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Tanarat Srirungruang 2007: Mechanical Bruising of a Young Coconut Fruit.
Master of Engineering (Agricultural Engineering), Major Field: Agricultural
Engineering, Department of Agricultural Engineering. Thesis Advisor:

Associate Professor Bundit Jarimopas, D.Sc. 123 pages.

This research was aimed to (a) assess the postharvest damage of the coconut fruit at
markets and (b) determine young coconut fruit bruising mechanism subjected to quasi-static
compression and impact. Methodology comprised slow compression on young coconut fruit by
means of varying spherical plunger (12, 24, 48 and 96 gm ) mounted to the Universal Testing
Machine at the loading rate of 15 mm/min. The sample young coconut included three different
maturity stages (immature, mature, overmature). The other fruit samples were applied to impact
test using the same set of plungers. Bruising response (below and beyond bruise threshold) to
dynamic contact energy was measured and analyzed. Tensile test of young coconut husk was
carried out and the husk response was evaluated. Results showed that bruising of the young
coconut fruit of the wholesalers and the retailers varied from 50 to 100%. Number of bruise per
fruit ranged from 1 to 16 bruises per fruit. Bruise area ranged from 1 to 19 cm’. Good linear
correlation between the bruise volume V and the dynamic compression energy E beyond
threshold and that between bruise occurrence probability P and the dynamic compression energy
below threshold were found (R2 > 0.9). Mature young coconut, exhibiting the least bruise
susceptibility under slow compression, was characterized by the bruise volume of 1823.434 +
480 mm’and compression energy of 1.66 = 0.11 J at the bruise threshold. Besides, the mature
young coconut, similarly behaving the least bruise susceptibility under impact, was attributed by

the bruise volume of 10.67 + 0.76 mm’ and impact energy of 0.0245 J at the bruise threshold.
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%

inavevnateau ldany1dsanyazNIMemNLEazIEInaveIna 1l isnanINIZUND

Y

1 o v o d I o 1%
nuImsvesna A nuduTusuuUTud AT IR UNSINUNTZUNA (Impact Energy) 1A
@ A 1 < v Aav A= A [ 1 9Jq Yax A A
WAIUAANAY (Absorbed Energy) 0614 lsnauiinisendnysesninan 18 1995 azinToilo

A 1 o 1A A a @ =\ as o a a
Muananu uadsnteunan q 1 538 adiauazgnnan, 2547)
359 1 18un Drop Test 118 Tasmstlasewa li1vian (Aszunn) edre0asyluuning
ldnseesy
k) ' [y Y

754 2 '14un Falling Mass 11d Tagmsewa Idediui udrldesliinganasedis

oaszlunuadsgwa'ld



20

v v
759 3 '18un Simple pendulum 71114 Tasgnra 137 13dusen aniulaselvina 1
Y o dy Aa A o A A Yy 9 [ ! Y
nszunnEnAUNuNAINnIzunn Tasanyuzmanaouivewna liindenumsunicuesgnduy
UM

357 4 1dun Compound pendulum AAYAULATININAY Simple pendulum Ao nawald

[

337 5 14un Impact Ram H1'1& Tagnawa lifegiui Taelsd ram (1nailSe, dawdnd

a a 3 Y
%30 oan Insiad 0 &) nazunniuwa ls

Accolarometer
] Falling fruft 5 r( f

] “~—|| Falling mass

=""T1 F‘ul[
Force gage d
7777 il

DROP TEST FALLING MASS OR PLUNGER
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31: Chen et al. (1996)
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lﬂ' ad o a g’ ad
M3 1 IFMIMUINYTNIATH 5 35

Volume estimation Bruise volume estimate
Bruise thickness (Mohsenin, 1996) V = T (db - dt ) (3W12 i 4(db _ dt )2) Circle
24
,\|‘1p|‘u\
Lnl".!\_‘{/' i \\\
i )‘&_/ : iy g _ #(d, ~d,) 3 4(d, —d, ) .
B \ = Y w,w, +4ld, — 0, Ellipse
Full depth (Saltveit, 1984) v = s (3w} + 4d;) Circle
4 1 b
i ; ; ;1\1*"-
zld, —d .
v V= ( b24 t)<3W1W2 +4db2) Ellipse

Enclose volume (Holt & Schoorl, 1977)

LR oS l
ot 4 -
pliane % ?

1> Circle

i V:£(3wfdb+4(db—x3)+4x”)
- 24

4+

V= 2_7;(3W1W2db +4(d, -y) +4y3) Ellipse

V=) + 0s

Unbruised volume removed

Va Vv =§(3Wf(db—dl)+4(db—x)3+4(d[—x )3) Circle

" V = 2% (3wlwz(db ~d,)+4(d, - y) +4(d, -y )3) Ellipse
V=(V,+V,) = (V,+V,)

Ellipsoid (Hung & Prussia, 1989) V- 4 7{ (d, —d, w; J Circle
e 3 8
I : ’ v 24”((% _dgt)WIWZJ Ellipse

V,estimated bruise volume in mm3; d, ,full depth of bruise in mm. ; d, , depth from fruit surface to top of bruise
in mm.; R, fruise radius at bruise in mm. ; V,, V,, V., volume used in calculation of V in mm3; w,, W,, bruise

width across the major and minor axes in mm. ; X, height of fruit section above plane (circular bruise) in mm. ;

y, height of fruit section above the contact plane (elliptical bruise) in mm; ,_g_ g2 _Wilz R

4
2 WW,

=R- R
y 4
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$ 4 a 091 9 1 1
M35199 2 ANNDUINMIIRATEFIvRINL NS 1Noou luaanveduazelan

No of % frequency

Bruise/fruit 1* 2% 3% 4% 5% 6* 7* 8*
1 11.11 - - 50.00 4.57 40.00 - 1.00
2 11.11 10.00 10.00 25.00 9.64 35.00 30.0 6.00
3 11.11 - - - 17.77 18.33 20.0 13.00
4 22.22 30.00 - 12.50 18.27 6.67 10.0 25.00
5 - 10.00 10.00 - 16.75 - 0.0 22.00
6 - 10.00 20.00 12.50 14.21 - 10.0 15.00
7 11.11 10.00 10.00 - 6.09 - 30.0 9.00
8 11.11 - 10.00 - 4.57 - - 5.00
9 11.11 - 20.00 - 3.55 - - 3.00
10 11.11 10.00 - - 2.03 - - 1.00
11 - - - - 1.02 - - -
12 - 10.00 - - 0.51 - - -
13 - - 10.00 - 0.51 - - -
14 - - 0.00 - - - - -
15 - - 10.00 - - - - -
16 - 10.00 - - - - - -

nugme 1*=Big C

2* = Lotus
3* = Carrefour

4* =Tops

5% = Tai market
6* = Pathom Mongkol market
7* = Si Mum Mueng market

8* = Retailers
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$ o 9 1 a 3’ ] [ { Y
M5190 3 AUMITTNTAFUAUATITZHINUTIasnunasnunanlslumsnavena

uzN3 180 UIBNAR I8 Plunger YUIAATS

Plunger 5
Maturity Regression line R
Size (g)
12 V,=1155.9E-350.47 0.87
24 V,=1111.4E-553.82 0.97
Immature
48 V,=1303.6E-775.47 0.95
96 V,=971.39E+652.83 0.97
12 V,=1261.8E-645.99 0.94
24 V= 1498.5E-1092.3 0.96
Mature
48 V= 749.51E+664.37 0.95
96 V,=817.96E+584.45 0.85
12 V= 1228.3E-50.798 0.84
24 V,=990.71E+303.69 0.97
Overmature
48 V,=918.33E-165.88 0.95
96 V,=608.4E+1657.9 0.77

M135190 3 naaemanmssinsaruduassvesngninoeuiinadsimagoy
Y Y [
YaaN q Usuasiod s duasnunasaunaee 198 M17 plunger 1119 96 NTN 151103
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WenIaHaMI AT IzRaNulsImvesiliteniuay (m13190 4) Av szezmaTaaua
Y
1o YRR INAARUABNMIT 131013282 MINTYAL IAUUIAYDIH Plunger 11Dy
v
interaction 5¥MIN528LMINT YAV TALAZUUIAUDIN Plunger Aaulidnwadonsdh
{ Y o w y A a g’ < ' { 1 A
NszauaNudIay 5% Wwenvnsandsunassuiluaunie + drudosuuniasgiu
A1 interaction YOIVUIANINAADVUALTLELMIDIYAV 1A (A131991 5) WU INATDY
YA 96 N5U ANudeandInuUNNaRaANnIzozMInsyALla TaoivmageuyuIn
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AUAAY HANAFOVVUIA 96 ﬂ%’u%z“lﬁ’ﬂ'Tﬂ?umscl‘?wqﬂﬂﬁﬁ’amﬁamum 12,24 1z 48 AU
9991M5180n17 Plunger Y110 96 N5 FrannsaiiuzninseufiaseeinldhenasFamy
TlimsnaseumanudniuissnnalSnashfundsnune u AnouaziinaE e

308%1 (Below and at Threshold) ao 'l

Y a L4 @ a a
ﬂTiN‘ﬁ 4 Naf‘lﬁ?llﬂi?%ﬁﬂ’)"lmlﬂiﬂﬁ’Ju‘ll@ﬂﬂﬁ]ﬂﬂﬂ’)llﬂﬂﬁ@ izazmmm;mﬂ@] HazvuIn

Y

12 Plunger ADMIH

Source Type III Sum of df Mean Square F Sig.
Squares
Corrected Model 23150902.019 11 2104627.456 14.353 .000
Intercept 999736852.070 1 999736852.070 6817.919 .000
MATURITY 9193970.510 2 4596985.255 31.350 .000
PLUNGER 4170170.556 3 1390056.852 9.480 .000
MATURITY * .000
9786760.952 6 1631126.825 11.124
PLUNGER
Error 139008768.109 948 146633.722
Total 1161896522.198 960

Corrected Total 162159670.128 959
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v Y
ﬂ1§1\1ﬁ 5 51105 HUaZANULANA NN A DANUVUIAYDIN Plunger GLUI,mﬁgigﬁlgﬂ'li

RIyAD TanszAauANNAIAYN TR 5%

Impactor
Maturity
12 24 48 96
ﬁﬁﬂ%’u 938.4270 813.7250 876.3380 1304.2937
(294.07) a (238.48) a (424.864) a (237.89)b
Gf)":uﬂéﬂ 839.5937 876.5033 1030.6570 948.0778
(216.60) a (288.54) a (274.26) a (135.46) b
ﬁ’e’]ﬁﬁf)‘a}u 1113.8302 1229.5934 1138.1627 1136.6354
(237.09) a (200.97) a (399.46) a (113.28) b

o <] J
wnemg 1. @uaulurau@ude A1 SD (Standard Deviation)
g a g’ v A v v v [ d' ] A v
2. ausdsunassauneInu G]’Jaﬂm@]mwmmmﬂmwmuﬂu‘lu Column

REINY UAAIA R ASNUANA N UNADA

@ ] 4 1 a g’ @ [ [ { A a :’
2.2 ANUANRUTIZHINYTINATTINUNANIUNA o ﬂqﬂﬂ@ullagﬁﬂqﬂlﬁulﬂﬂﬁﬂﬂﬂﬂ

(Below and at Threshold)

~ [ o 4 a 1 ] I~ a :’
AR 32 tEanNUANRUT LU UFUFUIEHINANVZE UveIMTINANT I
[ (% { 1 I~ 1 { a a 1
AunasnunanaMunzilu (Probability) =1 ez w3 NeouNTzorMInT AL TnA1e 9
1 v Y
NuNANE N 175 AANTH (Threshold Energy) Y0augn3 1A NNUANA1N Y
9 49’ 23 o’/’ [ [ 9 A A tﬂy & asJ‘ &£
Taguzniuiloniladurzamnsosunasnu lduniga sesasunie oniladsuaiuay
Y 1 v Y Y
APIFUMUAIOY  Tasuzns 19Ul NaUNI IS UAANTH (Prob = 1) tazlTuash
A o A y & & 2 a4 o Ao qya S A
(M137199 6 ) Aalue NI INFUTAMA UM IRINATREH1gINga 1.88 £0.339 30

ISP

9 v 9 1
Hasuasduniny 2188.392 + 455 gnunsndaamas uzwi1itleduns aliamdau 1.66 +

Y k4
9 A o

9
0.113 38 IANJ5uasdumiiy 1823.434 + 480 gnuiAnNaauas nazugni1uilodesiuiian

WAL 0.72 £0.092 38 TAJ5anasFuniiy 981.812 + 290 gnuisniaaiuas
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A ] I . Y 1 A a a
Msna NANNUIE U (Probability) =1 U9INEWI1IDOUN 3 izﬂgﬂ"ﬁﬁliiQMUI@]

4‘ a g} [ A o A a 3 ~ ] I
M1519N 6 U505 F ez NaIUNANTZALS NINATBYH (Threshold Energy) NNzl

9
VOIN I = 1 ‘U’EN?J&W%}"ID?JGU

Maturity Bruise volume (mm’) Threshold energy (J)
Immature 2188.392 + 455 1.88+0.339
Mature 1823.434 £ 480 1.66 +£0.113

Overmature 981.812 £290 0.72 £0.092
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Plunger 5
Maturity Regression line R
Size (g)
12 V= 998.58E+3.5425 0.97
24 V,=1193.85E-14.305 0.96
Immature
48 V,=1375.1E-7.6812 0.96
96 V,=1677.6E-29.156 0.99
12 Vy=1172.6E-21.535 0.98
24 V,=1259E-20.441 0.99
Mature
48 V= 1460.6E-48.863 0.97
96 V= 1869.6E-82.661 0.99
12 V= 1215.6E-15.947 0.95
24 V,=1503.4E-20.923 0.99
Overmature
48 V,=1660.8E-39.949 0.92
96 V,=1924.5E-41.785 0.96
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msnﬁ 8 Wﬁﬂ'li’JLﬂi'lgﬂﬂ’ﬂﬂJuﬂi‘]Ji’JusUE]\iﬂi]i]EJﬂ’J“lJﬂiJﬁE] i%‘c’l%ﬂﬁ!ﬁ]iiymﬂiﬁ HaguuIn

11 Plunger ADN1351

Source Type III Sum of df Mean Square F Sig
Corrected Model 100266146.216(a) 11 9115104.201 68.148 .000
Intercept 1238384304.312 1 1238384304.312 9258.622 .000
MATURITY 15321136.276 2 7660568.138 57.273 .000
PLUNGER 78129956.104 3 26043318.701 194.710 .000
MATURITY * .000
3681970.870 6 613661.812 4.588
PLUNGER
Error 141512487.608 1058 133754.714
Total 1596877434.256 1070

Corrected Total

241778633.825 1069

v Y
M9 9 Usmassuazanuuananatamuuiavesiinadeu luuaazszozms

PIYAL TaNIZAUANNAINAYN DA 5%

Impactor
Maturity
12 24 48 96
ﬁﬁﬂ%u 950.230 981.2721 1237.0893 1534.6539
(156.53) a (200.76) b (342.89) ¢ (271.24)d
Gf}}uﬂ"j"?ﬂ 657.1967 756.5202 916.1436 1362.4383
(144.05) a (412.57) b (405.24) ¢ (452.00) d
ﬁEN“f?u 742.6562 1118.2911 1216.3489 1668.1541
(250.77) a (367.94) b (445.08) ¢ (519.99) d

o < 1
nueme 1. anaulurudue A1 SD (Standard Deviation)

v a oy v A [ v v 4 d’ ] = %
2. il silsunasnaaaeinu m@ﬂyimuwmgaw"lnmmuﬂuiu Colume

IAPINY LFAIAURASNUANA NN UNADA
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[ o J 1 a g‘ 1 { Q‘ a g’
3.2 mmamwumzmnﬂamm%mauuazﬁ@msmnma&m (Below and at

Threshold)

Y] Y] 4 a { 1 ] I a g} [
ANNFUNUTLUUFUFY (MWD 37) Seraeanuizluyesnsinan sy
@ { 1 3| o ' { a a 1
wasnunszunnianuilu (Probability) =1 ¥eauzniIeounszezmMITALIaa1N
[ v 9
WUNAMNEIURH RIS UAANTH (Threshold Energy) Yoaugni1ninuuana1eny
y K A2 v o ) A P G AP
Taguznirauteviaduzannsosuwasnu ldmniige sesaunfe enilaruasaag
Y 1 v Y Y
aoaruaNd1dy Taguzniiooulamainunilfisunans® (Prob = 1) tazilsuasen
A 4 y XA A T aa o Ao qua S A A
(13190 9) AatiugnHuoniFuTAm NG Ui Ininasoad1ganga 0.0264 3a T
a oy 1w sa A g qg: % 1 [
Usasduniny 18.59 + 4.606 gnunARNaamas, ugwi1uieFuATINAINEIIU 0.0245 90
1 a gl [ Y Ja A g :/l 1 [
HanlSunasduniiny 10.67 £0.763 gnuisniiaaas tazuzwilodesuiinmasnu

0.0207 9@ IAn/SunasFuniny 8.47 + 1.550 gnunaniiadamas

1.00

0.90 +

0.80

o Immature
Mature

A Overmature

Probability
o o o o o
w Ea (2] (2] ~
o o o o o

0.20 ~

0.10 +

0.00 \ \
0.0000 0.0050 0.0100 0.0150 0.0200 0.0250 0.0300

Energy (J)

4 v o a 9 ' ] | a gl @ @
ﬂTINﬁ 37 mmﬁnwummmﬂﬁmuizwawmmungﬂummmimﬂmim NUNAINTU
A ] < . Y J A a a
NIZUND ‘Vlﬂ')'liJ‘L!'ﬁ]g!‘]Ju (Probablhty) =1 "IIE]\‘lﬂJg‘WiTJ@ﬂuﬂizﬁlgﬂ'lilﬂiigl,ﬁﬂi@

AN 9
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v Y v v Y 1
M3197 10 US1ATH ez nanIUNIZUNNNTEAUSUNATO%H (Threshold Energy) 1213

9
' [ o 1
Uvzluvesmss =1 BIJ’EN?JSW'%}TJ@@L!

Maturity Bruise volume (mm’) Threshold energy (J)
Immature 18.59 + 4.606 0.0264
Mature 10.67 £0.763 0.0245
Overmature 8.47 £ 1.550 0.0207

N1INATDY Slow compression LY Impact test 19 Bruise susceptibility & 2ANABINY
A 9 1 o’/’ d! Y a g’ Y 1 9 U d! o’/’ 09/’
o 3J$‘W'§1’3@61!3383%’1!?]3\‘]%8114ﬂ"lﬂiiJW]'iG]ﬂu’f)fJﬂ’J'l UENINIDOUITSYSHUIBULAS TDOITUY
A ) 1 09/’ £ A <3 = = Y @
IUDNINNIVUENINIDOUTZYLTUATIUAITUUUILIINTON 2 TTUL PITDAAADINUNITNUN

1 = 9 1 A 1 9 1 anl 2 Y @
AULTIAIVDINTUULZWI1IDOU (NIWN 38 ) WUNUZNINIDOUTLYLHUAI ilzslﬁf’ﬂﬂﬂll“lﬂ!q\i

v 4
U =~ | =~

o~ ) & 34 o < 4
N1gA = 50 N/mm 599090170 WzWS1d0%Y taznildy awdwy adhuguiiiesnn

9 ' £ z Y A o I A dy = @ A 9 = £
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%uﬂiﬂ@i\iﬁjﬂ!ﬁuiﬂﬂﬁﬂ"l]gilﬂ’lﬁWﬁlu’]i]utﬂulﬁulml\?ﬂ'ﬂﬂﬁ'lmWiﬂﬁ‘ﬂlli\illﬂll'lﬂsuu
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— |[mmature
A0+ N
— Mature

——Owermature

Deformation (mm)

d‘ Ld' = 9 U
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Immature Mature Overmature
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HHaIdI39 ﬁwuaumw%’nﬁlﬁu%’aya (Wa) ﬁ‘hmumw%’nﬁwmaa‘% Gh))
Big C (r) 15 15
Lotus (r) 25 25

Carrefour (1) 23 23
Tops (r) 18 9

aaaln (w) 200 197

guuena (w) 92 60

Fyidios (w) 10 10

FuAlan (o 154 116

=
UV r= aaaviglan

w = Q2191884
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No of UHaId1529
Bruise/fruit 1* 2% 3% 4% 5% 6* 7* 8*
1 1 0 0 4 9 24 0 1
2 1 1 1 2 19 21 3 6
3 1 0 0 0 35 11 2 13
4 2 3 0 1 36 4 1 25
5 0 1 1 0 33 0 0 22
6 0 1 2 1 28 0 1 15
7 1 1 1 0 12 0 3 9
8 1 0 1 0 9 0 0 5
9 1 0 2 0 7 0 0 3
10 1 1 0 0 4 0 0 1
11 0 0 0 0 2 0 0 0
12 0 1 0 0 1 0 0 0
13 0 0 1 0 1 0 0 0
14 0 0 0 0 9 0 0 0
15 0 0 1 0 19 0 0 0
16 0 1 0 0 35 0 0 0
nuug 1*=Big C 5* = Tai market
2* = Lotus 6* = Pathom Mongkol market

3% = Carrefour

4* =Tops

7* = Si Mum Mueng market

8* = Retailers
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FJ ] Y

NUNTDHH $usesRNY (508)

(em’) 1* 2% 3% 4 5% 6* 7% 8
0-1.0 20 12 18 3 77 17 12 149
1.01-2.00 13 7 20 3 75 4 11 134
2.01-3.00 4 9 8 1 28 2 5 64
3.01-4.00 6 7 5 1 20 6 1 55
4.01-5.00 4 6 3 1 19 0 1 31
5.01-6.00 1 1 2 1 6 1 1 6
6.01-7.00 6 3 4 - 6 1 1 14
7.01-8.00 2 1 1 - 4 - 4 6
8.01-9.00 3 2 1 - 2 - 2 6
9.01-10.00 2 0 0 - 2 - 2 7
10.01-11.00 - 1 1 - 3 - 0 4
11.01-12.00 - - 2 - 3 - 1 7
12.01-13.00 - - 1 - 1 - - 1
13.01-14.00 2 - - - 1 - - 3
14.01-15.00 - - - - 0 - - 1
15.01-16.00 1 - - - 0 - - 0
16.01-17.00 - - - - 1 - - 1
17.01-18.00 - - - - 0 - - 0
18.01-19.00 1 - - - 1 - - 1

nueme 1*=BigC

2* = Lotus

3% = Carrefour

4* =Tops

5% = Tai market
6* = Pathom Mongkol market
7* = Si Mum Mueng market

8* = Retailers
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! 1 [ a g’ 9 1 § A
MS1NUINT VT AMNAINULAZYTUIATFIUDINZ NI 1ND0UIL8E Immature NNATOU IABIT

Compression test H3 Plunger Y110 12 N5U

522NN Energy Unasan (M3 190 aNAT)

(mm.) )] méﬂ max min SD
5.00 0.6583 504.77 632.24 288.04 118.57
6.00 0.9391 710.76 904.78 544.01 110.72
7.00 1.3725 1121.72 1377.49 813.32 181.21
8.00 1.6516 1566.14 2193.14 1014.78 405.89
9.00 1.9756 2337.49 3186.81 1803.47 465.89
10.00 2.6349 2097.26 2419.41 1731.33 204.17
11.00 2.9451 2615.61 3451.85 1994.19 559.59
12.00 3.2502 4074.55 5959.19 3057.45 1024.12

M Y H
AT NUINT V2 mwﬁwmuazﬂsmmsﬁwmmw?n@auszﬂz Immature NMNATOU 1A8IT

Compression test i Plunger Y10 24 N3

32820 Energy U5asd (MINNAAUNT)

(mm.) @) ma'ﬂ max min SD
5.00 0.7558 427.08 696.65 310.89 118.09
6.00 0.9964 719.49 951.29 461.65 174.36
7.00 1.5643 1106.87 1730.44 750.15 275.02
8.00 2.2100 1511.87 2365.80 1269.87 323.25
9.00 2.5563 2377.87 3526.67 1743.81 526.53
10.00 2.9591 2466.38 3056.29 1811.55 381.50
11.00 3.5582 3598.93 4497.16 2722.55 563.08

12.00 4.0386 4076.07 5544.09 2901.12 847.79
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! 1 [ a g’ 9 1 § A
MS1NUINT U3 AMNAINULAZYT VAT TIVDINZ NI 1N90UTL8E Immature NNATDU IABIT

Compression test H2 Plunger YU1A 48 N5U

F
1511059 (CGRERNGLRIEE)

J295NA Energy
(mm.) 0)) méﬁl max min SD
5.00 0.8184 0.00 0.00 0.00 0.00
6.00 1.3119 1211.27 2107.89 945.71 338.41
7.00 1.6885 1385.36 2219.14 1025.35 325.59
8.00 2.0955 1907.58 2917.12 1323.51 484.19
9.00 2.8795 3155.35 4751.11 2295.96 734.26
10.00 3.3713 3043.20 4226.79 2425.82 629.78
11.00 3.9990 4163.15 6111.55 2797.24 1143.62
12.00 4.8102 5980.90 6889.95 4912.28 543.20

M Y H
A5 NUINT V4 mwﬁwmuazﬂsmmsﬁwmmw?n@auszﬂz Immature NMNATOU 1A8IT

Compression test i Plunger YH19 96 n3u

Fd
15195951 (15 190aaNAT)

TLYLNA Energy

(mm.) @) ma'ﬂ max min SD
5.00 0.7653 1079.12 1316.05 848.83 175.51
6.00 1.1292 1768.03 2340.12 915.88 437.32
7.00 1.7611 2472.37 3300.09 2035.55 391.50
8.00 2.3438 3391.31 4020.95 2538.96 514.25
9.00 3.3141 3887.52 4638.34 2382.57 715.55
10.00 4.2229 4299.64 5704.20 2906.40 972.09
11.00 4.8671 5544.74 6847.01 3465.87 1119.62
12.00 5.2519 5758.60 6847.01 4326.70 853.53
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! 1 [ a g’ 9 1 { A,
MSNUINT U5 AMNAINULAZUTUINTTIVDINZ NI 1IBOUILEE mature NNATOU 1R8I

Compression test #3 Plunger Y110 12 N5U

v
5103 (@INVUIANNT)

JYTNA Energy

(mm.) @) méﬂ max min SD
5.00 0.5922 379.49 507.68 291.92 61.22
6.00 0.9345 532.55 635.43 377.18 88.14
7.00 1.3259 895.00 1161.87 579.24 184.93
8.00 1.7910 1128.10 1427.21 823.51 204.88
9.00 2.0179 2137.90 2926.75 1293.50 544.88
10.00 2.4025 2415.71 4745.99 1250.29 973.83
11.00 2.6382 2500.21 3184.27 1938.69 391.97
12.00 3.1789 3620.34 5271.21 2472.76 802.60

v 9 v
A5 19UINT V6 mwé“wmuazﬂsmmsﬁwmmw%’naauszﬂx mature NNadoU Iass

Compression test H2 Plunger Y110 24 N5U

9
5103 (@I NYAANNT)

72850 Energy
(mm.) 0)) méﬁl max min SD
5.00 0.6124 173.05 514.53 0.00 228.61
6.00 1.0078 728.16 1030.79 470.76 178.61
7.00 1.3535 970.50 1669.76 155.39 378.83
8.00 2.1792 1885.43 2613.14 1031.49 474.12
9.00 2.4232 2087.72 2608.24 1442.15 347.85
10.00 2.8198 3154.07 4074.56 2373.76 527.98
11.00 3.1975 3794.09 5438.41 2274.59 1075.74
12.00 3.5899 4564.86 5651.96 3386.17 620.95




75

! 1 [ a g’ 9 1 { A,
MSNUINT V7 AMNAINUUAZUTUINTTIVDINZ NI 1IBOUILEE mature NNATOU Q8IS

Compression test H2 Plunger YU1A 48 N5U

Plunger 48 gm.

4
Usuasin (@I NUANAT)

JTYTNA Energy

(mm.) €)) mﬁlﬂ max min SD

5.00 0.7802 742.63 1225.36 0.00 356.67
6.00 1.0923 1240.51 1509.69 834.04 245.36
7.00 1.4027 1783.32 2011.01 1456.89 171.24
8.00 2.1429 2505.78 3545.08 1846.63 630.55
9.00 2.9967 2826.55 4137.54 2025.30 569.97
10.00 3.2628 3122.05 3729.85 2698.70 361.09
11.00 4.0194 3973.55 5190.60 2724.80 744.23
12.00 4.6091 3833.80 4677.82 2450.61 832.53

! 1 [ a g’ 9 1 { A,
MS1NUINT U8 AMNAINUNAZUTUINTTIVDINZ NI 1IDOUILEE mature NNATOU Q87D

Compression test H2 Plunger Y110 96 NSU

A
1J5u1059% (M5 NUAAUANT)

J29CNA Energy
(mm.) 0)) méﬁl max min SD
5.00 0.7835 451.17 871.91 0.00 395.46
6.00 1.1786 1080.75 1595.54 0.00 585.14
7.00 1.6471 1837.49 2250.23 1279.33 302.07
8.00 2.3989 2360.44 3252.87 1643.27 475.15
9.00 2.9785 3218.97 4620.46 2378.08 670.05
10.00 3.9078 4443 .85 5013.43 3899.92 340.78
11.00 47171 3656.44 4489.17 2051.33 727.32
12.00 5.4966 5286.08 6377.28 4561.27 611.65




76

! 1 [ a g’ 9 1 1 A
MSNUINT V9 AMNAINUUAZYTUINTFIVDINZ NI 1N9DUITL8E Overmature NNATOU 1A8ID

Compression test #3 Plunger Y110 12 N5U

F2H2NA Energy J5inasan (M3 190 aNAT)

(mm.) 0)) méﬂ max min SD

5.00 0.5590 268.49 370.73 0.00 101.97
6.00 0.7880 636.94 1237.57 363.24 310.73
7.00 0.9850 1421.04 1798.79 1146.68 194.78
8.00 1.6170 2238.57 3187.23 1798.94 448.18
9.00 2.0240 2533.72 3307.60 1380.90 647.00
10.00 2.8490 2551.05 3004.25 1327.58 502.23
11.00 3.5260 3829.69 5933.59 3000.82 851.70
12.00 3.5440 5267.17 6971.33 3459.20 1187.39

M Y H
A519HUINT V10 mwﬁmmmzﬂﬁmmsﬁwmmw?n@auszﬂz Overmature NNATOL 1AY

75 Compression test "2 Plunger Y110 24 n3U

528N Energy YAz (MINNAAUNT)

(mm.) @) méﬂ max min SD
5.00 0.6770 788.30 882.98 599.02 96.86
6.00 0.8780 1280.97 1539.69 901.99 190.83
7.00 1.3210 1472.52 2109.87 921.76 352.32
8.00 1.8000 2425.69 2814.59 1968.12 278.38
9.00 2.2480 2634.37 3560.42 2007.03 505.48
10.00 3.3750 3470.12 5189.07 1766.22 1079.05
11.00 4.1370 4093.80 4595.10 2829.75 512.02

12.00 4.7650 5286.34 6835.00 3439.96 878.79
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! 1 [ a g’ 9 1 §
minwuanﬁ Y11 ﬂTW'ﬁQ\TI‘LlLLﬁg‘]JiNW@?%'I%'EJ\HJ%W?TJ@@H?%?J% Overmature ﬁ‘ﬂﬂ'ﬁﬂ’ﬂiﬂﬁ]

75 Compression test {2 Plunger Y11 48 N3

F2H2NA Energy Ynasan (M3 190aaNAT)

(mm.) 0)) méﬂ max min SD

5.00 0.7248 625.26 1109.46 0.00 540.24
6.00 1.0280 1462.77 1892.66 990.92 228.78
7.00 1.3150 1771.88 2559.89 816.36 470.79
8.00 2.3600 2669.56 3677.04 1798.43 618.14
9.00 3.2760 3677.89 5824.81 1890.42 966.01
10.00 3.5290 3805.22 4595.36 3182.98 508.07
11.00 4.3150 4219.23 7240.10 514.27 1757.35
12.00 5.5630 6139.17 8115.95 3836.27 1417.65

M Y H
AS19HUINT V12 mwﬁmmmzﬂﬁmmsﬁwmmw?n@auszﬂz Overmature NNATOL 1AY

75 Compression test "2 Plunger YH19 96 n3U

F2H2NA Energy U5asdh (MINNAAUNT)

(mm.) @) méﬂ max min SD
5.00 0.8460 626.92 1422.01 0.00 630.11
6.00 1.2010 1456.93 1991.40 0.00 557.92
7.00 1.6750 2231.42 3492.57 1436.57  595.62
8.00 2.6380 3339.46 4583.89 222840  621.22
9.00 2.8750 3608.24 4781.18 2371.33  704.44
10.00 3.6500 4114.95 5179.71 3277.54  528.80
11.00 5.2470 5557.82 6068.35 4819.00  429.20

12.00 5.9380 4494.09 5615.18 3472.65 677.80




Y ] I a g/ 1 Y Y J
minwmnﬁ w13 mmummJummmimﬂmwmazmwmmu VDIUSNINIBDDUITLYL

Immature NAgOU 1A8IT Compression test

322NN Snousesiing  $1uausesdfiv Energy
Probability
(mm) (5908) (5908) @)
2 20 0 0 0.10
3 20 0 0 0.17
4 20 0 0 0.34
5 20 7 0.35 0.63
6 20 16 0.8 1.23
7 20 20 1.0 1.88
8 20 20 1.0 2.22

v Y
[ I~ a o 1 [ 1
ﬂ1§1QN‘H3ﬂﬁ Y14 ANUULTUVOIMTNANTTULALATNGNY 61]@\1“%1’\!%}1'3@@1!5383

mature NAg0U 1A87F Compression test

322NN Snousesfing  $1uausesd ANy Energy
Probability
(mm) (508) (508) )
2 20 0 0 0.09
3 19 0 0 0.21
4 20 9 0.45 0.47
5 20 12 0.6 0.70
6 20 20 1.0 1.16
7 20 20 1.0 1.67

8 20 20 1.0 2.05




Y ] I a g/ 1 Y Y J
ﬂ1§1x‘iN‘H3ﬂﬁ V15 mmummJummmimﬂmwmazmwmmu VDIUSNINIBDDUITLYL

Overmature NAgoU 1A875 Compression test

5292NA NUIUTEENNA  TIUIUTIHINAND Energy
Probability
(mm) (308) (508) )
2 20 0 0 0.09
3 20 6 0.3 0.23
4 20 19 0.95 0.46
5 20 20 1.0 0.72
6 20 20 1.0 1.20

7 20 20 1.0 1.73




MANHIN A

WanN1sNAgeU 1ae35 Impact test

80



81

! 1 [ a oy Y 1 { A
MS1NUINN A1 AMNAINULAZ YT IO TFIVDINENI 1N90UITL8E Immature NNATOU Q8IS

Impact test ¥ Plunger YU1® 12 N

v
15119581 (A15190a8105)

RN Energy

1)) @) méﬂ max min SD

0.05 0.0059 0.00 0.00 0.00 0.00
0.10 0.0118 0.00 0.00 0.00 0.00
0.15 0.0177 0.00 0.00 0.00 0.00
0.20 0.0235 0.00 0.00 0.00 0.00
0.25 0.0294 2491 31.72 17.65 5.05
0.30 0.0353 33.47 43.52 22.72 7.49
0.35 0.0412 40.90 46.52 32.72 5.04
0.40 0.0471 46.74 54.59 38.64 5.40
0.45 0.0530 49.15 61.68 32.00 10.04
0.50 0.0589 58.52 63.73 52.50 3.44

v 9 v
A5 1HUINT A2 ﬂ1W’L‘SIJ\T\1"ILlLla$‘IJ§3JW]§5]?15U@\13J$W%}YJ@§JU§$EJ$ Immature NMNATOU 1AOIT

Impact test "2 Plunger YU10 24 n3u

F
1511959571 (@15190a88805)

AN Energy

W) @ ma max min SD

0.05 0.0118 0.00 0.00 0.00 0.00
0.10 0.0235 0.00 0.00 0.00 0.00
0.15 0.0353 27.25 36.02 15.83 6.37
0.20 0.0471 4891 67.55 28.69 11.83
0.25 0.0589 60.91 69.16 45.17 8.57
0.30 0.0706 62.79 80.34 50.75 9.63
0.35 0.0824 71.03 84.88 59.68 8.97
0.40 0.0942 101.05 124.46 84.40 14.24
0.45 0.1059 111.72 135.48 71.69 21.66
0.50 0.1177 132.64 160.45 102.80 17.47
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! 1 [ a oy Y 1 { A
MS1NUINN A3 AMNAINULAZYTUNNTFIVDINE NI 1N90UITL8E Immature NNATOU IABID

Impact test ¥ Plunger YU 48 N

v
15119581 (A15190a8105)

RN Energy

1)) @) méﬂ max min SD

0.05 0.0235 0.00 0.00 0.00 0.00
0.10 0.0471 55.57 77.45 31.50 15.63
0.15 0.0706 114.46 140.14 79.01 15.87
0.20 0.0942 118.06 147.30 88.03 22.08
0.25 0.1177 151.79 183.24 125.70 14.73
0.30 0.1413 163.35 202.30 142.14 18.16
0.35 0.1648 202.61 250.57 137.53 34.96
0.40 0.1884 261.48 312.49 177.33 40.80
0.45 0.2119 276.65 343.08 220.45 41.59
0.50 0.2354 335.14 379.83 301.73 26.58

v 9 v
A5 1INUINT A4 ﬂW\I’5\1\1"ILlLla$‘IJ§3JW]§5]?15U’E]\13J$W%}TJ@§JU§$EJ$ Immature NMNATOU 1AOIT

Impact test "2 Plunger Y119 96 n3u

v
U515 (@15190a8ma5)

AN Energy

) @ ma max min SD

0.05 0.0471 81.69 92.01 66.67 9.28
0.10 0.0942 126.72 178.95 87.81 27.24
0.15 0.1413 159.33 178.38 143.38 12.00
0.20 0.1884 291.42 373.16 192.30 65.31
0.25 0.2354 364.47 403.32 335.30 25.62
0.30 0.2825 474.66 548.91 354.45 57.14
0.35 0.3296 508.08 599.52 438.58 53.18
0.40 0.3767 585.53 747.31 485.13 74.06
0.45 0.4238 693.37 829.96 565.15 81.32
0.50 0.4709 768.00 942.52 580.17 141.99
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! 1 [ a 091 Y 1 { A
MSNUINT A5 AN ULAZTINNTTVD NI 1190182 mature ANATDL 181D

Impact test ¥ Plunger YU1# 12 N3

v
15119581 (A15190a8105)

RN Energy

1)) @) mcﬁiﬂ max min SD

0.05 0.0059 0.00 0.00 0.00 0.00
0.10 0.0118 0.00 0.00 0.00 0.00
0.15 0.0177 0.00 0.00 0.00 0.00
0.20 0.0235 0.00 0.00 0.00 0.00
0.25 0.0294 13.61 17.25 11.16 1.97
0.30 0.0353 18.97 23.52 15.28 2.96
0.35 0.0412 26.74 31.92 23.68 2.79
0.40 0.0471 34.14 39.78 29.63 3.19
0.45 0.0530 40.22 50.52 33.62 5.59
0.50 0.0589 47.69 51.57 42.35 3.38

M Y H
A5 NUINT N6 ﬂW‘lﬁ\i\1TL!L!a8‘]JiiJW]i°I?"IGU?J\11]$W%)TJ’ﬂ’EJH§$EJ$ mature NNAToU 1AIF

Impact test "2 Plunger YU19 24 n3u

J
U (M3 DLUANT)

ANV Energy

W) @ ma max min SD

0.05 0.0118 0.00 0.00 0.00 0.00
0.10 0.0235 0.00 0.00 0.00 0.00
0.15 0.0353 21.58 26.97 18.12 3.06
0.20 0.0471 40.68 54.47 31.38 7.89
0.25 0.0589 51.01 62.75 41.66 5.93
0.30 0.0706 68.01 74.49 59.15 5.75
0.35 0.0824 87.04 91.42 76.18 4.79
0.40 0.0942 103.60 119.26 87.66 10.97
0.45 0.1059 112.05 122.17 103.32 6.55
0.50 0.1177 123.20 135.90 110.52 8.44
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! 1 [ a 091 Y 1 { A
MSNUINT A7 AN ULAZTINRTTVD NI 1100182 mature ANATDL 181D

Impact test ¥ Plunger YU 48 N3

V
53 ("33 ALNAT)

ANV Energy

(1. @) Lﬂéﬂ max min SD

0.05 0.0235 0.00 0.00 0.00 0.00
0.10 0.0471 21.67 24.88 18.30 2.12
0.15 0.0706 51.95 57.61 43.10 5.31
0.20 0.0942 90.89 102.28 81.10 8.91
0.25 0.1177 129.99 158.18 106.48 17.19
0.30 0.1413 154.34 179.03 133.79 11.67
0.35 0.1648 176.26 193.72 164.64 10.55
0.40 0.1884 226.10 268.04 178.28 28.91
0.45 0.2119 275.01 324.37 202.32 35.08
0.50 0.2354 291.04 355.83 212.51 46.27

v 9 1
A5 19UINT A8 ﬂW\I’5\1\1"ILlLla$‘IJ§3JW]§5]?1511’E]\13J$W%}TJ@’OU§$83 mature NNAdoU IA82F

Impact test "2 Plunger Y110 96 n3u

v
15119581 (A15190a81a5)

AN Energy

1)) @) mcﬁiﬂ max min SD

0.05 0.0471 14.67 17.86 9.64 2.80
0.10 0.0942 86.55 95.78 76.25 7.97
0.15 0.1413 155.03 178.27 126.85 19.19
0.20 0.1884 293.90 337.39 228.73 40.40
0.25 0.2354 368.95 436.91 308.97 45.03
0.30 0.2825 424.90 467.41 401.59 20.89
0.35 0.3296 525.86 622.05 496.20 38.38
0.40 0.3767 652.47 689.17 613.91 25.51
0.45 0.4238 706.58 817.67 635.10 61.24
0.50 0.4709 786.55 882.47 656.15 87.41
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! 1 [ a 091 Y 1 { A,
MSNUINT A9 ANAINULAZITUINTFIVDINENI 1N19DUITL8E Overmature NNAAOU 1A8ID

Impact test ¥ Plunger YU1® 12 N3

J
15119551 (M151902018A5)

ANV Energy

n.) @ mé&l max min SD

0.05 0.0059 0.00 0.00 0.00 0.00
0.10 0.0118 0.00 0.00 0.00 0.00
0.15 0.0177 10.00 22.06 4.87 4.86
0.20 0.0235 14.24 21.35 8.40 4.92
0.25 0.0294 14.97 29.36 8.39 5.77
0.30 0.0353 24.96 32.03 20.90 3.12
0.35 0.0412 27.98 37.91 17.91 6.19
0.40 0.0471 45.39 56.38 38.38 5.15
0.45 0.0530 50.30 72.27 36.35 13.20
0.50 0.0589 56.63 70.23 48.95 6.40

v 9 v
A5 19HUINT n10 ﬂW\I’5\1\1"ILlLla$‘IJ§3JW]§5]§16U’E]\13J$W%}TJ@’E]135$83 Overmature NNAdoU Ing

75 Impact test "2 Plunger UYU10 24 n3u

J
15110551 (A151902018A5)

ANV Energy

n.) @ mé&l max min SD

0.05 0.0118 0.00 0.00 0.00 0.00
0.10 0.0235 13.32 22.11 10.04 3.44
0.15 0.0353 34.01 46.11 24.74 6.69
0.20 0.0471 42.77 84.12 19.24 19.57
0.25 0.0589 68.50 112.98 48.36 19.37
0.30 0.0706 92.80 134.34 62.86 25.07
0.35 0.0824 104.93 160.95 61.42 35.11
0.40 0.0942 120.42 156.63 80.53 21.93
0.45 0.1059 137.03 163.26 114.98 14.97
0.50 0.1177 153.59 195.05 119.07 20.69




86

! 1 [ a 091 Y 1 4
minwuanﬁ A1l ﬂ'l‘Wﬁ\N'Iutm%ﬂill'l@]5‘]11%]@\3%31/‘513@@1!53Elg Overmature ﬁ‘ﬂﬂﬁ@ﬂiﬂﬂ

75 Impact test ¥ Plunger YU 48 N

AU Energy ﬂ?mmﬁ% (M3 NN AWAT)

1)) @) mcﬁiﬂ max min SD

0.05 0.0235 18.18 25.64 12.52 3.66
0.10 0.0471 38.44 51.98 24.25 10.53
0.15 0.0706 51.77 70.95 4438 9.15
0.20 0.0942 122.04 179.33 78.39 33.81
0.25 0.1177 176.38 274.23 61.50 71.40
0.30 0.1413 189.60 307.40 113.67 56.88
0.35 0.1648 216.64 308.07 168.51 41.95
0.40 0.1884 258.32 375.56 158.89 65.89
0.45 0.2119 281.31 456.88 215.81 70.22
0.50 0.2354 398.37 508.77 315.78 57.66

v 9 v
ASNUINT A12 ﬂW\I’5\1\1"ILlLla$‘IJ§3JW]§5]§16U’E]\13J$W%}TJ@6U§$83 Overmature NNAdoU Ing

75 Impact test "2 Plunger U110 96 n3u

AN Energy ﬂ?umﬁ‘;‘w (M3 19N aWAT)

) )] m?iﬂ max min SD

0.05 0.0471 29.54 48.13 12.65 13.32
0.10 0.0942 151.52 203.22 76.75 32.85
0.15 0.1413 325.96 473.81 180.85 78.56
0.20 0.1884 337.96 389.95 212.94 56.50
0.25 0.2354 401.66 470.26 304.60 56.21
0.30 0.2825 461.90 687.74 297.95 115.77
0.35 0.3296 504.50 596.82 397.25 73.48
0.40 0.3767 572.30 667.03 504.16 55.31
0.45 0.4238 770.68 987.58 657.73 93.01

0.50 0.4709 1010.31 1132.64 918.31 71.10




Y ] I a g’ J @ Y '
minwmnﬁ 13 ﬂ'ﬂilu'ﬁ]%L‘]J"LJGUENﬂ1§Lﬂﬂﬂ'l§"1ﬂ!L@$ﬂ'lWﬁ\N'lu VDIUSNINIDOUISYS

Immature NATOL 1AYIT Impact test

87

] F v
PNUIUTOINATZUND  UIUTOITIAND

AN Energy
Probability
(m) (308) (308) @)
0.016 20 0 0 0.0151
0.017 20 0 0 0.0160
0.018 20 0 0 0.0170
0.019 20 1 0.05 0.0179
0.020 20 2 0.10 0.0188
0.021 20 4 0.20 0.0198
0.022 20 5 0.25 0.0207
0.023 20 7 0.35 0.0217
0.024 20 9 0.45 0.0226
0.025 20 13 0.65 0.0235
0.026 20 16 0.80 0.0245
0.027 20 19 0.95 0.0254
0.028 20 20 1.00 0.0264
0.029 20 20 1.00 0.0273
0.03 20 20 1.00 0.0283




Y ] I a g’ J @ Y '
minwmnﬁ nl4 ﬂ'ﬂilu'ﬁ]%L‘]J"LJGUENﬂ1§Lﬂﬂﬂ'l§"1ﬂ!L@$ﬂ'lWﬁ\N'lu VDIUSNINIDOUISYS

mature NAgoU 1A87F Impact test

88

] P ]
NUIUTOINATZUND  NUIUTDIFIANY

AU Energy
Probability
(m) (3989) (308) )
0.014 20 0 0 0.0132
0.015 20 1 0.05 0.0141
0.016 20 1 0.05 0.0151
0.017 20 2 0.1 0.0160
0.018 20 4 0.2 0.0170
0.019 20 6 0.3 0.0179
0.02 20 8 0.4 0.0188
0.021 20 11 0.55 0.0198
0.022 20 13 0.65 0.0207
0.023 20 15 0.75 0.0217
0.024 20 17 0.85 0.0226
0.025 20 18 0.9 0.0235
0.026 20 20 1.0 0.0245
0.027 20 20 1.0 0.0254




Y ] I a g’ J @ Y '
minwmnﬁ fA15 ﬂ'ﬂilu'ﬁ]%L‘]J"LJGUBQﬂ1§Lﬂﬂﬂ'l§ﬂﬂLL@$ﬂ'lWﬁ\N'lu VDIUSNINIDOUISYS

Overmature NAT0U 1A875 Impact test

&9

AN ﬁTulu’i@ﬂ‘ﬁﬂiglmﬂ i‘i”I‘L!’Juﬁ’t’)fJGI?”IﬁW‘U Probability Energy
(m) (708) (308) @)
0.005 20 0 0 0.0047
0.006 20 0 0 0.0057
0.007 20 0 0 0.0066
0.008 20 1 0.05 0.0075
0.009 20 1 0.05 0.0085
0.010 20 2 0.10 0.0094
0.011 20 4 0.20 0.0104
0.012 20 5 0.25 0.0113
0.013 20 7 0.35 0.0122
0.014 20 10 0.50 0.0132
0.015 20 11 0.55 0.0141
0.016 20 13 0.65 0.0151
0.017 20 13 0.65 0.0160
0.018 20 15 0.75 0.0170
0.019 20 16 0.80 0.0179
0.02 20 16 0.80 0.0188
0.021 20 18 0.90 0.0198
0.022 20 20 1.00 0.0207
0.023 20 20 1.00 0.0217
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3 1 9 1 a a
minwuanﬁ 41 A1 Slope ﬂlﬁ]ﬁl!i\‘lﬁ\?ﬂ1ﬂll$‘w5'l’366u 3 5383ﬂ15lﬂ5i§!@]ﬂ1@]

91

=1
Slope 443309 (N/mm)

%umﬁau
Immature Mature Over
1 21.7306 38.9820 30.5852
2 29.9703 45.8676 35.5747
3 33.1622 49.4959 34.5426
4 38.3456 48.6045 27.3343
5 39.3976 33.9002 25.8313
6 35.7952 44.3947 28.9397
7 34.7085 38.0015 38.5451
8 33.4913 55.8195 38.5451
9 44.1161 47.7969 45.3496
10 31.7232 55.9020 45.3773
11 42.1574 49.0415 21.4078
12 26.3276 51.7473 49.1472
13 29.8753 63.1438 35.8792
14 32.3862 68.5022 37.5463
15 47.0655 52.7318 54.1824
16 26.8334 43.7006 26.3244
17 30.0019 39.9585 31.2697
18 28.9764 54.9456 24.7559
19 40.3661 50.1557 39.2509
20 36.6344 64.0104 55.2547
méﬁl 34.1532 49.8351 36.2822
SD 6.4167 8.9915 9.7041
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@ 1 L o u £y
onsauihwewazlugaadaveswilym

A e

audia 35 luma’ wiian ywalgny’ sia1 ynen’ uay sushi Asjaies’

unnnge

miieietivsndag 1dnilveswa: lugdadesialah Tmsanulszneudas m msnadeu
mfi"lé'@rzm"mi]'maaﬁmuﬁyaﬁ"a‘lmﬁwmﬂizuanﬁfim'ﬂwﬁmﬁd Die Mlm'aunmmgmN!!i‘nmeaﬁ“ﬂlmﬁﬁgrn
A3z 1815 210 UAAAIINATES Universal Testing Machine Tnstron 1 5569 4) MaA1Iugdads 1ne3s Radial
compression 118z Die Loading #als1n)71 n) 'é')’@n;1d1ui‘]’s°ﬁawaaﬁ’;Ll'amﬁ'ﬁ%gau1ﬂ1ﬂﬂa1@ AULUALNUIAZIU
a2 lani iy 0.44420.07 uaz 0.38420.08 AWAIAY U) AINMTAVUSAEITENTHAadeA NI we T Ty
Fauaaslasnwdsiusvesi lugdads ® wlsandufunaio duaunsdng TnsuFea § 13075 Die Loading

-0.0841

' ¥ 1
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POISSON’S RATIO AND YOUNG'S MODULUS OF WHITE LONG RADDISH
Bundit I:lx'imopas:*, Phanida Pushpariksha:, Chanida Bupat:ﬁ and Tanarat Sr'i.t'm:lgrmn.lg3

ABSTRACT

This research was to determine Poisson’s Ratio and Young's Modulus of white long (WL) raddish.
Methodology included 1) determination of the Poissen’s Ratio of the cylindrical fresh WL raddish sampled axially and
laterally (each sample was loaded quasi-statically by the Universal Testing Machine , Instron No. 5569) ; ii) determination
of the Young's Modulus by mean of the radial compression and the die loading. Results showed that Poisson’s Ratio, of
the newly harvested WL raddish, of the axial and the lateral samples was averagely 0.444+0.07 and 0.384+0.08,

respectively. Storage time (t) significantly affected (p=<0.05) WL raddish strength which was exhibited by inverse

-0.084¢

relationship between modulus of elasticity (E) and t, ie. for the die loading E=3.07¢ (R2=0.94); for the radial

- 008

. . -0.08:
compression (axial sample) E; = 9.05e

(R'=0.99) and lateral sample E; = §.66¢" (R =0.95)

KEY WORDS: Poisson’s Ratio, Modulus of Elasticity, White Long Raddish
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Mechanical Behavior of Dragon Fruit
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Bandil Jarimopas' Chanida Bupata' Tanarat Srirungruang‘ Sukda .JL.|r1lh(.-n§;|1

Abstract

Dragon fruit is & potential economic crop and rich of nutitional ingredients. Postharvest handling, packaging,
transport and distribution bring about mechanical injury. Development of postharvest packaging and management of dragon
fruit needs the knowledge of mechanical behavior of the fruil. The purpose of this research was to study mechanical behavior
of dragon fruit at full maturity. Methodology comprised contact loading by means of the universal testing maching INSTRON
5569 using three kinds of compression head (CH} (ie. rigid flat plate, die and plunger). The last two CH varied in three sizes (ie.
46,8 mm in diameter) and three loading rates (LR} of CH movement (ie. 2.5,25250 mm/min) were used. Mechanical
properties of concern were fimness (3) defined by the slope of force-deformation response graph, modulus of elasticity (E),
force and deformation at rupture point. SPSS program was used to do analysis of varance.

Results showed that LR and CH significantly affected the mechanical properties (ie. S and E} of dragon fruit at the
significance level of 5% while only LR significantly influenced rupture force and deformation. Details of dragon fruit property is
given in the paper.

Keywords : dragon fruit , mechanical behavior
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23 Imﬂmqumumﬂm‘mvgm'ﬁq v Tmmﬂmﬂu whadien, wintden uasdmind dwdu @ 72544) naufo
fansaafippu@emnenaznie mnﬂ’ﬁmumm d

Mohsenin (1996) némwdn AeufEnfuAnAn tusmsmEnmuazaTANIMENeBsasn mmelznay
Mududayanddranadiddylunseanuuiaiesing nssuount Tana¥ nesuan Mednsimnlizananm
?Jml,ﬂ?"mmﬁ]g'j‘iﬁuﬂ:ﬂum]igﬂmm’mﬂ p7  wAlAMMeRALIAAIN AIANILNNEIINTRIRNI  vienmeAsey
mazdudaldgmianlfnmn@iGnavesaliuasinlhmaemdds (Tudin  uazgandng | 2547 ; Chen et al., 1996;
Ui uazADLE | 2548a ; 1T0U9in uazALE | 2548b; Jarimopas et al., 1990 ; Jarimopas, 1984; Sirisomboon et al., 2000 ;)
lunmeaeuniszdndarnazilesldwonauuuusuunuda (Rigid flat plate) (Jarimopas, 1984 ; Jarimopas et al., 1990;
UnuAA uazAE 2548a ; 1tudin URTANLE, 2548b) ¥ianAwLL plunger (Chen et al., 1996 ; 1ITUiR uﬂ:ﬂﬁuﬁ’nﬁ. 2547) W
nAKLL die (Sirisomboon et al., 2000; Unudin wazAny 2548a; Tiudin uazATU 2548b) nagauminlugdanaudaveulag
WenmnmszideadmiumsnadauLuieuadng JueApfitumia plunger uay die g_n'L%’si‘lwmmﬁuﬁﬁq‘lﬁ’Lﬁﬁmm
avdedn  mawlAsumnatesiang  uasdrnseieliAauanssnueeslatingennB danassnaa v 14
muﬁﬁ'ﬂﬁaaq\aﬁqwmuﬁﬁﬁam ur Tugdamudaveu poswriuile nspeLAvRsiatss m-mJ%'ﬂugﬂﬂmmuﬁe
TnsleeWaneatlauazanesing q femsialumanesneiy

aunsaluazisnng

1. MIVIEN UEN WA

wenuiafansszasindeiindsznuaunai - M 4719w 80 gn duidenuiaiansduou 20 gntimwndn e
e Inednaunuioiang 3 wnuAtUIL X (AMUNGN) UNU Y (ANMLN) uazuNL Z (ANENa) (Figure 1)

N7 | |

L.

Figure 1 Profile of Dragon Fruit

a o Far ar - a4l 3 ar
FnA AC uae BD mewiaians TaeldgUnsnidniriianulAa (Figure 2) mawa 1 uaz 2 A midluAwandeianulAan

=
ANNITN 1

Radius = ( ) (BD) (Mohsenin,1996) (1)

ECON

Foiwinaauindansirertesiazifon uﬁfz;i'm?qu.ﬁamns‘muu,ml.mu1 Faannuwailaenuiadang waztiuiinug

(Mohsenin,1996)
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Figure 2 A Meter Measuring Radius of Curvature
2. mmagaumAlugaads
2.1 1493 Die Loading Inetinufiaiansduau 45 gn mmﬂadmu wiuny Z aenifenadn ﬁfluLL?nl‘n
RGBT Die tﬂﬁﬁﬂﬁx‘i'ﬁ'] Die ﬂmmﬁuu'muﬂnmq 43n. iy Crosshead ‘llfNLﬁi‘fNT‘llﬁ Universal Testing Machine ﬂWﬂ
Instron 5569 (UTM) mmmﬂﬂmuu Anvil 989 UTM Uaznaia Die muuﬂanmwm‘numﬂma (Figure 3) fatAnuGEe 2.5
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NNANT (ASAE standard, 1998) quﬁﬁmumnﬁn (Rupture) HAZI@INTTZR8N ﬂuﬁnnmﬂuﬂtmmﬂ%ﬁu@ﬂ naaad 10 'i?’]
AnuATugAatRNENNT (3)
_Fl-s) .
d D 24 (Mohsenin, 1996) (3)

e F o= umnnn (N; D = ms‘tﬂﬁ'ﬂuzﬂ (mm); 2a = EWNAUEINANTIDIAG Die; U =
Poisson's ratio (14" 4 sesuaudilitla = 0.26) nAsesirfiANIEIANA 25 UAL 250 1. ATl ANAFL uay Die
PAEUEUAUENATN 6 LAY 8 1N, Tt 4T unpaeuuAalansd sl Combination 184MANALAYATNEIAL 10
Finaeing

Figure 3 Die [oadmg test of dragon fruit with the UTM Instron 5569
2.2 435 Plunger test AAFIY Plunger ﬂu’mlﬁumﬁuﬂnﬂ’m 4 yu.dniu  Crosshead mﬂqm?m
UTM 21eTusaating (whaslensdauiiges) 1 Anvil 1es UTM uaznavia Plunger aaunfianansresiusieting (Figure 4)
FtAINIED 2.5 NNANT AUTRIAUANTINLAIAINITEa8N ﬁuﬁnniﬁﬂmuanﬂ‘a‘ﬂu;ﬂ nARBY 10 97 Auanlngda
flaananng (4) nAaasE Aroudavianadly 25 uar 250 un. AT Awddu uaztia Plunger auaL&uUsENu
Autnand 6 uar 8 i, InenasauuindansdmiLusiaz Combination T83AINALATANITIRE 10 Tu
0.338K%F(1—p3)[1 1 4] ‘
—t—+— (Mohsenin, 1996) (4)
p R R d

dle  R,,R, = FailanulAesingyuiacduda () ; d = éwhugudnarsaesiong (1) ; K = 1.314

E =

Figure 4 Plunger test of dragon fruit with the UTM Instron 5569
2.3 1438 Flat plate Tneniwfaiansdnuay 15 gn AN AIALLLALNL 1 aenuldaneen 91Ty
NAADUUY Anvil 994 UTM Lazna Flat plate 994 Crosshead muu?;ﬁ’uﬂmau (Figure 5) FaEAINMEY 2.5 WL Al
AUTNALANLAIEINTERAN ﬁuﬁnmﬁﬂm‘aummgﬂugﬂ n9aesEn 10 91 Amaulugdataanannis (5) yianns
naanseLAEuAaE Flat plate 1{lu 25 uaz 250 1. AT AINANGL

_0.338K%F(1—Ju2){L+L %
D R R

(Mohsenin, 1996) (5)
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Figure 5 Flat plate test of dragon fruit with the UTM Instron 5569
HANITNARDILATIANGDL
1. AN UENNMENINUATNIINLGS - mnﬂﬁﬂugﬂ
AMNNIAN U MENIWDBdLiadanIwuan uialnsiianundng 75.80 £1.98 uy. AuMn 78.51 X 1.86
M. UAEANNEND 134.27 £ 573 1. Yniniede 426,03 £ 1950 nFi AumnwiAen 2,85+ 0.87 wu. uaziARAonalAs
w1 ezt 2 AN 94.20 £ 1562 uaz 49.16 T+ 7.00 w. ANAIAL ﬁwi‘ummﬁmuimﬂlﬁm‘%m U™ azléingwl
muﬁuwuﬁa‘ymwmmemﬂﬂaﬂu@ﬂ (Figure 6a,b,c) mnma‘nmmq@maummnmqnmma dlelda Die ne ﬂmngm
mmmnmmu%umﬂﬂﬁﬂmﬂmuéu Bﬂﬁn’]ﬁ‘LﬂﬁﬂuLLﬂmLLNm"lﬁ‘LﬂﬁﬂUSﬂ vite F/D azgalugowsn udorssanaaui
AAUAN R dlevia Die neq il B uudasiens udausanaiia-an Fusaiiesania Die Wnalmudisfinszaneuiioreauia
fans A wiAinaaeudaeia Plunger LLNnmLﬁ'u%utﬂuﬁﬂﬁfauﬁunmﬂﬁiﬂugﬂ uadli F/D sampsiiaufisqousn 33
Flat plate flinrreLauesndaiLag PIunger test Aa F / D psinaan @u'lnﬂm@mmn Lﬁu'l,lrlmw%u Bioyield point
rieufisam R Figure 6 (d) meqnmﬂl,l.a‘anﬁﬁ‘tﬂ@ﬁugﬂ wgﬂwmuﬂnmﬂuwn qvne Ae F Wnethailuddouty D
AUy R wdsniy F o aseehadudedounndiiu D Taeyniszivaesia die usy plunger arliiFn  Rupture
deformation D, = AT = 1.1 a (CV=9%) fiuwia flat plate D, —24uu (CVZ 5.8%)
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Figure 6 Typical force-deformation responses of dragon fruit for loading rate 2.5 and 25 mm/min (a,b,c)
and loading rate 250 mm/min (d)
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2. \ugdanoutiavey

Table 1 W&AAFIERTINITE (LR) wazmilavians (CH) ﬁ%ﬂ%‘ﬂﬁﬂﬂﬂqﬂﬂfﬁﬁ’aﬁmmqﬁﬁﬁﬁ?"ﬁu 5% ﬁiaﬁﬂumﬁﬂ
mwuumquu Table 2 waspnlugaarauEavE LA VTULFAY Combination 189 LR waz CH mwumnmwmmq N
iile Loading Rate (LR) i oA iugARTIRTanad N1TNAABLIWLL Die Loading wmwnwm 7 wudile
nnevRaANedY AtupAsEaavanaatuReaiy wilunsiiansis Plunger dmiL LR vika al et Plunger 3
1|u'm1m«nu ra:m'Lfs’r‘lmmmTu@m (B)anas dailuaddlunstl AamuiEe 2.5 uaz 25 s il usiiileporniFaiaen
Wl 250 1A ﬂﬂn{]mfnisﬂumqﬁ’uﬁﬂuﬁﬁiuaﬁaﬂ'\mﬁmﬁ'uﬁu levia Plunger ﬁmmmlmﬁuﬁ anaatunelddn
AINANNTT (4) *a.,’lﬁ"iﬁﬁﬂ‘llumé’ﬁej’ﬁuﬁ’uﬁﬂmﬁqmﬁ‘mmﬂmaﬁﬁﬁm‘miﬁa wardmsdou F/D ﬁﬂﬂaﬁna,mau
wesdEiirulFaninld E anauileii Plunqer uﬂmm'LvrcyﬂuLm FID mu%wﬂmmmm Plunger Triuuay
Deformation ummﬂumw'*uwnnsm (wmsmw D = 25% 18997 Ruplure) Frashilunse LR = 250 am. i Tugaat
Randuidtnan de Plunger mm'mlmum A1 Flat plate L:jﬂ LR iflsiin ﬂﬁwﬂﬁﬁﬂﬂﬂumu'ﬁuﬁ'}ﬂﬂﬂﬂﬁﬂﬂ\‘imJ
Jarimopas (1984) T8V n snaaLUMIL Quasi - static wAE Impact compression I Apple Wii§ Golden delicious
#iagl Flat plate mammﬂﬂ»auﬂmngdﬂm‘[uaﬁ’ﬂﬁdﬁﬁﬂLﬁ:uﬁwﬁnﬁaﬂ a0 7.43 104 7.60 MPam u@n6iu

Table 1 Analysis of variance of modulus of elasticity of Dragon fruit

Source Type I df Mean Square F Sig.

Sum of Squares

Corrected Model 123.882 3 41.284 627.769 000
Intercept 162.649 1 162.649 1949.666 000
Loading Rate (LR} 56,982 1 56.982 728,258 000
Compression Head (CH} £.208 1 8.208 104.898 000
LRE*CH 4.169 1 4,169 63.278 000
Error 16.118 206 {.824E-02
Total 9860.000 210
Corrected Total 140.000 209

a. R Squared = .885 (Adjusted R Squared = .883)

Table 2 Modulus of elaslicity of Dragon fruil (MPa)} vary from size of Compression Head and velocity

Compression Loading Rate (mm/min}

Head 25 25 250
Die 4 5137 T 1.083 0.812 X 0.108 0125 0019
Die 6 3.212 X 0.481 0.657 £ 0.105 0.121 £ 0.006
Die 8 1.465 * 0.793 0.486 X 0.071 0.107 £ 0.014
Ball 4 99.364 £ 40.303 3989+ 0.870 0.231 X 0.029
Ball 6 78.575 T 40.303 3753t 0,870 0.265 £ 0.079
Ball 8 56.666 £ 10.316 3.207 X 0.982 0.336 £ 0.036

Flat Plate 0.346 £ 0.036 0.428 X 0.063 0.472 £ 0.147

3. Aoraluile

Table 3 W&Pd91 LR @y CH ﬁ%‘ﬂ%wﬁfﬂﬂ'wﬁﬂﬂéﬂﬁmmmﬁﬁﬁizﬁumm&ﬁﬁ’m 5% sepanwiniied
finvupsng F/D Table 4 uapsen F/D wde dquljjmmummsgmﬁw%’uuﬁia: Combination 184 LR uaz CH
il Loading Rate iiaidn thmuuul.ﬁm:mﬂﬂuwn 7 1UAAFINA niin Flat plate fovianaailawiia 4 g
M3 2.6 HUANW Lﬂwmmﬁ’qnmlﬁrﬁ%ummmmmﬁmmmm wiidlepanuEa ity 25 uay 250 uu N
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o ot PR o 4 o L . &
WU HRTUIATRIWINAMNTI LAY TULLENALNT Y. d1w5L Flat plale HAIRFINNTLWHIY ATAITHLLLLLDAY
R SRR | o = = o o |

Wiaudag Geaoudaiud iU luianafefulugdasiutiongu

Table 3 Analysis of variance of firmness of Dragon fruil

Source Type lll Sum of df Mean Square F Sig
Squares
Correcled Model 129.260 3 43.087 826.466 000
Intercept 154.749 1 164.749 2968.303 000
Compression Head (CH) 31.070 1 31.070 595.965 000
Loading Rate (LR) 14.791 1 14.791 283.705 000
LR* CH 1.162 1 1.162 22283 000
Error 10.740 206 5.213E-02
Total 980.000 210
Correcled Total 140,000 209
a. R Squared = 923 (Adjusted R Squared = 922)
Table 4 Firmness of Dragon fruit (N/mm.}
Compression Loading Rate (mm/min}
Head 25 26 250
Die 4 22.038 £ 4.645 3.482 10463 0.537 £ 0.082
Die @ 2.eey i G085 4229 i 064 0.0 i (1030
Die 8 12.574 i 5800 41668 i 606 0.4 i (1119
Ball 4 21.536 * 7.970 2.627 £ 0.561 0.484 T 0.060
Ball 6 21.335 £ 6.361 33t 0544 0.690£0.113
Ball 8 16.120 £ 3.012 3.033t0.875 0984 T 0104
Flat Plate 6.413 = 0.800 7.657 +0.686 8650 T 2614

=l s
4. uRuaznTIALUIY 0l aauanIn

Table & uﬂmwﬂmﬁmﬁvﬁmwuﬂ?ﬂmu-‘h LR favinastaiifad Ay natiainsiu 5% dousana o

""IﬁLLE‘]ﬂ'Hﬂ f— F“l.’ilﬂ'r‘l?lﬂﬂ I- a ’ﬂ'&'JUL'I I8 Iui..l“lﬁi'fu’luﬂ’]'ﬁ‘i‘il LR LLE‘.R:‘S‘SE’IJIIHLLﬂWﬂﬂH lable 6 I— NLlu'JTUNLW..J‘Ir'U.
k1

Hnenpdearunisfistuges failure threshold compressive force 'ﬂ»ammmﬂmawuﬁ Golden Delicious A0 94 N 'lu

nnediavaing w110 N Ipgnisnszunn Uarimopas, 1984)

Tabkle 5 Analysis of variance of Rupture Force of Dragon fruit

Source Type Il Sum of df Mezan Square F Sig.
Squares
Carrected Model 114518 3 38173 08,588 100
Intercept 1935.03 ¢ 1 193,037 156{.51% A0
Loading Hate (LR} 93.681 1 93.651 fa8.20 A0
Compression Head (CH}) 5.767E-02 1 5.767E-02 A66 496
LR*CH 3.464E-02 1 3.464E-02 280 597
Error 25482 206 24
Tatal 980.000 0
Carrected Taotal 140.000 209

a. R Squared = 818 (Adjusted R Squared = 815)
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lable 6 Rupture Foree of Dragon fruit (N)

Loading Rate (mm/min} 2.8 25 250
All CH except flat plate 0.520 £ 0.184 0623 X 0.382 0.800 £ 0.234
Flat plate 15.576 £ 3.415 17.652 £ 3.768 20.370 £ 6.019

Table 7 WAAIHANTTT WA ML T 99udn LR Saviswaranisy Iﬁ'?msi Iﬁlﬂmmn D, ﬂ'ﬁmi‘iﬂ'ﬂéwﬁmiﬁ;
7uF 5% Interaction $W9 LR Way CH uﬂmw‘am@ D ﬂm\muﬂmm‘gmﬂ mw D, #uFuusiay Combination
984 LR wax CH qnuﬁm’l"lu lable 8 ﬂmﬂu’lﬁﬁﬂ L,Jﬂﬂmm m\'lﬂ‘i‘l’lﬂﬂ‘i"m’ﬁvqﬂ = 260 uAi D, 98ufiadiang
AALAUEITINATIALUL Die WAy Plunger i Aoudnanad (°L1.,W‘|"] TUNR) \ae 1.098 3 (cv =8.9%) uffaslans
ARLALBIEE Flat plate e D,Ynsuiu LR Aewdamaiiviami 2.357 uu (ov =0.3%)

Table 7 Analysis of variance of Rupture Deformation of Dragon fruit

Source Type Il Sum of df Mean Square F Sig.
Squares
Carrected Model 114.961 3 38.320 315.263 000
Intercept 179.141 1 179.141 1473.802 000
Loading Rate (LR} 24,786 1 24.786 203.920 000
Compression Head (CH) A79 1 179 1.469 227
LR*CH 492 1 492 4.046 046
Error 25.039 206 122
Total G800 M0
Carrected Total 1400000 204

a. R Squared = 821 (Adjusled R Squared = 819)
Table 8 Rupture Deforrmation of Dragon fruit (mrm.}

Compression Loading Rate {mm/min}

Head 25 25 250
Die 4 0.016 £ 0.009 19181 0.083 1103+ 0.264
Die 6 0.023 £ o.002 n.2s3t 0432 1.286 £ 0.049
Die 8 0.051 £ 0.039 0.246 £ 0.023 1,053 £0.160
Baill 4 0.011 £ 0.003 0102+ 0.012 1.021+0.018
Ball 6 0.013+0.003 0.109 + 0.002 1.093+0.167
Ball 8 n.100 £ o.0m 0108+ 0.012 1034t 0016

Flat Plate 2.306 T 0.35 2.350 T 0.46 2409+ 0.14

a5l

|

Tunaia Contact loading test Aunawiatansirensutsilaewiang 2 @ils A Die, Plunger, Rigid flat
plale  WaZERIINITZAN slow rale (2.5 — 25 Uy, fmﬁ) Auf4 fast rale { 250 Hu.MAun 1n} WU AN ALAEEnIINN 5L

‘EmﬁW‘Elﬁ‘ﬂm-l‘LlﬂL‘Nﬂ‘m.l'ﬂ‘il.m“Nwﬂﬂi"ﬂﬂﬁduuﬁlﬂﬂﬂfgﬂ?vﬂu 5% T:»-Jaﬁﬂﬂ@ﬂ‘uﬂﬁﬂﬂuuﬁﬁﬂﬂlﬂNLLUHL‘L?E 'luﬁlmii'ﬂ'ﬂﬂ?ﬁ
ﬂﬂi:ﬁNﬂ‘ﬂﬁWﬁWﬂLL‘NﬂlﬁLl,ﬂ:fﬂﬂTLﬂﬂﬂugﬂWﬂﬂumﬂﬂﬂﬂﬂﬂquuﬂ@z’?ﬂ@
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nsdivananEnssaumelanisnszunn
Young Coconut Fruit Bruising urider Impact

tudia 5Tuma’ uas sudend AfdaSas’
Bundit Jarimopas' and Tanarat Srirungruang’

Abstract

The purpose of this research was to estimate the bruise volume of young coconut fruit subjected to
impact loading. Methodology comprised dropping 4 sizes of steel plunger (i.e. 12, 24, 48 and 96 gm) onto the
mature young coconut fruit of uniform size at varying height and analyzing the relationship between bruise volume
(Vg) and the impact en.ergy (E). The 96 gm plunger gave the highest slope of V, vs E graph and the
corresponding equation is V,=1936.6E-94.2 {RP'=0.99]. Bruise threshold of the mature young coconut fruit
corresponded to the height of 2.6 cm.
Key word: Young coconut, Bruise, Impact

UNAnEa
~:"lwa'wumam“ﬂrmumﬁnﬂﬂmﬂu*‘nmaaummnmvmn ﬁ%‘m?ﬁnmﬂ?vnwﬁw maaaenia
plunger man 4 m An 12, 24, 48 uaz 96 NN ﬁnn?..tmnuﬂu.,ws-*naatmu'nmmmmuaua,ﬂqmru"’imﬁun
fdaneoi w?.,mum'mmﬁhq 1 uazAATziNANNANTUSTS wiaffanasin (v ) TBINANTNFIIBBUTUNAIIUAN
nizny (E) wadsingin v, wstumsariu € dwfudanszunnnn 4 mna nszinn 96 niu Iﬁnﬂﬂﬂuaﬁﬂm?
wlasuwlaes VgAa E mwﬁm uazaNNTAINANAUGTIY V,=1936.6E-94.2 (R"=0.99) qmmnums‘m Bruise
threshold 'Ilﬂ\'!Nﬂn”ﬂ%‘)ﬂﬂuﬂfgﬂ?vﬂ:ﬂ‘]‘luﬁﬂ 2.6 I.‘ﬂ'l.I.FII.HFI‘i'
AvdATy: wenedeu, nsdn, nszunn

AN

"w*'r'weiauu?wamﬂu'{ﬁnaﬁ"ﬁmwéﬂﬁcqummﬂﬁﬁ'lum?ﬁman nsdeaanuzwimdauadlnell
Firlszinall 2546 dyad 4,033,571 noaanfandy 1l 2547 fiyadn 4,452,114 aoaanfaniy Andludnrnissensd
10.38%  (nauduAINNNIAIRANNTTNINWITTE.2549) w%‘w-a-auﬂmmm?dqfmnw"mum?ﬂamﬂﬂan'lﬁmmﬁ
aihiave #10azenn ‘lumﬂa-anm‘nmmm Lifldwi (saedn) msmaanuvw%"1qﬂﬂumﬂmmiﬂgumnmms-mnmm
ammmaﬂmnumﬂwamﬂ I.?uI?l-Ju.TfI‘IJ'I-&Ef'?ﬁﬂﬂn‘i"lnﬂ".l‘l.lﬁﬂ?:u-'}uﬂ’lmﬂw Himsdinusiana ’Quﬁ"li‘l‘lul.:ﬂﬂ‘ﬂ WATANT
numﬁ‘u]ﬂauﬁ-nmm ﬂmmmnm'lum?dmanu'wﬂaaﬂuﬂunwumuaﬂs soviAwAsniafinannsdudsues
mﬂumanauﬂm TP emsttreshuhndnodinmalunius Wi Tnadanmlduoususa
uauavm\mma1nw@utmmnw‘lummmumaan’lm Aanaradlusmiiin Wiz wﬂ’:ﬂﬂunaﬁqmmwmuavnmﬁm
Faihuuvaafinlsadnson inisewanaaudngsensivesnauatila (Jarimopas, 1984 ;Holt and Schoorl, 1977 ;Chen
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ABSTRACT

Young coconut fruit is one of the most favorite fruits of Thailand. Its juice and flesh are tasty and rich
with nutritional value. Nowadays, the coconut fruit is subjected to mechanical loadings, and impact,
during handling and transport, results in bruising. Such postharvest damage inereases production cost,
slows down the production process and deteriorates product quality. This research was atmed to (a)
assess the postharvest damage of the coconut fruit at markets and (b) determine mechanism of bruising
of the young coconut fruit subjected to impact. Methodology comprised survey to collect data on
postharvest bruising at selected retailers and wholesalers, and analysis. Samples of young coconut fruit
were brought to drop test at different height with wvarious plunger impactors. Impact energy and
bruising were measured and analyzed. Results showed that bruising of the young coconut fruit by the
wholesalers varied from 65 to 100%, while that of the retailers ranged from 50 to 100%. A very good
linear correlation between the bruise volume V. the impact energy E beyond threshold, bruise
oceurrence probability P and the impact energy below threshold was found. Maturity affected the V-E
and the P-E regression graphs, and the threshold as well. Threshold impact energy causing bruising of
the sound young coconut (Probability = 1) was 0.0252 .

Keywords : Postharvest, bruising, coconut, impact
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Abstract

Young coconut fruit is one of the most favorite fruit of Thailand. Its juice and flesh are tasty
and rich of nutritional value. Nowadays, the coconut fruit is subjected to mechanical loadings,
especially impact, during handling and transport, resulting bruising. Such postharvest damage
increases production cost, slows down production process and detericrates product quality. This
research was aimed to (a) assess the postharvest damage of the coconut fruit at markets and (b)
determine young coconut fruit bruising mechanism mechanism subjected to impact. Methodology
comprised survey to collect data on postharvest bruising at selected retailers and wholesalers, and
analysis. Samples of young coconut fruit were brought to drop test at different height with various
plunger impactors. Impact energy and bruising were measured and analyzed.

Results showed that bruising of the young coconut fruit of the wholesalers varied from 65 to
100% while that of the retailers ranged from 50 to 100%. Very good linear eorrelation between the
bruise volume WV and the impact energy E beyond threshold and between bruise occurrence
probability P and the impact energy below threshold was found. Matunty affected the V-E and the P-
E regression graphs, and the thresheld as well. Thresheld impact energy causing bruising of the
sound young coconut (Probability = 1) was 0.0245 J.

Keywords : Postharvest, bruising, coconut, impact

Introduction

Paostharvest handling, packaging and transport essentially cause fruit injury, mainly bruising
(Bollen et al., 1999). Apple bruising was as high as 93% after transport (Timm et al., 1983). Young
coconut fruit, one of the maost favorite fruit of Thailand, is similarly subjected to the aforementioned
postharvest processed and executed by mechanical loadings, especially impact. The damaged
coconut  increases production cost, slows down production process and deteriorates product
quality. This research was aimed to (a) assess the postharvest damage of the coconut fruit at

markets and (b) determine young coconut fruit bruising mechanism subjected o impact.

182
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Material and Method

1. Determination of postharvest damags

Four big supermarkets of the international companies and three big ocpen markets in
Bangkok were selected as the representative of retailer and wholesaler. Five and twenty trimmed
young coconut fruit was randomly bought from each retailer and wholesaler respectively as fruit
samples for bruise inspection and analysis.

Average bruising percentage = The average of number of bruised fruit‘Total number of the
sample (1)

Average bruising area per fruit = The average of total bruised area on the fruit surface /
Total surface area of the fruit =~~~ (2)

Average number of bruising per fruit = The average of bruised area number per fruit

2. Determination of the relationship betwesen bruise volume and impact enargy beyond bruise
threshold.

The measurement used a drop test set-up equipped with 12 gm (14.9 mm diameter)
plunger impactor under which was a newly-harvested, mature young coconut frut placed in a
moisted sand. The impactor dropping was controlled by a magnetic release and was adjustable
according to the drop height selected. Ten replications were for a combination of plunger head (i.e.
12, 24, 48, 96 gm) and energy level (7 to 10 energy levels). The relationship between bruise volume

\ and the impact energy E was analyzed.

v = %mz d (Chen & Sun , 1984) ... (4)
E = mgh {Jarimopas, 2006) ... (5)
()] = width of bruise (mm)

d = depth of bruise (mm)

m = mass of impactor (kg)

h = dropping height (m)

The fruit samples of uniform size were used in all the experiment
3. Determination of the relationship probability of bruise occurrence and the impact snergy below
and upto bruise threshold

The drop test set-up was used with the other group of young coconut samples consisting of
equal number of uniform size immature, mature and overmature fruit. The used plunger impactor was
properly chosen after the previous determinations. Twenty replications were for a combination of
maturity and impact energy levels (there were 10 to 14 levels ranging from about 0.008 to 0.025 J).

The relationship between the probability of bruise occurrence and the impact energy was analyzed.
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Results and Discussion
1. Postharvest damage
Table 1 Statistics of postharvest bruising of the trimmed young coconut fruit at selected retailers and

wholesalers

Salers (r = retailer, Average bruising Average bruising Average number of
w = wholesaler) percentage arealfruit (em?) bruising/fruit
Big C (1 100 49.414.0 5.5L31
Lotus (r) 100 389124 7.014.4
Carrefour (r) 100 37.8135 80138
Tops (r) 50 47117 27121
Tai market (w) 98.5 17.814.6 48124
Pathom Mongkol markst (w) 652 28716 19709
Si Mum Mueng market (w) 100 176749 43122

Main damage of the trmmed young coconut fruit was bruising. The young coconut bruising
was characterized by mesocarp browning mass with curved boundary protruding inside the fruit. The
browning mesocarp stay under the skin (Fig.1). The coconut bruising pattern fairly resembled the
bruising of an apple (Jarimopas, 2006). Impact during handling and transport can cause bruising of
the coconui. Normally, after trimming the young coconut Is instantly dipped into sodium
metabisulfide solution to protect browing of the mesocarp surface.

Table 1 presents the statistics of young coconut fruit bruising of the selected wholesalers
and retailers in Bangkok and its metropolitan area. Percentage of the average coconut bruising of
retailers and wholesalers was frem 50 to 100 and from 65 to 100 respectively. The related average
bruising area (A) ranged from 4.7 to 49.4 cmruit in the retailers and from 2.8 to 17.8 cm fruit in the
wholesalers. The average number of bruising per fruit (B) of the retailer ranged from 2.7 1o 8.0 %
while that of the wholesaler ranged from 1.9 to 48%. The lower value of A and B of the retailer
referred to betier postharvest handling and management while that of the wholesaler was due to the
short distance between such a whelesaler and the coconut plantation.

2. Bruise volume and impact energy beyond threshold

Fig 2 showed the bruise volume V of the young coconut fruit was linearly propertional to the
impact energy E for every impactor plunger. The equations of relationship for the plunger head of 12,
24,48 98 gm were

\ = 1161.3E-21.0 {R2 =0999 (8)
\ = 1261.1E-20.6 (R° = 09s4) {7

1333.1E-33.4 (R° = 0984 Ll (8)

-
I
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Fig 1. Picture of young coconut fruit bruising

a) Plunger impactor weighs 12 and 24 gm

Plunger 24 gm
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R =0.984

Plungsr 12 gm
o= 1161.3E - 21

" = 0900

0.02 0.04 0.06 0.08 0.1 0.12 0.14
Impact Energy.E (J)

Fig 2. Relationship of bruise volume and impact energy of the mature young coceonut fruit beyond

bruise threshold



b) Plunger impactor weighs 48 and 96 gm
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Fig 2. Relationship of bruise volume and impact energy of the mature young coconut fruit beyond

bruise threshold

W = 1936.6E-94.2 {Rg =094 (8)

The V-E relationship well complied with the V-E relationship of a Fuji apple subjected o

ballistic pendulum impact (Jarimopas et al., 2006). Application of the biggest plunger caused the

greatest ratio of V per unit of E {(1936.6 mmBIJ}. The 96 gm plunger was then proper to further study
the bruise threshold for the easier inspection of bruise happening.
3. Bruise occurrence probability and impact energy relationship

Fig 3 exhibited the probability P of bruise occurrence varied proporticnally as the impact

energy for the immature, mature and overmature coconut. Very goed linear relationship with the

threshold point (Probability = 1) on the regression graph was obtained as follows: -

P (immatue) = 120.89E-2.20 (R: =0.87)
P (mature) = 101.36E-1.47 (R: =0.99)
P (overmature) = 75 47E-0.56 (Rz =028

The P-E reletionship well complied with that of a Fuji apple (Jarimopas et al., 2008). The
less degree of maturity per haps gave rise to more strength to resist bruise occurrence which could
be virtualized by a) the higher E initializing the P-E graph, b) relatively higher slope of the P-E graph,
and c) the higher threshold energy. To support this assumption a set of newly-harvested young
coconut fruit of uniform size of the three maturity stage (5 fruit each) was slowly compressed (loading

rate of 25 mm/min) by 4 mm plunger head mounted to the Universal Testing Machine INSTRON

119
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5569. It was found that the Young's modulus of the immature, mature and overmature was 36.3, 216

and 7.8 MPa respectively. Therefore, the immature was stronger than the mature and sequentially

than the overmature.

Probability

Overmature YCF Mature YCF Immature YCF
P =75467E - 0.5594| P =101.36E - 1.4735 P =120.99E - 2.1976
R?=0.9826 R%=10.9858 R?=0.9728

7 17 | T
/ ?/{if( + Overmature
o o §
y 7 /
VAR
f [/
L L]
2 i
2 T .; .}'J T T 1
0.010 0.020 0.030 0.040
Energy (J)

Fig 3 Bruise occurrence probability and impact energy relationship

Table 2 Bruise volume (V) and impact energy (E,) at the bruise threshold of young coconut

Maturity W, (mm3) E.(J)
Immature 8.59 0.0264
Mature 10.67 0.0245
Owvermature 14.71 0.0207

Table 2 showed the threshold conditions of ¥ and E. By repeating the test of determination 2

with the mature young coconut fruit of the same condition of the determination 3 and analyzing the V-

E graph beyond threshold including the threshold point of the mature (V, = 10.67 mm’

. E, = 0.0245))

as the beginning of the graph (Fig 4), the impact bruising mechanism of a young coconut fruit from

the uncertainty, the onset, the certainty of occurrence can be continuously described.
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Fig 4 V-E relationship beyond threshold having the threshold condition of the mature coconu

on the regression graph

Conclusion
Pastharvest bruising of young coconut fruit in commercial practice was assessed. Impact
bruising of young coconut was first identified and quantified. Impact bruising mechanism was
characterized by a) linear relationship between bruise volume E and impact energy V beyond
threshold, b) linear relaticnship between probability of bruise occurrence and impact energy below
and upto bruise threshold, and c) effect of fruit maturity upon the slope of relationship equation and

the threshold values of Eand V.
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