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Abstract

This study was conducted to enhance the utilization of Ligularia fischeri as a food ingredient. The effects of the
location of cultivation and the harvest time on the components were examined. The crude fats and proteins in
greenhouse samples (GL) were 2% higher than those in open field samples (OL). The fat content was found to
increase from 4.31% to 5.27% as the harvest time was delayed. The Na contents were more than two times higher
in GL than in OL. Moreover, the amount of free sugars in leaves differed slightly according to the harvest time
but decreased overall as the harvest time was delayed. The total polyphenols increased from 202.53 to 389.16
mg% in OL and 293.57 to 439.40 mg% in GL as the harvest time was delayed. The levels of total flavonoids
in OL and GL ranged from 105.58 to 202.79 mg% and 135.84 to 216.96 mg%, respectively. These increased
from 0.3 to 2 times upon delaying the harvest time. The samples were also analyzed for the presence of five
catechin compounds, namely, (-)-epigallocatechin (EGC), (+)-catechin (CE), (-)-epigallocatechin gallate (EGCG),
(-)-epicatechin gallate (ECG), and (-)-gallocatechin gallate (GCG). EGC and CE were detected in both OL and
GL, while EGCG, ECG, and GCG were detected only in OL at low concentrations. The 4-O-caffeoylquinic acid
content in GL was higher than that in OL, except in the early stages of harvesting.
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chromatography AF8- 81?1 ethanol(HPLC-%), acetonitrile

(HPLCE) 2 methanol(HPLC-&) S J.T.BakerAH(NJ, USA)

AlekS AR89 AL, Folin-Ciocalteu’s reagent= MilliporeA}
(Darmstadt, Germany)2] RS Fd3ste] A&}t
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TH9 1 mLo} A4 0.5 mLE 713te] heating platecl] A1
1 1 ¢ 01“L w 7}A] 74 A7) RS 2405 mLE
7H F SHS 100 mL= g ste] Aoz sigint. 7t
714 E2 Xé o AR50 A A| (Perkin Elmer Analyst
300, Perkin Elmer Co., Norwalk, CT, USA)Z 7z} Y4A(K;
766.5 nm, Mg; 285.2 nm, Na; 589.0 nm, Ca; 422.7 nm, Fe;
2483 nm, 7Zn; 2149 nm)2] FFEN == 1,3 2 5 ppmS
2 ZAst 2EHE A4S Aot E*—i‘é}&’it‘r.
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Grace Co., Deerfield, IL, USA)S A}-8-3}$1 2™, mobile
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Deerfield, IL, USA)E AH&-ato] A6t oH, gheke o 7
FFHoE Yt
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membrane filterMillipore Co., Billerica, MA USA)Z <] 3}gt
o] 2l HPLC(Waters M510, Waters Co., Milford, MA, USA)
2 B3} 1L, column organic acid column(ID 4.6x250
mm, Grace Co., Waukegan, IL, USA)E A}&-3}] o,
mobile phase™ 0.2 mM potassium dihydrogen phosphate
buffer KH,PO,, flow rate= 1.0 mL/min, detector= diode
array detector(1100 Series, Agilent Co., Oceanside, CA,

USAE AHgdle] Fae gREEHoR Ueilth

Total polyphenol £4

Total polyphenol &2 A& 5 g2 # 3l 70% ethanol
50 mLZ 80Co| A 37 =3 & Folin-Denis'H (34) "
w3 Zelve g JFeath &, FEE 1 mLel
FolinA] ¢} 1 mLS F7}eta 3830 5% Na,CO; 2.5 mL<
7¥eted E3tslod Aol 1417t RESAIZ T UV-spectrometer
(Epoch. Biotek., VT 05404, Winooski, VT, USA)S A&}
660 nml X FFEE S48 omn EFE4 garlic acidE

71Eo 2 grtste] YeRfIth

Total flavonoid £4

Total flavonoids $F#Z7% 2 Moreno 5(35)2] Wil u}
g} Wgsto] 43tk AlE 0.2 mLel 10% aluminiun
nitrate 0.1 mL, 1 M potassium acetate 0.1 mL, 80% ethanol
46 mLE 7I3F § A2 40837 ¥ ARl F
UV-spectrometer(Epoch. Biotek., VT 05404)5 A}-8-3}¢],
415 nmol|Al &3%= S5tk 252 querceting 7T

o= gkl el

Catechins &4

A Bgd] AzE FF 10 g 200 mLe] ZHekxo]
Felo] FRGE 100 mLE 7he 7 80T A SolA
1087 7he FZalSich ool e F R4S 7]
stod 100 mLE -8t IR &2 o 2hgh o Ftel] 50 mLe]|
50 mLe] E22XES 7Rl 7S A A A 71
< A AT FZE Y2 ethaylacetate 50 mLE- 7}5}] catechin
FE FE5td 4 5 F T ethylacetate 5 mLE 73§
3] 0.45 1me membrane filterS T3 A|AH A3 =
HPLCE ©| &3] catechin &S 2413} TH36,37).
Column-2 Capcell pak C;s column(250 mm Lx4.6 mm LD,
Shiseido Co., Tokyo, Japan)E A}-8-3}%1 3L, mobile phase:=
acetonitrile:ethyl acetate:0.1% H;PO,=12:2:86(v/v/v), flow
rate= 1.0 mL/min, detector= Waters 2489 UV detector 280
nm(Waters Co., Milford, MA, USA)S A}-&38to] e 9
BgEwos Yepfioich

—

4-0-Caffeoylquinic acid &4
4-O-Caffeoylquinic acid i-4]-> Ganzon 5(38)] *'Ho
A S, A= 1 goll 50% methanol< 10 mL 7}

T 253 A 764 3087t FE5H o, o] TS 34t
E3ato] 50 mLE -85t A5 &0 2 AMESIGITh

F89-2 045 ym membrane filter(Millipore Co.,)Z 3}
stod HPLCE ©]&-ato] EA it #4122 Table 13}
gow, 3FE RIAFHORE AL

R4 7= 33 v 575kl SPSS WA program=
AH-8199 31, mean+SD2 7515 -2™ Duncan’s multiple range
g3 FoAE v v oR Bt

Table 1. HPLC condition for the analysis of 4-O-caffeoylquinic
acid

ltem Condition
Waters Alliance €2695
et (Waters Co.)
Detector Waters 2489 UV detector 280 nm
(Waters Co.)

Capcell pac Cjg column

Colyrmn (Shiscido Co,, 250 mm Lx4.6 mm LD)
0.05% TFA (A), Acetonitrile (B)
Time A B
0 9 1
10 ) 8
20 ) 8
Solvent 25 88 12
35 88 2
40 84 16
50 84 16
55 80 20
65 80 20
Column temp. 40°C
Flow rate 1.0 mL/min
Injection volume 10 pL
A7 o na
AdrM 2 Bt
=79 A& Z AFH A7 o w2 IR A A 1)
£ Table 29} 2t} 59 108 AFH S A A F3 2]
AukAE heke 28 121%, Z9WAE 15.65%, 244
4.62%, 23| 14.25%°]™, 59 178l A3 =] A ul

FHE T8 142%, 298 A 1531%, ZA 4.19%, %3
i 14.63%, 69 20l ANFA T =A A FH o] T TS
1.28%, ZH 2 15.98%, ZA W 4.37%, 3] 14.76%°]
Rom, 64 19¢ AFAT =X A FF o] 2T T
1.18%, =M A 15.68%, A1 4.31%, 23] 14.58% =
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Table 2. Proximate composition of Ligularia fischeri according to growing place and harvest time

(unit: %)

Sample” Harvest time Moisture Crude protein Crude fat Crude ash
May 10" 1.21£0.427 15.65+0.42° 4624034 14260511

oL May 17" 142£0.11° 1531027 4.1910.24° 14.360.50°
June 2" 1282051 15.98+1.36° 4.3710.14° 14.76+0.52°

June 19" 1182023 15.680214 4312005 14.58+0.41°

May 10" 1.20£0,08" 16.850.81° 52410.10° 1447023

- May 17" 1.52:0.12 164741.05° 5.1320.14° 14.82+0.57
June 2" 1.350.33¢ 1683117 5.10£0.18" 14.35:0.88

June 19" 1.7120.19" 1597233 527+0.18" 13.87+0.69¢

YOL, Ligularia fischeri grown at open field; GL, Ljoularia fischeri grown at greenhouse.

PAll values are mean+SD.

IMean+SD with different superscripts within the same column are significantly different (p<0.05) by Duncan’s multiple range test (a>b>c>d>e>f>g>h).

A A FH e AHAIZE AR S =
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of AFHg -2 FHo v FHFE 1.35%, =0
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2 ZpolE HRlthal of 3] AFtol|A] Haglo] it
2gk g Aol A& o] dH9-29 =27}t
o2 37 Zkm Q7] wiiel Yehes A%E deEch

F7| 47 g2

w3ol e B AFHA] ] | TR EAAY
= Table 32} 2t} :=2] w319 4% 59 104 AHF Ase
potassium 506.05 mg%, calcium 213.75 mg%, sodium 66.76
mg%, magnesium 161.61 mg%, zinc 7.89 mg% 2 iron 0.37
mg%A L, 59 17¢ AFHAIHZE potassium 590.52 mg%,
calcium 225.98 mg%, sodium 66.23 mg%, magnesium 161.97
mg%, zinc 8.11 mg% 2 iron 0.38%°13ATh. 6% 2 AHF Al
S+ potassium 550.11 mg%, calcium 238.71 mg%, sodium
60.30 mg%, magnesium 178.96 mg%, zinc 7.23 mg% %
iron 0.36%% UENg 1, 69 19¢ x|F Al &= potassium

Table 3. The contents of minerals in Ligularia fischeri according to growing place and harvest time

(unit: mg%)
. ) Component
Sample”  Harvest time
K Ca Na Mg In Fe
May 10" 506.05+76.957" 213.75£35.86¢ 66.76+10.80° 161.6114.22° 7.89+1.34° 037£0.01°
oL May 17" 590.52+57.48 225.98+25.44™ 66.23+6.26° 161.97+4.72¢ 8.11£0.08" 0.380.01°
June 2 550.11+46.418 23871£26.21° 60.30+4.49 178.9625.67° 7.2340,14° 0.36+0.04°
June 19" 628.95+62.43° 208.89+31.72° 54.67+0.51¢ 160.83+10.47° 7324021° 0.31+0.01°
May 10™ 598.86:+30.60° 287.71+17.84° 131.60+2.28" 212.01+18.05° 9.47+021° 0.49+0.02"
aL May 17" 660.84+98.53" 290.33+28.12° 131.71£7.79" 209.71£29.15" 831+1.13° 0.49+0.01*
June 2" 611.28+73.45° 292.03+13.16° 121.34%5.49° 198.5116.72° 8.57+0.63 0.46+0.00"
June 19" 662.47437.19" 289.84+16.24° 119.94+6.51° 202.25+9.99™ 845+1.41° 0.510.02°

YOL, Ljgularia fischeri grown at open field; GL, Ligularia fischeri grown at greenhouse.

DAIl values are meanSD (n=3).

IMean+SD with different superscripts within the same column are significantly different (p<0.05) by Duncan’s multiple range test (a>b>c>d>e>f>g>h>i).
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628.95 mg%, calcium 208.89 mg%, sodium 54.67 mg%,
magnesium 160.83 mg%, zinc 7.32 mg% 2 iron 0.31 mg%=
YElsith A58 771488 5 F8 7717852 potassium
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Table 4. The content of free sugars in Ljgularia fischeri according to growing place and harvest time

(unit: mg%)
Sample” Harvest time Fructose Glucose Sucrose Total free sugars
May 10" 20384570 3,395.094924.85" 98.40+6.01° 3,513.87
oL May 17" 756127 901.37+36.23° 46.99+0.27° 955.92
June 2" 11.2820.15" 557.40£34.69° 21.61£0.40° 590.29
June 19" 11.12+021" 375.00£6.60° 22.45+0.14¢ 408.57
May 10" 188.7240.85 1,968.80+119.17° 86.21+0.64" 24373
- May 17" 13.7220.14° 286.32+22.27" 95.560.96" 395.60
June 2™ 14.89+1.08° 389.16+0.40° 70.27+0.82° 47432
June 19" 15.610.08° 360.33+12.83° 29.82+0.57° 405.76

YOL, Ljgularia fischeri grown at open field; GL, Ligularia fischeri grown at greenhouse.

PAll values are meantSD (n=3).

IMean=SD with different superscripts within the same column are significantly different (p<0.05) by Duncan’s multiple range test (a>b>c>d>e>f>g).
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Table 5. The content of organic acid in Ligularia fischeri according to growing place and harvest time

(unit: mg%)
Sample” Harvest time Oxalic acid Tartaric acid Acetic acid Citric acid Succinic acid Total organic acids
May 10" 191.70+3,22%9 70.5120.87* 13.830.531 283.49£1030° 795.65+59.31° 1,365.18
oL May 17 185.8544.63" 69.862.79° 16.181.21¢ 375.40£2741° 775741671 1,440.03
June 2 191.08+1.92° 103.42+8.63° 721+12T 346.37+21.03" 847.43£25.62° 149751
June 19" 188.5546.64 103.36+1537° 7.32+048° 330.62+16.08" 768.21+38.28° 1,417.06
May 10" 225.64+11.02° 145.47+8.89° 32.01£6.91° 31.20£8.20° 9225+ 9.72° 536.57
May 17" 199.4842.60° 147.4244.19° 43744378 17.86+1.07 98.69+ 4.64% 524.19
o June 2" 198.47+3.22" 168.30£9.58° 4206557 32.93:1.05° 85.02¢ 6.19° 528.78
June 19" 216.86+10.63" 132.82411.53° 53.06+1.34° 30.92£2.59° 85.60% 5.44° 538.26

YOL, Ligularia fischeri grown at open field; GL, Ljoularia fischeri grown at greenhouse.

PAll values are meantSD (n=3).

IMean+SD with different superscripts within the same column are significantly different (p<0.05) by Duncan’s multiple range test (a>b>c>d>e).

714k Efreo] it HEE fricte] TRE 24
2 B =X A8 F39] 7% succinic acid®} citric acid
T8 7oz gl HAa, sh-2A] F3H e F ¢
oxalic acid®} tartaric acid’} 8 f7|4o.2 BlE| o] A5
e WE F8 f7l4te] Aozt AUATh fFr14ke] 24
o] & A A}l o] PAS] zlo|7} vz o] F-E AT}
7] fald el 7HA] 891 B4 Bl A2E BAdok
g Ao o). a8 gQlom s FE9 Ao, Al
gHgel & At o] zpo], AlH] B EF] A xjo]
59 o7 898l Y= AL R HekEH, 5 o]t 29l
< ettt F7F A7 288 B o s Fekd A
A71E F39] F714F gk W3l= oxalic acid, tartaric acid,
succinic acid, acetic acid, citric acid E5 F2]& o] &
Holx] gksith & AFE Bl FH o= Ay /e 771
Atol theF sht Ho] llom oyt {71k geko] oy
7HA TheFet vtel] @ Ao g Alm Hrt

Total polyphenol®} total flavonoid &2k
Polyphenol 3}3&-2 24 Q g4itst B 2A A&7
o o= EAshH, kst Bl &t & okt A2 Ve
= 7l Eth42). 339 527 2 AH A7 wE
total polyphenol 3% =% ZA = Table 63} 2T} |3
Al 710l WE total polyphenol 3 =A|AHl<] 75 5€
1090l AFAZ FH = 202.53 mg%, 52 172 340.96 mg%,
6¥ 2 332.17 mg%, 62 19% 389.16 mg%= A A17]7}
ALTFE FolA e AeS B, sh¢2Am 33 &
gt 59 10¥ 293.57 mg%, 52 17¢ 384.44 mg%, 64 2¥
407.97 mg%, 69 19l 439.40 mg% = MFA| 717} A g
% total polyphenol ko] Eolxlth ThFet 71548 S 2te
total polyphenol @& Ag & A9 A= 39
WA 7S 2R o o3 A5E AMRE F e AT
2 e A5 #8730 W total polyphenol &S &H-F-

Table 6. The content of total polyphenols and total flavonoids in
Ljgularia fischeri according to growing place and harvest time

(unit: mg%)
Sample”  Harvest time Total polyphenol Total flavonoids
May 10" 202.53+3.92%9 105.586.86"
oL May 17" 340.96+3.45° 168.36£0.72°
June 2" 332.17+4.14 194.07:4.06"
Tune 19" 389.1643.43° 202.79+2.61°
May 10" 293.5742.27¢ 135.8420.13°
- May 17" 384.44£1.76° 147.7743.45¢
June 2" 407.97+4.80° 166.43£0.60°
Tune 19" 439.40£3.32° 216.96:2.60"

YOL, Ligularia fischeri grown at open field; GL, Zjgularia fischeri grown at greenhouse.

PAll values are meantSD (n=3).

IMean=SD with different superscripts within the same column are significantly different
(p<0.05) by Duncan’s multiple range test (a>b>c>d>e).

A FH7E TLe AFHY 7IFo R o] Als ol
A L FEe Btk AEd gy ®ExEHo e
flavonoid+= polyphenol®l] 3= =ghd] Alde] 242 o
2 A g 75E 7 E-olth43). 23 A&
D 2 A7) o] WE total flavonoid % =74 Z 3= Table
67t 2t AHAAZE =2 A F3 9] total flavonoid 3T
2 59 1040l AF T FF = 10558 mg%, SE 17¢ 16836
mg%, 69 29 194.07 mg%, 64 199 AF3 FH=
202.79 mg% = FHA 77 o HdFF TEFo] moAl=
738 Bk a2 339 total flavonoid 3 &
3k 59 10L0] AT =3 135.84 mg%, 5E 17Y 147.77
mg%, 6% 2% 16643 mg%, 62 19¢ 21696 mg% = 5-EHA|
717} ol 5 ol =obxlth Total polyphenol SHHE
7} total flavonoid 3}3HE-2 A 2™ 3t ule} o] AT
#do] e shEolY 7T EEE 4A Ut &
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Aol el (FH A7 g =]

o] &k st ol Al vebd A3 mek dxieh
o] s Ao R gAetdrh ASF &4 F39 total
polypheonl $&F-2 3h-9-2aull 3 o] 4‘7\] Ay 23
o B8] H& shaE-S- HQl ¥HA fotal flavonoids $HEe] 73-¢-
59 179, 6€ 2 =X Aol A 223 2H &eo] =
YEHSTE o= Suh S@4)°] AT FH O A7
Aejgd vl AT A3 FEA7C mE F3H 9 total
polyphenolZ} total flavonoid gH&Fo] 4=k 717} oo
et S7lete e YRR 2H, total polyphenol©]
total flavonoid 5.0} =2 3tekg Jehf|& 73RS el o
2 Ao dAske 43S YN SITE Chon(45)9] AH3
Agle] mE AlESH-2Alu) nEu 7o) A 2 Adedid
st A3} A =7t 45 %2 total polyphenol#} total
flavonoid %S Hom, B AFoA x}3=]e] vl
22 FFH 7 wA A ] FHET w2 ke Hof 2
A et A5 A Ede A5 ~EY
220l gk 21=0] Wol7] & F el e m AR Sl
(46), Avl 27 oﬂ Lﬂri A2 Aok mepa] A3 A7
AT S S /;j‘::‘ié% ] total polyphenol &} total
flavonoid %L%k% A% 2 Als e 83 A5 2 Aol

o

Catechin &2t

537 9 AF A7 W2 catechin TS A4S
Avl= ol Fg 12 2t} 59 catechin 5 (epigallocatechin
(EGC)Z} (+)catechin(CE)°| FZ HZ5 021, (-)epigallo
catechin gallate(EGCG), (-)epicatechin gallate(ECG) =%
(-)gallocatechin gallate(GCG)= V& HZE = AAY A&
2 gskek ahp2A 331 A5 59 108 HHANE=
CE 3gh&Fo] 82.80 mg% 2 BGC &3 53.53 mg%E Ul =340
U AAAZE Rol e wet o RAY usd S22
YehH AT =2 A A9 59 109 AFHA =9 EGC
&eFo] 34.96 mg%= CE &3 1620 mg% HU} =9k ort
AHA 717k ol el whek CBe] Fe] FASHI Z7hel
of EGCEE} Eo S U whebA she-2Alel
o) A% 59 109 AAA 27} AL A 69 199
XMALEJ} 7V =& catechin S UYERAQITE A&
Sl w2 catechin FE 5€ 10€7} 69 29 23t
F3 = 82 Al 730l A %2 catechin 5 H3S
v 5€ 17497 6¥ 199 AFHAAEE 2 AW AE
Ho}h w2 Afu] A 87} =& catechin 333 YERN AT
Xiong 5472 Camellia sinensis L. 7}e|Z] 53} 7}
07 Aol B WEE 240 A3} Yo] Aol
e} A1) ol 7188 ehfel & A7ef s

A FH e dAete 23S HEIl oY, O}T/\ZHHH-J
AL 59 109 AFH7F & A =2 s W T 5Y

79 A3 AolN 34 4 Yepigon, o F @
um 2718 Vepfo} wA ) A 2t A\l S
UERRRATE ol AlAEe] Q) AeEERAd g
Aztz wekEe, 24 40717} 49 FES5ERE 0P
2 BA7L A2 Tkt A7l A4k E 5 9l Ao

2 Fotdnh

4-0-Caffeoylquinic acid &zt

ol 2o Tl At AR EiEo e
caffeoylquinic acid F-=A| 5 &3 A+7} "‘7]’0]’.1_. ol
] 53] =5} 2k Foll = caffoylquinic acid - ]T?:O]
FHoHl d-frElo] slom ksl 1t s, WY ?ﬁ it
ufol | 2 T Theket Aejdido] slso] WA ATh4s).
=79 ASEHR AFHA wE FFEE 40
-caffeoylquinic acid 3+ 5423 = Fg. 29 2t A58
7d el mZ 4-O-caffeoylquinic acidg-#-2 w271 & A<
g BE A BTN =A9 A58 B sk S
o] ¥& FFFe UEPHATE AFH A7) wE TS 6Y
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Fig. 1. The content of catechins in Lijgularia fischeri according to
growing place and harvest time.

A, Ligularia fischeri grown at greenhouse; B, Ligularia fischers grown at open field.
All values are meantSD.
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o

24 AF AEF7E 2A Ao} S B ThE AR
Toll vlaf =A UEbdt) 59 102 =A A FFH 7} 8-~
A FHEG & FFS e, o F 59 174,
64 2¢ 183 69 199 AH AmTE A AN EHot
hg-2A ) A ol A = g YER)ATE Ganzon
S(38)% WS (Morus alba L) 4] A A7) ©E 4-0
-caffeoylquinic acid®] &&= T4 23 F A3 1271€
= AF NEA AT TS JERgl e, o] % 1HAst

& A dehlol B A9 fA AT Lrehilch

£ %)

200 +
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4-0-Caffeoylquinic acid (m
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Fig. 2. The content of 4-O-caffeoylquinic acid in Ligularia fischeri
according to growing place and harvest time.
GL, Ligularia fischeri grown at greenhouse; OL, Ligularia fischeri grown at open field.

2 o

AT FH 9 =29 shp-2Aul o] 530l e
4 543} 71 BA9] 712 AR AT FEHoR
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ol & T8 f7]4ke] zto|7t it FH e F £
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