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The purpose of the study is to develop of K-—star dessert. The
products are made with rice and reflect Korean food culture.
Purpose& — Rice cake premix, Instant cooking rice cake
Contents — Rice pudding premix, Instant cooking rice pudding
— Rice Snack(Crisp)
— Rice beverage
— 2 SCI papers, 2 KCI paper published.
R 1 . . . . .
esults — 5 poster presentation at academic symposiums of 5 international
and domestic conferences.
— 1 patent registered.
Expected - . .
. Plan to commercialize rice dessert products in Korea and US.
Contribution
localized . . . . . . .
Keywords . rice premix rice porridge rice crisp rice beverage
recipe
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Looking for Ready to Serve Recipes?

g i Pamela's Products - Gluten Free
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Apple sinnamon
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Alete - alere body dessery  avert GmbH - Davert Rice pudding  Oetker — Mein moment Stovetop Rice Pudding

Original Rice Pudding

Kozy - Shack Rice Pudding Muller - Rice Original Low Fat Dessert HEINZ - creamy rice pudding

—wj=k 5% ~U(rice crispy)

Kellogg's - Rice Crispy Treats

Double Chalaesy Chiirk Kellogg's - Rice Krispies Treats Blasted

M&M'S Minis Crispy Marshmallow Squares

Quaker - popped Sunrice - BBQ rice crackers Lundberg - smoky maple rice chips

T ~N
STACKERS

5 GRAIN

Coco - cocopop Coles - plain rice crackers Lundberg - organic thin stackers 5 grain ~ Jayone - crunchy rice snack
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table 5. A7 Fxdk
-?—.E‘_‘ 1=y hus] i=] A=y O~ =
(A=) Al -3} A 73 ARATER AFANL P& A4
- rice cake premix 2%
K-2:¢} . o . u=r dx)91e YAE ¥ wla
. O o2 stickyd 43} (plain 1, cheese Bt 1%) | - jﬁﬁl
HAES || A . . B UAE 9wk AF o
= o |2 wiA e A i 274(4- rice porridge mix 2% e 1=
AE A | y . - C |3 BEH 7SR A HALA
) N g= (original 1%, porridge
() 24
type 1)
12 - 719]  Hunter  Color
= Values (L'a'h") 54
Q06) | g [0 UIF BAAL Gges ) AR AT B4E o
Oae [T OAE H E2 B UG RS H uE Bigd isE FEY A48
£ ey [B FR UE AT AR ojgete] oS 5\(IS-SPUE fiber HA3,
=2 71 O - — =) = - = - -
A (dxE) oS ¥ ojgstA g A WY 5 NAg B E2Z A7 2
54 9 A 7Y °on AR )
-g7] AR NS 24 U
=23 75
O "= dxds oz~ v AAL gz o
o AFE 4T 2 F HAFE 4T 2 ¥ Y- 3 HAAE AL AF ¥
Ko "z, & Fg2y 294 2 Fejse] A9 3 ST 9
A A58 Y g8 )Mt 9 34 44
A E N )
];j;ﬂ”)a O W A gaow
T @ AE 4 2 EY - onadEt BEAHZ| AN AZ v dA Js
Az, & Fgxy 2d 15 d4] 7|8 E A} T AR HaA
2} A FR) 7R 24
g
5 [e) KX A) 5
(2017) = AARNE tde® 9 Al 2R AAse] = BaAw
e e dae w43 8 P 8 2|2 o)gsd BN W AR
Kooogy |01 BANE ARG o) a o gy ay
o & AFE 43 B ¥ {}E)Oﬂ e olgery =4
A E L il = |- 5] =A12-
AL can w 2gay 2w 4 54 K- olgery 5L HE, 27
4 EA W emye] F olssHA AP EMS FAT olseh 7 dn 2 UdukygR ks
= = - T 1 ~ N
S o T B ERe A% zAz )| EFEE A7 e A
% UubgR gers wysh)E Y A R S M F
Aol me 54wy |0 EA
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(1) vl= ZAnjAF @423 AF 7 2445 i ¢=s
— rice cake premix 3% (plain 1%, cheese % 1)

— rice porridge mix 2% (original 1, porridge type 1%)

golzdol At M/ EloR AUt Arwe
FEFEAA AFAE el HY 5 Qor], TR We)
Sgozt AT Py, 2 PARE Mo e 7
el W zelg Ba Szt bestms st
95Qle] MEshe A=gow 247 Auatgict

=

R SIS
Miko] 7hssieh. E ThE
e Zs AFoR,
< AEAl A7y st

719 (Plain Type)

A5 121 (g) 1l 3] (%)
AT 40.0 80.0
A A 0.5 0.9
s 5.6 11.2
HAHE_C 2.3 4.6
g% B 1.7 3.4
Total 50.0 100.0
2719 (Cheese Type)
454 12 (g) 1l 2] (%)
Crdes 32.8 65.6
AagyEd 1.6 3.3
A kx| =8 1.4 2.7
EFA =TT 2.5 4.9
AR =2 1.4 2.7
A 0.3 0.5
7g g 4.9 9.8
WM HE_C 1.9 3.8
HAAE_B 3.3 6.6
Total 50.0 100.0
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] (%)

gto] 2~ ¥4 (Original)

g2lo)lA~ FEY (Porridge type)

table 7. 2}9]
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— 3 [e) T TECE S 2 o [®) S = o

A1 V3RS agste] " AW ve 7o 2Eled ol B vad ol =

S Slo

= /i sl
Instruction Instruction
Rice Pudding Premix Rice Pudding Premix
[Korean Porridge, A and B] [Mmilk, C]

1. Bring 250 ml of water to a boil in a saucepan (250 ml = 1 cup). 1. Pour contents of package Premix “C” into a saucepan.
2. Pour contents of packages Premixes “A” and "B" into the saucepan. 2. Pour 200 mi of milk into the saucepan (200 mi = % cup + 2 Tablespoon).
3. Mix the Premix with water in the saucepan, stir until dissolved. 3. Mix the Premix with milk in the saucepan, stir until dissolved.
4. Boil it for 5 min. 4. Bring mixture to a boil, boil it for 5 min.
5. Pour mixture into serving bowl and allow to cool at room 5. Pour mixture into a serving container and place in the refrigerator.

temperature for 1 min. 6. Allow to cool in the refrigerator for 1 howr.
6. Enjoy the porridge. 7. Enjoy the pudding.

Instruction

Rice Cake Premix
[Plain, A]

1. Pour contents of package Premix “A” into a bowl.

2. Pour 2 Tablespoons of water into the bowl.

3. Mix the Premix with water, and rub wet lumps gently between your
palms or fingers.

4. Keep rubbing and breaking large pieces.

5. Pour the mixture into an 8 oz. paper cup (cupcake wrapper works as
well).

6. Place the paper cup into the steamer.

7. steam the Premix contained in the cup in (electric) steamer for 20
min.

* if you do not have electric steamer, you can steam it using steamer
pots, bamboo steamers, steamer racks, etc.

8. Remove the cup from the steamer and allow to cool at room
temperature for 1 min,

9. Enjoy the cake.

Instruction

Rice Cake Premix
[Cheese, B]

1. Pour contents of package Premix “B” into a bowl.

2. Pour 1.5 Tablespoons of water into the bowl.

3. Mix the Premix with water, and rub wet lumps gently between your
palms or fingers.,

4. Keep rubbing and breaking large pieces.

5. Pour the mixture into an 8 oz. paper cup (cupcake wrapper works as
well).

6. Place the paper cup into the steamer,

7. steam the Premix contained in the cup in (electric) steamer for 20 min.

*1f you do not have electric steamer, you can steam it using steamer pots,
bamboo steamers, steamer racks, etc.

8. Remowve the cup from the steamer and allow to cool at room temperature
for 1 min.

9. Enjoy the cake.

figure 5. 2013 2712 E54 AEFE AT 2 &
(2) vz X919 UAHE ¥ uA 4l gAHE Fo] YA AF ost #s4 7|ax AL 218
— =29 A4S Yo RE st AlFE del”] witel Bl AnjRtE Ao Akl
St Al &3so] tsh #Ao] =2 mElS g s HAASIGon vl ol AFHUYE AF
et JYoE va dARAS YO R Sk ol AAY 2F U go| A 2F AlAIE
of thet Tz 7tE Yt

rlr

AA9E ko AUE 4o WeH V1EE 2AE 236 A ANGeH, 1 oEH Az
S gk (AE dak BN F0) el A9
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table 8. "= AH|A} #F5F

7F A3 (1 =h)

A& 7} 4 (Overall Linking)
ghol A1 (Z2?) 4.9/9
gho] A A ] (A =) 4.8/9
gho] AF ) (2. Ad) 5.9/9
gho] A (FEHSD) 5.5/9

2foj Ao}
@22

2foj Ao}

Concept
2 =7
Spec. 500/H 500/H 359/H 80g/H
=Q M (64%), HAYH Y Huict M(52%), W HE X|XBaF #4o0%), JPar Efxjeo E'gil{ll(sa%)' Hﬁﬂﬁlﬁl{ﬂ
%E = ,oadae,d5s, |2 ,dadas, Moa a2 N =2, a2 lT T (19%), M3 2 gat muct
A M3, MY, HAE  WAE2), o, g
s el e
JHd
dejoff 229t 25 200ml Lo = 250mI= 97
sap  S710IAUHAS S 30mIS 42 F 3027 € 9L Ol 482 S ol e e
=L i = = =2d 252554
ool 20 2 HOES 870I8R1 [0
Azt dd

figure 6. 20134 2A7}32F4H
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- B Focus Group Interview (FGI)

~ M SAHEA (Descriptive Analysis) ~

: = ’ - @ Spectrum™ Method AlE

\ {Ref) Sensory spectrum Inc, Chatham, NJ, USA)
' - 90| FHE HE 1Y M|
- AP EH0| AISE 0] 2T X 2 A
- 92, O, @, Y B4, MAH Fof Ul 24 YA
~HHMC W el X5 HE (B 0-15)
! E“l’f&.ﬂ:rou: solutions )
RISt Sodivm choride solutions)

L1ZH Cirrie adld solutions)

s

RAHEA 5, APKHED BWE 2] Bo] A2

BN Cattelne solutions) S

~ W 2H| X} ALE E AL (HUT, Home Use test) ~\

R T R R

> AHIZ AT ALZ
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— ol AA 2F WsF7E AlFA

A AHEL7)SC =4
< & 10599 0] MR|l0] B2} (91F00: 18426 754; HAY0: 43.64).

1. Rice Cake, Plain Type

Attnibutes Females Males Total
Appearance 5.33{+ 2.32) 6.21 (£ 1.52) 357 (+ 216)
Flavor/Taste 5.01 {+ 2.07) 5790+ 1.90) 5.57 {z 2.16)
Texture 4,57 (+ 2.26) 545 (+ 2.06) 4.81 (+ 2.23)
Sweetness 340 (£ 1.18) 3.24 (+ 1.06) 3.35 (£ 1.13)
Softness 418 (=112 390 (+ 108 411 (+ 1100
Chewiness 472 (+ 1.04) 4.79 (+ 1.08) 474 (+ 1.05)
Overall Liking | 4.75 (* 2.28) 341 (+ 2.06) 4.93 (+ 2.23)
@ AHIALARR EALHHUT, Home Use test)
3 £ 9499 0|2 WA|0] 7 (AHN: 19MSE| GBM); BALI0): 40.64)).
Attributes Females Males Total

Appearance 499 (+ 180 542 (£ 1.82) %11 (= 1.86)

Havor/Taste 5.59 [+ 1.99) 5.65 (= 1.BY) 561 (= 194)

Texture 493 (= 217) 500 (= 1.96) 4.95 (= 2.11)

Sweelness 346 (= 1.01) 3.58 (= 1.06) 3.49 (= 1.03)

Chewiness 3.85 (= 1.00) 4.00 (= 1.20) 3.89 (= 1.06)

Overall Liking 5.07 (+ 2.00) 542 (+ 1.84) 5.17 (+ 1.96)

Easiness of recipe 6.53 (+ 2.03) 5.89 (£ 2.32) 6.35 (+ 2,17}

2. Rice Cake, Cheese Type

2 AHEPISE B4
3 & 105%0| 0|3 SIX|910] R} (7CH: 18445 754; BFLI0]: 43.64).

_28_

Attributes Females Maleas Total
Appearance 5.53 (¢ 2.13) 5.79(t 1.72) 5.60 (+ 2.02)
Flavor/Taste 511 (x 2.28) 5.97 (+ 1.66) 5.34 (£ 2.15)
Texture 4.55 (+ 2.30) 5.69 {+ 1.85) 4.87 (£ 2.4)
Saltiness 371 (£ 1.04) | 331 (2097) | 3.60 (z1.03)
Softness 3.91 (+ 0.91) 3.86 (+ 0.6:4) 3.90 (+ 0.84)
Chewiness 4504 1.17) 4.38 (£ 0.78) AAT (+ 1.08)
Overall Liking 462 (+ 2.43) 555 (+184) | 488 (z2133)
@ AH|A} AE ZAL(HUT, Home Use test)
2 & 9498 o2 Elx| o] F31 (AW 19426 68M; BAL0): 40.64]).
Attributes Females Males Total

Appearance 506 [+ 1.95) 5.19 (= 2.0d) 5.10 (+ 1.97)

Flavor/Taste 497 (= 213) 496 (= 241) 497 (= 2.20)

Texture 463 (+ 2.00) 446 (+ 2.14) 4,59 (= 2.08)

Saltiness 3.82 (= 0.91) 369 (= 1.16) 3.79 (= 0.98)

Softness 3.85 (= 1.01) 381 (= 110) 3.84 (= 103)

Chawiness 3.88 (+ 1.09) 4.27 (= 1.37) 399 (x 1.18)

Overall Liking 4.51 (£ 2.13) 4.65 (+ 2.23) 4.55 (£ 214)

Easiness of recipe 644 (x 1.93) 5.65 [+ 2.26) 6.22 (£ 2.05)



— SolA¥Y 2% BEHs AR

3. Rice Porridge

2 AH|A ST EA}
3 & 100%2| 0}3 HX|QI0] B} (AYW: 1845E] 754; BIL0L: 44.24)

Attributes Females Males Total

Appearance 6.16 (= 1.59 392 (= 1.66) 6.10 {= 1.61)

Flavor/Taste 549 (= 215) | 544( £ 216) | 548 (+ 214)

Texture 6.11 (= 1.74) 596 (= 1.54) 6.07 {+ 1.76}

m"'“"?“'“ tedtd | 625 (=179 | 6321217 | 627 (= L78)

Saltiness 2.52 (£ 1.10) | 272 (£ 1.21) 257 (+ 1.12)

Thickness 4.07 (= 0.72) 4.32 (= 0.69) 413 (= 072

Owerall Lill:ing 549 (= 2.03) 5.68 (¢ 2.10) 5.54 (x 2.04)

¥ AH|AALE EALH{HUT, Home Use test)
< & 10299 nj2 M| olo] HISQE (MY 19455 744]; HIL|0[: 40.84]),
Attributes Females Males Total

Appearance 572 (= 1.90) 517 {= 2.30) 5.59 (= 2.00)
Favor/Taste 531 (= 215) 471 (= 213 5.17 {= 2.14)
Texlure S.08 (+ 2.32) 467 (= 2.39) 4.98 (= 2.33)
Rice-grain texture 5.28 (= 2.04) 521 (= 2.09) 5.26 (= 2.04)
Saltiness 446 (£ 1.07) 4.17 (£ 1.40) 4.39 (* 1.15)
Thickness 4.05 (+ 0.84) 4.25 (+ 1.11) 4.10 (= 0.91)
Overall Liking 4.90 (+ 2.23) 442 (£ 2.10) 4.78 (x 2.20)
Easiness of recipe 7.67 (+ 1.44) 7.54 (£ 1.31) 7.64 (£ 1.41)

4. Rice Pudding )
A AU|K}F|SE EAL
< % 10092 02 HX|20] B2 (HEA: 18426 754; BAL10|: 44 24])
Attributes Females Males Total
Appearance 504 (= 1.62) 504 (= 1L.6T) 504 {+ 1.63)
Flavor/Taste .60 {= 1.90) 6.80 (= 1.230) 6.65 (= 1.87)
Texture 4.88 (= 207) 5.00 {= 2.04) 4.51 (= 2.05)
Sweetness 4.27 {= 0.95) 4.12 (= 0.60) 4.23 (= 0.88)
Thickness 300 (x1.16) | 296 (£0.93) | 299 (¢ 1L.11)
Smoothness 4.04 {= 0.98) 3.84 (= 06T) 399 (= 0.52)
Overall Liking 575 (x 1.88) | 660 (£ 1.92) | 596 (£ 1.82)
@ AH|A}AFE EALHUT, Home Use test)
< & 10292 0f= BIR|2I0] S619E (IE0: 194456 744); B L0): 40.8M4).
Attributes Females Males Total

Appearance 6.63 (= 1.65) 6.50 (= 1.93) 6.60 (= 1.71)

Flavor/Taste 6.91 (= 1.80) 6.75 (= 1.65) 687 (= 1.76)

Textura 5.30 (= 1.90) 523 [+ 210) 530 (= 194)

Sweetness 3.95 (= 0.75) 3.92 {= 0.93) 3.94 (= 0.79)

Thickness 3.73 (£ 0.95) 4,00 (* 0.59) 5,79 (= 0.88)

Smoothness 373 (£ 0.72) 3.88 (= 0.45) 3.77 (£ 0.66)

Overall Liking 6.68 (+ 1.94) 6.54 (+ 2.02) 6.65 (+ 1.95)

Easiness of recipe 7.92 (£ 1.18) 7.88 (= 1.19) 7.91 (= 1.18)
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table 8. gfo]~7e] A At

471" (Plain Type—2)

45 12 (g) H 28] (%)
A= 6.5 13.0
WA HE_C 5.8 11.5
HA AR B 5.2 10.2
7 20.8 42.0
-y ET 3.2 6.5
2l o] A 1.3 2.5
I 5-A] 3.8 7.5
o} 7| & 1.2 2.3
2 A=A 2.1 4.2
A A 0.1 0.3
Total 50.0 100.0
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table 9. go]AF A 2x

Zo]A FEY (Original—2)

4849 A3 (2) Hl 2] (%)
ficy 10.6 30.3
A7} 6.7 19.1

gAEY 6.7 19.1

SR S 6.5 18.6

A 3.4 9.7

7 v~ NSP 0.6 1.7

g 0.1 0.3

A A ~EH o} 0.1 0.3
Fheh e gk 0.3 0.9
A 35.0 100.0

(3) HUAE ¥ ulx 9 fAE F9 ulA Zg] gAa|y 7t

- Azxd ZYuies 5 v Sl 38k, dakEIAE o

— ZolAFA S 250ml 7HEe &7 F&

ZF 23tstar 700 &FE AAFE|AA A A 1 E7F 28] 51
grol AF g &7)e] FHuA 50g Y R (EE =

700 $FE HApEAA oA 3 EZF ZEE FH 1AL o

A
otk olel SbAA ZE Foluh mpEel| vhre] ol Wz

F 9lek
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H oy | e »
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figure 7. gto]l2A|9), Blo] AFH Al A|FE
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(4) v]= @A HAE 9§ Y 8l fAE Fg Wi AE g ¥4 7% AL

— 6479 A 2RAE Yo R deErEE AT

1%} B2} Home Use Test ZMT RE
" 220l YA
H

27} ®ot Focus Group Interview Appearance(2|2)

Flavor/Taste(9})

Texture(Z &2}

Recipe{Z2|2g)

Ao

Haots

Owverall Liking

figure 8. W=y AH| A} F5H7H2A})

table 10. gto]lA~Ae) A5H7F A3}

T Rice Cupcake
Aroma liking 54 (£ 2.1)
Appearance liking 6.7 (£ 1.6)
Flavor liking 6.6 (£ 1.7)
Texture liking 6.0 (£ 2.2)
Overall liking 6.2 (£ 2.0)

table 11. gto|AFY A3 7F 43}

T Rice Cup Pudding
Aroma liking 6.2 (£ 1.7)
Appearance liking 5.9 (£ 1.6)
Flavor liking 6.7 (£ 1.7)
Texture liking 6.4 (£ 1.8)
Overall liking 6.3 (£ 1.9)
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. QIHO|CHE 4 BRO| HAUO| AFSEIS
Z

ol sl=Fd T
(Circle) (Seaweed) Stick

ASE B Az g

A biplot of correspondence analysis based on emotional responses
evoked by four shapes of rice snacks

0.7 ALy O
o] 9|20
0.5 1 CIE BtS o
03 Aol Cht 2R U0
Disgusted
Me:ry Adventurous g.
s |." emmo. :
;r‘- 0.1 Juyful B |ntere$ted“ worried.POIite
5 ; : —— : - —
bl Pleased
_;_0.1 Happy G.aod 1 .m Bored
L]
o Triangle Whole
4.3 T Warm
0.5
0.7 = 4
-0.7 0.5 0.3 -0.1 0.1 0.3 0.5 Xc'! tll_l-f:?:‘—é

F1 (79.56 %)

table 12. & AJ #5
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table 12. o] AAW NS XA A3

A contingency table of the proportions of selection by 113 panelists

A xRy | ooy | 4z
: 3 \ P-value
(Circle) | (Seaweed) (Stick) (Triangle) |

Adventurous 0.23b 0.39a 0.25ab 0.29ab 0.01
Bored 0.19a 0.04b 0.20a 0.11ab <0.001
Disgusted 0.13a 0.06a 0.18a 0.06a 0.004
Good 0.22ab 0.27a 0.15b 0.25ab 0.04
Happy 0.12a 0.15a 0.01a 0.15a 0.04
Interested 0.54ab 0.63a 0.45b 0.58ab 0.02
Joyful 0.04ab 0.12a 0.01b 0.06ab <0.001
Merry 0.02a 0.09a 0.02a 0.05a 0.002
Pleased 0.16a 0.21a 0.10a 0.22a 0.03
Polite 0.12a 0.05ab 0.07ab 0.02b 0.008
Warm 0.14a 0.08a 0.06a 0.15a 0.02
Whole 0.20a 0.13a 0.11a 0.14a 0.04
Worried 0.21a 0.11a 0.21a 0.15a 0.02

Sample comparisons in terms of overall appearance liking,
willingness to eat, and matching level with seaweed flavor

e HERE | B A2 pvalue

(Circle) (Seaweed) | (Stick) (Triangle)
Appearanceliking 5.4(+£2.0)b 6.2(=1.7)a 49(+£1.9)b 6.0(x1.8)a <0.001
Willingness to eat 6.4(£1.8)b 7.0(£1.5)a 6.0(£1.9)c 6.9(£1.4)a <0.001

Matching level with se

1 A1 02, T <0.001
aweed flavor 55+ 1.8)bc 6.4(+1.6)a 5.0(x2.0)c 5.7(x1.9)b

Mean (+ standard deviation)
Means with different letters within each row represent a significant difference at P < 0.05.
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1) Rice Dream Original

. cEznzesERo mestAse. SRR

« ZHSSE Or2et 20| 118-mL soufflé cupOf B O [ IR:EIE o AN Teatale] s
HSotRS

« ABEHS 2E=4°CRAoH NSt ZIH2320|2A=2.

- REIIEES B 3710 B2 = E Latin Square W 0 2t K SLAD, 2s5H
=5 37/s58 WS

table 13. &o|A &8 #A5H7} A1)

table 13. golx &8 A5H7 43

Sample comparisons in terms of attribute liking and overall liking
I ) I T

Aroma liking 5.3 (+1.0)b 54 (+1.1)b 6.2 (+1.5)a < 0.001
Appearance liking 5.0 (x1.8)b 6.6 (£1.5)a 5.4 (£1.8)b < 0.001
Flavor liking 6.0 (+1.9)a 3.9 (+2.0)b 58 (x2.1)a = 0.001
Texture liking 6.2 (£1.8) 5.6 (£2.0) 5.7 (£2.1) 0.06

Overall liking 5.8 (x1.9)a 42 (x21)b 5.6 (£2.2)a < 0.001

Mean (+ standard deviation)
Means with different letters within each row represent a significant difference at P < 0.05.
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Percentages for the JAR levels

Percentages for the JAR levels

- Aroma intensity (1:Much too weak, 4: JAR, 7: Much too strong)

- Surface color (1 Much too light, 4: JAR, 7: Much too dark}

- Overall flavorintensity (1: Much too weak, 4: AR, 7: Much too strong)

- Sweetness {1: Much too weak, 4:JAR, 7: Much too strong)
- Saltiness {1: Much too weak; 4: 1AR, 7: Much too strong)
- Bitterness {1: Much too weak, 4: 1AR, 7: Much too strong)

- Thickness (1: Much too thin, 4: 1AR, 7: Much too thick)

- Smoothness [(1: Much too grainy, 4: 1AR, 72 Much too smooth)

ml w2 23 wd =5 m6 w7

- Mouthcoat (1; Much too little, 4: 1AR, 7- Much too much)

table 14. 2}o]

[>
tlo

2 JAR Test 237}

(7) a4 2+

(7hH ol A Aol=

I2pd ol gt ol Aol AR 244S AYaL gl dA &anjA 37 Ay
< AFE Lo vlE anjAbe EF A gt YEeS = UAIRE ghE o=

st dA &Rt 2
Stk olgAl 2xbd el JddE epo]aAo]A ] EFA
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T
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Aun B GAE olsaty 54 74

H]

W HAE €, & G, oA

o

=
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2.3%,

=

85.6—86.8% % EFWTE & A

o

W A 23

&

< 82.5%%tt.

o

.
e

3}

6.4%,

o

=

W

_40_



Table 1. Proximate analysis of rice dessert premixes

Dessert rice cake

Type Plain Hlack Tice Rice cup cake Rice pudding
Moisture(%) 70 £0.3 72 £04 25 £0.1 3.7 £0.6
Crude ash(%) 1.4 +0.1 1.6 +0.3 1.1 £0.2 08 £0.1
Crude fat(%) 1.2 0.1 1.2 +£0.1 87 £04 6.6 £0.6

Crude protein(%) 36 04 44 +0.2 2.3 £0.3 6.4 £0.7
Carbohydrate(%) 86.8 £04 8.6 £0.4 85.4 £ 0.6 825 £09

(2) w22 A% B

hH A W

@ HS—SPME GC-MS & ©]&3t hexanal & 233t v} Abg] &l 334 AE 24
40T wls 4 E5(ZY 9 YUAE ®, Eun] gAHE © & 779, golA Fr ulx)
T 105 &8 A, wao 459 A7l A8k hexanale @S A Abd dd

3k AJH- 9] W3S headspace solid phase microextraction (HS—SPME) gas chromatography
—mass spectrometry (GC—-MS)& o]&std 43tk 42 10520, 2, 4, 7, 14, 28, 42, 56,
709) FF 3yt

12~ 30 g & WA F 2.0 g (£0.5%) = HEHS ¥, HS-SPME FEHOo=,
2em Zo]¢] DVB/CAR/PDMS fiber & o]g-sto] fILA L& FE38kaL, Agilent AF8] MSD
59757} A4d¥ GC 7890A (Agilent Technologies, Santa Clara, CA, USA) 2% splitless
mode & EA43F3t. GC ZHS DB-WAX (B0 mx0.250 mmx0.25xm, Agilent
Technologies) S ARSI, GC QELS x7|2%E 35ToA 183 A3+, 100T7HA

%, 583

5C/min & £%X2 =7} A7l & 20C/min & £E % 250C7H4 &£2& =
FAEA T R7IAl= AF 714 (0.7 mL/min) & AFESIY. U 2E= 220To|H

o

solvent delay time < 1min ©]3lt}. Ionization voltage += 70 eV, electron multiplier
voltage = 1,800V 2 AA3AY. 3EAA AR 54 34+ n—alkane standard
(C6—C40) = o]g3to] Kovats retention index (KI)E AFE3F & NIST Mass Spectral

=
=
Search program ¥ 3|@A A& AvEitt=E o] &3, A% T AW Aty #d 324
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AR W3E 43517 918, hexanal (m/z 82) ¥ nonanal (m/z 98) 2] extracted ion peak

area %< internal standard ¢! octanal—dis 2] peak area k¥ Blwsle] AAFsFe] Al

e

A2k (relative quantification) = A A 8} T},

' ng extracted ion peak area 10 ng
concentration | — XIS X

g extracted ion peak area of IS

b 7 Az

U2 4 FREU)] UAE |, S0 HAE 9§, A A, ol FH wA)o] Sl
=245 GC/MS=Z #2413 A3= Figure 19 YeRSItE Hexanal> 23} 22 233}
Aake] o] w2 AEY] A AR T T2 RN g A A A S4o)th A% A
0%) 2wl UAE & o] A 14.4 ng/gR ot A% 2897H4] w48l T7khs A2 B3l
th A 280l 33.3 ng/g ©F A% 0ol Hlal 2.38 SRSl HE AFUQ 70Uell= 34.9
ng/gCE 7hE =& S Ktk S| AE 9 ulAeM= A 7] 10.9 ng/glE A 287t
7] 26.6 ng/g® FASH S7Iehs BEFS B, HE AU 70%0l= 37.5 ng/glo® A 271R
th oF 348 SRR A 709§ 4% WA T S0 UAE & A9 hexanal T7H50] 7HE
7tk

=

2 A M40 hexanal ¢ S7F H2 HAE H 2F(ZQL SvDell vlsl wekor, A%
04 (12.4 ng/g)°ll vl HF AFAA 7043 elM= 22,5 ng/go =, A% %71 Hlsto] 1.84 F7Fst
Ak & ¥ 9Ao] hexanal®] A9 A% 04 (7.2 ng/g) HEl A% 564 (10.7 ng/g) 7HA & W=
Holx| ekgkont, #HF AU 70l w43 F7Ist 16.2 ng/gR ot U] 35| wiof Blg)
HZF hexanal 57} 7P it
Zedl HAE B A} Sn) gAE o A B nonanal®] 73-p- 2710l hexanalell Bl Y
e A Skl AlAIGit F HA B A% 04(11.2 ng/g) ol vlsl A% 7T-14del FHad
ox FAsH kI, o]fo FAsithrl A% 42-56YUNE ] ke S Ktk &
HAC) vl F wA0] H- nonanal> A% 4297b4] gke] F WIskE WolA| ekgith wiEbA, &
gl OAE o =i Su] fAE ¥ wao] Zg- hexanaloll BIE] T 2] F7Fsk= nonanale A
of o e ¥hs3k= At X3 &2 (early lipid oxidation marker) 2 A2 = Sli= 7FsAdo] vk
AbRE
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Figure 1. Changes of relative concentrations of hexanal and nonanal in rice dessert

premixes: (A) plain dessert ricecake, (B) black rice dessert rice cake, (C) rice cup

cake, (D) rice pudding.
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(3) "HAE &9 ey

b "OAE 9 (Z:D)

s 50 gol & 30 g¢& 7hrste] = & A7) &3¢ES 18 mesh standard

sieve & o] &3lo] It} 1 F 30 B3 HU)E o] &3] Fg 3t}

h YAE ®(F0)

FW

oxd

Z]

& 3l5S 18 mesh standard

=

o

B 50 goll & 285 g& 7hpEte] &%

sieve & o] &35ty At} 1 F 30 E7F AVE ol &

ol

tol

by
o

(ch HAE 7]

250 mL &9 AAAA & &1 WA 40 g3 A & NS FES] ST
o] F AAHRIA AN 1 #3F £ (700 W 715).

@ bAE ¥y

AAeEIA & HAE 9 50 g} 4 200 mL & ¥ TE3] &5ttt o] &
Az A oA 3 (700 W 7)) x8 & Hel dAFS "ol yvra 407 o)A

Ik

OAE A#F 455 (Edd UAE 9, S gAE 9 A AA 9, o]~ F)S ¢
o] Y& o] &3t A ZsFHtH(Figure 2).
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Ricecake Cup cake Pudding
Plain Black rice Vanilla Plain

Figure 2. Cooked rice dessert products pictures (plain rice cake, black rice cake,

rice cup cake, and plain pudding)
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M
1%

(4) UAE FE A%

b A7 WY

=
kr

a3

rlr

=

$1o] zEHog HAE o]g3te WE COAE AF dAE 459
(UltraScan PRO, Hunterlab, VA, USA)E AF&3te] HE (L), AME(@Y), FANZDB) S

ZAskch. EE Ao R WA (L'= 99.97 a'= 0.09 b'=-0.04)& AHESdTh UAE
AE HAES F2 4d8E7 (e 40 X 12 mm)ol] Ho} THFEE 33
() A5 A

UAE o] gate] WhE 4F9 A UAE(ZH HUAE ¥, Zu] gAE ¥ A 37,
ghol 2 1) eAE] N AeE 54T d3E Table 20 WER It

Table 2. Hunter’ s color values of cooked rice products

Type Rice cake Cup cake Rice pudding
Plain Black rice Vanilla Plain

L 81.80 = 0.05 46.86 = 0.09 78.64 £ 0.18 83.87 £ 0.07

a’ -2.01 £0.05 5.80 £ 0.09 0.68 £ 0.02 -3.42 £ 0.05

b* 7.17 £ 0.05 3.55 = 0.09 33.30 £ 0.05 9.93 = 0.03
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B) HAE &9 =47 574

h AT
D OAE G (S, S & AA e A7 =4

UAg o] gdtel RE B9l UAE @, Fu] OAE |, & PAYe) 247 £

d.0
= = =t -

texture analyzer (TA—-XT2, Stable Micro System Ltd.,, London, UK)E& A}&3}o]
two—cycle compression test® 433 AL Table 3o YeSdTt & HA] 4
- BRARS & AAI] M 2% AlFolA Fruiste] xeldto] S48kt Texture Profile
Analysis (TPA) & o] g3} 7 %= (hardness), 24 (adhesiveness), SHA
(cohesiveness), 3l (chewiness) % ¥ (springiness) < ¥ Ao A AFE3IH T AFE-
gk TPA %712 Table 39 Zth A% 548 94, A5 20 mm2 At B3 (cylinder

aluminium probe) & AF&3som, BE hA|Eo] & 103 o)A ¥iE =43}l

Table 3. Test condition for texture profile analysis

Parameter Value
Pre-test speed 2.00 mm/sec
Test speed 1.00 mm/sec
Post-test speed 1.00 mm/sec
Strain 70%

Trigger force 50 g

rU
rin

A OAE AF T gholAn FPI AlFoA Fust EALe] glo]l A Fd w AR
ghol A Fo AFe] AL EAL Rapid Visco Analyser (RVA)(SV—-10, AND Ltd,
Gyeonggi—do, Korea)E ARE3ste] SAstslod, 50 mL 9 F9 AEES 53 o] wb

=4alol BEge eI

O_u
e
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b 24 2

D UAE W (EeQ), S g @A) 23

Table 4 oA Hi= ntg} o] =
TkEo] TPAE #&3% A3, IvE

AE o1&t UAE Am(HAE 9, & fJA)) &

AHe gol AR Hol Fdd

HUAE Ho nsto]

hardness, adhesiveness, springiness, cohesiveness, gumminess, chewiness? RE Ay}
oA A& {23t xpo]= Holx] FYTH(p<0.05). & AA L ALl BAA ] wlA AE
H]w3el3lS W hardnesst B AF3 A & B 9™ adhesivenessi= A Al#FY

Absl 52 ®H Yl T3 springess,

0}k O

OkQF o™ gumminess®} chewiness+

Folatr v AuE BYTH(p<0.05).

cohesivenesst

Table 4. Instrumental textural properties of cooked rice products

BE ABeA fF Ao]E HolA]

A AFe] @gEY FoetA w9kom B Al FEG

Black rice

Rice cup cake

Cx* cup cake

(A) Chocolate (B) Banana
flavor flavor

Dessert rice cake
Type
Plain
Hardness(g) 399.9 £ 194 415.9
Adhesiveness(g.sec) 384 + 2.1 37.8
Springiness 0.8 £ 0.0

Cohesiveness 0.8 £ 0.0

Gumminess 316.9 £ 15.5 322.4

Chewiness(g) 245.3 + 21.1 268.3

+ 130.1 | 184.6 £ 11.8b 127.1 %

7.6a 190.2 £ 17.1b

+1.6 42.6 = 10.1b 30.4 £ 10.3ab  20.1 £ 8.5a
£+ 0.0 0.9 £ 0.0 1.0 £ 0.1 0.9 £ 0.0
+ 0.0 0.8 £ 0.0 0.8 £0.0 0.8 £ 0.0

+ 100.2 | 144.8 = 8.9b 98.4

+ 5.5a 217.6 £ 4.7¢

+ 81.9 136.6 = 9.7b 96.8 £ 5.3a 189.4 + 2.7¢
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Table 5014 R il o] WAS o] §slo] golx FYS wEo| WYL S
S W fAR AolE mold Uyt

a3z, el et ek C AlEI Hask

(P<0.05).

Table 5. Instrumental viscosity properties of cooked rice puddings

(C) J* pudding
Type Rice pudding (Competitor)
Vanilla flavor

Viscosity(cP) 370.3 + 32.6 356.0 + 38.1

g

o

#ol, Bu)) o] 1L Aol TAE W zg T oA Fo] nx=

il

6) TAE o v

B W B

b A

HS—SPME GC/MSE o]&3to] 3] At

ey
v Tl—= T
S BAStE SAE 7 & F 9AE 50 g A 3 F 20 g (£0.5%) S FHEto] 24

AlIZF ol Z  equilibriums Y. ¢] ¥ HS-SPME FZW o=, 2 cm Zolg
DVB/CAR/PDMS fiberE ©]&3 a1, AgilentAFe] MSD 59757} <14
H GC 7890A (Agilent Technologies, Santa Clara, CA, USA) 9.2 splitless mode®

24
A

3t GC Z¥2 DB-WAX (30 mx0.250 mmx0.25 zm, Agilent Technologies) <
=7}

ZJskar, 100C7HA 5C/min® %=

;

F712% 35TCeA 133

3991, GC LEB&
5 =3 %, 537 fAE T eRAlE 2F

A7l & 20C/ming £E2 250 C7HA]
7F2~(0.7 mL/min) & AHE8IAT ST 25
2T}, Ionization voltagex 70 eV, electron multiplier voltagex 1,800 VZ A3} t}.

= 220C9] solvent delay time 1 min©]
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A AR =4S Q&A= n—alkane standard (C6—C40)E o]€3to] Kovats

o NIST Mass Spectral Search program¥} 3]32HA4d A& ~=Eith

_ﬁ
o
—
o
5
g
o
5
5
a.
0
ko
e
2
rfr
%

b AR A=l A A EH9 extracted ion peak area #t= internal
standard (aldehydes: octanal— dig; nitrogen—containing compounds:
2—methylpyrazine—ds;alcohols:n—hexyl—di3 alcohol) ] peak area #t¥} H|w3s}o] AAFSH

o] At) A% (relative quantification) & 2 A 8}S .

_ ng extracted ion peak area 10 ng
concentration | — | = — 3 I8 X
g extracted ion peak area of IS g
h A 23
© EdQ UAE 9 mae ne Aol YAE 5 xe] § AlFe] mAE g e
3t w4

HS—SPME GC/MS= =79l tAE He| 7] dis 481 GC A=2vt=13v g
A7R= Figure 39} Table 6 YRStk & 55702 3A Aol B7do] Hlom ddslo]=R/ 5
<, AT 7E, EISTF 5, YAMT 7, SdUAT 1F, acid9 esterir 7E, 1Al 23F2] 7|E
s ARG AA Y A T 46719 Aol FEEE Hols EdE vtk 1053t A
5 e AR A AR 2 A Aell vlste] A% § A A st A ke
27% =23k A A 2er] SAEND AR AR $ 9719 ¢ Ad(ethanol, decane,
longifolene, N,N—dibutylformamid,
4—isopropyl—1,6—dimethyl—1,2,3,4—tetrahydronaphthalene, 5—dodecanylbenzene,

4—dodecanylbenzene, 3—dodecanylbenzene, methyl palmitate) < A& & XA HAEFH

A ekttt Holdow A d x| AldE Y 5—pentyl—2(5H) —furanone”’} 105 A%
AR s HAE B AlFolA sdo] Hdv o9 o] Hwnkxo®w kA Ao ghakol
A YA SolAY glol AT A A ddE AEEY FE es8ld FUleITh
o= Eo], A<l W Ay A EEZQl hexanald A% A HATE THE CAE WHU A
105 F wHE YAE HeA 1.38) S718ka, 2—-pentylfurans 2.3 S7Fekolct. whek
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A AFA] FEel wosh= ] AE o2 ¢4# 2 hexanald} hexanol 59 &%o] S7IZ A

&7 5ol v Zloje} oAl Ade] Atg)
=

s
10

W s, Gt ofvlare] shede] g%

(L
olo

To® AAE=H N =40l Aol HH, 53] dHB =R Atstase] &) A

Hg o wel 2Astt (Quach ML et al.,, 1999).

1
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Figure 3. A representative GC chromatogram of cooked plain dessert rice cake.
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Table 6. Concentration of volatile compounds identified in cooked plain dessert rice cake.

No. volatile compound untlsngxfzvn unklg?wn literlsllture odor description i(riig(%l after (11%6\)7\/eeks
aldehydes
5  hexanal 4.44 1078 1080 fvre“giteytétfiitety’ leaty, 5.8 + 0.0 7.8 £ 0.0
15 octanal 8.72 1279 1284 2}§reuiydic’ green, peely, 0.8 +0.0 14 0.0
17  (2E)—2—heptenal 9.59 1314 1318 %rruef;’ sweet, fresh, 3.8 £0.0 3.9 +0.0
22 (2E)—2-octenal 12.16 1415 1416 ?a‘l’{teyet’ green, citrus peel, 4.1 +0.0 2.9 +0.0
30 (2E.AE)-2.4—decadienal 20.94 1784 1789  fatty, chicken, aldehydic, 2.7 £ 0.0 9.1 £0.3
green
ketones
1  acetone 1.97 814 814 ;ggem, ethereal, apple, 0.7 0.0 0.6 + 0.0
14  2—octanone 8.66 1277 1283 ifaég}é,ywaxy, cheesy, 1.0 + 0.0 2.1 £0.1
19  2-nonanone 11.19 1377 1378  fruity, cheesy 1.6 +0.0 0.2 +0.0
41 2-pentadecanone 25.27 2001 1997 fatty, spicy, floral 2.1 £0.0 0.5 £0.0
42  5-—pentyldihydro—2(3H) —furanone 25.37 2007 2005 1.9 £0.1 1.4 £0.0
46 5-—pentyl—2(5H) —furanone 26.05 2046 2052 minty, fruity n.d. 4.8 £0.2
4—hydroxy—4—methyl—2,6—bis (2
48 —methyl—2—-propanyl) —2,5—cycloh 26.98 2096 2094 18.8 0.4 4.3 £0.2

exadien—1—one

alcohols
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13

18

20

44

10
12
16
21
23
27

24

33

47

49

ethanol

1 —pentanol

1—hexanol

nonanol

1 —phenoxy—2—propanol
alkanes
decane

dodecane

tricyclo[5.2.1.02,6] decane

tridecane
tetradecane
pentadecane
hexadecane

olefins

1—pentadecene

acids and esters

hexanoic acid

octanoic acid

nonanoicacid

2.69

8.02

10.46

11.27

25.52

3.43
6.43
7.6
8.85
11.34
13.82
16.26

14.72

21.78

26.1

28.12

925

1251

1350

1380

2017

1008
1181
1233
1284
1383
1481
1579

1517

1825

2048

2158

926

1246

1356

1390

1000
1200
1243
1300
1400
1500
1600

1515

1827

2050

2162
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alcoholic, ethereal,
medicinal

fusel, fermented, bready,

cereal
green, fruity, apple skin

aldehydic, citrus,
cucumber, melon

gasoline

alkane

disagreeable, camphor
gasoline

mild, waxy

guineense fruit

mild, waxy

cheesy, fruity, phenolic,
fatty

rancid, soapy, cheesy,
fatty

fatty, waxy, cheesy,
sweet

0.9 £0.0
1.0 £0.0
3.3 £0.0
1.6 £0.0
4.9 £0.0
3.4 £0.0
2.1 £0.1

3.8 £0.1

11.9 £0.0

1.5 £0.1

11.1 £0.6

13.7 £0.1

n.d.
0.1 £0.0
0.5 £0.0
0.5 £0.0
3.5 £0.0
2.1 £0.0

10.0 £ 0.1



50
52

54

56

© o0 N O

25

26

28

29

31

32

34
35

methyl palmitate

decanoic acid
dodecanoic acid

hexadecanoic acid
additional compounds
toluene
ethylbenzene
p—xylene
m—xylene

o—xylene

2—pentylfuran

3—cyclohexene—1—carbonitrile

longifolene

(1S,8aR) —1—isopropyl—4,7—dimet
hyl—1,2,3,5,6,8a—hexahydronaphth

alene
N,N—dibutylformamid

4—isopropyl—1,6—dimethyl—1,2,3,4

—tetrahydronaphthalene

5—undecanylbenzene

2—methoxyphenol

3—undecanylbenzene

28.96
30.03

33.62

40.04

3.85
5.1
5.22
5.38
6.28

7.31

15.35

15.43

19.77

20.23

21.41

21.58

21.98
22.47

2208
2272

1040
1114
1125
1130
1174

1220

1543

1546

1731

1753

1806

1815

1835
1859

2210
2270

2503

2900

1043
1116
1130
1140
1176

1226

1557

1730

1744

1808

1828

1850
1873
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oily, waxy, fatty, orris

soapy, waxy, fruity

mild, fatty, coconut, bay,

oil

waxy, creamy

sweet, pungent, benzene
aromatic

aromatic

plastic

geranium

green, waxy, musty,
caramellic

sweet, woody, rose,
medical

thyme, herbal, woody,
dry

fishy, ammoniacal

herb, spice

warm, spicy, vanilla,
guaiacol

6.2 £0.1
0.9 £0.0
1.8 £0.0
4.9 £0.0
3.3 £0.0

8.2 £0.0

13.4 £0.1

1.0 £0.0

2.8 £0.0

1.9 £0.0

1.5 £0.0

n.d.
0.2 £0.0

0.8 £0.0
0.6 =0.0
n.d
1.2 £0.0
1.0 £0.0

10.2 £ 0.1

n.d.

n.d.

3.5 £0.0

2.1 £0.1

0.4 =£0.0



4—methyl—2,6—bis (2—methyl—2—p

36 ropanyl) phenol 23.09 1889 1893  mild, phenolic, camphor 379.1 £6.1 7.9 £0.2

37 5—dodecanylbenzene 23.64 1917 1928 4.3 £0.1 n.d.

38 4—dodecanylbenzene 24 1936 1943 4.5 £0.3 n.d.

39 3—dodecanylbenzene 24.59 1966 1972 1.6 £0.1 n.d.

40 phenol 24.94 1984 1973 sweet and tarry 1.5 £0.0 1.4 £0.0

43 6—tridecanylbenzene 25.45 2012 2015 aromatic 2.7 £0.1 2.7 £0.0

45 5—nonanylbenzene 25.66 2023 aromatic, gasoline—like 3.0 £0.0 0.2 £0.0

4—isopropyl—1,6—dimethyl—1,2,3,4

51 h4oei,7,8,83—octahydro—1—naphthale 29.25 2226 2222  herb, wood 10.1 £0.7 5.6 £0.1

53 2 bis(Zomethyl=2=propanyDph 3064 p308 2312 phenolic 12.3 0.3 11.6 = 0.8
sum 591.7 £ 8.4 160.5 + 1.3
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Figure 4. Gas chromatogram of flavor compounds of cooked black rice dessert rice

cake
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Table 7. Concentration of volatile

compounds identified in cooked black rice dessert rice cake

. tr of unknown literature - initial after 10
No. volatile compound unknown RI RI odor description (10%) Vﬁzg%{)s
aldehydes

4 hexanal 4.42 1077 1080 gGen fatty, lealy, vegetative, 42+ 0.2 6.3 % 0.0
14 ocatanal 8.69 1278 1284 aidenvdic, green, peely, citrus, 1.4 £ 0.0 3.7+ 0.0
16 (2E)—2—heptenal 9.55 1312 1318 green, sweet, fresh, fruity 2.1 £ 0.2 26.4 £ 0.1
18 nonanal 11.23 1379 1390 aldehydic, citrus, cucumber, melon 18.8 £ 0.2 249 £ 0.2
20 (2E)—2-octenal 12.12 1413 1416 sweet, green, peel, fatty 2.3 0.1 6.0 £ 0.0
27 (2E,4E)—2,4—decadienal 20.90 1784 1789  fatty, chicken, aldehydic, green 1.8 £ 0.1 2.7 £ 0.0
4q 4 bydroxy 35 Dis(@mmethyl=27prop 55 4 n.d, 3.5 % 0.0
46 3—ethoxy—4—hydroxybenzaldehyde 33.98 sweet, creamy, vanilla, caramellic 1.6 £ 0.3 n.d.
47 4—hydroxy—3—methoxybenzaldehyde 34.66 2566  vanilla, sweet, creamy, spicy 3.5 £ 1.3 1.6 = 0.0

ketones
33 2—pentadecanone 25.18 1997 1997  fatty, spicy, floral 1.2 £ 0.1 0.5 £ 0.0
34 5—pentyldihydro—2(3H) —furanone 25.23 1999 2005 1.0 £ 0.1 3.0 £ 0.0

4—hydroxy—4—methyl—2,6—bis(2—meth
37 yl—2-propanyl) —2,5—cyclohexadien—1 26.94 2096 2094 149 £ 14 38.3 £ 0.9

—one

alcohols

1 ethanol 2.68 923 926 strong, alcoholic, ethereal, medical 5.2 £ 0.3 n.d.
13 1-—pentanol 7.90 1246 1246  fusel, oily, sweet, balsamic 0.7 £ 0.0 0.8 £ 0.0

_58_



17

10
12
15
19
21
22
24

26

28
36
38
39
41
45
48

1—hexanol

alkanes
decane
undecane
dodecane
tricyclo[5.2.1.02,6] decane

tridecane
tetradecane
pentadecane

1 —pentadecane
hexadecane

acids and esters
methyl 2—hydroxybenzoate

hexanoic acid
octanoic acid
nonanoic acid
methyl palmitate
decanoic acid
dodecanoic acid

hexadecanoic acid

additional compounds

10.48

3.41
4.53
6.39
7.56
8.81
11.31
13.79
14.69
17.02

20.09

21.75
26.07
28.06
28.92
29.99
33.58
40.04

1350

1007
1083
1179
1232
1283
1382
1480
1515
1600

1746

1823
2046
2158
2207
2270

1356

1000
1100
1200
1243
1300
1400
1500
1515
1600

1735

1827
2050
2162
2210
2270
2503
2900
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pungent, etherial, fusel, fruity

gasoline

gasoline

alkane

disagreeable, camphor
gasoline

mild, waxy

waxy

mild, waxy

sweet, wintergreen, aromatic,
balsamic

cheesy, fruity, phenolic, fatty
rancid, soapy, cheesy, brandy
fatty, waxy, cheesy, sweet
oily, waxy, fatty, orris

soapy, waxy, fruity

mild, fatty, coconut, bay, oil

waxy, creamy

04 =

W o= =N
OO o
H H+

-+

2.1

6.8 £
18.0 =
1.3 =
1.3 =
1.2
14 £

0.0

0.0
0.0
0.0
0.4

* 0.0

0.0
0.3
0.3
0.1

0.0

0.9
1.6
0.5
0.2
0.0
0.1
0.4

1.0 £ 0.0

0.2 £ 0.0
0.3 £ 0.0
2.0 £ 0.0
0.2 £ 0.0
n.d.
10.1 = 0.0

-+

6.2 = 0.1
6.0 £ 0.1

1.7 £ 0.0

-+

0.8 £ 0.0

-+

15.2 £ 0.0

-+

4.3 £ 0.0

-+

12.2 £ 0.7

-+

27 =* 0.0

-+

0.1 £0.0

-+

0.4 =x 0.0

0.9 £ 0.0



3 toluene 3.83 1038 1043  sweet 6.4 £ 0.1 1.4 £ 0.0
6 ethylbenzen 5.08 1114 1116  aromatic 0.9 £ 0.0 0.2 £ 0.0
7 p—xylene 5.22 1122 1130  sweet 1.2 £ 0.0 0.4 £ 0.0
8 m—xylene 5.34 1129 1140  plastic 3.4 £ 0.1 1.1 £ 0.0
9 o—xylene 6.25 1173 1176  geranium 1.9 £ 0.1 0.7 £ 0.0
11 2-pentylfuran 7.27 1218 1226  floral, fruit 5.8 £ 0.3 13.1 £ 0.0
23 longifolene 15.39 1545 1557 sweet, woody, rose 2.2 0.3 n.d.
25 (o BaRL L tsopropyl dimethyl=l 1973 1731 1730 thyme, herbal, woody, dry 44+04 5001
29 guaiacol 22.03 1839 1850  smoky 0.9 £ 0.0 0.5+ 0.0
30 popmethyl2.67bis(2=methyl=27propa 5304 1886 1893 mild, phenolic, camphor 3875+ 6.3 345+ 05
31 4—dodecanylbenzene 23.92 1932 1943 3.2 0.1 0.7 £ 0.0
32 phenol 24.9 1982 1973 sweet, tarry 4.7 £ 04 3.0 £ 0.0
35 6-—tridecanylbenzene 25.32 2004 2015 aromatic 2.9 £ 0.7 n.d.
10 O e oy @7 2020 2226 2222 herb, wood 43+ 05 7.0 % 0.1
42 2,4—bis(2—methyl—2—propanyl) phenol 30.61 2306 2312 phenolic 12.9 £ 0.3 95 =% 0.2
43 4-vinylphenol 31.91 2385 2382  phenolic, medicinal, spicy 13.3 £ 0.9 13.9 £ 0.1
sum 581.3 £ 14.4 273.0 = 0.6
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Figure 5. Gas chromatogram of flavor compounds of cooked rice cup cake
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Table 8. Concentration of volatile compounds identified in cooked rice cup cake

No. volatile compound untlﬁngff\/n unk}rﬁ)wn literl%ture odor description pez(llliog)rea
aldehydes
3 3—methylbutanal 2.53 903 902 fruity, dry, green, chocolate 6.5 £ 0.1
8 hexanal 4.43 1077 1080 green, fatty, leafy, vegetative 95.8 £ 0.3
22  octanal 8.69 1278 1284 aldehydic, green, peely, citrus 19.8 £ 0.8
24 (E) —2—heptenal 9.54 1311 1318  green, sweet, fresh, fruity 8.4 £ 0.1
28  nonanal 11.23 1379 1390  aldehvdic, citrus, cucumber, 86.6 = 1.8
32 2—octenal 12.12 1413 1416 sweet, green, citrus, peel 3.6 £ 0.0
38 benzaldehyde 14.33 1499 1508 almond, fruity, powdery, nutty 20.3 £ 0.9
43 phenylacetaldehyde 17.08 1613 1613 Hony, floral rose, swaat, 1.9 + 0.2
48 (2E,4E) —2,4—decadienal 20.9 1783 1789  fatty, chicken, aldehydic, green 3.8 £ 0.1
63 3—ethoxy—4—hydroxybenzaldehyde 33.98 2514 i;eaitl’eﬁ;eamy’ vanilla, 705.8 £ 22.3
ketones
2 acetone 1.96 812 814 ethereal, apple, pear 6.6 £ 0.1
14 2—heptanone 6.31 1176 1178 cheese, fruity, ketonic, green 19.8 £ 0.7
21 2—octanone 8.63 1276 1283 dairy, waxy, cheesy, woody 0.5 £ 0.0

_62_



27
36
44

o4

58

20
26

34

50

15
18

23
29

2—nonanone
2—decanone

1—phenylethanone

5—Pentyldihydro—2 (3H) —furanone

5—heptyldihydro—2 (3H) —furanone

alcohols
ethanol

1 —pentanol

1—hexanol

1—octen—3-ol

phenylmethanol
alkanes

octane

decane
undecane

dodecane
tricyclo[5.2.1.02,6]decane

tridecane

tetradecane

11.15
13.71
17.32

25.33

29.62

2.7

7.99
10.48

12.77

22.59

1.89
3.41

4.53

6.39
7.95

8.81
11.45

1376
1477
1624

2005

2248

927

1250
1350

1440

1864

800
1007

1083

1179
1231

1283
1387
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1378
1480
1621

2247

926

1246
1356

1445

1864

800
1000

1100

1200
1243

1300
1400

fruity, cheesy

orange, floral, fatty, peach

strong, alcoholic, ethereal,
medical

fusel, oily, sweet, balsamic

green, fruity, apple skin
mushroom, earthy, fungal, green

chemical, fruity, balsamic

gasoline
gasoline

green, fatty, leafy, vegetative,
fruity

alkane
disagreeable, camphor

gasoline

mild, waxy

3.1 =

11.3 =
1.8 =

9.9 £

0.7 £

20.5 £
42.1 £

3.1 £

10.2 =
1.2 £

4.4 *
2.9 £

0.2
0.1
0.0

* 34

+ 0.3

0.0

0.1
0.0

0.7

0.1

0.1
0.4

0.0

0.1
0.0

0.1
0.2



37
42
51

17
30

31

40

33

35

39
41
46

49

55
56

1- (vinyloxy)dodecane
hexadecane
(methylsulfonyl) methane

olefins
(27) —2—dodecene

1 —tetradecene

(3E) —3—ethyl—2—methyl—1,3—hexadie

ne
1—pentadecene

acids and esters

methyl 3—methylbutanoate

ethyl octanoate

4 —tetradecanyl heptafluorobutanoate

butyl 2—hydroxypropanoate
ethylnonanoate

methyl 2—hydroxybenzoate

hexanoic acid

octanoic acid

nonanoic acid

13.79
16.23
22.71

7.45
11.54

11.79

14.69

3.54

12.27

13.48

14.46
14.74
20.09

21.75

26.07
28.06

1480
1578
1871

1227
1390

1399

1515

1017

1420

1468

1505
1517
1746

1823

2046
2158
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1479
1600
1881

1222
1390

1404

1515

1018

1420

1470

1508
1521
1730

1827

2050
2162

sulfurous, burnt

fruity, pineapple, apple, juicy

waxy, sweet, musty, pineapple

waxy, cognac, estery, fruity

cheesy, fruity, phenolic, fatty

rancid, soapy, cheesy, fatty

fatty, waxy, cheesy, sweet

®
-+

—
o w O
-+

e
-+

3.0 £

2.6 £
18.5 =

0.0
0.2
0.1

0.0
0.0

0.0

0.4
0.0
0.2

0.2
0.5



57 methyl palmitate 28.92 2206 2210 oily, waxy, fatty, orris 4.9 £ 0.7
59 decanoic acid 30 2270 2270 soapy, waxy, fruity 1.3 £ 0.0
61 methyl stearate 32.5 2434 oily, waxy 2.4+ 0.2
additional compounds
5 biacetyl 3.03 968 971 sweet, buttery, creamy, milky 1.7 = 0.0
10  ethylbenzene 5.08 1114 1116  gasoline 1.8 = 0.0
11  p—xylene 5.22 1122 1130 sweet 4.0 = 0.1
12 m—xylene 5.35 1129 1140  plastic 15.0 = 0.0
13 o—xylene 6.24 1173 1176 geranium 8.3 £ 0.1
16 2—pentylfuran 7.27 1218 1226 floral, fruit 17.8 = 0.0
19 styrene 7.89 1246 1254 sweet, floral 3.9 0.2
25 2,6 —dimethylpyrazine 9.79 1322 1319 nutty, coffee, cocoa, musty 10.2 £ 0.1
(1S,8aR) —1—Isopropyl—4,7—dimethyl— )
45 1.2.3.5.6.8a—hexahydronaphthalene 19.6 1723 fresh, woody, longifolone 4.2 £ 0.3
47 N,N—dibutylformamid 20.19 1751 1744 fishy, ammoniacal 1.2 = 0.0
52 ﬁy‘lgrllf}fggél‘%‘bis(Z‘methyl‘z‘pr()pa 23.04 1886 1898  mild, phenolic, camphor 154.1 + 14.7
53 phenol 24.9 1983 1973 Sweet, tarry 6.3 1.4
60 2,6—bis(2—methyl—2—propanyl) phenol 30.6 2305 2327 1.0 £ 0.0
62 1H-indole 33.59 2441 Feces, jasmine 0.5 * 0.1
sum 1411.6 £ 44.5
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Figure 6. Gas chromatogram of flavor compounds of cooked rice pudding
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Table 9. Concentration of volatile compounds identified in cooked rice pudding

No. volatile compound untlsngfvn unknown RI literature RI odor description pee(111<0%1§ea
aldehydes
3 hexanal 4.44 1078 1080 green, fatty, leafy, vegetative 1.2 £0.0
26 benzaldehyde 14.37 1501 1508 almond, fruity, powdery, nutty 21.2 £ 1.7
59 3—ethoxy—4—hydroxybenzaldehyde 34.03 2514 i;&féitl,eﬁirceamy, vanilla, 9.2 1.3
61 4—hydroxy—3—methoxybenzaldehyde 34.70 2608 vanilla, sweet, creamy, spicy 11.6 = 0.0
ketones
1 acetone 1.97 814 814 ethereal, apple, pear 10.9 £ 0.2
11 2—heptanone 6.34 1177 1178 cheese, fruity, ketonic, green 10.6 £ 0.1
17 3—hydroxybutan—2—one 8.79 1282 1280 bland, yogurt 229.7 = 38.5
20 2—nonanone 11.19 1377 1380 fruity, sweet, waxy, soapy 21.6 £ 1.5
39 2—tridecanone 20.96 1785 1790 fatty, waxy, mushroom, coconut 5.9 £ 1.3
47 gr:eethyl—S—hydroxy—4H—pyran—4— 25.18 1997 sweet, sugar, burnt, sugar 71.1 £ 3.7
51 Se—pentyltetrahydro—2H—pyran—2—o 28.51 2183 2179 coconut, creamy, fatty, buttery 100.6 £ 2.7
54 g—hexyltetrahydro—2H—pyran—2—on 30.57 2303 2329 creamy, coconut, milky, creamy 23.5 = 2.2
57  6-heptyltetrahydro—2H-pyran=2-0 35 54 2426  coconut, creamy, fatty, buttery 33.9 + 3.1

ne

alcohols
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10
16
19

21
25

12
14
18
22
23
24
27
28
29

ethanol

1—butanol
1 —pentanol
1—hexanol
alkanes
tetradecane
pentadecane
acids and esters

methyl acetate
methyl butyrate

methyl 3—methylbutanoate
methyl hexanoate

methyl 2—oxopropanoate
methyl 2—hydroxypropanoate
ethyl octanoate

acetic acid

methyl 3—hydroxybutanoate
propanoic acid
2—methylpropanoic acid

ethyl 4—oxopentanoate

2.69

5.82
8.06
10.46

11.33

13.80

2.01

3.16

3.55
6.38
7.52
9.56
12.31
12.69
13.65
14.88
15.56
16.52

925

1153
1253
1350

1383
1480

822

983

1018
1179
1230
1312
1421
1437
1474
1523
1552
1589
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926

1150
1246
1356

1400
1500

825

984

1018
1177
1217
1314
1420
1441
1478
1528
1544
1602

strong, alcoholic, ethereal,
medical

amyl, alcohol
fusel, oily, sweet, balsamic

pungent, etherial, fusel, oil

mild, waxy

waxy

cheesy, fruity, coconut, waxy

pungent, etherial, fruity,
perfumey

fruity, pineapple, ether

waxy, sweet, musty, pineapple

pungent, sour, fruit, overripe
mild, fruity, green, apple
acidic, dairy, fruity

acidic, sour, cheese, dairy

fruity, green, waxy, melon

13.1 £ 0.3

4.0 £ 0.1
0.0 £ 0.0
11.9 £ 0.0

1.9 £0.2

1.8 0.2

2.2 0.2

1.6 £ 0.1
2.8 £0.0
6.3 £ 0.4
2.6 £ 0.2
11.5 £ 0.1
110.0 = 6.2
4.1 £ 0.1
2.7 £ 0.3
53.4 £ 12.1
3.1 £0.7



30
31
32
33
35
36
37
38
40
41
42
46
48
49
50
52
53
56
58
60
62

butanoic acid
ethyl decanoate
dimethyl glutarate

benzyl acetate

methyl phenylacetate

benzyl propionate

3,3—dimethylacrylic acid

dodecanoic acid
dimethyl adipate
hexanoic acid
benzyl butyrate
methyl myristate
ethyl myristate
octanoic acid
nonanoic acid
methyl palmitate
decanoic acid
undecanoic acid
lauric acid
tridecanoic acid

myristic acid

16.96
17.17
18.58
19.17
19.85
20.58
20.71
20.81
21.16
21.75
22.2
25.07
25.84
26.06
28.10
28.96
29.99
31.02
33.61
34.52
36.95

1607
1617
1678
1703
1735
1769
1774
1779
1794
1823
1846
1991
2033
2046
2160
2209
2270
2343
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1610
1624
1687
1710
1725
1769
1776
1785
1804
1827
1853
1990
2043
2050
2169
2210
2270
2371
2503
2570
2712

acidic, sour, cheesy, dairy
waxy, fruity, sweet, apple
estery, floral

fruity, sweet, balsamic, jasmin
floral, honey, spicy, waxy

sweet, fruity, apple, banana

waxy, creamy, fatty, soapy
mild, nutty

cheesy, fruity, phenolic, fatty
floral

fatty, waxy, petal

sweet, waxy, creamy

rancid, soapy, cheesy, brandy
fatty, waxy, cheesy, sweet
oily, waxy, fatty, orris
soapy, waxy, fruity

waxy, creamy, cheesy, fatty
mild, fatty, coconut

waxy, woody

waxy, fatty, pineapple, citrus

40.1
3.4
8.6
3.9
3.8
2.4
6.8
7.7
2.6

127.2
1.1

4.4 =+

2.9
194.5
15.2
7.2
203.7
2.1
33.9
1.1
3.4

+ 3.6
+ 0.1
+ 1.2

+ 0.1

+1.0
+1.0
+ 1.0
+ 39.9
+ 0.1

+ 0.5
* 44.5
+ 0.2
+ 0.6
* 16.7
+ 0.5
+ 1.0

+ 0.1



13
15
34
43

44

45

55

additional compounds
biacetyl
toluene
p—Xylene
2—pentylfuran
styrene
naphthalene

phenylmethanol

4 —methyl—2,6—bis (2—methyl—2—pro
panyl) phenol

2—methoxy—4—methylphenol

2,6—bis(2—methyl—2—propanyl) phen
ol

3.04
3.85
5.36
7.31
7.93
19.31
22.66

23.07

23.95

30.65

969
1040
1129
1220
1247
1710
1868

1888

1933

2312

971
1043
1130
1226
1254
1707
1864

1898

1937

2327

strong, butter, sweet, creamy
sweet

sweet

floral, fruit

sweet, floral

coal, tar

chemical, fruity, balsamic

phenolic

5.0 £ 0.3
10.2 £ 0.1
2.3 £0.2
0.0 £ 0.0
2.4+ 0.1
3.5 0.0
49.5 £ 4.9

58.9 £ 14.0

16.0 £ 2.1

2.7 £ 0.6

sum

1616.2 £ 158.5
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hH A+ W

OIE IR

Sl SdeA AEE e 6 FFTQRIESY], X5, AsS5E, BHASE,
d, SFol AFel  ARgHoH,  EAe]  HA 2 HA  FHE
A7l d LAl A el M s dnrlE olgste] uE dAvz Fesiila,
2aE vl g8 =47 (FS—-200, Misul, Seoul, Korea)E o]&3to] 3719 =45z

=

T35t (step 0, 0%; step 1, 4.2%; and step 2, 10.5%, w/w). Step 2 2] 7% win]

Frl
o
o
+
A
j‘i_ll
)
v}

HiE 522 Sumczynski 5 (Sumczynski et al., 2016)2] ®Hol| ulz} Sn] Alg =2
HE FE31] Ade] ARSIt A AlRE 100g 413519 18 mesh A5 FHAIA 7+ Al
5 g (£1%)°] 8 mL2e methanol—water (80:20, v/v) =8wE 7}t & 35TA
1A1ZF =9t sonicationS 3t & ASHS mokrh 7 T ARO[ 391 goF 25F7F 44
T F ATHE ATt 6N HClE ol&3te] pH 4.5-550% A3 AlA 8 #=
(free phenolics) 4o AFEsIHT. A4 FE & JHAELS B84 233 9= (insoluble
bound phenolics) 2] #4410 A}&3}i T}
FTE ol&ste] AAH AT MH F &
5 2A1%F sonications 3 ¥ GedS Bt A5NS 4,321g0®
1 EI B8 3 6N HClE o]43to] pH 4.5-5.5°0% A3} A7 S84 Ay =4t
Ao ARE-3FSItH(Shao et al., 2014).
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=N 40 pLo| Folin—Ciocalteu reagentE 50 pLE 7}l 185 W3 & 2% NayCOs

160 L5 7Fskal 37°CelM 30 whe Al & whgold] FFE g& 700 nmelA S8t

o

Pt BEEHR gallic acid?] %% AN AT §F FEE9 T A FHS AE 1 g

2]
%9 mg gallic acid equivalent (GAE)® e}

@ % Eepuicols

L

%

e

%

A7 F ZgR o]t S Sumczynski 5 (Sumczynski et al.,, 2016) 2 "H <
W3] =43t 343 =% 0.5 mLol 10% aluminum nitrate 0.1 mLE 3 7}8F3
1 M potassium acetate 0.1 mL®} WES 4.3 mLE H7Ist & A4 40

2 S AT WS $ 415 nmellA FFEE 5350 2 quercetin®] B HEAS 2

Aot B FEE F ZotRxolt IS A8 1 g $2 mg quercetin equivalent (QE)®

DPPH assayi Shao 5(2014) 2 W& WFste] ZAsqlth. A5 &4 150
¢Lel 0.15 mM DPPH €9 200 p¢LE H7lste] &

b
=2
X
—
al
g
&
rE
olo
>
o
o
-S|
ol
—
ﬂ
5
3

oA FEEE SHsIA o trolox? ZFE HFHAS AAst ¢ F=E F DPPH radical

@ HPLCE ©]g3l phenolic acid®} anthocyanin &4 &4

Phenolic acid®} anthocyanin &4 Lee 5 (Lee et al., 2011)° ®HH S o]&3}¢
HPLC (Agilent 1260 Infinity I LC system, Agilent, CA, USA) & o] &3}3lth A5 F9]
e 20 pL, ZYE Zorbax Eclipse XDB—C18 (4.6 X 250mm, 5 gm, Agilent, CA,
UsSA) & olgsigith. 28 2%+ 40 T 3 #5232 1.0 mL/mino] 3tk o582 (A) 1%
TFA in water solution®} (B) 1% TFA in acetonitrile solution®. % gradient program=
0—6.5 min, 10-12% (B); 6.5—10.5 min, 12—-13% (B); 10.5-33 min, 13—17% (B);
33—=60 min, 17-65% (B); 18|31 60-70 min, 65-95% B)=Z AAsA}. HE71&

photodiode array detector (PDA)ZE A}£3}o] galic acid, syringic acid, catechin, vanillic
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360 nm, cyanindin—3—0-—glucoside

o

280 nm, caffeic acid, p—coumaric acid, ferulic acid

=

520 nmol A

L —
R

18] 3l sinergic acid+ 320 nm, rutin®} quercetin

acid “18]1 protocathecuic acid
¢} peonidin—3—0—glucoside
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Table 10 o YERASATH

=
=

gtr o= g 43t

il
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™
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Njo
g

0

(Ko M et al.,, 2013)¢9] <J&}

1

Jﬁmo

Iy

ﬂ
Njo
Ho
Pl

=)

ol

al

Els

AT,

3k TH(p<0.05).

& AR 7L 22 2.10-3.74 GAE

= o]

f;\__
e}
=

} 58—94%, 6—42%=

LRSS

o7 7+
o] 9—249 3t

=

=

1
[e]

S5
H

=34 2

Ao A [2]&o] 76—-91%,

u] (step 0) o] A]
mg/g, 0.26—0.79 GAE mg/g, 2.65-4.53 GAE mg/g ¢ A3}

]

Tt

[ex

|5 gl

=
™
el
) .*O

o
nf

[ez]
A

step 1 oA

T

2.97+0.02 GAE mg/g &% T}

o]

KeX
=

2 (p<0.05)

s}
=]

| =

i)

=7

S|
&

STl

I

o
=2 H

o njskoq

| FEENAE 0.7970.01 GAE mg/g © 2 §9

= =z
<

R

o4 3.74%+0.05 GAE mg/g &% t}

e gl o,

b4 9k

[<]

oA o2 step

o A4
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b
n|7F 4.53+0.56 GAE mg/g & 7Fd =%kom (p<0.05), 1



1-2¢°] Bl & #& %] #34tH(p<0.05). dWtH o R AdArj= Bugh AZFow Qs &

E7F w& H@Qd (Choi et al., 2017), S FF 3 o] step 1 3 o] 7kt &4

f
&y
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aQ
jm)
o
<
5
o
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©
x
2
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©
(@]
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S
lo
o
oY
2
>
el
ot
(3
&
I
=2

q¢e Fria
o % Tehwieolm Fel sl Fvlg F Fehriol= Fel f9% 0% %9vh(Kim DI
=

et al.,, 2010). & AFoA = BE 30 FZA & Z¢R 0|
=

ehiiol = ghero] fold o Haakalth(p<0.05). Bl (step 0)elA & Zehuieo=el g
[¢}

Aw, AA dA= FE=o 474 0.20-0.83 QE mg/g,
Q
[}

Z ZgR ol S Huloa AESHZE 1.0510.02 QE mg/g 072 7} E9ko
1 (p<0.05), I TS0 2 fFoZo|x] AW SAFO>RASASA S A>EEFA> TP S 2o
7

T = g fARS
@@ 2,2'-Diphenyl—1—pycryl—hydrazil(DPPH) radical &4 &%

DPPH radical 42715 SR = ol&ste] v FE5=2 dAbst A4S vlwsla 1

A3Z Table 11 o YEFSUTE DPPH radical 245 %3+ G283 =

ATY ds FEEAAETY O & 2AsS Bt B8 e 559 dv7 step 28 =

dEdA fEd, B8 A%E 183 dA dE FFE9 DPPH radical &7%°
2 (p<0.05). & (step 0)olA DPPH radical ©] 2], 284 AT

AA = 27 6.31-9.36 TE mg/g, 1.17—-1.49 TE mg/g, 7.48—10.76 TE mg/g |3t}

Step 2 & &4 Fol= AEZHE AA #l= FEE9 DPPH radical &2715°] 1.8 i= 7}

2 Pree BUL, 2AFT| L2WMT MY AL FAES Bt ¥ dEd 3 S

R
1o
X
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HolE e 4 Angl vz R Su FFO) glo] | F AESH S {7 e F&
EolM 9.37+0.12 TE mg/g &2 & FFol nlste] ¥£& DPPH radical 27%< e
Ao (p<0.05), HEA AFY dHE FEEAME AESY], EJF AFEF, wAIZZHo)
=< DPPH &7es Hoith A d= F5E9 F DPPH radical 2752 AESV]7}
10.76+0.13 TE mg/g &2 7} ¥9k2™ (p<0.05), IS0 2 SAF>HAS AN FS 24>
SFAS>ASE o7 gA AT Fasd 24§39 AR 3¢S 2
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Table 10. Total phenolic and total flavonoid contents in free and bound phenolic

fractions of black rice cultivars varying in milling degrees

Milling Total polyphenol contents Total flavonoid contents
Sample (mg GAE/g) (mg QE/g)
degree Free Bound Total Free Bound Total

Bosukheukchal Step 0 2.94dC 0.49bC 3.43dC 0.42cC 0.14bcB  0.56bC
Step 1 1.78aB 0.33cB 2.12aB 0.33bB 0.04 aA 0.38bB

Step 2 0.9bA 0.14 aA 1.04 aA 0.25bA 0.04 cA 0.29bA
Heukhyangchal Step O 2.72cC 0.26 aB 2.98 bC 0.25abC 0.1 abB 0.35aC
Step 1 2.57dB 0.13aA 2.7cB 0.17aB 0.04 aA 0.21aB
Step 2 1.51dA 0.09 aA 1.6 cA 0.05aA 0.02bA 0.08 aA
Heukjinju Step 0 2.97dC 0.75¢cC 3.72eC 0.6dB 0.16 cB 0.76 cB
Step 1 2.72eB 0.26 bB 2.97eB 0.36 bA 0.14cB 0.5cA
Step 2 1.78eA 0.11aA 1.9dA 0.35cA 0.07 dA 0.42cA
Josengheukchal ~ Step O 2.1aC 0.55bB 2.65aC 0.2aC 0.09 aB 0.29aC
Step 1 1.77aB 0.49dB 2.25bB 0.16 aB 0.02aAB 0.19aB
Step 2 1.27cA 0.27 bA 1.54cA 0.05aA n.d. 0.05bA
Sinnongheukchal Step 0 2.42bC 0.75cC 3.17cC 0.34 bcC 0.17 cC 0.51bC
Step 1 2.1bB 0.67 eB 2.77 cdB 0.3bB 0.1bB 0.41bB
Step 2 1.23cA 0.57cA 1.8dA 0.26 bA 0.02bA 0.29bA
Sintoheugmi Step 0 3.74eC 0.79cC 4.53fC 0.83eB 0.22dC 1.05dB

Step 1 2.2cB 0.64eB 2.83dB 0.43cA 0.13cB 0.56 cA
Step 2 0.71aA 0.52cA 1.23bA 0.39cA 0.07dA 0.45cA

Cultivar effect ok k ok ok ok ok ok sokk ok ok

Degree of milling effect Rk Rk Rk Hokok Rk Rk

Cultivar X  Degree of
skskok skoskok skokosk skksk skoskok skoskosk

milling

Values are presented as mean =+ standard deviation. Values followed by different
lowercase letters in different cultivars for the same milling degree are significantly
different at p<0.05. Values followed by different capital letters with each column in
the same cultivar for different milling degrees are significantly different at p<0.05.

, o "means  significant  differences at p<0.05, 0.01 and 0.001, respectively. n.d.

stands for not detected.
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Table 11. Antioxidant activity (DPPH radical scavenging activity) in free and bound

phenolic fractions of black rice cultivars varying in milling degrees

Milling DPPH (mg TE/g)
Sample

degree Free Bound Total

Bosukheukchal Step O 7.84dC 1.40 bcC 9.24dC
Step 1 7.30dB 1.29¢B 8.59dB
Step 2 4.29 aA 0.79 bA 5.07 aA

Heukhyangchal 1 Step 0 6.98 bC 1.25aC 8.23bC
Step 1 6.42bB 1.07 aB 7.49bB
Step 2 5.31 bA 0.66 aA 5.98 bA

Heukjinju Step O 8.17eC 1.49cC 9.65eC
Step 1 7.18 cdB 1.27cB 8.45 cdB
Step 2 6.54 cA 1.02 cA 7.55dA

Josengheukchal Step O 6.31aC 1.17aB 7.48 aC
Step 1 5.88aB 1.07 aAB 6.95aB
Step 2 5.42DbA 0.99 cA 6.40 cA

Sinnongheukchal Step O 7.44 cC 1.39bC 8.83cC
Step 1 6.91cB 1.27cB 8.19cB
Step 2 6.41cA 1.02cA 7.43 dA

Sintoheugmi Step O 9.37 {C 1.40bcC 10.76 {C
Step 1 7.60eB 1.18bB 8.78 cdB
Step 2 5.56 bA 0.67 aA 6.23 bcA

Cultivar effect sk sk s

Degree of milling effect otk kK ook

Cultivar X Degree of milling otk otk ok

Values are presented as mean * standard deviation. Values followed by different
lowercase letters in different cultivars for the same milling degree are significantly
different at p<0.05. Values followed by different capital letters with each column in
the same cultivar for different milling degrees are are significantly different at
p<0.05. %, " means significant differences at p<0.05, 0.01 and 0.001, respectively.

n.d. stands for not detected.
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@ HPLCZE o] €3t phenolic acid®} anthocyanin &4 #4

7ol Ak AR Foll= AEA @Ak E2 9l ferulic, gallic, syringic, vanillic,

p—coumaric acid §°] 3o o] F &njo= ferulic acid’} 7 A A= ZoE B
I A TH(Sumezynski et al.,, 2016). Svlol= itk 9 F E vzl AdE TiHol A
om 7 thFE-E aleurone Y pericarp layer=S X83F w|7tZo| FE B Xst1 HE5ARE F
2 A& AMXEH arabionxylan®l ester A¥o® EAFAY lignanel ester =2 ether 2
et JElR EA% T Ba Hol th(Kim SR et al, 2004). Wb EHEE SEd 5
n AEEHY F2¥ 2 284 2499 dus FEE HPLCE ARgdto] dhds XAlsH

HPLC chromatogram< Figure 73 Zkt}.

AEAte] gEs B gage o, AESv] dvl(step )X 255.2 pg/go = 7}
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s o] FoHor dopA= AFEE BT (p<0.05). °IE £, gallic, syringic,
vanillic, p—coumaric, ferulic acid= B+ #F¢ dvle} step 104 #ZE A1, vanillic
acid: step 2004 #ZE A ko)

Gallic acid®} syringic acidi= 3 #H&E FEEANA4T QI3 vanillic acid,
p—coumaric acid % ferulic acidi= =84 A¢d Hs FEE 2 YElET. o] 43+
olxdel Hud A g Aok vlasto] vl FARFIAGH(TI et al, 2015). E& #F
A EAo]l ARBEHEA AA FEE o B foAew Akt (p<0.05). ¥
u] 9] gallic acidi= ST B Z oA 72 9.6£0.3 pgl/g, 9.8£0.1 pg/glZ U&E +
Foll vste] foHo® A YR o (p<0.05), o] A hE B S B S
ZH(3.3%0.2 pg/g) ol nlske] oF 3wl Z}olE RSItl. Syringic acid E3F F EFFoA Zhz}
28.011.2 pg/g, 29.3£0.5 pg/go® 7F¢ =4 #2EHAL(p<0.05), £AHS2H (145104
pg/g) ol 7 @A BEE AT (p<0.05). Step 1914 ZRF9] gallic®} syringic acid
b 7.1%0.8 png/g, 23.010.2 pg/ge=® 7P =7 #EHL, W Avjold F A=
| 71 3" AESulE= step 1914 Z42F 0.7£0.0 pg/g, 11.6£0.1 pg/go 2 714
71538k} ol 22 &S U SHRAARE vASe 50 FEvt A=
Aygt Atz ) Vanillic acide 2452 dulolA 17.970.1 pg/gC = 7H4
UEF L3 (p<0.05), 7 W& sk AESH7E 6.37£0.1 pg/g= oF 2.84|

=

1o
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o
lo
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off
o

(VW
flo
%
ot

)
v
o
o

e O
o geks /W Arth(p<0.05). Step 1oA& HAAEZZo] 87+0.2 pg/gl R 7bE Wty Al
ESuoix= vF(L0Q) HEHAUTE Step 22 E=A3S W vanillic acid7F S35} =4
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Adevta AFs ¥k Ferulic acide Fvlolx 48 dAsit 5 /M 2 %2 HAth
Ferulic acid®] A% 6 %2 Zv] v F AEZu|o| 182.7+0.7 ng/glZ 7} we 3t
FS B (p<0.05), I oz ST 158.1%11.1 pg/gd &S ERATE Ferulic
acid®] 4% ANESZ1] step 2014 37.0£0.9 pg/gl® 7P W kS ®H 9 ow (p<0.05),
Hulo] vlste] oF 4.98) Ak &y v]ge] Fo HEAR ferulic acide 43 a3
o} gEQdio] &4, I FEF 5 A MHEH 5 oy Aygddo] Rugd wet
W Qlek SR et al., 2004) oy =845 7 ghego] Grolx|= Z1 o8 Wt

ol

d

i

A=
=

o

=
g

]

ot

DX
ﬂl m
S
N,
&
30
o
=
=

"= a
Q1 peonidin 3—0O—glucoside®} cyanidin 3—glucoside’} F& A& Zo=x L&A}
(Ti et al., 2015). E3F ©]% anthocyanin MAYE dArs vl ozl = dhatkejx] 42l
& mpolel s S AydAdol 3= ZAo® BEA U (Ti et al, 2015). ¥F 9 =4=W

=
S w9 anthocyanin T34 F2] S ZAFSE A¥+= Table 129} At 2E& 5%

Ael EAWFEF A FZ anthocyanin AlE2 A

=5

i oA Zu
] % 7}A] anthocyanin 229l peonidin 3—O—glucoside®} cyaniding 3—glucoside& &<l
sk & Qo 98 HE FEENAY anthocyanin MA7F AEHIT BE Sw =5

% peonidin 3—0—glucoside®} cyanidin 3—glucoside® Z/dHv]= 72t 2—-7%, 93-98% =
cyanidin 3—0—glucoside”} F8 ¢tEAold AE o7 welth dnjoa] zZ+zF 7.0-22.5 pu
g/g, 258.2—809.4 ng/gl FFE YHEWHOH step 2E Aol HAEHWUA I o] {2
A A3 TH(p<0.05). dv]o A peonidin 3—0O—glucosides AlEZnj9} FASZo| 2z}
7k 22.0*x1.1 pg/g, 22.5%+0.5 pg/glz 7MY =& IHS HSGOM(p<0.05), 7FE e

4

o] ke drlolA AEIWZF 803.4+1.4 pg/gl® THE w2 e HAARH(p<0.05),
step 1914 3357} 490.9+8.4 pg/gl® ANEZW (480.512.0 pg/g) Bl & s
HEFH A TH(p<0.05). Step 22 E4o] AAyHSw= 57 320.0£0.8 pg/goz {9
How Eoh3, AESH= 93.621.2 pg/gl® dnle nlato] .6ME 7 & HAES

2E11.1 pg/g)el oo ¥+ stekS HSth & anthocyanin &% & 3
EAF Sy vl R A ESu #Hulzb 8314 pg/gl® M WS ¥ S Hw
(p<0.05), SRAF>HASA>AFSA>ZYSA>SIFH oz FHs FJaksid 24 U F

Hzak T AR A &S BT (p<0.05). ofst AHRFEH S| EF T AESHE
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(A) (B)

280 nm 280 Am
Gallic acid . . .
i Vanillic acid
(3.00 min) 7.27 min)
Syringic acid | W l . L
/ (4.06 min) . ‘
N 320nm ¥ _ S50 e
p-Coumaric l . ‘
acid (11.79 min) Ferulic acid
l‘ : <« (15.05 min)
] ‘
Cyanidin-3-O-glc | 50nm . 0 e
(14.67 min) —*
Peonidin-3-O-glc "
(21.97 min) o

\

Figure 7. HPLC chromatogram for determination of phenolic acids and anthocyanins

in free (A) and bound (B) phenolic fractions of black rice (cv. Sintoheugmi).
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Table 12. HPLC determination of individual phenolic acid and anthocyanin in milled black rice cultivars

Phenolic acid content (xg/g)

Anthocyanins (¢ g/g)

Sample g/hllmg . . o - . . ) . Cyanidin—3-0 Peonidin—3-0
egree  Galllic acid Syringic acid Vanillic acid p—Coumaric acid Ferulic acid Sum . . Sum
—glucoside —glucoside
Bosukheukchal Step O 9.8cC 29.3dC 13.8eB 33.5¢cC 128.5bcC 214.9cC 487.5dB 11.6cB 499.1 dB
(9.8) (29.3) (tr.) (10.6) (36.1) (85.8) (487.5) (11.6) (499.0)
Step 1 1.8bB 17.2cB 8.7eA 19.8 aB 78.7bB 126.2bB 466.1 dB 11.3dB 477.5dB
(1.8) (17.2) (tr.) (tr.) (19.9) (38.9) (466.1) (11.3) (477.5)
Step 2 0.8 bA 12.0cA n.d. 16.8 aA 42.9bA 72.5bA 295.7 eA 7.0eA 302.7 eA
(0.8) (12.0) (tr.) (9.2) (21.9) (295.7) (7.0) (302.7)
Heukhyangchal Step O 6.9bC 22.9bC 8.8 cB 38.1fC 131.3cC 208.0 bC 258.2 aC 7.0 aB 265.2 aC
(6.9) (22.9) (tr.) (10.7) (41.6) (82.1) (258.2) (7.0) (265.2)
Step 1 4.2dB 18.8dB 5.3bA 26.1dB 120.9eB 175.2eB 240.8bB 6.8 aB 247.7bB
(4.2) (18.8) (tr.) (tr.) (37.7) (60.7) (240.8) (6.8) (247.7)
Step 2 1.6 cdA 10.2 bA n.d. 19.3bA 62.9 dA 93.9cA 184.5cA 5.3 bA 189.9 cA
(1.6) (10.2) (tr.) (20.6) (32.3) (184.5) (5.3) (189.9)
Heukjinju Step O 9.6cC 28.0cdC 8.1bC 31.3bC 158.1dC 235.0dC 544.9eC 11.0bcC 555.9eC
(9.6) (28.0) (tr.) (10.7) (59.4) (107.6) (544.9) (11.0) (5655.9)
Step 1 7.11B 23.0eB 6.7 cB 20.4bB 141.21B 198.4 fB 490.9 eB 9.6 cB 500.6 eB
(7.1 (23.0) (tr.) (tr.) (51.1) (81.2) (490.9) (9.6) (500.6)
Step 2 1.9dA 13.2dA 5.4 A 19.2bA 122.2fA 161.9 fA 320.0 fA 6.2 dA 326.1 fA
(1.9 (13.2) (tr.) (tr.) (33.6) (48.7) (320.0) (6.2) (326.1)
Josengheukchal Step O 3.3aB 17.5aC 17.9C 23.4aC 117.3aC 179.3 aC 356.1bC 22.5dC 378.6 bC
(3.3) (17.5) (tr.) (tr.) (25.5) (46.3) (356.1) (22.5) (378.6)
Step 1 3.1cB 14.7bB 8.1dB 21.7cB 94.4cB 141.9cB 190.3 aB 12.9eB 203.2aB
3.1 (14.7) (tr.) (tr.) (20.4) (38.2) (190.3) (12.9) (203.2)
Step 2 1.5cA 9.6 bA 5.4 A 19.5bA 72.8 eA 108.9eA 72.2aA 5.7 cA 77.9 aA
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(1.5 (9.6) (tr.) (tr.) (17.1) (28.3) (72.2) (5.7) (77.9)
Sinnongheukchal Step O 6.6 bC 25.4cC 9.6d 36.1eB 127.5bC 205.2bC 426.2cC 10.0bC 436.2cC
(6.6) (25.4) (tr.) (10.6) (44.3) (87.0) (426.2) (10.0) (436.2)
Step 1 5.6eB 22.4 eB t.r. 19.6 aA 73.9aB 121.5aB 379.8 cB 8.9bB 388.7 cB
(5.6) (22.4) (tr..) (23.4) (561.4) (379.8) (8.9) (388.7)
Step 2 1.0bA 19.2eA n.d. 19.2bA 60.0 cA 99.5dA 200.3 dA 5.3bA 205.6 dA
(1.0) (19.2) (tr.) (20.4) (40.7) (200.3) (5.3) (205.6)
Sintoheugmi Step O 7.3bC 23.7bcC 6.4 aB 35.2dC 182.7eC 255.2eC 809.4 fC 22.0dC 831.4 fC
(7.3 (23.7) (tr.) (10.6) (57.0) (98.6) (809.4) (22.0) (831.4)
Step 1 0.7 aB 11.6aB 4.9 aA 20.3bB 111.9dB 149.2dB 480.5dB 12.6eB 493.0eB
(0.7) (11.6) (tr.) (tr.) (34.3) (46.5) (480.5) (12.6) (493.0)
Step 2 0.3aA 1.2aA n.d. 19.5bA 37.0aA 58.0aA 93.6 bA 3.3aA 96.9 bA
(0.3 (1.2) (tr.) (11.1) (12.6) (93.6) (3.3 (96.9)

Cultivar  effect

Degree of milling effect

Cultivar X

milling

Degree of

Values are presented as mean * standard deviation. Values followed by different lowercase letters in different cultivars for the
same milling degree are significantly different at p<0.05. Values followed by different capital letters with each column in the
same cultivar for different milling degrees are significantly different at p<0.05. *#* *#%x means significant differences at p<0.05,

0.01 and 0.001, respectively. n.d. stands for not detected. 2) Phenolic contents in free phenolic fraction.
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5u 30 g & w#AIAL F 2.0 g(£05%) = MEDI §, HS-SPME F=W o=,
2cm Z4do]2] DVB/CAR/PDMS fiber & o] &3slo] WA AJRS F=Z3}3, Agilent AFS] MSD
59757} A4d¥ GC 7890A (Agilent Technologies, Santa Clara, CA, USA) % splitless
mode & #4313t GC ZH2 DB-WAX (30 mx0.250 mmx0.25xm, Agilent
Technologies) & A3, GC @2  %7]&% 35CelA 183 FAska, 100TCT7HA
5C/min & $%=2 F7F A7l ¥ 20C/min 9] 52 250C7HA] 255 ¥3 %, 527 74
A 2W71Al= @AF 7F(0.7 mL/min) & ARESIITE T &%= 220 solvent
delay time < 1min ©]lt}. Ionization voltage = 70 eV, electron multiplier voltage &
1,800 V= AAstdet. 3 AF 545 flélA+= n—alkane standard (C6—C40)& ©|
4-3}lo] Kovats retention index & AF&3%F & NIST Mass Spectral Search program ¥} 3
1 AR ARG EE o] gokity ASEA AW AFY AT AP 49 extracted ion
peak area #tS internal standard (aldehydes: octanal—dis; nitrogen—containing

compounds: 2—methylpyrazine—ds;alcohols:n—hexyl—d;3 alcohol) @] peak area #t3} H]

ety Arrsle]l A 4 (relative quantification) & A8kt

' ng extracted ion peak area 10 ng
concentration | — | = — X | IS X
g extracted ion peak area of IS
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=
o]

1=

i
dqu ¥

=

HiES 48] flste], HS-SPME W o %
2 total ion chromatogram (TIC)E
beto]l =/ 10F, AEw 6%, &=
1%, 283 17 %9 7g AR
&2 hexanal (green
fatty), nonanal
(beany,

o)
=
=

g+

=z
aldehyde 3}3+
green,

) A4+ 43
=}
7 15,
AR =
(pungent,
sweet), benzaldehyde (almond), 2-—nonenal

A= A

=
acid and ester
octanal
%

=,
)3} T (Table 13). ©]

.
6
57

green),

tomato,
3t A3}E Table 14, Table 15 °f YEFS
aldehyde ¢ W3}

3t A5 5 GC/MS =
52 719 3
=
> &
(citrus), (E) —2—heptenal
—vinylphenol < lignin ¢ thermal degradation o 23] &%, FHlu]efA
4.2% (step 1), 10.5%(step 2)9 v & (w/w)E EF
A

cucumber) G°] TAE N OH, o]:= Buttery 5 (1986)3 U3t AxE BAY. FAHE 3

17] $19 HS—SPME & o] gato] 32

(aldehydic, waxy, citrus, tart,
ettty B uE 3 9tk (Widjaja et al., 1996).

o
o

g AR 54
+ =4 W=
Av)(step 09 TF 7I+o®
d SuE 125 wet I AR WEE S
o A7z S S0 1R WEE gels
qEs FE3ta o5 GC/MS & o] &3te] #4313
= A7zl gkl wey Srbekl o, o= A%
= Srtel st Bor Ad A A= Svlo $td
PAdE Ao wrh Ao AWk 60 % o> X3} AWiatow FAEO glor
b APEARS: AA Abst A= AR ZE-SHE Yasumatsu 5 (1964) 2 el gt
%+ oleic acid, linoleic acid, linolenic acid 7} A% 713t % Ats}sto] carbonyl 33&ES
atal o] =52 EH; T (stale) FS AT RSkl EE hexanal o TS
z71e w3 A T2 Al 9 E2 S B3 o] Ay= Bergman 5 (2000) ¢ & A
&l ¥ Ay S-S vEbital B el A ekith

717Fo]l W2 hexanal 9] W3lE &
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Figure 8. Gas chromatogram of flavor compounds of raw black rice(cv. Sintoheugmi).
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Table 13. Identification of volatile compounds in raw black rice (cv. Sintoheugmi)

) tR of unknow literature o
No. volatile compound m/z odor description
unknown n RI RI
aldehydes
4 hexanal 4.47 1080 1080 44 green tomato, green
16 octanal 8.78 1282 1284 84 citrus
17  (2E) —2—ethyl-2—hexen 9.01 1285 1330 97
al
18 (E)—2—-heptenal 9.65 1316 1318 83 pungent, green, fatty
21 nonanal 11.34 1383 1390 98 aldehydic, waxy,
citrus, tart, sweet
23  (E)—2-octenal 12.18 1416 1416 83
27  decanal 13.9 1484 1484 112 citrus
28  benzaldehyde 14.45 1505 1508 106 almond
29  2-—nonenal 14.79 1519 1532 140 beany, cucumber
40  pentadecanal 25.46 2012 2040 96 fresh
ketones
1 acetone 1.97 815 814 58 acetone, ethereal,
fruity
9 2—heptanone 6.39 1179 1180 58 cheesy
15 2-octanone 8.72 1280 1283 58 parmesan cheese
like
26 2—decanone 13.81 1480 1480 113 fermented, generic
cheese notes
31 6-—methyl—3,5—heptadien 16.12 1590 1582 109 cinnamon, coconut,
—2—one spicy
35 geranyl acetone 21.97 1834 1843 136 floral, rose, fresh,
slightly soapy
alcohols
3 ethanol 2.71 927 926 46 strong alcoholic,
ethereal, medical
14 1-—pentanol 8.02 1259 1261 70
20 1-—hexanol 10.52 1352 1358 56 green, fruity,
apple—skin, oily
25 1l-octen—3—ol 12.84 1444 1442 57 mushroom
30 1-—octanol 15.47 1548 1555 84 waxy, green, citrus
32 1—nonanol 17.84 1633 1629 81
acids and esters
10  methyl hexanoate 6.44 1181 1183 74
34  hexanoic acid 21.89 1830 1850 73 cheesy, fatty
39 methyl myristate 25.12 1994 2008 143 fatty, waxy, petal
41  octanoic acid 26.19 2053 2050 101 oily, fatty, rancid
42  methyl 26.78 2081 88
2—methylpentanoate
44  nonanoic acid 28.17 2164 2169 129 cheese, dairy, fatty,
waxy
45  methyl palmitate 29.02 2206 2206 143 waxy, fat, candle
46  ethyl palmitate 29.69 2227 2246 157 mild, waxy
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47
50

51

53

43

22

— = 00 3 Oy U1 DN

N =

19
24
33
36
37

38
48

49

52

decanoic acid
methyl

(97) —9—octadecenoate
methyl

(97,127)—9,12—octadeca

dienoate
palmitic acid

alkanes
heneicosane
olefins

(3E) —3—Ethyl—2—methy
1—1,3—hexadiene

additional compounds
methyl acetate
2—butylfuran
p—xvylene
isopropylbenzene
o—xylene
propylbenzene
1—ethyl—-3—methylbenze
ne
2—pentylfuran
2—hexylfuran
2—Heptylfuran
calamenene
guaiacol

4—methyl—2,6—bis (2—m
ethyl—2—propanyl) phenol
phenol

4—vinylphenol

1H—indole

4 —nonylphenol

30.13
32.94

33.73

40.12

26.81

11.85

2.02
0.22
5.30
6.06
6.33
6.84
7.21

7.36
9.74
12.25
21.47
22.04

23.14

25.00
32.02

32.87

36.79

2241
2449

2497

2086

1400

823

1122
1126
1147
1177
1201
1219

1223
1320
1418
1809
1839

1891

1989
2392

2444

2250
2452

2484

2910

2100

1404

825

1126
1130
1166
1176
1212
1222

1226
1326
1416
1808
1850

1902

2002
2382

2441

172
264

95

213

85

124

74
81
91
105
91
91
105

138
111
81

159
109

205

94
120

117

135

fatty, rancid
mild, fatty

oily, fatty

waxy,creamyfatty,so

apy

waxy

ethereal, sweet

medicinal

peanut
solvent, sweet

floral, fruit

herb
smoky, black

rice—like

chemical, phenolic,

medicinal
animal, fecal,

naphthyl, with
earthy

tr stands for retention time

RI stands for retention index. RI values were obtained from https://www.nist.gov or

flavornet.org

Extracted ion from total ion scan used for quantitation

Odor—active compounds and eodor threshold (ppb) were described

studies
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O 35CeoA =uvo] 3k A+ W3t

35T A 2% T 5n| o A Ao A 2543 Sujo] =2 7] &4 v |
st UHEFE4Y peak area ratio® AUl4 sFLF YEAS(Table 14). A <

oleic acid, linoleic acid, linolenic acid 9 2=} AF3=2] A%<l hexanal, octanal,
1—pentanol 2] W3}= Q15T Step 02 =4 oA hexanal & A& Z7]°] 12.5 ng/g
o] ks HP AF 4FolA 324 ng/g & °F 2.6 H F7FE oy A 12 Fo= 0.8

ng/g 0.2 A E71nvk oF gastarh w40l olFolZl step 1A & AF 4 F7HA
285 nglg O% F7loh: AWe wyow g el gaston HE AZAA 123
ro e

A S7beks AEE Bk B0 7P Wol o] FoiXl step 2 oA = A 7]1to]
% hexanal o] &% ot FUFsElow AR 12 FolA 33.1 ng/g && oF 4.7 v} F7H8HS]

t}. Hexanal & =3 5ol mel A JTFS =5 A OS2 Hl

o] A% 12 Fell= AR 2710 1.2 ng/g el vlste] oF 229.8 v F718k3itt. Oleic acid £}

oM A% 2 FA7HA F
2%t & KA ol 12 F7HA] AlE F7 ek A4S Bt Linoleic acid ¢} linolenic acid
= A Absta a9l lipoxygenase o 7]AE ARRET o]2 <lal] 4k} o] carbonyl 3=
o At ES A A7l ol B S B e YEhiAl dok Abst B8 ES B¢
2ol A FIANE vERd, 53] Ex3tE dhsto]l =/ A9 AHAE vEbdtty By
A JH(Grimm et al., 2002). A& T AW Ay AF2A FF3(stale) F= &
1—pentanol ¥ 1—hexanol & &&Fo] F=7}3tHAt}. E3], 1—pentanol & & = EA Z7]
AGA SR HA LA, A 2FHEH AE HAAoH, BE AL A% 12 Foll 7
o e Bt T3 1-hexanol & Aol M HA T FHEFo] AL Frlerion I
T AFdelA oF 4-114) F7tekdet. Svle] 54 A1 &5 W= guaiacol & smoky ¥ &
< U step 09 A 57 #AE RSSO T, step 1 Y step 2 H3F v MA 2

%K

ot Sk AAE AbEsts BAES Bt Dol 98 lignin o thARAIQL ofn, FHwlw]

Mo
td
aly
kil
S

linoleic acid 2] 2 =} At3}&E9] A]3E <]l 2—pentylfuran
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Table 14. Concentration of volatile compounds in raw black rice stored at 35C for 36 weeks

unpolished (weeks)

step 1 (weeks)

step 2 (weeks)

No. volatile compound
0 2 4 8 12 0 2 4 8 12 0 2 4 8 12

aldehydes
4 hexanal 125 25,6 324 305 0.8 8.3 19.1 28.5 239 284 7.1 16.8 19.4  20.0 33.1
16  octanal 4.2 8.3 18.1 23.7  27.7 2.1 4.1 15.2 134.3 161.6 1.2 4.0 11.2  52.2 275.8
17  (2E) —2—ethyl—2—hexenal n.d. 13,5  33.2 493 5.9 n.d. 18.8 68.3 92.6 26.9 n.d. 14.7 8.4 14.9 297
18 (E)—2—heptenal 4.4 10.9 17.3 17.3 204 3.3 4.6 15.1 18.4 15.7 3.6 4.8 12.6 16.4  23.0
21 nonanal 170.7 163.2 173.5 422.5 176.8 169.7 132.1 209.6 230.7 116.9 238.5 114.9 152.6 160.6 415.1
23 (E) —2-Octenal 13.7 11.4 289 22.1 22.9 17.6 8.1 11.4 15.0 18.2 18.3 5.6 20.4 21.8 19.1
27 decanal 60.5 18.5 11.9 6.2 35.7 18.1 14.5 18.8 92.2 823 36.7 7.9 11.4 1274 57.0
28 benzaldehyde 13.2 12.9 265 404 41.2 10.5 11.2 215 33.0 354 12.4 8.5 25.0 28.0 39.3
29 2-nonenal 3.6 17.3 288 22.7 25.7 3.8 6.8 38.2 40.8 20.7 3.8 4.3 29.8 17.3 299
40 pentadecanal 15.2 16.5 18.3 19.3  26.9 9.4 13.1 13.6 205.1 274 5.1 7.4 9.5 15.2 51.8

ketones
1  acetone 8.5 8.4 15.6 14.1 19.1 5.9 7.6 15.7 13.9 16.5 4.2 5.1 8.5 7.1 12.8
9  2-heptanone 2.3 1.9 6.7 5.9 9.9 1.7 2.1 3.1 24.4 1.4 2.0 0.6 3.3 1.8 21.6
15 2-—octanone 0.8 0.6 1.3 1.9 2.1 0.6 0.7 2.6 41.5 2.6 0.7 0.5 1.9 3.6 16.1
26 2—decanone 60.5 13.6 6.5 14.7  21.9 52.4 17.2 11.4  89.7 14.1 7.6 25.0 4.3 3.2 36.3
g1 O-methyl=3.5-heptadien=2= g3 104 269 202 406 61 111 78 7.9 787 35 94 115 63 66
35 geranyl acetone 9.2 3.8 26.2 16.5 16.6 6.1 2.6 27.5 15.0 11.0 8.0 1.6 18.0 7.7 7.4

alcohols
3  ethanol 1155 78.8 87.2 1049 70.7 84.8 60.8 87.8 110.5 58.2 614 61.8 73.0 782 773
14  1-pentanol n.d. 7.2 3.1 52.6 63.1 n.d. 6.8 0.3 6.0 12.3 n.d. 1.0 3.9 2.6 10.6
20 1-hexanol 212.6 348.2 627.2 1149.2 1174.1 117.6 183.8 314.7 452.1 474.0 37.3 112.0 222.8 377.1 418.1
25 1-octen—3-ol 45.0 609 114.6 135.8 150.0 16.7 31.9 89.0 113.6 89.3 13.8 19.8 64.8 819 74.3
30 1-octanol 105.7 109.5 113.8 368.3 39.1 92.0 66.2 96.5 34.6 40.7 14.0 475 84.3 35.6 34.8
32 1-—nonanol 69.8 106.9 n.d. n.d. n.d. 129.1 67.3 6.6 76.7 n.d. 52.2  44.1 30.6  46.8 n.d.

acids and esters

_92_



10
34
39
41
42
44
45
46
47

50

51

53

43

methyl hexanoate

hexanoic acid

methyl myristate

octanoic acid

methyl 2-—methylpentanoate
nonanoic acid

methyl palmitate

ethyl palmitate

decanoic acid

methyl
(9Z) —9—octadecenoate

methyl
(972,127) —9,12—octadecadien
oate

palmitic acid
alkanes

heneicosane
olefins

(3E) —3—Ethyl—2—methyl—1,
3—hexadiene

additional compounds
methyl acetate
2—butylfuran
p—xylene
isopropylbenzene
o—xylene
propylbenzene
1 —ethyl—3—methylbenzene
2—pentylfuran
2—hexylfuran
2—Heptylfuran

calamenene

4.7
39.5
24.9
146.3
n.d.
430.1
289.1
5.7
104.3

64.1

96.9

27.7

1.6

n.d.

1.4
n.d.
12.2
3.1
13.0
2.0
n.d.
76.1
n.d.
n.d.
20.4

10.1
46.6
12.2
28.9
7.8
262.3
143.6
5.9
16.8

37.6

44.5

16.0

1.3

2.3

0.7
0.5
19.7
2.3
16.1
1.6
0.3
68.6
n.d.
n.d.
13.2

33.2 45.8 76.2
230.7 432.6 601.7
127.3 82.7 43.0
69.2 198.6 181.3
17.1  43.3 51.6
264.1 685.4 4944
1293.4 696.2 5834
14.3 31.6 23.2
19.8  44.1 18.9
298.8 241.7 159.8
355.8 193.2 217.6
61.9 119.8 59.7
17.6  42.1 14.3
5.8 18.7  32.0
0.8 0.7 0.8
7.1 53.1 97.5
127 71.6  69.1
13.7 244 6.1
7.0 48.6  54.6
10.1 6.4 7.9
1.8 3.3 1.9
2159 506.5 736.6
4.3 10.0 64.8
2.6 7.4 39.8
28.6  49.9 599

0.8
26.9
16.1
69.5
n.d.

292.8
150.8

4.2

22.9

29.4

46.6

8.1

0.8

n.d.

0.7

n.d.

10.8
2.5

14.4
2.0

n.d.
43.2
n.d.

n.d.
15.4
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37.7
224
7.0
10.0
5.8
90.7
89.4
5.8
7.0

23.1

22.4

0.8

n.d.

0.5

n.d.

15.2
2.7
20.6
2.4

n.d.
37.2
n.d.

n.d.
11.1

15.8 16.4  81.8
103.1 344.6 274.0
57.9 19.3 17.6
41.1 839.2 88.2
15.2 76.2 40.6
181.6 635.0 331.9
533.6 390.2 227.3
14.6 406  23.0
15.1 31.1 15.3
135.1 1388 63.5
149.5 125.2 90.4
42.2 1294 31.6
16.8 17.1 11.2
n.d. 3.0 14.1
0.9 0.6 1.0
4.5 21.2 421
11.2  51.8 499
4.2 12.3 3.6
6.5 21.7  39.9
4.9 1.9 7.3
2.6 3.3 2.0
111.0 181.4 339.1
1.8 46.4 14.4
6.2 16.5 13.1
229 26.3 274

2.3
6.3
3.8
20.6
n.d.
84.3
47.3
2.1
7.9

10.2

10.6

5.1

0.4

n.d.

0.3
n.d.
5.0
1.6
5.8
1.5
n.d.
24.8
n.d.
n.d.
10.1

1.9
14.4
2.1
12.4
3.8
116.9
33.1
3.4
7.5

8.8

12.7

12.5

0.6

n.d.

0.4

n.d.
11.5
1.9
10.5
1.3

n.d.
17.3
n.d.

n.d.

5.4

3.2
44.2
35.1
28.8
13.1

127.2

329.1
10.7
9.5

106.2

103.1

42.0

12.9

0.0

0.5
0.2
10.3
4.6
5.6
3.6
1.5
62.8
1.4
0.3
18.7

14.5
77.1
9.0
58.2
34.5
307.9
180.2
18.6
14.6

66.7

51.2

86.3

9.1

10.1

0.4
0.8
34.1
4.5
19.5
4.6
1.7
108.8
2.7
4.6
22.6

13.6
255.3
10.8
171.2
69.5
342.1
143.7
17.6
9.8

40.4

55.1

26.3

15.2

12.2

0.6
1.6
33.1
5.5
17.2
2.8
1.5
150.3
66.8
6.5
21.4



36  guaiacol

37 4—methyl—2,6—bis (2—methyl
—2-—propanyl) phenol

38 phenol

48  4—vinylphenol
49 1H-indole

52  4—nonylphenol

22.3

10.1

25.9

803.2 250.4 767.6

15.2
1.6
4.1
2.4

10.2
2.0
3.5

12.6

20.1
4.2
2.1

122.4

39.0
n.d.

43.9
5.5
54

178.2

29.5
n.d.

26.7
5.8
6.6

15.8

16.1

546.0 262.7 488.5

12.7
1.6
5.1

337.2

7.0

8.9
1.9
1.6
8.0

18.9

16.6
5.3
2.2

15.7

31.0
n.d.

33.2
6.8
10.1
24.4

20.9
n.d.

16.3
6.1
4.2

11.7

8.7 4.6
24442 191.1
7.1 5.6
1.0 1.2
4.3 0.7
5.3 6.9

13.8
443.1

13.0
3.9
2.7
1.5

14.1
n.d.

19.4
4.0
3.1

10.3

13.3
n.d.

14.3
4.9
2.5

11.0

n.d. stands for not detected
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@ 25ToA Zue] 3 A

M
=3
ol

Table 15 9|A& 25T A% ExolA 36 73+ Agste Snje] AW Ak A% =
Ay Fwje] Fo 7] @4 A2 A ®MEE YERSITE Oleic acid, linoleic acid,
linolenic acid 9] 2 2} AF3}&E9] A 3% <] hexanal, octanal, 1—pentanol 2] W3}= &el&}dt}.
Step 09 =A%E|A hexanal & A& Z7]e] 12.5 ng/g 2 TFHS HIT A 12 FoA]
32.4 ng/g 0.2 °F 2.6 H) F7FetF oY A 24 FoA 25.1 ng/g 02 °F7F A
Bt o]F HF AU 36 Fol= 124.8 ng/g o2 7] A% FFRT oF 104 7
st S YERSitE. £ o] o]FolX step 1 olA= A 36 744 @Anl (step 0) el ]3|
ARkl 60.3 ng/g S& FbshE AT BAow 24 FolA HF AFUQ] 36 Foll= °F 3
Hjol F43 S7HE BTk ©Ao] 7H wo] o]FoR step 2 oAM= A 7ITto] TS

= hexanal 9] & T3 78R 01 step 1 I B3 ASS woln Z7FE9dc)

N

o
o&#
o

&

(o]
AL

k|

Octanal & step 0%} step 1A A Ay wet A& S7tstes &S 2SI
step 2 M= A 24 FUHA F7Veke A Holurl, HFE AL 36 FlA sk
AeS B3t Oleic acid ¢ linoleic acid & 2 2} AFsHE9] A]3EQ1 2—pentylfuran < step
0% step 1 9ol A% 24 F7HA of 58 S7heks A& Kotk HE AL 36 ol
A Zaeskes B Bl Step 2 M= A% 7IRte]l S7FEEE 1-pentanol o] ¢
7kt om oF 4.6 viQl 111.6 ng/g 7FAl S7kekaith. F7hA o2 Ao At A x= 9
3k(stale) &S W= 1-pentanol & 1—hexanol ©] EAo] 2t} 1-Pentanol & & =

oM 271 AZAl sAEA A A 2 FHE FEQEgor ReE EARCNM AR

o\
ot

36 Foll 7Hd =2 & Helo. 53] duldA= 389.5 ng/g 7HA S7FeESl e step 1,
step 2 9lA= Z+7ZF 20.3 ng/g, 160.3 ng/g 07 Z7F= BT} T3 1—hexanol & # %o
g4l S U= guaiacol & smoky ¢ &S U 35T
o A% &k vRHARE step 09 A T A4S wEESIICW, step 1 3 step 2
Eoh nPMA R AAEtEA FUEel HHAE WHEEkE AES BT FAWhulelA s T W
AE HeEbd Tl B a1E 4—vinylphenol & 7Hy A (B50) oM<= AF T A5 F7hsk= 4

= BIANE 25CeM = AFstdA F7tet das vbEsitrt HE AFd 36 Fol= &
AE =R oketty, FrEA o ®, (2E) —2—ethyl—2—hexenal, methyl 2—methylpentanoate,

(3E) —3—Ethyl—2—methyl—1,3—hexadiene, 2-—butylfuran, 1—ethyl—3—methylbenzene,
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2—hexylfuran, 2—heptylfuran ¢] A& 7]+ THdHA LA A7 T AMF5A 74

o] =3t
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Table 15. Concentration of volatile compounds in raw black rice stored at 25C for 36 weeks

No volatile compound unpolished (weeks) step 1 (weeks) step 2 (weeks)
0O 2 4 8 12 24 3 0 2 4 8 12 24 36 0 2 4 8 12 24 36
aldehydes
4 hexanal 125 23.6 29.9 30.1 324 251 124.8 8.3 101 150 16.3 16.8 200 60.3 7.1 11.0 11.3 115 15.6 34.0 58.0
16 octanal 48 7.4 168 17.2 29.9 304 447 21 6.2 7.5 85 101 162 296 1.2 59 10.1 11.2 165 93.8 24.3
17 (2E)—2-ethyl-2—hexenal n.d. nd. 315 258 347 37.0 688 nd. 126 41.2 41.7 88.2 835 117.6 nd. nd. 6.1 11.8 17.7 18.1 9.6
18 (E)—2—heptenal 51 6.7 168 16.0 204 267 487 33 3.4 82 7.9 155 31.2 108 3.6 37 7.7 84 105 36.7 60.1
21 nonanal 195.9149.9 266.9 128.3 276.2 89.6 82.3 169.7153.1115.3 70.4 91.2 107.5 80.7 238.5150.2102.8 238.0195.7 221.5 138.1
23 (E)—-2-Octenal 157 9.3 31.2 27.7 31.9 27.2 233 17.6 6.6 150 13.2 13.0 182 11.1 183 81 52 10.8 137 31.0 19.9
97 decanal 69.4 16.0 8.0 64.9 47.1 33.0 3.2 181 105 73.9 65.3 57.7 345 7.3 36.7 150 48.0 77.0 59.1 41.9 34.1
28 benzaldehyde 15.2 12.2 75.4 342 37.6 2.7 320 10.5 83 26.8 205 187 3.9 29.1 124 7.2 143 29.8 225 3.7 29.2
29 2-nonenal 42 82 268 257 303 57.0 53.8 3.8 7.8 20.1 17.1 14.1 70.7 66.8 3.8 11.7 185 13.9 24.0 125.7 59.5
40 pentadecanal 17.4 16.4 39.1 35.6 29.6 17.4 6.1 9.4 101 251 195 169 121 24.8 51 6.4 14.3 13.8 12.6 87 4.1
ketones
1 acetone 9.8 89 137 11.0 125 14.3 1240 59 6.2 88 7.7 81 121 939 4.2 44 48 45 50 90 7.7
9 2—heptanone 26 1.2 59 38 42 43 137 17 07 18 04 1.3 1.9 62 20 1.9 16 06 09 24 86
15 2—octanone 09 06 20 16 1.7 11 36 06 05 13 1.6 08 09 34 07 02 12 1.1 11 15 88
26 2-decanone 69.4 7.4 775 10.4 17.8 65.4 2487 52.4 124 26 17 7.6 14961722 7.6 7.8 22 23 9.6 103.2 45.0
g1 Somethyl=3.5~heptadien= 107 76 206 16.7 33.6 182.9 30.7 6.1 83 190 85 1652074 386 35 57 64 3.8 10.6 1959 23.7
35 geranyl acetone 106 25 247 154 9.1 96.6 150 6.1 1.8 12.6 10.1 49 598 90 80 1.6 96 56 55 683 125
alcohols
3 ethanol 112.9 80.9 73.7 89.8 73.6 66.5 132.3 84.8 753 65.5 94.5 62.1 57.8 153.0 61.4 71.7 95.1 71.7 49.3 58.3 146.1
14 1—pentanol nd. 6.4 95 55 397 3403895 nd 4.1 55 41 91 104 203 nd 67 1.1 3.0 69 29.4 160.3
20 1-hexanol 224.2331.3570.8 599.7 941.6 883.9 250°* 117.6263.8 281.5231.2330.0 353.8 370.4  37.3 267.4 207.4 211.4 263.8 544.7 686.3
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25
30
32

10
34
39
41

42

44
45
46
47

50

51

53

43

22

~N O O N

1—octen—3—ol
1—octanol
1—nonanol

acids and esters
methyl hexanoate
hexanoic acid
methyl myristate

octanoic acid

methyl
2—methylpentanoate

nonanoic acid
methyl palmitate
ethyl palmitate

decanoic acid

methyl

(9Z) —9—octadecenoate
methyl

(92,127) —9,12—octadecadi

enoate

palmitic acid
alkanes
heneicosane

olefins

(3E) —3—Ethyl—2—methyl—
1,3—hexadiene

additional compounds
methyl acetate
2—butylfuran
p—xylene

isopropylbenzene

47.4
111.5
73.6

4.9
41.7
26.2

154.3

9.5

nd. 7.8 7.1

453.7 239.7 268.7 432.3 527.6 463.7 326.0

18.7 18.0 53.7
53.6 122.5147.3123.0
10.7 13.9 459 16.2
33.6 41.3 47.8 61.7

12.9 17.3

454 72.6 93.2 120.0160.6 284.7
97.2 145.2126.1 25.4
78.3 69.2 6.4

n.d. n.d. n.d.

15.2 8.7

61.1 15.3

304.9 145.6 545.7412.0190.4 461.8 n.d.

6.0 5.2

67.6

102.2

29.2 43.4 49.8 57.9
1.7 06 20 6.4
nd. nd. nd. 6.8
1.6 0.8 09 1.0
nd. nd. nd. 3.0
12.8 34.2 16.7 52.3
3.3 4.0 6.2 10.3

12.1 144
110.0 15.0 21.7 23.3

34.2 45.8 131.0

455 377.6113.4

15.7 88 7.6
14.0 225 5.7

59.2 124.4 n.d.

92.7 161.7 20.2

39.7 27.2 n.d.

9.2 100.8 15.3

154 11.6 33.3

0.9 0.6 438
5.7 49.7 4.6
67.8 19.4 48.1
1.8 47 7.9

74.9 297.5

34.0 107.7
25.6 334.9

30.4 119.1

16.7 33.4 41.2
92.0 83.6 89.1

129.1114.6118.1

0.8 4.2

8.9

26.9 28.4 54.0

16.1 4.6

6.0

69.5 16.8 26.4

nd. 5.0

4.2 3.1
229 9.9

29.4

46.6

8.1

0.8 0.5

n.d.

0.7

n.d.
10.8
2.5

0.5
0.5

1.9
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n.d.

6.6

12.3
14.0

16.8 30.0

20.4 169.7

12.3 26.7

1.9

n.d.

0.6
0.8

20.4 15.8

8.4

57.2
12.4

4.3

17.5
56.2
24.0
27.5

9.7

57.9 131.3 40.6

14.7
n.d.

15.7
75.3
10.1
33.7

9.0

13.8 9.5
14.8 8.7

62.9 42.7

51.9 67.3

64.6 62.5

3.4

n.d.

0.5
0.7

3.3

4.6

0.4
1.6

48.0
n.d.

14.8

22.6
9.5

14.2

44.4

292.8163.7170.6 237.0372.2313.4
150.8 62.7 206.9192.2129.9 233.7

10.9
22.0

56.2

78.0

25.2

74.0

5.7

0.5
1.5

42.4
n.d.

7.4
31.6
2.7
1.2

32.7

19.9
n.d.
2.9

0.9

n.d.

5.1

n.d.

33.5

3.3

3.3
0.1

36.1 44.0 22.8 14.3

5.7

3.7

3.9

2.8

13.8
14.0
52.2

2.3

6.3

3.8
20.6

n.d.

35.8 36.4 40.5
69.4 76.4 125.0
424 n.d.

2.3

1.6

12.6 24.6 24.0

3.3

3.2
25.1 29.1 28.9

2.3

5.5

n.d.

3.8

5.2

8.3

62.6 166.2213.0
24.1 32.2 177.8
n.d. n.d. n.d.

7.6
59.1
7.4
53.1

12.2 11.5
24.6 219.0
7.0 16.7
12.7 50.8

124 571 1.2

84.3 121.8153.4 204.9 399.1 307.5179.5

47.3 29.6 73.7 7738

2.1
7.9

10.2

10.6

5.1

0.4

n.d.

0.3
n.d.
5.0
1.6

1.8 6.3
5.9 16.6
7.9 12.1
11.4 73.1
8.8 14.1
0.2 1.5
nd. 2.4
0.3 0.3
nd. 0.4
8.0 9.3
0.7 3.9

7.6

12.9
27.7

19.2

19.2

2.8

2.7

0.2
0.4

89.7 152.3 n.d.
11.2 8.4 8.9
15.1 46.3 8.6

27.2 49.2 nd.

46.8 60.9 13.9

19.1 18.8 n.d.

4.2 781 76.5

59 7.6 10.4

0.3
0.7

0.4
1.2

0.7
0.7

234 36.4 25.8 525

4.1

29 28 28



11
12
13
19
24
33
36

37
38
48

49
52

o—xylene

propylbenzene
1—ethyl—-3—methylbenzene
2—pentylfuran
2—hexylfuran
2—Heptylfuran

calamenene

guaiacol

4—methyl—2,6—bis (2—meth
yl—2—propanyl) phenol

phenol
4—vinylphenol
1H—indole

4—nonylphenol

13.7
2.2
n.d.
80.3
n.d.
n.d.
21.6
23.5

34.4 33.7 44.0 58.8 31.2 96.0

1.7
n.d.

4.1

nd. 2.1

11.3 3.7

7.8
1.9

7.0

2.7 14.8

98.7 183.7210.2362.1 405.8 300.1

n.d.
n.d.

n.d.
n.d.

5.0
3.1

24.5 33.6 33.7
10.4 35.0 27.1

847.2820.5390.8 n.d.

16.0 14.9 244 27.3

1.8
4.3
2.5

1.8
6.9
8.3

4.1 4.1
6.3 7.2
11.6 25.6

8.2 63.5 308.5
6.1 61.3 16.0
36.4 16.8 31.5
23.7 354 9.9

n.d. n.d. n.d.

17.4
3.7
8.9

26.8

9.1

2.6

9.4
29.7

58.7
n.d.
5.3

14.4
2.0
n.d.
43.2
n.d.
n.d.
15.4
16.1

546.0 266.2 200.7

19.2

0.8
0.2

59.1
n.d.
n.d.
16.2

7.0

17.2
8.6
0.6

86.9
n.d.
n.d.

23.3

23.6

12.7 11.1 13.5

1.6
5.1

1.3
5.3

22.4 337.2 10.6

2.8
6.2
1.7

28.5 39.7 24.3 22.8

9.5
2.6

84.0 121.1162.2 30.7
1.8 46.8 110.4

n.d.
n.d.

22.6 16.2
17.3 13.6

n.d.

14.7 11.1

2.7
3.8

15.9 174

3.5
2.1

4.6
2.1

3.1
4.9

10.9 15.8 4.1

n.d.

1.9
3.4

13.0 5.8
20.7 2.2

n.d.
7.0
2.7

3.9 1.1
253 2.7

3.7

n.d.

n.d.

5.8

1.5

n.d.
24.8
n.d.
n.d.
10.1
8.7

2414 348.8 249.8

7.1
1.0
4.3
5.3

11.3
0.4
n.d.
43.1
n.d.
n.d.
10.6
3.8

7.0
0.9
1.1
5.3

12.1
3.6
0.1

49.8
n.d.
n.d.

13.0

13.1

9.0
2.3
6.2
2.4

15.7
7.4
1.5

42.7
1.4
n.d.

13.7
9.0

n.d.

11.9
2.7

2.4

8.5

37.6 29.8 96.5

3.2 2.2 15.0
1.5 2.0 433
80.1 110.5111.6
2.3 4.5 2838
1.8 2.3 85.8
18.0 15.7 34.7
11.1 206 2.8
n.d. nd. n.d.
8.8 6.0 19.5
1.8 2.7 n.d
41 55 3.6

18.7 324 17.4

n.d.

stands for not detected
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ofk

(9) 27t SH%sk e Frle 20w G YR T 9

obA Wakshsol B ol EEe Auen 0 AGHS AMugth 1y 2

el HEe] A 24 F7] AR Wb dojusdl olel v xEo] wE

b 7 B

N

B Ao E ZFdE FA LA 20163 23t Zv| (Oryza sativa L.) 4 EF
A Su)) S FRVEA LA G HAE FoF o}
Ak A 2016 WHel] &3t HE v AHZE

7

)
Al A Frufsle] AFEERRT. Znlo] g7be 4% dvu|7] (Rice huller, Jtech, Incheon,

off
ok
2.‘_1{
o
Rt
all
HE
2
i

Korea) & AF&3l A dAvjE Fgsksar, 29 42 =47 (FS—2000, Misul, Seoul,
Korea) S o]&3ly] dnu|o == 7|50 % 42%(step 1), 10.5%(step 2)2 v & (w/w)ZE

stk B4 P% F step 29 A WE Fol, B Fv), FARL B W2 £HY

FAAbm o] A7y 7] A FIFE k7] fsE HARPHS o 2 o) Aol A
Bug wpel o] HHE Al FA|, HA|, HA®HE 2 BRE AR TSt

(Meullenet JF et al., 2000, Bhat FM et al., 2017, Samyor D et al.,, 2016). v «d 2

o

A7 300 g& 33 A & Ao WA 5733 275 AAS FA A A Alm FAE V=l
2 1.8WlZ 7F5skar 23TCAA 1412 H A8tk (Hiemori H et al.,, 2009). o] & H7]H-&
M (DWX—200K, Daewoong Co., Ltd., Seoul, Korea) oA 3087 #H¥k3 & 1087 55
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28 B g7l ol

W)= A2l A 2-3
EAEe mE &0 AN e 244 574
e FHulu|o] EA A2 Okabe 9 3% WHORE Texture Analyzer
System Ltd., London, UK)E A}M3sto] Two—cycle
, TPA (Texture Profile Analysis) &
-2+ (adhesiveness) $%7d (cohesiveness)
ake] SE=RE
w, Choi WS & Seo HS (2016) &=+
o] xor AIE
o] =it
/73%)2 Okabe M

(TA=XT?2

Feate

AT =

|5

E<al
I

A&

3 10 3

% (hardness)

=4
Stable
compression test & =743}t (Okabe M, 1979)

Hln)
Bk

o
Micro
AN
314 (chewiness) %! & (springiness) = & AFoA AFE3STH A& 20 mm & A#HH
€3 0.5 mm/s 9
HE

o] &-3}o]
e
24 (cylinder aluminium probe) <
Zra1sko 2 HES T0%NA
&8I tH(Choi WS & Seo HS 2016). FHu
Hubol o] E84 FH& F4E ¢ s AFA oy
(1979) 9] =% Fasisit
/;j
AMEZ33 & HS-SPME FEH o=
RS F=35)a1, Agilent AF2] MSD

5wt

2.0 g (£0.5%)=
bol 91
(30 mx0.250 mmx0.25 pxm, Agilent
“]—’

J8tx, 100C7HA

@ =m]e] 3w
60 g2 T#A3A7

Fx

=55 =9 F

LEE= 220Co|H

A&
2cm 4do]e] DVB/CAR/PDMS fiber & 9]
< DB—-WAX
Z7) 2% 35CoAM 187
2 250C7HA
electron multiplier
n—alkane standard

5L A 7
5975 7F 4% GC 7890A (Agilent Technologies, Santa Clara, CA, USA)© % splitless
Abgskty. YT

mode = A5kt GC ZR2
Technologies) = ARSI, GC &
5C/min & &= T7F Al ¥ 20C/min 9 &%
eRE71Al= #@F 7FA (0.7 mL/min) &
1min ©] ¢l t}. Ionization voltage &= 70 eV,
g AR T8e A=
ST Mass Spectral Search
A AT AF B I =49
(aldehydes: octanal—djs;

#43
solvent delay time <
AEHTgEE o]

S internal

voltage +
kS

area e

- 101 -

|8t &
NS
1.800 VE AAselc. 5w
(C6—C40) & o]&3}] Kovats retention index & AF&3%F &
1 ST
standard

program ¥} 3|gt
ion peak

extracted



X(ISX
: g

extracted ion peak area
extracted ion peak area of IS

nitrogen—containing compounds: 2—methylpyrazine—ds;alcohols:n—hexyl—di3 alcohol) 2]
sto] AlArste] Al A= (relative quantification) = A AI8FSI T}
10 ng ]

peak area #t¥} H]

. [ng
concenfration | — | =
g

- 102 -

An
Holx] ket (p<0.05)
[e]
L%

() A A3
O =5 mE FHuksk Sunte] 7AA =43 Wt
4 gkel digte] olduix] EabRAlE FEE Ay P2 A FHEANY) BEE F
Aol s FF b FAAQ Aol (p<0.05)7F Hebwtal =R wel RE A3 540
o4 2] (p<0.001) & Rtk FF% EAHE ztells A5 2ol YeERA] ¢kokth(Table
16). ZEANA FL5He AT AL, JIFAA FF 1 F2 A< 2Fo] (p<0.05) 7F vrER L
AR wel RE X7 EAo] §97 o] (p<0.001)E BT FFF “AL o=
Aol A 45 &go] YEFETH(p<0.01) (Table 17)
ST B AESH] 5F5S o83t JA Sv|ef(Table 16) S 139 As5%
& olgdte] I Zu|ES(Table 17) 3¥AZ =HEE aslo] FHukA] =45 wE 2]
W] 2R WA WAz e ke Evle vla BT Senke] 7 = (hardness)
A2 (adhesiveness), ¥4 (springiness), &34 (cohesiveness) @ A 34 (chewiness) &
SAg A3, v Sore] A (step 0), WA 53157k 1435.36£83.01 g0 AES
1(1305.17%£123.47 gl Hlal FoAew AEr7t wakou e A5 74 2ol=
05). T3h FFe #Aglel EHET FoldaE ARt folFow o
At (p<0.05). Oh F(2002) ¢ A7 A3l vleshd], dAv] e Z5vel =4%
sto] Ash A3 KoM Zme ghefo] FoldFRE F
tar gt Step 19] Aol @2 S0 359}

W g Egste] A
oAt A B

1
=
N T



e

Fe) Awst

(p<0.05). ZEA"t step 1A

o} (p<0.05).

ary

HH

o

i)

T

jmt

olr
uh-
™
ol

1

ol
Hr

iy

on

Mo
ol

1

__AH

ol
U

+

(p<0.05).

vl

5
=

Hup o Zioh g

o]

=

EEZE 2ol 7h YERA eksitt

zxuith A2 EX 9 (Lee J et al., 2014), &4 2740

5T
A=

gragol

3} o

o] A|A =AM

FE A7k UA 9 Aot melgni AbmEh

o

Nl

70

}

Al

ol

o|

* sec

ujko A AlE S0 7} 30.1916.88 g

ol

B

~

- sec) ol Hlsl] o

A+(12.63+2.61 g

=
=

X

3

LR ]

Aol A

wujo A step 2% =
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Table 16. Instrumental Textural Properties of

Different Degrees.

Non—glutinous Cooked Black Rice (cv. Heugjinju and Sintoheugmi) Milled to

Sample poOMY Har&gess Adl(lgs.i\slggfss Springiness Cohesiveness Che\()g)ness A/HY

Heugjinju 0 1435.36 = 83.012d% 12.63 = 2.61a 0.44 £ 0.10a 0.30 £ 0.03a 185.26 £ 35.26ab 0.01 £ 0.00

1 929.11 £ 92.09b 38.43 £ 6.36bc 0.50 £ 0.07bc 0.34 * 0.04b 160.48 £ 28.33ab 0.04 £ 0.01

2 508.79 £ 64.75a 47.70 £ 9.19de 0.56 £ 0.07¢ 0.55 £ 0.09¢ 156.24 £ 28.03a 0.16 £ 0.01

Sintoheugmi 0 1305.17 £ 123.47c 30.19 £ 6.88b 0.46 £ 0.09ab 0.32 £ 0.02ab 188.17 £ 27.80b 0.02 £ 0.01

1 940.42 £ 275.76b 41.45 £ 10.50cd 0.51 £ 0.11ab 0.34 £ 0.03ab 163.77 £ 61.81ab 0.04 £ 0.02

2 505.72 £ 49.84a 50.54 £ 7.66e 0.55 £ 0.03c 0.56 = 0.03c 153.47 £ 15.76a 0.10 £ 0.02
Cultivar effect N.S.% * N.S. N.S. N.S.
Degree of milling effect s ok st Kok -
Cultivar X Degree of milling N.S. N.S. N.S. N.S. N.S.

UDOM stands for degree of milling. 0, 1, 2 means 0% (step 0), 4.2% (step 1), 10.5% (step 2) weight reduction, respectively.

DValues are presented as mean * standard deviation. P Different letters in the same column represents significant difference between

samples (p<0.05) YA/H stands for adhesiveness/hardness ratio. ”N.S. stands for no significance at p<0.05.

differences at p<0.05, 0.01 and 0.001, respectively.
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Table 17. Instrumental Textural Properties of Glutinous Cooked Black Rice (cv. Sinnongheugchal, Heukhyangchal 1 and
Dongjinchal) Milled to Different Degrees.
Sample DOMY Hargdgr}ess Adk(lzg?i\slgg)ess Springiness Cohesiveness Che\(Vgi)ness A/HY
Sinnongheugchal 0 1319.45 + 170.207f”  83.49 *+ 8.43a 0.64 + 0.02a 0.25 + 0.03a 207.90 £ 47.92bc  0.06 * 0.01
1 797.29 + 130.60cd 89.06 *+ 12.65ab 0.67 + 0.11ab 0.34 + 0.05¢ 176.97 + 29.10ab  0.12 + 0.03
2 580.65 = 71.84a 114.48 + 17.60b 0.73 + 0.12bc 0.39 + 0.03d 167.68 * 40.18a 0.20 * 0.04
Heukhyangchal 1 0 1228.90 *+ 135.57f 79.79 *+ 15.75a 0.67 + 0.08ab 0.23 + 0.03a 188.86 * 16.2labc  0.06 * 0.01
1 742.23 + 120.84bc  106.88 *+ 18.42b 0.71 * 0.12abc 0.29 + 0.04b 154.00 + 21.82a 0.14 + 0.02
2 512.38 * 64.15a 104.60 + 10.58b 0.78 + 0.10cd 0.4 = 0.05d 158.50 + 27.73a 0.20 + 0.03
Dongjinchal 0 1016.24 = 95.19¢ 101.74 = 13.23a 0.69 + 0.15abc 0.31 + 0.04bc 22227 £ 57.93c 0.10 + 0.01
1 884.80 * 121.27d 116.08 + 21.02b 0.74 *+ 0.08bc 0.33 + 0.04c 217.88 * 50.67c 0.13 *+ 0.02
2 685.08 = 135.71b 152.06 + 20.43b 0.83 + 0.06d 0.33 + 0.04c 190.52 * 61.69abc  0.22 * 0.03
Cultivar effect > N.S. N.S. N.S. *
Degree of milling effect wx0) Hkk Hkx w3k ok
Cultivar X Degree of milling N.S. K N.S. N.S. N.S.

YDOM stands for degree of milling. 0, 1, 2 means 0% (step 0), 4.2% (step 1), 10.5% (step 2) weight reduction, respectively.

?Values are presented as mean * standard deviation. P Different letters in the same column represents significant difference between

samples (p<0.05) YA/H stands for adhesiveness/hardness ratio. ”##x#x% means significant differences at p<0.05, 0.01 and 0.001,

respectively. ® N.S. stands for no significance at p<0.05.
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SPME GC/MS= Zn] 250 S A2 4] d3k= Table 18 bl ol Figure
9ol FHWE A5 Fwe] AzvbE T3s UERSIHE & 62709 7] SAS T Aol 4] Hle
drjsto| =R/ 10F, AET 8%, €IS 5%, GARNF 10F, U¥TF 45, acid9) ester 12F, 1
YL 14F2] 7Iek s gRlsielty F 62719 &) 24 4 T 48F3 38F9] Adio] FHWEA
RS AT FNE $0] Aollx 747} FAE QT FHRlo] HWA 24F9] 3] G4 Aol AR, 14F
°of W &4 AEe]l AMEA HEHEJH Fwe] HHA HEHA oS AR 24Fel=
(E) —2—heptenal (pungent, green, fatty), geranyl acetone (floral, rose, fresh, slightly
soapy), hexahydrofarnesyl acetone (fresh jasmine, celery),
4,4 7a—trimethyl—5,6,7,7a—tetrahydro—1—benzofuran—2 (4H) —one (ripe, apricot,
woody), 7,9—bis(2—methyl—2—propanyl) —1—oxaspiro[4.5]deca—6,9—diene—2,8—dione
(green, woody), ethanol (strong alcoholic, ethereal, medical),
1—pentanol (fusel,oily,sweet,balsamic), 1—octanol (waxy, green, citrus), 1—nonanol
(floral, rosy, fatty, citrus—like), acetic acid (pungent, vinegar), ethyl nonanoate
(fatty, fruity brandy—like), 3—methylbutanoic acid (cheesey, dairy, creamy), methyl
myristate (fatty, waxy, petal), octanoic acid (oily, fatty, rancid), butyl myristate
(oily,fatty), ethyl palmitate (mild, waxy), benzoic acid (balsamic, urine), methyl
(972,127)—9,12—o0ctadecadienoate (oily, fatty), palmitic acid (waxy, creamy fatty,
soapy), heneicosane (waxy), methyl acetate (ethereal, sweet), 2—heptylfuran (green,
fatty, lactonic, oily, roasted, nutty), calamenene (herb), diethylene glycol (sweet)©]
Atk S 14F° A& Foll= 2—furaldehyde (sweet, woody, almond, bread baked),
2,6,6—trimethyl—1—cyclohexene—1—carbaldehyde (tropical, saffron, herbal, clean,
rose), phenylacetaldehyde (sweet, floral, nutty, fruity), 2—butyl—2—octenal (fruity,
pineapple), 4—hydroxy—3—methoxybenzaldehyde (vanilla, sweet, creamy),
2—nonanone (fruity, cheesy), 3—octen—2—one (creamy, earthy, oily, mushroom),
6—methyl—3,5—heptadien—2—one (cinnamon, coconut,
spicy),(BE) —=6,10—dimethyl—5,9—undecadien—2—one (fresh, green, fruity, waxy),
2—pentadecanone (fresh,, jasmin, celery), b—pentyl—2 (5H)—furanone (minty, fruity),
6,10,14—trimethyl—2—pentadecanone (oily, herbal, jasmin), propylbenzene (solvent,

sweet), 2—methoxy—4—vinylphenol (amber, cedar, peanut)©] At}
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Figure 9. Gas chromatogram of flavor compounds of raw black rice (A) and cooked

black rice (B) (cv. Sintoheugmi).
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Table 18. Identified volatiles in raw and cooked black rice varying in milling degrees

No. volatile compound untllsngfivn unkﬁ?wn liter%ture extfgrclted odor description cce)lgﬁ;g
aldehydes

4 hexanal 4.47 1080 1080 82 green tomato, green

14 octanal 8.78 1282 1284 84 citrus

15 (E) —2—heptenal 9.65 1316 1318 83 pungent, green, fatty absent

18 nonanal 11.34 1383 1390 gg  aldehydic, waxy, citrus, tart,

21 (E)—2-octenal 12.23 1418 1416 83 cucumber, fatty, fresh, - green,

24  2—furaldehyde 13.00 1449 1451 96 sweet,woody,almond,breadbaked new

26  decanal 13.90 1484 1484 112 citrus

27 benzaldehyde 14.45 1505 1508 106 almond

28 2—nonenal 14.79 1519 1532 140 beany, cucumber

39 gégfal—gggg?yl—1—cyclohexene—1— 16.75 1598 1600 152 %ospeical, saffron, herbal, clean, new

33 phenylacetaldehyde 17.16 1617 1613 120 sweet, floral, nutty, fruity new

34 2—butyl—2—octenal 17.84 1646 1653 55 fruity, pineapple new

46 pentadecanal 25.46 2012 2040 96 fresh

64 Z(Lv—algl?il;sxy—S—methoxybenzaldehyde 34.75 2566 151 vanilla, sweet, creamy new

ketone
1 acetone 1.97 815 814 58 acetone, ethereal, fruity
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13
17
19

25

31

39

40
45
48
50
51

o8

65

12
16

2—heptanone
2—octanone
2—nonanone

3—octen—2—one
2—decanone

6—methyl—3,5—heptadien—2—one

(5E) —6,10—dimethyl—5,9—undecadie
n—2-one

geranyl acetone

2—pentadecanone

5—pentyl—2(5H) —furanone
6,10,14—trimethyl—2—pentadecanone
hexahydrofarnesyl acetone

4,4, 7a—trimethyl—>5,6,7,7a—tetrahydr
o—1—benzofuran—2 (4H) —one

7,9—bis (2—methyl—2—propanyl) —1—
oxaspiro[4.5]deca—6,9—diene—2,8—d
ione

alcohols
ethanol

1 —pentanol

1—hexanol

6.39
8.72
11.22
11.68

13.81

16.13

21.93

21.97
25.29
26.31
27.29
27.33

31.16

37.45

2.71

8.06
10.52

1179
1280
1378
1395

1480

1574

1832

1834
2002
2059
2113
2115

2271

927

1253
1352

1180
1283
1378
1408

1480

1582

1840

1843
1998
2052
2110
2110

2291

926

1246
1358

58

58
142
126

113

109

151

136
58
125

250
43

180

149

46

55
56

cheesy

parmesan cheese like

fruity, cheesy

creamy, earthy, oily, mushroom

fermented, generic cheese
notes

cinnamon, coconut, spicy
fresh, green, fruity, waxy

floral, rose, fresh, slightly soapy
fresh,, jasmin, celery

minty, fruity

oily, herbal, jasmin

fresh jasmine, celery

ripe, apricot, woody

green, woody

strong alcoholic, ethereal,
medical

fusel,oily,sweet,balsamic

green, fruity, apple—skin, oily

new

new

new

new

absent
new
new
new

absent

absent

absent

absent

absent



23
30
35

22
29
36
38
44
47
52
54
55
o6
57
61
62

63

66

49

1—octen—3-ol
1—octanol
1—nonanol
acids and esters
acetic acid
ethyl nonanoate
3—methylbutanoic acid
hexanoic acid
methyl myristate
octanoic acid
nonanoic acid
methyl palmitate
butyl myristate
ethyl palmitate
decanoic acid
methyl(9Z) —9—octadecenoate
benzoic acid

methyl(9Z,127) —9,12—octadecadieno
ate

palmitic acid

alkanes

heneicosane

12.86
15.47
17.84

12.81
14.84
18.05
21.89
25.12
26.19
28.17
29.02
29.22
29.69
30.13
32.94
33.20

33.73

40.12

26.81

1444
1548
1647

1441
1522
1656
1830
1994
2053
2164
2206
2213
2227
2241
2449
2465

2497

2086

1442
1555
1653

1442
1516
1684
1850
2008
2050
2169
2206
2215
2246
2250
2452
2457

2484

2910

2100

o7
84
98

60
88
60
73
143
101
129
143
229
157
172
264
105

95

213

85

mushroom
waxy, green, citrus

floral, rosy, fatty, citrus—like

pungent, vinegar

fatty, fruity brandy-—like
cheesey, dairy, creamy
cheesy, fatty

fatty, waxy, petal

oily, fatty, rancid
cheese, dairy, fatty, waxy
waxy, fat, candle
oily,fatty

mild, waxy

fatty, rancid

mild, fatty

balsamic, urine
oily, fatty

waxy,creamyfatty,soapy

waxy

absent

absent

absent
absent

absent

absent

absent

absent

absent

absent

absent

absent

absent



© N O O N

—
o

20

37
41

42

43
53
59

60

additional compounds
methyl acetate
2—butylfuran
p—xylene
o—xylene
propylbenzene
2—pentylfuran

styrene
2—heptylfuran

calamenene
guaiacol

4—methyl—2,6—bis (2—methyl—2—pro
panyl) phenol

diethylene glycol
2—methoxy—4—vinylphenol

4—vinylphenol

1H—indole

2.02
5.23
5.30
6.33
6.81
7.36
8.00

12.10

21.47
22.07

23.15

24.51
28.55
32.02

32.87

823
1123
1126
1177
1197
1223
1250

1412

1809
1839

1892

1963
2185
2392

2444

825
1126
1130
1176
1203
1226
1254

1420

1808
1850

1902

1968
2180
2382

2441

74
81
91
91
120
138
104

81

1569
109

205

45
135
120

117

ethereal, sweet

mild, fruity, wine, sweet, spicy
medicinal

peanut

solvent, sweet

floral, fruit

sweet, balsam, floral, plastic

green, fatty, lactonic, oily,
roasted, nutty

herb

smoky, black rice—like
smoky, meaty, phenolic

sweet
amber,cedar,peanut
chemical, phenolic, medicinal

animal, fecal, naphthyl, with
earthy

absent

new

absent

absent

absent

new

tr stands for retention time

RI stands for retention index. RI values were obtained from https://www.nist.gov or flavornet.org

Extracted ion from total ion scan used for quantitation

Odor—active compounds and eodor threshold (ppb) were described in previous studies



d SRl dulstol =Rl dEFFe A V] 24 AEo] mdHow AALHA A
Y 7 Zw]oA hexanal, octanal, (E)—2—heptenal, nonanal, (E)—2—-octenal,
decanal, benzaldehyde, 2—nonenal, “12]3l pentadecanals ¥ 3F3l= dd|slo| =EFE 3ol
sttt o] ¢dHslolEFe] A4 she dWbder =AY F7bEel ot FFAsi
(p<0.01). dlEE9°] hexanal?] A4 FE+= step 004 step 22 EF & 52%9 TAE
AT &7 24 ddstel= stekE WAl 99X 7F $ta1(0.1-13 ppb) YR T FAkE oA
H =& $£5&5 ®HAvtE Byl At (Yang et al., 2007). =3 4= F(e.g., ethanol,
1—pentanol, 1—hexanol, 1—octen—3—ol, 1—octanol, 1—nonanol) 2] &&Fo] FolHo=z 7
2%t Ao 2 YERSTH(p<0.05). ZujoA H=F 2% (guaiacol, 4—vinylphenol), HAlF 2%
(benzaldehyde and p—xylene), & 2% (2—butylfuran and 2—pentyl furan), 159 =
2 3= (1H-indole) & X3t 759 7] &4 &0l w40 =AUk F2 F7] €4 4

i=]
B AUy wEE =Y

= SAETE SRl wEt FskAl Sotek it Swle 54 @] 24
d]) guaiacol> R 9A(3 pph)E Hole dFE FFEE HiH3Uth(Buttery et al.,
1988). o] 9 Ao wEwW, guaiacolS ZAYHE A¥, 7PEA B A, EA ok
2 smoky3t YAE U= Aoz HuEAY(Choi et al., 2017). = %7} step 04 step
2% Z7}greof| ulg}, guaiacol?] AUZ FEE 65% FAstE O step 1049 o] A H
= FASIY. olFE W I AR =
IH-Indoledl A2 3s}gh=oz W HAE F= AdEolth W A Fv]e4 1H-Indole?]
A A FEE step 004 step 22 EARAFHEA 74% TAsE AE¢FS 1T
F7HAR o2, =ujo] txEAl AH Aty A%<l hexanal, octanal, 2—nonenal,
1-pentanol ¥ 2-pentylfuran® #&2 5 7FA A A kst Aol HEHUT o] A Aty
AdZE 92 AAE Bylon, Suo Zx3F ARAke] Abste] ola] FAdo] HAvt. Ao AW
kel 60% o174 B3I AALe R o]Folx Qlom, o] AW As=e HAyAEA A

43ttt (Monsoor et al.,, 2004). &9 F9 E¥X3} Xuito|= oleic acid, linoleic acid,

vHor =T ARoMe 9299 F=

linolenic acid”} 31t}. linoleic acid®] 2 =} AFs}e] A]3% <l hexanal, 1—pentanol, and

2—nonenal® Atd FE+ step 004 =AHE7E UM weEl foskAl AAasksith
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sH3-3F9 Tk Oleic acid9}
Fekell wet folstAl 7
1 2—pentylfuran®]

T =

==

(?_‘ —

=3k 1—pentanol?] A&
=]
==

b 57
o

%

(p<0.05). Step 1< step 09 60%°l a<3tE= hexanal &
linoleic acid®] thax A 23+ Abst A=< octanale = %7
239 H(p<0.01). Linolenic acid®} linoleic acid®] 2 =} ks A
S T3 =T SRl wheb o ekAl Akl vk (p<0.01).
e EAETE SOl web FoehA skl o (p<0.001), =gl AA Abst A
AAT F = anAd ol & 4 Tk
Q@ FHut & Zn|o AR mE )] As)
FArd SujelA == BAglel #F7] &4 AE<Ql (E)-2-heptanal (pungent
odor) &l¥x] ok} Wit)Z 2—furaldehyde (sweet, woody, almond, bread baked
odor), 2,6,6—trimethyl—1—cyclohexene—1—carbaldehyde (saffron, herbal odor),
phenylacetaldehyde (sweet, floral, nutty odor), 2-butyl-2—octenal (fruity
pineapple), 1# 1 4—hydroxy—3—methoxybenzaldehyde (vanilla odor) 2} 7] &4 A
Lol AfEAl Ege] HAT FHRkel A AFA FAE V] 24 Ao AdE sEe =4
C7F S7 kel wet folshAl ARSI tH(p<0.05). dE =0, HANtE SwHo a3 I &
A E-<Ql vanillin (4—hydroxy—3—methoxybenzaldehyde) & step 0(78.4 ng/10 g)°l
H]&}o] step 1 (37.4 ng/10 g3 step 2 (20.9 ng/10 g) oA Foxoz 7HAsTt
7% (2—nonanone (fruity, cheesy odor), 3—octen—2—one

6—methyl—3,5—heptadien—2—one (cinnamon, coconut

(green, fruity, waxy odor),
SRS
18k fFolshAl ZHas
=7
& ERIEA]

4—vinylphenol
=

FHtE SujoA 7
oily odor)
step 20014 &A= A gty FHute

o] =5
2—pentadecanone (jasmin, celery odor), 5—pentyl—2(5H)—furanone (minty odor)
6,10,14—trimethyl—2—pentadecanone (fresh jasmine, celery odor))°] FHuk
o] Fo] XA & u|of
“—l R84 15 M

(p<0.05)
F|
(creamy, earthy,
odor), (5E) —6,10—dimethyl—5,9—undecadien—2—one
i 6,10,14—tri
27 oyt AER] AYA Er= TAo)
FItH(p<0.05). & 9] 3—octen—2—one <=
ol &EFF+= 1-hexanol¥} 1-octen—3—ol% AZHUL & 7] A A&
AokTE FNE GFFO FRo & IFe vAE AoE Hozln
FRkE Fvjel Fo 7] &4 AEo® 3F9 ¥=(guaiacol, 4-vi
, 2%° WAlF (benzaldehyde, p—xylene), 2%F9 FoiF
23 159 A4 33E (1H—-indole) o] AT ©]
ATt 7SS Fo8HA ARt (p<0.05). =Fo) %
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2—methoxy—4—vinylphenol)



WA guaiacol (smoky, black rice—like odor) 2 Atd F%+= 397.4 ng/10 g (step
0)ollA 185.3 ng/10 g (step 2) 2% 50% 7} A3ttt 184y step 1914+ step 09
78%° R 311.2 ng/10 g& FAAT FHE e IEY 4E< 1H-indole step
204 step 0¥} B3}l 42% 73T}

F7rH o2, Zul Al AW Akl A%<l hexanal, octanal, 2—nonenal, % 2-—
pentylfurano] &A= on HHEA &<2lE 1-pentanol> FHE Fof HEHA &gt} o] A
WAk A EE W 9% Rom, Fule] E3xst AWAake] Abstel] s Aol vt
Aol Akl 60% o)A XS Ao R o]Fojx] glom o]lE2 AW AstE S AT
A2 2Hg-3tk (Monsoor et al,, 2004). hexanal, octanal, 2—nonenal, % 2-pentylfuran
Al FE29 32 step 0914 step 1(65% F5), step 2(49% ) oA FolskA Ta
3FATH(p<0.05). hexanal?] A4 5%+ step 004 E=EAE7 F7kste] wat f-o)skA 7
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Table 19. Concentration of volatile

compounds identified in raw and cooked black rice varying with milling degrees

Raw rice Cooked rice
No. volatile compound
unpolished step 1 step 2 unpolished step 1 step 2
aldehydes

4 hexanal 20.9 £0.0c 12.6 £0.2b 10.1 £0.0a 8.8 £0.0b 8.3 £0.3b 5.9 £0.2a
14 octanal 15.1 £0.1¢ 12.0 £0.8b 9.9 £0.5a 19.9 £ 1.1¢ 13.4 £0.4b 9.0 £0.4a
15 (E)—2—heptenal 8.8 £0.6d 7.210.2b 5.2 £0.0a n.d. n.d. n.d.

18 nonanal 299.7 £ 6.7e 271.4 £3.5¢ 215.4 £0.2a 117.3 £ 2.2¢ 97.3 £4.1b 69.6 = 4.6a
21  (E)—2-octenal 32.8 £0.1c 31.8 = 0.9bc 26.7 £1.9a 9.9 £0.1c 7.6 0.2b 4.9 £0.2a
24 2—furaldehyde n.d. n.d. n.d. 10.2 = 0.1b 5.9 £ 0.6a 5.3 *0.2a
26  decanal 11.7 £0.3a 11.4 £0.2a 10.9 £ 0.0a 14.8 £ 1.4b 9.6 £0.3a 8.0*0.6
27 benzaldehyde 82.5+0.0e 56.5 £ 0.1c 41.7 £0.4a 157.1 £3.0b 145.0 £12.3ab  121.1 £3.9a
28 2-nonenal 1.6 £0.0d 1.5 £ 0.0c 1.3 *0.1a 1.7 £ 0.1b 1.2+0.1a 1.0 £0.0a
gp 2007 rmethylTlTevelohexene Tl Tea n.d. n.d. n.d. 10.9 +0.4b 10.1 £0.2b 4.7 %0.2a

rbaldehyde
33 phenylacetaldehyde n.d. n.d. n.d. 23.5 £ 0.6¢ 15.9 £2.8b 6.5 *0.1a
34  2—butyl—2—octenal n.d. n.d. n.d. 5.5+ 1.0b 3.0 £0.0a 1.3 *0.1a
46 pentadecanal 15.0 = 0.1d 12.1 = 0.7bc 9.5 *0.4a 88.3 £3.7¢c 76.6 =0.8b 34.6 = 0.5a
pq 1 nvAroxymoTmethoxybenzaldehyde n.d. n.d. n.d. 78.4 * 2.5¢ 37.4 = 2.0b 20.9 = 0.2a
(vanillin)
ketone

1 acetone 33.7 £ 1.3¢c 28.2 £0.5b 21.3 £0.3a 13.4 £0.4c 6.3 =0.0b 3.5 £0.2a
8  2-—heptanone 23.6 +1.7¢c 16.7 £ 1.1b 10.6 £ 0.1a 22.9+*1.9¢c 18.1 £0.9b 13.5 £ 0.1a
13 2-octanone 8.8 £0.6d 6.3 £0.1bc 4.4 £0.2a 18.5 £0.9¢ 11.2£0.3b 6.3 £0.3a
17 2-—nonanone n.d. n.d. n.d. 1.1 £0.0c 0.9 =0.0b 0.8 £0.1a



19

25
31

39

40
45
48
50
51

58

65

12
16
23
30
35

22

3—octen—2—one

2—decanone

6—methyl—3,5—heptadien—2—one

(5E) —6,10—dimethyl—5,9—undecadien
—2—one

geranyl acetone

2—pentadecanone

5-pentyl—2 (5H) —furanone

6,10,14—trimethyl—2—pentadecanone

hexahydrofarnesyl acetone

4,4, 7a—trimethyl—5,6,7,7a—tetrahydro
—1—benzofuran—2(4H) —one

7,9—bis (2—methyl—2—propanyl) —1—ox
aspiro[4.5]deca—6,9—diene—2,8—di
one

alcohols

ethanol

1—pentanol

1—hexanol

1—octen—3—ol

1—octanol

1—nonanol

acids and esters

acetic acid

n.d.

7.8 £0.5¢
n.d.

n.d.

9.4 £0.1d
n.d.
n.d.
n.d.

9.6 =0.0c

2.9 £0.1d

5.0 £0.2¢

83.7 £1.4d
30.3 £2.1d
286.7 £ 15.6e
73.9 £ 3.4d
21.7 £0.4e
12.5 £0.2¢

18.4 £1.3d

n.d.

7.3 £0.1bc

n.d.

n.d.

7.5 £0.0b
n.d.
n.d.
n.d.

7.6 £0.0c

2.2 £0.0b

4.5 *0.2b

70.3 £ 0.4c
19.3 £ 1.3c
190.5 = 6.5¢
46.8 £ 2.1c
16.4 £1.0c
8.0 +0.1c

12.3 £0.4c

n.d.

7.3 £0.0bc
n.d.

n.d.

4.7 +0.2a
n.d.
n.d.
n.d.

6.6 £0.1a

1.3 £0.0a

2.7=*0.1a

22.4£0.3a
6.6 = 0.8a
56.8 £0.5a
26.4 £0.1a
9.1 =0.1a
4.4 +0.2a

3.4£0.3a

0.9 £0.0b

4.3 £0.2b
26.4 £1.3b

29.1 £0.1b

n.d.
136.8 £3.9¢
5.6 £0.3c
3.7 £0.4c
n.d.

n.d.

n.d.

n.d.

n.d.
56.4 = 0.6¢
115.2 £6.2¢

n.d.

n.d.

n.d.

0.7 =0.1a

4.2 +0.1b
27.0 £2.3b

19.3 = 1.0a

n.d.
98.2+17.2b
4.5+0.1b
1.4 £0.0b
n.d.

n.d.

n.d.

n.d.
n.d.
29.9 £0.1b
90.1 £5.1b
n.d.
n.d.

n.d.

n.d.

2.7%0.2a
10.0 £0.3a

20.7 = 1.8a

n.d.
49.4 £ 1.0a
3.4 *£0.3a
0.5 +0.0a

n.d.

n.d.

n.d.

n.d.

n.d.
22.4 =0.5a
45.4 £0.1a

n.d.

n.d.

n.d.



29
36
38
44
47
52
54
55
56
57
61
62

63

66

ethyl nonanoate
3—methylbutanoic acid
hexanoic acid
methyl myristate
octanoic acid
nonanoic acid
methyl palmitate
butyl myristate
ethyl palmitate
decanoic acid
methyl(9Z) —9—octadecenoate
benzoic acid
methyl(9Z,127) —9,12—octadecadienoat
e
palmitic acid
alkanes
heneicosane
additional compounds
methyl acetate
2—butylfuran
p—xylene
o—xylene
propylbenzene
2—pentylfuran
styrene

2—heptylfuran

31.2x1.5d
7.3 £0.5d
42.8 £0.4d
5.7 £0.3d
39.8 £0.3¢
100.5 £7.4b
53.5*0.2¢
6.3 £0.3c
3.5=0.2d
3.0 £0.1d
7.0 £0.5d
27.0x1.5d

23.0 £1.5d

3.4 £0.2¢

1.1 £0.0c

7.1 £0.0d
3.1 =0.0e
24.0 £0.3c
54.5 £0.2¢
n.d.

20.6 £ 0.4e
487.2 £ 11.7¢
4.8 =0.0a

27.2 £0.2¢
4.5 *0.4c
22.7 £2.5b
3.1 =0.2¢c
21.7 £3.4b
61.0 £34.1ab
28.3 £ 1.5¢
6.1 =0.5¢
1.0 £ 0.0bc
0.8 £0.1b
2.9 £ 0.0c
12.6 £0.3¢c

13.0 £0.4c

1.6 £0.1c

0.5 = 0.0b

4.0 £0.2¢c
1.9 £0.2¢
23.1 £0.6¢
50.3 £3.7¢c
n.d.
14.4 £1.0c

363.1 =29.9b

4.2 £0.5b

21.9 t0.7a
0.8 £0.0a
7.4 £0.9a
0.7 £ 0.0a
5.2 *1.1a

20.6 £5.9a
7.1 £0.2a
2.5+ 0.6a
0.8 £0.0a
0.2 £0.0a
0.9 £0.1a
3.0 £0.5a

2.3T0.2a

0.5*£0.1a

0.2 £0.0a

1.9 £0.3a
0.5*£0.1a
5.5*0.3a
12.8 £0.5a
n.d.
4.2=*0.1a

208.0 £12.1a
3.4 =0.8¢

n.d.
n.d.
69.3 £0.1c
n.d.
n.d.

6.6 =0.1c
4.8 =0.4b
n.d.
n.d.
5.7*+0.2¢
0.1 £0.0b
n.d.

n.d.

n.d.

n.d.

n.d.
16.5 £0.1c
176.5 £ 8.9¢
214.1 £3.3c
1.7 £0.0
145.0 £3.3b

90.4 £0.2¢
n.d.

n.d.
n.d.
57.0 £2.3b
n.d.
n.d.

5.6 £0.1b
2.0 £0.1a
n.d.
n.d.
3.2=*0.1b
0.1 £0.0b
n.d.

n.d.

n.d.

n.d.

n.d.

10.8 £0.3b
144.1 £12.2b
191.5 £ 3.8b

1.5+0.2

90.6 £ 1.2a

76.7 £0.2b
n.d.

n.d.
n.d.
40.5 £ 1.2a
n.d.
n.d.

5.2 *0.1a
1.8 £0.2a
n.d.
n.d.
2.2=*0.1a
0.0 £0.0a
n.d.

n.d.

n.d.

n.d.

n.d.

5.8 £0.0a
113.9 £3.7a
168.4 £ 8.4a

1.3+0.0

69.5 = 12.2a

70.9 £0.5a
n.d.



37 calamenene 35.4 +2.5d 23.8 £2.1c
41  guaiacol 33.8 £2.5¢ 31.1 £0.2¢
gp ATMEIVITZ6bIsEImethyImETOIOR o) 64 190.9¢ 5872.3 + 153.90
nyl) phenol

43 diethylene glycol 178.1 £0.9¢ 11.7 £0.9b
53 2—methoxy—4—vinylphenol n.d. n.d.

59 4-—vinylphenol 12.5 £0.6¢ 10.4 £0.7b
60 1H-indole 15.3 £ 0.4e 12.1 £0.4c

11.8 £0.2a

2878.5 £ 1.0a

n.d. n.d. n.d.
397.4 = 33.8¢ 311.2 £15.7b 185.3 £0.9a

19.4 = 1.0b 15.4 £ 0.4a 15.0 £ 0.8a
n.d. n.d. n.d.
424 £ 1.7¢ 32.5 £0.8b 26.2 £0.3a

920.8 £49.4c¢ 572.9 £18.5b 447.0 £35.7a
500.7 £ 25.2¢ 402.4 £34.2b 212.8 £6.9a

n.d. stands for not detected

Different letters within the same column for raw or cooked black rice denote

#+%p<(0.001, using Duncan’ s multiple test (p<0.05)

significant difference at *p<0.05; **p<0.01 and
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Figure 10. Examples of provided rice samples
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® SAEA

2 A 2w g2l W F4L2 SPSS statistical software version 23 (SPSS, Inc.,
Chicago, 1L, USA) Y% XLSTAT software (XLSTAT, ver. 2017.03, Microsoft Excel
Add—in software, New York, NY, USA) Z=2I%& o]&si3tt. FHw®kn] Ax 3+
Hitzatols dotry] f8te] d9d FAHEA (one—way analysis of variance)S 3F8l1L,
fFolA a7k Qe A, p<0.05 FFEolA Tukey's HSD  (honest  significant
difference) test-& AAlste] Fo2Ql Afol& HASIATE. HE3FF penalty #42 5% JAR
HEo A g HAT Es W @o]” SAS AAHS] vyl dRbFQl VEE
N GFs AdA-st7] 918l JAR scale HolHolA FIEGT. o] FAL E &0

AZ2] AAARl Vg wX = I =4 I4Ao|t}(Meullenet et al., 2007).
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Table 20. Demographic characteristics of US locals on rice intake

. . Percentage
Categories Subcategories Frequency
(%)
Male 33 37.9
Gender(N = 87)
Female 54 62.1
18-29 years old 47 54.0
Age group(N = 87)
30-39 years old 40 46.0
White / Caucasian 67 77.0
Hispanic 13 149
.. Asian 0 0
Ethnicity(N = 87) ) .
Black / African-American 3 34
Native American 1 1.1
Others 3 34
Below $15,000 14 16.1
$15,000 - $34,999 31 35.6
Household Income before $35,000 - $54,999 17 195
Tax(N = 87) $55,000 - $74,999 12 13.8
$75,000 - $94,999 9 10.3
$95,000 or more 4 46
< 1 time per month 1 1.1
Once per month 3 34
2-3 times per month 19 21.8
Frequency of rice Once per week 21 24.1
consumption(N = 87) 2-3 times per week 23 26.4
3-4 times per week 8 9.2
5-6 times per week 3 34
6 or more times a week 9 10.3
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Table 21. Sample comparisons in terms of attribute likings and overall liking of US

locals
. . D jinchal D jinchal Heukhs hal Heukh hal Si heukchal Si heukchal -
Attributes O;’ltgcjél’l((i) a Ol;tgc‘]én(é a eu St‘c/'gnogc a eu StzSHZgC a ll’ln(lgtgcpcg cha IHHO;lthDClZJ cha: P-value
Aroma
liki 6.6 £ 1.2¢ 6.7 £ 15c 6.2 £ 1.6bc 6.2 £ 1.4bc 57 £ 1.5ab 55 * 14a < 0.001
iking
Appearance
ki 57 + 1.7¢ 6.2 + 1.7c 49 + 2.1b 41 + 1.7a 49 + 2.0b 44 + 1.8ab < 0.001
iking
Flavor
liki 56 = 1.5bhc 6.0 £ 1.7c 48 £ 2.1a 51 £ 1.7ab 47 £ 1.8a 50 = 1.6ab < 0.001
iking
Texture
liki 57 + 1.7d 52 + 2.1cd 39 £ 2.2a 49 + 2.2bc 43 + 19ab 54 + 1.7c¢d < 0.001
iking
Overall
ki 58 + 1.5¢ 59 + 1.8¢c 4.2 = 2.0a 49 + 1.9p 4.4 + 1.9ab 4.3 + 1.0b < 0.001
iking
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Figure 11. Percentages for the JAR levels of US locals

- 127 -



EYHE U AR} JofE
T2 N R _
(e A ATNLER E(%) AT S &
N — rice cake premix 2% (plain, cheese 5
5;1;]1 O 12802 stickyst A7+-& — rice porridge mix 2%
. ;HHL Al e AE Y 274(4%)| 100 | (original 1%, porridge type 1)
- ! = I — =t &#]019) q,—qE w oA W fAE Fg
W 0 AE et A 75T 24} LA 2
12} _Alg MAYE W A nda olLile] o]3
]1_ ~|E7]E & oA FdE ]ool'j] ]§IF
= sS4 54 B4 w59
(2016) | K-~ = HAole gako = 5 .
K-8 O w5 dAdls gz @ —wA7]9 Hunter Color Values (L'a’h") =
OAES] HAE 9 uA 4 HAHE F 2
o
A 54 |9 HA AFed dig v 100 . 0o R )
AT |g xew ofey 54 U YA A S 08T HS-SPME T
=W H A SESRC-PE
(HE)  |Aga 24 E‘ﬂ ﬂ;‘ﬁ@r— (_ S—-SPME fiber HZ 3}, 94
Ay o, FE A Y 22 A F)
—-g7] AE GC/MS &4 W =4
O vl5 dAde oz 3 - 3 Gx0s o & AF 45y 2 Fo
AFE 45 9 Fd ddlx Az, & Feag A9 8 S5) gl
R P P R T
OAES (8) M g5 - 34 A3 MY A FHE 9
S
Zﬂ(i ;i 0w ot BEAHE E8 @4 7]
T O AAE 4z s 24 | 100 | BE 24
27 = P AE VR AR A5 24 RaA
LS
(2017 - OAE AEE, R, REEAAY, )
K-2g |O V= dA<le o & olglstal EA W AFPA A S8 o|Fsta E
o = 432 w Zu )T
HAES A 45 2 ¥4 Mz Ao e zA7} Fu) W oupyR sk v
O‘i:[L _u_)oﬂ EHG}_ o]§]—6]—'jl 24 1 st A7)k W 54 T"f‘__/}jl
(F%)  |A584 24 - 34 HAse] wE AhE AF2 o]sA
A u ARA A

- 128 -



5. AT2%e] &&A 3

O vFst sheae] & HQAE AAlge] et 353 des

6. ATHHANA AT HYFT|eH B

7. ATNEEHRY] HATH

8. T7IHA7| TR E RN TFHF ATFAE - B EF

| LK \ D-10
ISPt 2 o] 1A SE H] 3
7w SN A s | g e | THE ) TR g
argun | (2 @ | @sas |
S 4z

- 129 -



9. ATALIA 5ol ME ATA B9 FAEA oYU
| EE \ D-11
O AFAE A4 Apdebdda] 7% dbell A5 AW
10. AFALHAY EH ATAH
| EELE D-12
o AR} B
T’ R e A AR QTN
| =1 ) A _ e Impact | =AY | (S=5AAF
A | | =E/58 /7 et | 5355 e = (SCIof4/21
/E 3] 718 2 Factor | /5355Y T= a5 o
/7)€ Fuapp | T
TEANEE L
3 S = 3z -
1 | =4 ﬁg%{%— d =g | @EE | - W | - ]2017.09.15] O %9
T A
Effect of
cultivars and
milling degrees
on free and =}
2 | =% |bound phenolic o A | gigkelsr | 0.75 |2017.11.24 O SCI
profiles and o7l
antioxidant
activity of black
rice
Effect of milling
degrees on o
3 | g |volatile profiles | © © | 4 | gama | 075 |2017.1214] O sCI
“ |of raw and Sl . ) o
cooked black
rice
EAHET}
SuRke] ZIAA | e
e e R e K 2 I A | gges | - [2017.10.13] O -
EAof v | HEt
of &

- 130 -




Appl Biol Chem Online 1SSN 2468-0842 @ CroseMark
https2/doi.ore/10.1007/s13765-017-0335-3 Print ISSN 2468-0834

ARTICLE
Effect of cultivars and milling degrees on free and bound phenolic
profiles and antioxidant activity of black rice

Sehun Choi' * Han-Scok Seo® - kwang Rag Lee™
Sunghee Lee® - Jihyun Lee'

Received: 3 November 2017 /Accepted: 24 November 20117
@ The Korean Society for Applied Biological Chemistry 2017

Appl Biol Chem Online ISSN 2468-0842 @ CrossMark
hitps//doi.org/10,1007/513765-017-03397 Print ISSN 2468-0834
ARTICLE

Effect of milling degrees on volatile profiles of raw and cooked
black rice (Oryza sativa L. c¢v. Sintoheugmi)

Schun Choi® * Han-Seok Sea® * Kwang Rag Lee’ -
Sunghee Lee - Jihyun Lee's

Received: 18 November 2017/ Accepted: 14 December 2017
& The Korean Society for Applied Biological Chemistry 2018

- 131 -



Korean | Food Cook Sci

pISSN 2287-1780
Vil 33, No. 5, pp. 523~530(2017)

&SN 2287-1772
Hitt okl oy 10 87 240des 2017 33 5,823

ERETE E0e] 71414 W Bed 223G B0l A= 9%
AN - Ao ol o) 4R o2 o) R’

Fo g 4EE e, lelrhad st 4 et s 4l RADTE UE A

Effects of Milling Degree on Instrumental and Sensory Texture Properties of
Cooked Black Rice

Sehun Choi - Han-Seok Sco’ - KwangRag Lee” - Sunghee Lee” - JunYoung Leet - Jhyun Lee'
Diepartment of Food Science and Technology, Clung-Ang University, Anseong 17546, Korea
'Department of Food Science, University of Arkansas, Favetteville, AR 72704, USA
zﬂ'e;x:md Food Development Team, Nongshim, Seoud 070357, Kovea

Kiorean | Food Cook 5¢

pISSN 2287-1T80
Vol 34, N 1, pp. 8795 2018

elESN 22871772
hfgoszii o 10 Gr2d s JOAS 34 1 &7

71 5E FARRY o] WA 7|uke] Teul A AE OB GE FY AZE9)
AH|%} 7| B0 021k Fq: AYA Pt HARE FAF 2] v

A" ol Y o] B . o] H} . o] P F°
opfbAciitta 4 EAet 'Sobcl b A FE e Tee 4 RRDAHE TRl Y YR

Variations with Respect to Acceptance of Pudding Samples Prepared Using Rice
Flour-Based Premix Products as a Function of the Type of Consumer Acceptance Test:
Standardized Central Location Test versus Home-Use Test
Han-Scok Seo” - lihvun Lee' - KwangRag Lee’ - Sunghee Lee’ - unYoung Lee’

Dpartmacedt of Food Science. University of Arkansas, Favetieville, AR 72704, LS4

'!Jumr'n_m'up af Food Sciemee and Technalogy, Chung-Ang Universite Anseomg | 7546, Kovea
“Prepored Foou Development Team, Nongshim Co., Ltd, Seowl 07057, Korea

- 132 -



11. 718213

(1) sh=th3] ¥

)

@

l:M

A4
kel 2017.06.15.

W A& Influence of Milling Degree on Volatile Profiles in Black Rice (Oryza
sativa L.)

A HAE, A, o] A&«

sh&3) ol 2017 International Symposium and Annual Meeting of The Korean
Society for Applied Biological Chemistry

A E: 2017 International Symposium and Annual Meeting of the KSABC
=i/l el of Fi =

W& %A Haeundae Grand Hotel, Busan, Korea

g 2017.6.26.

e

¥ A& Sensory and Volatile Characteristics of Cooked Aromatic and
Non—aromatic Rice

Ak HAAY, old=, ol 3], A, dXId, oA dx

QIl&v: IFT17 GO WITH PURPOSE

=uUil/al el o 5 a9

4 Las Vegas, Nevada, USA

HEUE: SIS ol&ete] AR wE HAWrY F] AE 24 deEvrE AR
oz A% BAE Lot stk GC/MSE ol&3ste] Y RS B 5

=
vjo] FE @] B4 ARl U@ zel @) mabe gl 39 B R4 9 EF

- 133 -



7F A (L,

o)
o
oy
s
J)

a

S8l 43 e Agae b

18}, o] %] 3«
A

R4

=
R

o

Zj]
bl 9

9

. 2017.05.19.
Volatile Profiles of 8 Pigmented Rice (Oryza sativa L.) Cultivars Using
3,
NER

=
2k A
sk s o 2017

A
HS—-SPME GC/MS

Y

AYA
a1

MAA A aT AE, AL

%
P
GC/MS

O

o
ojy
T

o
i
ol
;OO

pase)

JJ
N

1 E5% SHE7E ALk, ax, bool ]

B:
file)
0

o
ol

7

=
T

Effect of Cultivars and Milling Degrees on Free and Bound Phenolic

1 2017.10.13.
HA™, A3, s

Al &

Profiles of Black Rice
2}
&%

1
1=]1 5y A
= 3
o] A]
s3] ovg: 2017

s
X
_roﬂl
;IJMI
Nd
>
oF
it

i

T

—_—

o/

=

T.

=

RIS

S

i/

M FA: aT AE, AL
(DPPH, ABTS radicals scavenging activity), 181 & 3}

Hin

0
o
ojiy

cyanidin

(step 0, 0%; step 1, 4.2%; and step 2,

A
- 134 -

Al

2] 5}

)7F AFg-o]
w/w) =

)
10.5%,

=

pzs



3—glucoside HS A EZH] 3Hn| (809+41 pg/g) oA 7FE =g, =4o] 35 HA

Tl Aasltt (p<0.05).

kel 2017.10.27.

U A5 Effects of Storage on Volatile Profiles of Milled Black Rice
FAF HAR, g, Agha], o] Fet, o] 3], o], oA Ex

sl o: 2017 47153 9 &3

AAEW: 2017 71F3 2 a3 43 A @A F A A

& gl
FUE: dvlel =40 v WES) 9 fdd 488 GC/MSE 2438k 44 3 4
gote] =4 e IR vk W3t
ST A Ay g2 d1 &4 Aol =R el fHom a

L, A%
2—

ol
ol
BRI v

A

P

=

7]
Hlslol 37019 %9 A"k Ak} AFHE (e.g., hexanal, octanal,

2—pentylfuran) 8] A4 FE7} 5284 =olxle= AxE BATH (p<0.05).

nonenal, and

- 135 -



(2) A& #4d FH A3

— Ozark Food Processors Association @

( 111™ Annual conference)

— April 11-12, 2017

Ozark Food Processors Assocnatlon

— Holiday Inn Convention Center, Springdale, Arkansas

Rice Cupcake Premie 8
[40q]

SAMEPLE

Expiration Dhte: Dee. 31, 31T

TH A3 AA

- 136 -



(3) 4 A4
FAAAE FAY FAUE Fol7 & A 2 Q) =;
i} _ (AF) 3= & &4 333
A=Y 5 _ (AP =583}
} 2= = o -
2017 2 20173% =A st&Eds] - 5151 ol A&

2017

o| A&

2017

B KSABC

SR EULE R

Sehun Choi*', Inhwan Kim", Jihyun Lee®

“Department of Food Science and Technology, Chung-Ang University,
“Department of Food Science and Technology,
Chung-Ang University, Anseong

Aze 0179E FA TN H
“Influence of Milling Degree on Volatile Profiles in Black
Rice (Onza sativa LYY A 222 S5 =52
Ladgenz od SHIxeadE EgvH.

20179 69 169

Smes)

i3 vrssudsuay 9wy |

y__ T ¢

KFCS

284

Setun Choi, Donghee Ahn, Jiung Lim, Geonho An, Hyojik Jeong,
4 4 A Han-Seok Seo', KwangRag Lee’, Sunghee Lee’, JunYoung Lee’,
Jinyun Lee”

Department of Food Scence and Technology, Chung-Ang
& & University, ‘Department of Food Science, University of Arkansas,
*Prepared Food Development Team, Nongshim

€% A% Effect of Cuivars and Miling Degrees on Free and Bound
Phenolic Profiles of Black Rice

9 AR 20179 %
v

2017d 109 13

ChE=AF=Nee 3 A o

WA ¢ 2017-22

SEEEY

4 % : Choi Sehun', Seo Han-Seok’, Lee KvangRag®,

Lee Sunghee’, Lee JunYoung’, Lee Jihyun'

% %:’'Department of Food Science and Technology,
Chung-Ang University, “Department of Food Science,
University of Arkansas, “Prepared Food Development
Tean, Nongshim

¥ 9 : Effects of Storage on Volatile Profiles of
Milled Black Rice

A9 e 0179 E FFAFALFERY ALY g
YRAY T2 LR $HL £ FE Fase) 48039
29 FF W) 200 S)f gl 4AE SR,

2017 109 272

ARYY $34FA %
g3

exde

5 23
SR

- J

- 137 -




12. 1™

Ajarayasiri, J., & Chaiseri, S. (2008). Comparative study on aroma—active
compounds in Thai, black and white glutinous rice varieties. Kasetsart J Nat Sci,
42(4), 715-722.

AOAC (2000). Official methods of analysis of AOAC International (17th ed.).

Gaithersburg, MD, USA: AOAC International.

Batey, R. A., & Quach, T. D. (2001). Synthesis and cross—coupling reactions of
tetraalkylammonium organotrifluoroborate salts. Tetrahedron Letters, 42(52),
9099-9103.

Bergman, C., Delgado, J., Bryant, R., Grimm, C., Cadwallader, K., & Webb, B. (2000).
Rapid gas chromatographic technique for quantifying 2—acetyl—1—pyrroline and
hexanal in rice (Oryza sativa, L.). Cereal Chemistry, 77 (4), 454—458.

Bhat, F. M., & Riar, C. S. (2017). Physicochemical, cooking, and textural
characteristics of grains of different rice (Oryza sativa L.) cultivars of
temperate region of India and their interrelationships. Journal of texture

studies, 48(2), 160—170.

Bhat, F. M., & Riar, C. S. (2017). Physicochemical, cooking, and textural
characteristics of grains of different rice (Oryza sativa L.) cultivars of
temperate region of India and their interrelationships. Journal of texture
studies, 48(2), 160—170.

Buttery, R. G., Ling, L. C., & Mon, T. R. (1986). Quantitative analysis of
2—acetyl—1—-pyrroline in rice. Journal of agricultural and food chemistry,
34(1), 112—114.

Buttery, R. G., Ling, L. C., Juliano, B. O., & Turnbaugh, J. G. (1983). Cooked rice
aroma and Z—acetyl—1—pyrroline. Journal of agricultural and food chemistry,
31(4), 823—826.

Buttery, R. G., Turnbaugh, J. G., & Ling, L. C. (1988). Contribution of volatiles to
rice aroma. Journal of agricultural and food chemistry, 36(5), 1006—1009.

Chen, H., & Siebenmorgen, T. (1997). Effect of rice kernel thickness on degree of
milling and associated optical measurements. Cereal chemistry, 74(6),
821—825.

Chen, X. Q., Nagao, N., Itani, T., & Irifune, K. (2012). Anti—oxidative analysis, and

- 138 -



identification and quantification of anthocyanin pigments in different coloured
rice. Food Chemistry, 135(4), 2783—2788.

Choi, S., Seo, H. S., Lee, K. R., Lee, S., & Lee, J. Effect of milling degrees on
volatile profiles of raw and cooked black rice (Oryza sativa L. cv.
Sintoheugmi). Applied Biological Chemistry, 1—15.

Choi, S., Seo, H. S., Lee, K. R., Lee, S., Lee, J., & Lee, J. Effect of milling degrees
on instrumental and sensory texture properties of cooked black rice. Korean
Society of Food and Cookery Science, 523—530.

Choi, W., & Seo, H. (2016). Variations in the texture properties of cooked rice as a
function of instrumental parameter conditions. Korean J Food Sci Technol,

48(5), 521-524.

Coghe, S., Benoot, K., Delvaux, F., Vanderhaegen, B., & Delvaux, F. R. (2004).
Ferulic acid release and 4-—vinylguaiacol formation during brewing and
fermentation: indications for feruloyl esterase activity in Saccharomyces
cerevisiae. Journal of agricultural and food chemistry, 52(3), 602—608.

Dambolena, J. S., Meriles, J. M., Rubinstein, H. R., & Zygadlo, J. A. (2012).
Inhibitory effect of 10 natural phenolic compounds on Fusarium verticillioides.
A structure-property-activity relationship study. Food Control, 28(1), 163—170.

Edwards, J. R., & Lambert, L. S. (2007). Methods for integrating moderation and
mediation: a general analytical framework using moderated path analysis.
Psychological methods, 12(1), 1.

Esatbeyoglu, T., Ulbrich, K., Rehberg, C., Rohn, S., & Rimbach, G. (2015). Thermal
stability, antioxidant, and anti—inflammatory activity of curcumin and its
degradation product 4—vinyl guaiacol. Food & function, 6(3), 887—893.

Goodwin, H. (1996). Developing a common language for the US rice industry:
Linkages among breeders, producers, processors, and consumers: Department
of Agricultural Economics, Texas Agricultural Experiment Station, Texas
Agricultural Extension Service, Texas A & M University.

Goodwin, H., Holcomb, R. B., & Rister, M. E. (1996). Implicit price estimation of rice
quality attributes for asian americans. Journal of Agricultural and Applied

Economics, 28(2), 291—-302.

- 139 -



Grimm, C. C., Lloyd, S. W., Miller, J. A., & Spanier, A. M. (2002). The analysis of
food wvolatiles using direct thermal desorption. Flavor, Fragrance and Odor
Analysis, 55—74.

Guadagni, D. G., Buttery, R. G., & Okano, S. (1963). Odour thresholds of some
organic compounds associated with food flavours. Journal of the Science of
Food and Agriculture, 14(10), 761—765.

Hiemori, M., Koh, E., & Mitchell, A. E. (2009). Influence of cooking on anthocyanins
in black rice (Oryza sativa L. japonica var. SBR). Journal of agricultural and

food chemistry, 57(5), 1908—1914.

Hiemori, M., Koh, E., & Mitchell, A. E. (2009). Influence of cooking on anthocyanins
in black rice (Oryza sativa L. japonica var. SBR). Journal of agricultural and
food chemistry, 57(5), 1908—-1914.

Jezussek, M., Juliano, B. O., & Schieberle, P. (2002). Comparison of key aroma
compounds in cooked brown rice varieties based on aroma extract dilution
analyses. Journal of agricultural and food chemistry, 50(5), 1101—-1105.

Jovanovic, S. V., Simic, M. G., Steenken, S., & Hara, Y. (1998). Iron complexes of
gallocatechins. Antioxidant action or iron regulation? Journal of the Chemical
Society, Perkin Transactions 2(11), 2365—2370.

Kim, D. J., Oh, S. K., Yoon, M. R., Chun, A., Hong, H. C., Lee, J. S., & Kim, Y. K.
(2010). Antioxidant compounds and antioxidant activities of the 70% ethanol
extracts from brown and milled rice by cultivar. Journal of the Korean Society
of Food Science and Nutrition, 39(3), 467—473.

Kim, S. R., Ahn, J. Y., Lee, H. Y., & Ha, T. Y. (2004). Various properties and
phenolic acid contents of rices and rice brans with different milling fractions.
Korean Journal of Food Science and Technology, 36(6), 930—936.

Ko, M., Choi, H., Han, B., Yoo, S., Kim, H., Choi, S., Hur, N., Kim, C., Kim, B., &
Baik, M. (2011). Antioxidative components and antioxidative capacity of brown
and black rices. Food Engineering Progress.

Lee, J., & Mitchell, A. E. (2011). Quercetin and isorhamnetin glycosides in onion
(Allium cepa L.): varietal comparison, physical distribution, coproduct

evaluation, and long—term storage stability. Journal of agricultural and food

~ 140 -



chemistry, 59(3), 857—863.
Lee, J., Won, Y., Cho, J., Lee, J., Park, H., Lee, J., Yoon, M., & Kwak, J. (2014).
Varietal difference of eating quality on different milling degree in japonica rice.

Korean Journal of Crop Science/Hanguk Jakmul Hakhoe Chi, 59(1), 47—53.

Lesage—Meessen, L., Delattre, M., Haon, M., Thibault, J. F., Ceccaldi, B. C., Brunerie,
P., & Asther, M. (1996). A two—step bioconversion process for vanillin
production from ferulic acid combining Aspergillus niger and Pycnoporus
cinnabarinus. Journal of biotechnology, 50(2—3), 107—113.

Lyon, B. G., Champagne, E. T., Vinyard, B. T., Windham, W. R., Barton, F. E., Webb,
B. D., McClung, A. M., Moldenhauer, K. A., Linscombe, S., & McKenzie, K. S.
(1999). Effects of degree of milling, drying condition, and final moisture
content on sensory texture of cooked rice. Cereal chemistry, 76(1), 56—62.

Mathure, S. V., Jawali, N., Thengane, R. J.,, & Nadaf, A. B. (2014). Comparative
quantitative analysis of headspace volatiles and their association with BADH2
marker in non—basmati scented, basmati and non—scented rice (Oryza sativa
L.) cultivars of India. Food chemistry, 142, 383—391.

Meullenet, J. F., Champagne, E. T., Bett, K. L., McClung, A. M., & Kauffmann, D.
(2000). Instrumental assessment of cooked rice texture characteristics: A

method for breeders. Cereal chemistry, 77(4), 512—-517.

Mohapatra, D., & Bal, S. (2006). Cooking quality and instrumental textural attributes
of cooked rice for different milling fractions. Journal of food engineering,

73(3), 253—-259.

Monsoor, M., & Proctor, A. (2004). Volatile component analysis of commercially
milled head and broken rice. Journal of food science, 69(8).

Monsoor, M., Proctor, A., & Siebenmorgen, T. (2004). Surface lipid and free fatty
acids (FFA) content of head and broken rice produced by milling after
different drying treatments. Cereal Chemistry, 81(6), 705—=709.

Oh, G. S., Na, H. S., Lee, Y. S., Kim, K., & Kim, S. K. (2002). Texture of cooked
milled added waxy black rice and glutinous rice. Korean Journal of Food

Science and Technology, 34.

- 141 -



OKABE, M. (1979). Texture measurement of cooked rice and its relationship to the

eating quality. Journal of texture studies, 10(2), 131—-152.

Olee, T., Hashimoto, S., Quach, J., & Lotz, M. (1999). IL—18 is produced by
articular chondrocytes and induces proinflammatory and catabolic responses.
The Journal of Immunology, 162(2), 1096—1100.

Rice—Evans, C., Miller, N., & Paganga, G. (1997). Antioxidant properties of phenolic
compounds. Trends in plant science, 2(4), 152—159.

Rostad, C., & Pereira, W. (1986). Kovats and Lee retention indices determined by
gas chromatography/mass spectrometry for organic compounds of
environmental interest. Journal of Separation Science, 9(6), 328—334.

Saleh, M. 1., & Meullenet, J. F. (2007). Effect of moisture content at harvest and
degree of milling (based on surface lipid content) on the texture properties of
cooked long—grain rice. Cereal chemistry, 84(2), 119—124.

Samyor, D., Deka, S. C., & Das, A. B. (2016). Evaluation of physical, thermal,
pasting characteristics and mineral profile of pigmented and nonpigmented rice

cultivars. Journal of Food Processing and Preservation, 40(2), 174—182.

Samyor, D., Deka, S. C., & Das, A. B. (2016). Evaluation of physical, thermal,
pasting characteristics and mineral profile of pigmented and nonpigmented rice
cultivars. Journal of Food Processing and Preservation, 40(2), 174—182.

Shao, Y., Xu, F., Sun, X., Bao, J., & Beta, T. (2014). Identification and quantification
of phenolic acids and anthocyanins as antioxidants in bran, embryo and
endosperm of white, red and black rice kernels (Oryza sativa L.). Journal of
cereal science, 59(2), 211-218.

Siebenmorgen, T., & Sun, H. (1994). Relationship between milled rice surface fat
concentration and degree of milling as measured with a commercial milling
meter. Cereal chemistry, 71(4), 327—329.

Sumczynski, D., KotOskovl, E., Druzblkovl, H., & Micek, J. (2016). Determination of
contents and antioxidant activity of free and bound phenolics compounds and in
vitro digestibility of commercial black and red rice (Oryza sativa L.) varieties.
Food Chemistry, 211, 339—346.

Ti, H., Zhang, R., Zhang, M., Wei, Z., Chi, J., Deng, Y., & Zhang, Y. (2015). Effect of

- 142 -



extrusion on phytochemical profiles in milled fractions of black rice. Food
Chemistry, 178, 186—194.

Widjaja, R., Craske, J. D., & Wootton, M. (1996). Comparative studies on volatile
components of non-fragrant and fragrant rices. Journal of the Science of Food
and Agriculture, 70(2), 151—-161.

Xiao, L., Lee, J., Zhang, G., Ebeler, S. E., Wickramasinghe, N., Seiber, J., & Mitchell,
A. E. (2014). HS—-SPME GC/MS characterization of volatiles in raw and
dry—roasted almonds (Prunus dulcis). Food chemistry, 151, 31—39.

Yang, D. S., Lee, K. S., Jeong, O. Y. Kim, K. J.,, & Kays, S. J. (2007).
Characterization of volatile aroma compounds in cooked black rice. Journal of
agricultural and food chemistry, 56(1), 235—240.

Yasumatsu, K., & Moritaka, S. (1964). Fatty acid compositions of rice lipid and their
changes during storage. Agricultural and Biological Chemistry, 28(5),
257—264.

- 143 -



	전통식품의 식미개선을 통한 스타디저트 상품개발 최종보고서
	국문 요약문
	목차
	1. 연구개발과제의 개요
	가. 연구개발 목적
	나. 연구개발의 필요성
	다. 연구개발 범위

	2. 국내외 기술개발 현황
	가. 국내 기술 수준 및 시장 현황
	(1) 기술현황
	(2) 시장현황
	(3) 경쟁기관현황
	(4) 지식재산권현황
	(5) 국내 쌀 가공 제품 현황

	나. 국외 기술 수준 및 시장 현황
	(1) 기술현황
	(2) 시장현황
	(3) 경쟁기관현황
	(4) 미국 쌀 가공 제품 현황


	3. 연구수행 내용 및 결과
	가. 연구개발의 추진전략ᆞ방법 및 추진체계
	(1) 미국 소비자 맞춤형 제품 개발 2건(4종) 개발 완료
	(2) 미국 현지인의 디저트 떡 믹스 및 디저트 푸딩 믹스 제품 대한 관능적 기호도 조사 진행
	(3) 디저트 떡 믹스 및 디저트 푸딩 믹스 조리 레시피 개발
	(4) 미국 현지인의 디저트 떡 믹스 및 디저트 푸딩 믹스 제품 대한 관능적 기호도 조사 진행(2차)
	(5) 미국 현지 소비자 대상 쌀 스낵 기호도 평가
	(6) 미국 현지 소비자 대상 쌀음료 기호도 평가
	(7) 연구 결과

	다. 디저트 상품의 프리믹스 및 완제품의 이화학적 특성 규명
	(1) 믹스의 일반성분 분석
	(2) 믹스의 저장성 평가
	(3) 디저트 상품의 조리법
	(4) 디저트 상품의 색도 분석
	(5) 디저트 상품의 조직감 측정
	(6) 디저트 떡 믹스(플레인, 흑미)의 고온 저장이 디저트 떡 조리 후 완제품에 미치는 휘발성 성분 변화 분석
	(가) 연구방법
	(나) 연구 결과
	① 플레인 디저트 떡 믹스의 고온 저장이 디저트 떡 조리 후 완제품에 미치는 휘발성 성분 변화 분석
	② 흑미 디저트 떡 믹스의 고온 저장이 디저트 떡 조리 후 완제품에 미치는 휘발성 성분 변화 분석
	③ 쌀 컵케잌믹스 제품의 휘발성 성분 변화 분석
	④ 라이스 푸딩 제품의 휘발성 성분 변화 분석


	(7) 흑미의 항산화성 및 페놀산 분석
	(가) 연구 방법
	① 흑미 시료 준비
	② 흑미의 항산화 물질 추출
	③ 항산화 활성 분석
	④ HPLC를 이용한 phenolic acid와 anthocyanin 조성 분석

	(나) 연구 결과
	➀ 흑미의 항산화성 분석
	② HPLC를 이용한 phenolic acid와 anthocyanin 조성 분석


	(8) 저장 온도에 따른 흑미의 저장성 평가
	(가) 연구방법
	➀ 흑미의 도정
	② 흑미의 저장
	③ 흑미의 휘발성 성분 분석

	(나) 연구 결과
	① 35℃에서 흑미의 휘발성 성분 변화
	② 25℃에서 흑미의 휘발성 성분 변화


	(9) 조리가 도정도가 다른 흑미의 조직감과 향기성분에 주는 영향
	(가) 연구 방법
	① 흑미 시료 준비
	② 취반미 제조
	➂ 도정도에 따른 흑미 취반미의 조직감 측정
	④ 흑미의 휘발성 성분 분석

	(나) 연구 결과
	① 도정도에 따른 취반한 흑미밥의 기계적 조직감 변화
	② 취반 전후의 흑미의 향기 성분 동정
	② 취반 전 흑미의 도정도에 따른 향기 성분의 변화
	➂ 취반 후 흑미의 도정도에 따른 향기성분의 변화


	(10) 흑미의 소비자 검사(미국 현지인 대상)
	(가) 연구 방법
	① 흑미 시료 준비
	② 취반미 시료 제조
	③ 인구 통계 조사
	➃ 소비자 검사 방법
	➄ 통계분석

	(나) 연구결과
	➀ 미국 현지인의 인구 통계학적 특성
	② 취반미의 소비자 검사 결과




	4. 목표달성도 및 관련분야 기여도
	5. 연구결과의 활용계획
	6. 연구과정에서 수집한 해외과학기술정보 : 해당사항 없음
	7. 연구개발결과의 보안등급 : 해당사항 없음
	8. 국가과학기술종합정보시스템에 등록한 연구시설·장비 현황 : 해당사항 없음
	9. 연구개발과제 수행에 따른 연구실 등의 안전조치 이행실적
	10. 연구개발과제의 대표적 연구실적
	11. 기타사항
	12. 참고문헌


