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The ‘y-oryzanol, ferulic acid esters, which are well-known for their function on cholesterol lowering and
prevention of inflammation, diabetes and cancer, are found in the seeds of cereal crops such as rice, corn, wheat
and rye. Among them, rice has been reported to contain the highest ferulic acid esters. Since rice cultivation with
green manure as a N source is an environmental friendly agricultural practice, it is necessary to identify and
quantify as well as evaluate the variations in these compounds in rice samples as affected by different green
manure conditions. A total of ten components of y-oryzanol were isolated and cycloartenyl ferulate,
24-methylenecycloartanyl ferulate, campesteryl ferulate and sitosteryl ferulate were identified as the major
components in Korean rice cultivars, ‘Unkwang’ and ‘Hopum’. Comparing the y-oryzanol contents of these
varieties, ‘Unkwang’ showed clearly similar pattem with conventional type. With the PLS-DA (partial least
squares of discriminant analysis) using SIMCA 11.0 ver., the specific pattern and cluster of y-oryzanol scores
with green manure conditions were confirmed, and thus distinguishing green manure effects were possible.
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HPLC chromatograms of 'y-oryzanol stadard and extracted from grains of the rice samples (a: standard mixture 2000ppm, b:
conventional type, badey, hairy vetch, hairy vetchtbadey). 1. A7-stigmastenyl ferulate, 2. stigamsteryl ferulate, 3.
cycloartenyl ferulate, 4. 24-methylenecycloartanyl ferulate, S. A7-campestenyl ferulate, 6. campesteryl ferulate, 7. A
"_sitostenyl ferulate, 8. sitosteryl ferulate, 9. campestanyl ferulate, 10. sitostanyl ferulate.
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Introduction
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Results and Discussion
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Fig. 1. HPLC chromatograms of y-oryzanol stadard and extracted from grains of the rice samples(a: standard mixture 2000ppm, b:
conventional type, barley, hairy vetch, hairy vetch+bardey). 1. A7-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.
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Fig. 2. Basically proposed fragment ion pattern of campesteryl ferulate in negative ion mode of ESI-MS (Fang et al., 2003).

Table 1. Compositions of y-oryzanol extracted from grains of the ‘Unkwang’ cultivar grwon with different green manure

treatments in 2010.
Green Weed Steryl and triterpene alcohol ferulates, proportions in total y-oryzanol (%) y-:(z::;d
manur
:rOLIl) " conl 1 2 3 4 5 6 7 8 9 10 (mg/lopg
hulled rice)
Chemical 1.3+0.1 0.8+0.1 20.1+0.6 39.7+0.4 1.0+0.1 21.6+0.8 0.6£0.1 10.1+0.1 3.1+0.0 1.9+0.0  44.8+2.1
Control Hand  1.3£0.0 0.8+0.1 20.2+0.6 39.4+0.4 1.1+0.0 21.7+0.9 0.6£0.0 10.2£0.0 3.0+0.0 1.8+0.0 44.5£2.8
Non 1.5+0.0 0.9+0.0 19.9+0.4 38.9+0.4 1.0+0.1 22.2+0.5 0.6+0.0 10.1+0.1 3.1+0.0 1.9+0.0 42.3£2.8
Chemical 1.440.1 0.840.1 19.6+0.7 39.9+0.3 1.2+0.1 21.3£1.0 0.6+£0.0 10.2+0.1 3.0+0.0 1.9+0.0 45.1+4.1
Hairy vetch Hand  1.3+0.1 0.8+0.1 20.6£1.1 39.3+0.6 1.04£0.1 21.3£1.4 0.7+0.1 10.3+0.1 3.1£0.1 1.9+0.0 46.8£3.4
Non 1.240.1 0.840.0 20.0+0.9 39.3+0.4 1.0+0.1 21.9£0.6 0.6+0.0 10.4+0.3 3.1+0.1 1.9+0.1 43.5£3.5
Chemical 1.5+0.0 0.840.0 21.0+0.1 38.3+0.1 1.1+0.0 20.9+0.3 0.6+£0.0 10.7+0.0 3.1+0.0 2.0+0.0 36.2+2.7
Barley Hand  1.540.0 0.8+0.0 21.3+0.3 38.0+0.2 1.0+0.0 21.240.6 0.6£0.0 10.7+0.0 3.0+0.0 1.9+0.0  39.0+4.3
Non  1.3+0.0 0.7£0.0 23.0+0.2 37.940.1 0.9+0.0 21.5£0.8 0.6+0.0 10.0£0.1 2.840.0 1.840.0  46.3+2.8
Hairy vetch Chemical 1.4+0.1 0.7+0.1 20.5+0.4 39.9+0.4 1.1+0.1 20.5£0.9 0.6+0.0 10.4£0.0 3.0+0.0 1.9+0.0  45.9+3.0
+ Hand  1.340.1 0.7+0.1 21.0+0.5 40.0+0.4 1.1+0.1 20.5+1.0 0.6£0.0 10.0+0.0 2.9£0.0 1.9£0.0  49.4+3.2
Barley Non  1.6+0.1 0.9+0.1 19.9£0.6 38.0+£0.5 1.2+0.0 22.8+1.8 0.6+0.0 10.6+0.0 3.0£0.0 1.8+0.0  37.8+2.8
Mean 1.4 0.8 20.6 39.0 1.1 21.5 0.6 10.3 3.0 1.9 43.5
SD.? 0.1 0.1 0.9 0.8 0.1 0.7 0.0 0.3 0.1 0.0 39

1. A7-stigmastenyl ferulate, 2. stigamsteryl ferulate, 3. cycloartenyl ferulate, 4. 24-methylenecycloartanyl ferulate, 5.

N-campestenyl ferulate, 6. campesteryl ferulate, 7. A’-sitostenyl ferulate, 8. sitosteryl ferulate, 9. campestanyl ferulate, 10.

sitostanyl ferulate.

Each value represents meanstSD of three replicates in samples

2 mass spectra ARES ET|&2 A&l 4= 9J3ic) (Fang
et al; 2003; Kim et al,, 2013), AA{LZZHE oz
o] s YUY YERRE ferulic acid moiety
(m/z 177, 178, 193)= Y= Z1& & 5= d%leH,
methyl group fragment (CHs; m/z 15)0] ZHU7= did&
HAsl] 4o ARES EfZ IS 5= Qi) (Fig. 2).
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Table 2. Compositions of y-oryzanol extracted from grains of the ‘Unkwang’ cultivar grwon with different green manure

treatments in 2011.
- |
Green Steryl and triterpene alcohol ferulates, proportions in total y-oryzanol (%) Y-otyzano
Weed content
manure
cro control (mg/100g
P 1 2 3 4 5 6 7 8 9 10 hulled rice)
Control  Chemical 0.6+0.0 0.9+0.0 22.1+0.2 37.0+0.1 0.0+0.0 22.8+0.5 0.6+0.0 11.1£0.0 3.0+0.0 2.0£0.0  37.8+0.6
(6 years)  Organic 0.6£0.0 0.9+£0.0 22.9+0.1 37.3£0.0 0.0£0.0 21.6+0.4 0.6+0.0 11.0£0.0 2.9+0.0 1.9+0.0  43.1+4.1
Hairy Chemical 0.6+0.0 0.840.0 22.1+0.7 37.4+0.4 0.0+0.0 22.4+1.7 0.6£0.0 11.1+0.1 2.9+0.0 1.9+0.0  43.7+1.1
vetch
3 years) Organic  0.6+0.1 0.9+0.0 22.3+0.5 37.5+0.3 0.0+0.0 22.1+1.1 0.6£0.0 11.0£0.0 2.9+0.0 1.9+0.0  34.7+£3.7
Barley  Chemical 0.6+0.0 0.8+0.0 21.9£0.2 36.6+0.2 0.0£0.0 23.3+0.3 0.6+0.0 11.2£0.1 3.0£0.0 2.0£0.0  37.0+0.2
(6 years)  Organic 0.6+0.1 0.9£0.0 23.1£0.7 37.1£0.3 0.0+0.0 22.1+0.9 0.6£0.0 10.7£0.0 2.9£0.0 1.9+0.0  39.5t1.2
Hairy Chemical 0.6+0.0 0.8£0.0 22.3+0.2 37.4+0.1 0.0+0.0 22.0+0.2 0.6£0.0 11.4+0.0 2.9+0.0 2.0+0.0  40.6+3.0
vetch
+Barley Organic  0.6+0.0 0.8+0.0 22.0+0.3 37.0+0.2 0.0+0.0 23.1+0.4 0.6+0.0 11.1£0.0 2.9+0.0 1.9+0.0  39.9+1.5
(6 years)
Mean 0.6 0.9 223 37.2 0.0 22.4 0.6 11.1 29 1.9 39.5
S.D.* 0.0 0.0 0.5 0.3 0.0 0.9 0.0 0.2 0.0 0.0 3.5

1. A-stigmastenyl ferulate, 2. stigamsteryl ferulate, 3. cycloartenyl ferulate, 4. 24-methylenecycloartanyl ferulate, 5.

A7-campestenyl ferulate, 6. campesteryl ferulate, 7. A7-sitostenyl ferulate, 8. sitosteryl ferulate, 9. campestanyl ferulate, 10.

sitostanyl ferulate.

Each value represents meanstSD of three replicates in samples

Table 3. Compositions of y-oryzanol extracted from grains of the ‘Hopum’ cultivar grwon with different green manure treatments

in 2010.

Green Weed Steryl and triterpene alcohol ferulates, proportions in total y-oryzanol(%) Yfzf;n:)l
franure control (mg/100g
crop 1 2 3 4 5 6 7 8 9 10 hulled rice)
Chemical 1.7+0.1 0.9+0.2 25.6+0.4 31.840.5 3.8+0.8 20.8+0.2 0.0+0.0 11.1+0.1 2.9+0.3 1.3+£0.1  37.5+1.0
Control Hand  1.5+0.1 0.8£0.2 26.0+0.7 31.9+0.5 3.8+0.5 20.7+0.3 0.0£0.0 11.1+0.1 2.9+0.2 1.3£0.1  35.7+1.0
Non 1.340.1 0.6£0.1 26.9+1.5 32.240.2 4.241.3 20.240.4 0.0+0.0 10.9£0.1 2.5+0.2 1.240.0 34.1£2.6
) Chemical 1.6+£0.1 0.8£0.2 26.5+0.7 31.7+0.6 3.9+£0.6 20.3+0.2 0.0£0.0 11.2+0.1 2.8+0.3 1.3+0.1 354424
Ij;g}}: Hand  1.8£0.1 1.0£0.1 25.2+0.4 31.6+0.1 4.1£0.4 21.2+0.2 0.0+0.0 11.0£0.1 2.9+0.1 1.2+0.0  40.4+1.5
Non 1.740.1 0.9+£0.0 24.3+0.2 32.1+0.1 5.040.7 20.6+0.2 0.0+0.0 11.3+£0.1 2.7+0.0 1.240.0  39.0£1.5
Chemical 1.4+0.1 0.6+0.1 26.1£0.9 32.1+0.3 3.9+1.0 20.3+0.3 0.0+0.0 11.1+0.1 3.1+0.1 1.4+0.0 34.2+24
Barley Hand  1.7£0.2 0.9£0.3 24.5+0.2 32.1+0.6 4.2+0.3 20.840.2 0.0£0.0 11.3+0.1 3.2+0.2 1.4+0.1  37.2+4.3
Non 1.6£0.0 1.0£0.0 25.240.5 31.540.1 4.9+0.7 20.840.2 0.0+0.0 11.0+£0.1 2.8+0.0 1.2+0.0  35.2+2.2
Hairy Chemical 1.4+0.1 0.7+0.2 26.2+1.2 32.2404 4.3£1.6 20.0£0.2 0.0£0.0 11.140.2 2.7£0.3 1.3£0.0  37.3%1.6
vetch Hand  1.6+0.1 0.9+0.1 25.6+0.9 32.2+0.5 4.2+0.8 20.4+0.3 0.0£0.0 11.1+0.2 2.8+0.1 1.2+0.0  36.5+1.6
+Barley Non 2.0+£0.1 1.0+£0.1 23.940.4 32.1£0.1 5.5+0.5 19.9+£0.1 0.0+0.0 11.6+0.3 2.840.2 1.2+0.0  37.4+2.3

Mean 1.6 0.8 255 31.9 43 20.5 0.0 11.2 29 1.3 36.7

S.D.* 0.2 0.1 0.9 0.3 0.5 0.4 0.0 0.2 0.2 0.1 1.9

1. A7-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.

Each value represents meanstSD of three replicates in samples
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Table 4. Compositions of y-oryzanol extracted from grains of the ‘Hopum’ cultivar grwon with different green manure treatments
in 2011.

- 1
Green Steryl and triterpene alcohol ferulates, proportions in total y-oryzanol (%) y-oryzano
Weed content
manure
control (mg/100g
crop 1 2 3 4 5 6 7 g 9 10

hulled rice)
Control ~ Chemical 0.8+0.0 0.8+0.1 23.8+1.7 31.3+0.1 0.0£0.0 26.2+1.4 0.4+02 12.140.2 2.9+0.1 1.840.0 27.6+0.6
(6 years)  Organic 0.8+0.0 0.8+£0.2 24.7422 31.5£0.4 0.0£0.0 24.9£1.9 0.440.2 12.1£0.4 2.9+0.1 1.8+0.1 24.9+1.1

Hairy vetch Chemical 0.6+0.0 0.8+0.0 26.4+0.6 31.5+0.0 0.0+0.0 23.8+0.5 0.6+0.0 11.4+0.0 3.0+0.0 1.740.0  37.5£1.0
(3 years)  Organic 0.740.1 1.0£0.2 25.1£1.5 31.5£0.0 0.0+0.0 25.3+1.2 0.50.0 11.240.1 3.0£0.0 1.7£0.0 34.243.6

Barley Chemical 0.7£0.1 0.9+£0.0 25.6+1.2 31.3£0.0 0.0+0.0 24.5+1.1 0.5£0.0 11.7+0.1 3.0+0.0 1.8+0.0  35.9+1.7
(6 years)  Organic 0.7£0.0 0.8£0.1 24.8+1.6 31.9+0.1 0.0£0.0 24.5+1.4 0.5+0.0 11.8£0.2 3.0£0.1 1.8+0.1  27.0£1.7

Hairy vetch Chemical 0.7+0.0 0.9+0.0 26.3+£0.5 31.3£0.0 0.0£0.0 23.9+0.4 0.5£0.0 11.7+0.0 3.0+0.0 1.7£0.0  31.2+0.6
+Barley
(6 years) Organic  0.740.0 0.8+0.1 24.1+1.7 31.940.2 0.0+0.0 25.5+1.3 0.5+0.0 11.8+0.2 3.0+0.0 1.8+0.0  33.5+2.4

Mean 0.7 0.8 25.1 31.5 0.0 24.8 0.5 11.7 3.0 1.7 315
S.D* 0.1 0.1 1.5 0.3 0.0 1.3 0.1 0.3 0.1 0.0 4.6

1. A7-stigmastenyl ferulate, 2. stigamsteryl ferulate, 3. cycloartenyl ferulate, 4. 24-methylenecycloartanyl ferulate, 5.
N-campestenyl ferulate, 6. campesteryl ferulate, 7. A’-sitostenyl ferulate, 8. sitosteryl ferulate, 9. campestanyl ferulate, 10.
sitostanyl ferulate.

Each value represents meanstSD of three replicates in samples

2010 S M 2T B 5% 221X m(SIMCA).M1 (PLS-DA) 201 SSHET BER 22 THe(SIMCA).M1 (PLS-DA)
tiComp. 1)A{Comp. 2] t[Comp. 1)Comp. 2]
Colored according to classes in M1 Colored according to classes in M1

] (@)
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.., Unkwang

" )
Conventional ™ -1?
type :

B2 [1 62668 R2K(2 - 246229 Ellipse: Hotelling T2 (0.9 RZK (1 735638 R2((2] = 0.109618 Ellipse: Hotelling T2 (0.

Fig. 3. Scores plotting chart of principal components 1 and 2 of the PLS-DA results obtained from the data set by 'y-oryzanol
profiling in green manure conditions(Varietal classification in chemical weeding; a. 2010 year, b. 2011 year).
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HEAQ] oA A FERA] 71, AR, B9 5 Al
G wo| vh=rk= AR v} 9)7] o] o9k A
= A7 5 Za8d Ao s wESlrt (Wilhelmina
2005; Phuong & Emily 2008; Sylwester & Wlodzimierz
2009). ER AanAdR Hrh tefRh SHlAEA
of| thall v—oryzanol #Afo] oY Ao = ALRE T
HE BARWIA RS A 24 HlolE= EEeHY
= A FAAE 2305 Sl A 4 Qe A
2510j(AlR)oll= HHA | whE 2 B TEE T4
ol thgt v—oryzanol 244 U oF 5 Hs FEE YERY
of Al sfd, ®lo] W Se|AE FA o 55 el
gheleh = U]l 2010 2 2011 o =H| A2 E S}oHA|
ZTOA EH} SEHE AR ThE SYLEE J45

(Fig. 3).
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ERiQiTt, BhHo| 2011 ol W3t Balel faleh,
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Classification by green manure conditions in Korean rice variety, Unkwangbyeo(2010).M1 (PLS-DA} Classification by gresn manure conditions in Korean rice variety, Hopumbyeo (2010}.M1 (PLS-DA) "
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Fig. 4. Scores plotting chart of principal components 1 and 2 of the PLS-DA results obtained from the data set by y-oryzanol
profiling in green manure conditions(Classification by green manure crops as chemical control of weeding in 2010 year; a.

Unkwang, b. Hopum).
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Fig. 5. Scores plotting chart of principal components 1 and 2 of the PLS-DA results obtained from the data set by y-oryzanol
profiling in green manure conditions(Classification by green manure crops as chemical control of weeding in 2010 year; a.
Unkwang, b. Hopum).
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