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Effects of Rough Rice Storage in Different Packages, Storage Temperature and

Periods on Qualities of Parboiled Germinated Rice
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Abstract

This study was conducted to investigate effects of rough rice storage in different packages,
storage temperatures and periods on qualities of parboiled germinated rice (PGR). Moisture content of
rough rice averagely was 14.25% (dry basis). The experiment design was 3x3x3 factorial in completely
randomized design (CRD). The factors of this experiment were types of packages, including woven
polypropylene (WPP) bag, SuperGrainBagsTM(SGB) and aluminium laminated bag (Al/PE) having a size
of 17.5 cm X 28 cm into which 500 g rice was packaged, storage temperatures (25, 35 and 45°C) and
storage periods (30, 90, and 180 days). The results showed that gaseous concentrations measured in
WPP bags were not different from those measured in an ambient air. Whilst those measured in SGB and
Al/PE bags were modified from ambient condition i.e. decreased O, and increased CO, concentrations.
Although germination percentages of rough rice packaged in WPP kept at all temperatures became
slightly decreased, those of rough rice packaged in SGB and AI/PE bags kept at 35°C and 45°C were
significantly decreased. The Al/PE treatment showed the highest rate of germination reduction. Rough rice
packaged in SGB and Al/PE bags kept at high temperatures subsequently caused increases in a* and b*
values of PGR especially kept in Al/PE of which the values measured during the storage period nearly
doubled those measured on Day 0. Furthermore an average h° value of such PGR decreased from 84° to
76° indicating that PGR became darker. Hardness of cooked PGR was increased by storage periods of
rough rice, particularly the samples in SGB and Al/PE bags kept at 35°C and 45°C. The cooked PGR from
WPP had the lowest hardness value. The Y--amino-butyric acid (GABA) content of PGR continuously
decrease, during storage in particular those of PGR from SGB and Al/PE kept at 35°C and 45°C.
The present research highlights that packaging type and storage conditions (temperature and period) of
rough rice significantly affect quality of PGR. It can be concluded that rough rice storage in WPP kept
at 25°C and 35°C within 90 days is considered for the suitable conditions to keep rough rice for PGR

processing.

Keywords: rough rice, packaging, storagetemperature, storage period, parboiled germinated rice,

Y-amino-butyric acid (GABA)
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41agnesan (parboiled germinated rice; PGR) lunansdnusiuilsgiainnisindaulaanuiiwizean
Aaunisinuiuaznemizlaen sanATEaNsen AR seu nawelenzaasing Taadnaanseni
gamvmqmimmmﬁqq (U365 uazARLY, 2557) uarHAUAINNINTUINITE Lﬂumﬁmﬁmﬁlﬁ@afumw Imel
Lfawvmi”z%ﬁﬁ’mﬁi’]qﬂuﬁwmmﬂﬂ Tpglan1zaInIaLnuNI-wailudalnin (gamma-aminobutyric acid;
GABA) 1/1mmmﬂmmmﬂmmmﬂ@mmﬂ?mmLﬂuﬂa‘vimummmw (WA 2554;Soraya and Tongchai
2015) 4n9mnaseniiiiunnsnemizilaentumn lduRanndendeldialaaenennsfinnauiy Wesn
mimmﬂgﬂimfafaﬂémmmamdwmsnfaaﬂmL@ml,l,avquuﬂiyﬂfauwLﬂuvlfnﬁuLL@vmﬁummmqmu@ﬂmﬂumm
Lﬂ@mumumma (bran layer) (Champagne and Grimm, 1995) muumamumqLﬂmﬂm&mmnmmum
AN UNE RN zdu R sHAM T B ssen I N au T UAML E BN I8 IRAN AREIAD
&Any mLLuamqwﬁaﬂuQﬂ?zﬂfaumaﬁ\ﬂﬁmmmmm@mmqmqq@ﬂﬁuwﬁqmﬂmummmfnﬂ@@ﬂ Astag
ann9gayAnvesdnnansents

vsqinuaiiiluiladadnAtysiannninansdalaen wu wefidusinissan (wshing uazansy, 2553)
maiuinedialuaninzdaduwansdrdg lunsiiusnsdaaulaan iwszinldmoududusasting
pantiaulunssennAanas luansiimnudduresinaanfianleenladifinay dafunaannnisnsioy
e laasanantinwlaan (Emekel et al., 2001) mm‘lﬁ"’nm@mﬂﬂ?mm@umqﬁmgumﬁmﬁuﬁﬂ
(Caliboso and Sabio, 1988) tlaqifiigenaaan SuperGrainBags™ i Tagl International Rice Research
Institute (IRR1) Igtiun i lunisifudnaaenuaninsile Weseniduwanadnildinissusuaesing
aenTiawulusz e (4-5ml/m?/day) nmﬁui‘m:rﬁmLﬂﬁ@nluqummﬁn SuperGrainBags™ @#111905n141
szfunasentesianlden iR usziinsias massuaednglussaufiiuan (wind uazaniz, 2553) atihgls
fimunisAnenazesnisivinudiailaensange SuperGrainBags™ LLﬁﬂmﬁﬂumﬁﬁméﬁﬁluj Tuaniae
GEUNRNNANLINFNG iarnsuandnaanssendalailddinisseaiu mu@mmu uazszaizian lunaiiy
iﬂmm’nLﬂmmLﬂuﬁ%ﬂmmmmmmﬂmmwmqmmﬂ (Juliano,1985) muummﬂm“%N@mumima‘@
Auaf ganniuazseazinainisfiuinmdnaiaen asdinondrdoysie duanlunisnaunmindnulaenanuans
udnanssenldidanmdasiuainudesnissesnanale

nsfnRsisgdszacdieAns mnfiunndadianden (iugdhanenazd 105) Tuuse
Anuigenanain SuperGrainBags'™ Lﬁuﬁ*ﬂmﬁﬁ@mmﬁmm (25-45°C) fluaan 180 Ju laevinnsulseay
FeuiudaAeniiiolunsmsusfaiadu

alnsaluazdgnig

1. ngAudrlaan msu'a‘saﬁmfﬁuazmﬂﬁu%’nm

nadniflddhanldenananenuzd 105 @ﬁﬂﬁuﬁﬂgﬂiuéﬁ NaIuinsu Sadnguaaanii ngnia
Auiiesluwieungadniau w. #2558 dnavinaruazetalaemsusniendu wwld fu fiueen
2. MSANHIANENAURITUAUTTANUIN AU WAZSZHLIIAINITIALS NI

nmafiuinndnanlaenfiaandussqineilsvinmgananasin auia 17.5cm X 28cm (1319 X &19)
Tmﬂq\iwmaﬁﬂﬁﬁﬁ 3aialéun (1) gananadnanu woven polypropylene (WPP) uazlaildvinnissasdausag
wanaAnneluge (2) ganaianUszinnatiiua SuperGrainBags™ (SGB) 13¥M Grain Pro Inc. %mﬂuqq
WANARNUANEFY AN 78um (U3t Tiued Buwmesingm aniin) HA1 oxygen transmission rate (OTR)
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Winfiu 4.28ml/m?/day WazA1 water vapour transmission rate (WVTR) Wil 2.14g/cm?/day kae (3) g9
ANHLE Al/PE (U’%ﬁm ammm?@ﬁméﬁﬁﬁﬁm) ﬁ@l\awmaﬁﬂumﬁ%u‘imﬂﬁﬂLLcJumﬁLﬁﬂﬂﬂi”ﬂuﬁu?\lﬁmwmaﬁﬂ
polyethylene (PE) ﬁqﬁ%u AI/PE #A1 OTR d3vanns 0 mi/m%/day waz WVTR Windu 0.001g/cm?day
(Robertson, 1993)

m?mmmmﬂmn@\ﬂmimﬂmsvﬂmmmimmLmummﬁﬂﬂm (air packaging) ) Ineiussadnanlaen
St winfu 500 n3usan fmnuummimmﬂmuimﬂmmmLﬂzmn Wammm 3 32AU AR 25 35 uaY
45°C 1fluszeiziaoan 180 i mumammnmmLﬂmnlum WPP uazfiusnmni 35°C @mﬂumwmmmumu
05Ut 30 90 uAz 180 5u ”memm;um‘amqL‘Wﬂﬂﬂmmil,ﬂ@auuﬂm@mmwmqﬂi:mﬁmmLﬂ@@ﬂ uaz
ﬁﬁmLﬂﬁ@n%uﬁfmﬂmmlﬂigﬂ Wudnanasen wieniuiinsmsaseu AN INIesdnaINenNeudInIg
NG
3. NMFUARTIITI9BN (ﬁ’ﬁqﬂﬁiﬁtl,ﬂsgﬂmn%qLﬂﬁ'an)

3.1 NN9vindanssan

A3Nntnanwsen e ldiaued Reelas wazAny (2557) ‘Emﬂﬁﬁmmﬁfaﬂﬁ'r:\imﬂfmﬁu‘lummqwmj
(mm%umﬁ'ﬂ Winfiu 14.25% YVHINUT BaMANAE LA 873 air oven method, AOAC, 1995) Wutinazenn
lugnandnasierin 1:2 ﬁQMMQﬁﬁ@ﬂ (35-36°C) 1furann 48 dalis 1WAt NN 8 dalass A ldinng
sanlunszaeuthuidlamin inan 24 Falie Tufinanauds eedimarainuundiiequiunszaeysu
memdeannniamngean o lidundeils daanan 25 Wil ﬁﬂqmmﬁ 80°C AnumtiAeunnly
nan 24 $alus wazminuisuihingn 16 dalusdeuntstirdieunnsmenlaendudinasen taeld
\reanziynzilaen $U-MS 100 (13 Reiasa Uszmelne) AN eRaLeniLaen AN Eas e
aan Aniudalugeergfiflasnaduaidiuaaunn 15 X 20cm deiamziidal

3.2 N3inRaewdnnanwan

Autiunisguidndngnesen 15 nin wWinnld plate &miudndizunduniugudnans s5cm
ANGY Tcm Antuinmaing Tnedirieeind (Hunter Lab System CIELAB; Colorflex 4510) lag/lfszun
L*, a*, b* A Hue angle (h°) A1 L* ABAIAINETI9 (0-100), a* LandA@ums (AN a* iluAtunn) uasdiden
(A1 a* WuANaL) Lay A1 b* LARNANR WA (A1 b* tue1uan) Andu (A1 b* WuAILan) IneAn he @189
M lFaInNANANRUTIZUIN9AN a* waz b* (MeGuire, 1992)
4. MeApszRaunIwIastndlaan

4.1 pndindufinseandauiazanfueulaaen s luussqsinet

qusinatinaussqinidnoilaen mﬂ{%u“l*’ﬁlﬁmmu%’ﬂﬂ‘lummﬁmeﬁuﬁq@Jmﬁq@mqﬁ”wﬂ?mm 20m!
anntfuindullanaslumios MAP test (MAP test 3050, Englan) ROALATNI LW RN Ta0NT LA ULAL
afuewlaeenlaflumsfiusetnaieazfnguunadniiiasnninanzseads fadddindnnezgfitun
219 0.5X 0.50m Tlawiin s seefl fuunaileannisia %ﬂ‘ﬁmu%@@@zgmﬁﬂmmmﬂmw:gﬁﬁmﬁauﬁﬁ
slum’;‘ﬂmﬁumﬁuthuﬁ”ﬂﬁml,m"lfaﬁﬂﬁzgq (Robertson, 1993)

4.2 ¥aaazananiseanvasdnailaen

guinandaulasnainussqineiniszinm LLZ\]”V]@MMﬂNﬂ’]?LﬂUTﬂH’]M’Nj AU 100 AR
NIZANHINIZIBNTLINA 30 X 400m Wunszaetnnzean i 3 4u mnum‘ummmmslmuwaﬂiwmm PN
NI=AHIL 2 FuBeamAndniadnszanmmizeen 10 W09°) A% 10 AR WLARLILDATY uazHsvazvnausias
WAALUsENIRL 1.50cm ‘EmmwLuﬁmiwﬁmwﬂﬁuﬁmuu aniuilaiudaansyanuandunil Wunszamann
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Frusnadusnatlszanas 1.5cm daunszeanm arnyedudng Ui g s ueg Fuan ansu
NINTLILNIZANHNILNAR A UNARINANGFANTUIA 19 X 28cm (NF14 X 817) Tnelnsadiieinsanudu
finins uan1nrguinginesauasy 7 dunsatiulssilunaninmeeningdan1snimaaaunNensInggI
UL between paper (ISTA, 2008)

4.3 N139AEULINNUE1T gamma (Y)-aminobutyric acid (GABA)

F3F0e19189919819980 41191 0.2 NFU UAMNNTUA FNTNFNANL 1.8mI WATLRY 3%
sulfosalicylic acid Uaunou 200l aniinnstiuseaflinegn 30 und uastingalanauiy 25 mMNaHCO,
‘WT@NHULMN 200l dabsyl chloride (dabsyl-CL, Sigma-Aldrich, US) mﬂm‘ﬂﬁﬂu mmm‘”mﬂﬂlﬁmm
ifﬂu“lumqmsaumummmummmmu 70°C 1fl1981 10 117 e nTsinnn31FY 95% ethanol (QREC)
WAL 25mM Phosphate buffer pH 6.8 (sodium phosphate mono basis/di-sodium phosphate) 11319 Carlo
Erba Reactifs-SOS nanlsidniu ilaudaiaiasinnnsnsesuazsindinaeawadlifinsesifunnians GABA
BeilAaeq High Performance Liquid Chromatography (HPLC Ussmuaaidala u Agilent 1100 Uszinaawdsn)
Taelldmadnil Supelcosil LC-DABS (particle size 3um, L X 1.D 1i1150X4.6mm) flow rate winfiu
0.5ml/min mobile phase Af isocratic 65% CH3COONa pH 6.8:35% acetonitrile iﬁmmﬁlam Winru
10 pL grungiinediel Wi 55°C uaz UV detector (465nm) msiiad sulgeldidaanamunzanannaa
U84 Varanynond et al., (2005)

4.4 mﬁmLﬁ@ﬁuﬁmm%’mmamﬂmqﬂ

Fafnatinednnansen 159 m‘lu@:@ﬁL"fiﬁuLmuLﬁNﬁﬂuﬁmm'*ﬁmﬁi@ﬁﬁ (1:2) vhaniaunanunu 25
il annifindnasanniniedunat 10 wil idaindngnlfemnsinensileduds laansldiedes
texture profile analysis 31 LLOYD instruments UszinAaisant ldinnaguaiiagnsanssuaniduiiuaudngn
50mm Aaliiazeizsinaanndnaging smm Tagl¥RanuiEaluniane 2mm/s naaslilan 15mm a1 load cell 1una
BON WAz tnuAIA LT lusiasndu (N) Taiaannsinlddaulasainisnameanly Champagne (1998)
5. NFINUAULAZALATIENTAYANNEDA

mﬁ@”ﬁﬁfﬁﬁ%Lﬁumifmumum?wmmmeﬁmmzﬁmmimm@ﬂugmmu 3X3X3 factorial in
Completely Randomized Design (CRD) NINNINANDIRNUAL 2 ﬂ%ﬂ (duplicated experiments) %x‘lﬁ@fﬁ/ﬂmﬂu
AsANEUITNaUAI (1) THAUBILITIATUA (9 WPP, SGB waz AI/PE) (2) gaunginiaiiuinm (25 35 uay
45°C) uax(3) sreznANNARLSNEEaulAen (30 90 uax 180 1) Tneiadilgannnismanesldtinu-Aiame
AN IU99U (analysis of variance; ANOVA) LL@:LLI?‘EULﬁﬂum’mumnmwmml,fa?{ﬂmna;wmmmﬂﬁw
3% Duncan’s multiple range test (DMRT) 24 AMERsTLTiTEE 95% Aaatlsunay SPSS (Version 16.0)

Namsﬂm@muaﬁmicﬁ

1. Anadnduidaandiaunazasuaulaaanlgnluussanng
miLﬂ@ﬂuLLﬂmmmmmumeﬂ 0, uazfinm CO_ lugewanasin SGB uazqs AlIPE Seuseadnainlden
mmﬂmmmmu 25-45°C ugnalu F|gure 1 Tnpudidhaeeie 0, anauazAadnd A Co,
st mmmnauﬂmvmwmwmlwmmLﬂzmn (Dillahunty et al., 2001) wnemausmAidesig
(Robertson, 1993) Yisifldx SGB uaz Al/PE HantAniesinunsdusuinligeasaanalinisdueinuees
fing 02@Wﬂﬂ’]ﬂu‘ﬂﬂm’]fﬁ/\iﬂﬁﬂﬂmq\‘iLﬁﬁ%’usluﬁm‘ﬁﬁﬁl’m'j’] n3ldfing O lunszusunisvnala vl
funes fiva O lunssqinusianas Tusuipeniunisazanaesing CO luussqinsiiinandnanisducmg
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4897 Co, mrmqﬂ‘luua?@nmm“IUMUﬁmnﬂﬂmﬂu@ﬂmmmusluavmwmﬂfmm’]mamm fine Cco,
mnmvmumﬁmﬂ% smﬂfmﬂ@ﬂmmmmmLﬂumummmﬂummnmmu mnmmmq‘iummmmw
Ad (steady-state) defiusnEnannndn 90 4u @mqi@nmmmmmmummmwmaﬂuqq WPP laifipanu
LANANAINENNIALNG LEa4aNNNganuTau s LBt d Ut unandAn 1§ ataazaan (luiuama
4a3a) AINN193LATIZI ANOVA WL @m‘wﬂu FZAZNANNNINLENEN LL@”ﬂgéfuwuﬁi yinatladesiagns
mmnmﬂmuuﬂmmmmmummmsﬁmmmmquuﬁmmuvmmm (p<0.05) mumummmmﬂnmm‘iuu
mmaﬂfmﬂ@ﬂuuﬂmmwmmummmﬁﬂummnmm fmLummﬂma@nmmmmwmmm SGB uavga
AVPE fiannugnansalunisdunnsdusinuaesinsuaslevnindiae i
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Figure 1 Changes in oxygen and carbon dioxide concentrations in SGB and Al/PE packages containing

rough rice kept at 25 35 and 45°C (data represent average and standard deviation bars; n = 4).

Solid and dotted lines represent oxygen and carbon dioxide respectively. Symbols SGB and Al/

PE represent SuperGrainBag' and Aluminum laminated bags, respectively.

nswaen lasansid gl 0, LA Co, mmmu‘l,u@mwimmnLwal,ﬂmﬂ‘]:mﬁmm@'aﬂm 45°C
(Figure 1) mﬁ?mmmﬂwmL‘ﬂ@@ﬂmmmummm“lmmmwmww%wm Wwen"slandaeanion CO, uazd
mmvmumﬁm@u Dillahunty et al.,(2000) l#Anwdnsnnaselazesdnaufananawis Bengal uaz Cypress
(mmﬂm 11-15% dry basis) W11 Fasmnnsvneilatesinawlaenisatlsgainas 10 ¥ g U RNILAL
$netiinann 20 1 50°C ilefinasnin g 180 wida mmmmmmmmeummmmﬂﬂeﬁmﬂum SGB
(mﬂgwmm 15% V/V) uummﬁmmmiéﬂ,um AI/PE (7% vIV) pnuLAnsaEaflutaaNAY OTR T097ldx
SGB uummmmﬂm OTR 284N AN AIPE Lantiat mumﬂﬂ@ﬂuuﬂmmmmmummméﬁmmﬂumm
Aot mmm:mmmmu 25°C Ua 35°C NUFUAATHIERIAINIR 45°C
2. uladiduAniseanaaanandralaan

Uszinnaesussqined guungil uazsvaznaniafiuineinaed wliladAynieals (p< 0.05)
l?i‘ﬂL‘]Jﬂﬁ%‘ﬂﬁﬂﬁi‘x‘i@ﬂﬂ@x’iLuﬁm‘ﬁ’mmaﬂﬂ (Table 1) dlauFaufue fidusnnsen Guduaesinuaenteunis
Sabikiaita mummnﬂu 79.5 Lﬂmmum WL LﬂmmummNfaﬂ“luwnmmmm ﬂmqumqm@ﬂnmmmhm
SGB IfUSN®AT uaz AVPE WUSNENT 45°C Hnnsiadunnendaannnisiusneiunan 1 Bew nnsiiam
ﬂm\iLﬂmmummmﬂﬂLu@\‘mmmmmLﬂ@@ﬂ@gﬂuaquwrwmmwmmnmimumm wafifusnisean
lunawpp ﬁLﬁm”m:rﬂunn@mmﬁ ﬁmﬂﬂ?{ﬂuuﬂ@mﬁmLﬁnﬁ@ﬁma@m'aﬁﬂqnﬁilﬁ‘ui?nm‘llmﬂnw\mnfagiwdw
95-99 ilafidus warinel wavanuy (2553) 1Hseanudn wefidusniseenveandndiqlaananananssd 105
(KDML105) ivsnelugenszaeuay ﬁ@muqﬁﬁm denfianastieandt 80 iwefidus luszwinenafiusnm
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6 e TnsANNLANFANYTeIN12NanaasdnaanlunsAneniuazn1s@nenaes wenneg uazAy (2553)
anaiflunaannnszuaunslgndaiunnsinaii v wdaiuginelgn aninzenia vise ANANNTUANINS
IRILTTENNIA FINNFLALFNEN

\Hafia190u 1G9 SGB uAznd AIPE Wud1 nauiuinengauungl 25°C annsnazaanisiaeuuaq

a
o

wWedidudnisseneaunanld avnauresitaaeniuineluussadneiyniszinny 25°C waz 35°C

q
@ o

Heinagludas 10.55-13.39 wafifus (dry basis) Tuszuinanisiivinen (lduansdoya) wofifus
nssanesdnaiaenluge SGB uazgs AI/PE ﬁ@muqﬁ 35°C waz 45°C Ann9anadati el dAynaaia
(p< 0.05) wazdAefidusniseenvindu 0 TAuR 180 TnsanienafuinEdnalaenludmaan A-45
wudndnawldeniule fidusnissanwindu 0 melu 30 Fundsannnsfiuing wesifudnisseninnaes
fraldenludmanes SGB-35 uay Al-45 arafluraanniaifuinefiguuniigedualiudadianlden
ﬁﬁmﬂmimﬂhm%u wazlindseuannfeusanyn aniligeannsasanaesaanfounialuussqined
(Song et al.,, 2002) Junsdiresinaldendifuludmaans Al-45 Al usinnssanvingu 0 lufeud 1
deuBoufleuiuilefifusinissenludimanns SCB-45 AnANAATY 74.50 Wofifus AruLANFI
m@mmmnﬂ@m@uuLuﬂm:mumqm@u (Robertson,1993) Aatuannnisvelagesdnalaananely

ussqsiudt daraliiianisazanaaaFeunanna

Table 1 Germination percentage of rough rice kept in different packages, temperature and period of

storage.
Storage period of rough rice (day)
Packaging Temperature(°C)

30 90 180
SGB 25 95.33+1.97" 99+0.89*° 96.17+0.98°'
SGB 35 98+1.01%°¢ 98.5+1.05*"¢ 1.17+0.40
SGB 45 74.541.05" 43.50+1.64' N/A
WPP 25 96.83+0.75%° 98.5+0.55*° 95+0.89°
WPP 35 99.5+0.84° 99.5+0.84° 96.83+1.84°
WPP 45 99.5+0.55° 99.67+0.52° 97.17+1.75%°
Al/PE 25 97.5+1.05%¢ 98+1.27°°¢ 97.17+1.17%°
Al/PE 35 99+0.89*° 97.67+0.82°° N/A
Al/PE 45 N/A N/A N/A

Remarks: Data represent average + standard deviation (n = 6). Means followed by different letters differ by the DMRT at
5% probability (P<0.05). SGB = SuperGrainBagTM ; WPP = woven polypropylene; AlI/PE = aluminium laminated

with PE; N/A = Not available (i.e. no germinated observed)
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WauBeumauulafifuinissentesdtanlaanussqlugs SGB 1ean1sANHHLAZHANNIANT0Y
Wennel wazAnLY (2553) wudilesidusniseenlunisdne il A itiesndn weineg wazAny (2553) 181971
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41 wafidudnissanaesdnilaenlugs SGB dnsulasuwlasiisadniasluszudnanisifiuine 21 theu
(HAszanns 88 wasidus) Turnziwefidusueaniseanlunisdneniwindy 1.17 e Suh 90 (Table 1)
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1 M lilugeenadaudinduinaisiai aeislsfinu wafind uazane (2553) Wldsaaunisilaauulas
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Table 2 Lightness values (L*) of parboiled germinated rice (PGR) processed from rough rice kept in

different packages, temperature and period of storage.

Storage period of rough rice (day)

Packaging Temperature(°C)
30 90 180

SGB 25 55.77+0.47"° 54.04+0.71%" 56.75+0.19°°¢
SGB 35 55.39+0.70° 51.80+0.53" 55.33+0.50°
SGB 45 53.98+0.92" 55.160.42" 53.52+0.93"
WPP 25 56.39+0.80%°" 55.19+0.35%" 57.47+0.50°°
WPP 35 56.34+0.99%¢" 56.62+0.86° 57.31+0.32°¢
WPP 45 56.26+0.68%" 55.08+0.18%¢ 57.63+0.23°
Al/PE 25 57.03+0.43%°¢ 55.13+0.77°" 57.61+0.59°
Al/PE 35 55.68+0.90°"° 53.52+0.93" 54.36+0.63"
Al/PE 45 55.15+0.55' 48.160.68" 47.88+0.64"

Remarks: Data represent average + standard deviation (n = 6). Means followed by different letters differ

by the DMRT at 5% probability (P<0.05). SGB = SuperGrainBag™ ; WPP = woven polypropylene;

Al/PE = aluminium laminated with PE.

4. maulasuwlaniFanuans GABA aasdnanssan

5110817 GABA 2e3dnzstanlunndwmeaesdinisanasesinsieifiasnaanangniafuinem
(p< 0.05) NIANAITBILTHIEURNT GABA mﬁmm\i\mﬂ'ﬁ'mammm’mLﬂﬁ@ﬂﬁﬁu%ﬂwﬂuqquﬁ@ﬁ 414130
Lﬁm%ﬂmw&mmﬁ'L’%fandﬂmﬂﬁﬁﬂmﬁ@mwnﬁﬁﬁ (p< 0.05) (Table 3) uananniinnsanasesSanmans
GABA 1asdnaeaniinAmanndiafeniiuesylugs APE fluuatty Aatuldanindlenaudiauiudng
mqq@mfnLLﬂa@ﬂmnmqLﬂ@@ﬂmmmiummﬂmmuj mumimmﬂwwm.ﬂ@@ﬂlum SGB uaz Al/PE
fignngdl 45°C denalififiunnans GABA ludanwsendnann Tasiarnzdnaansenanndraldeniuds
NARDY AL-45 WUANTIFNTiAmnn uazlaianunsoiinszilEdaniases HPLC Al lunsAnmnil (Table 3)
?ﬁqm@Lﬂum@mnLﬂ@ﬁéﬁuﬁmmﬂﬂﬂmﬁmLﬂﬁ@nﬁ'@mmLﬁmﬁm“nmslu@qmmﬁﬁqq (Table 1) iWg1zN1998N
WunszuunisdnAnysianisazan GABA lumandna (Chung et al, 2009)
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Table 3 GABA quantity (mg/100g; dry basis) of parboiled germinated rice (PGR) processed from rough

rice kept in different packages,temperature and period of storage.

Storage period of rough rice (day)

Packaging Temperature(°C)

30 90 180
SGB 25 17.77+1.39°° 10.30+0.67°" 3.17+0.96""
SGB 35 14.75+0.71° 9.36+1.12" 2.38+0.51"*
SGB 45 12.82+1.01° 4.10+0.19" 0.99+0.31
WPP 25 17.01£2.08° 10.69+0.72° 2.68+0.09™"
WPP 35 14.76+0.41° 10.88+1.45° 2.000.44*
WPP 45 11.61+1.61%° 8.66+0.74° 1.43+0.18"
Al/PE 25 18.70+1.58° 10.17+1.58°" 3.75+1.08™
Al/PE 35 15.16+2.35%¢ 8.33+0.90¢ 0.26+0.03'
Al/PE 45 10.64+2.18%" 3.40+0.86™" N/A

Remarks: Data represent average + standard deviation (n = 6). Means followed by different letters differ by the DMRT

at 5% probability (P<0.05). SGB = SuperGrainBagTM; WPP = woven polypropylene; AI/PE = aluminium laminated
with PE; N/A = Not available

?”Taﬁmilﬁm"nwﬁwLﬁﬁfan“luiwmmﬁmmmzm?éfa’mef;z@qmmﬁ@;qﬁﬂﬁmﬂmmfm@ﬁm
ARAY (Swamy et al., 1978) Feenaifunaannniailasumlaslassgiisrednnsd LL@Z/ﬂdi“ﬂzﬁlquﬂizﬂ'ﬂU%uﬂ
v lastu uarhlsAulussndnanasifivdnalaan (Pantindol et al., 2005) uaztinlilgnisanaaainisiin
lainedi (Manthey and Xu, 2010) ﬁ"\i&uﬁ\im@mmm‘:Luylﬁd’wm@Lﬁmﬂﬁﬁ?mimmﬁumﬁmLﬂﬁ@ﬂﬁizﬁu
fanaslussndnannaut femnzeen LagenagauaAanstLALNNIHARENT GABA WhAnTulAlussAuTia
NIINANAT GABA Lﬁm@"mmiﬂ'ﬂmmmm‘lﬁﬂ?ﬁu%muslm’hﬂmwd’mﬂﬂsLLfﬂ"lﬁLﬂummﬂ@mﬁﬂ
(glutamic acid) LLﬁqgﬂLﬂgﬁuLﬂumi GABA Tneiaulmsingsmmipsuaniiag (glutamic acid decarboxylase;
GAD) (Mayer et al.,1990) u@ﬂmﬂﬁmmmmmmmilﬁmiaLﬂiﬂfuluizudWQﬂﬁiLLﬁﬁﬂﬁ@ziqm@ﬁi@miﬂ'ammﬂ
waaldsAuliiduelus (amide) Tnelilsilalamnienlssd (proteolytic enzyme)  wazielumanunsa lbiduumas
”lu‘l?mmua?Wﬁ?"umm?aﬂmL@mu?éifam@ﬁmﬁmn (Komatsuzaki et al., 2007) ilafannun o TuT 180 104
MsFLSNEN WU9n 1BH0uANs GABA 189d1081990n396@ pandaulaanussqluge SGB uay WPP ﬁ@mmﬁ
25°C uaz 35°C HAnaglutag 2.00-3.17mg/100g (dry basis) (Table 3) Fa13u10u8n3 GABA Tuszausanan
wiinasflenfianiilenBeauFeuiue Gud uwinudnfussAuilndiAesiulBunngns GABA 1asdnnansen
SaRAwinAL 2.52mg/100g (dry basis) Aisneulng 29T (2552)
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5. MsilazuuilaiaduAaraItnIE199anuegn
P & o o 2 A o X o o o N, oA X
Wasraznanluniaiuinmdialaenunuau dealviiledudaveseasdnoanssanyegni A ey
pelludAtyneaia (p< 0.05) (Table 4) mﬂﬁﬁwﬂmmmmﬁqmﬁwmwﬂnﬁmamqﬂmﬂﬁuﬁ*ﬂm
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Adulszanng 3-3.5 W (Table 4) imummme@wwmamnumnwimmﬂmm@mmrﬂmﬂmmmm:m
g 25 uay 35°C (Ransaunluynussqsined) wudnlddaauuansnaiuetwdniau uiFefiansund
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D S5 e

dranlaenlugs wrp denaliiinnansenegnilpanudsideandidnnansenyegninanandaiaeniiuses
lune SGB atedltudAnun1vaia (p< 0.05) N9NIUIBIANNLTITIaeta1anegnlun1sAnIl

P o = . Ry \ & P A a P = P
ARAARBITLNANIIANI284 Pisitkul (2009) AlFaeamdn anudaasdnarsegniindnaindraaen (dha
11908NNER 105 AMNTULIENINL 14% dry basis) Teussqlunenszasuiu fuinwnigumngives HeAa7
Wnatssaitiadluszudnamaiuing 12 ihew

Table 4 Hardness (N) of parboiled germinated rice (PGR) processed from rough rice kept in different

packages, storage temperature and period.

Storage period of rough rice (day)

Packaging Temperature(°C)
30 90 180
SGB 25 25.13+1.34° 27.26+0.62™ 35.40+0.74°
SGB 35 27.37+0.60™ 33.99+1.16° 35.75+0.99'
SGB 45 36.16+1.59' 35.04+1.65° 38.78+1.71°
WPP 25 24.04+0.73° 27.03+1.01" 29.85+0.43"
WPP 35 27.71£1.314™ 29.61+1.06" 36.11+0.50
WPP 45 28.49+0.45"" 28.79+1.64" 41.10+1.85°
Al/PE 25 30.311.74" 28.61+1.01H" 37.88+0.64°
Al/PE 35 28.92+1.01% 39.17+1.73° 46.44+1.39°
Al/PE 45 31.03+0.68" 42.74+1.27° 47.94+0.56°

Remarks: Data represent average + standard deviation (n = 6). Means followed by different letters differ by the DMRT
at 5% probability (P<0.05). SGB = SuperGrainBagTM ; WPP = woven polypropylene; Al/PE = aluminium laminated
with PE.

AnNIvaesAnLdesdnawananaflunaannisanastesninfialawmsiunaznisazany
138z lulad ( (Swamy etal., 1978) viva N1saF1aiuazladalndszuinelilsfuuazanisd (Chrastil et al., 1994)
mLﬂuwuﬁmummLLmLLlemmmmummwwmmuu@ ANWTRENT29T19aAA9 Martin and
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Fitzgerald (2002) UL sTusy lada A lussdana i usnedng zﬁ'waiﬁﬂ?wmﬁﬁgﬂ@m
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