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Abstract

The purpose of this study is to investigate antioxidant properties in microbial fermentation products of Lonicera japonica
Thunb extract. The bacterium Lactobacillus plantarum NHP1 was isolated from conventional fermented foods. Modern
pharmacological studies show that Lonicera japonica Thunb and its active principles of wide pharmacological actions. For
instance, they show a strong efficacy in antibacterial, anti-inflammatory, antiviral, anti-endotoxin, blood fat reducing, anti-
pyretic, and antioxidant activities. The extract of Lonicera japonica Thunb was obtained by extracting dried Lonicera japonica
Thunb using either hot water or 70% ethanol as a solvent. Fermentation was performed in a 2L fermentor containing 1.2 L
of extractat conditions of 30°C and 100 rpm for 48 hr. The amount of cholorogenic acid was 2.65 ¢g/g in hot water extract.
The total phenolic content (GAE, gallic acid equivalent) in hot water and 70% ethanol were 56.5+4.9 GAE mg/g and 72.7+5.3
GAE mg/g, respectively. After fermentation, the phenolic content increased to 30.2% in hot water and 12.9% in ethanol
extract. In the same manner, flavonoid content increased to more than 75% regardless of extract solvent. ABTS (2,2-azino-bis-
3-ethylbenzthiazoline-6-sulfonic acid) value noticeably increased to 50% after fermentation.

Key words : Antioxidant, Lonicera japonica, fermentation, phenolics compounds, flavoniods, DPPH, ABTS.
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Wbg 2ol A 728l Lactobacillus plantarum NHP1< ©
Sl RS AT 7, LR AT 5 o5 HUE, E
H-ol= 3l3HE, DPPH &7 3 ABTSE S43I3th
gA] & Ao HAL 323 4, 70% ethanol 3
AL aa EolA 2283t Lactobacillus plantamm NHP1 ¥
ol ogh LRI ofsf Fitst 24 % YA 2750
Hstsl=A S BEstuat sk Aotk
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gallic acid, hesperidlne, 2,2—azm0-bls(3-ethylbenzthiazoline-6-sul-
fonic acid(ABTS), aluminum chloride, phenol reagent, 1,1-di-
phenyl-2-picrylhydrazyl(DPPH), potassium persulfate, naringine,
luteolin, imperatorin, trolox &+ Sigma Aldrich Company(St.
Louis, MO, USA)ellA] 5l o 1 9fof ALgH AloFE
< 1 SF°ldrh
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Ao A FEE W3 E2
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RS- 3% 3 TSA(Difco. NJ, USA) Houl=]ol] &
24117 vl oFal I thHwang er al 2008). HE2 072 ﬁ%%
ool dn #FLE TSAA] wijdd ZEYUE W&
Sefo|= Skl £ F GAskA] ol AR|7(BX51, Olym-
pus, Japan)ollA 400u- &= FH23}3 T}

HAE 16S rRNAS F8 22 ABI PRISM BigDye Ter-
minator Cycle Sequencing Ready Reaction Kit(Applied Bio-
systems, Carsbad, CA)E AF83le] A7|MEE 2AA3sAd.
Sequencing PCR-> BigDye 1.3 zL, P7 primer 1 #L, 16S rRNA
sample 1 £L(100 ng), 2x buffer 3.4 pLoll B ZF<F 13.3
pLE 2 E33F 3 cycle sequencing= A5l PCR 4F

E2 100% ethanol 50 L} 3 M sodium acetate(pH 5.2) 2

LE #7}3 5 15,000 rpmoll A 25%-3F JAA 731, 250 1L
«] 70% ethanol 2 A| & 3}e] 742A]7] & HiDi Formamide 20
pLE H7Isle] 95TollA] 24 B2t denaturation 3+ & €59

ol|A] WZtA]7]aL ABI PRISM 310 Genetic Analyser(Applied
Biosystems, Carsbad, CA)E Al&-3lo] 16S rRNA (500~580

A i JokAlo} gtk ikt

bp) 97192 243512131, homology: DDBJ/NCBI/GenBank
database®] BLAST program< ©|-&-dlo] H]walict 2+ 47]
Aol AEA-L alignment Clustal X programE o] -&-ato] ¥
28 P on, AeEe] A 2 ARl YAst
o] A%} tHThomson et al 1994).

3. 228t do|A FE U 5F
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4 =
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1 Lol K,HPO, 3 g, FeSO, - H,O 0.01 g, MnSOy -
7H,0 0.01 g, NaCl 0.01 g, CaCOs 0.05 g, ethylenediaminete-
gelaled pHE 652 HA sl Azxa}
Tﬂr G|l 0.5% (wiv) &2 FZE(yeast extract)e ¥
e e MMYZ E713h9th 4 WS 918 Fesh
= HHX] MMYl 523} F5Y0] 2% (wiv)7t H== =
A3t & pHE 6.52 HA sl #A|Z3A ) wlA] 50 mLE 250
mL g etsse] ERagh
ZAuf k& 7 el k7] (SI-300R, Lab, Korea)ol A 30T, 150
pm O " 24Xt St R Fetdeh. MufF e
H°L°— A7 FHoz AMSITE & WS 93 wiA
Je MMYell 523 F5d0] 10%(wv)7F H=5 24
3& T pHE 652 B3l A|x3tH ) 2 vl %2 working
volume 2 L2] 3]3&24] g 7](Semital, Daejon, Korea)l] A==
¥ w12 LoF F9 60 mLE P o2 FF-S 5k 30T,
100 rpm 27122 48 A7t <t S8 319 t(Hwang et al 2008).

traacetic acid 0.1 g=

.25 dU|A MEEAM
JEEA ] A8l HPLC 73-2 Shimadzu LC-20AD pump,
CTO-20AC oven, Sil-20AC auto-sampler, PDA-20A UV de-

tector, CBM-20A system controller, LC Workstation software
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(Shimadzu Corporation, Kyoto, Japan)Z o] Fo] Mt} A 52
& flote] 7tel= A3 A9 Agilent Cis= AHE-SHA
o} olBAke] 742 (A) acetonitrile I} (B) acetic acidE AF

/3193, 60~90% B S-S 0~15% fxlsta, 20~

60% B §UlE 15~25%, 0~20%E 25~26+, 0% BE 26~
34%, 0~90% BE 34~35%, 90% BE 10222 3t 715

Stk B AlREA S A o] SEAIE 1080
3 31# &) SEETE 10 mUmincl T i 9 2o

T2 40CE fAIEATh F UV Z2A1719] 38 275 nm
dlA stk BAE A9 &S] F2 10 Lot

1) = _\T_-”l‘lE:A‘I §|.%|-% EI‘I
AA e IdHFE gallic acidE EFEZE 3+ Folin-
Ciocalteu reagent(FCR) Al o2 F-A5191 th(Dewanto
et al, 2002). EFEEA A2 gallic acid (20, 40, 60, 80, 100
mg/L) $4S THEo] 1 mLE 9 mL9| deionized waterol] &
Falo] Azt B4 AEL Na,CO; 1.5 mL(20 g/100
mL), FCR 500 xL, deionized water 6 mL, &8 100 L,
¥ gallic acid 100 £ L5 E3ste] A|ZalAt) Aol A
B AZS 2 AZF HS-AIZ] 3ol 4,000 rpmellA] 5EZF
AR T A5dE FHdll 765 nmollA FFE=E S5
ot B EZ9] U2 acetone : water(1:1)2 3k gallic
Aaiitt. A4 dls 24 xR g T
gallic acid equivalent(GAE)2] %oz H7l5t% )

2) £ ZlH 0| T2k 24

AA S eol=o] A&
AWH(Saleh & Hameed 2008)2 ©]-8-3te] &7 3131t} Hesperi-
dine EFE2-S 20, 40, 60, 80, 100 mg/L &Y o7 HHEo]
Ztzto]l 89 | mLE deionized water 9 mLol] £3F3lo] A=
stttk SFEAS 9% wheo AMZ 2ol 05 mLE 95%
ethanol 1.5 mL$} &33+ T3 10% aluminium chloride 0.1
mL, 1 M NaOH 0.1 mL, deionized water 2.8 mLE 7 7}3F
F 4ol 3027 o] ol W T 415 nmel X FHE
2 23891, AA SgHwolE %S HFXAE g B
hesperidine %F2.2 %7}3}93th

F212 aluminium chloride H]

3) DPPH 2iC|Z 275 &3
DPPH(1,1-diphenyl1-2-picryl-hydrazyl) &7 Hung et al

(2009)¢] WS WG] STk Fedk oy

nized waterol]l 8315t] FX 5%((wiv) AlRE TEJTL A}

4% DPPHO] ¥ &t 75 #Mo]Ath ¥He-& DPPH 4

4 39 mLot AR 100 pLE ofFollM EF3T + ”—%011*1

£ deio-

30%7t o] FolH Tt Hhg- ol 515 nmollA FHEE S5t
ot thZ+= DPPH €9 3.9 mLe9} WEHE 100 £LE &
gtete] A|zelsith. DPPH 2oz &5 dla+o gk

o
A5 FBEE vluste] oo} 2 2oz Akeigitt
DPPH &A5(%) = [(FFZEE ¥ ¥/ §35-F=55

W FRE)FEE T A F8E]x100

A #itals 572 TEAC(trolox equivalent antioxidant
capacity) ol olsle] #4931 thLiyana & Shahidi 2006).
A& Well gitstEdo] & 7% dsEd wxol B
glsto] ABTSE= 2451, o|2g AstE 734 nmolA &
B Sk B4 A8 ABTSE &7dte 3
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5588 TFEAQ troloxd] 3AE SEHFEZAT H|
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7. SAXE]

e AF A9 AEE SAZZIHQA SAS(Statistic
Analysis System, 9.2)5 ©|-&33ith 7+ o W& o)A A
e A2 (Analysis of Variance, ANOVA)= 3F & o=
0.05 <===ll4] Duncan's multiple range testel] w2} E215}9]c}

1. 228 Ay|x wm FF 22
23, SR, o)A 5 WEAFAN RFE Be) 9

HiAle) Seasieh 5 S0olH o

2 R Mg ol 1071] BEE AesILch 107
FFES TG W12 wAoIA MR Fol B AES
A% pH, A=E 20, T AW Table 13} 2T
fartoR WAE 5 g 1019 BRES 2e 29 7
23} 7|z wpAoIA] BEE $ AT, F ATFE 8230

108~1.47x10°mLe] EZZ Bt} pHE 3.61~4.14
3 AFEE 1.01~1.519] M9 S Belh & Qe Alx 2
pHete] BAIE Bl #5o] FRd dHgle]l #57F 1x
10°/mL ©] &}l A 24“7101] ool oA E F4e A
glol pHek Atwmrh 7o LA SR, E47} 1x10°/mL ©]7
AAe F FFel STl w}a‘r e S7kskal, pHe A4
=g %«l 2, Ae 5 A 545 Hlaste] HFAe
= AEg 1ol NHPLBO]‘”VJr #HF ABE d79 =Y
E oy FES Ho Fa, dn ARRle A<
To 2 $545 Bo FUKFig. 1).
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B3t B A3 Lactobacillus 49 o E35t= A5
A gl &3 dF2AM, Lactobacillus plantarum NRRL
B-14768T(AJ965482)%} 100%2] FAFAAE Yehl& AL
2 ZRIFUTKFig. 2). webrd Eeld o= Lactobacillus
plantarum NHP1 2.2 "33 3}3th

2. Chlorogenic Acid =4

Fo3le] A& 7154 Aoz 4EA chlorogenic acidE

Table. 1. Bacterial number, acidity and pH of fermen-
tation broth of Lonicera japonica Thunb. extract produced
by isolated bacteria

Fobrlol ki

Lactobacillus parapiantarum DSM 106677 (A1306297)
Strain NHP1

7! Lactobacillus plantarum NRRL B-147687 (A)965482)
Lactobacilus fabifermentans LMG 242847 (AM305388)
Pediococcus argentinicus” (AM705786)

Lactobacillus vaccinostercus LMG 92157 (AJ621556)
Lactobacillus suebicus CECT 59177 (AJ575744)
Lactobacillus malefermentans DSM 57057 (AM113783)
Lactobacillus paracolfinoides DSM 155027 (AJ766665)
Lactobaciflus colinoides JCM11237 (ABD0S893)
Lactobacillus brevis KTCC 148697 (M58810)

Lactobaciflus parabrevis LMG 119847 (AM158249)
Lactobacilys hammesi TMW 1.12367 (A)632219)

Lactobacillus spicheri LTH 57537 (A1534844)

Lactobacillus acidifarinae LMG 222007 (A532158)

Lactobacillus zymae LMG 221987 (AJE32157)

Lactabacilivs rapi JCM 150427 (ABI66389)

Lactobaciflus coryniformis CECT 41297 (AJ575741)

Isolated Bacterial number -

bacteria (x10%/mL) pH Acidity
PMWIA 8.23 3.99 1.13
PMWI1B 9.49 4.05 1.20
PMWLMI1A 7.89 4.09 1.26
PMWLMIB 7.54 4.08 1.32
NHPLA 12.56 3.61 1.45
NHPLB 14.67 3.66 1.51
NHPLM1A 10.24 4.14 1.01
NHPLMIB 11.25 4.07 1.07
YJB10A 8.92 4.11 1.07
YJB10B 9.45 4.02 1.01

Bacteria were isolated from fermented vegetables. Fermentation
medium was mineral medium(K;HPO,4 3 g, FeSO, - H,O 0.01 g,
MnSO; - 7H,0 0.01 g, NaCl 0.01 g, CaCO; 0.05 g, ethylenedimi-
anetetraacetic acid 0.1 g per 1 L water), yeast extract 0.5% (w/v),
and Lonicera japonica Thunb extract 2% (v/v). Fermentation was
conducted on shaker at condition of 30°C, initial pH 7.0, and 100
rpm for 48 hr.
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Fig. 1. Morphology and colonies of finally selected bac-
teria. Colonies were grown at TSA medium plus 3% sucrose
(w/v) for 24 hr. Bacterial figure was taken by a microscope of
400 magnification without stain.

Lactobacillus composti NRIC 06897 (AB268118)

Fig. 2. Phylogenetic tree showing the phylogenetic rela-
tionships of strain NHP1 and representative species of the ge-
nera Lactobacillus. Phylogenetic tree based on rRNA gene se-
quences showing the position of strain. NHP1 and related bac-
terial taxa. Numbers at branches are bootstrap values inferred from
the BLAST program(Thomson et al 1994).

hydroxycinnamic acid24] HAE2] 2HE2! polyphenolic ca-
ffeic acid®} cyclitol (-)-quinic acid7} 9| 2E|2 Aoz 5
o] AtKClifford e al 2003, Clifford MN 1999). 2 A7l
2]3}H chlorogenic acid= 738t g4tslr]so] 9lom, &5
dayg =g UES =3vn B uEAkClifford MN
2003). &A1 chlorogenic acid T3¢} HPLC 4] inter-
nal standard® AF&H trolox2| &8t1-Z& Fig. 33 Zth
Chlorogenic acid®] & 2 A2 x4 Q izt 4
2 &3] hesperidine(Hirata et al 2005), naringine(Schindler &
Mentlein 2006), luteolin(Kelley & Johnson 2008), imperatorin
ETA 2 internal standard] troloxE ©]-8-3l] 4314
o}, HPLCS| ¥4 A3}, chlorogenic acid, hesperidine(1), na-
ringine(2), luteoiln(3), imperatorin(4)2] =2 2 -8=% A th(Fig.
4A). 323} d7)A AZo| A chlorogenic acidie S35

AZSHUANL v st BE 2 TS 5 e Fol A=

HQ CO.H
s
o o P HO 0]
OH OH o OH
QH
(A) (B)

Fig. 3. Chemical structure of (A) cholorogenic acid (B)
trolox (internal standard). Trolox was used as internal standard
for HPLC analysis.
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Fig. 4. HPLC chromatograms of extract of Lonicera ja-
ponica Thunb. (A) chromatogram of authentic standards. Num-
bers indicate hesperidine(1), naringin(2), luteolin(3), and impera-
torin(4). (B) chromatogram of extract of Lonicera japonica Thunb.
IS means an internal standard as trolox.

F#] &3)th Internal standardE ©]-8-3Fe] =% 3+ A2} chloro-
genic acid®] % 2.65 pg/golArh
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A F HEsgtEe] YaH R 3.8~4.8v Fkek= A
o2 Huslt} =3 Song e al(2011)2 AR L. brevis
LB-20°] o]t & wE o] v vlaf A sFgEol
7Y Bl o™, Eom et al(2010)3} Bae & Kim
(2010)% P]AYELEF| g thrln} FEAl|A =5 39t
9| g7t Hausisled], A Aot fAkek AeF
= UelSlt) slEfel gatsl 58 7324 54 o
2k} gklE o 7118t o] v JEES 240 4
3H(bounded phenols)E el 2 &3ttt n H 1% T Hung
et al 2009). & A7 AN F Hl=y SehE dFol TE
Tofl dA3] S7HE Aoz EAFEE, ol HE A Al
¥ G A Y EL 23] Al HER 2 e
A S50] nAES] TEAE oef freld Zor Alsdr
(Katina et al 2007).
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Fig. 5. Total phenolic contents and total flavonoid com-
pounds of extracts from Lonicera japonica Thunb. before
and after fermention. LWE; Lonicera japonica Thunb water
extract, LEE; Lonicera japonica Thunb 70% ethanol extract,
FLWE; fermented Lonicera japonica Thunb water extract, and
FLEE; fermented Lonicera japonica Thunb 70% ethanol extract.
Values with different letters are significantly different at p<0.05.
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2204 20.93£1.8 mg/g, 70%

ethanol FEE0l|A 25.57+2.76 mg/ge|it}. ¢ FEE &a
2o £ Zopuio|s ?;; 2O 38.1743.18 mg/gO. & TE A

o Hlal 82.3% S7F=% 3L, ethanol FEE LHE AL 45.60+
42 mg/g® T Ad &l 78.3% F71EAct B A Az
ol F FetHicol= g Wske & W SEE vkt
A7 E ol folHo g Frlsion BE gufjolA T
B Ao vlal o 75% ol’d SVHEAT Y olEs &
g3} fARE F2E 7R wEtdle] AAhgA A Eo] 2
2} AR E o] tH(Spencer PE 2008). gﬂ-ﬂé— 2 Zauls
2e FotE ol =E A g4kl 7le e 7 e ¢
WA © 2 jn vitroo| A= HlEM] CY EXT} 953 gaks)
S HoFE Ao delA thBagehi et al 1999). H &
Had HgEe F FetixolE 4 dF ZHE B9,
Kang et al(2011)-2 A% Cudrania tricuspidata) 1<) 70%
ethanol F=&°] T Fof| o] 8% Bacillus T30l wel T8
T % ZgtRwole ko] 123~25.97% S/t B
Son 2 AT 2 frakgk A3 JYERITE TE

olf
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o8 F ZelR o= gk TrsleE A dERe npzt
TR 2 diFEe] ZelE o= slEEEo] Ao Aol
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5. DPPH % ABTS ZiC|Z &~Hs

=231 g4 2 ethanol

= 2 e g4 =

ZZ5o| )& DPPH &)Z 4A
2ol gk =74 éﬂt Fig. 67} 2t}
Fig. 6A°IA] H& HM Zol TE H 5238 E FE=
DPPH 2})Z 4752 47.97%, ethanol "z“oﬂi\it 60.47%
ojt}. AE Fol= F238F d5 F5=2] DPPH ]2 &
Aol 52.13 %= S7FeE ¥, ethanol FF&-2 57.93%=
A 7H48ls AS B ou EAF e 2 fol3l =52
ohgith. DPPH 2l & 4A] niAEel A4, g 5
3 Agste] wah P AP S Fehs AR W oY=
st B efeiR L7154 ol 45 ALkt
chumoni & Doraiswamy 1998). &
=5 d Eﬂ.ﬁ_bo]t ??:}Bko
o1}, DPPH &7 5elle 932 4
AT skt LES o439 WE Ao
DPPH &7Fo] TE 2 31.7%clA] & 7%i 2uﬂ o]
STkl ez I@.Q‘}ii’(Kang & Kim 2011), %(Song
et al 2011)3} tpA n} EE N Eom et al 2010)9]4] DPPH 4
el ke Ales naAgs & 49 Astsh vlnd)
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Fig. 6. DPPH scavenging capacity and total antioxidant ac-
tivity of extracts from Lonicera japonica Thunb before and
after fermentation. LWE; Lonicera japonica Thunb water extract,
LEE; Lonicera japonica Thunb 70% ethanol extract, FLWE;
fermented Lonicera japonica Thunb water extract, and FLEE; fer-
mented Lonicera japonica Thunb 70% ethanol extract. Values with
different letters are significantly different at p<0.05.

E
=

Eg-sto] FEA19] ofol 2 itz R A SkE ™ 734 nmol
&E HRoberta R 1999). o] A& kst &
¢l BHIEH C, HE, dlE SFESH vkgste] 749
P el(neutral form)= ETh HAES] tsls #4
23k ABTSE 58491 trolox®} Bl sl TEACE X7]
ghtH(Barclay et al 1985). Fig. 6BS X FZ8wjo] F7d
uhel TEACO] gho] WE A5 o2l 2tol7} AU aE
3485 &otd TEAC e EF F5EF ethanol F5E &
TR 9F 50% o Skt olg ke 9ol 2
o} mpxA = DR S Bote] #EF{ 5 TEAC #kell
e A= 2HEC] freisher] Wil AR Alsd

w3t FEEC] ABTS RlX|= dakol ek A3 A+
= ug A olA Nt HZ wehE FEEZHE ABTSHO]
589.1 xmol/100 gO 2 X = ATKCai et al 2004). ©] AT
A B AgelA] A8 AR 4~50) =
o] At

=
=
73

o ofN m¥ X &

o =
S e

2o 4 FSAE AL HAENAM AM=E
7b st AE A v Ad=

&}

off



22(1): 95~102 (2012)

ol Lonicera japonica Thumb-< 3, A F, gufole]x,
1

528, d5 Ad A, fd2E T FeA] A ofY
2t Rt kst 2dE et e Aew Huso] gl
th 2 ATE 523 4, ¢3S FEES VAR e
F A EA A 7223 Lactobacillus plantarum NHP1 72 2
RS AP & Pt B4 9 YA Aol WSk

=
SAIE BEs] Qe A=A AE L E *—1‘%2&3%13 Els
g5 9k #7E Felg § 16S tDNA A714LEE Hlwst
o B3 A3} Lactobacillus plantarum NHP1Z ™83}
o} B8 E 93 7149 Lonicera japonica Thumbe G4 2
70% ethanol& ©]-8-st] FZ3I3Th A 3 ethanol =
o gE 2 L HE|Y 12 L FEES IHIA oA E 3
3taz, 30C 2 100 rpme] 2O = 48 A7t 4=315keiT) ke
A Fo] & )&, & ZekE o=, DPPH &7]% 2 ABTS ¥
35 S 23 28 A T HsdS 5 FEEY etha-
nol %54 56.544.9 GAE mg/g, 72.7+5.3 GAE mg/g®]

R T 27 30.2%, 12.9% S7HE AT & Sk o]
2E %uﬂoﬂ/ﬁ g Sl ooz oF 75% ©]
e -dah,]. EF/}-EL-O 1= 3k
H]OH DPPH 27|52 H|H|A ez F71H A
, ABTS @kslee il o&l 50% S71=3dch
oA F23te] &l FEE et 7158 A
1 2ol wlaf, & A5 d3s v
LE7ES FEdoh dast 7le

7167 A FE 2 veA

T = Aol Alsd.

=
-

3L

r.otmum{nx

ox (M 3%
oy ot TJ
o
lo

ot %2

% (o 0\]

o 5
>,\J

oy o
», 2
)
é
T
5 M
l-'O

o2,
(

rlo

o

od w2 o 4 W &2
Byorfoap e

JQ.:LHUMN

N
I

ox

o,

oo o,
BT
IN

N

m

oy —%

o] =7

FATAe] o

20011‘3_5 AR (ST er)E e APew
B A DL o} 3gk A71(2011-0014590).

Mo
rek

Bae HN, Kim YM (2010) Improvement of the functional
qualities of sea tangle extract through fermentation by As-
pergillus oryzae. Korean J Fish Aquat Sci 13: 12-17.

Bagchi M, Milnes M, Williams C, Balmoori J, Ye X (1999)
Acute and chronic stress-induced oxidative gastrointestinal
injury in rats, and the protective ability of a novel grape
seed proanthocyanidin extract. Nutr Res 19: 8-16.

Barclay LR, Locke SJ, MacNeil JM (1985) Autoxidation in
micelles-synergism of vitamin-C with lipid-soluble vita-
min-E and water-soluble trolox. Can J Chem 63: 366-374.

Cai YZ, Luo Q, Sun M, Corke H (2004) Antioxidant activity

wE 4

ol s

A

73 101

and phenolic compounds of 112 traditional Chinese medi-
cinal plants associated with anticancer. Life Sci 25: 2157-
2184.

Clifford MN (1999) Chlorogenic acids and other cinnamates?
nature, occurrence and dietary burden. J Sci Food Agr 79:
362-372.

Clifford MN (2003) The analysis and characterization of
chlorogenic acids and other cinnamates, In C. Santos-Buel-
ga & G. Williamson (Eds.). Methods in polyphenol analysis.
Cambridge. Royal Society of Chemistry, Cambridge. pp
314-337.

Clifford MN, Johnston KL, Knigh S, Kuhnert N (2003) Hie-
rarchical scheme for LC-MSn identification of chlorogenic
acids. J Agric Food Chem 51: 2900-2911.

Craig WJ (1999) An introduction to free radical biochemistry.
Brit Med Bull 49: 481-493.

Dejian H, Ou B, Prior DL (2005) The chemistry behind anti-
oxidant capacity assays. J Agric Food Chem 53: 1841-1856.

Dewanto V, Wu X, Adom KK, Liu RH (2002) Thermal pro-
cessing enhances the nutritional values of tomatoes by in-
creasing total antioxidant activity. J Agric Food Chem 50:
3010-3014.

Eom SH, Lee BJ, Kim YM. (2010) Effect of yeast fermen-
tation on the antioxidant and antiinflammatory activity of
sea tagle water extract. Korean J Fish Aquat Sci 43: 117-
124.

Han ZZ, Zhang HS, Kang SC, Gil KH, Kong KH, Kim DH,
Ahn TH, Bae JS, Go HK, Han MK, Kim HS, Heo HS,
Park EM, Song SW, Kim KH, Park CK, Lee HK (2008)
A 90-day repeated-dose oral toxicity study on Flos loni-
cerae extract in Fischer 344/N rats. Korean J Vet Res 48:
401-411.

Harman D (1992) Role of free radicals in aging and diseases.
Ann NY Acad Sci 673: 126-132.

Hirata A, Murakami Y, Shoji M, Kadoma Y, Fujisawa S
(2005) Kinetics of radical-scavenging activity of hesperidin
and hesperidin and their inhibitory activity on COX-2 ex-
pression. Anticancer Res 25: 3367-3374.

Hubert J, Berger M, Nepveu F, Paul F, Dayde J (2008) Effects
of fermentation on the phytochemical composition and anti-
oxidant properties of soy germ. Food Chem 109: 709-721.

Hung PV, Maeda T, Miyatake K, Morita N (2009) Total phe-
nolics compounds and antioxidant capacity of wheat graded
flours by polishing method. Food Res Intl 42: 185-190.

Hwang SK, Hong JK, Jung KH, Jang BC, Shin JH, Hwang



102 A A 3 -

KS, Yoo SK (2008) Process optimization of dextran pro-
duction by Leuconostoc sp. strain isolated from fermented
Kimchi. J Life Sci 18: 1377-1383.

Joo JS, Kim JS, Jeong JG, Kim BK (2010) Study of efficacy
of Foeniculi fructus and Lonicerae flos extract on acute
pancreatitis. Kor J Herbology 25: 39-45.

Kang DH, Kim HS (2011) Functionality analysis of Korean
medicine fermented by Lactobacillus strains. Korean J Mi-
crobiol Biotechnol 39: 259-265.

Kang DH, Kim JW, Youn KS (2011) Antioxidant activities of
extract from fermented mulberry (Cudrania tricuspidata) fruit
and inhibitory actions on elastase and tyrosinase. Korean
J Food Preserv 18: 236-243.

Katina K, Liukkonen KH, Kaukovirta-Norja A, Adlercreutz H,
Heinonen SM, Lampi AM (2007) Fermentation-induced
changes in the nutritional value of native or germinated rye.
J Cereal Sci 46: 348-355.

Kelley KW, Johnson RW (2008) Luteolin reduces IL-6 pro-
duction in microglia by inhibiting JNK phosphorylation
and activation of AP-1. Proc Natl Acad Sci 105: 7534-7539.

Kim EY, Baik IH, Kim JH, Kim SR, Rhyu MR (2004) Screening
of the antioxidant activity of some medicinal plants. Ko-
rean J Sci Technol 36: 333-338.

Lee J, Jeong SI, Jang SI (2008) Effects of aqueous extract
from Lonicera japonica flower on trimellitic anhydride-in-
duced contact hypersensitivity in BALB/c mice. Kor J Her-
bology 23: 51-58.

Lee SG, Kim HJ, Lee SP, Lee IS (2009) Anioxidant and anti-
cancer activities of defatted soybean grits fermented by
Bacillus subtillis NUCI1. J Korean Soc Food Sci Nutr 38:
657-662.

Liyana PCM, Shahidi F (2006) Importance of insoluble bound
phenolics to antioxidants properties of wheat. J Agrci Food
Chem 54: 1256-1264.

Ou B, Hampsch-Woodill M, Flanagan J, Deemer EK, Prior

JokAlo} gtk ikt

RL, Huang D (2002) Novel fluorometric assay for hydroxyl
radical prevention capacity using fluorescein as the probe.
J Agric Food Chem 50: 2772-2777.

Pitchumoni SS, Doraiswamy PM (1998) Current status of an-
tioxidant therapy for alzheimers disease. J Am Geriatr Soc
46: 1566-1572.

Roberta R (1999) Antioxidant activity applying an improved
ABTS radical cation decolorization assay. Free Radical
Biol Med 26: 1231-1237.

Saleh ES, Hameed A (2008) Total phenolic contents and free
tadical scavenging of certain Egyptian Ficus species leaf
samples. Food Chem 114: 1271-1277.

Schindler R, Mentlein R (2006) Flavonoids and vitamin E
reduce the release of the angiogenic peptide vascular end-
othelial growth factor from human tumor cells. J Nutr 136:
1477-1482.

Shahidi F (2000) Antioxidants in food and food antioxidants.
Nahrung 44: 158-163.

Song HS, Kim HK, Min HO, Choi JD, Kim YM (2011) Changes
of physicochemical and sensory properties of Hizikia fusi-
formis water extract by the fermentation of lactic acid bac-
teria. Korean J Fish Aquat Sci 44: 104-110.

Spencer PE (2008) Flavonoids: modulators of brain function?.
British J Nutr 99: 60-77.

Thomson JD, Higgins DG, Gibson TJ (1994) CLUSTAL W;
improving the sensitivity of progressive multiple sequence
alignment through sequence weighting, positions specific
gap penalties and weight matrix choice. Nucleic Acids Res
22: 4673-4680.

Yoo JM, Baik IH, Kim JH, Kim SR, Rhyu MR (2005) Screening
of the antioxidant activity of some medicinal plants. Ko-
rean J Food Sci Technol 36: 333-338.

A 2011 1Y€ 18¢Y
HZrA: 20129 19 169

2 9. 20124 29 239



