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Development and performance evaluation of
a hygienic and portable small-scale cassava grater
for safe food processing
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Traditional cassava grating methods are labour intensive, unhygienic, and susceptible to contamination, further
exacerbating food safety risks. These limitations highlight the urgent need for improved, small-scale processing
solutions. This paper presents the development and performance evaluation of a hygienic, portable, and efficient
small-scale cassava grating machine. Key considerations to develop a practical household grater with key design
features including safe operation, portability, and corrosion resistance to accommodate cassava's acidic nature.
Materials including mild steel, stainless steel, cast iron and alloy rubber were used. The machine is powered by
a single-phase, one-horsepower electric motor operating at 1440 rpm, and features a stainless-steel grating
drum with crevice-free contact surfaces to prevent bacterial buildup. Performance tests conducted with
multiple cassava batches showed a grating throughput of 173.43 kg h™, efficiency of 96.4% and material loss
of 3.6%. Compared to commercial graters, the developed machine offers competitive throughput while
maintaining affordability and improved hygiene. With a total fabrication cost of #262250 ($150.90), the
machine is accessible for rural and domestic users. Future improvements may include solar-powered
operation to reduce fuel dependency and enhance usability in off-grid areas, alongside structural refinements
to improve weight distribution and minimize vibration. This innovation offers a scalable, practical solution for
improving cassava processing, promoting food safety, and empowering smallholder communities.

Cassava is a vital staple for millions in sub-Saharan Africa, yet its traditional processing methods are often unsafe, inefficient, and environmentally taxing. This

work presents a hygienic, affordable, and portable small-scale cassava grater that enhances food safety and reduces post-harvest losses. By using corrosion-
resistant materials and energy-efficient design, it empowers smallholder farmers—especially women—and supports safer domestic food processing. The

innovation directly advances UN Sustainable Development Goals 2 (Zero Hunger), 3 (Good Health and Well-being), 9 (Industry, Innovation and Infrastructure),
and 12 (Responsible Consumption and Production). Future plans for solar integration further reinforce its sustainability. This practical tool transforms cassava

processing at the grassroots, contributing to resilient, inclusive, and sustainable food systems.

1 Introduction

soils, withstand drought conditions® and remain in the ground
for extended periods without spoiling® has positioned it as the
most important food crop in place of maize which has become

Cassava (Manihot esculenta) native to tropical America is
a perennial woody shrub cultivated for its starchy, edible roots.
Well adapted to tropical and subtropical climates, cassava plays
a vital role in Africa's food security, supporting the livelihoods
of more than 300 million people.* Its ability to thrive in poor
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increasingly unreliable due to its sensitivity to irregular rain-
fall.>* In addition to its tolerance capabilities, it is cultivated
year-round unlike many staples which further enhances its
dependability as a source of food and income.”

In Nigeria, cassava is primarily cultivated on small farms, often
intercropped with various vegetables and other crops such as yams,
sweet potatoes, melons, and maize. Nigeria is the world’s largest
producer of cassava tuber, producing over 60 million tonnes®” of
the world's 324.7 million tonnes as of 2021.° Cassava roots have
increasingly become a competitive alternative to other carbohydrate
sources like maize and sorghum, primarily due to factors such as
price, nutritional value, quality, and availability. Cassava has several
advantages over other root crops, with more than 85% of its
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composition consisting of highly digestible starch. Additionally, its
starch possesses excellent agglutinating properties, making it
particularly suitable for shrimp and fish feed by serving as a cost-
effective replacement for expensive artificial binders.®

Over the past five decades, the cassava market has grown
significantly, especially within the animal feed industry. As
a carbohydrate-rich crop, cassava supports a broad range of
applications across the ‘4Fs; Food, Feed, Fuel, Fiber and Indus-
trial applications’. Its roots and leaves are nutrient-dense, with
the roots being high in starch and sugars, making them valuable
for human consumption." Processed cassava byproducts,
foliage, and stems are used as high-energy animal feed, especially
for ruminants.”"* Additionally, cassava is a key feedstock for
bioethanol due to its high ethanol yield*>** and is widely utilized
in industries for producing alcohol, textiles, medicines, adhe-
sives, and biodegradable materials.">** However it remains one
of the most perishable root crops, experiencing rapid post-
harvest deterioration once separated from the parent plant.*
Its bulkiness, perishability, low protein content, and the presence
of cyanide in all root tissues are key disadvantages.”**** These
challenges can be mitigated through simple processing.
Reducing the moisture content below 14% through natural
drying stabilizes the product, extends shelf life, and significantly
lowers cyanide levels.”>* As a result, the only remaining draw-
back compared to other carbohydrate feed sources is its low
protein content, which can be offset by its price competitiveness.

Proper processing can also ensure the safe incorporation of
cassava into a nutritious diet while also enhancing its market-
ability.”* For export markets requiring long-distance trans-
portation, cassava is processed into high-density pellets to
reduce transport costs.*>** However, in Nigeria, most cassava
products are consumed locally, with limited export due to
challenges in meeting international food safety standards.”
Additionally, cassava tubers spoil quickly after harvest, making
processing crucial for producing stable products that extend
shelf life and improve availability. To maintain quality, hygiene,
and suitability for both local consumption and export,
promoting small-scale cassava grater production is essential.*®

The evolution of cassava graters reflects a continuous quest
for efficiency, transitioning from manual to mechanized systems.
Traditionally, cassava was grated by pounding it in a mortar with
a pestle, a method that was both labour-intensive and physically
demanding.* Later, artisans developed a manual grater using
a perforated metal sheet mounted on wood, which, while slightly
more efficient, often caused hand injuries. This rudimentary
method required significant time and effort, with grating one
tonne of peeled cassava taking up to 15 man-days.*

Over time, various types of graters have been developed to
address these challenges. Despite these advancements, each
grating technology has its drawbacks. A manual grater, though
an improvement over traditional pounding, caused injuries and
fatigue.** Hand grating is invariably considered the most tedious
and painful operation of the whole process. Women who grate
the cassava manually, when asked about the problems of cassava
processing will simply show the palms of their hands.*

Significant progress has been made in advancing and adopt-
ing mechanized cassava processing, yet challenges to technology
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adoption remain. Mechanized graters, such as modified hammer
mills and abrasive disc graters, have improved efficiency but
present maintenance challenges. Their grating surfaces, typically
made from galvanized metal sheets with nail-punched holes,
wear out within six months of regular use, reducing performance.
Cleaning is also difficult, as debris becomes lodged in the
perforations.® Vertical drum graters, which press cassava against
a rotating perforated drum, further enhanced processing but
require careful maintenance to prevent clogging and inefficien-
cies. Addressing these challenges is essential for optimizing
cassava processing technology.*

The introduction of a medium-scale motorized cassava grater
marked a significant breakthrough, reducing labor requirements
and increasing productivity. This advancement led to the devel-
opment of various locally manufactured processing machines,
including drum graters, horizontal disc graters, cassava chippers,
screw presses, hydraulic presses, dough disintegrators, sieving
machines, grading machines, plate mills, hammer mills, and
mechanical dryers.”** In recent years, the adoption of mecha-
nized cassava processing has accelerated,*® supported by non-
governmental organizations assisting local communities in
accessing and implementing these technologies.

A variety of cassava processing machines have been devel-
oped over the past decade to improve efficiency, reduce labor,
and enhance productivity. These include peeling machines with
dual washing functions. Adegoke et al. (2020) developed a cas-
sava peeling machine made from locally available engineering
materials with a capacity of 8 tonnes/day. The machine
performs dual functions—peeling and recycling fruit water for
washing and mild pretreatment.*® Nwaigwe et al. (2012) devel-
oped a modified milling machine which combines both an
impact and shearing milling action with a pneumatic conveying
and clarifying action.”” Some studies designed double-barrel
graters using advanced CAD tools or incorporating automa-
tion. Okoli et al. (2021) developed a double barrel cassava
grating machine using Autodesk Inventor Professional.*!
Abama et al. (2024) developed an automated cassava grater that
would help the local cassava farmers with their issues,*® while
Muhammed et al. (2017) investigated the performance and
economic returns of a developed automated cassava grating
machine.*

Further innovations have emphasized safety, portability, and
cost-effectiveness in home-scale or pedal-operated models. Bello
et al. (2020) designed and fabricated a home-scale cassava grating
machine with emphasis on efficiency, safety, and portability.*
Obolo and Fawohunre (2023) improved on existing designs by
incorporating a wedging mechanism into their cassava grater.*!
Yusuf et al. (2019) developed a simple pedal operated cassava
grater for rural dwellers.*” Similarly, Emenike and Somtochukwu
(2021) designed a low-cost, durable grating machine capable of
handling pre-chipped cassava tubers of different sizes.*

Other studies focused on optimizing performance of electric
motor-operated graters using throughput and efficiency factors.
Garcines (2016) assessed the performance of an electric motor-
operated cassava grater, examining variables such as grating
capacity, feeding capacity, efficiency, and recovery at varying
machine speeds.** Esteves et al. (2019) developed and tested

© 2025 The Author(s). Published by the Royal Society of Chemistry
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a motor-operated cassava grater,”” while Umani et al. (2020)
designed a double-action cassava grating machine with an
automated contact plate and evaluated its performance.*®

Small-scale cassava grating systems should follow recognized
hygienic design principles to minimize contamination risk. The
ISO 14159 standard hygiene requirements for the design of
machinery requires that equipment be constructed so product
contact surfaces are cleanable and free of crevices, dead
spaces,** and corrosion-resistant materials.*>*> The Handbook
for Good Manufacturing and Hygienic Practices in Cassava Pro-
cessing further emphasizes that processors use food-grade stain-
less steel, design machines for easy disassembly,**** and provide
for proper drainage and washdown to reduce microbial buildup.”’
Protective covers and enclosed designs are recommended to
reduce exposure of grated mash to external contaminants such as
dust, insects, or human contact during operation.***

Despite advances in cassava processing technology, a persis-
tent limitation is the lack of emphasis on hygienic design and
material durability. Many reported machines rely on mild steel or
other materials prone to corrosion from cassava's acidic fluid,
leading to reduced service life and potential contamination that
compromises food safety.**** Although some studies mention
corrosion, few explicitly address crevice-free stainless-steel
contact surfaces or design for hygienic handling as a primary
objective. In cassava grating machines, only specific compo-
nents—such as the hopper, grating drum, perforated mesh,
discharge chute, and in some designs the chamber cover—come
into direct contact with cassava tubers and grated mash.

The identified gap in existing systems highlights the need for
affordable, portable cassava graters that combine competitive
throughput with hygienic, corrosion-resistant construction. The
present work addresses this need by designing, fabricating, and
testing a small-scale cassava grater with durable stainless-steel
components. Therefore, the choice of stainless steel or other
food-grade, corrosion-resistant materials for these parts is
essential to ensure hygiene, prevent contamination, and extend
service life. This improvement promotes food safety, extends
machine longevity, and enhances its suitability for both domestic
consumption and potential export compliance. Although cassava

Table 1 Materials used in the construction of the cassava grater
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products are primarily consumed locally, adherence to interna-
tional hygiene standards can significantly improve their
competitiveness and acceptance in global markets.

2 Materials and methods
2.1 Design concept and considerations

The design concept of the cassava grating machine is based on
developing a small-scale, portable, and hygienic system suitable
for household and smallholder use. The machine is structured
to ensure efficient grating while minimizing labor and main-
taining safe operation. In designing the system, careful atten-
tion was paid to material selection, particularly for surfaces in
contact with cassava, given the tuber's high cyanogenic glyco-
side content and acidic nature; stainless steel was used for the
grating drum and perforated mesh to resist corrosion and
facilitate easy cleaning. The feasibility of electric-powered
operation was explored to provide consistent and convenient
performance, while all product-contact surfaces were designed
to be crevice-free to prevent bacterial contamination. Addi-
tionally, considerations such as cost, availability, and ease of
fabrication play a crucial role in material selection. These
considerations collectively guided the development of a prac-
tical, durable, and safe grating machine capable of meeting
domestic hygiene standards and promoting food safety.

2.2 Materials selection

The design and construction of the cassava grater required
careful selection of materials to ensure durability, efficiency, and
food safety. Given the acidic nature of cassava and its high
moisture content, materials in direct contact with the tubers and
grated mash—such as the grating drum, perforated mesh, and
discharge chute—were chosen to resist corrosion, facilitate easy
cleaning, and ensure hygienic operation. Table 1 summarizes the
materials selected and used for each component of the cassava
grater, including considerations for mechanical strength, dura-
bility, and cost-effectiveness. This selection ensures that the
machine is robust, practical, and suitable for small-scale use.

S./N. Part Materials used

Selection criteria

Contact parts

1 Hopper Mild steel
2 Drum Stainless steel
3 Perforated mesh Stainless steel
4 Discharging unit Mild steel
5 Cover Mild steel
Non-contact parts

Shaft Mild steel
7 Pulley Cast iron
8 Electric motor Cast iron with windings
9 Bolts Mild steel
10 Bearings Cast iron
11 Frame Mild steel
12 Handle Mild steel
13 Belt Alloy rubber

© 2025 The Author(s). Published by the Royal Society of Chemistry

Durable and capable of withstanding mechanical stress™
Corrosion-resistant, easy to clean, durable, and food-safe®*
Food-grade, rust-proof, and easy to sanitize>'

Non-toxic, and a smooth surface to avoid cassava residue buildup®
Provides protection and structural integrity at a lower cost>®

Strong and affordable; easy to machine and fabricate>

High strength and wear resistance; suitable for transferring motion>*
Durable housing with electromagnetic windings for power transmission®
Cost-effective and strong enough to securely fasten components®
Durable and resistant to wear; ensures smooth rotation®>

Strong and stable for holding the entire setup™
Strong and durable for manual control or adjustmen
Flexible, high friction, and resistant to wear for power transmission>*

t50
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Many locally published grating designs use mild steel for the
frame and often adopt either galvanized or mixed-material
drums (a mild-steel core sometimes wrapped with a thin
stainless-steel sheet) to lower fabrication cost. While such
choices reduce the initial expense, they remain susceptible to
corrosion from cassava's acidic fluids and may compromise
hygiene and service life. In contrast, this study uses stainless-
steel for the product-contact surfaces - grating drum and perfo-
rated mesh, while retaining mild steel for non-contact structural
parts (angle iron, frame, and hopper support) and cast iron for
pulley/bearing elements (see Fig. 6 of the Appendix). This selec-
tive use of stainless-steel supports corrosion resistance and
cleanability where it matters most (product-contact surfaces),
while keeping the overall fabrication cost affordable. The chosen
transmission elements (cast-iron pulley and alloy-rubber belt)
follow common practice in prior Nigerian designs and ensure
reliable power transfer at the household scale. The computed
mechanical power requirement of 747 W closely matches the
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rating of the selected 1 HP, 1440 rpm electric motor, confirming
its adequacy for the designed load and operating conditions.

2.3 Machine description

This section describes the fabricated components of the cassava
grating machine, highlighting their functional roles and other
key elements essential to the system's overall functionality. An
assembly drawing of the machine and an exploded view showing
all components of the cassava grater system are presented in
Fig. 1. In addition, the isometric and orthographic views of the
machine are presented in Fig. 7 and 8 of the Appendix.

The main frame: the main frame was constructed using 1.5”
x 1.5” angle iron, which provided the structural shape of the
machine. This material was chosen for its strength and rigidity,
ensuring stability and support for the entire assembly.

The hopper: the hopper served as the receptacle through
which cassava was fed into the machine for grating. It had
arectangular part that gradually tapered downward to guide the
cassava efficiently toward the grating unit.

part list
Hopper
Grater

Shaft
Belt
Bearing

Eletric Motor

Frame

Discharge

OO N[O O S W N =

Pulley

Fig.1 An assembly drawing of the cassava grater and an exploded view showing all components of the cassava grater system.
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The grating unit: this unit consisted of a shaft, a perforated
mesh, and circular discs. The grating drum was formed by
shaping the perforated mesh and welding it in place between
the circular discs to create a rotating cylinder.

The discharge unit: this unit was an extension of the grater's
frame, connected directly to the hopper. It directed the flow of
grated cassava from the drum to a designated storage pit.

Electric motor and pulley system: an electric motor was used
to power the machine. A reduction pulley system transmitted
power to the grating drum at a lower speed but with increased
torque. This setup enabled the drum to rotate effectively, facil-
itating the grating of cassava.

The machine components in contact with cassava were fabri-
cated from stainless steel to prevent corrosion and contamination.
The use of corrosion-resistant materials, crevice-free contact
surfaces, and a design that facilitates easy cleaning ensures
compliance with established hygienic standards for food process-
ing equipment, thereby promoting food safety and product quality.
2.4 Design analysis

This section presents the design analyses carried out for each
key part and other key elements essential to the system's overall
functionality.

2.4.1 Hopper design. The weight of the hopper was calcu-
lated as follows:

Volume of the hopper = V1 + V> — V3 (1)
V; = rectangular part of the hopper, V, = trapezoidal part of the
hopper, and V; = inner triangular part of the hopper*
Vi=Ixbxh
= 0.45003 x 0.44163 x 0.43752
=0.0871 m?

1
V2: zX(b]+b2)Xth

=0.5(0.09 + 0.1735) x 0.12771 x 0.44163
=0.0074 m®

1
V3:§xb><hxl

=0.5x0.36003 x 0.26402 x 0.44163
=0.0210 m*

V=V+V,-V;
= 0.0871 + 0.0074 — 0.0210
=0.0735m?

Weight of the Hopper=p x V' x g
= 7860 x 0.0735 x 9.81
= 5667.34 N (2)

© 2025 The Author(s). Published by the Royal Society of Chemistry
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2.4.2 Grating drum design. The weight of the cylinder or the
force acting on the cylinder drum,*®

Weg=pxV.xg (3)
where p = density of the material for stainless steel, 7930
kg m?, and mild steel, 7860 kg m > (ref. 57)
Volume of cylinder drum = 2L
=3.142 x 0.052 x 0.44
=35x107° m? (4)

g = acceleration due to gravity and Wy = 7930 x 0.0035 X 9.81
=272.28 N
Point loading of shaft due to drum, Wy = 272.28 N

Distributed loading due to drum = (;4/—4‘;
27228 (5)
044
=618.82 Nm™

2.4.3 Transmission system design. The transmission
system consists of a pulley system reducing the motor speed
by a ratio of 2:1, Note: D. = diameter of the driver pulley =
50 mm = 0.05 m and D4 = diameter of the driven pulley =
100 mm = 0.1 m (ref. 34)

. D,
Speed ratio = D, (6)

The ratio between the velocity of the electric motor pulley
(driver pulley) and the drum pulley (driven pulley) is calculated
mathematically, as shown below:

Let N, = speed of the driver in r.p.m = 1440 rpm and Ngq =
speed of the driven in r.p.m = 1440 rpm

The length of the belt that passes over the driver, in one minute

= 1wD.N,
=1 x 0.05 x 1440 (7)
=226.2m min"'

Similarly, the length of the belt that passes over the follower,
in one minute

= TCDde

=7 x 0.1 x 1440 (8)
= 452.4 m min ™!

Since the length of the belt that passes over the driver in one
minute is half the length of the belt that passes over the follower
in one minute, therefore®

1
DcN, = 5DaNs 9)

2.4.4 Belt design. The belt design calculations determined
the centre distance, belt length, and angle of contact to ensure

Sustainable Food Technol.
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efficient power transmission between the motor pulley and the
grating drum. The belt design for the transmission system is
illustrated in Fig. 2.

2.4.4.1 Determination of centre distance (C). According to the
Rubber Manufacturing Association (RMA) design guidance for
V-belt drives, the required center distance should be deter-
mined based on factors such as pulley diameters, belt length,
and required belt lap angle. For speed rations less than three,*

Do+ Dy

C= == 4D. (10)

For speed ratios of 3 or more, C = D, Therefore,
_0.0540.1
B 2

2.4.4.2 Length of the belt. In order to compute the length of

the belt required, we use the formula below?**

(Dd - Dm)2

+0.05, C = 0.125 m.

_ ’TC(Dd + Dm)

L= (11)

A
A 4
A

100 mm
Fig. 2 Belt design.

50 mm
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where C = distance between the centre of the two pulleys, L =

0.05 + 0.1
length of belt required, L= % +2(0.125)+
(0.1 — 0.05)"
=0 L =0.489 m.
4(0.125)

2.4.4.3 Angle of contact on driver belt sheave. The angle of
contact on driver belt sheave is the lap angle of the belt over the
electric motor's pulley and can be calculated using the equation®®

0= (180" — 2a)or(%)in rad

S | Dd_De
« = sin BTl
. (0.1 -0.05\ 0
= sin (72(0.125) =11.54
6= (180 —2(11.54))
6 =156.9°

(12)

where

2.4.5 Shaft design. A shaft is a rotating mechanical
component designed to transmit power from one location to
another. This transmission occurs through tangential forces
and the resulting torque (twisting moment) generated within
the shaft, enabling it to deliver power to connected machines or
components. Elements such as pulleys, bearings, and drums
are mounted on the shaft to facilitate this power transfer.
However, the forces exerted by these components also subject
the shaft to bending. As a result, the shaft experiences both
torsional and bending stresses due to its dual function of
transmitting torque and supporting mounted elements.

2.4.5.1 Determination of the bending moment at each point of
loading. Determining the bending moment involves evaluating
it in two perpendicular planes: vertical and horizontal. Fig. 3
presents the shaft and grating dimensions and the bending

783.2mm |

100mm

BRI AR AR
(LI (eI () (=) (=) (=) (o) (e) (=)
Seiiloloiloleeicioiols
(o)) EI I D)
NP SN N N S S S N S N e S N S e S e R

e e e e e e e e uef Ned e e e e

I

440mm

45.63mm

PRC R R S TR AN M
nZ_',:t l‘z '-"\-W-. ¢ J L .Z’ s}{ 3

Bearing Grating Drum

Fig. 3 The bending moment at each point of loading.
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moment distribution along the shaft between the bearings,
grating drum, and pulley.

2.4.5.2 Force exerted on shafts (vertical force). The machine
pulley, belt, motor pulley, and electric motor are parts of the
transmission system, which exerts tangential, axial or radial
force on the shaft.>

Weight of pulley, W, = M, x g (13)
where M, = mass of the pulley in kg = 1.05 kg, g = acceleration
due to gravity = 9.81 m s~ ', and W, = 9.81 x 1.05 = 10.30 N

2.4.6 Bearing reactions

2.4.6.1 Due to vertical loading. To determine the reaction at
each bearing, moments about the two expected bearing points
are evaluated independently as shown in Fig. 4.

Taking moment about point A,

Rev (450) — 272.28 (225) — 10.30 (588) = 0 Rcy = 149.6 N

Vertical equilibrium
Ry + Rey = Wy + W,
Ry = 272.28 + 10.30 — 149.6

Rpy = 13298 N

2.4.6.2 Due to horizontal loading. The power of the motor
used is 1hp = 746 W and the motor speed is N = 1440 rpm.**
Therefore, the torque at the shaft:

P x 60
T =
2tN
746 x 60
21 x 1440
=495Nm (14)
Horizontal weight on the pulley,
W Torque
P Radius of the pulley R,
_ 455 3)
P70.05
W, = 99N
W Wp
v
A A K B—
€1002p— p 25 5 254——P138 —4=95—

RBV RCV

Fig. 4 Reaction at the bearing due to vertical loading.

© 2025 The Author(s). Published by the Royal Society of Chemistry

View Article Online

Sustainable Food Technology

Using the horizontal force Wy, the horizontal reactions at the
bearings were determined by taking moments about the two
bearing points independently, as shown in Fig. 5.

RBH + RCH = W,
Taking moment about point A,
Rcu (450) = W, (588)
Rcn (450) = 99 (588)
Rcy = 129.36N
Rgn =99 —129.36 = —30.36 N

Equivalent twist moment = 149.6 + 132.98 + 129.36 — 30.36
=381.58 N

The diameter of the shaft can be determined by**
Equivalent twist moment,

1
Te= —Xx 1 X Dg

16 (16)

where T = permissible shear stress of the shaft material which is
30 MPa, Dy = diameter of the shaft,

T
381.58 = - x 30 x 10° x D¢, Dg = 0.04267 m, and Dy = 42.67

mm

Since the calculated diameter of the shaft is 42.67 mm,
50 mm diameter was considered.

2.4.7 Motor selection. The motor power requirement was
estimated from the shaft torque and angular speed. With
a calculated torque of 4.95 Nm and w = 150.8 rad s, the
mechanical power at the shaft is Pyecn = T = 747 W. Accounting
for transmission and motor efficiencies (assumed to be 90% and
85%, respectively) gives an electrical input requirement of 977 W.
Applying a service factor of 1.25 to allow for start-up and transient
loads yields a recommended motor rating of 1.22 kWj; therefore
a 1440 W motor is recommended for reliable operation.

2.5 Performance evaluation and experimental design

Performance evaluation of the fabricated cassava grater was carried
out to determine its output capacity, grating efficiency, and overall
suitability for small-scale cassava processing. A batch experimental

W

I 1 P —

RBH RCH

Fig. 5 Reaction at the bearing due to horizontal loading.
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design was adopted because it allows for controlled measurement
of input mass and grating time, ensuring accurate determination of
throughput and efficiency. This approach is particularly suitable for
small-scale operations, where continuous feeding is less practical,
and it reflects real-world household and smallholder practices in
which cassava is processed in discrete portions.

Freshly peeled and washed cassava tubers were divided into
batches, and both the individual and total weights of each batch
were measured prior to grating. The time required to grate each
batch was recorded using a stopwatch, and the grated mash was
collected and weighed. The slight variation in grating times across
batches (batch intervals: 61-109 seconds) was attributed to differ-
ences in tuber size, shape, and moisture content. Larger or denser
tubers required slightly longer grating times, while smaller ones
were processed more quickly. These measurements were used to
calculate the machine's throughput (kg h™"), efficiency, and
percentage material loss, following standard evaluation procedures.

The throughput or rate of cassava grating is defined as the
amount of cassava (in kg per tonnes) processed by the grater per
time taken, mathematically expressed in eqn (17) as:

Wi

T="!

, (17)

where W; represents the weight of cassava fed into the cassava
grater in kg and ¢ represents the time taken in hours. The effi-
ciency of the cassava grater is defined as the ratio of the mass of
cassava mash collected after grating to the total mass of cassava
fed into the machine, expressed as a percentage:

7W()
n= I/V><100

i

(18)

where n represents machine efficiency (%), and W, represents
the weight of grated cassava mash collected (kg). Mechanical or
material loss represents the proportion of cassava mass that was
not recovered after grating, due to adherence to the drum,
spillage, or other operational inefficiencies. It is given as:

W: — Wy
L=+
%)
where L refers to mechanical or material loss (%), W; refers to

the weight of cassava fed into the grater (kg) and W, refers to the
weight of grated cassava mash collected (kg).

(19)

3 Results and discussion
3.1 Principle of operation

The developed cassava grating machine operates on the prin-
ciple of abrasion, where peeled and washed cassava tubers fed

Table 2 Performance evaluation of the cassava grating machine
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through the hopper are shredded by a rapidly rotating stainless-
steel grating drum powered by a single-phase electric motor via
a pulley transmission system. As the drum spins at approxi-
mately 1440 rpm, the cassava is grated into fine particles and
discharged by gravity through the outlet. The system is enclosed
in a stainless-steel housing to ensure hygiene, reduce contam-
ination, and facilitate cleaning. The use of corrosion-resistant
materials, crevice-free contact surfaces, and a design that
facilitates easy cleaning ensures compliance with established
hygienic standards for food processing equipment, thereby
promoting food safety and product quality. Designed for
portability, ease of use, and domestic-scale processing, the
machine eliminates the need for manual pressing common in
traditional graters, thereby improving safety and operational
efficiency. Proper shaft and drum alignment were ensured
during assembly to minimize vibration, prevent bearing failure,
and extend service life.

3.2 Performance evaluation

Performance evaluation revealed that the fabricated cassava
grater achieved a consistent average throughput across multiple
batches of cassava tubers. The use of a stainless-steel drum with
crevice-free contact surfaces ensured hygienic operation and
minimized contamination risks, overcoming a major drawback
of conventional mild-steel designs. The machine exhibited
smooth feeding and discharge, with negligible vibration due to
proper shaft alignment and a stable frame structure. Material
losses were minimal, and operational efficiency remained
stable throughout the tests, confirming the machine's reliability
and suitability for small-scale cassava processing. The results
from these measurements are summarized in Table 2 to assess
the performance of the developed machine.

Table 2 presents the performance data obtained from five
consecutive loadings of cassava during the evaluation of the
fabricated grater. The grated cassava mash obtained after each
loading was found to be only slightly lower than the corre-
sponding input weights, primarily due to minor losses from
mash adhering to the drum and housing surfaces. The total
cassava input was 19.8 kg, and the total grated mash collected
was 19.1 kg, resulting in a cumulative mechanical loss of 0.7 kg.
This corresponds to an overall loss of about 3.6%, which is
negligible and confirms the machine's high efficiency in mini-
mizing material wastage. Using these measurements, key
performance indicators, including throughput (rate of cassava
grating) and machine efficiency, were estimated to be 173.43 kg
h~" and 96.4%, as calculated using eqn (17) and (18), indicating
a strong performance within the small-scale operational range.

Number of loading Mass of cassava (kg)

Time taken to grate loading (secs)

Mass of cassava mash (kg) Mechanical losses (kg)

1 4.0 82

2 3.4 68

3 3.0 61

4 4.3 91

5 5.1 109
Total 19.8 411 s

Sustainable Food Technol.

3.84 0.16
3.25 0.15
2.87 0.13
4.16 0.14
4.98 0.12
19.1 0.7

© 2025 The Author(s). Published by the Royal Society of Chemistry
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Table 3 Comparison of the fabricated small — scale cassava grater and other existing home — scale, small — scale and commercial graters

References Throughput Efficiency
Home - scale Umani et al., 2020 (ref. 46) 26.64 kg h™* 74.25%
Aideloje et al., 2021 (ref. 58) 55.79 kg h™!
Obolo and Fawohunre, 2023 (ref. 41) 59.50-61.33 kg h™* 88-91%
Olutayo et al., 2022 (ref. 59) 95.9kgh™! 83.9%
Yusuf et al., 2019 (ref. 42) 103.7 kg h™* 90.91%
Small - scale Adetunji and Quadri, 2011 (ref. 56) 158 kgh™*
Our fabricated cassava grater 173.43 kg h™* 96.4%
Olutayo et al., 2025 (ref. 60) 235.5kgh™! 96.8%
Commercial Mose et al., 2025 (ref. 26) 398.33 kgh™* 93.54%
Ertebo 2024 (ref. 61) 471.4 kg h™* 97.3%
Table 4 Bill of engineering measurement and evaluation (BEME) of the cassava grater
S./N. Material Specification Quantity Cost (#)
1 Angle iron 1.5 thickness, 2 by 2 21 11250
2 Mild steel sheet 1.5 thickness 1 21 000
3 Stainless steel sheet 1.5 thickness i 17750
4 Stainless steel (cylinder) 2.0 thickness @100 by 440 mm 1 20 000
5 Pulley Cast iron 1 16 000
6 Pillow bearing Cast iron 2 75000
7 Bolts and nuts 19 screw spanner 12 3000
8 Shaft ©50 mm by 800 mm long 1 28000
9 Electrode 12 gauge 1 packet 11 000
10 Grinding disc 7" 1 2500
11 Cutting disc 9” 2 4500
12 Paint Green colour 1 4000
13 Electric motor 1HP, 1440 rpm 1 95000
Total §241 500 ($ 150.90)

The performance of the fabricated small-scale cassava grater
in comparison with existing commercial graters is presented in
Table 3. In cassava processing, grating machines are generally
categorized based on their throughput and intended users.
Home-use graters are typically characterized by lower capacity,
often powered manually or by small electric motors, and have
throughputs of 10-60 kg h™", suitable for household or cottage-
scale production.***®* In contrast, small-scale farming or
community-level graters are motor-driven and designed to
handle larger loads efficiently, typically achieving 100-250 kg
h™" throughput.***® Commercial cassava graters are larger in
size and designed to handle significantly higher loads, typically
achieving throughputs exceeding 300 kg h™".2%6* The fabricated
cassava grater in this study achieved a throughput of 173.43 kg
h™*, placing it within the upper range of small-scale systems.
This confirms its suitability for smallholder farmers, coopera-
tive groups, and rural processing enterprises, rather than for
only individual home use.

3.3 Cost analysis of the cassava grater

The cost analysis of the cassava grater is presented through
a detailed Bill of Engineering Measurement and Evaluation
(BEME), outlining the specifications, quantities, unit prices,
and dimensions of all materials used in its design and

© 2025 The Author(s). Published by the Royal Society of Chemistry

fabrication. The total construction cost was calculated accord-
ingly, and the results are summarized in Table 4.

The developed cassava grater cost #241 500, which is equiv-
alent to $150.90 at the current exchange rate of $1 to ¥1603.04.
This demonstrates its cost competitiveness, as it is affordable
for small-scale processors and households, making it accessible
for local entrepreneurs while providing a reliable and efficient
means of cassava processing.

4 Conclusion

The cassava grating machine was successfully designed, fabri-
cated, and tested, demonstrating both effectiveness and high
efficiency in continuous operation. The system is well-suited for
small-scale or domestic use, offering an affordable and reliable
option due to its low production cost and durable construction.
The use of corrosion-resistant materials, crevice-free contact
surfaces, and a design that facilitates easy cleaning ensures
compliance with established hygienic standards for food pro-
cessing equipment, thereby promoting food safety and product
quality.

It is recommended that the machine be produced on a larger
scale to serve small-scale commercial processors and rural
enterprises. Future development efforts should focus on opti-
mizing the grating unit for improved efficiency and throughput,
enhancing operational speed, and integrating renewable energy

Sustainable Food Technol.
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options—particularly solar power—to reduce fuel dependency
and extend accessibility in off-grid areas. Further research can
look into weight reduction and vibration control measures to
improve machine stability, portability, and user comfort.
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Appendix

Fig. 7 Isometric view of the fabricated cassava grating machine.

(a) Frame

(c) Bearing (d) Shaft (e) Pulley

Fig. 6 (a—e) Fabricated parts of the Cassava Grating Machine.

Sustainable Food Technol. © 2025 The Author(s). Published by the Royal Society of Chemistry
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Fig. 8 Orthographic view of the cassava grater.
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