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SAKSIT SONSOMBOONSUK : DEVELOPMENT OF GERMINATED BROWN RICE
PREPARATION METHODS FOR PUFFED RICE PRODUCTION. THESIS ADVISOR :
ASST. PROF. TIRAPORN JUNYUSEN, Ph.D., 151 PP.

Keyword : Puffed Germinated Brown Rice/Cooking Methods/Hydrostatic

Pressure/Expansion/Crispness/Bioactive Compounds

This research aimed to investigate the effects of germinated brown rice (GBR)
preparation methods for enhancing the expansion and crispness of puffed GBR. The
study was divided into two parts. The first part examined the effects of cooking
methods and the second part established the effects of hydrostatic pressure on the
improvement of puffed GBR quality. The results showed that cooking methods
affected the physical and textural properties of puffed GBR. Cooking methods using an
electric rice cooker without and with ultrasonic pretreatment (EC and UEC) and
ultrasonic pretreatment followed by parboiling and steaming (UPS) improved the
expansion and crispness of puffed GBR. These cooking methods caused complete
gelatinization of starch granules contributing to crust formation, which led to the
expansion during puffing. In addition, SR-XTM revealed that puffed EC and puffed UEC
had higher expansion and thinner surface layers than other puffed GBR. Different
cooking methods did not significantly affect the bioactive compounds, including GABA,
gamma-oryzanol, total phenolic compounds, and antioxidant activities of puffed GBR
(p<0.05). However, puffed rice production significantly reduced the bioactive
compounds of puffed GBR when compared with GBR. Hydrostatic pressure
pretreatments of cooked GBR at 2 and 4 bars for 2 and 4 h prior to refrigeration for 0,
4, 24 and 48 h were studied. The results indicated that higher pressure level
pretreatment before 48 h refrigeration increased the crystallinity in starch granules.

Interestingly, hydrostatic pressure at 4 bars for 2 h of cooked GBR significantly increased



the expansion and crispness of puffed GBR (Puffed-4b2h). FE-SEM also showed that
Puffed-4b2h had a smooth surface, high expansion, and large pores. Essentially,
cooking GBR with an electric rice cooker followed by hydrostatic pressure pretreatment

of cooked GBR significantly improved the expansion and crispness of puffed GBR.
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4.14 A wae FE-SEM w849 (A1-4) Puffed-control, (B1-4) Puffed-2bdh, wag (C1-4)
Puffed-ab2h sdurdwenedi 17x, 25x, and 1,500x &Sy (1), (3), uae (2,4)
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1.2 '5’91511]5321»166118\‘1\‘1'114358 (Research objectives)

121 lefnwinavesifnissdadeaudivianienin il wagaisesngninis
PINNVDITINABIIDAND

122 Wemanmziimunzauvesnisldniusulalasaunfnsonisiiuanunesves
Y1INADIDANDY

123 iednwinavesmsldausulalasauninaoaudfniauad nenin wazans

2ONYBINNFININVBIVIINADIIDNNDY

1.3 Y9ULUNU899I1UITY (Scopes of research)

131 dmndessenililunmmasssiliuiannsmzeenddeniusumaen
ud 105 Tagnsuaddniuiu 24 h inzsenuiu 48 h wazsiuislasmsanuanauldanudu
14%

132 Fmsvimesiuldindedusinaslunisliaudeuunusigiudie

133 idugnaiiunisluseauviesdjdfinis (Laboratory scale) winiiu

1.4 @uuAgIUYDIUIY (Research hypotheses)

141 msldmdudanslainUSuanmenindesennaunisnetninaswentieinli
9RTINITNBIALAIUNTBUVBIUINDUNIGITY
142  nisldanudulalasaunfnusuanimdiandessengnnaunisuaiduiia vinli
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1.5 NS9ULUIANUANYDINIUIRY
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ABUNISYININBY WUl Udanwuslaseneluidsess1luviedlu wWetestiausu
£ 2 ) v =3 a ’5 a
AAINUILAWITlATIaTsvealiawls (Starch granules) AANISUINL waLLAALIEA (1987
Alutety) Ju duavinlwansessnlumaatnlsnazivasulaseasramanvaanteluidunuy
= o v & 1 < v - = & = ) ¢ v A
Amorphous Fwihliiiuitdiuvesuand1ivse Endosperm giiuillonauniediu wind1i
NUNSY LA ALAA R MU NIUNNSYINLANAS INTINTIATU kaZYINLAIT AV LA LATIES9
2 v < 1 A o ° v A | vy 2 v
Aeludntiudauswnniy weiluvihmedegldaamgiiasdmalininngluwdatiseme
1 3 a <4 [ I3 £ [y} % @ % Y] a <
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mapufiludiRvenudndnn vldinvesudndniiaunuinazudswusanniy deaveae
Josfuniovzasnisadeuiisenvedlovild vilAnausunisluwdadiifsdunas
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4199, d1usiad, 41a@nd, 1197, e kazdrantes Wuiu dwadeuSunuaisdify
Tudanes laud asiiueuyadase (Antioxidant), #3519, TUsAY, wagludu A unnFAaT
Murgesan & Bhattacharta (1991) #u31n15U5UUTIAUAIMUAAT1INOUNISYITNEIR 18NS
wdndeasyilinnsnesiiveuudadiuduty 15% uissozanlunsudinfdwasnenis
Wa sunUasuiuratseangns n13daam (Bioactive compounds) Jayaraman (2019)
s mIulgnumndnieun s mesiianaging 4 Taens uiindunm 2, 25,
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P0nNTATUYDIANn (Lipid oxidation 138 Oxidative rancidity) wazUfnzenlelnsadavesana



(Lipolysis #138 Hydrolytic rancidity) (Belitz et al., 2009; Sebranek & Neel, 2008) uaﬂmﬂﬁ
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1 (v, 2553) 31n91897UV09 Saha & Roy (2020) Badsmsidnesseraululasimn

Feldwannisnisduazifiouveseyniaiiluudedn yilinaauseutasiialeuiniely

< v
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v A A ad o w 1% D Y v &
N138319ATBINBFI I8N1TNIUINBINIY Hot sand bed agldnsadudnandlunisiniiy
Auseukavihauioudadivunaawuunisitindulunisven saunginldluniswesdife
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conductivity) q\‘lﬂj’lﬁ”}ﬂu sﬁaszi’wLﬁuqmmﬁiumﬁﬁwwaﬂﬁqqﬂdwﬁﬁﬁu PIwanatun1si
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dnamnswansansusiomnsiiduaiuligunmuosuilaeitu uasuyadandeinig
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e

an
A
Y

Formation of voids
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- Steam parboiling

- Electric cooker

inside the grain

Retrogradation Puffed GBR
- Hydrostatic pressure
=) v
- Refrigeration i‘/(
. N Large pores
Drying Salt puffing

Nonporous regions
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2.1 417 (Rice)

2.1.1  dunnfiauazngnuAtansvestna (Origin and botany of rice)
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UAEINIITEAVUIMLLANTY 2500 m BEINTIBNTNGY wazausauanltugiiusemenian
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Evers, 1994)



2.1.2 1assadreveauant1auden (Structure of paddy grain)
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2.1.3  nszulunIsadInasalasn (Processing of paddy for brown rice)
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n1saanv1tUdsn (Parboiling) N15a1nABAILSTOU Usynaua 1
Soaking, Steeping thag Steaming lAsu1NAElTAUT1IV1INTDT1INA 89 TUNITUY VI
frenluifigamniund wiethfeuduszesnamiandunahliAnnisgeduveduiana
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2.1.4 UduNfnananiNunaInat8vaInus 912 (Factors affecting variety

9

difference)

Frvansaneiug iifinsmnzlgnuiegsenuuazinsususlida iy
anmuandeu tnggionniauuuioud uasminzunmamizugnlduatsdaana uagly
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nszneielulgnlufisang q Anludemsmaaeuintruvang neuiaziludgnianiisdy

(Abrol & Gadsil, 1999)
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d" a a = 1Y % < a d' [~ 1 7] [y}
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A AdAo ~ o w | e\ A 4 R ' v L a da
Auniisnwuggaduidesuwasiindasiuiuifivanzuinisinzyantniwas nuaun
o = P & A 9 v a v ) D A aAdd a YR ) A a A
AnwaurannINNuNsaud9aslinanandlaunnITNURARUNS o lusEAULR BN Y YOARUN

wanguinsUandmfe Auwideaviunaitann Aumligaluiusiunieduniey

o (Fertilizers) Jogniunldiuiriieiduaisemssuduiidnanss
luldlunisesgyiavlalaa laesidavesleaziinasenunimyesinedniiieddny uaz
dadunmsnanvesteiinadenunimuestnmeusmnlddadiudlivanzauaydiioandd
yosinitlifisUszasrdsdmasionuianelavestiuslnauazgnaivnsy (Nanda & Agrawal,

2006)
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Paddy Crop

Harvesting &Threshing

—» Paddy Straw

Paddy

Dehusking

~—» Paddy

Dehusking Cleaning

Paddy Husk <

Parboiling L Parbf)iling
in
Drying N
Dehusking
(e
Paddy Husk
SIS, B
| Partial Milling 1
\ | 1
‘ Less than 2% DoM ‘ I
Parboiled N\
~—» Bran
B Ri L 1 1\
R N Brown Rice

Packing & Storage

Partial Milling

Less than 2% DoM

—» Bran

Brown Rice

Packing & Storage

Raw

Brown Rice

i * DoM is Degree of Milling

JUN 2.2 dumeuniswieudninges

(Nambi, Manickavasagan, & Shahir, 2017)
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215 Uaseiinadendnuuandisvasnunindiandas (Factors affecting
brown rice quality difference)
msuandlandieuuansiisluFesautivnanisnin ssduszneumaadl

autAvesininounsgn leauuandamadidunainanadametusdn anmgfienne
wazaluladadelmifiarunsamngiuguazyiuusuasUuussanoiugliidnuazaud

ABIN5

2.1.6 @uUANIINIEAIMYaIdnINges (Physical properties of brown rice)
Praneiugae 4 iinwisegluvietnainazluisesnisvesgnaiingsy
wazuslaaladosAnfleds auinwdn sUTINER WU TWane1d nane v3edu uagdnuuy

aaa

& v =~ & v o v a v a = v &Y o ¥ =
wantMFududaduddyiifesiansanluaudnisuaniug il nsAnwent13duisa
annsaviandymeanuiinunivesvestnle wu Jymisessiuuigdlenmagnidnesn
TutuneunsTna gﬂmwmﬂﬂmaamamn AT sIuanTsasilomaunnla oz

¥

a 2 Ao o
917 LUAANUY ﬂm’ﬂmumuiﬂwawmiﬂamﬂiuammwmiawma

AULANANYBITINNNIBANLAENINALT UB N WaNIINAUAINTAY
vasuginuazdadevisdunnden (izawa, 2008; Mir et al,, 2013) lagausAnisnionm
wazmanadudsiddlunmsundunasiiunsiansadenldlunssuiunisnisudndn
denalaonsatuszauguamvestlugnamvnssusastiudiivuaisanuiianeloves

¥

AuTlnAcIY 1118189719398 N1N13518911U A I T U N BN INNALAZNINIEATNT WD UNALN
1N N3IAETY Msvian wazauienalavesyusina (Mohapatra & Bal, 2006; Correa et
al., 2007; Varnamkhasti et al., 2008) ka¥ANULANANIYDIAUUANINIYNINILLHNA Y1989
Ao NIPUIUNINER MIsguakaiuiny lneanudinerivandiniinieninveuuind1iay
228 TUL599N1509NLUULATBIT D NIFIUNTLUIUNITNISHAR LU NISWENTII NTBULTAS N15UA
d wazgnmsmuuwanensunluestymiiiisiulunszuiunis (Sahay & Singh, 1994; Mir et
al,, 2013) FsanvRmardndnudiAyAen1sasne NSAUSIY LaEAMUIMIUINYOLA3 DIl
1509USU1MS (Thompson & Ross, 1983) 14U A15HaNsuILUILAuEngasudnd1nduds
o cl' = v d' 1 o [ cl' o v @ v
drgildlunisidenldinToswzunsisou uazAuunasunlglunszuiunsdtn waznds
) o é’l’ d'q a I3 v = d; a o w d'
ausanunAuINiuRILasUsiinsresudntUdendslinadAgluiosniseanuuy

LASDIDUBASNTLUIUNT AL aULaZN15YILEY (Shittu et al., 2012)



13

uasinanges (Color properties of brown rice) $1In&estufiafiunnng
fudsly m15197 2.1 Inednuiaudaazddiduegrsdaauauioud @widusidniu
i) Taedniidadihnadiunnisnuigneguuiiuiigs ueveuugiiegiagu ma
nziusenidoanilovesduids lnsialuidoindmvesirindauinien vilvigaudaunn
pszmtinidnidslsisihunszuiumsdndivsslevinidnfidedud Wy Uinanduleeims
uazanseengidoguam Inedduaudfivaneamitddydmiunisdeaulaidonldues
QAANMNTTUUALEUT LA wazdresindududafivsvendusslevivestu (Sompong et al,
2011) Tnedniiidasdiansiusuyadase (Antioxidant) snnnindnaitlifid deduenaaguls
duiifudvesiniuumasesansiueyyadaszainsssuwd (Moko et al, 2014) B5lunis
Iirseiisesdvesdnuansen L¥, a* wag b* anuusnasvesdiudadiienadunauiain

AULANAINTBIEETUT D9AUTENBUY waeTaATngludd

M1599 2.1 AFYRIU AU 9

Variety L& a* b* Reference

Chindeul 56.89 5.69 25.24 Lee et al. (2016)

Jehlum 66.98 4.19 23.42 Mir et al. (2016)

SKAU-345 63.95 4.69 23.59

SKAU-382 62.42 5.04 22.28

Khao Dawk Mali 105 59.00 3.1 18.00 Sirisoontaralak et al.
(2015)

SR-1 58.10 7.73 23.95 Mir et al. (2013)

Pusa-3 55.99 7.44 25.33

Koshar 63.02 6.25 26.29

ITA 150 81.31 1.81 21.80 Shittu et al. (2012)

ITA 301 82.90 2.29 21.21

WAB 189 72.35 2.58 19.79

WAB 450 80.34 2.09 20.53
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2.1.7 29AUsZNBUNINLATVRIT19nAaDe (Chemical compositions of brown
rice)
safUsznaumamiivesdnndasdinuuanaileswinanuuansisve iy

uazAanndonuinaiivgn Tnsdmndesdulsznaulueduressh 6 - 7% ayndnn 2 - 3%
waziad1aUsyanas 90% (Chen et al., 1998) waziamsudussrusznoundnuesdndas
wavduiililaanisvedne Wshu lodu 181 @ulvewns andu Feuludnndesunnnind
07 uazdandestusgauludeiniiu ussn wagnsnosdiluddy (Liu et al., 2009; Mir
et al,, 2016) lngluszninnisdadvndesdudnunaziinnsgadeveddusiu 28.6%
LATIISIN 84.7% (Lamberts et al,, 2007) s etuvesiringaulufe Fnndiu ussnn ua

Y o 1

dileemns Tolamzdnuaaduiifuiingauldfesmmanuasdned Tuvazidnd
viossazgeuiludae Tusfiugs lusfu wasiduloven Tasdwardldduanueulnlesedy
(Anthocyanin) Gaflgniduoyyadassiiiuuselonidoqunn wazlusiufiludnasiidun
flanssanamivdalusiuiiuiinaluting 6.5% — 8.7% wifiaunsounnsnanildidesnn
a8 (Cao et al,, 2004; Mir et al,, 2016) TusnuanussvesIinalusiuorafunaun
31N YARUFT ms%’mﬁsﬁnﬁﬁwaﬁiamsgmujl,ﬁadauﬁL’f;lu%guif’waqm% (Zhou et al., 2002)
FalusAuaziogunnludu Subaleurone Bsaglusrinvonuda wasfidudeseyluad
Aleurone (Azhakanandam et al., 2000) wazlUsiundnduiinuussloniinnneeind
ﬂ%ummmamﬂamamsmazﬁiuuazﬁla@uqaﬂdﬂuﬁ’@ﬁwﬁmﬁu 9 (Mohan et al,, 2010)
suddfnfiasnuldinnluturossidiaiienats 20% Tasura Ineewizly Lipid bodies wae
Spherosomes lagUsinuvesdiinluiiindedieguszanm 0.5% - 3.5% (Dendy, 2005) i
luswideves Charoenthaikij et al. (2012) s18uitUsunvesdiavesdatindssioy
TEWIN9 2.65% — 3.24% U Mir et al. (2016) T1891u3180 08581314 2.38 - 2.84% wazly
dndosennuin 51% vesindugnauluayndm 320 lusin uay 17% luidednn Tnedm
ndesUszneulussinfiugedssndunesisnevesyuddsindufaznuludinded
11NN A LLazﬁé’h'gﬂé’mﬂgmf]mmﬁmmmaﬁmﬁu B1, B2, B3 uay Imdudu 9 R
1113389949 Deepa et al. (2008) naaoul3 paszAvinfiudinuludinndos 3 aeiug Ao
Njavara, Jyothi kag IR 64 lags1891u31US U MveIndu Bl ag4195¥1319 0.04 - 0.05
mg/ 100g T¢18iu B2 581219 0.053 — 0.071 mg/100 ¢ 108U B3 T¥1119 4.68 — 7.32
mg/100 g waNIALNANIZNIN 0.04 — 0.05 me/100 g ae1alsAnud1ranenug Njavara il
USuauuesinniiu B gafiesening 27 - 32%, Ianilu B2 s81ine 4 - 25% uaginniiu B3

JEWIN 2 - 36% WawSeuiieuiudn 2 aneiug
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2.1.7.1 aslulawnse (Carbohydrate)

v A

andlulamsmduesdusynaundnvesdiuassayfie Tudiuidus
yostmaziivsunanduloteiiwaglaa (Hemicellulose) 1nfigauseanm 1.4 — 2.1% uaxdl
Pentosans 43% nsza18agludusidiuay 8% luaynd 1 Uuliano et al., 1964) §aiad
waglaafinzaenndisnainues Arabinose/xylose Wiy 1.8 uarludurosiidnlsenon
ushenuanlnauazlusiu drusiivaglaafiazaneldlusanlaUsznouseesstlua 37%
lolaa 34% uaznuanlng 11% wagludnndesdsusznaulumeuiinamaglaafigaUszana
62% Tusnim wagilansududruuszneundnluinddoziilamadiu 25 - 50% uazesilaa
30 - 60% lnenimiin TneludnndesiidwitlalyinatanuniiogUssam 0.8 - 1.4% &s
0.1 - 0.13% Juthaaifduazdmlngidunglea wagsnlnaluvdinaudntos wagdn

v Y]

naesdusznoulumelvfulssana 0.2% JadudiulssnavdAguesdust waznsalsly

'
=]

Thedsnidunsatnaadnnaniut1ndesduseanad 2 — 3% Lazdunuseunn 0.2 — 0.3%

wariinsafeandlsluianaanusyaad 0.01% va9913nase (Juliano et al., 1964)

2.1.7.2 Ws#u (Protein)

F1naeaUsenaunlglusiu 8 - 15% (W midnua) 49 14% ag
n3¥1eileglusIt Fesrvnnazayndiludindesdusunaladug anduazinsangand
nendrueulaalsuiidunds (ledm) Inensdnumideanavdrdndsduuunisnsgane
nsnerdlumangiu diutindeswazdndaddiulngiisluuuveinsaerdlunuuiieiu
sglsfimnunsaezliluvvinlnaanzegidsladuianuduiusivlunsay wiviunalnls
a aa = = U v 6 a U a = 3 ¥ ¥ =
Fuuagiasvarduiinnuduiuslugavindudsinalusiunmuavesdiindes Tnglusau
nndndulngdunguwandadulusiuiiazasluag (78 - 79%) Inayduniavarsluinde
(10 - 11%) uagdaydufiagarvuile (7 - 8%) wardruniazarvluneansgedirtoeiign
(3%) Bedsunadayiiuwaginayaulutnndestiganindnntedlagaziiaududuninluayn
¥ ] [ ! a a Ao a a A a < !
T1uardueglsy dndiuusunavedusiulidaylivuaslnaydugeaiusnauoure ALl
Aee 9 anaslidawdnlndaudnansvesudnluvusiUsuiunginduasuniuiy wazn1s

nszneitvesdayiuieglusnitnn 51% luvuesinisnszanelnayfuiley 40% Tus1d13as

Y

v 3 =

Inayduusgnaumensangminuaze1sitdu 43% Fandu 4 - 9% uag 6.6% winleily

waznsnsraefvesiusaiulieguszana 21% Tusiind Tuvugiinisnszanenguwauileylu

I =

$1iies 5% Fenguwauiumvinluanagsfigauaziinsaueaursfnuazngaiinidunsnes

9

a

[ [

Tunanifieglungwdu lnedaduvedlusiuniazargilasudsdunudsunalusAuniuay

1 = [ a a a < a' dl( ] [y} ¥ ¥ =]
LsuummﬂuﬂimmﬂqLmauLLazT,Usmmuﬂmeuwuﬂu wazlutusenaumelusauUs s
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60% lusiu 10 - 28% uazailulawnsn 12 - 29% wieuriudl w1 nInlslutheddn wealwd
Un nsnlufin wagluedudntios (Tanaka et al, 1980) warlutnndesiilusiuiiusznause
dndruveininesilly 4 sgne daylulivsunaladuasan aumengwau Inaydu uaslus
anfiu dru3inadayiugsdudmalvlafugeduuasusuunsangaiindiasd sazsiouds

A mlUsaunATUluIyNuazs191 g

2.1.7.3 u3s1AuazINNdU (Vitamins and minerals)
s duansemmsddglunsaniuiinvesyvduaznisaniu
ANTTUAIN 9 Y8339 Ingdrulsenauvenistnludiluey fuaisemisvesnunlyly
nsinzUgnuazn1sasiula (Heinemann et al., 2005; Wang et al., 2011) 3InA15¥11N13
a ¢ ¥ ¥ 1% IS a A N o
AT18YT1INd0e Usenauluaie vesuas nuvaley wuntidey luhsy Weanesa way
faned FaUSTUIUUINNITNITHIUNITTAE FeannuvaInateuanssnludiIndasnay

Usunaussraidunanianniug91d wazdawindau (Huang et al, 2016) Tuauidaaas

q
<

Antoine et al. (2012) 31As12¥917 25 aeiiug Wiens1am 36 uis1mandusazlisndulae

(%
v v A

THwedafiuansetusazssnuduaimdednuninasdndeswmudwusdl wnaleuien
127 mg/kg uag 104 me/kg, NoLAdiiAT 1.65 me/ke WAy 2.96 me/ke, WANIA1 22.3 me/ke
way 20.1 me/kg, wuntideuudiai 371 mg/kg hag 1205 me/kg, kugn1tadia 10.5 me/kg
wag 26.5 me/ke, WAUANLIAT 0.790 me/ ke wag 0.770 me/ke, Woanasaiia1 1203 me/kg
wag 3361 me/kg, Inunal@suiiAn 913 me/kg Wag 2157 me/kg, TaLllauiiaAn 0.108 me/kg

a I

wag 0.131 me/ke, lotAsudlan 6.00 me/kg wag 15.1 mg/kg, datnasiai 1131 mg/ke uag

1291 mg/kg wagdanzdiimn 15.6 me/kg way 20.2 me/kg Gi'qui’fwaﬂa”aﬂﬁfuqmlﬂé’ml,ljﬁm

(%
Y [y

WnneuaziinAgnannINsiudssmudsiignisanleniainn1izynlnruinisuas Yoy

qﬁumwﬁu 9 (Mir et al., 2016)

2.1.7.4 a15a1uayyadaszlud1indas (Antioxidant properties of

brown rice)
fnsfinwiieliuszuiainglaseyiinisuilaatinaeslsunmas
ilanuduiuslunisananudeinisiialsnsesy (Anderson, 2013) WAXAITNARDUNI

a oA I & o &0 & dda a v Y

550319189171 Ansidulsaseseianluiuiiidnisuslnat1indedenaluna
Woawnanasiueyyadasyludii lnedigndnliduunasvesansdueuyadaseni
595UYIANTAINLANIZ67 (Chotimarkorn et al., 2008) & 4il@1599NNE NNFININ LU

a15Usznouvesiluadn wWaliuses woulnlwendu Tuswaulslesndnu Wnlaflseawazlasan
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uea (Slavin, 2003) lngngnuaidnsnnvesudninaziegluduvesiiniseneuluse
Furesirdiuazayndn wagtiagtudiduemandnuesuszeinslan fedanudidalu
Fesnsliansinueyyadasuiinseneluudiaz fusasdsusznoulufeduloemsiluzie
Wiasnaluszuumaiuemsvesyudviilitul uasddamansdeslunssnviguainaes
slauaznaonden dasslomidmmnnavedlusiinuazazyndndsiuderhmsdndfaz
Iﬁqmﬁaﬂmﬂsdmﬁﬁlﬂ (Champagne et al., 2004) Tus1u398v049 Liu (2004) wag Kim et
al. (2012) euitansUszneuiluedndifidrutaslunsiiudszans nmnwosnisiueyya
dase uarilnuddefinanindndesdiansuszneuiiuednuazauaisusalunisiueyya
Baszanningafiniun1stnEud (Shen et al, 2009; Zhang et al,, 2010) @ruarsuaulvly
griudiulnglutnindesusznaulusieans Cyanidin-3-gluoside way Peonidin-3-glucoside

wazansusenoumalignsaueuyadaseeg uauda (Hu et al, 2003; Zhu et al., 2010)

I
v v vV v

fatuT1INanIR b suANUaLlanInNItleInUselovd Tnefiauisevas Mir et al. (2016)
MmihnsneaeumUsinaesasinuenyasaselutnges Jamuasusenauiluedniavund
A19E581I19 0.81 - 1.64 mgGAE/g WahauesnlAmagsening 50.67 - 79.41 ug catechin/g

LazaNTeaNgVISAUBULadATEATEANNLYA8ETENINN 46.18 - 70.51%

d15Usznoud usdnlud19naas (Phenolic components in
brown rice)

a a & aa v aov o
AULAYLUUUTLNANUAIINUNAINVAYVBIVIIUIN ATUNITILLA YT

v Y

fud1n (Hyderabad, India) \Uawmed1 28.31% vosaneiiugtnivianun 12,750 anewug Ju

'
14 aaa 1

Y1NE 19U Juae 10.48% durma 9.41% g 8.40% (Anonymous, 1998) Tuduiasdinis
gndniussegaunsvatenimeuld Miwmengiueenieanile wagngiunn diugidm

gnugnunntusgudyseniemgiueenuasnianeuldvesduie Ined1iaienug Njavara 1lu
INfdasInaunemaznsinnddldnvurdunaisidnuazugnianigiun Kerala gail

dnwazlaNIgiININ NUITEvesMurthy (2001) tasigaruindinistdinmenusilunisinm

(%

Aasiafnegeusnglusesnsléilueiogsimludufinveantdsde Ashtanga hrudayam

¥
v A v

(Vagbhatta, circa 400 — 500 A.D.) Fsauitawvestiusidsldlunisnmssnwuazdesiu

9

a

Wi Mssnwanudenvenaiuile snwniadse Snwnanfiilulsalafinans Snwunanmes

1%
f v aa a

waglsarvila wagwngiugngasevnindiunyes uastiiugdallilansniaaiings W ais
Trlan ansiueyyadaszuazasaunsdnauileiIguliiguiutniiiugdy 9 (Smitha et
al, 2013) luau3deuee Deepa et al. (2012) lasrusindeyavestiiugae 4 lned1iuns

Wug Jyothi HUSunawesansusenauiiuednuinndndnalaid IR 64 wazawideves Reddy et
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al. (1995) 518U AUS Testa dnguuadansusznaunadwes oA TUsueulslyend
fiu drndndmiddihadunedgnimansdnumas leenananldidnndesiuasivim
asomsnnigll wu Wsfiu Indunazuisin le3enuea nleilsea uazueoulsls
e1ilu sy (Suzuki et al., 2004; Yoshida et al., 2010)

nsauadn (Phenolic acids)
= a [ a adaa =) I
nsafuednluasusenavaslsndniill 1 ssuuduiasvylasnsen
= = a v & I3 v ¢ a 2 a a = I
¥ lnensafuednuaedudulueyiusvesnsauulednriensaduuniin Geaunsauusoen
Ihdu 2 ngulue 9 Ao nsalansendiuuleBnuaznsalonsondduuiin lnensaflusdniiny

Tudny laun nsawisan nsaii-aunsn, nsmanliadn, nsaandn, ninlesen, nsaluslaniay

i
Aad o

an «a1 uazlun1sAnwives Irakli et al. (2016) s1891u31@15UsENOUYRIT 1IN TF U UL

mnuannsalunsiueyyadaszgeaninileieuiudnilifid uaznsamsandunsafiuedn

nanvesi1neiialagludnddiinsalusinaungdnuazniadnluliunungaindidniung
v I = a L ° Y aw a - o 9 Y a

war 17 laldld LLazﬂiquaaﬂaaﬂqwﬁmaiNmsflmwmmwmuaumaaaszwmwﬂwmmmm

Femeidosainniseandintureaid esuwaduaziiule waziissauiinsamezand

Aneamlunisansedvvesarsilvidniauuiwia Wy nseanunaudy £2 uagiilesen

Luai’l‘EJ (Ou et al., 2003)

TUsuaulsloeiifiu (Proanthocyanidins)

TsuoulsloendfuAeunuiudududadulodlnuesvielndiuesves
Flavan-3-ols Fsilegludndnuazmdniivnsznadaunuis nelassairaddauvinlifions
fusyyadastiudaunssiign Tnemluudransiusueulslvedfutnmuludniunauslsingly
WugY13@e1 (Finocchiaro et al., 2007) 31nNsANYINUNITAATUVRIANTIUTHaUlslge Ry
Tumafuemsudsannsaaeiaesledlnmes (0P 3 - 6) luanmiedendidunsnves
N3ENIZDIMTS (Spencer et al., 2000) kAN 15aR1EAIvBINBLNRS (DP > 10) Ingqdunsd
Tudnld3dvinadsioquain wazans ATy (Catechins) Wunildulusueulsleendfuilan
whuwasdimiinluanamasldsuaruadlaegnannidesnniuasonsannnevasaidoniiu

uarALaNNsaluN1sTUBULABATYYRIaNTAU (Sun et al., 1998)

Wanlauewd (Flavonoids)
Waluseadlassasneiludasesnng 15 msuaudslsenaunie 2
Juwnuidauazimuewmelsleadn laswailiusedninuiiniigadevailu Waliues

wazlnalaled (Bravo, 1998) Fslunguimaiivsenaunig Wailiu (gledu, aefiddi) wanla
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Tuu (lus8du, wnseny, ealalsiy, U15uanY) Wailiusa (AT NY, wAuUiNasea)
Flavan-3-ols (A3, RANTY, wnalanmndw) woulskwendy (lwendau, Aa1sindnu, A

a

yiaw) wavlelevaliu (atdala, ladu) Tuawideves Shen et al. (2009) las1e91uin
Usnamathmessludndsiagnidinuiues fafudvesinenninnnmsazanves
woulsleeiiu (Furukawa et al., 2007) uazoraduamnueslsuamaliuesd Faanswan
T,’Ju@8ﬁﬁqw'ﬁsﬁmawaﬁaizLLaséhumL%q (Dykes & Rooney 2007; Hu et al., 2003) wagil
uATeRguLeulsleeiunufina i siuinenaluessaiiani @ didnwvadude
Audleanifiazansluinly wazweulsloeniuiuldsunisvensuinfuaiunauvosemsd
a'ﬂLﬁ%uqmmwLﬁaﬂmﬂﬁqwéé}’ma%aﬁass (Satue-Gracia et al., 1997) Aunz153 (Zhao et
al., 2004) gvsanimaluden (Tsuda et al, 2003) wazgnddIuN1TENLEU (Tsuda et al.,

2002)

2.1.8 auﬁa%ad‘ﬁ'\%ﬂﬁmmqu (Cooking properties of brown rice)
ddiunnzgnuilaandainnisvignudlegislsinuantAvesdnand
AnuuAnsstuLdeaIaInAImaIN AN v Az Ug N9 sl nasau A LAdl
eI LazALLANGsYesautiAd1mgn dannnudesnisinindesegniinintuiesnn
Faufianuldladesquaimannd uwezdeanisemsiifvsslovidoguainsanianisiu

ansomsiiissne nedndusmswand miudszvnslaeisnienganassuaisemisiil

& v | =

Useleniidnsaniefenissuusemulugduuuresiimeantenunmuesiaegnidunidy

[ a 1

Uaduddgyindnsonaufinelavesiuslaa (Soponronnarit et al., 2008) Fan1svirgnilu

o

'
v a

nszvIunsddgivihlvlidwaseniloduianfainisveandadnlaswdadmuizsiasn

o

A28UINUSUIUTDEUIDUINBANANAUANUINAVDITNT LAY AIUUTENDUNENYDIV1IADEANTY
P ¢ o oA A a a ¢ & v ) .
Fafleerusenoundn fe avillaa wavesilaimafiu laganisyveauuantiasiludigady
AUY UkaziAn15UINvenea lusenI19n1sn et 899115 ALeaa wluie Ty
(Gelatinization) (Yadav & Jindal, 2007) uazeziilaaluvaznidnazuandieanunainde
4 A @ Ly a = Ly 1 al a Ao I =3 4
49157 wazllaldudiaagiinnsAud (Retrogrades) uioziilamaiundinsagludaanisy
TneUSunaeseziilaaduiddgyfivsuanfsnaninuesdn Juliano, 1985) uavd1indssdl
fYuvestnuanaiudslantivesdninagniunnsineiunie wazdwmanuianelase
v = a Y] PV a A a ' a aa
AMAIMYBIT1IENT 01l Uade laun glivsemeuvasfivgn vie nquAuinIuniiaIg
FnsrANugLay TSI (Soponronnarit et al., 2008) wazianfildlunisuidanasionity
' v v ) & v A & ada
LANANYDITIIVIENIAEANNGNVEITIIFUNAIN 90% Veawdnt1dlailidiunsanarsudniidl

v o

1% 1 A va o & A 1 a v .
anwaizyu wazaNduduinvunisesnnuuLazaumileaveddl (Shinde et al,,
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2014) Taednndesddldalunisyannnitdnendwaildezuiuanuudaneiures
wannazaaumgdldlunisiiaea Jsdnndeaungilunisifaeamazldiameissnia 20
min d@uiniigaumgilunsiaeaUunaisgldialunisyminndl 20 min (Singh et al,,

2005) Ingn1sgaduinvedwandluszninemsnaduidianunmiidAgymsizazyili

aunsaUszinaumMainduvesUsunstiluseninenmsm

} 724 }2 . .
2.2  9171a9999n (Germinated brown rice)

a av v wa av 1 e & v v | Y &

fva1eaidedeinisanantinliiauseasiuesd1indes 1y veandn dnvaziile
AUAATIVEIU WaZABINISNENTDIMTLAZENTRINOVEN19TINN (Tian et al,, 2004) lnanis
Plumnzeen F9azvinliinn1siUasundas @15tAN310IN @991 nwaen1eUsEany
YY) P [~ A (% a 65" a [ I3
duila FuduNan19INN15AUAUlUSAULALAIS IULELMTA LaTNISAANISEILASIZTUDY
a15U5ENaUN19TInIN nn1sizendeagliiinuTunaasemis loun Iandiu ussw
Hulgams wara130eNgNENINTININ WU NIANSAN (Ferulic acid) @1501U1 @1SWANLI-

loswuea uay assueuyadase 1usiu (Cho and Lim, 2016)

221 duUANn19Aln18ATNYBIY12na 8998 (Physicochemical properties
germination brown rice)
1na9999n (Germinated brown rice, GBR) 1ARA1NNTI5UNIUIINADITIIUAN
iudlutuiteliiAnniseen (Komatsuzaki et al., 2007) wagiinnisadraeuleslalasladin
(Hydrolytic enzymes) 6‘3@@1sgﬂmsﬁﬂuiwdwmiﬁwaﬂ waglwdweslutnaeuinnig
uwaneenaniuAmdy Tealnueaalsd nsnezdlu uaganseengydmsTanmdy q wazdny
ansonsludnndsssendiiunnnindndnd wu @ulsenms @sniu answnuun-lesenuea
90U waransusenauiluedn %ﬂagsauﬁumﬁﬂu‘%wmﬁﬁﬁn (Wu et al,, 2013) aga1nn1g
afaeulenflelnslafin azluvhanewusylelnsiauigasing q luaewedwesidiminuma
Tuianags Tasiamzansy itofiazantiminualuena wu nglaa uazuealna Wudy
(Induck et al., 2006)

AFNNZ99NVDIT1INABIVIN AL AN NS UR B ULUAIUDIANTNIUATITINN b2
AAINENTRIMNT B9AUTENOUNINAT kagnsviauveseulyl Taalsua1nn1sund1INaedn
'8 o P ° | ' A A
wgtnauNIEIdsIngen (Embryo) @slurmznisinsenazaimananisivdeuniasmaniiogs
170 1BIINLAANTZUIUNIITNNTINMTARERA1TUTENaUAE NS I U NN Tudmsuldlunis

son nediouladllalaslaiin (Hydrolytic enzymes) yihwnthiinseaulazdoeaansluianavun
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Ingjludiuanisy (Starch) dauilaildan1sy (Non-starch) uaglusiu ieanvuialuana lag
Unfidnneunisinizeenaziidinanisy (Starch granules) NiRSeulounaziduiloieniu

% o 3 [y < a I% 1 v A &
wonasninszeenilunan 2 - 4 Ju azannsaunsivasullasldegsdaaunide
ansyngadoninuseuiouiing 1n1uv3eseRIndu (Moongngarm, 2011; Cho and Lim,
2016)

audfnsduguinervesinnndesnsunisinizsenazilassadieveada
s aAa 1y ! oA 9 Y a 1A o Y aa

ansuisesiuetselllowazgndeuseulumelusiu udilevinisimeseniasiasneiizes
fuegwaillasiiazgnyiate Tnendminyinisimizsen 2 Ju flusiurssumeliidesnin
nsviuveseulsdlnsiiledniia (Proteolytic enzyme) uagilinansyaziinuguszan
T wagndsaniinisinzsen 3 Ju sufarguuazgangivsnaiiveudingnsy 91anwse
WAnnslalasada (Hydrolysis) vosamisvaatoulesl (Wu et al,, 2013) La¥WAIRINNTINIE
Y] v 3 s A Y ' [ = ° a & ° v ° va

4 Ju lassadradeanisvniSeaiuegreaidegninateuaglusiuigniiliuan vilvd

LLANAYUIALANANAULAZNUTOLLANTINAREY

222 duUANI9E15019159099 1208 8998n (Nutritional properties of
germination brown rice)
NLNZ99NVRIT1INA 0 LAAAATEUIUNISININAEY (Metabolic activity)

Afsnndu Lﬁu'ul,amﬁ’umi@mﬁ;ﬁ%ﬁnﬂé’aa WlAAnn15Uasuwlasesansiafidinin
Bedeufidiusnegrenudatnlnefinsldifisniuareandiouiidudsddglunismsen
Tngi3uannnsaaneivesansuszneudsdeulveglusuialuudigniudsuduaszddny
(Chavan et al., 1989; Cho and Lim, 2016) I@Uﬂ?iﬁ’m@ﬂﬂgutﬂuﬁﬂLMﬁlﬁlﬁﬂlﬁ’Lﬁﬂﬂ’]i
WasuwUasesesAusenauniaadl anseengninnsdanin nsnesiily sgrsfidudfnyde
Wisuieuiudnndesund tasmisimissendtielunmsastSinanhmananunldsngae
(Moongngarm & Saetung, 2010) azmsinzsentudumsilfaansadsuulauasiin
nMsdansgsivesasusznoulmifioongninisdanings wazdaaslunisfisdiunm
A199IMNTUATAINAYAL LU 1USAY wunflildeu Weanesa Tnuvaldey wagandfnisau
ouyadasy luvusdisatuitannsalulfin (Phytic acid) wagUSuniams$yianun (Chinma et
al., 2015) wazlusuIduee Roohinejad et al. (2009) $1897U31 @1TAIVINAIINYINNTT
W1geand1INdes Malaysian HUSuNa1511U7 1 - 10 me/100g warduTu1auueInIAngmI
finuaglUsiuegsening 10.11 - 15.2 mg/g kae 6.99 — 10.17% MUAWU UagiuIdeves

Ohtsubo et al. (2005) s18aruimuUsnanduleownsyianun 145% Feuszneudiaduledn
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awnsaazanetn 120% wuleilianunsaavareth 150% uavlunuiseves Kayahara et al.
(2001) lalldwuifinsusiansormsiifiegudfifiusniuuigmuasindiivdeseonuniosnin
AsINZIen Beansormsniuduegnaditudda Taun @snun Tadu Sanfiu E duleems
Tuogu wunfiley Fmdu Bl uaginniiy B6 uaznudna13n1u1dusunauinndnne 10 wi
Soisuiuine weg 2 wh deifisuiuinndes uastnndosendmuasiueyyadass
naufueaniidestuninind sraoauun ansisesifienduresin sauesiueativae
AuRuUiuszdusesluulutoves uardimnloemnstismunussduinnaluden Josiu
uzSedld wazamensvieayn Bnvisdensedunmsadisanslalundn (Lipotropic) Suduans
Jostulutunizialusninie annsazaulsuimsmusuiminld uaznszdunisinea
vosreuldvie (Pituitary sland) 91nauesdIumiin (Anterior pituitary) fivimtinfiasssesluy

duasunsasyiule nszdunsaiaiielte Lavnszgnlasasavessieniey

2.2.2.1 #135n1U1 (Gamma-aminobutyric acid)

fandesendarsemnsinnineusiiluiladdyresiindessen
fio nsawnuun-ozdludnisn (Gamma-aminobutyric acid) #5en1u7 (GABA) Fufiunsnesd
Tufindna1nnszuaunis Decarboxylation YBINTANGAAN Tnensnilazyimindifuansde
Uszamlusyuudsamaiunanavesn tazansniunvgsimingsnuaugaluaues el
auasHouAay ueuvduauy warlunszdudenlivie fviminindngesluufiaiglunis
Waiulnvessumeriliiinnsasaiedenduidesis q Ingludndesenaeiiansniun
NN INdesUnfitia 2 Whuazannnindvfidiunsd 10 wih (Kayahara et al, 2001)
uagansnuIazedesiuauegninatsainasiudieyluasediudindd aduaunnves
Tsadalowed (Louzada et al, 2004) wena1nd Fefigramisnisunngldhasniundunld
SnunlsaAafussuuUszamang 9 wu nsueubingu lsainndea vieaudn (Jusuy

(n3ng) wagAg, 2561)

waNINMUEliNaITeIUINdvendIanANdulalinuay
anmnudessionisidulsalauasvaoniden nszdelivasaideninubaveu 1deads
Inadoudtu Tsemuausedumnuduladioliund amimidn saelifamssnd nssdussuy
AIAUAUYDIT19NY (Immune system) nsee uA15a31981ulnadu (Hemoglobin) 7du
asUsznouddyludiadenuns (Heme) uazivansanAseninsmaaeumuianauansniun

YBIUNINADILALININADIIBN AINNTNN 2.2
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AN 2.2 WANTSIUSEUTIEUUSUNIUEITNIUNTENINTINADILALUIINABI98N

GABA (mg/100 g sample)

References Germinated Brown
Brown rice
rice
Chatchavanthatri et al. (2021) 0.41 11.90
Moongngarm and Seatung (2010) 23.80 68.40
Chungcharoen et al. (2015) 5.60 27.90

ansnmuniiaudfiensinauvesansaeUssam Tneasiaziin
seminensvheen Faiivansanuddefnwnieifunismisimunganlunmswigaen Wy s
w1 M3U gaumginisiua tilefililddnndesseniiiasemiuay msesngninedanim
Lﬁumﬂﬁﬁu (Komatsuzaki et al., 2007; Mohan, Malleshi, & Koseki, 2010; Watanabe et al.
2004) wagiinanevisevatefiiilddanglunisinizaen (Moongnearm & Saetune, 2010;
Watchararparpaiboon et al., 2010) gelusaures Sirisoontaralak et al. (2015) wuuSuna
A151UNVBIT1INABY 9.6 Mg/100 ¢ T1INaveen 15.0 mg/100 g LLazs?J’nfjﬂﬁmummaﬁw

757199 6.9 - 8.5 Mg/100 g

2.2.2.2 @15unuu-lose1uoa (Gamma-oryzanol)

ansunun loseuea Wuasnauiideufusewuszioamassening
nsagan (Ferulicacid) wazlnsinesWu (Triterpenes) Fedurnnqda 10 vida ¥u
Cycloartenyl ferulate, 24-methylene cycloartanyl ferulate wag Campestanyl ferulate
Tnganswaniiduansuszneundnuesaisunuun-leseuealudindessen (Jayadeep &
Malleshi, 2011) wazdagUuiinisurarsunuui-leseiusaluldlundndmaiovisuay
\30sd1ensdaiimnuanunsalunisthedndesinanuamanuasetiunisiiniseasauds
Josfiusziunaiaainasonds waziiantilumstudsmsiiensmiuiiu medmdedsuns was
nara 2543) ansyaunsladmasealad (LDL) uazanszaulnsndiwelss wasiauidvues
Cheruvanky et al. 2003 891U TIaTwAL le3euea Paelunisifivgesluumalnanalsy
(Testosterone) Tasf¥guaznsdun1svdseasluuoulaiiu (Endorphin) vaanpssIndu

wardeanAULAL9INNSUlsAYaIALERAT P waziiratsuAnwdluauLasdnian
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a1sUsznouiifiantilunsdueyyadase an LDL-cholesterol uagifia HDL-cholesterol
(Gerhardt & Gallo, 1998; Rong et al.,, 1997; Wilson et al,, 2002) wazdsduszlomilusoq
¥89n15978aANsL AR 8en Jestuidoaniln d1un158nLEU (Lerma et al, 2009) 971
UITeeY Caceres et al. (2017) WUUSUNRIENTLANLN- 1038 1U0ABT1INdB98NTI¥
WALUU Freeze dried Wag Sun dried A® 9.20 — 9.64 mg/100 ¢ uag 14.08 — 18.18 mg/100
g a1 wazluideaad Lee et al. (2007) $1891U3NSVIINISIIZIoNIIRUT U @I
WNUH-LeSY11eaTBIUINUT Keunneun Uag Heukgwangbyeo Wity 1.5 wh waz 1.9 Wi

a o

pealitdAY

2.2.2.3 USanaansusznauilueans anun (Total phenolic compounds,

TPQO)
ansusznaviiuednduaisusznauiifieeslsuifin (Aromatic ring)
Fail 1 JuuBuLavylasnsenda (Hydroxyl sroup) fiuay fusansuszneufiuedndue lag
Tnssadsilirefigade nInfluedn wazarsuszneuiiuednifunandaiildaniinnszuiunisia
WveATuvesisiiinlufanssusing o vesity wWu nmstesfunazsodudonelsauazingd
MsfsgauLaiienauinas nsdosiufainuasuan Wud (Bravo, 1998; Parr & Bolwell,
2000) lagansusznauituednymiinilunisdostumainujiseisendindu Seinlings
Uffsengnlevesanseyyadaszialandmduasiueyyadass Jsrelunstestunising
FraDAIULT 831598 UTeIR? uarILATEYes Tian, Nakamura & Kayahara (2004)
$1897Ua@sUsERe U uedniUsylovinesnenie wu Jesdulsaiilavaiden Jasdu
IsAngiSauazanauideues Caceres et al. (2017) wuuSunaensusznauTluednisnun ves

F1ndessendiviuiawuy Freeze dried wae Sun dried e 176.48 — 382.99 me GAE/100 g

way 190.29 — 429.34 mg GAE/100 g ANAAU

2.2.2.4 gmsynusianisdesnlgioulys (Resistant starch)
dmsvermsuszinnuly ﬁ@’u’%hmﬁ’m’;umﬂlﬁmmmﬂ,a}Lﬁ'mﬁ"u
ansenuseanisessnlueulesl (Resistant starch) %qaziajgﬂ@jm%mﬁﬁwlﬁﬁﬂ wagidnluluy
Sldlvgudninmsusing JaaztagluFeweimsinuguninvesdnld wagiislenilunis
Joatulsaieatunismuens Tnsaniz Tsauimu waslsauzsdudldng dduny

994 Sirisoontaralak et al. (2015) wuUSunaamsununaniseasnleaulysl 411nded 0.29
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mg/ 100 g U1Naessan 0.36 mg/ 100 g LLazsﬁ’nﬁmumimﬁ’m’i%ﬁm6‘] 0.47 - 0.74 mg/
100 g KaraINIIUITBVBS Chungcharoen et al. (2015) WuUSUIMEANS BT INUA 71.47 —

74.90 mg/ 100 g

223  mswssudUGensen

o ¥ =) % b4 ;%4 g 1 1 dg’ ¥ 1

tdeninasliaveoinsisinan wazsidamensudansazale 0.1%
loasnlaluaaslsd Wi 10 min ward1sudnladn 3 ase wdrhausluiiayein (Soaking)
Juan 24 h anduthdnfiuguimizsen (Germinating) tngldnszasulunguuasnsuu
YN 9 2 - 3 hiierelianududuinsluseninanisimizsendaiuseunn 80 - 85% lae
JEYLIAININILIDNT1IUIY 48 h Fvililad1iudenseniiisine13sendng 0.1 - 0.5 cm
d‘ vV = ¥ o o Y v aa 1 %4 di’ v
dielatnlensenuaitluyiuiameisnismnuanauninaslanuiuanyinedssann 12
- 18% wazilunzimziUdeanaanmewaiag Rice dehuller (NW 150, Natrawee, Thailand)
eliladnndosiendanzussglugeauginmasasiusnui -20°C newhlUldlunisveaes

sall Aakandlu E‘Uﬁl 2.3 (Chatchavanthatri et al., 2021)
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g1den (Paddy)

!

JamTnUIlannLarinaLan Y (Bnsdudnuden 1 @ : U1 2 @)

widmetnazen (nsidudnwden 1: 1 3) Wunan 0, 2, 4, 6, 8, 12, 24 h

9aunnA 30°C uay 40°C

AMuhanuazentnautiitaldlunssasut uieyinnisungildanian

!

'g‘dﬁ 2.3 Tumaun1sHantIIGeNgeN
(Chatchavanthatri et al., 2021)
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nswnednUdenivisen wsuumn 9 3 Fludldiaannizdn 44 $alus aglatn

9NNLTINEMUTELI 0.5 — 1 cm

o v o & Y & 1 a < A A o a ¢ 1 1
U']GU’]’JVI’JWF’YJ’]SJ%ULLWJLﬂ‘Uiﬁi]\‘i“d‘Ua’E]ﬂ LWE]‘VI"U%U']hJ’JLﬂi'WWﬂ']G]'N i

SUN 2.3 JunpuniskandlUiensen (se)

(Chatchavanthatri et al., 2021)
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}74 .
2.3 919094 (Puffed rice)
] e a fa v o w v oA v ~ 1) = =
F1INes Muede Kandunnlannsitmsetmleinvelign Haunnnse
aulviwiudnihumeavsemlvinesis JUN 2.4 udrenathaqnivdiunauveiniiniauag
Ql‘ d‘ = a a & | d' 1 ) v} I3
WULWEALAEIVUMTEINBLVNNE LA AUANFUDIMITUIDEIUUTENBUDU bTU 917 DAL
| v & & v & Y Yo a ~ ialay Al Y a |
iy Aaidugy Panesduruninduinlasuanudenludeldndnduun lneguslnagdiu
Ingjazlonuilaadusun Weosnduindeniivislnaanudnduniludunadsegunin
1 Ly GIJ o U Ql' o v Y Vo = 4 o
ag e ulTmen wasmanadAgyvilitinedlasuauaula de (1) Tvamns dramesin
v v Ao = ~ a ’~ ~ = v 2w
nTIndesiadegun Wesnnileamisludimuaiaznisuilnaiiesasaiientuii
= 1 a [ =l @ @ d'd ) Y oal 1 [y} [ % v I~ 1
WgsweamnaUsinasyiivfumaaniinisuugiliusinaneiu (2) waseu 93adunraves
mslulawnse Aaluddvmdsnulanaeanaiu unnd1ainsyivdy  Nasgndaylaegia
I a6 v v & o A Aa o ) A v H Y] ~ v
590657 (3) WAADSAN U1INBITALTUAILABNTAAAINTUAUN A BIN1TAaRUINEN LTl o9a1nTA
wAaSA AN tuddruUsenauvedluiiy dnvaderrelid vy Fearu1snannisnu
= o < c v '3 = & v
wenwiloananudnlu uaz (4) anusslevddiueisual uenwileanUssleviiugunn
v v a0 1 v Y 1 al 1 '3 4‘
ganesdadidrutislusuvesesuallidusg1ed Yaglunisavnueisual 1Woa1nng

Uslnatnasddrutiglunsnasansiudseaimegnaglsindugaddudislunisusul g

215Ul

v uiunidluduiiddnyfigauesonamnssuening mIsenuuuILLLULAE
Tudagtiuenaidunszurunsidudeulunisnovausssadounaraumeaniswesguiinad
Waguwlasly uaznsdumunsdsilimiloulasdsiagalagauldvainvans fudnvuuay
Aurdalngldmeluladiflegursguuuuduiiugrulunisaimdndusisunaufsuay
paANATLIULUUAT 9 aeiiunindnealiugunineestustuiAe warluilagtuiina
aulegedaiiiodlunisannisusinaleduluemisauidsniluganudosntsndn S
madeniianansoliideduiavesemisnen (Moraru & Kokini, 2003) wagnsviwesdade
Tonalwasamansusivunauiieaiiversoonly Fsueninnidleduiawdaddlidedifuily
nsfusnudiulsznounislagunnisiiadusassavAfiasudau (Gulati & Datta, 2016;
Moraru & Kokini, 2003; Sagar & Suresh Kumar, 2010) Tagn1snasdalaeilunuisds
Auannsnvasianeslunisuensuiinsdudownannsud sunuasmestinain

[

vounaluledinisasumaiinlugusainadunigluivinliusunnsiaudu wazqnd Aty

o

< a

aghailamiluganudnsavasnisnesifeniswasuwlategssiniivesgungiiviseaiy
A (Whalen, 1992; Yewale & Chattopadhyay, 2013) Tun1swesdininisliaiusoustng

JULIRzII IR URULANTURE 19590157 Tnenswesidwihlindndulisanfneeusule
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wazdinduneuiifaneladundadnenduiagniousuusemunusednsouds awnse
vnldlusmsvuaes waglddmsuduingfvdmsunmsimuieimis fregrawenisldy
NSLUIUNITNBIAT LAKA ASHARU1INDS (Hoke et al., 2005) YuuvUAEINdLAIN LU Ual

ABSU T1ImaN 11N 91MNe dEdeu Auvdeses waziivnsznacidu o Wunlluuseng

Y

[ )

110 (Anderson, 1971; Jaybhaye et al., 2014) TngvilUindnsyivaznoslanieuaieis
Town ausou nsesau neatudniusou Tanuseumelulasn wazaedsnisnuniedy
& ' vy o o a & A P ' < °
n13a7 win1sldudulunismesanunsagadunasiufsuduiulaig egrdlsinnunisimes

¥ ¥ ad Y a 2 adal ' < a = Y a o ¢ | v
11991835 A A uIENY s1aldung wagsaasaiign we lvlandndueivesinansoy
$uUsenu Inendnnisnassdunisseidalaenisvasslating1angsiuiunasnisvenud)

vodlovndunsyuiunsireutrndun§inuazldiuegrsunsvaty (Sullivan and Craig,

1984)

23.1 Uadeiiinasenisnasiavasthanes

1INNIANYINALTIAUAINLALATEUVIUNTTAE ) TuN199IT1INB 9009
Pompe et al. (2020) msvenesainananusougs siliiAnmuiunelusudennan
msazauvedlotaindilundnsiue ?ﬁﬁfﬁ'ﬂﬂamiLLﬂﬂ%uﬁnmﬁa wazladelunisnassia
1#un manduiudeniiiienrumun (Crust) Usinannudu avamunvestan uazdnsinig
sumemelutan Tastuudeniivunedniewhmensasannslvasenvasle vilin
sumelufisduuazrsedldfuagmafiuarumvuresiundonhldlasnsaindetiuas
nseuuisluniay uamsidedliifiuiinszuiunsmaadimenin 3 nssuaunsfifldiu
ThiAndurenuden e (a) mainardluedureands (b) nsindeufiveserilaauay
dunauiiazaneliay o Wi waz (o) miméf’gLLazU'%mmmm%uﬁgﬁu%a@mm
wiausamana shliwesialddedu Yagiuuituazmesildoniudesaniaruduniy

yanaLiuTy (Porpe et al,, 2020)



30

JUN 2.4 41ndessenines

2.3.2 UMDY NUNITNIVIIND

=4

¥ [~ A a [~ 1 £
J1wanduideuunnlunalreUszwmadadudiulsenaua1nisign Imagﬂ

1%
a o

wigumevateld wu nshienudeulusinianiigamniigs, Uiy, nie, v3eantnans

9 Y

=Y

dululalasian vselasdunad TuseninanIsneadluant 1z uUSuIRsT unaeiway
nspuvhlilandndaidrinemousulsemunidsnguy sUn 2.5 lunssuiumnessiivesdns

P~ o Ao w & = a v ~ ) ° aa v
wosll UadefidAgy 2 Usznis Aie nisidentlinvesdaimunzauiunsiinealasis ns i

AMUSauluNISYIIND IV IT 1A

= al'

Chinnaswamy & Bhattcharya (1983) M1AN¥1%1aN1IENLAUILAUVDINTT
s 138 uaznsviwes lagyhnsmeassiuiniudeniugdusudildunanmainluuinm
w1n Anduthanyhauazena snliuia (fflanudu 12 - 13% wb) uanfulilunisus
Tangluies fuiinisfigangiives Fsnsvaassionuadiiunis 5 - 10 Weundinnis
e uazdmunsieindon 0.5 - 2 kg gaiulutiszd 2 - 3 L fikiunslfana
$oufi 80°C LLazﬂqum%usﬁaUﬂssaaw@uazﬁaﬁﬁwﬁu (Bhattcharya & Indudhraswamy,
1967) antuszutstieaniarnstadienisia (raddends) viewudeaduivily
granvnss $adeniududignisuunianzunssanduia 10 min Tunfeidsaanudu (0

— 3 barg) @alasunsvaaeulutusiu wazildenAuiu 1.5 barg dusunsAnelun1emnds



31

dusunstiannuseumenste {Juisn1sudnves Al & Bhattcharya (1976)
dmsunisnandineasuusiy Inen1suiimsivasildead e 250 ¢ gnlinuTauIuis
oaumQfiFiosns (200 - 300°C ) luiadesinunuuulddevsudunsinszuenuarlainy
Sougngluihiifiauguszana 1 kg MntumdnnFoniiniudiuszanm 130 ¢ asluiaes
Aog19590157 uagdAengnusuiisnst 80 - 100 seURBWIT MuIATIFEINT (05 -

. = o <@ ¥ 1 1% 1 1% Y @ LY ] .
4.5 min) %99 AUNTLYNUAAVIINDY TDUNTILDDN warvaestilmduandunal 30 min

Ing3snstismglotgnihunldlunisfinuse esnnduisndendnisnig
anseAuioulie TradeniitawsigniiliuidluiesufjuRnsduna 1 - 2 Ju (el
19ANAY 10.5 - 11.0%, w.b. T17TadL) udddluseaun1sd 8 - 10% dmsun1sdnw
muUnd w3e Wlaseaunsddnndesnis Mrvinazgniieen lunisvadeuNansenuALTY
Yostmianfinanalunnsnisvenedy Tldenidaudiazgninusiunidlugiwnaisig g
1Y) J Y v = ¥ v & do oo v v &
AMUlUTENINNTOURIAIAI801NIA N5 NTUTNITINTAF LA (20 ¢ Usumnury 10.5 -
11%) gnvilSeusaensnegu 10 - 20 wirwesdndn (200 - 300°C ) 1wian 10 - 11 s

naMAe unsTRLdBIAnNnen

(@) Puffed product (b)  Half product

Small Pores _ R Small Pores

Large Pore

Small Pores

[

JUT 2.5 dnwaiggniunieluwdnd (a) windnuude (b) drvinweduandinse

=3
LA

(Pompe, Briesen, & Datta, 2020)
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24 @M5y

anfugniniuidudaanisndn o dnulufivuuunegranmnowazialy uazdsdl
A Aydmsunywdlugundudiulsznaundnlueims (Zobel, 1984) Lﬁagﬂﬁﬂﬁ%’au
Tuh¥ou stuszaznindluanavesluanaudsazg nvhatsas Uaeslvimunsiusyes
lelasauduiud Usngmsaifiendt wardlwedu dedududenisldulivlugnainnss
wagn1svinemanUssan lnedidnvazane wu nmsgadeanuduninuaznisinmues
was nsazateveseilaa waznisuinveadinanisviiliaunsadeundulsd (Waigh et al,
2000) Fatuanirisgninnldidusuuiuivesemslugnamnssuemsuasduaisie

AnlugnannIsuay 9

'
] 1

s :Jj % % a 6 = sé a

ansvuuUsENaUAIUAIENadilesTliviiey1vestearif-nglaa (a-D-glucose
units) lawn ezdlaauazezdlamnfudundn lnsezilaadulndwesidaduvesnglaai
=~ I o ao i a a & a 65 1a = v | o adAa
Wensafiunsunils a-1,4 uareriilamaiululndwesldnw@auseneumeldndniiinglaa
dll 1 U d‘ o ! d! b a al al a -qy (Y] ke o a
Wousieiundumie a-1,6 Flasaiananiiveseriilaauazeriilainafuiiuegivaunin
VNG NEAIEATUDIENSBLALAIINAINBY ¢ S¥rInansiasgivlavesiiv i lidnanisod

JUTuAnAiY warlaevludinansyazlisniunsinansiisendt §au (Waigh et al, 1997)

audivaadinenmussamsatufutiads 1iud anuenuazsuuveduanaes
flaauazanelsnsezilamaiu anmssinnesilagersviliinaddnvusimdodusonia
utsimien dernnaneanudseifiangianisusienisi X-ray diffractometry 1us
nfannsnuunsUuuunndenuuiiiatutvansseenidu 3 viia Idun A-type sy
TundeSayie iy 997lwe 91988 wazt1 (Hizukuri et al. 1983; Parker and Ring, 2001) B-
type WUIuLLﬁaﬁmﬁ%ﬁﬁazﬁiaaqﬂ (>50%) way fiw 1y Sudss nendad iau aenth wae
wm%’ﬂw’l (Hizukuri et al., 1983; Parker and Ring, 2001) C-type LLamﬁqgﬂquwamw'jN
A-type way B-type Fsansanuldluiinilesfounasutisvesiivasznam 1wy f1 (Sugimoto
& Watsuji, 2006) azinian (Iwaki & Sugimoto, 2004)

241 nisinataandlutedunaziIinsinsiayu (Gelatinization and
retrogradation)

i oanswldsuainuyouaudsgungdi vl iAnaandluledy

(Gelatinization) agviliiustlalasiauvetuanassiilaawarezilamaiuluanisygnyinany

Laziinnisratei udrsaniuiinliiAnnswesinaziimmiladuiy wazdlouassly

v v

Budadluanassilaguuunieszaatedumuuliinizasdiedeudidunlndiuuazuiy
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meusylalasiauudninilulassassiifidnuaeziluindeng (Double helices) uaziinismney
W1eenanluana (Syneresis) 158031 Snsnsiadu (Retrogradation)  1aszewtiamuly

nsrvIUMSinsmansinduiindudmaliindelgniinannsdnsesidludinnumuiugy

a

WINVY (8380, 2555) A UM 2.6

temperature amorphous

©) X “.‘5“‘ amorphous 1,8

120 structure . -

/' amylose-lipid-
complex

100 ﬁa

50

_L.. semicrystalline

gelatinization/ melting Tg

glass transition

recrystallization
- AP

crystalline

native - gelatinized starch

time of processing/ storage

a

a o o ¢ ! ‘:4' & s
JUT 2.6 Anuduiusseninnisiasuslasdnansvuazanmgll

U

(Schirmer et al., 2015)

2.4.1.1 myfAngnigafunisiaeani i du

nsAneAatumsitaufeusilethiuiwdendidanudy
nEnauAsudueduguidesmnmaiiansuinthuasnasusufunuulidoundu Tnenis
Wasuwlasiaviinldfaaeds wu nisudlutiideu nasliaiudeudielevilausue
(Himmelsbach et al., 2008; Ayamdoo et al., 2013) LarA5iedn Fe3twanidunayinls
Aneaadlueduluanisuazyiliivinvemandafiudu (Wu et al, 2002) wazlusening
miLﬁ@Lﬁ]am@luLedsi'fuﬁﬂﬁl,ﬁmam%mﬂL%amaaLmniﬁaﬁw?faLﬁuié’%’miuﬁwﬁuauﬁaﬁ?fn
(Bauer & Knorr, 2004; Ituen & Ukpakha, 2011) kaza1n41u798U84 Pompe et al. (2020)
o3unafgfunsiAnaadlueduvesansairnunisiauteudielethdmalfugnd

TAMUBUUNUTIUTURITY waENISANLAAR MY TURUINTUT AN A TRAIN UL UUATUR
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WsNnAUBIi e savinedlanetume Larndainnsiinmaadludu ilvdai
Aveawdntiarlumesilaauaresivszneuiiaunsoazaistildunsiuimuarieiuusion

R0 0UAATTWIN USRI AN UL NTY

2.4.1.2 msAnwigatiunsiinsinsnsiadu

nsfnwdagtusansliviuisnnudidyvesaamgilunisiaging
LN3LAYU (Bosmans, Lagrain, Fierens, & Delcour, 2013; Hesso et al., 2015) ffnansenuse
Usinanhuarsnsnsiindinsinsinduresanidy fnuiseneasuunuimvedasiielusiu
WAYANULVBIANTVIIUAUNISLARS INSATATY (Bosmans et al,, 2013) Immﬂﬁqmmﬁﬁw
watuayumanssneivesesilaauarozilameiuiigiduiazinanaatuinnduuiai
LLu'umb’l (Besbes, Jury, Monteau, & Le Bail, 2014; Besbes et al., 2016; Bosmans et al,,
2013; Patel, Waniska, & Seetharaman, 2005)

242 MIPNEINENNTUEBNLUAIRIEATSY

2.4.2.1 n1531A51eRlAssas 1A vasansvlneldarnenind ugas
duUWI1L5a (Synchrotron-radiation-based Fourier transform

infrared, SR-FTIR)
91N9UI98989 Kongmon et al. (2020) o5urefisnslainatinnis
AndusddunsuIa (Infrared absorption, IR) veslatana Insedensduresiusyniaai
(Chemical bonding vibration) wensdunuuda (Stretching vibration) LAZNISAURUULE
(Bending vibration) ﬁqﬁﬂwﬁumaqﬁuﬁzLﬂﬁﬁLﬁﬂmﬂm'5@@ﬂﬁuwé’wmﬁummﬂﬁmmﬁ
La‘wwﬁ]wi’ﬂﬁmwsuﬁmawzﬂ'wﬁ’lﬁ (Functional group) vasldtananislulaseasiaves
a1389uUn3Y lnsuansanuizaunnsu (Spectrum) ﬁﬁmi@mﬂﬁuwé’aamﬁumwLimmmmﬁ
vioiaundu (Wavenumber) uaninsdu Tnenansliidufia (Peak) vosanadu (Spectrum)
Tuwdazgaaiunsavsvenisesddsznoumaadl i unnd19dy 1wy arslulainse
(carbohydrates) 1Usfiu (proteins) wazadia (Lipids) %ﬂﬁﬁﬁ@g’luﬂmamﬂm%’mmdw 1200 -
800 cm™ 1700 - 1500 cm® tiag 3000 — 2800 cm MINEINU WazaINIUILVDY Kong &
Yu (2007) s unedenissuunlusfiuusazsin Taed Amide | was Amide Il Faaunsany

Tulurnarueaay 1600 — 1690 el wag 1480 — 1575 cm! muansu
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2.4.2.2 151U T UNAnVaEan1s YA 28mATlA Wide-angle X-ray
scattering (WAXS)
NWITeV09 Pozo et al. (2018) ansgnituunanisvesnidu 3
Uszinn@e A-type B-type wag C-type 1ae A-type d@runsanulaluanisy 1oy 917 Syl
uazdalng FsazUsingiialvg (Major peak) 7l 26 Winffu 15.05°, 17.09°, 17.92° wag 23.00°
LLaszmg]ﬁmé‘ﬂﬁ 20 WU 11.27°, 26.33° d@2u B-type a@1unsanulaluanisy 1o F191
floviilaags daazusingfinlnaifl 26 Windu 15.26°, 17.21°, 19.75°, 22.32° uay 24.08° Uz
UsingieLdnil 20 i 5.81° way 26.10° druiaanidy C-type Wuniswauiusening A
Type thag B-Type ﬁ?fﬂmmiawulmuams‘%mﬂﬁﬁjmzqaﬁa TngagUsingiiadl 20 windu
15.06°, 17.09°, 19.34° uag 22.86° LagdlaIdeved Kumar & Prasad, 2018 na1131 V-type
annsanulaluaisusznaudsdeuseminsesiilaaiuny feadun wu lolediu weanssed lu
Tnatsniau (Cyclohexane) naalusiu waglusiu iudu Geazusingiinfl 26 winfu 17.85°
wag 24.75°

2.4.2.3 11531A51241ASIA51952AURaN AR BN A agansIAdBLanATau

LUUEDINTIA
3Tves Mir et al. (2016) lavinsfnwilassainessauganiaves
Hnndesdiu dnndesan uazdnndesnes auandlu UM 2.7 Feflanuumndnafuegrstaiay
Tnednndesiuuanidnuaslasadsiiidondunasdaiunas anunsaneaiusosunnlaly
vdmvenudndn dudnaniiniunisliaufouiidnunslassaiefiviuiuas inng
swshtuvondiaanisy dwaliansesunninliuanduazinisasuwlasmnudunan
yosezdlamaiuluidusdugiu ﬁau%’nwaagﬂwugmuaﬁ’maummﬁwm@lmjLLazLﬁﬂ way
miﬁﬁmiﬁﬂﬁlﬁmﬁ]mmuLszsﬁz?’uﬁauﬂﬁﬁwwmﬁﬂﬁ%’ngm/TflmaiuﬁaumaaiﬂiﬁuﬁﬁlﬁLﬁm

Fulwseormaneluiledhivdannisyiines (Chandrasekhar & Chattopadhyay, 1990)
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SKAU-382

JUT 2.7 mianelasaadnsyiuganinciendeqanssaidianasouluudaIns1nveedn

Tag (A) 9196U (B) IMTINHIUNITYVILTAS (C) 91INne9

(Mir et al., 2016)
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2.5  a3uaY (Pressure)
2.5.1  anuaulalasaunfn (Hydrostatic pressure, HP)

AU (Pressure) Ao wssfinsgyidsannduiiuiidonhefiud nefiviae S
iy Pascal (Pa = 1 N/m?) uenannidsfonldlumiaesy o wu mm He, torr, psi, atm uay
bar 1Jusu Tngialunsiaruduazgniuisuifisuiussninsanuduamisiuaudui
nsuAegudddonldmmmsuussenmamszdauduinasguniian annusud
WisuifisunnuuandnananuduusseIniad iSoni1 mrudung (Guage pressure) kay

=

a < = = J [y 1 =~ o Y & o L3 a ! [
'e]ﬂﬂimL‘UUﬂqiL‘LJTEJ‘UL‘V]EJ‘Uﬁ%‘M’J’]\'1F’n’]llWUQWMUQﬂUﬂmuﬁu@JUSﬂNuim 1a8l38n31 AMNAY

[y

duysal (Absolute pressure) (nuAss Friiuseanan, u.U.U) dsansly 5Un 2.8

AU AN NUAUY T 5MA
. p ATIAUINT
AU Y T —
———
A AN T SN A
ANUAU AUBNMA :
- t— Anmduimnhir
- r w o
AT THAM UT MR AT Y Tl
—— B G &
a o o
AT AU Fu ey sl
r L

717 2.8 ARNANTUTVBIAINAUULILIANS 7]

Tnpialuanusudnazifunssfinszyitluvasiva (Fluid) winiduvewdaay
138N77 AULAY (Stress) Fudlavetiiangaila mNUAUNBINIINATOITASENTT ALY
atng (Static pressure) lngauauadngyalayanilavesveslnanivaails asianviidulidn

= o [ = 1 1 Qll o IS - 1 o
sgdusanszinlusuilainiu Feerananiladiusafinsginnyelinnvindulidiaznserinly

femnelafany (nudss $1iluseaay, 1.U.4) (GUN 2.9 A) uenanil anuduiinsevinlagves
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Inaivgails iesnnusdlduaimssiuanudnuildaginaniavesivaadun Senadueiul
31 anudulalasaunin (Hydrostatic pressure, HP) (3U#1 2.9 B) lagaunsad1uiailaain

aun1s 2.1 uag 2.2
Pup = Po + P, 2.1)
Pup = Po + pgh (2.2)
dlo Py Ao anwsulelasauniin

Po fio AnuauilaRivedlua (WY AUALUTTENA)

P, Ao anuduiiAnnnimdnvesvesiva

p A9 ANUNLILUUTRIURIAE e Kg/m®
g fio anansadlosinussltuens wihe m/s?
h A9 FEAUAUAN MUY M

(A) (B)

JUT 2.9 anuduaiing lag (A) ussduuunuiIingannnfianis () useiuwmilotives

@ (Py) and Ausuilinanuvtinvesvetlvaiisesiuaiudn h (P,



39

Feluruideues Farkas & Hoover (2000) lenanaianisliausunieluds
arutuazihliauduynaaiiy Tnglidusgiurunm sUsne uasesdusznauvase s
?faﬁuma’lﬁ%haamnaﬂumiLLUigiJm‘ms (Zimmermann & Bergman, 1993) wazlagvialy
aldindusnanslunisiuaasulifuems (Pressurizing medium) sz lesne
azmnuazUasnstlunisldiuems waslasasuredianuduuinninnislduiaiidesse

mssedaasannnisiiundsnuleuinningi (Farmshaw, 1996)

nsldaudulalasauniings (High hydrostatic pressure, HHP) $3ufiun1s
Wwaemsidunisiemsuedluaniendanuduginiiauduusseiniauin ¢ lag

91338 NUTTR LU INAkaElUIAINAUGe UT 2.10

Packed foods

End Closures -

Pressure Vessel

Pressure Transmitting Liquid

Carrier Basket (water)

JUN 2.10 MsuUsgunansiaeiomnsmeninuiugs

(Balakrishna, A. K., Wazed et al., 2020)

Tnemsldmnusugemdvemsgnldedraunsnaslunsdaegnisniunwiiesainai
Fugsludusnmahauvontedunis aves uay teulesfluemns uaznsldmiudugeds
Y9UTUUTIANBAUEN1INIEA MY ML BNAIY Inedauiddeveniinisldniuiug s
pamnfidndwarenninaandluedy feagluivdsuanifuazifingmunmueinms 1wy

Snwazvoniladula a158195 ndusa Wudu (Balakrishna, A. K., Wazed et al., 2020) @4
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Tuau3deaee Barbato & Scoma (2020) laawuninanusulalasawndniitessnin 30 — 40

MPa (Junnurulelasauwsfnsgauliunans (Mild hydrostatic pressure)

2.5.2  msldanudugeianisiiaaiiluieduy
Tagamindunmsnusiuvesmemilulawmsaiivsznoudaeluana 2 vie
fo ozilaa waverdlamadu Wodnansuinnsnesiuiesaniuazanufou 5en
Usingnsaliidn wandluedu wazdoangumnivilliiAanisAuiaten Sinsnaiadu was

'
a o

nsldanudiugedaalaasvanunsafiaaailugdulangaumgion

Y

fomAdeldnusugaiioangamginisifnnadluedu Taomsilianse
Aaanaluedusgninenisldanusutaznsliaudeudmaiiuaninaiu Tasamsviignly
arufouriutinfeuashlidnan Svveefuargyidelasainumunuiemudundn
drunsldanusuazisinunsusuariasairveadnansodddy Ui 2.11 wagnsld
mmﬁugqﬁqNaﬁiamitﬁmLﬁ]mmumﬁuﬁﬁmmﬁﬁu (Knorr et al., 2006; Teixeira, A. S. et al,,

2018; Zhu, S. M. et al.,, 2016)

Partial gelatinization

Continued Complete gelatinization
G ‘\u\'\\\'\’li‘“o“ heat Granule shape lost
< o2
\N.\\\‘ e

Gelai .
."Id“nlzaﬁo . .
With < Continued
pr(.‘SSure e ——

pressure

Partial gelatinization g .
Complete gelatinization

Granule shape retained

JUT 2.11 maleuiiisudnvasidaanseniunisyiliianadluedudieninu seu

LAYAINAU

(Yamamoto et al., 2009)
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anusuiinasensiineandluetu Tnsamsuiiiuresnsldarusuionis
AawadlueduldSumsAnwetiaunn uwiiinalnvesnsiaearflududiniaainnisld
anuiuiiuunldufiasuandaanmsifaeandluedudisanuieuniorrnudoutasay
! s’ﬁa?qmdﬂﬁﬂa%’aﬁﬁwﬁﬁumiw?{auLLﬂaaIﬂiqa%qam%ﬁﬂuﬂszmuﬂﬁmﬁmmmi (Knorr
et al, 2006) Tnganisvarusald vurduaalagliaiunsadounduld 1iesainnis
Wasuuwaweudnanindegnlianudouseihiou vilfdeanivgaduiuazuausuis

geyLdeIaumIU (Growth rings) gﬂﬁ 2.12

'
a

dl [ < 3 =
JUN 2.12 dnwarnngluresdaanisynigyidersiniu

(Li, Vasanthan, Hoover, & Rossnagel, 2003)

MATeAnwIAgITUNTAAUILAzIARaIA lueTuYeIan1TY (TUHSY) 9819
auysal Sndudediluanavesiuinndt 14 frendunienglad (Donovan, 1979) Wieiiu
ansveunsianaifiueduliludiiu sfendnlnduasiledudanuds Ysingnisali

s a ¢ o A a oAt U s o a al v Y
ansuiinn1sudeinilisendn Snsinsiadu (Hoover, 1995) lngamsyiiaaandluieduiie

Auseauasiianulideioulediliiniy deludsanansagesaanglagalneesluaa luvaed
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ANSTNHIUNITANLIAIR LT UAIIAIUSDULAZHIUNITUSU ANTNWAIVLNUNIUA DN DY

¥p30zluaa

Tumandufiu waanduintuldilenauandvuazindenudu vildias
UsingmsaifiFendnaandluiedu wazninfaadluedusisanuduiliisie anife
am1iamﬂmummzﬁ's‘]’qm%’ﬂmgﬂiwwaﬂLﬁmLaz‘Lmqa%ﬂLLr}iu (Stute et al., 1996; Stolt et
al., 2001; Fukami et al., 2010) Tusru3devas Knorr et al. (2006) t@usinn1glaniruau v
TiAnnsaanedavestuanavuialng/lianysal iesainanuasiaieninuduvesituse
lalasudisliiAnlassadanden (5U7 2.13) Gadisenunisiisunvamdnainleluues

Y

A 18y B aeldausiu (Katopo et al., 2002)

Cristalline Region:

Cluster
of Amylopectin Lamellae Am s Lamellae

Disintegration

- -

ﬂﬂ m[ N Under Compression

Y ol 90‘0 Helix Structure is favoured
1 % Partial A — B conversion
o?

Hydration of Amorphous ‘Smectic” Structure Helix-Helix Dissociation
Regions in Excess Water of Amylopectin Helix-Coil Transition

5UT 2.13 nsiineanflueduresdeansvaiglinnuduiasainuseugs

(Knorr et al., 2006)
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L

2.6 Aaudans1ladn (Ultrasonic waves)

A o

pdudansluiin (Ultrasonic waves) 3onduidssannuigs mnedandsnuitinen
pAudeninsduly 1 s Ussana 20,000 ade M%qaﬂ’iﬁi‘fu (Hoover, 2000) #3Mu1889
AAUANAL (Pressure waves) 71AAA (Frequency) geninaduldesund (931 20,000
Hz ) Geeglurrsvesaud duyudliamsalddu Tnevialundrnduidss (Sound) Auywd
anunsaldButiuAnannsduasiiieuvesianansiaviu (Elastic medium) Fafitnaninud 20
- 20,000 Hz Tnepaudsandeufitnuinasdaveu Tudnvauziduaduniue (Longitudinal
waves) usnduldsaadsufiiiuneluinguisotsazegludnuuriiundumuuienay

MUY (Transverse waves)

o A o a
nsiedudeandszyndldlugaamnssuvsenseuiunisuusiuonms laganunse
wuseenidu 2 Ussavlvg) 9 laun nsldedudesmdmiuazaiiudias (Low power and
high frequencies) @<l4lun1571A5129 (Diagnostic ultrasound) wagn1sldmaudeanidage
a o . . a4 A a ! ¢ o ¢
AU M1 (High power and low frequencies) #58%L381371 WIILIBIDANTILI1IA (Power

ultrasound) (Ut 2.14) Asithanuszgnldlunszuiunisuusguenns (Mason, 2005)

- L] 6
0 10 10 10 10 10 10 10

1 B I

human hearing [ ] 16Hz - 18kHz
power ultrasound E:E 20kHz - 100kHz
extended power range ED 20kHz - 2MHz
diagnostic ultrasound M 5MHz - 10MHz

JUN 2.14 Y19anudvesnauLdes

(Mason, 2005)
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nsldnnesdaniwtlunseuiunisudsilens ilviiaunaseaudinienauay
Muafivetomsiilosaneduninaniliinusingnisal wauIwmdu (Cavitation) was
drunldmaulugaemanud 20 - 40 kHz Faduenudasisuainaunsaldansignaunalug

Tdlunsianuazern nmsiilieaduan waslunstugunaasin Wusu

2.6.1 UsingnisaluaUmdu (Cavitation)
Usingmsauatdedu wneds nszuiunsnistuluiing1s wieansasans
AV v A A a ° v a a 9 ~
nlasumdudssnuias lagyh A siasuwlameinuaiinaenian1gnIn (INKSINg
na) vi1991u197nWB99101# (Bubbles) MLAndu Fan1siinasa1n1amindulsdulia1u1an
lassainveaauadniisundudsinungazgniudn (Compress) uagaa1esi (Stretch)

[

9 < o o o Y a = A a X =
Tl ndudnnuvatgiuseuyilviinrlesoniay uazneseniaiiindunisluveumaiil
wdudaduwsduiiinnedwdssnudgudussesuaziinnisuanildsuniasswineiu
(Atchley and Crum, 1998) tJunalvinesomaivuinluguluises q aunszisunneenlu

ﬁqmﬁq gﬂﬁ 2.15

|
s ﬁ
=
-

.

Compression Compression Compression Compression

\ W LN\ [
S,/ NG/ o\ /

Rarefaction Rarefaction Rarefaction Rarefaction Rarefaction
- e
B ' > ) . 5000 °C
2000 ats
Bubble — Bubble grows in Reaches — Undergoes
forms successive cycles unstable size violent collapse

5UT 2.15 nsifinuagaaneneie1n1ATIuILEINeg 195NN UTINg N saluauTndy
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2.6.2 NISAAUdans1lelNn

INNIIANBIVOY Zhang et al. (2008) tAsanunsldadudansilaingiu
melun1sana FeaunsaseiuUsuIMveINaNanaNN1SanAlaegeliuse@nsa1n iadain

[

nsiiaUsIngMsalualIwduiaznaniang lneusngnisaluadindulzaunsavianeiwad

(% ] o

wifsvasfivuarteliansazasansangqrnutluludaag ivuazyinlvindn dosifideanis
meluadgnudegesnin wasnannalfiosnanmsldadusansilefineraviliannisiva
wuuiuthuressnvhazaneildlumsatndsavdiofiuiuiinoduiassnindviazasfuans
Aeanisatalagviliifiunsmrguesiaiazarodlulutan lnsusslovvesnisldndu
mmﬁqﬂ lawn aanainisana anflvinazaney mmsaaﬁ’@ﬁqmwguﬁfﬁfqamﬂﬁﬁ’lawmaq

ansdrAaluiiegns

1NMsANEIYY Zimare et al. (2021) na1insldrdudansiladnenaiu
wayiliAnmsvhaeidedovesity uagersannininninudsunlamnanivesiiuedn
uazslauesd dsenavanedstheifinasiueyyadaseiie wazannmsAnuiues Phan et
al. (2019) nannsldrausansledniimdsgauaruiu wasmsldszeznailumasSeuse
aufeuuy §wihlilssansnmuosansiifesnisadinanas 91AN13An®Iv89 Sharma

(2012) finstdmaudanstefingulunisvingInes Ferdudansitefinazanelit1nizinnu

Wuukulazfieandins vedtnes
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I9NT1IATNUUNTIINIVY
3.1 "’J’ﬁ@ (Materials)
174 b2
d17nanssan
T1ldennWus v1inenugd 105 (Oryza sativa L. cv.) (Khao Dok Mali 105,
KDML105) losusnanndnaeluues Jamdauassvdun lngdraddenlaiunisiuisignts
AINUARIUNTEN UNABAUTUAAY185ENTNN 12 - 14% wet basis (w.b.) IngldiaTosin
AU (SBYOO, Steinlite Corporation, Atchison, Kansas, USA) 31nuuussytnaddentuga
gauanasazinuinwlingamgl 4°C Wieserluinizsendaudenluduneusely 38013
WW1E9anY1IUaBNS1989971n Chatchavanthatri et al. (2021) Tngw1g1ldanuiaislidzan

aeuUa wareLYanlen1swdlsazaly 0.1% lawmeulalunasalsa Wil 10 min wa2an9

H o

Undaidn 3 ase uarthuualudiazen (soaking) 1WA 24 h 3NUUUITINRSULNE

1%
o

380 (germinating) lagldnszaeudupquuasnsiiiyn 9 2 - 3 h \iotaelimuTuduing
TusEMIIMIIIzIniAIUsEanl 80 — 85% lRBszesIa1n1snIzent Uy 48 h Sl
IgdUdensendidsinenasening 0.1 — 0.5 cm wislddniudensenudailuyugesae
FEmamnuanuniaglderutuanreUszan 12 - 14% uashlunsmedonaandae
1A304 Rice dehuller (NW 150, Natrawee, Thailand) titel#la41nndossen (g‘dﬁ 3.1) G99y

UsIgbugsgayaneuaziiusnui -20°C neuhluldlummeassssly

GG

anaffildlunsiiesgimansiuoyyadassuazaisUsznaufluodniiaanldu
DPPH (2,2’-diphenyl-1-picrylhydrazyl), ABTS (2,2-azino-bis-3-ethylbenzthiazoline-6-
sulphonic acid), Trolox (6-hydroxyl-2,5,7,8-tetramethylchroman-2-carboxylic acid),

gallic acid, way Folin—Ciocalteu reagent 210 Sigma-Aldrich @stAld@MSUNITIATIZIM



ar

USunaundelaun Silver nitrate (AgNO,), Potassium chromate (K,CrO,) 4amusaunaianise
7nunenist oy (Resistant starch) 31A512%1a gldyanaaou Resistant starch assay kit
(Megazyme International, Wicklow, Ireland) wazUsinanduluemsiavue (Total dietary
fiber) 7LAS1EY LA alﬁﬁQWQaaU Total dietary fiber assay kit (Megazyme International,

Wicklow, Ireland)

JUN 3.1 91nd039en (GBR) dwisuauidy

3.2 NSA3ENAIBE19 (Sample preparation)
AsnARTINdesenneEIsawywendunausondy 2 Juneundn leun n1s
w3sudnndostendeunsyines (Rice preparation) wazasviwes (Puffing) Faws 2 Tuneu
Hinastesnsnsnesesinndesennes Yadeiifinasosnsnswedudunsuniswiondn
1wy mahlidnndoseniineaflueduanysal madaiinansndu uaziuna
muduvesdndewendeumsilines Wudy dmsutuneumsimesiulaseiiiinaste
M5ensINTHes 1 AFn1svimes gumgll wagszeznaildlunisvimes (Husu dwu
msanuildiuisuiteunavesisniswdsudndesentounisyimes Tneutsisnmsinsen

d1ndewensenidu 2 diu ldun (1) n1sfnwnavesdsn1svad1anednsn1snesrestny
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NAD1PANDY Az (2) NMsAnwINaveInIsitausulalasalafnuazszezinalunisusiiy

I1INdeNBNENADINTINTNEIBITINGBNBNNEY (U 3.2)

Ultrasonication

o~

M
A~

Formation of voids
inside the grain

Puffed GBR

i L
Drying 6 arge pores

Salt puffing

Nonporous regions

JUN 3.2 Tumsunsudniazadeniinasenmninvestiindsenies

3.21  MSANYINAVRIISNITNITIIABINTINITWOIYBIU1INSDIBNNDY

TunsAnwiildusiimansdnandessensondu 2 38 Wud msflim Rice

steaming) kazN151 U190 3ens an a1 lWW 1 (Electric rice cooking) Tag sl n15v

Pretreatment 413N89440NN0UN15919A2835n1504 (Boiling) N4 (Soaking) wazn15ly

adusanslafin (ultrasound assisted pretreatment) Tnganunsanuinisnaassoandu 6
ewioluil

1. msfudnndessenluditendunan 5 min Inglddasdrusznindniudwii 1 se

5 Pnuksminoenudatluisisledifenaunsgisdinndowengn Seldnanssana

30 + 5 min (Parboiled steamed rice, PS)



a9

.A13%1 Pretreatment Tagldad udansludndies198ansaledn (Ultrasonic bath,
Bandelin, DT514BH, Berlin, Germany) ﬁm’mﬁ 35 kHz qquﬁ 30°C 1JuL7a1 5 min
Mntduidnndesenluduluduiondune 5 min Tnglddnsaausenindndui
Wi 1 6o 5 ntuusniheenudrtludsieledudentunsgiisinnndesonan dld
Vanusganad 30 + 5 min (Ultrasound assisted parboiled steamed rice, UPS)

- mutdnndassenlutfigangiivios (25°0) ilunan 60 min arntutiludadaeledh
WWonaunszisindossengn ddldianyszana 70 + 5 min (Soaked steamed rice, SS)
- M3¥h Pretreatment Tngldndunausansiledin finrwd 35 kHz figumadl 30°C Wuan
5 min Mntuthdandessenusluihiigamgiivies (25°0) Wuan 60 min wéaniluis
Favloundenaunseisdandessenan dslaa1Useanm 70 + 5 min (Ultrasound
assisted soaked steamed rice, USS)

- MIntmndesenmieniienatalnin (TOSHIBA, RC-5MM) aelddnsndiuseninadnafu
dvindu 1 dio 1.3 Wunan 40 min (Electric cooked rice, EQ)

.15 Pretreatment Tagl¥nausansaladn finnud 35 kHz gamgd 30°C 1Wutian 5

min 31nTuNlUIsIendieneililin laglddnsidiuseninstnafudwingu 1 se 1.3

vJunan 40 min (Ultrasound assisted electric cooked rice, UEQ)

M1399 3.1 MIANYIHATDNITNTNVNIADENTINITNBIVBITIINADIBNNDY

NO. Treatment Ultrasound Parboiled Soaked Steamed Electric cooked

PS / /
UPS / / /
SS / /
uss / / /
EC /

UEC / /
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MAIINYIT1INGB9BNATE AN 9 LTguTesuan 11inaewsenangniiuiii
Thdungamgiiviesnowhluutdungamall 4°C WWunan 4 h ntuihdnndessengnluyi
WA 3¢ G]:auausyau (Hot air oven, Memmert, UF110, GmbH Co. KG, Schwabach,
Germany) gauinil 45°C aundnazlanuauvestniussana 10 - 14% (wb.) 4nndesen
AN un1sviwisazgninluvimes (Puffing) Asvay 100 ¢ lneldufa LPG wazldindeidu
mnanatunisiianuseu fganiilunisvimesegsening 200 - 230°C w1l 10 - 15 s (5U
d‘ & ¥ v s Y @ 1 a a v @ v
#1 3.3) ntukentINdesenneseany Nelildunsuussqluglnatdnuaiiuinuity

lagaanuduiiiesonsiasgvandivnauaiiuaznigninsely
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41INABWBN

RREIRIN keI

L9aR Lty

A5V LALAA

= [}
SINATATUY

YIS

YWD

n138999717 wagnadInenie
nat 1l Trudunsly

AAWDARI AN

uLduN 4°C wu 4 h

7 auauiou (Hot air oven) 7l
45°C ulpnuyuanying 12

- 14 % (w.b.)

TFnaaidusinarslunisun
AMUSAU 7N 200 — 230°C UNU

10 - 155

JUT 3.3 F5n191038U0arNIsvimestinNaedenies
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3.2.2  msAnwwavasauaulalasauafinuazszeziianlunisutidudiinges
1BNENABINTINTNBIVRIT1INTDIBN NS
Tumsnuillfidenisnismetindesendaendenstnlufinduna 40

min (Electric cooked rice, EC) amniite 3.2.1 lngladnwinavesnisidmnudulalasaunsin
(3U 3.9) wazszaznalumailitnindesengniinnsiinainsiatusesniinisnesves
f1indossenwesguil 3.5) anmsaaesldudsinndessenaneeniu 3 g Tnedd 1
thdnndessengnluuiduil 4°C (siriwnsldausulalasauning Wunan 0, 4, 24, uaz

48 h newiluviwie dwil 2 drdindewengnluiuanudulalasaunfind 2 bars 1u

1871 2 Wag 4 h ﬁqmmﬁ 30°C ugrthluutduit a°C WHuan 0, 4, 24, uay 48 h Aowly

Y

[ 1

VwiAe wazdauil 3 ihdnandsssengnludiuanudulalasaunfni 4 bars 1unan 2 uaz 4
h figaumnd 30°C wdiluudiduil 4°C Wuan 0, 4, 24, uaz 48 h newtluviuie

anansaagunsesnuunsnaaedlaly ans1en 3.2

13197 3.2 Msfinemavasnusulalasauafnuazszeziatlunmsuddudnndesengnse

BNIINITNDIVDIVIINADIIDAND

Retrogradation Non pressure Pressure at 2 bars Pressure at 4 bars

at 4°C for (h) treatment 2h 4 h 2h 4h

0
q
24
48

Mntuthdnndesengniiiunisléauduazninindlnsingedulush
LW 90189 8uaNs au (Hot air oven, Memmert, UF110, GmbH Co. KG, Schwabach,
Germany) gaminfl 45°C auntragldmnuFurestussana 10 - 14% (wb) F1andoasen
iAW (Pretreated GBR) aggnuluvimes (Puffing) aiaz 100 ¢ Inglduia LPG
wagldindeadumnandunisihauiou gamgilunisviimessysening 200 - 230°C W
10 - 15 s 9nBuuendndesenweseanaininde Helilmdureuussylugslnainudauiv

Snwlulagaanuduiiesemsliasgvandiviaaiivazniennsely
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JUN 3.4 gatanusulalasaunfnd miunuyide
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3.3 N5AASIEHENUANILATILAZNIEAIN
3.3.1  auuAniaAd
MsiasiUSInamuTY (Moisture content) Tnenstadnegnansaas 3 o
WEnhlUTAsEReLTuseAIesinANTY (Moisture analyzer, OHAUS, MB-25, OHAUS

Instruments Co., Ltd., Shanghai, China) Tngvinn1s3tAsgideg19as 3 91 (g‘dﬁ 3.6)

NMTAATIERUSIUUDETY (Water activity, a,,) lnadewiog19asiay 1 g Wan
U lUTAsgYReLAs 8971As 18U NNUN B d@se (Water activity meter, Aqualab Pre,

METER Group, Inc, WA, USA) Tngvinn1siasigvisognay 3 41 (3Uil 3.7)

A1536AF18RUS UL (Ash content) TAg1IT1INADI9BANBIUINIUNITUR
ANTUIN LAUILIIATIZIINUSUIAULOIRNLIDYBA Chatchavanthatri et al. (2021) Taevinnng

ALIIFIDE19aY 3 U1

MsiAs1IzUsInalefeumaslse @aunsadnsgrilagldiosnsmlefeunas
Isalup1msinensenieidves National Food Safety Standard lagaauuasannanuideves
Xu et al. (2017) Buanmsdaiegrdnindessenmes 5 ¢ adudensuies (Crucble cup)
LLazﬁﬁ"LiJLmﬁqzumﬁ 550°C 1HuLa1 48 h feLs LN (Furnace, Carbolite, CWF, Carbolite
Gero Ltd., England) Tng¥aninadudeuuasndamniiiedinszinidn mniuiidrazanelu
1 DI (Distilled water) 10 ml mﬂﬁ'ju@mma’]mf’ﬁ@hast”LUIaiqummdﬁw?Jqu WaLAY
ansazany 5% Inunadenlasun (K,Cro,) $1uu 1 ml wazwaslidndy arngusvininis

Tmnsndae 0.1 M Faveslumnsn (ANOs) aunsisatsazarsilasuaindinioandudduds

TgvinNsIesIzieneg19as 3 91
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U

7 3.6 MFAATILRANUTUVBITNINADNBANDY

3

U

=
N

3.7 MINATIEIUSUIUUNDETEVIININADIBNNDY
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3.3.2  @uUANINIEATN
Usumssinvestanesinlagldnssuenniausunng (Graduated cylinder)
YuIA 100 ml (U7 3.8) Tagwmen Uinaurananianun (Total yield) USsnumanandanes
(Puffed yield) MsuensUINInT (Volume expansion) 8031N1TWa4A72 (Expansion ratio) Wag
AMUVUIRYLYIING (Bulk density) (Maisont & Narkrugsa, 2009) @11130AUIUAILANNS

1-5 691

weight of puffed rice (g)
Total yield (%) = (1)
weight of paddy rice (g)

weight of puffed rice (g)
Puffed yield (%) = 2)
weight of dried rice (g)

volume of puffed rice (ml)
Volume expansion = (3)
weight of dried rice (g)

volume of puffed rice (ml)
Expansion ratio = (4)
volume of dried rice (ml)

weight of puffed rice (¢)
Bulk density (g¢/ml) = (5)
volume of dried rice (ml)
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JUN 3.8 MTLATIETaN AN N8N 1MUYt INABBNNEY

N1531A518Y A1dv0319nd aeeannesd18as 09Tnd (Colorimeter,
Hunterlab, MiniScan EZ 4500L, Hunter Associates Laboratory, Inc., VA, USA) Tusguu L
a* b* lngAn L* munefernnnging (Lightness) A1 a* manefisananududung (Redness)
wazAn b* munedeinmnundudmans (Yellowness) Tngvimsinsizsisnegias 6 81 (U7

3.9)

dl a € 1 a ¥ 4
E‘U‘VI 3.9 N1FIATITNANEVDIVIINADIIDNNDY
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Meeidnvusieduiareinndssennewieieiorlinseibedula
(TAXTPlus, texture technologies corp. and stable micro systems, ltd., MA, USA) Funses
sofuivinvilnegiiilen Cylinder probe P/25 lunsiasgiiliint1indassenesusuiu
30 ¢ ldludhoogfidloufifidusiugudnas 6 cm uageugs 4 cm uwdume 5 adsroutily
1519 M fwesildlunisiesneilann Pre-test, Test, and Post-test speed WAV 1,
2 way 10 mm/s mUEIRU 52en150U8n (Compression distance) 7 20% strain lag
A1 A1A1ULT 9 (Hardness) LagA1A11unTeU (Crispness) A28 Texture Exponent
Software (version 7.0.6.0, Texture Technologies Corp. and Stable Micro Systems, Ltd.,

Hamilton, MA) 1aginn153tAs1eisegneay 6 90 (gﬂﬁ 3.10)

A a ¢ & d’l’ v @ v v
E‘U‘VI 3.10 NFIATIENANVULLUDFUNAVDIVIINGDINDANDY

n3indRsIdIuANEIIREALNINS (Length/breadth ratio) ¥0uUAAT17
ndewennes lneduinudadiindesenudasyia lawn 41andewen (GBR) 11andewen
rumsvilvignuaziuis (Pretreated GBR) uaztnandassenwes (Puffed GBR) 113nAam

guazanunnslasld Vernier caliper fegisag 30 91 (Mir et al, 2016) (3U 3.11)
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JUT 3.11 MIIATIENENTIdIUAINE1IABAINNINYDIUIINADIIBNNDS

3.4 A1SA19AINAENALALDNBLSTADUNILADI FIUTRVDIVIINADIIDNWDY
(Synchrotron-radiation-based X-ray tomographic microscopy, SR-

XTM)

nsdnwlassasensszauganeveudsdnndewenneslagldivadianisnimens
LONYLITADUNILADS AUUAITULATATOU (Synchrotron radiation X-ray tomographic
microscopy, SR-XTM) 7 Bearnline 1.2W S9l4W&9911 1.2 GeV, 150 mA uavtilonaniaes
nandoulmvesianluvngin Yagazgniademunionavuwiy uarlunsdildvesd
pafivllon wun 350 luaseulunisaandeulvinge 11.5 keV wagld sCMOs camera (pco.
edge 5.5, 2560 x 2160 pixels, 16 bits) lun13ifiunm3sd fausym 0 - 180° Ineyufiaud
a¥ 0.1° uagN15¥IUoua Background normalization wag CT reconstruction 3an15lagly
Octopus Reconstruction software (TESCAN, Gent, Belgium) 4an15%1 3D tomographic

reconstruction 3nn15aeldy Drishti software ('g'dﬁ 3.12)
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JUN 3.12 wanenisanenmmeinalinengsdaouiimetauiifvesinindesennes

3.5 A1sAsIzAlaseadmnaafivastiinasssennaslaglduasdulasnsou
fuwmallayiFesnsiuaneasudunsusnanlasalny
LW3BUAI9E1901INAB9ENNY (Puffed GBR) 11UAaLOALAZINUY IR microscope

(Bruker Hyperion 2000) F 9.9 ourafu Vertex 70 FTIR spectrometer (Bruker Optics,

Ettlingen, Germany) G?Tlmgx‘iaq'ﬁl Infrared Spectroscopy and Imaging Beamline (BL4.1)

(Synchrotron Light Research Institute (SLRI), Thailand) kd3aunuuaziiudoyan 8

TUswnTa OPUS 7.2 software fianaeAa 4000 — 800 cm?, Spectral resolution 4 cm™

WaETIIUALNY 64 50U/AT3 Ingd1edeiueinia Ingllaseviiiegisay 3 91 (JUT 3.13)



62

5U 3.13 n1slesesilassasiamaaiivestiindesennadlaslduasdulasnsouiu

wadaSesnsuanesudunsusaaUnlasalny

3.6 n1sdasiziauiundnussdiandessangnatemaiia Wide-
angle X-ray scattering (WAXS)
wisuiogsindessenaniiiiunsldausuuagnisusidu (Cook GBR) Tasgnna

Tdwiuldsograudinnyhnisiasgisemailn Wide-angle X-ray scattering (WAXS) &4l

WIS X-ray (9 keV) 111181 5 min uazifudeyad 20 Tutas 3 - 35° (WAXS Tag

AunnsuiUIsuTisuiy X-ray 910 Cu-k alpha Sheesgninwigumaiingi 5°C Tuvaizsi

m3in IneArmnudunan (Crystallinity) Qﬂﬁmmﬂé’msﬂdaumaqﬁuﬁiﬁﬁﬂﬁLﬁuwﬁﬂ (Relative

area of crystalline peaks) seuiildfaviavin (Total area) Tael4lusunsa SAXSIT (Small

Angle X-ray Scattering Image Tool) ﬁgﬂﬁwuﬂ%amﬂ'ﬁé’aLLaa%uIﬂs— A39U (BL1.3W:

a

WAXS, Synchrotron Light Research Institute (SLRI), Thailand) (5Un 3.14)

Area of crystalline peaks

Total crystallinity (%) = 100

Area of amorphous peak + Area of crystalline peaks X
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U7 3.14 mybwnseinnudundnuesinndesengniemaiin Wide-angle X-ray
scattering (WAXS)

3.7 A19IATIAlASIAS19IEAUANIARIENADIRaNTIAUBIANATOURUUEDS
3107
wisuiegsinindesenwosiaduiuda auudaniuaadnuing uarunazon
Tngdegagnindousenesneuiuniinsgilassaiiaseduganiadieiai og Field
emission scanning electron microscope (FE-SEM, Carl Zeiss, Oberkochen, Germany) 17'i

SEAUNENU 10 KV NUVUIANIAINEI8AIN 17, 25 kag 1500 i1 AIUa1nU (;fdﬁ 3.15)
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o

Qi v fa & ! a a  saa
E‘U‘Vl 3.15 ﬂaaaf\;amiﬂuaLaﬂmauLLwaaamwmﬁumWamam U

3.8 mﬁmi']zﬁﬂ%mmaﬁaanqwéma%qmw (Bioactive compounds)
3.8.1 Usu1euansn1un (GABA)
dndesenuardindasennetuiaziign fiiiunisuaanuug (<0.2
mm) 1134A51E AU UIEITNIUIR 28RS B High Performance Liquid Chromatography
(HPLC 1290, Agilent Technology, Santa Clara, USA) M1U35ve9 Chatchavanthatri et al.
(2021)

3.8.2 MSATIEHEIsUNNN-1o3¥ U8 (Gamma-oryzanol)
11911N80999NkALT 1IN BIIDNNDILAALAIDE19 AARIUNITANALE AN
ATERUSLULNLNN-TeS T 1URa tnunnkUadaNnIsued Zullaikah et al. (2009) wag Joshi

et al. (2016)

383 simssRansUsznaufiuadnnavun (Total phenolic compound
analysis)
A lAsEEnsUsEneuiiuednianan (TPC) Tneld3ans Folin-Ciocalteau
method (Chatchavanthatri et al.,, 2021) 3y nideg19fianagewnIueasiuay 0.25
ml s wanliidfu Folin-Ciocalteau reagent $1uau 0.25 ml udauufisl5idunan 6 min

nduinasazaelafna1suaiun (Na,COs) ANULTU 7.5% (W/v) 91131 2.5 ml Lan
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wesansazanslidn Ty arndustedae Aluminum foil viewfuluiidiafiuuaitevnnsudy
a1 30 min LdNsTnAINITEANALLAITiALENIAAL 760 nm HadNET dazuandly
midg JadnTuveunadinauyadronsuveI98 19U (mg GAE/g) e 3 adslunsdas
$9819
3.8.4 m‘smaaquéﬁﬂua%aﬁmzﬁ'w%’%‘ﬁﬁﬁmj (DPPH radical scavenging
activity assay)
mMsnsgimuasalunsiudsansinuoyyadasy Taonmaaeugns
ﬁwuaqgaﬁmzé’w’?% 2, 2 diphenyl-1-picrylhydrazyl (DPPH radical scavenging activity
assay) lasaLUasa1n35n15ve9 Chatchavanthatri et al. (2021) 13u91nn1581815aza
Fregfildainnisatndewmnuuea 100 ul Twauivasazanedudy 100 uM vad DPPH
$1uam 2.9 ml udwauarsazanslidatuienisnagn mnduiduliluiifinfigungfives
WJutial 30 min LLﬁ?Vﬁﬂ’]i’f@ﬂ"m’li@J@ﬂﬁULLaﬂﬁlﬂ’J’mﬂ’nﬂﬁlu 515 nm Tagley UV-
spectrophotometer (Shimazu, UV-2600, Kyoto, Japan) &g miaza’l&lmmg’mﬁa Trolox
(AUINTY 0, 5, 10, 25, 50, 100 mg/L) Qﬂiﬁi’ﬂﬁ@ﬁ%ﬂﬂﬂiﬁ/\lmmgm (Standard curve) @
Juaunsidunse (R? = 0.999) maﬁwéﬁléﬁmma@uuﬂamm fladnSuauyagdves Trolox #e

Umtn@19819us (mg TEAC/ g, d.b.) Ineviinsiiasizsi 3 gilunsaz@iegng

385 n1suadauand Auauyadaseda835ia070a (ABTS radical cation
decolorization assay)
msmaauqméﬁma%a@aszéﬁa%‘% 2, 2-Azino-bis (3-ethylbenzothiazoline-
6-sulfonic acid) (ABTS) A awladi 5115910 Adebayo et al. (2018) 13 un1snaaeulngld
dnsavans ABTS™ reagent lngi3uannnisindeuansazargreditealutindunnududu 7
mM U3unas 15 ml waudvasazanalningi@euilestaing (K,S,0g) AMUNTY 140 mM
264 pl wissiislifiguupdedluiidalfasufasendunm 12 - 16 h dewlUldlnie
9@158%a ABTS™ reagent 1’7{m%auﬁﬁwmeuaaiﬁﬁﬁhmiamﬂﬁuLLmﬁmmmmﬁu
734 nm Wiy 0.70 + 0.02 andunisnegeulnginIsuasiiesne §1uau 0.2 ml ey
ansazany ABTS™ reagent 2 ml saisliingamgiivioafunat 10 min wdrinAimagandy
WafiANEIAAY 734 nm FaeiA3ed UV-spectrophotometer hasa13aza18u1nI31u Ao
Trolox (AU 5, 20, 25, wag 50 mg/l) Qﬂiﬂﬁﬁ@ﬁ%ﬂﬂﬁ/\lmmg'm (Standard curve)
Faduaunisidunss (R = 0.999) Tnanadnsiliuanioglumiteves fansuanyadves

Y

Trolox AeUMilnFI0819LIne (mg TEAC/ g, d.b.) lagvinmsiiasizisietnsay 3 41



66

3.9  ASIASIZUNNSaDA (Statistical Analysis)

n1sAn¥INaveitn1snItLaznsldnnudulelasauninsednsn1snevestn
ndosaenneosuaznisivd suanvAaniaainisnmlansununismaaswuug uauysal
Completely randomized design (CRD) 1n871A51291A1AULUTUSTIULUUNIUAEY (One-
way ANOVA) waziU3suiilsuauuand1aesriad osie3s Tukey's honestly significant
different (HSD) 7 5esuAuLd osTusesay 95 Ineldlusunsy Minitab® 17 (Minitab Inc.,
USA)
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NANISANEILAZNISIATITHNE

e vesinndestenmesiuANnseUREITesiumMsIIENTIndBIten
NOUNITYITNDY (Rice preparation) kazn15viIwes (Puffing) Tumideild@nvinavesisns
wisndnndessonieunsvimesdenmn nvostnndossennes densiwioutndossen
roumsvhmeafgtestunmiliinndeseniAneanilusdulas maiesinanaiadu lng
Tumsfnuniutsisnawieudindessensenitu 2 dw ldud (1) msfnwmaresiinims
11 OAMAINYBITINADIBNNBY kae (2) MsAnwinaveInsidaiudulalasauniinse

ANINVBITIINADIIBNNDS

4.1  NMIANYINAYDITINIINITIABAMNINYRIT1INGDI9DNNEY

miAdelwhdetldAnwnavesisnnsindenmadsuudadassadomanives
Tnndeasenan elinasonisnesinvesinindessannes (Puffed GBR) lagld@nw1iSn1sms
411 6 38 1hud (1) madiudnndessenluiideaduina 5 min dewhludsuiu 30 min
(Parboiled steamed rice, PS) (2) msu§uanimdnindessendsniusansiloinfigumgi
30°C 1uiaan 5 min neudludulutiienuu 5 min uazfsuru 30 min (Ultrasound
assisted parboiled steamed rice, UPS) (3) N5U4119n89940nUIU 60 min Aouthludsunu
70 min (Soaked steamed rice, SS) (4) nsUFUAN MG 1INABesONFI8AA US AR Luind
gaumndl 30°C unnan 5 min Aeuviluug 60 min way a1y 70 min (Ultrasound assisted
soaked steamed rice, USS) (5) nMsnatnandassansiegnsenat1dlniliuig 40 min (Electric
cooked rice, EC) wag (6) miﬂ%’uamwsﬁﬁmé’awaﬂﬁaaﬂ?iué’amﬂ%ﬁﬂﬁqmmﬁ 30°C vJu
181 5 min neauiluneaenianst1aliiauIu 40 min (Ultrasound assisted electric
cooked rice, EC) Ingnain13vitinaeennadlaiinssinnn I nauatiinianieniniae
il Usnaanseangydnadinim aruamnsaluntsiiuaseyyadasy 3 dnvasiile
dula N153ATIeAlATIET19IEAURan1IARIY SR-XTM ka5 3ATIwAlATIET1anIaAiinag
SR-FTIR
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4.1.1  USUUNANAALAZENUANIINIBATNYBITIINADI9BANDY
AN5197 4.1 uanUSINHARAAT LA (Total yield) haguSuuNanand1
Wl (Puffed yield) n15u818UT01615 (Volume expansion) kagdns1N15nesa2 (Expansion
ratio) wostIndssenmes (Puffed GBR) TnansitaseiuSunamanansieualdanainnis
AU nsId1uveILIMTnYe I pssenwesr st N8t 1InA B IBNIS LAY WU

Bnswatalifinasen1sidsuiUasUsunanandn ianunuestInaasennes (Puffed GBR)

2

a1 1

FeilA10g5enI14 82.57 - 86.07% USmnamandndniwedlasiunnindnsdmyesimiin
fndosennesotmindrutsteunisiiwes wudn fA10genIng 77.45 - 83.35% 91N
NaNIVnaeeRandbiliiui1 nsussendonstnlnilaglldiiunisusuanmuwaziiunsusu
anméerdudansilefin (EC way UCE) SnaviliSinamandndnnesanadegnefituddy
(p<0.05) Meilenauieaunann Puffed EC way Puffed UEC idamsuaniinsewinsnsvitnedls
PENgIz @aunsorEneialaisl (INNsELNAsERINNSTIMeY) waslinunesiagindy
dnindesennesiildannmsnsiieisiu 4 Fsdmaliuinamnandndmesanag
N151818UTURT (Volume expansion) kazdmI1N15Wo9A7 (Expansion
ratio) ¥94U1INa 0998NN04 (Puffed GBR) dlA198 5e131¢ 1.90 - 2.63 uar 1.32 - 1.68
AIUAIRU nRANISVInaeIuandliLiudn Puffed SS uaz Puffed USS finmsvensusunnsuay
dasnswosiarnniy Puffed Aldannnsneneisau 4 eehsldeddny (p<0.05) Ingdsnns
naisentensdnlwiivaliiunmsuivanmuaskiunisusuanmineadusanslein
(EC wag UCE) vilvi Puffed GBR fiuwiliainsvengUsuinsiasdnsinisnessiigendi Puffed
PS uag Puffed UPS agdlsfmunisldnausansnladngruselunmaimisndnnneunsgn
(UPS, USS, UEQ) laldanaman15v818US U195ware ms1n15ne990d Puffed GBR ag14dl

CY Y

dAgy (p>0.05)



69

5197 4.1 USunauwand@aviaun (Total yield) wagUsunananantnines (Puffed yield) n1s

Y818U31195 (Volume expansion) kazdns1N1INOIA2 (Expansion ratio) U84

J1Inaesenned (Puffed GBR)

Treatment!  Total yield Puffed yield Volume Expansion
(%)? (%)* expansion® ratio®
PS 8257 + 0.43°  82.75+ 0.61° 2.29 + 0.09° 1.56 + 0.08%°
UPS 84.15 + 2.69° 83.21 + 0.88° 2.40 + 0.07%° 1.61 + 0.02°
SS 85.24 + 1.23%  83.35 + 2.11° 1.90 + 0.20° 1.29 +0.12°
USS 86.07 + 0.77°  81.35 + 0.72% 1.98 + 0.06° 1.32 + 0.07°
EC 84.14 + 1.07°  77.45 + 0.99° 2.58 + 0.12% 1.68 + 0.10°
UEC 85.54 + 2.01*  79.03 + 1.72* 2.63 +0.18° 1.64 + 0.24°

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

2345 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between

pretreatments (p<0.05).

5197 4.2 WARIHAAINVLLULUTING (Bulk density) Y83 1INaBIt0NEN
AN1UN150ULY (Pretreated GBR) wagdndassanma (Puffed GBR) filnun1svsgndeds
mafiu lan PS, UPS, SS, USS, EC wag UEC lngamuvuwiuysingued GBR iy 0.72
g/ml d7u Pretreated GBR waz Puffed GBR fiA1Aa1unuwiiulsingsening 0.62 - 0.73
g/ml uag 0.30 - 0.44 ¢/ml pud iy MnHanIVAaINU1 Tndesseniiinunsldnauda
aslainsiunglun1snIendineunagninayinli Pretreated UCE, Puffed USS wa
Puffed UEC fiA1aanunuiwiuysinganasegafiiedifsy (p<0.05) Wadonaiiesnan
raudansledniinadensuasuadlasaiunislureandndnn nanfeadudansledn
biAnsngunsluuannnsuanueseseInel (Bubbles) Lﬁ@qmﬂﬂimgmiﬁmmﬂ%m
#u (Cavitation) matAngnsunelumdadniuamldnfaeadlueduldiaysaddamg
AON1TNBIAILARTENINNTEUINANTINBY (Yu, S. et al,, 2013; Ly, H.L. et al., 2018) uan

911 Puffed GBR dArAnunukuulsInganased9ltudAny (p<0.05) Waliieuiyu GBR
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WAy Pretreated GBR M4HLI991191NNSEUIUNSYIMNDINTA Puffed GBR (ludiuvaaaula

adsy) SUsunsifiudu (Mir et al, 2016)

M15199 4.2 AU UIUUYIING (Bulk density) 10991308 2998na N7 K1UA1TB UL

(Pretreated GBR) wagd1nasssanwed (Puffed GBR)

Bulk density (g/ml)?

Treatment!
Pretreated Puffed
PS 0.73 + 0.02* 0.36 + 0.02°8
UPS 0.68 + 0.02%A 0.44 + 0.04%®
SS 0.69 + 0.03%A 0.35 + 0.01°
USS 0.68 + 0.02°A 0.30 + 0.02®
EC 0.65 + 0.01%A 0.41 + 0.01%®
UEC 0.62 + 0.05° 0.30 + 0.01®

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

2 The values are means of three replications + standard deviations. Different lowercase
letters in the same column indicate statistical differences between pretreatments
(p<0.05). Different uppercase letters in the same row indicate statistical differences

between pretreated and puffed sample (p<0.05).
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wan1svaasdly M15199 4.3 uansfadnandiuveniufenuniig
(Length/breadith ratio, L/B) #3An L/B ansnsauenisuualiiunisweswesdnnnesdiinunismgs
anfeIsiiunndeduld Taoen L/B s wansderndnaniswosveamidaduiiuinniu (Mir et
al.,, 2016) ANHANTNARBINUTT L/B ¥ GBR, Pretreated GBR Wag Puffed GBR iIf1 3.46,
3.29 - 3.46 upg 2.55 - 3.21 puddu nEanRaesiiuandiifuin naadendens
Tl lagliiunsuiuaninuagsinunsuiuaninseedudansiledn (EC uay UCE) uas
msnalagritunisusuanmimenaudanslednnouthluduuazis (UPS) dinasiliian L/B
v84 Puffed EC, Puffed UCE way Puffed UPS snindnindesseniiu (GBR) wazdnindeasen
anHIUNTEULIS (Pretreated GBR) agailtidndny (p<0.05) Geusuanleiin Puffed EC,
Puffed UCE waz Puffed UPS fin11umeeannndn GBR uay Pretreated GBR uonandiile
Wisuifisuen L/B wos Puffed GBR filsannisnsluusiagds wuln Puffed EC wa Puffed
UEC §iein L/B nin Puffed PS, Puffed SS wag Puffed USS agnsiiifudndy (p<0.05) og3ls
faumsliedusansleinsuselunsmdsutnieunsandnlnasiliunliunismeves

o w

PrafinnIuus ildswaliiAnanuuanaesnuneseg1siitudfty (p>0.05)

NKANTNAABIFUTANINENINVDIT1INADI9BNNBILEAIATNI 35T
watIndesseniinanaaudiinianienImees Puffed GBR nanama N15veaienianat1lui
Tnestalalsiunisusuanmnazsnumsusuanmaeaausansilain (EC uag UCE) WAENIIY
TnerhunsuSuannsenausansilednouhlUudunaszds (UPS) Suavhlinnsvensusuns
(Volume expansion) Lagdns1n15wesna (Expansion ratio) Ua¢ Puffed GBR RTETCTITIERt T
RIIEIUVDIANYNIROANATIN (Length/breadth ratio, L/B) 983 Puffed GBR fas Faus

UpN31 EC, UCE way UPS finavinlia1indessaninesdn1snesdiidindu eltuseuiisuiu

=Y

aa ¥ ¥ aa
AWNIINUTINIYITD
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M3 4.3 SNTIEIUVDIANULIINBAIIUNIN (Length/breadth ratio) vest1Indesenand

N1UNN5BUWIA (Pretreated GBR) wazd13nasnsianwed (Puffed GBR)

Length/breadth ratio?

Treatment!
Pretreated puffed
PS 334 + 0.16™ 3.21 + 0.20*
UPS 330 + 0.15* 2.89 + 0.28%<B
SS 329 + 0.13* 3.26 + 0.30*
USS 3.35 + 0.32% 3.12 + 0.36%°A
EC 3.46 + 0.12% 2.55 + 0.54®
UEC 3.29 + 0.26% 2.55 + 0.14>®

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

2 The values are means of three replications + standard deviations. Different lowercase
letters in the same column indicate statistical differences between pretreatments
(p<0.05). Different uppercase letters in the same row indicate statistical differences

between pretreated and puffed sample for each parameter (p<0.05).

412 YnauanuduwazdSinatidsssuesdhingsssenwes
#1397 4.4 uananaUIIMALTY (Moisture content) UBIU1INABIIBAGN
firiunseULIHa (Pretreated GBR) wazdindpsanmad (Puffed GBR) fisiiunsveanseds
ey InranIsARDINUI USinaininutuues GBR, Pretreated GBR uay Puffed GBR i
A 8.50%, 10.20 — 13.53% uazUSunaiunaasy (Water activity, a,) v09919n&es98nNeq

(Puffed GBR) fA1551314 0.90 — 2.47% Audsy TneUSunuAINTuves Pretreated GBR
?Lumu’iﬁ'i’mfdmaeﬂmha 10 - 14 % @ ufur9UsuIANNT U LN TaLAUNSA N
Hosnnsvimesdwiaddpgungiguarssezinatdu Tuavilienudu () nelusdaves
Jrwanaunsyines sewgegesansikaviindunssiuloneluudatdnsulnlassasna
Aeluudnt1aneadqlan (Saha & Roy, 2020; Huang et al., 2018; Maisont & Narkrugsa,
2009) aehalsfnuUsInaANTuYes Puffed GBR f1ndn Pretreated GBR a1l dAey

(p<0.05) Hpsnannsvwesiliaudu (1) Tuwdadnssmesenlusgnssaniadmaln
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Indessennesiiautuanas lnsuiunmanudures Puffed GBR agluraslndiAssiy
A8 Saha & Roy (2020) F931891u31 Tramesiusinamudusewing 1.15 - 1.37%
wazUTinindase (a,) iuefivsuenieuimaniildgnBamieneluemnsuiotiign
thlulddndufanssy (activity) manfiuazgadrineils delnansivasuntasganinyes
91913 3U9018N15AUTN®I198I91M15 (Santillana Farakos & Frank, 2014) laad1nd g
900 (GBR) 4 a,, 0.87 Gﬁqqaﬂ’jw Puffed GBR lagdan a,, 51319 0.22 — 0.32 3INKHaN1SNAADS
wanslifiudn a, 189 Puffed GBR #1131 0.6 FaTlAAIAWANANATTIUNAAS TIYYL (KT,
723/2548) wazdlmulasndedugadiineazidulumudamnundimniundnsud
mmmﬁwanaqﬁmimmmazmLLmaw%’gam’%m (US Food and Drug Administration,
2016) MnuamInAnesikandlfifiuin dndessenwes (Puffed GBR) fildainnisuaande
389 9 fUSinueutudind 10% wagan a, N1 0.6 SeuansdendnfusiAdaanm
ANUNATTIUNAAS YUY (1N, 723/2548) fiaudaenderiiuladiive) wavaunsauiu

Snenlouny
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A1397 4.4 USH1euANTU (Moisture content) wagUsunasuindase (Water activity, a,,) 989

AN
Moisture content (%)?2
Treatment! Water activity®
Pretreated puffed
PS 10.20 + 0.14°4 1.37 + 0.148 0.22 + 0.04°
UPS 11.35 + 1.13%* 1.17 + 1.13%8 0.31 + 0.00°
SS 12.58 + 2.09% 2.47 + 2.09% 0.32 + 0.00°
USS 13.53 + 0.46*" 0.90 + 0.46® 0.22 + 0.02°
EC 13.50 + 0.14%* 1.33 + 0.14°8 0.24 + 0.06
UEC 12.33 + 2.30% 1.17 + 2.30® 0.24 + 0.00°

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

23 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between
pretreatments (p<0.05). Different uppercase letters in the same row indicate statistical

differences between pretreated and puffed sample for each parameter (p<0.05).

4.1.3  Ysunanduazlvifsunaslsnvesdnindossannes

A157971 4.5 uansUSunaiga (Ash content) wazUSunanndovseleiiounae
156 (NaCl content) 9939198 8338nM09 (Puffed GBR) TngU3urandndua1fivsvenis
AMUFUHUTUITI9AN 9 ﬁLMﬁaagﬂugﬂﬁuaaLﬁﬂ (Saha & Roy, 2022) lagUsunauia1ves GBR
WAz Puffed GBR TAN 1.15% uag 1.33 — 1.84% audndu naimsldndoifusnanslunis
T¥AnudeuunumsldisiufivsemnineiwedlifinadonsiasuulasSinandwes Puffed
GBR 813U Puffed UEC ﬁﬁﬂ%mmﬁﬁgmiw GBR atheiiifuddy (p<0.05) TiUSInannde
91dINanaUS1aLaN8Y Puffed GBR a8slsAnunaniIsitAs1eiuSunaunieved GBR way
Puffed GBR Wui1 asaadnszsilinundelu GBR uanuly Puffed GBR &siiA1sewing 0.05
~0.27% Wil USunaundeves Puffed GBR 1191n58W319n5EUILASINeildind oty

[

fanarslunislinnuiou Tnefliindeursdiufauniuiitiindesennasniianvasvguselay
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INNTFBRNAMIEANUA kazaawandly JUN 4.12 WeommwauSinaldafeslutindessen
W9 WU Puffed GBR HUSHNalwAunsening 20 - 108 mg AaUTNIaT1INA0390AND Y
100 g FanaueinisldindeluemsnuyseniAnsensNassguAsnIslnaesningt 1%
93UNUUND11T Wan1NT World Health Organization (WHO) Wugiin135uUseniuLnge
v 1 % =) a ¥ 1 dy Y & 1
AIstosNI1TUaE 5 ¢ uislulfautosndn 2000 mg A1ANANITNAADNTE LAASTALALI
nszUIuNIYIINesslensidinaeidudinarslunisiinnuseulinaviliusunainiense

USunalsifeuiududntios

A1519% 4.5 USuauan (Ash content) hazuSuanndensalaieumnaalsa (NaCl content)

99991N20999nN89 (Puffed GBR)

Treatment! Ash (%)? NaCl (%)?
GBR 1.15 + 0.05° Not detected
P-PS 1.33 + 0.06® 0.08 + 0.02
P-UPS 1.54 + 0.11%® 0.16 + 0.03
P-SS 1.68 + 0.51%° 0.22 + 0.06
P-USS 1.62 +0.11%° 0.27 + 0.05
P-EC 1.38 + 0.07%° 0.05 + 0.007
P-UEC 1.84 + 0.60° 0.16 + 0.02

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

23 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between

pretreatments (p<0.05).
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4.1.4 Yunaaniviinusenstosdiesaulasi (Resistant starch, RS) wazuSuna
Euloawnsnaviun (Total dietary fiber, TDF) v83419n4pssannas
M15197 4.6 wanswau3u RS IR nusanse ousatoulesl (Resistant
starch, RS) USunauannsasi snun (Total starch) wazu3unanduloe nnsianun (Total
dietary fiber, TDF) w84 GBR wae Puffed GBR wu71 Usunauamsuiinusieniseeemeraule
Y84 GBR 7A1 0.048% Lile11 GBR wsumsanazyimesililinuuiinaamivinuse
nsgesdeioulmiives Puffed GBR seiimsynesindassendmasionisanuSunaanisoi
NusoNSYpuReLaulYl Imaam%mﬁwu&iamiﬂaaﬁwLauiezjﬁlzimmmgﬂaiaaL.Laz@m%mlé’ﬁ
8114180 (Ratithammatorn, 2017) aeslsAnuUSunnani v snunues GBR uag Puffed
GBR laisnsfuagraiitudnfy (p>0.05) Felenagsening 67.52 — 72.83% aiiuTutnamse
HamuafialndiAeeiuauisees Huang et al., (2018) AiflA1agsening 67.24 - 78.07%
uonanilaniafinuienisdesdoioulssianunsaUsueniesunandulyermsnmun (Total
dietary fiber, TDF) (Haralampu, 2000) TagUSunandulooimnse smunves Puffed GBR i
wunlgfufinguann GBR sedlonaidosannszuiunisyimesldun mswieudindesionuay
nsvimesdawaienisiUasuLlatosAUsEne U aATvesdIndasennes INHANTNAABYE
wansliiudn 3nsystnitunndrsiulsifinedeusunuan fufinudonisd suseieules]
USinauamdavianun uasuSunanduloemsiammn uinnsvindindessennesiinasenisan

USunaamsannusanistesmaeulasitagiidusuianduleaimsianun
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AN5197 4.6 USunauannsuinusanisgesnlawauleyl (Resistant starch, RS) USunauannse

anun (Total starch) wazUsunanduleormisisvun (Total dietary fiber, TDF)
U949 GBR wag Puffed GBR

Treatment! RS (%)? Total starch (%)* TDF (%)°
GBR 0.048 + 0.336 72.8% + 0.61° 8.77 + 0.22°
PS Not detected 67.52 + 0.29° 10.73 + 0.92%
UPS Not detected 71.90 + 2.33° 12.82 + 0.43%
SS Not detected 68.58 + 1.36° 12.48 + 0.08°
USS Not detected 68.24 + 0.87° 12.57 + 0.19°
EC Not detected 72.05 + 2.21° 10.72 + 0.97%
UEC Not detected 68.67 = 0.06° 11.45 +0.11°

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

2345 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between

pretreatments (p<0.05).

4.1.5 AdveId1INAR99RNNAB99BNNEY

SUT 4.1 wansnmdnevestmndessenesiildarnyasnedsnaiu Geainnis
FaunadenUa1nuda Puffed EC wag Puffed UEC §Aumnesninnin Puffed GBR 81 9
gonndesfuantRivnanenmaas Puffed GBR lusade 4.1.1 uenani g‘uﬁ 4.2 LAAINANTS
IASIEAIEUDY GBR, Pretreated GBR way Puffed GBR lag@A1a31u@ing (L*) Ususnieml
AnuaIalagadnualdgulumevinuanaiedeny druanduudluulunisavnansdiadan A
Anududung (@*) Ysuantemanuiluduasluauiaden mnaduuildulunmeuinianai
Aung druaduwunliulunmeausansdediden aanududindes (b*) Ysveniearmnudud
wideslUaudningy wnadiuunltilunauinuansiedivies duafiuunliilunisaunans
§98U3Y 91ANAN1SNAABINUIN GBR, Pretreated GBR way Puffed GBR ilfn L* 55.32,
39.72 — 43.53 Wwag 49.02 - 53.94 a1uanu 1ay Puffed GBR fiA1 L* TnalAgeiu GBR e
Pretreated GBR fifn L* #1031 GBR, way Puffed GBR aeailiud Aty (p<0.05) 99nNanIs

NeaaInandlmiudn N159iNe Tt AnnIswaIIdINasan IsiiuAINLaN A U7
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ndossanwes agdlsAmumavimesdslianudeugsszasinandu (200 - 230°C umw 10 -
15 5) fuaviliernududnng (%) wazAraududindos (b ve Puffed GBR iady
agafltfudnday (p<0.05) WewUFeuifiuufiu GBR waz Pretreated GBR lng GBR, Pretreated
GBR way Puffed GBR fiA1 a* 2.58, 2.59 - 3.48 ag 4.75 - 6.57 AUa1AU hazdan b
16.49, 17.14 - 18.07 Uag 21.11 - 22.88 MUY INWANIIVAGBIANIAATULRTT N3
F1indevtennasinavin A suutasludl oo ufu GBR wag Preatreated GBR el
I nliidmarenisildsunlasdn a* war b* ves Puffed GBR #il#91nn191s#i 3

AU
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4.1 uannmdnndesennefilaainIsnisyanuusig 9



(A) 80

60 a ab be abc c abc abc
3 db di dff dm 4 d
© 40
x| I Pretreated
20 m Puffed
0
GBR PS UPS SsS uss EC UEC
Treatment
(8 10
ab a
abc abc
ij’ bcd cde
5 g
e
* e Il Pretreated
] ¢ f £ e f
I I Puffed
0
GBR PS UPS SS uUss EC UEC
Treatment
(© 30
a a a a r a
20 b
® P b b b b b
f:
Pretreated
*-;3 10 u
I Puffed
0
GBR PS UPS SS Uss EC  UEC
Treatment

71 4.2 Ardvestnindessengnfinun1seunie (Pretreated GBR) kagd1Indesien

a

a4 (Puffed GBR) Tag (A) Amuadng (L), (B) manududuna (a%), wag (O)

' < a A v v 1 [ 1 1 1 [y
AU UALaRY (b¥) m?@ﬂi‘fﬁ@lNﬂlﬂ,uwﬁﬂwLWNLL?WN'J'WJJﬂ’]WQJLLmﬂG’HQﬂu

Y

ag13iitidAgy (p<0.05)
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116 dnuazieduiavasdiandassanwas

Ul 4.3 wanamadnudodudadiuanuuds (Hardness) waganunsou
(Crispness) 18391Ind8330n10s (Puffed GBR) F991nnan1sTAs1vinuin Puffed GBR didn
Anuudsagsening 5.11 - 7.66 N (5UT1 4.3 A) uagArmunsou (Crispness) fAnogszmning
89.17 - 100.17 Ingdnsvatnimendienatnlnivillile Puffed EC uay Puffed UEC fiAn
Auudad1in Puffed Aildannsmeisduegslifudfy (p<0.05) uanani Puffed UEC §i
A1AHNTBUEINIT Puffed PS, Puffed SS lag Puffed USS agailifedfny (p<0.05) nan1s
yaaosiaonadesiuautRmanmenmiasnmaneves Puffed GBR Fauandliiiiudn 3315w
fnfnaseautinisnionmissdnvunieduiavesdnndossennes laensliisnimmedn
wifonsdnluiinlnglsiriunsusuannuagitunisusvanmdendusansilelin (EC uaz
UCE) wazmsvslaeriunsusuanmdneaausansladindewhlusuuasda (UPS) dnalunis
RuANBILAEANNTOUTBITINGBsENNIeY (Puffed GBR) Tdoraiiasunainnisadie

wianatilnihuagnsusvaninageiudanslednneuinluduuagis vilidindessen

1% A

Aaandluedulaeg1sauysaliinninnsmenieisuuudy dmsiianaiiluedulaegi

anysalfidnilideviuiadnaziliinduniiveaudndia (Crust) Anuinazudns

(Pompe et al., 2020) F9ine9lAATURAZHAINNTOUNINTU
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(A

Hardness (N)

PS UPS SS Uss EC UEC

Treatment

® 120

b ab
90 ; b : I

o

opoe |

oot
i
.

60

30 \
y
-
A

Crispness

PS UPS SS Uss EC UEC

Treatment

JUT 4.3 dnwauziiiodudaniu (A) AU (Hardness) uag (B) munTau (Crispness)

9999173N80998nNY (Puffed GBR) A28 n95A19A Ul UNTIN LY a0 AL

v o w

upnsenuegettud1AeYy (p<0.05)
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417 Usnmaseangyanedaniwvastiindessanwasiiiiunisnedngaeis
fiuansinaiu
F1ndosien (GBR) wazdindassennes (Puffed GBR) Wundnsaueidn7id
USinianseongyivmetanimgs iy nsaunuan-oxfludndin (1u1) unasnleSeueas uas
asUsznoufiuedn Wudu msedl 4.7 uae m131971 4.8 uansUiinaEseangnENIeTnw
YOIUINADNDNUATIIINABINBNNBY WU GBR HUSHIUEITNIUNAIAY 16.83 mg/100 g
(51971 4.7) FaflarlndiAeetunuisdeves Chatchavanthatri et al. (2021) Fas1eirdindas
1BNNUTUIUAITNIUIBETENINN 6.43 - 29.76 mg/100 g dlawieu GBR egslsfimuuTuna
#13011U1%84 Puffed GBR de19g5¥1319 8.63 - 9.39 mg/100 g Fafimnanasegadveddy
(p<0.05) lewleuiu GBR nan1snmassiiuansliifiuinnszuiunsidnndessennes (M3

LS EUUILAZNITYINDY) dnanan1sanUSuiuasnIuIas 51 — 56% wWiakigunu GBR

AN5197 4.7 USUNauansnIu1veaU1Inassian (GBR) wart1inasdianwed (Puffed GBR)

Treatment! GABA (mg/100g)?
GBR 16.83 + 0.01°
PS 8.63 + 0.00°
UPS 9.07 + 0.01%
EC 9.39 + 0.36°
UEC 9.00 + 0.16"

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

%2 The values are means of three replications + standard deviations. Different lowercase
letters in the same column indicate statistical differences between pretreatments (p <

0.05).
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arsunuan-ledeuea Wuasiueyyadassinuinluwdaiivlngangly
druvesirim FaflasniAlunisiueyyadass an LDL-cholesterol wagtiiu HDL-cholesterol
(Gerhardt & Gallo, 1998; Rong et al., 1997; Wilson et al.,, 2002) uana1niidsiiuszlomily
nsteanninindlesen Jestudonnin uazdunissniau (Lerma et al, 2009) 531n
msnAaesiinyi GBR ey 61.85 me/100 way Puffed GBR flfnagsewing 46.22 - 48.23
me/100 g (M5197 4.8) Hadinszurumsidndessennes (Msw3sudauazmsyines) i
HaRoNITanUTUIMNEITLALNI-19T s 1uRaY 19T UBd 1A Y (p<0.05) 31NIUTT8UDY
Chatchavanthatri et al. (2021) wud1 913na8%90n (GBR) AUTaua1sLANNI-lasg1uea
45.06 mg/100 g 0g9l5NMUIINTIBAIBO Bagehi et al. (2021) FUFunaanswnuun-le
eueaegsEing 24.00 - 74.00 mg/100 HiUimaiasunan-To3sueaiiuaneiuluus
avaisvonamnantimanisudnndessenuaraeiusin mnuanismaassiuansdiidiu
11 BaspsdnudiagislddwadonaiuasuuasUiinuasunuin-le3eusaves Puffed
GBR

a15Uszneuiluednitanun (Total phenolic content, TPC) 994 GBR &A1
wihifu 0.48 mg GAE/g siiuSunasansuseneuiiuedniismunves GBR denmdasiuauise
994 Chatchavanthatri et al. (2021) fifleoglugs 0.48 - 0.88 mg GAE/g @ Puffed GBR
ﬁmﬁﬂﬁzﬂau?\luaaﬂﬁgﬂwmagjiz‘mfw 0.31 - 0.43 mg GAE/g (15137 4.8) Tae Puffed UEC
fUsinuansUsznoufiuednviavaainnniinisvsandieisnsd uegeiited iy (p<0.05)
USinmansUsznoufluednvienuayes Puffed GBR anasenaiionnanmawdsudimossies
fnsthunslianudeudaudnismsdauaznisvime dsdmalvilinisaaudearsoanguima
Franw (Mir et al., 2016)

INNITNAFBUNT (AINLAINNTH) AUeUYadaseeieTs DPPH uag ABTS
989 GBR way Puffed GBR A9LaAINANISNARDILUY A151991 4.8 WUINANUAILITONITAUY
a150yyAdasyae3s DPPH uay ABTS ¥@9 GBR A1 0.41 uaz 0.53 mg TEAC/g ANUA1GY

Fafimosnin GBR w83 Chatchavanthatri et al., (2021) (0.75 - 1.36 ua 0.85 - 1.31 mg

(Y

TEAC/g muanau) agslsfiaunisyindnanassenneslunuidediinalunisanninuaiuise

LY

lunmsiuanseuyadaseaieds DPPH uag ABTS egditiuddty Faannaninuaiinsalunis
AUETOULADATEAIYTT ABTS Wuln Puffed GBR @aildnegsening 0.23 - 0.27 mg TEAC/g

IS 1 a o ! ¥ a ¥
4N138789910 GBR 88191UyE ALY (p<0.05) LLG]Naﬂ')'TLIE‘ﬂll']501Uﬂ73@7u375@1§%68353®?8

35 DPPH @4 Puffed GBR @eilrogsening 0.12 - 0.27 mg TEAC/g Wuitansinueyyadass



85

[

w93 Puffed UEC laiunnsinsoenadifiodndny (p>0.05) fu GBR dau Puffed GBR #ir1unnsug

d
andesTishaty laldsadomsdueyyadaszosaiiteddy (p>0.05) Havesds DPPH uay
ABTS annuansneaasiiuandliifiuin nssviunisvimestiudaaienisanauanusaly
NsAuEITOUYADATY ﬁgqﬁjawLﬁuLWiwmiéfma%a55’13%’1&%{1@@ﬂﬁwa'mlﬂizwjnmi
wisuindesenanuagnsvimes uaraenndesuNanITIaTiUSINMANTEBNgNE VNG

1NNV U

nNan1saaestuandliliiugl nszuumsidndsssennes (Nswieu
118N ILARE I RarN15YIINeY) drarenisanuIuiuaseengnsniadinimlaun
4130107 @1sunuun-leseuea a1susenauiluednyinun wavaNau1salun1TAIuans
auyadasy DPPH uaz ABTS asegiltiydfny lnsiameansniuideanasseann 51 - 56%
dlewieu GBR agnslsiniu3snsnsdnunagislidmadonisiudsunlasanseangninig
IS) ¥ aa ¥ 4 ¥V [} % 1 % b4
Fanm sniiu Wnsmatmdenstnliinlaeliiiunisusuanimuagiiunisuuaninee
maudanslelin (EC waz UCE) waznsvdlagniunsusuanmieaiudaniletinneutily

fuuagils (UPS)
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M1597 4.8 USHaUaN0engnEn1eiIn kA ANaLsaluNAuaseULadaTE 109917

NanwIan (GBR) kazU1INanannee (Puffed GBR)

Oryzanol TPC DPPH ABTS
Treatment!
(mg/100 g)*  (mg GAE/g)? (mg TEAC/g)* (mg TEAC/g)®
GBR 61.85 + 1.03*  0.48 + 0.012 0.41 + 0.02° 0.5% + 0.012
P-PS 47.90 + 3.41°  0.33 + 0.02° 0.12 + 0.05° 0.23 + 0.01°
P-UPS 46.22 + 3.94°  0.35 + 0.01° 0.15 + 0.04° 0.23 + 0.01°
P-SS 47.69 + 2.97°  0.31 + 0.01° 0.16 + 0.03° 0.25 + 0.02°
P-USS 4722 + 4.70°  0.33 + 0.01° 0.15 + 0.03° 0.24 + 0.02°
P-EC 46.22 + 4.23°  0.33 + 0.02° 0.17 + 0.03° 0.25 + 0.03°
P-UEC 48.23 + 3.91°  0.43 + 0.05° 0.27 + 0.14% 0.27 + 0.02°

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted
parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking
and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

2345 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between

pretreatments (p<0.05).

4.1.8 ATWAYAWNATALINYLTIABUN LMD A1NAAVRIT1INADI9DNND Y
(Synchrotron-radiation-based X-ray tomographic microscopy, SR-

XTM)
U7 4.4 uaz 4.5 wansiensemadaenusdaouinmosamialugiy
1995989 ulasnsou (Synchrotron-radiation-based X-ray tomographic microscopy, SR-
XTM) 484 Pretreated GBR Way Puffed GBR #i61un"5ia3 sns835n15vaandl uananafu
puadu Tag U7 4.4 () uansdnunzsini1andaues Pretreated GBR (Il g IIl) wang

Snwazlassasislunieludnvag Pretreated GBR wag (IV kag V) WaAININEARILLUIE?
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LAZUUIVINBY Pretreated GBR 910 U7 4.4 vilimwiulddaiaudi 33nsusdnmdensd
I lngldenunsusSuanmkazEtunsUsuan wsgaiudanseln (EC wag UCE) dwalv
Tas9as19n1eluveduand1Iuiie (Pretreated GBR) Lfigwyu Fawaneneannisnisnednanie
Qdd‘ 4" ) v I3 ¥ a a 1 1 I3 gj g" [~

89U Fuilineluwdatifigngy @dnuanstesinnigludn) Nidenadunsiznism
Fravdensdlnivilidndeweniinmadluwduldeganysalvilidaanissuiuuas
dniuuiy Weaansa U7 4.5 () LAPIANWULIUAATIIND WL UAAVBY Puffed GBR (Il way
) warnednwazlassas1slunisluanues Puffed GBR way (IV hag V) handnIndannIauuLu?

1 < v v = ﬂl = U
WUILALHUIVINVDY Puffed GBR WU LWAADIINADIDNNDY UANUNBILIN LiaLAguiu
Pretreated GBR (5U#1 4.4) LLasmstuImqa%ﬁmﬂLmﬁﬂﬁnwaﬂﬁgwquﬁﬁmuLLazﬁsummimy'
lagiang Puffed EC wag Puffed UEC Baflannumadiagsnguruinlvgnin saunsusiiu
¥ v = 1 Adl :.I/ ‘d’l a vV a al

YUVIIININABNBNNDILAUUIININ Puffed GBR U 79819tAn1NN1591bAALAaR bk
Fulgegnsanysalunnndt Wehluviwiazibiisduniivesudndns (Crust) Avuiwas
wdalse (Pompe et al., 2020) waziilouluvinesdsiliiAinnusuniglusdalauinni
s EARIvuariisiesndt a1n1eRaueentulatieunindsdmaly Puffed EC uay Puffed
UEC fianumnesnnningnsau 910 SR-XTM Huandliiiudy 3n1snsdasendionsdili
Tagldnunisusvaninwazaiunsusuan mmenaueanstein (EC way UCE) way wagnis
nalpgrunsusuanmierdudansiletinnewiiluduuazis (UPS) dinaviili Puffed EC,
Puffed UEC wag Puffed UPS #n31uneaiauinndn Puffed GBR 1laa1nnisuenieisau way
NAYINAINANY SR-XTM @8nAaa9nualuRAN19n180 1N (WU 4.1.1) waranwalztlodueia

ANUAINUNTBU (PhTB 4.1.6) ¥89U1INaB9anNad (Puffed GBR)



Ul 4.4 nwdne SRXTM aeadrandessangnitsinunisyiauis (Pretreated GBR): ()

Wand9, (1) FNTu, (1) gwiulazannA, (IV) AARINLUNENT, kA (IV) FRFAIN

(NN RDLIIPIAN

88




—_—
1000.00 um

U 4.4 nawrng SRXTM ae3d1andeseangniiiiuniavinuds (Pretreated GBRY): (1)
WAAT, (1) gngw, (1) gngulazaInia, (V) ARAINLWIEND, uay (V) AR

L9719 (51D)

89



90

e
1000.00 um

Ul 4.5 nweng SR-XTM vesi1andaasenies (Puffed GBR): (1) wdata, (1) gwgu, (I

FNTULALRINA, (V) ARAULLIENT, Wag (IV) ARRILLLIYING
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1000.00 um

1000.00 um

1000.00 um

Uil 4.5 nmdne SRXTM wasdindessenwes (Puffed GBR): (1) wdndna, (1) gmgu, (1)

INTULALRINTA, (IV) ARANWLIETT, Wag (IV) ARRILLWIYING (D)
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4.1.9 mMsaszhlaseEs1muaiivesdnandessannaslagltuasdulasnsounu
wallayiFesnsuanasudunsusaaunlasalny
qwu%’aﬁlé‘lﬁmﬁﬂmsamﬂﬁu%’ﬁﬁumm@ (Infrared absorption, IR) U84

Taana lnserdenisduresiusgniaail (Chemical bonding vibration) Hanisduuuuda
(Stretching vibration) LaTNITEULUULD (Bending vibration) Wilinsduvesiuszalifiiin
mﬂmi@mﬂﬁuwé’wméuv\liwLsmﬁmmﬁLawws%ﬁﬂﬁmwwﬁmawgwﬁwﬁ (Functional
group) Yadluananslulasiaiavesansdunid lnsuansdnwugaiunasy (Spectrum) it
maamnﬁuwé’wu@uﬂawL'imstmm’m?iu‘%al,amﬁu (Wavenumber) uens1eiu (Kongmon et
al,, 2020) Tun153AILMLASIAT1IN19ATIVBY GBR way Puffed GBR o lduwaadulasnsauey
waudunsusatumatdaniSesnsuanesudunsisaaiUnlasalnl (Synchrotron-
radiation-based Fourier transform infrared, SR-FTIR) gﬂ‘ﬁ 4.6 wansalnAsade SR-FTIR
194 GBR Way Puffed GBR fiiun15in3sud1835n13vafiunnsnadu lagn1sgandussd
Sunsusalutaasna ussning 3700 — 800 cmt wu31 d@nns1 SRFTIR 989 GBR way
Puffed GBR J8nwmgAa1aiy Imaﬁ%mmmﬁu%’ﬁﬁuﬂmLmﬁwiuﬁi?ﬂmam?{u 3376,
2930, 1658, 1529, 1155, 1082 whay 1155 cm’™ Imaﬁﬂmi@mﬂﬁu%’ﬂﬁﬁuvhwLsmﬁszLaGUﬂﬁu
3500 - 3000 cm’™ LLamﬁ@ﬂ']iél’ul,wu%suamglamaﬂ%a (O-H) (Erturk and Meral, 2019)
finnsgandussddurisisaiavadu 2925 wag 2921 cm wansiansdunuUdnves C-H vy
LluNNaa u (Methylene group, CH,) (unyusen et al.,, 2022; Vlachose et al., 2006)
wonanianasn SRFTIR vealusiu (Proteins) waza13lulewnse (Carbohydrates) wans
m‘;@mﬂﬁuuaﬂwdma%?iu 1700 - 1500 cm™ wag 1200 — 960 cm™ mud1diu (Kongmon
et al,, 2020; Junyusen et al., 2022) 1ne GBR ﬁmmwﬂ’maﬂmiaﬂﬂﬁuﬁ 1658 cm way
1529 cm™ @an31 Puffed GBR ag19¥nLau Fawansliiuda nszuaunisvhweslaun nns
wisudndessenuaznsvinesdinanenisdsuilasiassadewesiusfiunely Puffed
GBR

TueudTei lavhnisSinsziosd Usenaundn (Principal component
analysis, PCA) FlgnaUnns1ves SRFTIR lauadusening 3700 — 800 cm! wansluy gﬂﬁ
4.7A lagNan1sILAT1809AUITENDUNAN NUIT BIAUSENDUTIN 2 BeAUsznaulaun
23AUsENausaud 1 (PC-1) wag 2 (PC-2) 309 GBR waw Puffed GBR 1Jufunuvesainy
wUsUsaustenun (Total data variation) winifu 69% Tae PC-1 1§ uun Puffed PS uaz
Puffed EC #8n21n GBR, Puffed UPS way Puffed UEC ag198mau way PC-2 lawean Puffed

UPS way Puffed UEC 88nannnugmay wilana1saa@lnmsiued Second derivative SR-
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FTIR uanslu JU7 4.78 wui1 nsgandussddunsnsaluaundu 1200 - 960 cm? daidu
Y19aUnns1 SR-FTIR vasm1slulainsa (Carbohydrates) AuLANAI9AUYDY GBR Wag
Puffed GBR lagLanie Puffed UPS, Puffed UEC, wag GBR wansneniuunnu Puffed PS way
Puffed EC 9nHan153a519% PCA uansliiidiuin nsléadusansilafinlunisusvanind

AeunsevdwaliiinnMUasuLUadlasaisveseslulamsaves Puffed GBR

3U7 48 uaninanisitas1esinisuyanaudeya (Hierarchical cluster
analysis, HCA) ¥84 GBR Wag Puffed GBR laglaas1qununinauldvistaulasunsy
(Dendrogram) @ sazaiaef udunanisiiasiziesdusznaundn (PCA) Wud1 @115auUs
vonudu 2 nqalvig) 9 fo GBR uay Puffed GBR Tnenalungu Puffed GBR Hu Puffed UEC
waz Puffed UPS diaulndiAssiunnnnia Puffed PS way Puffed EC Wan193LASIEMAS

wUanguilaennsasiunanIsinszviesrusenaunan (PCA) (UM 4.7A)

NT180UTT88 Kong & Yu (2007) szudn adnasiwedlusiuuazinylng
Usznaumenyialus (Amide) A, B, uaz HV Ing Amide | wag Amide Il Wun"3&uU (Vibration)
osnnisganduuasnnndt Amide Bu 1 faiin1sganduuasas Amide | Tuthaiavadu
1690 - 1600 cm’! yhlAAMsAuLUUDATBsTuUSE C=0 Uszanal 80% demumnnlulaseadng
NAgnUveslusiu (Secondary structure of protein) @3un13gAnauNLaIYas Amide Il Tus
L@uAAY 1575 — 1480 cm ! vilsfiAnn1sd unUUseYeauss N-H Uszana 40 - 60% Tu
Adel m997 4.9 wansaRiuldRevesaiUngsn SRFTIR vo Amide | wag Amide |
Tutasiavadu 1700 - 1617 cm wag 1576 - 1493 cm™ wud1 GBR fiuiiléfinves Amide |
g9n1 Puffed GBR agailtid1fey (p<0.05) sniiu Puffed PS ogslsfnmuiiuilifinvos
Amide Il liluansinsfuszning GBR way Puffed GBR uanaINdnasTI1uv09 Amide | kas
Amide Il $aeUsuendaFualusAulu GBR uas Puffed GBR anuin mavimesdiandes
senlaeld38msnedaiunnieiulsifinasionisasundasusmalusiu snfunisyedn
vifonsimliihlorunsusuanimendusansiladn (UCE) viliuSinalusfuanasedi
fifoddry elloradeunanedusansleiiniinarililasadevedusfiugniaisainms
LANYBINBI8IN1A (Bubbles) anUs1ngn1salualImdu (Cavitation) (Phan et al., 2018)
2n918911358709 Kongmon et al. (2020) wuth dnatugumnenued 105 Siuifldanas

voslUsiuilannsiasgiiiny SR-FTIR aindtilannawideil
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Scores
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SUT 4.7 (A) n1571AT1siad Usgnaundn (PCA) 91naLUnns1uea SR-FTIR Ineidl

(Puffed GBR) Tutl9iavmausewing 3700 — 800 cm'?

29AUSENOUTINT 1 (PC-1) uag 2 (PC-2) uay (B) nsusuanns) SR-FTIR

A1835 Second derivative 9899170889980 (GBR) hazU13INa 8998 ND4
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0.2

06

Heterogeneity

08

—— EC

— PS8

uPs

|
.

GBR

JUT 4.8 N11531ATIYINITUUINaUTaYA (Hierarchical cluster analysis, HCA) 984417

N&9939n (GBR) wazd1indasaannes (Puffed GBR) lutiaauniusesing 3700

- 800 cm!

AN5199 4.9 NUNLANAYDY amide | kag amide Il Y89U1INA09980 (GBR) kard1INan499n

wog (P

uffed GBR)

Treatment!

Amide |

(1700 - 1617 cm™)?

Amide Il

(1576 - 1493 cm™)?

Amide | and Amide II*

GBR
PS

UPS

EC
UEC

0.0030 + 0.0010?
0.0020 + 0.0000%

0.0013 + 0.0006°

0.0013 + 0.0006°
0.0010 + 0.0000°

0.0013 + 0.0006°
0.0010 + 0.0000°

0.0007 + 0.0006°

0.0010 + 0.0000°
0.0007 + 0.0006°

0.0043 + 0.0015°
0.0030 + 0.0000%

0.0020 + 0.0010%

0.0023 + 0.0006%
0.0017 + 0.0006°

! GBR: germinated brown rice, PS: parboiling and steaming, UPS: ultrasound-assisted

parboiling and steaming, SS: soaking and steaming, USS: ultrasound-assisted soaking

and steaming, EC: electric rice cooker, UEC: ultrasound-assisted electric rice cooker.

234 The values are means of three replications + standard deviations. Different

lowercase letters in the same column indicate statistical differences between

pretreatments (p<0.05).
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4.2 wavansiganudulalasaunfndannnInYaIdnINaaIeanNwas
mAeluidedlddnvinavesnisldaudulalnsaunfndonisivud suuvas
Tassaramaeiivostnndesendn Falnadenisnesiueatiiindessonnes (Puffed GBR)
Tagleudanisnaasseanidy 2 dru ldun (1) ns@nwianiisimuizanvesszduuay
szeznanslinnudulalasauwnfn uagsresnarlunmsudluindesengnienmuningu
NINBIFILALAIIUNTOUVBITTINGDIIBNNDY Uag (2) NMIANWIAMNINYBIT1INADIBNNEY
Adsuannanzfimmzan ngdiesziauansuandinimenmwazniaed U
anseengYENIeTInm Anuannseluntsiuaseyyadasy @ dnuasiiloduia meliesgh

1a59a51919A3] Wide-angle X-ray scattering (WAXS) kagmsilAsieilassasneseiuania

4.2.1 wavasnnuaulalasauafnuazszeziaanluntsudiliudiindassangnee
AMNNVRITIINABIBANEY
nsfnwluduildmannefivangauesssduuarsroznalunslda

dulalasaunfinduinindestenan sassseznarlunmsudiduinndeuengniievinlidn
n&owenaniinnisusndeilnainandudeuiluvuiazyimedudusiossly Tneszdu
uasveznavesmslinusulalasausinifiouivanmindessenan léun 2 ua 4 bars
Junan 2 uaz 4 h suddu dmsunisfneiszeznarlunisuidudindessen laun 0, 4,
24 waz 48 h nasandnndewengnlaniunisldanudulalasaunfnuaznisugiu 417
ndessenanlsgniluvuiaazviwenilefnvinunimdunisnesiiuazAunseues

Puffed GBR fasioluil

4.2.1.1 99518IUTLNINNAINYIILATAIIUNINIVDIUNINADIBNANDY
210 AN 4.10 LARINANISNAABINITUIANBATIAIUTEININAIY
817Ua¥AIUAI19 (Length and breadth ration, L/B) va4iuant13nd esannad (Puffed
GBR) Nlaannn1slganusulalasaunfniTeaulaysesaILANe1 Uy SIUNIsLesIaly
nsutidudnandessengnneunsviiwiauaziinnes 1aeg L/B 918UsUangnIIN1sneIfiues
Puffed GBR ¢ 1agA1 L/B A1 LandaddA19msINISNaIuaLUanT1wnuuIndy (Mir et al,
2016) Tunsfnwdnudn N1sinszesIa1V8INTULEUT1INABONENIN 0 h 1w 48 h
U 1 d' [ £ %4 % a U 1 d‘ 1 ;2 U
Yaefpg1anliiunsitanuaulalasawnin (control) warsiageniiunsttaNuaulalns
ALARNT 2 bars WKW 2 h wag 4 h wagh 4 bars W 2 h vl Puffed GBR I@1 L/B aninad
1 a v o [ :Jl dy ) 1 [~ ¥ ¥ = ) v
ag 13l dydAtY (p<0.05) Va1 dUNI1¥TE NI 1SR EUT1ING 033enNA N KAV LA

lpssasramnaaiineludatnndesengniuasuwdaiy tnsluanavesesiilaauazosdlam
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aruAnnsdniFesilmitaraisiuselelnsaussninansliana da3onin ansuiinns
Ausvdoiniinsinsindu uaziilothimluiwieinasvililassaiianelumdndnudass
wndu mavhmeslngldaaumnigedmaliinelusdndnsnneeswrniuasia
wssiulanigluwdadnaulilassaieneluwdadanesds nadugnsurwnnlinguazudn
Fnflvuelvgutiuies (Pompe et al, 2020) sgrslsimunsldausulelnsaunini 4
bars U 4 h Wagszegamsutiiuiinndessenanszning 0 - 48 h lifinadensiudsuen
L/B w89 Puffed GBR (p>0.05) sisfioraifumsnzseduanuduiigauaznisldaududy
nanuinavihlilasaimaaivestiindewenaniinnisfudiviseiiaslasinsauduin
Auld shlfsgvinsnsvmestusssiuledinislundadaliidomesonisdulassasng

nMelunudasannlyneasa F9vinli Puffed GBR Hn1swadsfan

dlossuiisunavessssunazsyazinatvosnisldanusulalnsaun
Anfiusazszeznainisuaiudiindes wuii mﬂeﬁszﬁummﬁuﬁqqLLazmﬂi’fmmé’uLi‘;Ju
81U (4 bars 4 h) duavinl¥nswesdai uunnd u (A1 L/B sas) ogrslsfniumn
szognaMsutuiniuny 48 h msldsgfuanufuiiguaznsldmnududunauuiaa
vinlsinsnesiann annantsnaesiuandlifiuin annsfimanzanlunisvinl Puffed GBR
flauwesianniu (A1 L/B fas) Ao mstdszsuanusulslnsaundnd 2 bars uiu 2 h

waz 4 h was? 4 bars U 2 h kaseezalunIsduTIu 48 h
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A151991 4.10 SRT1dIuveIRLENIREALATI (Length/breadth ratio) veadandadsen
Na9 (Puffed GBR)

2bars! dbars?
L/B control

2h 4h 2h 4h

Oh - 2.72 + 0.30%% 2,70 + 0.32*"® 288 + 0.30"* 2.60 + 0.29%®
dh 277 + 03438 273+ 0298 276+ 028" 289+ 043 261 +0.27%
24h 258 + 033" 258+ 021" 258 +0.31%" 276 + 025" 267 + 0.35"
48h 243 +023" 251 +023® 247 +033® 249+ 026" 277 +0.40"

! The values are means of thirty replications + standard deviations. Different lowercase
letters in the same column indicate statistical differences between treatments
(p<0.05). Different uppercase letters in the same row indicate statistical differences

between treatments (p<0.05).

4.2.1.2 n153aszvinnudundnvasdiindessangnaemnaiia Wide-
angle X-ray scattering (WAXS)

TugAdedlafnuinagiUssuiisudnuurlaseaseuan (Crystalline

) U

structure) vesan3viIndessenaniiliannslidanuiulalasauninissfunazszaziia
f19 q Tuieszernatlunsutiuinndesenandaeldmaia WAXS Matmauisuiiisy
dnuazlasaairmdnvestnnoulandinismaasstigysvenisnsiinnisiuasuulas
Tassasanielurasanifvdmld Ssnswdsuulasidmasronnuniwdiueiunesuagzaa
nseUvBsTINdRIEANBS 91NFUT 4.9 uaRIEnYUY WAXS curves 7l 20 581319 3° - 35°
wazAaLdunan (Relative crystallinity) suaﬁnﬂé’awaﬂqﬂﬁiﬁ?\nﬂﬂfmm?auﬁLLmﬂGmﬁ’u
Lazn15197 4.11 uansHaveIN uiildATia (Peak area) Alda1nnsBuitnanfinain WAXS

curves Sawuiiail 26 WU 5.5°, 16.8°, 19.4°, 21.8° way 23.8° AUERU

NNFNwAILYDI WAXS curves 1 20 Winfu 5.5° 16.8°, 19.4°, 21.8°
uag 23.8° (3UF 4.9) nuin lassadrawdnvesanivinindessengnasnndosiudnuas
1ATIET1INENVOIERITTUUU B-type Lay V-type ﬁgaf'jt,ﬁmmmﬂﬁaaﬂwa%’waﬂé’awaﬂqﬂié’
druntsvillanavesansnianariludunouiundinseidae WAXS uenani
szrinmafuinuilaensuifuigamadl 4°C 1Wunan 0 - 48 h fasilkansuinilng

WnSaTulareninaITUsENOURITausE NI vesillaauazlutiu (Amylose-lipid complex)
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(Buleon et al.,1998; Kumar & Prasad, 2018; wauyana, 2560) 91n Pozo et al. (2018)
51891131 TA9a519man (Crystalline structure) Ua9am1395551%A (Native starch) @11150
wuseantaidu 3 wuu laun A-type, B-type wag C-type 91nn1sAnwsie X-ray diffraction
(XRD) agnudnuazvasfiafl 26 unnseiu nanafe A-type sswuiielng) (Major peak) 71 26
Wiy 15.05°, 17.09°, 17.92° and 23.00° wagfiidndi 26 Wiy 11.27° way 26.33° lag A-
type annsanulgiisluamsvannd Sty uazdlne Wudu dau Btype anusanulély
ansyndnfiflozdlaags danufialngfl 20 wirdu 15.26°, 17.21°, 19.75°, 22.32° uay
24.08° warfieldnd 20 WAy 5.81° uay 26.10° uazangy C-type Wuniswaufusening A
type wag B-type mmiﬂwulmuami‘sumﬂﬁ'sumsqaﬁ"’g Fenznufiail 20 windu 15.06°,
17.09°, 19.34° way 22.86° 0819L51M 10 Kumar & Prasad (2018) 51897431 1AS9@S19KEN

WUU V-type L“ﬂuimaa%fNmﬁﬂﬁwdé’wé’wmﬂmﬁmmiﬂizﬂauL%a%auiwdwagﬁiaaﬁ’wg
flaturveansnlodunarlusiu Tnsasusingdi 26 wirfu 17.85° uaz 24.75° uenainil
Dupuis et al. (2014) 51891171 @1sUsEnaULTsgausenInsesiilaauazlutiudwmaliansaiia
N9NBI7 (Starch swelling) Hosas Fadnasusonsinanisufinudonistessoioubasl
(Resistant starch, RS) 211 'gﬂﬁ 4.9 wud Anudundn (Relative crystallinity) v8e1Ind09
songniidfissntuiiessazansutbuuuinntuisiniiusagldiumsldanudy
lelasauniin nanisnaaesiuandliifiuii szegiannisutidudnndossenaninasonin
WHurdn ﬂgaﬁam,ﬁaammmwdwmmi'Léuﬁ?ul,ﬁﬁimt,mé’usuaﬂmLaqaam%ﬂwﬁnqﬂ R
fnavhlviiaudundnvestaifinanndu (Nagataki et al, 2018) a1ne3deves Buleon
et al. (1998) wui1 ansaidmudundnuiniy dwalfiinansaiinuionisgessae

. X
wulasiunnau

YBNAINUINNANITIATIZUNUN O NALALENWALZUDI WAXS curves

(113199 4.11) WU 91 28 Wity 5.5° AuilafiawazauEavesiiaiuuInTuLiloszegIa
Y9313 uT1INd03s0naniinTuan 0 h 1y 48 h ensiAnfiafl 26 WA 5.5° 019
wandlenaN15AASINTLNTLATUVDIANISYNFINLYLE U NAN1TNABINFDAAA UL
999 Nagataki et al. (2018) H431897W31 Msutidudnanfiaamnd 5°C Wunaiuu 1, 3, 4
U a o Y a a d' 1 [ ° 1 d' = v v dl [ (=3 1

wag 5 U duaviliiaiiafl 20 windu 5.5° winnindafisuiuvtngnilusiunisuwdu (a
wuiiadl 26 AU 5.5°) WeNINLAUAWWBINAT 26 iU 5.5° LNLINTULIBTEELIIAINTT

-1 d%’ gj Qg‘, = d' 1 [ ° 1 1 = a [

L EUUIUNINTY NIEN1TUIINGURITiAT 26 WA 5.5° Yr8UsuanfianIsinglnsinsndu
YBIANIST VT 1INFIINNITWYLE U Tagni15iAnsInsinsiaduvinlinisiialasaas19uan

(Crystalline structure) vasan15vn1gluuAnT1IEN B 3NUAFBUNUTT N1SRNTUVRY
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szeuaMUnUlalaTawaAnaIn 2 bars LU 4 bars karszeEIAINITWIEUTIIUIY 48 h ddna

TAfia7 26 Wiy 5.5° ANunlafiAkaEANEUDITATLLNNTY

S

, ~ Cooked-control-48 (5.40%)

Cooked-control-24 (5.65%)

Intensity (a.u.)

Cooked-control-4 (2.54%)

Cooked-control-0 (2.48%)

TR ST T SN N TR ST SN [N S ST S TN AN N ST SO TR SN TN ST N T SN TN SN ST S WY

5 10 15 20 25 30 35

20 (degree)

y Cooked-2b2h-48 (6.37%)

Intensity (a.u.)

8y Cooked-2b2h-24 (4.62%)
Cooked-2b2h-4 (1.93%)
| Cooked-2b2h-0 (2.10%)

I T W N T SN W NN TN S TN T AN WO T W [N T SN T AN W S S N

5 10 15 20 25 30 35
20 (degree)

919 4.9 Mm3msziinudundndiy Wide-angle X-ray scattering (WAXS) 493917
naewengniiuUTuan wmeauiulelnsaunfnuaznsududuna 0 -
48 h
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5 | et
&
A e, Cooked-2bdh-48 (6.17%)
c
g
< « Cooked-2bah-24 (2.07%)
™ Cooked-2bah-4 (1.66%)
" Cooked-2bdh-0 (1.77%)
| TS SR S SN SN SR ST SR ST SN S W R M| P T T R
5 10 15 20 25 30 35
20 (degree)
)
3
O
N
> Cooked-8b2h-48 (7.35%)
‘G '
5 1 Cooked-4b2h-24 (3.29%)
g
£ Cooked-4b2h-4 (1.80%)
Cooked-4b2h-0 (0.69%)
I L 1 L L I L L L L I L L 1 L ' 1 L L L | L L 1 L l L L 1 L I L
5 10 15 20 25 30 35
20 (degree)

317 4.9 M3desziinudundndie Wide-angle X-ray scattering (WAXS) 483417
ndewenanitulTuanmmerudulalasaunfnuaznsuadudunm o -

48 h (s®)
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Cooked-4bdh- 48 (7.67%)
Cooked-4bdh- 24 (2.82%)

Intensity (a.u.)

Cooked-4bdh- 4 (0.60%)

Cooked-4bah- 0 (0.59%)

T Y S T N TN T W T T SN T TN W AN MU S ST S AN SN SN TN W N WO M N W N

5 10 15 20 25 30 35

20 (degree)

9% 4.9 n157As1zvindunannae Wide-angle X-ray scattering (WAXS) 493917
ndowangniiniuuiuan nmenuiulelasaunfinuasnisududuna 0 -
48 h (@)
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M13199 4.11 WuildfiAres WAXS curves ¥94019nd0390nan ANUUTUaN A8 AINAY

Talasauninuaznsudiduduian 0 - 48 h

Treatment! 5.5° 16.8° 19.4° 21.8° 23.8°
Cooked-control-0 0.14 0.11 0.13 0.02 0.03
Cooked-control-4 0.01 0.19 0.15 ND ND
Cooked-control-24 0.26 0.33 0.22 0.03 0.03
Cooked-control-48 0.17 0.16 0.13 0.03 0.04

Cooked-2b2h-0 0.12 0.06 0.09 ND ND
Cooked-2b2h-4 0.08 0.11 0.12 0.01 0.00
Cooked-2b2h-24 0.25 0.20 0.09 0.03 0.04
Cooked-2b2h-48 0.18 0.14 0.12 0.03 0.03
Cooked-2bdh-0 0.06 0.10 0.12 ND ND
Cooked-2bdh-4 0.02 0.05 0.17 0.00 0.00
Cooked-2bdh-24 0.04 0.06 0.11 0.01 0.00
Cooked-2bdh-48 0.13 0.14 0.14 0.04 0.05
Cooked-4b2h-0 0.00 ND 0.10 ND ND
Cooked-4b2h-4 0.05 0.05 0.12 ND ND
Cooked-4b2h-24 0.09 0.10 0.13 0.02 0.01
Cooked-4b2h-48 0.44 0.35 0.17 0.06 0.08
Cooked-4bdh-0 0.00 ND 0.13 ND ND
Cooked-4bdh-4 0.00 ND 0.09 ND ND
Cooked-4bdh-24 0.10 0.11 0.15 0.02 0.01
Cooked-4bdh-48 0.43 0.28 0.20 0.05 0.07

! Control: without hydrostatic pressure treatment, 2b2h: 2 bars for 2 h, 2bdh: 2 bars
for 4 h, 4b2h: 4 bars for 2 h, d4bdh: 4 bars for 4 h, and 0, 4, 24, 48 denote refrigerating
of cooked rice for 0, 4, 24, and 48 h.
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AINRANITNAABINITUIANDATIAIUTENINAMULNILAEANUNING
(L/B) GanuqinnIstiiuszeziaIn1shatiutidy 48 h delid11ndndaannasdninunesunn

Yu (A1 L/B ¢1) wazAudundn (Relative crystallinity) v89d1naassengnilianiuuinay

[
a v A I

AaluwIdeiiiadondindesennes (Puffed GBR) filsannmseseutnindessengnlagl
Hunstdaudulalasauain (Control) wagtindewenaniiniunsldmnuulalnsaunin
#1 2 bars uay 4 bars U1W 2 h uay 4 h neuutduuu 48 h uTinseidnvauziloduiauas

AsasulUasnuavaItIndasenwadsal

4.2.1.3 anwuzlofuNaYDIT1INAI99N NS

JUT 4.10 wanswaanwazilodudan1uauuds (Hardness) wae
A21UNTBU (Crispness) U99919Nd0330ANDY (Puffed GBR) F991NKNANITILATIZUNUIT A
ALY (FUT 4.10 A) 903 Puffed-control-48 fidngsan (21.72 N) nsldanudulalasaunf

ldl U U 1% % 1 o I @ gj a 1 1

NNISEAU 2 bars w1 2 wag 4 h Audnndesengnneuin lUuwdduny Inasdan1sanadzaden
AMuLdseg1afitedfey (p<0.05) lnsAranuudedliavndu 6.57 uag 10.29 N a1ua1su
pgalsimu nslaanuaulelasaun@nd 4 bars w1y 2 wag 4 h vlrrAuudanas

WBntlesilaiisuny Puffed-control-48 &fA1AMULTIVNTU 17.02 wag 15.83 N Anudsu

INHANTIATIEIIAIAIUNTOU (Crispness) ¥8e Puffed GBR (g‘d‘ﬁ
4.10 B) wudn dA1A1UNTOUBYTENINN 45.67 — 97.00 lag Puffed-2b4h-48 uag Puffed-
d4b2h-48 flf1A31UNT8UFINTA Puffed-control-48 wag Puffed-abdh-48 ag1aiiadfiny
(p<0.05) arnuan1seassiuandliiuin nmsldanuiulalnsauwninfissduanudus (2
bars) S¥82a T (4 h) wagAiseduauduganda (@ bars) seazinandunda (2 h) fiuade
n9ifiuA1ANNTOUTDY Puffed GBR uanatniimslimnudugeuasszeziiatuiu (4 bars 4
h) anf1AUNTEUVRY Puffed GBR ﬁy’qﬁawmﬂmwmmzé’ummﬁuﬁgqLLazmﬂ%’mmﬁuLﬂu
naudinavililassadenaeiivestnindeswengniin3lasinsauduuiniuly il
sgriemsimesiuussdulotmelumdatmlifomedemadulassaiemeluiiufouss

1119119t Puffed GBR SiNSWaIAI9F1 agAINUNTaunIad

dy Y1 A 4 v a

Pnwansnaassdainsoasulad ennisldanudulalasaund

NASEAUAUALAT (2 bars) S¥E2iIa1uU (4 h) WagNsyauAuiugandi (4 bars) seeziian
dundn (2 h) wWielild Puffed-2bah-48 way Puffed-4b2h-48 NHAIAIUNTBVEY WNENaE

i lUAessiAuInAudY 9 dold uanimanisinszinunwluiite 4.2.2
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w2
20
=
= 15
%51
(V]
0]
5
= 10
£ C
5
0
Puffed-control-d8 Puffed-2b2h-48 Puffed-2bdh-48 Puffed-db2h-48 Puffed-dbdh-48
Treatment
@/ 120
a
90 I ab
bc I
vy
v [
o #
3 d o
O !
30
0 = rg !
Puffed-control-48 Puffed-2b2h-48 Puffed-2bdh-48 Puffed-db2h-48 Puffed-dbdh-48
Treatment

717 4.10 Anwaziilodulaniu (A) A1uwls (Hardness) way (B) Aunsou (Crispness)

999913Na09anNa9 (Puffed GBR) Arenwsm1aiulunsnwvakanaindainy

o w

upnEiueg9TtudALY (p<0.05)
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nnmsnaaesluiate 4.2.1 I@nvmanedvangauvessediu
wazszpzatlunmsldanudulelasauninduindossenan muaszesinanlunisutibu
TnndessengniiieviliidindessengniianisAudmsosvsinnindunewhluvuiaagyih
wos lngszuuazszornavesmsldmnudulslasaundniieusuanmdnndosonan loun
2 waz 4 bars 1 w181 2 war 4 h awadu dwmsunisdneiszesatlunisutidudiandes
390 leuA 0, 4, 24, uag 48 h aw3aazuladn dns1aIusEnInemINeILaEAIINNTN (L/B)
vosdnindesonmes fidsas Srsiniswesgei) ieifiuszernainisunifudidu 48 h
uinsldfszsuanuiulalasaundndias (4 bars) uazutu (@ h) finasivlinisnesdasn A
Juwdn (Relative crystallinity) maﬁnnﬁ”amaﬂqﬂLLazmmqwaﬂﬁﬂﬁ 5.5° Lﬁ'mmm%mﬁa
svezaMsuiBuIunty (48 h) alnsusnguesiiadl 5.5° Paetsuendanianiesing
insaduresanrindaninnisudiiy venandnaiintuvesssiuauiulelasaund
n97n 2 bars iU 4 bars uavsvezanIsutBudiouiu 48 h dwaliied 5.5° diuilldia
wazAugevasiiadiuinniu msldarudulalasauniniiszdunmdusii 2 bars) szes
nauu (@ h) uagfisziuanudugs (@ bars) szepiandundt (2 h) dnavililddnandessen
84 (Puffed-2bah-a8 wag Puffed-ab2h-a8) 7ifiaanunseugs fedy lunisnaassluiide
4.2.2 39ledn Puffed-2b4h-48 way Puffed-4b2h-48 11TiAs1eaud@inieanisnIn il way
Uinmanseangnsvnsdanmsialy
4.22 MINATIRANAINYDITIINEDIBNNDY
msfnwluideiifeatunsiiensinuamduautinanenmuagnig
ATl USunansoenguisynaiinn anwannsolumsiiuanseyyadase 4 Snvusideduda
NSIATIEALATI@S 19N9LATA28 SR-FTIR ag Wide-angle X-ray scattering (WAXS) Lag
mMyinwilasiaiszfivganinvasiindessonnes (Puffed GBR) @4 Puffed GBR 71113
Sinseluateddildannaniesudiandesengnainaniagfivansanvesszduuas
szazanslimiusulalasaunfn uazszeznailunisugifuinndsssenanioudiluvh
wisnagyimes (Fade 4.2.1) Tasannimnganliun msldausulelasaunind 2 bars

W 4 h uag 4 bars w1 2 h Aot lUuidudnivigamgi 4°C w1y 48 h

4.2.2.1 USUUNARAALAZENUANIINI8ATNVBITIINADI9DANDY
AN5197 4.12 uansUSananananvianae (Total yield) hazUsuna
HANART1INDY (Puffed yield) U99U19nd0999nNe (Puffed GBR) 1nen153tAS1EAUT U
nanaavIiuRldLN9INNsAuMSasd e hvine s indostenwe s TN ve g

NABNBNFUAY FIINNANITNAGBINUI T1INFBNBNNINLFAINNTNTBUTINGBBNEN
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Tnglsdsunsldnnusulelasaunin (Puffed-control) wagdandessengnittunisldainy
sulalasaunfndl 2 bars uIu 4 h (Puffed-2bah) waz & bars w1y 2 h (Puffed-ab2h) 3
USHNNANARTINUNSENINg 45,24 — 46.92% fainisldmnusulelnsaundnldfinasonis
WasuulasUSinamananiemunvestnndossennes (p>0.05) p819lsAny USunamanan
Frmesdinseildannisenumensiduvesimindindossennasmetmiingd 1w

ISP 1

ABUNITYININDY WU TADYTENING 89.03 — 91.74% FaUSUNUNANANT1INDIUBY Puffed-

Y

[

ab2h franasegrsiivudfey (p<0.05) Mellonadunsgszwinanisvimestiu Puffed-ab2h

An1suanintadnenin LﬁaqmﬂawmmmmwméfﬂéfﬁaLLazﬁmmwaqﬁagaﬂdﬁnﬂé’awaﬂ

I B v a a °
WU Fedwalrlsununandnannag

AN91971 4.13 wansArAILLLuYUIINg (Bulk density), §as1dau
SEWINANUYNIBALAINUNIN (Length/breadth ratio, L/B) LAZEAIINITNOIA (Expansion
ratio) ¥estnIndossenmesitldainnisinisudiindessenanlnglsiiunisldanudulelas
aunn (Puffed-control) uazdmndessengniriunisldanusilelasauning 2 bars um 4
h (Puffed-2bgh) uag 4 bars 2 h (Puffed-4b2h) 31NKANITNAGBINUTT T1INGBIIONNBIE
ANUVLLIUYTING51IN9 0.33 — 0.41 ¢/ml Ine Puffed-ab2h fiFAamuLLLyTINge
91 Puffed-control ag19ildudAgy (p<0.05) uona Al L/B 98TENING 2.36 — 2.72 GR
Puffed-4b2h 1 L/B #i1n31 Puffed-control wag Puffed-2bsh ag1afiedfsy (p<0.05)
31NT189UVB Mir et al. (2016) 58y31 L/B 918UUandnsIN1Tnesiives Puffed GBR e
Tavan L/B 1 uansisAdnsinianestesudatiufiuanniu anuamsneassiuandiifiu
71 Puffed-ab2h #8n31n15We3Md3n31 Puffed-control wag Puffed-2bdh agnalsinuna
N193LATIERMITNTINITNDIA 2 (Expansion ratio) Taenalaa1nn15AIUINE RTIdI1UT
U31103911NA 099N N8I 0UTUINTVBIUIIUTINBUAITHINDS WU BMTINITNBIAIDY

JEUiNg 1.34 - 1.45 FEIsnswieutnnaewengnisliiiunisidaunulalasauninuay

a0

Tndesengniiiunsidnnusulalasaundnliinadenisfsuwlasdnsinisnesweadny
napwBNNeY (p>0.05) Bgslsinny wuiltudnsn1swesives Puffed-ab2h @in3n Puffed-

control kay Puffed-2bdh
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3197 4.12 USunauwand@aviaviun (Total yield) uwagUsunaunananinanes (Puffed yield)

98991N29990nNa4 (Puffed GBR)

Treatment! Total yield (%)? Puffed yield (%)>
Puffed-control 46.92 + 2.07° 91.74 + 1.59°
Puffed-2bdh 46.25 + 1.18° 91.00 + 0.56%°
Puffed-4b2h 45.24 + 1.85° 89.03 + 1.46°

! Puffed-control: without hydrostatic pressure treatment, Puffed-2bdh: with hydrostatic
pressure at 2 bars for 4 h, Puffed-4b2h: with hydrostatic pressure at 4 bars for 2 h.
23 The values are means of three replications + standard deviations. Different

lowercase letters in the same column indicate statistical differences between

treatments (p<0.05).

M58 4.13 AUrUIKILUIING (Bulk density) 90318IUY0IAINETIFBAIIUNIY
(Length/breadth ratio) LagenIIN1INOIA2 (Expansion ratio) U9U1INADIIEA

W9 (Puffed GBR)

Treatment! Bulk density (g/ml)? L/B> Expansion ratio?
Puffed-control 0.41 = 0.04° 2.72 + 0.44° 1.36 + 0.12°
Puffed-2bdh 0.40 + 0.04% 2.67 + 0.23° 1.34 + 0.13°
Puffed-4b2h 0.33 + 0.01° 2.36 + 0.21° 1.45 + 0.23°

! Puffed-control: without hydrostatic pressure treatment, Puffed-2bdh: with hydrostatic
pressure at 2 bars for 4 h, Puffed-4b2h: with hydrostatic pressure at 4 bars for 2 h.
234 The values are means of three replications + standard deviations. Different

lowercase letters in the same column indicate statistical differences between

treatments (p<0.05).
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4.2.2.2 duUAN9LAvaIdINADI9DNNDY

A5 4.14 uaneraUSIaAILTY (Moisture content) USunauni
dasy (Water activity, a,) USunauan (Ash content) wagUSunanndeleifounaslsa (NaCl
content) aaindessenwesiilianmsinioninindessengnlagliiunsldanudulelas
aunfn (Puffed-control) uazdndewenandiinunisldmnusulslasaun@nil 2 bars w1y 4
h (Puffed-2bdh) wag 4 bars W1 2 h (Puffed-4b2h) waglUSeuliaunuy1Ina 89980
(Germinated brown rice, GBR) F991NNANTTNAABINUT U%mmmm%waﬁnné’awaﬂ
W1 (2.50 - 4.53%) Hmeniinindesien (8.50%) eghafituddty (p<0.05) Veienamnsz
nszvIuMahmestsadldanmgiauarsrenatdu dnavhlianndu ) meluwdaves
Jruisneun1syines semsegenskazindunssiulenelumdadiauliilaseasne
meluwdatnesi dmalidnindesennesiimutuanas TnsUsinamuture s
ABUNIININBIVBY Puffed-control, Puffed-2bdh way Puffed-4b2h fa 19118 U 10.87%,
12.93% waz 12.93% auadiu (lilduanamalunisns) Seusinamudurounisyiwenass
AN5¥1I19 10 — 14 % (Saha & Roy, 2020; Huang et al., 2018; Maisont & Narkrugsa, 2009)
LﬁaLU?EJ‘ULﬁaw%mmmm%usuaasﬁnﬂé’awaﬂwaq WU Puffed-ab2h :ﬁU%mmmm%u
(2.50%) #in31 Puffed-control (4.53%) wag Puffed-2bah (3.07%) agnsditadday (p<0.05)
wilorafumnszseRunseiud 4 bars wagsvezatuny 2 h dnnumnzaniviililasadng
maeilvastnndevengniinnsudmioieslasnsdudu dothluyhuwieilnlassaia
meluwgaduduss wazserinansvinesssuletiannsasulasiadinisluvesiingh
THAanswesduazszetieonldd 910 Saha & Roy (2020) 51691131 919mes (Puffed
rice) U suRgsE NI 1.15 - 1.37% Sedidmniiuannuturesitindesen
wasluenAded oghdlsinny wnsgiundnfusivuay (H.723/2508) seyin USunmennuiy

Y9391 neRaaliliY 10%

Usinandasy (,) WuAiiivsuends UinaitlignBamien
meluowns viethiigmirluldsuiuianssy (activity) maafinargadrivenld deiinans
Lﬂﬁammaq@mmwmaqmms FIHeENSAUSIYITeI3 (Santillana Farakos & Frank,
2014) e Puffed-ab2h f61 a,, Wiy 0.13 Gasnia Puffed-control (0.24) waz Puffed-
2bah (0.27) eehaditfuddey (p<0.05) sgslsimudnindossennaslueuideiiien a, fn
0.6 Fadulumudermundmiundnfusionnsuriveissdnisemsiarsuisanigendn
(US Food and Drug Administration, 2016) a1nnansnaassiiuansliiiiuin 491andeasen

Wo4g (Puffed-control, Puffed-2bdh wag Puffed-4b2h) fUSunaAuduliAY 10% waven
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3, 9N71 0.6 AN MNMIUNINTFIUHAATUNYUYY (UKY.723/2548) Uazianudasnde

AURATIINY

Utnaud (Ash content) ueniivsuanfemnuduiusissineing 4
fmdeeglusuueddn (Saha & Roy, 2022) Anwanisnaaesdlu ms1eil 4.15 wui1 $1andes
390 (GBR) HUSN1aULAT 1.41% Lazd12nd01nnaIlusuIaLd19s1I19 1.85 - 2.01% Lo
YSunauivesiinaesennesia1gandt GBR eg1ailtudnAry (p<0.05) meiileanannly
nuidedldldindelodsunanlsd (Nac) sndudanardunisarsmainudou (Heating
medium) Tusgninsnsimes wnunstdisfuity §5nns14 Nacl daaldrusunandves
Puffed GBR sl

Ysunalathsunaalinueat1indessenneddiAeg sening 0.38 -
0.63% tneldinulu GBR 11t Puffed-aboh fuSinalumiisunaslssanini Puffed-control
ogelifuddy (p<0.05) Tailiilpsunandnumeiaues Puffed-control Aeudnsuguszuay
wesshteedlaioutu Puffed-ab2h FsiRaSeunasnassildunnitlaeannisdanngiend
Wan wazasuandly gﬂﬁ 4.11 @evdwalifindefldseninimsimesiinuniifnves Puffed-
control 1nniiuies) uenaninindrelassadrsseiuganalagld FE-SEM (Ul 4.14) 1§
wansliiuiednugAavesdindesennesdanuin Puffed-control fifafivguszanniy
Puffed-2bah uag Puffed-ab2h ilermuiatSinalafesludindasennes nuin Puffed-
control, Puffed-2bdh wag Puffed-ab2h JuUTuraleiAeuviniu 252, 208, kag 152 mg
AU sieUSnaidndestenes 100 ¢ Funaminisliindeluemnsnuusyniansensag
asnsgeensldindesindt 1% sesimiine s uena1nil World Health Organization

(WHO) wugiihnissutsemuindemsieuniniuag 5 g Mislapenilasnin 2000 mg
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AN 4.14 29AUTENBUNILALYRIUIINADaNNaY (Puffed GBR)

Moisture Ash content NaCl content
Treatment! a,’
content (%)? (%)* (%)°
GBR 8.50 + 0.00° 0.86 + 0.00° 1.41 + 0.43° ND

Puffed-control ~ 4.53 + 0.06° 0.24 + 0.01¢  2.01 + 0.18° 0.63 + 0.25°
Puffed-2bdh 3.07 +0.21°  0.27 +0.00°  1.97 + 0.09? 0.52 + 0.092°
Puffed-d4b2h 250 + 0.17¢ 0.13 + 0.019  1.85 + 0.07° 0.38 + 0.05°

L GBR: germinated brown rice, Puffed-control: without hydrostatic pressure treatment,
Puffed-2bdh: with hydrostatic pressure at 2 bars for 4 h, Puffed-4b2h: with hydrostatic
pressure at 4 bars for 2 h, ND: not detected.

2345 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between

treatments (p<0.05).

4.2.2.3 AnduastnINdaannes
JUM 4.12 WARINANITILATIEVANEVDIT1INABIBNNBY FIAIAIY
3719 (L*) vsuenfermanuaindlaeandivwiltuluniauinuansiisdun drumduualuulunig
= o o ! < A ! = 1 (ST = Poa ¥

aukanafiadi Arududune (%) vsvenisarnnududuasiyaudaties inaArdwualiy
Tumavanuansdisduns dauafivualiulunisausansdediden Aranududinies (b*) U
= 1 < A A = ° a oA v = o = 1 oA
vandsanmnududmdodluauiinitu mnaduwiliulunmauiniansdsdmaes diuend
wualdulunmsaunansfed@iundy wag Browning index (BI) w@nsdis Auduvesdiiniaves
T1INAONBNNBY FIVINNANTTILATIYY WU Puffed-control, Puffed-2bdh uaz Puffed-
db2h e L* 9g5ening 55.25 - 56.00 a* 8g581I9 11.68 - 12.49 b* 8g5¥1119 26.04 -
26.74 wag Bl 98I 77.74 - 79.42 visimswSeudnindesenaniagliniunisldaiueiu
lalasaundn (Puffed-control) kazdnIndessengnitiiunisidaunulalasawninliiinasie
n1sasuuUasen L* b* wag Bl eg1alsiiniu A1 a* 904 Puffed-4b2h gani1ves Puffed-

control ag19iltiydEATY (p<0.05)
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9107 4.11 4mndessen (GBR) wazdnindessenwes (Puffed GBR) ikunsuiuaniw

Imnaewengnmenstinnuiulelasaunsn
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(»)

L* value

©

80

60

40

30

20

a a a

Puffed-control

Puffed-2bdh

Treatment

B

Puffed-4b2h

=

(® 20

15

a* value
=
o

(D)

b ab

Puffed-control Puffed-2bdh Puffed-4b2h

Treatment

o
-
—i

5 60
g
b 10 N
0 ‘ 0
Puffed-control  Puffed-2bdh  Puffed-4b2h Puffed-control Puffed-2b4h  Puffed-4b2h
Treatment Treatment
717 4.12 Ardvesdnandassennes (Puffed GBR) Ine (A) A1A1N&313 (L), (B) AMAIY

Wudung @), (O aranutdudwmass (b¥) wag (D) sudanududyinna

(Browning index, Bl) A8nusinaiulunsluyialaniindanuiana1aiuegig

1Y

NedAgy (p<0.05)

4.2.2.4 anYUSHIDEUNAUI91INADIBNWDY

JUN 4.13 LAAINAS NS T D FUN AR 1UAIIULDT S (Hardness) wa

A11UNTOU (Crispness) 84919NABDNNDY FI9INNANITILATITANUIT Puffed-control,

Puffed-2bah waz Puffed-ab2h fiAneands (SU7 4.13 A) agsewing 14.48 — 3231 N uae

AIANNTBU (JUA 4.14 B) 0g3ewins 46.33 - 81.75 N TagAranuudeves Puffed-2bdh

waz Puffed-4b2h #i1n31 Puffed-control agneditiudfAey (p<0.05) upnNANLAIAIINATOU

Y84 Puffed-4b2h g4nd1 Puffed-control wag Puffed-2bdh agsildeddgy (p<0.05) 31nKa

nsnaastiiaanadasiuAInNuuILLuUIINguar L/B (1151991 4.13) Iy Puffed-4b2h &

A L/B f1nd1 Puffed-control way Puffed-2bah wansiia Puffed-ab2h fannamessigani

Puffed-control wag Puffed-2bdh 198l Saha & Roy (2020) 518911471 AIAINNATEUYBITTD

WoadlHaN191NNTYIINeN Iy gaumngiiganazsveviiatdu dwalitineuinnisgyide
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ANNAUEE SIS IazTilAsIa e sudadnliauBanguanasdailianunseunin

= v

49/ é’l’ Y & J £ [y a { IS
YU NEaNIINIAaIRLandlmiinin nstarusulalasaunfnfsesu 4 bars Wy 2 h dna

Gi@ﬂ’ﬁl,ﬁ&lﬂl?ﬂ’ﬂmﬂi’eJ‘ULLagaﬂﬁl’]ﬂ’J’]ﬂJLL‘ﬁx‘l‘U@\‘i‘?JITJﬂéj@\N@ﬂ‘W’eN

(A 40
30
Z 20
o
c
° 10
5]
T
0
Puffed-control Puffed-2bdh Puffed-db2zh
Treatment
8 120
90 a
" I
]
c b
g b |
5 |
30 ’
0 £ - Y
Puffed-control Puffed-2bdh Puffed-db2h
Treatment

917 4.13 dnwazillodudasiu (A) Auuds (Hardness) way (B) Aunseu (Crispness)

v v

98991IN28998nN4 (Puffed GBR) f28nw5A19AUIUNT1NLVISLEnI3150 AL

1Y

upnENINUoENNTE1ALY (p<0.05)
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4.2.2.5 ﬂ'%mmmsaanqwéma%amw (Bioactive compounds) Y99U17

NABIBNNDY
H1Ind0990n (Germinated brown rice, GBR) tudnafidusuneuans
99NN Msdan1mgs 1wy nsaunuun-exfiludafisn (11u1) unuu-leSeuea uaz
arsUsznouiiuedn udu niundunseerdluvdand«d svimididuansd eUszam
(Neurotransmitter) mmmaaﬂqw§§usfaw§aﬁﬂuwﬂu (Inhibitor) Lﬁa%’ﬂmmmammm
szuvansdeysvam reanauduladia Yrevlaussiounats Jeatulsadaluues
Jostulsmuimnu wazdudinsainaeadusiss (n3ng) wazaz, 2561) Tu AN9197 4.15
wanIUSinauanseangrsnsTanmeesiindosenuazdnindosennes wui1 GBR AU
41501V LTU 16.83 me/100 ¢ FeialndiAesiuiuiduves Chatchavanthatri et al.
(2021) 6?}@31&m%’nﬂé’awaﬂﬁﬂ‘%mmmimma&giwdw 6.43 — 29.76 mg/100 g TuenAsed
WU GBR Menunsnasnevievstnliiindunaiu 40 il (Cooked GBR) fiuFunaves
a1snUAY 10.21 me/100 ¢ (Payalallsiuandlunians) deudainaansniuives Cooked
GBR anad 40% ilaLilu GBR eg1alsAniuusunaansniuives Puffed-control, Puffed-
2bah uay Puffed-4b2h fiA198 5119 9.20 - 9.63 mg/100 g Fafldnanasetaddud ey
(p<0.05) ilewieuiu GBR way Cooked GBR man1snaaasiuansliifiuinnszuaunsyidn
NABNBNNBY (MIWSHUTIINABNBNANKALNITYITNE) THaraN1TanUTIIMEITNIUIRS 42 -

45% (iefieu GBR

wnuun-lafenuea yaduaisdueuyadase (Antioxidant
compound) Anvannlugailasaniyludiuuessidn (Chatchavanthatri et al,, 2021;
Junyusen et al,, 2022) fautAlunssiuouyadaszuazan LDL-cholesterol uay Lt HDL-
cholesterol (Gerhardt & Gallo, 1998; Rong et al,, 1997; Wilson et al., 2002) wave 9
Usvlpwlludemweinstisannaiiniesen desfubenvdn fumssnau (Lerma et al,,
2009) MARANISNAABINUI1 GBR, Puffed-control, Puffed-2bdh wag Puffed-4b2h fiusunn
a15unuun-los¥1uoa 58.38, 51.25, 55.76 way 57.28 me/100 ¢ AUARU (1151991 4.15)
Wil Puffed-control SiUSunasansunuun-lossueaanawindy GBR p9lludAgY (p<0.05)
oglsAmudnndessennesitliannsiniendnndessengnlnglisiiunislda weulelas
aupfnuaziunsldanudulalasaunfnliinasenisldsuulasuSunaasunuun Tesen
198 1N91UIT8Y83 Chatchavanthatri et al. (2021) Wua1 919nd0%90A (GBR) HUTUNMENS

whNN1-leseuea 45.06 mg/100 ¢ 8819lsANILAINTIBIUITBUDS Bagchi et al. (2021) &
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USuaansunuan-la3eueasysening 24.00 - 74.00 mg/100 MeiluTunasansunuun-lo3an

weatiuansaiululiazwifennnanIsnsnssutINdewenwazaeiugi?

Usinasansusznaufliuednianus (Total phenolic content, TPC)
489 GBR AU 0.57 me GAE/g eiiuSinauansUsyneufiuedniavanves GBR denndos
AU9IUIT8984 Chatchavanthatri et al. (2021) ﬁﬁﬁmg’lmﬁ"m 0.48 — 0.88 mg GAE/g dau
Puffed-control, Puffed-2bah way Puffed-ab2h fiansusgneufiuedniismumegsyning 0.47
~ 0.54 mg GAE/g (1157197 4.15) Ine Puffed-control SUSunaansUssnauiluadniiamue
anawringn GBR agellduddy (p<0.05) Jsaonndasfuusinmansunuun-leseuea 910
NUITBVOI Mir et al (2016) WUj’]“EJjﬂWENfIﬁ’]iU%ﬂ@UWu@%ﬂ‘ﬁﬂ%m@@@jizij 0.34 - 0.46
mg GAE/g ﬁ”/ﬂﬁyﬁmmmiﬂisﬂauﬂua§ﬂmgwmmaa%nwaaﬁﬁgjuﬁ’uawﬂ’uﬁ:ﬁnLLaz

ASZUIUNSVININDIN LY

1INNINAADUAINAINNTALUNTAUATOYL B ATEAITT DPPH
uaz ABTS waadmndesenuazdindessenmes (mns1af 4.15) nudn avuanusalunisén
a150yYAdasenI83d DPPH Lag ABTS 989 GBR A1 0.29 Uag 0.47 mg TEAC/g ANUAGY
Fafidntfosnin GBR w83 Chatchavanthatri et al., (2021) (0.75 - 1.36 uaz 0.85 - 1.31 mg

[y

TEAC/g muaneiv) eg1slsfinunsvirinanaessenwesluanuidediinalunisanaiiuaunsa

o w

lun1sAuatseusadases 1935 DPPH uaz ABTS egalitfedfty lag Puffed-control,
Puffed-2bdh uag Puffed-4b2h derauanunsalunisiiuanseuyadaserieds DPPH uax
ABTS 0.17 ua 0.31 - 0.37 mg TEAC/g mud iy (p<0.05) 9nnansvaaosiuandlififiuiy
mzmumiﬁﬂwaqﬁuﬁqma&iamiammma’mWiﬂiumié}’mmia%aﬁaiz fiatoradumse

ansnueyyadaszulagnyinagliseninniswieudnndesenaniazn1sines
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A1399 4.15 UTN184@1590N N5 N19TININUBIT1INA0999N (GBR) LaZU1INADINDNND
(Puffed GBR)

Treatment’ GABA Oryzanol TPC DPPH ABTS
(mg/100g)>  (mg/100g)®  (mg GAE/g)* (mg (mg
TEAC/g)° TEAC/g)°

GBR 16.83 + 0.01° 58.38 + 3.37° 0.57 £ 0.03* 0.29 +0.03* 0.47 +0.04°

Puffed-control  9.63 + 0.16°  51.25 + 1.35°  0.47 +0.03° 0.17 + 0.03° 0.31 + 0.01°
Puffed-2bdh ~ 9.20 + 0.02°  55.76 + 1.74°®  0.52 + 0.02** 0.17 + 0.06° 0.31 + 0.01°
Puffed-4b2h 950 + 0.01°°  57.28 + 1.58°° 054 + 0.01°® 0.17 + 0.02°  0.37 + 0.05°

L GBR: germinated brown rice, Puffed-control: without hydrostatic pressure treatment,
Puffed-2bdh: with hydrostatic pressure at 2 bars for 4 h, Puffed-4b2h: with hydrostatic
pressure at 4 bars for 2 h.

23456 The values are means of three replications + standard deviations. Different
lowercase letters in the same column indicate statistical differences between

pretreatments (p<0.05).

4.2.2.6 1n3968371952AU8N1AYBIU1INADIIDNNDY

n1sAnwdneaelaTIaseaseRulanIAves Puffed-control, Puffed-
2bah way Puffed-4b2h A28 Field emission scanning electron microscope (FE—SEM)‘ﬁI
YUIAMAVIEAN 17, 25 kag 1500 LN (gﬂﬁ 4.14) lnguansdnwaglasaasnaasudndn
WM INLU2817 (longitudinal) Tu gﬂﬁ 4.15 (A1, B1, C1) Iag A, B hag C nu1edly Puffed-
control, Puffed-2bdh wag Puffed-ab2h ALy W31 Puffed-ab2h fdnwaizafis ey
LAENBIRANGT Puffed-2bdh way Puffed-control aednlay Nan1T3AsIERtaonndefy
Usinadaifisunaslsafinudn Puffed-control waz Puffed-2bah fUsualudsunaslsnas
N1 EmlLffaa:u'1mﬂﬁ’rﬂ’nﬂé’awaﬂwaqﬁm?ﬂizﬁuLaq otslsfinudnvasRivednesd
Boundofulusuiseves Saha & Roy (2022) Tu U 4.15 (A2, B2, C2) wansdnuszilives
F11ndesonnead ol mMdtweof uuniu 1 efa15aNAMEI8AINLLIVING (cross-
sections) T4 gﬂﬂ?f 4.15 (A3, B3, C3) wu31 Puffed-4b2h fignsudiuiusinuaziivuinlg
S9u T uUSIIAIAL (Crust) 999108 A917019071 Puffed-2bah wag Puffed-control 8814

FALAU FInan1FIATITRANaIsTiuganIatidenndesiuaImNLTwarANNTaUTLAaIN

nslaTeslinTeidnyusilodula Nwudn Puffed-4b2h did1Anunsauuin (Wesainds
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WIUTIWIUNINUATIUIA YY) sataanmmudafisngt Muflveudnesroudsuns)
Fnvnrlansadsseduganialunuideiaonndosturuideves Mir et al (2016) uay
Maisont & Narkrugsa (2009) #inud1 Taseadrevestineaidnwazsngumuialugjuazdu
U187 (Crust) V999719W0INAIUUI 9IUITBVO9 Yamamoto et al. (2009) way Pompe
et al. (2020) i1 mavilFiAnmalfegauysaiinn Wehdnduinyhuisazsils
Aatuiiiavosudatn (Crust) Aivuiuazudause Fenntanvimesasiilidniudanumnes
LeEANUNTEUINNTY Yenanbiiiefinsanodindesennesiiandly gﬂﬁ 4.14 (A4, B4,
C4) wu Puffed-control fllassadaneluiisndiuuiy Senvdmadeinnuud ity
LazAunseUTianaesinandssennasld Wewssuiisusudnvaslaseaianieluves

Puffed-2bdh uay Puffed-ab2h fivgusgliBeuilouviesasiuliuuu
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SUT 4.14 amdng FE-SEM 484 (A1-4) Puffed-control, (B1-4) Puffed-2bdh, uag (C1-4)
Puffed-ab2h sesumdsuensil 17x, 25x, and 1,500x w3y (1), (3), uag (2,4)

ANUAIAU
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ajUuazUaiauauue

NUITEUlAANYINATEIITNISAT BTN BIBNNBUNISYIINBIFDAUNINYBILT?

¥ ¥ ] = aa a ¥ ¥ <) 1 b4 1 =
nasatanned nglduuinsfnyidnswseudnndesensenidu 2 du laud (1) n13finw
HAUBIITNITVITNIRDAUNINVBITIINABIBANDY Kkag (2) NMIANYINAYDINITITAIUAY

lalasaunindenmunInyestnIndesanes

= ad v 1 v v

5.1 ﬂ"liﬂﬂ‘l&ﬁNa"lla\‘i'.]ﬁﬂ'ﬁ‘]/!\'i‘ll']?Glaf’]lmﬂ']W?l@ﬂ%']'Jﬂaa\Naﬂwaﬂ

511 38msetninadswenuiarisiinaseaudiniinieninuardnwazidoduda
Yaai1INdesennad (Puffed GBR) Ine nsnesiendenstilnlinlaensludiunisusuanin
wazHuNTUTUan nmeadudanslelin (EC way UCE) waznsudlagriunisusuanineie
pausansednnaulnlUduLazia (UPS) fnavinly Puffed GBR fn15wadsikazAinunsau
WINTU UBNNTHANITIATIZILATIES 19T2AUIANIAGIY SRXTM wanaliiiiudn Puffed EC
way Puffed UEC T1A1N0ne8unnIasduRiveuudnuidnin Puffed GBR du 9

5.1.2  Puffed GBR 71lAa1nn1snsgnaaedseig 9 ZUsunannudusiinid 10% uaz
| ° | aa v ~ | o 1A | a ¢ o | | v
A a, AN 0.6 LagIEn1InetInLand1eiuliinadeaUsunuanseinusion1sgoundy
wuleyd USunaamsuriavue tazuSunanduleatmsivun ag1alsAniunisyiineasenisly

Y] o 9 a ° v A & = a a A X 2 v

wnasuiinatstunisiausauinavinlrusunanndausausunalaneuiuIudntios

513  msvdnndesenweslinasanisanuSunaaseangnsnsdininlann ans
N1UT @skNUNN-le3euea a15Usenauiluednnaviue warAUEINNTaluNITATUENTELYA
dasy DPPH way ABTS avag1ulitisdAgy (p<0.05) lnglanizansniuidsanasuszuna 51 -
56% i ovlsurut1indessen (GBR) ag1alsin uisnisnatiunasisludwanonis
Waguwlatansaangniniadinin wausuianiu1ves EC i1nndn PS agnadidudAgy
(p<0.05)

514  msvesiendenatnlnfinlaenslidiunisusvaninwasiiunisusuanin
v dl U a U a v v 1 o dl Ql
uAaUdans1wln (EC way UCE) Wlngauiuni1ssiseud1InaodaannaunIsyinneaieL iy

AAIMNANUNITNAIAILAZAINIUNTBUVBY Puffed GBR
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52 nsAnwnavaanisidainuaulalasauninsanuniwyasdiindasean
a4
521 anmsAnwmanngdivangauvesseduiarssoziiatlunisldanudy
lelasaunfnfuinndasendn mufszssnailunsudiduinndesengn nud nsidiy

srazransualiudandessananidu 48 h finavilid Puffed GBR H8nsin1snesdgelu

) U

wonani nsldmnuiulalasauniniissiuainus 2 bars s3E881UIY 4 h kasiisyau
AINUAY 4 bars szezia 2 h dnaviliile Puffed GBR ﬁﬁmﬁwaqé’mammmiauqa wsin1g
Tsesumnusulelnsaunfindigs (4 bars) wazuu (@ h) duavilinisnessnues Puffed GBR
aseeafitudfy

522  nmswseutnnasvengnlagliniunisldaiudulalasauwn@n (Puffed-
control) uagdnndessongndirtunisldaudulelnsaunini 2 bars U 4 h (Puffed-
2bah) waz 4 bars 2 h (Puffed-4b2h) wui1 nsldausulalasaundnlainananis
WA suuUasSinanananianunves Puffed GBR ust Puffed-ab2h finswessauazaany
N39UgaN31 Puffed-control uag Puffed-2bdh agaiiiuddsy (p<0.05)

5.2.3 Puffed-control, Puffed-2bdh way Puffed-4b2h TUsuuaud wlaL Ay
10% uage a, #1137 0.6 Feflanuasndedugadaing) ognslsfiniu Puffed-abzh 3
Usualaieunaslsdani Puffed-control agnafitiudndsy (p<0.05)

5.2.4 Puffed-control, Puffed-2bdh wkag Puffed-4b2h ﬁU'%mmmmamqw%w
Fanwldun ansunuunleswuea asdsvneufiuednianun uaveuaRseluNSELENS
auyadasy DPPH way ABTS lalumns1aiy uel Puffed-control dUTuauansn1ugenin
Puffed-2bdh aenslitiad Aty (p<0.05) wsiliumnsaniu Puffed-4b2h

52.5  31NN193LATIENaNBulATIEI1958AUANIARLE FE-SEM wudn Puffed-
ab2h f8nwariafiFeu Anumesiigs wazvuinvesgngulvgindn uananiltuiianes
Puffed-4b2h 11A2114U19N11 Puffed-2bdh wag Puffed-control o819 aLaL lae Puffed-
control §aillassasangluiisnsfuuiumn

526 msldanuiulelasaunfiniiseiuninudiu 4 bars sgeza1uIy 2 h waznns
wiifutandessenanidu 48 h deunisviusisuagyines dwavilile Puffed GBR 74

ABNINATUNTNOIFIUALAIIUNTBULTNNINTY
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s Abstract

10 The objective of this study was to assess the effects of ultrasonication combined with steam parboiling
1 pretreatment and salt puffing process on the physicochemical and microstructural properties of puffed
12 germinated brown rice (GBR). The parboiling pretreatments of GBR included steam parboiling (SS), and
15 ultrasound combined with steam parboiling (USS). Parboiled GBR was subsequently dried to get a moisture
1 content of 10-14% and pretreated GBR was obtained. The pretreated GBR was subjected to hot salt puffing at
15 200-230°C for 10-15 s and vigorously stirred to achieve puffed GBR. Results showed that moisture content
16 and water activity (aw) values of Puffed-USS were significantly lower than those of Puffed-SS (p<0.05). These
17 results suggested that ultrasonic pretreatment induced porous structure inside the grain resulting in increased
12 moisture evaporation during puffing process. Salt puffing significantly reduced bulk density of puffed GBR
1» by expansion of grain structure, compared with that of pretreated GBR. Ultrasonic pretreatment insignificantly
20 improved the expansion and crispness value of puffed GBR. Color values (L*, a*, and b*) of puffed GBR were
21 significantly increased after puffing process. Increase in redness and yellowness values of puffed GBR
2z indicated the formation of brown polymers from the Millard reaction. Microstructural image revealed that
23 ultrasonic pretreatment altered internal structures of grain by increasing voids between intercellular space.

2o Keywords: Puffed germinated brown rice, Ultrasonic pretreatment, Salt puffing process, Physical properties

so al., 2016). The pleasant crispy texture, degree of
1 Introduction s1 expansion, and color of puffedrice are directly related
2 In recent years, consumers are more interested in =2 to the degree of starch gelatinization during
2 foods that provide a health benefit. As they are s parboiling pretreatment, initial moisture content of

2 received more information and more aware of the
2 associations between food and health. In addition,
» consumers perceive that the intake of low-fat foods

si dried parboiled rice, and puffing temperature and
ss time. These are key parameters of puffing process to
ss achieve the optimum quality (Mir et al., 2016; Pompe

s and low-calories products could decrease the risk of s et al., 2020).

2 obesity, coronary heart diseases, and diabetes
;3 (Junyusen et al. 2017). Germinated brown rice
=1 (GBR), considered to a value-added rice product, is
;s well-known in high nutritional benefit as it has high
s levels of bioactive compounds such as v-
s aminobutyric acid (GABA), vitamin E (tocols), y-
ss oryzanol, and phenolic compounds (Moongngarm
s and Saetung, 2010). Puffed rice, is high in resistant
« starch content, but it is a low-calorie product of rice,
« hence, it is preferred by calorie-conscious consumers.
2  Characteristics of puffed rice are expanded
« structure and crispy texture (Saha and Roy, 2020).
« Production of puffed rice called puffing process
s includes parboiling pretreatment followed by high
« temperature short time (HTST) treatment of dried
7 parboiled rice in sand, oil, or hot air as a heating
« medium causing volumetric expansion of the grain,
o providing puffed rice. (Saha and Roy, 2020; Mir et

ss  Ultrasound is a novel nonthermal technology for
ss food processing. The advantages of utilizing
« ultrasound over conventional methods for food
@ processing are productivity, reduced processing
« temperature and time, enhanced quality, and
ss environmentally friendly (Chematet al., 2011). High-
« intensity ultrasound, low-frequency in the range of
¢5 20-100 kHz, is commonly applied for food material
e due to its efficiency in facilitating the swelling and
e hydration, providing a great penetration of solvent
e into the cellular structure, and causing formation of
e porosity inside materials (Feng and Yang, 2011).
70 Ultrasound has been used to improve heat transfer for
n cooking, freezing, and drying process in order to
72 shorten the processing time and to enhance a quality
7: of food product (Chemat et al., 2011).

n  However, there exists no study on the effect of
s ultrasound combined with steam parboiling
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1 pretreatment on the physical and microstructural
2 properties of puffed GBR. In addition, previous
s studies of puffing methods involved the hot sand-bed,
4 oil, hot air, fluidized air, and microwave puffing (Mir
set al.,, 2016; Pompe et al., 2020; Nath et al., 2007;
s Maisont and Narkrugsa, 2009; Saha and Roy, 2020).
7 The effect of hot salt puffing process on the quality of
spuffed GBR is still very limited. Therefore, the
s objective of this study was to investigate the effect of
1 ultrasonication combined with steam parboiling
1 pretreatment and hot salt puffing process on the
12 qualities of puffed GBR.

13

112 Materials and Methods

15

16 2.1 Materials

v Germinated brown rice (GBR) was obtained by
1s dehulling of germinated Khao Dok Mali 105 paddy
1v prepared by Chatchavanthatri et al. (2020). Briefly,
2 germinated paddy was prepared by following steps:
21 (1) sanitizing surface paddy by 0.1% sodium
22 hypochlorite, (2) soaking with water at 30+2°C for 24
23 h, (3) germinating at 30+2°C for 48 h, (4) sun drying
20 of germinated paddy on the open air at day time until
»s moisture content reduced to 12-14%, and (5)
2 dehulling of germinated paddy. The GBR was then
z7vacuum packed and stored at 4°C for further
25 experiment.

29

» 2.2 Preparation of pretreated and puffed GBR

s Onlaboratory scale, GBR was pretreated with two
= different methods. First method was without
53 ultrasonic treatment. A GBR (200 g) was soaked in 1

s L distilled water at 30°C for 60 min. Then, the soaked ~

;s GBR was subjected to steam parboil at 100°C until

sz Titisee-Neustadt, Germany). The expanded (puffed)
ss GBR was separated from salt and subsequently
& cooled down on aluminum tray. It was then packed
s and stored at room temperature for further analysis.
62

¢ 2.3 Moisture content and 1ater activity (aw)
s measurement

¢ Moisture content of pretreated and puffed GBR
s was performed using a moisture analyzer (MB-25,
« OHAUS Instruments Co., Ltd., Shanghai, China).
« Water activity (aw) was measured using a water
s activity meter (AquaLab Pre, METER Group, Inc.,
70 WA, USA). Triplicate determinations were
7 performed for each sample.

72

12 2.4 Yield, expansion, bulk density, and length/breadth
n  Weight of GBR, pretreated and puffed GBR was
75 determined by weighting on an analytical balance
7 (MS3002TS, Mettler-Toledo, Inc., OH, USA).
7 Volume of pretreated and puffed GBR was measured
7= ina 100 mL glass graduated cylinder. The total yield,
72 puffed yield, expansion volume, expansion ratio, and
= bulk density were calculated using equations 1 to 5,
&1 respectively. Four determinations were performed for
&z each treatment.

=  Length/breadth ratio was measured by using a
= Vernier caliper following Mir et al. (2016). GBR,
& pretreated and puffed GBR were randomly selected
= and their length and breadth were measured. Each
& treatment was performed in eight replications.

s Total yield (%)= ——g“f‘;‘ff‘f‘g:;‘(‘:; LU

weight of puffed GBR (g) x 100

Puffed yidd (%): weight of pretreated GBR (g) (2)

©

s fully gelatinization (65+5 min). For ultrasonic .,

s treatment, a GBR was immersed in distilled water,
s and directly placed in an ultrasonic bath (35 kHz,
5 DT514BH, Bandelin, Germany). The ultrasonic
« treatment was carried out at 30°C for 5 min. The
« treated GBR was subsequently soaked for 55+5 min,
«wand steam parboiled to achieve a complete
« gelatinization.  The  gelatinized GBR  was
« subsequently dried using an oven (Universal Oven
s UF 110, Memmert GmbH + Co. KG, Schwabach,
« Germany) at 40°C to obtain the moisture content

volume of puffed GBR (mL)

4 Expansion volume= weight of pretreated GBR (g) (3)

2

volume of puffed GBR (mL)

Expansion:ratio= —M —————
2 p volume of pretreated GBR (mL)

@
weight of puffed GBR (g)

% Bulk dens lty (g/mL) - volume of puffed GBR (mL)

©)]
,, 2.5 Color values
100 Color values of pretreated and puffed GBR

o between 10-14% (w.b.). The pretreated GBR was y; were measured by colorimeter (MiniScan EZ 4500L,
s vacuum packed and stored at room temperature for ,,, HunterLab, Hunter Associates Laboratory, Inc., VA,
o further puffing process. Each experiment was ,; USA) based on the CIE L*a*b* system (lightness,
so performed in duplicate. wiredness, and yellowness). The experiment was
i Inthis study, puffing process was performed using 1o; performed in six replications.

s2a hot salt (NaCl) as a heating medium. Briefly, a

s; pretreated GBR was expanded in iron pan containing .; 2.6 Texture analysis

s salt at 200-230°C for 10-15 s and vigorously stirred . Hardness and crispness of puffed GBR were
ss with the salt to ensure uniform heating. The salt ,; evaluated by using a Texture Analyzer (TA.XTPlusC,
s temperature was measured with an infrared ., Texture Technologies Corp. and Stable Micro
s7 thermometer (Testo 830-T2, Testo SE & Co. KGaA, 1, Systems, Ltd., Hamilton, MA, USA) equipped with a
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1 25 mm diameter aluminum cylindrical probe and a 50
2 kg-capacity compression load cell. Puffed GBR (30
s g) were placed in an aluminum can with a diameter
o and height of 6 cm and 4 cm, respectively, and gently
stapped five times before measurement. The
« compression parameters of pre-test, test, and post-test
7 speed were 1, 2, and 10 mm.s™, respectively. The
& compression distance was 40% strain. The analyses
swere done in six replications. The hardness and
o crispness values were determined using Texture
1 Exponent Software (version 7.0.6.0, Texture
12 Technologies Corp. and Stable Micro Systems, Ltd.,
13 Hamiltou, MA. USA)

14

15 2.7 Microstructural analysis

1 The microstructures of pretreated and puffed GBR
17 were investigated using synchrotron radiation X-ray
1= tomographic microscopy (SRXTM) which provided a
1w 3D-image. SRXTM was carried out at beamline
20 1.2W, Synchrotron Light Research Institute (SLRI),
21 Thailand. X-ray projections of sample were collected
22 for a complete dataset at 180 degrees with 0.5 angular
»sincrements. In order to minimize the artifacts,
20 polychromatic X-ray was attenuated with 350 pm-
25 thick aluminum foil, with a mean energy of about
25 11.5 keV. The X-ray projections were collected on a
27 SCMOS camera with a pixel size of 1.44 um. The
s data was pre-processed and reconstructed in three
2o dimensions based on a filtered-back projection
» algorithm using Octopus Reconstruction software
s (Inside Matters BVBA, Belgium). After that,
» reconstructed images were visualized using Dristhri
3 software developed by Ajay Limaye (Australian
s« National University, Canberra, ACT, Australia).

s 2.8 Statistical analysis

3 In this study, results were expressed as means
 + standard deviations. One-way analysis of variance
1 (ANOVA) was used to statistically assess the effect
s of different pretreatment methods on physical and
« microstructural properties of puffed GBR. Tukey-
« HSD multiple comparison was used to compare

« means, given 5% significance level (p < 0.05). The
« statistical analysis was carried out using Minitab® 17
« (Minitab Inc., USA).

as

« 3 Results and Discussion

a7

« 3.1 Yield and chemical properties of puffed GBR

e Yield and chemical compositions of puffed GBR
so are shown in Table 1. Total yield and puffed yield of
s: Puffed-SS and Puffed-USS were between 85.24-
5286.07% and 81.35-83.35%, respectively. These
s3 results indicated that the total yield and puffed yield
s did not affect by the pretreatment methods. Moisture
ss content and water activity (aw) are important
ss parameters indicating product stability during
s7 storage.

s In this study, moisture content of pretreated GBR
s» before subjecting to puffing process were between
& 12.58-13.53% (w.b.). The results showed that hot salt
« puffing process significantly reduced moisture
« content of puffed GBR (0.09-2.47%) (p<0.05).
s Puffed GBR had aw levels between 0.22-0.32,
o« representing  low-moisture  foods  (aw<0.60)
¢ (Syamaladevi et al., 2016). In addition, its value
« indicates prevention of microbial growth and shelf-
¢ stable product. The moisture content results showed
« similar trend as the aw. Levels of moisture content
« and aw of Puffed-USS were significantly lower than
7 those of Puffed-SS (p<0.05). It was probably because
n 5-min ultrasonic pretreatment induced porous
72 structure inside the grain resulting in increased
7 moisture evaporation during puffing process (Feng
mand Yang, 2011). Insignificant different in salt
7 content of puffed GBR were observed and the values
76 were between 0.22-0.27% (88-108 mg sodium in 100
7 g puffed GBR). Thai adults are recommended to
75 consume less than 2,400 mg of salt a day. In short,
7» moisture content and aw values of puffed GBR were
= significantly affected by pretreatment methods
&1 (p<0.05).

2 Table 1 Yield and chemical properties of puffed GBR.

g L Moisturt tent o Salt tent

Treatment!  Total yield (%) >  Puffed yield (%) > 0(1;1-11‘;(;);1:8[] aw? :%’c;?);?
Puffed-SS 85.24+1.23 83.35+2.11 2.47+042? 0.32+0.00? 0.2240.06
Puffed-USS 86.07+0.77 81.35+0.72 0.90£0.17° 0.22£0.02°  0.27£0.05

&' SS and USS denote steam parboiling pretreatment and ultrasonic combined with steam parboiling
& pretreatment, respectively.

ss 2 The values present the mean of triplicate + standard deviations. Different letters in each column represent
= statistically significant differences between treatments at p<0.05.

&7 3.2 Physical properties of puffed GBR % 0.41-0.72 g mL". Bulk densities of raw GBR and
s pretreated GBR were significantly higher than those
52 of puffed GBR (p<0.05). These results indicated that

s steam  parboiling process causes the starch

= In Table 2, bulk densities of raw GBR (RB),
= pretreated and puffed GBR were varied between
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1 gelatinization and subsequently hardening the
» gelatinized starch by hot air oven drying, resulting in
srigid and compact internal structure. Meanwhile,
apuffing process caused an expansion of internal
s structure. This is in accordance with previous work
¢« (Mir et al., 2016). Expansion volume and expansion
7 ratio of puffed GBR were between 1.90-1.98 mL g?!
sand 1.29-1.32, respectively. Ultrasonic pretreatment
s insignificantly improved the expansion of puffed
0 GBR. According to Feng and Yang (2011),
u ultrasound can facilitate the swelling and degrade the
12 carbohydrate leading to reduce molecular weights of
15 carbohydrate. As starch is the primary carbohydrate
win rice, the higher degree of starch gelatinization
1s resulted in higher expansion of rice (Saha and Roy,
162020). In current study, bulk density, expansion
17 volume and expansion ratio were lower than those
s studied by Maisont and Narkrugsa (2009), who
1w reported that bulk density, expansion volume, and
20 expansion ratio of puffed KDML105 GBR were 0.21
»gmL?, 6.66 mL g’ and 3.48, respectively. Saha and
22 Roy (2020) reported that the expansion ratio of puffed

»rice could range from 4 to 10. The discrepancy
2 suggested that the pretreatment and puffing process
25 affect the physical properties of puffed GBR.

2 The length/breadth ratios of pretreated and puffed
27 GBR (3.12-3.35) were insignificantly different from
2s that of the raw GBR (3.46) (p>0.05). The puffed GBR
2 had slightly lower in length/bread ratios, compared
s with raw and pretreated GBR. The length/breadth
s ratios of puffed GBR were consistent with those
» reported by Maisont and Narkrugsa (2009). In this
s study, it suggested that pretreatment and puffing
s process did not alter the size of GBR. These results
s were inconsistent with Mir et al. (2016), who reported
s that the length/breadth ratios of raw and parboiled
7 brown rice (2.43-2.45) were significantly higher than
3 that of expanded (puffed) brown rice (1.95) due to the
3 expansion of rice resulting in lower the length/breadth
w ratio. Thus, further work is needed to optimize the
« pretreatment process of GBR for improving the
« expansion of puffed GBR by hot salt puffing process.

s Table 2 Physical properties of raw GBR, and pretreated and puffed GBR.

Bulk density Lengtl/breadth ratio  Expansion volume ; .
1 2
Treatment (g mL1)? 5 (mL 1) Expansion ratio
RB 0.72+0.02° 3.46+0.15 - -
Pretreated-SS 0.69+0.03? 3.2940.13 - N
Pretreated -USS 0.68+0.02% 3.35+0.32 e -
Puffed-SS 0.41£0.01° 3.26+0.30 1.90+£0.20 1.2940.12
Puffed-USS 0.44+0.04° 3.12+0.36 1.98+0.06 1.32+0.07

w1 RB, SS, and USS denote raw GBR, steam parTJoiTing pretrealme;t. and ultrasonic combined with steam

o parboiling pretreatment, respectively.

1 > The values present the mean of quadruplicate = standard deviations. Different letters in each column represent
a7 statistically significant differences between treatments at p<0.05.

« 3.3 Color value of GBR, pretreated and puffed GBR

a Figure 1 shown the L*, a*, and b* values of
soraw GBR (RB), pretreated and puffed GBR. In
s pretreated GBR, lightness (L*) values were
s> significantly lower than those of raw and puffed GBR
53 (p<0.05). These results indicated that two
s¢ pretreatment methods reduced the lightness of sample
ss corresponding to the occurrence of Maillard reaction
ss during steam parboiling (Saha and Roy, 2020). Mir et
s7 al. (2016) reported that increase in lightness level of
ss puffedrice was due to the expansion and formation of
ss porous structure during puffing. The values of
« redness (a*) and yellowness (b*) of puffed GBR
« significantly increased when compared with raw and

« pretreated GBR (p<0.05). In contrast, Mir et al.
¢ (2016) found that a* and b* of puffed rice increased,
« compared with raw and parboiled rice. Saha and Roy
s (2020) also reported that the redness and yellowness
ss increased in the parboiled rice, compared with non-
¢ parboiled rice. The present contradictory finding may
«be attributed to differences in pretreatment
e« (parboiling) and puffing process (i.e., heating
7o medium, puffing temperature and time). The high
7 temperature with uniform heating of salt puffing
72 process might be contributed to increase in redness
7z and yellowness of puffed GBR. In short, The color
nvalues (L*, a*, and b*) of puffed GBR were
s significantly increased after puffing process;
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1 however, 5-min ultrasonic pretreatment did not alter
2 the color values of pretreated and puffed GBR.

s 3.4 Texture property of puffed GBR

a Texture properties of puffed GBR including
s hardness and crispness are presented in Table 3. The
¢ hardness is a measurement of the maximum force
7 during the compression, and the crispness relates to
s summation of total peak forces throughout the
s compression. The hardness of Puffed-USS was
o slightly lower than that of Puffed-SS (p>0.05).
u Similarly, insignificant difference in crispness was
12 observed between Puffed-SS and Puffed-UPS. These
15 results indicated that 5-min ultrasonic treatment did
1 not improve the texture properties of puffed GBR. In
15 this study, the trends of hardness and crispness of
s puffed GBR were generally similar to those of
17 expansion volume and expansion ratio (Table 2).

1s Table 3 Hardness and crispness values of puffed
1s GBR.

Treatment Hardness (g) Crispness
Puffed-SS 781.14£60.10  89.17+2.40
Puffed-USS  747.64+63.61  89.83+3.87

» ! SS and USS denote steam parboiling pretreatment
zand ultrasonic combined with steam parboiling
22 pretreatment, respectively.

22 The values present the mean of six replications =
20 standard deviations. Different letters in each column
25 represent statistically significant differences between
2 treatments at p<0.05.

21 3.5 Microstructural characteristic of pretreated and
22 plgfﬁ?d GBR

» The SRXTM images of pretreated and puffed
s GBR are given in Figure 2. Pretreated-SS showed the
s compact structure (longitudinal and cross sections).
s2 This is consistent with previous works (Saha and Roy,
33 2020; Mir et al., 2016), who reported that parboiling
s causes the starch gelatinization subsequently filling
ssup the natural fissures inside the grain endosperm,
s resulting in more rigid and strength of grain. In
s addtion, this rigid structure will be become to a
ss voided structure of puffed rice during puffing process
35 (Saha and Roy, 2020). However, Pretreated-USS was
« considerably more porous than Pretreated-SS. This
a1 could be attributed to ultrasound inducing structural
« disruption subsequently the formation of voids inside
s the grain, contributing to improve the moisture
« evaporation.

as As shown in Figure 2 (Puffed-SS and Puffed-
% USS), puffing process had a great effect on
« microstructure of puffed GBR. Puffed-SS and Puffed-
& USS had large pores in the core of grain, while the
s nonporous regions near the surface were observed.
so This is in accordance with previous work (Pompe et
s1 al., 2020). According to Saha and Roy (2020), who
s reported that the degree of gelatinization during
s3 parboiling had an impact on final puffed rice quality.
s« Increasing the degree of gelatinization causes the
ss surface more compact and thus easier to puff (Pompe
ss et al., 2020). Thus, fully gelatinziation of starch by
s7 parboiling pretreatment is an important factor for
s producing optimal exansion of puffed GBR.
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« Figure 1 CIE L*, a*, b* color coordinates of samples.
& RB, SS, and USS denote raw GBR, steam parboiling
s pretreatment, and ultrasonic combined with steam
¢ parboiling pretreatment, respectively. The values
« present the mean of six replications + standard
ss deviations. Different letters in each column represent
e statistically  significant  differences  between
o treatments at p<0.05.
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Pretreated 1SS

Longitudinal  Cross section

> Figure 2 SRXTM images of pretreated and puffed
s GBR, where purple color indicates air presented
« inside grains.

s 4 Conclusions

¢  This study focused on the effects of parboiling
7 pretreatment and salt puffing process on the quality of
s puffed GBR. Results indicated that moisture content
sand aw values of puffed GBR were significantly
o affected by pretreatment methods. Ultrasound
ninduced structural disruption subsequently the
12 formation of voids inside the grain, contributing to
13 improve the moisture evaporation. Salt puffing
u process significantly increased an expansion of
s internal — structure.  However, 5-min ultrasonic
s pretreatment  did not improve the volumetric
17 expansion of puffed GBR. The trends of hardness and
1 crispness of puffed GBR were related to those of
1 expansion volume and expansion ratio. Salt puffing
20 process had a great effect on microstructure of puffed
21 GBR. SRXTM images revealed that pretreated-USS
22 was considerably more porous than Pretreated-SS due
»to  ultrasound inducing  structural = disruption
20 subsequently the formation of voids inside the grain.
2s Puffed-SS and Puffed-USS had large pores in the core
2 of grain, while the nonporous regions close to the
a7 surface  were observed. As the degree of
2 gelatinization within rice is essential for crispy
25 texture of puffed rice, thus further work is needed to
» optimize the pretreatment process of GBR for
s improving the expansion volume and crispness of
s puffed GBR by using hot salt puffing process.
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