), green amaranth (Efo Tete), and African 

amaranth (Efo Soko) 

The effect of speed and vegetable variety on the slicing 

capacity of the machine is presented in Figure 6a. The slicing 

capacity increased with an increase in speed, and the Analysis 

of Variance (Table 9) showed that the effect of speed and 

vegetable variety was not significant (p<0.05). The highest 

slicer capacity was 19.3 kg/h observed at 700 rpm speed for 

green amaranth, which indicates that for slicing activity to be 

the more productive speed of 700 rpm should be carried out 

for green amaranth. The effect of the speed and vegetable 

variety on the slicing capacity of the machine is presented in 

Figure 6b, and the ANOVA is shown in Table 10.  

 

The result from Figure 6b shows that the capacity increased 

with an increase in speed with a significant difference 

(p<0.05). The highest capacity was recorded for African 

amaranth, 18.2 kg/h at a speed of 700 rpm. At this feeding of 

0.25kg, the machine increased its capacity from 12 kg/h to 18 

kg/h. It was observed that as speed increases, the capacity of 

the machine increases, as shown in Figure 6c, and the 

ANOVA result (Table 11) showed that the effect of variation 

of speed and vegetable variety was significant (p<0.05).  

At 0.3 kg feed mass, it was observed that fluted pumpkin 

gives the lowest machine of 12.1 kg/h capacity, while the 

highest capacity of 19.2 kg/h was observed for African 

spinach.
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Figure 6: Effect of Vegetable Variety on Slicing Capacity at 0.2 kg, 0.25 kg, 

0.3 kg a leafy vegetable slicing machine. 

 
Table 9: ANOVA Table for effect of Vegetable variety on slicing capacity 

at 0.200 kg loading 

Source of 

Variation SS 

d

f MS F P-value F crit 

Speed 

94.486

67 2 

47.243

33 

6.7716

2 

0.05198

8 ns 

6.9442

72 

Vegetable 
variety 

64.026
67 2 

32.013
33 

4.5886
29 

0.09214
5 ns 

6.9442
72 

Error 

27.906

67 4 

6.9766

67 

   

       
Total 186.42 8         

ns = no significant difference; * = significant difference 
 

Table 10: ANOVA Table for effect of Vegetable variety on slicing capacity 

at 0.250 kg loading 

Source of Variation SS 

d

f MS F 

P-

value F crit 

Speed 

164.4

689 2 

82.23

444 

39.89

811 

0.002

27* 

6.944

272 

Vegetable Variety 

57.97

556 2 

28.98

778 

14.06

415 

0.015

5* 

6.944

272 

Error 
8.244
444 4 

2.061
111 

   

       

Total 

230.6

889 8         

ns = no significant difference; * = significant difference 
 

Table 11: ANOVA Table for effect of Vegetable variety on slicing capacity 
at 0.300 kg loading 

Source of 

Variation SS df MS F P-value F crit 

Rows 

192.068

9 2 

96.0344

4 

29.4333

4 

0.00404

8* 

6.94427

2 

Columns 

64.6488

9 2 

32.3244

4 

9.90703

2 

0.02821

3* 

6.94427

2 

Error 
13.0511
1 4 

3.26277
8 

   

       

Total 

269.768

9 8         

ns = no significant difference; * = significant difference 

 

Figures 7-9 shows the samples of sliced leafy vegetables, 

retained leafy vegetables and unsliced leafy vegetables for 

Green Amaranth, African Amaranth and Fluted pumpkin 

 

 
Figure 7: Samples of Sliced Leafy Vegetables (Green Amaranth, African 

Amaranth and Fluted pumpkin) 
 

 

 
Figure 8: Samples of Retained Leafy Vegetables (Green Amaranth, African 

Amaranth and Fluted pumpkin) 

 

 

 
Figure 9: Samples of Unsliced Leafy Vegetables (Green Amaranth, African 

Amaranth and Fluted pumpkin) 
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6. Conclusion and Future Scope  
 

The slicing machine was designed, fabricated, and evaluated. 

The test results showed that an increase in speeds results in an 

increase in slicing capacity and a decrease in slicing 

efficiency. The highest slicing efficiency of 95.2% was 

attained at a speed of 500 rpm and a maximum slicing 

capacity of 19.3 kg/h at a speed of 700 rpm. The highest 

percentage retained was 49.6% at a speed of 500 rpm. The 

effect of loading has a significant effect on the machine's 

capacity, and the effects of vegetable variety on the slicing 

capacity of the machine were significant. In this study, 

timeliness was eliminated quantity of unsliced vegetables, but 

there is a need to reduce the percentage retained on the 

screen. The slicing efficiency obtained shows that the 

machine can be adapted for small-scale and medium-scale 

production and it is easy to operate 
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