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Abstract nitrogen fertilization, but was higher than the control(no
fertilizations). The vy-oryzanol ontent in rice, in the
BACKGROUND: v-Oryzanol, a mixture of ferulic acid presence of hairy vetch as green manure crop was the

esters of triterpene alcohols and sterols, are a nutritionally highest compared to other crops (opium-poppy, crimson
important group of rice secondary metabolites. The v clover, cornflower). As a result of PLS-DA using SIMCA
-Oryzanol content and composition were found to vary with 11.0 ver. as multivariate analysis program on the basis of
enviromental factors such as growth temperature, varietal total data, in all samples, the specific pattern and cluster of
origin, and cultivation method. Therefore, the effect of v-oryzanol scores according to green manure crops and
green manure treatments will be also be an important factor conditions were confirmed with possible distinguishing
in their content. nitrogen effects.

METHODS AND RESULTS: The y-Oryzanols extracted CONCLUSION: The nitrogen contained in the green
using dichloromethane/methanol were analyzed equipped manure crops is considered to play a major role in the
liquid chromatography with a diode array detector. A total of formation of y-oryzanol. Hairy vetch which contains higher
ten components of y-oryzanol including A7-stigmastenyl nitrogen increased the concentration of y-oryzanol in rice.

ferulate were isolated of which, cycloartenyl ferulate,
24-methylenecycloartanyl ferulate, campesteryl ferulate Key words: Green manure crop, Rice, Steryl ferulate, v
and sitosteryl ferulate were identified as the major -oryzanol
components in Korean rice variety, Unkwang. The v
-oryzanol content in rice, in the presence of nitrogen
fertilization using green manure was similar to conventional
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2005; Luo et al, 2005; Islam et al, 2009; Jung et al,
2010; Kim et al, 2012). y-Oryzanol- Aol w7278
ddeder FejEgloy, HPLC & AZrke1de e
719 el me} o7 e EREol ERlE i
(Kaneko and Tsuchiya, 1954; Rogers ef al, 1993; Diack
and Saska, 1994). <+ GC-MS 4 LC-MS 4S8
cycloartenyl ferulate (CAF), 24-methylenecycloartanyl
ferulate (24-MCF), campesteryl ferulate (CSF)< T+
023 10F ol WEAdRol el Bl S EH I Xu and
Godber, 1999; Fang ef al, 2003; Kim et al, 2013).
ol5 /M 5 53] CAF+= LPS (Lipopolysaccharide)
2 UFREE RAW 2647 dPXAETe] feoHom
NE-kB &/4& Aslistalom, voprt QA #+8¢ 3l thded
Al S54e Uehls 2oz BusSitiLuo et al,
2005; Islam et al, 2009; Kong et al, 2009). w=kA] o]
o ATAYNES EUE, v-oryzanol® FRANCAFE 4
F3} BRglE FHEY U IS Adshe gAEa
promoter ZA] 3&?‘_} ks sk Zlow jJr‘;]’E]O*I:]-
F 7129 spetu]aAuelr sulaEs o83t Xk
Az g, F5a glow,
A= FAlel Qlek slofeulAlE v FaE R éliﬂxé
~a°1 Holt thaxafQl 22 =H|APiA] 19 *§° EL
Feko]| glojA] #a I} vl 95E Ao R ®aEg)

D%(Lee et al, 2009; Song et al, 2010), JJriH]Z}%Hé_ 2l

SRS BN 8F(FI UL, AR, 4, adES
=2H], YESE, slo|EZwH, Fojeu|x], vnpdsl) B
TV =575 SR AEE UERITHCho ef al,
2010). AHESEWE A5 gl A HHE o]g, ¥ A
Al dokE e E3p7} fefshe, Hejole] EukE = &
olg|ux| o} Eulsh= Zlo] sehn thA|Z WEE & AT
of A& o7 kst %E](]eon et al, 2011).
BT L ALF FE FHANE AsdPEES
AR oA MEEEA T ekl HlE 2, ¥
o] A YIS U] Wol W= o HiE I thKalt,
2005). AAAN]9) A, FHlEEE] oo fo]4l ans
Holi= Aoz YEROH(Nguyen and Niemeyer, 2008),
GAIAL Fuj ARG AT HEmSeHE s
7}l QlojA e BATHSmolen and Sady, 2009). ©]A
sl wE A R W A 113E o
gtor, SsHRE S o] &3 T A APA] ekl thsto]
ANt 9 715 B7L st e A9 fle Aol
L e IR e ] Zﬁ“jtﬂ el wheh AfufE skt
A S T?:L ¥]o] Qli= y-oryzanol ¥ Y FAJE 1)
i H7y EleH, w3l Hﬂ AufA] A 2] 7} y-oryzanol
Shako]| u] ]t Jakel disiA 5 Skl

it

3k
=
=

T

M= 3 dHH

SAl M=
2 AIAIES 20123 %0l 7% Aol AAsh FE

A5 A ¥ Al gellM E T 1)
-0 AAA AEE AT EgelM FAEgoH, A
282 ol HIx(HY) ©ut, Ha|xe] G}, gofzimA]+
U Z3t gl oolgApl(AR) 2 FRslth ATrds
Sl FAEEOR LW E ARSISITE e o A
AA AL AFEY Bl FREglon, Al 2
EFEH, I, =), dofeHA 44E lf\lxﬁ%i

ARGl sHlellE W3S Apislth Aeule->
AVAELNOQ T EEE T E ()2 o] No(FHHA ), 7
FAENA (13 NAE), HeNAS(18] NAS) 2 A8
A8 3709 NS Torh BAATE Az, QAL Ze
5 717} 10a B 9, 4.5, 5.7 kg Al43I9ith

7171 H AlSf

A 2
(Hanil Science Industrial Co., Ltd. Korea), ultrasonic
bath (Daihan Scientific Co. Ltd., Korea):= F&< $df
AHEEQ O, AR gt FRFEENEA y-oryzanol
mixture (Wako, Japan)7} AH&-5 3ot 19+ HPLC Aok
© % methanol (MeOH), acetonitrile (ACN), methylene
chloride (MC), acetic acid &> Sigma (St. Louis, USA)
AEE ARl

%ol refrigerated multi-purpose centrifuge

ANZE X2
1ol AA7Z ﬂﬁe fao}o% Gﬂu] A

powder AlEE conical tube (50 m1)0ﬂ o }MC-MeOH
(2:1, v/v) 40 mli S53%7] (30C)E 3057 %3¢
T, 9AREE1I(3000 rpm, 10%, 15C) 3590E A

th FEAS dojua W2 FolEe] i3l FLHEE 23]
WS Oy FENE BT Fesith HF FF TS o
A(Advantec No.1)Z oJFs}glon, o7l N, 7IA2
53 U2, 2 ml e MC-MeOH (2:1, v/v)& Al&s)slo]
HPLC-DADE #41&3ith

HPLD-DADE 0|88t 7 -oryzanol2| =4 % &2 &M

B8 y-oryzanolE @7l 9l YMC PACK
ODS-AM (4.6 250 mm LD., 4 pm; YMC Co., Ltd., Japan)
o Af¥} gEo] 2998 photodiode array detector
(PDA)E 2t Alliance €2695 HPLC system (Waters
Co. Milford, MA, USA)= ol-&3ate] 4ak3int. A% 3t
A 250-400 nm (CHIEIFF 325 mm)olA] FEE gl o,
oven &5 30C, §%2 1.4 nl/min ©Jglth o/
MeOH : ACN : MC : acetic acid (50:44:3:3, v/v/v/V)
o= 503t sl ST

CHHEF SH 24

R A159 v-oryzanol g4 B G GK HlolHE viY
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Fig. 1. HPLC chromatograms of 7 -oryzanol standard and extracted from grains of the rice variety (a: standard mixture
2000ppm, b: Unkwangbyeo). 1: A’-stigmastenyl ferulate, 2: stigamsteryl ferulate, 3: cycloartenyl ferulate, 4:
24-methylenecycloartanyl ferulate, 5: 4’-campestenyl ferulate, 6: campesteryl ferulate, 7: 4’-sitostenyl ferulate, 8:
sitosteryl ferulate, 9: campestanyl ferulate, 10: sitostanyl ferulate.

o7 Y, 17318t §, SIMCA-P 11.0 software (Umetrics,
Umea, Sweden) 2] -3 22k Y (partial least squares
of discriminant analysis: PLS-DA) 225 3l S¢AE]
As Tl

27 % 2%

Fig. 1°] #5=42 ARSEE v-oryzanol &5t £33
A& FZ59 HPLC F2rHE 7318 YERILE Kim 5(2013)
o] Ao} AR F 107H41 9] P8 Aol 2wl
©1, cycloartenyl ferulate (CAF), 24-methylenecycloartanyl
ferulate (24-MCF), campesteryl ferulate (CSF) %! sitosteryl
ferulate (SSF)o] F& Ao 7 Felygic) Malopz} £
] FEEERE ANE ATvEIRS By 550
H]3ll peak 5 (A7-campestenyl ferulate), peak 7 (A7-

sitostenyl ferulate), peak 9 (campestanyl ferulate) %
peak 10 (sitostanyl ferulate)ol] sdah= v 50| B
U adE A Eelve Ae 49E 5 stk

o] 2010 % 2011 % &3 9 SEHe dis] H]A

 y-oryzanols B7Fst Ax}, L-FHolA K} 5518k o
S Kol 201250l 31 e pehA| ol qnt =u]A
2% y-oryzanols H7FsHA w3lth 201250l >3
o 49 AgdA| v-oryzanol FHEFE €| 100g
F 7}7} 48.1+3.0 mg ©%, 2010 2 20119 %E B} oF =
e Bolov o= A AuldkAol wE xfo]= At
HATHKIm &, 2014). HI5=d ARIE FHA 9ol ALt
H y-oryzanol®] &% ¥ 24 AidE, AujA g3
of wel Gt A7-dart Sl em(Miller and Engel,
2006), T FAANME o]AEehE Foke] AuidE % A
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Table 1. Comparison of contents by 7 -oryzanol composition from grains of the Korean rice variety, ‘Unkwang’ by green

manure conditions in 2012 year

Steryl and triterpene alcohol ferulates, proportions in total y-oryzanol (%)

Green manure crops 08 (o100 5 bt i
1 2 3 4 5 6 7 8 9 10 8 hulled rice)
Control Chemical 0.7+0.1 09+0.0 21.3+05 37.8+05 12+00 21508 0601 107400 3301 1.9+0.0 487+2.1
Hairy vetch Chemical 0.6£00 09+0.1 236+0.8 37.1:05 1.0+01 20.8+1.1 04+01 109+01 29+00 1.9+0.1 491423
Barley Chemical 05:0.1 0.6+02 23420.1 369+02 09+0.0 20.8+0.2 03+0.0 11.6+0.1 3.1+00 1.9+0.0 442409
Hairy vetch+Barley ~ Chemical 0.60.0 08:0.1 23.840.3 37.3:03 09+0.1 207:04 0301 108+01 2900 19:0.1 50.6+2.3
Mean 0.6 0.8 23.0 37.3 1.0 209 04 11.0 31 1.9 481
sD.? 0.1 02 1.1 05 0.1 0.7 02 04 0.2 0.0 30

1: A-stigmastenyl ferulate, 2: stigamsteryl ferulate, 3: cycloartenyl ferulate, 4: 24-methylenecycloartanyl ferulate, 5: A’-campestenyl ferulate, 6: campesteryl
ferulate, 7: A’-sitostenyl ferulate, 8: sitosteryl ferulate, 9: campestanyl ferulate, 10: sitostanyl ferulate.

a: S.D.: standard deviation
*All results were performed by three replicates

Table 2. Comparison of contents by 7 -oryzanol composition from grains of the Korean rice variety, ‘Unkwang’ by green

manure crops and conditions

Steryl and triterpene alcohol ferulates, proportions in total y-oryzanol(%)

y-Oryzanol content

Green manure crops Conditions

(mg/100g hulled rice)

1 2 3 4 5 6 7 8 9 10

a 0.5+0.0 0.8+0.0 23.7+1.0 37.8+0.6 0.9+0.1 20.5+1.2 0.4+0.2 11.0+0.1 2.7+0.1 1.8+0.1 46.6+6.1
b 0.4+0.1 0.7£0.0 26.3+t0.8 36.9+0.2 0.7£0.0 19.2+0.8 0.2+0.0 11.3x0.1 2.5+0.0 1.8+0.0 52.8+5.4

Hairy vecth
C 04+0.1 0.7+0.0 26.0+1.3 36.5+0.2 0.7+0.0 19.8+1.0 0.2+0.0 11.3+0.1 2.6+0.0 1.8+0.0 51.0+6.4
Mean+SD 0.5+0.1 0.7+0.1 25.3+1.5 37.1+0.7 0.7+0.1 19.8+1.0 0.3+0.1 11.2+0.2 2.6+0.1 1.8+0.0 50.1+5.9
a 0.7+0.1 05+0.2 22.6+0.6 38.0£04 1.0+0.1 20.3+0.3 0.3+0.0 11.8+0.2 29+0.1 1.9+0.0 38.0+0.5
b 0.6£0.0 0.8+0.0 23.6+0.2 37.9+0.3 09+0.1 19.7+0.7 0.3+0.0 11.5+0.1 2.7+0.1 1.8+0.0 43.6+3.9

Opium-poppy
C 0.5+0.0 0.8+0.0 24.3+0.5 37.5+0.2 0.9+0.1 19.9+0.5 0.4+0.2 11.2+0.2 2.6+0.1 1.8+0.0 45.1+8.4
Mean+SD 0.6+0.1 0.7+0.2 23.5+0.8 37.8+0.4 0.9+0.1 20.0+0.5 0.3+0.1 11.5+0.3 2.7+0.1 1.9+0.1 42.3+5.7
a 0.6+0.0 0.7+0.1 23.4+0.1 38.3+0.1 1.0£0.1 19.4+0.3 0.3x0.1 11.6+0.1 2.8+0.0 1.9+0.0 38.6+4.5
b 0.6+0.0 0.8+0.0 24.2+04 37.8+0.3 0.9+0.1 195+0.2 0.3+0.1 11.4+0.1 2.7+0.0 1.8+0.0 447+5.3

Crimson clover
c 0.5+0.0 0.7£0.0 24.7+0.2 37.6+0.0 0.9+0.1 19.6+0.3 0.3x0.1 11.3x0.1 2.6+0.0 1.8+0.0 46.0+2.9
Mean+SD  0.6+0.1 0.7+0.1 24.1+0.6 37.9+0.3 0.9+0.1 19.5+0.3 0.3+0.1 11.5+0.2 2.7+0.1 1.8+0.0 43.1+5.1
a 0.5+0.1 0.7+0.1 23.8+0.4 37.9+0.3 0.9+0.1 19.9+04 04+0.1 11.2+0.1 2.7+0.1 1.8+0.0 40.5+2.4
b 0.5+0.1 0.7+0.1 24.0£0.6 38.1+0.1 0.9+0.1 19.7+0.7 0.3+0.2 11.2+0.1 2.7+0.0 1.8+0.0 46.1+7.7

Cornflower
C 0.5£0.0 0.7+0.1 24.1+04 37.8+0.2 0.8+0.1 20.0+0.6 0.4+0.2 11.3+0.2 2.6+0.1 1.8+0.0 40.6+2.2
Mean+SD  0.5+0.1 0.7+0.1 24.0£0.5 37.9+0.3 0.9+0.1 19.9+0.5 0.4+0.1 11.2+0.1 2.7+0.1 1.8+0.0 42.4+5.0

1: A-stigmastenyl ferulate, 2: stigamsteryl ferulate, 3: cycloartenyl ferulate, 4: 24-methylenecycloartanyl ferulate, 5: A’-campestenyl ferulate, 6: campesteryl
ferulate, 7: A’-sitostenyl ferulate, 8: sitosteryl ferulate, 9: campestanyl ferulate, 10: sitostanyl ferulate.
a: no fertilization, b: conventional nitrogen fertilization, c: green manure fertilization (3£l 3%2l0] ¢l)

*All results were performed by three replicates
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Barley:

Conventional
type

Fig. 2. Scores plotting chart of principal components 1
and 2 of the PLS-DA results obtained from the data set
by 7 -oryzanol profiling of Korean rice variety, Unkwang
in green manure conditions (Classification by green
manure conditions as chemical weeding in 2012 year).

Z4ze]l 3 ghehls Aol vl oRE Egkor,
i THR= 48] =A UERETE oY st AnEe o
A5 F HA7F oryzanol(HhE 3 €4) P4l 3lo]
A Fast d3hs sk Z0%E AR E Sk v-Oryzanol 9
Al F2AQ1 Mol A 3] WA, ferulic acid esters 3}3F
EZ dEsetEel &3, dEsiEs A5 gzl o
AARFEEA 715, A, B T Auig el ek Wl
WO 7 2 (Kalt, 2005; Nguyen and Niemeyer, 2008) ©]9}
AT Sl A7t REEA] Fasith @]9 A, da Al
HjgF 9 APl whe} &, JFRE ol HlEsetEe]
o] A=, 53] d=sists § Aaamige] $7t
g5 oo F7kshe A% dERI(Smolen and
Sady, 2009), Felx= B¢ AHst Asbd-E(K)R = A
of gJal o]iZEhE 3ol TXHGSolRaE uh gtk
(Vyn -5, 2002). 250l ¥ F2elA y-oryzanol ©|]e] 7|
B} ojatiabE el gt W7t HuE F9% o AR
m, W N opye} tE Fo Aol theiM R HulA et
n2)E QERAPE Q3 ZloR e

PLS-DA += 7]&8] PCA®] )3t oln] szl 4 &
4 wEsH=t] A 218 (Perez-Enciso and Tenenhaus,
2003), tiAkAl 24 diole= AE, 273 59 A49S AA
TAE 23015 3l AlAEAA 5 Stk Fig. 2, 30014 1
itk P AFojell= 1] A= 9 M 3 A5
y-oryzanol profiles ©f T =Y R7}F FAgle] HA|AA
e, WHol 9 SYAE A oAF & Theel gl
th @8, FojeHixl, HV+Re], Hal Su)Aeld uE
Ak 3ke] y-oryzanol A B kel tigh vk
PLS-DA 2379 plotting s €3l %§st 23}, PC 1 % PC
2% 717} 63.9%, 18.9% = AAHo2] oF 83%E AW &
AT, =HIHEE 599 4709 SYAEE 747 YAds
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ko

b

Fig. 3. Scores plotting chart of principal components 1
and 2 of the PLS-DA results obtained from the data set by
7 -oryzanol profiling of Korean rice variety, Unkwang
in green manure conditions (Classification by green
manure crops and conditions). Class 1 (black box): no
fertilization, Class 2 (red circle): conventional nitrogen
fertilization, Class 3 (green diamond): green manure
fertilization.

sk FeAH AYEs 2 #3ee 7107 HelAe )
7P e "o Sl Ao ek, 20109% A
(Kim 5, 2014) &30 Ze]28e] 43 ne)x 57t A4
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