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Effects of y-Oryzanol Addition on the Quality of
Yackwa during Storage
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Effects of y-oryzamol (0.0, 0.1, 0.5, 1.0, 2.0%) addition on physical and chemical properties of yackwa were
determined during storage for 6 weeks at 30°C. Acid, peroxide, and thiobarbituric acid (TBA) values, color,
texture, fatty acid compositions, hexanal content, and rancid flavor of yackwa were measured. Acid, peroxide,
and TBA values, and hexanal contents of y-oryzanol-treated groups were significantly lower than those of groups
without y-oryzanol treatment after 6 week (p <0.05) and showed concentration-dependency, while no significant
differences were observed in colors (p > 0.05). Effects of y-oryzanol on textural characteristics were not consistent.
As storage time increased, ratio of unsaturated fatty acids to saturated fatty acids of y-oryzanol-added groups
was higher than that of groups without y-oryzanol addition. Addition of y-oryzanol was effective in decreasing
hexanal formation. Sensory evaluation showed rancid odor decreased with increasing concentration of y-oryzanol.
These results suggested y-oryzanol, as a natural antioxidant, delayed quality decrease of yackwa during storage.
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y-Oryzanol& A7olA A== FASHEARA phytosteryl
ferulates®] 313HEo|th(13). #AS} EAVIE9 Y LHE
A&so| yoryzanolel 719% Ao BRI JoH, o] B
o GAAAAAAL 3121 superoxide dismutase®} FAH &
A& Bole A7} in vito ABLE ERIFHUATK14). Park &
15y &30l yoryzanolE H7sled AAAdel HslE &4 B
wEA) AR Farel A% &4 F ahRl el g A
T o] FoAA %Urt.

mEty B oM e kel A S Hal AAgA
A9 yoryzanolS HF7lsted FAE AZ3L, FHE 30°CO
A 657 st A7) W EeF 3EtA FAEA
o] W3lE 34, AT

g W Uy

Y NE

B Ao AR WIROTAR), BFFAEE), 5
Q57D BEAER), 3FmsE) 2 23EEAD)
& Mg AW digutENdA AT Al y-oryzanol(Tokyo
Kasei, Tokyo, Japan), methanol, butylated hydroxyanisole
(BHA), trolox, linoleic acidv= Sigma Co.(St. Louis, MO, USA)
ol PASAIL, 2 9 Aok EFoht UFAIRS ARSI

efzlo| M=

ok Alze) wige)&-E Yoondt Yoon(2)o] W& $-83t
Azsdct. Y7 300g, F71E 40g F 120g, &F 1g A
A7k 5g 2 AF 15g2 gt dR2ES Az 2
7} 239 01, 0.5, 1.0 © 2.0%(wWw) y-oryzanolE F7 ¥
FNE, AF 2 BS Yol wixsidon, FA7 gds=Es
Az dol AA A7|3X3X1em)E AR AMEE
150+£2°C th5-ollM 487 571 T oA 487 Ak
S AZ A F 3087 AN 2447 BA HH R F
o A% T, Az dFE polyethylene &7 2zt A2+ E=E
| package B 107}& ©&02 P& F 7§&3kd, 30°C incuba-
tor (J-300M, JISICO, KoreaPllA 6577+ Astact. A% F 0,
1, 2, 3, 4, 5, 6FA AEE #A3%Th

UUHE B4

AYub e ACACH(16)0 2J3le] FHL 105°C U=
o8 z3EL 600°C 33}t2olA 5A17F Ao AH3|shPo
2, ZE e microkjeldahlH. 02, A2 Soxhlet FEFH L.
2 AL, 100014 01 Fe Asle &3lE e
gt 4 248 33 wkEEqch

AR o

A7Hacid valueye AOACH(16)] 23l 2A ). 2ol
A} 323 94 AH 39 40mL diethyl ether-ethanol &34
AN 715 £ 1% phenolphthalein® H7}3l3, 0.1N KOH
ethanol®-} 0.2 ATt Sdo] vjZMo 2 3037 ALE
Y& FUdes 3t

IHESHEL &3

FagE7Re Edwin S(17)¢] o2 248k 44 10
g 10g2] Tween 202 ¥ THTE 100mLE F& F
homogenizer(T25B, Ika, Germany)Z w23 3ttt Alx¥

emuision®) methanol : hexane(3 : | vAwv)2 48 ¥ B Zj7)
£ o}&, hexane & FE8Ith £21% hexane F& N, gas
£ o|galod &) AASL SmL isooctane 7he & ¥FF
% Al(spectrophotometer-DU 650, Beckman, USA)E ©] %8 3t
234 mmollA EET=E FAH AT

TBA value =X

TBA7H= SidwellZ Salwin(18)2] Wl 2)sted 2g3}%th
A A& 3gol 10mL benzene® 713l HXE B3 ¥+ 10
mL TBAAISF A7t F 487 W&t £ 297§ o] &
alo] olEl&2 e EHa T e BdA 3087 71ds ¥z
H ARE BFFEAS o831 5330mmelA] §FE=E &4
sl el

Mz

AeE A A (Chroma Meter DP-400, Minolta. Co., Japan)&
ARg-ste] W (lightness, L), %41 S (redness, a), 34 %(yellow-
ness, by2 A3t ch

714N =Fz

Z A 7F2  Texture analyzer(TA-XT2, Stable Microsystems,
Ltd, UK)E o]&3}ed, 23] wh& b2t A8 (two-bite compression
test) 3FATH19). 4 F UojF force-distance curveZFE} 7
A (hardness), 24 (adhesiveness), 3-7 4 (cohesiveness), 773
(gumminess), 4343 (chewiness,) %3 Al(springiness)2] TPA(tex-
ture profile analysis) S4x& #4314t 7171 §8 21&
3.0 mmy/sec pre test speed, 1.0 mm/sec test speed, 3.0 mm/sec
post test speed, 60% deformation, 50 mm diameter cylinder

plunger& AH8-3+4th.

Kot =M &3

okuto] A kAl 2AL AOACHPH(16)2 ©]43led gas chro-
matography-flame ionization detector(GC-17A Shimadzu, Japan)
2 #4316t Columne DB-wax(30 mX0.25 mmX1D. 0.25
pm)Z, injector, detector, oven-= ZHz} 200, 230, 185°Col3]
I AERE 1L, °o157d gass FAE, split ratios 50: 1013
th EFERARE EHAYAOZ palmitic acid(C16:0), stearic
acid(C18:0) methyl esterZ, EX3X|H4H-2 oleic acid(C18:1),
linoleic acid(C18:2), linolenic acid(C18:3) methyl esterE A&
Rk BEEAS 99 2AdA A st At 44 A
B3}

Hexanal &% &%

FRFEE 10g7 10g2] Tween 208 W2 & SFTE 100
mL & % homogenizerZ w238 3} emulsiong HZ3}Y
th. AlE& SmLE headspace vialdl ¥3 WE F airtight
syringe® headspace3 7|5 #3149 gas chromatography®. 413}
94tH17). Columne DB-130mX025mmXID. 025um)E,
injector, detector, oven==% 747} 180, 200, 65°CelAct. Als
SRS 100 pL, o155 gase LFE, split ratio= 50: 10|t &
% hexanal® NFFo 0.1-10mM FE2 ZA § 949 =7
oA B EEHFNE st o] &3t

LA sEA
AbF ] theh AeAE WS AR (scoring method)S A}
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&3ted ZARIATH20). Q¥ Suista 2 Egsta
e 10822 TAEeH, olBdA Y 23g 49
af3L ofzke] Aul el el Z QX E FHAIZ F 23] vt
& 2339} AxE 105722 WYyo] Ome rancid), 1, 2,
3,4, 5,6, 7, 8 9extreme rancid)= EH3IA

BAX2|

2 E 4¥Z7+= SPSS(Statistical Package for the Science)
programg& ©]83led EAFEA(ANOVA) 3, z+ 24 w7
HY FYAL p<0.05 FFE2E Duncand] TEEY A8
(Duncan’s multiple range testyS AR8-3}ed 7 Z3Ich2l).

- g Nty
R

ofate] AWHE-G EA4F Fihs Table 19 YehAIT) oF
o] PR RS 9.29-9.31%0]3, ZAW RS 25.30-25.58%,

2 e 451-4.80%, ZE FFS 093-1.03%, &5
BHE FFL 63.39-63.93%F YERSTE v-Oryzanol H7FH2 o
A7RE Atele] FE, AW, e, 232 2 g3 E 3
Folle f9HA ol fUUTHp>0.05).

Ol&laty #a

y-Oryzanol H7Fskol] wh& ofate] {x] 4lufol <3 A7}
(acid value), 2}4+3}E 7Hperoxide value), TBA7H(thiobarbituric
acid value)®] ¥3h= Fig. 13 2tk A7 7)7ke) &7} T
A7k TBAZYE Ald: Z718I93, 8B Re A% 35 o
Fo] 74231 y-Oryzanol F7Fs%71 0.0014 20%2 27}t
S5 Hrbszol vlEsiA ), 3EHEL TBAZRE HH
7R HlE] fH g RolAthp <0.05). At A¢ 1.0
2.0% y-oryzanol 7S B]H7NE Bl AR 3F o)F &
9l HolZ Yol AL HYthFig. 1-a). FHAHEE7}Y
At Aol ¢EE 67 F AHIRE, 1.0%, 2.0% d7kEe]
AstE7hs Zb2) 872, 647, 59022 1.0%, 2.0% y-oryzanol

Table 1. Proximate composition of yackwa (%)
Treatment Moisture Crude protein Crude fat Crude ash Crude carbohydrate?”
& 9.30 4.71 2539 0.93 59.67
] 9.29 4.80 25.46 1.02 59.42
I 9.31 4.74 25.58 0.98 59.39
v 9.31 451 25.30 0.95 59.93
\' 9.30 4.69 2535 0.96 59.70

UL, 1L, 10, 1V, V: yackwa with addition of 0.0, 0.1, 0.5, 1.0 and 2.0% y-oryzanol, respectively.
ICrude carbohydrate = total amounts ~ (crude protein + crude fat + crude ash + moisture).

Acid value (KOH mg/g)
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Fig,. 1. Changes in acid value (a), peroxide value (b), thiobarbituric acid(TBA) value (c), and rancid flavor (d) of yackwa with addition of

y-oryzanol during storage for 6 weeks at 30°C.
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Table 2. Changes in color of yackwa with addition of y-oryzanol during storage at 30°C

Color Storage period Sample (n=10)
(weeks) I Il m v \%
0 NSD44.96 +0.36"° 44.95+0.57™ 44.92+2.03™ 44971042 4498 +1.30™
1 N$45.62 +0.66 45.48+0.79 45.01+1.57 45.40+0.66% 45.67+1.41
2 N45.69+1.29 46,02+ 1.56 45.82+0.43 45.39+0.63% 45.55+1.50
L 3 N45.76 +0.63 46.09+1.59 46.67+1.31 46.58 £ 1.40% 46.681+1.83
4 NS45.84 +1.11 46.70+1.15 46.56 +0.54 46.78 £0.73% 46.79+1.18
5 NS45 87 +0.81 46.79+1.05 46.89+1.70 46.81 £0.39" 46.83+1.18
6 N46.03 + 1.94 46.8511.08 46.97+0.93 46.95 +0.85¢ 4691 +1.11
0 NS5.2040.259 524+041N 526+0.01™ 5.25+0.60" 52140.14™
1 NS5 31 £0.27% 539+0.39 5.36%0.11 539+0.19 5431025
2 NS5.4740.11* 5514001 5.471+0.40 541£0.01 5474021
a 3 NS5 51 4:0.18% 5.56+0.11 5.54+0.43 548+0.39 5.651+0.01
4 NS5 72 +0.25° 5.6310.26 5.68+0.23 5.65+£0.22 5.70+0.19
5 N$5.69 1 0.28° 5.72+0.17 5.68+0.26 5.64+0.16 5.72+£0.72
6 NS5 7340130 5.74+0.15 5.77+021 5.78 £0.60 5.76+0.50
0 NS16.41 +1.04 16.54 +£1.05 16.39+0.86™ 16.45+1.14™ 16.59 +0.46"°
1 N$16.28 +1.56 16.52£0.93 6.3910.86 16.43 +0.87 16.54 +0.51
2 N16.36+1.18 16.53+0.62 16.41£0.63 16.55+0.61 16.54+0.55
b 3 NS16.45+1.39 16.72+1.23 16.62+0.66 16.59£0.70 16.56+1.42
4 NS16.72+1.22 16.75+1.12 16.88+1.05 16.64+1.34 16.75+0.73
5 N$16.73 ¢ 1.11 16.85+0.32 16.89+0.11 16.65+1.03 16.76 £0.58
6 N$16.84 +1.00 16.90+0.59 16.99+0.49 16.87+0.37 16.89+0.75

UL 10, 1L, 1V, V: yackwa with addition of 0.0, 0.1, 0.5, 1.0 and 2.0% y-oryzanol, respectively.
INS are not significantly different at a =0.05 level by Duncan’s multiple range test.
*<Values with different superscripts within the same column are significantly different among samples at @ =0.05 level by Duncan’s multiple range test.

H7kzol 8RR v 4z 25.82%, 32.31%2] peroxide A
o] A S AThFig. 1-b). AF 3F F PslE7PE A
=8 ol Min S(1)Y Jd7del A3t Awad 5(22)&
A7 Z HASVETE A peroxide®] E3vE Tl o
A A 711E 4= vk BuEgYh TBAZRE AR 15
A 05, 1.0, 20%H7HE2] 7S HH7RE 2 0.1% A7
feFel zteo)7} YATHp < 0.05)(Fig. 1-c). A 57 2.0% 3
74ate] TBA7F= HIA7bEe] vl8) 22.60% R4t} ol y-
oryzanol A7}l Qg Abakg] A A EE 23 ASAIAER]
malonaldehyde] X438 ZA AAFS o|v]gict

M4 @ IHE ==z

A Z717ke] FrHgel wet BlA7REA RS HEL), HNE
(@), FUE(bys 2718 43S BAtH(Table 2). I A%
Al et F718cRs 212 Yoon(23), Kim3}F Chung(10)9] =
1ote AXEAY BE yoryzanol H7hHEe HE, A%, &
AMee vAH7REE R Al AR 717HERE F9AQL AfelE B
o]x] e¥AUTHp > 0.05). Park(8y A7Ee] H7F -7 A7)
7] m FAzeo] §o]HQ Aole Urir Bistgith

y-Oryzanol A7t #5& gelstd Axg ofzke] A7 |7hd
7 3774 (hardness), +-2H4d (adhesiveness), -4 (cohesiveness), 7
A (gumminess), 4 §]/d(chewiness,) B 4 (springinessy 74 $F
A3k= Table 33 7). A% (hardnessy> A3717k] F71e
of we} okate] w3yt AYHHA Fe]Hoz Fristed A3
670l vlH 7ol 244332 7Y ¥2 S JYEMIA, 1.0%
H7REo) 20,1502 7HE @2 g JERIRIOY, v-oryzanol F
7herol mE dad A Holr sl FAd(adhesive-

nessy A 4F o]F zF A|HTHY {24]] Aol§ HAEH
A7) 7ko] Z7Vee] wet v R AR Bl ZAa
e ARS JEsTh AT yoryzanol H7FsEo] ©E F-
o) Wale] Ak dBAdo] A kst 384 (cohesive-
nessy> 27|17kl we} SR ol okte] Aol A
717kl wWal S7Riths Yoon(23)9) Barst U A
2 4% FHE yoryzanol H7FeE7F B 98 HH IS
o7l XolE BHTHp <0.05). 773 (gumminessy> A3717¢
o] 7Kgl wel RE Aol SrhetdEd, A 239
= Az Ff 5 BE AsdA AR F7EIA A
6579 AE, 1.0%, 20% F72e HAA4LS 47 96717,
9,4114% WA 7ol wld) 2v) A= AUt} WP A (chewiness)
& HA7|7ke] Fge wel BE AlEFeAM F78ke AW
S JeRiI, AR 337 = Z AEE7E Afolrt Ao,
A% 337F AVEA 2 A FEZRe) 2ol FUtEte AR 65
ol HlA7REe] 645022 7Y ¥, 2.0% H7kEe] 3,3975
2 7 @itk ole ko] QYA AANTre] F7HEe
wet Z718theE Kim? Chung(10)0] B23 ZAxtel Ax)ghe
¢ 4 ATk e (springinessyS A A717ro] Z71gtel uie}
EE AR2oA g@Eye] tha Frlsithrt ZAadddet, ol
£ Kim3 Chung(10)°] B3 Azkel AAet3rt. Yoon(23y
el HrEke delsle] Alzg o AR A @Ao] A
717kl wet & 2olE VERIA] gethal BATSIAL, Park(8)
QA okt A A @EAL A7) wel & Afe]E Hol
A s¥=tky BT y-Oryzanol H7FsEe] we ofate)
1A &7 F94Q zole A2 uel tdsiy
on BUE 7S Holx| sl
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Table 3. Change in texture of yackwa with addition of y-eryzanol during storage at 30°C
Texture Storage period Sample (n=10)
(weeks) I 11 I v v
0 NSD5128.9+541.7°  4862.0+607.8%Y 49852 +424.0° 4358.91+642.8" 4904.4 +-342.1°
1 %6800.0:4582° 46568.4+220.7° 56188.0-1704> 4P5538.4+250.7° %6610.0£170.9°
2 #9552.2+196.3° “B88R7.0+269.2° *Pg635.7+258.3° B8077.9+291.2° 49471.1 £187.1¢
Hardness 3 A13419.7£960.9° *13116.9+131.7¢ B11543.0£442.4° B110159+532.3¢ *12873.2+£714.3¢
4 A17616.8=600.9° *16503.6+390.8° P16118.1:£756.4° ©14862.1+272.8° *P16980.6 £ 128.5°
5 A19787.31576.7° P18622.1£365.17 B18361.61+466.1° B18122.0+573.57 220637.2+177.7
6 724432.8+551.48  B22119.31+475.48 B22003.51886.9% C©20149.5+427.7¢ 424131.9+423.6%
0 N5.80.74 +£29.26" -55.88+14.12¢ -60.11 £25.01° -61.48 £ 14.50° -72.26+20.29°
1 A.887119.52®  AB.8300+745" B.67.15+13.30% £.96.391+6.27°  A-88.15+£7.06*
2 N.117.60£12.52°  -102.42%18.14% -102.32£9.81*  -106.62+13.70*  -103.28+17.26°
Adhesiveness 3 M.102.32+17.81*  -106.62+13.83°  -101.82+£1832°  -128.80%11.55°  -113.60%16.65°
4 A.151.66 £ 18.46* B.122.55+7.57° B_102.26 1828  A-156.2717.15% *B.145.161+19.10°
5 A.229.70+10.56° B-145.16+11.04 ©103.28+17.07*° B-168.35+19.19° B-151.66 +20.88°
6 A270.57+29.55° A.285.86+114.26° PB.419.901+1035° ~A251.07+18.93°  €-347.65+7.22¢
0 N50.194.0.05° 0.17£0.08° 0.18 £0.05° 0.141£0.09° 0.18+0.07*
1 N50.20 1+ 0.04° 0.19£0.09° 0.19£0.05° 0.151+0.09° 0.19+£0.09°
2 N50.20 £ 0.06 0.19+£0.08° 0.1940.05° 0.15+0.09° 0.19£0.09*
Cohesiveness 3 ¥50.30 £ 0.10® 0.27£0.07* 0.25+0.02* 0.22+0.07 0.24£0.04*
4 *0.42+0.07° AB0,37 +0.08 ABCO,34 £0.03° €0.23£0.06° B0.25 £ 0.09*
5 40.57£0.07° 40.51£0.08° £0.354+0.03" $0.25+£0.04° 50,26 +0.09*
6 40,75+ 0.09° 80,68 +0.09° 5€0.56 £0.05° 00.48 +0.04° 0,39 +0.08°
0 A9745+150.7°  *P826.5+127.0° A897.3+£28.2° $610.2+92.3° A882.7+17.7°
1 A1360.0+£229.5® *1248.0+110.2® *P1175.7+109.9% 5830.7+£26.2* 4B1256.0+113.5°
2 A19104+392.2°  AB1688.5+704° AB1640.7+117.7° B1211.61£72.7°  4B1799.4+096.1°
Gumminess 3 A4025.9+209.7° "®3541.51£459.6° 2885.7+101.8° ©2423.5+475.0° B°3089.5 £ 169.0¢
4 A7399.0+601.0° *B6106.3+252.1 BC5480.11+218.4° ©34182+180.5° ©4245.1+£323.7°
5 411278.8+£310.7° *B94972+506.9° BC6426.5+4333° B4530.5+4554°  ©5365.6+£232.9
6 A18324.6 1 664.00 *B15041.1 £837.0° 5€12321.9+£665.5" BC9671.7+113.6° C94114+272.3¢
0 *473.60+£103.2° A495.10£51.1° 753033+ 68.0° 24898+ 151.3*  “P398.14+72.3°
1 A750.73+£152.1°  *%606.53+48.0°  4855260117.0°  P429.51+121.1° 4B600.37+150.3°
2 A1064.11 £63.9°  BC746.331+54.0° ®861.41+£119.2° €660.37 +90.2° 842,16 £33.1°
Chewiness 3 N$1916.33 £459.4° 1940.78 £49.0°  1633.33+£132.0° 1359.59+506.4° 1622.02 £ 163.6
4 A2833.851+846.5° “B2582.98+75.4¢ 5€1956.42+198.2¢ P1155.38+104.0¢ P1715.04 +139.6¢
5 A3970.13£982.5° AP3333.55+228.8° B2493.51+128.3° €1621.92+939.4"° €1937.00+78.2°
6 4645027+ 148.0¢  B5279.45+146.8" ©54780.93+871.2" ©3462.49+107.48 ©3397.54+728.1F
0 N$80.49 10,13 0.60 1 0.06™ 0.591+0.02° 0.41 £0.17% 0.45+0.13N8
1 N50.551+0.09 0.49£0.09 0.4740.12* 0.52+0.07°" 0.4810.07
2 N%0.56 £0.04 0.4410.17 0.53 £0.06* 0.55+0.04% 04710.18
Springiness 3 NS0,58 + 0.08 0.58+0.02 0.61£0.07* 0.61 £0.08" 0.51£0.08
4 N50.48 £0.12 0.55+0.09 0.57+£0.01° 0.56+0.11* 0.53+0.18
5 N%0.38+0.18 0.42%0.16 0.36£0.05° 0.34 £0.04° 0.40£0.06
6 M0.3510.18 0.351+0.17 0.39£0.14° 0.36£0.16™ 0.36+0.19

UL, 10, HI, TV, V: yackwa with addition of 0.0, 0.1, 0.5, 1.0 and 2.0% y-oryzanol, respectively.
2A-D Values with different superscripts within the same row are significantly different among samples at o = 0.05 level by Duncan’s multiple range
test. NS are not significantly different at o = 0.05 level by Duncan’s multiple range test.
Ya-g Values with different superscripts within the same column are significantly different among samples at a = 0.05 level by Duncan’s multiple

range test.

Xyt =y

ekate] FQ FARA AL palmitic acid, stearic acid, oleic
acid, linoleic acid, linolenic acid 5%:©]%1THTable 4). Linoleic
acid7b 38.1-458%=Z 71 Rk, oleic acid, palmitic acid,

stearic acid, linolenic acid”} Z}Z} 28.2-34.3%, 18.3-21.2%, 3.9-

53%, 1.6-3.2%c)10tt. el AR A7 B3 dFFolA
e Ao olF HEA 78y Aol wel ofzte]
A upgEol AR AA7| 7] wWE AW 2A ) Wil
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Table 4. Changes in fatty acid composition of yackwa with addition of y-oryzanol during storage at 30°C

Treatment Storage period — Fatty fmid .(%) — - P/S ratio
(weeks) Palmitic acid Stearic acid Oleic acid Linoleic acid Linolenic acid
M 0 18.9 44 282 452 32 3.28
1 19.0 4.7 29.2 444 2.6 321
2 19.1 48 303 435 23 3.19
3 19.6 48 303 43.1 22 3.10
4 19.9 5.1 31.0 419 2.1 2.99
5 212 53 315 399 2.1 2.78
6 212 5.2 327 388 2.1 2.78
I 0 18.8 42 28.5 453 32 3.34
1 19.0 44 29.6 44.6 24 3.26
2 19.0 46 304 437 2.4 3.24
3 19.5 45 31.0 4.7 2.3 3.17
4 19.9 45 31.0 424 2.2 3.09
5 20.6 5.0 322 39.7 2.4 2.90
6 21.2 49 339 38.1 1.8 2.83
m 0 184 4.1 28.7 45.6 3.1 3.43
1 18.7 43 29.8 44.6 2.6 3.33
2 18.9 42 313 434 2.2 3.32
3 19.1 4.4 320 425 2.0 3.26
4 19.3 4.5 33.0 41.2 21 3.21
5 20.4 47 33.8 39.2 1.8 2.98
6 21.0 4.7 34.1 385 1.6 2.88
v 0 18.3 4.0 28.7 45.8 3.1 343
1 18.5 42 29.7 448 2.8 341
2 18.9 42 317 42,6 2.5 333
3 18.8 42 324 425 2.1 3.34
4 19.0 4.4 33.2 413 2.0 3.27
5 20.3 4.6 34.0 38.7 2.4 3.01
6 20.7 4.7 342 38.7 1.7 2.94
\Y 0 18.3 39 28.7 457 33 3.50
1 18.5 4.0 29.9 448 29 3.44
2 18.7 4.1 31.8 4277 2.7 3.38
3 18.8 4.2 326 41.8 2.7 3.35
4 19.1 44 33.9 40.4 22 3.26
5 19.3 44 339 39.9 24 3.21
6 20.3 45 343 38.9 2.0 3.03

UL, 1L, 10E, 1V, V: yackwa with addition of 0.0, 0.1, 0.5, 1.0 and 2.0% y-oryzanol, respectively.

REE AgFA A7) F7Hge) wet 2Rt §
Fe FUbela, BXSANAY g3 ahdke 4dE B4
=), EX3A A & oleic acide 271 AS VeRAY
t}. o] o]&ZA%te]l 212 linoleic acide] ABEEE olFH
& 7R oleic acid7t A4H 7] wWEoltt. FRE AT o
A77|7ve] dojyge wg) BXsAt 5 oleic acides Tha
F7Htke Kim §(4)°] |79t 22 Aol

Y] A 7h2e]  P/S(polyunsaturated fatty acids/saturated fatty
acids) ratio= %7] 3288 BE¥I%s Fgtou A7 65
A 2782 152% 74tk Table 4). ole AHER1E) 9%
EXsIAkate] 7Ha B 23R ukate] Fvte] 719k y-
Oryzanol H7Fs=7F 0.0%AA 2.0%2 %71 E4E P/S ratio
€ 32844 3502 F7HHAt ole y-oryzanol H7FEE7F F
7t S5 ExsiRAe) o] FUishe omisitt AR 6

FA PIS ratio®] W3te R WIAVKE, 01, 05, 1.0, 2.0% y-
oryzanol H7F2S 7Z4z}b 152, 152, 160, 142, 13.4% Srolxch.
E3) 1.0% 2.0% J7F2e] P/S ratio Waleo] 7H vtk
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-2 A3t BESRAUMS AMELE oA st AHHA 24
o] WstE ZaAvled ZAHYe 9+ Yok

Hexanal &gk

Hexanat® Z|¥hatstoll ofs A¥sh= & A<Q1 aldehydeZ A
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g ZE ANEFNA F7HItHTable 5). A 257 A%
717k w2 FolF &ol7h ARt p>0.05), A 3F o]
2 A7 7ke] E71ee) wiEl BE AjEZe] fodes Z7}
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Table 5. Changes in hexanal formation of yackwa with addition of y-oryzanel during storage at 30°C

Storage period Hexanal (mmole/kg oil)
(weeks) 1 i m v \%
0 NS2) .23 +0.02%Y 0.23+0.02° 0234002 0.23+0.02* 0.23£0.02
1 NS0.25 +0.04° 0.25+0.02° 0.24 £0.04° 0.24+0.02° 0.24+0.01®
2 80,36+ 0.02° 0.35+0.03° 0.35+0.01° 0.34 £0.04° 0.3210.09%
3 NS0.42 +0.02° 0.40 £ 0.02° 0.39+0.04° 0.38+£0.07° 0.36+0.02°
4 41294 0.08° B1.08 £0.03° 3078 £0.07° €0.69+0.04° Dp.51 +0.07¢
5 422140.04 2 19+0.07 2,04 0.05¢ D1 3840.07¢ £0.97£0.02°
6 43 .04 £0.05° 82 79+0.05° €2.45+0.06° D1.59£0.09° £}.34+0.05°

B 10, 111, 1V, V: yackwa with addition of 0.0, 0.1, 0.5, 1.0 and 2.0% y-oryzanol, respectively.

PA-E Values with different superscripts within the same row are significantly different among samples at ®=0.05 level by Duncan’s multiple range
test. NS are not significantly different at «=0.05 level by Duncan’s multiple range test.

Ya-f Values with different superscripts within the same column are significantly different among samples at «=0.05 level by Duncan’s multiple

range test.
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