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Process Optimization for the production of Cooked Parboiled Rice
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Research Title: Pracess optimization for. the. production of cooked parhoiled rice

Facutty: .. Agro-Industry. Department: ____ Agro-Industry.

ABSTRACT

This research had the objective of to study morphological and physical properties
changes of (parboiled) Hang rice during cooking. Cooked Hang rice was prepared by cooking,
Hang rice to water ratios of 1:1, 1:2, 1:3 and 2:1, and streaming, and cooking time of 0-50 min.
it was found that cooking conditions and cooking times affected morphological and physicat
properties changes of cooked Hang rice. Increased water ratios resulted cooked Hang rice
with increased water absorption in structure.  These induced Hang rice had high
morphological changes, elongation and expansion, while Hang rice had low hardness. Results
were in the same trend as increased cooking time resutted cooked Hang rice with significantly
increased morphological changes, elongation and expansion, while hardness was decreased
(P<0.05). In addition, optimized conditions used to cooking of Hang rice in terms of Hang rice
expansion, difference in color and hardness, were found that cooking of Hang rice using Hang
rice to water ratios of 1:1, 1:2 and 1:3 were 30, 20 and 15 min, and cooking using streaming
method of 25 min, respectively. However, cooking of Hang rice using Hang rice to water ratio
of 2:1 was found that cooked Hang rice trended to be hard since less water, less swollen of
starch granules. Cooking Hang rice had moisture content of 40.4-78.8%, carbohydrate of
47.3-55.1%, lipid of 2.0-2.4% and protein of 0.2-0.4%, respectively.

Keywords : Cooking Hang rice Morphology Parboiled rice Physical property Water ratio
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wustlelnsauszaansinihiiinwasdlud  Jsgumgilunsiiameandluwdy (gelatinization

D



temperature) SufinauuandreiulUluamsvudasviia Tnefianiedadresd slgamiTN1ITLaa A
ludil 68-78 aerivaidies mstﬁmaaﬁﬁluwﬁ’umaaamwsma’,mm‘luismwmsvgwn fnannsudely
e swaailueduasilidedudatnuddivanedonsusing uargamgiiiviltansudaaam
Aluwduiianudiiusiunalunmmaielilitigaudaiuly
2.5.4 mafinsmsinsindu
amslulawsaduaiusznouludindnazegluguvesany Weannuldsuauiou
wisgampifiAnesanilueduudangamgilibua iaduiunanuifliaseddwidaunsod
huaglifimsgatidwdn deangumgiidhadudndnvaznisFevedasadeiuuuundy
Bunin msfudmsesinsinsiadu (retrogradation) AMAMNIIgNNRAIINANENTRYRIER TY L1
dedunaldnmsisdnomegniidusias Snasudauiaduwasnnisiiadinsinsnduresaniialy
417 (p79UsA Ueing, 2550)
2.6 3 duiiineados
Mestres nazan (2011) Anwidnwasiioduiavasingnlnelddmagouaindna 32 a1
vugiAuAelul 2004 uazdnadn 12 meiusiiuislull 2005 nsugnlussmanSuaa fiye
dulaelddnn 62.5 n$u sie 1 sdnsudaraneiugazldinausuanm 15uf 453undl f 20 wndl §
qquﬁﬁwLﬁaﬂiﬂawuiwé’ﬂuwﬁaﬁucTa*uaﬁnanﬁ"’ué’uﬁ’uéﬁ’uﬁ’uﬁﬂvmvmqmqmﬁmamw‘uauﬁﬂ
dnansiaslewizesiuszneuvesiouen uaznunvadind Tnsshwamiedudaveadndraluusae
mefusanUinuezlilaauazUSinalusiu Jausiaeslulaadaudiiusfudnumsanuuiy
USinalusfuiduiusfudnumzanumisiuaznistafntuveadatndeuilitnudasanowusi
dnunsiunndety
Patindol azAny (2008) Anwwavesgamainasanududiiiresusznsumaniiuee
menmvestniliviennndrwaen waed1andes 4 meiufnuihnsloamniuazanudugedy
filsandnndes inmsinveadatiiana uaziinnsgeydevesezlulaa Tusewingnsdnddnadisn
voudiadneeiiadanas lefuiutuuseuiinalusiudsundandndes uagn1nimaaailudii
geiudladivuiuinngen lasdnisfiwionandrofs 4 ameiuiiidesasnisgaii nanfildlunsmg
du manesh waniledudavesdnn uananafy
Mohapatra uaz Bal (2006) Anwannmnsvsiuuassnuaileduiavesdniiumsde
flagldtn 3 meiusiiuinueslulaauazanumunvesdiadiunndiafy Tnsnuirarumuves
wiadnaiinty dualildszesnalumayegniiiutu waeiinisafatureadndmanas uenvni
U%uwmavlmiaaLLauﬂ'mwuwwﬁm'mﬁddawa’lﬁé’mwmimﬁw MInewi AULTY uasusuntzin
Wiy mumawuﬂsuwmaﬂﬂaaawﬁmaﬂunﬁmanmmu wAnAsiilaTussBainanas §asn
nsgateadindna namesa auuds uasusunzRngety
Leelayuthsoontorn wag Thipayarat (2006) Anwanisfimung au’[,uﬂ'm,l,ﬂssﬂ‘mwau
salnglivsionuduioamnd 80 100 120 uas 140 ssrmwaa aufumsldnnadui 0 0.1 0.3
uae 0.5 MPa fifrednunziioduda uasduguinevesivonszd wuinsldgumgfingedauals
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dindanas wilsy namsnsvdevdugninelaelindoqansimidibnnsouaunuiimuinnsly
gamgiigdunsiicdindwarilidniivunavesgnsulngiuissadrovesniGetu Tneanusuily
Tuthsesmsveaesliidwasenisidsunlaunntin

Soponronnarit WasAMe (2005) Fnwaaussnnsideusielasnnsidlothfaudsenn Ty
Anvwavesgamadl szpsnailunisud susisamgfilevhiouvesdni iildelasiadhuasdnuaemng
manmesimdenie Tnswuigamaiilevhdoudseninadesnsiniseuu lesnmseuuiilng:
msldloindouBesmhsinsfnasanilueiuvesuds iasadnslundadiinnsbad uay
inngAuudauss dethundedsililafesasueiuiniiigs luwasiidniiunseuuidaensldennie
You fidnwaslugnguiiunnndiniseuuiilnenisldledidouen devrd1aumedudewald
anuanansolunsgaduiuaznisasaetnanindnihunsevuiiingldlethdeusien wazilile
Fudanoouyuny

Ong wae Blan (1995) Anwnavedasiadros lulamefuiiivednuasieduiarosin
$ruau 11 meiugiimeugnluysemaludte Tagldinitdadiuesilaadeeslalaunnfuiiunnsng
fiu wannsveae Ui uUszneuveter ilamaRufifiasendiesunisliaueulnenisils
wlidnuarijuiasmiler venuininuidnites lamaduiidasenesdowusenavduquasi
wu Wsfuwarlafy wdmmeilddadanwusiuiugs wasiianuudias weiieufudradid
Tassaueslalamafuiifiaedundy



3.1 ng

uni 3
ASanfiuniside

fu gunsaluazansiadl

k]
Qs a

3.1.1 wgau

9

F1snsiindaaind1avnanenued 105(0nza sativa L., Khao Dowk Mali 105) iy

Aenlutaufioungedniey 2556- Augnsu 2555 naguusitiunensns tuue suneanTungd
fwminanauns mugalvirrutiududuresingdu fiaszana 8-10% (wet basis) ussqlugeaniiuala
\nudHiwdiefiau (LLDPE) asae 300 n$u wivliigamail 4°C sundnasthluld

3.1.2 gunsal

In#, China

sty

3121 wSesazidon 4 fuwis Denver, Germany
3.1.2.2 nanshanea CANON EOS 350D, Japan

I o o o . < a 2
3.1.2.3 WWRNNUALLEN (VEBaRsLNaUNg aalsaiaunyunn 3x14 \uiag

(Y

) flf89 9

3.1.24 naesdsii 6 1w

3.1.2.5 1n3p¢nd Minolta CR300, Japan

3126 wisrmileduiaemns TAXT2i, England
3.1.27 nesdesmadwes

3.1.28 fauauiauHot air oven)

3.1.2.9 fageglitley (Aluminum can)

3.1.2.10 fifiv (Tong)

3.1.2.11 Iﬂgmm’m%u (Dessicator)

3.1.2.12 fensuies (Crucible)

3.1.2.13 wnlnn (Hot plate)

3.1.2.14 viaangaslushu

3.1.2.15 gunsaiyaiins1evilusiu (Keldahl apparatus)

3.1.2.16 Ynafiavandidin (soxhlet apparatus) wiendiuda (thimble) uazlinnes

3.1.2.17 w3984 Differential Scanning Calorimeter (DSC-50), Japan
3.1.2.18 dwﬁ"]muquqmwgﬁ

3.1.219 Lﬂéaﬂwuutﬁaﬂ (centrifuge) Beckman Coulter, USA
3.1.2.20 \3esinAnnsganEuLas Shimadzu, UV-1601, Japan
3.1.2.21 NILATWNTON LUBS 4
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3.1.2.22 1n30q High Performance Liquid Chromatograph
3.1.2.2310 3064
3.1.3 arsadl
3.1.3.1 nsagaWisn (sulfuric acid, H,SO,)
3.1.3.2 nsaudsn (boric Acid, HsBO,)
3.1.3.4 lnisulansenlys (sodium hydroxide, NaOH)
3.1.3.4 nsalalasaasdn (hydrochlolic acid, HCV)
3.1.3.5 aaUilasdawnn (copper sulfate, CuSO, .5H,0)
3.1.3.6 nuvasudamn (potassium sulfate, K,SOq)
3.1.3.7 Ulnaidendwios (petroleum ether)
32 aanfisuiusu
Vo fiRmsnasgramnssunuas sadumealulanszaeundiinumnaaansess
3.3 STETANRTWIN
IRDUARIAN 2550 — NUAINUS 2556
3.4 W/msaniivew
3.4.1 MM
wiinedlnsfautaninidnmsues Helland wagane (2002) Al
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wisnimauaslaelisndudneeun 1:1 1:2 uay 1:3 Insuwinreusumslufgezgiiden
2 ] < 2
NINTEUBNUNATUNUAUINAUAZAINGI6 x4 \TURIAST

auihtussddlviiion (100 ewwaidea) antulddediagnduinmen Jurainmséudiens 05 10
15 20 30 40 waz50u ¥
LY 1 27 A 7 1 5 a .ol dl a Vv LY di 72 QI dy
Lﬁumamamnmmnanmwumq*]aa'muummm’luumqquwamuﬁ waUestumsaniisiiuves
TRP AN

-

Urdmeniudmivienzimswbsuivadiuguine wazsnvasiioduiavedimenlute 3.4.2
mALANALS Yesmswasunlasdugiuiven uardnuasiladudavewaimensly
19 3.4.3
Udmeaniiadenante 3.4.3 1Ae5en auifidinmenin sassnaunaadl wasms
gauFUNNUSEa AU
AT 3.1 ATEUIUMTREALAZATITZBUANANTIE

3.4.2 M3finwmavesdhTdiuinewatuarssesna R dug I wazsnvasile
GHRGLDNT PR
3.4.2.1 fugruinn
Anwndaugnuiverlaenisitenmdmensiiiunmaisasdiudnesde
wazameRlasmsivunanglunmsaienmiieg s AautasainitnisuedLleelayuthsoontorn
way Thipayarat (2006) gunsallsznausiesiendssfiinea CANON (EOS 350D, Japan) uas
unasudaues (vasansiisungeaisawuivun 3x14 wufing) fif1da 9 fad (GX-9811, China)
$1uau 2 viaen Tnsenmiaegnsiidlundesddiie 6 d1u seesvnsgninsnegeiundauas
wiseridiauas uansiannil 2 drdnaensieFenls unehsnmdneusnsdugiuineveadadi
awitghedunim 24-bit RGB-color format uawluwnana BMP format auinnm 250x500 pixel
Wedunanswasuwasduguiveivesdniema Iﬂamamwmamawmmmmimwn 5% W 50
wit Tuudtasdnarchenwiouim 5 aw vhinsviages 2 €1
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60 cm

60 am

@gh\t‘k ------ 30 cxnwm»-»@ig@
CAMERA | =

20 cm IS cm 20 cm

4 Zcm l sample 18 cin

Wi 3.2 Image analysis set-up

3422 @
nsindvesinansiiiiunszuiunnysineldiniesind (Minolta CR300,
Japan) Ing¥adshogiet1ensditiaannisms 0 5 10 15 20 30 40 50 Tuusagdraaindléen L a b
uaeE stavun 3 81 iimsvnags 2 41
3.4.23 nisvenesaveuniingign
TnefaulasiBnisves ndetad SanyiSuzgu (2536) Tasthdmenw 10 win
udrhluinemueneasindasmenedidediuu 10 Weudnidmensiyadisnadeg W 5
10 15 20 30 40 50 w17l w1 iAdEATeT AN 10 Wn udIMSTINsUeERTinaEnelag Fuan
30

Fanmsuesdwsniaings

i ”Wmms?mﬁ'waaLﬁﬂ‘z’]'nzjn'luu,siamhma'm'n,%arunswwﬂmﬁu%wumé’mwmﬂawsﬁwauﬁﬂﬁn
3424 Snvarileduds

Faeuuds (Hardness) wazaumilenfaiu (Stickiness) vaei128191ae35
Back extrusion AMu35n13984 Leelayuthsoontom wag Thipayarat (2006)

nnsedd sasnsEasveadindiogn uasdnvailedudavesingns 1
ANFINLHUNITVIARBNLUU Factorial experiments in completely randomized design (Factorial 3x8
in CRD) Wisuiisuanuunnsnsuasuaiedsds Duncan’s New Multiple Range Test fissfuaan
\FertfuSeway 95
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3.4.3 AIATIVABUANATNYBIT1IEINEN
hdnsagnitlddmdon Wande 3.4.2 inasaasussiusenaumaniivewingos
TngvmUSunasmnudy Tusiu lufu enslulewmsn aaisn1sves AOAC (2000)
3.4.3.1 Vit Tagld Hot air oven method (AGAC, 2000)
1) heeglifleunioud lugeugamal 130esmiwaides Wunan 2 $lus Adilhsuluadne
wed udrduhminlilahveniuuey (W)
2) Fafindnmagnusdaesnsmiminuszana 5.0000 N3 (W) udevlugeuiigumad 130 asrm
waidea Tngarlidunan 3 $alus sunseiahviinasil
3) ihd1981908n91NGoU flEulundmeames wénhluduniminiuuey (W3)

& oooa | (WB-W2)
anudu (%0} = ————— X100
{W3 -Wi)

le W, = dwiindheegiideumdesh
W, = ﬁwﬁfﬂiﬁﬂaqﬁtﬁauw%'amhLLazﬂé'J"naNfiauaU
W; = thindasegiidisumdarrhuasdnamiey
3.4.2.2 WsAulagdSinanvia (AOAC, 2000)
Fhanet uiniu 3 funeu
1) n1seloy (Digestion) WunsvannseudugUvesaavusditiegiaslunssaunsoslild
dhvinurueuyszann0.5 -1.00x a3 gl Kjeldaht flaskifiy CuSO4.5H,0 0.8 N5u WagK,S0, 7 nU
WA Conc. H,50, 25 fiadanaii1 Kieldahl flask ludsuumndes Suainlvideurou seauaiuansidld
s quldansazanela
2) msndu (Distillation) tnwieehsfigeeaiafisliidundnduth 200 faddnsde Keldaht
flask W uerdosnaulvuanefuniliuas Condenser Juitu 4%Boric acid 50 fadansifx 40% NaOH
Tu Kjeldahl flask 70-100 fiaddasnausuliuenludlsasnuuseuna 150 fiadans wivly Boric acid
3) anslvnse (Titration) Wienduudanilulmmsaty HCL0.1 nommal aulddvuyauysines
nsaflfthludnamsinumgas fsil
(T—3)x 14007 x 100 x N

S

Nitrogen% — — -
” Weight of sample (mg)

T = sample titration
B = blank titration
N = normality of titrant

M3 Standardize ensagansnsnumIgIU HCL 0.1 uasda
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1 anhyd. Na,CO, Uszanes 5 n$u Tdlulngs wdrualviosBeminlusufigumedi 265 e
wades Wuan 1 43l wieil 200 swneadea vy 2 Falue wdhidRiud winawed wildvm
H3815 B9 Na,CO, flouliin 0.13 n$u ednazidenldly flask Wahndu 20 Haddns udmen Sumam
ai‘dsvmm 2-3 vien udnhlulawmsniu HCL 0.1 uesiia suansasanawdswdu E'*zmw anUSunasdu
Al nuhasaemelUfudsana 23wt qudesasavans  WasuuBd;n  felhdud
gamgivies udnhlulawsniu HCL 0.1 wesda Widudeum Bnadt sauBinasdu A2 udmily
AMIUMIAMNNLNTUYDY HCL mnuaums

Concentration of HCL (mol/L) = 2000x accurately weitht of Na,COs
MW of Na,COs x (A1+A2)

3.4.2.3 l1iu (AOAC, 2000)
1) anunma%‘lmuuwsaunu Boiling chip flgauvigil 130°C 1 ﬁuﬂmuuwnuﬁmunuuuau (Wy)
2) Ynlwmindieneiiunay msmaqaulamwmum 5.0000 n$u Tufinhmiinutuey (W) vesae
nszaunseslaluiuda
3) gdanazanslanidendwes 140-180 dadans ldlulninadludu Aefiulalddiegrwasdn
neslutudnfuindosadnladiu vnsadalutumailusunsurenaies
4) dlansunanhinneslwiuluauiigumagil 105C 30 uil WesemeTTndeudivesosn
5) ihinineslwiuldhloanmntu ieseliburoutntnnesluduihwinfuiuey
(Wy)
% lvdiu = (Wa— W) x 100
w1
W1 = thvidasfaegs
W2 = thwiindae
W3 = miindae + dhwinlusy

3.4.2.4 anslulaasn (AOAC, 2000)

ATIATIEY  Nitrogen Free Extract (NFE) %38 Non  Structural
carbohydrate Wuenslulewsedwiidninnatingesldine uazsthlulduselonild Usznaumoutls
waziana urgnaliduvenaliwaglaauasdniiuluagune ailildvinsiwseilngnse uildinis
fuan nethandesidusiarudu Tsiu Tuiu LEIEﬂEI‘VIEJ']U wazdn Aildannasiesevisauiy wihin
9n31n 1009 lAA1Y8e NFE

9%NFE (Nitrogen Free Extract) = 100 — (%AnuTu+ %W siu+%lusiu+%oidalo+idn)
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3.4.5 MmylRTeiteyaneana
TNUHUASYIARBILUY 5x8 factorial in CRD ¥inmvmaaes 3 1 Ainsesinavesilads
$1 Yadudsnvesaniznimanasssssnan sysiisidomuiiieinenmussdnge wWisuiley
Andelngds Duncan’s new multiple range test (DMRT) fisedupuidasiudonas 95

131123
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4.1 Sandaudnawietuarsusnawedugninewarsnuusiodudavestnes
4.1.1 wa‘uENé‘mwshuﬂﬁ'nawiaﬁwﬁﬁsiaé’mgwuﬁwm*uaa%’nawluswdwmsm

Tunszuunswdndmens fimsihdnenwnsiunssuiunsils uasisauviosvau
$ouriountsdad illuseviunsih Tuanavewdsludndrilasunuiou dwaliiuselalnsioud
msaaefiag diaullosgaiuasweda vilmdaudiaumilauaslatu Tuanavewdafnivani
ety (e30usd toing, 2550) 1ntulinisiliudsfignvioimeamalududmieuuidlasldinies
auuwie daaliudsludniidnvazvewdmIvaadlud (@51 Smunduwi, 2549) waznaaindnsinig
suwisiigamgiignhliifn stess Funeluwdet dwalimianisuaninvssadadeudiann i
arpANANULIAEUNTITBIEad TN EMAInsusdRan1swAn3 1Y uEndna (Srisang uazamE,
2008)

nauBIdnsduTNEetniinedugwinewestneslusewisnasyslaenis
Funranamene anami 4.1 wudwﬁmsnﬁauﬁﬁqdaﬁﬁﬁiﬂﬂunﬁ'ima'\iNa‘lﬁ%"\qawﬁﬂﬁtﬂﬁ'auuﬂaa
dugruivenusy guamspiisdulasnuhmaiussesalunsysdssalidnifinisaa
Wuduidesq IﬂameusnwmmsmanvmumaaﬁunmwmnﬂaaumJaqmauanuasmaamﬂaaanu
i3dues Yadav wae Jindal (2007) inuihdugruinewestasinnswdsuuaniisadntosly
farannslinnuFaurae 5-10 wiiusn namsvaaedluniwi 4.1 wudwnmﬁmvavnaﬁﬂﬁsmﬁ'n
smwmeumwa’Lmuwmmmm'sﬂﬂmuaumﬂmswmmmfmu Tng wudrdnfimagaindienaiys
snuiussiunile rfudautomsluinifanisuames was sdawalfiAansuandingeusiadny
(breakage) Wanwmsmﬂwmamﬂumﬂﬂ1iu,mn‘ua\um‘unamaﬂamiaa:u%’wmcﬁ"u%Tnﬂ (Ebuehi
uag Oyewole, 2007) aﬂ'm'l,iﬂ@mamswmumaﬁmauwﬁl‘ﬂuﬂﬁmmmﬂmmuﬁma‘lmm‘unmsm
dweudadiideiy Iﬂaam‘mmumaamwmemmwalwmmnmsmmmmmu LAz AinMIUITeY
Wauddudiadn dwalidatrniansuanundumelésesinainisyeiivirfudiwanimaas
gonnapeiunsNTAINTTIT NGBS Natcha wazAne (201 1)Tmaa]ﬁnnmnﬂaaqwumamiwmu*m'mam
Mdlunsysdnens 1:1 1:2 1:3 2:1 uasnayslaglilod W diadnenadufintsuiwesasiia
nsuanessind1aansiiagn 35 25 20 50 waz25 WA
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4.1.2 wavesdrnduineweihifreaiidmenmededluszwimans
4.1.2.1 v91e

wdndwet Adulladonileiidnadisntseeniuvesguilag (Maskan,
2001; Moreira et al., 2008) Avesthinannsiaufisenvaada wuulildeuledifietdun
dunszuumsutwdniunfdmalidveldonnsrneiasgdindndesneulufmemsamsuns
Uszinn laua Inluuasuisns waza1n3rda T lusdfu (Kanokkan Panchan wag Onanong
Naivikul, 2009) HawesmMsAnwSATEILTiaNdhiinedvednendusenienieuansy
4.1 wuh aslishndnmesineveiuassrssnalunmaiuidniusiutesnnduiindes
uavAuLARwedeHintust 911519 4.1 uasnmil 4.1 wuhnisifiussesinannyedig
Tiendlanuiuiiviesiianas wazanuuanawesdifiutuehiidedayneeda (P<0.05) a
nsvnasdeandefuAdeues Islam wazanz (2004) finuiiArmuainwesinananilewiu
gamgilumsth uazAauiudviasanas st slam uasate (2004) AdrinIsEBULUAE
veeinifadunndindludiuiinlisunnudeulussrinmstuazgnuzennin $1a3sfinmadng
wazAndudivdeianas uazidlonnuainuazenuludimiesdwmalieeuuandeeddiing
Wasuuvadly a1snedi 4.1

= ' ad ta 2 d a o ) v ] ) P a
171979 4.1 ﬂqlﬂaﬂﬂqﬁsﬂaﬂ‘l}'}?ﬂ']\'ﬁﬂlﬁ'iﬂ?l@']ﬂaﬁi']fnu%'nWau']ﬂig}'ﬁ?'mﬂ'ﬁvz\ilﬂﬁﬂ 0-50 U

Snsnaudnensethuay AUV AULANASVDIE
BN
1:1 13.020:+1.403" 4.855+1.804°
1:2 11.375+2.279° 6.530+1.991°
1:3 11.362+2.452° 7.840+2.658°
2:1 14.556+1.043° 2.349+1.600°
asldleh 13.290+1.085" 4.914:0.711°

,b, =1 1 a o o w v v Qs o 1 [ 7] U ¢ e 1 LY
NUIYLUA - e nuyng ﬂ']LQaEWIﬂ'lﬂ‘Uﬂ'JFJC‘I'JE)ﬂ'l‘.‘!‘JVILLfﬂﬂﬁ'Nﬂul‘Uﬂ’e)allutﬂﬁl'Jﬂuuﬂ'mNLLG]ﬂG]’Nﬂ‘I.J
aglitydAg9ana (P<0.05)
1 a1 o 1 v | 1 a vw o
- ﬂ']lsﬂaf]ﬂ'lﬁ“ﬂBQ‘UTJaWﬂULLﬁagﬂﬂiqaﬁuLﬂUﬂWtﬂaﬂlﬂﬂqﬂigﬂﬁnaq 0-50 um

stz IMILAEEnTdLTesineRetiiBEnaiutudents
Wasuwaseniuiiviaazarnuuandnvesdrdnsavessditeddgnieada (P<0.05) ms
WussesnamesazniuURinalunsdmalimeuivivienaauasaaruuansg
vosdifinduinnd 4.2) esndlsiiauudihdduledeviliiadasentsidnissousuvemdndnsiaas
(Parnsakhom uag Noomhorm, 2008) dwSunsdivesinandaduingunmuaziinuaimig
Tnwunnsge Sneaiienfufunsdivesiindesasdmiug fideAnitiedununmiudvesines



Mdsuwlasnussesnanmiuazsnidienalifinasonsaeusuvewuilaaunntn Tngan
anududivdeswesiienegiznine 9.70-15.85 uazaruuanawwesEvesings ogsewing 0-8.13

®135749 4.2)

A:i 1 a1« Y et " e
f1919% 4.2 ﬂ']Lﬂaﬂﬂqﬂﬂﬁﬂﬂqﬂﬁﬁﬂﬂuigﬂgnaqﬂﬁi‘i@\‘iﬂ']\iﬂu

21

FEHLIAN V(L) AULANGNIVDIE AGRLARN
0 0.0000.000 15.847+0.537
5 3.250+1.233" 13.677+1.035°
10 4.462+1522° 13.062+1.031°
15 4.629+1.850° 12.714+1.372%
20 563942727 12.324+1.719™
25 561542510 12.165+1.701°
30 6.179+2.436b° 11.627+1.828°
40 6.432+2.874° 11.648+2.273
50 6.17543.177" 11.428+2.755

,D,C..i e { do o w o o P ) ) - o 1 o
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Abstract

Morphological and color changes of parboiled (Hang) rice undergoing cooking were studied.
Ratios of parboiled rice to water of 2:1, 1:1, 1:2 and 1:3 wiv undergoing cooking time of 0-50 mins
were prepared. It was found that increase of water ratio to the parboiled rice cooking as well as
increase of cooking time represented more water absorption fo rice and rice breakage. Moreover,
ratios of parboiled rice to water as well as cooking time affected color changes to the product.

Increase of water ratio to the parboiled rice cooking as well as increase of cooking time tended to

increase AE of rice, while redness and yellowness of rice tended to decrease.

Keywords: parboiled rice, cooked parbailed rice, morphology, color
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(d) Rati of Hng rice to water :3 wiv
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Figure 2 Morphological change of Hange rice undergoing cooking time of 0, 10, 20, 30, 40 and 50 min,

respectively; (ratios of parboiled rice to water of 2:1 (a), 1:1 (b); 1:2 (c) and 1:3 (d)) (1 mm/scale)
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Table 1 a-value of Hange rice prepared from different ratios of Hange rice to water and cooking time

cooking time ratios of parboiled rice to water
(min)’ 2:1 1:1 12 13
0 3.23+0.30" 323:0.30" 323:0.30" 323:0.30"
5 2.3640.21"° 2424056 1.842027"" 1.8610.16""
10 2.15:027™° 1.8240.44" 1.34:0.20™ 1.23+0.23"
15 2.1840,19™° 1.4540.30""° 1.30:0.26™" 1.05£0.27°"
20 2.3240.27"% 1.37:0.30"° 110£0.28"" 0.84+0.29"
25 2.5240.26™ 1.29+0.27"° 0.64£0.16™" 0.63£0.14°"
30 1.9940.36™ 1.4240.16™° 0.48+0.18"" 0.67£0.21°"
35 25240297 1.02¢0.29" 0.5140.18" 0.4740.06™"
40 2.53+0.32%° 1.17£0.37™° 0.500.17™" 0.36£0.10™"
45 2.47£0.10°° 1.20£0.24™" 0.49:0.21*" 0.310.16™"
50 243019 1.4620.14"° 0.33:0.25" 0.18£0.10™"

1 abg,..h

2ABC

Means+SD in the same column with different superscript are significantly different (P<0.05)
Means+SD in the same row with different superscript are significantly different (P<0.05)



Table 2 b-value of Hange rice prepared from different ratios of Hange rice to water and cooking time

cooking time ratios of parboiled rice to water 2
(min)’ 2:1 1:1 12 13
0 15.85£0.58"" 15.85:0.58" 15.85:0.58" 15.85:0.58""
5 14.58:0617°°  14.03:0.64"" 12.94+1.55"" 13.61:0.74"
10 13.69¢1.32™" 13.77+0.64" 12.18+0.60™ 12.43:0.92°"
15 14.80+0.85°°" 12.56+0.40™ 11.85+1.08"" 11.500.77°"
20 14.26:072°°" 12412087 11.07+1.61°% 10.86+1.80""
25 14.35:1.00°°  12.43:0.80°" 10.53£0.73"" 10.58+1.18"
30 13.57£0.90°° 12.08£0.61°"° 9.72+1.11™" 9.91+1.52""
35 14.65:0.77°°°° 11712077 9.25:0.61™" 9.1410.65""
40 14.68+0.82°° 11.91:0.98™" 9.45:0.84™" 9.20+1.07°"
45 13.99:0.10"° 11.53:0.56" 9.54+0.99"" 9.17+0.84°"
50 15.14£0.62" 12.18£0.92°"° 8.7820.97" 8.1420.69™"
1 8,0,6..0

Means+SD in the same column with different superscript are significantly different (P<0.05)

2ABC Means+SD in the same row with different superscript are significantly different (P<0.05)

Table 3 AE of Hange rice prepared from different ratios of Hange rice to water and cooking time

cooking time ratios of parboiled rice to water 2
(min)’ 2:1 1:1 1:2 1:3
5 2.19+0.77°" 2.37+0.82" 3.8741.30"" 3.26£0.90"
10 3164127 3.39+1.08"" 5.0240.94™ 6.13+1.51"
15 1.85:0.63™" 4.6420.85°° 5131069 6.3621.92°
20 2.38:0.93"" 5261.17" 6.48+2.28" 8.9242.76"
25 2.27+1.32™" 5.19:0.85" 6631054 922¢1.41%
30 3.23:0.98™ 5.52+1.84" 7.96+0.92°° 0.00+1.46"
35 1.76£0.69™" 7.212126" 7812092 9.6540.67
40 1.86£0.95 7274181 7.9520.29°"® 9.75+0.54°°
45 2772047 6.0310.99™" 8.64+1.05 9.33+0.68"
50 1.85£0.93" 521£1.11% 9.19£0.89" 9.99+0.87°
1 abgc,..f

Means+SD in the same column with different superscript are significantly different (P<0.05)

2ABC Means+SD in the same row with different superscript are significantly different (P<0.05)
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Abstract. Hang rice is promoted as high nutritious food since it has higher nutritional value than Jasmine
white rice. However, cooked Hang rice prepared by the same rice to water ratio as in the case of Jasmine
white rice was found to be broken and hence affected appearance and texture acceptance to consumers. The
purpose of this research was to study physical characterization of Hang rice undergoing cooking. Hang rice
was cooked using different Hang rice to water ratios (2:1, 1:1, 1:2 and 1:3 w/w) at cooking time of 0-50 min.
It was found that increased water ratio and cooking time resulted in cooked Hang rice with increased color
change and elongation of the product. However, increased water ratio and cooking time resulted in cooked
Hang rice with significantly decreased hardness (P<0.05). Results could be advantage to the optimization of
Hang rice cooking and Hang rice products.

Keywords: Cooking, Hang rice, Physical property, Water ratio.

1. Introduction

Hang rice is one of high nutritional values rice products, produced in the East North of Thailand. It is
promoted as high nutritious food since it is rich of carbohydrate, vitamin and minerals. Hang rice is achieved
from harvesting grain from varieties of rice such as Khao Dawk Mali (KDML) 105 or Jasmine rice (Oryza
sativa L.) and glutinous rice (Oryza sativa var. glutinosa) in immature but fully formed stage (dough stage).
Then it is streamed, dried and partially polished. In Hang rice manufacturing, starch molecules are heated
during streaming and absorb more water, swell and gelatinize. After that, the rice is dried and induced pre-
gelatinized starch. It is most probable that morphological, physical and structural properties of Hang rice
would be different from those of Jasmine rice and glutinous rice.

Hang rice is consumed by cooking or streaming. However, an ample amount of water to obtain desirable
texture of cooked Hang rice would be different from other rice. Cooked Hang rice prepared by the same
ratio of rice to water as in the case of Jasmine white rice was found to be over cooked. In addition, its
morphology was found to be broken and hence affected appearance and texture acceptance to consumers.
Varieties of rice affect rice quality such as cooking, eating and nutrition qualities of rice [1]. Moreover,
cooking time and cooking conditions affect physical, morphological and structural changes of the cooked
rice [2-4]. To study physical characterization of Hang rice prepared by using different ratios of Hang rice to
water could be advantage to consumers and applied to other products development from Hang rice. The
purpose of this research was to study physical characterization viz. color change, elongation and texture of
Hang rice, prepared from different Hang rice to water ratios, undergoing cooking time.

2. Methodology

2.1. Raw Materials and Sample Preparation

* Corresponding author. Tel.: + 662 3298526; fax: +662 3298527.

E-mail address:kksoraya@kmitl.ac.th.
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Hang rice (produced from Jasmine rice, Oryza sativa L.) was obtained from Ban Na Bor Village, Sakon
Nakhon Province, Thailand. Moisture content of the rice was controlled to 4-6% (wb) prior to vacuum
packed in laminate low density polyethylene bag and kept at 4°C until use (not over than 3 months).

Hang rice was equilibrated at room temperature for 30 min prior to cook. Sample was weighted and
added with distilled water with Hang rice to water ratios of 2:1, 1:1, 1:2 and 1:3 (w/w). Different Hang rice
to water ratios were mixed in a stainless beaker prior to heat in a boiling water bath (100°C) at boiling time
of 0, 5, 10, 15, 20, 30, 40 and 50 min, respectively. After different boiling time achieved, cooked Hang rice
was rinsed and kept in plastic box before cooling with cold water at 0-2°C for 5 min. Cooked Hang rice was
then measured color changes, elongation and textural properties.

2.2. Properties Determination

e Color .

Color test was conducted before and during different cooking time. Five samples in each cooking time
were taken to color measurement using colorimeter (Minolta CR300, Japan). Color measurements (L, @ and
b") were taken in triplicate. Color changes, AE, was expressed below [5]:

AE = \J(L'~L) +(a"~a) + (b -b) @

where the L, a, b, represent lightness, redness-greenness and yellowness-blueness of raw Hang rice before
cooking and L, a”, b, represent target color of Hang rice at different cooking time. Larger AE denotes
greater color change from reference material.

e Elongation

Length of Hang rice before and after cooking was measured using vernia caliper. Elongation was
expressed below:
length of cooked rice

Elongation =
length of raw rice

@

e Texture

Textural property of cooked Hang rice sample was determined using a texture analyzer (TA-XT2i,
Stable Micro System, Surmrey, England). A back extrusion test of sample was set according to
Leelayuthsoontorn and Thipayarat [2]. Cooked rice sample in the cylindrical test cell was compressed by a
spherical plate plunger of 35 mm diameter during measurement. Pre-test speed and test speed were set at 1.0
mm/s and post-test speed were set at 10mm/s. Compression distance was 10% strain. A force-time curve was
obtained from the test and hardness (the maximum compressive force during extrusion (N)) was recorded.

2.3. Statistical analysis

All analysis was done in triplicate. An analysis of variance (ANOVA) was used to analyze the data and
significant different between Hang rice to water ratios and cooking time were compared at a significance
level of 95%.

3. Results and Discussion

3.1. Color change

Fig. 1 shows color changes of Hang rice with different Hang rice to water ratio undergoing cooking.
Increased water ratio and cooking time resulted in cooked Hang rice with increased color change. Hang rice
is produced from partially polishing and this leads color of Hang rice is yellow-gold. Kerdpiboon et al. [6]
found that increase of water resulted in porridge with decreased lightness, redness and yellowness of Hang
rice porridge. These induce greater color change from reference material.

3.2. Elengation

Fig. 2 represents elongation of Hang rice with different Hang rice to water ratio undergoing cooking.
Elongation of cooked Hang rice is between 1-2.03 depending on ratios of Hang rice to water and cooking
time. It was found that increased water ratio and cooking time resulted in cooked Hang rice with increased
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elongation of the cooked rice (Fig. 2). Besides, elongation of Hang rice trends to increase with increase of
cooking time. During cooking, the rice granules absorbed water and swell to great extent compared to the
original size. This causes ruptures and hence amylase leaching and these affect morphology of the rice [2,7].
Charoendee and Kerdpiboon [8] found that increase of water ratio and cooking time displayed more
morphological changes to the cooked Hang rice.
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Fig. 1: Colour change of Hang rice during cooking with different Hang rice to water ratio.
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Fig. 2: Elongation of Hang rice during cooking with different Hang rice to water ratio.

3.3. Hardness

Table 1 represents elongation of Hang rice with different Hang rice to water ratio undergoing cooking.
Hardness of the product is between 10.44-169.56 N depending on Hang rice to water ratios and cooking time.
At the same ratio of Hang rice to water, hardness of Hang rice decreased significantly as the cooking time
increased (P<0.05). During cooking, water is absorbed into the rice grains and hydrogen bonds between the
starch molecules are replaced by bonds between the starch and water molecules [9-10]. The starch
molecules expand and cause starch leaching. The amount of starch leaching is a function of temperature and
the fine structures of amylose and amylopectin, related to the texture of cooked rice [11]. The leaching of
starch causes the reduction of hardness of cooked Hang rice.

At the same cooking time, increase of water ratio results in decrease hardness of the product. This is
because starch molecules had more water to absorb and decrease compression force of the product. Results
could be supported as in the same trend as elongation of cooked Hang rice.

4. Conclusions
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Increase of water ratio and cooking time results in cooked Hang rice with increased color change and

elongation of the rice. Increased water ratio and cooking time resulted in cooked Hang rice with significantly
decrease hardness (P<0.05). Results could be advantage to the optimization of Hang rice cooking and Hang

rice products.
Table 1: Hardness of cooked Hang rice with different Hang rice to water ratio and cooking time
Cooking time (min) Hang rice to water ratio
2:1 1:1 12 13
5 169.56+18.85" 103.26+24.69°% 121.25+29.74% 58.19+44.50*°
10 147.99423 935 76.58+14.78%° 79.79+22.325° 54.10£20.56™°
15 136.01+29.885® 35.76£7.07% 50.49+13.27%° 39.48+11.10%
20 135.97+36.10 B® 20.29+7.12°82 23.10£2.01% 32.62+10.40%°
25 108.34+12.04% 28.05+6.195 13.5942,74% 13.70+5.05%2
30 119.10+22.38% 15.363.48%2 13.12+3.06% 17.68+4.05"
40 137.88+34.565% 16.21+4.8142 11.84+1.43% 11.32+1.64%2
50 106.46+11.59 16.03+2.50%2 11.38+2.37% 10.44+2.64™

2059 Means with different letters in the same column are significantly different (P<0.05)

ABC

5.

Means with different letters in the same row are significantly different (P<0.05)
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Effect of Cooking Methods on Morphological and Physical Properties of Hang Rice during Cooking
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Kerdpiboon, S.', Charoendee, D.‘, Chuntawong, N. and Asawachit, p.

Abstract

Hang rice is obtained by harvesting paddy during its immature stage prior to being subjected to aging,
streaming, drying and partially polishing. Hang rice having high nutritional value, was selected due to its highly
nutritious nature. The objective of this research was to study effects of cooking methods on morphology,
elongation ratio in width and length and texture of Hang rice during cooking. Hang rice was cooked by streaming
and boiling with Hang rice to water ratios of 1:1, 1:2 and 1:3 and cooking times of 0-50 mins. The results indicated
that cooking methods and cooking times affected morphological and physical properties changes of cooked
Hang rice. Hang rice cooked by streaming had morphological change and elongation ratio less than that of Hang
rice cooked by bailing, while its hardness was higher than that of Hang rice cooked by boiling. Additionally,
increased water ratio resulted in cooked Hang rice to absorb more water in its structure and hence increased
morphological change, elongation ratio in width and length but resulted in cooked Hang rice with decreased
hardness. Moreover, increased cooking time resulted in cooked Hang rice with increased morphological
change, elongation ratio in width and length but resulted in cooked Hang rice with decreased hardness.
Keywords: cooking, elongation, hang rice, morphological property
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Figure 1 Morphological change of Hang rice undergoing cooking times of 0, 5, 10, 15, 20,-30, 40 and 50 min,
respectively, (Hang rice to water ratio of 1:1 (a), 1:2 (b), 1:3 (c) and Streaming (d)) (1 mm/scale)
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Figure 2 Elongation ratios in length and width of Hang rice during cooking at different cooking methods
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Table 1 Hardness of cooked Hang rice with different Hang rice at cooking time

Coolzlmnﬁ)T e Hang rice to water of 1:1 Hang rice to water of 1:2 Hang rice to water of 1:3 Streaming”™
0 17008.05+ 8426.47" 17008.05 + 8426.47" _ 17008.05 + 8426 47" 2849.77+3186.60"
5 9556.86 + 2036.41" 13514.15 + 1018.55" 10042.38 + 5458.07" 2759.48+2197.88"
10 7356.16 + 1168.10 8678.41 + 4604.99" 10160.71 +2114.71° 2128.17+1672.10
15° 3713.73 £+ 407517 7358.09 + 3820.68™ 8227.185 +243050° 6252.57+5058.47
200 3905.07 £ 3011.21° 6053.36 + 3020.00"_ 2347.03 + 2552.32° 5191.56+4792.68
30 3020.63 + 2381.7 2591.76 + 2092.95° 1664.96 + 2191.01° 3832.6914443.25
40" 1911.49 + 12183.71° 2518.58 + 1340.67" 1256.61 + 1404.92° 2558.78+2817.15
50 3044.04 + 1593.69 1344.55 + 1048.53" 1159.02 + 934.97 4067.86+3270.22"

abcd

Means with different letters in the same column are significantly different (P<0.05)

"® Means with different letters in the same row are significantly different (P<0.05)
means non significantly different (P>0.05)
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