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Krawee Treeamnuk 2011: Development of Mechanical Sizer for Rose Apple Fruit
and Non-Destructive Techniques for Evaluation of Thai Young Coconut Maturity.
Doctor of Engineering (Agricultural Engineering), Major Field: Agricultural
Engineering, Department of Agricultural Engineering. Thesis Advisor:

Assistant Professor Siwalak Pathaveerat, Ph.D. 155 pages.

The objective of this thesis are development and testing of the rose apple sizing
machine prototype and relational study of physical properties, acoustic response and light

properties in non-destructive techniques in evaluation of Thai young coconut maturity.

The velocity and inclination angle of sizing belt; feeding belt velocity and the fruit
orientation significantly affects the sizing performance at p < 0.05. The optimum conditions for
continuous mechanical sizing depended on the variety. The optimum sizing performance was
characterised by contamination ratio or error of 10.8-16.5 %, the throughput capacity of 149.7-
195.1 kg hr' with no significantly noticeable damage to the sized fruits. Manual sizing of the

exported rose apple had error ratio of 27.9%.

The specific gravity, diameter and height of young coconut fruit were significantly
different between immature stage and the group of mature and over-mature stage (p<0.05). The
acoustic response was significantly different in each maturity stage. Absorbance spectra in a
range of green and yellow on the ridge close to the stem of young coconut could be potentially
used in maturity evaluation. The classification functions calculated from non-destructive
variables can identify maturity stage of young coconut. The model which analyzed by
Discriminant analysis in selected samples gave 88.7% of corrected classification of over-
mature stage from a group and 89.2% of immature stage and mature stage classifying in test set

samples of young coconut.

Student’s signature Thesis Advisor’s signature
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= d2 log(%j (5)
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13939910 Root Mean Square Error of Calibration (RMSEC) FIAUIUIN
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81U Vis/NIR 3902108190 400-1,028 nm 1aslu Diffuse reflectance 1 19617 Detector 2
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30: Fu et. al. (2007)
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v [ 1 4 ! [ Y LKA
10 m/min %811’9{ amwmiﬂmumGlu%umnﬂwuﬁqﬁqﬂ HageaAIINIIAAUVUIAUVDITUWNUT

Q

=

WoRuTunsazgenmsaavuayuyiugounndou luminaaou Tasaussaugnisia

Q q

YUIRNVDIFUYRUFNAINA WA 153.59 - 260.84 ke/hr WUFRUAUIUNS NN 329.12-397.80

kg/hr HOZWUFNOIE AN 139.46 - 269.35 kg/hr 1iipearnmitlounaiiuegiuniusiuig

U 9

uazanusiasyTavesdilou uasmaruyiugnand ez nesaudliA e VN IRUT

v Aa o ISR 9 Y Y @ a va 1. R o Y o

NUNUIUNT Fﬂ\?@]@\ﬂ“ﬁﬂﬁWlﬁ%Nﬂi%')\ﬂﬂﬂ'lﬁﬂé]ﬂﬂ\ﬂﬂﬁl\?ﬂﬁ'l ﬁ]wﬂﬁﬁm‘muzm‘imﬂmmm
A o 1 Y ua.: tﬂy Y

Lﬂﬁ@\i@l’lﬂ'ﬂllﬂﬂﬂﬂ mualumiﬂﬂﬁ@ﬂ“muﬂau 1 AU AADANITNAADI

4 a a @ v
M3 13 wan1sUsziuanuEanalnlunIsAavLIa (%) Wu‘qz}amﬁ’w

ﬂ'J”IﬂJL%:'Jﬁ”IfJWTMﬁI@] HNL%ENETRJ‘W”I‘L!
YUIA (m/min) 75° 80° 85°
10 26.35+4.00" 25.71£2.91° 30.19+4.58 "
20 26.48+7.53" 33.14+6.28 " 23.3044.19"™
30 27.44+3.48" 33.3742.45" 25.26+3.91"

Waneg 1. Aundsaunasaledionysimiouny uaasnnu liuanasdunedaa e
a o an a [ v o w
AN12 1agds DMRT Nazduisdnny 5%

2. A UAUNAUATOINUGUINAY HU18DIA1 SD
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[

4 a a % v Jdou a 4
M99 14 wamsUssiuanurananlumsaauuig (%) NUTNUNNIUNG

ﬂ'J”IlIL%;'Jﬁ”IfJ‘WTLl MNL%ENE‘T”IEJW”IL!

AAVUIA (m/min) 75° 80° 85°
10 17.70+5.33 ™ 20.74+9.17 "™ 25.2545.09°
20 12.13+3.39° 24.25+5.86 24.64+5.14 "
30 16.89+1.89" 19.1543.61" 15.99+0.47 "

Waneng 1. Aundsaunasaiedionysimiouny uaasnu liuanasdunedaa e
a o ad A v @ o
AN12 1agds DMRT Nazdutisdnny 5%

2. FUAUNAUATOINUYUINA NUBDIA1 SD

H a a [ o
ﬂ151\1‘ﬁ 15 wamsydsziuanuianaialunisaavuia (%) Wuﬁ.ﬂﬂﬂﬁWNﬁ

mmﬁamﬂwm MNL?JEN?HEIWWH

AAVUIA (m/min) 75° 80° 85°
10 24.07+2.76" 22.5043.66" 28.604+4.95
20 29.01+5.05° 18.91+3.26° 21.49+4.46"
30 23.8543.25" 19.9147.94° 20.4945.58"

Wneme 1. AR denuraimieaonysnmilounu uaasnn lisanasiunieada e
a o ax = v o o w
ANT1ZH 1A8ID DMRT Nszaiisdifey 5%

2. AUAVNAUATOINNIYUINAY HUIEDIA1 SD

A o a 4 aay

WIS AATITHNANINEDAAI8IT DMRT (Duncan’s Multiple’s Range Test) WU

4 4

IR < Y 1 ' a o
1u%umwu§uatﬂa1 ﬂ’Nlllﬁ'JGU’lf]\‘]'G’f’lﬁlWWHﬂ@ﬂlHWﬂﬁWﬁﬂﬂﬂ’lﬂ'ﬂNWﬂ‘WﬁWﬂGlUﬂ15ﬂﬂsUu'lﬂ

]
~ [ ¥ o w

4 4 1 Y ] 1 v
(L']J’t]il,“]fuﬁ Cr) nigavusaIny 0.05 ﬁ’J“L!EJ‘EJ“Ui’Nﬁ”IEJW”IHﬂWUH"Iﬂ]liJfINa@’OﬂW Cr llag1n
A ' J <2 4 a o A A =
M13N 13 ﬂ%‘ﬂﬂiL%u@]ﬂ’NilNﬂWﬂ”m@nﬁ(ﬂﬂ@ 2330 % NYUIBYITIINIU 80 DI LAL

< Y
AULTITWYNIUAAVNIA 20 m/min
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a o J

dmfuruyiusioiuiunsuaznosaud wudyudosvesmemunaiinased

£
Y] []

a { v @ o @ 1 < Y ] 1 1
mmmwmﬂﬁ‘imuuﬂmﬂm 0.05 1¥UNU LWIﬂ'J’liJli'J&lJ@\‘]ﬁWEl‘W'luﬂﬂélJuWﬂlleJWaﬁ@fﬂﬂﬁ’lll

g

AANATA LazNYIBeId1eNIU 75 9991 LAT 80 09FN WUNFNYWITINAANMTIN BT DENgAN

a o J =

o [ IR o w { 3
12.13 % a2 18.91% AT UFTNPNUFTNUNUIUNTUASNOIT TN ﬁﬂ’]nJ!i')ﬁ’lﬂWWu

£

9 1
AAYUIA 20 m/min MToURUNITOIIUT (A15197 14 LAz 15)

4 Y

M3 16 wanmslszmulszansnmlunmsaavina (%) Wugyamnd

ﬂ'ﬂﬂJLgﬂﬁTﬁl‘WWH MNL?JENﬁWEJW1u

AAVUIA (m/min) 75° 80° 85°
10 76.13+8.07 " 80.11£10.95% 70.19+4.45"
20 80.32+10.49 " 75.24+7.23% 79.74+521°
30 81.97+7.82° 74.91+4.92% 76.24+6.07"

WA 1. AIRAIAINMAIRIeR Y s Nmilouny uaainam linanaiun1edta e
a o ax ~ v o o w
ANTIZH 1A8I5 DMRT Nszauiodiney 5%
2. AAAVUAUATOIHNIUINAY HUBDIA1 SD

% [

q‘ a a A o v a 4
139N 17 wansUszudseaninmlumsanvuia (%) NUTNUNNIUNG

mmﬁ’sma‘wm HNL%EN?TWJWTL!

AAUUIA (m/min) 75° 80° 85°
10 91.97+5.47% 85.4247.96" 76.18+8.26"
20 92.77+2.63" 88.85+11.07% 86.76+6.83 "
30 88.22+1.96™ 91.22+533 ™ 92.49+5.79 ™

Wneme 1. AR denurainieaonysimilounu uagasan lusanasiunieada e
a o an a [ v o w
N1 1A8IT DMRT Nsgauiodingy 5%

2. A UAUNAUATOINUUINAY HU18DIA1 SD



d‘ a a A @ v =
M1319N 18 wan1sUszudseaninmlumsanvuia (%) NUTNOIT VA
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mmﬁ’smawm HNL%EN?TWEJ‘WTL!

AAUUIA (m/min) 75° 80° 85°
10 94.96+3.76" 88.42+8.73" 87.09+8.92"
20 95.55+4.73" 88.22+7.64a" 92.39+6.28"
30 95.10+3.16° 93.54+5.15" 84.16:+4.94"

Waneng 1. Aundsaunasaiedionysimiouny uaasnu liuanasdunedaa e
a o ad A v @ o
AN12 1agds DMRT Nazdutisdnny 5%

2. FUAUNAUATOINUYUINA NUBDIA1 SD

9 o a a @ §{ a 4 a v
ﬁ”l?iiﬂﬂi%ﬁﬂ‘ﬁﬂ”lv\lﬂ”liﬂﬂeuu1ﬂ, %Ew Lﬁ@?tﬂi?%ﬁﬁ?ﬂ 75115 DMRT LLES{’J WU YUY

< @ ] 1 J o '3 v A
Lﬁmmawmuaz ANVLTITIIWNIUAAVUIA "luﬁwa@am Ew Glumiﬂmmmwmmﬁmwuﬁ‘ ﬁ

[ o [

sTAUNsAINUNINEDA 0.05

o

A [ ~ o Y] 1 [ Y] ¢ A Y
ﬁ'H:‘iJWﬂﬂTiﬂﬂ’c’f’t)’ULW@WWﬁﬂW'JgGluﬂ1ﬁﬂﬂGUu1WVILW§J1$ﬁWWiU“ﬁﬂJﬁlmﬁgwuﬁ. v

9
v A

ANuAaNaIA TUNIAAYLIN, %Cr ANga aail

J

° @ R @ { <
1) mw‘iu%mmwuﬁuamiﬂﬁyumﬂ‘wmﬂﬂmmﬂﬁmmzﬁmﬁa 85 DA LIAZAIULTD
A

AONIUAAVUIATNHUIZ TUAD 20 m/min

o o 1o v Aa o J @ {
2) ﬁWWﬁU%ﬁJw’WU‘ﬁ:ﬂUﬂN%’L!“I/l'iuﬂﬁTﬂWWUﬂﬂﬂllﬂﬂﬁlﬂiﬂgﬁuﬁﬂ 75 93F LIaS

<3 Y § .
ﬂ31%&33?”81/“1!?]@%”1@%&“1”3ﬁuﬁﬂ 20 m/min

o [ 1o @ { 3
3) fﬁﬂTU%wauﬁ.ﬂ@\iﬁwNﬁialuﬁnlflcl/‘lﬁ/!ﬂﬂsuu']ﬂﬁﬁ’i1”3@‘1]56 80 DI LIAZANINLTD

AIMUAAVUIANHNIZ AUAD 20 m/min
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1.2 ﬂﬁﬂﬂﬁﬂﬂ!ﬂ?ﬂ\iﬁﬂﬂJHWﬂ‘i"mﬁUﬁWﬂWTuﬂ@u

Y
%

4 [ <3 4 @ { ) @ ]
!ﬁ@ﬂi‘U@NlﬁJl?]ENlla5ﬂ'3’]1]Lﬁ'JGU@Qﬁ’]ﬂWWulﬂ?@Qﬂﬂﬂlu']ﬂﬁ!ﬁN'lgﬁuﬁ'lﬁiUG]ﬁJW“
1 v o 4 @ ] o {
UARSWUT @l’]uwaﬂ'ﬁﬂﬂﬁ@ﬂ!liﬂll'g'} Llag‘l’nﬂ'ﬁﬂﬂﬁﬂﬂl}ﬂ?@\iﬂﬂﬂlu']ﬂijuﬂ‘Uﬁ']EJW']u‘ﬂfJUﬁ
] [ ! o w
AMSTleU 5, 15, 20 Az 25 m/min 1AMAAIA13197 19 20 Az 21 MudIaY

[

H 4 @ 1 @ 1 J
ﬂ151\1‘ﬁ 19 N'ﬁﬂ1iﬂﬂﬁ@ﬂlﬂ§@ﬁﬂﬂﬂlu1@iﬁﬂﬂUﬁWﬂWWHﬂ@uﬂJﬂﬂ“HNW‘. UG q.ﬁ!,ﬂgﬁ

AN oMUl (m/min) Q (kg/hr) Cr (%) E, (%)
5 216.81+2.72" 12.58+2.13" 88.18+2.52"
15 244.69+1.37° 5.80+2.05" 96.80+1.22"
20 262.2043.56" 11.35+2.16° 92.26+1.99"
25 224.9143.05° 16.02+1.66° 89.69+5.36"

wneme 1. Aundenurasnieaiony similouny uagasnnu lusanasiuneada e
a 4 as A [ v o w
ANI12H 1A8IT DMRT Nszauiedingy 5%

2. FUAUNAUATOINUYUINA HU1BDIA1 SD

H 4 @ 1 o ' J a o J
ﬂ151\1ﬁ 20 N'ﬁﬂ1iﬂﬂﬁ@ﬂlﬂ§@ﬁﬂﬂﬂlu1ﬂiﬁﬂﬂUﬁWﬂWWHﬁ@uﬂJ@QGﬁNW‘. UINUNUIUNT

AnuEaeewutlow (m/min) Q (kg/hr) Cr (%) E, (%)
5 208.63+0.38" 18.04+2.56" 92.90+2.15"
15 357.3444.54° 12.13+3.39" 92.77+2.63"
20 439.12+25.86° 242442 .40° 86.68+5.80"
25 434.46+19.95° 23.16+4.15° 85.77+4.94°

Wneme 1. AR denurainieaonysnimilounu uagasnnu lusanasiunieada e
a o an A [ v o w
AN 1A8IT DMRT Nsgauisdingy 5%

2. A UAUNAUATOINUGUINAY HU18DIA1 SD
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g

M3197 21 HAMINATOUIATEIAAYIAT IRV BN IUT OUVDITUYIUTNO I

ANuE e utlou (m/min) Q (kg/hr) Cr (%) E, (%)
5 211.04+8.97" 23.46+4.48" 77.82+8.90°
15 247.64+11.86" 18.9143.26° 88.22+7.64°
20 454.71+13.20° 20.58+10.26" 80.93+12.08"
25 342.97+18.45° 20.30+3.44" 83.13+6.08"

Waneng 1. Aundsaunasaiedionysimiouny uaasnnu liuanasduneadaa e
a g an d' (% v o w
AAT124 A2 DMRT Ngautivd1ay 5%
2. HNAVHEUATOINNIBVINAY HUIBDIAT SD
' = < = 1 d‘ @ A ) w
wunmsnlasuanuisimenuileulinaneaussouzveunsosnavIaNTed
0.05 (3199 19 20 t1az 21) TasanuEraenutlon 20 m/min 3¢ 1¥measimsilou Q quqA
[ ) (% [ v A Y] 4
NAWURAD 262.20 ke/hr 439.12 kg/hr Uag 454.71 kg/hr dmTusiug pand1 vuiviunsuay
= o w = 4 4 a o 1 <
Nodmud mud19y lunsalveudessuannuranalnlun1saauuIa (Cr) WUIAIUS)
. Y s ¢ o 1 o ¢ 1A o
aewrutlon 15 m/min vz 1de nlosivud ¢, Mgalusuyyniug uaiesnndugiuves
1 a = IS = = o Y a Y 1 J y
FUWAWFITNFIRIL VT U3T (293) wagi Inad Ui ugUIna19gaga (Maximum
. Y 4 v - . o A L o & Y
diameter) HASIFUNIUAHINA N UDYGA (Minimum diameter) @N1NN 45 F93 1T UAvINATU

Y
MWIZANHULNITIAINNTIHADNAT
ajnadmsumnagounIesnavuias wnuaemuilounyn

[} @ "o o v < ~ A .
1) FINIUFUWNUG ”ﬁ!ﬂQWﬂ’NM‘i’JﬁWWWH“ﬂE)‘L!“m‘l’iﬁJ1$ﬁ3JﬂEI 15 m/min

1% LY [

o A J < { .
2) ﬁWWﬁUGBNW,WUﬁ unuy umﬁﬂ'ﬂuLﬁ'JﬁWEJWWHﬂ@UﬁLﬁﬂﬂzﬁllﬁf] 15 m/min

4

o [ 1w < | .
3) ﬁTViTU%llwwu‘ﬁﬂ@\iﬁqﬂﬁﬂ')']uﬁ?ﬁnlﬂw1“ﬂﬂuﬁlﬁﬂ1$ﬁuﬁ@ 15 m/min

G q
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Y o a ] 4 ] 4
MWA 45 FugIIUTNUTIUHAYDIBUY 11D D max Ao IFUATUEUINA1NEIGA

LA 9 1 4 9
12z D min ABITUAUEUINAN DA
1.3 MINATUANHULNITIAINNTINABLY

A e < < . g o @
!,11'ETIJ31]ﬂ\?ﬂ'l’]ﬂli')“llf]\?ﬁ’]ﬂW’]Hﬁ@”Lﬂu 15 m/min (%vaﬂﬁﬁ'luwuﬁ‘) ATUANANTT
Y
@ o [ Y < @
ﬂﬂﬁﬂﬂﬁluﬁﬂeﬁjﬂ 1.2 U,a31’]'lﬂ'lTVIﬂﬁﬂﬂﬁﬁﬂﬂ’]iﬂiﬂ@muul!agﬂ'J’]iJlﬁ'Jﬁ"]ﬂW'IUﬂﬂsllu'lﬂﬁ']N

doaglvesnmsnageuiade 1.1 1d7 WUNNIIIRATUNLDUGNUAZI19]1EA 1Y Maximum

v v [

diameter tnapud lldudaduamemudavuie ildaussouznmsdavuiaanasluauynn

v
v o o

d” A 9 (a wva y Y 1 2 a Y . 9
NUTD mummil1ﬂ@ﬂgmﬂ61’eN1%L3a1ﬁ’auﬁuﬂumiﬂixmummu Diameter max A38T 181

Q

ﬁ'emilmnamumﬂwmﬂau AaR15197 22 23 uag 24

LK%

Y @ J
ﬂ151\‘]ﬁ 22 WAYDINITIAINNITINATNNNUT qalﬂé}'l

gﬂgmummwﬂ@u Q (kg/hr) Cr (%) E_ (%)
wuugy (na) 263.92+11.30 17.2142.09 93.52+3.00
919 Diameter max 179.87+4.90 9.84+1.93 93.62+1.83

WIEIHE AUAVHAUATOINUIBLINAY HUIBAIAT SD



&3

"o [ %

M3197 23 HAVBINTIAINNTIWABNYNUTHUANIUNS

sinumsneflou Q (kg/hr) Cr (%) E, (%)
vuvgu (Una) 333.09+28.51 6.47+2.46 91.23+10.41
719 Diameter max 214.22+8.37 3.16£1.07 97.94+0.97

WANEIHG ANDVHAUNTOINUYUINAY HINBDIA1 SD

Y @ 1o o
ﬂ151\1ﬁ 24 NWUENﬂTi‘i]ﬂ’JN“VI'i\‘lNﬁGIﬁJWQWHEﬂ'ENETHJa

siunumsilou Q (kg/hr) Cr (%) E, (%)
wuvgy (Una) 326.70+33.49 14.26+3.69 88.63+5.30
91 Diameter max 187.4445.69 8.66+1.80 91.51+£2.70

WG ANDVHAUATOINUGUINAY HIEDIA1 SD

ﬁnﬂ@ni”ﬁNaﬂTiﬂﬂﬁﬂUﬁﬂBmgﬂTi%ﬂ'JTQVIiQWEIGH?JTCJI'ETQW‘]JETJLLUUﬂ1531\1ﬂ91!ﬂﬂ"]fll1ﬁlj
A 9 s 4 A o VW Y Y g .
uwaimﬂmmuﬁ CR UANAAN TNV Y NYALIUAILFUNUY UDNIINUNITITNLUUU Maximum

diameter 11191011151 59Uv0IMINAABA (AN Standard deviation, SD) HiA1aAAIAEFUIY

agduasinmsnageudnyuznIsIaNIwasuynUI Msldaunioatounayuy

1 Y A

@ Y (a2 wva 9 ¥ 9 ] -4 1 A v A @
TIUNULIATOIAAUUIA EJ‘IJ{]‘Uﬁﬂ'33’31\‘lWﬁ“ﬁﬂmiﬁlﬂuw1uﬁuﬂﬂa1ﬂﬁﬁuﬂﬂ’)N‘V]’q@ﬂJuWHUlﬂﬂ‘U

Y

A A A Y a [ c; A 9 a wva
‘WHW'JETWEJWWU“IQJ@H LL!fNEUTﬂﬂ%iﬁﬂ']ﬂ')']uﬂﬂwﬁ']ﬂﬁlUﬂTiﬂﬂ“Uu1ﬂ@nﬂq@ L!amUJﬂWﬂJ;]‘U@]

a va o

dy o Y A 9 - Y1 v @ T Ay =\
nuyHagi idenaite semliamoasinisanvuiaanad mewjﬂ;}uwmﬁ]uumm

o Y A o YA £ v
Gnmmuua3%ﬁmﬁmwua@mmaﬂau%nmgmu'lﬂ
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1.4 MINATOUHIANNTINIBVDIHATUWNAIUNTAAVUIA

A = a 9 1 4 4 =S Y 1 [
IWOATIVADUANMTEHIUFINAAWA VYD IFUAANWTINIGLAINLIINITAA

Y A (% 1A = o 1 IS o F v A a9y
ﬂlu1ﬂﬂ’3ﬁllﬂi@ﬂﬂﬂﬂlu1ﬂ“ﬁhw‘|!ﬂiﬂﬂlﬂﬂﬂﬂﬂ%um%ﬂﬂ’l‘ﬂﬂw NUITNHINIDNNUNYUNHUHTON
= [¢) dy v o J <3| @ 1 1 1 @ aaa [
Ry 28 C ANUBUTNUNND 91% Lﬂunm 59U W’U’NvlﬂJiJﬂ'NiJlmﬂ@lNﬂuﬂNﬁﬂWﬂigﬂﬂ
v o w PN 4 a 1
WedAgy 0.05 1HaNT12¥NAR835N15 DMRT (15197 25 118 26)
a s ¢ o to do a o 9 3 o o
AI19N 25 Lﬂ@il%uﬁﬂﬂﬁJLﬁﬂﬁWﬂﬂl@ﬂGb’NW‘] UG UﬂN%Uﬂiﬁlu‘BﬂﬂﬂWilﬂﬂﬁﬂ‘HW 59U
sdupumsne Juno Tun 1 Tun 2 Tun 3 Tuh 4 Tun s
Control 0.00" 40.00+6.09°  54.44+26.47"  80.00+11.52°  86.6748.43%  93.33+4.65°
ATIOC- A 0.00" 433341639  48.89422.70°  74.44+11.52  78.89+12.04”  85.56+6.33"

Wnewme 1. Aundenuramea1ny snmilounu udasnnu luisanaaiunieada e
a o ax = v @ o w
ANT1ZH 1A8ID DMRT Nszauisdiney 5%

2. AUAVNAUATOINNIYUINAY HUIEDIA1 SD

q' 4 4 =1 "o J ~ ] S o o
M1319N 26 Lﬂi’)ﬁL‘ﬂf‘u@]ﬂ’J111L’ETEJ‘VI1EJ"]JE’JQ6]511‘1QIJW‘Llﬁ‘TIE’NﬁﬁJﬁQlWH’Nﬂ”ISLﬂ‘]JiﬂH”I 59U

v '
v A v A

gﬂgmumi’m UN 0 IUN 1 IUN 2 IUN 3 IUN 4 AIUN 5
Control 0.00° 50.0046.80°  60.00£10.69™"  71.1148.24"  75.56+8.43"  76.67+8.24"
WUIATDIRa 0.00° 54.4412.67°  64.44£13.94°°  72.20+13.61°  75.56£13.947  82.2246.09"

Wneme 1. AR denurainieaonysnimilounu uagasan luisanasiunieada e
a o ax = v o o w
ANT1ZH 1A8I5 DMRT Nszauisdifey 5%

2. AUAVNAUATOINNIYUINAY HUIEDIA1 SD
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1.5 NAdUMIMNNUYDAATBIAAVUIALDVABLT 9 1UIFINTA (S2AIAIMND)

v A a 1 [ 4 <
TumsnageuszALIAIMND WU AUTIOULMTAAVUIAVDUATOIAAAANTIDY
[ A A dg’ I Y 1 o ~ A = =} ] ) o
Haga C, NANNNIWANTRaIFUNY (1135199 27) TaamonSoumeununs 1susanudavug
o v X Ao v g =~ <3|
u 1 auluilagiiugadnsimanaiiu 107.16+ 9.89 kg/hr wazdl C, 1111 27.92+ 11.66 %

(Naaoy 3 %1)

M990 27 HANTNATBUTTAVIAIMNIVDUATOIAAVUIATUY

W‘Ll‘.li' Q (kg/hr) ER (%) Ratio (S:M:L)
Wunuiung 195.12 12.17 0.20:1.00 : 0.24
noveud 181.67 16.54 1.00: 0.99 : 0.57
AaAgau(iuineIaINd) 107.16+9.89 27.92+11.66 1.00: 0.99 : 0.57

WIEIHE AUAVHAUNTOINUIBLINAY HUIBAIAT SD

=& [ 4 4 Y a A d? A = = @
FINUNABTIHUA Cr ¥9ININATOUILAVINHNAUNY VUL BI/TUINBUAUNT
{1 09; 1 o A 3 {1 o .
nadoUNHIUINN MR TUFLWN AR U091 NMINATEUNNATINRILNNTNITAUA Ratio
1 [ Y < ] I
YousuLaaz e IEMnu (uuadn, S - vuenate, M : vualna, Lidu 1.00: 1.00: 1.00
Tagld31uanauaaz 30 #a) FWANAINIINNMINATOUTZAVIAMNIN Ratio YOIVUIATUY
I~ [ [ o 9 d' [ 1 d’ 1 [ dyl 1 1
Wuwvvgy ldansadiuald (13197 27) mavesdadud imduiidoudinanonts
o @ A Y 1 I A a
MUIUAINANNITONIINTIBYU ,%Cr  (@ums 37) 1dae edra]lsnauiienaisan
Ssumeutuanyause lunsiauyenuiumIssnauLIALa) WU 9aTIMTAAYUIA,
dﬁ = U [ Y o A Y 1 ] [ dy d'
Q YouUATBINAIZINININ tazdalidns1msmely, Cr UeenININFUAY UBNIINT 1D
=\ = 1 o Y A @ v 9 d‘ [
WSaumen A1nNnlsUsivvean1saanlen (915199 27) AUNITAAAIYIATEIAAUUIA
a Vo o Ay ' o Y A A 9 '
(113199 24) Tugpyiugneseudnal nunmsaavuiaalemseaianuullslsiuteeni

MIAAVUIAAIIAUD T ALIU
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J = v A a

Y
vintuIdihmsguidendedssuyinugnesaudninmsnageuszauIa1Hnom

E]

o lelB) [

o [ [ a3 [ v W 1 (Y 4

UIU 3 NN NQUAT 5 WA uuﬂmﬂmuﬁﬂmﬁwﬂum3681@%umwumamﬂuﬂ AINNITA
[ I~ @ [ {
Feu39UAY (Fadieiio) 1Wunar 5 Ju ldnadansian 28
d‘ =\ "o J ~ ] S o [
M1919N 28 ﬂ’Jmmﬂmﬂﬂjﬂwuwkumlmﬁmalmnam*smumm 59U
o o A S o A o A N, o A
NTNINU UN 0 Un 1 Un 2 UN 3 UN 4 UN 5
ﬁﬂﬁ}’mﬂu 13.33£11.55™  28.33£10.41°  50.00£10.00° 63.33£15.28" 93.33+11.55° 98.67+2.31°

AIUIATDIAA 0.000.00" 10.67£2.31"°  22.6742.31%  52.00£14.42°  65.33+2.31°  89.33+8.33°

WG ANDVHAUATOINUIBUINAY HIYDIA1 SD

1 [

A a 4 Y ax Y 1 a ) = = [ A
DAUATIZHAAAIYITNIT DMRT LAINUNFUWN ﬂﬂ?ﬂﬂulﬂiﬂﬁlﬂﬂﬂﬂﬂ%ﬂmﬂﬁﬂu

9

inFonavIANAnNUIFsmeuana1nY Aszauiedinn 0.05 Tuszezinal 5 Tu
1.6 MIINTIEHHATUATHIMAATIAINTTY

WeswswamlFnammnz nunatua iaquazawsslumsinaiiaazlsznou

A Y 1A Y1 <3| o a [ =
Lﬂﬁ’E]\‘ll!ﬁ’JW‘U’NNﬂﬂ“ﬁ%Wﬂi’)NﬂJuﬂWHﬂuNu 25,000 UIN ANAITINN 29

q‘ v EIAl 9 A [ 1
M1319N 29 ﬂ”llclﬁl”lfl‘luﬂﬁf’fiNLﬂSﬂQﬂﬂsllu"lﬂNa%ij

S10M3 T ORTEISY
1. wormes i 220 v % Hp 2,300
2. gAnesNA oA INA 18:1 1,500
3.manan 11471 Vo 1,700
4. fnm ¥, 1,900
5. @anuau (mYeuginyal) 2,600
6. galoq 1,700

7. AW IULDY 2,000
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M13199 29 (619)

ERLORERL ) IUIUEU
8. Tarvio 2,500
Y
9. Wegi 800
10. Ausanuuazilszneunsea 8,000
1 Y qsxl 9 tﬂ' [
5N 1FNIHUA IUNITEF1UATOIAAVUIA 25,000

a J FI o a
wamstsziiua lgaelumsauiums

aldnelumstinuveunses sraaldandunuail (Fixed cost : FC) agdunu

RIETY (Variable cost : VC)

Taeh

Ed Y
%

Y v
iy aldeimaduianua lumsdavuanasuy/nlansuamsni lann

AC=FC+VC
A T 2 (P—s)
Andous A (Anlaedtasy) D=—7-
L
N (P+s)
ande Tomalumsaanu R=—"Xi
2

& A v & o 2/
P = simdFenTeaiiuniosnavuianalil (Umn)
L = 01gms lFauaiosfavua = 101
A4 a
S = 91 MATOUNOATV 10T) = 0.1*P (LM)
D = audonsianil W mal)
R = audelomalunmsanual wmal)

. % t:y L=
i = onsmonenoll
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o Y A [ 1 = A
mrua JIAUATOINAVHIN TN (P) 435101 25,000 UIN (A1519N 29)

[

' A a4 2 A A A
Haﬂ']qf'lﬂlﬂﬁ'ﬂqu@luaﬁuq@ﬂﬂ 10 ALYia® 10% UDITIAUATON

% dy = = = S
onI1nNLIENDl = 7.38% Aol (M 17 HU1AN 2554 NTUINTNIIATDYNT U

100 UHI1FU)

10

iy IMINATEd = (—)xzs,ooo =2,500 1IN

100

VA 25,000—2,500
muﬁauﬂm (D)= (—) =2,250 1N/l

10

L 2500042250 [ 7.38 .
AndeTomalumsaanu R) = X = 1,005.53 V0/1)
) 100

sWAUNUAINABL] (FC)= 2.250+1,005.53 =3,255.53 U/l
éfunuuﬂiﬁu (Variable cost: VC)

1 o

AM1395N¥1 (Maintenance) Aamas1lszanaiuas 5 11 11911 200 U A3

AL 5 X 200 = 1,000 LINADT)

A lihwineas 3.50 v dualasa T 0.2 wued Tue Tu 1 33911 200 1
951191903311 Tuag 200 VM 19U 1 AU

ve= adaussau (W) + a1 i ) + Ahgesne (v)

AT (W) =1 X 200 X 200 = 40,000 VIN/A

A Tl (E) =02 X35X8X200 =1,120 v/l

ANTITNEI (M) =5 X200 = 1,000 VA
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sAUNUISAU (VC) =40,000 + 1,120 + 1,000= 42,120 D/1)

ANUU
P qYl o v = Y o
ﬂﬂ“b'%ﬁl‘l’]\wmﬂ (AC) = AUNUANN (FC) + ﬁunuuﬂﬁwu (VO)
=3,255.53+42,120 U

— 45,375.53 & 45,376 11N/
AAUNUVOUATOIAAVLIATY

o Yy d’ [ LI Y 1A [ = d' o
ﬂTH1!ﬂiﬁﬂmNLﬂi@ﬂﬂﬂﬂluWﬂ%N‘lﬂm1ﬂ‘U 0.3 vmaen lansy 1u 1 PnTeeiau 200

1 uag 8 ¥ 1ue AN o lumsmaumag 190 kg/hr

gariunsesausainanld 200 X 8 X 190 = 304,000 nn.A

N N =——

Tagh N = YSuawdanyaqununod
¥ =
F = AuU)unain
p = FIMVIYAOHUIY

v = dunuulsiuaeniing

L2y . 3,255.53 & L.
WUy N = = 2159744 nlansual = 21.60 auAl

(0.1 — (45,376/ 304,000»

52928 1AUNU

Y1 o Y 9 d‘ [ 1 1w 1 A (% = d’
nnaelaasuieldiaiesnavinasuniminu 03 vimaenlaniy Tu 13in3eq
' [ Y ]
1911 200 Tu Juag 8 ¥alus Anwansalunsiiaumae 190 kghr A9TUIATOIAINTD

Y
%

a4 304,000 nn.Al daTudalise’ld 0.3 X 304,000 = 91,200 UN/A)
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o A v MC
ﬂ13ﬂ1u3mﬁ$ﬂ$ﬂunu1ﬂulﬂﬁﬂﬂ PBP =—
P
uae P=R—AC

PBP = szoznallumsaunu @)

=).

Tag
MC = mldaelumsadiaunies )
P = ls @wmAal)
R = 51818 @A)

AC = algaemanua (WInAal)

iy M'ls (P) = 91,200 — 45,376 VINAI

— 45,824 110A]

sreznaaunu = mldnelumsadraunios (Mc) / fls (p)
= 25,000/ 45,824

=055 ~ 7 1hou

A3UNa1nNI AN IR IATHIANAATININTTY NITAF1UATOIAAVUIABYTIAT
25,000 VM 1agSUIIAAYUIANIIAT 0.3 VIM/A Tansy wud gaqunuedi 21.60 Audluaz

A 1A A

5383!;3@1?“5?’11!1/]‘1!@@7] 70U
a T o ) U a U b \J
2. mﬂumm‘iﬂummﬂamiunnﬂszmu’mmmm‘mn’a@u
2.1 é}ﬂ‘Hﬂ!gﬂW\iﬂ']ElﬂWWGU’fNing%j'né@u
A " W dy I v A v 1 @
LNBDLUNIYDDNATUAITNNUUUD aﬂﬂnJu 3 17y A0 999U (Immature stage, 1S) 19
2 o v & 2

WA (Mature stage, MS) a8 (Over mature stage, OS) Tagl¥anununuiosoun1ty (FT)

AIMITN1TUDY Meeklangsaen (2007) Tag Jo IS Ao FT < 1.75 mm o MS Ao 1.76mm < FT <

3.80 mm (A 8 OS A9 FT > 3.81 mm WUNULHI MUNHAULNIMINNAINITIN 30
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M13197 30 ﬁﬂymzmNmam‘wmmwamw%’néamﬁmwﬂmuﬁﬂ

ot NUIU (Ha) A anHULNINNEN N

SG Dr (cm) H (cm)
IS 40 0.91130.023" 14.10£1.137° 15.75£0.952°
MS 72 0.90910.019" 14.73%0.830° 16.71%1.080°
0S 48 0.90030.019" 14.57%0.735° 16.8110.870°

HAELYA 1. IS MS ez OS 7938 Im mature stage, Mature stage Lii¢ Over mature stage
MuAIAY
1 d' v Y v o d’ = Y] 1 1 Y] ana d’
2. ARAYAUNAIAYAIDNH I NIV UDUNY LLﬁﬂ\‘]ﬂ’JﬁJUliJLLGIﬂGINﬂuVINﬁfIGI N3]
a o ax ~ v o o
’JLﬂiW%ﬂIﬂﬂ’J‘ﬁ DMRT wnscavusangy 5%

3. AUAVNAUATVINNYUINAY HUEDIA SD

an 1 1 4 ! [
Yuala Idunduiugudnaa (Dr) ANNgIRa (H) 1aza1un 1931wz (SG) 109
Yy 1A = 4 Y o o = Y 1
wznimeoulimaldsuuilas Womawzwineeuiau ldawdes Tuaisien 30 vzninoou
qg.: A Y A a 4 9 ad Y 1 qul
14 160 wa Nlglumnaae WoAT1LNNAAI875115 DMRT HAIWL1 N9YUIAUD9 Dr H
' Ed 1 1
uaz SG lAnnNIUBgUANA1TEH I Tong N3 IS du MS Nszauiedinn 5% saald
] ' o [ IS Aa a
wiuamswaivesnaugndnlugrwsndumsniayau Tanazversruinvoanaaud
J {1 % 09/’ @ o 1< [ 1 an J o
Al ndumsiaunnde Ms ldillude oS wundavuiauazanunedune

o =) v

yoanavznieou lullanuuandeiu Aszauiedng 5% wiootananldi maiaun

9 1 I = I ~ (R 1
GUB\TWail%W'iT]@'E)LlL“]JuﬂTiLﬂaﬂuL!ﬂﬂﬂﬂTﬂiuWa Llﬂglﬂuﬂﬁgﬂﬂluﬂ1i‘ﬂllllﬁ\1Wa@]ﬂfﬂﬁ

v 9
LﬂaElu!L‘iJﬁﬁﬂWﬁﬁWHNﬁ!Lﬁ%ﬁWﬁﬁﬂﬂl@\‘]N'ﬁiﬂﬂ‘l:!’ﬂ

us/' a 4 4 o [ 1 @
NNTUIAIIZHWAAIY Discriminant analysis B3 UATBVDIHANL NI 18D AEF2
U [ yas o A v . 4 1
wlInguanEULNIINENIN 15I5013AARNAU 1D Stepwise method 92871 Entry
criteria 1 F = 3.84 1182 Removal N1 F = 2.71 uazﬂl%’miﬂizmawmmu Leave-one-out cross
Y v 1 1
validation 52 17aKa 2 TUABY A18N1TLUATIN 1 teuenTe OS 98NN IS AU MS HAZNT

' aa/’ A A o = ng £ v 9 7 A
HUNATIN 2 1Wateny IS 89N310 MS 9NATINUN WU’JWVlﬂWﬁﬂQ@HﬁNﬂ 31
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M9199 31 MIuunieuzninsoudlediul sEnyULNIINENIN

Dr H SG ANUYNADIUBINITUIUN (%)
IS MS OS Total

M3 1° - . 1.00° 99.1" 42 706
M3tiansa 2 0.266 0.834 - 475 903 - 75.0

LENRETN G| * A1 Standardized canonical discriminant function coefficients

* A1AWYNADIBINMITIUNNGNTE IS Hag MS 991910 OS

Y
v A 00A o U

*MSUUATIN 1 ﬂ’f]ﬂﬁﬁ]”ll!,uﬂﬂfj‘ifjﬂ IS g MS 890910 OS

9 v
v A

MSULNATIN 2 ABMTTWUNIE IS 8ONIINTE MS

v 9 v ] 9
911015199 31 W lumsuiiensai 1 enends IS uaz MS 9on9INNGUUZN3 19
% [~ o ~ v A Ay Yo v A o Yy Y =2
160 wa aawls SG Wudlsiisadufedn lasumsaadonuazansasunlagndasads
] Y
99.1% uatiie 14 sG Tumsuenis 0S sennnuzndNNwuanaunyI IdnugndesuoInis
v v
Swundwnniiios 4.2% mniu hldnmsauanugndesvesmsdmuniir Tdiiies 70.6% dau
] 09; A A @ 1w <3| o Ay Yo
M3LLensIN 2 1enende IS 0ena1n MS W31 @audls Dr wag H fludndsi1dsums
Y : [ 1 ! {a o J
AadonuaziuNuINUNY SG FId0AndeInUAIINA1319N 30 NIATITHNDANULANAI
9
pgniiiedngvesdulinaesaodo IS wag MS wunu Tagamnsousnio MS Iagndss
90.3% INNGUUBI IS uag MS vz iuenie Is 18 lidiniies 47.5% uazlinmsauanugn

Y o I
ApaMITUARIY 75.0%
22 ANUDTIINFIAVDINLNI1IDOU

AU9IALUTANNDTTINBIA (fn) A1 Sound stiffness, Ss 1FINIA (SSmass ) HALIH
a ! ) I d
US1105 (Ssor ) N Idnnaums (39) tag (40) Fuilumsasuausamudequeanzniing
U v A z:' dgl L] 1 d' =\ 1 [ d' 9 U = 1Y)
99U HaMINNINeI Ao IazIANUIAnA 1 Tunn TenraNz NI 1B UL MINALAIY
Qv d'

d' a 4 Y ax [ d' d' d‘
38 N p<0.05 IUBDUATIEUHNANIYITNIT DMRT aangadluaiseh 321ﬂ8%ﬂ13!ﬂa8ullﬂﬁﬂﬂ1ﬂ

] (B dy 1 A dgl an oy v ~ ] c?/‘ 9
18 MS U]JJ@I'JEJ oS uﬁlx"lmmmwumummmwauawmuﬂﬂmu (13190 30) AIUULLAINTT



93

o 1 @ a I a % { {
’G’f\‘]Lﬂ@lﬂﬁlWﬂGI'JLL“IJﬁﬂTiﬂ?J‘U’ﬁu@\iL“INLﬁﬁl\igﬂl‘ﬂua%ﬂ'ﬁﬁﬁﬁ“ﬁ@liﬁﬂﬁ@ﬂﬂ1ilﬂaﬂuuﬂﬁ\1ﬂ1\i

a 4 [ Y] [ I~ @
a3z Imeniienzwinvouannainis Ms lilitluse os 14

3197 32 ﬂ"liﬁi’]‘]_lﬁuﬂ\i‘ﬂNL?TENGIJ@QNﬁN%W%ﬁ’J’rﬂlﬂuLﬁﬂuflﬂ@]ﬁJ}jﬂ

ot U (HA) AudsnsaeuaueInadeg
fn (Hz) S8, s (szkgm) SSp, (szcmm)
IS 40 548.63148.84" 285,144151227°  1,763,791%296,532"°
MS 72 635.68168.73" 383,681181,043°  2,446,9271475,397"
0S 48 688.27154.93° 444,700173,575°  2,841,757%451,710°

nneya 1. IS MS 1ag OS A9 38 Im mature stage, Mature stage (112 Over mature stage
NPV RECH]

@

2. AUNAYAUNAIABAID NI N Lo UNY taaIn1y Tutana1eduUNIada e

2A3129 1ae25 DMRT Nizauiiodifna 5%

o

3. AAAVNAUATOINNYUINAY HUEDIA1 SD

Y [
NMIUIATIZHHAARIY Discriminant analysis 1IN0 LUATBYBINANL W 1IDOY ﬁ’aﬂﬂqu
@ = Jas v A % . Y 1
audsnsaeuauesniades 1935mMsAaaenalsiuY Stepwise method @861 Entry
criteria ﬁ F = 3.84 1ay Removal ‘ﬁ F = 271 M5 Uszulananyy Leave-one-out cross
Y Y I ¥
validation U52u2aMa 2 TUADU @28MITULIATIN 1 1NBLENTY OS BONDIN IS AU MS AL

] 3 ~ A [ = qul B v 9 [ ~
HUNATIN 2 IWBLYNIY IS 99N310 MS 9NATINUN ‘WiJ’JﬂﬂWﬂﬂWHSN‘VI 33
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M3197 33 ﬂ"lii]o"luuﬂ’jﬂllzW%}"I’J’E]'ﬂugljﬁﬂﬁjuﬂ5ﬂ”|i§§]’f)‘]Jﬁ‘L!i’]x11/]NLdeEN

Fn S8, e Ss,,, ANUYNADIVOINTTWUN (%)

IS MS oS Total

mmmmgﬁ' 1° 1.303° -2.061 1.705 86.6 " 52.1 76.3
M3tiansa 2 - -0.226 3.034 775 889 84.8

LENRETN G| * A1 Standardized canonical discriminant function coefficients

* A1AWYNADIBINMITIUNNGNTE IS Hag MS 991910 OS

Y
v A 00A o U

*MSUUATIN 1 ﬂ’f]ﬂﬁﬁ]”ll!,uﬂﬂfj‘u’jﬂ IS ttag MS 890310 OS

9 v
v A

MSULNATIN 2 ABMTTWUNIE IS 8ONIINTE MS

{ 1 qaj 1 [ (% [~ %
INAITNAN 33 WU fn, s uag Ss, ANdau ldsumsaadenliiudulslu

mass

4 E4 v [
M WUNTeNIdY doandedny HanMINATIEH DMRT Tuasied 32 inndaulsdiuiian

o w

9 v
uanannulunnisvesuznineeusdniitiediny Tunisutnsed 1 aunsouenis IS Ay
MS 11az 0S 09nN1INNGN IAYNABI 86.6% 1Az 52.1% Mwd1ay uazlinmsmanugndoely

0 < 1 z A @ A v A A A v A
RERRITRITA IRV AV 76.3% Gluﬂ’]'i!lfﬂ\‘]ﬂi\iﬂ 2 GI'JLL‘].]iﬂQﬂﬂﬂlﬁﬂﬂNlWﬁl\iﬁ@Qﬂﬂ A9 Ss_,  UAL Ssy.

mass

Tunsiszurana Faldanugndesuesmsswunds IS uaz MS qade 77.5% uaz 88.9%

A wazlinmsauanugndeslumssuungan 84.8%

a 7Y o v Y A o
inﬂﬂ”li'lmi"lgﬁﬂ’w@nl!,ﬂi Dr, H, SG 1uw3mam 2.1 !,Laxmuﬂs fn, Ss LLag SSDr N

mass

< 91 o 1Y o o Yot A Y
!Wullﬂ']1 NITVLUNIY IS L MS auals Ss_ . W8T Ss ‘anlﬂﬂcﬂﬁ;‘ﬂ (ﬂTWijNﬂ?ﬁJQﬂ@]ﬂQiu

mass
Y Y
M3TUN 84.8%) uad11suMssuun o 0S 0BNINNGUUZ NI 1IBOUNIHNA TUNITLLNAT

~ o o o 1 YA = " o A o d Yy a 'S Y
N1 @]:]LL']J'ZT fn, Ss_ LAY SSDr EJWI”I"lﬂﬂTIquEN 52.1% INUU %Qﬂ]!ﬂu%gﬁ?JQ?LﬂiTgwwaﬂjﬂ

mass

m31¥@u1ls Dr, H, SG, fn, Ss__ uag Ss, nndasaunude 11

mass
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2.3 MITMUNIBNZNS 10U MTARYAZNINEMNILALATMTAD VA UDY

=
NN

HENTAG T ANYULNIMEMNIWA VAW TMIADUTUDIMUTEIVDINA

wznineeunndulsndounu Tase1don1 Correlation 521131902011)5 AIA15199 34 WU A7

@

:3’ A Aq ¥ 1T W 9 ' = o A o
ulsANNrU AN IO LAY (FT) ‘V]Gl,"]ﬂmQ’JEJ‘U@Q?J%WTI’J@’O‘L!?J?YN?J?(EJWH‘E any aauls SG,

]
% \ 54

A 9 ' = [ [ 1 o A v o daaA
H mawamwinaauumﬁwmm"lﬂmmsj HAagAT FT 83UANUTUNUTNAYN ‘]Jﬂqu@nuﬂiﬂ”li

a

Y] [] [ 1 !
ADUTUOINNUTEINNAD (fn, SSass 110 SSpy) DNFUAY A1 Ss,, NJU Sound  stiffness 139

a v o JAAA o 1 g a @
Uswas anudusiusnasaiua Ss, . iy Sound stiffness 1Fanravoanzni1 nmsldan
3 [ Y] a [ Y = ] =y 9 [ @ S
ualsnia 2 Sawnulumstsziiindsveanzninauingidnemnuazuud Iuanuduiusnag
uaz Tl Tudamaderdududunls - Felidnanimlunsswunisga (Terdwongworakul et.

oaj dy o3| v A o dg’ 3 J a & 3 J
al., 2009) NU Ss,, Ay Ss Wuawdsnarmauuoniem Ysuies uag uia s a1 H

mass

v = = Y Y a o w = - o a2 9
iag SG AIULANWNEIVeINVTUIAT Az LIamINR I Lazll correlation gINU FT 9analy

UAU

M1513% 34 A1 Correlation 3¥1I9AA5 1AATNFUANHALNIIMENNLALNT

AOUAUDINIUT Y
FT Dr H SG fn Ss_ Sspy,
FT 1.000 0.135 0319 -0201  0.658  0.642  0.681
Dr 0.135 1.000 0508  -0.374 -0.107  -0.123 0.049
H 03197 0.508 1.000  -0.273°  0.019 -0.012 0.076
SG 0201 -0374 -0273" 1.00 0.067 0.124 0.007
Fn 0.658°  -0.107 0.019 0.067 1.000 0995 0985
Ss 06427  -0123  -0.012 0.124 0995 1000  0.983"

mass

Ss,, 0.677 0338 0208  -0.100 0893 0884  1.000

Wanenrg Ao Correlation 7l
=

1 p<0.01 (two-tailed)
’ ﬁf) Correlation N 7

p< 0.05 (two-tailed)

g W)}

Wad
a

1!
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MAUAATIZHAd Y Discriminant analysis 103 MUNTovpIWaNzni1I80U A108)
pilsnguanyugnienenin 14un Dr, H uag SG uazdulsngumisaouausugaudes laun
fin, SSmass 48 SSor 1935 MIAALENAITUUY Stepwise method @I8AN Entry  criteria
‘ﬁ F = 3.84 11a¥ Removal ﬁF = 2.71 MMsUszuIanay Leave-one-out cross validation
Uszanana 2 Tunou dromsiniansai 1 ienenTs 0S 88NN IS F1 MS nazMIuae

2 1N e IS 89N10 MS WU IANadIN15199 35

A15199 35 ﬂﬁ‘ﬁanluﬂ’jﬁm%W%Wﬁﬁi@uﬁﬂﬁlﬁﬂl!ﬂiﬁﬂ‘ﬂm%ﬂNﬂWElfﬂWLLﬁgﬂﬁﬂﬂ‘Uﬁqu

RNGEN
Dr H SG  Fn Ss,. Ss, AWQNABIVEINMITIUN (%)
IS MS OS  Total
MIUATIN 15 - - 0.441 - - 0955 875" 583 788
MINUIATIN - 0.555° - - -0.854 1.723 750 91.7 - 85.7

LENRETN Y] * A1 Standardized canonical discriminant function coefficients

* A1AWYNADIVBINITIUNNGNTE IS Hag MS 901910 OS

Y
v o !

*MILLNA5IN 1 AeMsSwunngu iy IS uag MS 900910 OS

9y
(%

MINUIATIN 2 ADNTI MUY IS 00AIINTEY MS

1NM15190 35 wamsnamendulsnndulslunguanyaznianenin 1dun dDr, H

uag SG  uazdwslungunisaouduoududod 1Aun fn, Ssyas az Sso wulunis
] 1 qg.: { 1 I o wvAa {
HURNQUATIN 1 A1 SG Az Ss, TUALNUVIAUTANNNBAINLALNITADVAUDINIUT AN

Yo o A Y] 1 o ' A ] ° ]
1@5Uﬂ15ﬂﬂlﬂﬂﬂ !,Lagﬂ"liblslf SG J3unNy SSDr GK’JEJLW?JﬂTWi??Jﬂ?13JQﬂ@]@QﬂJ@Qﬂ”liﬁ]”l!LLlﬂGl‘Vi

E4
=3

< y y ' I
gavu'ldne 78.8% TasiumsiSuljeamsuenio os esnvinnguldgndesgunnduiy

EY

1 @ 1 4 <] 1 c?/‘ 4 1w
58.3% daumsuen IS AU MS  pennnguiiaaduiesanioanniuiiosnin nquaumls

msaouduesmadesilszansamlumsdwungannogudy

U

v i
aAaA

9 v ]
MSLLNNGUATIN 2 1euenTe IS 0on910 MS WU MsAauenianga laainns s

H 5907 Ss,__and Ss,_ Iag1%n1msaunanugndssvesmsswuninigai 85.7%

mass
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' = J J o ~ d? ~ 3 Y dy 19 1w v o
'E]El']\ill'iﬂ@'llllf]_]@ﬁl“ﬁu@]ﬂ'ﬁﬂ'ﬂluﬂﬂﬁ\ﬁlulwﬂﬂlaﬂu@ﬂu @'mvluﬂllﬂ']ﬂllﬂ'ﬁ@ﬁ?%?ﬂﬂ\‘]

£
9

auianmenniaznsaeuaueINIdes aaiumsaen e Ss, uag Ss, Tumsaa

mass

@ = =~ Iq A
1anIY IS tag MS Fi]\nJﬂ'J13JL1’T3J1$ﬁuﬁlUﬂ1ﬁﬂ3$§Jﬂ@1%N1ﬂﬂQQ

2.4 MIQANAULEIVDIHANZ W 1B

dyanumsganaunaslugesigniaenagIung Pre-treatment Ay 1A
o . 4 o o 1 o a o
19 Moving average 111 Smoothing tiie15ul¥daanadianumuizaufouiInsIAITILring

[ L] [ A Y [ A
aedglunudyanui laudaadening 46

05 +

Relative absorbance

0.0 T T T T T T T T ]
300 350 400 450 500 550 600 650 700 750

Wavelength, nm

MW 46 FYYIUMIYANAULAIVDIHANZ NS 1I80U: Range A D ANWYIINAULFI 427.99-
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Design of machine to size java apple fruit
with minimal damage

Krawee Treeamnuk”, Siwalak Pathaveerat ™, Anupun Terdwongworakul”,
Chanida Bupata *

* Departement of Agricudtural Exgireering, Faculty of Enginesring at Kemphaengsoet, and The Centre of Excelferce for Aqricultusal and Food
Muochmery Ensetsart Urdversity, Nokornpathom 73140, Thailmnd

" Department of Posthariest and Processing Engineering, Faculty of Science and Technology. Rajamongals University of Technology Tawan-
ok, FHTIC, Chonburd, Thailaed

ARTICLE IMNFO y
Tava apgle fruit features attrmctyva Bkin, swees and crigpy esh, and & high suscepahilitg ta

Artitie ztary: mechanical damage. The fFEve apple prodiuced in Thailand has gained popularity n becal
Reoeived 79 Merch 2000 and foreign marksts, is available almost all year round and is sold ai good prices. Frult
Ameeived in reviged form expar debves poathasvest mechanigation. of which fundamentally impamant machines
78 July 2010 suchas a mechanical sizer far fava apple are still nat available. This research was aimed at
ﬁzgnpm 3 August a0 [‘.omgrﬂn@, ConslruChng I.Eﬂlfl'm, and E‘l’Blu&l'.n.g o elhcbent kizk'lg machine fod jS‘l’B apple
published cnline 15 September 2010 Diesign concepts [eatured a) a sizing pamameters which were determined by the diameter of

the frubt aod 1) & sizing mechanmsm which cases minimom damsge. The skeing machine
coanprised a feeding unit and & diverging belt string wndt that are pewersd by two 187 W
290 WV 50 He elecirde meiors, goRT radiseer and pulleys. Pesformance tests indicated that
welocity and inclination ange of ke sizing bely; feeding belt velocity and the Iruit arien-
tasian significanty alfects the sizing perfarmance &l p < 005, The cptimuem caonditiens for
conbnuous mechanical sizing depended on the varety, The oplimmuem ssming perlormance
wiak charmctonsed by a coniamington or errer miio of WEE=16.5%, and & throughput
capacity of 199.7-195.1 kg h " with no significantly noticeable damage to the sized Fruits:
Kanuat sizing ol the exporied @va apple featured an eror rato of 2X3%, 3 damage
percentage of 13.3%,. and 4 capaclty of 1072 kg b 7. Therefove, the java apple sizing
machine @n be operated without adding more mechanical damages o the staed fruit.

& 2040 TageE Published by Elsevier Lid. AL rights reserved.

i Introduction million US$, which made it the third ranking expart fruit after
durian ard longan,
Java apple fruit is popular in Thailand and abroad due to its Amangst pesthanmest aperations of the fresh fruit, sizmg is

beauwtifin! alin colour as well as sweet and erispy flesh. The consideratly labour ntensive. Sbng b= necessary, becausse
frut is also of high nutritional value. In the year 2005, exports the sized fruit a) has higher value than fruit that is sold
of the flegh fava apple froem Thatland reached a3 mueh ag $4.6 unsarted b it attracts buyers and <) It factlstates packaging

* Corresponding owther. Faxc «56 34351854
E-mail address: [engslp@kuacth {5 Pathaveerat).
1537-5110% — see Frant matter @ 3010 LAgrE. Published by Dsevier Lid. All rights reserved,
dai: 101016 bicaystemseng. 200,008,007



A 'S IMs d i MG ie? leorol i4o—re® 1‘1
Momenclatune [+ Mean contamination ratie or errer
Grtfiow i -1

D Diameter of the java apple fruit bead, mm il : e of grade |, kg h =

AT i 3 ¥ Fraction of cost a5 related to grade i
[ DEverging anghe of the sizing belt, .

tacHinath e of the belt,* M Mpumeber of grade | fruit of the total assortraent at

i the beginning of sizing

iz DRameter of separaton of aperture between jaa
apple grade 1 and 3, mm

b Diameter of separaton of aperture between java

apple grade ¥ and 3, mm

average dlameter of java apple frust grade 1, mm

average dismeter of java apple frult grade 2, mm

standard deviation of java apple frutt grade 1

standard deviation of java apple fruit grade 2

Sizing efficiency

Throughput capacty, kg h—?

op2oER

Ny Number of prade | frutt tn the grade | recelver
Ny Kumber of grade i frait in grade | receiver
Ny Taotal frult tn grade | recedver, kg

P Fraction of grade i fruit of the total mixture ot the
beginning of sizing

Py Fraction of correct fruit in grads i recenner

t Feeding time, h

iy Wesghting functon

uy Total weight of fruit in grade § receiver, kg

i Tatal fruit welght fed bnte sixing aystem, kg

derig'ns LI:.riTnnrlas._ Toomsacnghong, Singh, Sinl:;h, &
Sothorvil, 2007, Peleg 1965). Manual szzing i beast by alow
sizing rates, considerable errars and mechanical damage. Far
example, the manual sizing of fresh mangostean farfmopas,
Teamsaengtong, & [mprasit, 2007} and durian Jarimopas,
Siriratchatapong. Sukharom, Sihaveng, & Goto, 1953 was
found to cause errar ratios of 34 and 43% respectively. Sizing
machines developed to work with tropical fruit are usually
composed of @ perforated conveyor sizer, i belt, a board sizer,
and & diverging belt Janmopas, Eonpwatananon, Rangdang
and Yarmashita {1988) tested a comeercial tangesine sizing
machine with a mechanism bazed on the perforated comveyar
azzer. Thelr machine conaisted of five perferated eylinders of
warying diameters and sized & grades of the fruit at a capaciny of
15 tenne b and a skelng efficiency of B7.5%. The high slzing
efficiency was perhaps due to the non-deformable apersare

Although commercially applicable, single layer feeding has ta
be manually contralled and this constibites an undesirable
feature, The sizing of & small number of tangerines is persis-
sently impaded by froits caught on the inclined plane betwesn
the oplinders, so that the operator has to manually meve the
fruit ta the next rotating cylinder to continue sizing. This i=
a cause of exasperation o the operators and it slows down the
aizing process, The rotary sieing machine (GRIEFA, Gelder-
malsen, Metherlands), which is the developed madel of the
belt and board skeer, was used te size mangssteen Jacimopas,
Teomsaangtomp, & nprasit, 2007; Jarimopas, Teomsasngtong,
Slgh, et al, 2007). The mangosbesn stzer could sort 3 grades
{ermall, modium, largs) at a continuous capacity of 1006 kg
and an error pate of 23%. The Rotary Greefa concept has also
been applied to size other sphere-shaped fruit and vegetablas,
eg guava (arimopas, Rachanukrea, & Chen, 2007, The
advantage of the apparatus isits sass of transportation, such as
on @ pick-up truck. However, its performance is Hmited to
single layer feeding and it & charscterised by errors due to the
mconsistent aperture, Jarimopss et al [1988) deweloped
adiverging belt slzer to sort rmangosteen. The diverging belt k=
camprised of tera 75 mm wide belts which are mclined at an
angle of 35° o the horzontal serface. The machine graded
mangasteen at a capacity of 1100 kgh " at an efficienicy rate of
80%. The low inclmation of the sizing belt required mangoateen

ta travel considerable distances before calivration of the fruit
diameter and the descent frem slzing belt posed a major
disadvantage of the machine, This resulted in a long machine,
which made transportation diffieult. Fusthermare, 182 aperture
was inconsstent becanss of the non-uniformity of the sixing
belt.

Foo the fmmm-shap!d fruit, such i pears and carrats,
Peleg (1985 sugpested using the diverging belt sizer forefficient
sarting. A proger sizing machine cught to feature fast sixing
rates, acceptable eror ratos with insipnificant mechanical
darnage. Mahsenin (1996} stated that mechanical damage was
the by -product of the wse of agricultural machinery. Possibhy,
the aforementoned machines cauged mechanical damage but
the refated evaluations were not reparted. Rupata, lapmaopas,
& Changiang {2007) reperted that the diameter of java apple
fruit varies propertionally with the fruit weight, The wariation
of the java apple (radt diametar seapective to size and cultivar
was presented by Sarakan, Jarimopas, and Changtang {2007)
Based on the compression rupture force of java apple skin, its

Wertical (y—axis)

Sixing bel :

Pulley

L
e
f

i
i
I

i

J"" Rotating axis

A

0
Rim | Tail 7

Fig- 1 - Design concept of the java apple fruit sizing
machine showring the inclinaton angle o and font whew of
the sizing configuration (horizontal plane is parpendicular
to the paper).
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Fig, 2 - Aperure profile of the sizing bel (B, = belt length, W, = sizing length of grade L, Wy ~ sizing length of grade M,
W = sizing length of grade 8, k, = interval of fruits (200 mmj).

skin wae found more susceptible to damage than apple
[farimopas, Teomsaongtong & [nprasit, 2007 Jarimopas,
Tommsaengiong, Sngh, #1 al, 2007, Abrasten and brusing
were patentiafly frund on packaged java apples under simu:
lated tranapert vibratan whilst greater abrasion was sheerved.
[arimopas, Teamssengtong, & Inprasic 2007 Jarimopas,
Togmsaengiong, Singh, et al., 2007),

Commercially java apple yields high pricss, and is gain-
ing pepularity in foreign markets where it &5 awailable
alrmost all year round. Pruit production is rather uniform
butshortages and costs of labour are becoming crucial
Therefore, the demands for slzing machines have mcreaged.
& specific sizing machine for java a.'p'p]e fruit & not awvail-
ghle. The dewelopment of a simple, compacl, mgged
machanical sizer to work with the highly susceptible fruit &
n challenge. Thus, this research te aimed at designing,
constructing, testing, and evaluating a sizing machine for
fresh java aggle frust with acceptable emor rates and
rindmmal damage.

b3 Materlals and methods
2.1 Design and operation

2.1, Design

The design concepd comprased lour crtesia; a) the slzing
parameter was tm ke determinad by the diameter of the java
agple frult head (D, i Fig. 1), &) the sleing mechanizo had to
incurre minimum  damage, ©f the sizing machine had to
provide mechanisms to consistently meter the fruit diameter
and fo unifermly releass the measured fruit inte recedving
container of the comesponding size, and &) the machine
should be simpls, compact, rugged and transportable

A diverging belt design was sebected because (i) the sizng belis
provide two contact points that measure the java :pple
diarmeter whilst the fruil pregresses abong the bel, {H) the
sizing helts travel simultaneously diverging during move
rvent: and a8 a result. the measured fruct descends on the belts
and left the balts at their base {aperture) when the aperture
loses contact with the measured fruit, the fruit descends to
the receiving contamer of the corresponding size. (i) the
shape of java apple fruit fairly resembles that of pear. Fig, 2
showed the base wiew of the diverging belt sizing machine,
the solid line shows the rim of the aperture,

Praliminary dreg tegts of 15 fresh intact java apsle fruit dof
unifarm s'izq] from 150, 200 and 250 mm height onto a hard
surface cushioned by 30 mm foam rubber sewealed that frabt
damaged occurs at a minimal plunge height of XX mm. Foran
asaumed unifonmly accelerated motion, this corresponds to
43 s drop tme [Meriam, 1575, The fravel velocity of the sizing
el of 200 rmm e~ and the combined tme of fruit descent and
fruzt rermcval from of the receiving tray of 0.5 =, dictates
a feasible placement of the fruits at 200 = 0.5 = 100 mm
intervals, The diverging belt szzing machins was desigmed as
to allow 3 friits of the same grade to ravel in sequence along
the belt (the small grade permits 4 fruits] (F2g 2), Thres grades
[targe, medium, and small} are required. The active length was
te be 900 rmm phes 100 mm of addibonal space far the fruit
rehound (if any) emoeach side, giving a total length of 1100 mm
lg destgnates. The diverging angle of the bell 18 4 in Tl 1. As
par Bupata ot al. [2007), #was equa'l b (129, 0.55 and 0.5 far
the warieties of java apple Toonklas, Tubtiman and Tong:
sAmsr respectively. The inclination angle of the belt i shown
as a b Feg 1 The dverging belis need to be nclined to the
horizontal plane, because the mclinabion causes 2 point
comtact for every fruit during movement regardless of size.
Thus, every fruitis measured atits haad diarneter. Should u be

apertu 1 the sizing belts.

Variety Maximum Diameter for the fruit size {mm) Xz mm) Xz {mm) afy
] M L

Toankian 5287 + 15T 5770 + 0.B9 6412 + 137 5556 + 416 A+ T30 oz

Tubtimjan 45.30 + 2.83 SE0E + 1.53 EEE0 + 135 E287 + 94D 486 + 3273 0ss

Tongsamsar SL115+230 5047 & 1.53 BA07 + 123 5533 + 1002 47.38 + 13.29 oM
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Fig. 3 - Schematic diagram of jave apple frudt sizing machine (A = feeding unit; B = diverging belt sizing unit; 1 = recabing
way; 2 = steel frame; 3 = conbeal cloth tube; 4 = cushloned sizing balt; 5 = unbversal jedng 6 = eylindrical shafy; 7 = elecrhe
motor and reduction gear; 8 = U-shaps Tubber holding jave appls; 9 = fesding bald.

too large the fruit falls and doss not symmetrically lie on the
helts with mespect to the y-axis and the head diameter is
therefore nat roeasured . 1f the & s too small, the fnot shoulder
might stay at the rim, and diameter measurement does not
oreur, The appropriate mclinaton angle (o) thersfore needed
to be determined, Bq. (1) {Felep, 1985} sugpests the estimate of
diameter of separation (; and Xz} between java apple frults
of adjacent grades from the mean and the standard deviation
of each adjacent grade. The values of Xy and X,; are gven in
Tahble 1

lzod — paol]
(o = 3]

e |
i [uw'f --.o"]I
ol L =

Ko

fufe? = wia}  2atelinte fo ]t

; (34]
-]

where

iy = diameters of separation of aperture betwesn jave apple
grade 1and 2

#q = average diameter of java apple frust grade 1

wz = average diameter of javes apple frit grade 2

wy = stamdard dewation of jarva apple fruit grade 1

a9 = standard deviation of java apphe fruit grade 2

Fig. 1 shows the developed java apple frutt sizing machine
with the feeding undt and the diverging belt sbzing undt. The
fending unit, 598 mm wide by 1430 mm long by 520 mm high,
was made of steel Two 254 rmm dameter cylindrical shafts
were mounted at the top of the frame to facilitate belt
adjustments, The feeding belt, Ammeraal type Bett Flexam EM
WY Green FG  (Ammeraal  Beltech, Heerhugowaard,
retherlands), was 100 mm wide by 2400 mm long and paraliel

Fig. 4 - Typleal motion of jave apple fruit and the conical dleth tube of the sizing machine,
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to the floor, The feeding unit was driven by a 0013 kw 220 v
50 Hz electric motor, a1 10 gear reducer, a chain and a pulley.
A U-ghape rubber cushion was attached to the surface of
cotredyor balt with 80 run apactng of the partial containers of
the fruit for unifarm semi-autamatic fruit feeding, The sizing
machine, made of sbeel and 390 mm wide, 1510 mm long amd
f65 mm high, featured & galvanised steel receiving fray
600 i wide 1100 mam long, and 30 mem deep. The recedving
tray was cushioned with 20 mm rubber foam with bao
adjustable partitions for the desired fruit size separation. The
sizing belts diverged and wers inclined to the horizonsal plane
atw degres. Each of the twe sizing belts, Ammeraal type Nonex
EM B2 Blus FG were 100 mm wide and 2508 mm long The
cuter surface of the belts wae ined with 4 mm latex foam.
Each belt was doven at the same velacity by a 220 W 50 Hz
aleciric moter eperating at 1450 rpm with reducing gear and
8 undwersal jodat to facilitate the adjestreent of Belt angle
& cloth comical tube was p[an:d betaeen the end of the
feeding belt and the beginning of the sizing belt to contrel the
vertical descent of the java apple fruits, to decelerate fruft
drop ante the sizing belt thersby redecing damage to the frutt
The mowement of the fruit on the sizing belt was helow
horizontal thereby minimizing vertical sliding. The conical
clath tube was 120 mm long and made of yam. It had
a 100 mm aperture diameter at the top and 60 mrm aperhare
dizrmeter at the bottom, The feeding machine and the sizing
machine were placed in proximity to the cloth conical tube
and were well aligned.

212 Operation

Jaa apprﬂ fruits were manually continuously fed into the L
shaped rubber of the feedbng belt by an operater in such a way
that the stem end of the fruit was paralliel o the belt move
meen b This prowides a uniformly autematic feed of the frults to
the sizing belt. However, the feeding machine capacity was
limited by the operater's compedence. The conveyed Trutt lelt
the feading belt and dropped vertcally into the sondeal eloth
tube [Fig 4] The conical cloth tube not only caried the fruit
v:rt'::a"J}-. but it alio decelorated the fruit to minmmise the
impact on the sizing belt The appropriate alignrment and
symumetry of the feeding belt, the cloth conzeal tube, and the
rizing belt improved the vertical orentation of the java apple
during {48 deacent at the start of the sizing precess.

The sizing belt carmied the java apple fruits pas: ! contact
points. The forward motion, divergence of the sizing telts and
the frq'rtwmight caused the fruit to descend towards the lower
end or the aperture of the belts, Therefore, the bwo contact
prints on the sizing belts and fruit surface were continucusly
Such phenamencn could cause skin rubbing sn the frutt and
might gnre ri== to abrasion. This was prevented by cushioning
om the surfaces of the sizing belts. When the fruit reached the
aperture that infnitesimally exceeded the fruit diametsr, the
froit lost comtact with the belts and fall inte the comect
receiving tray.

2.2, Performance test
Sample preparation for the determinaton of oapdemem

working canditions included the randam selacton of newly
harvested, untform and damage free java apple frult Therty

sample fruits of each size (three sizes: small, mediurm, large) of
each varety (thres varietiss; Toonklas, Tubtimjan and Tong-
samsti} were collected, Maximum frait head diameter, length
and weight of each sample were measured with a vernier
calliper and an electronic balance (Sartarius G 6000, Sartorius
AG, Goeltingen, Germany).

23T Determination of the optimum angle of mciration and
the weloaity af sizing belt

Samnples of jawa apple fruit were prepared as mentioned
above. Testing conditons included fwo control factors; the
angle of inclination of the sizing belt (3 levels: 75, 80 and 857}
and the dizing belt velocity (3 levels: 10, 20 and 30 m min~ 7L
Uniferm feeding of java apple samples to the sizing belt was
regulated at 25 m min” . Five replications were carried gut far
a-combination of the comtrol factors, Performance of the sizing
ereachine was evaluted with Bq2 {2-4). Analysis of vardance
[AMOVAL and Duncan M'u]ti'p]r Ranmpe Tost (DMRT) were
applied to determine the influence of the contral (actars,

(o)

g4 &
T )
i

Ny = Nyi+ B

PP L3

EKP

Fig. 5 — Shape of the head of a java apple fraie

128



orol 140—148 145

machin

[ ¥ ng o {

Inclination Sizinphelt Tr" % Eu %) Inclination Sizingbelt Ta” (%) Ey" [%]

angle [ welocity (m min™") angle [1  welacity [m min~")

75 W 26,35 + 400" 7613 + BOTH 75 10 17.70 + 5339 D197 + 54T
20 26,48 + .55 BO3T + 10.49°0 2 1213+ 3.3¢ 9177 + 263"
3 2744 + 1AE™  B19T + P24 £ 1689 + 180 BRI + 196

an H 25,71 + 2019 B0 + 10954 a0 10 2074 + 947 FE42 4 7 0E
20 3314 + 628 734 + 733 2 M35 + SRS RRES + 1107
30 3337 £ 145" M0 + 4800 30 1915 + 36149 9133 + 5338

a5 W 30,19 + 456 70,19 + 445" a5 10 535+ 5000 TEIA + B0
20 23,30 + 4.15% 7974 + 531 bl 464+ 514 BETE + 6.E3
30 2525 + 391 7534 + 607 0 1559 + DATH 0249 + 570

“Mears with the samrs latier in the aame celumn desipnaie ngg-
nificant differano ag p < 005,

“Means with the gamrs leiee in the same column desgnate ingg-
niflcant diffaremo ag p = 005,

and where E,, b= steing efficiency, 3 bs throwghgut capactty, Gy b=
mean contamimation ratio or etror, & is outflow rate of grade i,
K8 the fraction of cost a2 related to grade i, N, 18 the nuember of
grade i fruit of the tofal assortment at the beginning of sizing.
My number of grade ; frubt in the grade | secedver, Ny 12 the
nurmberof grade i fruit in grade | receiver, N; i= the total fruitin
grade i receiver, F, Fraction of grade i fruit of the total mbrture at
the beginning of sizing, Py i the fraction of correct fruit in
grade i receiver, ¢ is feeding time, W, is a weighting function,
wyisthe total wezght of fruitin gradei receiver and un is the total
fruit weight fed into sizing system,

222, Determination of the aptimum feeding belt velocity

The sample preparatbon as descrtbed above was repeated for
these tests. The determined condition of welocity and incli
nation angle of the sizing belt for o spectic varbety was nat
altered throuphout the determination. The contrel factars
were the [eeding belt welocites (3 levels: 15, 30 and
25 m min ). Five replications were carried out. The sizing
machine performance was analysed using AMOVA, and DMET.

223, Determination af the cptimum fruit arientation and the
assaciated mechonical demege
The shape of the java apple fruit (Fig. 5 determined the
maxirum and the minimum dimensions of the fruit head.
Bath paramaeters were significantly different (Bupata ot al,,
2007, The frubt shape influenced the test conditten of frult
arientation in regard to the sample placement on the feeding
belt (2 pessibilites: random placement and  horizental
maximum diameter placement). Each fruit sample was placed
with its stem orientated towards the sizing unit. The deter-
mined conditions of wvelocity and imclinaton angle of the
sizimg belt, and feeding belt velocity for a specific variety were
not altered throughaut the sxperiment. Sample preparation
was as reported earlier. The testing procedurs and statistical
analysis of results were as used in the earlier tests,
Fellowing the tests 30 java apple samples of all sizes were
randarnly collected and stored at 15 °C fer 6§ h (Jadmopas,
Tramsaenpiong, & Inprasit, 2K, Janmapas, Toomsaengtong,
Stgh, et al, 3007). The damage characteri=tics of java apples
that were sized by the machine, both with and without conical
cloth tube, and a control set of fruits {which wes not processed

by the machine) were comparatively analysed using Egs. 5, B
and 7.

Drarmaged area of a (st
Dammage areal’s] = S T < 00 =
Total of Damage area

Average froit damape!%) = Faraljava apple ot

<100 i)

Bumper of damage dituit

Dk Lg% - . -
FRAESE pErEETEEEL Taotal java apple frut

=100 7]

The damage of java apple was assessed into 3 levels: Jevel 1;
ne apparent damages, level 2, damage area <0.5%, and level 3;
darmage area <{.5%.

224, Conlinuocus operation test

The appropriate conditions of welecity and inclination angle of
the zizing balt, the feeding balt veloctty, the fruit orlentation on
the feeding belt previoushy abtained were fixed for this test,
Fiee hundred, newly-harsested, undform and damags freejava
apple fruits of each wariety were randomby hanrested from an
expart orchard in Makempathor, Thatland, Measurerments of
the physical characteristics of 2ach fruit samgple were carried

mach

Truckination

Shzing belt T (5] Eo" %)
angle ) welocity {m min™)
75 19 2407 £ 2000 454 +amP
2 200+ 5050 55 L 4WP
E5) 2385 4 340 o an + 380
a1 19 2280+ 38500 Ema1 2 RTE
2 1851 + 330 B223 4 Teda®
| 1951 + T 9354+ 5157
[} 19 ZHED £ 4550 BI04 £ RS
kil HELET T R UEE
) 2045+ 558 BE1G £ 459"

“Means with the same letier in the same column designate insig-
mificant difference ak p < 005,
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Farding balt
welacity [m min~7)
Teonklao 15 580+ 205 680+ 1.22%
0 1135+ 2.16°  92.26 + 1.99°
I5 1642 £ L6E #9601 5.36°
Tubtimjan 15 1243 + 330" 9277 + 1.63°
Fol 24.24 + 240F  S66R + 5.80%
%5 2346 + 415 8577 4 4.04F
Tengemar 15 1801 + 326" 8822 + 764"
il 2058 + 0.26° &003 + 1208
5 2030 + 344 E3.13 + 6.06°

"MEisans Willy the §aEne MIter in v e columy Seaignats inaig-
nificant differsnce at p = 005

out as reported eartier. All the fruit samples of each variety
were continucwily sarted by the prototype machine and the
performance of the machine evaluated

3. Results and discussion

31, Orptimum welecity and indination angle of the sizing
belt

For specific varieses, the velocity and the nclination angle of
the sizing belt significantly affected the mean contaminaton
ratio |y ) and skzing efficiency at p - 0.05; based an the priority
of contamination ratia. The aptimum velocity and the incli
nation angle were 3 m min ' and 85 for Taonklao vartety,
resulting in the lowest Oy of 22.9% and an E,, of 74.7% (Tahle 7).
For the Tubtimjen werlety, the apgrogsiate wvelocity and
the inclination angle were 3 m min " and #5°, resultingin the
lowest Ty of 12.1% and E. of 92.8% (Table 3. Although the
velocity of the fesdng belt was kept constant at 15 m min ",
the aptimurm welecity and the inclination angle of the sizing
belt far the Tongsarmsr? wers betwesn 20 and 30 m min " and
#r, resulting in the lowest Ty of approximately 159% and E,,
of 88.2% (Table 4}

32 Optimum fnﬂdmg belt 1.|l|'|:||:i|!:pI

Operation of the java apple sizing machine under i) the
contralled condition of aptimum velecity and inclination angle
of the sizinig belt for each variety and 1] the varation of feeding
beltwelocity due touniform feed the frait on U-shape rubber by

the operator, revealed that the feeding belt velocity signifi-
cantly affected Tp, B, and § at p < 005 for specific varisti=s, As
indicated by the highest E, and the lowest Ty the optimum
feeding belt velocity far the Toonklas, Tubtmjam and Tong-
samsri warieties was identical at 15 m min~*, The corme
sponding  performance parameters were Cp = 58% and
Eiy = 9E.8% far the Toonklao va.ﬁor!,r;i".‘g = 12.1%and E, =42 8%
far the Tubtimpam vartety, Cp = 18.9% and E, = B8.3% for the
Tongsamsr variety [Table 5. Tp tended to be significantly
higher for feeding belt velocities =15 m min~* for the Tubtim-
jan wariety, becausa at high velocity, some fruits left the beltin
an unsymmetrical manner when passing through the conical
cloth tube. As a result, the fruits were not vertizal when they
comtacted the sizing belt which caused sizing errors,

33 Optimuem frult erentation and damage analysls

With respect to the optimum velacity, inclination angle of the
sizing belt and the feeding belt welocity for a specific variety,
assessment of the sizing machine indicated that fruit orien-
taticn sipnificantly affected the performance of the machine
at p = 005, Table & exhibits the masdmum dameter placement
om the L-shape rubber produced smaller Ty, and smaller & for
all vartettes when compared to the Cp and Q for random
placement. The smaller  might be due to the care of the
agerater tn keeping the positen of the frult in the U-shape
rubber in confermity with to the B-orgentation, hewever this
practise cavsed some loss in time, This preblem could be
salved by more practise with fruit placerment.

Table T ghows the group of java apple fruit sized by the
diverging belt sizing machine both with and without the
comical cloth tube and the control group of Tubtimjan, Tong-
samsri and Toonklao varteties, All varieties of sized fruzts
sarted by the machine with installed conical cloth tube
axhtbited leas damage than frubt sorted by the machine
withaut the conical clath tube installed, In case of the Tong
camar] varsaty, there was damage at leve! 3 when sorted by the
machine withaut the conical cloth tube while no lewel 2
damage was observed for sorting by the machine with the
clath conical tube. The apparent damage on the fruits was
either within nermal parameters or absent. The moest
frequenty observed levels of damage were in the minimal
damage level {level 2: damage area < 0.5 percent).

54.  Contlnuous performance

The diverging belt si@ing machine was tested by contimeushy
sizing 500 java apple fruits from each of the Tubtimjan,

Gkgh

Ca'l%) E (5]

25352 + 110" 1901 + 205" S3.52 £ 3007
17987 + 4507 584 153" 53,62 + 183"
ARH0H + 2B5 647 + LY o129 + 1041"
21432 + BI™ 336 & 10 704 £ 00970
AT £ HI4E 1426 + BEGE AT & 5507
Maximurm diameter 16744 + 565" B.66 4 LA" 151 £ LMP

*Bizans with the same letter in the same column designate insignificant difference ot p < 005,
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Leve] of Control set

alneE] in

Sizing with clath

damage comical tube cloth conical tube
Damage Average fruit Damage Average froit Damage Average fruit
procentage (%) damage (i) percentage (%] damage (%] peroentage (%) damage (%)
Toonklan Ll 1° T444 S 65.56 S 2 S
Ll 2 556 012 + 049 a4 O £ D0 678 01l £ 007
Lewrel 3 - - - - - -
Tudtirnjan Level 1 W S 65.56 S .67 S
Ll 2 6111 01% 0,10 2y 014 £ 011 il 015 £ 0010
Level 3 ] a1 +£012 a8 054 £ 026 222 QU6 + 006
Tongaameni  Laval 1 =i S B55E S E4.80 S
Laval 2 1111 006 £ 004 1a44 LEEES H 00 08 + 008
Laval 3 - - - - 11 085 + 004

a The damage of fwa apple was divided into 3 levels — level 1: oo apparent damage, level 2: Dammge are less than 05 peroent and level %

[ranage ared in excess of 05 percent and aver.

Temgsamsri and Toonklas varisties. Ty and Q for the Tub-
timjan variety were 12,2% and 195.1 kg h~* while those for the
Temgsamsri variety were 16.5% and 181.7 kg'h and for Taon-
klao 108% and 149.7 kg h~* respectively. For a given variety, Cy
and O were relatively lower than those obtamned in the
previous determination in paragraph 2.3.3, This might ccour
because in Section 2.5.3, there were equal in nurmbers for each
size; whereas the sample preparation of the continuous
performance tegt was dependent on what the fruit growers
provided, The weight ratios of the java apple fruits of small:
medium: large size of the Tubtmjan variety were 02 1: 0.24,
these of the Tongsamss variety were 1:0.9% 0.57 and these of
the Toonklss varety were 048 1000 .33, respectively.
Manual sizing of the java apples of the Tongsamsri variety,
destined for export, on sverape achieved a performance of
1072 kg h~" with a contarmnination ratio (Tp) of 27.9% and
a mechanical damage (Eq. (7)) of 13.3% (Treearmnuk,
Jarimopas, & [antong, J00E). Percent of damaged ares was
found to be insignificantly different at p < 0.05 for the
mechanteally steed frubt when campared with the control for
ewery variety. This implies that the sizing machine did not
mreur additional noteesble damage to the abeed fraits. Alter-
natively, the java appls fruit mechanical sizer could be oper
ated @t zero noteable damapge. Fewer emors, bmproved
capacities and, in particular, zere neticeable damages in the
sorting of (rukt are cansidered to be a sipnificant advantage of
the diverging belt sizing machine.

4, Conclusions

The performance test of the java apple fruit sizing machine
mdicate that velocity and mclination angls of the sixing belt,
feeding belt welecty and the fruit orientation significanthy
affects the sizing performance at p < 0.05. The optimum
conditions for continuous mechanical sizing were dependant
on the varsety of the frubt. The aptimum sizing performance
was characterised by an omor ratio of 10.8-18.5% and
a throughput capacity of 149.7-195.1 kg h™'. Manual sizing of
java apple destined for expart feature average ratios of 27,9%
i eeror, 13.3% o damage and a capacity of 107.2 kg h™'. The

developed java apple sizing machine could be operated at
“zern moticeable damape”, and therefore no additional
mechanical damage to the sized fraits,
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Maturity Grading of Fresh Young Coconut Fruit Based on Light Property

Krawee TREEAMMUK ", Bundit JARIMOPAS”, Siwalak PATHAVEERAT®,
Manusak JANTHONG®, Soros JIWANUWONG

Abstract

This research was 1o determane the light property separating coconul maturity. Methodology incleded direct measurement
of (4 fresh young coconut fruit selected al random. Volume and specific gravity of the voung coconut sample was mesured by

wader daspl I method. M
fruit and b) maturity {i

. mature,

t af light property comprised wo contral fctors o) bention of measurement an the
bare}. Light measurements were made at tbese locations: on three nidges, three

fnces and seven positions equally spoced along the fruit surfice oo the ridge or the foce. Light property in term of obsorbanoe

was cbtained by Sp
Erust sumple was cat open bor measurement of flesh thickness.

hatometer LIS Cheean Oplic and

software Spectm suite Coean Optic. Fach

Iyzed by comp

Beslis showed the location of measurement amd the molnty significantly affected the absorbance of light

{3TD=wavelength2300nm) of young cocomut ait at p=035

The proper position of light tis ot the

paint closest ke the sbem oo tbe ndge. Mosurements at this

position clearty give maturity differentinbion. The associated obsorbance for the rmmature, motune and over-moture wos

0. B0EE0. 11, .8B710.08. 096630, 10 respectively.
[Beywords | Young coconul, light | v, ik Ensdl eri

Bl &

I Introduction
Yoump ococomut 15 highly nutrboss snd coe of the most
important export faits of Thailand. Cultivar generally grown
im Thailand for export is Nawe Ham The towl expart value of
young coconut o 2007 was USD 10 m. notw ding

machine o delected the naural frequency of pine apple ot
difference singes of maturity. The results of testing with the
machime are accurnoy similor 1o Signal Analyemg mschme
YOGEAWA AR 1200, The modes of speciroscopy between

haghly demand ol voung cocanut, the expored voung coosaut
trom Thailand was kvwer value them major producing country
mich ns Maloysia, Philippmes ond Sn Lankn. Matunty singe
pgrnding 15 serious problem of young cocomul producison in
Thailand. Because of Thai farmer could not classily the neal
maturity grude of harvested young coconut, so. the products
were sold in low price of unsoried grade.

The traditional momnty siges of voung coconut are
indicated by man, which chserve cluster emerge from canoe-
shoped sheaths omomg the beaves, fruit skin color, rachilla
color ond nature of coconut skin. These indications are
imnccurate method becouse they ore depended an the westber
md seasce  (Mopparat.  1993). Recently. Nomd chive

icn mosde and rellectance mode, Xiaping Fu er. al,
(2007} reparted the visible-near mfruned {VIS™IR) range of
400-1.028 nm wsed 10 detedt the browm beart in pears. The
dota were analvesd by discimmant amolyas techoigue, the
results shonm that accurscy of detecting brown beart 15 #1.2%
and fransmassion mode with stem-calys mas honzanially
placed of peors is better than verfial. The nults-linear
regression (MLR),  principal compoment regression (FCR)
and partial |east scquores  regression (PLER) wilth  first
denvative and second derivative of bogl 'R} that commected
fram diffuse reflectance Vis-MIR in 350 1800 nm were used
1o predict the intemol guality of pears {Yonde Lo el ol
2007} The prediction results of Soluble S8alid Content (350

technigues are widely used m fmits guolification, Anwpan
{1997} applied the free-vibration from knocking with wood
stick. to find the notuml frequency index of Durian (calculate
from motaral fregaency, F and moss of Durion, m). The resalis
Found that I']F?ln{m) is nppropminte form of mdex and the
index number was reduced with respective durian ripeness.
Bumdit et ol (200d) developed the ncouste respomse bester

and b ware quite scournte and the roat mean standard
ermor of prediction (RMSEF) of 88C and firmness are 0.662
“Hrix ond 1232 M respeciively. Yongni Shao e ol (2007)
reported the applicaton of reflectance Vis™IRS in range of
350-2500 nm io detedt the quality of fomobe such os fruit
firmaness (indicated by compression force and puncture Fome).
soluble solids content and scidity. PCR and PLS are used for
dnta analysis. The analyzed models hod significant results: for

* Correspoading anther, Tel: 0-3433-189% Exi 35206. Faxc 0-3425- | 099, E-mail address: kraweckranesavahos coim

1.2.3 Department of Agricaliural Engineenng, Foculty of Eng

Thailand,
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Kaseisart University, Mokhea Fathom,

4 Departiveent of Mechanical Enginessing, Facalty of Engineering. Rajamankala University of Techmology, Pathwmthani,

Thailand.
3 Dep of Food Engi
Thailand.

ing, Faculty of Enginesring at Kamphasngsnen, Kasetsart Liniversity, Nakhon Patham,
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determaining S50 with prear accuracy. and VisMIRS m full Tielboan™ supare rod was used as the oplical reference standard
spischrald rangze CROO-Z330 i) cowld be used o asess cerlan T thee svatem, stnes Tefbon™ had o very high rellectance.
tomati quality.

This ressarch i 1o determang U hght property for
siparalmg Cosonial malerny.

11 Materials and Method
1. Mdubarity measnemen
Thi samples ol Yousg cocoaut Voo wene barvested
roan the same Garm a1 Sanitsmghom Providoee, Thailmd, &
0 frugts of vars masine stagis wors wsed, The vedame of
fruit was mussunsd by the displacesnin | method and then e
il wamght { 500 was cadcutatiad

Fig3 Schemutae ol specin expenimeni

Bignul was caleulated by compamng the spoctr rofleed
[rom the smple with the standard reference 10 By and then
oquation (1) (Kapmg, 2007) was used o tensdorm e W
Absorbunse specira (Agk

{a) ik
Fig. I {a} Sprout wye (1) Measurenat of hehibickness &"-UJG”[R._] (n

Stagpes of sty wis vesified by i s overturm aiell 10 The ot mestn squares wrmoe of calibraton (EMSEC) m

il spront eye on coconil e The overage Desh thickness qiition £3) PRislag 2007y waa uied 1 Judpe the

M i mm!u.md 4 eire callper el 3 n?:npl:ing a i pecuracy of the prodicion msdels, BRMSEC ane defined s
approsdmite radains ol | em orend the sprout ey Fig 1) fallow: -

2 Laght propesty ol Young coconil

Thir exprermment inclmbad o spesten wsting of 3 ridpes (17, 27,
A yand 301, 2, 3) Doces of vaang eocomul fnat {Figune 2 The
distinece beboecn the sten-calvy o botom ol Gl with Where, ¥, ~predicted volae of the i-th ohservtion; v, =
approsimate 2 ve onl from stem and botton, wene split measured voloe of the i-th observabion; n, = number of
cgmally s 7 positons on curvamre (Figune 2. Therefore, the whservations m alibrabion st
tentatd ool mreesasarring, poant on one Bt 1s 42 posalins.

I Resulis and discussion

| Wbaturiny of Young coecmid

The frie asd completed curves of shrorbanes specim were
albtained Fom the averaged of 3 ridges (Figare 5) Specina
frowen faees cowld not be used wo analyice, becmes of roaghed
Do spots freguenthy ocenrming on feex areh (Figare 4} aml
wive the ermor and shnormal of spestrs curve,

Fiy 2 Posatsn and Dimmin ston of young cocomi

From Figure 3. the spoctr lestimg comsidt of s 150 Watls of
hatogen lamp § 1} Olympes 605020, the Tight was gusibed 1o
the sampbe by the soarce fibvees (23, md thes reaaved from
the ﬁmphs |:|_l.I leme (2} and the detector fibers (4) QP TON-2-
LIVES Thee smggle betwoon tha imcidint izl and the dibectorn
fiber was M and the distance from sample (o both of fitvers
(20 amd () wens limiad g 3 om. The eflectance light fon _
etector fiber was TransBormuad, T digital sigmal, by LISB2000 Hig 4 Rocghizo s o young dicond
OCEAM. OFTIC (3% and then the datn wens. revandisd b} From Figure 3, the highest peak of specim oppeared ot 2
Computer ssltware (Spectea suite BCEAN OPTICYLA whig  Peinis an the curve al amge of 370-308 nm and S00-T) nm
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They ane delined  with  Amaimoae and  Amityg-m
respechively. The young cowmnals wene clossified mie 1
groups of mamnty stages by Oosh thacksess (Voo 2007)
as 15 = Immatune Stage (T < 175 mm), M5=Manire Stage
(ET0mm £ T = 3R0 m), O5=Ower matune Stape(T = 381

i .

Fip & Specera ol voung coconnt an position { 1) and
1 = Amiamg.ase, B = At pn e Where
15 = Linmestuge Sage, M3 = Mature Stoge snd
5 = Over moture $nge

Charecteristios of experiment sample are shonn in mble |,

Tulde | Physicol chameterisiic of Vung coconat samples

St £l T b (i TR
15 L I BEARAS 15 =h0% WSTE 8
nig 4 pE-TE 1493400 R L R
X1 in 3 82H00 1 41040 WEEHLE

Bemarks The number hehind & is Stndard deviation.

The value of Amaxy.y s Table 20 were analvoed with
Drancanm paltiple mnge sest (CBART ot significont difference.
L0 Positions (2} o (7 were highly overlipped on
maturity siage and Amaxog sge in cach singe of all pesition
were overlapped oo, The moturity stages could nod be
classified by Amax;.qam weasuring on only eme pesition
Hevwever, the maturity stage classilyving by light absorbanos
techmigee in production process probably 1o choose ke
pasition {13 since, this pesition give o lowes! overlapped of
stuge snd alse have the maximuan of di ference vilue hetween
esch singes of maturity with the minimum Standard deviation
tows, And statissical analysis, by DMRT off Aminsamy g o enly
position {1 gave the tnuh of 3 growps of molarity soges; 15,
M5 and 05 o p=i03

The [Nseriminant Amolvsis (DA} closifiention  wos
caleulated by using oll of these pammeters: Ymax (the highes
peak of normaliced reflectimes curve, befire mansfonm o
ahsohmee spectrml, AN im e, M0 i 500 The
dependent vanobles snd coefficient of classification funection
shew i table 3and T1.2% of erossvalidated grouped coses
correctly classified (eshie 47

Tabbe 2 Absorhance spactral Gom 3 Adges of yousg cocmiL,
kil e dnd teastinenm i psiions.

Pasition __ Wlsturity Siase At wsag T rerser

15 N.ANT2E0 1] BRI R
I Wi OEETTLL DY T i

[53 D10 ™

5 AL B, 0 A5 FIRILES
2 ME 0.B6S 520,05 T DA4TH

o8 0.1 332006 HH

5 T2 fR k]
1 MS (829 o A= 0545

[5.:] 0.BRISH.05 T

15 0.78320,13 40 11397
4 ME 1,072040 05 P 0346

O [

& 0 EFRRE, 17 4TS 11343
1 1 [ e EE T TR RN E

e 08836 T

5 QTR R AL
f % O BS st 22 TP 0505

08 O RDAZE (1 U

& 0884212 T AAEIVTG
7 MS RIS IRRIT]

a8 1,038 0+0.06 "

Demarks | The number behind £ ie Sandard devintion,
2. Means with the same letber in the same colusm
implies inaignifeant diference atp - 003

Table 3 Clussification Function Coeflicients

GROLIP
1% M 08
Wi y2.753 5.6 118,122
AMEXy T ETNE ] 36,760 AT 067
A e 53215 39232 41315
B 176377 176813 146,397

Cemutant

-142.437 -131.193 =147 382

Bamarks Fishir's Imear discrimmunt fiamations

The sbxodute of correlations in table 5. 5.0, and Ymnox veone
desenbed by functiom | ound Amasypope Ammgg g W
deserilsed by funetion 2 (eorrelation  coefficient = 003
respectively), Giruphical plat show the comtreids of stuge
clussiticatioas. by [ melhod were shown m Figune §. number
1.2 and 3 relernad 0 15, M5 and 08 nespectively
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Tabde 4 Classification results
Predicred Gromp (%) Total
G e Ms o8 (%)
15 TS 158 33 10
Oigingd MR 23 T0A 08 1M0
[ 124 LK} g4 TIHLO
15 B84 265 A3 1A
Cross-valideicd M3 16T 615 208 10
L] 125 aan B1S 10410
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Figg6 Classification of young coconiul matunty stage with DA
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IV Conclusions
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melmreirradnnednerewssugiilagnAnnnnfuiniacdinma
Mechanical Damage Analysis of Mechanically Sized Java Apple Fruil

nir wdussn’ dudn a3l wae dnen Sumdnes’
Hrawan Tre &' Bundlt Jadmapas' and Sukda Junshong”

Absiract

This research was 1o analyze the mechanical damage of java apple fruit mechanicaly sized by the
diverging belt sizing machine {DBS). Mathodology comprised determination of the fruit damape due to the
divergng belt and measuremant of damage reducton when wsing cushioning material. Thres varieties was
observed, i8. Toonklao, Tublimjan and Tongsamsn. Damages analyss by means of Duncan Multipls Range Test
concaming three damage parameters, e, lotal damage percentage, percent damage of brusingsbrasion,
percent damage of crack/cut was performed. Resulls showed that prevention of direct contact betwsen a froit
could well protect the fruit from crack and cut. Applicaton of 4 mm cushion could prodect all lnds of damage to
the java apple. Mo significant difference in damage was found betwesn the mechanically sized fruit and the
controd fruit durng storage. The damage of the mechanicaly sized frud was signaficantly different o that manually
sized frut.
Heywords: Damange, Rose apple, Sizer

uARLE

a’u'Lﬁ'i'r.lﬁq:fﬁﬁu-m:ﬁ!-TuuLHﬂ1-1'1uliqnE|wmmuﬁqnﬁnmlﬁmlﬁunﬂﬁnmuwu Céverging
Balls, DBS FEnusurznaudnnnma@memndamei@mnoengowwdinmen - mzassrsdmnodoeiiu
nzzumnuszmIAne A Enadeinmeseuuusedes noldumuigand Fuudumfusomeniiu
i ldusudnedoni neidufesinfesen  wlefduhiuandnnmesneidudaruione
AmreieaAnIEnIOMRT Arsfududndty 008 wrihnrllesfundudalrunsvesnan iy Des
anurrnamaradmnald Taund Stretch fm fusetisjtussrarumfeurnlER neTegiunszunmnn 2
mm Sawaaraunaeniiin s it 4 mm ssnsollssiummraduruymlza WiLmpnes ca
nAMmAEd AL R THRnn AU LT T IUANE NI RATUAY  LATAATIRLRNFTEIATIE UMY
srwhsmiadaniATesin DBS Mmmiandumusttiam

Amin

auvdhueliFimaFnafameuasilzoms  srelhpeliRffusn s g Snfumes
THNTTHLLAELHENIEL ﬁmammrﬂ;ﬂuﬂfﬂmﬁw {UndfnunzeTing, 2549) -i'mﬂuuﬂmﬁmdﬂﬁmﬂamm;ﬁﬁ
wiipwids Tl R, 2548 SR nnTrdeennte 93.70 Fu (gARn1405.38 daum) (EnineuaTsgTiTneERs,
2549) nnlgn 1uuﬂa’lﬁ”mm:.muuawmmmmrm*umuﬂﬁﬂummuymufmh Truiudtina Flnn Wi
ﬁuﬁumnﬁ uisiumfunenessnud rrﬂ'l.{mmﬁnm'l.um'mwnmam:rLﬁmnﬂnm*mmrmmnamL'Elu
AUMEWANTITS  eneEn Fonmanm [Mohsenin, 1996) wumsldiAfedennn At urinsiues
nzzvIunrausLsia, 2540) ﬂli‘ll.l.ﬁﬂl.ﬂﬁﬂ'ﬂl.nlll'l“ll'l"lﬁdm 939 WASINNIITURILAS 91-05% WRAsNNITLTS
Qi (Temm et al,1988) halzmeSuroe@mnesnnisndsdnuaenalisagannnit 30 % (Zhang, 2000
Frfuubrzmd Bunddt jarimopas et al. {2008) 'I.iﬂnmwnﬁﬁmﬂ'ﬂﬂﬂammnmmﬂuﬂﬂmmumﬂmiﬂmuﬂq
T4 56.7% unzmzRnmaaTaadoiatani R anuufnweio 48% (arimopes et al, 2007) wsedmaTnnd
Ay (souwan s, Brgsuasmadminfeeailely fa B6% (Pushparksha et al., 2006) atalsf

mmlmrnmm'ﬂnf'ﬂmﬁw—. et ..'....Tf...umu'ﬁ.lrrunrﬂrur&wuulmmmumnl,unm

' Cepzrment of sgrio.iural Enginesring, Facuky of Enginesnng Kamphaengsasn fPosthareest Technclogy nncwation Cener. Kasetsad Universty,
Hamphas ngpasan, Meihon Pathom, 73140
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aunrfrmnanng s duuraumaidudn Ay wmnuﬁl.ﬂuﬂait'ﬁ'mﬁwﬂq lasienanudonnn uszi
WirelanewizarufunmFanarswinan nliif (Jaimopas et al, 2007) Tunreudmuyaudfiaaudomno
\Durennaenuazinta 72.2% use 123.3% mudady (Toonsaengtiong et al., 2006) f!ﬁ"uﬂuﬁaﬂ‘ﬁiﬁnmuﬁﬂmr
Amyunmfnnansziinse T nafunsUiifn  dwdunsinnusmifneteiauy  derging  bal
system, DES aflan (2550) wudwfinamudmuiumsy Eﬁmﬁmmmmm:mnﬁamﬂnﬁan nﬁmﬂnﬂﬂmﬁ'mn
nesunnALE AR IR us s R eReRnd vz Sa e (TnfRussaing, 2549
imAstibjiAnadnnndanasnneirmnannaneteidnuL DBS iedainsRezanaudn
wiednaaditenigedelifiaaudume ofneiimepiudgand ffumfusneend

gunsrduacisnng
winsduuy DBS damuusnzsudenisdneenny demnuensjdunsnrosioesund Hduiu
Auiinanagage. 0, Theiulhunmianam (flmasnn o, ﬁmmﬁﬁﬂﬁﬁqrﬁnﬁummmmuﬁ {Chanida at al.,
2007) demmgrwbisdndilidousmmuinnaud sensagmisenifimanumnemfineuniines
smwmnirendn 0, Tussuudmminsseuflawunueui Eeunnigeumuin DS Swegin arudn
weTRmRmAfRd g (i, 2550) snaled dudrerinidensen (1) wefdudreuwnvieran
wa (2) uazwlefiusaranFuunn (3) s funrnednEndel

. fhuitrendnilerenosanye s
wefdudreuinifensen = ——s— 140 i1l
TR T IRe e
. TUBART IS AN W TR TRt e
alodiusironunn ¥ sapun = — =1 12}
LR, ST
Snenmsfidnaradioaionm
wadehusienmfenn = - - * 100 (3
ATUTUHBTHAIA

1. nufAnImaARe a2 InA e TudRER

MHaugpiudgaindrfugalawmdniSiuadlunliam: 10 o weasLfmaudsiwnda 7 14u8:21
mymin grwuliawdu 7 14 21 waz29 mimin waseudamos uufunads Sretch fim uasuieliduaeees 5 g0
2. nysmmariomedaefradunssunn

Wanrpiugnainduthegaiiowe 5 neaiMuas L nnass 32 ue Wermdisemdlauuasdngagadh
20 mimin Wt 21 mimin STUEIEL NARELITLEEWIUARTIRA TER TUNIZURIIA 2 U8z 4 mm Bthaas § T8
3. nufnwiermadnradainimeseuaunseiisg

31 Manypiufifdefmfunmene@nng § o we L noss: 30 we Harudaieeudlausedia
andwnthe 20 mimin (ot 11ﬁﬁauﬁumuwmﬁ'ﬁﬁnﬁﬁqﬁunmunmm1 4 mm fehias 5 AR

32 Wanjrufraraurannnd e 2 90 1az 46 kg murninuamedrmunadh S M e LEngs
dnawadianwitaiamud e nd ausefranadie 20 mimin (i

nsmerauta 2. uaz 3. guiuassugdng 60 sas TRt R Feuding
fumgaamauiGudubifmoudons i amgienthiren 5 fu

HALAETRE
aunidpg duruguinas mmqumimﬁ'nﬂauﬂqmulmnh:g nana dlin AnsnuiugLAdhe
5,80 mm 77.13 mm 121.45 g, 60.66 mm 7744 mm, 112.03 g, 55,69 mm 78.3% mm 93.83 g inaaud) auiniu
UAE &1.23 mm 7648 mm 111.04 g, 5790 mm 7248 mm 0573 g, 52.99 mm 71.96 mm 84.55g (fufudued) eu
A7 WAL G027 mm 7E.21 mm 105.02 g, S6.70 mm 76.06 mm 89.95 g, 54.36 mm 71.43 mm 75.79 g (Yaund 1)
LA n-1mnﬁumﬂﬂtﬁnmmﬂﬂmuﬁnlmmuﬁmﬂmuﬂhu Stretch flm @rasnasnnirraanaenldi
ndﬂmth]ﬁ'uﬁﬂ'uunmmthﬁmmnmwm 1) whanrlesiussegindaiuaemnuisnnelmnsdnm
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ﬂﬂﬁruﬁan’|:nnMq’lmﬁu1.|’|u-nﬂﬂﬂ'nn]|.|.'a.,m'aml'a'nun1mmmﬁﬁuMummnmﬁ‘ﬂqﬁuﬂmmnmﬂ 2 mm
(Table 1} wus b TiARmFumEnAe wenuasEn wifsmneendunassinty Smidtiin oy Tu
nrmenIgan LA o aveswslrenmss g asdmna i oemnnndmreedn
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Faming kol s wininy

Eigure 1 Java apale frult {Toonkiso custivar), LIFIm), SIFIm) are warps) by film and L, S are ususlly frult, Al Java
apalas as shown @ (a) (b and {of ane sized &t bed speeds of ¥, 14.and 31 mémin respectvely,

Table 1 Darnage percentage of Toonkizo culivar Jave zople frult,

Size Abrasion, % Crack or cut, % Damage, %
L 0ol {322 45) 0000 15.78
M 002 {387 42) 0.00(0) T.84
5 003 {588.54) Q.00 (0] 5.26

Bamares The pumbes in ) i Coefleant of Yarietion

1 e S— o
T T ] |

‘M. 1 Lo -

g | | s 1 1

i T |

=i T
2 . Come %, |
| . o Oawid |
2000 aiien, % i P . |.._ st il
[T o
o 1 T L] 4 . [ oA 1 1 4 5 [
Dae Oy

Bemarks The symbols Tand T am tand of Varslion of mechartically sized Java ok fruil and Cantrolled.
Faqure 2 Damaged of Java appse frult were mechancally sszed; (al Tubtimian cultivar (B Tangsamsn culivar
TurrmemauuLorndieaursyineat REsiuTg 46kg WU Ratio aue 50 M L i 1000 089 057

whsudeumsfrmnslissadeiereduafining DMRT uhwdnpau B edidanunns i
sefLindaAy 0.05 ot 5 Tu (Figure 3) A RiRssmmnniis 1St
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Bamarks Tha symaols | and Iara oand of Varakon of machanically seed kava apsle Inad snd men slzad,

Egure 3 Damaged of Java sappss fruit were mechamncally seaed, Tongsamsrn cuftivar.

Lﬂamﬂwﬁumumuﬁnﬂuﬁ’aﬁﬁmmmnum 4 mm weiEanEe bidrarudanegnursnm (e
oRen somnmidauAnuazTenT) -a1n&mﬂmﬁ1mmnmauuuudmﬂmua:duirmumu'@iiqnmgﬂﬁmmﬁ‘u 28 °C
arududiing 01% St 5 u iFigure 2} w1.|dﬂrmuﬁ'wwmmnjhlﬂmmnnﬂﬂﬁuﬁnﬁmlﬂﬁﬂﬁm 0.05
dleiiareiliaeiEnng DMRT

sl

nsllasfundudaiulaane e saaiuimonudianaatuasa o ATran i Sretcn fim
drnseretueieuwn i mildSagiunssmnmn 2 mm danssnnosanideii WiihaussnndWdaenn 4 mm
anvrsafleaTuaruf@anelfinlsam  seneseafiuinessaminniademuiewed) iuanssnnganga
ATIHAN LRTAATIH unnshqwqmﬂﬂﬁnhumimr\hﬂﬁﬂqﬂmﬁwhﬂu

ArmavA
- AnsfideEunm snAAdaue iR wi R da R arfussguiuian s aTulaBudams
Wit srinededad ] ﬁ"l.ﬁmmﬁumpnpﬁﬁ’u

anasEneEs

SHA YR, 2550, mrﬁnmmimﬁ‘nmmmg.’hu'rﬁmﬁﬁmmh TN I AT AT TR e e, eailgu,

T <ilara, e, 258 wWhosinaadmoneiamniudies veeyonT eednaureell ld 1 Saebnd i
Fa, N, o

Urufo <70 LaEaiTm ainna, 2549, auiRtanaraanet v, nvakegienimadan 7 el 259 s mfmnrmng
s lzrnAin Sl 23-24 wrram wA.2548, S fnree,

hil:twww.aea,ga i, 2549, AR e aaniinrees. i maamiso wneeg.

Bundil Janimopas. Sem Tormssengiong. Shar Paul Singh, Jay Singh. and Rargsines Somomsdl. 2007, Devalipmant ol Whalassle
PeakBging to Prevant Posl-Hanes Damana o Aisa Applas, Joumsl ol Appliad Packagng Resaarch, val2
Mol-Saplamoar 2007,

Bundil Jarimopas dolhalhal Rechenusroe Sher Feul Singh Rungeings and Soimomedl Fosthanasl demegs and pefonmence
comparnison of feset lamannd packeging. Jounal of Food Engineedng E(2008): 193-201,

Chanida Bupata, Bundil Jarimopas, snd Sakda Chanlong, 2007, Candilions IMuancng Dasgn of A v Anpika Frdl Sizing Maching,
TSAE Inamstionsl condaranca, Khonkaen, Thedland

Janmapes, B, 5. Toomssanglonn snd £ Inprasil, 2007, Dasign end lestng of & mangoesaen rull sizng mashing, Joume al Food
Engiraering 72007 LT45-T5T,

Miohsanin, KL, 1986, Physkeel Properies ol Plant and Animal Malanals. Gordon and Breach Publshars, Ausiraie, B91po.

Fushparksha, B, Singh, 5.F., Janmapas, B, Janhinan, A, 2006, Posihaneet osses and parormanca companson of whalesals
pEckBging of mangeesen Il undar semualad vibrakon, i Frocaecings of ke 1516 APRI Wiodd Cantaranca on
Peakaging, 3-5 Ociooer, Tokyn, po. 2B5-259,

Toonseenglhang, 5., Sngh. 5P, Janmapas, B, 2006, Posl-harses) less end daveloomant of wholasale packagng of fesh rase
apples. InPooasdngs ol tha 1510 PRI Word Cenfarance on Fackeging, 3-5 Ooloter, Takyn, po. 2B0-2684,

Zharg, M., 2000 Sialus and devaiopment of processng lechnoiogy of in snd vagalesle m Chine. Food Mach, T8, 4-56 (n
Chinasel,

140



Agricutural S, J, 41 : 1 (Suppl.) : 585-588 (2010) 2. 7M. Ny, 41 1 (LA | S85-588 (2563)

msnasauRTeRmawnmuUy Ay
Tesl of Zero Damage Java Fruil Sizer
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Absiract

The purpoze of this research was o test and eveluate the efficiency of sizing machine. The sizing
machne was 588 mm X 1430 mm X 520 mm steel and fesding machine was 390 mm X 1520 mm X 765 mm.
Diverging belt sizng maching wera powerad by beo 187 Watts 220 Yolts 50 Hz elechic motors, gear reducer and
pulley. In oparation, jeva fret were sat on the camier of feeding bell siation that fed to the sizing belt station
through cloth sack. The frud slowhy dropped down and Bghtly contacted the sizing beft. The honzontal travel and
divergence of the sizing beft, and fruit weight together caused the fruit to move down to the aperture whens the
fruit was measured and released bo recening fray. Performance test indicatad that velocity and inclination angle of
the sizing belt, feading balt welocity and fruid oriendation sgnificantly affect=d the sizing perfoemance at p < 005,
The optimum conddions for contineous mechanical szing depanded on vansty. The optimum sizing performance
was characterized by error of 10.8-16.5 % and the throughput capacity of 149.7-185.1 kp'hr. Manual sizing of the
exported java apole featured 27 8% emor, 13.3% damage and 1072 kg'hr capacity. The sizing machine of java
apple could be operated without the obserwad damage.
ey word: Java apole, sizing, divergng bait
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Table 1 Effects of walocity and inclination angle of the sizing belt on sizing machine

variaty Inclination angh: (degree)  Sizing belt velocity (mimin) Ok (%) E_ (%)
Toonklao 85 i} 23308219 TOT4£521
Tubtimjan 75 20 12450330 D2TT2ES
Tongsamsri 50 0 18912326 BE.Z2eT 64

Bgmark * Cp = Meen contaminalion raka or eron; E = Szing allicieny
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Table 2 Effect of fruit oreentation on sizing machine performance of jave appee fruit

Varlety Frusl orentation o (kg Ta (%) E, (%)
— & 2638241 1.32“ 1?.21:2.02“ 83524300
B 178874450 2844153 Q362183
Tubfimjen & 333.(:9&23.51: 5.4?12.432 91.23¢1n.41:
B 4224837 3164107 47 842087
Tongesmeri A 326.70+33.407 14 26:3.68° Aa6325.30"
B 187 244569 &.B641.80" M 5142 70"

Remark A = Random placement; B = Maximem dameater placement
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Figure 3 Damags companson of @va fruit with regard to storags ims
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Reducing Damage of Rose Apple in Sizing Machine
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ABSTRACT

This research objective was to 1) reduce the mechanical damage of rose apple that was sized by
diverging belt-type machine 2) determine the optimum operating condition of the sizing machine. Cushioning
materials mounted on the belt were used to modify the sizing belt. Methodology comprised pre-determination of
cushion was carried out with Toonklao variety to observe fruit damage. Mechanical damage was evaluated by
abrasion percentage, crack or cut percentage and damage percentage. After pre-determination, Toonklao and
Thongsamsri varieties were used to test the performance of sizing in continuous operation. Sizing capacity and
percent of error were evaluated the performance of machine. Results showed that the 2 mm of cushion could well
protect the fruit from crack and cut. Application of 4 mm cushion could protect all kinds of damage. Performance
test indicated that the optimum conditions for continuous mechanical sizing depended on variety. The optimum
sizing performance was characterized by error of 10.8-16.5 % and the throughput capacity of 149.7-195.1 kg/hr
Manual sizing of the exported rose apple featured 27.9% error, 13.3% damage and 107.2 kg/hr capacity. The
sizing machine of rose apple could be operated withaut the observed damage

Keywords: Mechanical damage, Sizing machine, Rose apple
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1=07851

2 = lAseLAaes

3 =198

4 = AIENIUARULN A

5 = faragau

6 = LWANFIIZeY

7 = uaLAnsuasiaane
8 = u-shape rubber
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Belt running direction
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MW 2 (a) D, waznalnanisdeaunn (b) NsgNARILIATAL AR WAR LT

Tasyrugygandiugefauiadn ) nans (V) uay
Tuey (L) auaaz 38 fa TdpnraTaataniuflounas
AnenuAnIuIagegeLdu 25 m/min waz 21 m/min
A3AN ALY wmmuﬁumﬂwwuﬁmﬁﬁmi@@ﬁummwm
WU 2 UAT 4 mm 889az 5 90

nevagaunuusiatilas
Wauiusyanduasnesanaddfmiden
vz Euianduge Usenaugaenasuia L M
WAT S IUIAAT 30 KA
1.1 By e aaew LA RN A (Q)Timunzan
ﬂi“w;“ﬂw oL (3 AN 75°, 80° 85%) uazAnny
FagnenIuAs (3 A1, 10, 20, 30 m/min) Fanzas
Taeflauasm aanansisaananiudaunsdl 15mimin
i guyufyandiuaznesasnd Jsaiuanssouy
gaaAleinauAA AT AT By, Q waz C2 puaNnIs
284 Peleg (1985) Fndnduan 5 mamAad
1 2 Pt daufimanzan
ﬂi“w;“ﬂw OL WAZANIIEIENE W LR LN AT
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naaeudaugNfinanmEaa e nnuilousau (4 fn;
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nageuni1gnetlounaliifnu Dm (mwﬁ 3
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1.4 nrafmTIALLSaL e
NARAUARTUINHTUTNEIA1HE 500 M
demifiuanssrnusnisAnaun eI uilauiunisfn
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§40% 60 pa tanAnsnun gl 15°C 1Ty
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Sizing belt — x *
R Ey
variety velocity
(degree) (%) (%)
(m/min)
Toonklao 85 20 23.30 79.74
(4.19) (5.21)
Tongsamsri 80 20 18.91 88.22
(3.26) (7.64)

Size Diameter, mm Height, mm  “Weight, g

60.07 (1.81) 7344 (4.82)  96.86(6.31)
M 57.78 (1.02) 7230 (5.47)  88.38(6.77)
54.85 (2.63) 7064 (618)  80.70(7.72)

yanes Faar b aduie Cosflicient of Variation
*Cr = Mean contamination ratio or error;

E,, = Sizing efficiency

AFuniananatay ey B wuuld D
el d T AU g e UART A (A3197 4) Az
. 6 oA e A = o
daean Cr I AsuwinsadlenBeuie uiun 199 9UY
3l (&) wAATINEMIIN13 AR (Q) ARATAL

a " ”
N199N 4 NZ‘WJ@ﬁg‘ﬂkLUUﬂW?QN%W@W@ﬂT?@@%uT@

yenus Aakanlunadude Coefficient of Variation

Iy

A Ao |
AIFNN 2 V”WQWZ\JL%H%WHWQQWJEDNWWU@ ANAN

Y

Size  Abrasion,%  Crackorcut,% Damage,%

L 0.04 (322.45) 0.00 (0) 16.79
M 0.02 (387.42) 0.00 (0) 7.89
S 0.03 (599.54) 0.00 (0) 526

ynenup Ak linadure Coefficient of Variation

WevmAaUAUANENIWARTYTAA TN TZWAN
WU 4 mm AAERTRYYNEA BifinAa A aunegn
U9zAn1 (3980ABN 9 VIAVIIRANUATIDETN)

mennaauLuusaLies

Ay B EILazA1A 50 IA EH UAR AT
WA AN T TU Y AN A WAZNA IR HA A17run
anstl el iz Amde (Ce) ﬁﬁw%@ wamalsaa
139 3

AnudafianzaneesaanLiou neuds
W'm‘ﬂivﬁj%ﬂkﬂ%ﬂﬂﬁﬁ%uwiﬁiﬁwkm;ﬁ@'WML%QZW?J‘W'W
Anunnflasnzan nudipamdaateniutiause s
afnnudidu 18mmin PhaasiiAndefius Cr fn
Hgauasalafiful £, FRdminRudyaind waznes
a1uf Ao 11.35$2.16,92.26+1,99 17120,58+10.26,
80.93£12.08 ANNAAY

Q _
Variety orientation” Cr (%) E, (%)
(kg/hr)
263.92 17.21 93.52
11309 (2.09) (3.00%
Toonklao
179.87 9.84 93.62
B
(4.90% (1.93% (1.83%
326.70 14.26 88.63
A ] . a,
32.49%) (369 (5.30%
Tongsamsri
187.44 8.66 91.51
B

(569 (1.809 2.70%

sianenag Aalaalunduie Coefficient of Variation

" A= Random placement; B = Maximum

diameter placement

dussnuznisfasetiles Cr wazémiinng
71901 (Q) leAnTuiug Yanduaznesaudiian
175 10.8%, 149.7 kg/hr was 16.5%, 181.7 kg/hr B3
oA G N ol
A 9An Cr aggauniwdniiasluanzd Q azan
Aasndnlunnsmagded orientation 1ilgsannfnet199
npgeunisiraunnuieilesilgnsdauaunala
wirrfulne nasans@ilandi 10 0.99: 057 uazyanAn
W1 0.48: 1.00: 0.33 (fin: nang: Tue)) Feengannnng
= o o0 = = o
naga U UL 1ddRadeuauinnsi Tnefinsdn
gurpdaaauld Q 19U 1072 kghr, Cridu 27 9%
uaziAaA i vnedinate 13.3% (Treeamnuk et
al. 2008)
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1 74.44 - 65.66
o
©
% 2 2556 0120097 3444  0.09(0.04)
o
=

3 -
= 1 36.67 - 65.66
[92]
=
A 6111 04300107 3222 0.14(0.11)
c
= 3 2.22 0.71(0.12) 2.22 0.94(0.26)
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Reuleaux Diameter in the Prediction of Volume and Specific Gravity of Young Coconut with MLR
Technique

a a1 o a ar & s & o & & ar &
N pevesn’, Aadnuet Uiied, auiud wanssdiana’ wag ayAnA unas’

Krawee Treeamnuk1, Siwalak Pathaveerat', Anupun Terdwcmgworakul1 and Manusak Janthong2

Abstract

This research aims to study mathematical equations to predict in volume and specific gravity of young
coconut fruit in each maturity states. The equations were created from Reuleaux diameter with Multiple Linear
Regression, MLR. The two types of equation were created, the first was created from only Reuleaux diameter and
the other was created from Reuleaux diameter and height of young coconut fruit. The results shown that the later
equation has ability to predict the fruit volume in each and whole maturity state very well (R2:O 91). The predicted
value of volume was used to calculate specific gravity of young coconut fruit and found that the calculated
specific gravity was good agree with experimental value (RZZO 82, RMSEC=0.0383). This non-destructive
technique can be applied to evaluated maturity states of young cocaenut fruit and reduce process of operation
form traditional water displacement method

Key words: Reuleaux diameter, predicting equation, specific gravity
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deanlundabd nnalddaiinanuudysnl (maturity index) Wwnin1rduens nnsdwnad 70919 1u1A kazAITM
H94 NN (SG) AHNIRELUAT B HARRAINERTLAR (933UV, 2544) AvuEIsEINzLAT AT LAY LA aLdusn

wilannudnEniznntoa1nitd frdarnaeuils bosnanso 4 fusaudsluntsdiuundas sz niiade uli

(Treeamnnuk, 20091 ANIWNUTHBITLAL SG TnelnAasldian sumiidasti (UM, 2545) mmwwmﬂmwﬁzﬁwﬁm
Bndazniafie udugudnananadogn i dusinudls luntes i suaznmunnnands (nagd wazaniz, 2562)
PNERITRIEAN I T A B AR AU RS UTE (Reuleaux triangle) wAxAUH 1UAUHINA9 Reulsaux
Lﬂuﬁmﬂwﬁﬁmlﬁﬂumaﬁmqmﬁmﬁ"ﬂgﬂmmmﬂﬁmLmummwﬁmﬁmiﬁﬂﬁm@im (Smith S, 1993)
muﬁﬂﬁawﬁ%;ﬁmwaﬁmmmm SG 1esHanznEseu e ldidunuguanans Reulsaux lumaulslu

799NN

ginsaluazitinng

1. NMFTANAUDINANTHIN9EA U

@“mﬁumwmmu AN TINTRS ACUSAAANITHANGRS 3 ANHAIANERS (HIa T Wik
@@u‘wuﬁmmmmmu@ fuLia a AYNIAIATIH fm \mmature stage (13), mature stage (MS) L2 over mature
stage (0S) T88% 20 A “ﬂiwgmmﬂmammmmwwumu@ T fiszeiz 1 om 10UA7 um(ﬁgure 1@daeaesiileaay
vad (Figure 1(b)) (Treeamnuk, 2009) Tae © 1S: T < 1.75 mm, MS; 1 76mm <T<380mmiaz OS: T > 3.81mm
(Meeklangsen, 2007) ﬁ”@mw@;ﬂ Lﬁumuﬂummﬂ Reuleaux (Dr) m 31U e Dr,, Dr,, Dry LW@W@%@M%MM
AZED (Figure 2)

Sprout eye

@) ®)
Figure 1 (a) Sprout eye (b) Measurement of fresh thickness

Figure 2 (a) Reuleaux distance (AB) (b) Measurement positions and length on young coconut fruit

2 N13IAUSNIMNTRATAINT LWL (SG)
- Y .
FeABNITUNUT U A3 AUFRITUS eq(1)

SG = Weight in air / Weight in water (@]
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17A7 Dr waz H a5 easnismennsnidieemaia multiple linear regression (MLR) sfie¥nuig1/3unnsuas

A1 SG saly
NANSNAREY

FUNNINSACIAFNEARSTIaN zas lun1swenIniliap e anass i ngaulusasdauan i Table 1

Table 1 Prediction models for young coconut volume

Model Reuleaux Dia., Dr {cm) Height, h (cm) Constant
Model 1 291.795 76.404 -3859.25
Model 2 307.839 0] -2743.42

LATANANAUSE N aAn Ine nsalsiaAn TR Liase e sSumsnauan sy Figure 3

2500
< Modelt
+ Model2 s

22T inear (Modelt) R =0 91

—-= Linear (Model2) R7=0.84

em?

2000

1750

5
2z
38

Predicted volume,

1280

1000 . !
1000 1260 1500 1780 2000 2250
Measured volutne, ¢t

T

2500

Figure 3 Predicted volume and measured volume of young coconut

Model 1 flavupaiandsulunisvinuneding) Model 2 luyndafnagey (Table 2uazatuisofiiuie
1B lERE s luT9958 mature stage Tude over mature stage Wudn Model 2 Wipamsisiufinangs Fadlll g4 ns
AmunwesiznEIeaIndy MS ligde 03 wurhugueanans Reuleaux gasuaanalifinmaldoulag witauznEions
imﬂ%%ummmwmﬁ (h) Flereeinaiden $7187 Model 1 7l b ifluswlsdnagnansonennsalldfngn Model 2

Table 2 Statistics of validation of young cocenut volume between model 1 and model 2

Model 1 Model 2
Stage 5 5
R RMSEC R RMSEC
1S 0.86 93.8152 0.88 94.0097
MS 0.94 66.3422 0.90 86.0633
03 092 66.8797 0.73 131.2470
Total 091 76.4046 0.83 102.6180

a7n Table 3 Wa A3 AsTINe N TalldRAuanaduaNs2s 9w SG o4 Model 1 lsfnnawennand
sNARANGT Model 2 tmefinansadlude over mature ' R?=0.80) uananids lingaAaaAd I uA NI Lle

fa130u19INAT RMSEC hazA AN UGI8 A neInsaliuA SG a39 uandlu Figure 4

soal =l

ARTan (

153



154

Table 3 Statistics of validation of young coconut specific weight between model 1 and model 2

Model 1 Model 2
Stage s 3
R RMSEC R RMSEC
IS 0.49 00475 055 0.0461
MS 078 0.0354 063 0.9585
03 090 0.0290 056 0.8364
Total 082 0.0383 070 0.0507
1.50.
o Modal
140 + Mzd:Q
.30 {-—— Linear (Modelt) R2 =g,
130 - Linear (Model2) R? = 0,70 .

>

Predicted volume, em®
o e
» © B
Z & 8

e
b
a

0:80

050 T T . T T - r T
05 06 07 03 08 1 1112 13 14 15
Measured volume, em”

Figure 4 Predicted SG and measured SG of young coconut

agl
nslfidurnuguanans Reuleaux saunuavuguramaainuiuasnisfiaaailn MLR aansaneinsal
Pianmanaszningauldnsnaiis (R=0.91, RMSEC=76.4046) FLULARZSELATLENTY uazidiatineT3annad
wensallfan fuansanfuinvinuase sz nianId @anTaneIn salAtAs s ad I E R (R=082,
RMSEC=0.0383)
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