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Abstract

Khao Mao is one kind of rice harvested 15-20 days after its grain formation. The rice is
not fully mature resulting in its green color and unique aroma of 2-Acetyl-1-pyrroline (2AP).
In the present study, we determined the nutritive content of Khao-Mao, extracted the 2AP in
Khao-Mao as well as determining its content, and developed a value added Khao-Mao snack
product.

In the first study, the nutritive content of Khao-Mao obtained from Ubonrajthani
province was determined. The moisture content of Ubonrajthani Khao-Mao was in the range of
16.3-23.9% on wet weight basis. The amount of fat, protein, fiber, and ashes were in ranges of
1.8-2.5%, 6.8-8.8%,1.4-1.7% and 1.2-1.9% on dry basis, respectively.

In the second study, the 2AP, a volatile aromatic component, was extracted from two
types of Khao-Mao, Phupaan and Nangkao, obtained from Nongkai province and its
concentration in both types of Khao-Mao was determined. The organic solvent extraction method
was carried out using 2,4,6-trimethylpyridine (TMP) as an internal standard. The extracted
products were analyzed using gas chromatography-mass spectrémetry(GC—MS). The results
showed that Nangkao Khao-Mao had 0.01 ppm of 2 AP, while Phupann Kao-Mao contained
0.02 ppm, which was twice more than that of Nangkao. This finding indicated that the 2AP level
of the two Khao-Mao species was very low. Therefore, we attempted to improve the aromatic
quality of Khao-Mao by adding other source of aroma. Fresh pandan (Pandanus amaryllifolius)
was selected to analyzed for 2AP content and was found to contain 44-fold more 2AP than in
Khao-Mao. We, therefore, added fresh pandan juice extract into Khao-Mao to improve its aroma.
The mixtures of Khao Mao and fresh pandan juice extract were further steamed or roasted and
then analyzed for their 2AP content. Results showed that the steamed mixture of Khao Mao and
fresh pandan juice extract had 0.056 ppm of 2AP, while the roasted mixture contained 0.073 ppm.

In the last study, for value adding, the more aromatic specie, Phupaan Khao-Mao, was
processed into crispy cereal Wao cracker, one type of crispy Thai snacks. The crispy Khao-Mao

Wao cracker was developed into a bite-size snack for convenience. The processing steps



consisted of grinding Phupaan Khao-Mao into flour, flavoring, mixing with water, molding into
dough, slicing, drying at 50-60 °C, and baking at 200 °C instead of frying. The baked crispy
Khao-Mao Wao crackers were then sprayed with palm oil before seasoning with salt, pepper and
garlic powder. Final products were stored at room temperature for 2 months before the
examination of their physical, chemical and sensory qualities.

After 2 months of storage, physical and chemical evaluations indicated that the
appearance of the crispy Khao-Mao Wao crackers was acceptable. No mould contamination or
rancidity were observed. The pH of the product was 5.0-6.3 and water activity (aw) was 0.3-0.5
indicating that the standard requirements were met.

For 9-point hedonic sensory evaluation by 20 panelists, the average overall liking score
was 7.95, meaning that panelists like the crispy Khao-Mao Wao cracker moderately to like very
much.

Therefore, the processing of salt, garlic and pepper seasoning bite-size crispy Wao
crackers from Khao-Mao can be a healthy and nutritious snack. Baking instead of frying helps

reducing the use of oil, which promotes more health benefit to consumers,
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2.5 10 |
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[ 4
Mldluilapindmaudsgdlumeduniasusinarogiuon wu dhilusenssilos uas
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2.5.1 nauveslune
#sdseaevn Indululuwelivareriia Tasnauveslumsazi)aouly
4 o 2 o d a :
detimathluwenwilsgl Foihldesnlszneuvesasdnaudoundas lulumena
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Yo A 0 ) 4
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nAu@Y (boiled flavor) Juiy Iasuintlunauassasdszneudames wu nauTunss
AU (methional), nAuRINENINGEN (thiazole) Uaz VLIWRINAGA (3-methylthiobutanal)

@ o [

% ¥ oA a 2 a A ° a o
Wuau amsszmomaiiiavulundasunnainniinisulssl dmsuaisssmen
) ¥ ¥ ]
= o == a

adrwnaulugiguiivatesie wu nduergu,nauiide,ndunraty (0-damascenone),

QU

a a a . . v a
ﬂaumqu,ﬂauWN,ﬂau‘m (4-hydroxy-3-pentanoic- acid lactone) Wudu ﬂau“lmnqu



21

mAalunsdinlvngazifasinnszuaunsudsgd lufoundasars i lussme 1
3 a [} = LY a a dy =3
naoues InauguReadumsifaniuduluemis Giang, 1999 819100 12201 F9198 .

2547)

P da o
713199 10 Msdsenounnsizviwululumoea (Pandanus odorus Ridi,)

Sdufind msiszneu wedifudvesiianua
1 2-methyl-3-buten-2-one + 044
2 Toluene 0.16
3 3-hexanone 2.97
4 2-hexanone 2.65
5 3-methyl-3-pentanol 0.41
6 ethylbenzene 0.11
7 1,2-dimethylbenzene 0.13
8 3-penten-2-ol 0.94
9 3-hexanol 7.09
10 4-methyl-2-pentanol 6.13
11 1-methylcyclopentanol 1.00
12 3-methyl-2-pentanol 0.15
13 (E)-2-penten-1-ol 0.21
14 hexyl formate 0.21
15 (Z)-4-hexen-1-ol ' 0.13
16 acetic acid 0.44
17 2,5-hexanedione 0.14
18 3-methyl-2(5H)-furanone 73.07
19 Methyl-2-hydroxylbenzoate 0.18
20 hexanoic acid 0.75
21 (E)-3-hexanoic acid 0.85
22 3-hexenoic acid 0.19

» ¥
11 : Jiang, 1999 (819108 112201 IR, 2547)
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1 : dautlasnin Takeoka, 1999 ('é’]'NTﬂU 13791 INA, 2547)
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11 : fauagein Takeoka ,1999 (313 1a8 113901 FN19R, 2547)
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[AP12#3709 RT:21.45 AV:1 8. 270 21.00%

2-acetyl-1-pynoline

100+ 43

504 CH,NO

83
111

3 150 270 390
(calibur) 2-acetyl-1-pynoline

Name: 2-acetyl-1-pymoline

Formula: CgHoNO

MW: 111 CAS#: N/A NIST#: N/A ID#: 10513 DB:
xcalibur

Qther DBs: None

Comment; Qi=489, Source=JC-624-270-1

10 largest peaks:

43 999 { 41533 § 42244} 83133
39111}

44 100 | 69 891 68 B9 111 561
55 36 |
Synonyms;

no synonyms,

~ 3 a
AINN 23 ﬁ”ﬂiiﬂiqﬁi'l\?ﬂ'l%ﬂﬂ 118s Mass sp.

ectrum VYDITT 2 — acetyl — 1 - pyrroline (2 AP)

& ¥Yad &L o 3 a
1NNINN 23 LLﬁﬂ\?cl‘ﬁL'VIUQQ ﬁﬂ'ﬂﬂlﬁﬂl@ﬂiﬂi\?ﬁi'l\?‘ﬂ'mlﬂﬂ VDI €17 2 —acetyl — 1 -

H F 4
pyrroline (2 AP) iy ludhaminie 2 meiutuas lune
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il 38 J138.071 207 2s1m0 377 368 2o
39 79
121 ,
T F 3 TV T Ty TY T T
30 80 130 180 230 280 330 380 430

[aP12#4273 RT:23.28 AV:15B:423 22.0([~

Pyridine, 2,4 6-timethyl-(CAS)

1004

395

30 160 290 420

Name: Pyridine, 2,4,6-trimethyl- (CAS)

Formula: CgHy N

IMW;: 121 CAS#; 108-75-8 NIST#: N/A ID#: 15787 DB;
xcalibur

Other DBs: None

Comment: Qi=142, Source=AC-1984-274-0, WLN=T6NJ B
DF

10 lorgest peaks: .
121999 1 120420) 79190 1061480 39350

i

122 140G |
I
Synonyms:
1.2,4,6-Trimethylpyridine
2.s-Collidine
3.sym-Collidine
4.2,4,6-Collidine
5.c-Collidine
6.4,¢.8'-Collidine
7.2,4,6-Trimethyl-pyridine
8.2.4,6-Kollidin

771001 07 13} 123 81 108

(xalibur) Pyridine, 2,4,6»-Mmemyl- (CAS

AN 24 gaslassadrantunil uog Mass

internal standard
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= alﬂ a LY 4 :1' o o
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o
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38 -

36 -

a4 .- )

32 -

2—acetyl—1-

o - T T
.20 R 30 . 49 mn

{ Y 3 L4 4
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d‘ ' dyﬁ a . é
1NNNIAN 25 UITBDTurmmITnouseIve 2 - acetyl - 1- pyrroline (2 AP) mﬂsmg

’ ¥ '
TulasnTaunsy Ao ldnnmsuSouifisudun1dfinuesas2, 4, 6 - trimetylpyridine

[~ A a ] [y &
(internal standard) iJumsagmenIAs IUNNIVYTRLUNBUAUETS 2 AP Feils1ng Tulns
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aslanguuaninies  GC Felumsduaum




1JSumas 2 AP

@araaslunmanuan n 4o 3) wasAnuva
a o 9 "\ @ o @ 9 ¥
1NN AT TN THOUTLMENRI IR UGN Ms YTV gedeti e

wdaiwaaleeldsmsadaaisvieudled

Taensans 1z RAemALln Capillary GC 104
pyrroline (2 AP) ifSvutRoufuans 2, 4, 6 tr
26

d' 1 :& a
ANINN 26 VIBDNUSNIUAITHN O

U5 0A 1M IuYISU

80

v 24P
mmsmm:ma'lmmqm 7S x 025

¥ P
ﬂi‘]/lﬂﬁ’e)\‘illﬂinﬂ AITINN 23

a { o a 4
INSAUNTA ﬂ\‘iﬂ'l‘Wﬁ 15 UagnNInNITAUNIITUN

~ o a 1 3 AN Yo [ k4 a
mswauszmUm"ﬂumﬂﬂs:ﬂaumuﬂmqq°lu‘1n’mmn'1@1511msﬂmﬂ;aﬂmmwmuﬂaumu

@ d'd a 3 1 A
15ENANUNAUYDNUYDIVIINT AD 2 —acetyl - 1 -

A LY i
imetylpyridine FINAN1INADDBI AAUAAITUN N

. &
ISEINE 2 - acetyl - 1- pyrroline (2 AP) #915104)

Tulasu launsy A ldannsalSeul
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40 -
i
35
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© 25+
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2 —acetyl— 1 - pyrroline

‘oo —ee— 2, 4, 6 trimetylpyridine

28 -

26 -

24 —

awmfi 27 TasunTasunsuvesasszmennimoudei 14 lunsilsuljenssu3smadsvilye

aumwAunduvey i lnnmsiufindeynuenios Gas Chromatography

AR 27 veraaSimasrosEme 2 - acetyl - 1- pyrroline (2 AP) #a1l51ng)
Tulasulaunsy ﬁf‘im’;m'lﬁ'mﬂﬂmﬂ‘%ﬂmﬁUuﬁumﬁ'ﬁﬂmmmsz, 4, 6 - trimetylpyridine
(internal standard) udsazaremasgufinsuySinauiveusums 2 AP Falsinglulas
unlnsunsuiing 22215 Tavfiasneuszivo Ao 2 — acetyl - 1 - pyrroline (2 AP) luwaizdi

- . ' 4 .
@15 internal standard 321)51ngMIa1 24,189 AsInguusenTes GC Falumsimiaum

a [ a 9 2AP s
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135 2 — acetyl — 1 — pyrroline (2 AP) Tudnusin

’ b4
1850 msdSudgeguamduniuneudsuiulumeasuas lumouds asdl

a1a FUA AT ISureans ANRAY
2 ., Peak Area -
N FAIDUN NAADI 2 AP ‘ﬂ‘ill'lﬂl
2 AP 1S (ppm) 13 2 AP
(ppm)
1 59 16.9 0.87
1 luweaa 2 120.7 32.1 0.94 0.88
3 70.6 21.1 0.83
1 300.5 17 4.42
4 .
2 luwetia 2 496.4 3.89
3 4304
1 494.9
3 luneas 2 245.2) 14.7 4.17 4.14
3 197.54 11.9 4.15
1 4.56 11.4 0.10
4 ANWIUIS 2 4.2 8 0.13 0.11
3 5.6 13.3 0.11
1 8.4 20 0.12
5 AWIUA? 2 6.4 16.1 0.12 0.12
3 6.1 11.4 0.13




A1319% 23 (919)

84

Sudi T adeft WSmars  aunde
Peak Area
f70079  NARDY 2 AP 15w
2 AP IS (ppm) @15 2AP
(ppm)
1 2.3 7.1 0.08
6 TRRIRPHI R 2 3.3 16.3 0.05 0.073
3 2.7 7.9 0.09
1 59 275 0.05
7 U919 2 5.7 25.5 0.06 0.056
3 6.7 28.9 0.06
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M350 25 A1 a, Yo AouLAzrAINIsUSUYgeRundunew
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MANUIN N

1. MansBumIazaensan Nty 0.1 M Hydrochloric acid fuming 37 % (HCI) 0.1 M
19383 Volumetric flak Y119 1000 JaAaAS

|

b »
PNHINAY UsEu19t 500 Tadans

|

111 Hydrochloric acid fuming 37 % (HCI) 10 fiadans ¥insiwirl¥arsazarodsuy
suilsuies 1918 ersazate 1000 Taddns
» ¥
lasmaanthnauhmsermsazateliidhiudnass
hmsazaensai 4 W lFlumsmSenmsoraounasgiu

(Internal standard)ﬂlu o9 2 o'l
) = ~ YY) a a v a
2. msmsaumsazmﬂmmgm (Internal standard) NAINUNUYH 0.25 HaanIN/ans

a7 1 INTBNA150Z010 Internal standard (2,4,6 - trimethylpyridine )
15195 273.6 ul /1 805 0.1 M
Hydrochloric acid fuming 37 % (HC1)
(lasmsdsu15unsI71R 1000 Taddas, imswerarsazarslfishi)

|

AN 2 4 Internal standard 9109207 1 11 1 88805 (ml)/18n50.1 M

a a

Hydrochloric acid fuming 37 % (999 maaﬁm)
@5yl 18dSums 1000 Taddns)
Mmsweasazatefidnnuy

|

A9 Internal standard 31nU207 2 1119 FURI9819 PE19AE 50 TaREAS
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o =Y d’ v v v 1
3. meannamSmmms 2 AP (ppm) Rszmis'ld 910 ueeae , hnmensta yazdhani

:.'r o d [V o d
713 2 9¥ug Ae siugusumaiug gy

x 0.25

deoanlFlumsada =

4
] ﬁﬁﬂﬂl@ﬂ’dﬁﬁ@ﬂﬁxmﬂ 2 —acetyl - 1 - pyrroline (2 AP)

Area2 AP = WUN
Area IS = wui ldfinvesans 2,4,6 trimethylpyridine (Internal standard)
0.25 = AN TUVDIATS 2,4,6 trimethylpyridine (Internal

standard,ppm)
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MANHIN D

MASFIUNTAN AT IMNTIN (THAL INPUSTRIAL STANDARD) u0n. 1534-2541 Uu

N38UVINFYIIA (CRISPY CEREAL-BASED SNACKS)

HaARuaNYULN Al

PRIRERT AMANYUY NSRS MR 75
TAT1EHA
5’ 9} RPN 9
] ANy usoraz luidu 4.0 AOAC (1990) 9
925.10
2 T1/5Au (Nx6.25) $oeas AOAC (1990) 9
3
VoM neULT JTiaenI 6.0 970.09 (A)
o 9 :' 7 LY kY
3 lusiu Sesazvantihminouusts AOAC (1990) 99
Tuipu 30 920.85
' ¢ 7 . v
4 ANUNDIDDN LA (peroxide value) AOAC (1990) 19
indnsvanyamesoenladoendion 30 2.501
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Descriptives
APPEUNEE
95% Confidence
Interval for Mean
Std. Std. Lower Upper
N Mean | Deviation | Error Bound Bound | Minimum | Maximum
1.00 | 20 | 7.5500 .82558 .18460 7.1636 7.9364 6.00 9.00
200 | 20 | 7.9500 .88704 .19835 7.5349 8.3651 6.00 9.00
Tota
, 40 | 7.7500 .86972 13751 7.4719 8.0281 6.00 9.00
ANOVA
APPEUNEE
Sum of
Squares df Mean Square F Sig.
Between Groups 1.600 1 1.600 2.179 .148
Within Groups 27.900 38 734
Total 29.500 39




Descriptives
TEXTURE
Std. Std. 95% Confidence
N Mean | Deviation | Error | Interval for Mean | Minimum | Maximum
Lower | Upper
Bound | Bound
1.00 | 20 | 7.7500 .91047 .20359 | 7.3239 | 8.1761 6.00 9.00
2.00 | 20 | 8.2500 .78640 17584 | 7.8820 | 8.6180 7.00 9.00
Total | 40 | 8.0000 .87706 | .13868 | 7.7195 | 8.2805 6.00 9.00
ANOVA
TEXTURE
Sum of
Squares df Mean Square F Sig.
Between Groups 2.500 1 2.500 3.455 .071
Within Groups 27.500 38 724
Total 30.000 39
Descriptives
LIKELY
Std. Std. 95% Confidence
N Mean | Deviation | Error | Interval for Mean | Minimum | Maximum
Lower | Upper
Bound | Bound
1.00 | 20 | 7.5500 .88704 | .19835 | 7.1349 | 7.9651 6.00 9.00
2.00 | 20 | 7.9500 .94451 21120 | 7.5080 | 8.3920 6.00 9.00
Tota
| 40 | 7.7500 .92681 .14654 | 7.4536 | 8.0464 6.00 9.00
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ANOVA
LIKELY
Sum of
Squares df Mean Square F Sig.
Between Groups 1.600 1 1.600 1.906 175
Within Groups 31.900 38 .839
Total 33.500 39






