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Abstract - There has been little research on the harvesting time-dependent changes in the antioxidant activities of new
varieties of highland cultures of Gomchwi (Ligularia fischeri) crossed with Turcs (Ligularia fischeri (Ledeb.)) and Nakai
(Ligularia fischeri var. spiciformis), namely Sammany (S), Gommany (G) and Damogy (D). This study was conducted to
assess the effect of different harvesting times on nutritional and health-related properties such as total phenolic contents,
flavonoids, DPPH (1,1-diphenyl-2-picrylhydrasyl) free radical scavenging activities and reducing power. From these
harvests, extracts were prepared using methanol. Total phenolic content in Jul 14-G (Gommany harvested on July 14, 0.172
mg-GAE/ml) was higher than that in other products harvested after the same period (S, 0.154; D, 0.141 mg-GAE/ml).
Flavonoid content was higher in Jul 3-G (0.114 mg-QE/ml), compared to Jul 3-S (0.113 mg-QE/ml) and Jul 14-D (0.089
mg-QE/ml). Antioxidant activities were higher in samples harvested after June 12 in all cases. On July 14, the highest DPPH
free radical scavenging activities among all harvest dates were seen (92.875~94.595%). The reducing power was also
dependent on harvest day (Abs 0.5~0.6 on July 14), showing a pattern similar to that of DPPH free radical-scavenging
activities. Antioxidant activity and harvesting times seem to correlate with total polyphenol and flavonoid contents.
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Table 1. Yield of extract at different harvesting times and
varieties of Gom-chwi

Sample  Harvesting Time Weight (g) Yield (%)”
22-May 0.67 13.38
2-Jun 0.61 12.10
12-Jun 0.69 13.78
Sammany
23-Jun 0.64 12.88
3-Jul 0.64 12.78
14-Jul 0.64 12.76
22-May 0.82 16.46
2-Jun 0.69 13.86
12-Jun 0.89 17.78
Gommany
23-Jun 0.79 15.88
3-Jul 0.78 15.62
14-Jul 0.88 17.50
22-May 0.68 13.66
2-Jun 0.60 12.04
12-Jun 0.86 17.20
Damogy
23-Jun 0.74 14.88
3-Jul 0.78 15.52
14-Jul 0.83 16.62

“yield (%): weight of dry soluble solid (g)/weight of sample (g)
% 100.
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Fig. 1. Changes of air temperature in field during the cultivation
of ‘Gom-chwi’ in highland (E: Early, M: Middle, L: Late).
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Fig. 2. Comparison of total phenolic contents of extract at
different harvesting times and varieties of Gom-chwi.

“GAE: gallic acid equivalent.
Results are means + SD of three measurements. Values within
harvesting time (a~f) and variety columns (q~s) with different
superscripts letters are significantly different at P<0.05 by
Duncan’s multiple range test.
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Fig. 3. Comparison of total flavonoid contents of extract at
different harvesting times and varieties of Gom-chwi.

“QE: quercetin equivalent.

"Results are means + SD of three measurements. Values within
harvesting time (a~f) and variety columns (q~s) with different
superscripts letters are significantly different at P<0.05 by
Duncan’s multiple range test.
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Table 2. Comparison of DPPH free radical scavenging activities at different harvesting times and varieties of Gom-chwi

Har\./esting DPPH” free radical Scavening (100 ¢g/ml)

Sample e 22-May 02-Jun 12-Jun 23-Jun 03-Jul 14-Jul
Sammany 9.34 + 0.74™ 21.99 + 0.777 92.51 + 0.21% 93.00 + 0.37° 93.74 + 0.74™ 93.74 + 0.37"
Gommany 2039 + 0.74° 18.67 + 0.56" 93.00 + 1.69° 93.00 + 0.37" 95.21 + 0.98* 92.88 + 0.56"
Damogy 19.53 + 1.40° 4226 + 2.72° 90.17 + 1.06" 92.03 + 0.43“ 9324 + 0.21™ 94.60 + 0.21*

BHA” 94.60 + 0.56
BHT" 40.17 + 0.43

“DPPH: 1,1-diphenyl-2-picrylhydrasyl.
YBHA (butylated hydroxy anisole).
*BHT (butylated hydroxy toluene).

“Results are means+SD of three measurements. Values within harvesting time (a~f) and variety columns (q~s) with different
superscripts letters are significantly different at P<0.05 by Duncan's multiple range test.
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Fig. 4. Comparison of reducing power at different harvesting
times and varieties of Gom-chwi.

“BHA (butylated hydroxy anisole).

YBHT (butylated hydroxy toluene).

*Results are means + SD of three measurements. Values within
harvesting time (a~f) and variety columns (q~s) with different
superscripts letters are significantly different at P<0.05 by Duncan’s
multiple range test.
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Fig. 5. UPLC chromatogram of flavonoids from different
harvesting times and varieties of Gom-chwi. A, Standard
compound (250 ppm); B, Sammany; C, Gommany; D, Damogy.
(1): (+)-catechin, (2): (-)-epicatechin, (3): Rutin, (4): Fisetin, (5):
Quercetin, (6): Kaempferol.
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SAE W, 585 gkl Abs 0.04~0.07% =Q1¥ gl o, F57H JERHITE Fisetin ®7]9} AL} 5 TRl apdof
DPPHE o]-&¢ abst 84 Al e iIst @& 8 2§E0] = flavonoid = 35-& 3418E 843 dekadol ]
QI8k3ie ke SlES 0.1mg/ml FEollA SA g A3 SE O, catechin WA, FHAsh, LS B %
A= Abs 1.0 o] F4% gk skl o, DPPH A E4 3 T3t tst dado] B Ik QIth(Khan et al, 2013; Lee
M E & kst GRS S EIgto A ket & eral, 2014a). ©fi= 94 A ks 4 Aol vlaleigl
33t kel e 2he] AA3hdS 91831 tH(Kang and Shon, 2007) £ W flavonid77+ S7F8kE 717 Tl Akt &9 S7HS

“gel

Table 3. Flavonoid contents at different harvesting times and varieties of Gom-chwi

SI5elrhe ol 58w, 53], el 49

Flavonoid contents (ppm in 2.0 mg/ml)

22-May 02-Jun 12-Jun 23-Jun 03-Jul 14-Jul
Sammany  7.80+0.57%  13.18+ 135" 494.45+24.21% 438.18 + 19.60° 784.03 + 66.90° 658.98 + 48.48™
(Peatechin ~ Gommany ~ 7.12+1.87%  6.66+3.99" 396.39+8.10" 447.40+846™ 488.95+41.57" 54852 +40.91"
Damogy  6.84+2.12%  22.37+591% 320.88+23.38% 425.20 +33.74% 521.27 +70.32™ 629.42 +91.85"
Sammany  7.69+0.65"  10.75+3.52"  78.58+1.30™ 80.76+0.30° 71.05+1.97" 73.90+5.12°"
(epicatechin ~ Gommany ~ 5.77+0.10%  6.19+0.51% 2381 £5.65" 34.73+6.54" 42.46+7.49™ 47.81+0.96"
Damogy  10.03+0.22%  1573+0.20° 73.28+0.76% 103.38+0.97° 100.53+1.12" 97.10+1.57%
Sammany  29.53+0.54  100.08 +1.61™ 309.52+2.87" 323.24+1.93% 320.00+1.73* 302.41+57.90"
Rutin Gommany ~ 56.34+020°  2556+3.04 25.17+0.109 43.75+9.38™ 48.61 +2.84"™ 54.60+5.42™
Damogy  38.97+0.17°  59.04+0.23% 80.20+0.93% 144.52+1.25" 128.91+0.71" 121.88+ 1.68%
Sammany  13.25+1.95%  1821+0.70° 459.33+2.06" 707.36+23.68 811.28+9.89™ 919.17 +77.83"
Fisetin Gommany  6.06+0.19"  18.05+0.17" 371.09+6.04" 527.26+31.89™ 567.77 + 11.95" 848.22 + 47.35%
Damogy  13.63+0.06°  38.33+1.74" 297.58+2.17% 671.68+9.10° 697.16+ 13.61™ 838.66+ 11.60"
Sammany ~ 521+0.87°  4.00+0.13%*  521+0.12"  6.19+£0.69"  6.51+0.09" 10.79+3.53"
Quercetin -~ Gommany ~ 4.19+0.07™  3.66+0.14"  564+0.19™ 9.75+5.69°  6.34+0.05™ 7.63+0.13"™
Damogy  3.64+041"  426+0.19°  645+0.15"  881+0.04"  9.15+0.05°  8.79+0.14"
Sammany ~ 533+038"  6.93+0.06"  6.13+0.11"  7.12+0.04"  590+023"  6.80+0.22"
Kaemperol ~ Gommany — 11.64+3.34™  13.18+228° 11.03+0.16™  9.89+032"" 855+0.29™  6.91+0.17°
Damogy ~ 3.07+023%  522+0.07" 3.88+0.10™  3.18+0.02  3.18+0.02°  3.00+0.04"

“Results are means + SD of three measurements. Values within harvesting time (a~f) and variety columns (q~s) with different superscripts
letters are significantly different at P<0.05 by Duncan's multiple range test.
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fisetin®- 68 223} 69 1298 7|50 F 200 o) Z7}8}
QAL Fol] 285 F-A A = HHESE 57 S0l E LERARITE
3

ek %9 717+ 5 (+)—catechin, (—)—epicatechin, rutin®] &

Hie 3~208)9] g S BR1E QL) o) Fuhu 9l thEo]
Ak Qx| o, 7—}7~H flavonoid®] =¥

5 §
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