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ABSTRACT

Acombined coffee bean detailing and poHshing machine was developed, the two units; the
detailing and polishing unit were incorporated in asingle machine in order to prevent the
drudgery associated withthe traditional method of dehuUing and separation ofthe hull from the
detailed coffee bean seed. The first unit ofthe combined coffee detailing and polishing machine
consist ofahopper in which the coffee bean seed is being fed tough into the machine. Also the
detailing cylinder which houses the dehuUing shaft that performs the detailing, while the second
unit ofthe machine, consists ofthe polishing drum, and brushes which were attached to the
detailing shaft. The performance of the machine was evaluated following the optimum operating
condition ofthe length of the detailing shaft which is 1m, and the speed of rotation ofthe
dehuUing shaft which is 500rpm. This also is the working speed for the rotating brushes attached

' to the rotating shaft in tire polishing unit ofthe machine. Based on this condition, it is expected
oftire machine to work optimaUy at arate of 180kg/hr.The result shows tira, the performance of
tire machine were 56.67% and 64.66% respectively for the dehuUing and tire polishing unit. This

obtained at adetailing head of SOOrpm as the speed of the detailing shaft.
was i
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background ofstudy

T* coffee tree averages from 15-30ft, in height. The tree typically begins to hear fruits 3-

^.ypeofpiantandtirearea.Thec.ffeedehul.ingandpolistargmachineisamachrne
mat plays an obvious role in tire dehuUing and polishing processes of the coffee bean.

, i. ii „f ,h, mffee berry is broken via mechanrcalDuring the detailing process, the sheU of the coffee berry
friction or abration. (www wikipedia.com)

•m mthe hmhlands of what is known as EthropraCoffee was first discovered growing wrld mthe highlands
where legend has it that ayoung goatherd named Kaldi discovered it.

home. They„mgmansearchedformemandfoundtiremtheneXtmorning,leapingan

stabswitirbrightredberrie,Hesoondecidedthatitmus,betheberriestiratcaus.such
^less behaviour in his otherv.se responsible goats, and so he sampled the errres

• i .<i,llv with his goats around the green-leaiedhimself, In no time, he too was dancrng gleefully wrth g

shrubs. . ., .w„^wearetold^se.dlearnedmonkorimamcamealong.trudgmgsleep^o.s
waytoprayer.TheimamrubbedhiseyesandtookintirescenebeforehtoKaldrandtas

\
A

i

\

\
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I—homehe^edthem,nhiseXperhnen,swithmetaightredberries,he roasted

placecreatingamoregleefi.andwakeMworld.Cwww.google.com)
U Statement of the problem

t„umop« in Nigeria because of the energy

quantity
ofthe harvest, and it saves time and energy.

u Objectivesoftheproiec. th coffee ^ and coffee berry but little of^earcheshavebeencarriedontrntirepastontirecoffeetreean
.ecombinedcoffeedehuilingandpohshingmachineisknownmthrspar.o
desptotiresubstentia.quantityofcoffeegrowninMger.,

using locally availabk and affordable materials.

(2) Tocarry-outperformancetestontiremachine

!.4 Justification of the project ^ ^ g
• of the most popular beverages in tire world, but thrs seedCoffee is one of the most pp vMA degree of drudgery inmaj0r challenge intius par, of tire world. !n Nigerra, tirere rs hrgh deg

, T; -V, J "

r
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! 1
J tireshelhngofthecoffeeheanbymanualmeans.whichinvolvesmuchman-power ••

TnelocalsornativeswhoareinthecoffeebusinessseCcdehullingoftirecoffeebeanas
I .hurricanes This pr.ec, which is basically on tire design and fabrication ofa
1 combined coffee bean dehuUing and po«ng machine would give tire locals asootinng! lfaSit^escareoftiredrudgeryandother.fficul,yeXperiencednr,edehullmg

' mocessofthe coffee bean.

All the shells of the coffee bean are more nearly removcoffee business. All the shells oi u

machme.-t.s^tothermprovementofitsqualityandquantitytherebyleadmgto . |
theincreaseofprofitbeingmade j

1.5 Scope of study ;fabrication of acombined coffee ;
. . ,._-:-„«„ ™ the design and fabrication ui, The scope of this study is basicaUy on tire desrg

t cc duller as it is commonly called.I ^ dehulling and polishing machine or acoffee dehuller as



} CHAPTER TWO

! 2.0 LITERATURE REVIEW
•>1 Historical background

1 • -Mi„ the highland ofwhat rs now known asCoffeewasfirstdiscoveredgrowmgwrldmthehrghl
^si,tha,ayounggoatirerdnamedkaldi,discoveredrt.

Btiuopiawherelegendhasrtthatayo gg ^^
Everyda7,Kaldiwou,dse,hisgoate«ograzmgrnthehrl,s

„iM his royal goats will return home. One evemng Kaldr sg
^devervevenrnghrsroy ; ^ dl teough me nigh, and as morningi ' Remrnhomctireyoungmansearchedforhrsher ^^

i , • md dancing with reckless abandon and apparent gJ BtokeHefoundtirem,leaprnganddancmg
j Jfhinv .wk-leafed shrub with brrght red berries. Ra,\ ----f^kHesoondecideditfflUttetheberrics«causedsueh

Scene before hrm, amazed. He soon ^Recklcssbehaviorinhisomerwiseresp„nsih,eg„ats,,dsohesample
1 Himself.innotim.hetoowasdancmggleeMly-^^aroundthegree

i

• Leafed shrubs. a.^hesan to boil the dried
the „ story around 1000 AD tire neighbourArabs beganWhat ever the true story, ,.., medical and commercial

Considerations,thespreadott rM Actions on the export of trees•I ^Americawasimpededbyprobibitionsandpowerftdrestrrc

XH^e are two major types ofcoffee grown, they arcc Coffea
i i„ the optimum temperature between 15 to 24 C,CoffeaArabicacanbegrownurtheoptrm ^^

arabica^sofhigherquality-^taandcommandsahrgherp
CoffeaArabicaalsogivesgoodflavorandaromaproducts.

1
1

!

i
i

i
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\
»C. Robusta contains higher caffeine than arabica does.

| " coffee Processing ffee ttees by arelatively complex series of process
• ~a frnm berries of coflee trees oy *; coffee rs prepared from berr ^ todamental purpose of
1 •,. out entirely within the producmg countnes.steps earned out entirely layets

• i,tire recovery of the beans, by removing the variousJ coffee processmgrs the recovry ^ process and wet •
' j » beans with moisture content below 12/.. ury Pj and drying to produce beans wi deanmg and polishing are performed
1 process, are similar processes including gradrng, cleaning an
i (Clarke, ,985; Varnam and Sutherland, 1994, ' ^.^ j

^processingmemodintiredr.processmg.urefrnrt ^
i uutil^stage. After harvesting.coffee ber,s°^
' ^l^ofmoisturecontentintiiefnralbeans. Thedr,,meth^ P

bttt fc coffee product is usuaUy ~^^ ^ coffee during the
m'v 1Q85- Vamam and Sutherland, 1994).• (SiV6E' 1%3; ;odaysin6vorab,econditio,,solardryhrgissubiecttotiie -

. dryingperio^hrch.astsB-iOdaysi
] vagaries of atmospheric conditions, togetirer wi* ^
j , desirabte »d undesirable microorganisms generating --« ^

•l a *the c0ffee brew made from the cone; affect, subsequent ^ ^^„f fte ^bia, population associated with
1 (C1arke,19S5, Silvaetal. (2000),. bacteria, 24 species of yeasts,] ary processing of arabica coffee includmg 32 speci ^ ^
3 xi „; Thev include groups,

J and filamentous fungi. Hot air dry g



„, •Africa Hotaircanbeusedfortheentiredr,ngprocess,whichisreduced;n
3 limewhichtirecoffeeismaintainedatagiventemperanrredurrng

drying process* n> j«
Ved flavors in the brewed coffee (Sivetz, 1963).. produces sour or cooked flavors m

| iXl WET PROCESSING METHOD ^ ^
«.^.h—^—*-fc*"^l^ Only ri, berries

I w ™ffee and commands ahigher price (Clarke,1 ^ q* f icessing classification by flotation mwater is most convement
and solves at ,e,t two stages -.r ^^„«.
merries. Pulping involves mechamcally tearing mgbrfore

1 -^ ^ to be the most important stage mwe y
berry. This stage is considered to be t ^ ^ ^
fermentation. Fermentation procedure is necessary is me

1 if the mucilage remains present durmg dryr g,aud tire mucilaginous layer, i the m ^ ^ ^ {̂ ^
I risk of undesirable fermentation, which

(Clarke, 1985).

2.3.1 Caffeine

—-.it:--<—--—"*• *-*•

2.3.2 Trigonelline



Trigonelline, the ,—Cine of pyridine.— - rs ~~*
cmmerCandsomewfldspecie, The compo^d is present, arabica at lev. -

blessing de-waxhrg - — P—s have little effect upon the
P . progressive destruction (Clifford, 1985; Varnam
trigonelline content, but roasting causes progressrve
and Sutherland, 1994).

233 Chlorogenic acids of
• •, rrnAI are ubiquitous in the plant kingdom. They are aThe chlorogenic acids (CGA) are uoiqu

• f*, COA content is difficult, but it is generaUyesters of quinic acid (QA). Analysis of me CGA
• dthat robusta coffee has ahigher content than arabica coffee. Reporterecogmzed that robus ^^ ^ ^ ^
, . t n 10 5% dry matter basis anu i^^for robusta are 7.0-10.5/. dry effected by differences, fCGAaopear to be dependent on species and are unaffected by

T.C levels of CGA appear ^ ^^
magronomic practice or method of processrng (Varnam an

2002).

23.4 Proteins and free amino acids &r

, -j ii cWo for trigonelline nitrogen. If such corrcaffeine and ideaUy also for^ ^ ^ {^^
—(approximate, ,», ary matter basrs), ^ ^

a ^„fareen coffee processing (Clittora, i?o ,attributed to the method of green con p

2.3.5 Carbohydrates / aroma compounds, mainly by
ri«l class for the formation of aroma compThis is an essential class . ^ ^



♦a ahnut 50% dry matter basis of•• ddsThetotalamountofcarbohydratesrepresentsabou,50/.
""" tel composition is complex with arange of different poly-oligo- and

- "" d! subdiled hrto reducing tire non reducing sugars.polysacch.des are
taportant constituent ^ ^ ^ of
,. the major free sugar, the quantity present varyrng
maturity, processing applied and storage conditions-

23.6 Lipids • L^cted by aspecified, usually non

T*^--^**-"^..L*. (Clifford,^..polM solvent, and may include non hpid substancess^
The lipid component of green coffee beans comprrses ^

coffee — - *matter basis oil and robus. ^ ^ ^

.significant difference between arabica aud robusta coffee, wrth
composition (Varnam and Sutherland, 1994).

23, C.ffeev„.atttesc.mposi,ion or me .rom, Green beans are
*——---j;^laroma.butal.enumherofvolatilesare
oto tirought to have no agreeable^ ^ — ^ ^
present. Many of these compound „ ^ ^ ^^ ^

during roasting process. rf^^ ^
pyrolysis, - otirer chemical reaction, produce a^ ^ ^ ^
More than BOO different compounds from wrde nange



identified in roasted coffee (table 2.1) (Vanvam

Schenkeretal.,2002)

and Sutherland, 1994; Flament, 2002;

. «* „r to give asmoke essentially free of mcotme where tha
redncmg costs or to grv ^^ smoke.

« „f these substitute ingredrents provrae

It is also known ma. reconstituted tobacco.eetandpreparedfromwasteorscraptobaccoparisord.tr, .^

, Anumber of patents describe such products, for examp
tobacco pectins. Anumber or p .,•-.,. i968- U.S. Pat- N°-u, „q Pat Nos. 3,385,303, granted May 28, 1968,
ct al. patents, notably U.S. Pat.3,09,026, granted Kov. 5, 1968; U.S. Pat. NO. 3,435,829, g
„mers,Campa,C,.BaUester,2004) ^^ smoking articles, the .
«• - ^S deSCdbe Pr°dU , t0 use only tobacco parts having, of•--..—"—^ IMl,y found mtobacco.
_, the usual amount of nicotine and expe ted

• tion relates to asmoking product and more particularly

Wis or different parts of the ^ ^ ^
, „f the invention is the preparation of asmokmg

various components of the corree

r?
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—,"*c:::c»«———-—

„„.».-—»""""'"* "!«,.»»..
t to tobacco or other smoking materials, theadded component to tobacco or

as an

•* ' .naflertirecoffeebeanshavebeenharvestedandremoved.comprisein

^ " —7W^ddm„ .pulp or mesocarp, apa—-
lining as consisting of an outer rm

endocarp. »„f the coffee hull components in
, , the oresent invention, any one or more of the cott

tobacco substitute or replacement, or
oried and comminuted form may be used m^h^
---—"it; iend.ep—torchafffrom
*—^--;—-0fft„:5to30percentbyWeightof.e
tobacco.Bydoingso.thesidesueamsmokeandtiiema

article.lde- v, on 25 percent by weight of coffee bean

chaff with non-tobacco ma

10

t

s
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\
\

materialsuchasusedinmetobaccoarttoformasheetwhichisthe„cast,driedandcut
l typic, particulate materi, s^tilar in physical characteristics to smo,ng -_^driedco^ebeanhmlsorselectedcomponentstirereofmay, .ed as frU,
_ or as filler components ..out — »s — ~^

* f tV,^ invention to chemically pretreai p«advantageous and important aspect of the mventio. coffeebchullcomponen.heforeusingtheminasmokmgproduc .
t.tthecoffeebeanh.lscontainpectinaceousmaterialwhrchrscon.— -
rind, *e pulp and ti, silver sk,s or chaff The chemical tiea^

• „tin releasing agents capable of breaKing, +v,p use of certain pectin-reieas>iu& «b.compasses ti, use ^^ ^ ^ ^ ^,^
pectinaceons elements to release ? ^ mQ depositing them on
binderontiietreatedhuil,Anadvanage„freleas,ng need
.etreatedhullstobindthemintoacoherentsheetoromerformis^.e

, of the released pectins from tire remaining components, rather
^e wi(h tobacco „, otirer

. ^ be cast or otherw.se used directly ato

substance. accurately
.• „in the coffee bean parts, or what might morThe naturally occurring pectins mthe coffe

tins consist ofcalcium and/or magnesium salts ot polyhe caUed here the protopectins, consist

v^ considered somewhat similar wfor me purposes described here may be consrd
,• , differingtherefrommainlyinthedegreeofcross-linkingan

protopectms,drffenngt asmoking product usable in asmoking
j „. ™th the present invention, a smoKing p• • Thus, in accordance with the prarticle may be prepared from coffee be, hulls bonded together by pectins

n

!
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oc links bv a chemical• „ the raotopectin cross-linkcs Dybeen released therefrom after destroymg the pro

ieaC,iM'Inthechemica,treatinentstep, ^ ^ ^ destroying the calcium and
ofanon-toxicreagentwhichiscapableofreactrg ^^ AfteI the
^rum cross-links in the naturally occum gP ^ ^^ .

cc links are destroyed, the pecuncalcum and magnesnnn cross- ^^— ^ofthe
from me hulls to become avarlable for us solutio„, or are at least

„ „,™s are then dissolved or disperseo in. treating solution. *e pectins _ h„ so mat mey form acoating on
^cientlyreleasedfromtiieintersticesoftire ^ solution, are

thereafrcrprecipi-ordepositedfromthe—^e, .eater det,l, tire
•i Describing the pectin-releasing proc

Use as abinder material. Descnbi g §^^
• e m the coffee hulls or any ol its Prelease of the pectins from the coll rf

u- . bv treating them with a solution of„ents is aclueved * ~ ' ^ pecttaaceous materia,. The
destroying the alkaline earth metal ^^

^ are in part disclosed in U.S. fat.. • reagents that are used are P cations bindmg

»«—-«.——•• "'*„,„„„««..—
— — — tlT-I—---

12
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, dwith areagent having monovalent cations and monocoffeebeansubstancesisconuctedwrthareag „eston
Kck acts by forming aprecipitate wittr me„r polyvalent anions, which acts by ,tofte formula M„X wherein Mis aio„,Suehareactantcanbeamonovalentmetalsaltoft,ef ^

• teser having avalue ot 1, AOI J <"monovalent inorganic cation, nrs an in g ,. msaltof tire formula CaPX
l,„t or polyvalent, such that the calcium saltwhich may be monovalent or polyv corresponding

, m i„ .he treating solution and pand qare mteg,is essentially insoluble mthe ^ ^ M
u- h are effective include the aiitanMonovalent cations whrch ar io„ The anion portion of the molecule

,.11 oe the ammonium ion. ine amu ypotassium and timing-as the amm ^fc
nn " P0 4>,HPO.=,H2PO" •ano„ayheCO,=,P03 .PO, ma cOsincesodiumisamonovalent

—-::r—:—; - •——organic cation and calcium ormophosphates, metaphosphates— examples of precipitating agents ^ ^ ^ ^
asweUastirecarbo„ates„fsodiinn,po—«-^ ^ ^
example, when —urn ortirophosphate . used,">J^„
0,08 toabout 0.40 moLpreferablyfromabout 0.038 ~ .

• t -a, The pH of this reaction should be between about 5.8coffee matenal. The PH ut should, preferably, be between about 25
i the temperature may be as hrgh as • .. of about i minute to about 24

_ „.—-- zlZ~ - - -v sodium carbonate and potassiumcarbonates, for exampl so,*n ^ ^^ ^ ^ _fflUm
phosphates, part— ^ ^^ ^ ^ha.,
orthophosphates, such as amm

13
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1

\

1

1

t

dihydrogen orthophosphate,

aammoniummonohydrogenortiiophosphatcdrsod _
+ far,ectin-releasing operation, across ii^secondembodunentofapecti ffflagnesium, thereby removing the

.aybeusedwhichactsbysequesterrngmec* ^ Kagents 0f litis •'
, ~o w forming a complex uici^ ^•--OT-n^^y ichwiUformacomplexorchelatewiththe

We include any sequestering agent ^ magnesium and making
• m thereby removing the calcrum ancalcium and/or magnesium, thereby lllustrative of such sequestering

™linking with the pectm. IUustrativthem unavailable for recross-linkurg ethylenediamine N. N-
•, ,h as ethylenediamine tetraacetic acrd, ettryagents are amino acrds such as etiry ^ beta.aminoethylphosphonic

•j o-aminobenzoic aciu,

—""tn————-Tacid or beta-ammosulfmic trimetaphosphates,

pyrophosphates and tnpolyp ^ ^^hate.

—— —,nn——•-•-
occurring ammes and pepti glvcy,.g,yeine, glutamrcand/ormagnesiun.andoftirescalamncasparticacrd.gy

hch occurs when asequestering agent is employed is the
The reaction mechanism wnrch occurs ^ ^
formation of acalcium or magnesium che «and - ^ ^^

The conditions tor carrymg,
. recombine with the pectic ions.

r. tt between about h.*"«invo,ve the maintenance of P rf fom about t
1 +n° r and about 145 <-•iU1" fshould, preferably, be between about OC. and

14
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• fn015to0.20molsofsequesteringagentperminutetoabou,24hour,Aconcentrat,onof0.015to

100g' . Mch is described in substantial detail in my copending.preferredtypeofpreeipitationwhichi ^^^^
^^3^0.104,459^^^.6,197 itricacidwhich

• v. ,wide a particularly preierreu a

ftrnishes citrate ion capable ^ ^ ^^ it
magnesium citrates that —̂y^— __^ ffl
i-ta^--.——J^__, and to Provide an I
«amount to react with the citric acid to form ~ „*9

tin the slurry mixture above about pH 8ana p j
Valine environment mthe slurry .^^audabout 0.15 to about |

Au^11+ n 025 to about0.10 mois> uiorsomewhathigher.AboutO.025 ^ ^ ^ ^ ^
0,0 mols of ammonium hydroxide per 1 g

f this type of operation may be from about 25
temperature for this type or v

reactioi. precipitating reagent, in
• „reagent may also function partially as P.cross-linkdestroyrngreagent ^ dp^ly as asequestering

• accordan- —~~^o^of titis —,T.s is a—e
We of reaction and the reag ^^̂ ^^^ rf^ „Q, „

1 about 0.40 mols per 100 gof cott Ac mixture being held in me
addmg abase, preferably ammonium hydroxr , ^ ^ ^

^1 t „u 7 1 to about pn v.u. m *-neighborhood of about pH 7.1 ^h DAP involves holding the

15



reaction.

In the third embodiment of pectin release, tire cross-link destroying reagent comprises an
' acid treatment which forms the released but insoluble free pectic acid and relatively

soluble salts of the cross-linking metals. Generally the acid is an inorganic acid, such as
hydrochloric acid, phosphoric acid, sulfrrric acid or asimilar acid, which will form
s„,ub,e calchun and magnesium salt, The acid may be employed as 0.025 Nto 5.0 N
so,uti„ns,bu.ispreferahlyemployedasO,Ntol.ONso,u,ion,Theexactdilntionand

.cessarytiiatsufficientacidbepresenttoconvertthecalciumandmagnesiump-entm
the tobacco being treated to the calcium .-d magnesium salts of tire acid. The add
treatment is preferably conducted at atemperature of from about -1= C. to about 50° C.

resuitingmixturehasapHof from about 1.0 to about 2.5 Preferably the pH is brought to

I Resins.! ThemixtureresultingfromthemorganicacidtreatmentisgenerallyfoUowedbyawater
| washingstcp-Thiswaterwashingstepisconductedatatemperatiireoffromaboutl^to

i employed,sufficien,watershouldbeusedtorem„vemecalciumandmagnesiumsa,Kof
! the acids, which salts are formed in tire above-described treatment; thus, there should be
!
1
i
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1

example, by conducting the wash in acentrifuge, filter press, or any other apparatus from
m,he above-described inorganic acid treatment, tire pectic acid that is formed in the
reaction is substantially insoluble. To bring it to asoluble form for release, it must be
reacted with an alkaline material before it is in condition for release from the coffee hull
cel, structure. Thus, the acid treated pectins are placed in condition for release by

about6.3 to about8,,by the addition of an a*alhie material. Suitable alkaline materia,
.elude ionium hydroxide and alkali metal hydroxides, for example, sodium

pectic acid to asoluble form. The alkaline material may be any water-soluble compound
• cont^ng monovalent inorganic cation and capable of producing hydroxide ions when

u^frr,™ nhont-l° C. to about 45 C,dissolved in water. The temperature of this step may be from about
hut is, preferably, from about IT to about 3, C. Another method for carrying out a

.esc substances contain natural acids or * in sufficient amount, to effect tire desired
reaction. By mis method the protopectin cross-links may be removed or destroyed by
merely addhig an excess of —a to the coffee slurr, preferably in the form o

„believed that tire natural citric acid, phosphates and sulfates, react with the calcium

17
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states in sufficient amount to act as abinder. Conditions for this We of op ^
uvolvestheuseof sufficient—urn hydroxide to provide aPH in the slurry ofa.u

l C. aud areaction time of 10 min.es to about 24 hours, preferably about *-
It should be mentioned that witile the pectin-releasing operation is being carrredLconditionsconducivetoasatisfactoryyie,dofre,easedpectaceousbinrnga:.

• . w the slurry of coffee parts and reagent toit may be desirable or necessary to agrtate or beat the slurry, „„d if necessary to reduce the fibrous slurry to the' facilitate tire release of the pectins and if necessary
dfineness A"Valley" beater or tire like may be employed for tinsdesired cons,stency and fineness. J ^ ^

men me pectin-releasing operation is terminated and tire coffee

—.*-—«-*^—-tilt:•ehelt to form asheet of coffee bean solids with coffee pectins as abmder. Whr

•tdin the slurry if desired. Por example, preservatives, or organic acids for
" .IC—sbeofcoffeeorigin.maybeadded.Plastici.ers,
.avororaromawhtchm. __^^ glycerin, may also be added, ff
suchasglycolsandpo,yglycols,an . . ^ ^
desired. In addition, the gel strengtir of pe

Other additives or dispersants may be added
q_ provided, however, - - ^ ^.^Lore, *e
— -— - «" ^ MTdt waterloinble gun, or water-
-•->——::c: il .«,——dispersible gums commonly used as binders

18
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carboxymetiryl cellulose, guar gum, locust bean gum, or alginates, although it is preferred
from treating the coffee bean hulls in accordance with the

methods of the present invention may be dried and then cu, into particulate material
similar in physical form to ordinary smoking tobacco and so used, preferably mixed with
tobacco.

ln general, the coffec-diived smoking product of the invention may be used alone as a
smoking product or blerded with other smoking substances in amatrix in amounts of
from about 5.0% to about 70 %by weight oftire matrix filler whether that be atobacco or
anon-tobacco material bu, preferably constituting from 15 to 50% by weight of the

The final sheet product

matrix.

As a smoking product

anddifferent flavor. (C

iiller it produces an acceptable smoke characterized by an unusaul
ifford,M.N.2003)

3Reducing sugars and amino acids

N-glycosylamineorN-fructosylamine |

1-Amino l-lteoxy-2-ketose Amadori
intermediate or2-Amino-2-deoxy-l-aldose

Reductones and dehydroreductones

n
iH2S,NH3 j Retroaldol condensation

Amino Strecker acids degradation j

Thiophenes Pyrroles

Fig.2.1

Hydroxyacetone
Hydroxyaxetylaldehude
Acetoin Acetylaldehyde

Aldehydes +a-aminoketone
(Methional, NH3, H2S)

i

;

t
t
i
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Volatile compounds

Acetic acid

4-methoxy-benzaldehyde

2,3-Butanedione

|j -Damascenone

2,5-Dimethylpyrazine

2,6-Dimethylpyrazine

2-Ethyl-5-methylpyrazine

2-Ethyl-3,5-dimethylpyrazine

4-Ethylguaiacol

2-Ethy1-3-methylpyrazine

2-Ethyl-5-methylpyrazme

2-ethyl-6-methylpyrazine

2-Furfurylthiol;

Guaiacol

Hexanal

Furanol

J Methional

2-methylbutane

3-methyl-2-buten-thiol

4-vinylguaiacol

2,3-pentanedione

3-hydroxy-4,5-dimethyl-2(5H)-Furanone

1

J

J
1

Aroma quality

Pungent

Grass,hay,sweet,mint

Butter

Fruits, flowers, honey, tea

Roasty, nuts

Sulphur-like, nuts

Musty,burnt

Earthy, roasty, potatoes

Flowers, spicy

Roasty, nuts

Caraway

Cheese,'caraway

Roasty, sulphur-like,coffee

Smoky, phenolic, spicy

Grass

Roasty, sweet, caramel

Potato-like, sweet

Caramel, nuts, malt

Green, amine-like

Spicy

s Butter

Seasoning-like

uwitute (200n and schenker et al. (2002)
Modified from coffee research institute (2UUU

20
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3-methyl-2-buten-thiol Green, amine-like

4-vinylguaiacol' Picy

2,3-pentanedione Butter
•3-hydroxy-4,5-dimethyl-2 (5H)-Furanone Seasoning-like
Modified from coffee research institute (2001) and schenker et al. (2002)

\

1 • ?
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CHAPTER THREE

3.0 MATERIALS AND METHODS

3.1 Materials

3.1.1 Machine capacity

' ' The assumed machine capacity is 3kg/min

The equivalent in hour is 180kg/hrs

3.1.2 Major parts ofthe machine

The following are the major parts of the machine. They are;

(1) The frame design of the machine

1 (2) The hopper t
i \
1 (3) The dehuUing drum >y

(4) The polishing drum

(5) The auger

313 The frame design ofthe machine
The frame design was designed using an angle iron of 40x40mm (dimension) it wa, cut
to alength of 800mmx200mm to form tire top resting platform for tire machine's
cyhnders and bearings. The same angle iron was cut to alength of 600mm to form tire
^drng legs for tire frame. Also the base of the frame was re-enforced using the same j
angle iron to increase the strength and stability ofthe frame.

. The electric motor mounting point was designed witir the angle iron to form aplatform -
that suitably seats the electric motor.

22



3.1.4 The Hopper

The hopper is made up of mild steel sheet of 1mm thickness, it serves as tire feeding inlet
for the coffee bean. The mild steel sheet was cut to alength of.160mm to form the total
length ofthe hopper and 200mm to form the diameter ofthe hopper.

3.1.5 Detailing drum I
The dehuUing drum was made from mild steel sheet rolled into acylindrical shape with j
diameter of 75mm and atotal length of 450mm. Mild steel was chosen for the design of

• ' thedehuUingdrumbecauseofitsstrengthanddurability.

1 3.1.6 Polishing drum

The polishing drum was made of mild steel which was cut and rolled into acylindrical
rube of 160mm diameter with atotal length of 250mm.

3.1.7 The Auger

The auger comprises of acentral shaft and asquare rod was coiled around tire auger to
form aspiral ring along the lengtir of tire shaft which is 1000mm equivalent to 1m in
meters.• • Tuespiralringknownastheaugercoiledaroundtireshafttogetherwithtireeffectofthe
rotating shaft transports the coffee bean that is fed into tire machine along tire length of
the dehuUing drum into the polishing drum.
The auger is also responsible for tire dehuUing ofthe coffee bean fed into tire machine for
dehuUing.

318 Principle of operation of the machine

The dehuUing unit and the polishing unit.
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The coffee bean is fed into tire machine through tire hopper, the coffee beau drops from

anmr.dehullhrgisachievedbytherotirtionoftire auger and mis rotating effect forces tire
coffeebeanagainstthewaUsofthecylinder.Theeffectoftheimpactofmeaugerandtire

| cyhnderonthecoffeebeanbreakstirehusktoexposethecoff.ebeanand.hecontinous
I rotirtingeffectofmeaugertransporisthecoffeeheanintothesecondcyUndricalchamber

I known as the polishing drum.
ln the polishing drum, there are sets of brushes which scabs off tire inner coating off

„fme brushes and ti^epolisMng drum watis. That is me effect that actually causes tire
ashing to * Place. In tire potishing drum the coffee hull is expelled out throu^r
grated holes made under the polishing drum, creathrg tire hull outie, wh,le tiie

i fished coffee be. exits trough tire polished grain outie, at tire end of the potishing
i
J drum cylinder.
*

I 3.2 Methodology

! 3.2.1 Design of the major parts of the machine

' 322 Design parameters

'' The following parameters are some basic devils of tire coffee seed. These in—

They include;

(1) True density of the seed =1226.5kg/m3
(2) Seed width =(6.5-9.5mm)

(3) Seed length =10-18mm

24
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The assumed machine capacity is 3kg/mrn which is equivalent to;

3x60 = 180kg/hour

,23 Expression ofthe machine capacity in volumetric rate. • .eooutinordertodetorminetirevolumetricrateoftheeoffeeseed
This calculation is carried out in order

that can be dehulled per hour.

Using the formula for density;

M
= — „,,« ... «• - — - - '" "*"

... .3.2

1

¥

¥ =

•Where p.= density

M = mass

• V=volume (Douglas, 2006)

Density ofthe coffee seed was

Therefore volume =3/1226.5

Volume =0.00254m3/min

Expression ofthe capacity in volumetric rate

Volume x 60min

0.00245x60 =0.147m3/hr

Determination ofthe screw diameter for the auger
3.2.4

obtained as 1226.5kg/m and mass assumed as 3kg

• a ™vt in order to the actual minimumDetermination ofthe screw diameter rs earned out in order
Diameter that is needed to be added to the shaft diameter.
Thescrewdiameterwasdeterminedusingtireformulabelow;

CiIW =CD2-tf)XpXMX60

25



Where;

CMPH = Capacity ofthe machine in m/hr

,1 D = Diameter ofthe screwofthe auger

D = diameter ofthe shaft

P = pitch ofthe auger

N=speed ofthe auger in rpm (R.S.Khurmi.and Gupta, 2005)

Where;

CMFH = 0.147 ms/hr

d = 25isra = 0.02Sm

p = 20mm = 0.02m t

N = 500 . i

Toobtain the screw diameter forthe auger

0.147 = (D2 - 0.0252) x0.02 x 500 x60

. 0.147 = (D2 - 0.0252) x 600

1 0.147 =(600D2 -6.25 x10"4 x600)
0.147 = 600D2- 0.375

600D2= 0.147 + 0.375

D= %/8.7xl0-4

D = 0.0295m

3.2.5 Shaft design

The shaft is arotating machine element which is used to transmit power from one point to ^
' ' another. The shaft is being designed on the basis of strength, rigidity and stiffness, when

designing for the shaft, the fact that the shaft may be subjected to twisting and bending

26
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moment was put into consideration.

Formula for shaft design calculation;

<j=16T/jrd3

d=VBT/ffs (R.S. Khurmi and Gupta, 2005)

where;

d=the shaft diameter inmm =25mm

t =the torque ofthe shaft Nm =36.287Nmd

*=the maximum permissible work stress in N/m

d=Vl6x 36.287 x103/28« = f6,60029

d= 18.758mm

For factor of safety,
a „aa a tnaether with the calculated shaftTake 20% of the calculated diameter and add it together witn

| diameter.

I
1 -20/100x18.758

0.2x18.758 = 3.75

•. Therefore, the total shaft diameter - 18.758 +3.75 - 22.509mm

326 Torsional deflection of the shaftThe,orsiona,deflectionofti,eshaftisbeingdetermined,oknow.,heangleofdeviation

Ofthe shaft and to make sure this angle of deviation is minimal.

Formula; * , •

'a =S84rf/i?4 G(R.S. Khurmi and Gupta, 2005)

Where;
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'a =the anngular shaftdeftection In degrees

L=the length ofthe shaft = 1000mm

" D=the modulus ofelasticity of steel =80,000N/mm

ButD = 2.26 x4^r

^&
flLf= 14973.60Nmm
V2,26

a=S84 X14973.60 XH»00/(2$J» x80,000 =l/3.125xl010

a = 0.23°

327 Critical speed ofthe shaft
" Thecriticalspeedoftheshaftisdeterminedinordertoprovideanor^

That will dehull the coffee bean without crushing it. And ifthe dehuUing speed of the
Machine is too slow^^

In order to provide the required machine efficiency.

Formula;

m=J^L (R.S.Khurmi and Gupta, 2005)

Where;

. I = moment of inertia

ms =the critical speed of the shaft

£=the modulus of elasticity of steel =0.2N/m2

m=the mass ofthe shaft

L=the length ofthe shaft = lm

Steel material =7840 kg/m3

28
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Length ofthe shaft =lm£

Vs=ffr2L

W(OJ012tfxl =4.909 xHfV J
v

Density =mass/volume " j

1 Mass ofthe shaft=7840 x4.909 xlO"4 1
• =3.85kg j

| I=frj*/64 =fr(0,O2ST/64 t

1 I=1.917 x10"8m4 j
1

?

5

!
S

If
* «,= V4fl£I/Ml i

j =V48X02X W17 Xi0"y3.85xl \

m=2.186 xl0"4rad/sec J
33 Power Requirement of the machine

Required to dehull the coffee bean to it's expected efficiency.
(1) power required to drive the shaft
(2) power required to dehull the coffee seed
(3) power required to drive the pulley

3.3.1 power required to drive the shaft

Formula;

Ps =ws xRs (R.S.Khurmi and Gupta, 2005).

Ws =weight of the shaft

Rs= the radius of the shaft

Ws =mass x gravity

29
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I Where mass ofthe shaft-3.85kg
if

Ws= 3.85 x9.81 =37.77N

= B_ = nmm= m

$5=37.77 X0.014S

1 =0.558w =0.000559kw
| 332 power required to dehull the coffee seed

' Thisisthepowerrequiredtodehullthecoffeebeanwithoutcrushingthecoffeebean

$ Ph=T (R.S.Khurmi and Gupta, 2005)

I Where;

1 T=torque ofthe shaft =36.287Nm

m=angular speed of the shaft =52.30

Ph= 36.287X 5236

= 1.899KW

333 power required to drive the pulleyThisisdetermined^onsideringtireweightofthepulleyoftheshaftinordertoprovide
^electricmotortiratcanwithholdtheweightoftirepulleybvpropellingthepullevto
providetiremachinewitirtirerequiredspeedtocarryouttire dehuUing ofthe coffeebean

J pp = WP XRP (R.S.Khurmi and Gupta, 2005)
i *
| where; »

*

Wp= weight ofthe pulley

Rp= radius of the imlley

1 mass of pulley =3.6kg
1
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w = mg

where; m = mass =3.6

g= gravity = 9.81

= 3,6 X 9-81

= 35.316N

:pp_3S.316 X0.09

= 0.0032KW

The total power =Ps^ps+ *V
Total power =0.00559KW+1.899KW+0.0032KW

Total power =1.9027KW

Therefore, 3HP electric motor is used for this design.

3.3.4 Determination of shear forces reactions at the bearings and bending moment

Where;

' Mass oftheshaft = 3.85kg

Weight per unit length of the shaft =W=mg

Where m= mass = 3.85

g= gravity = 9.81

3,85X9.81
w=—-

AfJE

W = 37.769J?/ffl

31
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rxl

Where;

ra =reaction at the first bearing (A)

A, =reaction at the second bearing (B)

W=weight per unit length ofthe shaft
37.769X1

Therefore; RA - %b : 2

= 18.88N

Therefore; fiU=ig,gew

fis=18.S8M

"'*" B'"B =° . , hearine (A) and bearing (B)^^^^Bare tire bending moment at bearmg (A)
respectively equal to zero-TypeBqiiaieiib^

.Where; BMCis the bending moment at the centre of*e shaft
37.7S§xi

BMC = -

BMC =4.72Nm

32
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18.88

18.88

*4 Desien for thebeltpulleyl esignofmebeltiscarriedouthrordertobeabletodetorrninemelengmoftirebe
sothftthe,1tlength.nnot,tooshor,ortooe,ongated.tUsrs,sodonemo^

required ofthe machine.

To design for the belt, the following equation is used;

*»1=The speed ofthe motor =1500
Mt =The speed of the driving shaft =500

• • dl =The diameter of the motor pulley =60

d2 =The diameter ofthe shaft pulley =?
1500X66

Therefore; 4=Nidi +N2d2 =~5O0

33
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gt, = 180mm

341 Determination of the belt length

So that it will not be too shortened or too elongated.
The belt length can be determined using this formula;

^ <* ,1 W*rt (R.S.Khurmi and Gupta, 2005)

Where; L=Length ofthe belt

d% =the diameter ofthe small pulley (motor pulley) =180mm
d2=the diameter forthe large pulley (shaft pulley) =60mm

'J *=3.14
1 C=the centre ofthe pulley belt =?

To calculate for the centre of the pulley, C

Using the formula; C=(d2 -di) +(2)+ <*i

Therefore; C - I 2 )
%

C = 120mm

L=2(120) +\ [(60+180) -(180 -60) +(4)(12*»]

L=2(120)+!f [(240)-(0,2S)]

L = 240+ 376.60

L= 616.60mm

li7 Relt speed calculationllcarriedouthrorderto.owthee.actthic.nesstobeusedonthep^toavord
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Failure ofbelt.

The belt speed calculation
is carried out using this formula;

_jt«aJi (R.S.Khurmi and Gupta, 2005)
V =

60

Where; V=Velocity ofthe belt

Nl =Speed ofthe motor =1500
4=Diameterofthemotorpulley=60mm=0.06m

"ft = 3,14

v = -

S.14X1500X60

60

y = 4.173m/s .

Thisiscarriedouttoensurethepropergrippmgofthebel
Formulaforcalculatingangleofcontactis;

i =(180-2 «> «-/180 where;

. a = sm. 'vj^p'

§ =Angle ofcontact
. C=the approximate centre distance =120mm

d,=the large pulley diameter or;,;=the smaller pulley diameter or motor pulley =60mm
shaft pulley =180mm

tee-sou _ /££.) ot =sia" '0.5
Therefore; «= sia C^Si"j ^

« = 30

i =(180°-2C3°BxW/l80

# = 2.09rad
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due to the twisting and turning effect of the shaft.

3441 power delivered to drive the shaft
Thisisthepowerdeliveredfromtheelectricmotortothe shaft

\

From the total of the motor =2kw

It is afact that there would be power losses up to 5
slip and ofthe belt. (R.S.Khurmi and Gupta, 2005)

Therefore; S/100 x2= (0.5 X2) =Q.lfc*

-iifijp*

PS
T = —'

s ws

2ftM2

Where; Ws = m .

2WX-&&

w* = -

«, is the speed of the shaft -500
Where «3

Ws =52.36rad/see

>= 1.9 x i03- 52-36 =3&297tfw

36
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4.0

4.1

CHAPTER FOUR

::::,.—-—-——-**;

z~,—«.———-;fr::
♦• « of the coffee bean seed from it s hull is

-:ri:n^i-~——carried out is to presem me *
• ThP choice of mild steel was made for the

• * ,.«tn mstine and corrosion. The choice oinf it's hieh resistance to rusting auu

to machine tire hopper was developed usmg stamless
' h0uses tire dehuUing mechanism is made from stainless steel.

4, TestingoftheMachine

Ate the development of tire machine, the testing
, • fthi, work aperformance test was carried out using g

. fi.ifil the second aim of this wore, jpto fulfil the secon machine

———;*" 111—•<-
working parts of the machrne. After tins w

• ' conductedandti,eresultsobfeunedwererecordedrn,able4.
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4.2.1 Results

For the first sample tested;

Total mass dehulled =3kg

Dehulled coffee bean =L7kg

^ofthetall^lkg ^ fcoffeebean.(dehulledcoffeebean +massof
^ 0f undetailed bean "total mass

the hull)

• Mass ofundehulled coffee bean=3-(!.*«»
MassofundehuUedcoffeebean=3-2.21
MassofundehuUedcoffeebean =0.79

DehuUing efficiency -^S^T^T?"^""*"""'"•

DehuUing efficiency- 3

DehuUing efficiency =56.67
For the second sample tested;

Total mass dehulled =3kg

Dehulled coffee bean =1.94kg

Mass ofthe hull =0.55kg

Massofundehulledbean^ ^^^^^^^
Therefore; total mass of coffee bean I
Massofundehulledcoffeebean-3-C1.94+0,5)
Massof undetailed coffee bean=3-2.49
Massofundehulledcoffeebean=0.51kg
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DehuUing efficiency-

1.94 1QQ
DehuUing efficiency =-3-X

DehuUing efficiency =64.66

Table 4.1 Result Presentation.

Mass ofsample

lkg~

3kg

"Average

i

^ehuTm^gTime"

78seconds

81seconds64.66

79.5seconds

DehuUing efficiency

"56^67"

"6067"

4.3 Discussion of Results ,( of me physical make-up of the coffee beanThevariationindehullingtimeisasaresultoftirepy h
, a .. n„e to the creeping and slipping eitaU, which varies in hardness. Due to til wer loss ^aresult of mis

„•• nullevs the machine experienced power loss asbetween tire drrvmg pulleys, ^ ^ ^ lossaeepingandslippingeffectofmebe,tinbeWeenthepulley
tathe power required to detail the coffeebean.
Theresultrevealstirat; ,e was dehulled at atiming rate of 78secs

1. the 3ks coffee bean sample was denuueF0I tire first sample, the 3kg c for the second sample, the 3kgwithanecitivalentindetaltageffieiencyof^^ ^

detailing efficiency of64.66%
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Fig.4.2 Side view
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Fig 4.3 Front view

44 Cost Analysis

total cost which is the sum

4.4.1 Material cost
all the materials used in the

r'A^*

involved in the developing of
• anut to know the following costThe cost analysis is carried out to kno ^ ^

• i ^ the material cost, the labour cost, and thethe machine. They include, the mater ,cost ^ the overhead cost.
ofthe material cost, the labour.

development of the combined coffee
This is the cost of

dehuUing and polishing
machine for simplicity and clearity.
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4.4.2 Labour cost
Taking adirect labour cost

4.4.3 Overhead cost
This include all other expenses
overhead costof20o/oofthe material cost

4.4.4 Total cost

of 25% of the material cost

\
\
\
*

\
\

1

i

X

i

i
i

Material

"Angleiron

3 inch pipe

Polishing drum

Mildsteel plate

Bearings

Bearing housing

Shaft

Auger rod

Brush

Brushholder

Bolts & nuts

incurred apart from
material and labour cost, taking an

„ mbined coffee detailing and polishing machine is tire
The total cos. of developing tire combined _ ^ +
sumotdlthe material cosU-™ - »d overhead cost. ,otal
labour cost +overhead cost.

Table 4.2 Sumary of Cost Analysis

Quantity

T

2m

1

l/4 sheet

2

2

lmeter

lmeter

2

2

1dozen

Cost

"255b

1,200

2000

1000

1000

300

2000

800

500

250

240
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Amount

"4^400"

1,200

2000

1000

2000

600

2000

800

1000

500

240
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1

J
1

Paint

Thunner

Electrode ,

Large pulley

Smallpulley

Total amount

Uitre

2bottles

i/^ack

1

1

1200

150

600

1500

600

Material cost =19,940

Labour cost =60% of material cost M0

Labour cost =11,964
Overhead cost =25% labour cost

Overheadcost=^Xii^ =̂ 91
Totalcost=materialcost +labourcost+overheadcost
Totalcost=19,940+H,964+2,991

Total cost =34,895
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5.0

5.1

CHAPTERF1VE

CONCLUSIONANDRECOMMENDATION

C0nClUSi°n w omachine was desigiw.d coffee bean dehuUing and polishing machine wThe combined coffee oe<u a timmg

-,-——-—1^1.——
—*—-—:""21-—
. - --—;-711 „_——

1 An. it is easy to use and the parts are easilypreviously done,it is easy aksser
„• *Wishing machine is energy saving ana 4combined coffee dehuUing and polishing m

man power.

" *-—*"" be tilKd ta order for the seed to fall under gravity into theThe dehuUing chamber must be tilted .^ ^ dehuller needs to be
caniedoutf„rgreateravai,abilityofaMghqna,itydehuUedcoffeebean.
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