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UNANED

PINNIFIATIZANAUSIEWATA aroma extract dilution analysis (AEDA) n1seuey
A1 odor activity value (OAV) warn15Ussiiunussamauiladanssaul wuln vanillin,
guaiacol, 4-vinylguaiacol ag raspberry ketone (hydroxyphenylbutan-2-one) foaslvinau
ﬁﬂﬁigsamsﬁ’nlﬁsgma%mfjﬂ FaansiaTziesdusenauman (principal component analysis;
PCA) vasansinAusazdnvarnau Samuanuduiusiuinneunenugd 105 uasdrivenda
flfuiuguduaene  ueninfiedeshudnlsfivesitiumsindedeitmareslstuuy
high temperature-short time (HTST), Walaeslsgiuy ultrapasteurization (UP) g
Anesladuuu ultra-high temperature (UHT) 1 vanillin, guaiacol wag raspberry ketone
Juanslinduddauientn egalsAnuuiindlassiunduvesiiegns UP azuansng
NAIDYIS HTST ag UHT waldnuniuianaigaeslasinlannsua flavor dilution 5g1ing
UP Wwag HTST Fssansiinsziuuuinnguuaznanisuszifiuymsssamduiads Rindex
ranking test AfusunmnmiunAuTiadefuvesiodsaneslsieansitsenianiaiu
$nwr TuvagieSeshindnilsduedd UHT Sanslindulifieussasd Moud acetic acid,
propanoic acid, butanoic acid waz indole Wiuty idsiFrsauariiusuna cyaniding-
3-glucoside way peonidin-3-glucoside #nay  wansiTbisatuayunuamiiAves
NAnfeirunsETade s UP

AdnAgy: nausa; ashindy; Ulsdwess;  ultrapasteurization; raspberry  ketone
(hydroxyphenylbutan-2-one)



Abstract

Aroma extract dilution analysis (AEDA), odor activity values (OAV), and
descriptive sensory analysis were employed to qualify and quantify Riceberry aroma.
Vanillin, guaiacol, 4-vinylguaiacol, and raspberry ketone (hydroxyphenylbutan-2-one)
were found to be the main contributors in cooked Riceberry. Principal component
analysis (PCA) supported the conveyance of aroma-active compounds and
characteristics of Riceberry parental lines (Khao Dawk Mali 105 and Hom Nin). Vanillin,
guaiacol, and raspberry ketone were also the potent odorants in Riceberry beverages
treated by high temperature-short time (HTST) pasteurization, ultrapasteurization (UP),
and ultra-high temperature (UHT) commercial sterilization. Although the sensory
aroma profile of the UP sample differed slightly from that of HTST and UHT beverages,
the flavor dilution chromatograms of UP and HTST samples were identical. Hierarchical
cluster analysis and sensory R-index ranking further confirmed the similarities of these
two pasteurized samples during storage. Certain off-aroma increases, particularly those
of acetic acid, propanoic acid, butanoic acid, and indole, set apart UHT Riceberry
beverages from others. UHT samples were also light in color and lower in cyanidin-3-
glucoside and peonidin-3-glucoside content. The entirety of this research supported

the commercialization of high quality UP products.

Keywords: flavor; odorant; Riceberry; ultrapasteurization; raspberry ketone (hydroxy
phenylbutan-2-one)



Executive Summary

Ultrapasteurization (UP) idunszuaumsldmnudeuiiedasgnsiivinmemsmen
fdmudunses  leeanneildlunssideves UP adrefunisaweslads ultra high
temperature (UHT) LLﬁlﬂﬁaﬂaﬂﬁﬂﬂﬁUiiﬁ;LLﬁ%ﬂW%U8U53QLLUUUﬁ@®L%a 9e19L3ARLIN
puvniinissideiigueyilinandasifioguiuniinsmaneslsfuuudaiy uiduiinau
fanufeuszAeliAnnsidsuudasesdnuasmaniuaznenn  naenduauTRnIg
Usvamduiavoswdnduet sailauidedunaves UP doaunimuasemiisndn lnsaws
pgeBNRunINEIuNALsa MatunisUsufieunisnameslsfuuy high temperature short
time (HTST), UHT wag UP azteifinanuiinlaiesnimasiivesanslyinay siufisnisiin
aslnauanedeulussuuemsets  sanansnthluldamnuazvinlindnfusidleny
mafuinwiienundy  Tglummddeilfiedesivandnlsiveshifusodidunisfinu
dosntlagtuiuudvierdnndesiduduiifienesianiiens Tnsewglunguiiu
uwferdundos weninidnlsduesiduinninnsuauiugseninetnannenugd 105
uazdvenda  Saduimiifiquamsewnsgs dme dedudayy  uasfindumeniiiu
ondnual  Tnefuanieiesiuuazemnavanssefeniste TngUusiindudlsduesd us
wuisagudilifidminonensé  Bnvlsswndeyadunduresdnnldiuesiiinnei
Fhewdastionienmasounmsszamduta SdumAteildAnwanlinduludineeenugd
105 uardnvenilasuse ieiduteyalunsaigadwesinlng mnsansiesevindu
eipdesilouarmsUssidiumaszamduda  paonsunsieTEiauAmISTILANENN
Wil wazadun3s wuin UP anwnsnsideuaBaengnaifusnuieiesiudilsdivessidesng
fszansnm Tnendnsaminldfiaunmiunduiisuwinfunsldis HTST Tuvngiidiedn
UHT fusinuansTrinaulifisUssasdastu aas uastiinauoulnlsedusiae feduds
UP Fsflnsusunszuiunsudnannds HTST dnvdes Fadumaluladffiduyumnzandu
fusznounmsuunadnuazvnanans dwnsly UHT lugranvinssufdessefsnsiinnauiiouni
fifuslaalddons  uenantnanisiesesianslinduddluinlsdvesivianlnsans
981989N13AUNY raspberry ketone (hydroxyphenylbutan-2-one) faanunsoldidudaya
dmdunsseassnau  (flavor creation) itendmfuingusaussndusasmsdmivldly
wAnfuTieng q maenautaelunistinnaam wiotluiauniuginlvilaunmgeasdud
pausuresiuilnaundely
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Ultrapasteurization (UP) Aianszuiunsuussusenimdeuiifinsldlunasuszine
Wiednergnsiiuinwoammifienandunsai  Teeflannznsldmnuieulndidssiu
N32UIUN3 ultra-high temperature (UHT) usilisnfudosussquansnsiluannzdaonito
(Comell University, 2007) @snsldamudougdlumssinge dwmalvindnsusidorsniaiu
Snfhunimemnaaeslsfuuuiaiu wifondmwasonsudsunlanesdndauriiusig 9
faneam 1afl wazaunweUsamANE WU Solano-Lopez, Ji, & Alvarez (2005) wu
usilasiu 29 ity UP wagiiulfifunan 60 Ju danssemelinduiiinanujiseieendindu
199800 1¢unl hexanal, octanal uag nonanal wisdy wifmageussllldnaufiuandesng
Joun UP \undafusinldsunsseniuannglug  udllazuuunmssesiuannifindniu
Frunisniaaeslsduuy high temperature-short time (HTST) wag UHT (Chapman &
Boor, 2001) eehdlsfiniuun UP fiusaannuanlnadiaiuiduanmsussiiumalssamauia
fundu cooked gandiogrsunmnaaeslsd (Adhikar, Dooley, Chambers IV, &
Bhumiratana, 2010) uanantiuy UP §afiaumiingandiun HTST (Chapman, Boor, &
Boor, 2001) vtinmsfideafundnsusililugifufidudesitavomansugt UP Weaisudt
UHT winsiiuinuwansasiienmgiisnenatistosiumsiindnvaesiilifiesyasdls
owsdinmsn UP ilifisaundiaunasuidlewnainuffizervesinifiu (Kamarei, 2001)
wonani UP ihedhwmandidamiivedusiulundnsasilives (iquid whole egg)
dnee (Monfort, Sagarzazu, Condon, Raso, & Alvarez, 2013) LLaxLLﬁdﬂﬂmmwﬁmﬂ?{u
wdamarionuveuLarsenuTesiuilaa uilluddefidnuidIeuiiisundussaing UP,
HTST wag UHT laiun



Tunsneaesiidendnumavesnsendeseruerluriesiudnlsiues Wewn
3osuddaduriesiumadenveniug Feilatudh Usidanaeweameseataziina
uanleg ﬁﬂLﬁuﬁﬂuiﬁ]sllﬁlﬂﬁU%Iﬂﬂﬁl@jﬂﬁuﬁﬂ%JUU%V]’I‘IJLLaﬂIG]ﬂV%E]LLﬁf]b’JL‘Vﬁa\‘i PNATANE
YeUTEnIdenaanuIHAnSeiuLa N TngAuAY (non-dairy milk product) mmwm&f[,u
%ULU@’iiﬂiLﬂmWﬂaﬂ (The Nielsen Company, 2016) LLauuamwmimwm&Jawuammm
(Mintel, 2018) msammnmmmLmaulmmﬂﬁunswzmuumaLsamwnmqmmmmaq
YIINAURALIITIR YIT01YININTIINGBY Gﬁnﬂé’awaﬂﬁqwiﬂﬁw gamma-aminobutyric
acid (GABA) 4119nd vseudsdnn wavenafinisldeulwsivarsviingiuniy wunisld alpha-
amylase s slucosidase uaz/mie beta-amylase wiotetostunisiinndusainuni
(Mitchell, Mitchell, & Nissenbaurn, 1988) agnslsfmuiaiesiutniiuaadounazlusiu
mniusle

¥ & et & @ a ao = au & Y oA P av v Y

nlsdiuasszaduinghuniindnulumsideilldudndiedy laannsuiuuys
WUFTEnINgIvNeenued 105 (Urvenusd) (Tugus) Autrvenllaniiddn (Wugwe)
A v | a d o o ada P ¢ el v PP=
dielidnaAmelasuinsgaasiiledudand  dnilsdesteaulumeuneulnlyeiugdl

va v a o Ao = wa .

ANUALUUATRTUDDNTLATUNA LazdlAMENUS chemopreventive (Leardkamolkarn et al.,
2011) Fadudnnldsuanudenlunydusinaldlaguam dsimdeanuninitdnmventsd
wazs1AeUanvestalsdiuesidianindnivnnaluivae il (The Board of Investment
of Thailand, 2017) &apusisansfiiugiuresiilsduesslimsadumssyssloviiu
Uity waudsnuantAnsUssamdndans  duhestnilsdiuesivandaisanuiay
g o oo a O a Ao <, o ¢ v & v & Ay
\Woduiayy galunniunausansnaziduenanuwalveatilsdiuassduiunfaanisves
Austan  leedndnomsvatgyssiandesnisidansususianausatnilsdiuess  uwadslud
Usevndnansusausianausatnilsdivesteandmuienianisdn  wenaintdalaiinisfne
FUNAUYDITN ST UBSININTAATILIIN8LATDIL DAL N1SUS T UNNaUS T AN EUETA

fanAdesnuanslvnauludnaeiudine 9 g Bryant & McClung (2011)
wudnidafufensiassavennnhdiun Ssanstinduiiddyannisiiuime
OAV suaﬂ%”nLmﬁmm:}maﬁuﬁ:t,mﬁmiﬁaﬁmqﬂ laun 2-acetyl-1-pyrroline (2AP), (E,E)-2,4-
decadienal, nonanal, hexanal, (F)-2-nonenal, octanal, decanal, 4-vinylguaiacol Way 4-
vinylphenol (Buttery, Turnbaugh, & Ling, 1988) uWaguenaIn 2AP WA2 2-amino
acetophenone é’ﬂL‘i‘Jumﬂﬁﬂ?{uﬁﬂﬁfﬂu%’nﬂﬁaﬂﬁuﬁz Malagkit Sungsong, Basmati 370 lag
Khaskhani (Jezussek, Juliano, & Schieberle, 2002) Tunaugfidniveudaiveannani 2AP
a8z guaiacol Lﬂua’lﬂﬁﬂfﬁ'uﬁ’lﬁm (Yang, Lee, Jeong, Kim, & Kays, 2008) 8g13l5Anu
veuiianssewmelunagy aliphatic aldehyde g afilifindunen (Widjaja, Craske, &
Wootton, 1996) dsansuszneunguisiilassaiaduiussiensionmn (saturated aliphatic
aldehyde) HU3110a0a95ENINITNIEN Turgiians (E)-2-nonenal, (E,F)-2,4-decadienal,
4-vinylguaiacol, indole iag vanillin %Lﬁﬂ%‘i.!@?iﬁ%&’ﬁ’]ﬁi%ﬂ/jﬂ (Zeng, Zhang, Zhang,
Tamogami, & Chen, 2009) faunAfediifinszansiinausutumsussifiunndnune



AuNAuYeItNlsfiuess 11vInenuEd 105 waztiveudanian naonIuAnwINaves UP
i a a4 A v ¢ ol A A 9 =

ronduvedAseRudIldiuess Wesuiunseniesienssuiuns HTST uay UHT
MenaINTUsIURaEsERIINIsAuShw

QUszaen

diedaszsianslinauludilsdiueds 41vmnenusd 105 wazdrveuia

2. WiedmserdnvazanzvesasiindvluedesiudnlsdveBnidunannszuiuns
WIE85LSTWUU HTST, UP wagn1sawmestasuuy UHT

3. eAnwIN15UA BULUATe9E IS ENELA AN NUSE A NA U AU 1LAS D9 Y
F1lsduesslusninansiusne
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fodnindosasinlsduefinifuAnludna 2560 warussalugaganiman
AUdIMEIManIiN IImEREnERsAEns Aunay (Wasugy) dudnnaeswesiniveia
wagdnvnenugd 105 Juduiuswonazudmudiu (Juvessdn ualnoalsd d1dn
(@ysUsIng)  MAvAslwlfnfulasusslugeagana  dwiuiodessdaildlu
nMaUssdiunssvamdudadornguivesindifelungamng

@15 2-methyl-3-heptanone d@msuldilu internal standard wazasuInsgIu n-
alkane paoAIUATIIATT LA MIUTTYTTinvesaslvindu (snfu 2-acethyl-1-pyrroline)
19270 Sigma-Aldrich (MO, US) way Fluka (Steinheim, Switzerland) #vinazateviia HPLC
grade laun diethyl ether, acetonitrile kag methanol %Yail’m RCI Labscan (Dublin, Ireland)
e Brightchem (Selangor, Malaysia) answafidu Miun sodium chloride (NaCl), anhydrous
sodium sulfate (Na,SO,) kag formic acid laann Ajax Finechem (Auckland, New Zealand)
bae Merck KGaA (Darmstadt, Germany)

a v < ¢ v a v a
naum'ﬂwwaii V13V1INBNULA 105 Lay Gmfmauuavgﬂqn
N9IATISiaIsIInaUa1Ag)

weinndes 40 n¥u Authndudmmnndu 65 Tedans Feviensinali
Wi AasevianslinduddyanuiSves Lorjaroenphon and Cadwallader (2015) Tngisuann
wiudetmaan 100 n$u MAnasazarsansinsgIudmsUlinTwiUina 10 lulasang (-
methyl-3-heptanone Wudu 0.0106 n31/10 faadns wes methanol) Tululasiauwan
rouhluafietestunsgydoansszve  wisuseghddvinmmlasudmiunyusios
aun 250 fladans wasiis NaCl Usinas 10 nd affndnegne 3 asadne diethyl ether
Uums 50 fiaddms  Iegldiedeawdnanudiseu 200 pm  Wunan 30w
Mndurhasadelfduduludenodind vigreux flgamgll 43 °C udusnanslissmeoon
Imamiﬂé"ut,l,uuqummmqqﬁ 10” torr mu3Fvee Engel, Bahr, and Schieberle (1999)
ﬁqmmﬁﬁamaz 43 °C \Jusyuznanegneay 1 92l Adntneendns Na,S0, AUsaanin
ud v iduduaulausnms 200 lulasang

dnansann 2 lulasang WiA3es cas chromatography (GC) (Agilent Technologies,
Inc.; MA, USA) s olfactometer (O) (DATU, Inc.; NY, USA) aagimaiia cool on-column
figarn +3 °C 9ngamniidou assmsazgnuendenodin 2 ¥iia Alnudtasaty T
Stabilwax® (Restek Ltd.; PA, USA) wag Rxi°-5ms (Restek Ltd.; PA, USA) 4110813 30 4T



x EuruguEnan 0.25 fadluns x Auvunduildu 0.25 lulasms TagldBiden carer
gas fidnanslua 2 Tadans/und ouvnidoudud 35 °C Wunan 5 unil udufinduds 225
°C $udasn 10 °C/unit dwdupedun Stabilwax” videuiudedns 6 °C/unit fis 250 °C
dufumadil Rxi°-5ms wasknafionmaianteesiou 10 it Taglmaaausiuau 3
AU AuLArUTIBIEdNEEnAUdld  ueninidvinnedansatn 1 lulasies deides GC
ey time-of-flight mass spectrometer (ToFMS) (LECO®; MI, USA) 3914 electron impact
energy 7 70 eV wazdivauny 30-300 m/z Iesflannzlunsieseiduientiu GCo
s uldBiEenfisnsnslva 1 faddns/und uaslisnsnsifiuguunivesgeu 4 °C/uni

seyriavesanslvindulaefinnsanainan retention index (RI) dnwazndu mass
spectra (MS) Wag ansuasguvedanslindusing 4 dsan Rl Aldainnslinsgviansee
el 2 wiadidruiitasnaiu fuialdanned retention time (RT) vasanslinauiiouiiu
RT 9848133173514 n-alkanes udian Rl Aildluinsaniiisuiudeyaanauddedislinneu
a1 MS %aﬂaﬂiiﬁﬂauﬁLﬁﬂuﬁugﬂuﬁayja National Institute of Standards and Technology
(NIST) Mass Spectral Library (version 2.0, 2011) LazAIUIMAIAIMLTNTUENNNS (relative
concentration) wasansiinauaIniuilld peak fildarnnsinsizeinadelusunsy LECO
ChromaTOF® version 4.50.8.0 ifisuifuiiufilé peak vosansanasgudmsuias iU
WaZAT response factor mﬂﬂs’w\lmmg’msummﬂﬁﬂ?iuﬁu 0 MnRAnTztansinauday
1uA15AIUIMAT odor activity value (OAV) @m1a3duee Grosch (2001) SauAumASANITYIN
aroma extract dilution analysis (AEDA) #1u3%we3 Schieberle (1995) @1 OAV
Aednausswinsiaududurosanslinduiudn odor detection threshold wosansiu
Tuih Tngansssmedifien OAV 1nnth 1 azgndmduanslindulusiogne daunisvh AEDA
Suainihansatnuieansine diethyl ether WWudidulushsdin 1:3 udrhusazszau
AnoasluTaTIeisie GCO Tidefiunaduyl Stabilwax” wiesiesudu flavor dilution
(FD) factor Gafifwhiussiuarnieansgeaniidsndldnduansi

MsUseidiunmAN YA IUNEY

Uszidudnlaswnunauresdnveanimenismage unnessamaudadanssaunn
38903 Meilgaard, Civille, and Carr (2007) lna3uandaidenuasiinduiinaaey (1 1 au
s 9 AU Beflengszming 23-28 U) iunaednatios 40 dalus uduAIFIguTI9lu
viamnasudwmsuldauruin 125 4addns (Thermo Scientificc MA, USA) wagvianae
ogfifloamesdfiiimssvysiaavanundnunuiomeds  unfnaaeuiiaziiogismuddi
flssunsaduetnsanna e lrimaaeuUsziiunaunas WazuuuautivesnadnvaILes
funduutanaldunsie 15 wuimns wdnsnunadunsmlouss



naulAIaInNlsdluassNHIuNIssNdBaLUURIY 9
NS TLUF IO IUAZNITUATIZYIAAN I

WaBLASosRLT 1l sTuesInuAETidaulaten Deeseenthum and Pejovic (2010)
Tnedudnindosasinlsduesi 7 Alanfu Auiinses 70 Bns TAeaduna 30 min
nsesheindmusaesiy wdniliduawiuilusaiudeiigumnd 25 + 2 oC iafuidu
fhegsmuanddliiumsinidesemniou  dwiegns HTST, UP uag UHT wiewlng
nssdedeLAios UHT/HTST system (MicroThermics; NC, USA) a13@uunaiuaziian
fifvun  Taglsinmdousiegnauuy HTST 4 70 °C unan 15 3undl wazuuu UP
138 °C Wunar 2 Funit (FDA, 2015) feuvssydoulurinumiiiunismaaeslsdudn
MniuhliSuasesemniifigungll 4 °C viasnd udniluiuiigumnidiiu (@ = 2 °0)
unan 2 uag 4 dUaisuddu dmsusedne UHT aglvimnudoud 140 °C Wunan 4
Wil mu3BN5ve3 Cornell University (2007) wdwinbifuasagasiadaneuussyluaniie
Uasaidolumauffidumsawesladudy nfufviigungives 25 « 2 °0) Wunan 4
dUnm

Aereidiogauidlusesuatosiudmlidiuefinuannsguues FDA' Bacteriological
Analytical Manual (FDA-BAM) il Bacillus cereus maiives Tallent, Rhodehamel,
Harmon, & Bennett (2012) wuAiilSelaanesum uIDves Feng, Weagant, Grant, &
Burkhardt (2002) Auvn3savunnLiBuas Maturin & Peeler (2001) ua Saduazsaniis
¥83 Tournas, Stack, Mislivec, Koch, & Bandler (2001) wd3danaanuaizUsinguesinegig
naonauinAdlussuy CIE L%, a*, b* dwiudSmaueulnlseduiinsginuisidaudas
970 Pothinuch, Miyamoto, Nguyen, and Tongchitpakdee (2017) AanToIfIDENg
SRt lsdiuess 150 fiaddnsHiunsea1wnsed Whatman wwed 4 (GH Healthcare Bio-
Science; Uppsala, Sweden) uwdwhliduduauldtsunng 10 9addns  Fenisnau
wuugeeINIAas  newinlunsawiy Nylon membrane filter awia 045 lulasiuns
(Sartorius; Hannover, Germany) antdAswiiegns 20 lalasans dewn3es HPLC
ey photodiode array (PDA) detector (Waters; MA, USA) lagusnaisnignoauil
Symmetry” C18 (Waters; MA, USA) 111 5 lulasiuns x 4.6 Jadiuns x 250 fiadwns uazd
mobile phase 483 100% acetonitrile (A) wag 1% (v/v) formic acid Tuih (B) Uy gradient
fisnsnsiva 1.0 faddns/unit Tneduan 5-10% A W@unan 5 wdl 10-15% A Wuan 5
WA 15-25% A Juar 20 undl 25-50% A Wwaan 10 il 50-5% A Junan 5 Wi
wagas 5% A \Junan 5wl Tdarwenedu 200-500 uiluwes Lileszyvilnves
woulnlwenfulpaiiouan RT waz ultraviolet (UV) spectrum fua1sunsgiu neu
AATIEAUSINUMEWATA external standard



myuATIzva1sinauuazaanvaIzAUNEY

AnsgrinduvanaioshindnlsdiuesifieiBnnsduine OAV wadin AEDA uay
mMsUsziumalszamdudadmssaunuitiedy nesuannsataasTinauandiedig
100 addns ee diethyl ether LLﬁaﬂé"uLLuuqigfmmﬂqﬂ MniuilRduduieudadh Gco
uay GC-ToFMS  wazUszilunuidnvaiziunauvesinens 25 fadans Mefnaaouiiniu
nsAndenkaginduIIwI 12 AU (118 4 AU N 8 AU B1858NIN 23-28 T)

Ussilluandnuwaeiunaulaesmvesiodiiiuinulivng®  Rindex ranking
test MuTUmEUTBA Lorjaroenphon and Cadwallader (2015) lagfnsaiavaunan
fishetna HTST (1Huseens blind control), UP uaz UHT uédsaaindaeens HTST 8naan
dufegemuan  antudsifeisimualasaduidunsiiauesiodsiiiaausia
wuvaNnalinAaouT I 38 AL (18 5 AU NN 33 AU BYTEIING 23-34 T) WieiFeaddy
mnuuAnsunauilalfieuiufiogiseunn  Aulnie Rindex mu3Bves John Brown
(0’Mahony, 1992) awhfufevazvesiietmeaeuiifnaaouSesdduinmiioutusetng
AIUAY Woenindaeend blind control

ANSIATIZANEDR

‘3meﬁmmLL‘U3ﬂiaumaaﬁ1@mé’ﬂwmxmqmamwu,azmqmﬁ%'!mmmumiwmaaq
wuudumasn (completely randomized design; CRD) PMAMTE1 3 ase e
msinszaimueulnleeiiuiivi 2 91 wnnUAMNRANAseE 1 iTed Ay fiseiumnudesiu
95% aziUTeuMisuAnaiedie3s Duncan’s new multiple range test ngldlusunsu SPSS
(BM; NY, USA)  dwumnuduiusssninansivindulazaudnuazsunauazesuislag
MTIATIEReIAUSENaUNEN (principal component analysis; PCA) aaglusunsuy XLSTAT
(Addinsoft SARL; NY, USA) uagilasgsinmsdnnguuesindesindnlsfiuesisedaig 9
1ne agglomerative hierarchical clustering (AHC) salusunsu XLSTAT

dmsumsUssiliumadszanmduiaildsunsiusestiossamidelunywd  Lavi
COE59/005  91n@01UU398uas WAL INGIUNEATAEAT  TUAUNIINAABILUY
duluvdenagivanysal (randomized complete block design; RCBD) lnedignaaauidu
UBen JnsianuwlsuniukasUeuiisuanadenuditnediu @ Rindex Auaann
50% FMSUNISNAAEUABINIG (two-tailed test) Tisesuiiuddey 0.05



HauazIanTal
Falsduesinegn

nnMsieneiaunmiunauresinlifiuesd  dnumeenusd  wazdhveuda
wagnsensUsziiumsszamdudauaznislfiedosde wuanslinaulungu acid, alcohol,
aldehyde, ketone, lactone, phenol, terpene wazasuszneuiidlulasiunasdames
uesiusznevluliiena  Tagansuszneuiinusniande aldehyde @uduanslindud
\Ananujiseneendinduvesnsaluiuliitud Tnsanizegeds linolieci waz oleic acid
feruinsaluisiaendadiviumnnn 70% vesnselviuiomaiinuludnlsduess
(Luang-In, Yotchaisarn, Somboonwatthanakul, & Deeseenthum, 2018) NN Ta
wazdvInenuzd 105 (Mingyai, Kettawan, Srikaeo, & Singanusong, 2017) &3 Shin,
Yoon, Rhee, and Kwon (1986) wuAuduiusiadunseseninelsuna n-hexanal way
linoleic acid lud1ndes Indica/Japonica  UfAseneendnduvansalydudassludn
ansaintuldmaeanniidusnniufes  nmafuine  wegmsean  Sedewalid
a15UsEnou aldehyde gt 1ag hexanal Fsdniduduiviansiineendinduvesdlaludn
Huanslinduiifusinasnniianvesansussnounguiludmvsaniiaanuiug uasdlenSeuiio
fusgriedfaanuiug wuddnlsfwefiiviine hexanal  dilgn  mwdne
Frumeenugd 105 wazdrmendanmudvu  FseradunaanannssUfiten (catalyst)
wavansiueendinduiiinusssuniludnieuein  Tnewdndinuldiluduresiidne
HessUfAzensifneentinduvosnsaluiudasy lusasiiueulnlosniuluid (colored
rice) aztovzaemaiAnUAzodana1 wazusiindnlsdiuesiiviinauvanginiiivesia
fe@oavn (Ariyatanakatawong & Boonsirichai, 2016) wsnil total phenolic wagauU?
éfmaaﬂ%m%’uqaﬂ’iﬁamwﬁu (Daiponmak, Senakun, & Siriamornpun, 2014)

WaNa50u1A1 OAV wag FD factor vasanslvindusing o Tudnalsdiuassuastniniug
Wolil Wud vanillin (vanilla note), guaiacol (smoky note), 4-vinylguaiacol (clove, spicy,
smoky note) Lag raspberry ketone (p-hydroxyphenylbutan-2-one) (sweet, candy, frulty,
berry note) feanslindud i fidmanondulnesiuvedinlsfivessuazdmeniia @519
1) a¢1als5fimu 2AP (pandan, sweet note) Faduanslinduiiddavasinuninenugd 105

[y (=S Y a o w v L4 o A:’l/ré a1 W 1 . [ <3

ndvliiluanslvndudAgludnlsdivess  wenanilunurdaunndn vanillin gndadu
a1slinaudAYveIvInenuEd 105 weantunmaaetl Frinfiiiuanlinesiaise
AnantsaudAgees vanillin Tudnveuuzd  d@uaudiAgues guaiacol daz 4-
vinylguaiacol dinwulutniugdly Wy druvlledd (Ajarayasiri & Chaiseri, 2008)
wazUMdA1IeRNIUa (Yang et al, 2008) smmﬂwﬂauamwﬂam phenol mmmum
(vanillin, guaiacol way 4—vmytgua|acol) Tudalsdiuess erainainnisaansaes ferulic acid
A & Lo A @& o o .. .
nisenuinduarseangvsiinnidiuinlusunuanisesain  cyanidin-3-glucoside  u
HAR AT UIMSINUILE U3 (Prangthip et al, 2013) 1ng Fiddler, Parker, Wasserman,



M13199 1 @1slinaudidgy (OAV >1) Tudnlsdiuess 11vnanenued 105 uag 1veullanedn

Odorant Retention index Odor description Threshold” OAV FD factor
Stabilwax~  Rxi"-5ms (ng/g) RB HN KM RB HN KM
hexanal 1062 801 green 5b 27 70 41 3 81 3
2-acetyl-1-pyrroline 1324 932 pandan, sweet 0.1° <1 <1 494 3 3 2,187
(E)-2-octenal 1406 1062 green, fatty 3° 3 3 - 1 1 -
1-octen-3-ol 1421 986  mushroom 1° 15 13 11 3 3 1
linalool 1541 1109 floral 6 4 6 <1 1 1 1
butanoic acid 1581 812 rancid, sweaty 240OI 1 3 27 3
2-acetylthiazole 1634 1024 nutty 10° <1 1 3 27 3
(E)-2-undecenal 1782 1357 green 1.4' 27 25 65 243 243 729
hexanoic acid 1841 1053 sweaty 3,OOOb 3 1 1 - -
guaiacol 1843 1091 smoky Sb 34 74 0 6,561 6,561 27
Y-nonalactone 2029 1371 coconut, sweet 9.7° 7 7 81 81 243
3-ethylphenol 2178 1164 musty, barny 1.4' 4 <1 <1 729 81 1
4-vinylguaiacol 2185 1312 clove, spicy, smoky 3h 57 273 127 81 729 243
vanillin 2542 1404 vanilla 20h 130 590 192 6,561 19,683 6,561
p-hydroxyphenylbutan-2- 2978 1516 sweet, candy, fruity, 1Oi <1 2 - 2,187 19,683 -

one (raspberry ketone)

berry

%1 odor threshold Tuthiilgannienanssnsdasesaluil: "Buttery et al. (1988); Buttery, Ling, and Light (1987); “Buttery and Ling (1998); “Buttery,
Stern, and Ling (1994); szemy et al. (2008); *Grosshauser and Schieberle (2013); hButtery, Orts, Takeoka, and Nam (1999); Larsen and Poll (1990)
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and Doerr (2010) ladnw1UfjAsenv09a15 phenolic acid  ¥ialINFHIINNIAA
decarboxylation w94 ferulic acid Udu 4-vinylguaiacol W&LAA oxidation Wy vanillin
31N guaiacol ALNATNTUINTAEUNATe W BLTLDIv0S vanillin

1%
av Aou

TusuAdeiidanuans raspberry  ketone s?falu'm&Jﬁﬁiwsmuiuéf’sasiwﬁ’nmﬁau
aslnauriaiiduasiilfinsnvarnauansvemaauess (Larsen & Poll, 1990)
Faldannnsdaasesiiiy phenylpropanoid pathway (Borejsza-Wysocki & Hrazdina, 1994,
Lee, Lloyd, Pretorius, & Borneman, 2016) IG]EJL%M%’]HUQ%%EJ’]HW?LU%EJU phenylalanine
%39 tyrosine WJu p-coumaric acid LLﬁ?LU?ﬂIEJuL‘fJu p-coumaroyl-CoA Tnetoulyd
coumarate-CoA ligase  wagiinUjisen enzyme-catalyzed condensation $¥1ine p-
coumaroyl-CoA AU matonyl CoA U 1 I:JLaﬂa Iondu p-hydroxyphenylbut-3-ene-2-
one (benzalacetone) niuas ketone Hay mmﬂgmmmmaulsum benzalacetone
reductase 1§ raspberry ketone LUumamﬂijmma FINISAUNY raspberry ketone
sLuSiTn”LiGELUa'5‘%'LLaﬁnmuﬁaﬁmmﬁuﬁuéﬁ’w?mmLLauIvasnmﬁuﬁwumﬂiu%’nﬁaaaq
ﬁ’]EJ’W‘US Luaﬂﬁ]’mm’maumaiwmu phenylpropanoid pathway (Beekwilder et al., 2007)
Wuieaty Taesuainnisiie enzymatic condensation ¥84 p-coumaroyl-CoA U
malonyl-CoA 97171 BIJJLaqa 1A naringenin chalcone Fadu intermediate TlaziUasuiiu
ansueulnloeiiu

nansUssdiumaUssamduiatiniiausiindeinaaeuiiunisdaidenuasiindy
wuRMENYAEAUNAY 6 fu (ANTe 2) flansnsaesuieiiilaswnunauvestniudas
frene  wazdlethdnumsmaszamdusadunduluimseiesdUsenoundn (principle
component analysis; PCA) sufuansTindudday anunsauans PCA biplot lédsnnd 1
Tnonaileduesng  PC1 (54.07%) way PC2 (45.93%) Buduitnunméunauves
drilsdivessifunaunnndneniauasdnunnenuzd 105 euddu Sniedauans
anuduiusesnsBeseninmAinsgimeinieslowasnsvedeunisUssamduda fegnatuy
2AP duiudiundu cereal (r = 0.959) dudunudnugiididnyuestinunnenugd 105
Famansnnaesilaenndostunanuifeifintouiisenuin 24P feaslinauiiiu
lNaNWallRNIZURWNIVINENNEE 105 (Buttery, Ling, Juliano, & Turnbaugh, 1983)
uananil raspberry ketone fsdutusiundy dark grain (r = 0.833) Juflunmudnume
fundufidrfyvesinilsdivestuasdiivensia  Sao1ananlén raspberry ketone 18
anslinduiidudnumsiannz (character impact odorant) vestmvsassanaiug

wwsa9nulsduasINNIunIsEiYe

Tunufinuideinuins UP anunsaldlunswdnesesnudnilsdiuesilaegsasnsiy
nnFedusenneliinlsrdmuluingiv wasiluluauninsgiununmuesmadnsieiuy
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a Y Y a v 1 o A4 A v ¢ sl
A1919N 2 ﬂmaﬂ‘t}mgQWUﬂausﬂaqsﬂTﬂisﬁLuaiﬁ/ﬁs"jﬂLLagLﬂi?JQ@lISU'YJVLiGULUaji

Attribute  Definition (reference standard used)

sweet Aromatic associated with syrup (genmai flavored Japanese green tea)
hay Aromatic associated with dried grass or rice husk (rice husk)

musty Aromatic associated with closed air space or raw potato (fresh potato)
cereal Aromatic associated with cooked new crop cereal (instant congee)
dark grain  Aromatic associated with dark grain or black rice (black sticky rice)
beany Aromatic associated with soybean or pea (soy milk)

prunea Aromatic associated with dried plum (prune essence concentrate)

toasted”  Aromatic associated with outside crust of bread (ground roasted rice)

cooked’ Aromatic associated with sterilized milk (sterilized milk)

a A4 A v 1 a1 &
WUIULﬂiaﬂ@m%’nlﬁ%LU@iiLunu

Hom Nin
]

° . .
vanilin @ butanoic acid

4-vinylguajacol
4 hexanal
2-acetylthiazole ®®
guaiacol ® raspberry ketone

linalool LR

-nonalactone
cereal

2-acetyl-1 —pj.,'rroh'ne
(E)-2-undecenal

PC2(45.93%)
o

sweet

musty, ° 3-ethylphenol

. Riceberry

PC1(54.07 %)

AN 1 NTAATIZYRIAYIZNBUKAN (principle component analysis; PCA) 983a151inau
dAyuazAanvauzaundulutalsdwess vnnenued 105 war d1ivieuda
9an

(Cornell University, 2008) LulAgnfiun1seiieds HTST way UHT  lagvnsiegiafiaiu
nsedemeausauiusiiu Bacillus cereus Wosnin 1 cfu/liaddns  Feaiwaiildiie
a A a A2 o ado 1Y) = A v ¢ ol = & a ¢
aunsdviiniludsivinanuuaondsveunieshudiilsduess Wosnilugdunsd
ndnnuluey (Ankolekar, Rahmati, & Labbé, 2009) wananddanwuluaitsy coliform
Wesni1 1.1 MPN/100  #flafidmsludiede  Fauansinlunsyuiumsuusguinisdnnis
v Y] Aa a o | A | ° g a R

Auguanuaena Bnnslinuladuaz (<1 cfu/mL est)  @WdUIUYDAUNTENINUA
(total plate count) ¥94f9819 HTST HAWVIAU 2 cfu/laddns Tuvuefioge UP uag
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UHT dflehtiosntn 1 cfu/fiaddms siiflesann UP Idannsifeudisumiinisameslsd
(Comnell University, 2007) usnandusunamesudaimundiazanoninlg (total soluble
solids) pH uazarmmiavemnitessiirhunissdesliunnsannedesudnlsduess
rounseiFerildidusednmun

) ) a4 A v ¢ el A Y 1
PNMIFLNRaNwUzUIINgTesATasRNtIlsduaiTillori unTwUTIU wudidegnd
UHT ddgaunivihed ity fwenndesiunamsindnian L* andt (@151en 3) uawd
USinauweulnlegnfiusinitdiesndy  lag  cyaniding-3-glucoside  war  peonidin-3-
. 2 A . PN ‘:4' A4 A v ¢ sl ] a
glucoside Faweaulvleenfiuwuy monomeric inulInfantuAseRudIlsdiuess wivedl
US1nauanasilaniunszuiIuns UHT (a1s1ed 3) nsgayideueulnlegiiuuuy monomeric
nnsldnnufougell ramssidouglidy polymeric form  @ameifisteanunisie
polymerization vasuwsulnlgerfuluasainnszidsunns (roselle extract) MlasuAuTaU
g9 (Sinela et al, 2017) egulsinudiogns HTST naufivsunaumeulnlgenfiuainii
fegamuaunliiunseesieauseu  allonadesnanmsiisuguvesasileld
P v . Ay 1aa o ! ' B
ANUSauUIunas tandu co-pigment ALTE Fegraiuseuveg Vegara, Mena, Marti,
Saura, and Valero (2013) finuiweulnlwedudaszuuy monomeric MLTURALT LY
o ° = & . AV 1A & a a a
ANNTauARzdswdy co-pigment NlUTd  wenandorainanueulnlesiuneglusy
bound form gn hydrolysis Lﬂugﬂﬁaiz 1ng Fernandes, Bras, Mateus, & de Freitas (2014)
wuiweulnlgeiudiulnginulutilsdwestegluguiiduiuasivlamsn Asiunisly
ANuTaulIunaIwuY HTST senatievantdesuaulnleeniuleglusudassunniu uwas
A a a - . - . 1% ¢ ol
WeNa15u131nUsuIuees cyanidin-3-glucoside wag peonidin-3-glucoside Tudnalsgiuess
w9an (Leardkamolkarn et al, 2011) AlndlAssiunnuludiegiuniosnudnalsdiuess
31NN1INAABAL

a | a . A4 A v ¢ edal 1 & |
A1519% 3 AdnazUSunal anthocyanin Tulp3esaudnilsdiuesanliniunisandolazniu
NISUNFDUUUAN 9|

Property untreated HTST upP UHT
Color
L* 6.77+055b 656+ 057b 685+ 1.48b 9.08+0.39 a
a* " 345+ 087 350091 357+024 4.69 +0.20
b* " 098 +0.47 151089 1.15+073 123+ 0.31

Anthocyanin (ug/mL)
cyanidin-3-glucoside  2.62 +0.08 b 3.79+0.06 a2 089 +0.12c 0.58 +0.05d
peonidin-3-glucoside  1.48 +0.14b 194 +0.05a 0.48 £ 0.07c 0.37 £ 0.00 c
Aady + AndouuuInnTE

o v aa

ANAEENYINANAUTULUILAILEAIANULANANB e AT NI9EDRA (b < 0.05)

o

" liunnsnsegsilieddanieadd (o > 0.05)
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AadnuaziunauYeua3 esrudlstiuesinussifiulaemaaoudiniiunisiingy
fidnuaizndusing q adeiutilsfiuefivean wazwudnuaznauiuaudiu 16un prune,
toasted uaz cooked (ANT9Al 2) Fadudnwaznduidaidundusannnszuiunisulssy
(process flavor) lnefregraniosudnlsdivedannunisandeiidnvasiilasedunay
pdeffuiiegmua (MWl 2) uenaNinau cereal uax dark grain Sududnuazniu
Aviuluezesruinlsdeftivudniulutmlstvefivian  dwndu musty waz hay
Tugog1e HTST waz UHT azgauniidiodns UP  suudwhnsanwansivnauddaly
fhetraaTesiuinlsfveshitelrlddeyadnunniu

sweet (@) untreated sweet (b) HTST
5
cooked hay b cooked 4 hay
3
2
roasted musty @b roasted, L L—'mu styb
prune dark grain prune dark grain
cereal beany cereal beany
sweet (C) UP sweet (d) UHT
5
cooked cooked 4 hay b
3
2
roasted musty roasted,— \ mu styab
prune dark grain prune dark grain
cereal beany cereal beany

i v 1 a A oA s salal 11 & 1 & !
Ad 2 IAlasssunauvedesesRuldiuesTnlinunse AU TR UUAN 9
AMANYAEATUNAUMINAILENYINTIVHUUNATURARIAIURANFA1IRE 1T d AN 19adiA
(p < 0.05)

lasulaunsuen flavor dilution (FD) factor ¥auAsesmudlsdiuaisainnisnaaey

v a (% o (Y 1 a a Y a A U a0
mewelin AEDA uansianwil 3 leenndiegnsfivinvesansiindumioudy ualAn FD
factor WANANNAU @9 guaiacol, vanillin ey raspberry ketone AeaslwndudrAgyiny
Tuesosnudlsduestudeatuinuludnlsdivesinean  guaiacol duduanslinduid
FD factor gegaludiagnapuay  duuansdl  guaiacol 1luaslinduiifianunsisie
ANUauluNIswUsIU W iusIeauves Czégény et al. (2016) ANuIIUTu guaiacol
Liwdeuwdassgnininisianudeun 300 °C  Faduanizdnasweinisguymns
| & a . 4 A v ¢ o A X a - X
agalsfinuuIunaes vanillin Tuesesnudnlsdiuasimutunugamginisuussunasdu
Mitlilondnsnsiiaufiser Maillard isdu  lpe Feather & Mossine (1997)
WUIngUUiNgadu 10 °C yilidnsnsiiaUiisen Mallard Wisdu 2-3 Wi uawiile
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Wisuilsusenineiegns wuine3esiy UP  Slasuilawnsuen FD factor mAdnedu
fog1emunLiariiog1s HTST Tuvaigdifiegns UHT le FD factor vesanslyndu acetic
acid (sour, vinegar note), butan0|c aC|d (rancid, svveaty note) WAz 3-methylbutanoic
acid (rancid, sweaty note) gn11 withilosannisidenaanedisnnuieunetans primary
metabolite lngnsapsuanddnanunsainainlalundnailses nsalvdiu wisensaueiily 1wy
Davidek, Gouézec, Devaud, & Blank (2008) wu acetic acid Lﬁumamﬁm%mﬂﬂﬁﬁ?m
Maillard 89 pentose %389 Zhang et al. (2011) s1897uNT5AA butanoic acid
neondwduvesdln @ 3-methybutanoic acid AduansTndufiinen leucine
(Siegmund, 2015) 1Jufu

& (a) untreated

log 3 FD factor
N

(-]
;

(b) HTST

[}
L
(=

log 3 FD factor
S

1 4
| 5 7 8 9 10 11 | |
v |

(c) UP

o ()
1

(2]
;

(=)}
1
(=

12
13

log 3 FD factor
-

o (5]
—

8 - (d) UHT

log 3 FD factor
-

I . . .
1200 1500 1800 2100 2400 2700 3000
RI value (Stabilwax®)

and 3 lasunlaunsuen  flavor dilution (FD) factor vesanslinduddgluiaIosnu
Imlsdesinldiiunisenifolaziiun1sangoLuuag 9

1 . L2 . 3 . ., 4 . ., 5 . .

acetic acid, propanoic acid, butanoic acid, 3-methylbutanoic acid, pentanoic acid,

6 . 7 8 9 . . 10 . 11, 12 .

guaiacol, phenol, p-cresol, 4-vinylguaiacol, syringol, indole, vanillin, and

13raspberry ketone
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Duiinsuiinauemsiidnvarna’n (dynamic) suuddnwnisiasuulames
ansbinaulueiesduimlsfivefissniumafivine  ddasialundesus UP azdieny
nsAudnwUszanm 30-90 Su Tuvaedl HTST fenguszanas 12-21 3u (Cornell University,
2007)  uawileruasnds  feghueiesiudlsdluediuuy HTST wazwuu  UP
Jufvividunan 2 wer 4 dUevi muddiu Fawamisvedeunsqduniditusu

ANUUABANYVDIAIDYINAINAT?

nswasuulamesanslinauluiniesiudnlsdiuesiszwinemsidusnuuanse
heat map (Wil 4) wazasadnnguiednuedusznovresansivinaulddanni 5
Taesegs UP gnineglunguifisatusnedne HTST luvawiilasesiudnlsdiuess UHT
gnuonegdnngunils  uazilevhdedislulssifiumesramduiaseds R-index ranking
test AldnauAoaiufunsinsesianslindusoeios GC  dufedegns UP il
nsifusnuniinadnvasunaulnssmadeiuiegns HTST wikanisegsiioddaain
fre819 UHT (ansnefl 4)  Gslumsneaeunmsszamiduiaiifenlfindosiudnlsdiuess
HTST Wusedumun  esaniuilnalneyhluiuveunausavesuandusinaaaslsd

1NNNIHARN U ALRDS Lad

HTST (2 weeks)
UP (1 week)
UP (4 weeks)
UHT (initial)
UHT (1 week)
UHT (2 weeks)
UHT (4 weeks)

= g
= 3
= 2
=
e
=
g E

acetic acid

5 5
propanoic acid - J
y-pentalactone ‘
butanoic acid
3-methylbutanoic acid

y-hexalactone

pentanoic acid
hexanoic acid
guaiacol

phenol
y-nonalactone
indole

vanillin
raspberry ketone

Color scheme

highest

none

AT 4 AnuuTuYesatsiinauluaIearutnlstiue S MUAsLLUaTE NS AU N
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UP (2 weeks) |
UP (1 week)
UP (4 weeks)
HTST(2 weeks) |
HTST(1 week) '
UP (initial) |
HTST (initial)
UHT (4 weeks) |
UHT (2 weeks)
UHT (1 week)
UHT (initial)

0.75 0.25 -0.25
Similarity

o o ' A4 A v ¢ sl s Y a
ANN 5 ﬂ']iﬁ]@ﬂﬁj‘llLﬂiaﬂﬂﬂﬂq?}iisﬂLU@'ﬁiW’]ﬂJ@QﬁUixﬂE]UGUE]\TaW{LVﬂau
o i , . A4 A v ¢ el 1 &
15197 4 A1 John Brown's R-index (%) GUQQLﬂiaﬂ@llsllr]:ﬂismuaiiWNWUﬂqimr}LaﬁaLLU‘U UP

way UHT WawSsusuiunsdidanuy HTST seuinanisiiusneduian 1
way 2 dUnni

Treatment 1-week 2-week
UP 39.47 62.50
UHT 76.32% 81.25%

AINgaiseRuTiBdAsy 0.05 kUL two-tailed kag n = 38 WU 15.33
*An R-index 71g9n71 65.33 wansnuuans1segsiltydfey

A A a a Y a a 44' vy a =
uenantileNasannsiuasuLlasesansiinausingng o Lwaiﬁlmsuauuamamw
a = v L4 el = 1 Y 1 & A < [ [ [ 1
msﬂ,mmiawmwﬂwmaimw UHT 29kANRN1NFAI08 90 ULLBLAUSAYY ANUIGIBDYIY
AanafiusuIe acetic acid aedawsisUAUIUDY 4 é’ﬂmﬁ YOINISNUShET (i 4)
wiii1azdusune raspberry ketone aﬂﬂmu uaﬂmﬂu propanoica acid (rancid note)
SZNLﬂW\]’]ﬂﬂ’]iﬁa”lEJ@?EJWJ”]@Ji@‘IJ‘i]']ﬂU’]G]’mSUIﬂia (Shaw, Tatum, & Berry, 1969) &4
‘Uimmqmuﬂu WuiefunisiinUsinames  indole (stinky, barny note) 10
- v O P Y a | =2 s A = & Y o o
ASEUIUNITANTDAIY UHT muumsmmﬂwﬂauluwwigammmua%q WU UVDINNAVDY
A5LE75 UHT dusuia3osnudilsdiuess
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ayUuasdaiauanus
dyUNaNIINAAaDY

v = a 4 v o a4 A v 4 e &

AAINANWAT BN AUNTE warUszamduda vauasesnudnlsdivaisiduna

naneildlunisanemennuiou 3935 UP aunsaannisideudeuasiietinongves
= ¢ s = v a 1 ] Y oA Y aa

w3eRutIlsdesalnednnn nauniuliunn991nf0Eg 19NNUNSWUTIUMETS HTST
v & = & aa o 61 a a4 A 9 &
satiy UP Jaduisnmisudsguniiuselevdsenisuanniesduluseduanaivnssy  uenani
nstivemmsniiaunndlieuiududadunistisuiymiuanudunmisemsdneie
INNYTT  UP  anwnsaldgunsalsiududs  HTST  leedinisusuannglunssuiunisnie
Wisndnies  Jslifunusasmalulagnmunziuguseneunistuadnuazsauianais @

[y

nsiinanslinaulifivszasdainnssuaunis UHT Adudsignamnssuanslianudidy

ﬁ’m%’u%’auuafé’fmmﬂﬁﬂ?iué’wﬁwﬂu%’niaﬁua%‘% Tneanzeg13d4 vanillin, suaiacol,
d-vinylguaiacol waz raspberry ketone a@mnsalilutoya fingerprint maﬁnmaﬁuﬁ:ﬂf
waranunsatlldlunisseassAndusa (flavor creation) 4nalsduessfiduiidesnisues
fuslnalusdniosising 9 uendiniinisdumuans raspberry ketone Tudalsdiuasiuay
I1vieuila 6‘3@E"J’ﬂhjm85?3’1841mmﬂﬁﬂﬁwﬁﬁmﬁwﬁﬂ’;ﬁuﬁjﬁm 9 UINDU é’J’wﬁu%’a:ﬂaﬁﬁﬁ@
Tumswauuazfuusaunmdnlng - suddddudeiddandnmiodunesgu

1%
Y

o LY g [ =) o o < IS £ ]
dmsuimuaseauAunInkazsIn1  wsetlunmundudidinnisuasududiluduney
nseueseluluouian

JoLauaLUY

1. msvnmedeu omission test vesanslinduddnludnilsdvess eduduna
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Abstract

AEDA, OAV, and descriptive analysis were employed to qualify and quantify
Riceberry aroma. Vanillin, guaiacol, 4-vinylguaiacol, and p-hydroxyphenylbutan-2-one were
the main contributors in cooked Riceberry. Principal component analysis supported the
conveyance of aroma-active compounds and characteristics of Riceberry parental lines.
Vanillin, guaiacol, and p-hydroxyphenylbutan-2-one were also the potent odorants in
Riceberry beverages treated by HTST pasteurization, ultrapasteurization (UP), and UHT
commercial sterilization. Although the aroma profile of the UP sample differed slightly from
that of HTST and UHT beverages, the FD chromatograms of UP and HTST samples were
identical. Cluster analysis and R-index ranking further confirmed the similarities of these
two pasteurized samples during storage. Certain off-aroma increases, particularly those of
acetic acid, propanoic acid, butanoic acid, and indole, set apart UHT sample from others.
UHT samples were also light in color and lower in anthocyanin content. The entirety of this

research supported the commercialization of high quality UP products.

Keywords: flavor; aroma; Riceberry; ultrapasteurization; p-hydroxyphenylbutan-2-one

(raspberry ketone)
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1. Introduction

Ultrapasteurization (UP) is a thermal process used worldwide which extends the
refrigerated shelf life of non-acid liquid food. Heating conditions are similar to those of
ultra-high temperature (UHT) but packing under the sterile condition is not required (Cornell
University, 2007). Higher treatment temperatures extend storage times beyond that of
conventional pasteurization but potentially alters certain physical, chemical and organoleptic
product properties. Although 60-day UP 2% milk contained lipid oxidation volatiles (such as
hexanal, octanal, and nonanal), panelists were unable to detect rancidity within samples
(Solano-Lopez, Ji & Alvarez, 2005). Adults found UP milk acceptable, however children
found it less appealing when compared to high temperature-short time (HTST) and UHT milk
(Chapman & Boor, 2001). Panelists scored the cooked aroma of UP lactose-free milk higher
than that of pasteurized regular milk (Adhikari, Dooley, Chambers IV & Bhumiratana, 2010).
The viscosity of UP milk was also perceived to be higher than that of HTST milk (Chapman,
Boor & Boor, 2001). A limitation of UP products is the requirement for refrigerated storage
conditions compared to UHT samples. However, a lower temperature may prevent
undesirable qualities. For example, vitamin degradation in refrigerated UP infant formula did
not create off-taste compounds (Kamarei, 2001). Furthermore, the higher functional
properties of proteins found in liquid whole eggs was maintained by UP but not UHT
(Monfort, Sagarzazu, Condén, Raso & Alvarez, 2013). Despite aroma influencing consumer
acceptability, limited research and published literature exists on the correlation between
aroma component assessment and sensorial approach when comparing UP product samples
with those of HTST and UHT.

Riceberry beverage was selected for study since rice beverages are becoming popular
non-dairy alternatives for consumers who are lactose intolerant or allergic to soy. Non-dairy

milk is available in supermarkets throughout the world currently enjoying dramatic sales
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growth (Mintel, 2018). Rice beverages are prepared from rice paddy (young rice or rice at
milky stage), brown rice, germinated brown rice, milled rice, or rice flour. Flavor can be
preserved by treating whole rice grain with a series of enzymes, including alpha-amylase and
glucosidase and/or beta-amylase. Rice beverages from rice paddy are a good source of
vitamins and minerals. Germinated brown rice is rich in gamma-aminobutyric acid (GABA).
Although rice beverages are low fat, cholesterol-, and lactose-free, they provide less calcium
and protein than dairy milk.

Riceberry is a dark purple cross-breed between Khao Dawk Mali 105 (Thai Hom Mali
rice as maternal line) and Hom Nin (black rice as paternal line) offering high nutrition,
tenderness, and palatability. Cooked Riceberry offers a unique color and pleasing aroma.
Riceberry has become increasingly popular to health-conscious consumers. It is rich in
anthocyanin, has powerful antioxidant activity, and even possesses chemopreventive
properties (Leardkamolkarn, Thongthep, Suttiarporn, Kongkachuichai, Wongpornchai &
Wanavijitr, 2011).

Despite Riceberry being more expensive than Jasmine rice and conventional white
rice, consumer demand is increasing dramatically because of its health benefits and especially
its unique organoleptic properties. Regarding the latter, flavor houses have been requested
Riceberry flavoring for food manufacturing, however it is not yet commercially available.
Moreover, no instrumental nor sensorial analysis studies exist regarding Riceberry aroma.

Various rice volatile aroma compounds studies have found, among other things, that
freshly harvested rice contain substantially more volatiles than stored (Bryant & McClung,
2011). 2-Acetyl-1-pyrroline (2AP), (E,E)-2,4-decadienal, nonanal, hexanal, (E)-2-nonenal,
octanal, decanal, 4-vinylguaiacol, and 4-vinylphenol had the greatest impact in Californian
long-grain cooked rice (Buttery, Turnbaugh & Ling, 1988). 2-Amino acetophenone and 2AP

were the most potent odorants in Malagkit Sungsong, Basmati 370, and Khaskhani brown
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rice (Jezussek, Juliano & Schieberle, 2002), while 2AP and guaiacol had the greatest impact
in cooked black aromatic rice (Yang, Lee, Jeong, Kim & Kays, 2008).

Therefore, this research used Riceberry, Khao Dawk Mali 105, and Hom Nin cooked
rice for aroma compound analysis and sensory evaluation. This study also compared the

impact of UP to that of HTST and UHT treatments on Riceberry beverage aroma.

2. Materials and Methods
2.1 Rice samples and sensory references

Rice Science Center, Kasetsart University, Kamphaeng Saen Campus (Nakhon
Pathom, Thailand) provided the unpolished Riceberry and Capital Rice Co., Ltd. (Samut
Prakan, Thailand) supplied the parental lines (Khao Dawk Mali 105 and Hom Nin). Samples
had been harvested and vacuum packed in 2017. Reference samples for sensory evaluation

were purchased from a local supermarket.

2.2 Chemicals

Sigma-Aldrich (MO, USA) and Fluka (Steinheim, Switzerland) provided internal
standard (2-methyl-3-heptanone), Cs-Cs( alkane standards, authentic standards (except 2AP)
for positive identification, and reference anthocyanins. RCI Labscan (Dublin, Ireland) and
Brightchem (Selangor, Malaysia) supplied high performance liquid chromatography (HPLC)
grade solvents including diethyl ether, acetonitrile, and methanol. Ajax Finechem (Auckland,
New Zealand) and Merck KGaA (Darmstadt, Germany) supplied sodium chloride (NaCl),

anhydrous sodium sulfate (Na,SO;,), and formic acid.
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2.3 Cooked Riceberry in comparison with Khao Dawk Mali 105 and Hom Nin rice
2.3.1 Analysis of aroma-active compound

Rice samples (40 g) plus odorless-distilled water (65 mL) was cooked in a
conventional rice cooker. The extraction process and gas chromatography (GC) method were
modified from Lorjaroenphon and Cadwallader (2015). One hundred grams of cooked rice
and 10 pL of 2-methyl-3-heptanone (0.0106 g/10 mL in methanol) were ground in liquid
nitrogen to prevent loss of volatiles. The sample with 10 g of NaCl was prepared in a 250-
mL Teflon™ centrifuge bottle and extracted with 50 mL of diethyl ether. Extraction was
repeated three times at 200 rpm for 30 min via automatic shaker. The combined extract was
concentrated to 50 mL using a vigreux column at 43 °C followed by high-vacuum distillation
at 10~ torr as per Engel, Bahr and Schieberle (1999). Distillation occurred at room
temperature (25 =2 °C) for 1 h and at 43 °C for another 1 h. Distillate was concentrated to 10
mL via vigreux column and dried over 1 g of anhydrous Na,SO,4 before concentrating to 200
pL.

Two microliters of aroma extract were injected via cool on-column technique (+3 °C
oven tracking mode) into GC (Agilent Technologies, Inc., MA, USA) coupled with
olfactometer (O) (DATU, Inc., NY, USA). The sample was separated on two capillary
columns of different polarity including Stabilwax®™ (30 m x 0.25 mm i.d. x 0.25 um film
thickness) (Restek Ltd., PA, USA) and Rxi®-5ms (30 m x 0.25 mm i.d. x 0.25 um film
thickness) (Restek Ltd.) columns. Helium was used as a carrier gas at 2 mL/min. The initial
oven temperature was 35 °C and held for 5 min. Temperature was increased at 10 °C/min to
225 °C for Stabilwax” column and at 6 °C/min to 250 °C for Rxi®-5ms column. The holding
time of final temperature was 10 min. The aroma characteristics of the component was

described by three trained assessors.
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One microliter of extract was injected into GC coupled with a time-of-flight mass
spectrometer (ToFMS) (LECO®, ML, USA). The GC condition was similar to the GCO,
except 1 mL/min helium flow and 4 °C/min increasing oven temperature. The electron
impact energy was 70 eV and the range of scan was 30-300 m/Z.

Retention indices (RIs) from two different polarity columns, odor description, mass
spectra (MS), and authentic standards were used to positively identify odorants. RI value was
calculated from odorant retention time (RT) to RTs of alkane standards. Odorant RIs from
two columns were compared to literature. Odorant MS was compared to the National
Institute of Standards and Technology (NIST) Mass Spectral Library (version 2.0, 2011).
Relative concentrations were calculated from the peak areas and response factors. The peak
areas were integrated by LECO ChromaTOF® version 4.50.8.0 and the response factors were
obtained from calibration curves.

The key odorant in cooked rice was determined via odor activity values (OAV) and
aroma extract dilution analysis (AEDA). OAYV followed Grosch (2001) by calculating the
ratio between compound concentrations to its odor threshold in water obtained from
literature. Odorants with an OAV greater than one was considered as aroma-active
compound. AEDA was revealed using the same procedure as Schieberle (1995). Extract was
diluted stepwise with diethyl ether in a series of 1:3. Each dilution was evaluated using GCO
coupled with a Stabilwax® column as previously described. The highest dilution from three

assessors of each odorant was expressed as a flavor dilution (FD) factor.

2.3.2 Evaluation of aroma characteristic
Sensory aroma profile of cooked rice was examined by descriptive analysis following
the procedure of Meilgaard, Civille and Carr (2007). Ten graduate students (ages 23 to 28

years, 9 females and 1 male) comprised the test panel and underwent panel training for 40 h.
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Panelists were asked to sniff various cooked rice samples, characterize aroma attributes,
choose references, and rate intensity scores on 15-cm line scale (none to strong).
Twenty-five grams of warm cooked rice and references were prepared in 125-mL
Teflon™ sniffing bottles (Thermo Scientific, MA, USA) and covered with aluminum foil.
The rice samples were labeled with a three-digit random number code and served in a
monadic sequential and balance order. The panelists evaluated samples in individual booths.

Scores were expressed as average values and illustrated via radar chart.

2.4 UP Riceberry beverage in comparison with HTST and UHT treatments
2.4.1 Preparation and determination of quality property

Riceberry beverage preparation was adapted from Deeseenthum and Pejovic (2010).
Seven kilograms of Riceberry with 70 L of water was boiled for 30 min. The supernatant
was filtered through two layers of muslin cloth and rapidly cooled to 25 &+ 2 °C in an ice bath
to obtain the untreated sample. HTST, UP, and UHT were performed by UHT/HTST system
(MicroThermics, NC, USA) at the certain temperature for a specific holding time. The
conditions of HTST and UP treatments were 72°C for 15 s and 138°C for 2 s, respectively
(FDA, 2015). The pasteurized samples were immediately hot-filled into previously
pasteurized glass bottles under sanitized environment and rapidly cooled to 4 °C or below.
HTST and UP samples were kept refrigerated (4 + 2 °C) for two and four weeks, respectively.
In terms of UHT commercial sterilization, the process temperature of 140°C for 4 s was
suggested by Cornell University (2007). After heating and fast cooling, the sample was
aseptically filled in pre-sterilized bottles and hermetically sealed. The UHT beverage was
stored at room temperature (25 + 2 °C) for four weeks.

FDA Bacteriological Analytical Manual (FDA-BAM) regulations were referenced to

examine Bacillus cereus (Tallent, Rhodehamel, Harmon & Bennett, 2012), coliform bacteria
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(Feng, Weagant, Grant & Burkhardt, 2002), total microbial (Maturin & Peeler, 2001), yeast,
and mold (Tournas, Stack, Mislivec, Koch & Bandler, 2001) in all samples. Sample
appearance was observed and CIE L*, a*, b* values were determined. Anthocyanins were
identified in Riceberry beverages using the method employed by Pothinuch, Miyamoto,
Nguyen and Tongchitpakdee (2017) with modifications. One hundred fifty milliliters of
sample were filtered through Whatman No. 4 filter paper (GH Healthcare Bio-Science,
Uppsala, Sweden) and concentrated to 10 mL by high-vacuum distillation. Residual particles
were eliminated from the supernatant via micro refrigerated centrifuge and then filtered
through a 0.45 pm-pore size nylon membrane filter (Sartorius, Hannover, Germany). The
analysis was performed on HPLC equipped with a photodiode array (PDA) detector (Waters,
MA, USA). The sample injection volume was 20 mL and the mobile phase flow rate on a
Symmetry”™ C18 column (Waters) (5 um, 4.6 mm x 250 mm) was 1.0 mL/min. The mobile
phases were 100% acetonitrile (A) and 1% formic acid in water (v/v) (B) with the following
gradient: 5-10% A for 5 min, 10-15% A for 5 min, 15-25% A for 20 min, 25-50% A for 10
min, 50-5% A for 5 min, and held 5% A for 5 min. Anthocyanin was scanned at 200-500 nm
wavelength and identification was based on RT, ultraviolet (UV) spectrum, and reference

standard. The content of anthocyanin was quantified with the external standard.

2.4.2 Investigation of aroma component and characteristic

Riceberry beverage aroma based on OAV calculation, AEDA technique, and sensory
evaluation was performed as previously described. One hundred milliliters of beverage
sample was solvent-extracted directly, distilled, and concentrated before injection into the
GCO and GC-ToFMS. Descriptive aroma analysis of 25-mL Riceberry beverage was

evaluated by 12 trained panelists (23 to 28 years, 8 females and 4 males).
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Stored samples underwent additional sensory analysis. The R-index ranking test
followed the method from Lorjaroenphon and Cadwallader (2015). HTST, UP, and UHT
sniffing bottles were labeled with a three-digit code while another bottle of HTST Riceberry
beverage acted as control. The control and three test samples were presented to panelists (n =
38) (23 to 34 years, 33 females and 5 males). Panelists evaluated the control and followed by
the test samples in a randomized and balanced serving order. They were asked to rank test
samples based on the degree of difference from the control. R-index values were estimated
as the percentage of times in which test samples were ranked less similar to the blind control

via the John Brown computation (O’Mahony, 1992).

2.5 Statistical analysis

Physical and chemical properties were subjected to analysis of variance (ANOVA)
testing using a completely randomized design (CRD) with three independent replications,
except for the duplication of anthocyanin. Significant differences among mean values were
applied using Duncan’s new multiple range test at 95% confidence interval by SPSS program
(IBM, NY, USA). Relationships between aroma-active compounds and aroma attributes in
cooked rice cultivars were explained by principal component analysis (PCA) using XLSTAT
software (Addinsoft SARL, NY, USA). Grouping untreated, HTST, UP, and UHT sample
sets during storage were expressed by agglomerative hierarchical clustering (AHC) using
XLSTAT software.

The experimental design of sensory evaluation [approved by the Kasetsart University
Research Ethics Committees (code no. COE59/005)] was a randomized complete block
design (RCBD) with panelists serving as a block. The mean comparison was performed in

the same manner. The R-index 50% for the two-tailed test was analyzed at a = 0.05.
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3. Results and Discussion
3.1 Cooked Riceberry rice

Aroma characteristics of Riceberry, Khao Dawk Mali 105, and Hom Nin were
specified by sensorial and instrumental analyses. Forty two odorants, comprised of acids,
alcohols, aldehydes, ketones, lactones, phenols, terpenes, and nitrogen- and sulfur-containing
compounds, were found in cooked rice. Among them, aldehydes provide the dominant
aroma. These aldehydes were lipid oxidation products derived from unsaturated fatty acids,
especially linoleic and oleic acids. These two fatty acids represented more than 70% of the
total Riceberry fatty acids (Luang-In, Yotchaisarn, Somboonwatthanakul & Deeseenthum,
2018), Hom Nin, and Khao Dawk Mali 105 (Mingyai, Kettawan, Srikaeo & Singanusong,
2017). Shin, Yoon, Rhee and Kwon (1986) revealed the linear proportional relationship
between n-hexanal and linoleic acid contents in Indica/Japonica brown rice. Free fatty acid
oxidation in rice is possible throughout any of the various stages (including harvesting,
storage, and cooking) possibly resulting in an abundance of aldehydes. Hexanal, a lipid
oxidation marker in rice, was the primary aldehyde in all three types of cooked rice. Among
the rice cultivars, Riceberry had the lowest hexanal content, followed by Khao Dawk Mali
105 and lastly Hom Nin, possibly due to the presence of antioxidants. Free fatty acid
oxidation can be accelerated by iron found in rice bran. This reaction, however, is prevented
by anthocyanin in colored rice. Although Riceberry contained twice the iron of Hom Nin
(Ariyatanakatawong & Boonsirichai, 2016), total phenolic content and antioxidant activity
remained higher (Daiponmak, Senakun & Siriamornpun, 2014).

Aroma-active compounds in cooked Riceberry along with Riceberry parental lines
were examined based on OAV calculation and FD factor. Vanillin (vanilla note), guaiacol
(smoky note), 4-vinylguaiacol (clove, spicy, smoky note), and the p-hydroxyphenylbutan-2-

one (raspberry ketone) (sweet, candy, fruity, berry note) were the main aroma contributors in
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Riceberry and Hom Nin (Table 1). However, 2AP (pandan, sweet note), one of the key
odorants in Khao Dawk Mali 105, was not classified as a potent in Riceberry. Interestingly,
the high odor potency of vanillin in Khao Dawk Mali 105 was stated in this experiment.

Guaiacol and 4-vinylguaiacol were also mentioned for their impact in other dark
colored rice varieties, such as black glutinous rice (Ajarayasiri & Chaiseri, 2008) and Korean
black rice (Yang et al., 2008). The three phenol aroma contributors (vanillin, guaiacol, and 4-
vinylguaiacol) in Riceberry might be generated from ferulic acid degradation. Fiddler,
Parker, Wasserman and Doerr (2010) studied the chemical reaction of this phenolic acid.
Ferulic acid was decarboxylated to form 4-vinylguaiacol and then oxidized to form vanillin.
Guaiacol was further generated from vanillin via a series of reactions including oxidation and
decarboxylation.

Most importantly, this was the first time raspberry ketone was reported in rice
samples. It was considered the prominent aroma of raspberry fruit (Larsen & Poll, 1990) and
was derived from the phenylpropanoid pathway (Beekwilder et al., 2007). The conversion of
phenylalanine or tyrosine to p-coumaric acid was initiation step which then transformed to p-
coumaroyl-CoA by coumarate-CoA ligase. The enzyme-catalyzed condensation reaction
between p-coumaroyl-CoA and one molecule of malonyl-CoA formed p-hydroxyphenylbut-
3-ene-2-one (benzalacetone). This ketone was further catalyzed by benzalacetone reductase
to yield raspberry ketone. The existence of raspberry ketone in Riceberry and Hom Nin was
confirmed by the high anthocyanin content. This anthocyanin pigment was also generated
through the phenylpropanoid pathway (Beekwilder et al., 2007) starting with p-coumaroyl-
CoA enzymatic condensation with three malonyl-CoA molecules. The intermediate,
naringenin chalcone, was then converted to anthocyanin.

Beyond chemical analysis, trained descriptive panelists detected six rice aroma

attributes. The relationship between aroma-active compounds and odor attributes were
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elucidated via PCA biplot (Figure 1). The result of PC1 (54.07%) and PC2 (45.93%)
supported the genealogy of Riceberry from Hom Nin and Khao Dawk Mali 105. It also
revealed a high correlation between instrumental and sensory analyses. For example, 2AP
was associated with the major aroma attribute of Khao Dawk Mali 105, namely cereal note (r
=0.959). This agreed with literature which showed 2AP as a character note of Khao Dawk
Mali 105 (Buttery, Ling, Juliano & Turnbaugh, 1983). Furthermore, raspberry ketone
correlated with dark grain note (r = 0.833) which was the main aroma of Riceberry and Hom
Nin. This correlation indicated that raspberry ketone was one of the character impact

odorants of these two colored rice species.

3.2 UP Riceberry beverage

Based on the most common pathogen and spoilage microorganism, UP condition
rendered adequate microbiological safety as did HTST and UHT treatments in this study.
The Bacillus cereus count in treated samples was less than 1 cfu/mL. B. cereus was chosen
as a microbiological safety indicator in Riceberry beverage for its propensity for rice
contamination. Coliform bacteria levels (<1.1 MPN/100 mL) guaranteed hygienic conditions
during processing and post-processing handling. Yeast and mold were also undetectable (<1
cfu/mL est.) in treated samples. The total plate count of HTST Riceberry beverage was 2
cfu/mL, while the values for the UP and UHT samples were less than 1 cfu/mL. It should be
noted that UP is very near but not completely sterile (Cornell University, 2007).
Additionally, total soluble solids, pH, and viscosity for all heat treatments were similar to
untreated Riceberry beverage (data not shown).

Notably, the paler color of UHT Riceberry beverage was distinguishable from the
other beverages with the naked eye. The higher L* value and the least anthocyanin (Table 2)

confirmed this appearance. Cyanidin-3-glucoside and peonidin-3-glucoside were the major
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monomeric anthocyanins in Riceberry beverage and decreased dramatically after UHT
processing (Table 2). Excess heat caused monomeric anthocyanin loss which then changed
into polymeric form. Anthocyanin polymerization was reported in Roselle extract when
heated to high temperatures (Sinela, Rawat, Mertz, Achir, Fulcrand & Dornier, 2017).
However, an increase in monomeric anthocyanin was observed in HTST samples compared
to the untreated samples possibly due to the conversion from a colorless co-pigment during
mild heat treatments. Vegara, Mena, Marti, Saura and Valero (2013) reported a change in
low heat treated pomegranate juice from having a colorless co-pigment to a free monomeric
anthocyanin. Hydrolysis of the bound form to free form might also be a reason for this
change. Anthocyanin in Riceberry is mostly bound to carbohydrates and moderate
temperatures may accelerate the release of free anthocyanin. Nonetheless, the proportion of
cyanidin-3-glucoside and peonidin-3-glucoside in cooked Riceberry (Leardkamolkarn et al.,
2011) and in Riceberry beverage were the same.

The aroma of Riceberry beverage was further evaluated by descriptive trained
panelists. The character notes were similar to that of cooked Riceberry with three additional
attributes including prune, toasted, and cooked. These extra terms were considered as
process flavors. Treated and untreated samples had similar aroma profiles (Figure 2). Cereal
and dark grain, the leading notes in Riceberry, were the major aspects for all beverages. In
comparison with UP treatment, musty and hay were less intense in HTST and UHT samples,
respectively. Therefore, the contribution of aroma-active compounds to aroma perception
was investigated in-depth.

Riceberry beverage flavor dilution (FD) chromatograms obtained from the AEDA
technique are presented in Figure 2. Samples had the same aroma-active compounds at
different FD factors. Guaiacol, vanillin, and raspberry ketone were the most potent odorants

in treated Riceberry beverages. This was in consistency with the high potency in cooked
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Riceberry. Untreated Riceberry beverage had the greatest guaiacol potency as well. Results
revealed that guaiacol stability could be maintained under heat treatment. Czégény et al.
(2016) reported steady guaiacol content during tobacco heating simulations at 300 °C. On
the other hand, vanillin concentrations increased with processing temperature due to the high
development rate of the Maillard reaction. Increasing the temperature 10 °C doubled or
tripled the Maillard reaction rate (Feather & Mossine, 1997).

Considering the FD factors, UP sample aromagrams were similar to that of untreated
and HTST treatments. However, acetic (sour, vinegar note), butanoic (rancid, sweaty note),
and 3-methylbutanoic (rancid, sweaty note) acids became more potent in UHT samples due to
primary metabolite thermal degradation. Carboxylic acid can be formed from
monosaccharides, fatty acids, or amino acids. Acetic acid was one product of the Maillard
reaction from pentose. Butanoic acid was a lipid oxidation product while 3-methylbutanoic
acid was generated from amino acid.

Changes in the Riceberry beverage aroma during storage were also investigated. UP
liquid food generally has a 30-90 day refrigerated shelf life, while that of HTST food is
around 12-21 days (Cornell University, 2007). Regarding food safety concern,
microbiological result for 2-week HTST and 4-week UP Riceberry beverages proved
harmless for human consumption (data not shown). Odorant alterations during storage is
illustrated by heat map along with cluster analysis (Figure 3) based on variation of contents.
The results indicated that UP beverage was together with HTST sample. Unfortunately, UHT
Riceberry beverage was in the other group. Overall aroma of Riceberry beverage, as
indicated by R-index ranking, also confirmed GC analysis results. Stored UP and HTST
samples were ranked similarly, while the UHT Riceberry beverage differed significantly
(Table 3). The HTST treatment was chosen as the benchmark due to consumer preference of

pasteurization to sterilization.
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Insights into differences of UHT Riceberry beverage from other treatments were
gained through considering temporal fluctuations in individual aroma compounds. Although
UHT samples showed high raspberry ketone content, acetic acid concentrations in UHT
samples were the dominant odorant from initial storage until four weeks (Figure 3).
Propanoic acid (rancid note) as a result of sucrose thermal degradation was also present in
high amounts. Moreover, the UHT process could induce indole (stinky, barny note)
formation. A high abundance of these undesirable aromas underscored the limitations of

using UHT treatment in Riceberry beverage.

4. Conclusions

Riceberry beverage quality is a function of thermal conditions. The UP process
successfully extends shelf life without additional off-odor from HTST treatment. These
advantages foster commercial exploitation and may help global food security. UP production
with minimal modification of HTST process can improve economic interests of small-scale
food producer as well. In contrast, the UHT process causes some off-aroma, an important
consequence of which the food industry should be aware. Additionally, the information on
aroma-active compounds, especially high potency of vanillin, guaiacol, 4-vinylguaiacol, and
raspberry ketone in Riceberry could be considered as its fingerprint. It is essential for flavor
creation which is highly on-demand in many products. Moreover, raspberry ketone is the
new scientific finding in Riceberry which is necessary for breeding approach to improve rice
quality. It may also provide the biomarker for grading/pricing standard and it is the first step
for further identification of adulteration indicator. Aroma characteristic of Riceberry and its

origin could crucial drive an impact on consumer’s purchase intent.
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Figure captions
Figure 1. Principle component analysis (PCA) biplot of aroma-active compounds and aroma

attributes in cooked Riceberry, Khao Dawk Mali 105, and Hom Nin rice

Figure 2. Aroma profiles and flavor dilution (FD) chromatograms of (a) untreated, (b)

HTST, (c) UP, and (d) UHT Riceberry beverages

Figure 3. Cluster heat map of odorant concentrations in Riceberry beverages during storage
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Table(s)

Table 1. Aroma-active compounds which OAV >1 in cooked Riceberry (RB), Hom Nin (HN), and Khao Dawk Mali 105 (KM) rice

Odorant Retention index Odor Odor threshold” OAV FD factor
Stabilwax® Rxi"-5ms description (ng/g) RB HN KM RB HN KM
hexanal 1062 801 green 5 27 70 41 3 81 3
2-acetyl-1-pyrroline 1324 932 pandan, sweet 0.1° <1 <l 494 3 3 2,187
(E)-2-octenal 1406 1062 green, fatty 3 3 3 - 1 1 -
1-octen-3-ol 1421 986  mushroom 1° 15 13 11 3 3 1
linalool 1541 1109 floral 6° 4 6 <1 1 1 1
butanoic acid 1581 812 rancid, sweaty 240¢ 2 7 1 3 27 3
2-acetylthiazole 1634 1024 nutty 10° <1 2 1 3 27 3
(E)-2-undecenal 1782 1357 green 1.4" 27 25 65 243 243 729
hexanoic acid 1841 1053 sweaty 3,000" 3 1 2 1 - -
guaiacol 1843 1091 smoky 3P 34 74 0 6,561 6,561 27
y-nonalactone 2029 1371 coconut, sweet 9.7¢ 7 7 7 81 81 243
3-ethylphenol 2178 1164 musty, barny 1.4' 4 <1 <1 729 81 1
4-vinylguaiacol 2185 1312 clove, spicy, 3h 57 273 127 81 729 243




vanillin 2542
p- 2978
hydroxyphenylbutan-

2-one (raspberry

ketone)

1404

1516

smoky

vanilla 20" 130
sweet, candy, 10' <1
fruity, berry

590 192 6,561 19,683 6,561

2 - 2,187 19,683 -

%0dor threshold in water obtained from the literatures: °J. Agric. Food Chem., 36, 1006-1009 (1988); J. Agric. Food Chem., 35, 1039-1042

(1987); d, Agric. Food Chem., 46, 2764-2769 (1998); °J. Agric. Food Chem., 42, 791-795 (1994); 'Eur. Food Res. Technol., 228, 265-273

(2008); &J. Agric. Food Chem., 61, 3804-3813 (2013); hy. Agric. Food Chem., 47, 4353-4356 (1999); 'Z. Lebensm. Unters. Forsch., 191, 129-131

(1990).



Table(s)

Table 2. Color and anthocyanin contents in Riceberry beverages

Property untreated HTST UP UHT
Color
L* 6.77+£0.55b 656+057b 685+1.48b 9.08+0.39a
a* ™ 345+0.87  3.54+091  357+024  4.69+0.20
b* N 0.98+047  1.51+089 1154073  123+031
Anthocyanin (ug/mL)
cyanidin-3-glucoside 2.62+0.08b 3.79+£0.06a 0.89+0.12c¢c 0.58+0.05d
peonidin-3-glucoside 148+0.14b 194+£005a 048+0.07¢ 037+£0.00c

Means + standard deviation within the same row followed by different letters are

significantly different (p < 0.05). ™ means no significant difference.



Table(s)

Table 3. John Brown's R-index values (%) of UP and UHT Riceberry beverages compared

to HTST Riceberry beverage during storage for 1 and 2 weeks

Treatment 1-week 2-week
UP 39.47 62.50
UHT 76.32% 81.25%

The critical value at o. = 0.05 (two-tailed test) and n = 38 is 15.33. *Value higher than 65.33

shows significantly different.
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Characterization of Riceberry Aroma by Gas Chromatography-
Olfactometry and Descriptive Sensory Analysis

Natnicha Kullananant® and Yaowapa Lorj aroenphona*
*Department of Food Science and Technology, Kasetsart University,
Ngamwongwan Road, Bangkok, Thailand
*Corresponding Author: fagiypl@ku.ac.th

ABSTRACT

Riceberry, a cross-bred strain of rice, is well-known for its nutritional benefit as a
source of antioxidant. The objectives of this research were to characterize aroma
compounds in cooked Riceberry and describe the aroma attributes by using
descriptive sensory analysis. Aroma compounds of cooked Riceberry were analyzed
by gas chromatography-olfactometry (GCO) and GC-time of flight mass spectrometry
(GC-TOFMS). Forty-six aroma compounds were identified, and hexanoic acid
(sweaty) had the highest concentration. 2-Methoxyphenol (guaiacol) (smoky, sweet)
and 4-hydroxy-3-methoxybenzaldehyde (vanillin) (vanilla) were the major
contributors to the aroma characteristics of Riceberry based on odor activity values
(OAVs) and perceived odor intensities. Nonanal (fruity), 2-methoxy-4-vinylphenol
(clove, spicy), hexanal (green), 1-octen-3-ol (mushroom), (E)-2-octenal (green, fatty),
and 3,7-dimethyl-1,6-octadien-3-ol (linalool) (floral) had high OAVs, while 3-
methylbutanoic acid (rancid, sweaty), benzyl alcohol (sweet, fruity), 2,5-dimethyl-4-
hydroxy-3(2H)-furanone (caramel, sweet), p-cresol (medicinal, smoky), and indole
(stinky, barny) were described to have a very strong odor intensity. In addition, black
sticky rice note evaluated by 10 sensory panelists was remarked at the highest score,
followed by sweet note.

Keywords: Riceberry, Aroma, Gas Chromatography-Olfactometry, Descriptive
Sensory Analysis.

1. Introduction

Rice is full of nutritional and sensory values that have taken the interest of worldwide
consumer. Riceberry, Thai dark purple rice, has been proven to have high
anthocyanin, which has antioxidant and chemopreventive properties (Leardkamolkarn
et al., 2011; Jiapong and Jiamyangyuen, 2012; Suttiarporn et al., 2015; Suttiarporn et
al., 2016). Riceberry is a hybrid of Hom-Nin and Khao Dawk Mali 105 (KDML 105)
rice. Hom-nin rice is a black rice and well-known to have high antioxidant properties
(Nakornriab et al., 2008; Pitija et al., 2013), while KDML 105 rice has a remarkable
aroma and texture qualities. Therefore, Riceberry flavor is currently on demand.
Previously, there are a number of researches carried out on aroma compounds in both
fragrant and non-fragrant rice (Bullard and Holguin, 1977; Buttery et al., 1988;
Widjaja et al., 1996; Jezussek et al., 2002; Ajarayasiri and Chaiseri, 2008; Yang et al.,
2008; Bryant and McClung, 2011; Mahattanatawee and Rouseff, 2014). However,
there has been no report on aroma compounds of Riceberry neither instrumental
identification nor sensory analysis. The objectives of this research were: 1) to
characterize aroma compounds in cooked Riceberry using gas chromatography-
olfactometry (GCO) and GC-time of flight mass spectrometry (GC-TOFMS), ii) to
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identify the key odor-active compounds according to odor activity values (OAVs),
and iii) to define the aroma attributes by using descriptive sensory test.

2. Methods

2.1 Materials

Unpolished Riceberry, cropped in 2015, was obtained from Rice Science Center,
Kasetsart University (Kamphaeng Saen Campus), Nakhon Pathom, Thailand.
References used in sensory evaluation (Table 1) were obtained from local markets
(Bangkok, Thailand).

2.2 Chemicals

All authentic standards were used for positive identification. Linalool, pentanoic acid,
l1-octen-3-o0l, and y-hexalactone were supplied from Sigma-Aldrich Co. (St. Louis,
MO, US). Phenol was purchased from Merck KGaA (Darmstadt, Germany). Hexanal
and methional were obtained from Givaudan Co., Ltd. (Switzerland).

2.3 Analysis of aroma compounds in cooked Riceberry

Riceberry (40 g) was prepared with odorless-distilled water (65 mL) in 600 mL
beaker and steam-cooked for 30 min. The extraction and identification methods were
modified from Kabir and Lorjaroenphon (2014). Ten pL of 2-methyl-3-heptanone
(0.0011 g/10 mL in methanol), as internal standard, was spiked in warm rice. Liquid
nitrogen was used to prevent any lose volatile compound during grinding. Riceberry
sample was prepared in 250-mL Teflon™ centrifuge bottle (Nalgene™) with 10 g of
NaCl and 50 mL of diethyl ether. Extraction was performed 3 times. The solvent layer
was combined together into a round bottom flask and concentrated to 50 mL using a
Vigreux column. The concentrated extract was subjected to a high-vacuum
distillation. After the mixture was dried over anhydrous Na,SO,, it was further
concentrated to 200 pL and kept at -40 °C until analysis.

Aroma compounds were evaluated by GC (7890A; Agilent Technologies, US) with a
flame ionization detector (FID) and sniffing port (DATU, Inc., US). Cool on-column
injection technique with +3 °C oven tracking mode was used. Helium blew as carrier
gas at a constant flow rate of 2 mL/min and two capillary columns of different
polarity were used. Initial oven temperature was 35 °C, and held for 5 min.
Temperature was increased at 6 °C/min to 225 °C for DB-wax column (Agilent
Technologies, US; 15 m X 0.32 mm i.d. X 0.25 pm film thickness) and 250 °C for
Rxi®-5ms column (Restek, US; 30 m x 0.25 mm i.d. x 0.25 pum film thickness). The
holding time of final temperature was 10 min. The aroma of the individual component
was described by three trained evaluators. The odor intensity was also scored using 5-
point scale: 1 = very weak; 2 = weak; 3 = moderate; 4 = strong; 5 = very strong and
expressed as mean =+ standard deviation (n = 3). The extract was also injected into GC
(7890A; Agilent Technologies, US) coupled with TOFMS (Pegasus 4D; LECO";
US). The GC condition was similar to that of GCO except 4 °C/min increasing oven
temperature, Stabilwax® column (Restek, US; 30 m x 0.25 mm i.d. x 0.25 pm film
thickness), and 1 mL/min helium flow. The identification of aroma compound was
based on mass spectra (MS), retention indices (RIs) of 2 different polarity columns,
odor description, and authentic standards. Relative concentration was expressed as the
average from three replications. OAV was also calculated as the ratio between the
concentration and the odor threshold in water obtained from the literatures.
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2.4 Sensory evaluation of cooked Riceberry

The sensory evaluation was performed by descriptive sensory analysis. Ten trained
panelists (1 male and 9 females, age range 23 to 27 years old) were chosen from
graduate students in the Department of Food Science and Technology, Kasetsart
University, based on ability and availability. The panelists were trained for at least 40
hours (Meilgaard et al., 2007). Warm cooked Riceberry (25 g) was prepared in 125-
mL Teflon™ sniffing bottle (Nalgene™) (Lorjaroenphon and Cadwallader, 2015).
Sample and reference bottles were covered with aluminium foil. Six aroma attributes,
definitions, and references were generated (Table 1). The panelists scored each
attribute on a 15-cm line scale (none to extreme). Intensity score was expressed as
average value (n = 10) and illustrated by a radar chart.

Table 1: Aroma attributes, definitions, and corresponding reference standards used
for descriptive sensory evaluation of cooked Riceberry

Aroma attribute Definition Reference _Refergnce
intensity
Sweet The aromatic associated with 20 mL of Japanese green tea Genmai flavor 8
pasteurized green tea (Oishi Trading Co., Ltd.; Pathumthani,
Thailand)
Hay The aromatic associated with dried 3 g of dried rice husk 8
hay
Musty The aromatic associated with closed 15 g of fresh potato (peeled and cut into cubes of 10
air space such as attic or closet 0.5 cm)
Black sticky rice The aromatic associated with 25 g of cooked black sticky rice (steamed 30 g of 8
cooked black sticky rice black sticky rice (Thanya Farm Co., Ltd.;
Nonthaburi, Thailand) with 30 mL of water
for 30 min)
Soy milk The aromatic associated with beany, 20 mL of soymilk (Homesoy original; University 12
green Food Public Co., Ltd.; Nakorn Pathom,
Thailand)
Congee The aromatic associated with brown 6 g of Congee (mixed 8 g of instant congee 9
rice congee (Chiensiri Nutritious Food Co., Ltd.;
Bangkok, Thailand) with 100 mL of hot
water)

3. Results and Discussion

3.1 Aroma compounds in cooked Riceberry

Forty-six aroma compounds were identified in Riceberry (Table 2). Thirty-six
compounds have been reported in rice varieties from the literatures (Bullard and
Holguin, 1977; Buttery et al., 1988; Widjaja et al., 1996; Jezussek et al., 2002;
Ajarayasiri and Chaiseri, 2008; Yang et al., 2008; Bryant and McClung, 2011;
Mahattanatawee and Rouseff, 2014). 4-Methyl-3-penten-2-one, oJ-terpinene, 5-
methylfurfural, 2-acetylthiazole, a-terpineol, ethyl dihydrocinnamate, 2-methoxy-4-
(2-propenyl)phenol (eugenol), 2,6-dimethoxyphenol (syringol), acetovanillone, and 4-
(p-hydroxyphenyl)-2-butanone (raspberry ketone) were identified for the first time as
aroma compound in cooked Riceberry. Most aroma compounds in cooked Riceberry
were aldehydes and phenols. Aldehyde is a degradation product of lipid oxidation.
Yang et al. (2008) reported hexanal as the most abundant compound in cooked
Korean black rice. Hexanal is generated from oxidation of linoleic acid (Shin and
Yoon, 1986; Wang and Ha, 2013), which is a common fatty acid in rice (Zhou et al.,
2002). Hexanal can be oxidized into hexanoic acid (Lee et al., 2000), which had the
highest concentration among all aroma compounds in Riceberry. Another major
group, phenols, are generated from the thermal degradation of hemicellulose (Sung et
al., 2007) which is commonly found in rice (Mod et al., 1979).
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Table 2: Relative concentrations of aroma compounds in cooked Riceberry

5
No.? Odorant Odor description in®-5msRI DB-wax Concentration® (ng/g)
1 hexanal green 801 1062 75.7 £ 26.6
2 4-methyl-3-penten-2-one sweet - 1152 -
3 2-heptanone soapy - 1176 27.6 £ 5.5
4 l-pentanol balsamic 751 1263 123 + 41.0
5 2-octanone soapy, gasoline 1007 1279 2.6 + 0.7
6  d-terpinene plastic 1081 1290 -
7  2-acetyl-1-pyrroline pandan, sweet 932 1324 -
8  1-hexanol mushroom 837 - 189 + 72.8
9 nonanal fruity 1105 1359 64.3 + 20.5
10 (E)-2-octenal green, fatty 1062 1406 70 £ 5.0
11 1-octen-3-ol mushroom - 1421 11.7 £ 9.7
12 methional cooked potato 909 1436 -
13 benzaldehyde sweet, plastic - 1481 425 + 159
14 (E)-2-nonenal fatty, chemical 1153 1514 -
15 3,7-dimethyl-1,6-octadien-3-ol (linalool) floral 1109 1541 37.6 £ 149
16  S-methylfurfural sweet - 1548 782 £ 39
17  butanoic acid rancid, sweaty 812 1614 95.0 + 46.2
18  2-acetylthiazole nutty - 1634 65 + 21
19 acetophenone musty, floral 1024 1645 23 + 1.3
20  3-methylbutanoic acid rancid, sweaty 875 1657 194 + 81.8
21  y-hexalactone coumarin, sweet - 1673 455 + 18.8
22 o-terpineol pine 1187 1685 27 £ 13
23 pentanoic acid sweaty 949 1727 460 + 197.6
24 (E)-2-undecenal green - 1782 283 + 164
25 B-damascenone sweet, honey 1392 1796 -
26  geranyl acetone green, musty, hay 1415 1801 -
27  hexanoic acid sweaty 1053 1841 1,890 + 749.7
28  2-methoxyphenol (guaiacol) smoky 1091 1843 126 + 49.2
29  benzyl alcohol sweet, fruity - 1867 544 + 403
30  benzothiazole rubber 1251 1896
31 ethyl dihydrocinnamate floral, rose 1354 1921
32 phenylethyl alcohol floral 1117 1951 -
33 phenol chemical 982 - 65.6 £ 28.3
34  y-nonalactone coconut, sweet 1371 2029 469 + 235
35  2,5-dimethyl-4-hydroxy-3(2H)-furanone caramel, sweet - 2058 -
36  octanoic acid sweaty - 2074 215 + 120
37  p-cresol medicinal, smoky 1090 2085 11.7 + 64
38  2-methoxy-4-(2-propenyl)phenol rubber, herbaceous 1374 2155 -
(eugenol)
39  3-ethylphenol musty, barny - 2178 40 + 0.8
40  2-methoxy-4-vinylphenol clove, spicy 1312 2185 50.3 + 233
41  2,6-dimethoxyphenol (syringol) medicinal - 2258 1.8 £ 0.8
42 indole stinky, barny - 2462 8.1 £ 45
43 4-hydroxy-3-methoxybenzaldehyde vanilla 1404 2542 582 + 321
(vanillin)
44 phenylacetic acid floral 1274 2547 60.8 + 37.5
45  acetovanillone sweet - 2602 277 + 154
46  4-(p-hydroxyphenyl)-2-butanone sweet, candy, fruity, 1516 2978 38 £ 19
(raspberry ketone) berry

*Corresponding to Table 3

PRetention index
“Mean + standard deviation (n = 3)

For identification of key aroma compounds in cooked Riceberry, OAV concept was
used. OAV estimates contribution of aroma to the overall aroma of food. Compounds
with OAVs greater than one are considered as aroma active compounds. The potency
of aroma compounds in cooked Riceberry (Table 3) was classified according to the
OAVs into three groups. Nonanal (fruity), 2-methoxyphenol (guaiacol), and 4-
hydroxy-3-methoxybenzaldehyde (vanillin) were the most potent aromas in cooked
Riceberry. Nonanal is a marker compound indicating the degree of lipid oxidation
(Gokmen et al., 2011). It was reported as the major aroma compound in cooked
Korean black rice (Yang et al., 2008). Guaiacol was also concluded as the main
contributor to its aroma based on odor threshold, relative concentration, and
olfactometry in cooked Korean black rice. Vanillin was found in brown rice varieties
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(Jezussek et al., 2002) and it is possibly converted from ferulic acid in hemicellulose
(Mod et al., 1979; Negishi et al., 2009).

2-Methoxy-4-vinylphenol, hexanal, and 1-octen-3-ol were classified as moderate
potent aromas. 2-Methoxy-4-vinylphenol, which is generated from ferulic acid
decomposition (Fiddler ef al., 1967), has been reported to have the highest OAV in
Thai black glutinous rice (Ajarayasiri and Chaiseri, 2008). 1-Octen-3-ol is normally
found in rice varieties (Buttery et al., 1988; Widjaja et al., 1996; Yang et al., 2008)
and it can be formed from linoleic acid through biosynthetic pathway (Matsui et al.,
2003).

(E)-2-Octenal and 3,7-dimethyl-1,6-octadien-3-ol (linalool) were grouped as low
potent aromas. (E)-2-Octenal is formed by lipid oxidation and generally found in
various rice (Buttery et al., 1988; Widjaja et al.,, 1996; Yang et al., 2008;
Mahattanatawee and Rouseff, 2014), while linalool is found only in KDML 105 rice
(Mahattanatawee and Rouseff, 2008).

Furthermore, Guaiacol, vanillin, 1-octen-3-ol, 3-methylbutanoic acid (rancid, sweaty),
benzyl alcohol (sweet, fruity), 2,5-dimethyl-4-hydroxy-3(2H)-furanone (caramel,
sweet), p-cresol (medicinal, smoky), and indole (stinky, barny), were rated at very
strong intensity that may contribute to Riceberry aroma (Table 3). Thus, guaiacol and
vanillin were expressed as major contributors of cooked Riceberry based on their
OAVs and perceived odor intensities.

Table 3: Key aroma compounds in cooked Riceberry which high odor activity values
(OAVs) and/or very strong intensity evaluated by GCO panelists

No.* Odorant Odor threshold in water (ng/g) OAV  Intensity”
9  nonanal 1 (Buttery et al., 1988) 64 1.5
28  2-methoxyphenol (guaiacol) 3 (Buttery et al., 1988) 42 5.0
43 4-hydroxy-3-methoxybenzaldehyde (vanillin) 20 (Buttery et al., 1999) 29 5.0
40  2-methoxy-4-vinylphenol 3 (Buttery et al., 1988) 17 35
1 hexanal 5 (Buttery et al., 1988) 15 3.5
11 1-octen-3-ol 1 (Buttery et al., 1988) 12 5.0
10 (E)-2-octenal 3 (Buttery et al., 1988) 2 25
15 3,7-dimethyl-1,6-octadien-3-ol (linalool) 37 (Frauendorfer and Schieberle, 2006) 1 45
20 3-methylbutanoic acid 250 (Buttery and Ling, 1998) <1 5.0
29  benzyl alcohol 10,000 (Buttery et al., 1988) <1 5.0
35 2,5-dimethyl-4-hydroxy-3(2H)-furanone 60 (Buttery and Ling, 1998) - 5.0
37  p-cresol 55 (Buttery et al., 1988) <1 5.0
42 indole 140 (Buttery et al., 1988) <1 5.0

*Corresponding to Table 2
"Averaged from 3 assessors (1 = very weak; 2 = weak; 3 = moderate; 4 = strong; 5 = very strong)
“Cannot be calculated because their concentrations were below the detection limit of GC-TOFMS

3.2 Sensory evaluation of cooked Riceberry

The panelists generated 6 aroma attributes including sweet, hay, musty, black sticky
rice, soy milk and congee (Figure 1). Black sticky rice note was given the highest
intensity, followed by sweet note. The results of sensory evaluation were associated
with key aroma compounds in Table 3 and aroma characteristics in Table 2. Sweet
attribute may generate from vanillin, linalool, benzyl alcohol, and 2,5-dimethyl-4-
hydroxy-3(2H)-furanone. Soy milk note, which is associated with green and beany
aroma characteristics, may be contributed from hexanal and (E)-2-octenal, while
musty note may be attributed to 1-octen-3-ol.
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Congee

Soy milk Musty

Black sticky rice

Figure 1: The aroma profile of cooked Riceberry from descriptive sensory analysis
(n=10) (mean scores from 15-cm line scale)

4. Conclusion

Hexanoic acid (sweaty) was identified as the most abundant compound in cooked
Riceberry. Guaiacol (smoky) and vanillin (vanilla) were considered as key aroma
compound according to their OAVs and perceived odor intensities. In addition,
sensory analysis agrees with the analytical data from GCO and GC-TOFMS.
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