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IIISSIGN 03; A I<Q'rAIlY ROtiSrl'l<IX FOR CASSIA SIEDERIANA SEIS1)S 

Olapatlc, A. A. n~id  It. .Akinoso 
1:ctlcr;il Institt~tc of Intlustriill ~cscarcli Osllodi. P.M.D. 2 1023 Ikcja Lagos 

A ISTRACT 
?'ivo hilograni capacity roaster was Jcsigncd and fabricated for purpose of roasting cassia sicbcrian;~ sccds, 
ob~ainccl fronr nn Afiitan plant, witicl~ is capabk'of being used as coffee s~rbstitutc. During the testing of 
tlie roaster, pliysicnl clriings on tlic seeds wcrc monitored and found to be tenlperaturc and time d~pci1~1~11it. 
11cst.samplcs ofro;~stctl ciicisiir sicbcriana was obtained at 200°C roasting tcmpcraturc aficr 15 nlinittcs 

IN'I'ItODUC'I'IOff 
Cn'ssi;~ sicbcrinnn DC. (Cnesnlpininccne) 

is , an /Iiricnn pliui[ rcgnrdcd :IS Weed 
(I-li~tcl~inson artd Dnlzicl, 1928; llurkill, 1995). It 
lias fruil 'whkli is nl)oitt I .O- 1 .5ctii in dianlcter 
nrltl 30-90ct;$ l o ~ g  (nurkill, 1995):. Uticlassilicd 
information.\ind it tlliit C. sicbcrianii seeds lind 
bee11 ronstcd'nnd lrsccl iis bcvcriigc by .cenairr 
people ol' ' \ .~estcr~i part ol' Nigeria. Also our 
prcli~~ri~~;iry'i&vcstign~ion rcvcaled tllilt roasted C. 
Sicbcrinna "%ccds possessed . flavour tl~nt 
rcscn~blcd roaslccl coffcc flitvour. 

'file iniportnncc ol: roasting opcratiorr i n  
food picp;rriltion is the gc!rmtion of 

.clmractcristic flnvour (P;iltcc ct. nl. 1995; Maria . - 
ct. ill., I99G) irnd tolour (I'nrk et. ill., 1995) 
wl~icl~ coosunlers reqr~irc for acccpt:incc of such 
footls. Itoaaing of Food crops briugs about 
tlicrmal tlogradation of tlic clict~iical corilponcnts 
(Pyrolysis) at relatively liiglr tcmperaturcs (Maria 
~t ill., 1996, Park el. al., 1995; Pi~ttcc, ct nl., 
1 9 9 5 .  71ris is t~si~iilly acco~~lpi~nicd by 
c;rr:i~iicli;~i~tion of sugars, polys!:i&lii~ridcs : I I I ~  

Maillard rc'nction's which conscqiiciitly lend to 
~ ~ h y ~ i < i ~ l .  cli:~l~gcs si~cll as C O ~ ~ L I I . ,  Ilavour, sizc ns 
a rcsult 01' intcrniil protli~ction of girscs l~iostly 
carbon (iv) oxide and weight (Sic+tz, 1.963). 

Weight loss occurs in two' stages and 
tliis rclatcs to evaporatioti of wntcr nncl pyrolysis 
of dry matter. As tllc.ratc of water loss fills oil; 
IIW rate of gas cvolutio~i riscs.r?pidJy.nnd tllc 
point oftra~isition bctwccn 1 1 1 ~ '  t\vo stages occitrs 
;it t11c orisct of pyrolysis (Sicv17, 1963). Ronstilig 
of food crops can bc acconiplisl~cd by using 
either liot air or a mctal surface to lieat up lire 
rnatcrinls to tllc tempcraturc nt wliich pyrolysis 
occitrs and tjlis nlust lx abruptly stoppctl usirlg 
cool iiir (Gcll.and Porto, 1996) to avoid cllarring 
of thc foods. 

.frying pot over a hot :. flame until tlley arc 
brown. The seeds are then scpnrated by sicvir~g 
from the hot sand, Oguntundc (1987) s~~ggcstcd 
that infrared heating could be utilized in ronsiing 
operation to improve the tmtlitionnl tecllniq~~c. 
During n roastit~g operation, tlrc sectls tnust be 
kept moving otherwise tliey will cithcr ro;ir;t 
irricvcnly or burn whcn the tlcsircd dcgrcc of. 
roasting lias bc?n attained, tlre seetls n u t  bc 
cooled c1owr1 using cool air to halt the 1)yrolysis. 

It is considcrcd wortl~whilc to carry out 
stl~dy on charact2ri'stics of roastcd C. sirbcri:~nn 
sccds which coi~ld be a suitable coffce analogi:~. 

2. DESIGN OF COMPONENT UNIT 
Unit design .cr 1 1 ~  cornponcrlt parts 

wcrc'done taking into coltsidcration rhc specilic 
functiotr of cnch itnit. The main t~trits arc ro:istirlg 
cliatnber, trans~nission slialf. powcr rcqitirct~ienr 
and operation capacity (Figures. 18~2). 

2.1 ,Ronsting C l~ i~mbcr  - 11 was ;I 

pcrforated cylindrical I~igll carbon. stccl (I:lgurc 
I). Tlrc liolcs are madc to ncco~ii~noclntc sni:illc:~ 
bcn~is of materiiil to be roastctl Sizbcrii~nii c.ic,\ca~ 
has tninor diatnctcr of 3.8511lnl (13uthill 199:;) 
nn3tlie lioles are ~iiadc to be 31nm. For effcc~~vc 
licqt transfer, co-cfficictit of opct~irlg of 404<1 IS  

cl~osc'n 
Co- D? 

(D-bd) 
where 
Co - cocflicient of opening = 40% 
D - dinrnetcr of l~olc = 3mm 
d - distance between adjacent liole = 1.743n1nl 

Roastjng opcration for food croph is 
done traditiotr:~lly i t r  Ilot sirntl in a Il:rt .bo~tclnrutl 
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Fig. 2. Orthographic Vicws of the Ro,wry 
Roaster 

2.2 Transmission Shaft - using American 
sacicty of mcchaniml cnginccr (ASME) eodc 
quation for solid sllalt having littlc or tio axin1 

. loading, the pcrmissiblc dian~ctcr was calculatcd 
as folpows. 

dl = - 16 ~ M ~ + T I  
s,x 

Whcrc 
d - pcnl~issiblc shalt diatnctcr (m) 
M-mmi*lum bending morncnt (Nm) = 13.1?Ntn 
T- maximum torque(Nm) - 20Nm 
S,? Yield strcngtll (PaScalj - 72x1 o6 Pa 
K- constant 
d = 0.01 19111 = l21nril 

thcrcforc a 15hm dinnrcter sllnft was used. 

2.3 a Powcr r~quiremcnt - -power rcquircd 
to rotatc tlxc roasting ci!ambcr was dctcnili~icd lo 
be 

w,= 21rN/60 
P ST. 1% 

lVi1crc 
P - powcr (Watts) 
we - angular speed (md/sec) 
N - spccd (rpm) = 10 rprn 
T - torque (Nm) = 2ONrn 

P = 20.33 wad 
To givc nlJowaocc for powcr usc in driving 
pullcys and stians, thc rntcd powcr was 25Wntts. 

2.4 Operation Capacity - Tltc opciatirlg 
capacity was bnsed on thc ava~iuqle heat alcrgy. 
Quantity of hcat cncrgy rcquircd for roasting 2kg 
of cassia scbcrionz~a was calculatcd froin , ' t l~c.  
cncrgy cquntion . 

Q 9 MCO 
1 = ( 2 / P  

wllcre 
Q - quantity-of l~cai rcqy..::cd (KJ) . 
M- n~ass of material (Kg) = 2kg 
C- spccific heat capacity (J/kg) - 1.507 ]/Kg 
0- change in tetnpcraturc PC) ~ 2 7 5  OC 

t-timc of ronsting (KC) 
P- powcr (KW) ==. I K W 
Q"g28.85 KI 
t -. 828.85 frconds = l4minutcs 
thercfm Skg will be roasted in an hour. 

2.5 hs lgn  SpcciElcation 
Capacity -2 kghr  
Sizc 

i ovcnll dinlcllsiol~ (200*300C400)~nn~ 
ii.roasting clrnnlbcr (100*300)mm 

Shape . 
i ovcnll rccrnngle 
ii roasting chamber cylindrical 

Construction matcriol 
i High Carbon Stccl 
ii  Mid Stccl 

. iii Clay 
Ronsting tcmpcrillurc - 300°C 
Ermgy source - Elcctric Erlcrgy 
Power &ve - Manual &Elcclric mofor 

3. ' TESTING 
A batch of cassia siebcriana sccds was 

obfaincd fro~n U~~ivcrsily of lbadiln Tcnclli~~g 
and Rcscarch firm. I'hc sccds wcrc clcnned, 
stored, pnckngcd it1 ~noisture proof polyclhylcnc 
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rlnd stored .under refrigeration (4OC) for funkier 
use. Moistprc content of tlie .seeds wns 
daernrincd according to ASAE (19981) method. 

The roaster was switched on and die 
desikd tcnrpernturcs of roasting were atmined 
before tlie introduction of known quantity of 
beans into !lie roasting drum. The cylinder wns 
tlicri given n rotary niorion to pr6vidc ninibling 
of the ,beans inside tlrc drum in order to cnsure 
the cvenly roasting of beans. Afkr 5niinutes of 
rotittion, the bcnns were dischsrged. .The weight 
liss was determined using ASAE (1398). Also 
the increases. in sit? of the bea~rs were measured 

'according to . Mndhyiin ., ct nl. (1987). Tliis. 
pI'"aCcdure was repcatcd for 10, 13, 20, 25 md 
30minutes ibr the snme quantities of the beans. 

the chanct6ri$tion ofthc 
Tnbte 1 & 2. -Vri rate of 
roasting incieased with 

cmperature. .The moisture 
seeds wns 9.10% on dry 
tlie sceds incrc~sbd with 

increase in time mti tcmpct:lurc of roiisting, 
.Visual observation revealed t11nf the 

samples were ofirniform brow1 colota nRer inch 
roasti~rg, tlilrs tBcy were evenly r;oasted. Also 
nrojna nnd flavour tlint are known'with roasting 
of cbffct. brans were detccted n~ld perceived 
dirring roasting operation of C, sicbcriya sceds. 

3. CONCLUSlONS 
A. rotary dtum roistcr drat cat! lmndle 

2kg of C. sleberinnn seeds per -bntcli was 
dcsig~icd nnd construct#!. Tlre rogster can be 
ntlopfed for ntly grains 'tnatcrials ~Ravir~g minor 
diameter grontcr than 31nm. Thus i t  cnn -be 
referred to as n ni~iltipurpose. Tlic roaster, 
however, h:rs been charactcrizetl for C. 
sicbcrinnn secds, nnd it is cnpablc df niaking nn 
impact or1 tlie ~improvcmc,nt/up$l-ading of 
tnditionnl roasting operntion especially in . 
developing countries of Wcst Africib. 

RLrnRENCES 
ASAE stindnrd (1998). Moisture Mensurcmcnt;. 

Ungrounded p i n s  md seeds. ASAE 5352, 
Dec. 1997 pp55 I) 

Engineering Yew book. Americnn Society of 
Agricultural Engineers. 353. 

Durkill, 1i.M. 1995. The useful plants of West 
Tropical Africa. Vol. 3. Royal Dotanic 

Gardens Kcw. 857p, . 
Gell,, I-LA, jr. nnd Pnrto, 8. 1?96. Removable 

Coffee roaster Oven. United States Patent 
US 5500237. 
Ilutchinson, 'J. and Dalziel, J.M. 1928: Flora of 

Wcst Tropicnl Africa wol. I ,  Pnrt 2. The - 
Crown Agents for tlie Colonies West Minister, 

London 335. 
.Mndhyan, .B.L., 'Shaniia, S,K, nnd .Tyagi, I.I.R. 

1987, Study af physicol properties, Milling 
perforrnnndc and cooking time of minor millets. 

Journal of Food Sci. and Tech. 
24:280-282. 
Maria, C.A.R. de; Trugo, L.C., Aquino Neto, 

F.R., Morein, R.F.A. and Alviano, C.S. 
1996. 

Composition of green cof'fce water soluble 
fractions mid identification of 

volatiles formed during roasting. Food chemistry 
55(3)1: 203-207. 

Oguntunde, A.O. 1987. Production and possible 
improvement in Nigerian indigenous 

.foods from grain legumes . Journal of Food 2nd 
Agric. 1 :61-68: 

Ogunturrdc, A.O. nnd Oyelcke, W.A. 1997,. 
. Dcvclopmcnt of a mnnunVniechanical 
screening device for sepnroting stones fro111 

Cowpea nnd Rice. Nigerian Food 
Journnl 10:77*82. 
Park, M.fl.; Kim, Y.O.; Ynng, J.W. and Kim, 

K.C. 1995. Scpnrntion nnd charncteristics of 
tlie cxtrnct solution from ginseng Marc by 

ronsting process. Icoienn Journal of 
Ginseng Science 19(2): 153- 159. 
Pnttee, H.E., Giesbrccht, F.G.; Isleib, T.G. 1995. 

Roasted Pennut Flavour intensity 
vnrintions nmong US genotypcs. Pennut Scicncc. 

22(2): 158- 162. ' 

Sievtz, M,(1963). Coffee Prwrssing Technology 
Vo1.2. Avi Publishing Co. Connecticuit. 

UNIV
ERSITY

 O
F I

BADAN LI
BRARY



Table 2: '~esults of lnves;lgatlon of characteristics of rcasted C. sleberiana 

~lrblc 1: RCSU~~S of invc3tignticn of ch:~~Ercristics of roastcd C. sicbc~.igltn 

Roasting time 
(min) 

Ronsting time 
(min) 

5 
10 . 
15 - 
20 
25 

. 30 

Pcrccntngc wcidit loss at difl2rcnt 
tcmp. of ronsti~ig (PC). 

f 90 

I'crccntage Swclling at diffcrcnt tcmp of 
roasting PC 

Pc~ccntngc Swclling at diucrcnt 
tcmp. of roasting ("C). 

190 
6.8 
16.8 
22.7 
27.3 ' 

38.6 
. 50.0 

5 
10 
I5 
20 
25 
30 

I90 
6.U 
16.8 
22.7 

, 27.3 
', 2 38.6 
. , $ 50.0 

Pcrccntagc Swelling ilt diffcrcnt tco~p of 
roasting *C 

200 ' 

6.2 . . '  

6.5 
8.3 
10,9 
16.3- ' 

18.1 

2.2 . 
..3.1 
7.2 
9.3 
12,3 
14.2 

190 
6.8 
16.8 
22.7 
27.3 
38.6 
50.0 

.210 
6.2 . 
7.0 
12.2 
14.7 
17.8 

. 21.2 

200 
9.1- 

, 18.2 
22.7 
31.8 
45.5 
53.0 

200 
9.1 
18.2 
22.7 . 
31.8 
45.5 
50.0 

210 
9. I 
18.2 
22.3 
45.5 
54.6 
63.6 

21 0 
9.1 
18.2 
22.3 
45.5 
'54.6 
63.6 

200 210 
9.1 

' i 18.2 
22.7 
3 1.8 
45.5 
50.0 

9.1 
18.2 
22.3 
45.5 
54.6 
63.6 
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