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Nuttapong Ruttanadat 2010: Design and Development of Automatic Young
Coconut Fruit Trimming Machine. Doctor of Engineering (Agricultural
Engineering), Major Field: Agricultural Engineering, Department of Agricultural
Engineering. Thesis Advisor: Associate Professor Anupun Terdwongworakul,

Ph.D. 163 pages.

The purpose of the research was to design construct, test and evaluate an
automatic prototype young coconut trimming machine. The design concept was that
young coconut fruit trimming was obtained by moving an inclined sharp knife in
translation motion in vertical plane to trim the fruit which was held tightly and rotating
in horizontal plane. The prototype was consisted of main frame, body trimming station,
shoulder trimming station, input-output-base cutting station, rotary base, fruit holder,
fruit pressing set, slip ring of electrical connection, power and programmed electronic
control. In operation, three fruit holders rotated about themselves and traveled in a
circle passing the body-trimming station, the shoulder-trimming station, the input-
output-base cutting station. The untrimmed fruit was continuously fed on the fruit
holder which carried the fruit to be trimmed at every station in sequence. Several
improvements for the optimum settings to achieve high capacity and high quality of the
trimmed coconut were performed. The travel of body knife and the shoulder knife was
2.5 and 5.5 cm respectively. The DC motor supply voltage was 24 V, resulting in
300 rpm speed driving the trimming knives. The shoulder knife height of the medium
young coconuts was 18 cm. Based on these design parameters, the improved
prototype was fabricated and tested. The prototype could produce the trimmed young
coconut of 86 fruit/hr with the average fibrous area of 0.35%, damaged fruit of 2.5%,

and remained untrimmed green area of 14.5%.

Student’s signature Thesis Advisor’s signature
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Total Trimmed and untrimmed fruit surface area = A+ Ab+A;  ...(6)
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A . o A o & A & A a X
M (2) Aemsdaninana uazgarinenw (1) AemIaatina Saziiutesiiiialu
a v 1 L Qs L v 1 & { v
v wnanzwiideudanidfandugiusesivlugadunauzwindeu Ssdaszuziidas
MIUAAATINR WUABIZEE by — j, = 4.54 — 1.24 LYINNU 3.3 cm WaSNIWTA 37 () AaNa
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1.2 ﬂ?iﬁﬂﬁ’]ﬂﬂiﬂizﬁ]’]ﬂé‘hm DINANEWIIBaW

50

404 I

)
<

N=370.00

Frequency

i 7 7 s’ 7 7 7 s,
0, 500,20, sy a0 P Y oo

ANUGITVAINANTWINIEDU (cm)

(n)

40 4
30 o
20 4
10 4
Std. Dev = .87
Mean = 15.31
=SS S SN S EEEEEE R

Frequency

1]

1275 13.25 1375 1425 14,75 1525 1575 16,25 1675 17.25
13.00 13,50 14.00 14.50 15.00 1550 16.00 1650 17.00

Lﬁumuﬂuﬂ‘ﬂmwaawau:w%waéau (cm)

(2)
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NN 38 (n) LRZAITNN 4 LLammim:mwaamwgwaawamwmaaau DI

3 1A o A v g: J ' dl
LABINUNITNITINLAIANIN INNNANTNININNINRNGA 370 WD ‘l_l‘i'mg’nﬂ’ll,%ﬂﬂ (Mean)

m’mqwawamw%’nagﬁ 17.52 +1.08 cm wazian Median = 17.47 cm 3023161

Mean NuUf1 Median TnaLAganman é’aﬁuﬁaﬁa"léfd’m’ﬁﬂs:ﬁnwaamwgwawa

Newidautwduuuulnfidautnigsuanas (Nag, 2549)

NINN 38 (V) WAZENINT 4 LLa@amim:ﬁnwa\‘]Lé’fumuguﬁﬂa’]wawamw%ﬁa

' = ' o o &< L {
g0 TIITHARIINNINIZAWAIANIN INHANENTININNA 370 Ha UsngIndady

(Mean) i uaudna19asnauzwinigauagi 15.31 10.87 cm uaziien Median =

£ Vo o k o o v & o,
15.21 cm @90979767 Mean NUF1 Median INatAgINBINN A9nuaIsda leINn1INIZANY

°11aaLﬁumug{uﬁﬂmmaawau:wﬁ”’ndau PUAIUTIIRNNIATNY

A1319N 4 MINIZA ﬁﬁwadmmgo LLa:LﬁumuguﬁﬂmwaaNamw%ﬁadau

ANNEINA Lﬁuﬁﬂuq%ﬁnmwa
NINAIDELNI 370 ua 370 wa
Mean 17.52 cm 15.31 cm
Median 17.47 cm 15.21 cm
Percentiles 1 15.13 cm 13.15 cm
5 15.87 cm 13.96 cm
25 16.80 cm 14.70 cm
50 17.47 cm 15.21 cm
75 18.26 cm 15.90 cm
95 19.35 cm 16.80 cm
99 20.30 cm 17.24 cm
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A1 56 Msun ludwnues Slip ring
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Hem) W(g) Inawa FIUNE W(g)
D(cm) h,(cm) g (cm)
dh (cm) db (cm)
17.41 14.77 1586 12.63 8.60 12.05 11.09 941
+0.75 +0.67 +160 +0.34 +0.31 +0.30 +0.24 +48.69
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o @ A & 4 & & A & A a A A . ak 44
VI RINE] LuﬂﬁqwuﬂLaﬂuLLazwuﬂLﬂﬂaﬂalﬂlﬂQﬂL%aaﬁnﬂﬂqiﬂaﬂﬂiqﬂgqﬁl NNUNLRY W

=) J { 2 =) v g { { 2 =)
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¢=§ | A = a t:!l a I3 1
10.45% Seuanidmifendenusiimeonady 2.19 cm’ Aol 0.4% lnana 42.05 cm’
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Aa 2 a ' o { &
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FA = AuPLAaFY
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T2 = nafllumsdenlusafidanlnans

T3 = nanflFluganiitlounaid diweanuazdatang
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MINARDULLLABDLHD

‘:I e ¥ ! v ' A A
M13289N 6 FUUEANIINILNTINVB Namwsnaammzwammnaauﬂamﬂaaﬂwlﬂuﬂﬁ

Y]@]ﬁE]ULL']JU@iaLﬁQG
NANZWI8a% NavzwIMsantanidan

. . AN LR

LR v L ANV ANNES . . v L
ANV . #Rnn \ nY AUENaTY  @RgNay  WIRn

U audnang 420 lwana ¥, u

Hem) — ® W(g) Indua FINNE W(g)

D(cm) h,(cm) g (cm)

dh (cm) db (cm)

17.07 14.53 1506 12.42 8.43 12.03 10.88 941
+1.00 +0.66 +208 +0.67 +0.61 +0.41 +0.47 +82.78

1andan (s)

Tl WT2 WT3

49.5

AN 58 UszEnTmwaasmsdenidfanflalunisnasauiuudaiag
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uiiatile 2 A33A0 30 WA LA 40 WA NIULINANZNINIBDUDBNLTUFBITARYK LitayaNn
a ; L { 1 v { 1 =
WaanuisrmsuiuieIasluszninsmInasay ﬁmamqmﬁamammwmmu AR
Unnginguuasnanzwinneutanianuginaiads 17.07 cm LdwUguENa1IHa
\a8e 14.53 cm ihmtinreudanagiiady 1506 g lavinsdeanudihwinuaimasiads
= a =* ' a

941 g ANUFIMNYAAURBUTNFIUNALANE 12.42 cmmmgomﬂgmmvlmwamaU
8.43 cm LFuHUAUINA 1IN IaNALANIZIUNAETT 12.03 cm Uaz 10.88 cm ANEGL
A & A4 & & A & A A A a | al A a &
WamnunirsuwuasNwLLRenm g imaanannsdandsnngin INunimewmnean

{ 2 =) v g { { 2 =) &
a8 3.82 cm” AL usanaz0.72 AnNU[ondiedTIuaay 54.94 cm” Aalle 10.4% @9
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woniluidenid@snusmeaaiads 0.42 cm’ aatn 0.1% wana 27.38 cm” aauin
5.23% J1UHA 26.75 cm’ Aaiiln 4.97% daunaNzwinfilaunzainmue 12 wa dewdu
17.1% naianaldlunstandonnanzwinsouusniduaaitldasit safidand
198g 32.93 337 aonfidanlnana 49.53 Sl uazaonfidaneg 32.90 Hwf uaae
115.36 37 Godedn Uszanm 31 nadalas wadhdadumidenuuuaafiaslagazls
nmﬁmnﬁq@lu&mﬁﬂaﬂvl,%a'wa FadiadaudrvzdanuzninlaUseanm 72 namalaus §

NANZWIILREWY 3 WA AatTluSasas 4.28

ﬁﬁ%%ﬂﬂ’]iﬂaﬂLLUU@iaLﬁadﬁfu Nﬁi?umﬂﬂlﬂﬁ’]luﬂ’]iﬁ’mquaa T1, T2 Uz T3 ﬁ%
& A A 7 . @ . . & &
ﬁ]zLﬂuL’JaqﬂlﬁuﬂqiﬂaﬂNaLWﬂdNaLLiﬂLVﬂuu FIVNRUSNINIDDUNNGD ) leluuﬁ]lelu
< v A g o A & o ' = o
1381 T2 LUwwan S]NLﬂuL’Ja']ﬂi"ﬁu”lﬂ'ﬂq@lu"ﬂu(ﬂﬂuﬂ"liﬂaﬂ“ﬂuzv\liq'}aau HINIINWIW
A A o \ & < & o o A d R
°l]aﬂLﬂiaﬂﬂﬂﬂLﬂﬂaﬂNﬂﬂJz‘Wi’]?aauuu'ﬂzl,ﬂuﬁ\‘]ﬂ"ﬁumaﬁﬂqjﬂqﬂquﬂaﬂﬂqivlﬂuﬂqaﬂﬂQEJJ

luwnseanuuy PLC
A o A A o 0 o en
MINARDULN aﬂsuﬂ;a wi laiaasdanilfannansniaauLuLa e lie
NMINaFaulTULUR8w Limit switch

P an o ' o ' A A
AT WN 7 FYUGNINMUNTNUDINANZNTIID D ULAZNANSNINIDD WY ﬂﬂLﬂaaﬂ‘ﬂlﬁuﬂ’]i

nagavUUSULUR8W Limit switch

NAaNZWINI881 NaNzwInaaulanidfan
.. LRUHTY LAY
LR v o ANV ANV . . v o
ANV . #Rnn il o AUENaY  @nEINaNd UIRuN
o ABINANI yae lnana M o o
Hcm) ¥ W(g) Indua FIUNS W(g)
D(cm) h,(cm) g (cm)
dh (cm) db (cm)
17.23 14.72 1614 12.96 8.95 12.02 10.95 991

+0.75 1057 +134 10.67 +0.43 10.43 10.43 +58.59




87

1andan (s)

BTl WT2 WT3
41.28

AN 59 UsEnTmwaasmstanidfani lalunisnasaulsuttasw Limit switch

INANTIN 7 WAZATNA 59 NMINasauUITuLLRew Limit switch laglduauzniig
Fwan 20 wa dnnginguvesranzwiteulaniinnuginalatg 17.23 cm L{uH
audnandnalais 14.72 cm dniinraulanagiais 1614 g Warimalanudvimin

A A =2 A =< b
HALWRBLAAE 991 g ANMNFINUBAURANTITIHHALARY 12.96 cmmmg@mngmm%a
HaLAY 8.95 cm LEUHUgUENA1IN InaNaUAZNFIUNAENY 12.02 cm Uz 10.95 cm

o o A A A& A A a A A P= Ak A X
WAL WanAuNFHULas AR RanFdnINwaana nmMItandsingin Iwuiweu
=) J { 2 =) v ¥ { { 2 a
LAY ULaRY 4.65 cm” AaLnTasaz 0.8 ARNLU[an@uITIuLaas 46.48 cm” Aaulln

A =) { 2 a 1 2
7.97% dsunaniduilfan@ ey aaiaiy 0.49 cm- AaLili 0.09% lwaNa 22.48 cm
A I 2 a < ' o { &

Aaln 4.01% 1uua 23.52 cm” Aaldu 3.87% srunanzwiflaunzaniininue 1 wa

Aol 5% natanltlunitdanidfanuanzninndanuanidwsnii laads aandlan

19288 31.77 3wd sondidanluans 41.28 w1 uazanRaanwaNa 26.19 Su1f 373
{ =) A =) I qI/ Y A 1 {

188 99.24 w9 Tefeniln Uszunm 36 wa/mlus watndailwnsdanuuusaiiaslay
o A A a ' 2 A a o o o

aﬂmamwman@‘luamuﬂaﬂ"lmwa Falafauarvzanuzwing et veanm

87 Wa/T a9 FNANTWILFLNRIE 1 Wa Aatllusasas 5

TugrnsasmInesaudTutlfuuszazaad Limit switch 1 AtNatdun1saaiian
v 1 d o v { QI J 3 U
Tunmstanfanuanzninigan T4V FaNURINITNVIATEILANNINTY LR L0
M5USURUNIZELNITAAAS Limit switch LS103 LS104 LS203 WAz LS204 %isyin
A o ' v w £ ' a A o '
suTndanifanuanzninidan las1@nnitmInasauLaIadlanidfannanzwiniga
LUURG N eI add LU0 14% I(ﬂﬂﬁq@ﬁ@ﬂaﬂvl,vsa'wammmamam‘lumsﬂan
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vl,ﬁmﬂﬂdwﬁ‘*g@ﬁ@ﬂaﬂﬁwﬁwa B WENTIZ T HZW952H IS Limit switch LS103 NU
' ) ' L. . o = ') {

LS104 UANaaadInasnIn Limit switch LS203 AU LS204 S9WaannnIUsuslasnszazaad
Limit switch LS203 %u#in1#17a7 T3 He1aa8da28 Nathtibadain LS203 1histilis Limit
switch 1AIUANNIYINNUBBINANTL Lm:ﬁmﬁuﬁuwamw%ﬂaéauﬁag}iluamﬁi’]auwa
1 TN8aaNLAZAATINA LY DAz Ihs ANNAIRITDY PLC Uazaziin laitlasiduduaing
vewinsdaundanlawnzan uazitlasifuduasnunilfanfdodrNaanad 5% was 8%

o o A o = ' ¢ & e84 A& ¢ & e& A & a A
auaU lwameNaudsaung 1w wWeiidudnunizen Wesidudnunilfandanoaa

¢ & & A & a , AL P o
WasiFuaNuwnidfanidon mana datdasuuladiagunn

a A 0 o 0 ' P ) &
MINIAN M WAL an IRaNaNE NI 8o UNINNTIRNN LT NI Ua N8 A AT
A A A a & ' o ~ a
Luaamm:mmﬂumimaaumaqq@mm 2 LANGIIN I@ymw:mwaa"g@mﬂaﬂ
TnanauzwIaawiinazdszes 5.5 cm lummzﬁsw:milﬁumwaaq@ﬁ@ﬂaﬂﬁwé’awaﬁ]z

Uzuzned 2.5 cm
P o A = & a
mineseulalfuifsuanuiiweineiniuquraia

NANTIN 8 uazAW 60 MsnaseuliasueNuSINoLaas 910 110 58U
dowfl 1w 300 saudow? lagusufindaudaswiain 12v 1w 24v AILANTALA
laglfnanzninidiuin 20 wa ﬂi'mg'j'mz\jmamamw%ﬁaﬂ'auﬂanﬁmmgwamﬁ'ﬂ
17.09 cm Lﬁumuﬂuﬁﬂmwmaﬁﬂ 15.28 cm ﬁmﬁfﬂﬁauﬂaﬂagﬁmﬁﬂ 1651 g Wiavi
mstenudinminnanasiais 998 g mmgamﬂﬂammuﬁag’mwaLaﬁsl 12.86 cm
mmgamngmﬁﬂ%dwamﬁﬂ 9.14 cm Lﬁumuquﬁﬂmoﬁ%dNaLLazﬁgmwam’;

11.89 cm Waz 10.97 cm audey WamAuiFswiaziufidandidmfnaananms
danusngin SAufiFowieduads 3.33 cm” Aadludanaz 0.6 Auffenidoisw
198y 67.14 cm’ aawfln 12.08% Feusniluidenidenusinmeaaiasy 4.06 cm’ aauiln
0.73% lnana 31.45 cm’ Aaiiln 5.66% g1una 31.63 cm’ AaLili 5.69% FIUNANZNIN
Alannzanivsnue 1 wa aawdn 5% metinanfldlunsdandennanzninsanuen
Tuaonitldeait snnitdandreaads 27.13 Juit sofidanlnana 32.03 3unft uas
goNiiaanuNs 18.43 Fun7l Tuadn 77.59 3w SeRailn Useanms 46 wailug uddn
ﬁ(ﬂLﬂumiﬂaﬂLLumiaLﬁaﬂ@ﬂﬁ]ﬂﬁamﬁmﬂﬁq@luamﬁﬂaﬂvl,via'wa Sallofaudas
Yanwzwalddszanm 112 na/malus Suanzwnndone 1 na aadusows: 5
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M1371990 8 FULANIINLATNY D Namw%ndauua:wamw%’ndauﬂamﬂﬁaﬂmiﬂums

maauﬂ%’mﬂﬁwmwL%uamas’mqugmﬁ@

NANZWII881% NaNzwsMdautanifen

VERHI LERHOY

AN v . ANF AMVFI . - v L
ANE . $RBN o o AULNAN  AWLNEIN  UINRUD
« AWLNHII R[] Tnawa Y, | «
H(cm) v W(g) lodwa  g1uwa W(g)
D(cm) h,(cm) g (cm)
dh (cm) db (cm)
17.09 15.28 1,651 12.86 9.14 11.89 10.97 998
+1.01 +0.66 +104 +0.52 +0.49 +0.55 +0.54 +49.46
‘v";%ﬁ (%) 1andan (s)

o Tl WT2 WT3

32.03

2NN 60 UEnTmwaasmsdanidfanilalunisnasaulsuilfsuwanuisiuaiaas

ﬂaquqﬂﬁ@

msﬂ%’um’mﬁﬁawaauama%ﬁliﬂ'wgwﬁaﬂanﬁh 2 q@ﬁa MS102 Laz MS202
°naa"q@ﬁ@ﬂanéwﬁwmmzmﬁ@ﬂaﬂ%dwa AMNEINL FINITALANAMNEINIIDINNIYan
o , & Y A A - & < o & o
NANINIEaUIW LG DNGI8 Tagtlaiiuniui371789 DC Nataasng 2 aanurinld
a A o ' | A a a A A
anumanInvadaiadanfenkanzwindauatn 77.6 Iwi/wa Faaazanadiiie
a P o a A o ' & o oA
WSsugunuMInasauLaTastanifannanzniadawilasduluudaliad wazn1y
nagaULlalTuLlRunIzes Limit switch fa 32.7% Waz 27.9% A& weatn lsAan
A ' & v Mo a £
MIANalaNan 12 V 18w 24 V 289 DC vataasng 2 62 anuis i lainuaw vl
aafilduraalilu Nameplate 28388100 NaaNNTIsNUlagldndT T1 waz T2 A1ld

WRAI M IUATNA 59 LaZNINT 60
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AN lunsUandrainalunmsnageulsufuusz oy Limit switch  31.77 _
) o (Y] P = P = = 1.17
nanlFlunmsdandrdnalunmesevudsuasuanuiswaiaes 2713

nalglunmstanlnanalunmeseudIufousses Limit switch _ 41.28

; = = =1.29
nannklwmstdannanaluvmInasaudsuilaswanuisivataas  32.03

‘d U | ed 1 { v Q { U
et laindudananilndlfseni uaza 9 Nameplate 289 DC vaiaasia

LEAIS AT IUNDEInNIS a1 I 300/110 = 2.73 1 udnNNSI9TVaINBLABIALES
Sansntasninfiugaslslu Nameplate aglazanm 1.2-1.3 e dmnzuaiao i
ianlflummasauiwiuwuaiaafiminfriuwmsldnwnud dadsansamnuasuained
01vzdnuateeslnifioananlssnn sauanu lususesdadadinatin T3 9

e 0 O . S o v [
AARINNNITUTUI 8 Limit switch LS203 @93yl 1181 T3 aaadlidas
mnagauszauluiiatanivana N1 6 zau

A1319N 9 FNUANIINIBATNYDINANENINIBaUUASHANZWI I8 kL anifannldluns

narauszavludadanlvans 91 6 szau

NANZWII80% NaxNzwsndautanlfen

LR LAWY
X T2 VS anugs  Anwgs  gud aud

PUIA  AINRY y 1ABN , imein
U gudnand 2ae Tana &g a9
H(cm) W(g) . W(g)
D(cm) hicm) g(em) ludna  3IuME
dh (cm) db (cm)
S 15.75 13.39 1312 12.28 8.6 11.80 10.50 939
+0.28 +0.54 +136 +0.60 +0.38 +0.29 +0.46 +56
" 17.51 14.37 1587 13.21 9.32 11.56 10.24 1015
+0.29 +0.55 +141 +0.32 10.39 +0.39 +0.37 +79
. 19.42 15.58 1942 15.71 11.78 12.55 11.00 1234

10.36 10.90 1225 +0.37 104 10.45 10.43 197
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@1519% 10 Duncan Multiple Range test on the quality vadnauzninsandanifen Tu

nmnasauszauluiialanlvana 7 6 52U

Quality Height (cm)
Parameters Small Medium Large
15 16 17 18 19 20
SA (%) 0.00 0.00 0.22 0.00 0.37 0.30
+0.00 +0.00 +0.47 +0.00 t1.76 t0.85
FA (%) 0.07 0.00 0.00 0.08 1.39 1.15
*0.18a  %0.00a +0.00a +0.24a +2.90b *2.87b
con ol 1.53 1.91 0.30 0.76 0.15 4.16
1243b  +2.48b 10.55a 10.78ab 10.37a 12.05¢
v 14.54 22.04 9.75 10.62 5.87 22.42
1851cd 19.77de +7.83ab +5.09bc t4.46a 16.02¢
~ 7.19 10.77 4.83 4.12 2.69 3.95
+523b  £5.04b *3.18a t3.44a *2.71a +4.29a
TA (%) 23.26 34.72 14.88 15.5 8.71 30.53
+11.43c +15.03c +10.61ab +7.5b +5.32a +9.29¢

nasef 9 mnaseuseavlufadenlnanatunsvmainfiszaulude 15 cm
laglonanzwinswan 25 we ﬂﬁngﬁmajwawau:w%’nﬁauﬂaﬂﬁmmgawamﬁﬂ
15.76 cm Lﬁumuquﬁﬂmwamﬁﬂ 13.68 cm ﬁ’mﬁfﬂﬁauﬂaﬂagﬁo{é’is 1412 g iavin
msdenudiminnamaaiads 974 g mmgomﬂﬁammauﬁagmwamﬁU 12.51 cm
ﬂfnwgamﬂgmﬁa"lmimamﬁﬂ 8.65 cm Lﬁumuguﬁﬂmaﬁ%dwaua:ﬁgmwam’;
11.94 cm uaz 10.77 cm anudey Wam Ao weasAuiaendid o Mnaoanms
dandsing i SiufiFowiedwais 0.39 om” dailudannz0.07 Aufdaniduma
1aRg 124.02 cm’ aaufln 23.26% Feusniilwidonidanusnmoaniads 7.83 cm’ Aatln
1.53% 'lnana 77.21 cm” Aailln 14.54% 31una 38.98 cm” Aauiln 7.19% Liding
vewnfilannzan rainadldlunsdeni/dannauznindawwandnaanitlansi
soniilandeaiy 27.02 5w aondidenlnans 33.19 Juf uazaniisanung
17.27 w7 lfLaawﬁaJwﬂﬁq@Iuanﬂﬁﬂaﬂvmea Fadlefaudreztanuzninldlszanm
108 wa/talus lifinauswirdowe

o a : @ = A % a @
manaseuszavlufadan lndnanunsvmaianiszauluie 16 cm lagldwng
uzwidman 25 ke dnnginguresnanzwiiteulaniianuginaiais 15.74 cm
iWuiugudnananalais 13.11 cm iminneulanagfiady 1212 g Wansenud
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iwinHanaeLads 854 g mwgamnﬂammawﬁagmwaLca,?iu 11.46 cm ANWFIAN
gmﬁavlmwmaﬁﬂ 8.54 c¢m Lé”umugmﬁﬂmaﬁvlmwaLLazﬁg’mwasm 11.63 cm W&z
10.30 eudey ilamiuiiFouuasiufiifanfifofimiannmstandsngilais
A FuwAedn Auidanidoiruiaay 173.61 cm” aauiln 34.72% dsusnifuwildan
Busnoaiads 9.58 cm’ Aaidln 1.91% nana 110.25 cm” Aaiilu 22.04% 31una
53.77 cm” Aendln 10.77% Lifinanzwinilawnzan medinailslumsdanaenaa
urwnsanuoniuanitldeait snriidand1eads 26.47 Juf aanfidanlnana
33.32 U uazganfaanuKa 17.31 3w I%Lam"?'imnﬁag@iuamﬁﬂaﬂvl‘ma'wa Sarile
AaudaztanuewialeUseanm 108 na/dalus Suauswiniderornanue 4 na aad
16%

mnesouszeuluTavaninsnanunssmianarsiszaulude 17 cm lagldua
UTWINITIUIU 25 W ﬂs'mg]dﬁm;iumaowau:w%”nﬁauﬂaﬂﬁmmgaNam'éi'ﬂ 17.52 cm
Lé”umuguﬁﬂmawamﬁﬂ 14.22 cm ﬁmﬁfﬂﬁauﬂaﬂagﬁmﬁﬂ 1525 g avnisdanuan
iwinuamantads 1010 g mmggamrmammawﬁagmwaLaﬁﬂ 13.62 cm ANEIAN
gmﬁa"lmwam‘é‘lﬁ 9.56 cm Lé"mhugmﬁﬂmaﬁvméwauazﬁgmwam’s 11.72 cm uae
10.42 eudey ilamiuiiFouuasiufiifenfidufiindennmatandsingin lis
AuiFswiatn Auidenideruaay 81.89 cm” dailln 14.88% dsusniiwdion
Fusnneoaiads 1.65 cm” Aaidlu 0.3% Indwa 53.59 cm’ AaLiln 9.75% 31uKA
26.64 cm’ AaLlln 4.83% §anHaNzNiIAlARNATanua 4 Wa aaln 16% 13inan
I#lunsenidannanswinsouuaniugnitldesit sanfiensediads
26.57 5wl aondidenlnans 32.16 Jufl uazaniisaruns 17.27 Jund 1Faanfivn
ﬁq@luanwﬁﬂaﬂ"lmwa FofadauarvzdanuzninldUszanm 111 wamalus Jus
NENIUFENY 4 Wa aaldu 16%

>3 a 1 L d' s = v
minasauszaululiatanlndnanunasmanarsiszavluiia 18 cm lagldna
NEWIIIWIn 25 He Unnginduvesranswitaulaniianuginaiaie 17.50 cm
idwRugudnanInaLaty 14.52 cm imiinreulanagfiiady 1649 g Warinmstenud
& o A a = A
nnInNHaAeLaAY 1100 g ANNFINNIBALKANTITILHALARY 13.91 cm ANEFIN

i nanaaie 9.86 cm idwUgUENIIN InANAUAZNFIUNALT 12.23 om Az

¥
=1

10.91 eUEAU WanNuNRpuwazNUNLRanFRgwaaaInMsandsngin Swun

D

Y a J { 2 =) v ¥ { { 2 a
LROWAAUWRRY 0.5 cm” AaTusasaz0.08 AuNtlfanidisdTiuiady 92.21 cm” Aaullu
£ I A { 2 a I f
15.50% GIueniiuilfandorusinmeaaiaiy 4.53 cm” aalili 0.76% lnana
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2 a 2 a ' o d
63.08 cm” Aatiln 10.62% 31w 24.60 cm Aatln 4.12% lifinauzninlaunza
& & A A Y ' & A v A a o @ A
NIaN M lwnslanidfannanswiidautsniduwanib leadsth sodlans1aiiaae
27.10 57 anddanlvans 32.22 U7 LaRDNBAAN KA 18.85 Fu71 MHIaAiuIn
ﬁq@luanﬁﬁﬂaﬂ"l%dma Falafauaaztanuzwini laszanm 111 wa/mlad ladng

VEWIMILREWE

mneravszdulufiavaninanatunaswalngfiszaulufia 19 cm laoldwua
WZWINIUIN 25 WA ﬂﬁﬂgdfmémaawamwﬁ”nﬁauﬂanﬁmmgqwamﬁﬂ 19.69 cm
Lﬁumuﬂuﬂﬂmwmaﬁy 15.98 cm ﬁmﬁfﬂﬁauﬂaﬂagﬁmﬁﬂ 2093 g devinmIdenuda
iwinWaLEeLads 1248 g mmgamﬂﬂammawﬁagmmaLa‘é‘im 15.87 cm ANNFIAN
g’mﬁﬂ%ﬁmamﬁa 11.55 cm Lé”umugluﬁﬂmaﬁvlmiNaLLazﬁgmwama 12.66 cm Uz
11.10 muiaL e AuiiFsuiaziuiiianfiduafimdennnsdandsngi Siui
FouAndwads 9.23 cm” Anlusosaz1.39 Aui/denidoruads 59.48 cm” Aain
8.71% Gansniuidandorusiimeaniads 0.99 cm’ aailn 0.15% wana 39.65 cm’
Aouilu 5.87% 31unn 18.84 om” Aoiilu 2.69% drunauzwiNfilaunzafinanun 1 ua
Aouin 4 % motinanAldlunsdanyaennanzninsanuenilusanitlaasil soiidan
feasy 26.87 Jufl aondivennana 27.47 3ud uazaofidaiune 16.15 3uf 19
nmﬁmnﬁq@immﬁﬂaﬂ%éNa FadlafaudrezdanuznildUszanm 131 uaralug
AuanzwNIUFenIe 3 Wa Aaldu 12%

maseuszdvlufiavennanatunaswalngfiszaulufio 20 cm lasldua
NTWINITIUIU 25 W ﬂi’mg’hﬂ@;mawamw%nﬁauﬂaﬂﬁm’mgawam’é’iﬂ 19.14 cm
Léfumugmﬁﬂmmamﬁy 15.18 cm ﬁmﬁfﬂﬁauﬂaﬂagﬁmﬁﬂ 1792 g evinmadenudd
iwinHaaeLads 1222 g m’mgamﬂgammawﬁagmwmaﬁu 15.55 cm A2UEIIN
gmﬁﬂm’wamﬁm 12.01 cm Lé"umugmﬁﬂmdﬁvlmwauaxﬁg’mwama 12.43 cm Uaz
10.91 eudey iamiuiiFouuasiufiifanfifofimiannmstandangin Hud
FowAndwads 7.85 cm” Aausosast. 15 AuiaenidisnTiueis 206.26 cm’ Aa
T 30.53% Tansnidwdfendovsimeanads 28.11 cm’ aaidlu 4.16% Twawns
151.2 cm’ el 22.42% 31%KA 26.95 cm” Aaiiln 3.95% dunazwiNAlaunzand
vanua 3 wa daidln 12% miinanildlunmsdenaennanzwinsaswusniluaanitle
9% sonfiendrdatads 27.19 Swndl sanillonlnana 29.05 3nd uazaanildaiune
17.44 3w 1°Enm°?'imﬂ‘ﬁ'Eg@luamﬁﬂaﬂ"l,%dm FofadeusrvzdenuzninldUszanm
123 wa/malas Snanswudewiy 2 W Aadlu 8%



94

lunsnasevszdulufiadanindnausasldifuii anugiuaznanauzni
gou finaniznudanalumahnuueaissazanumanialuniixia pgINRpAIATY
#i P<0.05 auan3199i 10 MWILNaNzWINdasIwIAAaN NN INANNFITeITalalan
Inafitnanzauiio 15 cm S98A1289 %CGA, %SGA, %BGA uaz%TGA aaniifszau

16 cm luwamennIzauiatanman 16 cm 3z %SA Uaz %FA uaud

fmIUKaNzwIIdauIMANAIRRIZALANNgINMINzaNTIgadadanwafan
17 cm wzaaaudsdug dulngdaiasndt uazanuamadenzinissiialsngin
ldflanuuandranuatiidoidni P<0.05 vasnaulslusmavainanzniigan

PUIANA

fndunauznindeutmalngunzauanugirastalulialanlninnanzaude
19 cm Matiasandalasiduduasandsdinlnaiasniifszau 20 cm

= P = dl a
nMInegauLldIsuLn UU@?’]NL?’]I%T]’]?UJQU%IUN@

‘:I s v 1 v 1 A dl
M990 11 Eﬂlﬂ@l‘l’l']\‘iﬂ’]Elﬂ’]‘W”lla\‘iNﬂNzWiW’J@ﬂ%LLRzN&Nz‘W?TAﬂﬂuﬂaﬂLﬂﬂﬂﬂﬂl“]ﬂ%

a P = A a :
mMInegaudIsuIn UU@?WNL?’JI%ﬂWiLﬂﬂUTﬂUN@ (BLULND)

NAaNZWINEaH NaNzwIMsautanifen
. . VWA LEWH
LRI v . ANURY ANNRY p - v .
AN . $IRUN o] o AUBLNANY  @AnLNAId  WIRUN
4 AWENAIY HRL lnana o U
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Abstract

A project was initiated to design, construct, test, and evaluate a prototype young coconut trimming machine. The purpose of the
design was to trim most of the outer husk so that the coconut looked attractive and could easily be cut open. The prototype was based
on the lathe cutting machine mechanism and was composed of a lathe machine with a body-trimming knife, a shoulder-trimming knife, a
base cutting knife, and clamping mechanisms. In operation, the body knife first pared the midsection of the fruit. Following this, the
shoulder-knife trimmed the top to form a conical shape, and finally the base cutting knife sliced the bottom of the fruit to form a flat
underside. In this study. the key design parameters and their optimum settings were determined. The angle between the cutting edge of
the body knife and the Y-axis perpendicular to the rotating axis of the fruit (X-axis) was 76°; the angle between the cutting edge of the
shoulder-knife and the X-axis was 56°; and the knife angle between the knife and the X'Y-plane was 61°. The rotating speed of the fruit —
which was newly harvested — was 300 rpm. Based on these design parameters, a commercial prototype was manufactured and tested. This
prototype has the capacity to trim 21 fruit/h, with the finished product on average containing 1.1% of untrimmed green area and 0.2% of

fibrous area. The trimmed fruit were accepted by fruit traders and exporters.

© 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Young coconut is one of the most popular [ruit varieties
in Thailand. The edible parts include the sweet juice at the
core of the fruit and the soft flesh attached to the inner sur-
face of the shell. The juice contains glucose, vitamins. hor-
mones and minerals, and 1s widely considered to be a
refreshing drink. The flesh contains carbohydrates. calcium
and phosphorus, and 1s commonly used in Thai desserts
(Pechsmai, 2002).

Young coconut is the immature fruit of coconut palms.
which can be easily grown throughout Thailand. Two cul-
tivars generally grown in Thailand for export are Nam
Hom and Mhu Sri, with the Nam Hom variety being pre-
ferred by exporters (Ruttanadat, 2004). The total export
volume of young coconuts in 2002 was 23.068 tons, valued

* Corresponding author. Tel./fax: +66 34 351 896.
E-mail address: jarimopas@yahoo.com (B. Jarimopas).

0260-8774/% - see front matter © 2006 Elsevier Ltd. All rights reserved.
doi:10.1016/j.jfoodeng.2006.01.082

at USD6.2 m. Young coconut is suitable for export to dis-
tant countries because the hard shell and husk provide
good protection for the flesh and juice inside (Harach &
Jarimopas, 1995). The young fruit is typically trimmed to
remove most of the outer husk, and is then packed in cor-
rugated boxes for export in quantities of 9 to 10 fruits (Jari-
mopas & Pechsamai, 2002).

The trimming process is done manually. a task which
requires skilled labor and 1s extremely hazardous. Cur-
rently, workers must shear the husk off the green fruit with
a long sharp knife. The inner white husk is then finely
shaped to form a conical shaped top, a slightly tapered
cylindrical body, and a flat base. The final product has a
pentagonal contour (Fig. 1). After 1t has been trimmed.
the fruit is dipped into a sodium metabisulfide solution to
prevent surface browning (Siwawech, 2003).

The shortage of experienced labor and the high produc-
tion cost has created an urgent need for mechanical trim-
ming machines. Many fruit traders have expressed a
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Fig. 1. Appearance of young coconut fruit. (a) [ = Before trimming;
1I = After trimming. (b) Cross-section of the trimmed fruit.

desire for machinery that is capable of trimming the young
coconut fruit into a pentagonal shape as fast as can cur-
rently be done by skilled labor. Furthermore, they have
indicated that they want the processed fruit to be free of
green and fibrous areas. Finally. they require the machine
to have a relatively simple design, to be safe, and to cost
about THB50,000 (USDI1250) (Jarimopas & Srihawong,
1996).

In an earlier attempt to meet these specifications, Jari-
mopas and Pechsamai (2002) designed a lathe machine to
trim coconut. The apparatus pared the rotating fruit by
means of a knife that was fed linearly and finely into the
fruit by the lathe-cutting mechanism. The 70 kg machine
featured two sets of knives and was driven by a 0.75-kW
single-phase electric motor, which rotated the fruit at
300 rpm. The finished product contained on average 0.6%
of fibrous area and 3% of green area; nevertheless, this pro-
cess could not be considered entirely successful as the fruit
required separate manual base cutting. In addition, a green
area of about 30 mm in diameter always remained at the
crest, which needed to be further trimmed off by hand.
The objective of this research therefore was to overcome
these limitations by developing a young coconut trimming
machine that could complete all paring operations, includ-
ing those performed on the crest and base.

2. Materials and methods
2.1. Design and operation

A preliminary prototype was designed and built. It con-
sisted of (a) a fruit clamp, (b) a fruit crest holder, (c) a
shoulder trimming knife. (d) a body trimming knife. (e) a
base cutter, (f) a 0.75-kW single-phase 220 V electric
motor, and (g) power control paddles. Young {ruit was first
clamped 1n place and rotated around the horizontal axis.
Trimming was executed by the shoulder and the body kni-
ves. which were mounted under the fruit with the knife
edges positioned at the same height as the rotating axis
of the fruit. The knives were controlled by a lathe mecha-
nism which provided a linear, smooth and fine cutting
motion. Base cutting remained manual, but the cutter
movement was controlled mechanically. Preliminary test-
ing of this machine identified some key problems and pos-
sible design modifications for further improvement.

Based on the results of the preliminary prototype, an
mproved prototype trimming machine (Fig. 2) was
designed and constructed for further testing. The principles
underlying the design were: (i) the final product must have
a pentagonal profile; (ii) the trimming mechanism must be
based on the lathe cutting technique: (iii) the construction
must be rugged, compact and transportable: (iv) the mech-
anism must be uncomplicated, strong and must resist
vibration; (v) the mechanism must be capable of being
operated by one person. The machine comprised: (a) power
transmission, (b) control. (¢) shoulder and body knives, (d)
base cutter, (e) fruit holder, (f) crest holder and. (g) shaft
holding pedicel.

The operating procedure was as follows. First, the
young fruit was firmly mounted between the crest holder
and the shaft holding pedicel, so that the fruit axis was
aligned with the horizontal line XX (X-axis). Next, the [Tuit
was rotated and trimmed by the body knife. Following this,
the fruit holder was manually fastened to the trimmed
body. while the crest holder was pulled away from the fruit
to its retracted position. The shoulder knife then trimmed
the fruit until a sharp crest was achieved. A foam rubber
pad covered the crest, and the crest holder again held the
fruit by clamping the padded crest. Next, the fruit holder
was opened and the trimmed fruit rotated. Finally, the base
knife descended to cut the fruit underside. producing the
complete trimmed fruit. The finished fruit was then dipped
in sodium metabisulfide solution to prevent browning.

2.2. Test procedure

2.2.1. Determining the appropriate knife angle

Fig. 3 shows the orentation of the trimming knife. The
knives were set such that their cutting edges were in the
same horizontal plane as the rotating axis of the fruit (X-
axis). The angle f between the cutting edge of the body
knife and the Y-axis (Fig. 1), normally set at 76°, represents
the taper angle of the fruit body. The angle y between the
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Fig. 2. Laboratory prototype: 1. Base cutter: 2. Shaft holding pedicel; 3. Electric motor: 4. Fruit holder; 5. Control box; 6. Body knife; 7. Frame; 8.
Shoulder knife; 9. Crest holder.

\©F
|

Fig. 3. Orientation of the trimming knife.
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cutting edge of the shoulder-knife and the X-axis, normally
set at 56°, represents the taper angle of the crest of the fruit
(Fig. 1). These two angles are typically used to form the
shape of the coconuts currently sold commercially (Rut-
tanadat, 2004).

The angle » between the knife plane and the horizontal
plane is the most important angle in terms of its capacity to
affect trimming performance. During the testing procedure,
o was set to values of 56°. 58.5°, 61°, 63.5° and 66°. Ten
optimally-matured fruits were allocated for each o angle.
Each fruit was measured for diameter, height and weight,
and was then trimmed and treated for browning protec-
tion. White trimmed fruit surface area. the untrimmed
green area, and the remaining fibrous area on the surface
of the trimmed fruit were marked on transparency plates.
and further estimated by means of the automatic leaf area
measurement system developed by Jarimopas, Kitawee,
Rangsri, and Toomsaengtong (2002). The performance of
the trimming machine was evaluated according to the fol-
lowing calculations:

Untrimmed green area (%)

the green area marked on transparency plate

= = : : x 100
total trimmed and untrimmed fruit surface area

(M

Fibrous area (%)

remaining fibrous area
= 5 - - ps
total trimmed and untrimmed fruit surface area

1

Machine capacity = ————
trimming time

2.2.2. Determining physical properties of young coconut fruit
and influence of storage time upon trimming quality

A sample of optimally-matured coconuts selected at ran-
dom by competent growers was divided into four groups.
each containing 33 fruit, for post-harvest storage times of
0, 3, 6 and 9 days. Storage was under normal room condi-
tions (ambient temperature = 28.7 °C, humidity = 67.2%).
Before the trimming test. 30 coconuts in each group were
subjected to a compression test. Each fruit was compressed
by a 6.4 mm diameter plunger at a loading rate of 25 mm/
min. The fruit was mounted on an Instron (Model 5569,
USA) universal testing machine and compressed until rup-
ture occurred. The same test was done at two opposite
points on the equatorial line of the fruit. The other three
fruit were measured for moisture content according to
ASAE standard No. ASAE S358 2DEC93 (1994). Perfor-
mance of the machine and physical properties of the fruit
were then evaluated. A compressive force and fruit defor-
mation about 30% of rupture point were used to calculate
the modulus of elasticity.

2

Modulus of elasticity = ().75% % (4)

(Jarimopas. 1984) where

1= Poisson’s ratio 0.34 (Mohsenin, 1996)
R = plunger diameter = 6.4 mm

P = compressive force (N)

D = fruit deformation (mm)

2.2.3. Performance test of the improved laboratory prototype
trimming machine

Following the test procedures described in Sections 2.2.2
and 2.2.3, the appropriate knife angle « and the storage
time of young coconut fruit were determined. A further
set of performance tests then occurred. Fruit rotation was
set at 300 rpm, based on the work of Jarimopas and Pec-
hsamai (2002).

Thirty selected young coconuts were used as a sample
and the performance parameters described in Eqgs. (1)—(3)
were evaluated.

2.2.4. Performance test of the factory prototype
The factory prototype (Fig. 4) was made and evaluated
according to the procedure described above. Samples of 30

Fig. 4. Factory prototype.
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optimal young fiuit were used. The trimmed fruit was then
presented to five large-scale young coconut wholesalers and
exporters for assessment.

3. Results and discussion
3.1. Preliminary prototype

The preliminary prototype trimmed young coconut fruit
at an average speed of 5.13 min/fruit, with 5.2% of the
fruit’s surface area remaining green and 23.5% remaining
fibrous at the end of the process. The high trimming times
resulted from difficulties faced when mounting the fruit in
the clamp mechanism, and also when placing body-
trimmed fruits of different sizes into the frustum frame
for base cutting. Furthermore, the machine vibrated during
operation, which generated a large quantity of protruding
fibers. Finally. the working surface of the machine con-
cealed the body and shoulder knives, which reduced visibil-
ity for the operator and therefore caused the trimming to
be incomplete. Although the performance of this prototype
was not acceptable, the results provided mformation which
assisted in improving the design.

3.2. Effect of knife angle

ANOVA by means of SPSS showed that variation of
knife angle o significantly affected the performance of the
machine in terms of the amount of fibers remaining after
trimming (P < 5.0%). There were three dilferent groups of
mean amount of fibers which were not significantly differ-
ent (Table 1). Setting the knife angles to 61°, 66° and
63.5° produced the least amount of fibers. The lowest fiber
quantity of this group corresponded to the 61° knife angle,
which was chosen as the appropriate angle.

Furthermore, it was found that the storage time affected
the amount of remaining fibers at a 5% significance level
(Table 2). The mesocarp, which is the main part of the
husk, consists of spongy tissue and embedded fibers
(Fig. 5). Its moisture level after harvesting was found to
be 88.7%, but dropped gradually to 85.3% by the 9th day

Table 1
Duncan multiple range test of knife angle against remained fibers after
trimming

Angle (degree) Fibrous area, %

61 21.50a + 19.96
66 29.34a + 24.15
63.5 34.28a, b +23.54
56 5048 b, ¢ + 10.80
58.5 59.03¢ £9.91
Duncan a. b.

Means for groups in homogeneous subsets are displayed. Based on Type
III Sum of Squares, the error term Mean Square (Error) = 350.093. a, b
and ¢ were different at P < 0.05

*Uses harmonic mean sample size (N) = 10.

Table 2
Effect of storage time of young coconut fruit on the remained fibers

Storage time (Day) Fibrous area, %

0 2.18a +0.52
3 4.07a +0.78
6 7.62b+4.23
9 22.26c +7.46
Duncan a. b.

Means for groups in homogeneous subsets are displayed. Based on Type
I Sum of Squares, the error term Mean Square (Error) =44.707. a, b
and ¢ were different at P <0.05.

*Uses harmonic mean sample size = 30.

Fig. 5. Spongy tissue (1) and Fibers (2).

of storage (Fig. 0). This caused the cells and tissues in the
sponge to shrink and leave empty spaces. When the meso-
carp was compressed by the cutting knife, it was easily
deformed and showed less firmness.

Elasticity also decreased gradually from 5.37 to
3.86 MPa over the storage period (Fig. 6). When the trim-
ming knife came into contact with the mesocarp, it initially
deformed the mesocarp until sufficient compactness was
obtained and penetration could occur. Trimming at this
stage took longer than if the process occurred with newly
harvested young fruit. which have a higher mesocarp mois-
ture content and thus can be penetrated immediately on
knife contact (Fig. 6). On the other hand, knife pressure
which caused deformation of the mesocarp prior to pene-
tration resulted in excessive and undesirable protrusion of
the fibers out of the cutting plane. To sum up, it was found
that longer storage times result in excessive fibrous areas.

3.3. Performance test of the improved laboratory prototype
and the factory prototype

Results from the first prototype testing suggested the
following settings for the improved laboratory prototype:
(a) shoulder knife y=56° ol =061° (b) body knife
p=76° 22 =061° (c) trimmed fruit speed = 300 rpm: (d)
one operator. In addition, it was determined that the fruit
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Fig. 6. Modulus of elasticity (£) B, trimming time (7) A and moisture content (M) @ of young coconut fruit with respect to storage time. E, M, T were
significantly affected by ¢ at 5% level. Graphs of E, M and T with respect to ¢ were fitted by regression. R* for £, M and T is 0.84, 0.99 and 0.54,

respectively.

must be newly harvested. When operated at the above set-
tings, the trimming performance capacity averaged 20
fruit/h (CV = 3%) with an average untrimmed green arca
of 42% (CV = 16%) and an average fibrous area of 2.2%
(CV =24%). Average fruit moisture was 88.7%. The
appropriate conditions of the laboratory prototype were
then applied to the factory prototype. It was found subse-
quently that the factory prototype gave a better trimming
performance; namely, a trimming capacity of 21 fruit/h
(CV = 4%); untrimmed green area of 1.1% (CV = 22%),
and remaining fibrous area of 0.2% (CV =4%). It was
observed that the uniform size and shape of the samples
may have contributed to the improved performance. In
addition, the improved design of the knife feeding mecha-
nism by adding an additional 7.5 mm diameter rack and
pinion to each platform to minimize knife vibration may
also have been a factor in reducing the amount of protrud-
ing libers.

All five major wholesalers and exporters accepted the
quality of machine trimmed coconuts and offered the same
price as that for manually trimmed fruit.

4. Conclusion and recommendation

The laboratory prototype was tested to determine the
appropriate machine settings for trimming young coconut
fruit. The appropriate specifications were then used to
manufacture a factory prototype. which produced trimmed
fruit with green areas measuring 1.1% of the surface and
fibrous areas measuring 0.2%. This performance level was
accepted by local fruit traders and exporters.

The capacity of the factory prototype was 21 fruit/h,
which is low compared with expert manual trimming
(about 40 fruit/h). However. the machine could perform
the major functions of body trimming. shoulder trimming.
and base cutting mechanically and safely.
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A prototype automatic young coconut fruit trimming machine was designed, constructed,
tested and evaluated. The mechanism used features a sharp inclined knife which operates
in translation motion in a vertical plane to trim the fruit, which is clamped tightly and
rotates about a vertical axis. Machine components include a main frame, a body-trimming
station, a shoulder-trimming station, a base-cutting station, a rotary base, three fruit
holders, an electrical connection slip ring, a power drive and programmable electronic
control. In experiments, the untrimmed fruit was continuously fed into three separate fruit
holders. These in turn conveyed the coconut through the body-trimming, shoulder-trim-
ming and base-cutting stations. The fruit holders continuously travelled in a circle
encompassing every station in sequence. Optimal settings included (a) feeding rate of
86 fruith ™, (b) 300 rpm rotation of the trimmed fruit, and (c) a shoulder knife height of
180 mm. Average loss rates were 0.35%, for the fibrous area, 2.5% for fruit damage and
14.5% for the untrimmed green area. The optimally trimmed fruit was accepted by growers
and traders.

© 2008 IAgrE. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Jarimopas, 1995; Jarimopas and Pechsamai, 2002). Unfortu-
nately, their machines were unacceptable to growers,

Young “Namhom” coconut is an international favourite. The
fruit consists of a husk enclosing shell, flesh and juice. Nor-
mally, the fruit is manually trimmed into a pentagonal profile
to remove the husk. Manual trimming requires considerable
physical strength and a very large sharp knife, and thus is
a dangerous procedure. Other problems associated with
manual trimming are the shortage of skilled labour and the
considerable amount of time that the trimming procedure
takes.

Accordingly, several researchers have attempted to
develop a young coconut fruit trimming machine (Harach and

* Corresponding author.
E-mail address: jarimopas@yahoo.com (B. Jarimopas).

processors and traders. However, more recently, Jarimopas
and Ruttanadat (2007) developed a prototype of young coconut
fruit trimming machine which appeared to have more
potential. The machine was based on the lathe cutting
machine mechanism and was composed of a lathe machine
with a body-trimming knife, a shoulder-trimming knife,
a base-cutting knife, and clamping mechanisms. The proto-
type had the capacity to trim 21 fruith *, with the finished
product on average containing 1.1% of untrimmed green area
and 0.2% of fibrous area. The fruits trimmed by the machine
were accepted by fruit traders and exporters. However, about

1537-5110/$ - see front matter © 2008 IAgrE. Published by Elsevier Ltd. All rights reserved.

doi:10.1016/j.biosystemseng.2008.10.004
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70% of machine operating time was lost because of the need to
manually reposition and hold the fruit, and readjust the knife
for each trimming operation. As a result, it proved faster to
manually trim fruit than to use the machine.

To consume their flesh and the juice, trimmed coconuts
must be opened either manually or mechanically. As with
trimming, manual opening requires the use of a large sharp
knife, and physical strength and presents injury risks for the
opener. Jarimopas and Kuson (2007) developed a young
coconut fruit opening machine. The machine worked on the
concept that opening was achieved by shearing the rotating
trimmed young coconut by a stationary knife. The opening
machine performance was attributed by the capacity of 30 s/
fruit, juice spill-off of 2%, sawdust in juice 0f 0.2 g, diameter of
circular opening of 58 mm. However, development of young
coconut opening machine challenges the further develop-
ment of the automatic young coconut fruit trimming machine
to work better and faster than manual operators. Thus, the
present research was aimed to develop an automatic young
coconut fruit trimming machine which can process the fruit
efficiently and quickly.

2. Materials and methods

2.1.  Determination of physical characteristics of intact
and trimmed young coconut fruit

2.1.1. Physical characteristics of the coconut samples

A number of young coconut fully mature fruit of the
“Namhom'’ variety were obtained. Thirty intact and 30
trimmed young coconut fruit were randomly selected from
three big fruit markets in the Bangkok metropolitan area (10
from each location). The diameter D and height H of each
intact fruit were measured using vernier callipers (Figs. 1 and 2).
The physical characteristics of each trimmed fruit sample
(fruit height hy, shoulder height h,, shoulder diameter dh,

Stem

|

base diameter db) were then measured. The intact and the
trimmed samples were sectioned along the stem axis using
a saw and a large sharp knife (Fig. 2). Following this,
a selected half sample that had been arranged horizontally
was photographed using an Olympus C750 Ultra zoom digital
camera (Olympus Corp., Japan). The dimensions of the young
coconut were then measured using the Measure Tool (I)
function in the Adobe Photoshop CS (Adobe Systems Inc.,
CA, USA) computer software application (Jansomwong &
Jaroenpru, 2002). The position of shell in the intact fruit as
compared to that in the trimmed fruit was determined as
well. Knowledge of the physical characteristics described
above was essential to the design of the automatic young
coconut fruit trimming machine. The complete list of char-
acteristics was as follows:

For intact fruit (dimensions in mm)

H = fruit height

D = fruit diameter

h = shell height

d = shell diameter

b, = vertical distance between the stem and the shell

b, = vertical distance between the shell and the fruit base

a; = horizontal distance between the fruit skin and the shell
on the left side

a, — horizontal distance between the fruit skin and the shell
on the right side

For the trimmed fruit (dimension in mm)

h, = fruit height

d =shell diameter

g, = shoulder height on the left side

g» = shoulder height on the right side

dh = shoulder diameter

db =base diameter

j1 =vertical distance between crest and shell
j» =vertical distance between shell and base

Fig. 1 - Images of intact and a trimmed young coconut fruit. (a) Intact and (b) trimmed.
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P (e

< D
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Fig. 2 - Sectioning of young coconut fruit with labelling of its dimensions. (a) Intact and (b) trimmed.

k; =horizontal distance between shoulder and shell on the
left side

k; =horizontal distance between shoulder and shell on the
right side

1, = the narrowest horizontal distance between skin and shell
on the left side

I; = the narrowest horizontal distance between skin and shell
on the right side

m, =distance between crest and shoulder on the left side

m, = distance between crest and shoulder on the right side
n; = distance between shoulder and base on the left side

n, = distance between shoulder and base on the right side

v =shoulder angle AEB

#=base angle = 180 — BCD

h, = average shoulder height =( g1 + g2)/2

k= (k1+ka)/2; 1= (11 + L)/2; m= (M1 + ma)/2; n=(ny + no)/2

After determining the relevant physical characteristics,
mechanical trimming was simulated using the SolidWorks
2007 software (Dassault Systemes SolidWorks Corp., MA, USA)
using the methods described in detail in Ruttanadat and Jar-
imopas (2008).

2.1.2.  Size distribution

Three hundred and seventy intact young “Namhom” coco-
nuts at full maturity were purchased randomly from a big
exporting orchard at Baanpaew in Samutsakohn province.
Hand D of all the samples were measured and analysed using
the descriptive statistics supported by SPSS 12 for Windows
(SPSS Inc., IL, USA).

2.2, Design and operation

2.2.1. Design

The design concept was to trim the clamped, vertically
rotating fruit by applying an inclined sharp knife in trans-
lation motion in a vertical plane. The prototype (Fig. 3) con-
sisted of a body-trimming station, a shoulder-trimming
station, and a base-cutting station, all mounted 120° apart on
a fixed main frame around the periphery of a rotary base (a

turntable). Mounted on the turntable, also 120° apart, were
three identical fruit holders. Each fruit holder (Fig. 4) included
a top and the bottom piece.

The bottom piece consisted of a circular platform in the
middle and was surrounded by three movable jaws. Each jaw
was lined with foam rubber to reduce damage to the fruit.
The jaws could be opened or closed in order to facilitate the
trimming by knives of the body and shoulder of the fruit.
The function of the top piece was to clamp the fruit and
located associated with the fruit holder. The top piece
comprised a shaft, spring, limit switch, and a DC motor to
drive the shaft.

The spring, the limit switch and the motor were installed
on the shaft, the end of which was capped with a rubber cone.
The function of this cone was to tighten the top of the
untrimmed fruit, or the crest of the trimmed fruit. The spring
provided fruit compression while the limit switch controlled
the compression. Each fruit holder could automatically
change the fruit holding configuration to facilitate trimming of
different parts of the fruit as the fruit moved from one station
to the next. For example, the top and the bottom pieces
together compressed the fruit at the body-trimming (Fig. 5b)
and the base-cutting station (Fig. 6). The three jaws grasping
the trimmed body of the fruit on the bottom piece only
without the top piece (Fig. 7b).

The fruit holder also functioned as a spindle that rotated
the fruit about its vertical axis during the trimming operation.
All motions and synchronisations of the machine compo-
nents were control by motors, limit switches, and a program-
mable logic controller (PLC). The birdcage-shape main frame
was 1 m wide by 1.7 m long by 1.7 m high and stood on a steel
platform which rode on four small wheels. The main frame
was made of 50mm steel L-beams. The body-trimming
station (Fig. 5) included the trimming knife, which was
mounted on a feeding mechanism driven by a DC motor and
controlled by limit switches.

The shoulder-trimming station (Fig. 7) was in principle
similar to the body-trimming station. The inclination angle
of the body-trimming knife and the shoulder-trimming knife
was set according to Jarimopas and Ruttanadat (2007). The
base-cutting station (Fig. 6) featured a sharp straight knife
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FElectrical
Control

No. List
1 Main frame
2 Body trimming station
3 Shoulder trimming station
4 Input-output-base cutting station
5, Rotary base
6 Fruit holder
7 Fruit pressing set
8 Slip Ring
9 Electrical motors
10 Electrical control

Fig. 3 - The prototype automatic young coconut fruit trimming machine.

mounted on a feeding mechanism similar to that of the
other two stations. Cutting of the fruit base was performed
automatically while input of the untrimmed fruit and the
removal of the trimmed fruit were carried out manually by

the operator at the base-cutting station.

The rotary base (Fig. 4) conveyed the young coconut to be
processed from one station to the other station until the
completion of trimming. This component revolved at a speed
of 8.8 rpm. It was equipped with a 37.5 mm shaft driving the
fruit holder to turn at a speed of 300 rpm.
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Fig. 4 - Rotary base with fruit holders. (a) Fruit holders mounted on rotary base and (b) close-up view.

The slip ring of the electrical connection was made of PVC
tubes. The inner tube was equipped with 14 brass rings while
the outer tube was equipped with carbon brushes. The brush
and the ring were preferred as a method of forming electrical
contact as it was felt that electrical wires may become
entangled during rotation. Power for the system was provided
by a 3 hp, 380 V brake motor driving the rotary base turning at
8rpm and a 3hp, 380V electric motor powering shafts
rotating the fruit holders at 300 rpm. The power transmitted
through gears and all mechanisms was controlled by two

PLCs. The DC motor used in the machine was a commonly
used and easily maintained 12/24 V, 110/300 rpm unit.

2.2.2. Operation

The operator firstly loaded the untrimmed coconut (fruit No. 1)
onto the fruitholder/spindle at the base-cutting station, which
also served as an input-output station. At this station, the fruit
was clamped from the top and bottom (Fig. 8) by the downward
movement of the top piece of the holding set. After the fruit
was held securely, the operator pressed a control button to
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Knife feeding
mechanism

without fruit

2

with young coconut bod
being trimmed

Fig. 5 - Body-trimming station. (a) Without fruit and (b) with young coconut body being trimmed.

start the operation. The fruit started to spin as the turntable
rotated 120° to convey the fruit to the body-trimming station
where the fruit was trimmed by the body-trimming knife.
When the trimming was completed, the machine stopped, and
the operator loaded fruit No. 2 onto the second fruit holder at
the base-cutting station. The operator then pushed the control
button to continue the operation. At this moment, both fruit
started to spin, and the turntable rotated 120° to move fruit No.
2 to the body-trimming station and fruit No. 1 to the shoulder-
trimming station.

As fruit No. 1 was being conveyed from the body-trimming
station to the shoulder-trimming station, the machine auto-
matically changed the holding configuration by pivoting the
jaws of the three-jaw grasper to clamp the trimmed body of
the fruit, and also raising the top piece of the holding set
(Fig. 7). Then the body of fruit No. 2 and the shoulder of fruit
No. 1 were trimmed simultaneously. When the trimming was

Khnife feeding
mechanism

Knife

completed, the machine stopped, and the operator loaded
fruit No. 3 onto the third fruit holder and activated the
machine again to move fruit No. 1 to the base-cutting station,
fruit No. 2 to the shoulder-trimming station, and fruit No. 3 to
the body-trimming station.

As fruit No. 1 was being moved to the base-cutting station,
the fruit holder returned to the top-and-bottom holding
configuration to allow the knife to cut through the base of the
fruit. While the base of fruit No. 1 was being cut, the other two
fruits were also being trimmed simultaneously. After the
base-cutting operation, the trimming of fruit No. 1 was
complete, and the machine stopped. The operator removed
the trimmed fruit No. 1, loaded a new fruit onto the fruit
holder, and pushed the control button to continue the oper-
ating cycle. In continuous operation, three coconuts were
trimmed simultaneously, one at the body-trimming station,
one at the shoulder-trimming station, and one at the base-

Fig. 6 — Base-cutting station.
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Fig. 7 - Shoulder-trimming station. (a) Without fruit and (b) with trimmed body fruit.

cutting station. The duty of the operator was to remove the
finished fruit from the base-cutting station and load a new
fruit onto the fruit holder. Then he pressed a control button to
activate the system. Each time the control button was pressed,
the turntable pivoted 120° to convey the fruit to the next
station. As the fruit reached the next station, the spindle
rotated the fruit, and the trimming knife moved forward to
trim the fruit and then returned to its docking position. At this
time the machine stopped so that the operator could remove
the finished fruit and load another new fruit at the base-
cutting station.

2.3. Performance test

The purpose of the performance testing was to (a) operate the
machine and (b) evaluate the correctness and readiness of

Untrimmed green area (%) =

the green area marked on transparency plate

cutting station. The automatic trimming machine was
switched on and the fruit pressing set descended to clamp the
sample. Then, the fruit holder rotated and carried the sample
to be trimmed to the body-trimming, shoulder-trimming and
base-cutting stations. The operation duration at each station
was recorded.

The trimmed sample that was removed from the base-
cutting station was dipped into the sodium metabisulfide
solution (2.5% concentration) to prevent surface browning.
The wet fruit was then left in a room for surface drying and
was thereafter weighed and measured. The trimming
performance in terms of the remaining green area, the
fibrous area, and the number of fruit successfully trimmed
was measured and analysed according to Jarimopas and
Ruttanadat (2007):

Fibrous area FA (%)

- . . 0 1
total trimmed and untrimmed fruit surface area @
iy remaining fibrous area % 100 )
" total trimmed and untrimmed fruit surface area
1
&)

Machine capacity =

trimming time

S = (number of fruit whose shell was trimmed)/(total trimmed fruit) x 100

performance of the individual parts and the entire system,
especially the interaction between the mechanical parts and
the programmed electronic control.

Each of the three fruit holders was separately tested with
regard to their ability to perform body trimming, shoulder
trimming, and base cutting. Twenty newly harvested young
coconuts were used. An untrimmed sample with its stem
turned down was first mounted to the fruit holder at the base-

The same testing procedure was repeated with the other
two fruit holders. A test was carried out to continuously feed
65 untrimmed young coconuts to every fruit holder working
simultaneously. This test aimed to determine the optimal
operating conditions of the automatic trimming machine.

The final test was the observation of the long-run perfor-
mance of the automatic trimming machine. The optimal
conditions were set constant throughout the long-run
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Fig. 8 — Base-cutting station.

operation. This procedure involved the use of 200 newly har-
vested young coconuts selected at random. The trimming
knives were changed after 50 fruits had been trimmed. The
trimming machine performance was then evaluated.

3. Results and discussion

3.1. Physical characteristics of the intact and the
trimmed young coconut fruit

Tables 1 and 2 present the statistics of physical characteristics
of the intact and the trimmed young coconut fruit. On
average, intact fruit was 180 mm in height (H ) and 160 mm in
diameter (D). The height (h) and the diameter (d) of its shell
were 99 and 105 mm, respectively. The characteristics of the
trimmed fruit were 136 mm height (h,), 90.0 mm shoulder
height (hy), 126 mm shoulder width (dh), 108 mm base width
(db), crest angle (y) of 35.6° and base angle (§) of 84.4°. The
aforementioned physical characteristics were fundamental

Table 1 - Physical characteristics of intact young coconut
fruit

Characteristics Dimension
(mm)

Fruit height (H) 179.7+5.3

Fruit diameter (D) 160.2+5.6

Shell height (h) 99.3+4.2

Shell diameter (d) 105.3+6.0

Vertical distance between the stem and the shell 45.4+5.2
(b1)

Vertical distance between the shell and the fruit 3274125
base (b2)

Horizontal distance between the fruit skin and the 26.3+3.0
shell on the left side (al)

Horizontal distance between the fruit skin and the 26.0+£2.9

shell on the right side (a2)

data which determined the design of the fruit holder and
cutting knife angle settings.

Fig. 9 shows the distribution of height and diameter of the
intact young coconut. Mean and median of fruit height
(Fig. 9a) were 175.2+10.8 mm and 174.7 mm while that of
fruit diameter (Fig. 9b) were 153.1 £ 0.87 mm and 152.1 mm,
respectively. The closeness of the mean and the median
suggested the histogram distribution was normal (Wanich-
bancha, 2006). The 175 mm height and the 153 mm diameter
of intact fruit were applied for the machine design.

3.2.  The automatic trimming machine performance

Each individual fruit holder efficiently transported the
untrimmed young coconut through the body, shoulder and
base-cutting stations. All the fruit samples were trimmed
successfully. Continuous operation suggested that the
appropriate operating conditions were (a) a feeding rate of
86 fruith?, (b) 300 rpm revolution of the trimmed fruit, and
(c) 180 mm shoulder knife height. The shoulder knife
height was based on the probability that 90% of young
coconut in a normal distribution (Fig. 9) would be medium
sized. The machine could automatically trim 200 young
coconut in 2.34 h at the throughput capacity of 86 fruith™*
(excluding time for the three separate knife replacements).
Testing showed that 0.35% of fibrous area remained, while
the average total untrimmed green area was 14.5%. A total
of 2.5% of the coconut were damaged through over
trimming.

All mechanical parts functioned interactively and effi-
ciently with the programmed electronic control. The trimmed
fruit was accepted by growers and traders. The trimmed fruit
quality, in term of the fibrous area and untrimmed green area
remaining, was higher than that produced by the semi-auto-
matic trimming machine developed by Jarimopas and Rutta-
nadat (2007). Processing speed in comparison to the average
competent manual trimming rate (35fruith ") was also
higher.

Table 2 - Physical characteristics of trimmed young
coconut fruit

Characteristics Dimension
(mm)
Fruit height (h1) 135.946.6
Average shoulder height (h2) 89.7+4.8
Shell diameter (d) 111.9+7.7
Shell height (h) 106.3£6.9
Shoulder diameter (dh) 126.2+9.0
Base diameter (db) 108.3+9.2
Vertical distance between crest and shell (j1) 18.2+2.9
Vertical distance between shell and base (j2) 12.44+4.5
Average horizontal distance between shoulder and  14.0+3.5
shell (k)
The average narrowest horizontal distance between 5.2+3.8
skin and shell (1)
Average distance between crest and shoulder (m) 84.3+6.8
Average distance between shoulder and base (n) 83.7+10.0
Shoulder angle (v) 35.57+1.93°
Base angle () 84.44+1.11°
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Fig. 9 - Histogram of intact fruit height and diameter
distribution. (a) Height and (b) diameter.

4. Conclusion

A prototype of a single operator automatic young coconut fruit
trimming machine was designed, constructed, tested and

evaluated. Continuous performance testing revealed a trim-
ming capacity of 86 fruith '. The average fibrous area
remaining after trimming was 0.35%; the average damage rate
was 2.5%; and the average remaining untrimmed green area
was 14.5%. Knife changes were necessary after every 50
trimming operations. The throughput capacity was about 2.5
times higher than that of manual trimming by skilled trim-
mers. The fruit trimmed by the machine prototype was
accepted by growers and traders.

Acknowledgements

The authors would like to acknowledge the Kasetsart
University Research and Development Institute and the Post-
harvest Technology Graduate and Research Development
Project at Chiang Mai University, and the National Material
and Metal Technology Center (MTEC) for sponsoring this
project. The authors gratefully appreciate the valuable
guidance of Dr. P. Chen, Professor Emeritus, Department of
Biological and Agricultural Engineering, University of Cal-
ifornia, Davis to consistently support the completion of the
research work.

REFERENCES

Harach C; Jarimopas B (1995). Young coconut peeling machine.
Kasetsart University Journal (Natural Science), 29, 393403 (in
Thai).

Jansomwong W; Jaroenpru M (2002). Guide for Photoshop 7 &
Image Ready 7. Provision Co. Ltd., Bangkok. 416 pp.

Jarimopas B; Kuson P (2007). A young coconut fruit opening
machine. Biosystems Engineering, 98(2), 185-191.

Jarimopas B; Ruttanadat N (2007). Development of a young
coconut fruit trimming machine. Journal of Food Engineering,
79, 752-757.

Jarimopas B; Pechsamai A (2002). Design and development of
young coconut peeling machine. Thai Agricultural Research
Journal, 20(2), 91-110 (in Thai).

Ruttanadat N; Jarimopas B (2008). Physical characteristics of
intact and trimmed young coconut fruit as related to the
design of automatic trimming machine. In Proceeding of the
Ninth National Conference of Thai Society of Agricultural
Engineering, 31 January-1 February 2008. Faculty of
Engineering and Agro-industry, Maejo University, Chiangmai,
Thailand.

Wanichbancha K (2006). Advanced Statistical Analysis with SPSS
for Window. Chulalongkorn University Press, Bangkok.



148

1917 NIR Aaugnauasnanzdaing
APPLICATION OF NIR TO SEPARATE COLORS OF TOMATOES
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Abstract : This study was to determine reflectance property of tomatoes and its relationship with
maturity stages. Methodology comprised experimenting tomatoes of Sridatip variety at 4 maturity
stages identified by green, orange, pink and red colors corresponding to the young to the fully
matured. Ratio between reflectance of the green tomato to that of the pink was highest (= 1.53).
Analysis on first and second directives of the reflectance curves yielded the best ratio of smaller
value than the reflectance ratio.
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Influence of Natural Frequency and Packaging upon Apple Bruising in Transport Container
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Abstract

This research was the study of the influence of frequency and packaging upon apple
bruising in transport container by means of simulated vibration based on ASTM Standards D99
Method A2. Experimentation included two control factors, i.e. a) two frequencies (2.5 and 3.5 Hz) ;
b) three random packaging in plastic crate (without foam net, with foam net, with foam net and tight
fill pack). At the testing frequency of 3.5 Hz, tight fill pack was divided into 2 types (with and without
vertical load of 478.7 N/m2 on top of the apples). The fruit samples were Chinese Red Fuiji cultivar.

Results showed that 2.5 Hz vibration caused fruit damage in the without foam net (WOFN)
packaging, with foam net (WFN) packaging, and WFN and tight fill pack (TFP) packaging at the
amount of 15.7, 12.7 and 8.7% respectively. For the 3.5 Hz vibration, fruit damage was 36.7, 19.0,
15.0 and 11.3% for the WOFN, the WFN, the TFP, and the WFN and TFP plus vertical load
packaging respectively (TFPL). Damage size, mostly occurring, ranged from 11 to 14 mm. for every
packaging.
Keyword: Frequency, apple, packaging, bruising
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mﬂﬁwmnwunumiauawmau“nmwn 25 Laimﬂa 193 37 cm’ mu‘nmmn 35 Lammwﬂuiw
625.6 cm” smLmﬂmamwuﬂmﬂmmdan@‘nmmmL%auu 95% LsJawmimwmmmmﬂmmﬂmu
GRIAR ﬂiﬂﬂmwwauamﬁaLaﬁmﬂﬂmmmmmm ﬂama‘ﬂmw’m 13a (13. 14%) 239 (2. 73%) 3
20 (0.61%), 4 9@ (0.33%), 5 39 (0.19%) LLNWVLNLHF;I‘VHEI (82.99%) WINRTINNIMAVITE TN
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Table 1 Apple’s damage for frequency 2.5 and 3.5 Hz.
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Frequency
2.5 Hz. 3.5 Hz.
Type of Packaging WOFN WFN TFP WOFN WFN TFP TFPL
Damage Area (sz) 109.72 44.57 39.08 362.22 161.63 101.75 48.78
Size of Damage (%)
6 mm. 0.0 0.0 0.0 1.1 0.0 0.0 23
7mm. 0.0 0.0 3.0 0.5 0.0 1.9 23
8mm. 7.7 5.0 6.1 3.3 1.4 1.9 4.7
9mm. 58 12.5 6.1 1.1 42 1.9 11.6
10 mm. 154 10.0 6.1 12.0 2.8 13.2 20.9
11 mm. 269 37.5 30.3 23.9 33.3 22.6 30.2
14 mm. 26.9 30.0 45.5 342 34.2 34.0 16.3
17 mm. 58 5.0 3.0 7.6 7.6 15.1 7.0
20 mm. 3.8 0.0 0.0 8.7 8.7 3.8 23
22mm. 1.9 0.0 0.0 1.6 1.6 0.0 23
24 mm. 0.0 0.0 0.0 1.6 1.6 1.9 0.0
30mm. 0.0 0.0 0.0 0.5 0.5 1.9 0.0
33mm. 1.9 0.0 0.0 1.1 1.1 0.0 0.0
40 mm. 0.0 0.0 0.0 2.2 22 0.0 0.0
>40 mm. 3.8 0.0 0.0 0.5 0.5 1.9 0.0
Point / Fruit (%)
0 84.3 87.3 91.3 63.3 81.0 85.0 88.7
1 14.0 12.0 7.3 22.0 15.0 13.0 8.7
2 1.7 0.7 0.7 9.0 3.0 1.7 23
3 0.0 0.0 0.3 2.7 1.0 0.0 0.3
4 0.0 0.0 0.3 1.7 0.0 0.3 0.0
5 0.0 0.0 0.0 1.3 0.0 0.0 0.0

i]’]ﬂ Table 2 ‘].]ng’s'lﬂﬂ‘]ﬂmwﬂLL@]ﬂ@]']xﬂlax‘m’]i‘Uiiﬁ]NaLLE]‘]JL‘]JﬂﬁdNGW’II‘V\Lﬂ@]ﬂ’J’IﬂJLL@]ﬂ@’N

ﬂumaawumﬂ“ﬁﬁuuwamamﬂaau ‘Hx‘]ﬁ’]&l’ﬁﬂl“ﬁ Duncan Multiple Range Test LLUOﬂﬂSJ“]JENﬂ’]’]SJ
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Table 2 Duncan Multiple Range Test of frequency and Table 3 Duncan Multiple Range Test of
frequency and type of packaging effects upon apple type of packaging effects upon apple bruising
bruising area. points.
Packaging type Bruising Area Packaging type Bruising Points
TPF 1.5649 a + 2.57
TPF 11.83 a + 4.45
WFN 2.2914 a £ 3.69
WFN 15.83 a + 4.45
WOFN 5.2442 b + 7.20
WOFN 26.17 b £ 14.85

* Number, followed by the same letter implies Insignificant in the same  * Number, followed by the same letter implies

Insignificant in the same column differences of mean column differences of mean
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Tensile Resistance Property of Banana String
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Abstract
This research was to determine tensile resistance of banana string of two banana varieties
(Namva and Naul). Methodology comprised uniaxial tensile test of banana string, made from leaf
sheath, with the Universal Testing Machine (INSTRON 5569). Experiment design included four
control conditions; a) variety (Namva and Naul), b) moisture (0, 20, 40, 60 and 80 % wb), c) length
(10, 20, 30, 40 and 50 cm), d) width (0.5, 1 and 2 cm). Results showed that Namva string at 60 %
wb exhibited average rupture force of 214.17 N while Naul string at 20 % wb responded the average
rupture force of 219.49 N. Based on length, Namva string showed the average rupture force of
226.17 N at 40 cm while Naul string yielded the average rupture force of 228.26 N at 50 cm.
Regarding width, Namva and Naul string were attributed by the average rupture force of 307 and
336.94 N respectively at 2 cm width. Variety did not significantly influence the rupture force but
moisture, length and width significantly affected the rupture force at p < 0.05.
Keywords: Banana, string, rupture force
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Table 1 Dependent Variable: Maximum Load (N)

Type Il Sum of )
Source df Mean Square F Sig.

Squares
Corrected

5121686.859(a) 149 34373.737 18.740 .000
Model
Intercept 17851407.933 1 17851407.933 9732.422 .000
Cultivar 314.654 1 314.654 A72 .679
Moisture 144527.095 4 36131.774 19.699 .000
Length 15526.756 4 3881.689 2.116 .079
Width 4074023.905 2 2037011.952 1110.560 .000

a R Squared = .903 (Adjusted R Squared = .855)

Table 2 Duncan multiple range test of Moisture (%wb) and Width (cm) against Rupture force (N)

Width Moisture (%wb)
(cm) 0 20 40 60 80

05  79.91110.92°  94.1412028°  92.8412589"°  97.571t25.37°  86.161+15.14°

1 160.47435.89° 198.74+65.04° 209.34164.30° 194.57+46.14° 164.00+47.96°

2 312.81%171.71°  35572496.07  343.08194.44" 333.42+78.48""  264.8214545°

Duncan a, b.
Means followed by the jame letter in the same row implied insignificant difference at p < 0.05

*Uses harmonic mean sample size (N) = 30.
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NAINLIRBINBATENEAS. wATLgN. 160 il
ASAE. 1994. ASAE. S. 368.2 Compression test of food materials of convex shape. In ASAE
Standards. The American Society of Agricultural Engineering. St. Joseph, MI. p 472-476.
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