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Abstract

This study investigated the antioxidant activities of processed Deoduck (Codonopsis lanceolata) extracts treat-
ed through high-pressure extraction and steaming with fermentation. The antioxidant activities were determined
for DPPH and ABTS radical-scavenging activity, SOD-like activity, ferric reducing antioxidant power (FRAP),
and Fe®" chelating. Total phenolic and flavonoid contents were also measured. Among eight Deoduck extracts,
the SSFDW extract had the highest total phenolic and flavonoid content, 73.9 mg GAE/g and 50.9 mg QUE/g,
respectively. The SS5FDW extract had the highest DPPH radical-scavenging activity (27%) at a 1.0 mg/mL
concentration. The ABTS radical-scavenging activity was highest for SSFDW extract (82.1%) at a 10 mg/mL
concentration. The HFDE extract showed the highest SOD-like activity (29.7%) at a 1.0 mg/mL concentration.
FRAP was highest in SSFDW extract (140.8 uyM) at a 1.0 mg/mL concentration. The DE extract showed the

highest Fe

chelating (46%) at a 1.0 mg/mL concentration. The phenolic and flavonoid contents significantly

correlated with the antioxidant activity of several processed Deoduck extracts and was higher in the processed
Deoduck extracts compared to the raw Deoduck extracts. Therefore, processing techniques can be useful methods
for making Deoduck a more potent and natural antioxidant.
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Table 1. Sample code name of the Deoduck (Codonopsis lanceolata) extracts

Sample code

Descriptions

DW Water extraction of Deoduck

DE 70% ethanol extraction of Deoduck

HFDW Water extraction of high pressure extraction fermented Deoduck
HFDE 70% ethanol extraction of high pressure extraction fermented Deoduck
S3FDW Water extraction of fermented Deoduck for three steaming

S3FDE 70% ethanol extraction of fermented Deoduck for three steaming
S5FDW Water extraction of fermented Deoduck for five steaming

S5FDE 70% ethanol extraction of fermented Deoduck for five steaming
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Table 2. Total phenolic and flavonoid contents of Deoduck
(Codonopsis lanceolata) extracts

Total phenohc content Total flavonoid content

Sample (mg GAE"/g) (mg QUE”/g)
DW 20.1+1. 0%‘“ 19.8+4.4"
DE 157405 147+28
HFDW 432+32° 41.312.1:
HFDE 27+29° 19.3+4.1
S3FDW 535+ 1.62 368+2.8"
S3FDE 377409 304+33°
S5FDW 739+ 2.0; 50.9 i4.5;
S5FDE 555+0.5 37.1+2.0

"Total phenolic content was expressed as mg/g gallic acid
, eduivalent (GAE).

“Total flavonoid content was expressed as mg/g quercetin
equlvalent (QUE).

Each value is mean=®SD of triplicate determinations.
Means with different letters (a—f) within a column are sig-
nificantly different at p<0.05.
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Table 3. DPPH radical scavenging activity of Deoduck (Codonopsis lanceolata) extracts (%)
Sample Concentration (mg/mL)
b 0.01 0.1 10 10
DW 71147 76411 101+1.87 50.2+18™
DE 52+1. o“‘L 7.4i2.2b;C 7527 433+05°
HFDW 8.0+1 4‘“C 9.0+ 1.35‘C 13.8+2.1 :B 62.2 i2.3°A
HFDE 6.0+1. 2“5 6.3+0 9°bc 10.3+ 1.8fB 58.1 i0.9; .
S3FDW 6.4+0.9™ . 9.0i0.6ac 176+ 1.6; . 75.0i6.4b;
S3FDE 62405 6.3+1.8 146+4.2" 784+09’
S5FDW 75+15" 10.2£0.2° 27.0+25" . 894429
S5FDE 78+06" 94+14" 235+28" 63.0+£7.3°

Values are expressed as mean=®SD of triplicate determinations.
“Mean within each column (a-e) and row (A-C) with different letters differ significantly at p<0.05.

q)ns Not significant.
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Table 4. ABTS radical scavenging activity of Deoduck (Codonopsis lanceolata) extracts (%)
Sample Concentration (mg/mL)
P 0.01 0.1 10 10

DW 45507 96+3.1"" 98+10°"" 376+11°7
DE 4.0%0. 5“5A 7.9i3.4“5B 10.4+2 Gb:L 30. 1+24
HFDW 48+1. om 8.4+ 1.7”5BC 12.4+0.9 d 39.7+2.0" .
HFDE 43+0.1" 81427 11430 249404
S3FDW 44107 78+30" 142+1.0"" 562406
S3FDE 45+05™C . 85+ 1.8“*C 108+06 487+1.8 |
S5FDW 5.1+0. 5“1 70+ 2.6“5C 17406 82.1+ 1.6:A
S5FDE 56+0.4™ 6.9+33" 15.0+0.8" 70.6+0.8

Values are expressed as mean=*SD of triplicate determinations.

“Mean within each column (a— g) and row (A-D) with different letters differ significantly at p<0.05.

ns: Not significant.

Table 5. SOD-like activity of Deoduck (Codonopsis lanceolata) extracts (%)
Sample Concentration (mg/mL)
0.01 0.1 1.0 10

DW 14.4+16"C 17.1+53™% 21.1+1.6% 37.7+2.0%
DE 155+0.7"7¢ 150+1.1™¢ 199+16" 32.0+2.1%
HFDW 163+2.6™¢ 165+04™¢ 25.2+ 2.0 52.3+42™
HEDE 14.6+05™C 17.2+0.2"¢ 29.7+3.2" 56.2+05"
S3FDW 15.0+2.6™C 16.0+0.5™C 26.8+3.7"" 49.7+0.7"4
S3FDE 16.0+2.3™¢ 16.6+2.0™C 273+37"" 527+1.1"
S5FDW 13.8+0.1™¢ 153+1.6™¢ 229+17"%® 441+16™
S5FDE 159+1.2"° 162+0.7"¢ 236+1.6"" 471414

Values are expressed as mean=®SD of triplicate determinations.

“Mean within each column (a-f) and row (A-C) with different letters differ significantly at p<0.05.

q)ns Not significant.
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Table 6. Ferric reducing antioxidant power of Deoduck (Codonopsis lanceolata) extracts

i)

ksl &4 929

=9

(uM Fe(1I)/g)

Concentration (mg/mL)

Sample 0.01 0.1 10 10

DW ND 29+1. 4:”;2’ 39.8+ LOFBB 269.2+ 3.1“;
DE ND' 65546 ¢ 29.5+3.0° 285.6+2.8°
HFDW ND 17.1+09™ 69.2 i5.2‘f’“ 5431+ 1.4‘::
HFDE ND 138+1.5 di 39.1i6.21; 3479409
S3FDW ND 9.1+ 3-% 487 iS.BZB 569.8+ 2.ocA
S3FDE ND 42206 576420 4586+1.0°
S5FDW ND 111+ 0.5:‘6 140.8 i4.5;B 807.8+ 0.32A
S5FDE 1.9+15 6.9+04 105.4+4.1 690.9+4.3

}iValues are expressed as mean=*SD of triplicate determinations.
“Mean within each column (a-h) and row (A-D) with different letters differ significantly at p<0.05.

YND: Not detected.
cyanide &34 S Fe” el 2 3AA A HAS =4 s}
(29). 7+&F 7ol H}E g9 FEE9] FRAPO| 93k 3k

2 Table 67} Zo] T% J&EXHOF FAo| Frlete BEFS
el 1.0 mg/mL XA SS5FDW(140.8+4.5 tM
Fe(Il)/g)> SSFDE(105.4+4.1 uM Fe(II )/g)> HFDW(69.2
+52 pM Fe(Il)/g)> S3FDE(57.6+2.0 pyM Fe(Il)/g)>
S3FDW(48.7+35 pM Fe(II)/g)> DW(39.8+1.0 uM Fe
(II)/g)> HFDE(39.1 +6.2 uM Fe(II)/g)> DE(295+3.0 uM
Fe(ll)/g) <22 e} FolF 2l Zpo]E B ATHp<0.05).
Kim 547 24| 80% ol gL F2 52 FRAPO| 93+
=0l 1.0 mg/mL Fx0A 207 mM Fe(ll)/go.2 UrE}
STl RaEg o Jang 5(48)L FFAY A F

59 gdgo] 2 FxoA 058 mM Fe(Il)/g2l 3&1
< Yeita Ruste B Ao A7t & FRAP
of gk S UrEhH?iE} Li 5492 A& 7+% sE
A B3Eo] A% ) £ FRAP ¢3S Uehdgx
Hustgth o] AALE AAF 5o Folxlte
B (50)9F o] B 43¢ FRAP 98 s ¢ 274= B

9}9_131 ol & ZddE ¥ ZgRyols @'%k, DPPH,
ABTS 2tz &A% S/t fA1s 2435 B
Fe® chelating &4 =X
A5 Aol 93 AWAFol| e A2 L chul o] Ak
3hg FRshs FEHolLAAF”, Cu’ T Ay 3w

Table 7. Fe2+

chelating of Deoduck (Codonopsis lanceolata) extracts
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=73
$th(51,52). 7HEF =i
o] Fe” chelating 832 Table 73 L01 YERgoH,
H &3 St eol= 32k DPPHS ABTS radical
SOD #4834 2 FRAPO) th3l 898 =435
JdhE Yol A =t 1.0 mg/mL ¥ X014 DE46.0+
1.6%)> DW(43.3+0.1%)> S5FDE(23.3+1.2%)> S5FDW
(21.7£1.19%)> S3FDE(21.6+1.2%)> HFDW(20.6+1.4%)
> S3FDW(182+1.3%)> HFDE(158+1.0%) 2.2 9
Z ol zto]E B ATHp<0.05). Grafét Eaton(53)L 40|
2ATY HsA FFE Alolde doge] o,
oS aAS e B4 gUZs LAse 42 &
712te] ft2thal B AT A hE
o]-&3 tY 50| AT F A= A
Edo] A& 25 afRHo g AAY F Sle ¥
A 33Eo] = " chelating 843 Wk w 71224
£ 0]43 Bj9 ¢ DPPHSH ABTS radical 271%, SOD A
g4 2 FRAPO| Uigh 8919 52 =/ Yehd 202 Alg
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Concentration (mg/mL)

Sample 0.01 0.1 10 10

DW 184+1 3”“ 327+1. 8 433+0.1" 81.0+11.6"
DE 21.6+0.2% 29.8+49" 46.0+1.6" 789+13.2"
HFDW 12.0+0. 8‘3? 19.3+ 0.3‘““; 20.6+ 1.46‘0: 20.8+ 1.o°1A
HFDE 11.4+1. 2“ 15.4+0.9% 15.8+1.0 19.4+1.2°
S3FDW 10.2+1.4%¢ 154413 182+13% 205+1.7%
S3FDE 135+ o.7°fC 196+ 4_32" 216+ 1.2°:: 299+ o.9j’:
S5FDW BAL0.T 208416 21.74+11°% 462407
S5FDE 72+2.1 12.4+05" 23.3+1.2" 25.2+6.2°

Values are expressed as mean=®=SD of triplicate determinations.
“Mean within each column (a-f) and row (A-C) with different letters differ significantly at p<0.05.
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Table 8. Coefficient matrix (Pearson’s correlation coefficient), "r”, for relationships between antioxidant activity

TpC’ TFC DPPH ABTS SOD-like FRAP Chelating
TPC 1
TFC 09587 1
DPPH 0.849" 0.818 1
ABTS 0932 0.834" 0.756 1
SOD-like 0287 0.347 0.476 0.034 1
FRAP 0985 0944 0.789° 092" 0.292 1
Chelating -0.469 -0.492 0507 -0.215 -093" -0.493 1

1)T.P.C, total phenolic contents; T.F.C, total flavonoid contents; DPPH, DPPH radical scavenging activity; AZBTS, ABTS radical
scavenging activity; SOD-like, SOD-like activity; FRAP, ferric reducing antioxidant power; chelating, Fe~ chelating.

P values obtained ANOVA: p<0.05, “p<0.01, " p<0.001.

715332 0|88 oY F&E=9| Z2lds Y ZElE:
O|= Eekm} Shakst ghd 7o AFZIEHA|

7MEEAES ol&% vy FE2EY ZYUHE 2 S
ol= &y} ksl &4 he] AHIBAE AT ARe
Table 83 2t & ZYds FFH F STE=clE,
DPPH % ABTS radical 2#% g3 FRAP] 93 3+

22 r=0.958(p<0.001), r=0.849(p<0.01), r=0.932(p<0.01) &

r=0.985(p<0.00)Z =& 49 F#AAE Yeplidh F
ZgR o= g3 DPPH @ ABTS radical 27% 218
I FRAPO 93 &3 r=0.818(p<0.05), r=0.834(p<
0.05) & r=0.944(p<0.00)Z 27} 2] FAPAE BAh
283 DPPH radical 274% 3 ABTS radical &27% 2
FRAP®| &3t 3= Alool A= r=0.756(p<0.05),
r=0.789(p<0.05)2 o] AAAAES Ve o, Fe* che-
lating@ SOD F-AFEA-E r=-093(p<0.0DE F-2]F el L9
ABBA7E EA8E Aoz YeElgth A g FEE
w2 ¢kxeo] ZE ¥ %7 DPPH ¥ ABTS gtz

52 r=0.750(p<0.01), r=0.915(p<0.01) & &S %ol %

ST O
Gepio] 2ol gae] B44E U 24 2
2o

d

N2

H
ES
o

oL

o)
iy

g

B AVBAE BIF Jang 560 A7AH
FAME A B

o ot
o,

2 739 mg GAE/g¥ 509 mg QUE/g2.2 7F =4 Uelyst
o, DEoA+= 157 mg GAE/g¥} 147 mg QUE/go. 2 7}
& grokth. DPPHOF ABTS radical 2 A% S & 9&4)
A% degdleon 1.0 mg/mL F%5olA 27.0+25%, 174
+06%=Z SSFEWOIA 71 & £2A%S EIth SOD
AYEA S 1.0 mg/mL X9l HFDEZ} 29.7+32% % =&
A S BRYgon DEZF 199+16% % Y% &84S e
YAtk FRAPO 93t 922 S5FDW7F 1.0 mg/mL 5%
o A 140.8+45 pM Fe(Il)/go. 2 =& 3983 Jehfgd
t}h. Fe* chelating &4 1.0 mg/mL %A 46.0+1.6%

[o

2 DE7} & 84& B3, HFDEV} 158+1.0% & @&
248 JeEdth M3 S o) &3 Y FEEY 9
He 9 et o= T 3kl & 7he] ARTAe
% s §99% & SR xol=, DPPH % ABTS rad-
ical 2A% 2|31 FRAPO 23 482 r=0.958(p<
0.001), r=0.849(p<0.01), r=0.932(p<0.01) Z r=0.985(p<0.001)
2 52 &Y ATHBAE YA F et o= T
3} DPPH 2 ABTS radical 4753 FRAPo] 9|3+ g9
< r=0.818(p<0.05), r=0.834(p<0.05) ¥ r=0.944(p<0.001) =
o2l ZaAAAE Jdeo] EdE § R eolE
ol Fgatsle] Fag IS VA= AOE AR HL.
ool Ay gy 7hEagLe gy B4 22 sl
oY A& 334 WskE Hed 45 S7H7)
n= ks AR dE il
2 AR EH iEbA olejg g3 S AR
o giksl gdo] FUtE A ¥
=

g

B ATE FRAFANA $AE FAA TN
AW PJO0J0DS] A 9lo] o3 A7ATe] ARz o]
HAEAUT.
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