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Abstract

BACKGROUND: Increased value added by rapeseed
(Brassica napus) by-product and the development of a
usable rapeseed functional tea.

METHODS AND RESULTS: To develop a usable
rapeseed functional tea, the total flavonoid content in the
varieties Youngsan, Tammi, Tamra, Naehan, Hanra,
Mokpo No. 68, and Mokpo No. 111 was investigated.
Effect of three treatments, i.e., drying, leaching, and
roasting, on flavonoid contents or flower was tested using
multiple processing methods per treatment. Total flavonoid
content decreased under the various drying methods,
confirming that flavonoid content is heat-dependent. This
finding was more pronounced for freezing and oven-drying
(15.3 and 13.8 mg/g DW, respectively), with a 10%
difference in the total flavonoid content between the two
methods. Under leaching conditions, the flavonoid content
decreased with increasing treatment time. Notably, roasting

*Corresponding author: Sun-Ju Kim
Phone: +82-42-821-6738; Fax: +82-42-821-7142;
E-mail: kimsunju@cnu.ac.kr

methods did not result in loss of flavonoid content. The total
flavonoid content in the rapeseed varieties decreased in the
following order: Youngsan, Tammi, Tamra, Nachan,
Hanra, Mokpo No. 68, and Mokpo No. 111.
CONCLUSION: The flavonoid content in rapeseed flower
was higher in Youngsan than in the other varieties, under
processing conditions such as freeze-drying, leaching at
90°C for 5 min, and roasting.

Key words: Flavonoids, HPLC, Rapeseed Flower Tea,
UPLC-Q-TOE/MS
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00 (Brassica napus L.)0 0000000000 OO
00,0000 000 0000, 000 (Brassicaceae) 00O
O 0O0O0(Downey, 1983). OO0 BC 23000000 OO
ooo0 0oooo oboooo,bobooo oo ooo o
00 0OOooO 1ve00000 OO 0000 Ooooo
(Prakash, 1980; Jung et al, 2007). OO0OO0 OO0 OO
goooooOooo oooo, ooog, ooooo, ooo
0 00 00000, 000 0000 0000 00 ooo
000 0000 UOO(Lee et al, 2014). OO OO0 O O
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0 40%0 000 25~35%0 0000 00 00 50 o0
00 0oo@o, 00O, og, oo, ooooyog, oo o
000 00O 000 000 oooooo oo, ooo oo
O 0000 DOKim et al, 1988; Lee et al, 1994). OO
O 000 0000 OO0O0O, 00oooo o ooooo
oo0 00 0O OO0 000 000 DOO0@Kim, 2009;
Trethewey, 2012). 000 OO0 000 OO 0000 OO
O 0000 000 00000 oooo oooo oo o
O00im efal,2007). 00 OO0 0000 OO O OO
00 00 0000 OO0 OO0 00 O 0O ooo ooo
0000 OO0(Roger and Frank, 1980; Danielsen et al,
1994). 000 O0O0O0O O0OOO OO0 O 00O OO0 0O O
00 000 00 00 000 o000 00O, 000 oo
00 000000 O0(Yang ef al, 2014).

0000 0000 000 0o O oooodo oo o
00 0000 O0O0O0O00 OO0 OO ooooooo
(Kim ef af, 2010), LED OO OO0 OO OO OO O O
00000 OO0 OO0O(Cho etal,2008), 00,000 O0OO
00 000000 OO0 DOO(Lee etal,2010) OO OO. O
00 00 0000 0000 oDoodoo ooooooo
0O 00 O00(Amarowicz, 2000), 000 O OO0O0OOO O
O OO0 (Mariassyova et al, 2006) OO OO. 00O OO O
000000 00 0000 isorhamnetin0 O, quercetin(d
0, kaempferolO OO OO (Shao ef al, 2014)000.

0({@)o 00,000,000 00 000000 oo0
0O 00 0000 0000 Oo000(Jo et al, 2006). OO
000 0ooo oo, 00,0 Oo0 oodo oo oooo
00 OO0 0O,00,000 OOOO0.000 OO0 OO
000 000 000 OO0 OO0 0O 0odg, 0o ooo
000 000 OD000O000 Oooo O OO ooo o
OO0 OO0 O0O(ae, 2008). OO OO, 00,00,00 QOO
00 00 O0O0OO0 Ooooo, 00 OO0 oo ooo oo
5000 O ODOOO(Jo et al, 2002). OO OOO OO OO
000 0O 000 00 0 0000 00 oo oo oo o
00 0000 OO0 0O 00000 o000 ooo, 00 o
0 0000 0000 00O ooo ooood oo
(Rice-Evans, 1999). O OO0 0O0O0O OO, 00 O OO
00 00 OO0 000,00 0000 OO0 OO0 Ooo
000 00 000 000.00 00ooo oooo oo o
0000 000 0000 Oo0oo ooo, 0 ooo oo
00 00 00000 0000 00 0 000 ood oo
00000 Oooo oooo oo.

0000000 oood OO oo oooo oo oo
gooo, O goooD OO OOO 20 Dooooo
(Harborne and Williams, 2000). 00000 O00OO0O O
00 0000000 O00(flavone)d C6-C3-Co OO
O00(Fg 1HOO OO0, 000 OO OOO0OD 0000 DO
0000 Hetog ef al, 1993; Zeng et al, 1997). 0000
000 00000 0000 00 000 phenylpropanoid

Flavones R=H
Flavonols R =0H

Fig. 1. Basic chemical structure of flavonoids.
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Fig. 2. The proposed flavonoid biosynthesis pathway.
CHS, chalcone synthase; CHI, Chalcone isomerase; FLS,
Flavone synthase.

(Ce-C-C-O)0 OO0 000 00000 00 0000 (Fg.
2), 000 00,000 OO0 O 000 000 00 0oo00
00 (Zhao and Dixon, 2010). OOOO000O0 OO O0OO
00 00000 OO0 000 0O, 0000 ooo oo,
gdo, ooodd, oo, ggoba, bodb og, gd
00 0O, Ooooo oooo oo ooo o oo
(Kawaguchi ef al, 1997; Cha et al, 1999a). 00 0O0O0O
000 OO0 OO0 oooboeoR)0 00 oooo o
0 oodo oobob 0bo oo oo oogbodg odad
O(Lu and Foo, 2000; Cha ef al, 1999b).

00 OO0 OD0O00 00000 oooooo ooo o
g0 odooob oo.oooo obo oo boo oo ga
0O 000000, 00 OO 000D 00 OO00(Camellia
sinenis) 00 O000000. 00 O0O0O0O OoOOOO OO
00 0dd oo boo bodo. Ooboo 0O odo gd
0000 0000 OO0 Oooo, oooooo o oo
gdooo ooobdo goood.

R

Alet
HPLC-glade methanol (CH;OH)O ethanol (C:HsOH)
O Fisher Scientific Korea Ltd. (Seoul, Korea)J O OO
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O000. Phosphoric acid (HsPO)J Wako Pure Chemical
Industries, Ltd. (Osaka, Japan) 00 OO0O0O00O. Formic
acid (HCOOH)O SAMCHUN Pure Chemical (Pyeongtaek,
Korea)d O O00O0O0OO. Acetic-acid (CH;COOH)O Junsei
Chemical Co., Ltd. (Tokyo, Japan)d 00O O0O0OO. O
00000 0000 kaempferold Wako Pure Chemical
Industries, Ltd. (Osaka, Japan)d O, quercetin{] Exrasynthese
(Genay, France)(1 0, isorhanmetin{] Biopurify Phytochemicals
Ltd (Chengdu, Sichuan, China)00 O0O0O00O0O.

Iz o 25 ME

20140 40 180 OOOODOOOOO@OOOO OO
ooooo, oo)oo ‘o0v, ‘0o est’, ‘00 11107, ‘O
07, ‘00, ‘007, '0077000 0000 OOOOO. 0o
U 7000 OooOodg oo ooob 0 oooooo ooo
oooo0. 00 0ooo oboooo boo oo bo o
0’ oooo ooooo.

[A8 1] |2 H=

00 000 0000 00 1% 000w/v)D O 1~2
0 00 00 000 00 0 000 000.00 0000
000 000D0@0O0 0,00 0D 0000),00 00
(40°C, 60°C oven dry), 00 OO 0O 500 000000
000 0oooo.

(& 1] xt &=

000 1 g0 300 DO 0O0O(70, 80, 90C) O ODO(1,
3,50)00 0000 0000 100 mLO OO0 g/100
mL). 0000 000 000 0 000 000 00 000
O0O0O(SFDSE 12, Samwon frezing engineering Co.,
Busan, Korea) 0OOOO.

(&= ] HE ®2

0000 hot plated 0 130CO 500 00O OOOOO.
00D 00 00 1g0 70C00 300 000D OO OO
00 00 0 100ml0O O0O00.00 0000 0000
00 00 000 OOO(SFDSF 12, Samwon frezing
engineering Co., Busan, Korea)d O00O00O0O.

EotE0|E £&

000000 oo 0obo, 000 0oobo 00 bo
00 00000 00000 (modified from Perez-Gregorio
et al, 2010).

FAHE W SAURE0E =&

0000 2.0 mL eppendorf tubell 0000 (10 mg)O
0000 10% phosphoric acidd 000 MeOH(1.0 mL)
0 000.00 0ooboD 0 0 37C 00 300 0000
0.000 DO 00(12,000 rpm, 10 min, 4C) 0 0 00O

00 0000 0.45 pm PTFE hydrophilic syringe filter
(00 13 mm)d 000 0O, HPLCO vialD OOO0O0OO.

FHE HE=E U SHEL0E =&

000 0000 00 00000 000 00(50 mL)d
00 45CO0 000D 000.00 00 00(B% formic
acid, v/v) 20 mL O 00 0000 00O 045 pum PTFE
hydrophilic syringe filter(OO 13 mm)d 0000
HPLCO viald OOO00O0O.

HPLC &4

0000000 000 1200 series HPLC system
(Agilent Technologies, Santa Clara, CA, USA)O 0O0O0O
O0.00 000 Capeell PAK C18 (4.6x250 mm, particle
size 5 um) (GL Science, Tokyo, Japan)J 000000,
00 DOD 40C, 00 OO (detection wavelength)d 350
nm, 00 (flow rate)d 1.0 mL/min0 OO0O00. OO0
00000 (automatic injector)d 0000 10.0 uL OO0
O00. 000 0000 AO methanol: water: acetic acid,
5:92.5: 25 (v/v/v)d BO methanol: water: acetic acid,
95: 2.5: 25 (v/v/v)D O000O0O0O. OO OOO 0-27 min,
10-36% B; 27-32 min, 36-60% B; 35-35.1 min, 60-10% B;
35.1-40 min, 10% B 0 O0O0O0O0O. 0 OOOOO0O OO
0 300 0000000 isorhamnetin, kaempferol,
quercetind HPLC 00 000 O OO0 OO0 0O0O0OO
O000(mg/g Dw)OO0O.

E2I5HY-0|= Ultraperformance Liquid Chromatography
with Q—TOF Mass Spectrometry 244

Acqutiy Ultra Performance Liquid Chromatographic
System (Waters Co., Milford, MA, USA)O 00000,
Xevo G2-S Q-TOF Mass Spectrometer (Waters Co.)O
000D positive ion mode (M+H])O 0OCOO. OO
000 Kinetex 1.7 w XB-C18 100A (2.1x150 mm,
Phenomenex, Torrance, CA, USA)D OO00O0O0. 00 O
00 30C, 00 O0O(detection wavelength)O 350 nm,
OO (flow rate)d 0.3 mL/min0 OO0O0O0O. OO0 OO
00000 (automatic injector)d 0000 10.0 uL OO0
O0. 000 0000 AO water: formic acid, 99.5: 0.5
(v/v)O BO acetonitrile: formic acid, 99.5: 0.5 (v/v)O
goood. oo 0od 0-10 min, 5-10% B; 10-25 min,
10-25% B; 25-300, 25-50% B; 30-35 min, 50-90% B; 35-
37 min, 90% B; 37-40 min, 90-5% B; 40-45 min, 5% B 0
O0000. 00000 (capillary voltage)d 3.5 kV, 00
O(cone gas)d 50 L/h0 00000, 000 0O(curtain gas)d
N20 1050 L/h, 0000 OO0 (desolvation temperature)
0 500°C, OO OO(source temperature)d 120C, 00O
00O (scan spectra)d m/z200-1,6000 00000, 000
O(scan time)D 1.0s0 OOO.
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Table 1. Flavonoids identified from the flowers of rapeseed
No.” RT” Flavonoids Molgcular [M-F] Fragment ion Reference®
weight  (m/2)
1 7.72  Quercetin-3-O-sophoroside-7-O-D-glucoside 788 789  301. 465, 627 1), 2
2 8.64 Kaempferol-3,7,4’-O-D-triglucoside 772 773 287, 479, 611 @D
3 9.05 Kaempferol-3-(*sophoroside-7-O-D-glucoside 772 773 287, 479, 611 @), (2
4 10.01 Isorhamnetin-3,7,4’-O-D-triglucoside 802 803 287, 479, 611 (1)
5 1034 Isorhamnetin-3-(sophoroside-7-(D-glucoside 802 803 287, 479, 611 1)
6 1128 Quercetin-3-O-D-glucoside-7-O-D-glucoside 626 627 303, 465 1
7 1191 Quercetin-3-O-sinapoyl-sophoroside-7-*D-glucoside 994 995 303, 465, 627, 789 (1), (2)
8 1353 Kaempferol-3-O-glucoside-7-O-D-glucoside 610 611 287, 449 1), 2), (3)
9 1423 Isorhamnetin-3-O-D-glucoside-7-O-D-glucoside 640 641 317, 479 @), (2
10 1454 Isorhamnetin-3-O-gentiobioside-7-O-D-glucoside 802 803 317, 469, 641 o))
11 15.63 Quercetin-3-CGsophoroside 626 627 303, 465 1), 2), 3)
12 16.73 Isorhamnetin-3-O-gentiobioside 640 641 317, 479 (1)
13 17.37 Kaempferol-3-Crsophoroside 610 611 287 ), 2), 3
14 17.77 Isorhamnetin-3-O-sophoroside 640 641 317, 479 1)
15 1891 Quercetin-3-O-D-glucoside 464 465 303 1)
16 20.48 Quercetin-3-O-disnapoyl-triglucoside-7--D-glucoside 1362 1363 303, 465, 627, 1)

17 20.85 Kaempferol-7-O*D-glucoside”
18 21.02 Kaempferol-3-OD-glucoside
19 21.61 Isorhamnetin-3-O-D-glucoside

833, 995, 1157

448 449 287 Q)
448 449 287 1), 2), 3
478 479 317 @), (2), (3)

“No., the elution order of flavonoids from HPLC chromatograms (Fig. 3), PRetention time (min),
9Sufficient information was not available to identify the particular function group,

DReferences :

SAEA

HPLC 00O OO0 Microsoft Office Excel (2010)0 O
000 0000 00 000 O0O00 O00@e=3)0 OooOo
0 (SD, standard deviation)d O0O00O0. 0000 OO0O0O
O IBM SPSS Statistics™ Version 210 0000 0000
0000 (one-way ANOVA)D 00000(»=3). 0000
(PO 005 000 OODOOO, OOOO((post-hoc analysis)
0O Tukey OO0OO OOOOO.
Zat o o
SAME W SeR0|E 22 ¥ 3

HPLC O UPLC-Q-TOF/MS OO0 OO0O OO0 O
00 19000 000000O(Table 1 and Fig. 3)d OO O
O0000. 000000 000 isorhamnetin OO0 700,
quercetin 00 600, kaempferol 00 6000 OO0O0O.
gooo ooo ooob oo oo oo ob oo
(Schmidt et al, 2010; Shao et al, 2014; Romani ef al,
2000)0 OO0 OOOO OOO0O0.

34 ZalRnols Y

70O 000 000eoo’, ‘00 680, ‘00 11107, O
0’,’00’, 007, '00) 0 000000 0o0Oo oooao
O (Table 2). OO ‘00 111000 quercetin-3-(Gsinapoyl-
sophoroside-7-OD-glucosidel], ‘00, ‘007, ‘00 111

(1), Schmidt ef al (2010); (2), Shao et al (2014); (3), Romani ef al (2006).

g8 & o

Intencity (mAU)

8

Retention time (min)

1«6 p i s R
479 (©

Relative Abundance(%)

ms

i)

Fig. 3. HPLC chromatogram of flavonoids with a wavelength
of 350 nm. (a), three flavonoid standards. Peak 1, quercetin;
2, kaempferol; 3, isorhamnetin. (b), separated from in the
flowers of rapeseed (“Youngsan’). (c), Peak Number 8, 9
and 19 flavonoid MS spectra ([M+H]"). Peak numbers refer
to the flavonoids listed in Table 1.
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Table 2. Flavonoid contents (mg/g DW) in seven varieties of rapeseed flowers (n=3)
) Cultivars Average
o Flavonoids Hanra Mngi%o 1:1/1(:)1;}1);) Naehan Tammi Tamra Young san Of(iZ)m
1 Quercetin-3-Gsophoroside-7-OD-glucoside 0.07+0.04ab” 0.02¢0.00bc  0.01x0.01c ~ 0.0320.00bc  0.03x0.00bc  0.05+0.0labc  0.10:0.01a  0.04 (0)
2 Kaempferol-3,7,4’-OD-triglucoside 0.15+0.0lab  0.10+0.01b  0.07+0.02b  0.12+0.00b 0.10+0.01b 0.09+0.03b 0.26+0.10a  0.13 (1)
3 Kaempferol-3-Osophoroside-7-OD-glucoside 0.22+40.02a  0.16+0.0lab 0.08+0.04bc  0.13+0.03abc  0.15+0.03abc  0.06:0.01c 0.22+0.06a 0.15 (1)
4 Isorhamnetin-3,7,4’- O'D-triglucoside 025+0.01bc ~ 0.26+0.02bc  0.19+0.02c  0.33+0.01b 0.28+0.01bc ~ 0.32+0.05b 0.58+0.09a 0.31 (2)
5  Isorhamnetin-3-Osophoroside-7-OD-glucoside 029+0.01b  0.22+0.03bc 0.13+0.0lc  0.23+0.02bc  0.25+0.02b 021+0.04bc  0.63+0.09a 0.28 (2)
6 Quercetin-3-OD-glucoside-7-O'D-glucoside 037+0.02d  0.83+0.11ab 0.44+0.02d  0.64+0.05c 0.66+0.02bc ~ 1.00+0.09a 0.89+0.09a  0.69 (5)
7 Quercetin-3-Osinapoyl-sophoroside-7-OD-glucoside  0.08+0.01b  0.03+0.00c ND” 0.03+0.00c 0.02£0.00cd  0.01+0.0lcd  0.12+0.02a  0.04 (0)
8  Kaempferol-3-Oglucoside-7-OD-glucoside 1.35+0.03b 175+0.19a  0.65+0.03c  0.81+0.04c 1.12+0.02b 1.34+0.15b 196+0.11a 128 (9)
9  Isorhamnetin-3-OD-glucoside-7-OD-glucoside 4.43+0.02c 6.36+0.71b  4.69+0.13c  6.95+0.61ab  6.75+0.15b 6.70+0.67b 8.02+0.06a 6.27 (42)
10 Isorhamnetin-3-Ogentiobioside-7-O'D-glucoside 0.02+0.00b  0.01+0.01bc ND ND 0.02+0.00b ND 0.05+0.02a  0.02 (0)
11 Quercetin-3-Gsophoroside 0.33+0.00a 0.12+0.01d  0.14+0.00d  0.21+0.00c 0.19+0.00c 0.10+0.01e 0.28+0.02b  0.20 (1)
12 Isorhamnetin-3-O-gentiobioside 0.30£0.0l1b  0.17+0.0le  0.23+0.0lcd  0.26+0.01c 0.23+0.00c 020+0.02de  0.36+0.02a  0.25 (2)
13 Kaempferol-3-Osophoroside 1.06+0.04a 040+0.0le  0.30+0.01f  0.69+0.03b 0.54+0.02cd  0.49+0.03d 0.57+0.02c  0.58 (4)
14 Isorhamnetin-3-(sophoroside 0.36+0.01c 0.38+0.05c  0.51+0.02b  0.49+0.01b 0.53+0.02b 0.71+0.08a 0.46+0.02bc  0.49 (3)
15 Quercetin-3-OD-glucoside 0.10+0.00ab  0.13+0.00ab 0.05+0.01b  0.07+0.00b 0.10+0.02b 0.09+0.02b 0.20£0.09a  0.11 (1)
16  Quercetin-3-(disnapoyl-triglucoside-7-OD-glucoside  0.28+0.01b  0.08+0.03e  0.09+0.0le  0.25+0.1bc 0.20+0.01d 023+0.00cd  0.39+0.02a 0.22 (1)
17 Kaempferol-7-OD-glucoside 0.28+0.05b  0.09+0.00c  0.11+0.05c  0.58+0.04a 0.36+0.01b 0.38+0.05b 056+0.1a  0.34 (2
18  Kaempferol-3-OD-glucoside 1.10+0.07a 0.50+0.05c  047+0.03c  0.32+0.01d 0.54:0.02¢ 0.54:0.06¢ 0.76+0.01b  0.60 (4)
19  Isorhamnetin-3-OD-glucoside 2.57+0.08c 1.68+0.22d  3.3240.15ab  3.20+0.13ab  3.56+0.05a 3.02+0.33bc  3.02+0.02bc 2.91 (19)
Total 13.62+0.25bc  13.30+1.41bc 11.48+0.43d 15.33+090b  15.65+0.36b  15.53+1.37b  19.41+0.60a  14.90

a)NOA, the elution order of flavonoids, b)ND, not detected, “Within each column, values follow by the same letters are not significantly different at /<0.05,
using Tukey’s multiple-range test (17=3).

Table 3. Flavonoid group contents (mg/g DW) in seven varieties of rapeseed flowers (7=3) (recalculated from Table 2.)

Cultivars
Flavonoid group Average of sum (%)
Hanra  Mokpo no.68  Mokpo no.111  Naehan  Tammi  Tamra  Young san
Isorhamnetin 8.23 9.08 9.07 11.45 11.64 11.16 13.12 10.53 (70)
Quercetin 123 122 0.73 123 1.19 148 1.97 1.30 (9)
Kaempferol 416 3.00 1.68 2.65 2.82 2.90 432 3.08 (21)
Total 13.62 13.30 11.48 15.33 15.65 15.53 19.41 14.90

07,00 isorhamnetin-3-O-gentiobioside-7-O-D-glucoside
0O 0000 000. 0 00o00bo Oobo '0orae4)
>00/(15.7)>00'(15.5)>00'(15.3)>'00"(13.6)>'0 0
6807(13.3)>'00 1110°(11.5 mg/g DW) OO0 OO0
‘00’0000 OO boo. 00 ooob 0 oooooo
00 00 0O 000 000 isorhamnetin-3-(sophoroside-
7-OD-glucoside (42), isorhamnetin-3-OD-glucoside (19),
kaempferol-3-OD-glucoside-7-OD-glucoside (9%) 00O
000,0 00 000 0000 00 000 00 (Table 3.),
isorhamnetin 00 (10.5), kaempferol 00O (3.1), quercetin
00(1.3 mg/g DW) 000 isorhamnetin 000 OO0 OO
0. Isorhamnetind quercetin 3'-Omethylated metabolite
oo ooo,ooo0,o00,00, 00000 0 00 OO0
000 OOMWon et al, 2016). OO0 OO0 O0OOO0OO
isorhamnetin@] OO0 OO0 OO0 O OO0 000 O0OO.

700 000 0O OO0 O0OLOO0 000 ooooo o
O isorhamnetin-3-O'sophoroside-7-(D-glucoside] 4.4~

8.0, isorhamnetin-3-(D-glucosidel] 1.7~3.6, kaempferol-3-
OD-glucoside-7-OD-glucoside] 0.7~2.0 mg/g DWO O
0000.00 700 O ‘00700 O isorhamnetin-3-O-
sophoroside-7-(*D-glucoside, kaempferol-3-O*D-glucoside-
7-O-D-glucosided 000 OO0 0OO00. Isorhamnetin-
3-ODglucosided 00 OO OO0 OO0 ‘00’000, 00
00 ‘00 680’0 00O 600000 OO isorhamnetin-
3-OD-glucoside (1.7)00 kaempferol-3-O-D-glucoside-
7-OD-glucoside (1.8 mg/g DW)O 000 OO OOOO.

HEZHYE SR 0|E S

000 O 500 OO0Ooo 0o ooo ‘oo’ ooo
0 O flavonoid 000 00000000 153 mg/g DW
00 00 0O0O0O0 0o 40C 0000@049>0000
(144)>0000(13.9)>60C 0000(13.8 mg/g DW)O
00 O0OOO(Table 4). OO OO OO0 OOOO OOOO
00 00 00O0(¢00n)0 000000 000 194 mg/g
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Table 4. Flavonoid contents (mg/g DW) in rapeseed flowers with dry conditions (r=3)

No.” Flavonoids 40C Oven dry 60C Oven dry Lab dry  Green house dry Freeze dry
1 Quercetin-3-Osophoroside-7-OD-glucoside 0.08+0.01a° 0.06+0.00b  0.08+0.01a 0.07+0.00ab 0.08+0.01ab
2 Kaempferol-3,7,4’-OD-triglucoside 0.17x0.02bc 0.16+0.00c  0.19+0.01ab 0.15+0.01c 0.20+0.01a
3 Kaempferol-3-(sophoroside-7-OD-glucoside 0.20+0.01a 0.15+0.00bc  0.18+0.02ab 0.14+0.01c 0.21+0.01+
4  Isorhamnetin-3,7,4’-OD-triglucoside 0.41+0.01b 0.35+0.00c  0.42+0.02ab 0.37+0.02c 0.45+0.01a
5  Isorhamnetin-3-(sophoroside-7-(D-glucoside 0.44+0.01ab 0.38+0.00c  0.42+0.02b 0.37+0.01c 0.47+0.01a
6  Quercetin-3-OD-glucoside-7-OD-glucoside 0.61+0.01b 0.50£0.01d  0.54+0.01c 0.48+0.01d 0.66+0.01a
7 Quercetin-3-Osinapoyl-sophoroside-7-(*D-glucoside 0.100.00a 0.08+0.00b  0.08+0.00b 0.08+0.00b 0.09+0.00a
8 Kaempferol-3-Oglucoside-7-O'D-glucoside 1.40+0.01a 1.19+0.01c ~ 1.30+0.01b 1.14+0.03c 1.48+0.06a
9  Isorhamnetin-3- OD-glucoside-7-O*D-glucoside 6.09+0.09b 5.68+0.06c  5.91+0.12bc 5.77+0.17bc 6.50+0.14a
10  Isorhamnetin-3-Ogentiobioside-7-OD-glucoside TR” TR TR TR TR
11 Quercetin-3-Osophoroside 0.18+0.00a 0.18+0.01a 0.17+0.00a 0.17+0.01a 0.18+0.00a
12 Isorhamnetin-3-Ogentiobioside 0.29+0.01ab 0.28+0.00b  0.31+0.01a 0.30+0.01ab 0.29+0.01ab
13 Kaempferol-3-Osophoroside 0.38+0.01b 0.36+0.00bc  0.35+0.00c 0.38+0.01b 0.42+0.01a
14 Isorhamnetin-3-Osophoroside 0.36+0.01a 0.36+0.0l1a  0.37+0.01a 0.37+0.01a 0.35+0.02a
15  Quercetin-3-OD-glucoside 0.15+0.01a 0.10+0.01bc  0.12+0.01b 0.09+0.00c 0.17+0.01a
16  Quercetin-3-Odisnapoyl-triglucoside-7-G*D-glucoside 0.29+0.01a 0.21+0.01b  0.20+0.01b 0.16+0.01c 0.32+0.01a
17 Kaempferol-7-O'D-glucoside 0.45+0.01a 0.31+0.01b  0.30+0.02b 0.30+0.01b 0.46+0.01a
18 Kaempferol-3-O'D-glucoside 0.63+0.02a 0.65+0.02a  0.68+0.02a 0.67+0.02a 0.55+0.03b
19  Isorhamnetin-3-OD-glucoside 2.63+0.11bc 2.74+0.03ab  2.80+0.08ab 2.93+0.11a 2.41+0.10c

Total 14.86+0.34ab 13.75+0.13c ~ 14.42+0.26bc 13.94+0.35¢ 15.28+0.36a

“No., the elution order of flavonoids, ”TR, trace, “Within each column, values follow by the same letters are not significantly different

at /%<0.05, using Tukey’s multiple-range test (1=3).

Dw 00 0000. 000 0000 ooooo ooo o
00 o0ood oog o oooood odgd oood
0 000 oooo.

0000 000 0000 0000 0000 0oooo
000000 000 00000®im ef aZ, 2011). OO0
00 O000(Usodon japonicus)D O 000000 OO0
0000 o000 0 1.ed ODO0D00KIm ef aZ, 2009), O
00 00 000oo 00 0000 boo 0 120 0ooo
(Chung ef al, 2013). 0 00000 40C 0OO0O(14.9)
0 00 0000 00353 mg/g DW)OO 000000
000 00 000 0O 0000 boo ood.

0 0oooo ooooo ooooo oo oooood
000 0ob0o0o 0 Obo0o bo@o, 00)o oooo
00 OO0 0000 142 mg/g DW 0000, 0000 O
040, 60C)0 143 mg/g DW OO O OO O OO0 OO
00 000.0000 0O000(2464), 0000(239.0 mg/
ke DW) 00O O 000000 O0O0OOO OO OOO0.

00000 00 00 000000 000 00000 o
0 isorhamnetin-3-Osophoroside-7-OD-glucosidel] 5.7 ~
6.5, isorhamnetin-3-OD-glucosidel] 2.4~2.9, kaempferol-
3-OD-glucoside-7-(*D-glucosidel] 1.1~1.5 mg/g DW
oo 0oooo. oo 0 oooooo ooo ooo ooao
000 isorhamnetin-3-O-sophoroside-7-O-D-glucoside,
kaempferol-3-O-D-glucoside-7-O-D-glucosided 0 OO
isorhamnetin-3-D-glucosided] 0000 (2.9)>0000

2.8)>60C 0000 ((27)>40C 0000Q.6)>0000(24
mg/DW)0 000 00000 00 000 00 00 00
0oo oooo.

EExHY SciEL0|E &

300 001, 3,50) 0 00(70, 80, 90°C)0 OO OO
00 00 0O 000000 000 00000(Table 5). O
000 000 0O 0 000000 OO0 000 3.8~132
mg/g DW 0000, 000 0O O 000000 000 9
0°C /50(13.2)>80°C /50 (11.5)>90°C /30 (11.0)>80°C /30
(8.8)>70C /500 (7.4)>90°C /10 (7.0)>70C /30 (6.3)>80C
/10(5.5)>70C /10(3.8 mg/g DW) 000 DOO0OO.

00 000, 000 000000 000 000 000
0,00 000 000000 00(70, 80,90C 00000
000000 00 0O00)d 50(10.7)>30(8.7)>10 (5.4
mg/g DW) 000 00000, 00 000 000000
0d(, 3,50 00000 0OOODOODOO OO0 0O0mad 9
07C(10.4)>80C (8.6)>70°C (5.8 mg/g DW) 00O 00O
0.0 00000 000, 00000 0000 00000
0 000 0000 000 000.000 0000 (Jang ef
al,2006)0 00 000000 OO0 000 000 100C
/4.50(8.1)>80C /8.50 (8.0)>90C /6.5001 (7.9)>80C /4.50
(7.1)>80°C /4.50(6.9)>70C /6.50 (6.1)>90°C /2.50
(6.0)>60C /4.50 (4.4)>70°C /2.50(2.7)>80°C /0.50 (1.4
mg/g DW)0O 00000 000 000 000.
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Table 5. Flavonoid contents (mg/g DW) according to leaching temperature and time in the flower tea of rapeseed (7=3)

No.” Flavonoids 70 80 90T
1 min 3 min 5 min 1 min 3 min 5 min 1 min 3 min 5 min

1 Quercetin-3-Osophoroside-7-OD-glucoside 0.02+0.00f” 0.05:0.00de 0.06+0.01cd  0.04x0.00ef 0.07+0.01c 0.11+0.01b  0.05+0.01de  0.11x0.01b  0.16+0.01a
2 Kaempferol-3,74-OD-triglucoside 0.09+0.00f  0.16+0.01de 0.19+0.02cd 0.13+0.0le ~ 0.22+0.02c ~ 0.29+0.02b 0.17+0.02de  0.28+0.01b  0.34+0.00a
3 Kaempferol-3-(sophoroside-7-OD-glucoside 0.11+0.0le  0.20+0.01d  0.23+0.03d  0.18+0.02d  0.30+0.03¢ 0.37+0.02ab 0.23+0.02d 0.36+0.00b  0.43+0.01a
4 Isorhamnetin-3,7,4-OD-triglucoside 0.14+0.01f  0.26+0.01de 0.30+0.03d  0.23+0.02¢  0.37+0.04c ~ 0.50+0.02b 0.29+0.03de  0.48+0.01b  0.58+0.01a
5 Isorhamnetin-3-Osophoroside-7-O'D-glucoside 0.04+0.00e  0.09+0.00de 0.13+0.02cd 0.08+0.01de 0.13+0.03cd ~ 0.22+0.01ab 0.10+0.01cd  0.17x0.06bc 0.28+0.01a
6 Quercetin-3-OD-glucoside-7-OD-glucoside 0.12+0.0le  0.24+0.01d  0.29+0.05d  0.22+0.02d  0.39+0.06¢ 0.53+0.04b  0.30£0.03cd  0.53+0.01b  0.71+0.02a
7 Quercetin-3-Osinapoyl-sophoroside-7-OD-glucoside ~ 0.04+0.00f  0.06+0.00cd 0.07+0.01c ~ 0.04+0.00ef 0.07+0.01c ~ 0.11x0.01b  0.05+0.00de  0.10£0.00b  0.13+0.01a
8  Kaempferol-3-Oglucoside-7-OD-glucoside 0.31+0.03d  0.61+0.03c  0.69+0.11c  0.59+0.06c  1.00+0.12c 1.25+0.09a 0.79+0.08bc  1.25+0.01a  1.44+0.06a
9 Isorhamnetin-3-OD-glucoside-7-OD-glucoside 0.77+0.04¢  1.47+0.05d  1.73+0.26d  1.29+0.14d  2.29+0.30c 3.09+0.22b 1.71x0.18d  3.02+0.07b  3.73+0.04a
10  Isorhamnetin-3-(gentiobioside-7-(D-glucoside 0.36+0.02c  0.51+0.0l1ab 0.54+0.04ab 0.35+0.02c  0.48+0.06d 0.58+0.01a  0.38+0.02c 0.51+0.01ab  0.57+0.01a
11 Quercetin-3-Osophoroside 0.09+0.01f  0.11+0.00de 0.14+0.01cd 0.10+0.01lef 0.15+0.01c 0.19+0.01b  0.13+0.00cd ~ 0.19+0.01b  0.22+0.01a
12 Isorhamnetin-3-Ogentiobioside 0.07+0.0le  0.12+0.00d  0.16+0.01c ~ 0.10+0.01d ~ 0.17+0.01c ~ 0.23+0.0lab 0.12+0.01d ~ 0.21+0.00b  0.25+0.00a
13 Kaempferol-3-Osophoroside 0.45+0.05d  0.49+0.02cd  0.53+0.03cd 0.46+0.02d  0.58+0.02bc  0.66+0.05ab 0.55+0.02bc  0.65+0.04ab 0.71x+0.09a
14 Isorhamnetin-3-Osophoroside 0.10+0.01g  0.18+0.00ef 0.24+0.02cd 0.15+0.01f  0.2620.02c  0.35+0.01b 0.20+0.02de  0.33+0.01b  0.39+0.01a
15 Quercetin-3-OD-glucoside 0.01+0.00de  0.02+0.00cd 0.03+0.00c ~ 0.00+0.00e  0.03+0.00c 0.07+0.00b  0.02+0.00cd ~ 0.07+0.00b  0.09+0.01a
16 Quercetin-3-Odisnapoyl-triglucoside-7-OD-glucoside ~ 0.03+0.01f ~ 0.06+0.01de  0.08+0.01dc  0.05+0.00ef 0.09+0.01c ~ 0.13+0.0lab 0.06+0.01de  0.13+0.00b  0.15x+0.01a
17 Kaempferol-7-OD-glucoside 0.13+0.02b  0.18+0.04b  0.11x0.01b  0.20+0.01b  0.15+0.01b  0.32+0.10a  0.09+0.01b  0.33+0.0l1a  0.39+0.04a
18 Kaempferol-3-OD-glucoside 0.27+0.03e  0.43+0.02cd 0.55+0.04b  0.36+0.02d  0.56+0.03b  0.68+0.03a 0.45:0.04c  0.61x0.02ab 0.66+0.01a
19 Isorhamnetin-3-OD-glucoside 0.63+0.08f  1.02+0.06de 1.32+0.14c  0.94+0.07¢  1.51+0.14bc  1.79+0.08a 1.25+0.13cd  1.69+0.07ab 1.96+0.02a
Total 3.79+0.31f  6.29+0.23de 7.38+0.82cd 5.53+0.39e  8.82+0.79c  11.47+0.57b 6.95+0.59de 11.00+0.17b 13.19+0.06a

a)No., the elution order of flavonoids, PWithin each column, values follow by the same letters are not significantly different at /<0.05, using Tukey’s multiple-range test (1=3).

Table 6. Flavonoid contents (mg/g DW) in the flower tea of rapeseed roasted at 1300 for 5 min and leached out at 700
for 3 min (n=3)

No.” Flavonoids No roasted Roasted
1 Quercetin-3-(sophoroside-7-*D-glucoside 0.05+0.00 0.21+0.01
2 Kaempferol-3,7,4’-OD-triglucoside 0.15+0.01 0.37+0.02
3 Kaempferol-3-Osophoroside-7-OD-glucoside 0.20+0.01 0.41+0.02
4 Isorhamnetin-3,7,4’-O'D-triglucoside 0.27+0.01 0.54+0.03
5 Isorhamnetin-3-O'sophoroside-7-D-glucoside 0.09+0.02 0.27+0.01
6 Quercetin-3-AD-glucoside-7-AD-glucoside 0.26+0.02 0.59+0.03
7 Quercetin-3-Osinapoyl-sophoroside-7-D-glucoside 0.06+0.01 0.16+0.01
8 Kaempferol-3-Oglucoside-7-OD-glucoside 0.59+0.04 1.30+0.07
9 Isorhamnetin-3-O'D-glucoside-7-OD-glucoside 1.50+0.11 3.28+0.20
10 Isorhamnetin-3- Ogentiobioside-7-OD-glucoside 0.45+0.03 0.63+0.02
11 Quercetin-3-(sophoroside 0.11+0.01 0.22+0.01
12 Isorhamnetin-3-O-gentiobioside 0.12+0.01 0.25+0.01
13 Kaempferol-3-(rsophoroside 0.46+0.03 0.81+0.06
14 Isorhamnetin-3-(sophoroside 0.13+0.01 0.30+0.06
15 Quercetin-3-OD-glucoside 0.02+0.00 0.11+0.01
16 Quercetin-3-Odisnapoyl-triglucoside-7-OD-glucoside 0.04+0.00 0.14+0.04
17 Kaempferol-7-OD-glucoside 0.17+0.01 0.68+0.15
18 Kaempferol-3-OD-glucoside 0.34+0.03 0.55+0.03
19 Isorhamnetin-3-OD-glucoside 0.87+0.09 1.44+0.05

Total 5.89+0.42 12.29+0.34

a)No., the elution order of flavonoids.

00 00 000 000,500 0000(60, 70, 80, 90, 00 000 00 00000 00 00 000 00 000
100°C)0 500 0OOO0(0.5, 2.5, 45, 6.5, 8.50)000 O goo ooo oo.
00000 000 000 0,00 OO0 OO0 0000
000 000 OO0 000 00 00 000 0000 HE FFY S22 0|E &
9848C 0 0000 603000 OOOO(ang et al, 00 0@E0D)oo 130C/500 00 000 000 00
2006). 0 0000 OO0 OO0 000 00 OO0 907C, O 00 0000 000000 000 0000d(Table 6). O
0 OO0 500 0O000,00 0 00 00 0 00 000 000 000 00 000 0000 0,00,00 000
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00 0O0O00 ooO0,000 00 oo Doo oo o
00 000 DO (Lee et al, 2009; Choi et al, 2007). OO
00 OO0 00 00 000 o000 obooob ooo o
000 00,00 00 00 OO0 0oo O obooooo
000 50 mg/g 00 98 mg/g OO0 O 20 OOOOO
(Yu ef al,2008). 0 OOOO OO OO0 OO flavonoid
000 00 000 123 mg/g DW OO0 000 00O
69 mg/g DW)O OO O 210 OO0 OO0O. 000 OO0
00 OO0 00 00 000 o0oboooo boo o oo o
000 000 ooo.

2 E

OO0 00 00000 000 00 ooo o goo o
0 00O 500 oooo’, 900 oo oo’ ‘0o oof
O 00 000 O flavonoid OO0 OO0O0OO. 000 O
0000000 HPLC O UPLC-Q-TOF/MS OO0 OO
0O 19000 00 00000. 000 O flavonoidsd 30
O O0O@sorhamnetin00 700; quercetinOO 600;
kaempferol0 0 600)0000, O 000000 OO O
O isorhamnetin00 OO0 OO 0OO0O. 700 OO0 O
O O O flavonoid 00O ‘00’(19.4 mg/g DW)O OO
ooo, 00 000 11.5~194 mg/g DWO O00O00O. 5
OO0 00000 00 flavonoid OO0 O0O0OO(15.3)00
00 0000,40C 0000149, 0000O(14.4), 00O
0(13.9), 60C 0000138 mg/g DW) OODO DOOO.
o00 00000 00 flavonoid OO0 90C/50
(13.2)>80C /50 (11.5)>90°C /30 (11.0)>80C /30
(8.8)>70C /500 (7.4)>90C /10 (7.0)>70°C /30 (6.3)>80C
/10(.5)>70C/10(3.8 mg/g DW) 000 0OOOOO,
00000 Ooooo, 0oooo Oooo ooo ood. o
0O 00 000 00 flavonoid 000 00O 0O(123)0 O
0069 mg/g DW)O 00 O 210 O000. 000 OO0
00 ‘00’ 00, 0oog, 90C/s50 00, 00 0000
00 00000 000000 o 0o 000 ood oo
O 00O ogod.
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