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ABSTRACT

Value addition in agricultural products is essential for the development of the sector in Uganda
(MAAIF, 2011). The study was aimed at achieving this through powdering tamarind flesh. The
fruits when ripe contain rust coloured pulp (flesh) which was of major interest in the study. The
fruits were deseeded and the flesh dried till crisp for easy grinding. Size reduction by attrition
was employed in order to achieve powdering of the dried tamarind flesh.

The major objective of the study was to develop a manually operated tamarind powdering
machine which would enhance cheap powdering of the fruit pulp. The powder can be stored
easily, has low logistic expenses, more hygienic in preparation, easy to use, convenient as there
is no need to bother about disposal of residue as is the case when dry tamarind is soaked in
water; and above all has a much stable and longer shelf life because of the lowered moisture

content of about 3.5-8.8% (Singh ét al, 2007).

Implementation of this project was carried out within a period of four months. Design of the
various parts was done by analysing forces acting on them so that components would not fail
during operation. Several methods were used in fabricating the different machine components.
The methods included cutting, welding, threading, grinding, drilling, chiseling, machining, etc.
Components like bearings, shaft, and grinding plates were selected from those available in the

market. The machine components were assembled into one unit after they were fabricated.

Testing of the prototype revealed the machine’s grinding efficiency as 55.6% for a product size
of 1,000 — 2,000 um, capacity as 0.8 kg/hr at inter-plate clearance of Smm. Total production
cost of the machine was 873,000 UGX ($250). It also revealed that the grinding efficiency
greatly depends on the moisture content of the feed (dried tamarind pulp), and desired product
size of the user which is influenced by the inter-grinding plate clearance. The study also showed
that the dried tamarind flesh and powder exhibit hygroscopic properties and therefore need to be

kept in air tight containers free from atmospheric moisture content.

ERIMU IVAN FINAL YEAR PROJECT REPOR1 bt Ll s



ACKNOWLEDGEMENT

All glory and honour to the Almighty who has kept me alive till this particular moment. For all
the ability to reach this level of my education and enabling me accomplish my study research,

writing and presentation, I am highly grateful to Him. May His name be highly exalted forever!

Great appreciation goes to my supervisors; Mr. Salanjaye Wilberforce and Ms. Hope Njuki
Nakabuye for their dedicated time and efforts they availed me. They were ever available for
consultancy. May God abundantly bless the works of your hands! Great thanks to the entire staff

of Agro-Processing Engineering Department.

My gratitude also goes to the members of the Agro-processing class of 2012-2016 for their time
and support rendered to me in compiling this report. The Almighty knows how He will bless you
and the works of your hands.

T




DEDICATION
This report is dedicated to my parents Mr. Erimu Micheal and Mrs. Abeja Faith and to all my
family for the love it has shown me throughout my life to this day. It is also dedicated to all my
uncles and aunties especially Dr. Akol Zainab, Mrs. Asio Mary and Mrs. Amulen Frances and
my beloved grandmothers; Abeja Faith, Atim Pascal and the late Anyait Regina (RIP).

EFRIMII IVAN FINAI YFAR PROIEC
CRIVIU IVANTINAL TEAK ]

I



DECLARATION

I, Erimu Ivan declare that the work presented in this proposal is my own and has never been

presented to any University or higher institute of learning for any academic award.

f i ———————————i——
|r . AT
|
f T
.
......................
BU/UG2012/243
ERIMU IVAN FINAL YEAR PROJECT REPORT S



APPROVAL

I present this report to the Department of Agro-processing Engineering, Busitema University

with approval of the following supervisors:

Mr. Salanjaye Wilberforce

BAGIIIIINL o somsavnnsmnnsnnss cammmss

Yt o v snmmvsnss s vasrs

ERIMU IVAN FINAL YEAR PROJECT REPORT dd o
¥



TABLE OF CONTENTS

ACKNOWLEDGEMENT .......cccooiiiiininnne

CHAPTER ONE: INTRODUCTION.............

I PREAMEBEE..comcwmssiumammamis
1.2 BACKGROUND OF THE STUDY

1.3 PROBLEM STATEMENT

1.4 PURPOSE OF THE STUDY ...........

15 JUSTIFICATION OF THE STUDY ..uuvuinnanisisis

1.6 OBJECTIVES OF THE STUDY .....

161  Main ObJective s

187  Sporele DAOTHIOE . mossnssssssminswebms s s

1.7 'SCOPEOF THE STUDY ...viiesus

VI



224
225
2.2.6
2.2.7
228

229

Production trends of tamarind WorldWIde.......oooveeeeeeeeeeeeeee e eeeeeeens 9

Distribution of Tamarind in Uganda..........cccccovvnnrrnniccccencannn.

Varieties of Tamarind in Uganda...........cccoeecnicnnisnciiicieineses e nesesesesesenns

Hstrveuting of thamaning ....coiiisininininiinissaiisismmmmasmanmasmssessnsaasss

USES OF TAMATINM ..ot et ee e es et e e e e eeeeeeaee e ee e e eameeaeemmeeeesseeeeeeneaneeenann

Post-harvest losses in tamarind value chain.........coovveveeveeeieeeeeeennn.

2.3 EXISTING SIZE REDUCTION MACHINES AND EQUIPMENT .......ccoiiiiiinnans

2.3:1

23.2

24  DESIGN CONSIDERATIONS.........ociiieeritnicccse et e s s ae e

24.1
242

243

CHAPTER THREE: METHODOLOGY
3.1 PREAMBLE
3.2  MACHINE DESCRIPTION AND WORKING PRINCIPLES
3.3 DETERMINING THE DENSITY OF DESEEDED TAMARIND FLESH

3.4 DESIGN OF THE VARIOUS MACHINE COMPONENTS

34.1
342
343
344
345

3.4.6

TraditioNal tOOIS ... ..coee et e eeee e e e et eeees e aaeeeeenen

Machines fOr S1Z6 TEAUCTION ..ot e e e s eeeeee e e e e e e e e e esmsseneeeans

Ethical cONSIAETAtIONS ......cvvooeieieeeeeeeeeeeeeieeeeeeeeeeseeeseesseneeeeesesenne

Food product consideration...........c..ccceeeeeeee..

Phsisital cousideBilin ...

THE PR TN i i oA oA oA AR e ¥ TS TR S AR SRR

...................................................................................................................

Determining the hopper height, weight, and mass......

Determining the hopper and screw feed rate .............cccoovvemirineescncccnereccee
TR DO BRI - ccmisivaminnn wimnn v A A A A S SR AN
Trough type and end plate sty1e..........ciceminmsinaisssssisionmorarammsossssasesssrassasassssasas

R CRIRRIND ORI ..cinmsionmssnsosstssmosssssi e e R SR

10
11
19|
12
12
13
15
15
16
16
18

18

18
20

20

2 20

23
24
30
31

R



34T  Deterinting (5 BB DOWER .ounscmsmonisssiisismnsiniiiimsississ bbb 32
3.4.8  Torque requirement by the OPETator .........cceeeeeeveeeraereecreneeeseeesssesescseeesseessnseneses 33
3.4.9 Force required to rotate shaft with cranking handle and grinding plate ................. 33
3.4.10 Power required to crushing the tamarind ... 34
34.11 Total power required to operate the tamarind crushing machine .............cc.c........ 35
3.4.12 Force required to operate the machine..........coccoeveeriiieiiienceeereeceeee e 39
34.13 Torque required §0 crush the ARG ... iiiisiismsmisissmismesimssimmssinsiis 36
34.14 Bolts and MULS.......oocoiiiiieienieete ettt eae e ereaeanas 36
3.4.15 Determining the grinding plates mass and weight............ccccoovvveiveiecciireccinennnn. 36
3.4.16 Design of the cranking handle ... 37
BAAT S o s s s A B TR e A s 39
3.4.18 Design of the key ............. .. 44
TN T TRRENR ocuviiinissiviiisusuisiisihnibnssonmmonnsmensnssssamenrersnss s sens s sets seasS PSS E RS P TS RIS 45
3.5 FABRICATION OF THE MACHINE COMPONENTS ......cccccoovunriinrerenernrcrecesenrnene. 46
.50 THO HODIIEE .cooncnrersrssssmmmesssmsesimmsransmsssasssm s s s e sy s s et 46
J05 O PIAE cnisiinissnsissmiisbmss .. 47
s N ¢ T U 47
38 BB R R A R S 48
3.5.5 SUPPOTE PlALES....v ettt see e nenesnees D8
350 DO BB i R A R R e 49
3.6 ASSEMBLY OF THE VARIOUS MACHINE COMPONENTS..........ccccceevermrecnnene. 49
3.7 TESTING AND EVALUATION OF THE FABRICATED PROTOTYPE ................. 50
3.7.1  Determining machine grinding effiCiency .........occoueeeeeeeeeeceieceeceeeeeeee e 50
3.7.2 Determining capacity of the machine ... 30

VI



CHAPTER FOUR: RESULTS AND DISCUSSIONS.......oe ot eesacresse s ssenne
4.1 MACHINE COMPONENTS AND SIZES.......ccocoitimmnnnriientiennnasennas
BTi]  THR I ooomomm s A R A B RIS R
A12 TR SO BBE o i AR R SRR A
T IROPDEE i i S s A s s AP AP R A AR A SRS S
ALS  COHNETR TDOMEIL .ncomsmernmmncns inssssicesssiscss oy issos s s s o s v LSS
BAB BB 0 i it s A S S A
BV,7  BDOEE PR, .. ccuresonmmrnssssnmonionisessiweniesissonsesss issisismse R s e SO
BEE  PHBIE o i i i i s Ao B AR BRSSP RN AR R RS

4.2 OTHER PARAMETERS AND VALUES. ...cccumusiisimsssisimiismsssssinsiasiaisiis
43 TESTING AND EVALUATION OF THE FABRICATED PROTOTYPE .................
43.1 Moachine prinding eETCIEIOY .counisiimuimmstsiisismaissmsississiiasmmmmapssssnsnssn
437  Copacty O U0 MBCIINE. ..o crsvmmmnisnsssssrsssiins saniosnsmetss s o550 s RS
441 COSLEVAIIBHON. . ....oorsecncomrersrsremmssarmuosr b s AT et S RS A R RS
G842  DOPTBORIEION oo s s S e ies s e s oo h amemmnar T SRR R RARASS
B43  PaV-DOCK POITMI ..vonrsnnrmsnnvanmsseseniossics s siossssis it s S A GRS
CHAPTER FIVE: CONCLUSION AND RECOMMENDATION .......ccooomiieieieneeneennnns
B3 ORI councmnsunmsssmsmamencinsonsisonsissnisessasiins oA s A AR S SRR a0
5.2, RECOMMENDATIONS .ciimmiimmisiirisimmsistsismsmmmsearsmeshs srisssmmasssnsenssss
RIEFBREINUTS ..o rvomonsnsummomssnmansnsnssons nessosssessisuesise s s o s s S isss ai sewesoisien

APPERIIBCED cccicviissoivicdss s i aiio o e o ia s s Set brmmmsps R SIS SRR AR RS

FRIMIU IVAN FINATL YFAR PROIECT REFPORT

s |

52
52
53
53
54
54
55
b
55

56
56
S7
57
58

59

60
60
60
61

63



LIST OF FIGURES
Figure 1: Hustration of gnnding actien of the burr mill ...
Figure 2: Illustration of grinding action of a hammer mill ........cooooeiioioeoiiiieeeececeee

Figure 3: Illustration of the grinding action of crushing mill ............coveeoemrereeieeeeeeeee e

Fignic 4. Taxonotiny of desigys CONSMACTARION. . ... ciuinisimisinssimnsmisivisiiissmsisiiasisassssss

Figure 5: HOPPET CTOSS-SECHION .......eetereereereesiereereassesserseeeesaeseesneseenesseseensessesseasaennesesseaseasessnenes
Figure 6: Part 0f the BOPPET ..ottt eas e se e s aaaes

T 7 DROPDOE ORI ..o saiasssiosiossosiss s sl s s S S R %

Figure 8: Stretched screw feed area of tamarind settlement...............coeevveerieiciicenceeceeceeeeeeens

Figure 9: Cross-section of screw feeder Spiral...........cocovveieirincnincncneceere et eeneans
Figure 10: Cylindrical trough Cross-S€CHOMN. .....cccciiiiieeeee ettt sne s e
Figore 11: Crookiog o ile dlsialimmui. .. . .qxsusssssmosisosisssisionsasonsssaissismisssasiossasisms s
Figare 12: Tree body diagram of shaft snd Ioadingis ...
Figure 13: Shear force and Bending moment diagrams............cccevrueeermveeececeeceeeeeeeeee e eneaenenees

Figure 14: Shaft deflection determination diagram ............ccccccrrsnericcnsnssisncnssisissensssssnsninsonsasases

XI



LIST OF TABLES

Table 1: Common/vernacular names of tamarind in AfriCa ........ccoceeeiiiieeinccenninieececesesnereseesees 6
Table 2: Mean nutritional composition of tamarind Pulp .......cccoeemieinincrcreee e 9
Table 3: Experimental data obtained A S RS e SRR 19
Table 4: Different densities from the different experiments.........c..cccceeeeereererrcrccecncneccrcacnscnanns 20
Table 5: Type of load and their respective fill coefficients ........................ . 26
Table 6: Flux material decrement COSTIICIONS.....uvmsicimsssssssisemsnssisssasisissssssstsssrsisiarsorsmsnnnasarnsen B I
Table 7: Material resistance COSTICIENES ..........cccoriiiiirec e trrer et ess et en et enas 29
Table 8: Recommended life value of bearings ...........ccocvvvveeviinoiiecsiierenenieceee e 32
Table 9: Components exerting force on the shaft and their weights.........coooooiiiiionnicinineene. 39
Table 10: Dimeonsions of e Sl ... oot o iiasa s o iiissrerarasmsasts 52
Table 11; Dimensgions of the SCrewW FEOART ... iiiiuiiiiiiimiininimionsmssmsammnssanasssasarsnssssssassansssivsass 32
Table 12: Dimensions of the Srding dISCS .........ooreeresesiemmmmessorsessrsmimassssosssomsissssssmsssssasiasisia 53
Tible 13: Dinentions oF The BOPPEE.......wcmmommvemnsrssnssssssassiisssssssiin s i assssmios s iasainsn 53
Table 14: Dimensions of the CONVEYOT trOUZN...........cccceirancreertisrrnisreessesaassessessenrsassssssesssessrsens 54
Table 15: Dimensions of the BEANNES -......ccicemimermmssemrersereressinssssssssssassnsmmossassississsnsnssisissssss 54

Table 16: Dimensions of the Support PIates.........c.covveceuiieieceniriciccr ettt stsreees DD
Table 17: Dimnensions of the B, .. s i i aiiinmmsmmss sy 55

Table 18: Other parameters and VAMIES ... vimimiiisssmisissmssissisaianmmmmmsmasenssmmrmssassssssasssnn JoF

Table 19: Details of the grinding efficiency test at clearance of 5 mm ..........ccooriiviiiiannnccnnn. 56
Table 20: Material costs for production of the manual tamarind powdering machine................. 57
Table 21: Labour costs for production of the manual tamarind powdering machine................... 57

X



CHAPTER ONE: INTRODUCTION

1.1 PREAMBLE
This chapter presents the general introduction of the study clearly stipulating its background,

problem statement, purpose, justification, objectives and scope.

1.2 BACKGROUND OF THE STUDY

The government of Uganda, through the MAAIF, had in its National Agricultural Policy report
of September 2013 an objective of promoting specialization in strategic, profitable and viable
enterprises and value addition through agro-zoning. This objective was set out to improve the
agricultural productivity and post-harvest handling in the country through value addition. Adding
value to agricultural products is vital for the development of agriculture in Uganda. The benefits
include reducing losses by increasing the shelf life of products, reducing transport costs
associated with the movement of unprocessed bulk produce; resulting into increased earnings

(MAATIF, 2013).

Tamarind is a tropical widespread multipurpose fruit tree species of the Fabaceae, and Genus
Tamarindus (E1-Siddig. 2006). Tamarind, Tamarindus indica Linn, is found throughout most of
the tropical Africa and the tree grows wild throughout the Sudan. Almost every part of the tree is
useful. The most used part of the plant is the fruit (pod). The fruit contains about 30% pulp, 40%
seed and 30% hull (Singh et al, 2007). Tamarind products consumed or marketed worldwide
include soft drinks, drugs and drug additives, spices, jute, textile or timber, and
environmental services are shade, soil fertility improvement and ornamentals. Different parts of
the tamarind tree have antioxidant activities. A study conducted by Razali et al, 2012, showed
that the tamarind fruit is a potential source of phenolic antioxidants. Tamarind pulp is rich in
many phytonutrients that act as powerful dietary antioxidants. According to a study done by
Khairunnur et al, 2009, tamarind flesh showed greater antioxidant potential and phenolic content
compared to flesh of avocado, jackfruit, and mango. India is the world’s largest producer of
tamarind products followed by Thailand (Singh et al, 2007). While tamarind is managed for
products in countries like India and Thailand, in Africa its products or product markets

and populations conservation strategies are not yet developed. Tamarind is also rich in protein,
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