(aAThmunig |

Mnvo ayn

FIIUIRLRULANL T

NM3U5ULINAUNAINISTUIANTBITIINUETEUIN 1

@ da v ¥ B
wazWugisnlan2 TulnalAesanianananieal05

IMPROVEMENT OF ODOUR AFTER COOKING OF
CHAI NAT1 AND PHITSANULOK2 RICE TO BE SIMILAR
TO KHAO DAWK MALI105 RICE

Tne fEoadIdns1aNGsl A9, WSANEY RIUATYAIA

=y . = 7-—1

LLﬂgjﬂm$ : “T -uf'm‘lrjffjh 19110 A NIGT: ;

- - e e s s e e ——
]

i or

1 f.l “ (J-lf ' o
VB IANTIIHD ceeeererreenersessesesnenses

21 NUEN8U 2553



& tail AG-AR-002/2552

s UdRERTLANY T

n31l5u1lgenfunainisuinnuasinaN i TauIn

v da L L a
waziugisatan2 Wlnalagsinarinannga105

IMPROVEMENT OF ODOUR AFTER COOKING OF
CHAI NAT1 AND PHITSANULOK2 RICE TO BE SIMILAR
TO KHAO DAWK MALI105 RICE

[+ =g

Qi
ATUS NI
qj

U8ANEAI1A9E A5, WIBIINEY RINAYRIA
peifgransIangd as. il aeiw
MAITNAARIMNTTHNSAT AMSINHASANAASNTNENTEITUT
LAZRILINADN NWIANENREIULTAIS
UNFWATT §A590UEIAN
AugiagdREnlan anadnes [mInisnlan

anuayulagaulssannuiuny dszantl 2552

ii



naRnssNUsenA

£ o

o 1 s o 1] = or ar = l:i
rareuAMMenAnHananin Auavinlng sunadies Samdanieagian kAo
aparvilume uazlsed@mdnnd srneddies Swmdafinatlan Wlkaonayamed

.
Froasuganonenuzd1os Foumt uasfinnlan2 uenanilzeseugnumIneIde

wisArsauayunAtasudszunudufud 2552 FainlienddaiidnFagasniy

or }

quszaadnaald

o

[N
GRIDRT

21 Nueng 2553

11



UNAREIRD

drafugaianenuya105 fudnaiilFuesiianandusinadiesmnmilanjiues
finduvantas 2-acetyl-1-pyrroline  (2AP) Iu‘nmzﬁ%ﬂﬁ'uﬁ‘ﬁ'ﬂmm waziughrnlan2
{hdabifindusesignimanlunamiiensusng FohumadeiiaaditnguszasfifterFulys
naundansuadiuansdiniufdeum wasiusivndan2 WndiAnedhaaonennza1os
Tneaingns 2AP aanlung feldlumeluiiundn Taaiiulud 4 fuainsesasan thani
Turlaasom 20 n3a neniini 200 faddas nduuwn 1 Falus delkarsaaannlume
120 fiadans aamiuigsaiaiidszgnddsudoiugdaum nasivodan2 i

-1 o e

draugdeumt Mezazaanlumspgninu 24 1w leadivarsannanluinesunm 105

fiadans Weninsuadnanlyl 15 wiit uazdrafugiunlan2 Mszazaanlunisyagn
1M 19 it TaalAngnsainannluwmeBanns 50 fiadans weiantewediadaull 10 wii
anifAnEauTRnanienm il wasaiinienmsesdeiugaonenuzd10s Faum
uafinnlan2 AeunIsYams Hud @ﬁ"]qﬁ’amuﬁuﬁﬁmmmqmﬁm 7.08, 7.23 uar7.69
fadwns amatan Usnaueslulaafasas 1515, 27.28 uas 26.22 muaiu Usuin
Tilshiudpeny 6.63, 7.83 uas 7.80 MNA1AL AINAGITBILTNGN 94, 41 uaL 37 Hadwns
padRL annuAnemauiinisnieninuaziad ﬁmaﬂ’i'm%amuﬁuﬁuﬁams‘mﬁ’iu WU
Fraveaumiugiinnuenaniin 13.28, 12.78 uar 12.43 Haa0IN3 MUSIFL 52071989013
wadn 15, 24 uaz 19 Wi mwaau 1Bunlilsiiuiesas 3.07, 3.68 uaz 8.71 AINAAL
Tnemdsnmanssiurasdnngnniugiounisiinaisaininiunensaanuans 2AP awizlu
draviugmonanuz@l105 wilinuludiaviuideum 1 uasfinndan2 uazudanisdinansann
anluiae ANI5ASIANUAT 2AP ’Lwﬁwﬁ’qmuﬁuﬁ andAnEAudnTenauasain
anlumown 12 alue Taenfudrayeanluussginsiamsiinfe 1) wiayedalaniv

=

Sngoampiivies (Uszanm 30-32 asdngaldng) 2) genarainailanuiau (PP) Tnaiiu

]
=

Fnumgompiigidu (Uszaunns 46 aedngades) was 3) naeanarainaiinidrlulasan
(PET) TnenfiuFnunfignmanfigifiu (lsznini 46 ssAnaaidos) wudnianaarily
12 Falus nasfusnmdnluniensdraannsadanfnmnauluasiimdeludiofug
91908nNzA105 Anglan? uazdowint Ae Feuar 41.28, 48.61 Uax 45.63 AUAAL
msLﬁﬂﬁ*ﬂﬁﬁ'}Q'Luqumﬁﬁnmmmﬁqm"nmn?a'uluLmaﬁm%'ﬂu%’ww"uﬁm ABNNZA105

fivnylan2 uazdenant Ae fanas 40.34, 39.12 UaL 44.47 MuGIAL waznsiuinmdng

iv



' = 1 o ﬂ' ﬂl ar = =
lunasananaiinauisadoeadnuindnlumenudeluiriugananuzdt0s fivnglan2

uasdeunt e ¥asay 42.71, 43.28 UL 41.78 MNAIAL

Aday: 4o, Faum1, Aunglan2, 9100enuzd105, 2-azdhia-1-Inlsau

Abstract

Khao Dawk Mali105 was popular rice because its properties after cooking were
sticky and soft texture and has aromatic odor from 2-acetyl-1-pyrroline (2AP) while Chai
Nat1 and Phitsanulok?2 rice were non aromatic rice and mostly cultivated in the lower part of
the north of Thailand. Therefore, the objective of this study was to improve odor after cooking
of Chai Nat1 and Phitsanulok2 rice to be .similar to Khao Dawk Mali105 rice by utilization of
2AP from pandan leave extract. The leaves were collected from the fourth leaves from the top
downward, washed by tap water and cross sectional cut to about 1-2 ml. The 20 g of cut
leaves were ground and placed in the round flask. Distilled water of 200 ml was added and
the extraction unit was switched on for 1 h. The extract was kept in 120 ml brown vials at room
temperature before further analysis. The extract was then applied to Phitsanulok2 and Chai
Nat1 rice. In Chai Nat1 rice, cooking time was 24 min. The suitable time and amount of extract
adding were 19 min and 105 ml, respectively. In Phitsanulok2 rice, cooking time was 19 min.
The suitable time and amount of extract adding were 10 min and 50 ml, respectively. The
properties of rice were investigated. The properties before cooking of Khao Dawk Mali105
Phitsanulok? and Chai Natl rice including grain length were 7.08, 7.23 and 7.69 ml,
respectively. Amylose contents were 15.15, 27.28 and 26.22%, respectively. Protein contents
were 6.63, 7.83 and 7.80%, respectively. Gel consistency were 94, 41 and 37 ml, respectively.
The properties after cooking of Khao Dawk Malit05, Phitsanulok? and Chai Nat1 rice
consisting of grain length were 13.28, 12.78 and 12.43 ml, respectively. Cooking time were 15,
24 and 19 min, respectively. Protein contents were 3.07, 3.68 and 3.71%, respectively. After
cooking of three varieties of rice (non adding extract), 2AP was detected in only Khao Dawk
Mali105 but Phitsanulok2 and Chai Nati. After cooking of three varieties of rice (adding

extract) 2AP was detected. The intensity of 2AP was studied for 12 h by storage of cooked rice



in three types of package, 1) rice cooker kept at room temperature (30-32 °C) 2) plastic bag
(PP) kept at réfrigerator (0-4 °C) 3) microwavable box (PET) kept at refrigerator (0-4 °C). It was
found that after 12 h of storage, the cooked rice that kept in rice cooker had pandan odor
remained 41.28, 48.61 and 45.63 % for Khao Dawk Mali105, Phitsanulok? and Chai Nat1
rice, respectively. The cooked rice that kept in plastic bag (PP) had pandan odor remained
40.34, 3912 and 44.47 % for Khao Dawk Mali105, Philsanulok? and Chai Nat1 rice,
respectively. The cooked rice that kept in microwavable box (PET) had pandan odor
remained 42.71, 43.28 and 41.78 % for Khao Dawk Mali105, Phitsanulok2 and Chai Nat1

rice, respectively.

Keywords: Rice, Chai Nat1, Phitsanulok2, Khao Dawk Mali105, 2-acetyl-1-pyrroline
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FEINSINEAT, 2545)

Tlsiin WmdatrudasiiiBurallsindasndutlannudBanaeahlsiiui

] ) ar = =
nansznusennwdtagnidnidas 1y draiugaronenuzdtos  dudaniiBuno
: - Y, 4 g
avlulagn wndadiafitlsfugeazildnngniinezdrauaziidaaindrdronililsdiunn
(NFNATINTINTAST, 2545)
1 L7 o (=3 d. -3 p 73 =y d‘ dy

AMNLANR919 Mandanisiiunas g lundadieaziianisulasuulasaiu
Taearnylussazionn 3-4 dHeu ndamaiuies windinmeazundsan i liguninnisg
nh:g G W o ' -1 -t o W |
Aau winwdn lignuuasitaagluszudraniniu naulasuulasluwandioiiauan
guaunsTiRaades 3 asfszneude uils louuarhlsin dwaaslunami 1 Ufnzen
aanTnds (oxidation reaction) a4 laiusinliinansalasiudassuazinliarsngs carbonyl
aal ﬁ'{ x:i' = .::: §r 1 o = n:li’ -] = or
ity dnduamaaasnsfiandugruludnania nealaiudassilazinljizeniulaans
aavazlulaanaeilugslseney nsalatu-azlulas waziinadanirwessiagesiauile
© a9 du [ % or E 3 (=3 5 =y o ar =1
vinliiaduda (texture) 1medagnuianniuuazamimilananas dmiudauaaslisiuay
eilfizaanismneandiauiunsnarily ki nasanisnasinaassiautldumasany

o 5’; aan — = ar O 3 c-J 9, — A:il:i
nsmlasiu venantl uatenlfiemsifiveandiaudvinldasssmeildannnsneillund
spnanziutuesflsznananas mlinauaasdnulasuly uanandil fisentlsfiudain
i §Asen non enzymatic browning uaziinaliduasiinaaaas msuldeuulaeiie

¥ d‘ilﬂ 98 o= 9 9 ¥ 9 ) 4 U .7

wmaribinaimiiannmnasyesiuuazdagnuansieaind1almi Ae G19tn1aeIns9a7
Tunsyasinuaungn iAgruasaluniegaa  (water absorption) uazagnalsnmg
(volume expansion) Wdunndndiaalnl Tusnziundrasiivaauds (total solid) ansnaz
9 1 G g c&l 2 [+ 3 1o !D’ -4. =
dragnsauuazudediu ndunangasinenas iidadhainiidasaniiasainannumiien e

d1agnanas (NINATINTRNERS, 2545)



r-! ats =3 ] o
nezuaunsulasulasanuginiReeamdadnnlussndnamaivinsanansoaglli

PRAINN 1

83ALl3znaL msnlasuulas HAADNITIAN HARDNIEN

ufh —> WA AUIEIIN micele —>  Budimsnasiazasnanuile—s Waduiadnogn

nstlsenaunsalniu-esiniag
Enzyme tingl

Tl — jnenlodiudasy

Ujiseamainaenian Hydroperoxide ——— WXL Funmuasszme

a1nlsznau carbonyl carbonyl
naw
Ufizennissineangiay
Nlsfiy ————>sHss anJBinuanssziadanias
1 1
\Fﬂs’]’anmwmﬁwaamﬁnuﬂq —iinduriainagn

yfseszudalisiiu

»  @doan

A 1 Mesnlaauulsspuanifiveanaadnalustudrsninduinm
U7 NG INSINERAT (2545)

nslfmlaeiugiralaeninlfulpamnmmdai 2 dneae Ae AunImnag
MENWLAZANATNIS SRS aAIUNITULTENTL ALARIINMan wilsznaudian (1)
auanazzineanda nsinmmudatianld vimier dasnudanguinatinlien 10

=3 2/ e o =i =1 H 1 ° ' = oA 2 L .

win drantiannmmaaarstianalining 7.2 iaawmng (2) neall (chalkiness) 1uan
ahuuaanehundadaisanuanuilanslusdadaiubiviuneinadlutesainiman
d!.' ar o ¥ or 4 2 alay 2 1 2 =
3u nnlfunlgeaninaudadasdadandrofiiiedldden (3) Annmnied AmFuin

Fnansuazsiudnanldannnis@dnulaen (nsudsinnninens, 2545)



dmfuanunmniaeinsesireansivedivesilsneuuazanifiniaaiilumén

o X | ¥ 4
il (1) Bunnsezlulaa nanesindenfiBunuesinlasgediaanisBunaninnnuaniie

gnazlidrasauy e Bnnnnnuaziumte lsnsidnedlutaasnihdomilaany
Anfmuiufouuaslitumie (2) Auasiaaasuilagn (gel consistency) drafiiiAnAannA
frsauilegnudrazinndndnafiiidnauasiouds wndaassiiUiinaezlilaseslu
sednAsaf (3) mMstinsnaaandndnngn (elongation ratio) uszudianisnadiu Liu wWaa
Srnazaenaiadiuenadan\Fiudnasumite (am?ﬁu, 2542)

ATANA UazAmE (2547) wannsAnmInsilasuulasassdinifinnaaiinaviall

nanmaasinenaenuz@10s lusgninannfiuinmngamgil 25 uax 37°C nanis

a0 s

] ¥
nasasnudinanssrasaelaitaavherlumaaesdiramiulive 2 gouupiwiniy 0.9-7.8

]
= =

ar o ar %’ =y 9 :l' [=3 0
uas 0.9-9.6 UM00 A%y manandu Yiunanianasadaasdtaasniiungumgi 37°C
’ b ] ] t 2
TFunonfinau daudransiiusneiguugli 25°C flininniniatiadanaalu
sEdmsfiuinm auiiasniiadalaeATeedan1Luiln RVA vaduildiagsnudnil
1 a. c’!’ 1 [ d’ =3 3 lin:lr =
AiaausznImaiuindaiudielingnmniigs
Kaur and Singh (2000) Annnssansaatinadudenassaslulaa-luiu szninanis
¥ o o W oo A - o B . 2.8 e
widinnihdada nsalufufinude nsa myristic, palmitic waz stearic uazldAnEANTA

n1sazarguaznisiiaihniudl Buinnsaladundudnllae 1.5, 3 uaz 4.5% nInsg

afiuigrunnil 95°¢ Whaoan 30, 60 waz 90 Wi Ysngdn mssausareseslulas-lud

o

»3%

)
= ar

Winau dmiuanuarnnsnlunisazaratinaranasilatinsrinaasnsaledy daunis
sausanesiilsaiasnsa loufivaumiiodinsrazoan lunswesin uasmsifiunsaloi
mdanumgilumnianaingy

Leetayuthsoontorn  and Thipayarat  (2006) Ansninilasuilasiiaduiauay

2 ]

Tassginansinanennzdluannznisyesusine As Wenumgii 80, 100, 120 uaz 140°C
AN 0, 0.1, 0.3 UaT 0.5 KPa drafimssndesguumgiigeasijn widadamniziu diedas
] 3 13
AREILATEN Scanning Electron Microscopy (SEM) wudqgﬁmmm’lunﬁlmm:mm%uﬁ?‘mm
A P . ad 4 2 c  wod e
fuluilaite Waingumpiiladedunananiugfin mssuiinasedntauizniauen u @
‘g o o ni‘ ar = = = 7 5 =

wazilednds Wanrhanuduiinafioadniasviabifinawas

Rehman (2006) $imsAnERansznuaIasgun)iuasssasiaat lumsiiuinuise
anAmtasnsludiognd dratne uazdno Inngumgiinliae 10, 25 uax 45°C

sLaz1981 0, 3 WAL 6 eu nudraamgiinafivinmiinasenisdesaatallsfiuuazull



leiul3n 25 uax 45°C Hsvaziaan 6 iew laduuazineziugdeileiuldn 25 uas
45°C vhmagadiiguugii 45°C Risztzion 6 tieu nandelinnfudnoad $10twa
wazdaliigaumagiigendt 25°C

AMNINNITTUlsENINYRIT9 (eating quality) luguamguiinalilunis
fadulaidendenilinezanuteusasfusinauansnaiu (nsdeansinums, 2545)
Aunmmsiulsznmassiniianuduiusiasnsafugnnimnisyasy WelHXiladuiia
dr9mrnanninnisiudsenaneeafuzing (83019, 2547) Aniniwnisiuilseniuana
Ansludnunanmiios tazanunds Tneldisdesiledadnuaisiloduda (nstron food
tester) Lwim?m'mmnﬁ'[ﬂﬁ‘aﬂsuﬁuﬁqmﬁfa n1snsradeulne ldUscamduda (sensory)

3 2y

anwrauzdnamgniligdulsadiuie nau (aroma) ndusd (flavor) ¥iBsati (taste) AN

o

11 (tenderness) 38 ANINWTIINTANTZANN (hardness) AYULNIZALNY (cohesiveness)
WIBAMNMLEARANY (stickiness) AnwauzalsIng) (appearance) WATAINTIY (whiteness)
wiad (color) TnalFazuulugas 2-11 dwiuduntindu waz 6 azunu dAmfudiFinag
(B5814A, 2547)

Lee et al. (1995) Anwrganianiaaiinianinaasdnaginuaadan wugadani

)
o =

nngsuias hilguuaadamivasiianensiladudanmdaiuiaganizArarandanazan

1
2 =

] gl', dl = = = = 1 [N} 9. ]
Anuwiuile daludnniinisEiunaaidaniiaauinngn wiainng aasautliilannudnly
dragiunaatdaniianiaandidnnnlidiunaai@on waznimasaudnulssd maudane
2 . ~ ~ ” z A e o Wy
dramgnwudndreidiuuanidoniazuuuiianaiuaraiviisafianuinnddian
! 1 ~ =
L@ uupa @

Dipti et al. (2002) ANMANIBNINLATINIBN W UAZANTRANIINISINL2919 6 At

(3 ar o &

Awuglulszmaiananna wudidantasianieeiivazidefiduinidindgananaa wWig

9

' ! ]
o =

b5 3
BRRIdhan 28 daudnasiug Khazar fulefiduddinsinmdnniiiga Sadronsaaaiugidl

q

3 4
s

anwouzilmngandndnaiugen] nsAnmandiluntsyesin wudrdens 6 areiugiigns
& o o o a ¥ [ = v 5 4 e
NSUAGIIBINER UATENTINITAATNIN INGLAENNUNIN dauanildlunisyssniusiaiy
[ o . P
WudWg Basmati 44 88 1nanlunismagnminungn
Singh et al. (2005) MNEANANTHENINANNIBNIN UATANNMNITUANTBIE1
areiugine nudnFuoaeteslulaaiinuduiusiuannldluniswegnluiianig
pranudrausiiaouduius lumamhsoiuiuAnsgidesenfunameuis daudinis
wnazAniiaouduius luniaasaiuiuBeineslulasuarAinisguidsvesfiuan

G asa o ¥ o =i
DAIRINAUNANNATINUTINALILN mnl‘ﬂumma@n



Yau and Haung (1996) Siasizidnuasenivlszamdudaresinogegn 4 areiug

Vnnsnaaeudanssamuazlfazuunludos 1-15 wiailu 1 = 8au 7 = thunae 15 =

o Qs 1) ~ =y A _=
wiann Tnenirsaedng 2 gomgiiliinaaendu Ae 18°C (magnudaudiiungmnugil 18°C

1
=

"’ c‘ = ~ or 1 ar ot
w24 daTus) uazhanumall 60°C (yagnudadusinetinaing) Ansaurdioegninliigda
Uszfinléun nAuvasdogn (hotrice aroma) ArudanFanseing ARzt AN

na9u (looseness) NAXIBIT1INGDY (brown-aroma rice) AU (sweetness) NAUTDY

3

[] 4 1
dagnifiafiu (cold-rice aroma) URZANHIENISALY (chewiness) Wudranuuzd1aegni

2y

danlfazuulszlingagaianumgil 60°C Aa Anumasn nanaastagn uaznduaasdng

2.

b2
QLGN
Qingyun et al. (2006) naasuANEUzNlszaAMANNA129T199gN 90 Aneiug
eed s | ] <8 ~ o
0% Four-samples sensory test uazEmaaauntiunistnelu 20 an Uszidivandnenge 7
<5 c:l = e i L= 2 [ i’z v =2
1sgnisha nau saT18 Aneruzlsang ANEdNN wasnieT IWsTAuATULUUAIUGR -5 04 5
dauannamilen uazanauiavdansedng Wesduazuunsaus -3 D9 3 msyaldanadau
14 b
Jrasenir 1:1.4 ugluin 30 wid dewinhivailuaan 20 wiiuazgulinen 10 wa Aealy
Vimagaudulnavageudaadaasn 10.00 1. uazdasiitgnan 15.30 1. wudadiaaugand
wansnenullmuundegiianunvizanatedt
) o o a . ST Y) 1 £y
1IRUGUIINBNNER105 (Khao Dawk Mali105) ihudhaidmwen dalaualagune
quvs Auziily WIneMUNERS $9UINAINBNNBUNART AIMTARLITINTT 131D W.A. 2493 -
2494 47121 199 usniTlAnRenuLLARTIGLTANE (Pure Line Selection) uazilgn
Whauieuignanniinasasiinlandalss udnlgnulfoudinuiug fasduluniawile
MANAN azmanzduaanidauniie fuldaniugananantsa 4-2-105 G189 4 uunens
anmiitiusedin Ae 8.090480 18T 2 wuneta Rugneaau® 2 A 919A8NNE LaziaT
105 W18y WA9INIRTNN 105 AN 199 999 uazldfunisiusasyiuging

AnNIsUNISAANTANS Tl remeniug lu Augiusas 5ladumn 25 wgsnian 2502 uas

]
'

Wiadn "anaenuzd 105" AnwazilszaniugndrAnyliun galszunns 140 wuRiaing

Tasiadaauas Ugnldianizundl avsudidanan WwddsssaAeudreuay vedeu lusein

yundraiuss waadingilsreFasana dronldendvie  enafivinen Yszunm 25
~ ar o =3 o L3 (=3 2 b3 2

WYAANEY srazinfareandn sz 8 dlani widndnandes ndnex 811 x wn =

=

2.1x 7.5 x 1.8 Haawns Wunerlulans 12-17% Aanndrogn yuven nanamlszunm
1+ A oar 3

363 Alanfusals Hdnwzsure mudaldanesuass Fgniludalslfudadnaansla

unda AN mMsda@n  Amnamnisaiuiindunenuazdawin  sedianuieinisga
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o " F7 = = W -3 -:i ] ] = ¥ = 3 1=
ammbgldzann uannad fuge iunadis nudeanmanuian uaziudn uitidenss
seFanelidmmlsaluddn Tsasauluwie Tsalus wazlzaluvdn Lishunuwnasnszinn

g ag ar al) =4 5 &i o = 1] 1
Aens mandndud@aoussuuaune douiunuusihRennMareslszinalng LALmas

a de o { ' o
nanfdAuuazaninmangaatlunianzdueeni@aamiie  (nsun1sdna nsznsasnuns
wazannsnd, .11l

dravudfunlan 2 Mannseaniug 3 mesewda F1 aeesneniug

2 =

9 A s o
CNTLR81122- PSL-37-2-1 uas SPRLR81041-194-2-1 fill IR 56 NeueMdadafinnlan Tu

&

1 w.p1. 25332534 Amaanuuudunsena sus F1-F5 Tt woa, 2535-2538  laaneniug
PSL91014-16-1-5-1  undnAnmriugluil w.A. 2538-2539 wlsauinsunananly
4ol szmdneanrfinasluunnunsnslull w.a. 25402542 Anmnanasnmlunising
= d’ 24 r::; ] or i H M

pdn Walgnlugmuuandeniuanseiu waznaaaunisnevanessatlalulasan Tuil

W.A. 2540-2542 uarliFuntsfiansaniusaaiug Wedui 26 Aquanu w.A. 2543 Tnad

1
]

o i< £7 = 4 3 = -dl = [ v ¥ .4 d' 2/

anwouzisiune Wnanangs Aa Winandnade 807 Alaniusels dagandadeuim 1 Alina
nan 716 Nlansustals 15% datasnmlunslinandnfasinaue Sunnundenszlangd
1 :?J} ar :5!, o oA =i @ = ] =i = 3 I
e wasnszlaandiann wezn@sdnduddes dannamudan nldeGuoann Ivesld
9 ooy o o A4 =

ae uazAuNInNs@RNIN unzdmFudgn luiuiivagssdseniuluaniamile
paudN Niinssrnaraawasnsziandinma eannisszuinseunas Tnsaiunsogn
Tuiundeatudraiugdouim 1 elfiiaaunanuaiasaningiie uazilesiunis

v v
unsssUaatmaFaaeinannstlanduinia (NTUN13419 NTENTAUNEATUASERNTOL,
1.1l1l)

dranuggeun 1 Whaanmsuan 3 naszudnadeanaing IR13146-158-1 iy
IR15314-43-23-3 uaz BKNG995-16-1-1-2 il w.a. 2525 fignniinaaasdnadenm Tl
WA, 2525 - 2529 dgndastusnandodt 1 Sedaft 6 auldaneiug CNTBR82075-43-2-1 71
WA 2530 — 2535 ulfsumaumanaanialugniil sudeanil uazlunsugd ..
2535 fimsauiiiuaeiuginoniau uazi‘mmﬁ’uﬁtﬁﬂﬁuﬁ 9 MN8N 2536 INENTHITINT
s uazliedn drodrdeum 1 dhdnadlilaedauas Ugnldfouniuazunlf eng
szanne 119 'J"uu"jﬂﬂgnq@du uaz 130 Julugguéas galszanns 113 gu. NAnBENNNG
e Wiidn wsereudhagnadansa luwidh saatnauaziu pasaadu ssuirendneg win
gnBaanldanudadne dedlddes szasiindoveandalszinn 8 dilani ddnunizsiu

b 2 14 3
A pauauassanislialulasiaun dummanannsziandiiima uazmannseinandinng
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~ ] - =; ¥

Frunnadsalunidn uazdendnasinmnisalusd Wnandaaasluggelu 725 nn/ls uazly
qquds 754 nn/ls waziianunims@a dradlenegniidnmniziounds ssnmdnosn
o + ¥ :j z o

dhwlsgiduduiosbon il Wureedy  wanduna@uld wuzihlidgnluan

- ) A A ° v eda

mawmilenauane  uszmanaluinimsinnestalssnilsaanisluwashiinig
sonaraamasnszinadiiine mdsnselaandnng Tsaluidn wastealusd (gudddodno

Fem, 2550)

2. 8NN

\MUNAN (Pandanus amaryllifolius  Roxb.) Lﬂuﬁﬂuﬁi‘:g@ screw pine 929A
Pandanaceae @inrnizialiliaunsvenns uislwaniau Nilszuin1 600-700 win 1
P. amaryliifolius, P. odoratissimus Linn., P. testorius Bl. W&z P. latifolius whag Fardheii

a‘i‘i’ dl & é’ [=1 = d‘l’ = 9 =

luiasaiagindndluna B nasuuas luGaaadialuven datalunranuasininuniy
gevly Wwumnanluddn fuesinwesluaziisnsuniuduadonssgngia (B3
uaznzeay, 2534) lussansiinauveniionlflunisudanauamnsatitaunsnatraluaiie

nriuaantagals

2.1 NauTaI LAY
assznaunlinaululuweivanasiia Tnanduaaslumneazauuhiifiaiinasin
Tumauwlsgddainldesflsznavaasgrstinduu/aeauulss Wluwmaanaisszivey
(] -3
AarzinuihaBunomaning 73% 18981332menan R IdnanuaAe 3-methyl-2(5H)-
cﬁ. 2 :::I o 2 2 ﬂ: (=1 = aﬂl
furanone  dal¥nRuludnwaurau wanuadiosn wazasnuasldnfumidnaaszai
aslsenaunianfuen 6 azmanlaun 3-haxanol, 4-methylpentanol, 3- hexanone WA
2- hexanone (Jiang, 1999) MlinawashuasdauansielilanlumenlssiGalaouniily
nmaillenuanfen lumewlsgilaziinduaes 2-acetyl-1-pyrroline (2AP) (naudialna
. 1 o o e o S 3 a . o o
A naulume) usaa lususpasduiinauluisduuaznanlusnguiisaludneoiily
n’ 9 . =5 n:l o & ] .
199naUAN (boiled flavor) luiglaauinidunausesansisenavdainas 15U methional
(nAuTE5I5) thiazole  (nBumenialugign) uas 3-methylthiobutanal  (Mzi@ainAgn)
8 1 d"n 5 = ar & or Aﬂ[a.l o o Adl 2
Wludu arsszmemaniinadiulundniusindsainninisulsgy dmsuansseenaans
nauluanguiinatsaiinigy B-damascenone (NA1lUENEY NAUMIIU NAuTUNTR) way

trimethylcyclohexenedione  (nAuangu nauvina ndwn) udy nausnguitinauluie
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1 a X d o HIN ) 2
doulunjazifintuainnszuaunsuilsplieaziuldouansilissmalinaeiuaslinau

Eiuaeafunsiianausinluawig

2.2 aslinandanlulune

i n. ~ s ' = A
wid1nANIBIAIMIFATIN ARMNANTIELUEUANETUR Llﬂ’i:‘;ﬁﬂ"l??mﬂﬂLﬁﬂdﬂ’]\l‘]mﬁ“ﬂ

] o ]

H ﬁh’ =3 :” é ¥ l.” i
dugnsrzmeifinoudrAusanfuemissiaiug GeaziFanarssinamaniudni

o

ansasIvENIANAIATY (key odor compounds) @it lulumaaissemainiluansiingan

o

o

dndryldunansszmadasialfil

2.2.1 2-acetyl-1-pyrroline (2AP)
2-acetyl-1-pyrroline (2AP) Wugnsifluasdlsznaundnassnaulumeuasdiovey
Taalulumed  2AP Banns 1 ppm Taenimiinuis SafluBuramannndaludranents

10 Wi (Laksanalamai and llangantilek, 1993) 2AP amifluansisznevluinsiaulungu

9
2

heterocyclic compounds HgnslAsaa¥19 CHNO siwiintinana 111 asilszneusiiaiil
fussEnednHznaNd T uTansuandiadranaudinnads (popcorn) #2UE1LaLTe
W Arasnsdnadranauluiag (Paule and Power, 1989) wenannalinaudlufigenis
aaafiisinauda 2P faifluan3fifidn odour threshold Aaudnann AeiiAregfizziy
AN 0.1 ppb wazuananlulumauay Srunenudadeaiuisany 2AP lua1neaiin

i p o : & o e 4 o A o o v
ﬂuj ANUAETUALTIL ‘?Juﬂ-]ﬁq LLATNLNAT 31 33135]?\31’]@@ “ﬂ']rtht'iﬁﬂ']lLﬂﬁluﬂqg Lﬂuﬂu 2AP

]
= =

. An s - v o (o) =
Lﬂuﬂﬁ??ﬂ,nL'M]‘:’_I’i‘LLﬂJLﬂU114ﬂﬂ’1‘r'i€jngy’m’lﬂ?l'@ﬂmnuu -20°C Iﬂﬂﬁq?quﬂ@ﬂuqqﬂm‘aQLﬂﬂq

13 3
=

Talifdlidureanardumsuaz@asifvivauaaifisngy anduanisaindpisen
L7
condensation 18amyjarfuaiiaauld conjugated pyridine polymer AANUMTIL 2AP A9

v
arsinu laluanmansazane i

[ ar = s o 87 = [=] =
2.2.2 415NANARA ANV IAAANA LML E7
A G = o o - Y My a W

naumtuagaaslumaniaInaan lanatadulawn hexenal (nawluld) nonenal

(NAWWINGE) nonadienal (NAWME]N) WAL n-hexanal (nAulUl) arsszmemaniiiiaann
z:i ar |m’ ar ¥ s 3 5 = . H

nnlagundasaeansalosiulidndaléud linoleic  acid  was linolenic  acid  HAu
: = = = ¥ P 1 y ¥ 4 a o
lipoxygenase pathway nszuaunsiiagnsinduumihudaoiasistuiialiiaEiangnanis
an11e nealafulidusaaasiigetant gl triglycerides, phospholipids 78 glycolipids

d’ 1 of L o f’ of 1 5
Feazgniamlaamiunsalaidaszineeulad acylhydrolase aniungalaiudasanil
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H q' A o i } af Iql o
azlasuuwlaailuanslindu wulsimnininulasuwlansalosiulidusa Widuas i
nauluiglauniieuled lipoxygenase, lyase, cis-3trans-2 isomerase ua¥ alcohol

dehydrogenase

2.2.3 3-methyl-2(5H)-furanone

Toealal 3-methyl-2(5H)-furanone RaluasAunawssl i wolumeuds
birch syrup Waz fermented soy hydrolysate Wilusing nalu‘nm 3-methyl-2(5H)-furanone A%
AR E L IAINAUANT NG NEUWINL NRuARAEEtAzIAMIIRY uidmILl e
stz lLIAsE A (Jiang, 1999) Taenilu secondary metabolite U
mmﬁudqmsmﬁmﬁmqLﬂumsﬁﬁwuwLﬁm%'mﬁumsﬁaLm'}zﬁmﬁ‘najuﬁﬂmamﬁﬁwu
Wluwaedeldur pandamarilactonine-A oz -B iilasannlassaiuluanarasdanansd
wgnisl annisaiiesfulareainaans 3-methyl-2(5H)-furanone UsznauduiinasAnsn
wudd@aNasaETas  pandamarilactonine-B Faflugnsfonansaeanszuouns et oy
1»n#) pandamarilactonine-B l@aannasn1dinFanaas 3-methyl-2(5H)-furanone N

2-pyrrolidinone (Busque et al., 2002; Takayama et al., 2001)

2.2.4 B-damascenone
nmswlsgiliinasanisulasuwlasarsldindulundndositnuasaalil fetdiadu
- o AR L ¥3 " L
naia B-damascenone afluasszme Winduniidnsuznanadioaan il arssisiing
Tumuaraaiiauazinnulufighdunisulssl vy et hilantiuacaden vialulal
'aq'u (Naiker, 2001; Zhou, 1993) A13A9FUTIDI B-damascenone TuitsAe xanthophylls @9
- = o N . ¥ P P .
nunnngaluislui@aafa neoxanthin nalnnasiin B-damascenone 3N neoxanthin
WANISARERIRINESINDNRA LA norisiprenoid  glycosides  (grasshopper  ketone)
&
INBUALINANTLUIUNAT enzymatic reduction 16y 9(or 3)-0-L-arabinofuranosyl-(1,6)-B-D-
1 g
glucopyranoside acetylenic diol (allene triol) Fagssinunad il key intermediate Tu
NI9LNA B-damascenone (Skouroumounis and Mark, 2000} 'ii‘m‘fl'uﬂﬂuﬁ allene triol A%
o ol o’ L a4 % ; 1
dniraana mitluanstlsenay 3 sinAD acetylenic diol, 3-hydroxy-damascenone (1NN
naw) uaz P-damascenone atiraialuganiaznaa Tng acetylenic diol liluansitinlu
Bunnunniige arssiatiannsanaauulasedied lwaniaznealéiily 3-hydroxy-

damascenone AT B-damascenone
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Bhattacharjee et al. (2005) Annasld Supercritical carbon dioxide AfAA13
2-acetyl-1-pyrroline  anluima Taaldansazarsdmefiflusivain gz A lunsaiad]
3 fauilsAn AN 2 szAVAS 125 uaz 450 Un§ anungil 2 sTAUAS 40 waz 60°C uaz
181 2 sEAURE 2 uas 3 Falue Fagnnsiaingns 2-acetyl-1-pyrroline ﬁﬁqﬂﬁﬂ A
450 17§ gaungdl 60°C uaziaan 3 Falus 14 7.163 mg/kg w433 nsainiilszgnid
Funauamsriinm

Wongpornchai ef al. (2004) ANHIHANTENLBBINITNIWILATIEHEII8INITNAL

[

Snsenduuazaunnsarasdiananenuzd 105 Tnaflaninzmsiuis 6 annaz ik
F5UniAe Usugoumgfi 30 usy 40°C 1danau 40, 50 uar 70°C nazn1smnuan L
piaatinald 10 than @ﬁmtunﬁimamm 2-acetyl-1-pyrroline WAZNAUSL n-hexanal uaz
2-pentylfuran finanae Us1ngdn ilafuszazinainiafiu 2-acetyl-1-pyrroline RARILLA
n-hexanal Wag 2-pentylfuran L‘??;u“%l/u LL@:ﬁﬂnmtqamnﬁ 70°C azinan 2-acetyl-1-
pyrroline 1BENN -
Laohakunjit and Kerdchoechuen (2007) ﬁﬂﬁ’lmﬂﬂgﬂuuﬂawmna"u?zwi’]ﬁms
RufnAReLdBasataaanassuT AR liTNAL (non aromatic rice) TaeiaRANGY
ansssuTAdaRbifindu 3 areniugie RD 23, SP 1 War SPR 90 tadeulae Modified
spouted bed 111 30% daiinea Lay 25% @1340aaIN lLLAE fifathaaunn 8 feg1eRa

e o ) o , = a - o ) 1 P a
Lﬂu"imQLNNﬂﬂu 6 NIaEY Iﬂﬂ 3 AALNLAKALUNABLAZEN 3 ﬁiﬂ@ﬂﬂdiuLﬂ@ﬂu an

ar ] =4 ;g =} lhl i:il (2 =5 -a' S e 4 ‘:: = (o)
2 AIDHNAD °I|’lQﬂJﬂﬂ1ﬂ’]1N[”]‘ﬂ~3Lﬂﬂﬂ‘Llﬂﬂ1$ sreiziaan lumatiuineg 6 1ha nainna 25°C

1
(-4 =1

Wud1 NasiAaeudinR liiinaudaadnaenanTa 2-acetyl-1-pyrroline wanardahinau

) 1
a5 A

< o ) i g = 9 c!l 38 ) (=]
HLAZNITLARDUENTIYAA n-hexanal luszndnanasiivanang $90991110uAN Tunas

»
= =3

Usinlzauasianndrovensall uiluaaideaiufidudioinjisel nafiandumiui

SEPINNNIFNUINHUHARD1

15



A uN152Ag

ar _=y ar ~ A o of 3 3 I
Fagau Fngauilddmiunismaaa T
2 o & = g = a [ [ 4
1. $r9tuganananuzat0s deumt waziinolan2 Aflargnisdiudnewindi Hn
anine@@andand Auanaetuna snadies Sminisoian
2. luiser ldnannwenanaanansn aLaniing a1neiiies Aamdnfinnylan Tne

er 1:!' . = ql o :‘; ] d'
Aaranianizlunuidsiuainaanasu 3 IU'Q\‘IL?NEMGNLLWIUVI 4 a3

d = o 1 o ar ‘;‘
pauil 1 maAnwAanisaiagns 2AP anlume e Wlunisdiudpannindunau

aasdraugiem wasiugisnian2 sneyesiy

1.4 Ansn3anaans 2AP aanlume
Ransanaarsninauney (2AP) Wluimaiiiuannwenauiananin Aua
i & o =4 ar ar 0 ar =5 4:1' § o . L% =2 ::
¥iaIna snaiag Sandafinalan Tnedadenanizlufividatuansensan 3 luaasy
ar :‘; 1 -4 o ull
anandluft 4 s i lumenndng vusneansreslulildaoundaslszanm 1-2
] b4 1 1 i 2
Dadluar wazduinminaugienisifiatiililatnans 2AP fadsnaudas o udaanmiu
il AasaziFann 24P Taelfirdauialasuninsnsiefuasinuaanaidaans qu)
IWRZANIY (2545)
o ar -:il :31 2 - 'S e B = = =
1.2 vasanandluseanaan funidinsisiaiBaue naanIHLaTIauyise
1.2.1 AUNIBAMN
= |
. AUuiA
- @ (Hunter Lab $15 DP 9000)
b7 =
1.2.2 Gnaadl
« AnAaiiunsa-ana Iae pH meter B%e CONSORT 31 C 830
« 130101 2-acetyl-1-pyrroline (HBAyTUAZANY, 2545)
1.2.3 fiuqanuyia
§73
- qAuvisEManun 1neds Plate count #8813 Plate count agar (AOAC,
1990)

. garuazsn 1nens Plate count A81B1115F Rose bengol (AOAC, 1990)
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1.3 tszgnildansaiouazarsdanmzilumsyinlgnunwitundurasdniugdaumi
o g )
uazriugivalan2
o o n’ [ e 3 3 3 3 o &8
nansana 2AP analdiAnaslundiansdnossudnamapdindraiugiaum uas
[ 2 . ﬂ] ] o ] 2 o ?f o
wugRungtan2 Tasldanududuiunndniuedtinien 3 sziu aniuneaauaninai
C’ ] [ o o . .
Wil (B 24P Amdeatjludrondanisyadu) uaslszamdndalagds 9-Point Hedonic
‘IJ o 1 o = é o
Scale uazl¥fimasanialildaan 50 an WagnisaenFuaasdiisinauazivadnidan

J ] (74 :}1 ] cj
1BunninmunzandamsunisAngadusiell (neuh 3)

d ey =y ar -3
Raudl 2 MsAnEANTANINENIY il ussaintanmassinaenenuz@105 dr10iug

Feanm1 uasiugRmnlan2 vaneuuaznaanisaiy

e | 1

b ]
wiliialfifludeysiugmuaniwwemalunsulaniouduiiebifinainas

2AP uaztilaiinsiinans 2AP udadaniRladimanlaemaalas dulaeuulaailllunignng
t 73

WA 3 fugusal
o o’ = & e ] ?:/ o = o’ dl
AmFunsitassianiRduiie T Iiihdnmanenuza10s udmuguine

W Reudauiudnaiugioumt uarivnlan2 vaneuwssudanisyasiu Tasdhausiasing

AzFBNagNITNLINIYNGY

2.1 Anrigninmaaedng 3 anaRugriaunisyasiy
2.1.1 AIUNIBNIN
- 1nanazgtinadnans dssnavsan
- ANHE9RINEARA (Length) (Dipti et al., 2002)
- ANNNANTBINAR (Breadth) (Dipti et al., 2002)
- §RPIEAUTININAMNENIREAINAN (Length-Breadth Ratio,
L/B ratio) (Dipti et al., 2002)
2.1.2 finadl
. AT (NSNFTINITINE AT, 2545)
. AM3aaneAa AN (Alkali test) (NTNATINTTINERAT, 2545)
- Buezlulag (Amylose content) (AOAC, 1990)
« 13unulalsin (Protein content) (AOAC, 1990)

« 1Fan04 2-acetyl-1-pyrroline (WadusuazAE, 2545)
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2.1.3 AMWARNIBAN
' 4
- anunilazeutlidinnlaeldiATas Brabender Visco/Amylograph
(NFNAFEINTTINHAST, 2545)

« AnuAIFaTaauthgn (Gel consistency) (NINATNERAT, 2545)

2.2 NASIETAINNEDIEID 3 AIERUEUSINTMIGN
2.2.1 AAUNBNN
» FEHZNAINTTINGN (Cooking time) (Gujral and Kumar, 2003)
. ﬁmm‘ﬁﬁufﬁu (Volume expansion) (Gujral and Kumar, 2003)
» % NISHARIAINENTBILNAR (% Elongation) (Gujral and Kumar, 2003)
- % NYSAARIATUNS1TBUNERA (% Width expansion) (Gujral and Kumar,
2003)
* % mi'@mi’l (% Water uptake) (Gujral and Kumar, 2003)
2.2.2 fnall
. AL (NSNTNNINTAT, 2545)
« ANN3ARLAI LA (Alkali test) (NTUATINITINERAT, 2545)
« 1BuuT1lsfv (Protein content) (AOAC, 1990)
- F1n04 2-acetyl-1-pyrroline (aaguazANY, 2545)
2.2.3 AMuANnIENIN
« Agamiinaeauiliinalnel9iFae Brabender Visco/Amylograph
(NTHATIMTINBAST, 2545)

- ATNAIANTBINNGN (Gel consistency) (NFUATINNTINHRAS, 2545)

AAUN 3 NTANTMEMTANNNIENTN ATl taTinanaw wazqRunsdresdaiugiaum
waziugArolan2 ndanisuesiy Hamuas 24P Tuanieyain ulFaniauiudinaonen

0zA105 Whaifinsiinans 2AP LazANHIATMNAIMUIBINAUNEBNTBIAT 2AP NAINTYIAN

$ 73
Aanziannndunienin il ialinnennqdwituazlszandudaansions
9
2 anefuguBouieuivsoaunn (neanenuza105) naansyas fsil
3.1 AIUNIENIN

+ §281Z1989M3UEN (Cooking time) (Gujral and Kumar, 2003)
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. ﬁmﬂi‘#tﬁlnﬁu (Volume expansion) (Gujral and Kumar, 2003)
- % MTEARIFEIULNIIBINER (% Elongation) (Gujral and Kumar, 2003)
* % MSUARIAIUNINTBANER (% Width expansion) (Gujral and Kumar,
2003)
* % msgﬁﬁ'} (% Water uptake) (Gujral and Kumar, 2003)
3.2 Amuail
. mﬂu'%u (AOAC, 1990)
- Yianoueluiag (amylose content) (AOAC, 1990)
« AMNNFEANEG AN (alkali test) (NTNITINTINBAT, 2545)
« 1B aulalsin (protein content) (AOAC, 1990)
« 15110 2-acetyl-1-pyrroline (a1 uazAnIL, 2545)
3.3 sinuatimeann
. m‘muﬁmimLLﬂﬁ’]‘JTmﬂ’l"fLﬂ?‘ad Brabender Visco/Amylograph
(NSHATNTINBRAS, 2545)
» AYNAIFIIBITNEN (NFNATINTTINBAT, 2545)
3.4 fiqauise
- ARV T 1neiAa Plate count Aa8a1une Plate count agar (AOAC,
1990)
- tiasuazs 1ned3 Plate count fiaam1uns Rose bengol (AOAC, 1990)
3.5 ANEIANAIMLIBINANENTEIANT 2AP HAINITANTAENI TN AGa1MN
Uszdmandd
¥ nsneanindanssoiun (Quantitative descriptive analysis) HansARLAaN LAY
Hneludilsziiin (panelist) sz 10-12 A uiazALAzHatAuBA AT 0T
AndNEnIzshe] oA TR Idaniige amfwinnsdaRanmdminiduiiaensuses
au1inlungu Iudumeunistindluazil A20ENIATIY (standard  reference) dafinel
flsziinusazmilifiacnudnlanssiuisindninanuuazndninusinislinzuuuseans
azAmuanuz tarInslssiivazuanailuazuuues ﬁ'\ﬁ'ﬂﬁﬁﬂ%mﬁﬁnﬁmxﬁmj 189
u§mﬁ’mﬁuﬂuuaﬁ‘lﬁmnmsmnmua:tﬂuﬁﬂﬂu?ummnzjué’ﬂ?:tﬁuﬁwum
G UFININAGELIAYIIAILTAINALMENTRIANT 2AP ndan Ty diug i) iiaild
Tumstfiuinendnon 3 areiuudenisuadin wiseaniihy 2 aniazie Mnasaudoinly

=3 A = 3 2, o 3 o 1@ [ |’:’/ = = 74
Wiufguugiies (Fa 3.5.1) uaziinisnaudniirlludifiy udsaniuasmasauia (de
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XA d P :
3.5.2) Miliftefazgdin@dunenaaadis 2AP daasagludrauuminlauazaniazniniiu
Snuwuulafunzanlumsinmn@unanaes 2AP Tiuuiign
o A —_ ar
3.5.1 iuinmigoungfieandapgnudn (Jszanas 30-32°C)
- 419 3 Yiug An 11eanNA105 Feuamt uaziitolan2
o A 1< 2 kg
- mauznisivde wuluwiayadne
ast 173 o  af © & =] ot b7 [=3 £ 24
- AEnmamagaumsdnnlssamdnda idn 3 sandaagnudaivlunde

&

' L 4
wdauaziumagauiugng 1 Falae sanvisdn 12 Galus

ST 1 ar 2

3.6.2 uinngnunagifiunaansgnudn (1szinns 4-6°C)

a % L

- 419 3 UG Aa 219A8NNTA105 Faum uasisnlan2

- MuENIsiiuAe gananginglianuiauuasnasanaraanginign

Iulasianls
- AEnnanaasunnsulszamdudauisitadweanily 2 gaRe
409 1 419 3 MavsramataRnTianian anguiaunagey
u
g0 2 419 3 afisussanaaanarafinafiadinlulasiowld g
NEUNARBLITN

- naaaudunn 1 F9lue :ouivdu 12 dalug
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NABAZIAITOIHA

o

= ac o ar ar oy Qs 9 9 as
paudl 1 Aensannansvananlunedmiudiudganfundanmsnssnaasdnanug

daum1 uasvugnsnlan2 ldlnaldesinawugunananuza10s
1.1 FansadnaisvesanlumedmsulFulganau
i lumssnsiumuanelildawn 0.3-0.5 wuweg (nwd 2) deluime 20

L4 J ' H o
nFu uaziIndu 200 Aaddns trlUndu (nani 3) FaeninFeu (auvni 10042 a0

1
= = o

waidea) hiaan 60 it Ideaumaeinduios e 120 fadans Faiaiutaiamed
Bunnans 24P wudniliBuam 002 ppm. aeilAadandnAafisassn (1 ppm) Tag
Laksanalamai and llangantilek (1993) %aﬁﬂq@§uﬂﬂﬁuﬁu§ amu'ﬁﬂ@n BIN1A NTYUA
1191 LAZABNATALAZALATIET 19 Bhattacharjee et al. (2005) Anwn1sld Supercritical
carbon dioxide #NA#s 2-acetyl-1-pyrroline 'amnlmmﬁlmmq:ﬁﬁﬁa;mﬁammﬁ‘fu 450

11§ AN 60 aeAsaaa uaziaad 3 GaTue azld 2AP winffu 7.163 ppm

=-1% & ' : ' o ”
M 2 lupeaaiumuaneanawillanagsisuilsanau
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1.2 mMswnssiauliRdnuail nmanmuazqdwiEtdresaranaanlume

sansanaanlumeiildlude 1.1 nmageuaniintenienin @) wil (el
N5A-A19 WaziBunns 2AP) uazaAuvistl (ﬂﬁuﬂ?ﬁﬁ'wm UAZEAMILAZT) HALAAIAIAITI
76

gutiRavansannan LA (mmﬁ 6) aAEnanduEaemnFaunLdiia L, a*
Was b L 10.14, 346 ua 0.98 Anuddy Taaadliffudtansainla Lifid fdpanande
Nsa-Anaingy 5.53 FaugsslidiudngsanatauiRilunes $151100 2AP Wiy 0.02 ppm

2

Faliinfunenunansaiia uasnudneuaRNYEETanNA 1.87x10° CFU/ML willsinugiaiuas

1

= Qs W = a ¢ o
M1519% 6 AUUANTULAN ﬂ”IEIJ'I'T’NLtﬂﬁ'iﬂuﬂiﬂ‘ll@&ﬂ’l‘iﬂﬂﬂ"'\l’ltﬂ‘uuﬂﬂ

AUIRA Al
ATUNIZNN
a
L* 10.14+0.02
a* -3.4610.09
b* 0.98+0.31
fLAN
ArpElunga-Ang 5.53+0.32
2AP (ppm) 0.02
ARRUNTE
AN (GFU/mL) 1.87x10°
flasiiLazen (CFU/mL) <10

L* A8 AINE9197898 1147 0-100 (0 = AA1 uaz 100 = @119)
=~ ~ = = 1 =i =]
a* Aa AnuiudFan-Aund (A1 a - = e uaz a + = Aue)

=5 =} =5 =i 1’ = 1 = g = = =1
b* A8 ANNUTTUAWADI-ANINY (A1 b - = AU UAZ b + = ANA)

13 mslszgndldansainanlumelunisdfulgagunwdtunduassdioing

daum1 uazhinoian?
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1.3.1 nsAnsrzazawNizandmiuldatsatnanluwmeluszudng

naayzesdaiugteumt uasfinnglan2

&

Wadszgndldarsainanluimelunisdfullgequnindunauassdaoiug
deumt wasiughwailan2 azlddomgniiuss lunisuzanuou 20 nfu wieunaaauniu
wanaasdig (nwd 4) Tnaldnrsmeasuuuy Hedonic scale 9 point (1 = ligaunniign

waz 9 = gaunnign) uazldtmaaay 50 Ay

=] as ' as a
NINN 4 nﬂﬁuzu‘é“i@g Iﬂ"J’aEl'Nﬁ’]ﬁsumﬂﬂ@ﬂﬂ@ﬂ‘iﬁﬂﬁ%@ﬁ'ﬁ’ﬂ

1.3.1.1 roiugdenn

draugduumt s lunisgegn 24 il nanisAnmszazioanfimuizau

o

dwmduiangsaninanlumeluszndnanisyereasdiuddewint wudanassinarsaiasin

g '

Tumenfiaainiswesiaeinuhl 12 uag 16 wd (n i 5) Tiaziuumaugauduna 8.1

5
o  ar o = -dl 1= i ar 1 =
WAz 8.25 fiuanal %walusmmwmnm‘ﬁfaumnmgm Tﬂﬂ‘NNﬁQWNLLﬁ}ﬂmWGﬂHEHWQN

L]

as o

Hed1Atunana (P>0.05) lmnsasanudiadnadugdaumt Ainarsainannlumealy

I 1 H
© 1 o o

= Y ve v = P - | Ao
IA1 0 LAy 20 1M LﬂTUﬂZLLuuﬂquﬁﬂUmr]“l«lﬂﬂumqﬂqqylLrJ@q@u"l ﬂﬂqQNUHﬂqﬂﬂJﬂq\j

405 (P<0.05) antiuiagan 4 Wi
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810a 825a

8 6.75b
595c¢c 640bc

6.

4 :

.l .

N |

; . -
0] <

ILANENFANFRNLLLAE (1)

PRELBUIUA NN TR
o1}

1
=

1 =ligaunniign uaz 9 = TauNINTIgA

q

= o

a-c AnuaNuAnANMI@asANuANANT et Tld1AuNeaia (P<0.05)

= 9s a o e o ar a a v
NINY 5 AZLUUAINTRUATUNAUTDIUIINUELEUINT NLANFISHANARIN bULAE LU

L]

= ar
LIRTVIAINY

INAZILLUAMNTaUNINdszandudasunaui lluanssiuagrefiiadAty

[ ¥
=

WNEER (P>0.05) T1taan?t 12 waz 16 wnd Aevanimmasauiudy (NINH 6) LB
sepR R aNG WIS ANEdaann U IneaanmsAnasainaanluas Aa
namaspadusindlal 12,13, 14, 15 uaz 16 Wil nudrdnageuliazmueanamaufnunay
@;azgm?imm 15 W1 ?aumnﬁmmmqmﬁuq atiailiiig 1Aty 19atii (P<0.05) usinisiiu
ansatnanlumetinaaii 13, 14 Uaz 16 Witldsuazuurasau dunalaiunndraiu
atwiiadAtyn1eaia (P>0.05) daunnsiiuansainannlutaelianiil 12 undiiilésy

]
o

AZWUUAYINTBUSWNAUATNEA (P<0.05) atisnaimnasaudmiunisiiuasainann

D.

Tumgludnoiuddaumt Rallaainisyesuiaulyl 15 wall anszazinainisegn 24

5

=
WIN
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9 -

6.75a o o

i MuUnreIUA

8 so0p  ©10b 560b N
% ;' 5.15¢ -5 JUL 2011
£ 5
i 3

-

14—k I EEN =IE == ==

12 13 14 15 16

IrmLERAESANERN LR (1)

1 = llgauanniign uaz 9 = FeUNNTIgA

q

a-C ANHINUANFANAULAAIANLANANIDENTIEAATY N19aDR (P<0.05)

= a s o i
NWA 6 AZUUUANNTBUAUNANYBITINUETEUINT MBANFsannanluLnely

= as & e
LIRATNFANNENU (N158UEU)

1.3.1.2 dougiwolan2
draugiwodan2 Tnanlunisyegn 19 wii nanisdnmssezaAimuzay
dwduinasainanlumelusendnaniseresdniugivnian2 wudinasi@nansann

l:d g 1 1 i QI
aanluwmedarnainisyadineull 9 uay 12 widl (nwdl 7) Idasuuuasaudunay

i Yor

qeqainiuRe 7.85 (P>0.05) wildfuAzuuuAMNTaugendINeatan adeilidAny

N9anA (P<0.05) Aoudraugienglan2 Mdnaisanaanluma g 0 uas 3 uni

e kY l:l OI (. 1 d‘ i = o O & = v
1m3uaztmumm=ﬁaumunﬂumﬂmmfamx‘mu'] AL NNUL RNV WNADNF (P<0.05) &Nty

'
o 1 =

Aathaiinasainanlumgiiananssuigll 3 win fazuuuanugaufIuNEY

H
L ' ] ar ¥ =

dumndgaInsivetiBingasainanlumeiiatainasyesineinulyl 15 wiil ednadl

WedATYNNaNRA (P>0.05)
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FELLILIANNTEL

0 3 6 e 12 15

IILENEN SENFRINLLILAE (10)

1 = ldgaunniign uaz 9 = FauNINfign

q

a-d nssnwanFfuLaaANLANsiuati s Tlad A UNIeadR (P<0.05)

=l . s i s
MAN 7 AZBUUAMNTALAUNAUIDI IR USARNLAN2 AAngsannanlutaaly

Q q

LIAIIAN9NY

anAziuARTaLYNslszamdniadunauiiviniulueanfiuaisaiaan
luime 7 9 uae 12 1T AminnevageUEus (nawdl 8) EITLEIZ I NS AN W
nsAnansainanluee Tnanainiaiugisainainluwme Aaloainisusuraull 9, 10,
11 ua¥ 12 1 nudndnaset Az TR LA UNANRIRATII6T 9 waz 10 Wl dal
wansinafet Wil Atyneatia (P>0.05) LLﬁ'zgqndﬁmm'éuj ad9lded A unaana
(P<0.05) {daniiaan 10 1A Lﬂus‘:ﬂmmﬁmmmuﬁqmémé’umﬂﬁummﬁ’mmnlnLrﬂﬂ
ludhovugnotan2 iefiaglfnandusuiuarsaiaaonlunsiissesanieaiudng
fufieum dediaufuszazaainimagn AadnaugdeIm Fuarsaiaanlumed
watnssaenull 15 Wi uezldrzezoamegn 24 unil doudnoiugRnnian2 Buans
afmannlumeiinatnisydainuly 10 Wil uazldarazionnyagn 19 uai fednarieans

WugidosnaiannsinasainanluinsaunssiaiesrazinaInaRgniviniufe 9 undl

26



9 -

81 665a
585b 560b

6
5 1
4_.

FRELUUATNNTELU

34

2 4

1 ; "

2 10 11 12

LYMLANESENERIN LGS (1N7)

1 =llseusaniige uaz 9 = sauNINTign

a-b AnwshuansniLaasaRLansinaiuaenlitadAnyneaii (P<0.05)

=l 3 ar s a
MAA 8 AzUUUANNTALAUNAUYIBYTIINUERENLAN2 RnEsannanluaely

=l o o ar
LAIRNIA9NU (NNFEUEIN)

132 naAnsBiuasaiaanlumefimnzandminduadl lundanedo
rasdnoiuiteumt uasivolan2
1.3.2.1 dhaiugdeum
miﬁnmﬂ?‘mmmmﬁ’mmnlmmﬂﬁ'mmmuéﬂui"uLﬁum‘lﬂwﬁﬂm%’qwm

diudfanamt aanuantsmageunlssamdudasunfulaanisTiaziusmi 9-Point

i
=

Hedonic Test wud1t5unninasiangnsanaaanlume® 100 Hadans (nan# 9) ldazuuu

AN TELATUNAUGINGINUTIBN 2eialiTiiAATYNN9EDR (P<0.05) TaeiAzuuua)
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Rehman (2006)

- fnmpanssuvaaganiiinaznauiuinisenumng
Tawmnmslutnama ez Nilnalasaamagiinly de
10,25 Az 45 °C 3z0z191 0, 3 1Az 6 Mo

g o a - 4
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- M (Oryza sativa L.)

y  ma s o
- ¥1INMUNAY (aromatic rice)

(Basmatic, Kaorimai, Jasmine)

v ey 1a o il
- Y1 hitindu (non-aromatic rice)

{Chai Natl, Phitsanulok2)

A13 1 2 51Und 2-acety1-pyrroline 1uing

fllurg Umwvoa 2-acetyl-I1-pyrroline (ppm)
= RN Thndea h
Khao Dawk Mali 105 0.07 020
Malakit Sungsong 0.09 0.02
Basmati 370 0.07 0.17
Azucenz 0.04 0.6
Taxaslong Grain (Y11 l1iivu)  <0.008
Carose (¥12hainain) <0.006

NIt AN IMEAT, 2545

2-Acetyl-1-pyrroline ot 0
N\, /4

Formula: CH,NO f \

DW: 11114

Odour Characteristic: Roasty, Overheated meat-like,

Cured ham-like, Sweel

a =

TFNINaHNDIIVEE 2AP

-Tumu
- AON¥UMIN

el =) ¥
- iiiomSalan

b

e \ : Pandanus Palm
4 P
gﬁ%’ﬂﬂ]ﬁ]ﬁﬂ‘i : Pandanus amaryvllifolius Roxb.

z
3311 : Pandaceae
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-lunw (Pandanus amaryliifolius Roxb.)

- HAIYad 2-acetyl-1-pyrroline (2AP)
- organic volatile compound

- sweel and delightful flavor

Paramita et al. (2005)
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- fAmnnsly Supercritical carbon dioxide
.
- TNATI 2 — acetyl - I - pyrroline anluia
I3 o ar
-Wmsazawdmodihsiaia
-annzAlFlumsaiail 3 dnlsia

AIHAA50 115, gl 60 °C; D3 ¥l

Sugunya et al. (2004)
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- FenAnedSugmmgli 30 ez 40 °C
-1¥aniou 40, 50 naz 70 °C

- NITMNRAR

o w v v A
e iunIetaly 10 Kiou
* 133110 2-acetyl-1—pyrroline 0Aa3
* n—hexanal 118 2-pentylfuran (nﬁué’u) lﬁll%u

a A a o Y
*NTNIIL 70 °C 1Ma@d 2-acetyl—1-pyrroline HOUNID

Natta & OQrapin (2007)
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121 dnmismm
- ff (Hunter Lab 311 DP 9000)

1228 wmil
- mnannilunsa-a1a 16 pH meter
iffe CONSORT 11 C 830
B INo 2-acetyl-1-pyrroline (Y3] HAENMZ, 2545)

- a d
123 fmgaumid
- el e
- adum3onanua 1au3s Plate count
7091115 Plate count agar (AOAC, 1990)
= < el
- tiasitazs1 Tau33 Plate count

A71911M3 Rose bengol (AOAC, 1990)

ONIUMSNARBIIYY CRD YINSYAana 3 91
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Range Test (DMRT) fisedy VA 0.05
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szinm (ezlulag) 1By ez luTaaludnoans (%) anwuzdagn

3 =i =4

H12miien 12 WEIHIN

9 ;4 ‘

f19180
AN 2-9 a9 1N
A 10-19 w91
thunan 20-25 vu-Aeudnamilen
4 26-33 F2U-UT9

AN NTUITIMTINEAT, 2545



15714 2 naswislssanaamudsnmazlulag

Nuging 1Fannezlulas (%) anwurdign
MRaNNER105 10-19 MiE-1n
Unusnilt 10-19 ROILERY

T URNARBIVAN 10-19 a1
na’ 20-25 Aaudinagan-liuda
ANTTOUIFE0 2025 Anndreou-liuda
denm 26-34 fau-uda
ANTTOUT 26-34 U9
firoylan2 26-34 FU-WHa

AN T ANLET, 2546

A1519 3 UFsnaeas 2-acetyl-1-pyrroline Tua13u1IMAZININADS

15108 2-acetyl-1-pyrroline (ppm)

g - — -
119917 41NADI

Khao Dawk Mali105 0.07 0.20
Malakit Sungsong 0.09 0.02
Basmati370 0.07 0.17
Azucena 0.04 0.16
Taxas long Grain (“ﬁlwhjﬁﬂu) <0.008 -
Carose (f1alsiven) <0.006 -

N3 ﬂi‘iﬁ’i‘i’m’!?m‘iﬂﬂi‘, 2545



2.2 AnuAwRarasuilegn (gel consistency)

Tuszwinadnitiierhilaagedaniu daiirnauandsiuluinnninmdagn v
b7 P e (=3 d‘ 2 < (3 PR ' . o
Fraisiudhanuiaiienaanudaazudandriaiiiuthgndeu mamdiacuasiarasuilgn
Thiandanilildlunmsaaazsaunmassintaaiassaznsdiulgnlualldiannsoy
4
F19911 anTASadNEE (Intemational Rice Research Institute: IRRI) diwialszinm

soatamuAAsRaTaanthgniihy 4 dszam Mauanilunigia 4

A1579 4 AnaALAdrauilegn

ANUAIAITaIUTlgN szoznsiuililua @iaduing)
Yy wda fnda 35
RIVRRIIE 36-40
unang 41-60
aaU NN 60

A7 NFUATINNSINHAT, 2545

=4

aanpsfaasudlaaniniaomdiusunduinBnueslulagdmndadnaii
IBunnecluiaawiaduadeiiamuandtei falu dadadanaseraliainnzamuniv
k74 «r ;7 c!‘d 3 ] or -3 ) s E—id
nswefutasinlszniusgadnoiiiacauansitsreniinoeslitaasndnaiug v 190
ar 2 =1 3 [ =i 3 =3 ] L s:;d ar k2 I
anmasiTeuilgnuisndnganaziifngnuiariundvdiniliannasioreulgnan
dJ =3 or k2 t:' =4 o t 74 s = § = 2
3 s siusnendaotiuiinani Wiroauawsi reuignudaa (NUITINISINEAT, 2545, U

12)

2.3 qmﬁg_ﬁuﬂqq n (gelatinization temperature)
o T y oo 5. N
uilsfuaauseneglniniiadas inaofausulsgamplisziumiiauilaznlaau
L

ar P ¥ ad”d i o ssl = o ar
andnsasivuaniullsala guugiiiGondy gumgiiuihgn Faitannuduiusnu

srpzaniasmaiiuiniignimauinlssnndomnngamgiiviigniu 3 dsaaniadas

U519 5



A543 5 ssinnaasinawismaszauamuniivilan

Uszinmassinonuszauguuniiuilaan qmnq:‘]ﬁuﬂqqn (o)
i 55-69.5
Ununana 70-74
4 74.5-79

=4 -
N NTUITINTINTAT, 2545

dantiaumgiindlgnaazegniandrditaniigumgiiviliangs nsaiaazusEi
anmpiinuilignanainlasmsmAinisaanamandialuse  (akali spreading  value)

(MFUATINTINEAT, 2545, nii1 13)

2.4 Yalsmau (protein)
TuwdadiudasiilBuallsiutaanduilauinusdiFunalilsAuiinansznusa
| I T . - b~ R T WY
AN wdagnEntien e niugannaenura1os auiElnanuie ldadudiany
¥ 1] 7 1]
WBunezlutagm wnudadnaiitlsiugeaziiingniinssiauasiidaaindidnanillssin

AN (NTUATINITINBAT, 2545, U 18)

2.5 AYINLANUAIUD
ar . < d. (=2 k74 = d‘ é’
nauaanasifutisg nreluwant1mazifinnisulasuwlestulnaanislu
<3 or =3 ‘:i = 1 é’ o 9 s:l-:icz
SLETZIIAT 3-4  LA9U NEINITIALAEL WAATI29199 U U IHANNINNITARTYE NN
o W o ° » o o = = 1 =
wanbignuuasinaialuszndnansiiv msulasuulashusdadnnfaiuainmounisy
Wendes 3 eaddsznavde ulls loiunazlilsdiu dauanalunaw 1 jiseneendiadu
. . ar © = ar o o ' nz: &‘l’
(oxidation reaction) weslmiuinldiiansalaiuaassuazinliansngy carbonyl WA
4 . . - T T
Fafluammnasanaiiandualuitan  nealafuassilasinljisaniulusnaaes
alulaanarailuanslsznaunsalai-eslulas uaziinasanisnassaseadiauily vl
é’ ar ar 9 (=3 é’ = ° o =
dleduda (texture) T83d1agnudniuuararmilananas dmindausaslilshuay

Walfizannsinesndauiunsaeziity inlkinaseniswasiresdiauiladuinniv
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nsaloiu uananis uﬁmmﬂﬁﬁ?mmﬂ?mﬂ'an%muﬁaﬁﬂﬁmﬁ“mﬂﬁlﬁmnmmﬂ::muﬁﬁ
sapiuzimiiuesdlsznenanas Fliinausasinaulaeny uﬂnmnu'iﬂ?ﬂummlmnﬂ
1fji5e non enzymatic browning waziinaliduasinondas manlamulassine wienid
sliarindannmnissiuuazdnognuandiaindalmi fe Frauindieanisiaanly
ANTYIFUUIUNGD ﬁm’mﬁqmm’lun’ﬁ@miﬂ (water absorption) uazaee1Fuas (volume
expansion) L&xnnd 1 In TZmaEiuaaasiisesds (otal solid) anaazdraaniog
wazudedu nauventesinana nEadaifidasasiinsnAwiisarasiagnanas
(N9IATINTINEAT, 2545, Wi 24)

- nﬁzmumﬂﬂéauuﬂmF}mﬂuﬁﬁmﬂqmﬁm‘ii’mluizwifmma‘LﬁU%’ﬂH’lmmmaa;ﬂ

IARanw 1

2.6 nsilslganugen

m?1J§U1Jg\1ﬁ1‘;é}i’ﬂimmsﬂ%’uﬂq@ammwLuﬁmﬁ 2 AN A9 ANNINNN
AENTALAZATINTHIN T YIFuARaRIUNIsTIlTEI AN rlszaauae (1)
swanazglisaaunan metaauaanisulive filefaanudanguanetiaden
10 Wan %ﬁq‘ﬁﬁammwmﬁmﬁmiﬁmmaiﬂﬁnnfiﬁ 7.2 FaawWRAs (2) nedld (chalkiness)

= a4 a = 1 & e ar « 4 . y
Lﬂuﬁmfmfmuumqma"l,ummmmmmncmnuﬂamaluLmammmﬂmmuﬂmnmLﬂuﬁiﬂa '
[ d’i or [—3 9 ar = b 2 -ﬁld e 7 W oy ~ 3

AMIALANT] T m?ﬂmﬂ@aqnmwmemmﬂmﬂ‘an‘mqwmmLﬂuufaﬂ (3) AMNINNITE AD
Bingnagnsuasgiuionldainnsddtanlaen (nnidasnisnnes, 2545, Wi 26)

-3 o 9 9 x_l:' e & oAy =4 (=3

mmuamm‘wnqsmﬁmmﬁmmwu@gnumﬂﬂ‘:ﬁ::nﬂml,amuummamu’lumam
fail (1) Bunezlulaa m:mqﬁu%’wqﬁﬁiﬁmmﬂﬂuim@qﬁmmsﬁmmﬁ'xmnua:tﬁﬂ
gnazldidansomy] lidaBuasuanuazaunie tuanzidnezlulaganiuiawmilas
meaaiuduAeuashifumia 0) prvrsiaeadn el consistency) FraniiAANAIRIaaU
d' $r ' U 9r ﬂ'd L] ar =3 3 ::r = 1 ar
ilagnudaaziinndidianiiAANALLT windnansassiiFuiuarlulagaddluszau
e (3) NMsEnRIT8Nand194n (elongation ratio) TTENIWNNTUEGIN 1T WaRT1Re
genasadueadasiiiudnmumia (@ padd, 2542, Wi 46)

= ar = = =9 = o o o i
A7ANA AANBTAIAT AR Aanadn UATNTIAAT] WU UTel (2547) RNNTANEN

44 oy = =i 2r ar '3 =; ¥

msuanuulasreauiAn1AiLasANIENNIDITIINUEIIABNANTAT105 Tuszndng

MafuFNETguUME 25 UAT 37 BIANLIALTEE namsnaasanudifanssuaaaaulel
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v ¥
weavhazbuagaasdnifiuline 2 gomaniivind 0.9-7.8 uaz 0.9-9.6 U100 niw mMiaaL
t e 2 t:; [ -ﬂ. =y = = c-: 2{ 9 :; o er -dl
wmasaadredimasiiumanmyli 37 evwnaides finoaaiu doudraansitiusnen
aumpil 2583 aaEas i unaahmaiadasadluszudnamaiivinm auanlifay
wilnialneAsesinAamila Rapid Visco Amylogramp (RVA) seautlidnaasnudniidn

q' a: . < o 45' -3 9 vd' ' =
LU UTEVI NN ?LﬂU'j‘ﬂ‘tﬂLMﬂLﬂUﬁﬂQl‘JﬂQmﬁﬂuNﬁ;Q
o <l . 9 s
a3Alsznau mstlasuulas HARBNTUIAN HARBNITAN

utlh —» Ginusaneiuszundng micelle  —» SUSINIVBTBANT —> Wiaddassinogn

arssznaunsalaiv-orlulaa
Enzyme tiasgl
T 5 nsalmiudass
Ug"ﬁl'M‘ Hydroperoxide ———» Whnfnuassawe
anssznau carbony! carbonyl
nau
Ujisenisisinaandiau
sy ——> SH.SS amFinumssavedamad
\ é’ué&mawaqﬁwmmﬁnuﬂa——b-Lﬁﬂﬁ’uﬁmaﬁqu

Ufjnseszvdiilaan

h 4

Awasinogn
< m = 3 @ ar
w1 maulasunilasansaiiniesnantndlussninensinusni

AN NFUIBINTINHAT, 2545

Kaur and Singh (2000) Antnissanssatndudeusasarlnlaa-loiu studninis

yasuiledinada naslafusivufae nsa myrstic, pamitic LAz stearic uazldAnmAmaIR
v ¥

msacaanaznisfiadminuile WununsalanfndnlAsfeaas 1.5, 3 uar 4.5 wing

L]

J ~ 13 or
yedfufignmgii 95 eadga@aa w30, 60 uaz 90 Wil sngdn mssudaseseslulad-
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» 2 t 4 1 ¥ N
st Wiadu dmsuauannsalunirazaaiuanaaiiofiuszansesnsaloiy dounig
s o X g = i 5
sansreterlifasuaznsalafafivguiladiuszesnalunmedin uaznindiunsalniy
3 L4 = - 5; :’3’
mbigampiilunisiiaraaini
Leelayuthsoontorn  and Thipayarat (2006) Ansnisulasuulasitiadudauas
Taraa¥raesdanannsaluaniaznismasiusngg e ldamumunii 80, 100, 120 uaz 140
S IATEa AINAL 0, 0.1, 0.3 WAE 05 KPa Trafiysiudanguupiigeazijy wandn
i iladeadaniAaed Scanning Eleciron Microscopy (SEM) nudngiiswnaluajiuuas
X A ¥ s 8 L X S\ : = s ‘e
wnnnsunduluiiaite diatuenmgiitiadedunenaziilugian nsniinafeanBuz
Y = o o = oy A o=
meuen e A Gedua Wuausianudiinaiisadmisnise bidinaiae
Rehman (2006) innsAnssansznuaasgampiinasszasiaalunistiuinmsia
auAmsltnnsludnoad Folwa uazdin laogougiiilide 10, 25 uaz 46 23
\aEua 202981 0. 3 uaz 6 rew wudmamgiimafiuinsiinasensdeaaaiatlsiiu
3 A o Py 9 = o = =4 = =
wesudlidiomulan 25 uax 45 aemEados Hszezian 6 weu laduuazinesiivgads
GafulEn 25 uay 45 esmusaldas wmagudeiianmnll 45 asrgaFos isvazaan
= . e ' =3 2 = - 2 Dc: = ' =1
6 iau naAelinsfivdnand 1alne wardlingnmaiigandn 25 ssdgaasa
AN ULz 1489919 (eating  quality) dlununmngusinalilunig
saanladandavaiingzanusenresdiiFinALANG Y (NS3RTIMTINEAS, 2545, Wi
1) aunmmsiuilssnavaasiiaiinaaduiuslasasafugninawnisusi walila
ieduiadianiuanninnisiinisznuaesfiiiiog (psaueA Hgdng, 2547, Wi 174)
ar e = < 3 c!: == or o
anumnnsRnlszmuetadniludiuanuwiing uasanuuie Taaliiareaipinants
-:": ot or ) ‘ﬂl [<3 -:5 =) 74
wadund (Instron food tester) u,mmsma‘%ﬂﬂuwmaﬂsmmmqmﬂa nasmsaageuinnla
Jszanéduiia (sensory) AnmouzdtavegnilidFinlszidiuhe ndu (aroma), nAurd (flavour)
VsasaTA (taste), AN (tendemness) WaAMMULTINFaNgZAN (hardness), AIHLNNG
fiaffi (cohesiveness) WiaaAUIMLEIIRAMS (stickiness), anwuzilsng (appearance) WAz
AT (whiteness) 1397 (colour) Taeliazuuuludas 2-11  dwdudanndndu uaz
6 Azuuu AWFLEFINA (830196 1WtANG, 2547, Wi 174)
am = 7 - = (4 et
Lee, et al. (1995) ANHIAMTANNANNIEATNTIDITIILATHUAR LTI WLITT1INY
= 1] — :’.’ or X ar ar d' 1] ar U (=3
madduusrhidiunaaFontuazidnsuniladudandraiulnoanizAiauuiues

5 s g 4' 3 ad'd = =3 = ' L) .
mm'muuuma‘nﬂum’mwuﬂ’l‘nﬁi‘uuﬂﬂﬁﬂuuﬂ’m‘mﬂm ll(ﬁ"lﬂ’]ﬂ']ﬁ“lﬁﬂ?lﬂ‘nlﬂ\nﬂﬂﬂﬁﬂqq
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Tudmddunaadauiisteandndny bidsuuaadon uaznmegausnuulssamdndanns

L7 L2 d‘ — =4 =4 2 [ =4 = o v 3 d'
Frungnnuininiduuaadouiazuuuiumnniuazanumilaafiaiunnndiinm

LidFuuaaEen
Dipti, el al. (2002) AnmraumiEniuaiinenm wazauimn1sIsU9E9
6 avuslulsvmaTananme Revug Superfast, Basmati 4488, Khazar, Basmati PNR,
— et " =~ PR PRPRE- . | A
Badshabhog ta% BRRIdhan 28 wuindnaniiamimntuaiivazilefidusnnisindgangans
¥ L 73 k74

¥ug BRRIdhan 28 dowudinaniieg Knazar fulefiuidrauiumdaaeieasniufiiiansns:
PR T o ol = oy v N oy el P
Urnganidoiugan nsfneaandi lunasein wudadiia 6 anaiugiidnsinisendd

< or 1 g 2 =1 ar -ﬂ' 8 :’1 ] ar ]
PAILL AR LLﬂZﬁﬂﬁli"m’lﬁ‘ﬁ‘}@]gﬁNuqiﬂﬂLﬁEN NuHIN dfmum*m'lﬂun’\?mmuuumq malagnudn

'
=3

Wus Basmati 44 88 Mtaanlunsasinnnungn
Singh, et al. (2005) MMN1TANEANTANIAATINEAIN LAZAMNINNITYIANDD
p 3 ar o 1 e ) . ' = L% ar & os
Frameiugeineg Inel438 Pearson correlation wudnffnamasezlulaaiinouduviusiy
d' = o s =1 o ar = ar ar '
nai e uiiavnansaiudnausifinouduiuslumafssfuiudinisgu@oses
Banosmeada gaudnisimzAaiauduiuslumagesiumnFunuesluladuazdinig
=4 [=3 1t or I ar Py
gudoranfinamandudiianenssiuiniuoarildlumgegn
Yau and Haung (1996) Sasiziiansaznnatlszamdndasasdnonean 4 aneiug
Apviuf TNu 67, TN 70, TG 189 uaz TC Sen 10 linisnaseuianssonnuasliazuuy

o 1-15 wind 1 = daw, 7 = Uhunans waz 15 = wiaun Inenisiaating 2 gramnii W

'
= =

fnagevdu fe 18 evnaados (edanududifiviignmgii 18 asrngaind i
ull -=; = = - ¥ = o ] e | ar b 24 t=; 1
24 §2l19) UAZNYUUN 60 BIATALTHA (IANUATTUFIBENNUN) Anwuzdnonsgnnli
T, = 1 24 i c: b 73 " i = < =4 73 ar o
fulszdiulaun nauaasdinagn (hot-rice aroma), = ATUWINNTANIZANN, AINNIZAINY,
AUUATY (looseness), NANT999190884 (brown-aroma rice), AIIUNIIN (sweetness),

nausesdragniiatfiu (cold-rice  aroma) LATANHUTNSABA (Chewiness) 1310491

1
= Yo

é’m:rm::‘ﬁ"nuaqfm@mulﬁﬂmuuﬂsnﬁu@qqmﬁqmugﬁ 60 BIANLTALTHA AB ANTUNRIN,
nanzasiaan, nauzairandes wazAUMIN

Qingyun, et al. (2006) feansnadevdnyauznalszamdudanesiinnpgn
90 @neviug 1mes Four-samples sensory test Wﬁﬂﬁﬁﬂuﬁﬁi’mmﬁlndu 20 A szl
aoudneuz 7 sznisAe nau sagh Sneamling Anuadng waznisdu WiszAuAzIL

%
v
o

Faur -5 B4 5 daupnnamiien wazAuwinenszdna Wizsfuazuuusiaus -3 Tia 3 1R
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Ysmedadonienn 114 wilutin 30 widi dewihlipadluner 20 wniiuazguliniou
= 4 o 3 ¥ = ] 4 ] ]

10w aihFimaseudulaonaasudaadioat 10.00 W Uaz21NEIA1 1530 U.

nsaessinEdRtanInasenuluaudniuirasiowls Tatif Regession 1EUATS

ar 14. Y vi’f = d. ) ar L = o I aﬂ. ) ar
wumanosauls Sanaildtiiasmseunuansivhlamundgiiavisanagen
3. 1aauad (Pandanus amaryllifolius Roxb.)

wemeniufislunszna screw pine 294 Pandanaceae dnmauzialilgaunavon
2o HunislwanFeu fssanns 600-700 Hia i P. amaryllifolius, P. odoratissimus Linn.,
i A o 2 & e = a4 L X = 5
P. testorius Bl. WRT P. latifolius sy Fadhunluaoafaainguilune huisamuues
MGaeadraluven taraluurauuazinun amseulu wnnatslidaan daueasiu
Faduaziignruniudundianszanye ((aA3 Saafal uaznzoan AuRddani, 2534)
e o oL 9 —N s ' 1 A = %
nangesluwmeiinauentiould Lnsuss nRuemsetusnanaluedanziusan@asale
TueAnauBailaatiunyseioilnaewsnislunslszneuaimng NAMUHUIIY
uasldlunrsusanay uananniudarinnninanliieninmisn Famus e ETITI0L
nanadn lmailassnaniunisiflueningaiala doesansnszmeniy €9us nldiluendu
slagnn= uazinmlsanmanu (lumsvau, 2551)
wieylan #a99n uazAnl (2530, 2533) nudnaemeuanuaniisiluniss ALNANE L1
= z o } 74 Rre G: o t;’ = of o
Genasynanad faludiuaas :an awiilanu waclu lusosy 3503508 AUIIRUNG LA
Tz dauui. (2542, 2543) WudNENIANNA Aot inalunARNAY LT ILAZATLAIEDY
o d‘ e A 9 3.’/ ar =i ae o T d'
$nla Sdamaanumudendon wanainilumediiianauim lunsinnsanioanTu an
W or [ T {2 =4 3 2
annsluasfadaaussmannisanasliitas iasdaviaane (Cheeptham and Towers,
2002)
H ar n.:: or 2
PANAINATIHALMIENTDUALNONUAT AMTAEMANUANBUZIBINAUANITAIN
inlinonanlEunaruiisaninnauiaialdaintues s Tanilumans - dn
= =3 = o i or
ABINA WA Wazquvid astan (2524) IimsAnedgnisainansaniung
4 . .4 - w1 & .
Wi Wlfiduansusausayws taansanalumadanfaniazaiavaagiia lGun ether,
petroleum ether, chloroform pentane Was benzene wasdtaszieantlsznausiae thin layer

chromatography (TLC) uaz gas chromatography (GC) vtudﬂﬁ'aﬁmzmﬂunmﬁﬂﬁma‘mi‘qq
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wuarsad ey ldun @17 linalyl  acetate, benzyl acelate, linalool WAz geraneol #au
. - = P o o -
cumarin  UAY ethylvanilin  FatiusshiiaauarAnlunisdsandauaasangy wu
] b7
chromatogram  liddatau witiievinluimaunaingan ethyl  alcohol  uasanAgsIGt
chloroform WAZALATIEIAIE GC uas TLC wudriBunanieauaaivlidaau
Uaays 1aFuna, ainNg1 AMNAARA LaTARD aANw (2545) TdAnmninansh
annanliandaadsnisanands laul LasAINIasaIBaunIaWSaNNY (simultaneous
o , - - n i
steam distillation and extraction) 1119 lunasuamaaliuainid lasfadsounsumans
2-acelyl-1-pyrroline (2AP) fauiumaniatlszamanrda Tadaunanimun i 3 gas Aa gash
1 #8 1.5:2:20 (carrageenan: $p81@% propyleneglycol: fataziinan) 4asi 2 Aa 2: 3: 20
(carrageenan: Fagaz propyleneglycol:  Fauaziman) uar gasn 3 Ae 2.5: 3: 20
(carrageenan: 8814z propyleneglycol: Fatariines) aaniuiiasliuainimia 3 gas
wilanalilutissnouangmniin 22 sedsaiios uavaruGuduing Yasas 69 wud
o ] ¥ o‘—r £ 73 el ar
nasantitull 4 9alug Burasans 24P anaalilfenas 77.90, 56.43 was 12.29 Auanml
dieniald 2 SumudnhisnursodiasziuniBuan 24P 14 uazislaldnagaudaanisaunidn
i : 4 . _— Y
dadinaunendau 7 2a3luae ludouseantsulasuulamisdiunianin wudn deasaan
nQ' p 73 " ar E—‘i 4 :J; =1 =i
3 gandinmuangnisldeu uazludosTun 10 2eansldu 1wevs 3 gasaziinsgads
i A . o o :
gUnsauazgoy@eiawin fanaz 90 uar Fagaz 50 MUAIAY TIRINRANITANEINLG AR
UFusnmahudasnuiinuamwbivunzaniaziundauliase dasarnnauassaasnad
, 3 . N e, . e W . .
atinvsaaFlunan 2 Au WeuFauvsnnuaatfusiniAnianigdnldinaudanasic
agn1F1H9 15-20 9u
LY = & P-4 ar o -- ar
ULIIN LAANUUN (2543) ANTINITANARITALTAIIINLAL N DY TaensAnenilads
3 {lads Ae fazars gomgli uaz pH - Aldlunasada wudn msainaisdidacann
limanensaeniuea faaaz 95 NmUNTIies (30 asangmdod) ndie pH 7 D8

ausnanna1sdlsaniiuinasnaslsiadgegn Ao 3,141.73 mg/l URTRINMTHARES
Aadanlaanismuia marsaminuiauuuvuelas Tneilads 3 1ady A arsAana1 gounail
b4 b 24 3 o e ar = ] c; 2 ar = =4 =
AUTBULTT URZAINITTALTIAIIRA ud1 antshldinesiniluginaeihs guanniian
r ar ar ar _y ﬂi
Faudn 200 avA e wasAINSIAUSIAURIRA 1.0 bar annsonaardEaa By
AaalsWadgIgn 101.10 mg/L Sunussaianazanaluinianun fasaz 1.0 A1 pH 4.47

’ U 5 A '
ANIaTatE 0.064 ANsgaraINTL Faaas 1.047 mawlasuulasdn pH 0.64 uaziffunu
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poEndanas 4.36 wamieinddeenla I lundnsnsiu Bauiisudunsliasaras
= =t 2 7 e E g o = ar rcj 27 = A P ) Py o
Adandudu fAlnalinmsoeniundnAusinlina e iR Lngngn
9 o = » o Cl
Nor, et al. (2008) I&iamsane nudnansainanlumssunsainun ldlunisi
[ = = . N . 2 o ] 3’ s & =4
ANTADHIUAYYADATE (antioxidative properties) Hlasdunismiiuiusaniniveu Ao
Ninlumsnaingas ethanol  Aapdnsndau 1:10 Meamndi 50 asAngadag uaan
8 Falue arminiandnluiuhdn Gesaz 0.1, 0.2, 0.3 uar 0.4) WA waungoingi
180 aaAgaIFng 1Thaoan 0, 8, 16, 24 wax 32 Falu anthninuinsaani antioxidant
activity 131183 DDPH radicals HanIsnaanInydi nMsRngsannanluwey fasaz 0.2
aransndudamnialiiewniviuEangs waznsharainlumgannsadudinisining
nrsuiuiiufdliasann luansanaluimeiians polyphenol  atidszunn 102 mg/g Fadl

aanm lunmaduasdesieyyadaszla
4. nauaasluing

meﬂs:nﬂuﬁlﬁnfﬂ;ﬂﬂuLmﬂﬁummﬁﬁimﬂn‘éumaqlnmmnﬂ%ulﬂri’iaﬁms‘ﬁn
1‘uLmmJﬂLLﬂsgﬂ%dﬁﬂlﬁ@qﬁﬂs:naum@qmﬂﬁngul,ﬂ?iﬂuuﬂm Tlungangisssad
ArzdnuiuFnamaninaianar 73 TaeasTEWETAIALE LA aruaRe 3-methyl-
2(5H)-furanone %;aiﬁnfﬂ:uluﬁﬂﬁngu UITUARIBEN u,afz'azwumﬂﬁ’néumﬁuﬁﬂﬁaLﬂu
msﬂaznﬂuﬁﬁma‘fmu 6 azpaulaun 3-haxanol, 4-methylpentanol, 3-hexanone WAL
2-hexanone (Jiang, 1999) ﬁqlﬁn’é"umaq’lmmﬂmmnﬁhq"l,ﬂmn‘lumaLtﬂigﬂ%ﬂmﬂuﬂﬂLﬂu
mstinlldhuanuian IuimﬂLLﬂigﬂq:ﬁnﬁ:mm 2-acetyl-1-pyrroline (2AP) (néu%’w‘[wmﬁf;,
nauluen) ussin lu mm’ﬁmﬁuﬁﬁnéu’luﬁ%ﬁuLLﬂ:ﬂfﬂ:ulum@,uLﬁm%uluﬁnﬁmmﬂu
undertone  NAUAN (boiled  flavor) Tuiglaguniiunautasanslsznaudaas iy
methional (n?;uﬁuslf?'"qéfu), thiazole (néuﬁ@uﬁﬂﬁﬂjqn) Way 3-methylthiobutanal (12138
wnegn) L msa‘:mﬂmdﬂﬁtﬁm%ﬂuwamﬁ’mﬁﬁﬁw’mﬁﬁmmﬂsgﬂ duFuanssmei
adenanlunguilnataaiiaiiy B-damascenone (nauluengu, naumann, nauaunil)
uaz trimethylcyclohexenedione (néum@u, naura, n‘a"uﬁn) Wueu néuﬂqquﬁ'tﬁﬂ%ﬂu
ﬁ‘ﬁd‘:uluajq:tﬁﬁ%ufsnnns‘:mummﬂsgﬂ%aq:Lﬂ%‘ﬂum?ﬁ‘lﬁ?:mﬂiﬁnmﬂLﬂumﬂﬁn?\'u

Wiaganunisinanausanlueimis
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4.1 sstunaudranlulung
WIIINAUTAIBINITRLN AN ATTLIME VRN TUALAA LI AT TN U
o d de o g o - B4 L,
sianluasszveniiannudrAgrenaue 1 ssiimivg TeasFenanssemamaniudngy
P o a o ar o ¥ =
ANFTAMENUAMNAIAY (key odour compounds) dmfululumeassziveduaisingu
dAanslAunanssrundseli il
4.1.1 2-acetyl-1-pyrroline (2AP)
2AP higrsniluesdlsenaimanssananluwewazdraven lnaluluwme
1 2AP U3unne 1 ppm TeeniaminusiadailnlFuraiuanadr ludaavanta 10 win
(Laksanalamai and langantilek, 1993) 2AP daiiluaislsznaululnsiaulungy
= =i 3 ?—: ar ~ c’J/c!
heterocyclic compounds ug\;ﬂﬂﬂ?dm’la CgHNO mmm‘[maqa 111 @stlsznausiiniaa
ANLTTENEANHENANA M LTIRZA RN 1A IBNaUTINAAY (popcorn) dauanaatdn 1

5 & J AL.—» 5 i s
Arasugdnagenaulinas (Paule and Power, 1989) uanatnazlunauniunsasnizeal

4

-

v o Aoty ' 9 o A a4, = v
1l (l:nﬂLLﬂ"J 2AP E’\?Lﬂua’]'\i‘ﬂﬂﬂq odour threshold A998 ﬂ'auﬂ']ﬂ%“?ﬁﬂ‘]_]ﬂq’lﬂlsﬂuﬁlu

e

0.1 ppb uazusnamlumsuazdiananudagaannsany 2AP luerwissiindug anvans
auaLTe auutl wasnineas 91 Tudfman dalnadauaziiied dludn 24P dludarsy lai

=l ¥ o -:: = = dl ]
whsswiiiuluanmguuindaigomai -20 ssrnaaidsa lnsasulanuanssamaalalyl

]
2

P o - - X i & o AN
Nﬂiﬂl'ﬂu‘ﬂﬂﬁlﬁﬁ')ﬂLLG‘NLL@:@QZLWM‘?}‘HWWNL‘]@?T’]LWJJ'IHJ ﬂﬂt‘ﬁﬂ?ﬂ“ﬂﬂqqﬂﬂﬂn?ﬂq

condensation saemjmitmilaauld conjugated pyridine polymer ANTINISLTL 2AP 21A95

i luaainansazaasnlunn

4.1.2 Aldehyde compounds
c: (=1 = ar = & 2‘/ b 73 ] Q‘ s,
nauwiiudsegssluirtaIndan lanaredulinn hexenal (naululsd),
a o o . = 3 = W o,

nonenal (NAWWMIEH), nonadienal (NAUMAIN), ez n-hexanal (haululdl) ansszive
waninaanmalasulassensa lasiubiauaalaun linoleic acid wa linolenic acid

] . = 4;' =3 =3 % = 4 d‘ g 4
ti1u lipoxygenase pathway nszuaunstingnsi¥ndunindetilasiatuiliaiiaons
ian1sanana nealaivlidusisesiioanaaglugl tiglycerides, phospholipids W58
- - 4 L ar e z’ L
glycolipids Feazgmlamldaeilunsalaiudaszinaeulad acylhydrolase amiunsaluii

Basymantazulasuw]aniuarslinaw wulsmvutinulasuwlaansaloiilidudaly
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ugnslinauluia lawneulsd lipoxygenase, lyase, cis-3,trans-2 isomerase Waz alcohol

dehydrogenase

4.1.3 3-methyl-2(5H)-furanone

Taaiall 3-methyl-2(5H)-furanone Lﬁﬁ‘lummﬁ;cimn'ﬁuﬂs‘gﬂ i nulu
{WELdY birch syrup  waz fermented soy —hydrolysate i ﬂ’?ilu‘nm 3-methyl-2(5H)-
furanone ATAR AN T IRINATIANTILIA AU NRUARIEEALAZNALNG LA WIL
Tuluwan ﬁﬁ‘ﬂmwj'mumﬁ:mwﬁﬁ‘ﬁhﬂuLmﬂm (Jiang, 1999) Imenilu secondary
metabolite LLﬂ:’,ﬂ’lﬁﬁu‘j’\ﬂ’lﬁ“ﬂﬁﬂﬁ‘mmﬂuﬂ"}?ﬁﬁlm‘U’mLﬁﬁ]’]‘ﬁ‘a\lﬁ’un’l’z‘ﬁuﬂﬁ‘ﬂ:ﬁﬂﬂﬁ‘
NANARANNDE smululutaadaldun pandamariiacionine-A  wax -B (finsaanlazaaina
‘[34;,'aQmmﬁamaaaﬁmdqﬁﬁmmLﬁ'amﬂmﬁuim‘m%wm 3-methyl-2(5H)-furanone
Jsenauiuin1sANEINLIEINNTaLATHN  pandamarilactonine-B Failuaisionan e
NS UAUNIIEAATIEY Tas pandamarilactonine-B 1daannisvinilfjisanans 3-methyl-2(5H)-

furanone N1 2-pyrrolidinone (Busque, et al., 2002; Takayama, et al.. 2001)

4.1.4 -damascenone

naswlsgiiinasantsulasuulacarsiinduluna nAus inuaz sl
o 3 ] = d' L% c-l dld ar al s L%
finaeinalti N19LRR B-damascenone FailugrsszmsWnaundansurnauadaaan sl

=3 G}-‘; =1 = o =1 d‘ ] 1 . g u:i 1 b4
arsrininuluRananariauazsinwulufignunisulss) e Tuweldlantianaruran
vitalulailadu (Naiker, 2001; Zhou, et al., 1993) @13AAAAIAY B-damascenone luitha
xanthophylis - Fanuanigalufisluiaifa neoxanthin nalnngina  B-damascenone
G180 neoxanthin RANMIARNEIAIAINEITIEE LA norisiprencid glycosides (grasshopper
ketone) AMNTAZIAANS=UIUNNT enzymatic reduction 1 9(or 3)-o-L-arabinofuranosyl-
. — : 4 -

(1,6)-B-D-glucopyranoside  acetylenic diol (allene triol) Gaansriaunadniy key
intermediate lWnaiia P-damascenone (Skouroumounis and Mark, 2000) A nduneull
allene  triol azdaEaasalmi (uansilszney 3 9linfAa acetylenic  diol,  3-hydroxy-
damascenone (Lifindu) uas  P-damascenone atinaTIAEalugNILNIA {ngl acetylenic
diol fumsiAaluBinonnniiaa arssiiatisansawlaouwlasetneitg laniaznsaldl

1l 3-hydroxy-damascenone Waz -damascenone
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Bhattacharjee, Kshirsagar and Singhal (2005) Anunsld Supercritical carbon
dioxide afnans 2AP aanluwa Tnaldarsazans ether Wudana antaznlilunisaiall
3 fiawlsha AU 2 sTAUAD 125 WAY 450 V1T BUIMAH 2 STAUAD 40 UAT 60 BIAN

P= |

[EALTBA UWATI81 2 TYALAS 2 URY 3 ‘ﬁl"ﬁuq émqu’ﬁa NAanT 2-acetyl-1-pyrroline ﬁ"‘ﬁ:z‘iﬁ
Aa FiAoadu 450 1nF gomndi 60 earnsaiFea waziaan 3 Falna 18 7,163 mofkg uay
_ _ﬂe_:égnﬁ'l"ﬁmiﬂﬁ'mﬁﬁun%lu‘lumm?

Wongpornchai, et al. (2004) ANEINANTZNLYIBINITNILKIULATT LI ZIIA)
psfufnEsdenauwazannmmsiesdiiuiananenuza 105 Tassiantaznisiuia
6 an1az fail AatlnAne UTugmugi 30 uaz 40 asAnanTan Mauou 40, 50 uaz 70
2 NIATEE LaT NsAINuAn tRudaadnald 10 Weu aUSinnnauranTel 2-acelyl-1-
pyrroline WAYNAUS n-hexanal LAY 2-pentylfuran finamaa singan idlelfus=amaainag
WU 2-acetyl-1-pyrroline aARIUA n-hexanal Was 2-pentylfuran i tL@zﬁﬁﬂﬂxQﬂmfﬂuﬁ
70 BIANIAERA ATINAD 2-acetyl-1-pyrroline HBENN

Lachakunjit and Kerdchoechuen (2007) Anmniswlasuulasreanausmdng
mMafunTAReLdtasataainsssusiludnaR bisinau (non aromatic rice) Tauafia
NAUANNHIINANR 197 LiTinGu 3 @naugAa RD 23, SP 1 uax SPR 90 wanulag Modified
spouted bed i sorbital Fesar 30 uas arsannanlumaianay 25 ﬁﬁqaﬂqa%mm
8 finatiaie g bifingu 6 drating Tne 3 fathardeunauayan 3 fettlindey

=

- o N, TR A W R T - —~ . s o
AN 2 AIDENNAD ‘]JqqunﬂuVliuﬂ'ﬂ\jLﬂﬁﬂUﬂ@u i:ﬂztﬂa’ﬂuﬂ'ﬁmﬂu&‘mﬂ’l 6 lHDU NDNAU 25

a U

e

aALIalTHa N9 nastaas g LT nAuf AN Aan a9 2AP WIuRdIE19ARNaY
- o A . o = % Al o o o
waznstAdaLfadanan n-hexanal luszudnanisiivanaas Fanadnilu@amalunsdimlg
or - [ 1 =4 ar €S o O el = «a' = -~ 4
uasmurdtanausalil wilusuzmaanuidudondgaseanisiianfumiuiiusendng
AP UFNEIUAATY
By . e i e . o
WA TNaR (2547) wugndnsveun Mnauluirsiuanssiia ammiuaisnenyin
dhanBuomanluluwmsan Aaans 3-methyl-2(5H)-furanone  daluansilinauludneue
NANGU MU uaznauadionn wardanuarsilinduiniiul@ian iy 3-hexanol,
< -1 Ada s
4-methylpentanol, 3-hexanone W& 2-hexanone Feansaniiluansilsznavuniaiiueu

5 H ’ ar
6 azmni dauans 2AP azvunnaulylumeiiinszuaumsulsgyfaaanafeuniauiuil
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nanlufisduvianaulusngu Amfugnsiiinauadieluangu Ae B-damascenone,
4-hydroxy-3-pentanoic acid lactone W& trimethylcyclohexanedione

Lee, et al. (2004) ‘wu'i'ﬂ'iﬂumﬂ%:ﬂﬁ:nﬂuﬁ'}mi'lﬁu essential oil, carotenoids,
tocopherols WA tocotrienols wasianudnluwmaiiannlsznaunwan quercetin (Miean and
Mohamed, 2004) @15ilsznauwan alkaloids (Busquercetin, et al., 2002) é\‘l Salim, et al.
(2004) saanuansileznau alkaloids slialuiluluwe A9 2 90in luusiien 5 i
anallsznen alkaloids Mfumidnaguda degnlsznen alkaloids wiialwsiivaiing alpha-
methyl alpha, bela-unsalurated gamma-lactone moieties 2 ‘ME;I: Imﬁlﬁlﬂﬂ‘iﬂi‘:ﬂ’ﬂ‘u alkaloids
yeaamlsznauazwu9nil seven-membered ring

Zainuddin (2001) wugnllueaaianslsznaunan fatly acids WAz ester Tuaousi
Ooi, et al. (2006) AFIANLIAT non-specific lipid lransfer protein Tuluime uﬂn“i’mﬁuﬁ’dﬁ
NISATIANLANT 2AP 3 uiluansnldnaunenvaniuluwme Lm:f]’sLﬂumﬂﬁmﬁmﬁuﬁlﬁ
naunanlud19fuga9nenuya105 (Taet 19500 LazAnz, 2545) asm iimans
muﬁﬁ'ﬂﬁ'ﬁqmﬁfﬁnmu’1msﬂa‘:nau?ﬁﬁnﬁ'ulﬁl.ULmﬂ

Jiang (1999) &R nwransilseneurnlinaululume wusnlulumesianslsznauly
nauvanaalaeanIZa1s 3-methyl-2(5H)-furanone %qlﬁn%’u‘lué’nﬁnw@a W WAL
Ao saduarsweuimnihaBuomdniaadmiy fenaz 73 FR9AnTTEIMERAAT LA
LLa:f;Twmmﬂﬁﬂ?;umﬁuﬁm'%'\:msm_ehﬁﬂumsﬂ?zﬂﬂuﬁﬁmi‘uau 6 arRay Lawn
3-hexanol, 4-methylpentanol, 3-hexanone W& Z2-hexanone uanmn{fuﬁwmmmqn
alcohol, carboxylic acid, ester, hydrocarbon WA furanone _

Byme, et al. (1992) IaAnmansnidanmsanalume Anwleagldinatia X-ray
diffraction 3 amsaanuanslsznautsuinn  alkaloids A8 (+/-)-Pandamarine u@nmnﬁu
Nonato, et al. (1993) sTﬁnmmsmn”meuﬁuﬂné’qﬁ%mﬂmm’tmmﬂ ATIANLANT
piperidine alkaloids 3 HA '%Qﬁ?m pandamarilactone-1, pandamarilactone-31  Wa<
pandamarilactone-32 LasilatiarsmanhiAnmannsnamulasainanasmaila
Inverse-detected 2D NMR wnudndnsnsiaseaianlsznaudan o, B- unsaturated five-
membered ring WA enol ester
Gasser and Grosch (1988) L AnmansszeludiadaRtinunszuauneadiy

Sangaanudntanslsznen 2AP fa uazflanuddns 2AP $lugnssznaunWinaundnly
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nszuUNsHAAI 7 Inaanizlunssusumsinemstigndiaaaanuieu 1du Tu Baguette
crusts (Zehentbauer and Grosch, 1998) f’jdu’nm'aﬁu‘ff Procambarus  clarkill
(Cadwallader and Baek, 1998) slusiuelfasn (Mutti and Grosch, 1999) WaRuIag
RUWIUG aV8WUG Irvingia gabonensis (Tairu, et al., 2000) ldnsanioualndananazuay
fiiruanFau (Blank, et al., 2001) uaziafiunsu (Homarus americans) (Lee, et al.,
2001) lusiu
ar =4 & 9 ar ar I |
AN NUIBIIUUN (2540) lAsra9unisaianenduuin 50 nfy  Taaldianas
o -1 o o 9 w1 W o © = = oH =1 % @
annaat o hansanan liunanafasiafaniarattdunidlaaaslsiling aantuiiun
AR GC-MS nudiians 2AP Wusadmlszneuvanluansianals
NISOINT LALTOY WATY LIS IVENE uazAT4919A Thanaaudl (2541) Tadnans

2AP Tunsnia wugniinsnsaanuans 2AP naludonsasilaneniiouaznusywiadas
5. n1gnau (Distillation)

nisnauludsuilaniiau ldiuedwunsvatalunisadmiiiunens = ue wanns
o e ™ = ¥ o It . -4
1a3n1enauAe 1dinfeusalandaliusnindunensamaaanuiainig tesnsunsnay
i ld lwiladiefe aanufeauassinldansazarseanuinatailule tuinduiinfewiaelasin
W ca o o o2 0a e e S - £
atlsin mendunali ldusiunaussmeniiannmmiu fasandomaiiauazanunis
= ' or s.' = olz g o :; 8
nAduaTManIwkateat1lsnouiy lnevioq ldwmetianasnauinfuneuszeild
Autieg 378 1Aun (3lsFmi uasaiam, 2552)

]
=3

5.1 nMsnausaaia (Water distillation or Hydro-distillation) tfhiasndnanansesnis

ndqwiiumanszive nsnausaedsilitedazqulniinansiauun eranuldiuiaein
nl/ %’ ar 7 ndg o -:i.a ar 1 1 U % =i 2

i msndauinsiuvenszivedeed sl ifivsesifafudiee wu Wildue ndusenld

. o o = Py u.l q’l’y = <5 d. o nl.l 9

dau dAmiuninaenldianisnauiisiewsiasesisiasiminaudae

9
el i

1] v k23 [
5.2 nenaudaauuazlenn (Water and stream  distillation) N1sNAUA2EAH

ar ] ) g = =1 A=: = g Aﬁ. g " ar » o :‘i‘
siratneazdulwiimeauasinistiunisudnlanuialflenundusatag unisnaun
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araaniign lﬁf}mmwmmﬁqﬁuﬂﬂnmﬁndwmmé’uﬁqm}\ nasnauuuuildnuaig
A9 lMTHRMINTUVANITIMENIINTAT
ell s 3.’ . i " :adtg ar v a{ nl.v
5.3 nsndudaslena (Stream  distillation) F8ianeRantinanaznduuunzINIIlY
£ .‘l 14. ped !D’ » :’ =9 0 §r ar or  ars o ¥
wiiendu Gelifineg lavhazgnranaanmauanuazgndslinuve idndaiuied e
¥ o o = P ., v 5 e ' - i ¥ <t
azunsd lededhBunouigananazgos TR unTZneasnuAINA LN 18A12IN13
e ey o A 2 o 9 T r
nEuATIAe annsonnisnauldatinasaaFauazliFinaniniumeanszmaninniinge
ms*nﬁué']ﬁm«hmﬂummmnGTQgnﬁ:mmm:ﬁqv"nm:mﬂﬁﬁfgmﬁamﬁhaﬁu
s W o ‘ = e A B, = o v alg 2 2y
\@nties (#1nd1 80 a3 daLdsa) Tunanau savne nauiasnanliansssmeasnun lada
a9 TnsmananBeiianugatiniu arsiiaeninfiaziiman Bgnainauagusiiazin lies
W Fanaanududae (lanmile Aauaa, 2550)
sanenanihsinmunzanlunsaimiiumenssmaa niveine 197 L nsg
anminiunensziaanazlaf wilna fa¥auna wasAnz (2545) las1e91nTan AN
saussmsanll nauazsn vean=laii (Litsea cubeba Pers.) fandsnAsNALMIENIILGY
otn wudndhiaEnasniarnmnazanlunsanminiunenszne Lazannsaanaiiu
wausswsrannanluesas 9.3 searaminnagn anluuazsn Asusesar 2.8 uas
¥
0.5 T9INWINAR ANANATI
3,8 ar
Szarka, et al. (2006) ldAnmnsaiaasanndauresaan lu wassin 183 Tageles
patula L. fotAsnsndaudanlenin wudn dourssnanainldans B-caryophyliene (Fouaz
53.5) douassluainlians terpinolene (Faaas 21.1) 99093 NNL91H41T 5-(3-buten-1-
ynyl)-2, 2*-bithienyl (BBT) Yasaz 28.5 uax sa8as 44.0 ludiuaaasinelasl (hairy roots) Waz
s1AuNa (intact root)
Wang, et al. (2009) |&ANEIN1TANARITuMeNTEMEA N TUFULUILER NAUNA 5
o & ~ - b 3 = =3
gnanug Anadsnisndunaenin (hydrodistillation) finsmsaantiansuaussve 20 116 lnall
@17 trans-cinnamaldehyde, 3-methoxy-1, 2-propanediol Lﬂummamuﬁnﬁwu‘l‘umﬂﬁué
Cinnamomum cassia W IMMENAINNE Cinnamomum  zeylanicurmand,  Ciiinaimiomum
puaciflorum, Waz Cinnamomum  burmannii 71413 eugenol luanswaundn dauans
5-(-2-ropenyl)-1, 3-benzodioxole Lﬂummﬂuué’ﬂﬁﬂﬁmmﬂﬁuﬁ Cinnamomum famala
1
Khajeh, et al. (2009) ld@nmnisanminiunanssueain Nepela persics fael

acd -'r ,B' s ' ~ -4. lﬂl o or <4
aanasnanleni nudnfiansuensnnndn 20 1lia faasueuiiluasAdlszneumanae 4o, B,
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70, Taonepetalactone Faaias 26.5, cis-f-faresene faaz 4.4 uax 3, 4a-dihydro-dac,
7a. Tao-nepetalactone fpaaz 3.5
Tungsakul, et al. (2007) I&Anmnsainasliinausa (oleoresin) aanavanlug
Iﬁﬂlﬁ'ﬁqﬁqazmauﬂmmfi'\qmmuﬂaLLa:lanmuﬁﬁmﬂﬁfm 100:0, 75:25, 50:50, 25:75
WAz 0-100  WLANEINTNAN AANTUBLTZIUEINNNGT 15 FiiA wanlszneundniny Aa
"2 4-dimthylthiophene (¥atiaz 10.45), dimethyl sulfide (Faeiaz 17.17), dipropyl disulfide
(Fawar 4.03) wax dimthyl trisulfide (Fauaz 7.33) miaﬁﬁﬁ'é’mqﬁqu 75:25, 50:50 wac
o575 WBinmansnanald 30.6, 23.0 uaz 14.0 AUAIGU nsaim g ant (0:100)

r 2

T Buugnsaiandinlationnan Ae Fasas 3.0 daunisanaslaieniuesa (100 : 0)

1

Thknuaishaial@nnngn

Laksanalamai and llangantileke (1993) Mmsulsaunaunisain@nIvanssve

3 or & = cil (=3 T < U L ar L P : 14

anlug Froiugaasenuzatos wduldbiveniuling wasdniuglinen A
ad a3 %’ ar © =Y =] = ar 0 & al'
samsanadoalatiuasfaniasataduyisd LaRaii WA lsznauaTHaNSLIMEN
vulluwmeidnuuslasaireadniuans 24P uaziluasdlsznaunnuludiugren
v (] 1] 1 ]
S uuasiiua liuny uilude i linsesnulnBinantdeondidanluine
vughivauasaalinuanlsznaunafneans 24P

Ferhat, et al. (2007) laninnasanmaansuanann Zygophyllum album L. faedsnIs

o v 3,’ or O o = = ar ¥ -:5 ar W 9 v
anadoslevinnasiniaranaaunidlumanaeain nudigisnenniain lnlszneunas
monoterpenes hydrocarbons (%’ﬂﬂa: 0.2, 2 aanlsenan), oxygenated monoterpenes
Ganaz 10.3, 22 avAsznal), sesquiterpenes hydrocarbons (Ganay 2.8, 6 avnilsznav),
oxygenated sesquiterpenes (Fagaz 2.1, 12 a9Alsenall), akkanes and alkynes (%'ﬂﬂﬂz
3.2, 13 aedlseney), wavanstsznaudn - Geuar 74.2, 56 asAlsznan) HaTSanUANIN
wniimaierliiasavindssgndldsansoasmlilfvauesnfuanansilifoiiazae
anas lusnuzmBunasusznaunanalabiuvansiai
. 2 = ar g ar =
Singkhornart, et al. (2007) T#Anylsz@nsnnwlunisaimindunanssne i
= = -;’ ar or P ] e B g
5 iia AB NTWIMAL B3udY Luedn nenga uaringzn Taaldannasannsialaluaz
3 2

Sannazantauyslun e ae i nudninunenssmaanfiane 5 $iia A1 refractive

index Wi 1.52, 151, 1.48, 1.51 uax 1.47 amdrdy dAmiuuzngaazlfifnuarsain
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unngn (Faeax 0.45) 299R9NAS TRUTL NZNIIAT THEEWA LATIWINEN (Famaz 0.36,
0.09, 0.05 UAY 0.04 AMUAIAL)

Khajeh, et al. (2009) 1EANEINITENANNTUNDUTTINE FaeaBnTENARE

re & A a o ) ’ P o

afusulasanlasmiaqaing® lu Nepeta persica wudranmzianzanlunisanna Ae
FamazAuas 20.3 MPa anuuni 45 53ANaIFH4a N9a1 50 W 41NTaanaans 4a, B,
7o Tac-nepelalacione Failusidtlsznaundnesnnliuniiga Wimashanald Aa
Yanaz 0.22-8.90 3 sanaldmnndnniratasanal/Aamsnaudosienn (Burcuanshanals
Aa sagaz 0.08)

Laohakunnijit and Noomhorm (2004) AnmuBaumeunisanalumadaeanng
afadramiueulneanlaaman asafndnslatiiuarianaraeduvEsiuunailes uaz
nsanalag lien1uas wuREnsanagaaasuaulasenladman HFunaans 2AP uaY
3 methyl-2(5H)furanone lufFanamAsudngandidsnisau uaznsifaniazlunisaini
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Abstract

This research was aimed to improve odour after cooking of Chai Nat 1 and
Phitsanulok 2 rice by using extract of pandan leaves which comprised mairly of
2-acetyl-1-pyrroline (2AP). Extraction method used was steam distillation. The extract
was analysed for physical, chemical and microbiological properties and added to rice
during cooking, The acceptability was then assessed. It was found that extraction of
20 g pandan leaves with 200 mL distilled water yielded approximately 120 mL extract.
pH, L*, a* and b* values of the extract were 5.53, 10.14, -3.46 and 0.98, respectively.
Total plate count of the extract was 1.87x 10* CFU/mL. There was no yeast and mould
present. The suitable amount and adding time of the extract during cooking for
Chai Nat 1 and Phitsanulok 2 rice were 105 ml,, 14 minutes and 50 mL, 9 minutes,
respectively with the liking score of both rice varieties was like very much.

Keyword
Rice, Chai Nat 1, Phitsanulok 2, Pandan leaves, 2-acetyl-1-pyrroline

Introduction

Rice (Oryza sativa L.) is a major component of the diet of people in many
countries. Thailand is the world’s second largest rice exporting country. The milling
product of greatest commercial importance is scented or aromatic rice. Khao Dawk Mali
105 (KDML) or Jasmine rice is a good example of the native variety which has the
specific dominant trait of good jasmine fragrance (Laohakunjit and Kerdchoechuen,
2007). The steady increase in aromatic rice consumption and the growing export
demand have brought keen interest on scented rice production and flavor improvement
of non-aromatic rice. Buttery, Ling, and Juliano (1982) found that 2-acetyl-1-pyrroline
(2AP) is the organic volatile compound in cooked aromatic rice. This volatile
compound could be a good indicator for identifying fragrance rice from ordinary or
non-aromatic rice. It was not found in non-aromatic rice and was present in low
concentration in aged KDML rice. However, it is the major volatile compound in
pandan (Pandanus amaryllifolius Roxb.) leaves (Buttery, Juliano, & Ling, 1983;
Laksanalamai & Ilangantileke, 1993) and could be synthesized by using rhodium on
alumina, reducing 2-acetyl pyrrole for 15 h, and hydrolyzing 2-(1-alkyloxyethenyl)-1-
pyrroline compound with an acid. Flavor enrichment of non-aromatic rice has been
attempted earlier but a successful product has not been obtained (Donnarumma et al.,
1973). The flavoring agent was either removed or not released or sensed during
ingestion of the cooked grain. This research was aimed to improve odour after cooking
of Chai Nat 1 and Phitsanulok 2 rice by using extract of pandan leaves which comprised
mainly of 2AP. .
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Materials and Methods

Pandan leaves were collected from Khun Pho Dok Rak dormitory, Phitsanulok,
Thailand. Chai Nat 1 and Phitsanulok 2 polished rice were kindly supported by
Shinghawat Electrical Rice Mill, Phitsanulok.

1. Extraction of 2-acetyl-1-pyrroline from pandan leaves by steam distillation
method

Fresh leaves of pandan were collected from Khun Pho Dok Rak dormitory. The
leaves were collected from the fourth leaves from the top downward, washed by tap
water and cross sectional cut to about 1-2 mm. The 20 g of cut leaves were ground and
placed in the round flask. Distilled water of 200 mL was added and the extraction unit
was switched on for 2 h. The extract-was kept in 120 -mL brown vials-at room
temperature before further analysis.

2. Physical, Chemical and Microbiological properties of the extract

The extract was determined for the colour: L¥, a* and b* (color measurement),
pH (pH meter), total plate count and yeast and mold (AOAC, 1995).

3. Application of the extract in cooking of Chai Nat 1 and Phitsanulok 2 rice

3.1 The suitable time for adding the extract during cooking Chai Nat 1 and
Phitsanulok 2 rice

Chai Nat 1 and Phitsanulok 2 polished rice were hand sorted to remove any
defects and weighed 200 g. It was then placed in the rice cooker, washed and rinsed
using distilled water. The distilled water of 540 mL and 450 mL was added for
Chai Nat 1 and Phitsanulok 2 rice, respectively and the rice cooker was switched on for
24 and 16 min for Chai Nat 1 and Phitsanulok 2 rice, respectively. The extract of 50 mL
was added at 0, 4, 8, 12, 16 and 20 min of cooking time for Chai Nat 1 and 0, 3, 6, 9, 12
and 15 min for Phitsanulok 2. The cooked rice was kept at room temperature for 10 min
before sensory evaluation by 20 untrained panelists using 9-point Hedonic scale method
was carried out. One suitable adding time for each rice variety was selected.

After obtaining the suitable adding time, the process of cooking Chai Nat 1 and
Phitsanulok 2 polished rice was repeated again with the exception of the adding time.
Five adding times were used by placing the suitable adding time at the middle and two
lower and upper values were selected for the adding of extract during cooking of both
varieties of rice (depending on results). The cooked rice was assessed for its sensory -
properties, One suitable adding time for each rice variety was selected.

3.2 The suitable amount of extract adding for cooking of Chai Nat 1 and
Phitsanulok 2 rice

Chai Nat 1 and Phitsanulok 2 polished rice were hand sorted to remove any
defects and weighed 200 g. It was then placed in the cooking pot, washed and rinsed
with the distilled water. The distilled water of 540, 490, 440 and 390 mL for Chai Nat 1
and 450, 400, 350 and 300 mL for Phitsanulok 2 rice was added and the rice cooker was
switched on for 24 and 16 min for Chai Nat 1 and Phitsanulok 2 rice, respectively. The
extract of 0, 50, 100 and 150 mL for Chai Nat 1 and Phitsanulok 2 rice was added at the
selected suitable adding time for each rice variety (3.1). The cooked rice was kept at
room temperature before sensory evaluation was carried out. The suitable amount of
extract adding was selected for each rice variety.

After obtaining the suitable amount of extract adding for cooking of each rice
variety, the process of cooking and adding the amount of extract for cooking of
Chai Nat 1 and Phitsanulok 2 rice was repeated again with the exception of the amount
of extract adding. Five amounts of extract were used by placing the suitable amount of
extract from part 3.2 at the middle and two lower and upper values were selected for the
amount of extract adding for cooking of Chai Nat 1 and Phitsanulok 2 rice (depending
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on results). The cooked rice was assessed for its sensory properties. One suitable
amount of extract adding for each rice variety was selected.

3.3 The sensory evaluation of cooked Chai Nat 1 and Phitsanulok 2 rice

After cooking of Chai Nat 1 and Phitsanulok 2 rice following the procedures
described in parts 3.1 and 3.2, the cooked rice was allowed to warm down at room
temperature for approximately 10 min. Then, 20 g of cooked rice of each variety was
placed in 100 mL glass bottles and tightly covered with the aluminium foil. The samples
were served with tooth stick for digging holes for odour testing. The sensory method
used was 9-point Hedonic scale and 20 untrained panelists were used.

3.4 The statistical design

The Completely Randomized Design (CRD) was used for this study. The
significant difference of means was analysed using the Duncan’s New Multiple Range
Test (DMRT). The experiment was conducted in three replications.

Results and Discussion
1. Extraction of 2-acetyl-1-pyrroline from pandan leaves by steam distillation
method

Extraction of 2AP by the steam distillation on 20 g cut pandan leaves and
200 mL distilled water yielded approximately 120 mL extract.
2. Physical, Chemical and Microbiological properties of the extract

The extract had the L*, a* and b* values of 10.14, -3.46 and 0.98, respectively,
the pH of 5.53, the total plate count 1.87 x 10> CFU/mL and no yeast and mold.
3. Application of the extract in cooking of Chai Nat 1 and Phitsanulok 2 rice

3.1 The suitable time for adding the extract during cooking Chai Nat 1 and
Phitsanulok 2 rice

The liking scores in term of odour of cooked Chai Nat 1 rice at 12 and 16 min
adding time were not significantly difference (P>0.05) but were significantly higher
(P<0.05) than at other adding times (Figure 1a). Therefore, they were chosen for further
determination of suitable adding time of the extract during cooking Chai Nat 1 rice.
From Figure 1b, the adding time of 15 min showed the significantly highest liking score -
(P<0.05). Therefore, the suitable time for adding the extract during cooking of
Chai Nat 1 rice was 15 min after switching on the rice cooker.
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Figure 1. The odour scores of Chai Nat 1 rice with different adding times of the extract (a) and its
verification (b)

* Values with the same small letters are not significance (P>0.05)

Score: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly,
5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely

The liking scores in term of odour of cooked Phitsanulok 2 rice of 9 and 12 min
adding time were not significantly difference (P>0.05) but were significantly higher
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(P<0.05) than other adding times (Figure 2a). Therefore, they were chosen for further
determination of suitable adding time of the extract during cooking Phitsanulok 2 rice.
The adding times of 9 and 10 min showed significantly higher liking score (P<0.05)
than other adding times (Figure 2b). For time and energy saving, therefore, the suitable
time for adding the extract during cooking of Phitsanulok 2 rice was 9 min after
switching on the rice cooker.
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adding time (minute) adding time (minute)
a b

Figure 2. The edour scores of Phitsanulok 2 rice with different adding times of the extract (a) and its
verification (b)

* Values with the same small letters are not significance (P>0.05)

Score: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly,
5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely

3.2 The suitable amount of extract adding for cooking of Chai Nat 1 and
Phitsanulok 2 rice

From Figure 3a, 100 mL of extract adding for cooking of Chai Nat 1 rice
showed the significantly highest liking score (P<0.05) whereas Chai Nat 1 rice with no
extract added had the significantly lowest liking score (P<0.05). From Figure 3b,
105 mL of extract adding for cooking of Chai Nat 1 rice showed the significantly-
highest liking score (P<0.05). ‘
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Figure 3. The odour scores of Chai Nat 1 rice with different amounts of extract adding (a) and its
verification (b)

* Values with the same small letters are not significance (P>0.05)

Score: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly,
5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely

Figure 4a showed that 50 mL of extract adding for cooking of Phitsanulok 2 rice
had the significantly highest liking score (P<0.05) whereas Phitsanulok 2 rice with none
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of the extract added had the significantly lowest liking score (P<0.05). From Figure 4b,
50 and 55 mL of extract adding for cooking of Phitsanulok 2 rice showed the
significantly highest liking score (P<0.05) while 40 mL showed the significantly lowest
liking score (P<0.05). For saving reason, the suitable amount of the extract adding
during cooking of Phitsanulok 2 rice was 50 mL.

liking score

= N W & DN D O

liking score

- N W AN OO

£ 45° 50" 55" a0
amount of extract adding (mL) amount of extract adding (mL)

a b
Figure 4. The odour scores of Phitsanulok 2 rice with different amounts of exiract adding (a) and its
verification (b)
* Values with the same small letters are not significance (P>0.05)
Score: 1 = dislike extremely, 2 = dislike very much, 3 = dislike moderately, 4 = dislike slightly,
5 = neither like nor dislike, 6 = like slightly, 7 = like moderately, 8 = like very much, 9 = like extremely

Conclusion

2-acetyl-1-pyrroline extracted from pandan leaves could be used to improve
odour of Chai Nat 1 and Phitsanulok 2 rice. The suitable amount and adding time of the
extract during cooking for Chai Nat 1 and Phitsanulok 2 rice were 105 mL, 14 minutes
and 50 mL, 9 minutes, respectively with the liking score of both rice varieties was like
very much.
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Changes in odour intensity in Phitsanulok?2 rice after cooking and keeping
in different packages and storage times

P o v P o o .
qunns 03 un dasin' ansal asyinud’ iR gassusian’ uas WBugvias Anianaed’
Kunakorn Kalsri’, Paweena Noilupl, Arporn Jamnraltanasriz, Supattra Suwannatada® and Riantong Singanuseng"

Abstract

Phitsanulok? is non-aromatic rice. Addition of aroma from natural extract such as pandan odour would be

one option for odour improvement of Phitsanulok2 rice. The objective of this research was to study changes in

odour intensity in Phitsanulok2 rice after cooking and stored in polypropylene plastic bag (PP) and microwaveable
plastic box (Polyethylene Terephthalate, PET) at refrigerated temperature (4-8°C) for 12 h using 10 trained
panelists and qualitative descriptive method (Line scale). It was found that the proposed attributes from the
panelists were pandan odour, old aged odour, boiled egg odour and glutinous rice odour. The odour intensity
decreased significantly (p < 0.05) with increased storage time. The persistant time for pandan odour was 4 h for
rice that packed in polypropylene plastic bag and 8 h for those packed in microwaveable plastic box. For each
tasting time, the intensity of each odour in the cooked Phitsanulok2 rice that packed in both packages was not
significantly different (p > 0.05).

Keywords: pandan odour, Phitsanulok?2 rice, intensity
unAnta
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Table 1 The definitions and reference samples for each odour attributes of the cooked Phitsanulok? rice

Odour Definitions Reference sample
weak moderate strong

Pandan The odour intensity of the Shredded pandan Shredded pandan Shredded pandan
cooked rice with pandanodour  leaves 5 g leaves 10 g leaves 15 g

Old aged The odour intensity of the Chai Nat1 milled rice  Chai Nat1 milled rice  Chai Nat1 milled rice
cooked rice with old aged kept for 6 months kept for 6 months kept for 6 months
odour 10g 309 50g

Boiled egg The odour intensity of the Boiled agg 5 g Boiled agg 10 g Boiledagg 15g

Glutinous rice

cooked rice with boled agg
odour

The odour intensity of the
cooked rice with glutinous rice

odour

Steam glutinous rice

59

Steam glutinous rice

10g

Steam glutinous rice

i5g

HA

anranisagauwLdn navluag (pandan) A (old aged) ) nanlaid (boiled eqq) Lmnammmum
(glutinous rice) ﬁm\ime‘nmifamwmﬁmnmm‘l?watwwmwmﬂﬂm@mquuamﬂmmaﬂnm (P < 0.05) mmvﬂ”nm

mafiuudutaonanlumeiuiidanasauiesduiiannsol@nauluszeziog 4 ol (Table 2, Figure 1)’1'muu
navanaatliaunssiasinglyl 12 dalua

Polypropylene plastic bag
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Figure 1. The odour profiles of the cooked Phitsanulok2 rice packed in polypropylene plastic bag.
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Figure 2. The odour profiles of the cooked Phitsanulok2 rice packed in microwaveable plastic box.
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The study of physical, chemical, physicochemical and microbiological properties of Khao Dawk Mali105,
Phitsanulok? and Chai Nat1 rice before and after cooking

qunns 4AAF 3w dasin' a1nsol adyiaued @ine gresuean’ uas FEgNes Raiayaeh”

Kunakorn Katsri’, Paweena Noitup’. Arporn Jarunraltanasn‘z. Supaitra Suwannatada’ and Riantong Singanusong'l

Abstract

The objective of this research was to study physical (grain length, grain elongation, cooking time, volume
expansion and water uptake), chemical (moisture, amylose and protein content) physicochemical (alkali
spreading value, gelatinization temperature and gel consistency) and microbiological (total plate count and yeast
and mould count) properties of Khao Dawk Mali105, Phitsanulok2 and Chai Nat1 rice both before and after
cooking. It was found that before cooking of Khao Dawk Mali105, Phitsanulok2 and Chai Nat1 rice, their grain
length were 7.08, 7.69 and 7.23 mm; moisture content 12.24, 10.87 and 10.62%; alkali spreading value 6.96, 5.70
and 4.90; amylose content 15.15, 26.22 and 27.28%; protein content 6.63, 7.80 and 7.83%; gelatinization
temperature 65.15, 68.85 and 74.50 % gel consistency 94, 37 and 41 mm; total plate count all < 10 CFU/g and
yeast and mould count 5x10°, 4x10° and 2x10° CFU/g, respectively. Quality after cooking of Khao Dawk Mali105,
Phitsanulok? and Chai Nat1 rice, their grain length were 13.28, 12.43 and 12.78 mm; grain elongation 1.88, 1.62
and 1.76 mm; cooking time 15, 19 and 24 min; volume expansion 335, 245.58 and 296.82 mL.; water uptake
165.75, 124.51 and 125.89%:; protein content 3.07, 3.71 and 3.68%; total plate count all <10 CFU/g and yeast and
mould count 1.95x10°, 3x1 0° and 1.5x10° CFU/g, respectively.

Keywords: Khao Dawk Mali105, Phitsanulok2, Chai Nat1
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Table 1 Physical, Chemical, Physicochemical and microbiological properties of three varities of rice before

cooking
Properties Varieties of rice
Khao Dawk Mali105 Phitsanulok2 Chai Nat1
Physical
Length (cm) 7.08°+0.13 7.69™0.20 7.23%+0.23
Colour
L* 76.93°£0.02 74.83°£0.13 75.31°#0.10
a -0.41°+0.18 0.24°+0.25 0.36°+0.28
b* 20.08 °£0.05 19.47°+0.22 21.46°+0.07
Chemical
Moisture content (%) 12.24°+0.07 10.87°0.1 10.62°£0.08
Alkali spreading value 6.96°+0.07 5.70°+0.50 4.90°+0.11
Amylose content (%) 15.15°+0.14 26.22°+0.32 27.28°+0.03
Protein content (%) 6.63"+0.80 7.80°+0.10 7.83°40.12
Physicochemical
Pasting properties
GT(°C) 65.15°+2.33 68.85°+0.07 74.5%40.84
BD(BU) 655°+21.21 190°+0.00 105°7.07
CC(BU) 275°40.00 595°+7.07 765°+7.07
SB(BU) -375°+21.21 405°+7.07 660°+14.14
Gel consistency (mm) 94%+1 41°41 37 41
Microbiological
Total plate count <10CFU/g <10CFU/g <10CFU/g
Yeast and mold 5x10° CFU/g 4x10° CFU/g 2x10° CFU/g

GT=Gelatinization temperature, BD=Breakdown value, SB=Setback valug, CC=Consistency

Mean in the row with different superscripts are significantly different (P < 0.05)

o 15 2 = = o o G
F]ﬂiﬂ’]ﬂﬂﬁ\‘lDW?HQWN%QG‘HWQﬁWQﬂﬂﬂNtﬂ105 ‘r'i'lzmétﬂﬂ2 wasgeuInt wandnd Table 2 AN 98UHAATNI

grananuz@105 fArhiwandnsandraiufdaumt adnafiiaddyneadia (P > 0.05) wiiiaauenawdaninnda
frovugRwntan2 adneiifdrAtyneada (P < 0.05) Fraffugdeumi fApsasannndndnoiugau et
TadaAyneada (P < 0.05) daiufiauant Wszazanapagnuundadaiuganaanus@d10s uazfivolan2
atinaihiladnAtyneadia (P <0.05) dw1anenuz@t05 fiBnmsTifsduuazBnanizgainnnndrdnafisntanz

wazduuan atneiiiladAuumadda (P < 0.05) Bunaililsiuludraononanusd 105 fdweandrdaiugiienlan2
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Table 2 Physical!, Chemical, Physicochemical and microbiological properties of three varities of rice after cooking

Properties Varieties of rices
Khao Dawk Mali105 Phitsanulok2 Chai Nat1
Physical
Length (cm) 13.28%41.13 12.43°+0.50 12.78°°+0.83
Elongation (%) 1.88°10.1 1.62°:0.3 1.76"+0.2
Cooking time (min) 15°¢1 19°+1 2441
Volume expansion (ml.) | 335.48°+3.10 245 .58°+2 80 206.82°13.01

Water uptake (%)

165.75°+2.90

124.51°+2.65

125.89°£2.78

Colour
T 80.87 °+0.12 78.29°£0.10 82.87 °+0.07
a* 0.13%40.25 0.15" +0.24 -0.08°0.05
b* 6.65"+0.17 8.13%£0.05 8.24°+0.08
Chemical
Protein content (%) 3.07°+0.11 3.71°£0.07 3.68°+0.05
Microbiological
Total plate count <10CFU/g <10CFU/g <10CFU/g

Yeast and mold 1.95x10” CFU/g 3x10" CFU/g 1.5x10% CFU/g

Mean in the row with different superscripts are significantly different (P < 0.05)
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Abstract

Chai Natl is non-glutinous and non-aromatic rice.
Addition of aroma from natural extract such as
pandan odor would be optional for odor improvement
of Chai Natl rice. The objective of this research was
to study the suitable adding time and amount of
pandan leave extract to Chai Natl rice during cooking
in order to improve its odor and to study changes in
odor intensity in cooked Chai Natl rice after addition
of pandan leave extract during cooking and storage of
cooked Chai Natl rice in polypropylene plastic bag
and microwaveable plastic box at refrigerated
temperature (4-8°C) for 12 h. It was found that the
proposed odor attributes from the trained panelists
were pandan odor, old aged odor, boiled egg odor and
glutinous rice odor. The suitable adding time for
pandan leave extract during cooking of Chai Natl rice
was 15 min after switching on the rice cooker and the
suitable adding amount was 105 mL. The intensity of
four odors studied significantly decreased (P<0.05)
with time of storage. However, after 12 h storage, the
pandan odor was still detected for cooked Chai Natl
rice that packed in both packages. The odor of
cooked Chai Natl rice could be improved by the
addition of pandan leave extract.

Keywords: odar, pandan leave extract, Chai Natl,
rice, 2-acetyl-1-pyrroline (2AP)

1. Introduction :

Chai Natl (CNTBR82075-43-2-1), a non-
glutinous rice, was denved from the cross IR13146-
158-1/IR15314-43-2-3-3//BKN6995-16-1-1-2. 1t is a
high yielding photoperiod insensitivity, 119-130 days
in maturity, 113 cm height, just exserted panicle, and
high nitrogen response. Its grain quality is straw hull
colour, long slender grain with slight chalkiness, good
milling - quality, and high amylose content. It is
resistant to major insect pests and diseases in central
region of Thailand such as brown planthopper
(Nilaparvata lugents), whilebacked planthopper
(Sogatella furcifera), ragged stunt virus disease and
blast (Pyricularia oryzae). Phitsanulok Rice Research
Center therefore submitted CNTBR 82075-43-2-1 to
rice Research Institute to be an approved variety as
the name Chai Natl for solving the insect and disease
problems of the farmers in the central region [1]. Rice

{Oryza sativa L.) is a major component of the diet of

people in many countres. Thailand is the world’s

second largest rice exporting country. The milling

product of greatest commercial importance is scented

or aromatic rice. Khao Dawk Mali 105 (KDML) or

Jasmine rice is a good example of the native variety

which has the specific dominant trait of good jasmine

fragrance [2]. The steady increase in aromatic rice

consumption and the growing export demand have

brought keen interest on scented rice production and

flavor improvement of non-aromatic rice. Buttery,

Ling, and Juliano [3] found that 2-acetyl-1-pyrroline

(2AP) is the organic volatile compound in cooked

aromatic rice. This volatile compound could be a

good indicator for identifying fragrance rice from

ordinary or non-aromatic rice. It was not found in

non-aromatic rice and was present in low

concentration in aged KDML rice. However, it is the

major volatile compound in pandan (Pandanus

amaryllifolius Roxb.) leaves [3]; [4] and could be

synthesized by using rhodium on alumina, reducing 2-

acetyl pyrrole for 15 h, and hydrolyzing 2-(I-°
alkyloxyethenyl)-1-pyrroline compound with an acid.

Flavor enrichment of non-aromatic rice has been
attempted earlier but a successful product has not
been obtained [5]. The flavoring agent was either

removed or not released or sensed during ingestion of

the cooked grain. This research was aimed to-improve

odor after cooking of Chai Natl rice by using extract

of pandan leaves which comprised mainly of 2AP.

2. Materials and Methods
2.1 Materials

Pandan leaves were collected from Khun Pho
Dok Rak dormitory, Phitsanulok, Thailand. Chai Natl.
polished rice were kindly supported by Shinghawat
Electrical Rice Mill, Phitsanulok.
2.2 Extraction of 2-acetyl-1-pyrroline from pandan
leaves by water distillation method

Fresh leaves of pandan were collected from
the fourth leaves from the top downward, washed by
tap water and cross sectional cut to about 1-2 mm.
The 20 g of cut leaves were ground and placed in the
round flask. Distilled water of 200 mL was added.
The round flask was then placed on the heating unit
and connected to the condenser which was connected
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to the cooling unit. The 120 mL brown vial was
connected at the end of the condenser to collect the
sample. The heating unit was switched on at 100 °C
for 1 h. The extract was used immediately after
extraction.

2.3 Application of the extract in cooking of Chai
Natl rice -

2.3.1 The suitable time for adding the
extract during cooking Chai Natl rice

Chai Natl polished rice was hand sorted fo
remove any defects and weighed 200 g. Tt was then
placed in the rice cooker, washed and rinsed using
distilled water. The distilled water of 540 mL was
added and the rice cooker was switched on for 24
min. The extract of 50 mL was added at 0,4, 8, 12, 16
and 20 min of cooking {ime. The cooked rice was kept
at room temperature for 10 min before tasted by 20
untrained panelists using 9-point Hedonic scale
method. One suitable adding time was selected.

After obtaining the suitable adding time, the
process of cooking was repeated again with the
exception of the adding time. Five adding times were
used by placing the suitable adding time at the middle
and two lower and upper values were selected for the
adding of extract during cooking (depending on
results). The cooked nice was assessed for its sensory
properties. One suitable adding time was selected.

2.3.2 The suitable adding amount of
extract for cooking of Chai Natl rice

Chai Natl polished rice was hand sorted to
remove any defects and weighed 200 g. It was then
placed in the cooking pot, washed and rinsed with the
distilled water. The distilled water of 540, 490, 440
and 390 mL was added and the rice cooker was
switched on for 24 min. The extract of 0, 50, 100 and
150 mL was added at the selected suitable adding
time (2.3.1). The cooked rice was kept at room
temperature before sensory cvaluation was carried
out. The suitable adding amount of extract was
selected.

After obtaining the suitable adding amount
of extract for cooking, the process of cooking and
adding the amount of extract for cooking was
repeated again with the exception of the adding
amount of extract. Five amounts of extract were used

by placing the suitable amount of extract from part”

3.2 at the middle and two lower and upper values
were selected for the adding amount of extract during
cooking (depending on results). The cooked rice was
assessed for its sensory properties. One suitabie
adding amount of extract was selected. )

2.3.3 The sensory evaluation of cooked
Chai Natl :

After cooking of Chai Natl rice following
the procedures described in parts 3.1 and 3.2, the
cooked rice was allowed to warm down at room
temperature for approximately 10 min. Then, 20 g of
cooked rice was placed in 100 mL glass botiles and
tightly covered with the aluminium foil. The samples
were served with tooth stick for making holes for odor
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testing. The 9-point Hedonic scale and 20 untrained
panelists were used for the sensory test where | =
dislike extremely, 2 = dislike very much, 3= dislike
moderately, 4 = dislike slightly, 5 = neither like nor
dislike, 6 = like slightly, 7 = like moderately, 8 = like
very much, 9 =like extremely.

2.3.4 Changes in odor intensity of Chai
Natl rice after cooking and keeping in different
packages and at different storage times

Chai Natl polished rice was hand sorted to
remove any defects and weighed 200 g. It was then
placed in the rice cooker, washed and rinsed with
distilled water. The distilled water of 540 mL was
added and the rice cooker was switched on. The
pandan leave extract of 105 mL was added after
switching on the rice cocker for 15 min. The cooking
was continued upto 20 min. The cooked rice was kept
in 2 different packages; polypropylene plastic bag and
microwavable PET plastic box. Then it was kept in
the refnigerator  (4-8°C) for 12 h. The sample was
withdrawn every hour for sensory evaluation. The
rice was warmed up in the rice cooker for that kept in
polypropylene plastic bag and placed in microwave
for those kept in microwavable PET plastic box. The
sample was present to the (rained panelists by using
descriptive analysis method with line scale where 0 =
weak, 7 =moderate and 15 = strong.

2.3.5 The statistical design

The Completely Randomized Design (CRD)
was used for this study. The significant difference of
means was analyzed using the Duncan’s New
Multiple Range Test (DMRT). The cxperiment was
conducted in three replications.

3. Results and Discussion -
3.1 Extraction of 2-acetyl-1-pyrroline from pandan
leaves by steam distillation method

Extraction of 2AP by the stcam distillation -
using 20 g cut pandan leaves and 200 mL distilled
water yielded approximately 120 mL extract which
contained 0.002 ppm of 2AP.

3.2 Application of the extract in cooking of Chai
Natl rice '

The proposed odor attributes from training of
the panelists were pandan odor, old aged odor, boiled
egg odor and glutinous rice odor. The definitions and
reference samples of each odor attributes were listed
in Table 1.

3.2.1 The suitable time for adding the"
extract during cooking Chai Natl rice

The liking scores in term of odor of cooked
Chai Natl rice at 12 and 16 min adding time were not
significantly  difference  (P>0.05) but were
significantly higher (P<0.05) than that of other adding
times (Table 2). Therefore, they were chosen for
further determination of suitable adding time of the
extract during cooking Chai Natl rice. For the second
test, the adding time of 15 min showed the
significantly highest liking score (P<0.05). Therefore,
the suitable time for adding the extract during cooking .
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of Chai Natl rice was 15 min after switching on the
rice cooker.

Table 1. The definitions and reference samples for
each odor attributes of the cooked Chai Natl rice.

Qdor Definitions Reference sample
Weak Moderate Swong
Pandan The odor Shredded | Shredded | Shredded
intensity of | pandan pandan pandan
the cooked leaves S | leaves 10 | leaves 15
rice with g g g
pandan odor
Oldaged | Theodor ChaiNatl | ChaiNatl | ChaiNatl
intensity of milled milled milled
the cooked ricekept | ricekept | rice kept
ncewithold | for 6 for6 for 6
aged odor months months months
10g 30g 50g
Boiled The odor Boiled Boiled Boiled
egg intensityof | eggS g eggllg | egplSg
the cooked
nce with
boiled egg
odor
Glutinous | Theeodor Steam Steam Steam
rice intensity of | glutinous | glutinous | glutinous
the cooked rice5g ricel0g | ricelSg
nice with
glutinous
nice odor

Table 2. Suitable time of adding pandan leave extract
(50 mL) during cooking of Chai Natl rice.

Adding time (min) QOdor scores
0 5.95°40.83
4 6.40°+0.60

8 6.75°40.64

12 8.10°£0.64

16 8.25°+0.64

20 6.15°1.00

Confirmation h

12 5.15%+1.00

13 5.90%£1.20

14 6.10°1.12

15 6.75°+1.55

16 5.60°+1.31

** Means within column for each test with the same
small letters are not significantly different (P>0.05

3.2.2 The suitable adding amount of

extract for cooking of Chai Natl rice
' From Table 3, 100 mL of extract adding for
cooking of Chai Natl rice showed the significantly
highest liking score (P<0.05) whereas Chai Natl rice

with no extract added had the significantly lowest -

liking score (P<0.05). For the second test, 105 mL of
extract adding for cooking of Chai Natl rice showed
the significantly highest liking score (P<0.05).
Therefore, the suitable adding amount of pandan leave
extract for cooking of Chai Natl rice was 105 mL.

Table 3. Suitable amount of pandan leave extract for
adding during cooking (at 15 min after switching on
the rice cooker) of Chai Nat1 rice.

Adding amount (mL) Odor scores
0 5.2540.72

50 6.00"40.73

100 7.70°+0.73

150 6.40"40.60

Confirmation

90 6.70°40.66

95 6.70°4¢0.73

100 665+ 60

105 8.20°10.66

110 7.50°40.76

€ Means within column for each test with the same
small letters are not significantly different (P>0.05)

3.3 Changes in odor intensity of Chai Natl rice
after cooking and keeping in different packages
and storage times

It can be seen from Figure 1 that even though
the scores for all odors were significantly decrcased
(P<0.05) with time of storage, they were still detected
after keeping cooked rice for 12 h. Afier cooking of
Chai Natl nice with addition of 105 mL pandan leave
extract, pandan odor had higher odor intensity score
than that of the other odors, following by boiled egg
odor, glutinous rice odor and old aged odor. After 1 h
of storage, all four odors of cooked rice that kept in
microwavable PET plastic box had odor intensity
scores remained higher than that kept in
polypropylene - plastic bag, except for glutinous rice
odor. After 6 h of storage, all four odors had the odor
intensity score about 50%, except for old egg odor
and glutinous rice odor that kept in microwavable
PET plastic box which had odor intensity score 31.76
and 37.80%, respectively. It was noticed that the odor.
intensity score of cooked rice that kept in
polypropylene plastic bag were higher than that kept
in microwavable PET plastic box, except boiled egg .
odor which had the same intensity score. After 12 h
of storage, the odor intensity score of old egg odor
had remained higher than that of other odors,
following by glutinous rice odor, pandan odor and
boiled egg odor. Once again, the odor intensity score
of cooked rice that kept in polypropylene plastic bag
were remained higher than that kept in microwavable
PET plastic box, particularly glutinous rice odor
which the odor intensity score of cooked rice that kept
in polypropylene plastic bag were remained twice
amount of that kept in microwavable PET plastic box=
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Figure i. Comparison of odor intensity scores of the
cooked Chai Natl rice in pandan odor (a), old aged
odor (b), boiled egg odor (c) and glutinous odor (d)
that keptin polypropylene plastic bag (PP) and
microwaveable plastic box (PET).

4. Conclusion

Pandan leave extract which comprised of
2-acetyl-1-pymroline could be used to improve odor of
Chai Natl rice. The suitable amount and adding time
of the extract during cooking for Chai Natl rice were
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105 mL and 14 min with the liking score of like very
much. The added pandan odor in cooked Chai Natl
rice still remained for 12 h for rice that kept in
polypropylene plastic bag and microwaveable plastic
box.
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