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Abstract: Most families prefer size reduction of vegetables traditionally, using hand knives on chopping boards
in soup making. Advancing from this old method, an affordable low cost slicer was conceived and developed.
The unit, a 1.1 kW motorized vegetable slicer with input and output speed of 920 and 62 rpm, respectively was
used to slice five different vegetables effectively. Sliced vegetable sizes ranges and estimated operating
capacities of 4.6 to 0.7, 135 to 1.4, 17.1 to 0.6, 147 to 0.5 and 0.6 to 0.2 cm and 1.8, 0.773, 0.3545,
0.2739 and 0.2526 kg/min were observed for water leaf, ugwu, cucumber, cabbage and garlic, respectively. High
hygienic vegetables slices were obtained with no potent threat of cut to the fingers and hands as do occur in
the use of the old method. Such, threats could lead to transference of ailment via. contact from products to the
operator and consumer. Vividly this method 1s better, hygienic, faster and safer the tradittonal method.
Timeliness of processing is enhanced, preventing spoilage as well as improving the quality and the general
hygiene of final vegetable product ready for consumption. This machine could easily be deployed in the fast

food business to serve the community.
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INTRODUCTION

Several Africans, particularly Nigerians families enjoy
the richness of essential minerals and vitamins derived
from consumption of fresh vegetables. The advantage of
vegetable consumption to human health and diet were
emphasized in reports of Leenders et al. (2013) and Van
Duyn and Pivonka (2000). Leenders et al (2013)
mvestigated the effect of fruit and vegetable consumption
on mortality rate a study conducted on cancer and
nutrition and concluded that consumption of vegetables
reduces the risks of mortality in consumers. Plataforma
SINC Plataforma (2014) reiterated that experts have
confirmed that fruit and vegetable consumption reduces
risk of mortality. Emory (2014) opined that low fruit and
vegetable intake is a leading risk factor for death and
disability globally and this accounts for approximately
1.7 million annual deaths worldwide. The researcher went
further to establish the need for increasing vegetable
production globally. FAQ., (1981) reported that vegetable
productions increase by 3% between 1975 and 1980.
Sequel to all efforts to increase production of vegetable
and consumption globally, there 1s need to improve on the
current method of handling and further processing before

it is consumed. Most families in this region prefer size
reduction of vegetables before it 1s used m the final
preparations of desired stew or cuisines. However, in
these the traditional method which entails the use of hand
knives on chopping boards or just hand knives alone
were predominantly used.

In Nigeria, fast food mdustries are becoming
trendy and such orgamzations need a low cost,
hygienic vegetable slicer to process the perishable
vegetable mte high quality indigenous stew that 1s
acceptable to the public and the price of Foreign made
vegetable slicer might be too high to acquire by such
firms. Numerous works has been done on food processing
machines (Aldnoso ef al, 2008, Olayanju et al.,
2013; Aina et al, 2018, Olayanju et al, 2018,
Okunola et al, 2018 Osueke et al, 2018
Ezugwu et al., 2019) with little or no focus on vegetable
processing machines. This newly developed method of
processing vegetables would be grossly quite appealing
to fast food industries in Nigeria, since, the unit was
design to meet up with demand for productivity and
timelimess of operation required mn such firms coupled
with the mterest to increase the present level of vegetable
production. Most eateries in Nigeria are still using the
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traditional method of slicing which is cumbersome and
bedeviled with unnecessary exposure to cuts by the sharp
cutting kitchen knives on wooden boards. These are all
potential sources of contamination which could reduce
the overall quality of the end product. Tt could introduce
unwanted blood transfer which may constitute a serious
threat to the health of such mndividual In fact during the
slicing operation, the hygiene measures put mn the
processing of the food product depends on the state of
health of the producer. Any serious health issues by such
producers might be transferred through sweats, blood or
direct touch of the vegetables into sliced products which
constitute health hazards. A contagious disease could be
easily transferred causing a great disaster and this potent
threat to the health of consumers 13 elininated by the
development of vegetable slicer.

With the developed slicer, bulk vegetables could be
processed on time to much stable form for final
consumption under good hygienic condition. Untimely
processing of vegetables can lead to great loss due to
rapid deterioration at points of harvesting, transportation
and temporary storage after harvest (Idah et «l., 2007
Okonkwo et ai., 2018, Okunola ef al., 2019), Aworh and
Olorunda (1988), Buyanov and Voronyuk (1885)
enumerated that the turbidity of vegetables leaves
decreases with decrease in the moisture content due to
aging and stomata moisture loses. Sitkei (1986) reported
the dynamics of cutting or slicing a given material
concluding that the resistance of material to slicing
depends on the shape of the cutting edge and given
cutting. Other scholarly works in
slicing vegetables and roots were reported by Ukatu
(1994), Brown (1988) and Chancellor (1958).

Timeliness and hygiemc slicing of vegetables to
attain high quality stew preparation that healthy for
consurners 1s desirable, since, it eliminates human contact
and brings improvement on the traditional method of
processing vegetables. The development of a small size
motorized vegetable slicer for high quality sliced
vegetable end products was the essential desirable index
that this project focused on.

kinematics of

MATERIALS AND METHODS

Machine design, description and operation: The machine
parts were design and made of stainless steel to avoid
food contaminations. The machine’s major components
are, the barrel which 1s the housing for the slicing blade.
The slicing of vegetable takes place mside the barrel. The
barrel also prevents sliced vegetable from falling off or
spillage during the cutting process. The tray is situated
below the barrel for collecting the sliced vegetable into

Sliced vegetable outlet
Gear box

Electric
motor

Frame

Fig. 2: First angle orthographic projections of the slicing
machine

bowls. Other essential parts are as labelled in Fig. 1 while
the orthographic projections is shown in Fig. 2. Five
vegetables namely, Talinum fruticosum (Water leaf),
Telfairia (Ugwu),
(Cucumber), Brassica oleracea var. capitata (Cabbage)
and Alliwm sativum (Garlic) were selected to test the
machine. The dimensions of the vegetables were
measured using the vermer caliper (IME type) to obtain
the average length and diameter of vegetable before and
after slicing operation. The weights before and after
slicing were also recorded using the sensitive industry
electronic balance AMPUT APTPA57 series (+1g).

Other instruments used during experimentation were
a stop watch TAKSUN TS-1809, measuring tape and
digital photo tachometer MASTECH DT-2234A. For
longer length of vegetables that cannot be measured
using the vernier caliper the measuring tape was used.
The stop watch was used to monitor the duration of each
operation. The speed of the electric motor for shcing the
vegetables was measured using the tachometer. The blade
thickness for the slicer is 0.6 mm. Evaluation of the effort
required to slice a given vegetable precisely “ugwu” was
measured using a rig. Ugwu was selected due to the

occidentalis Cucumis sativis
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assumption that it has high fibre strength than the other
five vegetables in appearance. The rig was made of sharp
kmfe attached to a spring balance which measures the
slicmg force as the knife was used to slice the vegetable.
An average force value of 12 N obtained was used to
determine the total effort required by the blade for slicing
a bulk volume of vegetables which was in the range of
4.41 Nm. This torque was used to design the actual size of
electric motor capacity required by the slicer. The relation
for determining the power required was obtained using
the expression from Budynas and Nisbett.

P=Txt 1)

Where:
P

The power required to slice a given bulk volume of
vegetable related to the size of the slicing blade

—+
Il

The time obtamned from the angular revolution
measured by the tachometer

A power rating of 1.1 kW at 60 rpm was found
appropriate for the machine.

RESULTS AND DISCUSSION

Figure 3 shows the machine developed and Fig. 4 are
the processed vegetables obtained while testing the
machine to determine the slicing efficiency on the five
vegetables. The
measurements of vegetables being processed are given in
Table 1. The range in length size reduction of sliced

mitial and final dimensional

vegetables observed varied from 0.2-1.4 ¢m.

The machine performed excellently well by reducing
the vegetables to the desired acceptable length for making
mndigenous stew. The machine effectively reduced the
vegetables to short lengths within short time of operation
with operating capacity ranging from 4.21-30<107 kg/sec.
These rates were far greater than the traditional kitchen
knife slicing method which in addition is cumbersome
and prone to hand mjury that could lead to food
contaminations (Fig. 5).

In processing garlic, it was observed that more effort
was required to slice the vegetable as indicated inthe
operating capacity obtained. This also showed the
resistance of the vegetable to slicing blade due to the
tough fibre content of the vegetable, hence, the
highest operating capacity (30x10° kg/sec) was
observed for garlic as compared to what was obtained
in other four vegetables. The least operating capacity of
4.21x107 kg/sec occurs with cabbage which signifies that
the vegetable 13 softer the than other four vegetables. The

Fig. 3: Prototype vegetable slicer
@

Fig. 4. a) Cabbage before slicing and b) Cabbage after
slicing

an_’i

Fig. 5: a) Garlic before slicing and b) Garlic after slicing
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Table 1: Results of the sliced vegetables

Vegetable Tnitial Tnitial masximum Tnitial minimum Final sliced Time Rizereduction  Reduction Operating capacity
sample weight (kg) length (cm) length (cm) length {cm) length efficiency (%6) factor (kg/sec)
Water leaf 1.8 4.6 1.4 0.7 140 9.4 13 0.01286
Ugwu 13 13.5 8.2 1.4 220 98.2 56 0.00591
Cucurmber 21 17.1 7.2 0.6 460 99.7 342 0.00457
Cabbage 2.4 14.7 9.4 0.5 570 99.8 552 0.00421
Garlic 1.2 0.6 0.4 0.2 40 833 5 0.03000

Fig. 6 a) Cucumber before slicing and b) Cucumber after
slicing
@

(b)

Fig. 7: a) Ugwu before slicing and b) Ugwu after slicing

Fig. Ba): Water leaf before slicing and b) Water leaf after
slicing

various operating capacities for each vegetables depicts
the effort required to process each one to the lengths
obtained as shown in Table 1 and Fig. 4 (Fig. 6-8).

CONCLUSION

A low scale vegetable slicer developed appropriately
reduced the five selected vegetables to the desired sizes
to meet up with the hygienic quality required for mass
production of public food in fast food industries in
Nigeria. There 1s need for all stakeholders, both domestic
and industrial food producers to embrace and explore the
immense benefit of the use of this machine at all levels of
production.

RECOMMENDATIONS

Future upgrading of the machine from stainless parts
to plastic parts for low cost and advance development
could be made into industrial scale for large commercial
productions with compact parts to meet the needs of the
populace of vegetable demands in Nigeria.
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