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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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AHLE (AI/PE) Tmﬁﬁ’mﬁﬂ%”mma@ﬂ Wiy 500g Aege (WA 17.5cm X 28cm) 9eunENIsALINe
(25 35 Uaz 45°C) uaz sraznanNfuinEdidasn (30 90 waz 180 1) nanisAnEINLINANTeeNTIAL
wazpsuaulaeanladlugaiudtanlaenaianaiasfnau (WPP) lifiAnududufiuanssanennaUng
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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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4agn9san (parboiled germinated rice; PGR) lunansdnusiuilsgiainnisindaulaanuiinizean
Aaunisinwiauaznemizlaen anAT N aNsen AR seu naweenzaasdng Taadnaanseni
Hammqmammmﬁ'zﬁq (U35 uazARLY, 2557) uariAAIN I INTUINITE Lﬂum'ﬁmﬁmﬁlﬁ@zgmmw Imel
Lfawwwmrzﬁ’ﬁﬁmﬁi’mluﬁwmqmﬂ Taglan1zaIngauLnuuI-wailudalnin (gamma-aminobutyric acid;
GABA) 1/1mmmﬂmmmﬂmm@\m@mmﬂ?mmLﬂuﬂa‘vimummmw (WA 2554;Soraya and Tongchai
2015) 4naanaseniiiiunisnemizilaentumn lduRanndeudeldialaaenennsifinnauiy Wesn
mammﬂgﬂimfafaﬂémm%uamdwmsﬂ'afaﬂsﬁL@uLL@ymuﬂiyn@umLﬂu"lmﬁuLL@vu’]ﬁummmqwu@ﬂu’mmwm
Lﬂ@mmuumﬂm (bran layer) (Champagne and Grimm, 1995) muumimu‘mLﬂ@ﬂﬂmﬂms@ﬂmwmv
AN AUNE RN zdu e ssAR U a e n N T aNFUAMLE RSN I8 IRAN AASEIAD
&Aty eﬂ\iLmequﬂifJfﬂuQﬂi:ﬂ@umifﬁﬁﬂmmmmm@mmqa’m@ﬂﬁuwuﬁqmﬂmummmmﬂ@ﬂﬂ Astag
ann9gayidnvesdnaansenls

vsqinuaiiiluiladadnAtysianninmaesdtaulaen wu wefidusinissan (wshing uazaniy, 2553)
naufnEndaluan1azladuuuaniesdndy lunaifuinediawlaen mazinldanududuaesing
pantiaulunssennAanas Tanefinnudduesinaafueulneenlafifinay safunaainnisnsioy
e laasadaninnilaan (Emekel et al., 2001) ’&'QN@iﬁ‘ﬁ‘m@ﬂ’]ﬁ‘lﬂ?aﬂ‘ﬂ\‘iLLNMﬁﬁ]gLL@;’L%@‘ﬁuW?ET
(Caliboso and Sabio, 1988) tlaqifugenadan SuperGrainBags™ FiianTag International Rice Research
Institute (IRR1) Mgtiun 14 lunsfudnanaeniuaninsile eswnidunaiadinildinisdusiaesing
aendiawluszaTion (4-5mi/m*/day) nasiuinednaaenTugananasin SuperGrainBags™ aunsninm
i:ﬁumiq@ﬂmm‘*ﬁ’mﬂﬁ@ﬂ%’ﬁLmzﬁﬂ’mﬂ?‘mﬂmLLu@qﬁmgluixﬁTu?if;ﬁmn (WehnsT wazanly, 2553) agingls
ArunsAnsnazenisfiuinediniaendaene SuperGrainBags™ Lﬂ?amﬁﬂumﬁﬁmeﬁﬁluj Tuannag
RN RNALINEFNG ilentsuandnaanssandalailgdinissey muﬂmum uazszaizian lunaiiy
mmmf;Lﬂ@faﬂLﬂuﬁ@wmmmmummaﬂmmwmLﬂ@faﬂ (Juliano,1985) muumf}mu@”m@u@mumimﬂ
Anuaf ganniuazszazinaniafiuinmdianaen asdianndrdysieduanlunisneunidnuldenunugs
Wudanssenldsdenndasiuanudesnisazesnann s

nsfniAdingUszaAifiedneniafunemdadnanden (fugdnanenasd 105) luuss
Anuaigenanain SuperGrainBags'™ Lﬁm*ﬂmvlf’iﬁ@mmﬁﬁmj (25-45°C) \fluaan 180 Ju laevinnsulsay
Feuiudhadeniiinlunsiusfiadun

alnsaluagdsnig

1. AgAudnlaan nsussainusinaznsiiusnen

nadniflddhanldenananenuzd 105 mnwuwﬂgﬂ‘luéﬁmmﬁwﬁwm minguaTTsIi nana
Auiiesluieungadniau w. #2558 dnanvinaruazeialaemsusniendu wwld fu fiueen
2. MSANHIANENAURITUAUTTANUIN AU WAZSZHIIAINITIALS NI

nmafiuinndnanlaenfiaandussqineilsvinmgananasin auia 17.5cm X 28cm (1319 X £19)
IWEIQ\‘IW@’]ZQEHWL%Q 3aialéun (1) gananasinanu woven polypropylene (WPP) uazlsildvinnissasdausag
wanaAnneluge (2) ganaanUszinnatiiua SuperGrainBags™ (SGB) 13tM Grain Pro Inc. %'qrﬂuqa
WANARNUANEFY AN 78um (U3 Tiued Buwmesingm aniin) HA1 oxygen transmission rate (OTR)
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WinfiL 4.28ml/m?/day Waze1 water vapour transmission rate (WVTR) Wil 2.14g/cm?/day bag (3) 9
ANHLE Al/PE (U’%ﬁm ammmi@ﬁmﬁ@iﬁﬁm) ﬁﬁl\awmmﬁﬂmmﬂ%ﬂmﬂﬁwLLcJumﬁLﬁﬁuﬂi”ﬂuﬁu?\lﬁmwmaﬁﬂ
polyethylene (PE) Failfld AIPE fA1 OTR 1szunas 0 miim ’/day wag WVTR winfd 0.001g/cm?’/day
(Robertson, 1993)

mimmmqLﬂ@@n@ﬂu‘uimﬂmeﬁlmmmsmmLmummﬁﬂnm (air packaging) Tngussadnailaen
shwiin Wiy 500 n3usan fmﬂuummimmﬂmuimnmmmLﬂ@an fignugil 3 s AD 25 35 uAY
45°C iluszeizionn 180 Ju mumammnmm’mLﬂmn‘lum WPP uazifiuinuni 35°C dnifluAmnaaspauinu
Tl 30 90 uaz 180 Fu ldinmsdusasaiefnsniswasuuasnmnnielsznisresdanlden uaz
ﬂﬁnLﬂﬁ@n%uﬁQfﬂﬂﬁquﬂigﬂ Wudnanasen nieniuiinismsagau AN INIesdnaINenneudInIg
BRI
3. MFUARTIITNI9EN (°1°|"nm'517'iLLﬂsgﬂmn%mﬂﬁfan)

3.1 navindaanssen

A3NNtnanwsenteldaaues Relas wazAY (2557) ImﬂﬁﬁmLﬂﬁfaﬂ‘ﬁ'shuﬂ'mﬁu‘lummqwmj
(mm%‘um?{ﬁ WinAL 14.25% YUt BaAnaEudeaa air oven method, AOAC, 1995) Wutinazenn
lugnandnasierin 12 “ﬁlfﬂqmmﬁﬁm (35-36°C) fhuiaan 48 alus iWaeuri NN 8 dalass A ldinng
senlunszaeudnii@loniir Wunan 24 dalue Tufinanauds Tnaddnanainuun@ainquiiunszasuiliu
memdeannniamnzean e lilundeis daanan 25 wil ‘ﬁlgmuqﬁ 80°C anntuthanAeunily
1981 24 Falie wazthainlufisdungn 16 faldeuninideuinamaydendudingeen neld
witasnzmzidden 1 MS 100 (UsEnAsiasnu Uszinalne) anduimeasenildenuazdasuinge
aan Aniudialugeergitlaunaduaidiusauin 15 X 20cm ieiaszifaely

3.2 M9dnAaeeinngnsean

Autiunnsguindndoanssan 15 nin tnnld plate dmiudndizuinduniugugnans s5em
AYINEL 1cm S T TN B VAL A AR (Hunter Lab System CIELAB; Colorflex 4510) lae/ldszuy
L*, a*, b* LA Hue angle (h°) A1 L* ABANAIINAING (0-100), a* LARIAALAS (AN a* iluA1uan) uas@iden
(A1 a* WIuANaL) LaY A1 b* LaRIANAWADRT (A1 b* Wue1Lan) Avhdu (A1 b* WuAuan) TaeAn he a1sn9n
M lFanNANANRUTIZNIN9AN a* waz b* (McGuire, 1992)
4. MeAAsIzRANIINIasTlRan

4.1 podinduinseantiauuaranfueulaaen lad lunssqsiost

duinetineussqinusingiien aniuldduansdn U luu s ludagadesinefhgiunn 20ml
anntfuindnllanaslumios MAP test (MAP test 3050, Englan) AOALATNI L RN Ta0NT LA ULAL
fuewlaeenlaflumsfufednaieazfsguunadniiiaanninanzseads fadddindnnezgfiton
219 0.5X 0.50m Tlawiin s seefl fuunaiteannisia %@ﬁmu%@ﬁ;@zqﬁﬁﬂmmmﬂmf;@:zﬁlﬁmﬁauﬁﬁ
1um’;‘ﬂmﬁumﬁuthuﬁ”ﬂeﬁl,l,m"lfaﬁﬂﬁ@q (Robertson, 1993)

4.2 Jprnzananissanaesdnaulaen

guinandaulasnainussqineiniszinm LL@”%@m%ﬂNﬂ’]iLﬂUTﬂH’]m%‘l‘] 27U 100 LWARTN
NIZANHINIZIBNTLIN 30 X 400m Wunszmmmizeantififu 3 4u mnuumummmm”mumjﬂiwmm 9
nsvANEAL 2 Tudndadnananszammzeen 10 U097 8% 10 AR WLARLILDATY uazHsvazvinsusias
WARLsENINL 1.50cm ImmwLmﬁmﬁmtﬁmwﬂﬁué’muu anuilaifudaansyaneandunils Wunszamann
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Frusnadusnatlszanas 1.5cm daunszeanm arnyedudng Ui g sueg Fuan ansu
NINTLIUNTIZANHNILNAA A IUNARINANGFANTUIA 19 X 28cm (NF14 X &17) Tmelnsadiieinsnanuiy
finins uaninrginginesauasy 7 dunsatiulssilunaninmeeningdan1snimaaaunINensInggI
UL between paper (ISTA, 2008)

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

F3F0e19189919819980 41191 0.2 NFU UAMNNTUA FNTIFNANL 1.8m1 WATLRY 3%
sulfosalicylic acid Uaunnu 200l aniuinnstiueailiuegn 30 ui uastihdanlansui 25 mMNaHCO,
W?@Nﬂmmm 200l dabsyl chloride (dabsyl-CL, Sigma-Aldrich, US) Nzﬁﬂm‘mnu mmm”mﬂﬂlwmm
i@u“lumami@umuﬂu@munmmmmu 70°C 1fl1981 10 17 A nTsinn31FY 95% ethanol (QREC)
WAL 25mM Phosphate buffer pH 6.8 (sodium phosphate mono basis/di-sodium phosphate) 1/31% Carlo
Erba Reactifs-SOS sanlsidniu iaudaiaiasinnnsnsesuaziinganaeamadlifinmesifunnians GABA
AneiAT High Performance Liquid Chromatography (HPLC 15vuaaiiala fu Agilent 1100 Uszinaawisn)
IaeIldmadnil Supelcosil LC-DABS (particle size 3um, L X 1.D W1iiu150X4.6mm) flow rate winfiu
0.5ml/min mobile phase A8 isocratic 65% CH3COONa pH 6.8:35% acetonitrile ﬂ?mm‘ﬁlam Wiy
10 pL grungiinedisl WL 55°C uaz UV detector (465nm) ansidan sudlgeliidannamunzanannia
U84 Varanynond et al., (2005)

4.4 mﬁmLﬁ@ﬁmﬁm@ﬁﬁqmwﬂﬂmqﬂ

Fasnntnednnansaen 15g @ﬂu@:@ﬁLﬁﬁuLLmuLﬁuﬁ{Luﬁmaﬁmﬁ@ﬁﬁ (1:2) vhaniiahuinanunu 25
il annfwindaasnnimiadiunan 10 wit wdaidngnlliemsitnensiieduda laansldiedes
texture profile analysis §1 LLOYD instruments UszinAaidn lfianaguniiasansanssuaniduiiuaudngna
50mm Aliazeizsinganndaasing smm Tael¥AanuiEalun1ana 2mm/s neaslalan 15mm uaxld load cell 1una
50N wazsenuAtAsLdelunia il (N) FaannatldFnuacanniariseauly Champagne (1998)
5. NFINUNULAZALATIERTAYANNED A

mﬁ%ﬁiﬁﬁﬁLﬁumifmLLmumfa“mm@mmesLmﬂzﬁm@mam@@ﬂugmmu 3X3X3 factorial in
Completely Randomized Design (CRD) NNN137AABIANUIL 2 ﬂ%ﬂ (duplicated experiments) %ﬁﬁ@ﬁﬂﬁi‘ﬁ‘lu
AsANEUITNaUAs (1) THATBILIIIATNL (9 WPP, SGB waz AI/PE) (2) @runginiaiiuinm (25 35 uay
45°C) uax(3) sraznanaUINEEaulAen (30 90 uax 180 5u) Taeadildannnismanedldtinu-Aiase
ANWL9L99U (analysis of variance; ANOVA) Lmzuﬁ*ﬂuLﬁﬂummmeﬁmmmﬁwm?ﬁlﬂmﬂﬁwmmﬁmjﬁw
7% Duncan’s multiple range test (DMRT) f ANIEasTUTIsZAL 95% Aaalilsunay SPSS (Version 16.0)

Nﬂﬂ'\i‘V]ﬂﬂ’ﬂ\‘iLLﬂgaQ']’iﬂj

1. Anadnduidaandiaunazasuaulaaanlgnluussanng
mnﬂmuuﬂmmmmeuﬂw 0, uazfinm CO_ lugewanasin SGB uazqs AlIPE Seuseadnainlden
annmmmuﬂw 25-45°C ugnalu F|gure 1 Tngromdndusesing 0, anauazAadnd A Co,
st mmmﬂauﬂmvmwmwwlwmmqLﬂmn (Dillahunty et al., 2001) wnemausmAidesig
(Robertson, 1993) Yisifldx SGB uaz Al/PE HantAniesinunsdusuinligeasaanalinisdueinuees
fing 02‘Mﬂﬂ’]ﬁlu‘ﬂﬂmﬂg\iﬂﬁﬂiuq\‘iLﬁﬁ%lusluﬁm‘ﬁﬁﬁlﬂﬂd’] n3ldfing O lunszusunisnala vl
funes fiva O lunssqinusianas Tusuipeniunisazanaesine CO luussqinsiiinandnanisducng
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4897 Co, mnmﬂ‘lummnmﬂﬂmmimmﬁmﬂu@ﬂmmmu’luavmwmmn@mﬁmamm fine Cco,
mnmvmumﬁmﬂ% mmﬂﬂmuuﬂmmmLﬂumummmsﬂummnmmu mnmmmq‘iuwmmmw
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 LLCZ\]“"].]{]@NW‘L&TJ‘? yinatladesiagns
m@mnmﬂmuuﬂmmmmmummmsﬁmma@mquuﬁmmuvmmm (p<0.05) mumummmmnmm‘iuu
mmaﬂfmﬂ@ﬂuuﬂmmwmmummmﬁﬂummﬂmm fawLummﬂma@nmmmmwmmn SGB uavg9
AVPE fiannugnansalunisdunnsissinuaesinsuaslevningiae 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.
nswaenulasnsdindufing 0, LA Co, mmmusluﬂmwimmﬂmeﬂmﬂmmm@@ﬂw 45°C
(Figure 1) m@mummmqLﬂ@ﬂﬂmmmm\immaiummqmimﬁ%wm inansantdesiitg CO, uasd
mmmumﬁm@u Dillahunty et al.,(2000) AN dmsn1smelanesdnoulfananawug Bengal gz Cypress
(ﬂfnmu 11-15% dry basis) W11 FasnismelavesdnaReniadulszanas 10 wn Waguuginiaiiu
$niiinann 20 1 50°C lefansninludiud 180 wudn mm@mmmwmeummmsn@@nsmuium SGB
(mﬂ@vmm 15% V/V) uumqmwmmmiéﬂ,um AIIPE (7% viV) AnsuANFnstianaiflusaanAn OTR v09ildx
SGB uummmm'}m OTR a84WaN AI/PE Lanting muﬂmﬂmﬂmmmmmmmummmeﬁmmﬂumi@
Aot mmnmmmmu 25°C Ua 35°C WUA AT UILERIANNGIT 45°C
2. ulafiduAniseanvaanandralaan
Uszinnaesussqined guungil uazsvaznainiafiuineinaed il Aynieals (p< 0.05)
I?i‘ﬂLﬂﬂﬁ%uﬁﬂ’]i‘ﬁ@ﬂ‘ﬂmLuﬁm‘ﬁﬁmﬂaﬂﬂ (Table 1) dlauBaufuwefidusnnaenGuduaesdnanlaendeunis
Sabikiaita anummﬂﬂu 79.5 Lﬂmmum WL LﬂmmummNfaﬂ“luwnmmmm ﬂmqumqm@ﬂnmmiﬂum
SGB IfUSN®T uaz AVPE WUSNENT 45°C Hnnsiadunnendaannnisiusneiunan 1 Bew nnsiiam
*n@\‘u,ﬂmlﬁnummmﬂﬂLummﬂmemLﬂ@@n@gj‘luamq:wrwmmwmmnmamumm wafifusnisean
lunawpp 'ﬁlﬁm”nmsl,unﬂ@mmﬁ ﬁmﬂﬂ?{ﬁuuﬂmlﬂmLﬁnﬁ@ﬂmmm'awqnﬁilﬁ‘ui?nm‘llmﬂmi\mnfagiwdw
95-99 \lafidus wehinel wavanuy (2553) 1hsneanudn wefidusniseenaessndndiqilaanunanenisa 105
(KDML105) Wivsnelugenszaeuay ﬁlgmmﬁﬁm denfianastieandt 80 iwefdus luszwinenafiusnm
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6 ey TnEANNLANANTINNManTesdnadenlunnsAnEntuaznsfnenaes waing uazenis (2553)
fmLﬂum@mnm:mumiﬂ@uﬂiﬂqﬁLLm&mﬁu wiu wdnRuginnLlgn annazenna vise AAPNLTUEN TS
2B9L99EINVAUNNFALTNEN

Lﬁ@ﬁmimﬂuqq SGB uazfa AI/PE Wudn mﬂﬁu%ﬂmﬁfqmmﬁ 25°C anananazaennlasuulag
wWaefidusnissenaaaundnled mw%umm‘i’mmﬁ@ﬂLﬁm‘?ﬂmlum?@gﬁmm’nﬂﬂi:mwﬁ' 25°C uay 35°C
Heinagludas 10.55-13.39 wafifus (dry basis) Tuszuinanisiivinen (lduansdoya) wofifus
nssanesdnaiaenluge SGB uazgs AI/PE ﬁ@muqﬁ 35°C waz 45°C Ann3anadati il dAynaaia
(p< 0.05) wazdAefifusniseenvindu 0 TFuR 180 TnsanenafuinEdalaenludmaan A-45
nudrdalAenfilefiduinnssenvindu 0 melu 30 Fundeannisiiuinm wefidufnsseniinnaes
fraldenludmanes SGB-35 uaz A-45 araiflunaanmiafunefiguunigedualiugadianlden
ﬁﬁmmmmm%m%u wazlindseuannfausenun anillganisazanaesanfeunialuussqsioed
(Song et al., 2002) lunsdinesinldeniiiludmanas Al-45 ffllefidusnnseeniiniu 0 luiewd 1
SeuSeuifeuiuiefiduinnsenludmaaes SGB-45 AfiAWINAL 74.50 wWeius AamuAnsnil
mf«ammmnﬂ@mquLuﬂm:mumms@u (Robertson, 1993) Tiiaduatnmsvzlazasdnanldennislu
U997 U1 danaliAansazanAaFeuTinnty

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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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" 55.16+0.42" 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' 48.16+0.68" 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. msulagunilasfFanuans GABA aasinaanssan

5110817 GABA 1a3dnzssenlunndmenesinisanasasinwsiaifiasnaanangniaiiuinem
(p< 0.05) NIAARIVBILTHIUANT GABA mmﬁi’mgw‘i@ﬂﬁNammnﬂi’mLﬂﬁ@ﬂﬁlﬁu%ﬂwﬂu@muqﬁ@;q 414130
Lﬁm%ﬂmuﬁmmﬁlﬁfaﬂfiﬂﬂmﬁm?ﬂmﬁfammﬁrfﬁ (p< 0.05) (Table 3) uananniinnsanasesSanmans
GABA 1asdnawaniindnanndraifeniiuesylugs AVPE fuualiy Aatuldanindenauiiauiudng
mqq@ﬂmmﬁﬂ@mmqLﬂmnmmmiummﬂmmuj mumammﬂmmWLﬂ@@ﬂIum SGB uaz Al/PE
figningfl 45°C denaliffiunuans GABA ludaanssendnann Tasiannzdnaansenanndradeniuds
NARDY AL-45 WUANTiFNTiAmnn uazlaianunsoiinszilEdanieses HPLC Al lunsAnumnil (Table 3)
%quaL‘flum@mnLﬂm’lﬁ'ﬁuﬁmiq@ﬂmﬁ’nLﬂﬁ@ﬂ‘ﬁ'@mmLﬁmﬁui*m:miwqmmﬁﬁ@;q (Table 1) iWg1zN198N
WunszununisdnAnysianisazan 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+0.749 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; Al/PE = aluminium laminated
with PE; N/A = Not available

%ﬂﬁmﬂﬁﬁnwﬁmLﬂﬁ@ﬂ’lmwmmﬁ'mmmx/iﬁ‘ﬂmmqzqmmﬁqqﬁﬁlﬁﬂ’]ﬂal,mﬁumﬁm
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Tainedu (Manthey and Xu, 2010) ﬁqﬁué\im@mmmmiﬁdmmﬁmﬂﬁﬁ?miaLmﬁumﬁﬁqmﬁ@ﬂﬁixﬁu
AARIlUTZNININNTUTIBINNZI8N LAZENAFIHARBNILLIUNNTHARENT GABA IﬁLﬁm%uimui:ﬁuﬁﬁw
NIINANAT GABA Lﬁmﬁ«nnmm’mmmmm‘lﬁﬂaﬁu‘ﬁ'@muiu%’m’lmwdwﬂﬂa‘LLﬂﬁLﬂuna‘mﬂQMﬂﬁﬂ
(glutamic acid) LLﬁqgﬂLﬂﬁﬁuLﬂumi GABA Tnaiaulaingsiumaanfuenaias (glutamic acid decarboxylase;
GAD) (Mayer et al.,1990) u@nmﬂﬁmmmwmmiLﬁmiaLm%usl,m“udmfmmﬁ@wmm@ﬁi@miﬂ'@mmﬂ
yaaldsAuliduelus (amide) Tnelilsilalasniaulasd (proteolytic enzyme) LLZQQ,L@VLNW&"INW?QI‘HL‘]_]ul,m@\‘i
”LuimmummumimmmmLfammifammmm@n (Komatsuzaki et al., 2007) efansnn o i 180 784
AAALFNE WU UTNNUANT GABA mmmmqmnmmmmwn,ﬂ@anmm‘l,uqq SGB uaz WPP mmmu
25°C uaz 35°C HAnaglutag 2.00-3.17mg/100g (dry basis) (Table 3) Fa1/3n0u8n3 GABA Tusziusanann
wiasflenfianilenBeau vt Gudu uwinudnfussAuilndiAesiulBunnens GABA 1asdnnansen
el 2.52mg/100g (dry basis) Aisneulng 291 (2552)
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5. MsilazuuilaiaduAaraItnIE199anuegn
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dailaenluns WPP deualvidnnanswaningniamnuudsitesndidnanweningninanaindrnlaeniusem
lune SGB atedltudAnun1vata (p< 0.05) N9NIUIBIANNLTIIastIa1aniegnlun1sAnmll
AAARDINUNANIANEIT8N Pisitkul (2009) N1 l6aN89131 A nudsnesdnarswgninanaindaulaesn (dnn

21908NNER 105 AMNTULTENINL 14% dry basis) Teussqlunenszasutu fuinwnigumngves HeA7

D S5 e
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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 0 180
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 30.31+1.74" 28.61+1.01%" 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)
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