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Extraction Combined with Encapsulation of 2-Acetyl-1-Pyrroline from Pandan Leaves

Using Gelatinized Rice Flour Under Autoclave Conditions for Coating Phichit Rice
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Abstract: This study investigated the extraction and encapsulation of aroma compound 2-Acetyl-1-Pyrroline
(2AP) from pandan (Pandanus amaryliifolius) leaves under autoclave conditions. Gelatinized rice flour was used
for encapsulation of 2AP extracts. The gelatinized rice flour encapsulating aroma compound (2AP) was further
used to coat on Phichit rice. The experiments were conducted at extraction and encapsulation temperatures of
90 °C (10 Psi), 100 °C (15 Psi) and 110 °C (20 Psi) and different extraction and encapsulation times of 30 min,
60 min and 120 min. The results showed that the optimal condition of extraction and encapsulation of 2AP from
pandan leaves at temperature of 90 °C (10 Psi) for 60 min gave the highest level of aroma compound (2AP)
encapsulated with gelatinized rice flour. The gelatinized rice flour containing the highest aroma level of 2AP was
coated on the Phichit rice. The Phichit rice coated with aroma compound 2AP was analyzed physical and
sensory properties. It was found that before cooking the Phichit rice coated with aroma compound 2AP had L*,
a b and hardness values of 68.97 + 1.11, -0.63 + 0.08, 9.34 + 0.65 and 24.42 + 7.58 kg,, respectively. After
cooking, the L*, a', b and hardness values of the Phichit rice coated with aroma compound 2AP were 63.90 +
1.36, -1.15 + 0.08, 3.27 + 0.24 and 2.99 + 1.02 kg, respectively. In addition, the results of sensory evolution
found that the average colour and overall liking scores of the Phichit rice with coating of aroma compound 2AP
before cooking were lower than those of the Phichit rice without coating of aroma compound 2AP (P<0.05).
However, the flavor score of the Phichit rice with and without coating of aroma compound 2AP was not
significantly different (P<0.05). After cooking, the average colour, flavor, texture and overall liking scores of the

Phichit rice with and without coating of aroma compound 2AP were not significantly different (P<0.05).

Keywords: Aroma compound 2-Acetyl-1-Pyrroline (2AP), pandan leaves, gelatinized rice flour, autoclave, encapsulation
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msfamandluaduudonelianneudietiesnle ileinadniinnifiuaismen 24P thanl$indesiinnaaians
Tnaannznisarinuaziniiuansian 2AP lHungumgd 90 °C (10 Psi), 100 °C (15 Psi) waz 110 °C (20 Psi) uaz
1981 30, 60 KAY 120 LT NANIANHINLINNNIANATINTUNIIANALAINEN 2AP mﬂmmﬁ'@mmﬁ 90 °C (10
Psi) ilnan 60w mﬂLLﬂwwmwmumimmmmmhmm%mivmum’]wammmi 2AP mnmm LLﬂx‘i“lI’]’J
EnTirnunafaaani s funnuvenessns 2AP mn‘wmmummmLﬂ@faummqwa A7 AN
AATzaTAnaman Lazsz e AN a1e9E199 RA AT HNLNNSIAA DL ANEIN AN 2AP HANNTALATIZIT
nuindnInRARsTIARBLSatanTveN 2AP NauNINIYINANA LY, a*, b* wazAnA Ll ueEintL 68.97 +
1.11, -0.63 + 0.08, 9.34 + 0.65 AT 24.42 + 7.58 kg, AMNAAL ‘m“\imuﬂfm‘muﬁf;iﬁmmﬁ%ﬁ LARBLAILANS
van 2AP S1ANA L, a*, b* uazannudaiefewiniL 63.90 + 136, -1.15 £ 0.08, 3.27 + 0.24 Az 2.99 £ 1.02 kg,
AR Hannstlseifiumnadsramdndanudn Az ume AR wazanuteLlngsNTestinaanaRAnsT
wRaLFananaan 2AP fauinmaysiandnndiinnanefiansildiunaadaugaen 24P atnaittdifyma
ADNB (P<0.05) A AZILUANNTLE N AL LANAN AN TR AT LN SRS L UAIAINNITYUAY
LU TELEIUR nAw dnmauiTiduia wazauTeulngmLTastinnI AR AR e LBt MY 2AP T
Anlsiumnsneanniinaaniansiiiunanaey aeathitdndymeadn (P<0.05)

AdATY: anavan 2-Acety-1-Pyrroline (2AP) luwe Wilsinadaidiuniaifianmand luadu vdallsdnla nainiiu

AN Tnauazaasinslszma M lfidiununisdseandan
Waduiten 1 9t Wil wa. 2557 Uszndlnesing
fnafluemnmanaesaulng uazdailuit  dveendudrinensuasndniugianiduyani
Lﬂiﬂﬁﬂ@%@’]ﬂm%'ﬂ\iﬂi“’mﬂ frofilgnlulsowdlng 1308905 &wum isduann 1,268,217 A1
duflinanavanesie wiriefigistedediinn  vedifiudfenss 321 Insdudnfiflyadideean
adlunganlvalanfiae d1ovenszd (Tha jesmine  inawliui nouaswansioed ilesanmadeeen
rice) ianenizlamAuReravenTiinanansvey frqaedlneelussivindiAedssinaguae 1w
28l 2-Acetyl-1-Pyrroline (2AP) (Buttery et al., 1983; Bl uazAeaun vnlianunsaudetilEunna
Mahatheeranont et al., 2001) v‘iﬂﬁﬁmwwammzm Tnedinauazuansineiiyaninisdeenn 191,228 414
fiad @uﬂmm@uumwmww uandngandneaiiadu ] uw davenngdnedundaiusiidieannniignd
uananiinennzafiyaudadelldnunesumiln a1 52157 &uum (gudansaumanisingms
N ingdaiuneanass Hsatfeses isuuds  dninewassgianisinees, 2557) dennnuuazya
nazhnanileuiinaziiedu 7 dnvennvAastiandgn  nisdeeandnonennyd uazdinadu 7 lugasl w.a.
wazusnAnueeIgunIuane Tmﬂﬁl,ma'\uwwﬂzgﬂﬁ 2554-2557  (AN1UN9MUNTARZIUREN FUIATTHIAS
dninyelunpnziusanidsavile wavanaiadlii  Usznelng, 2557) uandlErannaed 1
LL@:ﬁﬁ”uﬁlwaﬂqﬂmﬂmqumﬂﬂdﬂ 19 &1ulivia andayalumed 1 aznuindraveuusd
sz (910, 2558) TmﬁlﬁLmdwﬁmﬁzﬁﬁﬁaJ 1Eun luRuE N AN TIATR A28 1E E st
Soudngiung edaziny UiFud upsradun Senin  asvanemilugounm usteenslsfinusansaneanis
uazIRsasEnAaAite (iasmninavennzadiu m'a@ﬂmau@uwanmmwwau°1 LWﬁ?wmmmma
frafidnnnma dnduven Anfufifesnmtemnn vandeuinddiendefeuiuliniugau saiudein

300



MsANASINAUNISANALANSUAN 2-Acetyl-1-Pyrroline annlutaasaauilednaidn

& a al o £ ¥ & o = Y o o aa
‘wmumﬁmmLfamm"lum*ﬁunw'lmﬂmfazuuaumﬂ'l'atw'ﬂ“nma'awmq“m')wqm

Table 1. Export quantity and value of Hom Mali rice and other rice, 2011-2014

Unit: ton
Types of rice 2011 2012 2013 2014 %2014/ Ratio in the
2013 year 2014
White rice 4,620,551.3 2,460,020.0 2,666,901.0 5,341,898.1 100.3 48.7
Parboiled rice 3,227,038.6 2,049,924.4 1,651,000.2 3,262,608.9 97.6 29.7
Hom Mali rice 2,358,958.5 1,912,657.0 1,915,256.4 1,869,672.9 2.4 17.0
Glutinous rice 287,660.2 226,196.6 326,833.54 334,083.7 2.2 31
Pathumthani fragrant rice 212,020.4 85,628.9 51,684.15 161,071.4 211.6
Total (tons) 10,706,229.1 6,734,426.9 6,611,708.3 10,969,335.0 65.9 100
Value (million Baht) 196,117.0 142,976.2 133,841.9 174,853.4 30.6
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Figure 1. The peak area of 2AP represented as 2AP levels of fragrance of the Phichit rice coated with

aroma compound 2AP obtained from extraction combined with encapsulation of 2AP from

pandan leaves using gelatinized rice flour under autoclave conditions (different letters on top

of bar graph are significantly different (P<0.05)

304



o o o @ .
NEANASINAUNTANLALANTUAN 2-Acetyl-1-Pyrroline anlutpanlauilednaien

Neumsiiaaani luadunnglaanitzuiiaisanlaialdiafaaudnaananans

Anmef wudanagi WRNzaNNgA un9a pifierin
{Fugnavian 2AP FnelleinalinTisiunnsifamanily
afuiatinuAda LN Ransudar 1019
WRsHsuuansueN 2AP mnﬁqmﬁ@ﬁfqmuqﬁ
90 °C (10 Psi) lu9an 60 w7 FadulEanindla
finrasans 24P fiflAnanniign uansindszdunany
NBNUBIATNEN 2AP ﬁmﬁmmzﬁmﬁﬂﬁmnﬁqm fiael
Tassasefidudauanna waeau iinafitnunsiaana
Tt Tananasiniiuaiven 24P 1515 anvia
Banaerlulaganwlefiifianisean i lusdudad
AMNAIN1T0lUNNTUAN TN 2AP LA uiu
(Leelayuthsoontorn and Thipayarat, 2006; Yahya et
al, 2011) AT 2-5 wamennslieLiiieann
aweng SEM  Tuanmaustsngidunninganezes
fnuniansldiadeu (TAALAN) LAZIARDLANTNAMN
2AP BaeillainadnTiiunnsR saan i ludunie 1
an1aznganalaziniiuansan 2AP annluwmelu
Mﬁﬂﬁqﬁmiﬂﬁqmmﬁ 90, 100 WAz 110 °C Lazlaan
60 W1 mnasu wodnauileazfiawn guie uay
S lilAnAny WA B8N TNART9NS
289919219 NARTARBLANTVEN 2AP WLIAINTUN
a09utlsd121E TN s AR ludunasiniAy

AN9UAN 2AP  ANEN1ZNIANALAZINIALANTUAN
2Ap Al lunftefiesnlefiguiugi 90 °C uaz
18" 60 1171 TiAReUAILENNI9 AT inndN AN
wngeautleindfituninaa i funasiniiy
A13VRN 2AP  AINAN19NNTANALAZA NI LANIaN
2AP mn’luLﬂﬂluuﬁ@ﬁqﬁmiﬂﬁqmuqﬁ 100 Az 110
°C uaziaa1 60 W auflulIfdnBunoudledinain
fifalAReuNINaza NN LaNseN 24P 1§
1NN Fffiannensatauas N LNy 2AP
Tigaungil 90 °C uaziaan 60 il Gaeliiudledinaning
waaLdnaraRansiniiuansuen 2AP lEundana
WHinnaRansdeUanves 2P NevauiFunnans
AN 2AP mﬂﬁ'zm

AMNNANTNARBINTAT ALAZINIALANTVeN
2AP mﬂ‘lumaﬁfmu?ﬂﬁmL?ﬁ']ﬁmummmﬁhmﬁu
Enavdiatisnlefianngsing "L‘*ufmmu (Fan It 3- 5)
PNIMNANNENAUS sz e U Iiins s 2AP #1

WARSDNITALILBNDIANTNEN 2AP  UATAIUNRUAY
AN lNNTAN ALAZANNLAINEN 2AP annluwmafae
v v v dl ] a % v tﬁl o
wilednqldfinunisaand bsadulundiailasnle
waAIPNNANRUS IR AaaNnIN (1)

Figure 2.

Cross sectional SEM images of the Phichit rice (without coating of aroma compound 2AP) at

a magnitude of (a) 50 (b) 3,000 (c) 1,000 (d) 5,000 times
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encapsulating aroma compound 2AP obtained from extraction combined with encapsulation of

2AP from pandan leaves under autoclave condition at 90 °C and 60 min at a magnitude of (a)
50 (b) 3,000 (c) 1,000 (d) 5,000 times

Sc CMU

.,’g EMR Ec. CMU
<A

Figure 4. Cross sectional SEM images of the Phichit rice coated with the gelatinized rice flour

encapsulating aroma compound 2AP obtained from extraction combined with encapsulation of
2AP from pandan leaves under autoclave condition at 100 °C and 60 min at a magnitude of
(a) 50 (b) 3,000 (c) 1,000 (d) 5,000 times
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Figure 5. Cross sectional SEM images of the Phlchlt rice coated with the gelatinized rice flour

encapsulating aroma compound 2AP obtained from extraction combined with encapsulation of

2AP from pandan leaves under autoclave condition at 110 °C and 60 min at a magnitude of
(a) 50 (b) 3,000 (c) 1,000 (d) 5,000 times
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wazAnfuaTaN 2AP (17)
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307

annmi 6 wudnanmuzlsngresdinnen
fansiaReUaIvan 24P Tldewinsyeasaus
Futeu lieadinwiiewdinnaaianssssun il
HNUNNAARLANTeN 2AP IngANE LY, a* way b* 189
§nu1RARIARDUANINEN 2AP AINATRNUNITISH
AnRAtIYINGL 68.97 1.1, -0.63 + 0.08 llax 9.34 +
0.65 AINANAU ANMFUAIAINNWE (hardness) N
AREIYINTL 24.42 + 7.58 kg, ansfitinngnfiansd
TWlAaauansven 2AP neuyaiAA L, a* uas b*
LRI 7349 + 1.21, -1.00 + 012 uAz 11.26 +
0.78 MUAAY uazAN AN AnLeRsinA 35.45
+3.76 kg,

ANUFUANT UL ﬂmﬂgm@wmmqum
\AABLANTIAN 2AP ATt RUNDIENIIAN 2AP NNNGA
(‘VIIQCWVIQNLL@vLQ@WI‘Hﬂ’]?ﬂﬂB”ILLﬂvﬂﬂLﬂU@’]i‘ﬂﬂﬁJ 2AP
Bneuiladinaidnfiinunisiiaeani s unte 1
annzudiefiesalowindu 00 °C
AINAIAL) UAIEIUNITYS (mwﬁ 7)

WAL 60 U7
WU



M5ATLNAST 33(2): 299 - 310 (2560)

Phichit rice without
coating of aroma
compound 2 AP

90 °C 60 min

Figure 6. Samples of the Phichit rice (a) without coating of aroma compound 2AP (b) with coating of

aroma compound 2AP obtained from extraction combined with encapsulation of 2AP from

pandan leaves using gelatinized rice flour under autoclave condition at 90 °C and 60 min

(before cooking)

Phichit rice without
coating of aroma
compound 2 AP

Figure 7.

90 °C 60 min

Samples of the Phichit rice (a) without coating of aroma compound 2AP (b) with coating of

aroma compound 2AP obtained from extraction combined with encapsulation of 2AP from

pandan leaves using gelatinized rice flour under autoclave condition at 90 °C and 60 min

(after cooking)

fnnuaRAnsPAaLIANsaN 2AP MAILIUNIIIN LUAA
fnavin wazniziuilution Tnarnd L, a* uaz b* 984
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0.24 AINAIAL T0UzA A1 AaLT el AeA YL
2.99 + 1.02 kg, dwFulinaanaianed il ndenans
wan 2AP nawamdndngliinuazBeasanulinng
TnefAnd L*, a b* wazAransudeilanaewiniy
65.16 £ 1.75, -1.14 + 0.10,4.10 £ 0.63 WA 9.74 £
0.89 kg, AMNANAL
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Table 2. Sensory evaluation of the Phichit rice with and without coating of aroma compound 2AP
obtained from extraction combined with encapsulation of 2AP from pandan leaves using

gelatinized rice flour under autoclave condition at 90 °C and 60 min (before and after cooking)

Before cooking After cooking
Types of rice
Color Flavor Over liking Color Flavor Texture Over liking
Phichit rice with coating of o . R . . . .
551+158 5656+135 580+130 6.37+£120° 6.12+1.36 570+1.27 590+0.98
aroma compound 2AP
Phichit rice without
coating of aroma 6.80+1.39° 560+135 672+124" 685+1.30" 585+1.39" 558+1.67 6.30=1.40°

compound 2AP

Different letters in the same column denote significantly difference at P<0.05
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