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Udomsak Kitthawee 2011: Mechanical Bruising of Mangosteen Rind and Young
Coconut Husk. Doctor of Engineering (Agricultural Engineering), Major Field:
Agricultural Engineering, Department of Agricultural Engineering. Thesis Advisor:

Assistant Professor Siwalak Pathaveerat, Ph.D. 111 pages.

The objective of this research was to study the mechanical properties of hard rind
mangosteen for quality controlling and to determine young coconut fruit bruising mechanism

subjected to quasi-static compression and impact test.

The research included the mechanical property of firmness (F/D) and a firmness
index (A/t) to evaluate the mangosteen that was compressed by rigid flat plate installed to the
Universal Testing Machine (Instron 5569) and impacted by impacting rod. There were three
control factors: a) 6 loading (100, 80, 60, 40, 20 and 0 % of rupture force) b) 2 maturity
stages (Pink and Dark Purple) and c) 3 storage days (0, 4 and 8 days after testing day).
Analysis was achieved by using ANOVA and DMRT. Results showed that compressive and
impact loading, maturity and storage significantly affected firmness and firmness index at
p<0.05. When the solution in the cell oxidize by surrounding atmosphere due to cell wall
failure, the mangosteen would hard rind by lignifications. The pink mangosteen tended to be
hard rind less than the dark purple fruit. The hard rind of mangosteen was the “Bruise” in the

mesocarp of fruit.

The sample young coconut included three different maturity stages (immature, mature,
overmature) were studied for bruising response below and beyond the bruise threshold.

Overmature young coconut exhibited the most bruise under loading.

Student’s signature Thesis Advisor’s signature
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* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
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Ratio of compression to rupture force

days
0 0.2 0.4 0.6 0.8 1.0
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’ (0.893) (2.522) (3.119) (3.011) (2.632) (2.264)
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! (1.807) (1.594) (2.213) (2.615) (3.023) (1.912)
5678 5.540 6.010 6.321 " 8.031° 8.809
; (1.893) (2.839) (1.838) (3.235) (2.141) (2.479)

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
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ﬂ§$ﬂ1ﬂigllﬂﬂﬁ§$ﬂﬂﬁ1ﬂ”] LUAZIUINUINHEI

Ratio of impact force to impact rupture force

days
0 0.2 0.4 0.6 0.8 1.0
0.322" 0.541 ™ 0.559™¢ 0.570™ 0.623 0.736
¢ (0.102) (0.160) (0.186) (0.255) (0.216) (0.223)
0.328" 0.511% 0.707° 0.902° 0.926 0.955"
! (0.089) (0.210) (0.318) (0.361) (0.417) (0.523)
0372 0.554 " 0.989" 0.979" 0.990°" 0.995"
’ (0.112) (0.273) (0.348) (0.327) (0.246) (0.304)

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
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d’ 1 = 1 &’ 9 3 o A Yo
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ﬂ§$ﬂ1ﬂigllﬂﬂﬁ§$ﬂﬂﬁ1ﬂ”] LUAZIUINUINHEI

Ratio of impact force to impact rupture force

days
0 0.2 0.4 0.6 0.8 1.0
0314% 0421° 0.466" 0.590" 0.757% 0.702°
’ (0.084) (0.126) (0.188) (0.162) (0.371) (0.288)
0.321° 0.485" 0.530" 0.796" 0.763° 0.825%
! (0.064) (0.168) (0.259) (0.320) (0.365) (0.290)
0.373° 0.553"™ 0.786° 0.855% 0.970° 0.986°
y (0.096) (0.154) (0.263) (0.337) (0.312) (0.312)

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.

v
=

H 1 % 1 g % v
A1519% 9 uﬁﬂqmmmwﬁmmuuumammNammmzawuwjﬂé’fﬁumiz

o { [ 1 @ 3 o Aa a [ v o w { v
NALLIUNTEIINTEUNNNIZAVANG 1Az IUAUTNY VBNTWasd WU AN p<0.05 NUATH

=) v Y

Y Y
mmuumﬁ@ %ﬁmmuumﬁammwamqmzEJzﬁme‘ﬁumTﬁu“lummamuwammiz&lz

q

]
Y [

= 1 o w v A v 3 o A = 1 X @ Yo n Yy
FUNAT uﬂﬂm&ﬁ“vumﬁlummmﬂym 4 AFUANUUUUIUDUDINAUIAAN ﬂﬁﬂllagulllvlﬂ

@ ] 1 [ 1 A v oo W A g o [ o A @ Ad o
TUNTSNA Ulmmﬂmﬂﬂuammuﬂmﬂiy WonNUT NI UIUN 8 ARINAANINUINHIATY

ad a9y < ds! >0 a ~ T v A ] ,3 A
FITUPINNQYUNHIUHDIVZHUUIVU = 18% 1NIAN NN1TLNA 80% FINNAFUANNUUUULIUDN

U

' o A

! 3 v v ! g {
N132NA 60% LASTINMAFUANNUUULIUBDAINIUAN ATHANUUUUILENNTZNA 20%

Y

1 v W A o I o A
!L@]ﬂ@]1ﬂﬂﬂ@]393uﬂu!uﬂlﬂu5ﬂ31u1ulﬂujuﬂ 8

) g v
3.2.2 ANUUUULIUBDUDINAUIAR



47

]
=1
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M990 10 AMVDIANUUULIUD (N/mm) “Ui’Nmeﬂﬂﬂi%EJ$EJ’J\iﬂﬁ/]llﬁ)iﬂﬂ"lixu‘]_mﬂix‘lfn
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ﬂi%uﬂﬂﬁi%ﬂﬂﬁTQﬂ LRAaSIUNUVINEN

Ratio of impact force to impact rupture force

days
0 0.2 0.4 0.6 0.8 1.0
4.109" 7.877" 8.126" 8.256" 8.273" 8.869 ™
’ (1.693) (3.197) (3.142) (2.809) (3.076) (4.097)
4.426" 9.778 > 10.435 " 12.021°% 12.297% 12.901°
! (2.363) (4.441) (4.254) (3.132) (4.003) (3.869)
4.728° 11.008 16.714" 17.345" 17.484" 17.503"
’ (2.237) (4.547) (4.148) (4.439) (6.066) (6.066)

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
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H 1 ) g d { o o
M39N 11 MYeIANUUULILD (N/mm) mamamqmzﬂzwmﬂﬁ’ UNITUUUNITTN

{ [ v 8
ﬂi%uﬂﬂﬁi%ﬂﬂﬁTQﬂ LRASIUNUVINEN

Ratio of impact force to impact rupture force

days
0 0.2 0.4 0.6 0.8 1.0
3.600" 5.414% 7.156™¢ 7.106 ™ 7.220™¢ 8.407°
’ (1.014) (1.850) (1.951) (2.340) (1.963) (3.008)
3.705" 7.695 8.398¢ 11.317° 12.173¢ 12473
! (1.924) (2.905) (2.721) (4.465) (4.026) (3.840)
4213° 9.082° 9.175¢ 12.120° 13.301° 14.196"
’ (3.495) (2.089) (4.047) (4.362) (3.972) (3.228)

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
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Maturity Plunger size (mm) Regression line R
14 V,=998.6E,-3.5 0.97
19 V,=1193.9E,-14.3 0.96
Immature
25 V,=1375.1E,- 7.7 0.96
32 V,=1677.6E,-29.2 0.99
14 V,=1172E,-21.5 0.98
19 V, =1259E,-20.4 0.99
Mature
25 V, = 1460.6E, — 48.9 0.97
32 V, = 1869.6E, — 82.7 0.99
14 V,=1215.6E,-15.9 0.95
19 V,=1503.4E,-20.9 0.99
Overmature
25 V, =1660.8E, - 39.9 0.92
32 V,=1924.5E, - 14.8 0.96
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{ o 1 4 a A @
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a A & o Y 9 1 a %’ Y1 Y o
32 laamas Fedunsnhlnuznineswnasest ldhemazdanu llvimsnaaoum
% v d 1 %’ @ [ U 1T A 2,‘
ANVANNUTIENINUTNIAIINUNAINUNTZUNN B JANDUIALUUUNATOIFT (Below

Threshold) wo 'l

! ' ' 2 . A P o
A15199 13 A haensh (bruise susceptibility, mm3/J) VBN NS 1IBOUADNITNTEN

NTLLNA
Spherical impactor size (mm)
Maturity
14 19 25 32
967.9 " 1,106.7° 1,178.8 ™ 1,552.4
Immature
(537.8) (770.1) (473.7) (550.1)
1,187.4* 1,280.6 ™ 1,365.2 ™% 1,663.3
Mature
(718.1) (677.3) (423.5) (641.8)
1,307.6 * 1,473.7 " 1,554.3 1,716.0 "
Overmature
(733.2) (1,069.2) (795.6) (832.1)

Standard deviation is shown in the parenthesis.

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
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Tinaseedgeiga 0.264 9a TA1/SuAsF UMY 422.8 £ 47.9 gnuIARNADINAT, NENE1)
g 3’/ X 1 (% 1 ?,’ L% ‘a A
IHOFUATINAINGIY 0.245 98 BANSFTATTUMNING 345.5 + 47.1 gNINARNAAINAT LAZ

g ?x’/ 1 [ 1 %’ 1 o Ja a
mw%’muaﬁawuﬁmwmqm 0.207 9@ umYsuassuminy 307.9 £48.0 gnUIANNAAINAT

1.00 ‘
% VP,
0.90 A

o o

N o

5 O
L

L &

0.6: A/ /

v

8
=)
£
5
2 ” + Immature
2 050 A Mature
g 3 4 Overmature
v 0.40+— . — ]
© A .
2 030
—g A /0
< 0.20 A
St
£ /
0.10

A/A 0/
0.00

T

0.0000 0.0050 0.0100 0.0150 0.0200 0.0250  0.0300

Impact Energy E, (J)

3 v o a 1 ] I a Y @
ﬂTWﬁ 23 mm?mwu‘.ﬁw.umﬁmﬁluizmwmmummﬂummmimﬂmi%muwawm

NITLUND



3 < 1 1 I a ¥ @ (%
M99 14 ﬁ?Jﬂ”Iﬁ%Lﬂiﬁ‘]fuL%u@iQﬁ%ﬁ31\1931%1&1%3LﬂuﬂlﬂﬂﬂTilﬂﬂﬂ1isﬁ1 (P) DUNANU

nizunn (E)

57

Maturity Regression line R’
Immature P = 121 E-2.2 0.97
Mature P =1014E-1.5 0.99
Overmature P =755E-0.6 0.98

H v ' '
M319h 15 U51103aNuFaz NAI9UTALLA (threshold energy) (1 P**=1.0) Y09 N3 1

1 d‘ Yo o .
90U 110 193UNTATLIINTZUND (32 mm impactor)

Maturity Bruise volume * (mm3) Threshold energy * (J)
4228"° 0.264
Immature
47.9)
3455° 0.245
Mature
47.1)
307.9 " 0.207
Overmature
(48.0)

Standard deviation is shown in the parenthesis.
* Mean values with the same letter are not significantly different at the alpha = 0.05 level.

** Probability of bruise occurrence = number of non-zero bruises / number of replications of the

same treatment.
Y 1 d' (Y] =) a Jd . . .
2. UTNINIVDMNIUMISUVUNANBUADNY (Quasi-Static compression)

v v 1 S [ 1T a 3
2.1 ﬂ’NiJﬁTlJ‘W‘L!‘ﬁizﬁ?N‘ﬂQiNWIiﬁlﬂllazwﬁ\i\ﬂuﬂﬂlﬁﬂﬂﬂ%ﬂLL‘U\‘]LﬂﬂiE)EJG]ﬂ (Beyond

Threshold)
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Maturity Plunger size (mm) Regression line R
14 V,=1043.6E_-391.2 0.95
19 V,=508.4E_—239.8 0.91
Immature
25 V, =563.85E_+260.19 0.85
32 V,=661.7E —-2.1 0.95
14 V,=865.7E,—-270.3 0.88
19 V,=8223E,-3334 0.95
Mature
25 V,=840.2E_ - 250.0 0.95
32 V,=651.9E —-271.0 0.99
14 V,=1379.0E_ - 183.7 0.93
19 V,=11199E -32 0.82
Overmature
25 V, =816.7E_+ 573.6 0.77

32 V, = 1346 4E_— 867.9 0.89
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PAHINAdeULAz 52 ey MINI AL IagerttonasnunIimse (1s19i 17) wun

H o 1 = y A X2 A 9 1 A 2
']J%ll”I@]ﬁ“]ﬂell'EJQWjﬂﬂﬁﬂﬁllﬂagmu1ﬂﬂllu31umLW1]‘1]1!!11991Q“'IJ'E]\T?J%W?”I?@@ULW?JGUU

H Ll 1 90‘ 4 K - Ll 1
M15197 17 A0 19A8M5H (bruise susceptibility, mm/T) Yoauzni1I8aUADMINANDL

a o
anad
Spherical plunger size (mm)
Maturity
14 19 25 32
799.2 ¢ 4042° 675.8 ™ 702.0 ™
Immature
(294.8) (183.6) (263.4) (276.4)
739.4 660.8 ™ 7135 571.0%
Mature
(234.6) (220.4) (204.8) (214.8)
1,454.0 " 1,253.4° 1,172.7% 1,035.6 ¢
Overmature
(673.4) (376.7) (540.8) (314.2)

Standard deviation is shown in the parenthesis.

* Mean values with the same letter are not significantly different at the alpha = 0.05 level.

o o 1 H @ 1 1T A H
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A Overmature

Probability of bruise occurrence

Compression Energy, E. (J)
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ﬂTWﬁ 27 ﬂ’JUJﬁll‘WH‘ﬁLL‘U‘UL“I)'\HE%{“L!55T‘f’JNﬂ’JUJ1!1%&1]uéUfoniLﬂﬂﬂ13“])'1ﬂ‘UWﬁ\‘l\ﬂuﬂﬂ

3 < J ] I a ¥ @ @
M3 18 ﬁﬂﬂ1ﬁ%tﬂ§ﬁ‘]§ul%u¢‘]iﬂ§$ﬁ31\1931%1&1%3Lﬂ1ﬁ]ﬂ\1ﬂ15lﬂﬂﬂ1551ﬂ (P) DUNWANUNA

A a J
INoUaDNY (EC)
Maturity Regression line R’
Immature P =0.2489Ln(E ) + 0.7753 0.92
Mature P =0.399Ln(E ) + 0.9493 0.99

Overmature P =0.2841Ln(E ) + 1.0275 0.95
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d’ 90’ v S 1 d‘
MI19N 19 1aalTUATANNF A NEINUIALLN (threshold energy) (1 P**=1.0) U9

9 J A Yo A a J .
UENINIDU Llli’)llﬂﬁllﬂ1§ﬂﬂlﬂ@llﬁﬂ@]8 (32 mm impactor)

Maturity Bruise volume * (mm3) Threshold energy * (J)
Immature 2073.8 ¢ 2.17°
(382.2) (0.28)
Mature 14359 ° 1.13°
(329.4) (0.19)
Overmature 1090.5° 0.76°
(414.4) (0.19)

Standard deviation is shown in the parenthesis.
* Mean values with the same letter are not significantly different at the alpha = 0.05 level.
** Probability of bruise occurrence = number of non-zero bruises / number of replications of the

same treatment.
o J
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Chen et al. (1996) 2
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m{16  m, +m, Ez(l_!-h )+E1(l—p2 ) R R,

AR Y
NHI  Omax = ANUAUGIYA (Pa)
< o v J @ 1 2
A = ANUIITUNNTUBNIAANTINANUNDUYY (m/s')
my = 128UINTINANNIA (kg)

= (4 é
my = YIAVDINTINANDNOUN U (kg)
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[ ]

E, = Tu@aﬁﬁwqummmmawﬁq (Pa)

E» — Tugdabanguueansanandnsiunily (Pa)
I8 = Poisson’s ratio ﬂlﬂﬂﬂiﬂﬂﬁhﬁﬁﬁ

U2 = Poisson’s ratio mmmqnau%ﬂﬁuwﬁq

R, — Seinu TRaweansanauniia (m)

R, — Seinu TR 1weansanaudns Ui (m)
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Hard rind property of fresh mangosteen fruit subjected to

compressive loading

Udomsak KITTHAWEE", Bundit JARIMOPAS *, Siwalak PATHAVEERAT *

Abstract

Mangosteen is one of the topmost export fruit of Thailand. Local and foreign consumers are in favor of it.

Mangosteen was recently exported to the amount 22 mUSD. However, the mangosteen still suffers quality problems

on translucency and hard rind which heavily corrodes the income.

This research was to determine the hard rind properties of fresh mangosteen fruit subjected to

compressive loading. Methodology included 1) the preparation of intact mangosteen fruit to be hard rind samples, ii)

testing and evaluation of the hard rind samples, and iii) the comparative analysis of the Scanning Electron

Microscope on hard rind and intact mangosteen tissue. The parameters describing degree of hard rind are firmness

(ratio between peak force and deformation) and a firmness index (ratio between maximum acceleration and

corresponding time) The preparation of 720 uniform, hard rind mangosteen was obtained by cormpressing a rigid flat

plate installed to the Universal Testing Machine, Instron 5569. The testing of the prepared hard rind samples was

conditioned by three control factors: a) compressive loading (0, 20, 40, 60, 80 and 100 % of rupture force), b)

maturity stage (pink, dark purple), and c) storage day (2, 6 and 10 days after testing day). Analysis was performed

using ANOVA and DMRT.

Results showed that compressive loading, maturity and storage time significantly affected firmmess and

firmness index at p<0.05. The picture from the Scanning Electron Microscope displayed the tissnes of hard rind

mangosteen consisting of broken cells while that of intact fruit consisting of normal cells. Firmmness of compressed

dark purple mangosteen was different for a certain storage day and compressive loading. Firmness index and

firmness of the dark purple mangosteen were higher than the pink one. The pink mangosteen tended to be hard rind

less than the dark purple fruit. Firmness and firmmess index similarly demonstrated estimate of correct hard rind

threshold.

[Keywords] Mangosteen, hardened pericarp, mechanical properties

I Introduction

Mangosteens (Garcinai mangostana L.) are one of
the most popular tropical fraits in Thailand. In 2008, the main
planting areas cover 396,325 r1ais(63,412 hectares) of land
in the eastern and southern regions of the country and annnal
production averages 173,511 metric tons. Mangosteen fruits
are mainly consumed fresh locally and exported as fresh and
frozen fruits to many countries. The quantity in 2008 is about
46,300 metric tons which cost was 775 million baht (22
mUSD)(OAE 2008).

Most mangosteen fruit reaches the consumer with
some degree of mechanical injury caused by compression or
impact damage resulting in hardening of pericarp(Tongdee
and Suwanagul, 1989, Ketsa and Atantee, 1998, Pushpariksha
et al., 2006). Jarimopas et al.(2008) surveyed postharvest
damage of fresh mangosteens from Chantaburi and
Chumphon provinces and found that damaged included fruit

cracking, hard rinds and other external and internal defects.
Fruits that had hard rind were 1.9 %. Although the fresh fruit
was seemingly not much, amount of hard rind fruit was
increased rapidly when reached on market. Total amount of
hardened pericarp mongosteen froit was randomly
investigated from supermarket, open-market and on-truck
vendors in Bangkok and metropolitan area. Hard rind
mangosteen was found that 33.4%( Pushpariksha and
Jarimopas, 2006). Even though pericarp haredening does not
affect the eating quality of mangosteen fruits, consumers are
prone to reject mangosteen fruits with pericarp
hardening.(Ketsa, 2005)

The hard rind defect was responsible of

mechanical impact with no wound i plant(Siriphanich, 2006).

The response was rely on height(impact force), storage time
after impact, maturity and oxygen around the fruit(Bunsiri et

al., 2003). The impacted mangosteen would be hard rind

* Corresponding author, Tel.: 08-1625-1056; E-mail address: microant@hotmail.com
1 Department of Agricultural Engineering, Kasetsart University Kamphengsan Campus, Nakhon Pathom, 73140, Thailand
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which was combined of lignin at pericarpKetsa and Atantee,
1998). Lignin content was intercellnlar of cell wall and
increased strength of cell wall. More lighin content inclined,
mere cell wall was hardening. (Ketsa, 2003). Pushpariksha and
Jarimopas(2008) smdied mechanical properties by slope of
graph with force and deformation which differed from good
and hard rind intact fruit. However, there were other
mechanical properties for detection the damage in comparizon
of perceptivity and sensitivity. The objective of thiz research
was to determine the hard rind properties of fresh mangosteen
fruit subjected to compressive loading.
Materials and Methods

Mangosteens fruit were obtained from a commercial
orchard in Chantaburi Province, Bastern Thailand. Pink and
dark purple fruit were carefully harvested to minimize
possible mechanical damage and transported to the laboratery
of harvest at Kasetsart University
KampeangSaen campus. Each stage was used 340 fruits.

within 1 day

Pruit were then selected for unifermity of color and
size{National Burean of Agricultural Commeodity and Food
Standards, 2003). Method of analysis consisted of the
firmness and firmness index. A full factorial design was used
to analyze. Then the comparative analysis of the Scanning
Electron Microscope on hard rind and intact mangosteen
tissue af Sciencetific Equipment Center on Kasefsart
University Research and Development Instinite.
1. The preparation of intact mangosteen fruit to be
hard rind samples
Compress mangosteen with the rigld flat plate(Universal
Testing Machine Insiron 5569(UTM) on the surface with 15
mm/minfASAE Standards, 1998) to test the hardness
mangosteen. Mangosteen was divided into 2 stages of
maturity and & categories in each stage of matirities. Each
categery consisted of s mangosteens.
g compressive loading at 100 % of rupture force (55
Newtorn and 40 Newton for pink and dark purple stage
respectively)

b)compressive loading at 80 % of rupture force

¢ cormpres stve loading at 60 % of rupture force

dycompressive loading at 40 % of rapture force

&) compres sive loading at 20 % of rupture force

f) rone compressive loading (control treatment)

2. The testing and evaluation of the har d rind

&) Quasi-Static compression based on ASAE 83683 and
uged & mm for diameter as well az Universal Testing
Machine. Compression load was applied at loading rate of
15 mm/min to mangosteen which was compressed. Force
deformation response data were used to equation

Firmness = B/
When F = compressive force( 7N, 50 % of rupture force)
D = deformation with equivalent on compressive force

b)Impact testing by impact property equipment(Jarimopas
and Kitthawee, 2004) was applied to compressive
mangosteen. This comprises a sectional cylindrical steel
rod{ about 10 grams) with a 6 mm diameter spherical tip
and 2 em height. After impact, peak aceleration of
impactor(A) and impact time(t) were measured, recorded
and analyzed. Firmness index could be caleulated as
follows: Firmness index = A%

3. The comparative analysis of the Searming Eledron
Microscope(SEN}
a) Hard rind mangosteen
b Intact mangosteen

IV Results and Discussion

With 2 Quasi-Statie compressing at 0, 02, 0.4, 0.6, 0.8 and
1.0 level of rupture force was applied to pink and dak
purple mangosteer. To store mangosteen for 2, & and 10 days
after compression. When the fruits was applied by pressing,
they could respond the force to become hard rind Therefore,
this characteristic response was damage.

1. Quasi Static testing.

Table 1 indicated that the firmness of mangosteen after
recefving loading, observing stages of matarity and the days
of storages, influenced on loading at the first day of storages.

Compression level of rupture force

0 0.2 0.4 0.6 0.8 1.0

days purple pink purple pink purple pink purple pink purple pink purple pink
s5.419" 5287 5310 5.205" 5.442" s5.416° 5.653° 5.43%" 5.884" 5.752" 7.008" 6685

L (1925) (1407  (LSFM (2026 (2.448) (LE76) (2103 (2180 (285 (2.979) (4816 (4307
5.415" 5.565" sz’ 5.416" 6.276" 5.946" 6.a95" ser’ 6602 [AGUR 8.058™ 7.983™

¢ (1753 (1998)  (LBO®) (1812  (4.012) (4824)  (3.736) (3263 (L7EL  (4.226) (3428 (5.390)
5.686" 5.689" et 617" 7558 7492 ears™ 7em™ gas™ sas™ 1noa’ st

10 (1975  (L463) (03B (4EF0)  (3.93) (4318) (4259  (67LH (5363 (4.833) (6374 (5.39)

Means followed by the sarmes letter in the same column or roww ars signific antly differsnt at P<0.05 by DMRET

Table 1

Firmness of compressed mangosteen which was affected by compressive loading, maturity and storage day
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The purple dark mangosteen trend to vary firmness to the
loading(Bunsiri et. at.,2003). At the 2", 6" and 10" days of
storages, the firmness slightly increased at the same level of
loading. At the room temperature, no loading impacts on the
firmness of mangosteen to 5% within 10 days of storages: yet
the firmness increased to 1.2, 1.4, 1.6, 1.7, and 2.0 times after
receiving 20, 40, 60, 80 and 100 % of rupture force. The pink
mangosteen had no significant difference in loading and no
loading. However, the longer storages, 6" and 10" days,
the pink mangosteen was not different the firmness from the
control subject. 100 % of rupture force had the highest degree
of firmness and all of rupture force still was higher figure than
control. However, 20% of rupture force had no different
firmness from the control for both stages.
2. Impact Testing.

Table 2 show that the loading, stage of maturity and storage

days significantly influence on the firmness index at p<0.05.

be more difficult than the dark ones because the number of
firmness and of firmness index of pink mangosieen was
longer than the purple dark mangosteen. On the other hand,
the pink mangosteen had much more resistance on the
characteristic of hard rind than the dark ones. Therefore, the
firmness index trend to be sensitive to check the hard rind
better than the firmness. And firmness and firmness index
similarly demonstrated estimate of correct hard rind threshold.
3. SEM.

a) intact

b) hard rind

Fig. 1 Scanning electron microscopy images of tissue a)
intact fruit b) hard rind fruit

Compression level of rupture force

(] 0.2 0.4 0.6 0 1.0
days  purple pink  purple pink  pwple pink purple pink purple pink purple pink
040" 0397 o0.d09" 0.38d  0.3%" 0.382" 0415 03" 04T 04m™  04w™ 0™
? (0,104 (0O7) (0124 (0.080)  (D.110)  (0195)  (0.0%)  (0.143) (0S4 (0.305)  (0.230)  (0.24)
042 0401 04 oae™  osor™ odet™  osm™ odw™  ose™  odsd™  oex™ osst
1 (0.098)  (0.140) (0025  (0.132)  (D.A50)  (DOBL)  (0.283) (0200 (D166 (0.280)  (0.325)  (0.378)
0458™  o4?™  0ses™* oso0™  ose™ 0ss0™ oes™ ose™ oees™ oea™  0sf 0.758"
! (0.120) (015D (D.247)  (0.307)  (D.29M)  (0.3SH)  (0.362)  (0.407)  (0.49T)  (0.294)  (0.539)  (0.546)

Means followed by the same letter in the same column or row are significantly different at P<0.05 by DMRET

Table 2 Firmness index of compressed mangosteen which was affected by compressive loading, maturity and storage day

At the 2", 6™ and 10™ days of storages, the firmness slightly
increased at the same level of loading. No loading impacts on

the firmness of mangosteen to 14% within 10 days of storages.

Firmness index was sensitive more than firmness: yet the
firmness index increased to 1.4 - 2.3 times after receiving 20 -
100 % of rupture force. The pink mangosteen had no
significant difference in loading and no loading. However, the
longer storages, 6" and 10" days, the pink mangosteen was
not different the firmness from the control subject. Value of
firmness index varied from the degree of loading, 100 % of
rupture force had the highest degree of firmness and all of
rupture force still was higher figure than control. However,
20% of rupture force had no different firmness from the
control for both stages. Furthermore, the firmness index at the
6" and 10" days of storages had the same result as the value
of the firmness index at the 2" day.

Firmness and Firmness index testing were same
tendency (Jarimopas and Kitthawee,2004). Comparison of the
same day as the postharvest and the compression at the same

level show that the pink mangosteen trended to be hard rind to

Figure 1. displays the tissue of hard rind mangosteen
consisting of broken cells(fig. 1b) that fruit was compressed
by 80 % of rupture force. The impact damage of mangosteen
pericarp is characterized by increases in firmness and lignin
content of the damaged pericarp(fig. 1b)(Ketsa and Atantee,
1998). Then the tissue that had lignin content was still circle
form and there was lignin content at between cell wall. While
that of intact fruit consisting of normal cells(fig. 1a).

V Summary and Conclusions

The testing of the prepared hard rind samples was under
conditioned by compressive loading, maturity and storage
time significantly affected firmness and firmness index at
p<0.05. The picture from the Scanning Electron Microscope
displayed the tissues of hard rind mangosteen consisting of
broken cells while that of intact fruit consisting of normal
cells. At a certain storage day, firmness of compressed dark
purple mangosteen was different for any compressive loading.
Firmness index and firmness of the dark purple mangosteen

were higher than the pink one. The pink mangosteen tended to
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be hard rind less than the dark purple fruit. Firmness and
firmmess index similarly demonstrated estimate of correct
hard rind threshold.
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Physical, mechanical, sound and physiological properties of stored young coconut fruit

anudna Aand’ uas tudin +Flama’
Udomsak Kitthawse' and Bundit Jarimopas'

Abstract

This research was to determine appropriate physical characteristic, mechanical, physiological and sound
properties of young coconut fruit as related to maturity and storage time at room temperature and 5°C for
transportation and consumer. Young coconut fruit of three maturities, i.e. immature, mature and overmature, was
stored for 14 and 32 days at room temperature and 5°C of cold room, respectively.

Results showed that physical characteristic, mechanical, physiological and sound properties related to
storage time. For example, specific gravity was decreased. Rapture force of hush(HFr) was increased. Firmness
determined by slope of force-deformation curve of husk(HuskSL) was decreased. Rapture force of shell(SFr) and
firmness by force-deformation curve of shell(ShellSL) was increased. Titrate acidity(TA) and total soluble
solids(TSS) were decreased. Flesh weight(FW), dry weight(DW), flesh thickness(Ftick) and shell thickness(Stick)
were increased. Resonance Frequency of fruit body and top were increased with storage time.

Keywords: Young coconut, Storage time, Physical Properties, Physiological Properties
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Table 1  physical characteristic, mechanical, physiological and sound properties of young coconut fruit at room

temperature( 2915 °C)
maturity 2 4 6 8 10 12 14
a 1150.3£99.8 1157.4£94.8 1133.8+148.7 1217.24109.6 1205.8185.9 1104.4:125.2 1067.9+70.2
w b 1151.8£100.2 1048.9+100.3 1113.3101.9 1122.2£107.6 1095.9+124.6 1010.1£114.3 1011.8£73.3
(@ c 985.4£78.3 1081.9£126.3 1083.9183.9 1039.9184.3 962.977.3 984.6:122.6 1045.8102.1
a 0.91:0.03 0.89+0.02 0.89:0.02 0.8610.02 0.85:0.04 0.83:0.02 0.8210.03
sG b 0.90:0.02 0.89:0.04 0.89:0.04 0.86:0.03 0.85:0.03 0.8410.02 0.8210.02
c 0.88:0.02 0.89:0.02 0.88:0.02 0.86:0.03 0.85:0.02 0.83:0.03 0.79:0.01
a 37.0+10.0 37.0+7.8 37.8+7.6 385+7.6 38.8+14.3 30.4+14.4 40.6+18.5
HFr b 38.0+7.9 38.8456 38.9+125 43.3+16.2 43.9+83 44.7+421.0 465+11.2
(N) c 44.2+15.0 44.5+10.0 452+10.1 46.6+10.3 47.8+10.7 48.9+9.8 49.5+11.6
a 5.7+35 55+4.0 5.2+46 5.1+2.1 50+29 49427 49+48
HuskSL b 5.7+3.7 54435 5.1+4.2 5.1+2.5 49+15 49425 4.7+20
c 5.4+2.6 5.4+2.4 5.0+2.2 4.9+1.8 48+1.2 4.8+1.5 46+25
a 110.2+249 122.9+46.6 126.7+41.4 128.0+44.2 130.6+46.9 132.6+84.2 133.4+59.9
SFr b 284.8+114.9 299.7+138.7 304.8+121.3 309.2+134.1 318.8+125.3 3202+119.4 - 325.1+140.6
(N) [ 414.4+44.1 421.4+43.4 447.2459.4 453.5+54.8 459.6+59.1 465.2+54.9 465.1+73.4
a 16.06.6 16.7+8.4 18.7+13.1 19.8+17.1 205+16.4 21.1+17.9 21.6+18.8
ShellSL b 46.1+33.3 50.4+25,0 61.9+34.3 54.4+28.7 54.7+43.1 56.7+45.7 60.7+39.4
¢ 78.5+41.7 80.5+383 84.5+36.5 87.2+40.9 92.2+269 95.3+524 98.8+46.3
a 6.9+0.2 6.5+0.4 6.3+0.4 6.3+0.5 6.1+0.3 5.8+0.3 5.4+0.0
1SS b 6.9+0.2 6.8+0.2 6.6+0.3 6.5+0.4 6.3+0.3 6.040.2 5.8+0.5
(°Brix) c 7.5+0.4 7.240.3 7.0+0.6 7.040.4 6.9+0.4 6.5+0.6 6.1+0.6
a 0.12+0.05 0.11+0.03 0.10+0.03 0.10+0.02 0.09+0.02 0.09+0.02 0.09+0.03
TA b 0.10+0.03 0.10+0.03 0.10+0.03 0.10+0.02 0.09+0.03 0.09+0.02 0.09+0.07
_(g/mi) c 0.10+0.01 0.10+0.03 0.09+0.03 0,09+0.05 0.09+0.02 0.09+0.02 0.07+0.01
a 732+12.4 79.5+24.1 785+129 79.6+12.8 84.2+159 85.2+15.2 87.3+18.6
FW b 89.5+15.2 90.5+9.9 91.649.6 90.5+13.1 91.1+204 93.5+10.6 95.3+15.6
_(gm) c 107.8+17.1 1105+13.7 108.3+16.6 115.4+18.9 117.4+18.0 122.6+16.3 125.3+15.3
a 46+26 45+3.8 4.9+3.1 5.3+3.0 5.7+3.0 5.9+28 6.042.4
DW b 11.7+4.2 12.0+4.7 12.144.7 12,1436 12.7+7.4 13.147.0 13.1+4.9
(gm) c 21.9+6.9 22.5+8.9 22.8+5.4 23.3+10.0 22.9+8.1 23.9+8.4 24.6+10.1
a 1.4+0.3 15405 1.5+0.6 15406 15+0.4 1.6+0.6 1.7+05
Ftick b 2.9+1.1 3.0+1.1 3.0+1.1 3.1+0.9 3.1+1.1 3.3+0.8 3.4+0.5
(mm) c 3.6+0.9 38+1.2 3.9+1.1 3.9+1.1 42+1.2 4.2+1.2 43+0.7
a 2.9+1.1 2.9+1.1 2.9+1.2 29405 30405 3.040.7 3,0+0.6
Stick b 35+0.9 3.8+1.1 39+1.2 40+1.2 38+1.2 44414 41411
(mm) [ 3.8+0.8 3.9+1.3 3.9+1.1 39+1.2 40+1.1 4.0+1.1 4.4+1.2
a 1.1+0.4 11405 12404 12403 12404 12403 1.2+0.3
body b 1.140.5 1.3+0.2 1.3+0.5 1.4+0.6 14405 1.4+0.4 1.4+05
c 1.2+40.3 1.3+0.5 1.4+0.5 1.440.4 14405 1.5+05 1.5+0.5
a 0.9+0.3 09+0.2 1.140.3 1.140.4 1.140.2 1.1+0.4 1.140.3
top b 0.9+0.3 1.140.2 1.0+0.1 1.140.4 11405 1.2+06 1.2+0.4
c 1.1+0.1 1,3+0.5 1.3+0.2 1.3+0.2 1.3+0.5 1.3+05 1.4+0.6
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Table 2 Physical characteristic, mechanlcal physiological and sound properties of young coconut fruit stored 5 °C

Maturity 0 4 12 16 20 24 28 32
a  12253+800  1283.0+1059 1290.7+1za.7 12129+160.4  12238+170.7 1311.4+127.3 1215.9+1109 1156.1+1340 1185.3+86.7
w b 1260.2+1024 1264.3+98.9  12529+107.9 1230.4+97.3  1254.8+959  1313.8+97.9  1202.7+804  1238.9+104.9 1288.7+107.5
(@ G 1330.0479.7  1306.8+112:4 1303.9+823  1200.3+141.4 1318.0+955  1352.4+162.7 1382.8+100.4  1319.1+110.2  1233.3+137.0
a 0924003 0.91+0.04 0.90+0.04 0.90+0.05 0.89+0.07 0.89+0.04 0.89+0.05 0.89+0.07 0.89+0.05
sG b 091+0.05 0.90+0.09 0.89+0.05 0.89+0.03 0.88+0.04 0.88+0.01 0.87+0.01 0.87+0.06 0.87+0.03
G 0.89+0.04 0.89+0.04 0.89+0.04 0.88+0.02 0.88+0.02 0.87+0.03 0.87+0.03 0.87+0.03 0.87+0.05
a 355485 36.4+12.1 37.3+14.7 37.8+25.3 38.3+17.3 38.4+16.1 38.9+15.7 39.1+18.3 40.3+15.1
HFr b 375+11.7 385+11.5 38.5+17.1 30.1+235 41.3+183 429+17.3 43.6+24.1 446+15.3 45.2+16.2
(1) C 434489 43.6+13.8 44.3+186 45.3+21.9 46.0+18.0 46.5+17.0 47.7+182 485+16.2 49.4+224
a 59488 5.7+6.6 55452 5.3+5.8 5.2+6.5 5.2+3.8 5.0+38 49+33 4.9+4.1
HuskSL b 5.9+4.2 57+7.5 55+6.3 5.1+4.3 5.1+4.7 5.0+4,0 5.0+4.7 49+3.8 4.8+3.3
C __56t47 5.4+3.8 5.3+4.3 5.0+4.2 5.0+3.0 5.0+6.6 4.9+2.9 4.8+3.0 4.7+4.1
a  101.0+264 274.6+59.9 405.2+75.0 101.0+264  274.6+59.9 405.2+75.0 101.0+26.4 274.6+50.9 405.2+75.0
SFr b  1060+355 2863+121.8  413.0+1032  106.0+355  286.3+121.8  4130+103.2  106.0+355 286.3+121.8  413.0+103.2
(N) C __121.3+433  2935+138.2 _ 420.1+146.9  121.3+433  203.5+138.2  420.1+146.9  121.3+433  203.5+1382  420.1+1469
a  156+7.7 15.8+14.8 17.5+13.7 18.0+14.2 19.5+13.0 20.0+18.1 20.6+185 21.1+11.4 21.7+166
ShellSL b  436+53.3 47.4+346 49.0+66.0 49.7+44.1 52.7+37.3 53.0+429 53.9+53.0 54.3+47.4 58.0+39.1
- C  725+13 76.0+1.0 81.9+1.2 85.3+1.1 86.6+1.0 88.0+1.0 92.2+1.1 94.8+1.0 98.4+0.9
a 70404 6.9+0.9 6.9+0.8 6.8+0.9 65+0.9 6.3+0.5 6.2+0.4 6.1+0.7 5.8+0.6
TSS b 7.2+06 7.1+0.9 7.0+0.8 6.9+0.8 6.8+0.9 6.6+0.5 6.4+0.4 62405 6.2+0.6
(Brix) ¢ 7504 7.3+0.8 7.3+09 7.1+0.9 7.040.5 6.8+0.7 6.6+0.6 6.5+0.8 6.3+0.7
a  0.11+0.02 0.10+0.02 0.10+0.02 0.10+0.02 0.10+0.02 0.09+0.02 0.09+0.01 0.08+0.03 0.08+0.01
TA b 0.10+0.02 0.10+0.01 0.10+0.02 0.09+0.03 0.09+0.02 0.09+0.02 0.08+0.02 0.08+0.02 0.08+0.01
(g/mb ¢ 0.09+0.02 0.09+0.01 0.08+0.02 0.08+0.02 0.08+0.02 0.08+0.01 0.08+0.01 0.08+0.02 0.08+0.02
a  761+148 77.5+25.7 80.5+26.0 81.3+14.4 81.9+23.7 81.7+239 86.5+24.7 87.2+23.8 89.0+22.4
FW b 90.7+260 90.8+21.2 92.8+28.6 925+22.7 932+18.8 93.4+19.3 94.3+25.1 94.1+230 945+203
(gm) ¢ __1059+18.1 106.1+19.6 108.0+22.4 107.4+255 108.2+19.7 110.6+23.4 117.0+18.8 119.6+20.4 123.7+21.2
a  47+15 48+2.9 5.0+2.7 5.142.2 5.2+2.3 5.4+2.3 5.6+1.8 59+3.3 6.3+3.3
DW b 11.1+40 11.4+3.8 12.0+5.1 12.3+3.8 126+3.8 126+3.0 131452 13.245.0 13.4+45
_(gm) G 19.0+3.4 20.045.1 20.2+3.9 20.8+5.4 21.5+4.0 21.7+4.2 21.8+5.3 22.1+4.0 24.0+6.8
a  1.6+06 16+0.6 1.6+0.6 1.6+0.7 1.7+0.7 1.7+0.8 1.7+0.8 1.7+0.8 1.740.7
Ftick b 28+09 28+1.1 2.9+1.1 2.9+0.9 29+0.8 3.0+1.0 3.0+1.0 3.1+0.8 3.3+0.9
(mm) c_ 36+10 3.7+1.0 3.8+1.0 4.0+1.1 4.1+1.2 41412 4.2+1.1 42+1.2 43+1.0
a 28+.1 29+1.1 3.0+1.1 30+1.1 30+1.2 3.1+1.2 31405 31+1.2 32+1.1
Stick b 3.4+07 35405 35+1.0 35409 35409 37408 3.7+0.7 3840.7 39+0.7
(mm) C__3.7+06 3.8+0.7 3.9+0.8 3.9+0.7 40+0.7 4.0+0.6 4.0+0.5 40+06 41405
a 11402 1.1+0.2 1.140.2 1.1+0.2 1.2+0.2 1.2+0.2 1.2+02 1.2+0.2 12+0.2
body b 1.1+0.2 1.2+0.2 1.2+40.2 1.2+02 1.2+03 1.3+0.3 1.3+0.3 1.3+0.2 1.3+0.3
c_ 12+0.2 1.3+0.3 1.3+0.3 1.3+0.3 1.3+0.3 1.3+0.2 1.4+0.3 1.4+0.2 1.4+0.3
a  09+0.1 0.9+0.1 0.9+0.1 0.9+0.1 0.9+0.2 1.0+0.1 1.0+0.2 10+02. 1.0+0.1
top b 09+02 0.9+02 1.0+0.1 1.0+0.2 1.140.2 1.240.4 1.2+0.2 12403 1.2+0.2
c_ 11402 11403 1.2+03 1.2+0.3 1.2+40.3 1.3+0.4 1.3+0.3 1.3+0.3 1.3+0.4
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Preliminary study on mechanical properties of hard rind mangosteen
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Abstract

The objective of this research was to primarily study the mechanical properties of hard rind mangosteen for quality
controlling for export. The method included the mechanical property of firmness(ratio between peak force and deformation)
and a firmness index(ratio between maximum acceleration and corresponding time) to evaluate the mangosteen that was
compressed by rigid flat plate installed to the Universal Testing Machine(Instron 5569). There were three control factors: a)
compressive loading( 20, 50 and 80 % of rupture force) b) maturity stage (Reddish, Dark Purple) and ¢) storage day(1,4 and 8
days after testing day). Analysis was achieved by using ANOVA and DMRT, Results showed that compressive loading,
maturity and storage significantly affected firmness and firmness index at p<0.05. For the first storage day, firmness index of
compressed mangosteen of a certain maturity was different. Firmness of compressed dark purple mangosteen was different for
a certain storage day and compressive loading. Firmness index and firmness of the dark purple mangosteen were higher than
the reddish one. The reddish mangosteen tended to be hard rind less than the dark purple fruit.
KEYWORDS : Mangosteen, hardened pericarp, mechanical properties
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Table | Firmness of compressed mangosteen which was affected by compressive loading, maturity and storage day

Compression level % of rupture force

Storage
0 0.2 0.5 0.8
days reddish dark reddish dark reddish dark reddish dark
1 30743 3347 30445 s50864%% 31862 5043877 31004 5.0972°%
4 2.4313° 40033 28286° 6.5639° 314137 84085 4.0646™ 91018
8 34856 44208 37177 83293 467677 94968 6.0317% 97507

Means followed by the same letter in the same column or row are significantly different at P<0.05 by DMRT
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Table | Firmness index of compressed mangosteen which was affected by compressive loading, maturity and storage day

Compression level % of rupture force

Storage
0 0.2 0.5 0.8
days reddish dark reddish dark reddish dark reddish dark
1 03877 04215 04183 06566 04986 05839 05390 06470
4 04595 05739 04507 08922° 05332 10820 0.6036"  1.1988"°
8 04286 06228 05769" 100357 06176™ 1.2341° 0.9080° 1.5796"

Means followed by the saine letter in the same column or row are significantly different at P<0.05 by DMRT
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10
Abstract
12 One of the most important problems affecting the successful marketing of fresh young
coconut fruit is bruising. Bruising frequently occurs during postharvest operations due to
14 excessive compressive force and impact upon coconuts. A survey showed that the majority
(50 — 100%) of young coconuts in wholesale or retail markets in Thailand was bruised.
16 Bruised areas of < 100 mm’ and bruise counts of 4 per fruit were predominant. The
mechanical bruising of young coconut was characterised by browning in the husk tissue
18  under the skin. Bruise volume was linearly correlated with either compression or impact
energy above the bruise threshold limit. Good correlation was observed between the
20  probability of bruise occurrence and compression or impact energy below the bruise
threshold. Based on the minimum energy level required to bruise the fruit, young coconut
22 fruit is much more susceptible to bruising occurrence under impact than under compression.
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Nomenclature

Bruise volume, mm?®

Bruise width , mm

Bruise depth , mm

Impact energy, J

Mass of the spherical impactor, kg

Drop height, m

Compression energy, J

Contact compressive force at maximum, N

Deformation at correspondence with force, m

Probability of compression bruise occurrence

Impact energy over which the bruise occurrence of overmature, J
Impact energy over which the bruise occurrence of mature, J
Impact energy over which the bruise occurrence of immature, J
Maximum stress of the fruit, Pa

Relative velocity of approach of impacting spheres, m s
Mass of one impacting sphere, kg

Mass of the other impacting sphere, kg

Modulus of elasticity of fruit, Pa

Modulus of elasticity of the other fruit, Pa

Poisson’s ratio of fruit

Poisson’s ratio of the other fruit

Radius of curvature of one impacting spheres, m

Radius of curvature the other impacting spheres, m
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1. Introduction

During postharvest handling, packing, transportation and distribution, agricultural
products are very frequently subjected to mechanical loadings (Herold et al., 1998).
Compressive forces may also be applied to a fruit by other fruit because of excessive bin
depth or carton stack height, and by operators forcing overfilled cartons shut or into a tight
spots. Impacts impart high forces in an extremely short duration and a potential hazard in
many mechanical handling systems such as those used in packing lines. Large impact forces
usually result in bruises that permanently damage and lower the quality of the fruit. Bruise
sensitivity has been reported to increase with storage time (Brown et al., 1993). Impact
damage has been recognised as the most important cause of bruising in fruits; however,
excessive compression also causes bruising (Ruiz-Altisent, 1991). Bruising causes
considerable quality loss and decay during storage (Herold et al., 1998).

The bruise pattern in apple follows a curved failure plane (Ruiz-Altisent, 1991;
Jarimopas, 1984). With Asian pear, compression bruising appears as a parabolic region (Chen
et al., 1987) whilst with European pears bruising follows a shear failure plane of conical
shape (Ruiz-Altisent, 1991). Bruising is typically evaluated using the assumption that volume
of flesh above the failure plane was also bruised (for bruising with tissue browning) and it is
quantified as a function of width and depth of the bruised volume (Mohsenin, 1996;
Jarimopas et al., 2007b; Jarimopas, 1984; Chen and Sun, 1984). Alternatively area (Pang et
al., 1994), or diameter (Sober et al., 1990; Zapp et al., 1990; Sivami et al., 1988) of the
visible part of the bruise on the skin has been used to describe the size of bruises in apple.
Several researchers have attempted to correlate bruising levels with mechanical parameters,
such as force (Brusewitz et al., 1991), drop height (Bollen, 1993), impact velocity,

acceleration (Zapp et al, 1990; Siyami et al., 1988; Pang et al., 1994) and energy (Bollen et
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al., 2001; Brusewitz et al., 1991; Jarimopas, 2007a). Some researchers have found that a fruit,
when exposed to small impacts, exhibits no bruising but that noticeable bruising occurs when
a certain level of impact energy has been exceeded. Compression energy, either by slow
compression or impact, was shown by several researchers to significantly affect bruising
(Mohsenin, 1996, Jarimopas et al., 2007a). Linear correlations have been found between
bruise volume and impact or absorbed energy (Jarimopas, 1984; Schoorl and Holt, 1980;
Brusewitz and Bartsch, 1989).

Bajema and Hyde (1998) defined the bruise susceptibility of a fruit as the bruise
volume per unit energy found from the slope of the bruise volume-energy graph above the
bruise threshold. The bruise threshold has been expressed as the energy or drop height (with
constant mass) that results in a bruise probability of occurrence of one (Bollen, 1993; Bollen
et al., 2001; Jarimopas et al., 2007a). Several researchers used bruise threshold analysis to
determine bruising behaviour and to determine the appropriate cushioning for apple (Bollen
et al., 2001; Jarimopas et al., 2007a). Most of the bruises on trimmed young coconut occur
during postharvest handling, packing, transportation and distribution before the coconuts are
trimmed, and the bruises continue to grow larger even if trimmed fruits are dipped into a
solution to protect browning.

The objectives of this research were to A) quantify the level of bruising of young
coconut found in wholesale and retail markets in Thailand, B) determine the postharvest
bruising characteristics of young coconut under impact and quasi-static compression, and C)
compare the bruise volume-energy relationship between quasi-static compression loading and

impact loading of fresh young coconut fruit.

2. Materials and Methods
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2.1. Market survey of bruising in young coconut fruit in Thailand

A survey was conducted to determine the level of bruising found in trimmed young
coconut at wholesale and retail markets in Thailand. One to two wholesalers at each of three
of the largest wholesale fruit markets in Thailand, four retail supermarkets, and 10 local
retailers in Bangkok were selected at random for study. The survey evaluated the percent of
bruised fruit and the number of bruises and the total bruised area per fruit at each market site.
Trimmed young coconuts (20 from each wholesaler, and 10 from each retailer) were selected
at random for study. The method of Jarimopas and Ruttanadat (2007), where bruised surface
areas on the surface of the trimmed fruit were marked on transparency plates and further
estimated by means of the automatic leaf area measurement system, was used to determine

the bruised area of each fruit.

2.2 Characterisation of impact bruising in young coconut
2.2.1 Bruise volume and impact energy relationship above the bruise threshold

Eighty newly-harvested, flawless, young coconut samples of uniform size at each of
three maturity stages (immature, mature, and overmature; 240 fruits total) were selected at
random. Each fruit was subjected to impact loading by dropping a spherical impactor onto
the fruit (Fig. 1). The series of four spherical impactors of differing mass and diameter (12 g,
24 g, 48 g, and 96 g, with diameters of 14, 19, 25 and 32 mm, respectively (Fig. 2)) were
used to provide a range of impact loading conditions. Ten impact treatments were applied
with each impactor using drop heights in 50 mm increments from 50 to 500 mm. The impact
treatment for each drop height and impactor combination was applied five times around the
equator to each of two fruits. Before each impact test, a thin coating of cooking oil was
applied to the surface of the impactor to mark the contact point on the sample. After impact

the contact area was marked with a permanent ink pen for bruise measurement. The
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impacted samples were stored at room temperature for 24 h to allow bruise discoloration to
develop (Pang et al., 1994). Thereafter, the fruit was sectioned parallel to its axis at the
marked area for the measurement of bruise width and depth (Fig. 3). The bruise volume, 'z

(mm3), (Jarimopas et al., 2007a) was determined by

Vs :%WZD )

where, w = Bruise width (mm) and; D = Bruise depth (mm)
The impact energy E; (J) could be determined from
E; = mgh 2)
where m is the mass of the spherical impactor (kg); g is acceleration due to gravity( 9.81 m s’

2) and h is drop height (m).

2.2.2 Impact bruise threshold determination

The same impact loading procedure was applied to a second set of newly-harvested
young coconuts using a series of reduced drop heights in order to evaluate the probability of
bruise occurrence and determine the bruise threshold (impact level where all fruits are
bruised). For this test, 60 immature, 56 mature, and 76 overmature fruits were tested using
drop heights (in 10 mm increments) from 160 to 300 mm, 140 to 270 mm, and 50 to 230 mm,
respectively. Four fruits were tested at each drop height and evaluated using the previously
described procedure. The probability of bruise occurrence was determined by the percent of
bruised fruits at each impact loading condition. The relationship between V' and E; was also

evaluated for bruised fruits.

2.3. Characterisation of compression bruising in young coconut

2.3.1 Bruise volume and compression energy relationship above the bruise threshold
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Sixteen newly-harvested, flawless, young coconut samples of uniform size at each of
three maturity stages (immature, mature, and overmature, 48 fruits total) were selected at
random. Each fruit was slowly compressed by a spherical indenter using a Universal Testing
Machine UTM (Instron, 5569, Instrom, High Wycombe, UK). The loading rate was set at 15
mm min” (ASAE, 1998). Each fruit was placed on moistened sand to minimise the contact
stress between fruit surface and the supporting sand so that fruit deformation at the support
was minimal (Jarimopas et al., 2007a). The stem axis of the fruit sample was set parallel to
horizontal plane. Compression tests were conducted with four spherical indenters of 14, 19,
25 and 32 mm diameter. For each indenter, compression was applied at five contact points
on the fruit surface along the equator. Each compression test was repeated with 4 samples for
the same indenter. After holding the fruit 24 h for bruise development, the previous method
of bruise measurement was applied. The energy required to compress the fruit (area under
curve of force against deformation) was determined by

L, = [F dDr 3)
where F'is contact compressive force (N) and Dy is deformation at corresponding force (m).

2.3.2 Compression bruises threshold determination

The same quasi-static compression loading procedure described in section 3.1 was
applied to another set of newly-harvested young coconuts in order to evaluate the probability
of bruise occurrence at different levels of deformation. Twenty eight newly-harvested,
flawless, young coconut samples of uniform size at each of three maturity stages (immature,
mature, and overmature, 84 fruits total) were randomly selected. Fruits, in replicates of four
fruits, were subjected to compression tests starting at a deformation of 1 mm for the first set
and increasing the deformation with each new set of four fruits until bruising occurred. A

circle was marked in permanent ink at each contact test location. The relationship between
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the probability of bruise occurrence and the compression energy, %, (Eq. 3), was analysed to

determine the compression bruise threshold.

3. Results and Discussion

3.1. Young coconut fruit bruising at wholesale and retail markets
3.1.1 Bruised fruit proportion at market

Bruising appeared as a brown region of husk tissue of irregular shape (Fig. 4).
Bruising might be found on husk surface or propagated into the shell. For the group of 4
supermarkets, the proportion of bruised fruits ranged from 50 to 100 %. Regarding the group
of wholesalers from the 3 big open markets, the proportion of bruised fruits ranged from 65

to 100 %. The propotion of bruised fruits at the local retailers was about 75 %.
3.1.2 Bruise numbers and bruise area per fruit

The distribution of fruits with one to sixteen bruises per fruit was reported for each
market (Fig. 5). There were marked differences among supermarkets in the amount of
bruised fruits with high number of bruises per fruit. For example, most of the bruised fruits
in supermarket number 4 had only 1 to 2 bruises per fruit, and none had more than 6 bruises,
whereas more than 50% of the fruits in supermarkets 2 and 3 had more than 6 bruises per
fruit. A similar trend was observed in the group of wholesalers. At wholesale two bruises
per fruit was most common occurring in 25 % of the fruit while fruits with 1, 3 or 4 bruises
occurred in 12 to 19 % of the fruit. The bruise distribution at local retail markets appears to
follow a normal distribution with fruits containing 4 bruises being most common with a
frequency of 25 %. The greatest number of bruises per fruit found in the supermarkets, the

wholesalers of open markets, and the retailers were 16, 13 and 10, respectively. The
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distribution of bruise area in the supermarkets, wholesalers of the open markets and the
retailers were characterised by i) most fruit (ranging from 28.2-38.3%) had bruise areas of <
1 em?, ii) the frequency declining exponentially as bruise area increased, and iii) the bruise
area at which the frequency dropped below 1% occurred for bruise area > 900-1000 mm® in
wholesale and the retailer markets, while for supermarkets it occurred when the bruise area >

800-900 mm>.

3.2. Impact Bruising
3.2.1 Bruise volume and impact energy relationship above the bruise threshold

Impact loading using a spherical impactor caused permanent deformation and bruising
underneath the contact surface of the fruit (Fig. 3). The bruising pattern appeared as brown
hemisphere pointing inward to the fruit core. For mature young coconut fruit and various
impactor sizes, bruise volume varied proportionally with impact energy (Fig. 6). These
proportions occurred in the same pattern for the other maturities. The greater the impact
energy applied, the greater the bruise volume became. All Vp — F; linear regression equations
had high correlations (coefficient of determination R* > 0.92, data not shown). The linear
relationship between Vp and FE; agreed with that reported by Shoorl and Holt (1980),
Jarimopas (1984), Brusewitz and Bartsch (1989) and Jarimopas et al. (2007b). Maturity and
impactor size affected the I’ — F; fitted equations. This can be seen from bruise susceptibility
or the slope of each Iy — E; equation. For a specific impactor size, bruise susceptibility
increased with fruit maturity. This is likely a function of the tissue strength decreasing as it
matures (Chen, 1996). For a specific applied impact condition, soft fruit deformed more than
firm fruit and, the soft fruit tended to get bruised more. For a specific maturity, the larger the

impactor diameter, the higher the bruise susceptibility of the fruit became. The maturity and
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impactor size had significant effects on bruise susceptibility at p<0.05 (Table 1). Due to its
better ability to induce bruise, the 32 mm diameter impactor was then selected for use in

determining the impact threshold.
3.2.2 Impact bruise threshold determination

The linear regression model was fitted between the probability of bruise occurrence P
and the impact energy £; of a young coconut subjected to a 32 mm diameter impactor (Fig.
7). Good correlation between P and E; (R2 > 0.97) was obtained. The linear relationship
between P and E; agreed with that described by Jarimopas et al. (2007b). The fitted graphs
suggest that the applied impact energy which was less than or equal to Ey,, Eum, Eu (Fig. 7)
did not bruise young coconut husk of the overmature, mature, and immature fruits,
respectively. There was a significant influence of maturity on impact threshold energy level

and threshold bruise volume at p< 0.05 (Table 2).

3.3. Characterisation of compression bruising in young coconut
3.3.1 Bruise volume vs. compression energy above the bruise threshold

Bruising of the young coconut husk under quasi-static compression displayed the
same appearance as that under impact (Fig. 8). A linear relationship between Vg and E
confirmed that reported by Mohsenin (1996) and Jarimopas (1984). The fruit maturity and the
indenter size significantly affected the bruise susceptibility (bruise volume per unit energy) at
p <0.05 (Table 3).

3.3.2 Compression bruise threshold determination

Probability of compression bruise occurrence P varied nonlinearly with compression
energy E, (R2 >0.9) for a specific stage of maturity (Fig. 9). The maturity level significantly

affected the bruise threshold energy level and the related bruise volume when P was equal to
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1 (Table 4). The maximum bruise threshold energy level for the immature fruit might be
because the rupture force of young coconut husk was greatest for the immature fruit and
declines sequentially for mature and overmature fruit. In comparison with the bruise
threshold energy level under impact and compression, the impact bruise threshold level was
much less than that of the compression bruise threshold energy level (about 3.6 - 8.2 times).
Impact bruising occurred at small deformations (= 3.15 mm) and small contact areas
requiring less impact energy. On the other hand, with quasi-static compression, based on the
basic force — deformation curve, bruising took place at large deformations (= 5 mm) and large
contact areas, and the compression energy was much greater. In addition, the resulting larger
bruise volume propagated deeper inside the husk where a large amount of fibre is present
(Jarimopas and Ruttanadat, 2007). The fibre may increase the failure strength of the husk.
Therefore the failure of husk tissue requires greater stress and energy levels. With more
energy affecting on the failure strength of the husk, the bruise volume of compression is
greater than the bruise volume of impact. The young coconut fruit was much more
susceptible to bruising occurrence under impact than compression. This may indicate that the
loading rate affects the viscoelastic (i.e. stress and strain that are dependent on time)

threshold of young coconut bruising,

3.4. Application of the result

Bollen (1993) and Pang et al. (1994) wrote that fruit-fruit impacts are a significant
cause of damage in many postharvest handling systems. In order to design a packing line to
handle fresh young coconuts, it is desired to know the maximum velocity of a fruit in
handling process to avoid fruit to fruit bruising. The bruise energy mechanism of young

coconut resembles that of apple, which was hypothesised in many studies to behave
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elastically. Assuming a young coconut is elastic below the bruise threshold. For elastic
impact of two elastic spheres, we know from Chen et al. (1996) that

3/5
R +R, @
RR,

4/5

o =2(EV2 i, j1/5|: FINER
"6 mmy) | E(- )+ E - 1)
where Gpgy 1S maximum stress in the sphere (Pa); 17 is relative velocity of approach of
impacting spheres (m s); m; is mass of one impacting sphere (kg); m; is mass of the other
impacting sphere (kg); E; is modulus of elasticity of one sphere (Pa); E, is modulus of
elasticity of the other sphere (Pa); u; is Poisson’s ratio of one sphere; u, is Poisson’s ratio of
the other sphere; R; is radius of curvature of one impacting spheres (m) and R; is radius of

curvature the other impacting spheres (m)

When a 96 g spherical impactor impacts a young coconut fruit, such an impact is
viewed as the impact of two elastic bodies. Referring to Table 2 the impact bruise threshold
energy level for the overmature fruit is 0.207 J. Thus, the corresponding drop height will be
0.207 J/ (impactor mass < g) = 0.207 J/ (0.096 kg = 9.81 m s7) =0.22 m. ¥ will be (2 x 9.81

1/2

m s7x 0.22 m)'" =2.078 m g™, Considering subscript 1 and 2 refer to impactor and young

coconut, m; = 0.096 kg, m; = 1.563 kg, Thus R; « R; and therefore,
4/3 3/5
2(15 Vel 322 1
e, : . ®)
maxl 71'(16 1 1] (l—/lzz) R1

In the case of a young coconut fruit falling to the floor, fruit deformation is considered

to be at the bioyield limit, so subscript 1 and 2 in the Eq. 4 now refer to the coconut fruit and

4/3 3/5
[L] ©)
RZ

flat plate.

2715 lE
o . ==|=V'm 2
max? 7[[16 2 zj (1—/122)
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The same max stress would occur on young coconut contact surface. Then Ggxr = Gimaxz
2 1/5 3/5
O naxt — Vl my [Rz ] (7)
2
O-maXZ VZ mZ Rl

!
Cowa (20787 0.09 ) ( 0.08 "
Coma | V2 1563 ) \0.016

1/5
Ot _ (4'3}8 0.0614 ] (5.1923 ¢
g

max2 2

Vy = 575 ms®
The velocity limit of a young coconut fruit will be 5.75 m st avoid impact-bruising

damage.

4. Conclusions

A survey of postharvest bruising of young coconut fruit at wholesale and retail
markets revealed that 50-100% of the fruits were bruised. Bruise areas of < 100 mm” and 4
bruises per fruit were the most common. Bruise volume was linearly correlated with either
compression or impact energy levels above the bruise threshold level. Good correlation was
observed between the probability of bruise occurrence and compression or impact energy
levels below the bruise threshold. Based on the minimum energy level required to bruise
young coconut, the fruit is much more susceptible to bruising occurrence under impact than

under compression.
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Figure

Fig 1 Drop test set-up for impact-bruising measurement
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Fig 2 Various spherical impactors
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Fig 3 Bruise appearance of young coconut husk due to impact

Fig 4 A commercial trimmed young coconut fruit showing bruises on its husk
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Table 1 Effects of maturity and plunger size on bruise susceptibility (mm? J') of
young coconut husk for impact test
) Spherical impactor size (mm)
Maturity
14 19 25 32
Immature 9679 £ 5378 a* 1,106.7 £ 770.1 ab 1,178.8 £ 473.7 abc 1,552.4 £550.1 def

Mature 1,187.4+718.1 abc 1,280.6 £677.3 abed 1,365.2 £ 423.5 bede 1,663.3+641.8 ef

Overmature  1,307.6 £733.2bed  1,473.7 £ 1,069.2 cdef 1,554.3 £ 795.6 def 1,716.0 £ 8321 f

* Means with different letters are significantly different at p < 0.03.

Table 2 Bruise volume and bruise threshold energy (at P**=1.0) of young coconut
fruit for different maturity stages subjected to impact test (32 mm impactor)

Maturity Bruise volume* (mm®) Threshold energy™ (T)
Immature 4228+ 479b 0.264 ¢

Mature 3455+471a 0.245b
Overmature 3079 £480a 0.207 a

* Means in the same column with different letters are significantly different at p <

0.05.
** Probability of bruise occurrence = number of non-zero bruises/number of
replications of the same treatment.

Table 3 Effects of maturity and plunger size upon bruise susceptibility (mm? J'1) of
young coconut husk for slow compression test

Spherical plunger size (mm)

Maturity
14 19 25 32
Immature 799.2 £294.8 ¢* 4042 +t183.6a 675.8+263.4 be 702.0 + 276.4 be
Mature 739.5+£234.6 bc 660.8 £220.4 be 713.5£204.8 be 571.0£ 2148 ab
Overmature 1,454.0 £ 673.4f 1,253.4+£376.7 ¢ 1,172.7 +£540.8 de 1,035.6+314.2d

* Means with different letters are significantly different at p <0.05.
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Table 4 Bruise volume and bruise threshold energy (at P**=1.0) of young coconut
fruit for different maturity stages subjected to compression test. (32 mm impactor)

Maturity Bruise volume* (mm?®) Threshold energy™ (I)
Immature 20738 £3822¢ 2172028¢

Mature 14359%£329.4b 1.13£0.19b
Overmature 1090.5 *414.4a 0.76%0.19a

* Means in the same column with different letters are significantly different at p <

0.05.
** Probability of bruise occurrence = number of non-zero bruises / number of

replications of the same treatment.
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