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Abstract

This study was investigated the contents of total polyphenol, flavonoids and antioxidant and antimicrobial activities of Codonopsis
lanceolata extracts according to different steaming times. The contents of total polyphenol and flavonoid proportionally increased
from 6.45 mgGAE/g to 18.26 mgGAE/g and 2.01 mgRE/g to 6.12 mgRE/g according to ethanol extracts at EDS7. DPPH radical
scavenging activity was found to have been 15.26~65.2% and showed the highest level of antioxidant activity at EDS7 was 65.2%.
The activity of ABTS radical scavenging and SOD-like activity were also the same result. DPPH and ABTS radical scavenging activity
was related to the number of steaming, and the scavenging activity was increased up to 7 times of steaming. The antimicrobial activity
of EDS7 had strong antioxidant activity. Antimicrobial activities were examined against 5 microorganisms related to pathogens and
food poisoning. The antimicrobial Activity was different depending on the bacteria, but it was effective at the concentration of 300
mg/mL rather than 150 mg/mL. These results showed that Codonopsis lanceolata extracts with a different number of steaming would
be conducted to confirm the possibility of developing antimicrobial and antioxidant. It will be helpful in the study of component
analysis of Codonopsis lanceolata extracts processed products.
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g2 E/SH gty Fog oFgAER da gHA glo
™ triteroeniud saponinit, inulin, flavonoid?} ttFst £59] &
g J& 4 Y Edo] £ =% (Ichikawa 5
2009; Park S 2009) TFAFSF B4 2 ThorFet AJel@do] B
%]o] Qlth(Maeng & Pack 1991; Han 5 1998; Lee JH 2002;
Shim 5 2004; Byeon G- 2009; Ihikawa % 2009; Kim 5 2010b).

A A4 (reactive oxygen species, ROS)= AW Al Eut
4 DNA 5= &4AIA 3}, o 5 ohefet 43S /st
(Taruna & Parihar 1998). TESH Q1A W thFst 45432 &
A8t a0 BAE HAAAA Aty AEHAS F7HAX
Th(Bice & Andrea 2003).

HsR/et EPtEro|ER 52 A& TREo] A= o
H A9l AESH &4 (Larson RA 1988)2 -8 9 &FQtof
3 w2 47F EEo] 9ithHo CT 1992; Ham 5 1997).
A FAESHAof ot QFHAJ(Safer & al-Nughamish 1999)
9] SHA|(Brannen AL 1975)0] T3 EA|Z AASH AAE
249 G4 2 7154 AlE Rl g ASH R
A= 31 Itk(Song 5 2002; Kang 5 2009; Kim 5 2010c;
Link Z 2010).
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1. 049 = H F&29 M=
B A9 tg(Codonopsis lanceolata)yS ZE-Z] Fof A

20199 6ol FeA AL AHL B Fojx 5]
E42 7Yt9ck A 1 kg 90TOIA 243 B &
AT 3 36413k 60Tel A AZIH= 7S 717t 03], 28],
3], 43), 53], 631, 73], 8%, 93] WMol BHTYL A2
5, 5% 42 2ed o9 100 42 1 L9 e ¥
SARFESE AL BF 22 T Z3to] A
=22 Agstart.

O
A9e A 5

2 gallic acid(Sigma Chemical Co.) & ¥
=42 *]-—8—3}04 _,@91' Folin-Ciocalteu "} (Singleton 5
1999)°]] w2t S5t Table 19] S5HY oehE 55

of 2 N Folin-Ciocalteu A]2F 100 yLE 3 7}5}o] 3—v—Z_ 2] 5F
At o]F 20%(w/v) Na,COsE 300 uL H7}skal

Table 1. Sample code name of the Deoduck (Codonopsis
lanceolata) extracts

Sample code Descriptions
EDSO  Ethanol extracts of Deodeok

EDS2  Ethanol extracts of Deodeok by steaming two times

EDS3  Ethanol extracts of Deodeok by steaming three times
EDS4  Ethanol extracts of Deodeok by steaming four times
EDS5  Ethanol extracts of Deodeok by steaming five times
EDS6  Ethanol extracts of Deodeok by steaming six times
EDS7  Ethanol extracts of Deodeok by steaming seven times
EDS8  Ethanol extracts of Deodeok by steaming eight times
EDS9  Ethanol extracts of Deodeok by steaming nine times

40T B 5 765 mol A FBEES ZHeIGct F
SoEE B 2749 A7 1 gof 2t gllic acid equi-
valent(GAE)Z 2Hilolo] IHA|SHAALT.

3 & BaiEwoc B 53

ZetH o]t $H(Kang & Kim 20152 0.1 mL A|go] &
F4, 5% sodium nitriteE F7Fsto] F 25To A 5EZT ¥
3 ThS 10% AICLE 37Fsto] ThA] 25ColA] 527F WHgA]
ZT}. 0]% 1 N NaOHZ 21! 1587 ¥FS-A1Z] § 420 nmof|A]
AL E =459 EFEZE rutin(Sigma-Aldrich Co.)&
AHg3to] % BehHio|t gHekng nutin equivalent (REY@)E
stk

4. DPPH 2ICIZ &AHS
DPPH 2ttjZ /\7% 5 Blois MS(1958)] ®fHo] wtet &
242 108] 34T AJFE 0.1 mL(10 mg/mL)°] 0.9 mL9]
DPPH &4 7}0}2 204 30& Et HH-EAIA 517 nm
]/q TP E A5 FAAYER L O 2= BHA 100 ppm
= AH&SEAL, ZF Al BHZ 4752 ofgjet Zol A
Absto] BEEE ettt

DPPH &tz AAS(%) =
(2T L -A 27 ST/ 2E TFE]x100

5. ABTS 2iC|Z A7 sS

ABTS(2,2’-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) dia-
mmonium salt) 2tZ A7%52 7.4 mM ABTS®} 2.5 mM
potassium persulfates FFO 2 Sglslo] Ao A 14/\]7]—
ofjH] u}~x] 71 ABTS 84S A}Q—Fﬁ thRe 5 1999). 5%
SEE ot 59 9] ofek2 =&E3} ABTS solutlon— 285

(L& o101 7 SEE AR 20 L8 T 42 e
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oA 3087t WH2A1A 734 nmof| A SLEE =459 2 disc(8 mm, Whatman, Japan)g 53t Ao EH&2
AU Al APt A9 gk Blaste] ABTS 2z 2U7F HjFsto] disc F+912] AsigHmm)2] 27|12 FHES
2AGE B7FHR L™, Lascorbic acids FAAHREZR S5ttt 2 1E= QA5A/3AQ! BHA 100 ppm &%
Arg-sto] vl skt SR EEE = 80% ethanolx ARE- 20 uLE ARESHIEE Aol AMEE = 718 B35 #

stich. At ghe 3% /7ot REATE lwstel o
9] £2ARHL MR tEig

ABTS &Z AAS(%)=
[(NZ2E TIE -ABE TFAEYRRE FFE]x100

6. SOD FrAHEHM

SOD QANEHYS =A517] 98] Marklund & Marklund
(1974)9] S HFste] SHotuct. L] defolA I}
ARSI A H0,)2 S 7| = BH-S S1fjske pyrogallol 2]
AsAtsto] ogt A dE]E S4oto] SDO FAIEAHC =
Uetf ok A28 0.2 mLo|| Tris-HC12] $H5-8-H(50 mM
Tris+10 mM EDTA, pH 8.5) 3.0 mL®} 7.2 mM pyrogallol 0.2
mLE 7Fskal 25°CoflA 1083 ¥h&-A171 & IN HCI 0.1 mLE
A7yoto] ¥-g-S FAAH . ¥H-&H F 4AHSHE pyrogallol©]
P2 420 nmo| A FFEE ST SOD FAREAS Al
FEHO| Mot 7Y ST HAES %E UE
Rib:=g

SDO RAFEY (%)=
(2T 8T -AESE SFo)/HRTE S8E]%100
7. Disc diffusiongiE 0|28t &3 AlE
Disc diffusiont (Haarold JB 1990)& o]-&-5}0] E4+H petri
dish(87x15 mm)E o|-8-5fo] Zt ol i A= Hukajz|o]
Z}zyol #FE 100 pLA =5k, FE5dol| BE paper

25

20 - be
bc

15

concentration
¥
o

be

WSl= Mycobacterium smegmatis KCTC 1829, Staphylococcus
aureus KCTC 1928, Klebsiella pneumoniae KCTC 2245, Coryne-
bacterium diphtheriae KCTC 3075, Streptococcus pyogenes KCTC
30965 AH&-SHAIT.

8. 4 Azl

2 A= vy g5 FE2ES 33 BHE Alxste] &
A5F9ich B4 A8l SPSS(version 12.0, Chicago, IL, USA)
= olgalo] The 2ei7ke] 914 AHL p<005 F5E
1A« AR, 7+E A 22he] fo48 A4S dLuiAE
AR A (ANOVA)T H719] %7 A (Duncan’s multiple range
testy= AASE] p<0.05 ool A thEH] st

)

I
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1. & EdlH= ¥ E2ET0|=
flavonoid)

=9 S 2Rt gy ogs 259 § 2T
& S Fig 13 gk 799 S5 APAIR(EDST)Y] F
E2v=z gFol 1826 mgGAE/gO 2 7MY 2341, S5
%2 H499 gt FE=(EDS0) F EF¥HE T
645 meGAE/go} H]ILA] £-9]4 0.2 E3}TH(p<0.05). ol T
S50 W & Euls ol SVt Jung &
(2012)9] A B9} HhE: S0 whet F E2| ¥ IF
o] Z7Ietth= AT Harel {ARE A3 UE 1tH(Hong
S 2007; Jin 5 2008). EDS8Z} EDS99] & Z|H|= e

82K(polyphenolic and
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-
=]
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EDS0 EDS2 EDS3 EDS4 EDS5 EDS6 EDS7T EDS8 EDSQ

EDSD“ EDS2 EDS3 EDS4 EDS5 EDS6 EDST EDS8 EDS9

Total polyphenolic (mg GAE/qg) Total flavonoid (mg RE/g)

Fig. 1. Total polyphenol and flavonoid contents of ethanol extract of Deodeok by steaming times. " See the Table 1.
Each value is meantS.D. of triplicate determinations. Mean with difference letter (*°) within sample are significantly different
at p<0.05.
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Z+7} 17.9 mgGAFE/g} 16.24 mgGAE/ggi % 315 63] 3
Lo vjet FEHE TS et F St o]
= SEF TS 0.43+0.04 mgRE/go| A S5 A8 & 57191
om F& A fH9] SetEkolE o] 2.15~ 6.12
mgRE/gO.2 F715ton 73] ojAte] <4 HH oA §9
HQl et o]t FHeFo] F7h= BHUERA] (Sith S52
2 AE A3 =4 FFES PR HHo] &
Zo] &7 Y= (Yoon 5 2005) Song 5(2012)Q] Aol A]

£ Heo] 2434S o) Atk Sehnio|=
o] 15w} ol F7bstoArks ATATeL SAIHT
B ATIAE S A4S Fet I ok & 20|

98 & EouE ¥ Sohrio|se SpNsIE YR
5 9ol ool Er A0 Wiy A g o
A4S G324 0 2 A7 5] (Rice-Evans 5 1997; Perron &
Brumaghim 2009) 39t 3¢ 9 A4 3E 5o 435t At
3t B4E ®uE3 QltkJeong HY 1991; Williams 5 2004).

2. DPPH BIC|Zt A74s

34 S PeIR 0SS ORE 23 10 mumlo]
WSS ZA5] Ut Z2ke] FFEL 10 mgl 5
T2 XT3t & DPPH radical 2AAZAS =74 §_ A= Fig,
29) 2t 54 ) 92 SIS oSS FEE 10 myinl
S 2 Ao W DPPH radical 2752 15.26%%
A2 oA 73 F&5T oleE FEE(EDS7)Y DPPH
radical A7A5L 652%G o0 AR FoA 7F SUthp<
0.05). ©]+= Hwang 5-(2011)2] #Atof| oJstH FA 3t oY
o PAsRsol AHANA G e JAF R} B}
The A3 SARIE Tl 342 8919} 0312 3 oY
9] oete %52 73Kt} DPPH radical A7 %50] 54.6%%}
53.1%% FAE Ut ol= Fig. 19] AHAY 83] ol 55

DPPH radical scavenger activity(%)

EDSO’ EDS2 EDS3  EDS4 EDS5 EDS6 EDS7 EDS8 EDS9  BHA
100ppm

Fig. 2. DPPH radicals scavenging activity of ethanol
extract of Deodeok by steaming times. " See the Table 1.
Each value is mean+S.D. of triplicate determinations. Mean
with difference letter (*%) within sample are significantly
different at p<0.05.

g HY 9] &S FEE0NA F Euls ol At A
I #o] QS AL E AYZEH o] Song 5(2012)2] A
TARAY eSS gy i S5A 23 Y 2] DPPH
gz 2750 S7RtE Aot fARE 435 UEY
At Ee A9 FAHS YEHE 5= Sl HY Y S5
Z7o] EAT Zow HZtHEH. A&E9 +%&F 5 DPPH
radical A7]0] 9IS F= EXAZE HeFe ETH0|E
gl 7IQ1et Ao = de{A SItH(Oh & 2004).

3. ABTS 2iC|& X9is

5 J5E 2T HY 9 oeE 559 ABTS gt

Z 2752 Yehd Z23= Fig 33 2t 73] <531 g4 9]

ogtS FZE(EDS7)9] ABTS &z £AA5L 592%F &
%oHA] gk Y49 oghE FEE(EDS0)S] ABTS |z
2% 25.16%°] s FH & &/do] F7tstint. 1
Lt 83](EDSS) ¥ 93](EDSY) S53t HH 9] ot FEE9]
ABTS 22 AA5L 46.2%9} 42.6%% 74519k o] 2
= Fig. 29] DPPH ZttjZt &759] Ad7et fARE 7
P HY oL 72 59| DPPH radical &4 H o} 7335

g4 HojFlth EDS70] ABTS radical A27%5°] 71 Z1
ou] 73] oo F&% HHo] o FHEC] ABTS
radical 2A%5 ZH 7'5\_5] it. o]=3t 2H % Fig. 19] =<

5o 42 HE L Eekrieo|S 5 PAS BY 5
quel 537 WAL A Ao Yz

4. SOD FAl2HM(Superoxide dismutase-like activity)
2% 342 g3l gy Q] o|ete 2&E0] superoxide@}t
‘ﬂ%ﬂcﬁ ZHEAS Y pyrogallold] AHs AeHES-S =
A AE Fig 49] UERHATE. 10 mgmLEsEo] 4 SOD
FARAL 7187 S5 85l g&Este A HolF

ABST radical scavenging activity(%)

Epso” EDS2 EDS3 EDS4 EDSS EDS6 EDS7 EDS8 EDS9 L-ascorbic
a

Fig. 3. ABTS radical scavenging activity of ethanol
extract of Deodeok by steaming times. " See the Table 1.
Each value is mean+S.D. of triplicate determinations. Mean
with difference letter (*%) within sample are significantly
different at p<0.05.
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SOD like activity(%)

EDSO EDS2 EDS3 EDS4 EDS5 EDS6 EDS7 EDS8 EDS9 L-ascorbic
acid

Fig. 4. SOD like activity of ethanol extract of Deodeok
by steaming times.  See the Table 1. Each value is meant
S.D. of triplicate determinations. Mean with difference letter
(*%) within sample are significantly different at p<0.05.

A1, S5HY S 239 it thE+-9l ascorbic acid
9] A% 10 mg/mLo| A 85%2] SOD FARH = H It EDS
TARONA 722%2 7Y =2 B4 YEoH T s
ESD6A| 27} 68.4%% =9)th. Superoxide Dismutase(SOD) &
A EL-L SDOE FARSE kS oF= 32 phytochemical

o] &3t A oA O, (superox1de)—— SFAAA A9
A ZAoj2 oA etkKlug S 1972; Kitani S 2002). 73]
FTEIS AXH =552 SDO AR/ o] 2+t H
WA FOJ5HA St e o= F ETHE ¢ ESE L
o|t oFo] Wt 8% YFE HA= AL=E FZE
Jeon 5(2013)9] AFoA S5 2 HA Ax 3= AZ H
13_,] o]—/\]—‘g} %—}\é_g_ 5_2—1 o]— 73_1,}- Eﬂu—“—‘é— E‘i %E]‘EJJ:O]E
orgol S7HE AL FAkE B9 FUket ARBAE HE
LHO'hq-___ ?_7-‘3_]4‘7]- .E]._]_Qo'h:]‘ O]‘—- /U‘:'Oﬂ io}ﬂ o]—/\]-
st A B2 5 0o wet P43 )5

710 20] AT Hol7k Slcke Kim 5003 A7
FAAY 54 SA5o] w2 Fash BA) HEEHO| 2

7t WA o Azdd.

5. Disc dlffu5|on'=“° o|2st sy

AR % % B2uE 9 Soheicols ol /A &1
Akt %“é % SOD AR/l 71 &0 E EDS7 A=
2 9IA W 7[R &S {E5= Mycobacterium sp. KCTC
1829, Staphylococcus aureus KCTC 1928, Klebsiella pneumoniae
KCTC 2245, Corynebacterium diphtheriae KCTC 3075, Strepto-
coccus pyogenes KCTC 3096°.2 -3 AT Lee
5202009 AFoA FHEHY Buld FEEC] 300
mg/mL7HA] | EZ=Adg HolA| ot A72YE Hge
2 EDS79] Al& 1507} 300 mg/mLe] 52 X5t T+t
& =43t A1+ Table 29} Zt}. EDS72 150 mg/mLe}
300 mg/mLo]| koA 5F ot BFolA FtBS HUE
AT =7} Z7F84Z inhibition zone Z7]1% Z7F5FAT.

%% e ofeke 2E20] e -

ook
:
i

Table 2. Antimicrobial activities of ethanol extracts from
Deodeok by steaming seven times (EDS7)

Clear zone diameter(mm)

EDS7" concentration
150 mg/mL 300 mg/mL

Strains

Mycobacterium sp. KCTC 1829 9.15+0.17  10.160.1
Staphylococcus aureus KCTC 1928 10.22+0.2  11.36+0.1
Klebsiella pneumoniae KCTC 2245 10.56+0.2  13.21+0.1
Corynebacterium diphtheriae KCTC 3075  8.38+0.1 9.45+0.2
Streptococcus pyogenes KCTC 3096 124140.1  14.36+0.1

" See the Table 1.
? Results indicate mean+S.D. from five separate experiments.

53 354 452 dosls
pyogenesoﬂ et ol 7HF EA Hebdt. EDS79] 3+t
ge 3289 Senols U FeluE BY RO 4
Ztely, of 8] FF2] HAEA &8 phenol S}HEES
chepst vl o) mjol jste] B @it Wyslel g
TH(Moon 5 1999; Won 5 2001; Lee 5 2004).

F9 YA+l Streptococcus

+5 2 vy A It

3&*&9} ’\XHEHA 7le% HESIA 4 "y g2 3
=20 distol & E5s % STt o= ¥} DPPH
% ABTS radical 27183, SOD -FAFEA, A5/ ol
Il o]—-',T,LQJ—/H o 7-1x4 o].o:lr,]. 7g77}7\]_4 JJ.;H_O_ E.—E—,H _%
.-lul-_au-"lr_ ol ua.iio]t. o]—F,"F tﬂ DPPH ‘:’]ABTS g].ﬂ?r 2~
7_]1: _o_]—/Ho] Z~_7].0]. 1, SOD 0/\]. %ME o]—Z] 1O
tizol Blste] 73]9] S%% HY g FE=°1A4 7t
4 57 37159 ol 54 B4 B2 w2 Sekn
ol 5 Al B 5 98450 8% 8&% BAV
PR EEERUEREEFCE E RS BE
ST 3 Baselol Baw AT Belslo] tY ol 4
Az 7hge) H4e) 270] £AT Aoz AZET AV 7
AbsE ghAdo] &tE EDS7 A|R 2 150 mg/mLe}t 300 mg/mLo]
SEE Mycobacterium sp. KCTC 1829, Staphylococcus aureus
KCTC 1928, Klebsiella pneumoniae KCTC 2245, Corynebacterium
diphtheriae KCTC 3075, Streptococcus pyogenes KCTC 30967+
o Thstel YRIAES AT AT FEY BT ST
el Ak Fe9 34 2 TR B
PSR 250] B2 (520l ATE FouH
o} 9 9 7154 AR JE 4 U A AR

3:9

il o ot 4> 2
i) r}: rok _IHU



112 o|3)g - H2f - HFE - MFH A FIFEIA

References

Bice F, Andrea H. 2003. Reactive oxygen species (ROS) and
reactive nitrogen species (RNS) generation by silica in infla-
mmation and fibrosis. Free Radical Biol Med 34:1507-1516

Blois MS. 1958. Antioxidant determination by the use of a stable
free radical. Nature 181:1199-1200

Brannen AL. 1975. Toxicology and biochemistry of butylated
hydoroxyanisole and butylated hydroxytoluene. J Am Oil
Chem Soc 52:59-63

Byeon SE, Choi WS, Hong EK, Lee J, Rhee MH, Park HJ, Cho
JY. 2009. Inhibitory effect of saponin fraction from Codo-
nopsis lanceolata on immune cell-mediated inflammatory
responses. Arch Pharmacal Res 32:813-822

Haarold JB. 1990. Microbiological Applications: A Laboratory
Manual in General Microbiology. 5™ ed. p.703. WCB Publi-
shers

Ham SS, Oh DH, Hong JK, Lee JH. 1997. Antimutagenic effects
of juices from edible Korean wild herbs. J Food Sci Nutr
2:155-161

Han EG, Sung IS, Moon HG, Cho SY. 1998. Effect of
Codonopsis lanceolata water extract on the levels of lipid
in rats fed high fat diet. J Korean Soc Food Sci Nutr
27:940-944

Ho CT. 1992. Phenolic compounds in food: An overview. In
Huang MT, Ho CT, Lee CY (Eds.), Phenolc Compounds in
Food and Their Effects on Health II: Antioxidants and
Cancer Prevention. pp.2-7. American Chemical Society

Hong HD, Kim YC, Rho JH, Kim KT, Lee CY. 2007. Changes
on physicochemical properties of Panax ginseng C. A.
Meyer during repeated steaming process. J Ginseng Res
31:222-229

Hwang CR, Oh SH, Kim HY, Lee SH, Hwang IG, Shin YS, Lee
JS, Jeong HS. 2011. Chemical composition and antioxidant
activity of deoduk (Codonopsis lanceolata) and doragi
(Platycodon  grandiflorum) according to temperature. J
Korean Soc Food Sci Nutr 40:798-803

Ichikawa M, Ohta S, Komoto N, Ushijima M, Kodera Y,
Hayama M, Shirota O, Sekita S, Kuroyanagi M. 2009.
Simultaneous determination of seven saponins in the roots
of Codonopsis lanceolata by liquid chromatography-mass
spectrometry. J Nat Med 63:52-57

Jeon SM, Kim SY, Kim IH, Go JS, Kim HR, Jeong JY, Lee
HY, Park DS. 2013. Antioxidant activities of processed

deoduck (Codonopsis lanceolata) extract. J Korean Soc Food
Sci Nutr 42:924-932

Jeong HY. 1991. Aging free radical arteriosclerosis. Life Sci
1:2-14

Jin TY, Quan WR, Wang MH. 2008. Changes of physico-
chemical and sensory characteristics in the Codonopsis
lanceolata Saengsik, uncooked food by different drying
methods. Korean J Food Sci Technol 40:721-725

Jung LS, Yoon WB, Park SJ, Park DS, Ahn JH. 2012.
Evaluation of physicochemical properties and biological
activities of steamed and fermented Deodeok (Codonopsis
lanceolata). Korean J Food Sci Technol 44:135-139

Kang DH, Kim MY. 2015. Comparative phenolic composition
and antioxidant properties of honey and honeycomb extracts.
J Life Sci 25:1169-1175

Kang MC, Lee JY, Ko RK, Kim HB, Hong SH, Kim GO. 2009.
Melanin inhibitory effect and anti-inflammatory effects of
Dictyota coriacea extracts derived from adjacent sea of the
Jeju island. Korean J Biotechnol Bioeng 23:311-316

Kang MK, Kim JS, Kim GC, Choi SY, Kim KM. 2015.
Evaluation of physicochemical properties and enhancement
of antioxidant activities of Dioscorea batatas by stepwise
steaming process. J East Asian Soc Diet Life 25:1049-1057

Kim HJ, Han CH, Kim NY, Lee EK, Lee KN, Cho HE, Choi
YH, Chong MS. 2010c. Effect of garlic extracts with
extraction conditions on antioxidant and anticancer. Korean
J Orient Physiol Pathol 24:111-117

Kim JG, Kang YM, Eum GS, Ko YM, Kim TY. 2003.
Antioxidative activity and antimicrobial activity of extracts
from medicinal plants (4kebia quinate Decaisn, Scirus
Sfluviatilis A. Gray, Gardenia jasminoides for grandiflora
Makino). J Agric Life Sci 37:69-75

Kim NY, Chae HS, Lee IS, Kim DS, Seo KT, Park SJ. 2010b.
Analysis of chemical composition and antioxidant activity of
Codonopsis lanceolata skin. J Korean Soc Food Sci Nutr
39:1627-1633

Kim SS, Jeong MH, Seo YC, Kim JS, Kim NS, Woon WB, Ahn
J, Hwang B, Park DS, Park SJ, Lee HY. 2010a. Comparison
of antioxidant activity by high pressure extraction of
Codonopsis lanceolata from different production areas.
Korean J Med Crop Sci 18:248-254

Kitani K, Minami C, Yamamoto T, Kanai S, Ivy GO, Carrillo
MC. 2002. Pharmacological interventions in aging and ageas-

sociated disorders: Potentials of propargylamines for human



Vol. 34, No. 1(2021) 22 oY ofehe 2ZE et st

use. Ann N Y Acad Sci 959:295-307

Klug D, Rabani J, Fridovich 1. 1972. A direct demonstration of
the catalytic action of superoxide dismutase through the use
of pulse radiolysis. J Biol Chem 247:4839-4842

Larson RA. 1988. The antioxidants of higher plants. Phyto-
chemistry 27:969-978

Lee HG, Choi OY, Choi DB, Choi HS. 2020. Effect of Deodeok
extract on the skin function improvement. Korean J Food
Nutr 33:505-511

Lee JH. 2002. Immunostimulative effect of hot-water extract
from Codonopsis lanceolata on lymphocyte and clonal
macrophage. Korean J Food Sci Technol 34:732-736

Lee OH, Lee HB, Son JY. 2004. Antimicrobial activities and
nitrite-scavenging ability of olive leaf fractions. Korean J
Soc Food Cookery Sci 20:204-221

Link A, Balaguer F, Goel A. 2010. Cancer chemoprevention by
dietary polyphenols: Promising role for epigenetics. Biochem
Pharmacol 80:1771-1792

Maeng YS, Park HK. 1991. Antioxidant activity of ethanol
extract from Dodok (Codonopsis lanceolata). Korean J
Food Sci Technol 23:311-316

Marklund S, Marklund G. 1974. Involvement of the superoxide
anion radical in the autoxidation of pyrogallol and a
convenient assay for superoxide dismutase. Eur J Biochem
47:469-474

Moon TC, Park JO, Chung KW, Son KH, Kim HP, Kang SS,
Chang HW. 1999. Anti-inflammatory activity of the flavo-
noid components of Lonicera japonica. Yakhak Hoeji 43:
117-123

Oh JH, Kim EH, Kim JL, Moon YI, Kang YH, Kang JS. 2004.
Study on antioxidant potency of green tea by DPPH method.
J Korean Soc Food Sci Nutr 33:1079-1084

Park SJ, Seong DH, Park DS, Kim SS, Gou JY, Ahn JH, Yoon
WB, Lee HY. 2009. Chemical compositions of fermented
Codonopsis lanceolata. J Korean Soc Food Sci Nutr 38:
396-400

Perron NR, Brumaghim JL. 2009. A review of the antioxidant
mechanisms of polyphenol compounds related to iron
binding. Cell Biochem Biophys 53:75-100

Re R, Pellegrini N, Proteggente A, Pannala A, Yang M,
Rice-Evans C. 1999. Antioxidant activity applying an im-
proved ABTS radical cation decolorization assay. Free
Radic Biol Med 26:1231-1237

2J 113

odl
:
i

Rice-Evans C, Miller N, Paganga G. 1997. Antioxidant properties
of phenolic compounds. Trends Plant Sci 2:152-159
Safer AM, al-Nughamish AJ. 1999. Hepatotoxicity induced by
the antioxidant food additive, butylated hydroxytoluene
(BHT), in rats: An electron microscopical study. Histol
Histopathol 14:391-406

Shim KS, Park GH, Choi CJ, Na CS. 2004. Decreased trigly-
ceride and cholesterol levels in serum, liver and breast muscle
in broiler by the supplementation of dietary Codonopsis
lanceolata root. Asian Australas J Anim Sci 17:511-513

Singleton VL, Orthofer R, Lamuela-Raventos RM. 1999. Analysis
of total phenols and other oxidation substrates and antioxidants
by means of Folin-Ciocalteu reagent. Meth Enzymol 299:152-
178

Song CH, Seo YC, Choi WY, Lee CG, Kim DU, Chung JY,
Chung HC, Park DS, Ma CJ, Lee HY. 2012. Enhancement
of antioxidative activity of Codonopsis lanceolata by stepwise
steaming process. Korean J Med Crop Sci 20:238-244

Song HM, Seo MS, Kim HM, Ahn MS, Lee YT. 2002.
Antioxidative activity of barley polyphenol extract (BPE)
separated from pearling by-products. Korean J Food Sci
Technol 34:889-892

Taruna H, Parihar MS. 1998. Reactive oxygen species andoxi-
dative DNA damage. Ind J Physiol Pharmacol 42:440-452

Weon JB, Yun BR, Lee J, Eom MR, Ko HJ, Lee HY, Park DS,
Chung HC, Chung JY, Ma CJ. 2014. Effect of steamed
Codonopsis lanceolata on spatial learning and memory in
mice. Korean J Pharmacogn 45:48-54

Williams RJ, Spencer JPE, Rice-Evans C. 2004. Flavonoids:
Antioxidants or signaling molecules? Free Radic Biol Med
36:838-849

Won BR, Song EH, Kang GH, Chang MW, Yoon YH. 2001.
Inhibition effect of Lactobacillus heiviticus CU631 on urease
and vacuolating toxin activity of Helicobacter pylori. J
Anim Sci Technol 43:931-940

Yoon SR, Lee MH, Park JH, Lee IS, Kwon JH, Lee GD. 2005.
Changes in physicochemical compounds with heating treat-
ment of ginseng. J Korean Soc Food Sci Nutr 34:1572-
1578

Received 19 January, 2021
Revised 01 February, 2021
Accepted 04 February, 2021



