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11deniug nv3l Qmmmmmuqmwnummumaﬁn‘u’lm‘ssﬂaﬂuuﬂmmwmumahmaﬁuawﬁiwaums
yueAIAYsEI ALY RansAnymuaauniglusdednEensuiitivegesindlutusnresnisug 9n
12.39-13.42% mm_g”luu.m \u 24.95-35.63% UIATTIULWA wardnrmafinduresmuduluwdadnazanandie
‘svamaﬂunﬁwﬁﬁu%"‘u figrmgfinisudsinit gelatinization temperature 19lmisvannsogaduiildunnivdnim
mmwﬂumiwqamﬂ gelatinization temperature *T.I’VI!Lﬂ'l‘i]"ﬂ"lll']'iﬂﬂﬁ’liuuﬂﬂu'lﬂﬂ'l”I‘i.]'l'lli‘la’ﬁ.l aumsmwﬂmﬂma
AR BUES 19U N ILUUTR Becker Waz Peleg a111WSﬂi‘Fﬂumimmaﬂ’tmﬂu%wmmam*ﬂ’rﬂﬂEi:um R Elf;ﬂ‘lfﬁ'l&
0.925-0.990 LAAUAITNIUTBTBI Becker A1 RMSE #1nd1aun13vinutevas Peleg a'liﬁum'iu“ﬁﬂqmﬁqm 80°C
Amiimedilfanmsiansiamaiuneeseunsiinaiisenndoriunsdsuslanrnduildennmeses
Fndndiy: $radeniug nus1, uthi, d1i
Abstract

RD31 rough rice was soaked in water at several temperature levels and a change in moisture content of
rice during soaking was examined. Moisture content of rice rapidly increased from 12.39%-13.42% (dry basis) to
24.95-35.63% (dry basis) at initial of soaking but increasing rate of moisture content decreased with soaking time.
Water absorption of newly-harvested rice was higher than aged rice at soaking temperature which was lower than
gelatinization temperature (GT). However, for soaking temperature above GT, water absorption of the aged rice
was higher than the newly-harvested rice. Either Becker's model or Peleg’s model could be used for predict
moisture content of rough rice during soaking, except at soaking temperature which was higher than GT, RMSE of
the Becker’s prediction model was lower than the Peleg’s model. Model's paremeters of both prediction
models were coincident with the hydration characteristics of rice in the experiment.

Keywords: RD31 paddy, Soaking, Parboiled rice
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NnszvIuMsWIngnime (Luh, 1991) nsuginaiionts
wandiidugramnsnddeudinidduhguisana
Tunsudlifeniign Wilgumpfiveniuaziaiililumsus
AnafidanareantAnianisamesaiiadeiindald ey
amudlslunalnnsaeduiwensednaugenswinnms

widauluniislumnuiiugniddglunisedadnable

Hulvethegsipazivnzan fivuideiidnunalanisen
Fuiialudnuaswiasyiiviu uaslddnsiaunaunts
wieldesunenswdsuulasmutilusdasswinamsutin
ﬁl'qmﬁg_ﬁﬁiw‘] (Bandyopadhyay and Roy, 1978; Jideani
and Mpotokwana, 2009; Lu et al,, 1994; Turhan et al,,
2002; Vasudeva et al, 2010) Tngfinmsunsvonindnlus
windwdenariuagiviisdovareatndldun Tasasna
uazasdusznaumaaivaandnin gungivanhius
narlunisud Feddnanewusiufasilasiaiiouas
AUsznaumMaLAlisIany muun'}'mﬂaﬁuuwvmqnulﬂmu
anwusUseiniugresdnn  (Wimberly, 1983) uanaNil
svpzamafivinednudenwdinsfiuiedisnina
senisgaduimasinden iwesmindruriviedniliiu
Puasfiantinsnieninuazantiniuaiifivansialy
inddeniitiuiiealnal (Bhattacharya, 2011) faiy
nsAnnnisgaduiwesinwdeniugane deinilmivay
P1uA1FedanaiiaudAgen1INRIUINTLUILNTTHER
Tl

112ug nv31 Wudliluas dadudieilaaged
USinweiilagsening 27.3-29.8% (nun159712, 2550) uas
Ugnlsvilluwndistuguananans (nsun1sding, 2556) uA
idisannifuiugindeudralmildfunsiuseniuduas
atfumyuliinumsnsugniiiod wa. 2550 ssdauifedu
nalnnisgaduinnesitaiug nu31 Fededlegesnsdnia
et ingusrasdiilednuinnudsuulasnudy
vestuuAeniiug nu31 sewitntsusiuavaiadauuy
mandamanilumsesunenalnmsiasuslamesaanuiy
Tudrwdeniug nu31 sswimsutinilensndndnis
waludrlmivasdrai
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frwdeniug nv31 vesggmaifiuiieniing 2557
Wudriegmisiivine 1 T wasdrwdoniug nu3l
Faduinlmivesggmarfiuifesy we. 2558 I65umnlsed
nyuludaninuasalssd gmiwvinAuayen Aauen
dnferuuarudndu myiaenutuGuduresiudendn
Ing3sgavausouiigungll 103°C 1uian 72 Falus
(ASAE Standards, 1998) 9IntuusseFIRETIUGEN

$1uan 20 ndu Tugafiliinliududlnhieova
qmvm:ft'm 60 70 uay 80°C wﬂmlnwﬂmaanmgnm
Tunnmuardumenszatwiuiiiieiidaunduiueen
nddien (Lu et al, 1994; Oli et al. , 2014) uaadein
Arwtusesouaniou auasy 7 Fali vhdmsvaaea
107w 3 91
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dauvuilliesuemsgaduindliudasaivinas
aunsfadavaunsinuonsauiumsldnuiinnens
wiuazvladafiva1ag Au mMslessvuazaiiaunis
vnsluanidfeiavldsuuvansaunisliun Becker's
model wax Peleg’s model

22.1 FuUNsYiTuIeves Becker

Tl 1960 Becker a¥1aunsmsunsveniiluwdedn
adlasardeiuguainaunis Fick’s Law Tnsfiguuuy
aunseail

M; = M+ %2 (1)

Tawil M, \uanufuiedsvessafivine t g ¢", dry
basis) M, {Jumnuiuiiuduedsvedyiiy (g ¢, dy
basis) t L{lunﬂﬂurﬂ‘iﬂﬂ‘ﬁ"u‘li’] (s) uag o 1JuArasdily
@UN13 38 lump parameter

diosnlutrwsnfiwdatndudad thezmdeuiidh
Suudngeus capillary HTugnquUBILNAY AR
datilutissnidngedsiinsuuugssduuvaunisinae
Tidusaauns (2)

M, = M, + M;+c t05 ¥

Tao#t M; Wudrauduiidiiuduludaiausnveanisus
wazifioafransmidunsesening (M, — M) uay t05
awnsamAl M; uazAn o LA nA1gaRnLnY y uavnIy
Furasnsmidunseiiadianinaunis (2) uazen o &
mmmuaﬂﬂugﬂﬂmm‘sﬁqﬁ

= (3

= i a4 a o= -1 .
Taei M Lﬂuﬂmﬁwwumﬂmﬁmwﬁ (s ", dry basis)
mmwsumsmwm f1 Mg vsilhiumauduiinne
auna M, (Singh, 1989) uazansauszunmlinitves
s ey a4 2
Bello et al. (2004) S WuRiuiiRvesyiiY (m) uay Vil
= = o 3 ) £
Ysumwsvesudavanudntn (m) Dt dududszananis
' 2 -1 = i
uns (m” s7) lmedian Dy, arunsenanslieglugluuy
anudniusiivAgamaiilininaunis Arrhenius Aauandly
aung

2) (Mg — M) (2) Dy 3
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D, = Dye\ ’T (@)
Waswauns (3) wazaunis (@) selaaunisanuduiug

1
]

= (Z) M, - M) () [n(,e(‘:f—'r)]u5 (5)

visuaniluguadielddiauns (6)
Ey10.5
sty [e ] o

aun1s (6) awnsndalvegluzvaunsiBuduiionidad
o Uag E Aauansluaunis (7)

In oc= In oy — — (7
Tawdl E ifurmdssmunssdulunisunsvenii 0 mol’) R iy
AreaTeIfine (8314 J K mol) uax T 1udgamyiilu
mMsuy (K)

#MUAT S war V wilaanaunis (8) (9) uay (10) UJain
and Bal, 1997; Varnamkhasti et al., 2008)

V =025+ [ZLW + T)?] @
S = mBL?(2L — B)™* ©
B = [WT]°S (10

dle LW uay T Wuauen amiuniiauasnimumuiees
windSudy

\ina9nauns Becker gnadraduanlasiifiugiuain
aunInsuwsLaraIIessUIBUINgMsAinmIReduL ey
wérd1aldd Faltmidednunniildaunsilumsesuie
msnTuesrRuluswian st wludawdenuardim
nasa (Lu et al, 1994; Miah et al, 2002; Sridhar and
Manohar, 2003)

222 aumsvineved Peleg

Peleg’s model Lfuaumsinunanisgaduivasian
inwasuavansinesldBnaunimils Taelud 1988 Peleg
I#a¥19aun1sving empiical  Tnefigunuuaunisdad
(Peleg, 1988)

M, = Mg + —— (1)

(ki +kst)

Tawi M, iuaruduedsvessyiiviina t (g ¢, dry
basis) Mg n‘flumwuﬁuﬁuﬁutaﬁaﬂaaﬁ’mﬁﬂ (gg”, dry
basis) t Lflunm'[.uﬂﬁﬂﬂ*ﬁ’uﬁﬂ (s) k; JuPeleg’s rate
constant (%h™) k, 10u Peleg’s capacity constant (9%")

Adnsinsgeduiih (R) aunsemldainayiudsudy
wINUBIAUMS Peleg AIaunTs (12)

dM Ky

R= a (ki +k;t)2

(12)

Fednnmsgaduiilutiwsnihdudawiatianse
#15alavIna R #ivaa t=0 9£ld

(13)

ArTMITugMEIanuTuinrauna wilAana
ALTLTILIET taoo szlanMuduusAtauns (14)

M = Me = Mg +— (14)

Tneiien M, Lﬂuﬁﬂmﬂu%’uﬁm?xauﬂa (g, dry basis)
dledaguuuvanms (14) WiluaumaBadu aeld

t
M{—Mg

=k; + k,t (15)
A15A519N5MLEURTI9INEUNTT (15) 9zvinlwanuisann
A1k, uaz k, 1
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misetihnausunismeasauuy Factorial in completely
randomized design “Eia;,gam'iLﬂﬁauuﬂaammﬁu‘luuﬁas
anmznswignihlulinnsianuwdsusunaniSeudisy
Auadslag Duncan’s multiple-range test (DMRT) RN
Foyagniilulilunisainaumsdmsuvinuieea iy

mansnaeuAATLiuglunTUTvanaAiatly
L:J5w{’hwmﬂumiﬁﬁmﬂﬁqﬂaeuwaﬁauﬁ’uﬁayamnmﬁ
vaaesILfinTsanInAduUsEavsnsindula (R) uaven
Root mean square error (RMSE) (Yadav, B. K and V. K.
Jindal, 2007) FeaumsitaumNzauazidl R g4 uae
A1 RMSE #1 A1 RSME dmualldanaunis

1 05

RMSE = -[Z}L;(M — Mg)7] (16)
dle M Judranuduiildainnismaass Meg 1dudn
amaduildnnaumsvinne N luswoudeya uae i fien
faus 189 N
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Ammdursadainudeniug nu3t Tusswinanis
wiluhitgaumgfisiaiu 3 sedu 1dun 60 70 uas 80°C
dvdvilmivastrunuandly Fieure 1 Tnelugredilu
wsnFrAuTuresinIrfistuedssmiininaiei ity
Suduvasinidenii 12.39% db. windudu 24.95 27.97
uaz 35.61% db. ludruri uazenA1uTu 13.42% db.
ity 26.75 28.48 uar 35.63% db. Tuinalwmi dwdy
Frauudenfiutirgaumgd 60 70 uar 80°C ALY HANS
WisuifisuAiadsveimsasuwamadiluwdadily
szwiamsutnuidianuiulusdadniignudidisedu
gamgiivianussauiinuuanmaiuasaivudAymnaada
(p<0.05) wazArmmTulusswinmsutvesiniiuasin
Twidfiauunnansfueg1afidedrdgniali (p<0.05)
wiufiu

80
70 1
60 1
50 1
40
30
20 A1

Moisture Content (%, d.b.)

10 1 Mewly harvested rice, 60°C
—=0—= Newly harvested rice, T0"C
0 ==y — = MNewly harvested rice, B0"C

0 1 2 3 - 5 6 7

Soaking Time (h)
Figure 1 Change of moisture content in aged and
newly harvested rice at three soaking temperatures.

910 Figure 1 mmmﬂlmmqmwﬂmmm‘n 60 Lay
70°C Wenaviuluauludalusd 5-7 Sasnisiutuves
mwduazanawariuunlifufivsdgrnutuaugaiily
Frariuazdilul usansinigumgiveniuaziaily
nsutansdininadusasinisgaduiivesiianden
Frdeniiuiinfigunagiiginitesiinisgeduinnnni
Fradeniiuiiiiguugiivhng lusnsiideszesnatly
nsutinniuinndenavgaduindtluinntu dnvaenis
Wisuwasiindruduliludnwasduiefumsaaduih
Tusgfiwialy namAedmsinsunsergeiigalugiausnuas
9¢ABE ANBITULTIGN1Ivauna (Chakraverty and Singh,
2018) Vaimsituagmniiremudumelusdadn
Tutrausnuesnisusiignesuneindunasinnisiiunauge

Fuiieilissneindsenaufuiiudluidudiudeiha
sewinunavuazuda uwinisinduvesniutuves
ﬂﬂ?tﬂﬁaﬂm'ﬂ’mmmaww‘lwumwwqmwgu 80°C il
dnwuziiunnssoonly Tnsrauiuayifutudedas
Aoutaasiilugalind 17 wariuualiuiesiinduasna
doiiios mawdsuwadlusuuuuiignivsurindudnene
vesmsutinwaenfiguvgiiganitgumgiiiilwiAnmsie
aniluedu (eelatinization temperature) ua:L‘ﬁugﬂLLUU‘ﬁ'
adrerunsuetn Teodeudslumdadrufn gelatinization
ﬁﬁl:ﬁnﬁ@,mif’uﬁﬂLﬁuﬁuaﬂwmﬂ (Bhattacharya and Ali,
2015)

Tunsutiviguugd 60°C $1awdsniinasiimmmiush
niniilminaenszeransuy feasaadesiusisaunis
355984 Tani et al. (1969) Ainvindoutindgiuluti
gamgiiund Armannsolumsgedutvesimduiady
Fruiagdismnitimlmi druiiguugilunsusii 70°C
AAudurenisiruasdlmilisetannin iioe
iosnanuaresruaselunsunivesiiluwdn
fniifrguuardmastnaundenisiiuiuvesninuduly
wiintm Amunsuiiigumnil 80°C AAnutuszving
nsuivesinwFeninsduvuliugainirinwdenini Tag
gungivesthiiuszuim 80°C gniiansarindusedu
gaumgiifishaafimnzlunisyeiniduifie Bhattacharya,
2011) faunisustiriiguvniiiogieiosardesiinisan
Undiuvasinidan nsanuienseuIunis elatinization
T azfimadsuwadanaiudduadadn daudas
waqﬁ?ua:ﬂﬁmqm'igﬁ-'uaéwﬂn wilvlimsindeuiiveni
wWiluguudatialauannindu nan1imaasitnaduia
aomndesfuautiansgaiivesiiiiifiongmatiuinm
sepzanszina 1 3 fesddnsmsgmirsewinimsnegs
nanI9almi (Bhattacharya, 2011; Bhattacharya and
Ali, 2015)
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Aaduildnnaunisinefiaisiusnduuures
Becker uavAauuuTas Peleg waludraduavdraln
L‘Uiﬂumﬂ‘UﬂumﬂTm%uﬁlﬂmnmwmamuamﬂu Figure 2
Favuilutastluausnuesmsuy madusinaunsviueg
Peleg 3¢ l¥ATfANIIAI9INNIINAABILAEAIYILIE N
aun1s Becker ailutiathluad 2-6 Arpuduiiléann
aunns Peleg na‘U‘umgaﬂ:nﬂwmwﬁumﬂmwmaamavm
ﬂf.i’mﬁml’lﬂaumi Becker LasvaI91nNISULH 6 'n'ﬂ.m fi
AAuTINEIMS Peleg aeiiAntioanitdmiueninaums
Becker
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Soaking time (h)
L 60°C o 70°C v 80°C — Becker's model  ———- Peleg's model

Figure 2 Comparision of moisture content predicted from models and experimental data. a) Aged rice b) Newly

harvested rice.

uan9INTL9N Figure 2 Smuindunsivaanaunisng
aesdidnuasfiunndaiy Inensmitléainaunts Peleg as
fdnvaunduduldwaiios luvasdinsmiannaunns Becker
siidnuaeilidadedaedunsmezuiaiuastiedis
Faau Sneusnasunamsadunswildainaunis
vuemiassaunsiidnvaradwaieiunsluitniiuas
13wl

33 ATIULNUEIYEINITIINIEY
Frdulszaninisdnaula (R) uazmanunaawmdou
(RMSE) “Uﬂs‘lﬁLlﬂWiﬁﬂuﬂﬂﬁdﬂﬂﬁﬁnﬂﬁuﬁﬂﬂu Table 1 uaz
Table 2 §191nA13199¥MUTIAUN"S Becker HA7 R 0
Tut73 0.976-0.990 uazA1 RMSE 539313 0.516-1.126%

Table 1 Paremeters and statistics of Becker’s model.

druauns Peleg A1 R’ 0glug33 0.925-0.999 uazan
RMSE 581114 0.479-2.583% RaanIzeziiaInIsuy
flef9nsnendn RSME vesaumsihwneiigamgiints
Ut 60 way 70°C wutauMIeTdesannsoldviuny
mmTuratdenseninnsuldd egralsfniud
RMSE fildanasintsyinunetes Peleg fidniaenindniildann
aun13vuneves Becker valudadwardnlwi doud
gamgiinisud 80°C Faaunsofinsldindugnmyiivigs
N1 gelatinization temperature v A1 RMSE va3aunns
Peleg fiFnganinAnanaunis Becker Malufnaiiiuazdn
i waylimunsauitayldedunensdsustaniudu
'izw.iwﬂﬁLL'n”[uqmwgﬁﬁqdﬂ'iw gelatinization temperature

1 2

T M%) AM©) ox10°s™) Dnx10™', m’s) o, E(mol) R®  RMSE (%)
0

AR 60 38458 5354 1.3007 0.611 7044353 8687 0985 0516
70 42317  8.299 1.4163 0.724 0976 0713
80 71776  2.280 3.1844 3.662 0988 1126

NR 60 40.610 5918 13212 0341 167414 6858 0990  0.422
70 41445 8341 13118 0.337 0957  0.907
80 69.092 5.832 2.6828 1.407 0990  0.900

°AR = Aged rice, NR = Newly harvested rice.
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Table 2 Paremeters and statistics of Peleg’s model.

T M, (%) R (x107) Ry K, K, R RMSE (%)
Q)
AR 60 43.339 13.654 0.185 5.4044 3.2257 0.939 0.479
70 47.967 9.7905 0.254 3.9441 2.8110 0.925 0.522
80 85.127 29.926 0.258 3.8803 1.3749 0.997 2.583
NR 60 44.415 13.860 0.195 5.1361 3.1228 0.9940 0.676
70 45.490 8.3645 0.258 3.8800 3.0214 0.9988 0.381
80 74.288 20.586 0.275 3.6352 1.6156 0.9781 1.887

°AR = Aged rice, NR = Newly harvested rice.

34 AIANlUALMITITUI88IaLNTT Becker
Amsiituanns Becker léun An AM, uazen L figmgil
deq dmiudriuasinlmivansddu Table 1 er1 AM,
"um'ﬁ'ﬂﬂmi%ﬁFiﬂqqn':iﬂﬁﬁmﬁﬂuﬂﬂqmﬁnﬁﬂﬁwﬂﬁﬂ 4
wnermriimbaivsdimmmnsolumsgeaduilutausn
fidndudaihuinnirtid §eeraiineinuavenis
Wasuuadasaiunausswinamsfiuine uasAn AM, i
Immmmamﬂl‘n‘umumtwmumaqmwnmummmwmu
910 60 u 70°C wasnduandaudisgumgiifiuuain 70
{Hu 80°C Faaenadasiunansmaaesues Bandyopadhyay
and Roy (1978) Tufnudaenn mafutuuasanaad
AM, TipuduWusiyu  gelatinization temperature 783977
TneasdiAnfintuaunseiafiedna eelatinization temperature
mnqmwgﬂumiwﬁﬁaﬂatﬁmfﬁuﬁi@lﬂ AM, 3ndUilF1anad
dmiue a tuihiuasivilniasddlndfeaiuiinisui
gaumfl 60 way 70°C wik & vestniutluingmad 80°C
wfidnfiugaiuninimluiiuniuazdnlnl Tned a
%30 lump parameter wanadadnA UL uiewn
ﬂ"l‘iLm'i"llm‘lE’lL{hg;wﬁﬂ'r’.I'ﬂ (Chakraverty and Singh, 2014)
Smiarn o A nfsrmdanunsedu (Activation energy)
Faamnsouidldifuaesirsmugamgiilunisut nandetas
grumn Ny gelatinization temperature Uasy1gnmMdl
ﬁqaﬂ’h gelatinization temperature (Chakraverty and Singh,
2014) Luaamnﬁlmtﬂaaum QL 9nauns Becker aq'ﬂ‘mq
guungiisewin 70-80°C Feaanndasiunanisidsumnity
9InnnTnaaes Aruisensasulddn  gelatinization
temperature 183U N3] BEILWINTNGUMYIAINET]

35 AmeiluaumsinevasaunTs Peleg

AT k, way k, @mIuaun1s Peleg uanalu Table 2
Faen k, uas k, waﬂami’iaqmﬂgﬁhmsu‘ﬁLﬁngﬁ’uﬁgﬂu
Framuasdnalul da k, wsduiusiunmsdiemuaalunis
unsdadhiAsasilwensnsunslugawsniiduin dw
ke Wi inusinaigaeiindadnannsogadulSlags
dfiavhudrerilivainaniiienduliléasdu Fansanas

aoda i

ﬂmmmﬂmnawamauma‘uaaqmmwwamwﬁwm
WARTIITENINNTTUY naﬂﬂmumwﬂﬁamwmqq fin
mm%u'[uﬁ'ﬂmuﬁﬂﬂaqm-m-trmnﬂvgammgmwﬂum uay
windezamrsogaduilildviunasnniinield
veuwmveIaiidin figumgiinisudidisaiue k, v
drumasiidganirimlmidndes dufedrilwminsiidnm
nsunsveailutiusnidrlugasdngandndrun daene
Wunaredlassadnuswwnavuastesindlumandl dufl
k, 'Euﬁﬂ’[miﬂw'ﬁﬁuﬁ%qaﬂ'iﬂ‘{l'ﬂmmﬁaqquigﬁu
mﬁﬁq:i’tﬁ’md1ﬁuuﬂﬁuﬁﬁlvﬁﬂﬂumm'm'tuﬂ'ﬁﬂﬂ%’uﬁﬂi’
Immﬂmwm“lmmaqmwnuﬂwu Fectammdosiunidnune
mMavasuudanuiusenitamsutvesinuasnants
AATIBRIINALNT Becker

36 ﬂ'?mwﬁ"ﬂﬁh?asauqa

Atuiinmrausa (M) fivszaimanisves Bello
et al. 2004) waludnadwardilmivefidnfiuiuniu
gamginsuiigaiuuasiidaanadasiuiedniiuasdn
Twai FamsivAsundasan M, fivsznmenidiasiie
LﬁuﬁuadﬁﬂmmﬁﬂﬁgmﬂgﬁLﬁu%mﬂu 80°C ﬂzdﬁﬂ"l‘ilt.ﬁﬂ‘il”lﬂ
nswasuuvasguswesdninuilegumagiinisudguiu
gelatinization temperature

ﬁ’m%ﬂﬁﬂﬂ'ﬂ’m%’u‘ﬁﬂﬁkﬂuﬂﬁ (M) #ilFianaunms Peleg
Afidnvauradiofuiildninnisussuiudiei3ees Bello
nandediAnfintudiegumpinisudgelu uarildigedy
g1 nifisgumgilunisudiiniuain 70 1Hu 80°C
\ioend M, fildanaums Peleg fifunaaindundu
yoeAAsi k, Aafunisivdsusdasdn M, dmiuaunis
Peleg FawUswndiufiuanad k, uazduiiundanndndn M,
fildanaunis Peleg axiiAnganiir M, fiduinlaends
w91 (Bello et al. 2004) lunn¥1vgamail

37 AMANINTEHY )

wdsnunseau (E) lumsaaduinlutm iindifuamen
aums Becker dmiudnunninAu 86.87 kl/mol waglu
FmlwifiAwinty 68.58 ki/mol A1 E vesiviugnu3t #
1ﬂua1n‘iﬁ'ﬂﬁﬁﬁ1gatﬁagﬁﬂuﬁ’um E waat1amiug IR-20 Fal
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AWMU 20.51 kl/mol (Sridhar and Manohar, 2003) uagluy
drndesiugveunzi105 iy 30.46 kJ/mol Cheevi-
tsopon and Noomhorm, 2011) Amdwmnsedulunisen
Futhilavasieufiamnuaunsdlumsgaduivesudadm
naniAetinan E A Snnsfisfurssnsgedutile
Qmwnumu'ﬂuﬂﬂvmmuaﬂmn‘lﬂma (Sopade et al, 1992)
tufsdmiumsutiigamgligusinasiiaouanse
Tumspeduiunnmirirlvl

38 AduUsEaninIuns

AduUsEANBNIIUNS (0,) Teuisdraiuasdralmii
muInlAaInaunis Becker aiiA1sening 0.337x107 -
0.72ax10"" m’s” outihilgamafl 60 way 70°C Fauams
Tu Table 1 drufigauuafl 80°C A1 D,, fid 1.407x10™
m’s” lutalval uay 3.662 x10™ m’s” Tudaui szwui
A1 Dy w03 MANEEAWINATIAY D, vaimlmilunn
gaungiinTuY

39 AdhsImsgaduh

A18nIIN1IRATU R) wazA1dnsINIIgadutily
F3usn (R,) AiF1uIaInaunis Peleg wansly Table 2
dmTuan R, Beruaaldindiunduvasdnad k, favdl
dneusnswdsuudaduiiemeiinssiudiuiuen k, @
R afudshsinegeduihsewiemsutihasiidnumrnis
wWisuwamdefuisluiriiuasdnalug nanfedn R
amauﬁaqquﬁﬁu%umm 60 fu 70°C uasnduiintuiie
gaungilunsusiiiugetuiu 80°C.

4 @yl

aumsdmininnemanuiureandadiaiug nus1 4
a$1991nfuuUTes Peleg axlianufianaialunisvitung
Yeenitaunisvueiiadiindanuutes Becker iioud
Luﬁﬂ{iﬂﬁqmwnﬁﬁi’m’i’l gelatinization temperature uay
msiiaduveserudvluwdaivdoniug nv31 awise
asungldannnisiasizinisiimesianinaunisves
Becker uay Peleg valudhairiuazdnalmi

definsanandmsiiwesfildanmsinmeiauns
vmnevhasdlduaaenndasiu nanfadleuiihiiguugi
60-70°C TrwFoniug nv31 Adudrilminsdinauausn
Tunsuwsriveniuasdaruannsolunsgadudilils
gandlutrunm ﬁaunﬁwﬁﬁ'}ﬁqmuﬂﬂmniﬂ gelatinization
temperature vainUdaniug nv31 %qumafg?mwa
70-80°C tiu 91947192 nmwﬂwmw'ﬂumwwumlm
wnnlutrili

5 faAnssuUsEMA

ANEEITEYBvOUAMAnITUTT LT WRIUILUY
UMIINYIGULNBATAIEAT  UWASANTIAINTIUAIARNS
fumalay ITinendoinuasaans ImewaiunLay 7
atuayuumTive
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Minimally Destructive Evaluation of Durian Maturity Using Near Infrared Spectroscopy
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unfngs

mAfeiAnwinsussiiuaunmmSeunuuinaneosiiansomaiaanlnsalndsunsusngulng (Near
Infrared Spectroscopy:NIRS) ifieuftamnisdesnyiFeuseu TnglinFeuiugmeunesdnau 140 wa Tu 4 F1engnds
menUTLReUs 101 Fu quils 122 Tu TnseedarmsganduuasimendsdudenliSsuwvudivuiunisiadimegandu
uavauiionalagnss udnhisyanispandunasazanimindewinnaiilusaussduhmindawiiemeia Partial
least squares regression (PLSR) HAN133LATIEANUT Tuwavesannfuilenafiaireann FT-NIR spectrometer 3R
wiuglunsusziivinnnidedn duuseansanduius () iy 0.78 uazd1 Root mean square error of prediction
(RMSEP) wiriu 3.02% TneTuinafiadreananaduisarhuiudentien r, iy 0.69 uas RMSEP iy 3.57% lne
AmuRaARdsuTenassluwalicuuAnAseEaiifodAymeada egndlsfeumantsinsuandifuuuminisTa
msgandusasuuuvhanedesiigeiilinanmsUsydusmimindewieiiduuliuia

s

"dAey: NiSeu, Auun, aninsalnUBursusngnilng

Abstract

This research studied minimally destructive evaluation of durian maturity by near infrared spectroscopy
(NIRS) in order to solve an exporting problem of immature durians. One hundred and forty durian samples of
variety Mongthong were harvested at number of days after anthesis from 101 days to 122 days. The absorbance
was acquired from the whole fruit with sliced rind and compare with the absorbance of the pulp. Obtained
absorbances and measured dry matter percentage were used to develop a predicting model with partial least
squares regression. The analysis results showed that a model based on pulp absorbance using FT-NIR
spectrometer yielded better accuracy in prediction of the dry matter content (coefficient correlation, r, and root
meant square error of prediction of 0.78 and 3.02% respectively) than the model based on absorbance from the
whole fruit with sliced rind (r, = 0.69 and RMSEP = 3.57%). Although the accuracy of the two models appeared
to be similar, the errors from the two models were found to be different significantly. However, the ocutcome of
this study presented the possibility of using minimally destructive technigue for evaluation of the dry matter
content.

Keywords: Durian, Maturity, Near Infrared Spectroscopy

2,029 d1uun (d1dnuiAsegianisinems, 2560)

L ‘ Wasnnyieulneiisaviduazanning viliguslnalu
nisudunalidwenilienud igraalssmelng g sunalinisensu sgrlsfaulugasssernaou

uudsugnyFeuiiddgegluniany Tussnuasniald Taelu  y5i 8y iFengdseanni3ousinasussaulgmnnsdeeen

[l = o 2 - = ' w
1 2559 Iﬁﬂmﬂaﬂﬂﬁauﬂmmum 19.436 auAu Wuyaa ﬂtfi'ﬂuﬁiim vlinaindeaniinanudenes Jywiliia
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mneudswaralumsdnidenyFouiifianuudiivmnzay
TullgumaiiuySeuundssodeyssaunisaiuazainy
Frnduegiann eglsinad3ilifivsuilasnsasns
AlilenmaihliieewismanelunsAndeniuetwnn 1
mATsifnvImMsTaruuinFoulagliiaronanie
vnarelesfigaedisraiies lud aa. 2004 ldiin1s
Usegnaltisnvaouaun ey lnenisiannuuiuse
vasfupeudieinissfeduiuiiaiiulneianis
$aufunisiadsaniziiisdiuimiaaiuisssuvia
(Neamsorn and Terdwongworakul, 2004) Lﬁanﬁ'ﬂuﬁ"lm
suwiaiomasifusiminideuisdmivlfidurgags
LA MyesesiadAiieAnwALETuSHUIY Tums
Ainswionnsswgalasdenduumiusdlunawuuiy
fufldnsmusanafusrerguiauazauiisssunad
puduiufidaduivefidusdminidous fidd
correlation coefficient (1) W1y 0.844 yananifuiinig
Tawnnsalnlutisiiveasiu (350 nm fis 700 nm) Fadn
nsaenduuasiivunmiou lnsAnsaanduuasgduius
fluaaslsfiad ualsiiueed uasuaulnlesudvomuny
138U (Timkhum and Terdwongworakul, 2012) lun13
Annwiaialumadiuunngulaelinmgandusasemuny
Wuduuninnengy wui awnsadauenyiauseniiu 4
nguAULANEAULILET 94.7% Rau Kuson and
Terdwongworakul (2013) Anwn3ld electrical impedance
spectroscopy (EIS) L'ﬁammmf‘iﬁmmzauﬁamﬁﬁﬁ"m'nu
Funuldsuulasduiusivinuiundnenuiuves
M3ou wudn Awdtumuiinaad 141 way 200 kHz
anusmihunlgdunnguyFeuunannguiiougeude
AUQNABY 83.3% Near Infrared Spectroscopy (NIRS)
Wumadeandefilisumuiouuarnssensuesnaniten
Tumsianuammeluresmaliismadifiudenus essn
wasaansemyarudensaliiluadeldlnghidonias
wa aenalsfnuySeudunaliffudonmn fnfulstins
UssgniltinafinaininsalnUdurswsmawlng dmiums
UszdiuauuaniSeuvnaden Tagansqanduuasiifuna
uazwFendaiumsiaenaniFouudin etwaia
TuwaduunyFeununguauun (Somton et al., 2015)
rnan1s3denuin lumafiaineindeyanisganduuasinu
Twfudenlianuwiudlumsduunyeueenidu 3
nquAILAFIEAIgNABY 94.4% uenInduilnuide
(Onsawai and Sirisomboon, 2015) AfnwAsUsdiuA
ihwinlewisiasnsganduuas NR Fefimmuiug i
(" = 0.89 uay RMSEP = 3.60)
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frfumAseitdimuaulsdnnmansisasunmnin
n3suuAuvuihansesfigadismainaunlnsalnd
dunssagnilndlaeanisganduuasenanioudiny
wiensenuisdrufieliuasanunsodesituddeniuie
nFeuldlasnse devmiauleawIsuiiisuai
wiugrfunisganduuavedonalnenss Faavifunis
WARUIA1IRTIRABUANA T BuLUUYINa e e Tign
dwiunsuilymaseenmiieugeu

2. gunInluazisnis

21 InSguiieen

MegmanFuiuinueunegnidaniinaluiising
1 Jmiagums namiSouszgndnditiseny 101 108 115
uay 122 Junaimanuiu (Days After Anthesis, DAA)
$uuteengay 35 wa 53U 140 wa Tngszesmsiiuiien
WaHARTIMINzaLBgR 115-120 Tu ndwinmenuu Des,
2559) Mnfuiiegsssgnarugugumgdlia 25°C iy
LAWY 24 hr flewMIvAaes

22 myianisgenduusadunsusnelag

Tuns¥anispanduuasiona dregnamansuarlésy
msshumnukazdensenuiafiuiiniae 3 cm 817 6 cm
TngazshuliinlaunuuvesdisgmSsuyneg (wdennu
wunUFenlutae 0.49 - 12.04 mm) Weliiudeniauung
uardiuiiounseiuminyenteutuniafsieios F-
NIR Spectrometer (MPA FT-NIR, Bruker Optik GmbH,
Ettlingen, Germany) alsluuanisinuuu diffuse
reflectance TasTnfumisay 3 alnadu Assnaayends
wenie wuesinaiudauLariunlvgigaifioyden
(wane, 2527) Taedafidiumiaduns 3 ass ludinavndy
12500-3500 cm” (A211819AGY 800-2857 nm) i
resolution Wiy 16 cm” Tae 1 awnasuAninnsads
Tunisaunu 32 a%e (Figure 1) SamiutiegadulyTadl
miﬂuﬂﬂﬁuumﬁwm%q portable NIR Quest (NIR Quest
USB2000, Ocean Optics Co., Ltd., Dunedin, FL, USA)
Tugraiavady 11111-5882 cm™ (AIMIEIARY 9001700
nm) FeTmuansinuuy reflectance Tneden Integration
time M11iu 850 Scans to Average ¥1fiu 3 uayAl
Boxcar Width iy 6 Tuiinteyalaslusunsu Spectra
suite (Figure 2) r-iamnu;uﬁuﬂﬁanuasLﬁaualﬁtﬂﬁanﬁgn
aununiansgandusasiensiauideaiunmsiauu
@
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FT-NIR spectrometer

MPA

Figure 1 Setup for NIR spectral acquisition of Durian in
reflectance mode using FT NIR spectrophotometer,
(MPA FT-NIR, Bruker Optik GmbH, Ettlingen, Germany)

MR spactrometer
(MR Qroest)

compruier

.

Figure 2 Setup for NIR spectral acquisition of Durian in
reflectance mode by a portable NIR Quest, (NIRQuest,
Ocean Optics, FL, USA)

ﬂﬂﬂﬁuﬁﬂLﬁawFiﬂum‘Nﬁﬂuwﬁﬁﬁi’ﬂﬁﬂnﬁmﬂnﬁutm‘lﬂ
WlLUE]'EL’tfuﬁu"muﬂmaLmd (percent dry wenght DW) T.ﬂﬂ
El‘l.ll.mmqmﬁﬂu 70°C (Wuiaan 48 hr wiawmm’muﬂm'ﬂ
(@MU TEIUAUA N YATUELD M TLRTIANTINT
INuAsUATaNNTIal, 2556)

23 MTAATIVIMNANA
mMTleTsinassIoudeulunates 2 iniasdlotn
Téun FT-NIR spectrometer uaz portable NIR Quest lng
asulumatdilsunn atewmailia partial least squares
regression (PLSR; The Unscrambler v.9.8; Camo; Oslo,
Norway) doadlumanisusediuimdnideuiein
awnasumsgandulanimaludeniSeuiisuiuling
fadrananaunisganiuatveaionalngnsaiie
AnvudSauiisuanuuiugiranisianisgandulassinu

wWaanfunsiansaanduuasuouionalaonsedildifus
81984 Ingldfnwnisuiulgsninuivirveddumamenis
ldmadanisadnatans 19Uy Smoothing, Second
derivative, Standard normal variate was Multiplicative
scatter correction WigannsnssiSuaasannuGudu
fegralunistieneiezuiaiu nduuadiusdunasngu
viuwelaglédnsndau 1:1 Afimsnsyanedvasdnimdn
dawidlndiAseiy Tnethioyavesiiednguuadiusiuun
afaluea wavinlumailduhueddmindowimes
foglunguitune udvssdliuanuuiugvedunain
msiSsuiisusaean r, (Adussanianduiusuosnis
YNU18) WAZAT root mean square error of prediction
(RMSEP)
awnasumIganduuansuiuuaranaduiuTuuAnig
nsziduadlilinseidaiuadndngninniase
iR mAIEWATiA Discriminant Analysis (SPSS version
9.0, SPSS Inc., Chicago, USA) Bufiumeiiailldvatedauus
lumsadubiaadadudmiunsiuunndg laedauwdsnu
fia nanﬂ:nmu,m-lLiﬂuwmqmmnmqwamanmu lng
Wisuifisuszwinduaaita¥ieninnisganduuasis
a3 Ei'UE.’ﬂEI‘Uﬂ‘UT.LILlﬂE‘mﬂ‘ﬁ"tﬂ‘iﬂﬂﬂ"r‘ﬁﬂﬂﬂammﬂﬂﬂ{lL‘uﬂl’-da
Tnenss lngldnguiegnaundiusdulunisainslumauazin
Tueadildunduundrsgrslungmiiueg muusiugives
TuwanSeuiisumedesidudanugnsiadunisduun
n3susenifunduennud sl lunaiiasieeinedes
FT-NIR spectrometer unu3suifisuainuusiudilunis
Usaduhmindeuiaiuedas portable NIR Quest

= Ls
3 HALaZIVTN

31 doyanmeaisveniiminidouia
AvnsaiAtugurehwindeurmosiegmSely
ngunguuAdiusiunaznguyitneuandly Table 1 uagan
myieTIsiewUTUTIULUUdNanysainud luudazdas
agilanadsimindewkuiiniuagiteddyiiseiu
Ay 95% (Table 2)
32 annsiuvemiSywiauazilona
awnafunisgandunasremiouinavazidona
Togmss wiSsuwimaiiludenidnvuzussnisganiuuas
Tnesulndifsaiuiionasuandy Fisure 3 uay Fieure 4
CRERT
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Figure 3 Absorbance of whole durian fruit with sliced rind as affected by a number of DAA (1 = 101 days, 2 = 108

days, 3 = 115 days and 4 = 122 days).
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Figure 4 Absorbance of durian pulp with respect to a number of DAA (1 = 101 days, 2 = 108 days, 3 = 115 days

and 4 = 122 days).

finmigandutameninduiiaruremaniSounasiiie  vaamana (Figure 3) lasfinvuiaaniiassiunisaaniuuas
HATIANETIRAY 6711.41 uax 5154.64 cm agnalsfinay 158430 O-H stretching + C-H stretching 184 starch &4
1u Figure 4 Budumspandunasveaiionarsiifinavuiadn  sewulaevalufiniiuenindu 2276 nm  (Osborne and

=i = =1 = Voo =
fAUEIAGY 4397.13 cm” Faluiinfulunisganduuas  Feamn, 1986)

Table 1 Minimum (Min), maximum (Max), mean, and standard deviation (SD) of dry matter of Durian pulp

samples of calibration set and prediction set

Calibration set

Properties .
Max Min Mean

Prediction set
sD No. Max Min Mean sD

Dry matter 71 39.89 13.92 27.18
(%)

5.10 69 37.63 15.75 27.19 4.89
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Table 2 A variance of dry matter in each days after
anthesis

Days after anthesis Dry matter (96)
101 21.76"
108 24.75°
115 2967
122 3287

33 wamPaTenaeSaisa e aaysadudmid
iilausts

NNANITNIAARINUAIBE19NIT 8 4 999818 WUl
Tumafiadeandeyanisgandunateosiaie FT-NIR
spectro-meter La¥LA3IB4 portable NIR Quest fiA21u
wivglumsinneiminieuisiuandu Table 3 Tog
Tunadldannsindenalnenswasns iaianadudon
flefinnsunansiaios FT-NIR spectrometer Tuima PLSR
flathenmsganduuanilonalnenselitnuusiugluns
Uszduiminifiaudadaedn rp = 0.78 uay RMSEP =
3.02% (Table 3) Faganitluaiiairaninnisganduuas
ﬂaanam‘%‘aummﬂﬁan (r, = 0.69 uay RMSEP = 3.57%)
Tnelumaitadrenmsiadonaliie ¢ dosndh Onsawai
and Sirisomboon (2015) Simairfiaunsduniiangin
'ﬁwil'a;.;aﬁwﬂ’ﬂLﬁauﬁqﬁ“ﬂ'}auﬂuniﬂ uarlutinavady
8000 — 11500 cm” 1l noise tAntuann Fenaunanteds
meeniimualabiauysal Sedemalid 1 Aldfianles
AN

LﬁlﬂﬂizLﬁU'jﬂhlLﬂﬂﬂ”I'Eﬁ‘]u”ltl‘lf”mﬁﬂLﬁﬂLLﬁW’]ﬂﬁ'ﬂ%ﬁ
nadhudeniivssananmifisudesddfumainediowi
Tnensanlunaiona snhdsldienyiuisuiisua
whhlumsinsimindouiwedunaiiadsanieya
m‘sﬂmnﬁuum‘umm@m FT-NIR spectrometer laaluina
vevimaduEenidimuwiugilndidsaiulunaiiadns
ntayanisganduuasveaienalasasinioli lny
WisuifisuArainaiausinnisiunsvedluinanady
wWaenlnd@ssulunaiiienavdel sufudaihdmiwin
iauhese dmdnidawiiivinunsnnlueaveuionauay
dminiilpureiviunesnlunaseswaduden un
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Table 3 Prediction performances of dry matter by PLSR models for durian samples of 4 classes based on number

of days after anthesis

Treatment Factors o RMSEP (%) Bias (%)
SNV treated spectra of durian pulp from FT-NIR T 0.78 3.02 0.0023
spectrometer
SNV treated spectra of durian pulp from NIR- 3 0.25 4.61 0.0118
Quest spectrometer
SNV treated spectra of whole fruit with sliced 8 0.69 3.57 -0.016
rind from FT-NIR spectrometer
SNV treated spectra of whole fruit with sliced 1 0.24 4.84 0.0127
rind from NIR-Quest spectrometer
SNV: Standard normal variate; RMSEC: Root mean square
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Figure 5 Regression coefficient of PLSR model using
spectra of durian pulp from 4 classes of maturity based
on DAA by SNV methods.
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Figure 6 Regression coefficient of PLSR model using
spectra of the whole fruit with sliced rind from 4 classes
of maturity based on DAA by SNV methods.
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Table 4 Classification performance of durian by PLS-DA
models for durian samples of 4 classes based on
number of days after anthesis

Spectra of pulp  Spectra whole

fruit
spectra from 92.5% 87.48%
FT-NIR
spectrometer
spectra from 58.91% 36.09%
NIR-Quest
spectrometer
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