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ABSTRACT ' ‘
A manually operated machine for slicing f&uits and vegetables (Tomatoes, ‘
*

Okro and Carrot) with claw cutters (Scissors) waé designed, fabricates and *

tested.

It has cutting blades with sharp serrated edges to piece and slice thé
materials effectively, press bars pushes the materials against the cutting blages
during slicing and at the same time push the individual slices into the tray.

From the test performed, average slice thickness produced are 4. 8mm, 5. -
4mm and 4. 8mm for tomatoes, Okro and Carrot respectively. Maximum
throughout capacity obtained was 37. 4kglh. 19. Q37kg/h and 15. 128kg/h and
efficiency of 79. 30%, 96. 08% and 95. 30% for Tomatoes, Okro and Carrot |
respectively. ) . iy

The machine isimeconomical coné‘dering the operational cost,g i ""t‘» o /LQJQ'

Maintenance, servicing and purchase. Itis-aiso-pertable=

xii




CHAPTER ONE *»

1.1 INTRODUCTION

Tomato (Lycopersico Escolentum) is a herbaceous plant commonly grown
as annual crops like other vegetables such as pepper, onion and green leaves.
The bulk of the dry — season tomatoes (Roma type) is mostly grown in the
Northern — part 9f Nigeria under irrigation (Idah, et al, 1996)

Like other horticultural crops it has soft tissue, high moisture content of 70
— 93% (Wet basis) and a high rate of physiological activities such as respiration
and transportation, which make them liable to rapid deterioration resulting in
heavy losses during handling, transportation and storage after harvesting (Aworh
et al, 1988; Erinle et al, 1988; NSPRI, 1991; byeniran, 1985; singh et al, 1992)

Okro (Abelmoschum Esculentus (L) Moen;h) is a vegetable popular in
Nigeria and produced and consumed throughout the country. They are planted in
gardens or in mixed cropping with other staple c;ops like the tomatoes, it has
moisture content of about 84% (Wet basis) and high rate of bhysiological activities

and also deteriorate rapidly.

g

Carrots are produced predominately in the northern part of the country
during the dry season, there are two kinds of carrot namely those having orange
yellow skin and those having purple skin but white ﬂesh, the former are preferred
for slicing and carrot candy (Girdhari et al, 1986) This also have high moisture

content of 86% (wet basis) with high physiological activities and deteriorate

i
P

rapidly.




During peak production of tomatoes, Okro and carrot, collosal waste are
experienced as a result of inadequate storage facilities and Technique, and
'during off — season, these fruits and vegetables are quite expensive or inavailable
for use. They can be stored by canning In refrigerators but these processes are
not popular with the local formers, th_eréfore, they are preserved locally in the

)

dried forms.

The storage potential of the fruits and vegetables is low. They do not store
well in the fresh form and transportation is costly due to their bulkiness, this
course damage to them therefore processing into non perishable and easily
transportable produce offer an alternatjve to storage in the fresh form. Due to the
high moisture confent of these fruits and vegetables they can not dried easily
unless the water is reduced by exposing the internal surface to drying and this
can be achieved by slicing the materials

Slicing operation is achieved by cutting which involve moving, pushing or
forcing thin sharp blade or knives through the materials resulting in minimum
rapture and deformation of the material‘s (Raji and Igbeka, 1994). The slices
produced by traditional method are not uniform and this may result in non-
uniform drying or infected dried slices. ’

With technological advancement, there' is the prbgressively increased

awareness in the importance of using mechanical devices to slice tomatoes, okro

and carrot and due to the peculiar nature of tomatoes (Skin) the mucilaginous

properties of okro and the high texture of carrot and considering the demand for




dried tomatoes, okro and carrot these factors were considered in designing a
mechanical device to slice these fruits ang vegetables.
1.2 SCOPE OF THE PROJECT

The project work is limited to Tomatoes, Okro and Carrot, which are most
widely cultivated fruits and vegetables in Nigeria for drying.

The effect of slicing on these fruits and vegetables would be limited to
uniformity of slices, time of slicing, capacity and physical assessment of dried
products &

1.3 JUSTIFICATION

The need to increase food supply has been recognized by many
developing countries including Nigerian. Thus considerable research especially in
the area of fruits and vegetables such as Tomatoes, Okro, Carrot, Pepper, Green
leaves e. t. c. are being carried out. These have led to increasing yield in those
produce (Idah et al, 1996). These fruits and vegetables are good sources of
vitamines A and C, they generate rural employment through wide spread
cultivation, increase farmers income and expand export (Villarreal, 1980)

It has been stated that tomatoes are the worlds most widely grown
vegetables other then white potatoes commercially, 45 million tones of tomatoes
are produced each year from 2. 2 million hectaregf excluding the large amount
grown in gardens (Villarreal, 1980) '

In Nigeria, figures like 6 million tones of Tomatoes have been quoted as
annual production figures (Oyeniran, 1980). Slicing Tomatoes, okro and carrot for

drying is very important but has not received any form of mechanization. Almost

4



all other aspect of vegetables have been mechanized. For examples Tomato
canning, Ketchup, Okro and carrot canning and little is done on their slicing for
drying.

Majority of the slicing machines are importgg, expensive and sophisticated
which may not be easily operated and maintained by the local farmers. Also some
of these machines are designed for a particular type of crop and cannot be used
for tomatoes (skin) okro (mucilaginous) and carrots.

Considering the 'present need for increased fruits and vegetables
preservation in the country most farmers dry some of their produce in order to
prolong storagle period. Therefore to boost the preservation of fruits and
vegetables in large quantity and retain‘ their qdality, the need to design and
construct a machine that will enhance this operation cannat be over emphasized.

The designed machine is aimed at solviné the problem of small — scale
farmers with all the above problems put into consideration. This major aspect of
slicing and drying should not be left out because 8f it importance and usefulness
both domestically and indu;«strially.

1.4 OBJECTIVES
1. To design and construct a manually 'oberated fruits and vegetables
(Tomatoes, Okro and Carrot) slice‘r.

o To carry out test performance of the machine




CHAPTER TWO
21  LITERATURE REVIEW

Slicing operation is a form of size' reduction and this is brought about by
mechanical means without changes in chemical properties of the material. Size
reduction is achieved by cutting, involving pushing and forcing a thin sharp knife
through the materials resulting in minimum rupture and deformation (Raji and
Igbeka, 1994)

In materials with high moisture content (Tomatoes, Okro and Carrot e—t-€)
slicing assists in the removal of some of the ﬁigh mpisture by loosing water easily,
the internal flow of moisture is rapid in these m‘;’terials thus exposes a large
surface area of the material for quick and uniform drying

Tomatoes, Okro and Carrot are fruits and vegetables whose industrial
potentials seem to have been overlooked for a very long time, their utilization has
been largely confined to processing into paste, puree, juice, ketchup, canni.ng. et
c. Processing of these fruits and vegetables has been characterized by manual
operations, very little emphasis is placed on the investigation of the machine
parameters affecting the performance of various fruits and vegetables processing
machines. This probably accounts for the dearth of quantified scientific standards
for most of the available fruits and vegetables. Nevertheless an attempts is made
to reduce and cite some relevant information found lqn’ literature.

From the survey of the traditional way of slicing carried out at four different

locations in llorin town, it was noticed that the mean maximum thickness of

tomatoes Okro and carrot were 5mm, 6mm and 5mm respectively while the mean



minimum thickness are 4mm, 5mm and 4mm receptively. These were obtained by
using visual observations, nevertheless they still have some slices that measured
up to a maximum of 5mm, 7mm and 8mm thick, while some as less as 3mm,
2mm and 3mm for tomatoes Okro and carrot recé’ptively. Also, they were able to
slice about one basket eaéh of these fruits and vegetables, which weigheci about
30kg per day. Based on the slice thickness of these local farmers a standard slice

thickness of 5mm was adapted for the machine to produce uniform slices at much

higher capacity per unit time.

*

2.2 UTILIZATION OF TOMATOES, OKRO AND CARROT

Fresh tomatoes and carrot are consumed when used raw in green salads.
These fruits and vegetables are also consumed as processed products or carrot
juice and prickle, ketchup, pastes, puree, stuffed as in the case of tomatoes

The general composition of fresh tomatoes is water 93%, protein 1.1% and
fat 0. 3% (Ihekosonye and Ngoddy, 1985) \
2.3 ENGINEERING PROPERTIES OF AGRICCIT_TURAL MATERIALS

The increasing economic importance of food materials together with the
complexity of modern technology with their production, handling, storage,
processing, preservation, quality, evaluation, distribution, marketing and utilization
demand a better knowledge of the signifjcant physical and mechanical properties
of these materials.

Modern agriculture has brought about the handling and processing of

plant and animal materials by various means such as mechanical, thermal,

electrical techniques and devices. These properties include specific heat, thermal



characteristic, electrical qonductivity, dielectric t;anstant, and light transmittance
characteristic and such mechanical properties as stress-strain behavior,
resistance to compression, impact, shear and coefficient of friction.

A knowledge of these properties constitute important and essential
engineering data in design of machine, structures, processes and control in
analyzing and determining the efficiency of a machine or an operation (Idah 2000)

PHYSICAL PROPERTIES OF FRUITS AND VEGETABLES

In talking about any product in terms of grain, fruits and vegetables e. t. c.
as individual units or in bulk it is important to accurate estimate their shape, size,
volume, specific gravity, surface area and other physical characteristic which may

be considered as engineering properties for these materials. These parameters

*

are used in the design of specific machines ‘and equipment for slicing or
separating grains from stones (ldah/2000)

The physical properties of the fruits and vegetables considered here are
the length, the external. diameter and their shape. The mean length of the
Tomatoes carrot and okro are 37mm, 89mm and 69mm respectively and their
mean diameter are 67mm for tomatoes while that for okro and carrot are
13.00mm and 15. 33mm respectively.

MECHANICAL PROPERTIES OF FRUITS AND VEGETABLES

These include mechanical damage which has its own economic significant
particularly in processing. This can be noticed in the quality assessment of the
product before and after processing, therefore, rlj:achanical damage has to be

minimized in order to enhance the quality of the product. Mechanical damage to



kernel of seed grains, fruits and vegetables increases the tendency toward mould
development, rotting of the materials and thus affect the quality of the product.
Therefore it is very important that mechépical damage can be reduced by careful
handling of agricultural produce.

RHEOLOGICAL PROPERTIES OF AGRICULTURAL MATERIALS

This is the behavior of agricultural materials under static or dynamic
loading and flow characteristics either in air or water (Fluid) To be able to predict
or evaluate the behavior of tomatoes, okro carrot under conditions of applied load,
force, thermal design for the industrializatioﬁ of various processing operations or
analyses, knowledge of the physical characteris}i’cs, mechanical, thermal and
other engineering properties of the materials are essential. Unfortunately, very
little work, if any has been done or reported in this area of engineering
characteristic of tomatoes, okro and carrot products.

A force — deformation test conducted on tomatoes in Canada by Olorunda
and Tung (1985) indicated that a tomato fruits can withstand a maximum
allowable pressure (Bioyield) of 5283, 2852, and 2100 kg/m? for green, breaker
(turning and red tomato) maturity respectively. The variety used was the culture in
Reento grown hydroponics glass house culture in Canada

Therefore, the rheological properties of the fruits and vegetables was
determined using universal instron testing magpine to determine the load

deflection and strain of the slicer on the materials. These are shown in tables 1,2

and 3.
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24 MODERN METHODS OF PRESERVATION OF FUITS AND

VEGETABLES p 7“15‘
AR Y,
1. PHYSICAL METHODS / ﬁ' 79_'06QL «

a. By removal of heat (preservation by cold) | Refrigeration .

ii Freezing preservation

*a

iii Dehydro freezing

iv Carbonation

b. By addition of heat (thermal processing) | Stationary
pasterderization :
M i Agitating  pasteurization/
sterilization.

lii Flash pasteurization/ HTST

processing e.t.c.

c. By removal of water
(Evaporation or dehydration) ; | 5 sun drying : ¥
ii ' Dehydration
iii Low temperature

Evaporation or
Concentration.
» Iv. Freeze —drying

' V  Accelerated freeze .

drying




Vi Foam — mat drying
Vii  Puffdryinge. t. c.
d. By irradiation i Dosing with u. v. or
ionizing

radiation e. t. c.

2. CHEMICAL METHODS .
a. By addition of acid such as
vinegar or Lactic acid | Prickled vegetables, b
fish and meat
b. By salting or brining | Vegetables and fruit
prickles, salted fish .
’ q' e. t. c. salt — cured
meat and pork
e.tc
c. By addition of sugar and heating | Fruit preservers, jams
‘ jellies, Marrﬁalades RN
: etc
d. By addition of chemical preservation | Using water soluble .

salt of sulphur
dioxide, benzoic
acid, ascorbic acid
and a few like

«, hydrogen peroxide

10




sodium benzoate
e.t.c. which are
permitted 'as
i harmless in food
: ii By means of -
substances
of bacterial origin
such as tylosin resin
e.t.c which are :
;_' permitted to a limited
extent, in some cases

as hanﬁless additives

3. By fermentation | Alcoholic and acetous
fermentation as in the .
case of fruit wines,
apple cider, ‘fruit and

vinegar, e.t.c

4. By other methods | A judicious ’
*» combination of
one or more of the

methods mentioned

11




above fbr synergistic
8 preservation.
‘25 SLICING AND SIZE REDUCTION
Slicing is a form of size reduction, and the general term “size reduction”
includes slicing, cutting, crushing, chopping, grinding and milling. The reduction in
size is brought about by mechanical means without change in chemical properties

of the material and uniformity in size and shape of individual units of the end

product. ' A,

Such processes as cutting fruits or vegétables for canning, shredding
sweet potatoes for drying, chopping corn fodder,' grinding grain for lives stock feed
and milling flour are size reduction. Reducing thé size of food raw materials is an
important operation to achieve a definite size rénge (Henderson S. M. and R. L.
Perry. Agricultural process Engineeringf page 185)

Size reduction may help in the extraction of desirable constituents from raw
materials e.g. crushing palm fruits for extraction of palm oil, milling grains for the
production of flour, crushing fruits for juice or for fermentation.

Some other operations in food processing and preservation are facilitated
by smaller size particles, for example, when a foé)d raw materials such as yam is
to be dried, it is cut into slices to expose .more sufface area to the drying medium,
similarly in drying of okro or tomatoes, the vegetables and fruits are sliced into,

smaller pieces to facilitate heat transfer and removal of moisture from the pieces.




2.9 EXISTING SLICERS

Several slicing and chipping machines have been designed and tested in
~various developing countries especially the Caribbean and south East Asian
countries as reported by Clark (1987) 4

Various types of machines are manufacture from small hand operated
batch —types to large automatic continuous operation, Some are petrol, diesel or
~ electric motor operated. There are cassava chipper, tomatoes slicer, okro slicer
and other root and vegeta;ble chopper originally developed in Malaysia (Anon,

L4

1974). ‘

Ingrain (1972) found out that peeling and slicing of tubers are done
manually. In Nigeria a number of researcher have work on production of slicer for
various crops (Okro, tuber e.t.c) Odigbo and Ahméd (1982) reported that there

have been effort at mechanizing tubers processing in the very few processing

plant in Nigeria.

Raji and Igbeka (1994) designed, fabricated and tested a pedal operated
chipping and slicing machine for tubers and it was reported that the machine
performed satisfactorily with production of slices of Qnifonn thickness ranging from

1imm to 13mm thickness and a throughput of about 376kg/hr at an efficiency of

about 83% |

.

Olajide, Olowonibi and Onwualu (1997) evaluated an okro slicer and found

out that there is higher losses in the manual knife s'licing oonkro than in the okro

slicer

13




There are also several manually operated kitchens‘-size chipping and
slicing machines in the market. Some of these chipping and slicing machines are

either imported or fabricated locally.

The imported ones are sophisticated and may not be easily operated and
maintained by local user, therefore adaptability of the techniques locally is difficult.
Moreso some of ‘these slicing machines are designed for only a particular type of

vegetables and fruits and cannot be used for tomatoes, okro and carrot because

~ of their peculiar (Rheological) nature.




CHAPTER THREE

3.1 MATERIALS SELECTION

To have a good judgement of selection and use of materials for
construction we must know their basic'characte_rjstics and general knowledge of
how materials react to various conditions of usage. Many materials for the
construction have been taken into consideration in terms of mechanical properties
including strength under various types of loading and wear resistance.

Physical properties such as the thermal conductivity, the dimension in
which the materials are usually solderea, ﬂexibility of the maierials for forging and
welding and cﬁemical properties such as resistance to corrosion. Durability is also
put into consideration to ensure that the materialé_retain it's Working capacity.

In order to choose suitable materials for the construction of the slicer, the

following factors were taken into consideration.

1. Rigidity

2. Wear resistance )
3. Heat resistance

4. Vibration stability

5. Reliability

6.  Resistance to corr'osion

7. Strength ’ ’




3.2 DESIGN CONSIDERATIONS

A number of factors were considered in the design of the fruits and
vegetables slicer these include the agro — techriica| factors of the material such as
the physical and mechanical properties and the properties of the materials for
construction. The universal testing machine was used to determine some of the
engineering properties of the materials.

Tomatoes have tough thin skin, soft mesocarp and contains a lot of water
(High moisture content 93%), okro is a draw or mucilaginous vegetable while
carrot is a turgid fruit.

Due to these inherent natural phenomena, a device for slicing these fruits
and vegetable requires to be thin and sharp. Ii must require little force for the
blades to penetrate the fruits and vegetables, the materials needed for
construction must not be capable of contamih'ating the fruits and vegetables, that
is the materials must not be corroded when in contact with watér.

Stainless materials are strictly srecommended as construction materials

|

because of the following reasons.

1. Hardness to resist abrasion

2, The ability to retain their hardness at high iemperature
3. Toughness to withstand any shock load im‘part

4. It is not corrosive




.3 DESIGN CALCULATION

~

Fc _
<
N\ K=83mm

s

g Aschcmatjc dlagram showing forcest. acting on«the blade edges

The cuttihg edges were designed to have pointed edges so that it can
rce the materials and slice effectively. Tbe edge ang'le was designed to be at

%and its obligue angle B for Tomatoes, Okro and carret are 101. 25% 97.50 and

. 5° respectively. ’ |

The blades were coupled together ;s a unit and connected to an angle
el to enable the blades carry .out its function, the frt;its and vegetable to be
ed is placed in the middle of these bladeé and the preeser

The lower end of the blades lies in bgt\./veen the flat steel bars at the base.

bars act as pusher to press the fruits or vegetables against the pointed

rated blades for slicing. . i

i




THE FRAME

This is made of aluminum square pipe of 3mm thickness, with length,

width and height of 450 x 250 x 25mm. It is rectangular in shape.

THE TRAY

This is made of galvanized iron sheet of 3mm thickness, with length, width
and height of 147 x 270 x 25mm. *a
THE HOPPER |

The configuration of the blades and the presser forms the hopper, which
form a v — shape ‘
3.5 A OPERATIONAL PRINCIPLES

The ‘materials to be sliced ar; placed in the cutting unit. The number of
materials to be sliced depends on the size and length of the materials and should
be arranged horizontally along the direction of cut.

The handle is pushed which also pUshéd the preéser and in turn presses
the materiéls against the sharp pointed statio:nary sliéing blades and thus slices

the materials. The presser at the same time pushes out the sliced materials into

)

the tray.

3.2 MAINTENANCE
The maintenance of any slicing machine in good working order is very

important for successful operation and to extgnd the life span of the machine.

The followings are maintenance tips gﬂer using the slicer.

21
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CHAPTER FOUR
41 FINDINGS OF ENGINEERING PROPERTIES OF TOMATOES, OKRO
AND CARROT
The physical properties were mainly on the,length, diameter, shape, weight
of the fruits and vegetables. These are 60mm, 80mm and 140mm length for
Tomatoes, Okro and Carrot also 5mm, 15mm and 20mm diameter respectively
while the shapes are on oblong for Tomatoes and cylindrical for okro and carrot

and the average weights' are 1. 5g, 0.6g and 1. 2g for Tomatoes, Okro and Carrot

respectively.

The mechanical properties was conducted on the force - deformation under
applied load of the material and this was determined using universal testing
machine I

The findings are on load, deflection and strain are shown in tables 1, 2 and
3, the load Vs deflection graph in fig 3, 4, and 5 for the samples respectively. The
loads Vs deflection graphs indicates that the sar_ﬁple has maximum load peak of
34. 200N, 105. 400N and '83. 700N for Tomatoes, Okro and Carrot, these are the

“maximum forces required to be applied to slice the vegetables. After this point

there is a deflection of 19. 496mm, 16. 887mm fand 12. 675mm respectively at

this point there is complete rupture of the fruit andt vegetables.
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Test : VEGTABLE

PLE : QkrQ ‘. .
LY  ALL Varletiaeg - Taplt 'I'ype 1 Compronnion
OISTULR : §4:-20% Date : 15-03-01
File : A:VEGTABLE\TST0002.DAT

Teot S8peed : 025.00 mn/min

Sample Type : NONE
Pra-Toad 1 OFF

ast No. Ilaight Load @ Daf, gtrain ° DInorgy Load @ Dof. gtrain LEnoxgy Load @ Dofl.
o3 n Peak @ Yaak @ Paak @ Peak lraalk ® nr&uk ® Lroeak @® Drank* Yiaeld = @ Ylald

) N mm . N.m N mm LY N.m N 0 mm
2. : 16,000 108,40 16,007 106,64 0,6609 81,000 19,6516 121,94 0,079 an, 200 7,820
i2 y © 12,000 47.10 13.409 111.74 0.2096 36.200 16.4104 137437 : 0.3990 13.100 5.1500
3 11,000 24.30 13.361 120,94 0.500& 21,100 14,649 133.17 0.2279 5,500 2.,4200
{Lmuh 11.000 24,30 13.303 105,04 0,2006 21.100 14.649 121.90 0.2279 5,500 2.4200
n 13,000 hi,03 14,4633 112,74 0,and4 A6,100 14,0023 130,04 06082 24,600 L0427
2 Lmwn - 16.000. 108.40 16,007 120.94 0.6609 51.000 19.616 137,37 0,0079 25,200 7.6530
0.a407 A4, pb0 a.400 7.96 0.,3424 p.0210 2,0643

A 648 41,104 a.048 114

Nev
L R

T 'pLrain Xuargy’ : - s
|

nnt No, ™~
@ Yiuwld w Yiald
% N.m
. 47,206 0.0706 ’
. 42,917 0.0212 v
22,073 0,0044
22,073 0,0044 : ’ ’
L 37,399 0.0331 ¥
S 47,206 0,0706

23,448 0,0344
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SMHPLE - :Okro
VARIETY @ A1l Varieties
;834 (N) HOISTURE  : S'4-220 Po
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Test : VEGTABLE |

¢ Carrot
: Yellow Test Type : Compression
tgb 47 Dato : 15-03-01
: File : A:VEGTABLE\TST0002.DAT

Test Speed : 025.00 mm/min
Sample Type : NONE '
Pre-Load : OFF

llaight Load @ ‘Daf, Btrain Knergy Load ® Daf. dtrain Enexgy Load @ Daf,
mmn Pank @ Vank @ Pank @ Paak Nrank @ Nrfak @ Dreak ® Draeak- Yiald ® Yialc

N i 1Y N.m N nin L] N.m N ' min
3 10,000 aal00 1a.67n0 70,417 0.6760 na.ano 12.719 70.661 0.67807 an.300 2.0200
2 15,000 53.000 4.012 3a.o000 0.1433 52,200 6,065 40,433 0,20a8 44,700 J.lﬁJOO
3. i 13,000 57.600 5.971 45,931 0.2139 57.400 6.015 46.269 0.2165 31.900 1.5330
inimum 13.000 53.000 .4.012 32.080 p.il!.‘! 52.200 6.015 40.433 0.2005 31.900 1.5330
aan 15,333 - 65.033 7.019 49.476 0.3444 64.067 0,266 52.455 0.3602 37,300 2.6303
% Lmum 10,000 03.700 12.6758 70.417 0,6760 02,600 12,719 70,661 0.6757 44,700 3,8300
td D‘V. v 2.817 16.277 4.245 19,413 0.2094 16.260 3.0856 16.035 0.2698 6.630 1.0131

Teat No. ~Btrain Rnergy

® Yield ® Yiald
g ' % N.m
. 18,711 0.0490
25 . 23,533 0.0007 ’.

'y 11,792 0.0269

R L I R

inimum . 11,792 0.0269
ean 17,012 0.0825
aximum © 23,83 0.0007
td Dav - 5.970 0.0270

R
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4.2 PERFORMANCE TEST OF THE MACHINE

Some tests were carried out to evaluate the performance of the machine

on the basis of

a. Capacity s
b. Effectiveness of slicing

C. Uniformity in product dimensions

d. Physical assessment of dried products

The input weight (W;) and output weight for normal slices (W,) crushed
products (Ws3) duration of operation and dimension of products were recorded.
This is shown in tables 4, 5, 6 and 7.

o

4.3 PERFORMANCE TEST OF KNIVES SLICV|"NG

Five persons (men and women) were selected to use knives for slicing.
The purpose was to compare with machine slices. Certain factors were
compared, such as the quantity of sliced fruits and vegetables' (Tomatoes, Okro

and Carrot), time spent for slicing and quality of sliced products.

One kilograms each of Tomatoes, Okro and Carrot with moisture content of
90. 60%, 84. 2% and 86. 74% respectively was given to each person.
Assessment of such nature depends on number of factors like individual energy,
moisture content, varieties of the fruits and vegetables and sharpness of the

knives tables 5, 6, 7 and 8 shows detailed performance of the people.
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TABLE 4: PERFORMANCE EVALUATION TEST OF THE MANUAL FRUJTS
AND VEGETABLE SLICER ON TOMATOES
VARIETY - ROMA TYPE
STATION — NCAM, ILORIN

DATE - 22N° MARCH, 2001

SAMPLE | Original Moisture | Weight of | Weight | Duration | Thickness | Output
weight of | content | normal of of of  slices | capacity
Tomatoes | (W.b) slices W, | crushed | operation | (mm) W,/T (kg/h)
W, (kg) (%) (kg) slices T (min)

W; (kg)

A 1 90 . 680 . 310 1. 450 4. 67 41. 379

B 1 91 . 800 . 185 1. 667 4.73 36. 145

C 1 90 . 860 - 185 1. 733 5.10 34.622

D 1 92 . 850 . 140 1.700 5.00 35. 294

E 1 90 . 775 . 220 1. 500 4. 89 40. 00
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TABLE 5: PERFORMANCE EVALUATION OF THE MANUAL FRUITS AND

VEGETABLES SLICER ON OKRO.

VARIETY — ANY TYPE

STATION — NCAM, ILORIN

DATE - 22N° MARCH, 2001

SAMPLE | Original Moisture | Weight | Weight | Duration of | Thickness | Output | Slicing
weight of | content of of operation T | of  slices | capacity | efficie
Okro W, (W.b) normal | crushed | (min) (mm) WL/T W,/W,
(kg) (%) slices slices (kg/h) 100
W, (kg) | Ws (kg) (%)
A 1 85 . 990 . 001 3. 967 5.50 15.125 | 99.90
B 1 83 . 950 . 0491 3. 000 6.13 28.800 | 95.0
C 1 86 . 985 .014 3.683 6. 03 19.460 | 98.5
D 1 84 . 875 . 023 2.083 6. 07 20.000 | 87.5
E 1 83 . 995 . 004 3. 667 5. 97 16.300 [ 99.5
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TABLE 6: PERFORMANCE EVALUATION OF THE MANUAL FRUITS AND

VEGETABLES SLICER ON CARROT

VARIETY - YELLOW TYPE

STATION — NCAM, ILORIN

DATE - 22ND MARCH, 2001

SAMPLE

Original
weight
Tomatoes
W; (kg)

of

Moisture
content
(W.b)
(%)

Weight
of
normal
slices
W, (kg)

Weight
of
crushed
slices
W; (kg)

Duration
of
operation
T (min)

Thickness
of slices
(mm)

Output
capacity
WIT
(kg/h)




TABLE 7: AVERAGE PERFORMANCE DATA OF THE FRUITS AND

VEGETABLES SCLICER
CROPS Original Moisture | Weight | Weight | Duration | Thickness | Output Slicing
weight of | content of of of of  slices | capacity | efficiency
Tomatoes | (W.b) normal crushed | operation | (mm) WIT W,/W;x
W; (kg) (%) slices slices T (min) (kg/h) 100 %
W, (kg) | Ws (kg)
Tomatoes | 1 90. 60 0.793 |0.198 1.610 4. 878 37.488 |79.30
Okro 1 84. 20 0. 961 0.018 | 3.280 5. 940 19.937 | 96.08
Carrot 1 86. 74 0.954 |0.050 |3.989 4. 886 15.128 | 95. 30
TABLE 8: PERFORMANCE EVALUATION TEST USING KNIVES TO SLICE
TOMATOES
VARIETY - ROMA TYPE
STATION - NCHM
DATE - 22" MARCH, 2001.
Samples | Original Moisture | Weight of | Weight of | Duration Thickness | Output | Slicing
weight of | content | normal crushed | of of slice in | capacity | Efficiency
tomatoes | (wb) slice W, slices W3 | operation | (mm) WL/T W,/W; x
W1 (%) (kg) (kg) in (Kg/h) 100 (%)
(kg) (mm)
A 1 90 .685 314 8.917 7.770 6.728 68.50
B 1 91 .625 370 9.700 8.200 6.186 62.50
C 1 90 770 230 12.080 8.170 4.967 77.00
D 1 92 .710 290 10.000 8.033 6.000 71.00
E 1 90 .786 L15 14.600 8.267 4.120 78.60
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TABLE 9: PERFORMANCE EVALUATION TEST USING KNIVES TO SLICE

OKRO
VARIETY - ANY TYPE
STATION - NCHM
DATE - 22" MARCH, 2001.
Samples | Original Moisture | Weight of | Weight of | Duration Thickness | Output | Slicing e
weight of content normal crushed | of of slice in | capacity Vg/" x 10
Okro (wb) slice W, slices W; | operation | (mm) wit (%)
W1 (%) (kg) (ka) T (min) (Kg/h)
(kg)
A 1 85 .850 159 19.000 7.83 3.158 85.00
B 1 83 .900 .099 17.333 8.97 3.462 90.00
C 1 86 .895 104 16.000 8.50 3.750 89.50
D 1 84 .850 .1568 15.000 8.40 4.000 85.00
E 1 83 975 .024 18.00 8.20 3.333 97.50
TABLE 10: PERFORMANCE EVALUATION TEST USING KNIVES TO SLICE
CARROT
VARIETY - ANY TYPE
STATION - NCHM, ILORIN
DATE - 22" MARCH, 2001.
Samples | Original Moisture | Weight | Weight | Duration of | Thickness | Output Slicing
weight of | content of of operation in | of slice in | capacity | efficienc)
Carrot W, | (wb) normal crushed | T (mm) wit W,/W; x
(kg) (%) slice W, | slices (min) (Kg/h) 100
(ka) W (%)
(kg)
A 1 87.20 .999 0.001 11.030 8.27 5.440 99.90
B 1 86.80 925 0.075 11.917 8.03 5.035 92.50
C 1 87.00 .930 0.069 15.000 8.03 4.000 93.00
D 1 86.90 975 0.025 10.250 8.13 6.000 97.50
E 1 85.50 990 0.010 10.210 8.40 5.877 99.00
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TABLE 11: AVERAGE PERFORMANCE DATA OF THE FRUITS AND

VEGETABLE USING KNIVES FOR SLICING.

CROP Original Moisture | Weight | Weight of | Duration | Thickness | Output Slici
weight of | content | of crushed of of slice in capacity | effic
Crops W, | (wb) normal slices W; | operation | (mm) W,/T WA
(kg) (%) slice W, | (kg) T (min) (Kg/h) 100
(kg) (%)
TOMATOES | 1 90.60 715 0.283 11.059 8.088 5.599 71.8
OKRO 1 84.20 0.894 0.109 17.067 8.380 3.541 89.2
CARROT 1 86.94 0.964 0.036 11.689 8.172 5.270 96.3
4.3 STATISTICAL ANALYSIS

The dimension of five representative samples from each test was taken to

assess the product for uniformity and effectiveness of the machine.

The student t-test and f-distribution was used, and the level of significance

and deviation from the expected dimension were determined by comparing the t-

value and F-value obtained for each value and F-value obtained for each set

sample with the expected t- and values obtained from statistical table at 5% level

of significance.
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Table 12: STATISTICAL ANALYSIS OF SLICES UNIFORMITY OF FIVE

SAMPLES OF TOMATOES
SAMPLES (Y) SLICE DIFFERENCE SUM OF
THICKNESS IN BETWEEN SQUARES OF
(MM) (Y) VARIETES DEVIATE
MEANS (Y), (Y=Y
(Y-Y)
Y1 S 0.2 0.04
Y, 6 1.2 1.44
Y, 2 -1.8 7.54
\Z 6 1.2 1.44
Ys 5 0.2 0.04
24.0 0 10.80

Mean (Y)=Y/r=4.8
Variance S =00, (Yi=Y)? =27
r—i

Standard Deviation S 5| S 27 = 164

Where

R = Total number of samples
¥ = Samples thickness

b = Mean of samples

S$?  =Variance

S = Standard Deviation

COEFFICIENTS OF VARIATION FOR THE SLICES
These expresses the variability among the different slice thickness of
tomatoes slices.

Coefficient of variation (CV) = Standard Deviation x 100
Mean of sample

CV=34.17%
From the value obtained, it implies that slices from the machine are within the

required slice thickness because the coefficient is below 50%
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Table 13: TOMATOES SLICES FROM FIVE SAMPLES IN THIRTY

REPLICATIONS
SAMPLES TOTAL MEAN
Y| Y
1 5 6 2 6 5 24 4.80
2 5 5 5 9 3 23 4.60
3 6 5 6 4 6 27 5.40
4 6 5 5 6 5 27 5.40
5 5 4 5 5 4 23 4.60
6 5 4 6 D 6 26 5.20
7 < S 5 6 5 25 5.00
8 3 5 6 5 6 25 5.00
9 6 5 S 4 3 23 4.60
10 4 6 5 o § 25 5.00
11 8 3 9 6 o 24 4.80
12 6 4 6 5 4 25 5.00
13 5 5 7 5 6 28 5.60
14 3 5 7 4 5 19 3.80
15 4 5 6 5 5 25 5.00
16 5 4 5 5 5 24 4.80
17 5 3 5 5 5 23 4.60
18 3 5 6 5 D 24 4.80
19 6 5 5 5 5 26 5.20
20 5 5 6 4 5 iy 5.00
21 3 5 9 5 4 22 4.40
22 5 4 6 4 5 24 4.80
23 6 5 2 5 5 23 4.60
24 3 5 5 5 5 23 4.60
25 4 o 9 B < 24 4.80
26 9 S 5 4 5 24 4.80
27 6 5 6 5 5 27 5.40
28 6 4 5 5 5 25 5.00
29 5 5 4 +) 5 24 4.80
30 3 5 D 6 5 24 4.80
Y| 139 141 153 150 149 732.0 146.4
Mean 463 470 510 5.00 4.97 146.4 4.88

Yj=139+141+153+150+149

732.00
146.4

Yj
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General mean : . )
=Y, =488 | 5

Sum of squares among rows

SS=Z(Yy -Y.)?=2 617

Sum of squares computed from column means

$SC=nI(Y,-V.) '
= 30(0.1658) .
=4.974 |
Sum of squares computed from column totél
SSC = [ \_(,] 2. Y, .
n r "

= 107312 - 535824
30 150 A,

3577.067 - 3572.16
=4.907

Where

Y; = samples along the row
Y; = Samples along the column ; )
N = Number of replication

r = Number of samples

t — Distribution

»

The machine is designed to slice Q'Smm thick slices of tomatdg—:s, to

determine whether the machine is in proper working order 1 kg of five (5) samples




of tomatoes fruits was chosen for which the mean thickness is 4.80mm and

sample standard error is 0.54.

The students testtist=Y -u

. 8y

Y = 480
H=5
Sy = 0.54

t=4.80-5 |
0.54 " ‘

t=-0.3704
e

Comparing the calculated t-value with the tabular t-value at 5% level of
significance the calculated t — value lies inside — t g5 to t 995 for 5% level of
significance for which 5 — 1 = 4 degree of fre‘edom is the interval = - 2. 132 to 2.
132. From the calculated t — value it lies in the range of the tabular t — value. This

implies that the machine is highly significant

CONFIDENCE LIMITS (CL)

This expresses the range of value within which the true mean of the slice
thickness of tomatoes slices will fajl and this can be accepted as the
representation of the entire slice thickness. a
Confidence limit (CL) = Y+t. Sy
Where
Y = Mean of sample

T = student t — test
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Sy = standard error

Choosing 2. 5% level of significance
Cl=4.80+2.776+0.54 =6.299
.r=4.80-2.776+0. 54 = 3. 301

The range 6. 299 and 3. 301 is the range of values within which the true mean of

the slices thickness must fall.

F — DISTRIBUTION (TOMATOES)
An F — test is a ratio between twq variance and is used to determine

whether two independent estimates of varia\jnce can be assumed to be estimates,
of the same variance. N
Table 14

1 kg each of five samples of tomatoes
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Table 14: F — DISTRIBUTION (TOMATOES)

1 kg each of five samples of tomatoes

43

Sample 1 | Sample 2 Sample 3
Slice Y=Y [Sum of| Slice Y-Y | Sum of | Slice Y-Y |Sum
thickness | deviates | squares | thickness | deviates | squares | thickness | deviates | square
(Y =Y)* (Y - ) = ¥]

1 5 037 0.1369 |5 0.3 0.09 2 -3.1 9.61
2 |8 0.37 0.1369 |5 0.3 0.09 9 -0.1 0.01
3 |6 1.37 1.8769 |5 0.3 0.09 6 0.9 0.81
4 |6 1.37 1.8769 |4 -0.7 0.49 ] -0.1 0.01
I 0.37 0.1369 |4 -0.7 0.49 5 -0.1 0.01
6 |5 0.37 0.1369 |5 0.3 0.09 6 0.9 0.81
7 |4 -0.63 0.3969 |5 0.3 0.09 9 -0.1 0.01
8 |3 -1.63 2.6569 |5 0.3 0.09 6 0.9 0.81
9 |6 1.37 1.8769 |6 1.3 1.69 o) -0.1 0.01
10 | 4 -0.63 0.3969 |3 -1.7 2.89 6 0.9 0.81
1 19 0.37 0.1369 |4 -0.7 0.49 5 -0.1 0.01
12.1 8 1.37 1.8769 |5 0.3 0.09 6 0.9 0.84
13 {5 0.37 0.1369 |5 0.3 0.09 7 1.9 3.61
14 |3 -1.63 2.6569 |5 0.3 0.09 2 -3.1 9.61
15 | 4 -0.63 0.3969 |4 -0.7 0.49 6 0.9 0.81
16 | 5 0.37 0.1369 |3 -1.7 2.89 5 -0.1 0.01
i 15 0.37 0.1369 |5 0.3 0.09 5 -0.1 0.01
18 | 3 -1.63 2.6569 |5 0.3 0.09 6 0.9 0.81
19 | 6 1.37 1.8769 |5 0.3 0.09 5 -0.1 0.01
20 {5 0.37 0.1369 |5 0.3 0.09 6 0.9 0.81
21 |3 -1.63 2.6569 |4 -0.7 0.49 5 -0.1 0.01
22 1D 0.37 0.1369 |5 0.3 0.09 6 0.9 0.81
23 |6 1.37 1.8169 |5 0.3 0.09 2 -3.1 9.61
24 | 3 -1.63 2.6569 |5 0.3 0.09 5 -0.1 0.01
25 | 4 -0.63 0.3969 |5 0.3 0.09 5 -0.1 0.01
26 |5 0.37 0.1369 |5 0.3 0.09 6 -0.1 0.01
27 |6 1.37 1.8769 |5 0.3 0.09 6 0.9 0.81
28 | 4 -0.63 0.3969 |5 0.3 0.09 5 -0.1 0.01
29 |3 -1.63 2.6569 |5 0.3 0.09 5 -0.1 0.01
30 [ 4 -0.63 0.3969 |4 -0.1 0.49 9 -0.1 0.01
j 139 32.967 141 1231 163 41.52
Mean 4.63 4.7 5.10



Calculating variance for the five samples

82 = 821 +822 T 823 3 824 + 825

5

L4
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Sample 4 Sample 5

Slice Y-Y Sum of | Slice Y-Y Sum of

thickness | Deviates | squares | thickness | Deviates | squares

Y, Y-Y? |Y (Y-Y)?
1 6 1 1 5 0.03 0.0009
2 0 0 0 3 -1.97 3.8809
3 4 -1 1 6 1.03 1.0609
4 6 1 1 5 0.03 0.0009
5 5 0 0 4 -0.97 0.9409°
6 S 0 0 6 1.03 1.0609
7 6 1 1 5 0.03 0.0009
8 5 0 0 6 1.03 1.0609 ..
9 4 -1 1 - -1.97 3.8809 °
10 5 0 0 5 0.03 0.0009
11 6 1 1 5 0.03 0.0009
12 5 0 0 4 -0.97 0.9409
13 5 0 0 6 1.03 1.0609
14 4 -1 1 5 0.03 0.0009
15 5 0 0 5 0.03 0.0009 °
16 5 0 0 5 0.03 0.0009 .
17 5 0 03 5 0.03 0.0009
18 5 0 0 5 0.03 0.0009
19 5 0 0 5 0.03 0.0009
20 4 -1 1 5 0.03 0.0009
21 5 0 0 4 -0.97 0.9409
22 4 -1 1 9 0.03 0.0009
23 5 0 0 5 0.03 0.0009
24 5 0 0 6 1.03 1.0609
25 5 0 0 5 0.03 0.0009
26 4 -1 1 5 0.03 0.0009
27 5 0 0 5 0.03 0.0009
28 6 1 0 6 1.03 1.0609
29 5 0 0 5 0.03 0.0009
30 6 1 1 5 0.03 0.0009
j = 150 12 149 16.967
mean ~ 5.0 4.97
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0.79838

Variance of mean &y? from the mean of the five samples

5% =3 (Vi-Y.)? B )
= (4.63-4.88)2 + (4.70 — 4.88)° | *a

- (5.10 — 4.88)% + (5-4.88)° + (4.97-4.88)> = 0.1658
51 4

= 0.04145

Estimating 8% from the variability among the sample mean.

&y = 18% | :
= 30 (0.0145)

= 1.2436

F = S? calculated from sample means
S? calculated from pooling sample variance

=1.2439 s

0.79838

F =1.5575

Comparing the 'calculated F-value with the table F-value at 5% level of
significance. The degree of freedom 5-1=4 numerator and 30-1 = 29 for degree of
freedom denomarator, t-lies inside the interval which is —=2.700 to 2.700 l

Since the calculated F-value lies inside this interval it implies that the

machine is highly significance.
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Table 15: STATISTICAL ANALYSIS OF SLICES UNIFORMITY OF FIVE

SAMPLES OF OKRO
SAMPLE SLICE DIFFERENCE SUM OF
THICKNESS  IN | BETWEEN SQUARES  OF
(mm) (Y) VARIETIES DEVIATE (Y- Y)?
MEANS (Y) AND
DEVIATION
(Y-Y)
Y, 5 -0.4 0.16
Y2 6 0.6 0.36
Y 7 1.0 2.56
Ya 5 -0.4 0.16
Ys 4 1.4 1.96
27.0 0 5.2

Mean (Y)=Y/r =5.4
Variance S? = 0"(Y,- Y)? = 1.3
r-1

Standard Deviation S =\[ S? = 1.14

COEFFICIENTS OF VARIATION FOR THE SLICES

Coefficient of variation (CV) = Standard deviation
Mean of sample

X 100

CV=211%
From the calculated coefficient of variation which is 21.1% it implies that the

slices from the machine are within the required slice thickness because CV is

below 50%
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TABLE 16: OKRO SLICES FROM FIVE (5) SAMPLE IN THIRTY

REPLICATIONS
Samples TOTALY;, MEAN Y,

1 5 6 7 5 4 27 5.4
- 7 i 6 7 5 32 6.4
3 6 5 5 6 7 29 5.8
4 6 6 i I 6 32 6.4
5 5 6 4 5 b 25 5

6 7 6 7 6 7 33 6.6
7 6 8 6 7 i 24 6.8
8 5 6 4 5 5 25 5.0
9 4 7 6 7 7 31 8.2
10 6 2 ) 6 6 28 5.6
11 5 6 4 9 7 27 5.4
12 Fi 6 { 7 5 32 6.4
13 6 7 6 5 6 30 6.0
14 5 8 5 7 7 32 6.4
15 5 6 7 6 4 28 5.6
16 6 5 5 4 6 26 5.2
17 6 5 6 7 5 29 5.8
18 7 6 7 Fi 7 27 5.4
19 7 6 8 5 6 27 5.4
20 6 5 7 7 3 30 6.0
21 6 ' 6 6 7 32 6.4
22 7 6 5 7 7 32 6.4
23 5 6 6 5 5 27 5.4
24 6 6 7 7 6 32 6.4
25 4 6 6 6 7 29 5.8
26 6 5 7 7 B 30 6.0
27 5 6 4 5 7 27 5.4
28 7 6 8 6 7 31 6.2
29 6 9 7 7 5 34 6.8
30 7 6 4 5 6 34 6.8
Yj 165 184 181 182 179 891 178.8

Yj= 165+ 184 + 181+182+179 = 891

Y; = 178.2
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General Mean = Y..

=5.94

Sum of squares among rows
Z (Yy=Y..)

= 8. 4598

Sum of squares computed from coldmn mean
SSC = p 5(Y-Y..)2

=30 (0. 25559) = 7. 677

Sum of squares computed from column tota!

—

ssc=z[v 2. Y.

n nr
=159,007 - 793881 .
30 30x5
5300.23 - 5292.54
=7.693

t — DISTRIBUTION
The machine is also designe‘d to slicé 6mm thick of okro. To determine
whether the machine is slicing up to specification one kilogramme (1kg) of five
samples of okro was sliced and the mean thickness is 5.94mm and sample

standard error is 0.51

-

Studenttest t=Y —u




Comparing the calculated t-value with the table t-value at 5% level of .
significance, t lies inside —tg g5 to t g5 for which'5-1 degree of freedom is the

interval —2.132 to 2.132. This implies that the machine is highly significance.

CONFIDENCE LIMITS (CL)
This expresses the range of values within which the true mean of the slice
thickness of okro slices will fall and this can be accepted as the representation of

L

the entire slice thickness. Confidence limit (CL) = Yt .Sy, choosing 2.5% level of
significance
CL=54+2776x0.51 = 6.816

CL=54-2776x0.51 = 3.984 : . ’
This values 6.816 and 3.984 is the rangb of values within which the true

mean of the slice thickness of the okro must fall.

F- DISTRIBUTION
The F test is a ratio between twe variance and is used to determine
whether two independent estimates of variance can be assumed to be estimates .

’ |
of the same variance.
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TABLE 17: F- DISTRIBUTION — OKRO IKG EACH OF FIVE SAMPLES OF

OKRO
Sample 1 Sample 2 Sample 3
Slice Y-Y Sum of Slice Y-Y Sun of Slice Y-Y Sum of
thickness | deviate | squares thickness | deviate | squares | thickness Y | Deviate | squares
(mm)Y (Y-Y)? (mm) (Y-Y)? (Y-Y)?
1 5 -0.5 0.25 6 -0.13 0.0169 4 0.97 0.9409
2 7 1.5 2.25 7 0.87 0.7569 6 -0.03 0.0009
3 6 0.5 0.25 5 -1.13 1.2769 5 -1.03 1.0609
6 0.5 0.25 6 -0.13 0.0169 7 0.97 0.9409
5 -0.5 0.25 6 -0.13 0.0169 4 -2.03 4.1209
7 1.5 2.25 6 -0.13 0.0169 s 0.97 0.9409
6 0.5 0.25 8 1.87 3.4969 6 -0.03 0.0009
5 -0.5 0.25 6 -0.13 0.0169 4 -2.03 4.1209
4 -1.5 2.25 7 0.87 0.7569 6 -0.03 0.0003
6 0.5 0.25 5 -1.13 1.2769 5 -1.03 1.0609
5 -0.5 0.25 6 -0.13 0.0169 4 -2.03 4.1209
i 1.5 2.25 6 -0.13 0.0169 7 0.97 0.949
6 0.5 0.25 iz 0.87 0.7569 6 -0.03 0.0009
5 -0.5 0.25 8 1.87 3.4969 5 -1.03 1.0609
5 -0.5 0.25 6 -0.13 0.0169 7 0.97 0.9409
6 0.5 0.25 5 -1.13 1.2769 5 -1.03 1.0609
6 0.5 0.25 5 -1.13 1.2769 6 -0.03 0.0009
7 1.5 2.25 6 -0.13 0.0169 7 0.97 0.9409
7 1.5 2.25 6 -0.13 0.0169 8 1.97 3.8809
6 0.5 0.25 5 -1.13 1.2769 7 0.97 0.9409
6 0.5 0.25 7 0.87 0.7569 6 -0.03 0.0009
i 1.5 225 6 -0.13 0.0169 5 -1.03 1.0609
5 -0.5 0.25 6 -0.13 0.0169 6 -0.03 0.0009
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6 0.5 0.25 6 -0.13 VO.0169 7 0.97 0.940¢
4 -1.5 ¢ 2,25 6 -0.13 0.0169 6 -0.03 O.QOOS
6 0.5 0.25 15 -1.13 1.2769 g 0.97 0.940¢
5 ‘ -0.56 0.25 6 -0.13 0.0169 4 -2.03 4.120¢
4 1.5 2.2 6 -0.13 0.0169 5 -1.03 1.060¢
6 0.5 0.25 9 2.87 8.2369 7 0.97 0.940¢
7 1.5 2.25 6 -0.13 0.0169 4 ] -2.03 ‘| 4.120¢

Yi 165 27.5 184 22710 181 .2
30 30 30 4

‘Mean 5.50 6.13 . 6.03
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SAMPLE 5

SAMPLE 4 . . .
Slice Y-Y Sum of Slice Y-Y Sum of
thickness Y deviate | squares thickness | deviates Squ_ag{as
(mm) (Y-Y)? (Y) (mm) (Y-Y)

1 5 -1.07 1.1449 4 -1.97 3.8809

2 7 0.93 0.3649 5 -0.97 0.9409

3 6 -0.07 0.0049 7 1.03 1.0609

4 7 0.97 0.8649 6 0.03 0.0009

5 5 -1.07 1.1449 5 -0.97 0.9409

6 6 -0.07 0.0049 7 1.03 1.0609

7 7 0.97 0.8649 7 1.03 1.0609

8 5 -1.07 1.1449 5 -0.97 0.9409

9 7 0.97 0.8644 7 1.03 1.0609

10 |6 -0.07 0.0049 6 0.03 0.0009

1119 -1.07 1.1449 7 1.03 1.0609

12 17 0.97 0.8649 5 0.97 0.9409

13 |5 -1.07 1.1449 6 0.03 0.0009

14 |7 0.97 0.8649 7 1.03 1.0609

15 |6 -0.07 -0.0049 4 -1.97 3.8809

16 |4 -2.07 4.2849 6 0.03 0.0009

3.0 7 0.97 0.8649 5 -0.97 0.9409

18 |7 0.97 0.8649 7 1.03 1.0609

19 |5 -1.07 1.1449 6 0.03 0.0009

20 |7 0.97 0.8649 5 -0.97 0.9409

21 |6 -0.07 0.0049 7 1.03 1.0609

ge |7 0.97 0.8649 7 1.03 1.0609

23 |5 -1.07 1.1449 5 -0.97 0.9409

24 |7 0.97 0.8649 6 0.03 0.0009

25 |6 -0.07 0.0049 7 1.03 1.0609

26 |7 0.97 0.8649 5 -0.97 0.9409

27 |5 -1.07 11449 ™7 1.03 1.0609

28 |6 0.07 0.0047 Fi 1.03 1.0609

29 |7 0.97 0.5649 5 -0.97 0.9409

30 |5 -1.07 1.1449 6 0.03 0.0009

Y] 182 179 '

Mean 6.02 5.92

Calculating variance from the five samples

Sz = 821 4 8221_'_ 823 4 824 4 825

5
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=275 +22.70 +39.417 + 25.867 + 28.967

301 30-1__ 30-1 30-1 30-1
5 é
4.9815 ]
5
= 0.9963

Gomputing variance of mean of 8Y? from the mean of the five samples
oy = X(Yi=Y)? :
5-1

= 0.06398

Estimate 6§from the variability among the satmple means:. -

2 v
6q’= rSY : z '
“ =30 (0.06398) .
z '
7 =1.9194 ;

F = S2 calculated from sample means
S? calculated from pooling sample variance

F=1.91925
0.9963 .
F = 1.9264 :

)
Comparing the computed F-value with the table F-value at 5% level of
significance of which the degree of freedom 5-1 = 4 numerator and 30-1 = 29 for

degree of freedom denomarator lies inside th;é interval —to g5 to to.95 Which is —

2.700 and 2.700. The éomputed F-value lies inside the table F-values this implies

.

the machine is highly significant.
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TABLE 18: STATISTICAL ANALYSIS OF UNIFORMITY OF FIVE SAMPLES

OF CARROT
SAMPLE (r) Slice thickness Difference Sum qf squares2
(mm) (Y) between variates | of deviate (Y-Y)
means (Y) and
deviation (Y-Y)
Y4 5 0.2 0.04
Y, 2 -2.8 7.84
Y3 5 0.2 0.04
Y4 6 1.2 1.44
Ys 6 1.2 1.44
24 0 10.88

Mean (Y)=Y/Ir=4.38

Variance S% = (' (YY) = 2.7
r-1

Standard Deviation S =\‘ g§? \] 27 =164
COEFFICIENT OF VARIATION FOR THE SLICER
This expresses the variability among the different slice thickness of carrot

slices.

Coefficient of Variation (CV) = Standard Deviation
Mean of Sample

X 100

CV=34.17%

From the value obtained, it implies that the slices from the machine are

within the required thickness because the CV is below 50%
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TABLE 19: CARROT SLICES FROM 1KG EACH OF FIVE SAMPLES IN

THIRTY REPLICATIONS
SAMPLES TOTAL | MEAN
Y| Y|
1 5 2 5 6 6 24 4.8
2 5 2 3 5 5 23 4.6
3 6 6 6 5 4 27 5.4
4 6 5 5 5 6 27 5.4
5 5 5 4 4 6 23 4.6
6 5 6 6 4 5 26 5.2
7 4 5 5 5 6 25 5.0
8 3 6 6 5 5 25 5.0
9 6 5 3 5 4 23 46
10 4 6 5 6 5 26 5.2
11 5 5 5 3 6 24 4.8
12 6 6 4 4 5 25 5.0
13 5 g 6 5 5 28 5.6
14 3 g 5 5 4 19 3.8
15 4 6 5 5 5 25 5.0
16 5 5 5 4 5 24 4.8
17 5 5 5 3 5 23 4.6
18 3 6 5 5 5 24 4.8
19 6 5 5 5 5 26 5.2
20 4 6 5 5 4 24 48
21 3 5 4 5 5 22 4.4
22 5 6 5 4 4 24 4.8
23 6 2 5 5 5 23 46
24 3 5 6 5 5 24 4.8
25 4 4 5 5 5 23 4.6
26 5 5 5 5 4 24 4.8
27 6 6 5 5 5 27 5.4
28 4 5 6 5 6 26 5.2
29 5 5 5 4 5 24 4.8
30 3 5 5 5 6 24 4.8
Y, 139 152 149 142 150 732 146.4

Mean Y; = 139+152+149+142+150

S5




Mean Y, = 139+152+149+142+150
=732

Yi= 146.4

General Mean =Y.

Y. =488

Sum of squares among rows

SS = Z(vij - ?..)2

=2.6166

Sum of square computer from column means
BEC =y TV =Y.F

= 30(0.1658)
=4.974

Sum of squares computed from column total %

30 150
= 3577.067 — 3572.16 .
=4.907

t- DISTRIBUTION
The machine is designed to slice 5mm thick slices of carrot. To determine
whether the machine is slicing up to specification one kilogramme of five samples

of carrot was sliced and the mean thickness is 4.80mm and sample standard error

is 0.54. ‘ .




The studenttest t=Y-u ‘
Sy .,

Yi=4.50
p=5
SY = 0.54

t=-0.3704

0

Comparing the calculated t-value with the table t-value at 5% level of
significance, the calculated t-value lies inside —tg o5 to to o5 for 5% level of
significance for which 5-1 = 4 degree of freedom is the interval -2.132 to 2.132.

From the calculated t-value = -2;132 to 2.132 lies in the range of the table
t-value. It implies that the machine is highly significant. ’

CONFIDENCE HAMITS (CL)

This expresseé the range of value within which the true mean of the slice
thickness of carrot slices will fall and this can be accepted as the representation of
the entire slice thickness. | :
Confidence limit (CL) =Y +t.SY «

Choosing 2.5% level of significance | i
CL=4.80+2.776 x 0.54 =6.299

CL=4.80-2.776 x 0.54 = 3.301

This is the range of values within which the true mean of the slice thickness must

»

fall.
*a




F- DISTRIBUTION
The F- distribution is a ratio between two variance and is used to determine
whether two independent estimates of variance can be assumed to be estimates

of the same yariance.
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Table 20

F - bistribution - Carrot

1kg of cach of five (5) samples of Carrot

R
SAMPLE 1 - SAMPLE 2 SAMPLE 3

“S/IN T Glice”  |Y- ¥V Sumol | Shee Y ¥ sumol | Slice  |Y-Y Sum of
thickness | Deviales | square | thickness | Deviales | square | thickness | Deviates | square
(v-¥)! Lk i o (Y-Y)?

1 |5 037 0.1369 | 2 34 961 |5 0.03 0.0009
5 0.37 0.1369 | 5 A6 001 |3 -1.97 | 3.3809
e 137 1.8769 | G 0.9 081 |6 1.03 10609
6 1.37 1.8769 | 5 01 001 |5 0.03 0.0009

5 0.37 0.1369 | 5 0.1 Y 001 |4 10,97 0.9409

5 0.37  |0.1369 |G 0.9 081 |6 1.03 0.0009

4 -0.63  [0.3969 |5 -0.1 001 |5 0.03 0.0009

3 -1.63 | 2.6569 |6 0.9 081 |6 1.03 0.9409

6 1.37 | 1.8769 |5 0.1 001 |3 -1.97 3.8809

10" |4  |-0.63 |0.3969 |G 09  |081 |5  |003 0.0009
|5 0.37  |0.1369 |5 01 001 |5 |003 0.0009
2|6 1.37 1.8769 |6 0.9 0.81 |4 -0.97 0.9409
13 |6 -~ 037 01369 |7 1.7 |361 |6 BEKE 0.9409
14 |3 S1.63 126569 [2 |31 961 |5 0.03 0.0009
5 |4 |-0.063 03069 |0 0.9 081 |5 10.03 0.0009
5 037 |01360 |5 0.1 0.01 |5 0.03 0.0009

5 0.37  |0.1369 |5 -0.1 001 |5 0.03 0.0009
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R T
’

1.63 |2.6569 |6 0.9 0.18 5 0.03 0.0009
1137  |1.8769 |5 .04 |00t |5 0.03 | 0.0009
0.37 ~é‘ﬁe.ﬁg 6 -0.9 0.81 5 0.03 0.0009 .
163 |2.6569 |5 -0.1 0.01 |4 -0.97 0.9409
loa7 o369 |6 00 |08 |5 0:03 7| 0,0009
1,87 1.8709 | 2 3.1 0.16 |6 0.03 | 0.0009
-1.63 | 2.6569 |5 -0.1 001 |6 1,03 0.9400
-0.63 | 0.30069 |4 -1.1 121 |6 0.03 .ofooqu'.
0.37 0.1369 | 5 -0.% 0.01 |6 0.03 0.0006
1.37 76760 | 8 0.9 081 |5 0.03 0.0009
-0.63  [0.3969 |5 -o.:1 0.01 |6 1.03, 0.9409
-0.37 |2.6569 |5 -0.1 0.01 |5 0.03 0.0009
-1.63 03060 |5 < |-0.1 001 |5 0.03 0.0009
32.007 162 41,;52 | 749 16.667
6.1 | 4.07

| A

ﬁ.. .

|

;
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1 KG EACH OF FIVE (5) SAMPLES

SAMPLE4 SAMPLE 5
slice Y-Y sum of slice Y-Y sum of
thickness | deviates squares | thickness deviates squares
(Y-Y)? (YY)’
e
1 6 1.27 1.6129 6 1 1
2 |5 027 00729 |3 0 0
3 5 0.27 0.0729 4 -1 1
4 |5 0.27 0.0729 |6 1 1
5 4 -0.73 0.5329 6 ‘ 1 1
6 4 -0.73 0.5329 5 0 0
7 5 0.27 0.0729 6 1 1
8 5 0.27 0.0729 5 0 0
9 5 0.27 0.0729 4 -1 1
10 6 1.27 1.6129 5 0 0
11 3 -1.73 2.9929 é 1 1
12 4 -0.73 0.05529 |5 0 0
13 5 0.23 0.0729 5 0 0
14 5 0.'23 0.0729 4 1-1 1
15 5 0.23 0.0729 5 0 0
16 4 -0.73 0.05329 j5 0 0
iV 3 -1.73 2.9929 5 0 0
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18 |5  |0.23 0.05329 |5 0 0
SEERE 023 00729 |5 0 0

20 |5 0.23 00729 |4 A 1

21 |5 0.23 0.05329 |5 0 0 :

22 |4 073 0.05329 |4 £ 1 :

23 |5 0.23 o778 |8 0 0

24 |5 0.23 00729 |5 0 0

25 |5 0.23 00729 |5 |0 0 -

26 |5 0.23 0.0729 |4 - 1

- N | 0.0729 5 0 0

28 |5 0.23 0.0729 6 1 1 :

29 |4 0.73 00729 |5 0 0

30 |5 0.23 0.0729 |6 1 a

142 150 12

|

Calculating variance from the five samples

S2=8%+8% + 8%+ 8% + 8% |
5-1 |

S?=32.967 +41.52 +16.967 + 12.31 + 12
30-1  30-1 30-1 30,1 30-1
5-1 5

S? =0.79838 |
Variance of means of &y? from the means of the five samples

8= ¥(Yi-Y.)?
P
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6%r=(4.63-4.88)° + (5.1-4.88)° + (4.97 —4.88)° (4.73 — 4.887 + (5.4.88)°
T 5-1 |

=0.4145

, Estimate 659 from the variability among the sample mean
0% = 1S?Y = 30(0.4145)

| = 1.2436

' F = S% calculated from sample means X
S? calculated from pooling sample variancé?

=1.2439
0.79838

= 1.5575

Compéring the cc;mputed F- va‘lue with the table F-value at 5% level of
significance of which the degree of freedom 5-1 =4 numerator and 30-1 = 29 for
degfée of freedom denomarator, t lies inside the intervél —t0.95 t0 tg.95 Which is —
2.700 and 2.700.

The computed F-value lies inside table F-value. This implies that the

machine is highly significant.
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CHAPTER FIVE

CONCLUSION AND RECOMMENDATION

-

51 CONCLUSION "

From the resuli obtained from the use of the machine for slicing

tomatoes, okro and carrot the following conclusion can be drawn.

1. The machine can slice the Roma type Tomatoes, all the varieties of okro
and carrot satisfactorily. ¢

2. Uniform slices of 4.828mm, 5.940mm and 4.886mm for Tomatoes, okro
and carrot was obtained with the use of the machine for slicing

3. The throughput capacity per unit time is considerably high compared to the

use of knives for slicing

»

4. A high efficiency is obtained because it handles the fruits and vegetables

*2

with minimum rupture

5.2 RECOMMENDATION

The basic objective of this machine was to produce uniform slice of fruits
and vegetables (Tomatoes, okro and carrot) with minimum time and rupture also
high capacity for fast drying but thé following is also recommended.

The machine should be further developed to accommodate much smaller *

slice thickness so that it can be use by hoteliers for the preparation of vegetable

salad.
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Plate 2 The Slicer Being used to Slice Tomatoes

65



e
-
Y-

Ly B "‘;ul"”; "

\
JM'— s
W'.S"
i
.91*

Plate 4 Machine Sliced Dried Tomatoes
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Plate 5 Machine Sliced Okro And Whole Okro

Plate 6 Machine Sliced Dried Okro
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Plate 7: Machine Sliced Carrot And Whole Carrot
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