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ABSTRACT

Mangosteen and durian are ameng the most important economical fruit crop in
Thailand. There are some quality problems such as gamboge, translucent pulp disorder
and the combination of both symptoms in mangosteen. The problem of durian is
immature fruit in the market because there is no appropriated sorting technology
available. It is the objective of this research to develop objective and non-destructive
methodologies based on medical techniques: X-ray CT (X-ray Computed Tomography)
and MR (Nuclear Magnetic Resonance Imaging) to accurately determine the internal
disorder of mangosteen and the maturity of durian cv. Monthong. The correlation
between the absorption of X-ray photon as CT number and MRI image as intensity value
versus the quality problems have been analyzed.

The mangosteen fruits used in the study were classified according to the type of
symptom as normal fruit, gamboge fruit, fruit with translucent pulp disorder and fruit with
the combination of both symptoms. Image monitored by X-ray CT and MRI techniques
can identify the difference of internal disorder symptoms and can precisely localize the
bright density patch scatter in the rind concise with the area of water accumulation.
CT number obtained from the X-ray technigue was found to have a significant
correlation with the disordered area while intensity value obtained from MRI at T1 effect
focusing on oil shows the better differentiation between fransiucent and gamboge
symptoms.

For durian, separating the maturity stage is evaluated by the sensory method
using a trained taste panel. The maturity level can be separated into 6 stages: 50, 60,
70, 80, 90 and 100%. Using non-destructive X-ray technique, the CT number showed a
significant correfation to the maturity stages. CT number at —44 could separate 70%
maturity, minimum acceptable stage of maturity for a market, from the less matured
fruit, 50 and 60%. For MRI technigue, there is significant correlation between intensity
value and maturity stage with minimum intensity at 70-80% maturity.  The maturity level
evaluated by taste panel was significantly correlated with the level of maturity
determined by the high experience harvesters, the days to ripen and the days after full

bloom. The last method, however, had the highest standard deviation. The measurement



of chemical properties, which consisted of total soluble solids, total sugars,
carbohydrates and dry weight content could significantly correlate to each level of

maturity determined by the panel.
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JerniwAuRlsamy (Akimoto, 1994)  uenaniideiinaliafdietasiianns nsunnd
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annnishindeduuuRauiidudaunand A biiRen i jisenduuasenaued
nevdsaninluinadedsnmiaaiuds  indeludinaaanuantwitiulavs G usn
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anw (fixer) A INANIBANWHEY (TuNd radiographic density UHlaassianléisy
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WNTFHANATNIBILTA MIMAzANNAN ueidunlaidfuiengstitesasanties  a iy
. ool R ° v

a3AUsENEURTNARBAI N ALEINTW 18T

1) Kilovoltage (kV) AaAAuANANR IWEAT Iddmiutlauliasesandisd

2) Milliampere (mA) AaA11aInTEua I itunasmangieeitd

3) walunnstng (exposure time) Aowa W oneansise

4) sruzanaainidsemaennmsDadx

5) AMNWUITEAIUNATIY (thickness of the part)

@ radiographic contrast WUANBLEATITUURNANIBIAINAIIBINTNTLAAATN
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nsldlengstdinudiussnsuasailatiaTiingnag FIRANUTLUTDLATIAT AU
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wianandsdiiatvaraailn  uwieresanmrdadalminWinanisasraaunangs
uarflonFlunmsunnetkaiulunsdlifainsauasiBansasdaya Tfunenaise
ABURNIERT (Xray Computed Tomography: X-ray CT)  #elgfinisldmaluiatinng
ARNRAABFNTIDATIININ UANNIININULRS X-ray CT ARELBNTLIIdauALEEN 1Y
AMAREABATIE (X-ray  source) wadliWadmendisd (detector) Aaldfamsadny 1ARaY
nanalanast W iendrdaruAuaru 1wl lussuiura A RRA N ATAABINITATINAEY
nsiARauiiAa luweduesuuull 1 A ideysarndusaaentisd 1 wslWd Henns
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NIWAIN X-ray CT Hia¥1atu Usznaudooadiany anwuniudwdondpiasny
winGuadursifoviamuey uazuuds wasidnT Anawiel Weneasliisanndy
] ol o [ . = ' - '
nMaInLAaTsasmiuGundt pixel dwedlu 3 IR whandasEundn voxel
(14, 2532) Tuusas pixel MIWINATIUAZIBUATDI density YTRTTALAIMNATINUBINN
Mlsnguuseiduaing (Cathode-Ray; CTR) frAumnadtlduiudiusinasswing
-1,000 014 +1,000 FaFnd1A1 CT number ¥3a Hounsfield unit (Bushong. 1988)
nwrBnenLItiaiasInAeNRARaSAtLsRS pixel QNUVUARLAIEIGT ATME Y

= i & e ' X o ar P
lanan CT number FIFHAUSNLAMTHNUILUUN NN IRAULUBLES AIRUNITN 1

CT number = pWaiEia-pur | X 1,000 (1)

ORYy!
Taeifi : P = density

-

azfluAnd1edaly CT number scale uazimualtisianile 0 dadiaviadan

2

i 1 v v
awq uuwiunnnd i CT numper Witan  drilaciamunuiutaundnirilsl
uav (Sprawis, 1990}

Tunanasunng A1 CT number WAL -1,000 swnsdaisnoosutiueinaa
AU +1,000 wanedafuosiudunszaniinsumnuiuinn wuasAawindy 0 wned
= :‘/ ,‘; .: :‘I‘ ds -:3 ] L= ) i L9 1 A
Uhnaiuiluln uenatnilliafingu 1easan euyEdilAT CT number wAnstafulusy

=i
A9 1

1 2 +
AT 1 AN CT number TBULBLERFT 289N H]

Tissue CT number
Alr -1,000
Fat -100
Water 0
Cerebrospinal fluid 15
White matter 46
Gray matter 43
Blood 40
Dense bone +1,000

"?im : Bushong (1988)



2. n9lflenisdnsadauANMNIE IULBINAANBIN AT

nsunnATiaengsTvianisundusra s ldRsAas LAMNWIINARNALNERS
gnimLN uatAnuidtmativsieiies Marcelis et al (1995) Anwriinsragaugnunn
sy livansndnmaaneAznisaemsldienautifiensasauannimanglnis radish
wudnenmrdarunsnldnmaaaunianfia spongy tissue 18997 radish 185 Yantarasr and
Sornsrivichai (1998) Wu41 X-ray CT @unsamsasaaunisiiaanwztialninialunes
fuiver Winess uazweeefa 1duinisAaiieinudle (granulation)  WANWKS (dry
juice sacs) WaaN (loose peel) War sunbum ldmsasasuamnInsluzemEey uas
AR (Yantarasn et al., 1998) nenaniannsalimatia X-ray CT (120 kv 80-100 mA
2.8 sec. slice w1 10 mm) AsrgaunIndinaterssunaiuveld (Yantarasr et al.,
1997) wnmetansaldamagaveinsRAUNRnNaTIINgUas N IMIA T3
wisamtlunannaneesldanuaatia  Diener ef al. (1970) WHentudnsauanyaiiin
senanuausddiaUn® Thomas ef af. (1993) 1ianssgdngaauanuziag Alphonso AAa
spongy tissue 1iigneiesdia 97.06 %  Suzuki et al. (1994) 1 X-ray CT (Toshiba-60A type,
120 kv 180 mA slice M1 10 mm RNNANNA) WALAY CT number mTQ@LLUﬂN:a:nﬂﬁltﬁm
AmnEsvneiiesan vapor heat treatment aananuzarneUn®  Sonego et al. (1995)
4 X-ray CT (GE : 80kv 40mA 25s slice M1 10 mm) AFIAUENKA nectarine fAneNNT
woolly breakdown WENAIN TN TANNNNT I RS9A LA TB B AR NET
Tat Lenker and Adrain (1971) lennsdamasuananuiisssviotnnisnoningutain
Fnniavaseaniluialin Wowil uezude  Brecnt ef al. (1991) Uaz Thai ef af. (1997)
4 X-ray CT AmausnANLigasNs@amalussty mature green

Tunanisdn msldiannsdnsmeaaununinissdananenrgnisn ISiunaans
warpgtin  lumewinuwiiaddywinania hollow heart Tuvfudfassndng 525 %
prlfRadymsediesianminiuiien Lfan‘mi‘ﬁgnﬁwmlﬁma‘fmxﬁnﬁqﬁuﬁ?\;ﬁ'nﬁm
hollow heart upsiAsdiufitunn 155 Sunkist Growers Waunianmeiu dieldamauen
nadufiinAnuBountiinsannaanufiu (freeze damage) MdaAnnuEa 600 wamnR/
i8¢ (Tollner, 1993) wananilenmsdgninuninsausnsestiy (pi) lunawagidoe

A9I59 84 40 aaAunies wazitrrudianatafiod 1 W 28,350 wa (Tollner et al., 1993)
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nouf) wazdlsslagiaasinailan NMR NURBAHALNYAT

1. qmﬂmﬁ‘um Nuclear Magnetic Resonance {(NMR)

NMR fumafiafinssageurnududutes nuclei (protons) 18938  laedunag
WRsuamdramees  ruclel @wnsaillaienwldtaGendaneiin | Magnetic
Resonance Imaging (MRN) daiflunisafanimainmaiianisimmeusiodn ienndie
AmdveuLtndnrasioednaresnrneniiueAlissnauasans (Morrs, 1986: Chen
et al, 1989) lafinsdeminwim@niu radio frequency (RF) lunszsusyrunmow@es
vinlilsmravuanslalanan # spin agluaunuusimin denussasidenndanuimen
panNnERAudInduangad wé’wm'ﬁﬂ:Qnmmﬁmm:;ﬂﬁﬂmﬂu spectrum  AiFuNG
NMR spectrum Feanrisvananzee binding stage water n?‘a*i'\ﬁu'lﬁ (Chen et al.,
1089) mrzasdsennsaWumslsadiuaudu Lmnﬁmmﬁqﬂu'luﬁ’mmﬁmm:
AR dwiuluinuasnaliiinisu Aaulasmanelssnsssinaruaunnsgnud
denaliuinniy B BTy warAfe thmaiinsnRmaaeiveliRandeslatasiay
wisunlasllon fasnsonmaasylddanmaiin NMR

foyryacunes NMR inbiAanmiifugiuaanaamduees nuclei usazidnuane
fautsAedasldun spinattice relaxation time (T1) Aanswasuulaamdanuszning
mﬁ‘ni‘:él:u nuclear spin Lmzﬁqmmﬁau WAL spin-spin relaxation time (T2) ABNIFARAY
kU exponential Ae ety uﬂnﬂﬂﬂ'ﬁ parameter M interpulse delay (TR)
LAz echo delay (TE) @wasmuanuuag Effect 18 T1 uaz 216 lunalifdoulngjen
T1 sinflanudfudiunnaeninty  asfisn T2 faflrodisiuBunasania

(Chen, 1996)

2. mMslimalia NMR neRdauauwmelu2iufnpainens

Tudsnnsunnd insldnetia NMR ieamaaaLuzda Aiasziranainiizes
Weidledu neld MR araeuannwludnualFGiAduIY ieswnn MRI WEnwild
moazBungunnraiindiiensilansianelunalilagbidesiatans  Wang et o/,
(1988) 1dnaila MRI TunasAntnnisnszananisifiia water core Tuueddlalnelidiaatinus
wazlsziiuarugnuniensama (ishida ef al., 1989, Pech et af., 1990; Salveit, 1991)
Chen et al., (1993) $18RMEANIN MRI 1aanaasTamiaun aziidsaninageu Feduwus
futBinosidfdune  nm MR Siemnsousmdnmazinsenisly Safaannisinan

spanuay  wieotnsuialunady (Chen et af, 1989}  wavAIidawiznitluann
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v

vapor heat treatment WHaNEUM (Joyce ef al., 1993) waamfdaiia liuruutuanaly
v v
Wunadl wmatia NMR ansawassdiunnuinmalusedtlauazndan (Chen, 1996) uas
v v »
Yanniulunserlanala  (Chen et af, 1993)  AwiidEnsiidsanunsouendaya

ud = d 1 [ » 1 g <
ansn e lwldaasnsauliansovenidlagliniareshatinlunsimssd

nstiun A parameter 483 interpulse delay (TR) Waz echo delay (TE) asina
FanmeaaziBnsralanaiafifeaniswiuld iy high-contrast out line 1DMEALTHI0T
§niiY (over-ripe) LAY stage 1IATNNUNIBINATY FIaH1EY MTALALANTTA T1 effect
sasnaaslanlamusnedon TR # 50 ms uaz TE 71 15 ms azlisduiugreming
intensity gaanmitBinoning  wnulasufiu TR uay TE Lﬁ'uﬁmﬂu 1,000 4aL 40 ms
i dleaununinuun T2 effect azliaudnuWuifigauanaswing intensity 199
nwfunann i nmusnmeasdoasandaludule demlunsihaeaian
soft-tissue 14 melon (Chen et al., 1989; Chen, 1996}

Tunsaduu NMR furslsl winfnsduanuduiugaes NMR parameter 737
fuasfdszneuamunm (quality factors) 1esnaliifannsminlUWmunmalin NMR e
AN MIRIHARAATIAMMEIEY r.'ﬁumﬂﬁﬂﬁﬁqé’\*.ﬁ'mu'ﬁmﬂﬁuﬁé'ﬂﬁﬂszmﬂﬂu%’gam‘i‘m

TunsAnaunmeeinassionala (Chen, 1996)
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Fensadouriald 2 dau Wud snddeiifoadeatu e uas nisouw  Judiusau
nmaqauand lunmn 1 dmiulen Wanmladneauzeamsfialninadisanen
1 3 ' 2‘ 2 ' [ dll a
melugs  ldudeninisufuarawlvaluiuuslaonisintanaiagdnmocainis
muly  dwfunsasauuulinianeinatiawndisd (X-ray CT) waz MRI lagRnm
parameter WAL T8NIMAABLNMNIZAN FINTIMIANNENWUSTEWIN9AY CT number 390
wmatlpenged  Auanamnelurealian ussnwiildannalla MRI fusmunw

nalugeniapm

Ay Fau 1dAnmtansld sensory test ifluinusiunasgudmiunasuieszau
pNUA  ReuFoufinuanugnsiesranmsAnannmieg  naltAtwIniureIna Al
ponu msldddnonglumsdinuardans  uasnsiuduouiuiinafulduniegn
sauvansirasfpesUsznauniaedl InavaaaunmGuuiiensgn uasyBaunady o
SumdwAse  msl sensory test Muianisiamsisdlszneumaail Wilsrsanana

oS e a sy v 4 . oG u a4 &

wenanuadeaty  sadiaesiilaiannatedivieysremaieniy  ludouiiazAnm
TnelinGeuiang nercinsasaauurlivinanslaeldmaliaenaisd uar MRI Az
ANWN parameter WATASNNIMARBLAMNTAN SINNIMIAUANAUSTENINAY CT
number annwatawngstiuauMrIAEluIamTel  uazANENRUETTwINAIEN
Intensity gasmwiliainmaiia MRl Augnn mmolueemBou  nsAnwidaenaiia
wnairdazAnm i 2 dnsus ndnde Anvuzusn Mwenduuuiaiudireisiacsedy

(L - : <5 wr ] | T 9
auuAtuaiasantunneisetaduiunurawsasus  wdnitlilennsdlaaWls
Awiaeanianiuly 1 pwasaassgaiinriaruiulasiidizuan 56 Armun uay
anmmuciass AnmannslduanFauinsunainninengsdeausiaiua nwaz 1 Wa

drumatia MRI azAnrianizludnenizusamintiu

Q@
1.Nﬁﬂﬂ
- A tdl = A L 3
nadanafi M AnmuiufissainasussguiiduiracudumGuatlfanniuduall

W msadaalnailussndneial) 2540-2542 d uquvianum 500 we  latAs@anuan il
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Avliuarlifisendvaunn werllawalndides  dmauminanusrataudcussandly

naenszae wintnlnssasusomaliawnmsd way MR ssl

1.1 nMsAnwAnsuzansanlnimaluaa

unaiaaaf i v ldanaufidan Tt oudun RS asLE NEEAIUaN ua
1 dl - - = = 1 dl 3 b =
dnaienmagauLardsziludnruzainisfiodnfine lunawuudrainulnalggismdin

MUY 3 AL

=t
P}
)

HANLTEY HA

|

uiiasziuAHLAlat
“dUanguaInanuIu

g lumeinwesdAanEuu

l ,

AragauANLiLuLliniany A37aaaUANLTILLL b
a8 X-ray CT Uy MRI vinaieine X-ray CT uaz MRI

l L

HIATNRARU J

NIRTINADL

WLNFEAUANUNTAY sensory test

l

Y.

—» AwmrzinaniIIas

TATITVAMANTANINENN

LA aALsEnaUNINAT

] L »
ni 1 TureumdtiroaglasaisnanFou uasnarian



1.2 msmfmafanqmmwmﬂiuua TregldivatdprandLss

n. nsdfuaiaanlssng g lunsswnummw
WINRIIARNIRALATO I UUHAN RS 197280 lUNERINTEAN (TUAR 10 x 12 119)
o ot alal r-.w-’d:t‘ ‘ ! [ - T P | i
war W1 AR NI RN AT EINa RN IABETa BN Tsd LaslHeFee Spiral
Computed Tomography Scan 489159 General Electric (GE) §4 ProSpeed SX 984
audiiladeisn Wuarile wenasdreufiumefosyd dunadled Awmdater?  uas
\A784 X-ray Computed Tomography 18913Hn Shimadzu $14 SCT-4500 tu Waalensisel

ABNRAEDS Teane U e Telvl-1% e halieas aandsdos v

]
o ar

nredenasaandrenalunisdfunwie Wla naniaigeasdfunldsusn
AINENAND (KV) HAZNTZUAMAAENTisd (MA) 11 80-120 kV WAY 80-200 mA AUAUAW
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geaarsazaunglaaunsgIuAdndy 0.001 - 0.004 Wefidud (snwan 01 Taeu

FURABUNITIATIEN LT EIALINY
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nsaassitiuianiulawss 125 phenol reaction (Gerharcl et al. 1981)
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1. TadwminilienGeu 20 nfu wanuindy 60 adaes tuldazides dlumio
AYEATEUMAEN A1MLFY 10,000 sauseudl Wuiasn 10 uidl fgumpll 10 °C tindaula
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e lvaglugiansaraedanududureninmalidiiu 100 lulssniuseiiad@ns

Tntidpanasauindy
g - [ ci =i 2 ar ' o s ] - v k4
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BIUAINITAANAULAINIAIUENIARY 488 nm GatATas Milton Roy Spectonic 1001 Plus
3. WIANAHUANSNNTBINITAANRULAITEY  blank  uwazdqet~e  lasulRuwen
d‘ -‘-‘5. (< L3 riQ’ = &
absorbance WAMNENIAAW 488 nm ilulediruiinmiae aannisiisuiunsW wes

MPDIR1TATANENG IAANIRTFIU AITHANDY 0.001 - 0.007 wefiaud  (nwuwan n2)
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dil = dilution
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absorbance

y = 0 028x - 0.051

R’ = 09082
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mwmﬂu'ﬂuﬂmwanglﬂﬁ (ugiml)

reacton (Gerhardt et al., 19871)





