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EXECUTIVE SUMMARY

Processed melon seeds commonly known as Agushi, Egusi and Ogili in Nigeria is a widespread
used ingredient for preparing traditional cuisine such as soup and stews. The demand for melon
seed kernels on a commercial scale is on the rise for food, pharmaceutical, and cosmetic
application. However, the traditional method of shelling and separating melon seeds is labor-
intensive, time-consuming, and often results to low-quality kernels owning to its inherent
morphological characteristics such as hard shell, brittleness and fragility of seed kernels. Also,
there is paucity of appropriate, effective and integrated melon seed processing machines. Thus,
this project aims to develop a semi-automated and integrated melon seed kernels production
system that can efficiently process melon seeds (condition, shell, separate un-shelled and shells,
convey, re-shell, wash and solar dry) into high-quality kernels for commercial use. The study will
also cover machine performance evaluation and dissemination to promote its adoption by the end
users. There is optimism that the implementation of the proposed project will create descent jobs,
increase productivity, reduce labor costs, and improve kernel quality, food security, and enhance

economic growth in Nigeria in line with UN sustainable development goals.



1. INTRODUCTION
1.1 Background

Melon (Citrullus lanatus), commonly known as Agushi, Egusi and Ogili in Nigeria is an
extensively cultivated and consumed oil seed crop in Nigeria and West Africa (Bankole et. al.,
2010; Egbe et. al., 2015). According to Ajibola et al. (1990), melon seed consist about 50% oil by
weight, 37.4% protein, 2.6% fibre, 3.6% ash and 6.4% moisture. The presence of unsaturated fatty
acid in melon oil according to him makes it nutritionally desirable due to its hypochlolestrolic
(lowering of blood cholesterol) effect. The nutritional value of melon per 100g is reported by
Adekunle et al. (2009) to be 7.6g carbohydrate, 0.4g dietary fibre, 0.2g fat, 0.6g protein and 8.0g
vitamin C. The use and demand for melon seed for domestic use and industrial vegetable oil
production cannot be over emphasized. But great fatigue and drudgery is associated with melon
seed processing. The most critical aspect in melon seed processing is shelling operation since
melon seeds usually becomes more valuable when shelled.

1.2 Statement of the Research Problem

Nigeria is a major producer in West Africa and accounts for 65 percent of the total melon seeds
production. The demand for melon seed kernels on a commercial scale is on the rise for food,
pharmaceutical, and cosmetic application. However, the dominantly practiced traditional method
of shelling and separating melon seeds is labor-intensive, time-consuming, and often results to
low-quality kernels owning to its inherent morphological characteristics such as hard shell,
brittleness and fragility of seed kernels. Currently, there is paucity of appropriate, effective and
integrated melon seed processing machine in Nigeria leading to insufficient supply of melon seed
kernels for food, pharmaceutical, and cosmetic application.

1.3 Objective of the Research
The specific objectives of the research are to:

i.  Modify NCAM existing motorized melon seed sheller and separator in terms of capacity
and automation,
ii.  Develop melon seed kernels and un-shelled seed separator,
iii.  Develop a conveyor for re-introduction of the separated un-shelled melon seed into the
shelling machine,
iIv.  Develop melon seed kernel washer,
V.  Synchronize the developed units of machines into a semi-automated integrated machine,
vi.  Test and evaluate the developed system,
vii.  Disseminate the outcome of the study through publications in reputable academic journals,
and exhibition (trade and innovation fairs) for public awareness creation to promote its
adoption by processors/ investors.



1.4 Justification of the Research
The outcome of this research would:

i.  Arrest the drudgery and health hazards associated with traditional methods of shelling
melon seeds,
ii.  Improve melon seeds kernel quality, supply volume, human nutrition and food security,
iii.  Create descent jobs and enhance economic growth in Nigeria in line with UN sustainable
development goals.

2.  LITERATURE REVIEW

Melon seeds shelling involves the removal of the outermost part (husk) from the melon kernel,
where the seed (cotyledon) is made to be separated from the husk (Kassim et al., 2011). Melon
shelling is a very important procedure in melon processing since melon shells are not edible. Melon
seeds can be shelled manually (using hand to shell the melon) or mechanically (using machine
which could either be electricity powered or fuel engine powered). Traditionally, manual melon
shelling affects the rate of productivity as it consumes time, thus increasing drudgeries
(Esenamunjor and Ubabuike, 2021). Due to inherent morphological characteristics such as hard
shell, brittleness and fragility of seed kernels, melon seeds are usually conditioned by seed soaking
to soften the shell edges and reduce the brittleness of the kernel. Conditioning of melon seeds
before shelling operation reduces seed breakage and promotes wholeness of melon seed kernels.

Quality kernels are obtained after shelling when there is no denaturing of the kernel to expose the
oil cells. When oil cells of the kernels are exposed, it gives room to oxidation reaction leading to
rancidity of the kernels. This is where hand shelling method has advantage over mechanical
shelling method. Mechanical shelling systems seriously impacts already shelled kernels when re-
introduced into the shelling machine to cause denaturing of the kernels. Thus, melon seed kernel
and un-shelled melon seed separator is of great importance to enhance 100 percent shelling melon
seeds without denaturing melon seeds kernels.

Several mechanical shelling systems for melon seeds were designed, constructed and tested by
Odigboh (1979), Fadamoro (1999), Agberegha (2018), lorpev et al. (2020), Esenamunjor and
Ubabuike (2021) and others. Nevertheless, these works have limitations to be addressed. This
project aims to bridge the gap by developing a semi-automated and integrated melon seed kernels
production system that can efficiently condition, shell, separate un-shelled and shells of seeds,
convey, re-shell, wash and dry melon seed kernels using solar drier.

3. MATERIALS AND METHODS

The research site will be located at the National Centre for Agricultural Mechanization Ilorin on
Latitude 8.5°N and Longitude 4.55°E. Materials for fabrication of the machine will be locally
sourced from material shops in Ilorin, Nigeria. The selection and procurement of materials for
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fabrication of the machines will be based on their strength, suitability, accessibility and cost
effectiveness. Stainless steel electrodes, sheets, rods, fasteners and flat bars shall be procured for
the fabrication of food contact components while mild steel electrodes, angle bar, and metal sheets
will be used for non-food contact components of the machines. Other materials such as electric
motors, v-belt and pulleys will also be purchased.

Equipment, tools, and machines at the workshops and laboratories of the National Centre for
Agricultural Mechanization Ilorin will be used during fabrication activities and laboratory
investigations. Equipment such as lathe, milling, drilling, angle grinder, welding, bending, rolling,
and gluten machines will be used in the research.

2.1 Design of Machine Parts

Each component of the machines will be designed based on the values of relevant physical and
mechanical properties of melon seeds in literature after validation. All the shafts will be designed
by using ASME Code equation for solid shaft design (Hall et al., 1961), and the power requirement
will be determined by the method reported in Ogundipe et a/ (2011), Hibbeler (2011) and Shittu
and Ndrika (2012).

2.2 Machine Description

The integrated machine will consist of a control panel, melon seed sheller with separator, melon
seed kernels and un-shelled seed separator, conveyor belts, melon seed kernel washer, and electric
motors. The major unit machine will be the modified existing NCAM melon seed sheller and
separator which will be connected in series with the other developed unit machines to form an
automated process line.

i. Control panel: The control panel will be an electric gadget for supplying electric current to
the unit machines as well as regulating the operating speed of the unit machines. It will
consist of variable frequency drives (VFDs) for speed and torque adjustment, start/stop
buttons, sensors and transducers and the casing.

ii. Melon seed sheller with separator: This machine (Figure 1) will be able to continuously
and simultaneously shell conditioned melon seeds (soaked with water and aerated) and
separate the seed kernels from the shells by a blower and vibrating screen. It will consist
of a primary and secondary hopper, precise metering device, shelling chamber, blower/
shells exit chute, blower, vibrating screen, melon seed kernel chute, electric motor and
frame. The difference between the existing machine and the proposed improvement include
higher capacity of hoppers, shelling mechanism, and separation mechanism.
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Fig. 1: Engineering drawing of proposed improved version of the existing motorized melon
sheller with separator.

Melon seed kernels and un-shelled seed separator: This equipment will perform the work
of separating un-shelled melon seeds from the seed kernels for the purpose of re-
introduction into the shelling machine during operation. The equipment will consist of a
hopper, vibrating zig-zad- patterned-inclined plane, electric motor, and a frame.

Conveyor belts: Incline belt conveyors with baffles will be used for conveyance of melon
seed materials in the process line for the safety of the melon seed kernels.

Melon seed kernel washer: This equipment will be used for proper washing of melon seed
kernels before drying. The equipment will be a rotating cylinder in a water bath for
effective and gentle washing of the products.

Electric motors: Geared 3-phase electric motors with horse power ranging from 1 to 5 hp
will be use to drive the process line.



2.3  Machine Evaluation

All the integrated machines will be evaluated individually as well as the process line to ascertain

it(s) performance parameters. During performance evaluation, moisture level of samples will be
adjusted by using the method reported in Solomon and Zewdu (2008). The performance evaluation
of the developed machines will be carried out to obtain its shelling efficiency, separation efficiency,
seed breakage percentage and machine capacity using Equations 1 — 4 (Chougule and Gunale,

2021) for extension and adoption purposes.

Weight of cashew nuts shelled

Shelling Efficiency = x 100

total weight of cashew nuts fed

Weight of cleaned kernels

Separation Efficiency = 100

Total weight of kernels collected

Weight of broken kernels obtained
Total weight of kernels obtained

Percentage Seed Breakage = x 100

Weight of kernels obtained

Machine Capacity =

Time

4.  RESEARCH GANTT CHART

(1)

2

3)

“4)

The research is scheduled to be completed in twenty-four (24) months as presented in the Gantt

chart in Table 1.

Table 1: Research work implementation Gantt chart

Activities

Duration in Years and Months

First Year

Second Year

Literature search
and review

Designing,
drawing and
simulation of the
machines

5|/6[7|8

Procurement  of
fabrication
materials




Fabrication of the
machines

Testing of the
machine and
adjustment

Data analysis
Writing and
publication of
outcomes
Dissemination of
research outcome

5.  INNOVATION NOVELTY

The novelty of this research will be the development of an appropriate and efficient semi-
automated integrated melon seed kernel production line with the capacity to carryout melon seed
destoning, conditioning, shelling, separation in two stages, washing and drying using solar
powered equipment.

6. ESTIMATED RESEARCH BUDGET

The estimated budget for the implementation of this research work is %63,463,500 (Sixty-Three
Million, Four Hundred and Sixty-Three Thousand, Five Hundred Naira) only. The details are
presented in Annex I for ease of reference.

7.  RESEARCH TEAM

The research team comprises of a Principal Researcher and the other five (5) members. The list
of the members is presented in Annex II.

8.  PROPOSAL ENDORSEMENT

This proposal is endorsed by:

Engr. Dr. Kamal, A. R. FNSE, FNIAE
NCAM Executive Director/CEO




9.  RELEVANT EXISTING PUBLICATION

A research paper relevant to this proposed research was published in respect to the existing
NCAM motorized melon seed sheller with separator in an academic peer review journal. The
journal published paper is attached in Annex III for ease of reference.
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ANNEX I

Estimated Research Budget

S/N Description Quantity Unit Cost, ¥ | Amount, N
A.| Cost of machine development
1. | Control panel development 1 2,310,000 2,310,000
2. | Melon seed sheller with separator 1 12,000,000 12,000,000
3. | Melon seed kernels and un-shelled seed 1 5,800,000 5,800,000
separator
4. | Conveyor belts 4 860,000 3,440,000
5. | Melon seed kernel washer 1 2,500,000 2,500.000
6. | Geared electric motor 6 650,000 3,900,000
Sub-total 27,452,500
B.| Others / Miscellaneous
7. | Engineering drawing of machines 8 200,000 1,600,000
8. | Report writing, printing and binding 3 250,000 750,000
9. | Paper publication 3 720,000 2,160,000
Sub-Total 4,510,000
C.| Personnel Cost (conference attendance, dissemination / others)
10. | Principal Researcher’s and Institution allowance 1 3,000,000 3,000,000
11. | Conferences and Exhibitions participation 2 10,000,500 20,001,000
12. | Other Team Members allowances 5 1,500,000 7,500,000
13. | Craftsmen allowances 4 200,000 800,000
14. | Data analyst allowance 1 200,000 200,000
Sub-Total 31,501,000
TOTAL COST 63,463,500

10




Research Team

ANNEX II

Highest Area of | Organization
S/N | Name Rank Qualification | specialization
1. | Engr. Dr. Isaac | Director of | PhD Agricultural and | National  Centre  for
Chinedu OZUMBA | Engineering Biosystem Agricultural
(Principal Engineering Mechanization, lorin,
Investigator) Nigeria.
2. | Engr. Terhemba | Principal M.Eng. Crop Processing | National ~ Centre  for
IORPEV Research Officer & Storage Agricultural
Mechanization, llorin,
Nigeria.
3. | Engr. Dr. Abdufagar | Executive PhD Farm Power & | National Centre  for
R. KAMAL Director Machinery Agricultural
Mechanization, lorin,
Nigeria.
4. | Engr. Dr. Segun | Director PhD Agronomy Crop  Processing &
Yinka ADEMILUY!1 | Engineering Storage
5. | Engr. Dr. Olusola. A. | Director PhD Farm Power & | National Centre  for
OGUNIJIRIN Engineering Machinery Agricultural
Mechanization, lorin,
Nigeria.
6. | Engr. Dr. Christiana. | Professor PhD Agricultural and | National ~ Centre  for
Alami ADAMADE Biosystem Agricultural
Engineering Mechanization, lorin,
Nigeria.
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ANNEX III
Relevant Existing Publication
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1.0 Imtroduction

Malon (Colocynthis cerulles L) with a vermaodar name "Egusl™ (Oyohs, 1577] =& ona of the
imgortant olkseed crops widely groen and consumed e tropical Africa (Shetu and Mdrika,
1011). Tha crop & an annual herbaceous climbing plant of the cucurbiaceous family which has
the best y&ld on sasdy fres dralning ol Ws druds are pods which contain many seeds
(Crrreuka and Meankwopks, 1005). The meds ars sxtracted and processed to produce major
products smech sz melon sesd kamalscotpledons, malon ssed flour and malon seed ol
{Crvauka and Mwankeaaphks, 2015). The common warkaties of the crop In Migesa Incheda: Bara,
Jurewe and Sofin. A seed of Bara variety 15 16 x 5.5 mm In gze with 100seed waight of about
4z and it Is dominant In the Marthern and ¥estarn ruglons of Migera Sarewe maad warety 15
15 % % mm in sike with |M-saed waight of about | 2g and it & Indigenows to the Eastern part of
Migurta {Clusapen and Adekunls, 20080

Malon saeds meals are highly mutritlous dus to s nutritlonal contest. The sesds contaln about
50 il by walght, 37 4% protain, 1L&% fibre, 2.6% ash and 6.4% molsturas (Apbok et al, 1959,
Aduekunls wt al. {2007} found the quastity of melon smad oll to consist of 50% unsaturated facky
achis (253% Unoklic, and 15 % Chic) and 50% saturated fatty ackd (Stearic and Falmigic acd)
which Is responsibla for s hypochokstroleric (blood cholesterol lowering sfiact and thus,
rertritionally deswrable Consequestly, ®s products are found to reducs tha chamces of
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developing terra-artartal or heart dissase (AJbola et al, 1990; lorpav et al, 201€). The seed
kas amino acld content profie that can be compared favorably with that of zoya beans and aven
whits of apz (Cyenuga and Falegs, 15751

Malon seeds are raw materls for the production of epus! soup, margaring, salad, “robe cke™,
baby food, ivesteck feeds, local pomads, soap and poultry Itter matertal (Bankale st 3l 2005;
Shitts and Ndrkz, 2012).

Sheling and separation cparation Is an Important postharvest activicy during procaessing of
mslon seeds to It finshed products (Yskinnl et 2k, 2017). Manual shellng of melon sesds Is

laboricws, tedious and tima comsuming. Opbonna and Obl (2007) reported that about two
bours ars regquired to mameally shell'dehull kg of malon seeds. In Nigera, soma research
works have been carried out on machankal sheling and separation of malon sesds. Although,
the attempe by Kassim &t al. (201 1) among others on the developmant of an Intsgrated malon
seads shalling and separation maching have poor separation efficency (Cwauka et al, 2015).
Hancs, the nesd to carry out performance evaluation of the newly developed melon seeds
shalling and separation maching at the Naticmal Cantrs for Apricultural Mechanization (NCAM),
forin

The paper sesks to provide relevanet Information oo the parformance of this Indigencasly
dasignad and developad maching to enhance awarensss that would lead to commaercabzation
of tha malon seeds shalling and separation machine

2 MATERIALS AND METHODS

2.1 Materials

The stedy was carried out at the crop procassing shed and the aboratery of National Caners
for Agricuktural Mechanation, llorin wuing the newly developed melon seeds shelling and
separation machine. Figures 13, |b and lc show the various views of the machine. Other
materals used Include sarews malca seeds varkty (fgurs 2a), Bboratory oven (LAR.TECH™),
tachomatar (0.05+Idgit, Lotron DT.22268), dgnal waighng balance (0.1g Camry EHALST),
dgal stop waech (0,015, Kado KD-6128), clean water, plastic bowis and polyethylens baps

(a)Laft and view (b) Front view (¢) Ryght end view
Figure |: Malon Seeds Sheling and Separavion Machine

Convwponiing asitars sumet sdivess Ioriombowyorfgmes sm (3%}
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{a) Unshalled Sarews Malon Seed Variaty (b) Shalled and Separated Melon Sesds Cotyledons
Figure 2: Serewe Malon Seads Varisty

LI Description of the machine

The malon seeds sheling and separation machies labslled w Figurs 3 consist of five (5) major
weits: sheling chamber, exhaust gases haat exchanger chamber, drying chamber, blowsr unit
and ostillating scresning unit ANl these component units are anchored by a rigd famae. The
maching has the abiity to shell conditioned (soaked) melon seeds, exclusively axtract heat from
the exkaust gases of the prime mover (gasoline engine), channal hot 3 to the drying chamber
to mildly dehydrate molst sheled melon seeds, Blow off the lighter shells of the seeds and sleve
out the haavier shells to produce neat cotyledons of melon seeds. The hopper through which
conditioned (soaked) malom seads are fad mto the maching Is an Inverted pyramidal frustum
with 2 fead control fabricated from 2 2 mm thick stainless stasl shaot matal. All melon seed
contact surfaces In the maching are made from stainkess stesl matertal The maching 15 powered
by a SHp gasoling engine.

. '—'_'d. [N

- s

& Lt darlh salt et

R A I e BT R D YR
e ity - v et

n
N R e e el R
I S e e T T

I Diemelne wmgiee

L
LR R LR o LU T
)
\

2

1
S )
Figure 3: A Laballsd Picturs of Malon Saads Shelling and Separation Mackine

2.1.2 Working principle of the machine
Condrioned malcn sesds ars fad to the hopper at the beginning of an operation and then

closed to avold splashing of the contant of the hopper. The fesd contred valve 15 adjusted and
the seeds flow under gravity Into the shalling chamber. Shalieg of the sesds i offected by
impact and shaar forces generated betwoen the rotating and staticmary sheling drums.
Simultaneously, cold air sucked throwugh 2 haat axchanger by an a3l fan 13 heated up and the
hot air flows against the direction of meist shelled melon sesds moving on slanted Interlocked
drying trays In tha drylng chambsr. Tha drying ar of about 60°C Inside the drying chamber
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avaporates tha surface water of shelkd mebon seeds befors aerodynamic separation. The

lphiur shalls aru blown-off bafore the firal remaoval of the thicksr shalls at tha oscillating scrasn
o discharge neat malos seeds cotyledons.

11 Marthods

220 Sample cheaning

ihe {B) kilzgrams of marews malon seeds varuty was prorad from Makerd) asd the soeds
wary manually da-stonsd to prevent tha damagn of tha shalling machanism and cotyledons.

23 Mokure deTerminarion

The withal mwolstera contest of the melon sesd was determined 3t the Food Processisg
Laboratory of Mational Cantra for Agriculveral Machanizztion, llorin wsing owen deping method.
Tha samplus wars oven dried at a temparaturs of 102 2 3°C untl corstant weight of the
mmples weare obmed (Kashanes|ad ot al, 2005; Obl asd Cflorha, 2015, The Inital molsture
content waless of the sesds wars wsad to raloulate the requiesd amount of water needed to
adjust sesd molsture to |4, 20, and 285 db levals for tha sudy.

1323 %ecd conditlandng

The de-vtoned malos meds wers randomdy dvided Inco 27 samplas, sack weighing 200p. Each
mmple was choroughly mived with a caloelated amount of water esing Bguaton | according to
Obi and Cfforka, (20015). The comtents were thas kept = an alr tghe polyuthylens bag In a
rafriguracor st 3°C for 7 days to anabla proper molsters distdbution and equilbration (Enoch
at al, 2008; Obl and C#orha, 2015, The samples wers then aersted under 2 shed for 20
erinutes based on praliminary studies to pat the seeds Inflaced.

Mo (G ("
Where,

M = Mass of disllad water (kg

W= Mazs of mmpls (kg)

M, = Intlal mealsters comtant ()

Mz= Final malsters contant (52

134 Mackine Tasming
Tha maching was eestad with ne load and an sbeormal noisa dus o deicton was correcoed By
alignment of comganents and applcacion of praase in conforminy wich RCAM [1550).

Undar lozdieg, the varables m Tabls | wars consldersd during tha evaluacion of che saching,

Eack tramtmvant was ruphcated thrice to check for experimentl errors. The conditionad and
lxballad samphs ware fad nto the macking st varying operating spaads and eimed.

Taubls I: Vartables for Maching Perforeancs Evalustion

Wariables Valuss

Suwd mossture content (% db) 14, 20, 26

Shaling spesds (rpm) #00, 1500, 2100

Parlormancs Indicatars Shalling  afficiuncy, separstion  efficiescy, seed  besakags

percaneags, throughpue capacity, machine capaciey.

125 Svaviseical analysis

Tha products cellected were serted, welghad and wralyzed using IBM 5F3E stapesic sofeware
version 15 and sguations 2, 3, 4, 5 & and T (Shittu and Mdriia, 2012; Sesonyan snd Yiljep,
2008) eo gut M parformante paramaters,

Shaling sfficiency, v, = (=522 | 10p @)

R T P T L T LT Tt T - aeer [ 5]



dal gt Jpoewd’ of Do e, Tadadaly a0 BRvrdiva s, Jmaivie’, DEEE FE VB 1 Tnldd BN Vi o, e BB JRiE-
R

HiE

Suparation sfficlency, v, = [k—':_‘-:T':'fE} = {2}
Braskage Purcentage, 5, = (S} 200 i
Throuphput capatity, Oy = g {53
Machies cagacity, &, = ""'-H-:l"ﬂ- &
Where

Mg = Mass of claas unbrokan cotyledon in product collected at outhat chutes (Kg)
Mg = Mass of cluan Broken cotyladan In product collected at cetlat chute (kg)

M = Total mass of seed fad chrowgh the maching's hopper (KE)

M= Mass of shalls'chall in cotyledons collectad at outlat chuta (kg)

T = Tima takan to complats cparation (h)

3 RESLULTS AND DISCUSSION

Table 1 shows the maas values of perforsance charactermtic of tha machies 3t varicus
moliters contést and operating spead lewals considered. The results show thak the mass of
thalled melon seddh produced by tha maching Intraasad with Increase In sead mairture levals
at warious cperating speed levale while the muass of brokan seeds decreased with Increasa In
wead menture levels at different operating spead lewals of tha maching. Tha rasules shaw that
tha mass of shalled malon seeds produced By the maching Increased with Increase n seed
molsters content lewls at varices operating speed lewals. Ak, the sass of brokan soeds
dacruazad with incruase In seed molsture contant lewals at different operating spued levals of
tha machine. A sielar result was reported By Shitte and Mdrika (2012} Addmionally, the mass
of malon sesds shelled and mass of Broken seeds Inorgased with oparating speed 2t various
molsters lvel considarad

Tha parformanca Indicatars of tha maching ara prasanted In Table 1. 8 15 cleaar that shalling
aficiancy, separation efficiency, seed braskape percontaps and machine capacity ranpss from
SR1D = Pa.20%, B892 = PA.0I%, 134 = LFEN, and 34.30 = 8D kg'h respactraly. This leel of
parformante ackiavad In the stedy cowld ba atirbuted to the unique design of the various wmit
of tha maching and the cperatng conditons consideared In tha study.
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Table I: Maans Values of Machine Ferforsmancs Charactaristic 2t Warious Speed and Molsturs

Lavek

Speed Molsture Mg M. (@) M (g M7 T (5]

frpm) (L db)

E) F 200 TG7.00 (0057 200 (0.100) [B.57 (o.285) 11140150
00 20 200 1375400400 206 (01007 2404 (0073 1455 (0097
00 26 200 15085 ¢0.250) 269 (02820 2100 (0212 &1 {143
1500 14 200 14096 ¢0.92%) 530 (05509 209 (04510 1147 {03200
1500 20 200 162060583 500 (02005 283 (0.042) 13.84 {0105
1500 26 200 12000 ¢028%) 433 (0278) 18.05().023) 1558 {0.200)
2100 14 200 14477 0360) 643 (0.225) &0 (0.255)  9.97(1.501)
2100 20 200 1266600233 534 (0476) 940 (0.585) 1275 0.010)
2100 26 200 ISTEEDIEN) AT4(1153) 1606 (0.245) 1485 (0303

ME: Walues In paremthasls are smndard deviation valuas with £ sign.

Tabka 1: Maan WValuas of Machine Furformancs Parametars

clsturs 4] EF 1 om (kp®)

frpmi % db)

I SE.10 (0254 BaFl (0058 176 (o100) 1562 (0.580)
00 20 7040 (0400) BS540 (07 163 (002% 3483 (0.350)
00 I8 TLIT OMDISE B0 02007 134 (0081 3430 {0173
1500 14 7i4l JDFIF) 4TI (0&&4) 195 (0050 4407 (0253
1560 20 6.5 DSEY 9LIO (0I0GY 150 (03007 4500 {0.173)
1500 26 9247 (DIEF 9I0B  (0O07&) 11T (0208 4177 (144
e 14 7540 D361} SEAZ 0321y 132 (0225 5460 (0.519)
00 20 9600 (0200) 9500 (02000 167 (0076 5423 (0.0
20 26 6.0 (0361 9230 (052W) 23T (D152} 4E8T (D416

ME: ¥alues In parenthasls are sandard deviation values with © sign,

11 Effect of Moisture Comtant and Operating Spead on Shelling Efficiency

Tabls 2 Indicutas chae the shalling sfficiency of the maching incraases with an Increass in seed
mblsters contant and cperating spesd which B In agresment wich works reported by Shiteu
and Mdrika (2012}, Sobewsl st al. (2015] and Onwuka and Mvankwo|iks, (2015) . Tha 15
Bucauzs when mesture content of malon seads mmples Intreases, 3 cavity filed with fuid 15
crusted betwesn the sead cotpleden sed the shell which tends to increase che shall
eMcwncy, |t was then ebesrvud chae, melseurs content of the sesds and the ipae
laval are erigical factors duancng shalling atbcincy, Tha masimes shallng s¥osncy obealned
wis 96.20% at 26N db molsturs level and 2100 rpm operating spesd leval,

e a) de e e sl B EsiE R Bome s [ 5]
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3.1  Effect of Modeurs Comtant and Operating Speed on Separstion EMiclancy
Fram Table 1, separation eMclency intresses wah operating speed but decreases with an
incraida In maliure level it can be saplamad that, an Increxss & opersting & panaridag
ancugh air dratt which is highar than termingl valaciy of melon shalls Bt lass chan that of the
wad cofyladoss to Intreats separstion. The obeaned result & 3 contrast of Onwuka and
Meankeeajia [2015). This means that, at highar moiure contant lavel, the designed afclancy
al the drying st |5 axcesded and thus, causmg 3 decrease In separation aMiciency. The
maximum saparation cbismad was 6 00% s 14% db moisturs level and 100 rpm operating
spaad lavel,

33 Effect of Moisture Content and Operating Speed on Seesd Breakage
Parcentage

Tha seed breakaps percentige decrsases with mcraate i mestire level but Incraises with
Incruaia In operiting spaad lavals as shown wm Table 2. This & 1w agresment with the warks
raported By Shiths aad Mdrika (2012) Sobewals at al, (2015) and Owreuka and Mwankwo i,
{2015). The highast seed braakage parcestage cbiawmad was 1.12% at 2100 rpm asd |45 db
molsters comtant leval while tha lowast was 1.34% at 900 rpm oparating spead and 26% db
molsters content lewal. This performanca is batter than the 15.13% minimum seed damage
parcantaps achiovad by Sobowale et al, [2015) at 1500 rpm operating spaed and 18.22% db
o lsters laval

34 Machene Capacity

Tabla 2 shows that the madmum value of machies capacity abtalned was 480 kp® This
cagacity & comparatively lower than tha 171 kp'h maching capacty of 2 melon seed shallng
rraching withowt a separating unit daveloped by Shittu and Mdrika [2012) and highar than the
7.75 kgth machies capacity of the melon seed shalling and separation racking developed by
joebowale et al, {2015k Tha designed resldency time’dalay of moit shelled melon seeds
etature In tha drying chamkbar and at the ceclliatng serees 15 responsibla for the obtained leval
ol mathing capacity.

Table 4 = 2 sumwrary of analysis of varanoe (AMNOYA) rusults. The result shows that, at 5%

parcant leval of significance, shalling s¥ciency and macking capacity vares signtficantly (pvalus
af Q01 with the oparating spaed, mobture tontant of the seeds, and thalr Interattlons;

while the ssparation efckncy and seed breakaps percantage varles dgnfcantly with the
aperating spasd and mosture content of the saeds but not sgrficant with their Interactions.

Tabla 4 AMCYA Result Summary of Flaching Parformance

Farametar source of warkatlon  F Fr=F
“Shalbng Efficiancy 5 $5E3.178 Q.00
M 1451 551 0L 000H

5 41.8713 00

Suparation Eficlency 5 2I0£024 .00
™ 0T 244 2000

| 1218 2.3381

Jneds Breakage Fercantage 5 134577 0.0001
M 40,7593 OO

| L.571 21421

Machiea Capacicy 5 12£3.883 QU000
M 103.201 QU000

54 FEN]- 00O
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Tha resulis of Cuncan post-hoc st In Tables 3 and & prasant spscic Information on kow the
afact of diffarent kvels of operating speed and molsture content on sheling sffickncy,

saparation sfckncy, sead bruzkage percemtage and machine capadty signtficantly difier from
sach othar.

Tablk 5: Cosparisos Summary of Effuct of Spead Lewals on Performancs Indices using Duncan

Multipls Ranga Tast

Spaed, rpm 3hE, % SREX BFX MC. kgh
w00 Lk 4285 g3 15800~ 249087
1500 42000 1588 25285 44 37T
i 5] EREET 74444 2.7500° 512111

Maans with the =me lwiters are not sipsficantly different ac p = 0005 using the DMMRT
ShE-Shallimg wfficlency, 5aE-Ssparation sffickncy, BP-Breakage purcancags, MC-Machine @pacity

Tablk & Cosparisos Sumerary of ESact of Molsors Lavels on Parformasce Indices wsing
DCromcam Multiple Ranps Tast

Molsturs Content, = ShE% SaE L EF % MC, kg'h
4 B0 Jesss R 1E433 FLE vy
0 843772 911667 L2667 44 4555
28 BT 44t BE 2ITE 15585 0500

Hsans with the same lwimers are not sipaificandy different ag p =005 using the DRMNEMRT
3hE-Shallieg wfficlancy, SaE-faparation affickncy, BF.Breakage percancags, MC-Machine capacity

Tablas 5 and & reveslad that the means are significamtly differsmt ar P & 005 The wffece of asch
operating spedd md moiwiure content level on sheling sfliciescy, separwtos efficlency, seed
breakaps percestage and machiss capacity sgnfcancly differs from sach other, Thus, the maost
sgirably operating speed levals obraned sichour a closs significast subsoruts for shalleg
aficmncy, separwtos aficiency, saad brazkmps percancage wnd sachies capacity were 2100,
2000, 800 and Z100 rpm regpacovely, whils on che othar hasd 268, 14, 26, 145 db respacivaly
ware the most susabla moisiurs kevels for the various performance paramsate s,

Hance an apomal purformance of B6% shelling eMckncy, 5% wparation aMciency, 16775 seed

breakaps purcemizpe and 3421 kg'h maching capacicy was obtminad st 2100 rpm oparatng
spaad and 20% db seed motsture laval,

4 CONCLUSION

The parformancs of as sdigenously designed asd devsloped melon seeds shallng wnd
saparstion machies powered by & guscline engng was studied o enhance i3 commeroabzacion
and furthar rezasech works, The resuls of the study showsd char shaling sfficiency of the
miachng Incrsases with aa mcrease In sesd molsturs contest snd opersting spesad; separacion
aMiciancy Increases with mcruass i opersting spesd but decrunses with Incraass in melsturs
comtent lwval; whih seed brapkage percemtage Secrupes wieh Increase n molsturs level Bus
incrunsas with Incrasss In oparating spaad levels, An optmal condigion ef 2100 rpm eperating
spaad pad 20K db seed mesture level produced $E3 335 267K, and 53423 kg shaling
aMciancy, sparation eifcisscy, sesd brealaps percantapgs asd machine capacicy respettivaly,

Jasmpraiay daiars papeading Brhapegeieean (31
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Tharefors, this machine could be recommanded for commercabzation and adeptios by melon
waad processarn.
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