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Ginsenoside Change and Antioxidation Activity of Fermented Ginseng
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ABSTRACT : The extent of growth L. plantarum (LP), L. delbrueckii subsp. bulgaricus (LD), L. fermentum (LF), S. thermo-
philus (ST), B. longum (BI) and 8. cerevisiae (SA) was generally good with the lower concentration of the ginseng extract.
Total sapogenin content was slightly different with kinds of a fermentation microorganism and the time of fermentation pro-
cess, and generally reduced compare to before fermentation. The content of ginsenoside Rb1, Rb2, Rb3, Re and Rf were
decreased with the fermentation but ginsenoside Rd was increased by the E, LF and SA fermented extract. The content of
compound K increased in the order of not-fermented extrac < enzyme fermented extract < enzyme and microorganism fer-
mented extract, and as the fermented time get longer, the content of compound K was sightly increased. Especially, the con-
tent of compound K of the SA fermented extract was the most increased, also it of the BI, LD and LF fermented extract was
increased, so these extract were considered a high valuable. Polyphenol content of the BI, LD, LP and ST fermented extract
indicated 9.18 + 0.39~15.68 + 0.54 mg/10 g which was lower than it of a not-fermented extract (11.92 + 0.26~28.41 + 0.39 mg/
10 g). Flavonoid content of a ginseng fermented extract indicated 26.93 + 0.17~156.45 + 1.29 mg/10 g, it was higher than a
not-fermented extract (18.06 = 0.90 mg/10 g). As the fermented time get longer, the flavonoid content tendency to increase.
DPPH radical scavenging activity of a fermented ginseng extract was 24.11 + 1.41~ 55.62 * 0.33%, it was slightly lower com-
pared to a natural antioxidant, vitamin C. But it of the LF and ST fermented extract was similar to a natural antioxidant,
vitamin C. It has not a concerned in a fermentation. Nitrite scavenging ability of a 24 hr fermented extract was above 80%
at pH 2.5 and 4.2, it was similar to an artificial antioxidant, BHT (84.76 = 0.13%; pH2.5, 84.98 + 0.11%; pH 4.2). It has not
a concerned in a fermentation. SOD-like activity of a fermented extract was lower than that of a not-fermented extract
(19.22 £ 0.51%), but it of the E and LP-fermented extract was a very highly notable value. As the fermented time get longer,

the SOD-like activity tendency to increase.
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Atk (Park er al., 2006). TFF3H v Eo] EA)sk= Ao
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1. 2 M=
B A% AgE QAR 492 RS ARSI, B

a9 F = Lactobacillus  plantarum KCCM11322 (LP), L.
delbrueckii subsp. bulgaricus KCCM35463 (LD), L. fermentum
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(ST), Bifidobacterium longum KCCM11953 (BL) ¥ Saccha-
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Photo. 1. Activity of fermentation microorganisms with concentration of ginseng extract. *Numerical values are a concentration (%) of

fermented ginseng extract in broth medium.
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U
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at 75°C, during 15hr

at 45°C, rotary vacuum evaporator

at 80°C, during 30min.

at 50C, during 2hr.
at 95C, during 10min.

(cooling in room temperature)

vitalization of fermentation
microorganism(before 1~2 days)
at 30C or 37C, during 24,48,72hr

at 45C, rotary vacuum evaporator
at —45C deep freezer, during 12hr
freeze dryer

Fig. 1. Procedure of enzyme and fermentation microorganism treatment.
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bulgaricus, L. fermentum, S. thermophilus, B. longumZ S.
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cerevisiae2] 23737
IO MEEM

dtg A% Protopanaxadoil (PPD)AIS] 4:5= Rb,, Rb,,
Rb;, Rc, Rd, Rg;, Rh,, Compound K<} Protopanaxatriol
ginsenoside FE AT A FE F FEAx ¢
sample 0.2 gS 20mL Vialel Y3 MeOH 10 mLE 7}s}
o] 1027F Ultrasonications AA|SE Th2- 0.45 um filter=
filteringgle] HPLCZ EA43l¥om, BEAZ7A2 Table 13
77—1:].
i=4 .

5. ehiislerd
1) Total polyphenol ¥
Z Zg¥9s %S Folin-Denis™
1912)S $-g3ld SAIALE F, A8 FEE 1mgS 95%
o€k 1 mLoll §3)A17]3L Folin-Ciocalteau 1 mLE &7}
27C S8xolM Pt 55 A= 33 F NaCO; %3}
&9 1mLE sele] FHSTL ALoA 1A B P

th UV/VIS spectrophotometer (UV-1250, Shimadzu, Japan)

(Folin and Denis,
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Table 1. HPLC condition for ginsenoside analysis.

Agilent 1200 : Scanning UV detecter (203 nm)
Solvent : ACN : H,O gradient elution
Column : GRACE Gracesmart RP 18 5 /m

L: 250 mm x ID 4.6 mm

Column Temperature: 40T

S ARESle] 725 m oA FEEE 2SIt o] w, tannic
acid& ©]83 ZFFHA2 HFTET7 0, 12.25, 25, 50, 100
pg/mLe] HEE 23T

2) DPPH fiee radical 227874 &4

AR FEES PR S o) lsledes 2543
ATk (Boo et al., 2009). A& FE] AEE ool 83
&lo], 900 uLe] DPPH & (100 uM)Z+ 2+ A|E 100 uLs
st wteidint. o] £ AlRE GaolA 3087 vk
AlZL & 517mm ol FRES SAAT T TS
7} A3S 33] wkEsle] Fde W o iRl o 53
T 7 =g oy 2l oty Ak

An=(AgA)/ Ag X 100

A,:DPPH radical 27150l gk a4kst &4 (%)

Ag: NE7F F7FEA] 982 DPPH &-°19] F35%
A WEEEl o] DPPHOE AR9] WHe F3%
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2. Ginsenoside
Total sapogenin share. g sly] A (64.45 mg/g)ell H]3k
Wagel TR Aol Wk SRl Aol DLt 1087~
40.66 mg/g_i A oZ Fojue ZoF Yehgst], o3
2 wgAe osl] Aol ® 13%9] sapogenin ©]£]€]
AroZ AF © Ao oAy} FAEL} 35 oo thst 24|
g HEV 49 ¥ Ao AlgHrh
gAY gAtE wge] A9 B8ty BI, LD, LF,
LP, ST @ SA w&o] ¢J3] Rb;, Rbs, Rbs, Re & Rf] 3
R A A4S Rege BIL LD, LF, LP ¥ STHS
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2HE 2AE BIs)| = "4%‘% 3T} (Hyon ef al., 2010)
53] atstakgd) ddste] H AWM Ata free
radical ¥H-g-o] AA| 2 0] wsh} AWy} o] i, FlEAd
E29] hydroxyl 71= fA1¢] fel7] FEAEA FA] Al °]
2719 A4 §2)7150) e Shitie Bk
ato] 23] A FL-L sl= Aoz Ul Ut} (Choi er al
2006; Lee et dl., 2005) Lee 5 (2009)> wzle] 253
Bo] oete F=2E By} Zous ko] oF 18417 =7
yebdtiy B3k bl 2o Seo er al, (2008)yS FAAUE

A9 EFEENA TEYTE Tl =4 et sk
i, Lee 5 (2008 =42l (Rumex obtusifolius) 2°]
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=
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==X O

o]/\]-o] 13]_1-]]&-:-2 %]-FJ: ZJJ @3’»} UHL;@‘_ FE=ES
61. 92+026mg/10 g= UER, BL LD, LF, LP ¥ ST%HS
=52 0.18+0.39~17.05 £0.77 mg/10 g & JJER} FEES
EE9] 11.92+0.26~28.41 +0.39 mg/10 ghit} A VEREARE
T EERFEERT 98y A vElllth
AAHoze Haro FEaFEES Evs d¥Eu=
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Fig. 2. Polyphenol content of ginseng and fermented ginseng.
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Bl : B.longum-fermented ginseng, LD : L. delbrueckii subsp. bulgaricus-fermented ginseng, LF : L. fermentum-fermented ginseng,
LP: L. plantarum-fermented ginseng, SA : S. cerevisiae-fermented ginseng, ST: S. thermophilus-fermented ginseng, E : Enzyme-
fermented ginseng and G:ginseng. Each bar is the mean £S.E., from three independent experiment.

48A7F e e Eejvls del 716
UgoXe Q8] el skttt (Fig. 2).
S ZEvE o] 4455mg/100go 2 B
(Park et al, 2009)¥]°] A= A} vlwsIH SAREFEES
Aeletares walte] 7 wart ghke] Wgtov vt
Zake] Afele @3lE =A Jebsth B Ik AR
W Big] B335 131 mg/g (Cha er al., 1999), €3] 57.6
mg/g, ¥ 21.0mgg ¥ SF 260mgg (Lee and Lee,
1994yl Bl&l & ZjulE ol Wkow, A 422 mgg
(Woo et al., 2009), 21%1% 60 mg/g (Jung et al., 2008), ™
9 ¢ 223mg/g (Seo et al., 2008), A= 0.306 mg/ml (Lee
et al, 2007), FLDUF (Gleditsia japonica) 958.5 mg%
(Lee et al., 2008) 5ol HlaiA = w9~ WA UERsIT]
= 280l okt
ZdtH 0| F= anthocyanidins, flavonols, flavones,
cathechins ¥ flavanones S22 AT o] JomH, 7 X9
e} 54 Fepeico|l=x st 2 S 2 7
o7 RBIHEIZ 9tk (Middleton and Kandaswami, 1994;
Nakagawa and Amano, 1974). 21&°)| T EAsk= STu
wolue ks, £3b] de o, 39, 3, 3
i, & vlojeis, A9}, B 7t Tttt 71e8 A
212 a3= RAYh (Kawaguchi er al, 1997). T8 A%
FEEY SHExolE S A A9 FoaF
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wol= gapel Walh A fIglonk, thiel g WA
2] Aol mhek 7§l F715he AFS vhehHIch SA

wgFEEo] 749 2477 wEolA] 117.08 +0.34 mg/10 gHEk
wom, 72417k BFEAolE 15645+ 129 mg/10 g2 2 7P =
A Ve A EAT oM 7P £ AAE Vel e
I o Be LPEEFEE] B2 AR AT (Fig.
3). Kim & (2004)2 =24 oFg2=2] FEethee|= o
F A A3 Ax 5535 mglg, AV 44.04 mg/g, 5%
38.00mg/g, A< 1520 mg/g, 37 720mgg Y& HILSHAL
Ao, w3t okgAEo] FHtsidA el Ak BAoA 14t &
ZZ2o] Zalpo|t SRS 591 +0.48 mg/golEl G0
, 2 A7 2R A Fo SShEeo|E RS SAY
FFEE A QA E FEEY Seheol= FFRT 2

vl o] w2 S Aow AT
Lee 5 (2009)2 WFAte] odbefE=<lM 7F B2 &
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Fig. 3. Flavonoid content of ginseng and fermented ginseng.
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Bl : B.longum-fermented ginseng, LD : L. delbrueckii subsp. bulgaricus-fermented ginseng, LF : L. fermentum-fermented ginseng,
LP: L. plantarum-fermented ginseng, SA : S. cerevisiae-fermented ginseng, ST: S. therm?fhilus—fermented ginseng, E : Enzyme-

fermented ginseng and G : ginseng. Each bar is the mean +S.E., from three indepen

B 24hr W AGhr

Lill|

70

Electron donating ability(%)

e

Fig. 4. Electron donating ability of ginseng and fermented ginseng.
BI : B.longum-fermented ginseng, LD : L. delbrueckii subsp. bulgaricus-fermented ginseng, LF : L. fermentum-fermented ginseng,
LP: L. plantarum-fermented ginseng, SA : S. cerevisiae-fermented ginseng, ST: S. thermophilus -fermented ginseng, E : Enzyme-
fermented ginseng and G : ginseng. Each bar is the mean +S.E., from three independent experiment.

9] F%= DPPH radical 2AEAE SA A3} 22 w50
A 2295 AAFEsHAIR] BIENT C] 57.66 +0.98%<} Bl

, FHEFEES 4537+£0.62%, EdEFEELS 4268+
1.27~4636 +0.77%, BIHEFZE2 33.98+1.17~38.77+
1.01%, LDEEFZES 3580+ 0.84-44.41 £1.20%, LPLE
FEEL 43.85+1.44~50.51 £0.77%, LFEaFE22 3733+

TE=v
1.37~55.62 £ 0.33%, SALYEFZE- 48.68+1.05~54.90 +

260

ent experiment.

E72hr

A < o C
X 9 &
\QV‘

1.59% Z228]3 STEEFEELS 24.11+1.41~3830+ 1.21%%
HAAESARD HIERICSE frAREAY oF W 7hs vEr
o] wgelike]l DPPH radical 2748410 73S
At (Fig. 4).

You & (2009y H&H¥] FEHo] =2 DPPH radical 4
Aol thal &L, ok8AE 8 FEE AR
S 1.0mgmL (0.1%)5=04 A 158%, T2 13.3%,

o 1o

% %
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Table 2. Ginsenoside content of ginseng and fermented ginseng.

Ginseno BI LD LF LP

-side 24 48 72 24 48 72 24 48 72 24 48 72%
PPT
Re 2.69 2.64 2.66 2.46 2.35 2.62 243 2.60 2.90 2.00 2.93 2.23
Rf 1.14 0.98 0.93 0.90 0.77 0.72 1.02 5.77 4.85 0.62 0.06 0.95
Rgl 5.29 5.13 5.17 4.66 4.58 4.82 4.54 5.02 5.78 2.72 2.52 2.56
Rg2 0.23 0.22 0.22 0.16 0.18 0.20 0.21 1.44 1.43 0.08 0.13 0.12
Rh1 0.41 0.46 0.56 0.38 0.51 0.63 0.42 1.14 0.39 0.35 0.40 0.48

subtotal 976  9.43 954 856 839 899 82 148 1496 542 564 586
PPD

Rb1 1.11 ND ND ND ND ND 0.24 ND 1.96 ND 0.10 ND**
Rb2 1.06 0.67 0.60 0.40 0.07 ND 1.29 2.61 3.27 0.63 0.75 0.29
Rb3 0.25 1.15 0.15 ND ND ND 0.34 0.22 1.06 0.1 0.12 0.00
Rc 1.86 1.32 1.27 0.60 0.18 ND 2.00 0.96 0.99 1.12 1.32 0.49
Rd 2.83 1.78 1.82 0.89 0.27 0.14 3.52 2.41 2.81 3.67 2.21 1.03
Rg3 0.07 0.07 0.10 0.36 0.42 0.40 0.47 0.07 0.05 0.09 0.16 0.10
Rh2 0.67 0.58 0.51 0.28 0.34 0.33 0.62 0.54 0.51 0.22 0.12 0.09
C-K 0.99 1.57 2.41 0.98 1.83 2.28 0.62 1.28 2.26 0.21 0.35 0.59
subtotal 8.84 7.14 6.86 3.51 3.11 3.15 9.1 8.09 12.91 6.05 5.13 2.59

Total 17.60 15.57 16.40 12.08 11.50 12.13 17.65 25.05 28.26 11.82 11.76 8.92

Ginseno ST SA E G

-side 24 48 72 24 48 72 24 48 72
PPT
Re 1.60 1.74 1.84 5.06 4.29 4.33 4,51 4.67 5.50 5.65
Rf 0.72 0.75 0.85 2.42 1.88 2.04 1.29 1.83 1.38 2.78
Rg1 3.05 3.42 3.92 13.20 11.17 11.51 9.40 9.86 12.70 12.58
Rg2 0.13 0.19 0.26 0.64 0.54 0.53 0.35 0.53 0.70 0.83
Rh1 0.34 0.42 0.72 0.33 0.33 0.29 1.09 0.76 2.74 0.32
subtotal 5.5 6.1 6.87 21.32 17.88 18.41 16.64 17.65 23.02 22.16
PPD
Rb1 0.26 ND ND 0.29 1.18 0.65 2.02 ND ND 14.11
Rb2 0.90 0.57 1.61 3.16 1.67 2.73 0.74 2.99 0.31 7.12
Rb3 0.20 0.09 ND 3.00 0.26 0.44 0.22 0.71 0.1 6.75
Rc 1.47 0.77 1.31 3.34 1.12 2.96 1.10 5.38 0.65 8.81
Rd 2.39 1.36 1.89 5.36 2.59 4.48 3.25 6.89 9.42 2.27
Rg3 ND 0.06 0.05 0.13 0.24 0.19 0.60 1.60 0.27 0.15
Rh2 0.45 0.40 0.35 1.54 1.32 1.14 1.60 1.56 1.46 2.71
C-K 0.34 1.09 2.01 2.19 2.89 2.60 1.19 0.53 1.92 0.36
subtotal 6.01 4.34 7.22 19.01 11.27 15.19 10.72 19.66 14.14 42.28

Total 11.86 10.87 14.82 40.66 28.99 33.42 27.36 37.31 37.16 64.45

“Fermentation period(hr), “ND : Not detected, Bl : B.longum-fermented ginseng, LD : L. delbrueckii subsp. bulgaricus-fermented ginseng, LF : L.
fermentum-fermented ginseng, LP: L. plantarum-fermented ginseng, SA:S. cerevisiae fermented ginseng, ST:S. thermophilus-fermented
ginseng, E:Enzyme-fermented ginseng and G:ginseng

S 54% (Park et al, 2009)%, FAF F2E 1.0my  56% D TE 3926%, 2 1836%, Z3F 34.47%, Ht
mL FEolA AL 42.12%, MFT42.27%, Z2HEF 2645%,  2627% 5 (Moon et al, 2004), M9 U €L F=

o

B 1275%, 27 349%, AT 102%, AEA 6.7%, 29 349% (Seo ef al, 2008) S Hlws] R WENEE

i
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2 d3EE-0
o] DPPH radical 22AEd0] T2 k8AE FEE XU} ¢

T8l VRO, SR 49.54% (Woo et al., 2009} ™

9] e E5EE 61.5% (Seo ef al., 2008)ETH= S9UTH,
6. OFEMA NS
opaAde AEL TR B A, 53] ARG 254

Foll Hrtste] S4 AAe} WAl AR R gE] o]
SHA, 2 A7 A4S UERlo] A A 959
S| 2FZR1o] AkslE|o] methemoglobing 34J351¢] methemog-
lobing 5 2+ $55 4o7|e Zo® I glon, ol
b opEatgdo] whgsl WoMd =2l nitrosamine s A8/ 8F
=8 o] FFE pHI e ZAoNA FA doju= Aoz
LUt (Greenblatt, et al., 1971; Hotchkiss, 1998; Lim
et al., 2007).

Lee et al. (2007y> A9 ethylacetate =¥ =] BHTS}
ARt 73gh ot sl e, vFdAte] 739 pH 1.2

=
=

M= ANer&FEE, pH 3.0014= EFEE] o 953 o}
AALA S UeRlo] pHE| Walel &8 ulel a3}
9 AE AoZ HE vl Ut} (Lee ef al., 2009).

p

L

0
o=
g+ A3, pH25 B pH 4204 FREFEF=S 747t
06% 2 81.28+0.66%= LIEFO™, BL, SA 2

e FEE 9 BIaEFEES A9slaE LD,
LP, LF, SA, ST ¥ E 48A|7} o] WaFEEoA BF
80% ode] =& oA aATS YERL) pHl wlE o}
A3 AT Foxks YEREA] eisken, Wy mAlELd
= fofxks ALl fIeh FEgt 3 AksiAIRl BHTS] ©F
AN 27%S pH2.5 2 pH 42014 ZH2} 84.76 +0.13%
7} 84.9840.11%% YER}L o] <l4t g Eo] ghidatals}
A9l BHTS} 22 A== Yehdllth (Fig. 5). ol2igt 3=
ol EFFEES] 1 mgmL Fx, pH 42004 ofzAbd £
oL fr 52.98%, AWAF 22.3%, T 41.33%, w23
32.15%, B 9l 4832%, F5 27.36%, 27H 66.19%,

=]

B 24hr W48hr W 72hr

BI LD LF LP SA ST E G BHT

100

o
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@
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Nitrite scavenging ability(%)
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0
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Fig. 5. Nitrite scavenging ability of ginseng and fermented ginseng.
Bl : B.longum-fermented ginseng, LD : L. delbrueckii subsp. bulgaricus-fermented ginseng, LF : L. fermentum-fermented ginseng,
LP: L. plantarum-fermented ginseng, SA:S. cerevisiae-fermented ginseng, ST :S. thermophilus-fermented ginseng,
E : Enzyme-fermented ginseng and G : ginseng. Each bar is the mean = S.E., from three independent experiment.
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7. Superoxide dismutase (SOD) 2
S

A ksl g4%0] Rl SODE Alxd] SAAE
AR A7) WS Frljsle @4ol™ SODe
o8] AAHE FakslAE catalase peroxidaseol| 23]
& 2L AR EAR HEEE F8g 84 Fo] shtolnt
SOD FARMY EZS a4 olYA|qt 2 phytochemicalol]
&8s AEAEZo] SODY fARE A8kS- 319 superoxide
o] Wk3AS A superoxideZFE AAS BHEFThy &
HA Ak WA SOD AARMIS Zhe 2422 QAW
superoxideE A| AL ZH =3lodA| 9} tlEo] 4ts}] ol
Wola7E 7HT} (Salim, 1990; Song et al., 2003).

]
(¢

T
EE

Q.

.

ML EFEES 10mgmLe] TEE SOD fARMES =
A%t Az} FUE FEZELS 1922+0.51%2] 2A5S JER

om, FREFEES] 7 48A17F oA 21.08 +0.28%=
F7HE & A7 dEolM e Fasiditt. dandEe] wet
A= B, LD, SA ¥ STEEFEELS 10% ©J3F] ¥ SOD
A S48 JeRd v LPE S 3522 10.24 +0.28%°14
12.85+ 0.572 YeRoH, WrgA|7te] wE 2ol YERA
RUTEH LPLEFEEC] 4T 1948 £0.28%°4 30.72+
0.85%= W% =2 #hS UERIL RaA|Tte] dojdrs &
#o] oAl Fod de AHE YUERlo] LPEEFEEC]
7P 2 432 YeEPlY (Fig. 6). Seo 5 (2008)y A
UE Qo] des FEE0] 7P 2 SODIAMFEAS YE
dor 349, M EFEES] SmgmL s=0A 79+
2.8%KTH =2 FALS YeE L glom, mgmLEyEolA 2%
Z BEFEE 424%, 271 242%, 22 124%, T 11.6%
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(Kim et al, 2004), A kA= L7 ascorbic acid®]
o] =& FAFE WoE g AolA Ak, BEZE,

W 24hr ®W4A8hr W 72hr

Bl LD LF LP SA ST E G BHT

100

80

i =)
o =]

[N
o

Nitrite scavenging ability(%)

0



YSQIAMO| Ginsenoside Hsle} SHisH £

B 24hr WA8hr H72hr

35
30
25
20
15
10

5

0

Lal

BI

SOD like ability(%)

LD LF

LP

Lokl

SA ST E G

Fig. 6. Superoxide dismutase like ability of ginseng and fermented ginseng.
BI: B.lonfgum—fermented ginseng, LD : . delbrueckii subsp. bulgaricus-fermented ginseng, LF : . fermentum-fermented ginseng,
a

LP:L p

ntarum-fermented ginseng, SA : S. cerevisiae-fermented ginseng, ST: S. thermophilus-fermented ginseng, E : Enzyme-

fermented ginseng and G : ginseng. Each bar is the mean £S.E., from three independent experiment.

7191, 271¢] SOD ARl 242t 14.6%, 41.7%, 27.6%
2 30.2% (Hong et al, 1998) 2 #AF k&A1& F 7]
b 2127%, Q¥ 15.63%, 23 14.17%, 822 13.20%, Ak
Ab 6.70% (Lim et al., 2004)-} Q¥0=} 70.33% (Han et al.,
2006), ZHA 71”92 (Sedum middendorffianum) 53.8% (Lee et
al., 2008) 53 H|wsFH SOD FAMEAS S H|wd ve Ao
2 AR

ZAel 2
B ATE AR HERAT AR A7) Ao o
sjo] olFolgom olo] AE EFI

LITERATURE CITED

Blois MS. (1958). Antioxidant determination by the use of a stable
free radical. Nature. 26:1199-1200.

Boo HO, Lee HH, Lee JW, Hwang SJ and Park SU. (2009).
Different of total phenolics and flavonoids, radical scavenging
activities and nitrite scavenging effects of Momordica charantia
L. according to cultivars. Korean Journal of Medicinal Crop
Science. 17:1520.

Cha JY, Kim HJ, Chung CH and Cho YU. (1999).
Antioxidative activities and contents of polyphenolic compound
of Cudrania tricuspidata. Journal of the Korean Society of
Food Science and Nutrition. 28:1310-1315.

Cho HO, Lee JH, Cho SH and Choi YH. (1976). Approach to
the extraction method on minerals of ginseng extract. Korean
Journal of Food Science and Technology. 8:95-106.

263

Choi HJ, Lee WS, Hwang YJ, Lee 1J, D. Shin H, Kim HY and
Kim KU. (2000). Changes in chemical compositions of green
tea(Camellia sinensis L.) under the different extraction
conditions. Journal of Life Science. 10:202-209.

Choi JS, Jung JH, Lee HJ and Kang SS. (1995). A naphthalene
glycoside from Cassia tora. Phytochemistry. 40:997-999

Choi SR, You DH, Kim JY, Park CB, Ryu J, Kim DH and
Eun JS. (2008). Antioxidant and antimicrobial activities of
Artemisia capillaris Thunberg. Korean Journal of Medicinal
Crop Science. 16:112-117.

Folin O and Denis W. (1912). On phosphotungastic-phospho-
molybdic compounds as color reagents. Journal of Biological
Chemistry. 12:239-249.

Goldin BR. (1998). Health benefits of probiotics. British Journal
of Nutrition. 80:203-207.

Greenblatt M, Mirvish S and So BT. (1971). Nitrosamine studies:
induction of lung adenomas by concurrent administration of
sodium nitrite and secondary amines in Swiss mice. Journal of
National Cancer Institute. 46:1029-1034.

Han SH, Woo NRY, Lee SD and Kang MH. (2006).
Antioxidative and antibacterial activities of endemic plants
extracts in korea. Korean Journal of Medicinal Crop Science.
14:49-55.

Heo SI and Wang MH. (2008). Antioxidant activity and
cytotoxicity effect of extracts from Taraxacum mongolicum H.
Korean Journal of Pharmacognosy. 39:255-259.

Hong HD, Kang NK and Kim SS. (1998). Superoxide dismutase-
like activity of apple juice mixed with some fruits and
vegetables. Journal of Food Science Technology. 30:1484-1487.

Hotchkiss JH. (1998). A review of current literature on N-nitroso
compounds in foods. Advanced of Food Research. 31:54-115.

Hyon JS, Kang SM, Senevirathne M, Koh WJ, Yang TS, Oh
MC, Oh CK, Jeon YJ and Kim SH. (2010). Antioxidative



COA .
i T =

activities of extracts from dried Citrus sunki and C. unshiu
Peels. Journal of the Korean Society of Food Science and
Nutrition. 39:1-7.

Ju JC, Shin JH, Lee SJ, Cho HS and Sung NJ. (2006).
Antioxidative activity of hot water extracts from medicinal
plants. Journal of the Korean Society of Food Science and
Nutrition. 35:7-14.

Jung MJ, Yu Yin, Heo SI and Wang MH. (2008). Antioxidant
and anticancer activities of extract from Artemisia capillaries.
Korean Journal of Pharmacognosy. 39:194-198.

Jung SJ, Lee JH, Song HN, Seong NS, Lee SE and Baek NI
(2004). Screening for antioxidant activity of plant medicinal
extracts. Journal of the Korean Society for Applied Biological
Chemistry 47:135-140.

Kato H, Lee IE, Chuyen NV, Kim SB and Hayase F. (1987).
Inhibition of nitrosamine formation by nondialyzable
melanoidines. Agricultural and Biological Chemistry. 51:1333-
1338.

Kawaguchi, K., Mizuno T, Aida K, and Uchino K. (1997).
Hesperidin as an inhibitor of lipases from porcine pancreas and
pseudomonas. Bioscience, Biotechnology, and Biochemistry.
61:102-104

Kim DY. (1973). Studies on the browning of red ginseng. Journal
of the Korean Society of Agricultural Chemistry and
Biotechnology. 16:60-77.

Kim EY, Baik IHB, Kim JH, Kim SR and Rhyu MR. (2004).
Screening of the antioxidant activity of some medicinal plants.
Korean Journal of Food Science and Technology. 36:333-338.

Kim HG, Kim KY and Chang JC. (2007). Screening for ginseng
fermenting microorganism capable of biotransforming ginsenosides.
The Korean Journal of Microbiology. 43:142-146.

Kim NY and Han MJ. (2005). Development of ginseng yoghurt
fermented by Bifidobacterium spp. Korean Journal of Food
Cookery Science. 21:575-584.

Kim JY, Maeng YS and Lee KY. (1995). Antioxidative effects of
soybean extracts by using various solvents. Korean Journal of
Food Science and Technology. 27:635-637.

Kim JY, Yi YS and Lim YH. (2009). Biological and antifungal
activity of herbal plant extracts against Candida species.
Korean Journal of Microbiology and Biotechnology. 37:42-48.

Kim YC, Cho CW, Rhee YK, Yoo KM and Rho JH. (2007).
Antioxidant activity of ginseng extracts prepared by enzyme
and heat treatment. Journal of the Korean Society of Food
Science and Nutrition. 36:1482-1485.

Kong BM, Park JW, Kim HB, Kim SH, Kim SY and Yang
DC. (2008). Physico-chemical characteristics of white, fermented
and red ginseng extracts. Journal of Ginseng Research. 32:238-
243.

Lee JJ, Ha JO and Lee MY. (2007). Antioxidaive activity of
lotus root (Nelumbo nucifera 1.) extracts. Journal of Life Science.
17:1237-1243.

Lee SE, Lee SW, Bang JK, Yu YJ and Seong NS. (2004).
Antioxidant activity of leaf, stem and root of Panax ginseng C.
A. Meyer. Korean Journal of Medicinal Crop Science. 12:237-
242.

Lee SE, Sung JS, Jang IB, Kim GS, Ahn TJ, Han HS, Kim
JE, Kim YO and Park CB. (2008). Investigation on

nE= -

264

0]

|7

[

o

P

antioxidant activity in plant resources. Korean Journal of
Medicinal Crop Science. 16:356-370.

Lee SH, Kang JL and Lee SY. (2008). Saponin composition and
physico-chemical propertis of Korean red ginseng extract as
affected by extracting conditions. Journal of the Korean Society
of Food Science and Nutrition. 37:256-260.

Lee SO, Lee Hj, Y MH, Im HG and Lee IS. (2005). Total
polyphenol contents and antioxidant activities of methanol
extracts from vegetables produced in Ullung island. Korean
Journal of Food Science and Technology. 37:233-240.

Lee YS. (2006). Detection of chemical characteristics in Hamcho
(Salicornia herbacea) according to harvest periods. Journal of
Life Science. 16:683-690.

Lee, YS, Choi BD, Joo EY, Shin SR and Kim NW. (2009).
Antioxidative activities and tyosinase inhibition ability in
various extracts of the Vitex rotundifolia seeds. Korean Journal
of food preservation. 16:101-108.

Lee YS, Jang SM and Kim NW. (2007). Antioxidative activity
and physiological function of the Angelica dahurica Roots.
Journal of the Korean Society of Food Science and Nutrition.
36:20-26.

Lee JH, and Lee SR. (1994). Analysis of phenolic substances
content on Korea plant foods. Korean Journal of Food Science
and Technology. 26 : 310-316.

Lim JA, Yun BW and Beak SH. (2007). Antioxidative activity
and nitrite scavenging ability of methanol extract from Salvia
plebeia R. Br. Korean Journal of Medicinal Crop Science.
15:183-188.

Lim JD, Yu CY, Kim MJ, Yun SJ, Lee SJ, Kim NY and
Chung IM. (2004). Comparision of SOD activity and phenolic
compound contents in various korean medicinal plants. Korean
Journal of Medicinal Crop Science. 12:191-202.

Kim EY, Baik IH, Kim JH, Kim SR and Rhyu MR. (2004).
Screening of the antioxidant activity of some medicinal plants.
Journal of Food Science Technology. 36:333-338.

Kim SY, Kim JH, Ki SK, Oh MJ and Jung MY. (1994).
Antioxidant activities of selected oriental herb extracts. Journal
of the American Oil Chemists' Society. 71: 633-640.

Marklund S and Marklund G. (1974). Involvement of superoxide
anion radical in the autoxidation of pyrogallol and a convenient
assay for superoxide dismutase. European Journal of Biochemistry.
47:469-474.

Middleton E and Kandaswami C. (1994). Potential health-
promoting properties of citrus flavonoids. Food Technology.
48:115-119.

Moon JS. Kim SJ, Park YM, Hwang IS, Kim EH and Park
JW. (2004). Activities of antioxidation and alcohol dehydrogenase
inhibition of methanol extracts from some medicinal herbs.
Korean Journal of Food Preservation. 11:201-206.

Moon JS. Kim SJ, Park YM, Hwang IS, Kim EH and Park
JW. (2004). Antimicrobial effect of methanol extracts from
some medicinal herbs and the content of phenolic compounds.
Korean Journal of Food Preservation. 11:207-213.

Nakagawa M and Amano L. (1974). Evaluation method of green
tea grade by nitrogen analysis. Journal of Japanese Food
Science and Technology. 21:57-63.

Park CS. (2005). Antioxidative and nitrite scavenging abilities of



YSQIAMO| Ginsenoside Hsle} SHisH £

medicinal plant extracts. Korean Journal of food preservation.
12(6):631-636.

Park JC, Cha JY, Lee CH, Doh ES, Kang IH and Cho YS.
(2009). Biological activities and chemical characteristics of
Monascus-fermented korean red ginseng, Journal of Life Science.
19:1553-1561.

Park SJ, Kim DH, Paek NS and Kim SS. (2006). Preparation
and quality characteristics of the fermentation product of
ginseng by lactic acid bacteria (FGL). Journal of Ginseng
Research. 30:88-94.

Salim AS. (1990). Oxygen-derived free radicals and the prevention
of duodenal ulcer relapse. American Journal of the Medical
Sciences. 300:1-6.

Seo HS, Chung BH and Cho YG. (2008). Antioxidant and
anticancer effects of agrimony (Agrimonia pilosa L.) and
chinese lizardtail (Saururus chinensis Baill). Korean Journal of
Medicinal Crop Science. 16:139-143.

Seo HS, Chung BH and Cho YG. (2008). The antioxidant and

anticancer effects of butterbur (Petasites japonicus) extracts.
Korean Journal of Plant Resources. 21:265-269.

Song JH, Lee HS, Hwang JK, Chung TY, Hong SR and Park
KM. (2003). Physiological activities of Phellinus ribis extracts.
Korean Journal of Food Science and Technology. 35:690-695.

Woo KS, Jeong JY, Hwang IG, Lee YJ, Lee YR, Park HJ,
Park ES and Jeong HS. (2009). Antioxidant activity of
ethanol extraction on citron seed by response surface
methodology. Journal of the Korean Society of Food Science
and Nutrition. 38:384-390.

You JK, Chung MJ, Kim DJ, Seo DJ, Park JH, Kim TW and
Choe M. (2009). Antioxidant and tyrosinase inhibitory effects
of Paeonia suffruticosa water extract. Journal of the Korean
Society of Food Science and Nutrition. 38:292-296.

Zhishen J, Mengcheng T and Jianming W. (1999). The
determination of flavonoid contents in mulberry and their
scavenging effects on superoxide radicals. Food Chemistry.
64:555-559.

265




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


