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ABSTRACT 
The influence bf moisture content (9.6 - 30.8% wet basis) on cracking 
characteristics: cracking fom,  Specific a o  and energy requirement 
.for cracking ., of ~ f r l k n  Wlnu ts ( Tetrac~rpidiurn mnophomm) was 
investigated. The nuts were loaded along the major, inkrmediate, and minor 
diameter .and ihe data was subject@ to ANOVA. Resulb showed that 
Cracking force decreased signifiearrHy (pc0.05) with increased moisture 
content, while there was qo significant difference in specific deforma tlon and 
energy requirement 'for cracking in the three loading directions. The average 
cracking fbrcss required along the major, intermediste and minor diameter 
were 11 8.60, 122.75, and 138.80 N, respectively. 

Keywords:+Afridan walnut. Moisture content, cracking properties. machine 
design - 

1.0 1NTRQDt)CTtON bdtanhtly unrelated to the Black (he than )  walnut 
' .[Jughtw nigra) found In the eastern ,states: and , 

Mrican,wakut, commonly called Nlgerian walnut . extending n o r h a r d .  to Canada and -also different 
0r.eonophor. is ~'perm.nMl,cliniber often found fromUleEuropean~English)walnut(~u~lansr~g~a)' 
growing wild& in [he moist forest zones of sub , found glowing wildly in H'irnalayas and C.liina 
Saharan .Africa. It is widely . distributed in the . (Hemay .& Popov, 1998). Fig, I shows the p~chres 
rsouthern part of Nigeria (Dalziel, 1937). , It is ' of ihs plant, ripe fruits and nuts of African walnul. 

Fig. 1; The plant (a), ripe fruits (bland nuts (c) of Afrian walnut 
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The nuls.conlain edible kernels ' htchhar,paw&@ df moisture b the nuts and loading direction on lha 
and consumed as snacks along wiWejp$.mrn cracking,,chlracterirlics of nuts was investigakd ~0 h ( O h  and Fafunso. 1975). Th@:ro t a + k ~ . ~ ~ ~ ~ q  .:lhis sbuly:'Aydin' (2001) has reporfed the effeg of 

~ ~ ~ ~ d i ~ n  on the cracking force of Hazel nuts. eaten in the generql dlet, . ofi:ad(led as-:R&bUCr& -"': 
p!&=.' when, he kernel Is eaten rah. itpive~'~~i~.bItle~:;.+:~ :whi[B-. sen. x19S&has reporfed that the loadmg 
task and when eaten cooked, -a bitter flavour is-h~so:~, ...d i~tion;'sff~~te,d the' extraction quality for warnuts. 
experienced upon drinking water (Ajaiyecba effect. :of jmois~re cantents on properties cf 
Fadare. 2006). This bitter taste h a s  haen a#iblt@d?+ lir@p&-~s@$$G,~wda. et aL . 1 990) and pigeon pea. 
ta the presence of alkaloids and ather anti-tIUdti~dEt~ :@:&f&h@h~6b'w~ai +oybean seeds (Kanawade et 
and toxic factors preserif In-. m e  kernel; :(Dakjd:::. " W::: 199b) 'It& atso been reported. , , '. . .'* ,'. 
1937). In Gabon, the consumptbn of me. kenels by. ,. 

husbands of wives already pregnant is believed to . - ~ . O : M A ~ R I A L S  , _  AND METHOD 
inlugate the risk of miscarriage' and It. is also~bhved 

.- .to;!mprove f d l i t y  in males (Wafker & Sfltans, tS1). 2.1 Coilection of nuis 
: Thete~nomedicinal potential d the leafl stern bark, .- 

kriiel and root as mum for drug discoveq ;for . Samples of African wahuts were purchased fro& 
, ' antimicrobial agents has been reported by Ajalyepba the local market in Akoko, Ondo State of-~igcria. 

. and Fadare (2006). Prior to analysis, nuts were cleaned manually. an8 
. .  visually inspected 'to remove foreign objects. 

, The kernels am also oit-bearing yielding 4 W Q %  fractured and imrnattianuts, 
, of light golden #loured oil with a lash of-lin#ed oil. 
The' oil obtahed from the nut is used, in towqing - ,' 2.2 Determlnatlcrn of Moisture .Content 
-~chble~eroI'and thus contcibute In reducing the risks - '1' 

of. heart attack (Heaton; 1'984). The oH isalso useful .samples were prepared at five different molsture 
- in the formulatian of wood -varnba, :stands oil, content levels: 9.0, 12.0, t6,8, 21.0, and 30.8% on 1 
vulcanized oil for rubber and for leath6i sfBStim : -.w%. basis. (w.b). Mdsture content of sample ~3:- 
(Akpuaka and Nwankwo~~2000). A biscuit-like .snack determined using hot-air oven method in accordance 
has 'been deyelopd a from the nut (Adebana et. at.it, to America'n Society - of Ag riculhrml Engineen ng 

.' 1B88). The cake left after: expression of the i@l . (MAE) ' Standard S352.2 (ASAE. 1990)- Samples 
contalrls 45% protein. It is .a good sourse.o# probin w$h lower moisturq content levels were prepared ny 
for man and livestock. The nut is also a good-souroe drying 'ii'lflk sun for 2-5 days, whlle samples with 
of vitamins (Odoernetarn, N03):'b The. dU : fmm ma: :: higher moisture bvels here prepared by weft~ng t h ~  
wed& has been reported td cOntalnn over, 60% samples. wilh quantltles of watei- required to obtain 
ltnolenic acid (AdeSioye, 1991) which makekit~userful the+desim&m&ture~bveL6 and then kept in a sealet 

"in baking %and cofiktionery,. :as. Flacb oil, soap-:': fspiyhtchlki+~~mMgersted at -5% for .two days 
'inakjng and as drying oil In pqints and v ~ i s h .  : - :.. (Mohsenin, 1 978). 

b ' , I .. .' . . 
The~defatted walnut;cake is-used as animal fed. . F Z3.DbtenninaUon of-Cracking Characteristics 

The:,sheH, when reduced $ a powdsr.of+various .,:. , 
' me& -akes, is used- as filers in synthetic re&- v? 2.3j ~ m & j n g l . h -  
idhshes, plastics and ihdusml tile. .Th$70she1=ts _. , . . . . 
a M  'usbd in a drilling mud in. 01 fidd, nd:as  ian test. was., wfihd in Wpkate. at five 

; ,abrasive far polishing mew casting (ArabiNa, .$fimnt (BB 30-8$) 
2003. Hence.. there i s  .an increasing demand for ,ding ah$ :%e,  ma^,, - .  intermediate . and rkt~i ,processing of nuts of African walnuts. . 

' . dbmatet OF the'.Hut 'using'+ mpllession' tesHn; 
, - ' ' , machine, Tewmder  (Monsantoi TyGe w,'€ngla~d) 

~igecia, as a developing natign .is, with a .  ~ k . - ~ ~ d m l  ap. i8 shown',/n-;fb. 2. Fig. .' . grat dilllenge of meeting .the c m n t  ,- lfw .'' am;h a=m* ticfths gw of th= 
knlnut produotion as me processing op$Rtionsw. .'.me h d i n g  wed in me crackinj, - Cracking and m n g  am suli @iw d ~ m - m . w .  . ' test. The .{F), sp&c deformah* (&) and 

a need f ~ r  he,deCipP'ad m y  required ' ( ~ 1  lo facture fie n yb were 
':'cqnstruetion of mechanized hindling 'units such as determined, 
- &cking .and sorting machines. As :a A& +teg 
'.towards the design of cracking machina, t b - e f f d  
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hhhll. - 
h t *  ; 

Fig. 3: Schematic showing ofthe Iri+U.loading~lirectsdieused fo~aacLing last 

,whwhe&:is the~specicicide~~or). L is the .oriiinal 
%SFtjmatbn of energy w i r e d  for c m & & ~ t b  .tejqwbwhe nu'k and 4 is the length of the' MI -at 
.nuts -~un!ure~fn. theditqction of loading. . - 

-lJ=&py required lo crack me nuts at. five 
@e<cint qno~sture~content levels 'iilong the Wil~ 
WVQ, directions .Were' datermined U W  are8 
ed- 'compression curve. The creckinpsnqy 
p$swmpute(l as: 

*J ; . . .  

&rgy requiremh for craeklng.!h,e: ktvC1.:F 
gme. and e isthe tkifomiation: 

. . 

. mefprceS2 qguwd 40 .(;rack the nuts at different 
.mc#~~ntentqlwelsi ia~e presented in Sable t. In 
~ a l ~ ~ ~ . ~ l o a d ~ ~ ~ d i r 8 c t i i o n s ' , ~  +bgher cycking .forces 
~ & - ~ u i r e d ' ! .  tb ;c* the, dub3 at h e r  moisture 
:q~te~tw~zke.:@e1B .@ded..,~-'be tougher and less 

, , 

*%@I& 3 -Sipresent t$&. summary !eo& of the . -  - 

urn . and standard . 
he!!'. thickkss, specific 
. specirrc :ddormklic~ . 

mTfi:t.1bt-;czacking the nuts in the 
-,"- - : ~ - ~ " i r i w i t e ;  ahd minor diameter 
rmt~&i. 11&n b-oprarved (Taes 3 - 5) -that . .* - I ,  .IC 

. w,&!n@wflwjalong U?e major diameter required 
:f@$&b't {j+king force .( t 18.60 N) GQI a relativel,y 
.I& .dGiatioh of kt2.07. m g a r e d  with 'the force 
: r$quid.&dng: the intermediate diameter (122.75 NJ 
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ind minor diameter (1 38.80 N]. These resu Its we@ !hat there was no' significant difference (pc0.05) in ' 

in agreement wItli some nuts, such as Hazdnuf cra~king epergy and specific deformalan in ,the 
'(Aydin, 3002) and. Macadamia. n u t  (Braga et a]., three loadlng dirktions. I 

1998'). The ANOVA results (not shown)' indicqted 

TabIe.1: Mean .cmckirlq' few alang tlis tri-axial: Ioading directions with respect to moisture 
content I 

. . .**. - 
Racking force (N) ,. Motsturn Conterjt (%) I 

Loading direction--, -,  _ - -' - . . , ' Major' Intermediate'. , . Minor 
. 9 . 6 :  . . 130.2 154.8 . 135.6 

Table.2: ~urnrnar~!~~~ov~hr mmparjwn between the-cdkirfg force and rnoislure contenl- 
%U~W of '~~&h~'fpr~e (N) - - ,  

Parilmeter variation. - . ~oisture ' content : ' Major - - .Intermediate ' Minor 
. - Mean ' 18.04 '125:Ha. ' 1;50.'96* 114.08 

' I  . . P  4.9-3E-9 9.17E-$0 . 3. t6E-6 
&+significant.means for, P e 0.05 

P - 

-. , ' - 
11+$mle:f: Summary results of crachiig. pro pehbnf  &can ~alnu@ta~ng alongthe major diameter . -.?.,+ . =-y, 

r ' 
b SHELL CW~CK~NG . . SPECIFIC 

.:wrameler DIAMETER THICKNCSS DEFORMAQN FORCE . DEFORMATION ENERGY 
- 3 .  I .  L (CM)' T (mm) ~'[mm) - -I= (N) Sc (%) E (KJ I~Q)  

3-27 1.201 3.13; . 135.00 6.60 0.16 
2.4 7 0.90 1 "%I 100.00 5.80 0.10 
2.91 1 .# ' 223 , .118.60 . 7.63 0.13 

0.26 0.90 , 6,3% . 12;07 ' ' 0.98 0.02 
. . 

P T - , ~ :  Summary results of cracking ,pro&es of Afr&n8w~lnut.~n~along the intenediite diarneler 
L ' .  . - - * *  . .+ .h I *  SHELL ' . ' ' . . CRACKING SPECIFIC . 

9 50mmker .:DIAMETER THICKNESS : DEFORW~ON FORCE DEFORMATION ENERGY 
'I , - *  

' - '  W(CM) T {mm) ' ': e-(mrn)- F (N) Sd (SO) E (KJkgj- . 
~.M+mutn. . 3.18 T.20 * ' 2-80, 178.00 11.00 0.22 
, Minimwn 2.21 0.89. . 2.93. 95.00 6.50 0.10 
Auergge 2 64 0.82' 2.27 ' 122.75 8.60 0.15 
sward 
dmiation . 0.26 0.1'0 0.22 . 21.87 1,22 0.03 

. I '  

. . 
. - 

15 
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'Fable 5: Summary resutts of cracking properties of Afriwn walnut taking along the minor diameter ,- - 
L' 

.SHELL CWACK~NG SPECF~C 
'Panmeter DIAMETER THICKNESS DEFORM4TION FORCE OEFORMATION ENERGY 

T (CM) T (mmJ e(mrn) - F (N) S, (%) E (KJlkg) 
Maximum ' 2.80 1.20 1.91 152.00 7.80 Q. 134 
'Minimum 223 0.85 1.58 . 125.00 6.20 0. .l Q7 
Average + 2.51 1 .QO 1.79 138.80 7.14 0.124 
.Standard 
deviation O:i9 0 , l O  0.1 1 . 8.21 . ._. 0.35 0.070. -, 

- 

40. CONCLUSIONS AND RECOMMENDATIONS 

The 'study has shown that the tracking force 
decreased significantly (pe0.05) . with inmeaee in 
.moisture content, while there was no significant 
difference in specific defurhation and cracking 
meneigy in the three loading directions. The cracking 
forcw-requited in the three' laading directions were 
ranged. in the order: rninor>intermdiate>major; 
Thus-indicating that it . is  easiw to crack ,the nuts at 
lower moisture contents and along :the major . 
diameter. The design parameters+ for. the, cracking 
machine must be based on :the ..highesi{ cracking 
'&e (1 52,00 ,N):, specific deformation (7.?P%) and 
e*gy requirement (0.7 34 KJtkg) obtpined at 
moist$r@ q t e n t  of 30,8% along thq minor @iameter. 
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. . 
Tabh P ~immary tesults of cracking properfies of-African walnut taking along the minor diameter .- 

L' ' 

.SHELL .CRACKING SPECIFIC - 
:?ammeter DIAMETER THICKNESS DEFORMATION FORCE CIEFORMATION ENERGY 

r ~ C M )  T ( ~ m )  sm(hm) - F ( ~ 1  sa (or,) E ( ~ ~ l k g )  
Maximum ' 2.80 - 1.20 1.91 152.00 ' 7.80 0,134 . 
'Minimum 223 0.85 1.58 , 125.00 6.20 0,10.7, . 
Average ; 2.51 ' 1.00 1.79 f 38.80 7.14 0.124 1 

+Standaid 
I * 
f- 

deviatian 0:19 0,qQ 0.11 . 8.21 .- 0.35 0.0r0 ,, 

.. 

4.0. CUNCLUSIQNS AND RECOMMENDATCONS 

The study has shown that the 'cracking force 
decreased significantly (~~0.05) . with increase in 
moisture Eontent, wh~le them. was no significant 
diAerence in specific deformation and cracking 
energy in the three loading. directions, The cracking 
f o m  -required in the three loading directions were 
ranged. in . the order: minor>intemediate>major, 
Thus. Indicating that it IS. easier to Crack tbe nuts at 
lower moisture contents and along -the major , 

diameter. The design parameters' fbr. the cracking 
. machine must be based on .the highest ( cracking 
fw (152.00 'N); specific deformation (7.YO%) and 
~nkrgy requirement (0.134 K;Wkg) obtained at 
moist6re content of 30.8% along the minor diameter. 
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