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Fermentation Property by Novel Cellulolytic Lactic Acid Bacteria Enterococcus sp.
TO-94 on Omija (Schizandra chinensis Baillon)
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ABSTRACT : The use of cellulolytic lactic acid bacteria in new method to prepare high nutrition complementary foods was
investigated. For the screening of cellulolytic lactic acid bacteria, more than 1,150 bacterial colony were isolated from diluted
infant feces samples. A typical strain which appeared the most excellent cellulolytic activities was identified novel acidophilic
Enterococcus sp. TO-94 through the results of morphological, biochemical and chemotaxonomic characteristics and 16S
rDNA sequencing. The optimal lactic acid fermentation conditions of Omija(Schizandra chinensis Baillon) by Enterococcus
sp. TO-94 were as follows: pH and temperature were 3.0 and 37 C, respectively, and fermentation time was 20hrs. The fruc-
tose and glucose were major free sugar and the contents were 5.83 and 4.30 mg/g after fermentation, respectively. The con-
tents of lactic acid and acetic acid were 9.84 mg/g and 2.08 mg/g after fermentation, respectively. The vitamin B,, B, niacin,
folic acid and C were major vitamin in the fermented broth, the contents were 1.5~3 times higher than those of initial fer-
mentation time. Also, the contents of polyphenol and anthocyanine were 3.8 and 1.2 times higher than those of initial fer-
mentation time.

Key Words : Enterococcus sp. TO-94, Cellulolytic Lactic Acid Bacteria, High Health Food, Omija (Schizandra chinensis Baillon)
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2. ARA Foll g 2= e 2

frats Zeleh] flsiA A 20 wvke] o} s
Z 178 A hE QGot BHE o3 & AA g
2 34&Act. A Ne Lactobacilli MRS (Difco Co.,
France) Hi#]oll =2 & 37C 24A17F wikalsint. vl & &
AE ZEUE 2% CaCO;7t #7HE MRS HiA| 9] tooth

pickingdte] TS FHsk= 475 12 AT 14}
AHE #FZ dextrose®?} ammomium citrateS | A 7| 2L
10 g/L carboxymetyl celluloseS Lactobacilli MRS agar®ll
X FFskal 37C 2477 widstdch. wid ¥ 1% congo
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red SO FASIL 1% NaCl S22 AFslo] gkl
TR YYshs dFE HE sl gram@A (BD Co.,
US.Aye sto] dwrdstellr] gejshs 542 st

3. wthrol S3

1) Fe & wgsHE 54

2eladF9 =719t FEl= Gerhatdt 5 (Gerhatdt et al,
1981)¢] "o wel gram S35l F8ksn]7 (Nicon, FK-
IIA, Japan)©o.2 FZ3}ATE Glucose-nutrient agar 4],
skim milk ¥JA], Luria-Bertani ¥WjA]oll4] A3+ HEke] e,
7], A% T8 AL, -5 ZAMIA] (tryptose 1.0%,
sodium chloride 0.5%, agar 0.5%)°l ¥W3lo] 545 AL
s

=

2) A8 54

a9 Aed 54 s,
T

O ZE casein E3lE, AE
gelatin 3}8, T WF A indole YA, nitrate T,
catalase®} oxidase AL FAFSIITE AdEE 59 A
84 A4S microbiology laboratory manual (Cappuccino
and Sherman, 1987; Komagata and Suzuki, 1987)° w3iT}.
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3) A2 54

e AE8HE] EA4J2 Bochner 5 (Bochner ef al,
2001)7 Lee 5 (Lee er al., 2002)°] #Hol| Z3le] =43}
At EEdFE nutrient limited medium (Resasoner and
Geldreich, 1985)9ll4] 2417k ZufjFst & Hit saline® = 4
A F=7MA] dEst, 759 carbon source, nitrogen
source, phosphate source, sulfur source, autotrofic supplement
2 inhibitory compound”} E§E Biolog™ GP microplate
o] 150 1 ¥ E53}] microplateS 4~241]7F 521 vl
o} o] 717k Bt MEL] SFEEOR 71 sourceE°] Ak}
SHAl =2 plateol] EEE tetrazolium HEE RPN FA43)
Al =} o] S biolog data baseE ARE-3l] HFEAFoH
FAKEE Bl
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4) 35454

459 358 542 Komagata®t Suzuki (Komagata and
Suzuki, 1987)2] Method in Microbiology, Miller (Miller,
1959)2] Microbial Identification System (MIS)ol F3to] &
Al B o gE A EHUe fatty acid type, DNA
base composition (G+C mole content), DNA sequence &=
ZAFsIATH

+52] whole cell fatty acid 2432 EUs7] $13ked gas
chromatography (GC, HP 6890)2 A&}ttt ¥R AEe
Z 3= Hewlett-Packard (HP)AFO A A F-3F=

xE AR
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(calibration standard kit)& AH&st o™ 59 HjFE
Sabouraud's agar (Difco, USA) HIX|E AR&3le] 30TCof|A]
24717k EF viFe & wigE #AE A HES F
saponification reagent (45g sodium hydroxide, 150 m{ metha-
nol, 150 m¢ D.W)YS 1 ml 2 713k & 3087+ 100CA S8
5 el WAkl

HR8lE #41E 6N HCIZ methanol 2.6:1 &% 2ml
Z 713 & 80TCollA 1087+ methylation®] 7)1, hexane=}
methyl tert-butyl ether 1:1 (vv) EFE 125m & 713 &
10027 2olx 8] X' § sledS A7t Alx
AR FE0I0T 54% NaClZ AlF § 248 A82
19k 244 AEE GCE AMEslo] BA%
=4 2139 sherlock program2- &35}
16S rDNA 32 42 Wizard Genomic DNA Prep
Kit (Promega)Es AM&-3ld, PCRES aJsI3itt. olu] whg-=7de
94C 18#7F denaturation, 60C 1% 30%7; anneal A7 &,
72C 1387} extend 3192, o] £2& F 30 cycleS WHE
stk olu) AME-3F primers 27F (SAGAGITTGATCM
TGGCTCAG)2} 1492r (5" TACGGYTACCTTGTTACGACTT)
o]tk Amplified fragmemt (16S rDNA region)E pGEM
T Easy vector (Promega)ell 43I, host cell2 E. coli
DHSaE ARE-3led LWHAQl molecular cloningd™Holl 2]3}hed
Zl ¥, Wizard Plus SV miniprep DNA
purification system3- ©]-&3}%] plasmidE mini-preparation?]
713, automated DNA sequencer (ABI 3700, Applied
Biosystems Inc.)& AR5} sequencingd}ATh. Alignment=
Clustal X (ver. 1.8) softwareE AFE-3}4], sequenceE rRNA
o|xrERE Farste] alignment ¥ ¥, simmilarity 35S 3h
ST}, TS advanced blast searchE E3+d genebank] 71
L3} B3R T (Lee et al., 2002), treeview (ver. 1.66)5
o] &3t phylogenetic tree®] dendrogram-S neighbor-joining

ol
M

N
m

transformation A

analysis (Lee et al., 2002) WHol| 2lsle] 23Tt ol
tree2] scale bars= 0.1 substitution per siteS 2|7 HC}
4. 7ihre| MR Foll gd 58

22 459 472 Bl CMCase®] €4 % Pectinase
244 A5k BAEINTE CMCase?] A== DNS WY
(Miller, 1959)1] ¢]3l] CMCZ2HE #2¥ SdFe F7a}

of Zsidith. &, o] A9l BE FAHE flste] SRl

52 CMC (1.0%, w/v) 500 /£, 200 mM Na-citrate $H~8-<1
(pH 5.5) 250 ;b 9 B4 G5 Esle] HF Il = 3 &
55CoA 1A17E 308 B3 WHSAIZITE DNS Ak 3.0ml <F
glucose &9 (0.1 mg/ml) 0.1 mé2 F7Fsle] wke-8 AX|A)7]2L
B oEek 2ot 4E F 550 oM FEEE A8
o A YT 2 glucose FTENS ARE-Ele] A
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FHdog HE I g4 FAHE 1.0wits CMCE
A7 o] 55C AN 132 B2l 1.0 umol  glucoseoll
F&ehe TS AAskE G40 Fo=E Aot

N

Ae2 Es| §2td Enterococcus sp. TO-94=  40%

glycol §ollA] —80ColA HsHA Aol AT
o] F21& 1% CMC7F #7Fd MRS wiRlol 10% 7531
37ColA 2471 7F w3t 3 spectronic 401 spectrophotometer
(Milton Roy, paris, France)S AFE-3}o] 600 nm oA 2] A4
5 (A600 vs. cfwmlye ZA3IATE vk F 14,000 x goll A
1027 YAEE 3l FAE =T ©] FAE physiological
sterile €9 (0.9%, wiv saline)dll A2 & 5d ZHOZ A
HalEe o] euA} we o] HIFOE ARSSIGITE HE F
QF frakte] e dAIEY & s S4sIslth

6. YerA

Enterococcus sp. TO-94] °]gt @w|ze] W= thaat 7+
o] s}t

WE Bagh eujRel % (vv)el ZAATE Huke &
homogenizers ARE-d1] A7} L3 =A] BA F-oletHA] T
ST

A HaE % starters HES] Akl 2W|A; A
< Al EAleke L9HS AASH] flete] e EAE
Aol ofste] 75CoA 1087 71E Ahde AAIEHA
starter® ARE-E Enterococcus sp. TO-94= AYE] 2 F5| 3
2te] 8.0 log cfymlE HE3IL 37C 7277 vk A
Ll e =
7. pH & 5o EH

gyl FQF 4x]7mic} pHE pH meter (sp-701, Suntex
Inc. Korea)s ARE-slo] 243190H 42He= AOACH (1990)
o ¢Jate] gl 20ml 2 pH7} 830 =& wj7bA] 0.1N
NaOH& o2 ZHs & 0.1 N NaOH A9 3HS lactic acid
(%) SrgFo= ket
A 0.1 NNaOH 4H] % x NaOH & 7}

o~ NECEE x acid factor (0.0090)

8. 2= U walgdo| 51

g5t A7 it B dS Fdlo] FEA (Master-
M, Atage, Tokyo, Japan)s AME3l] Y& SH3I9L,
g wWEgel FE (045 uM)E 97} 3 Shiseido HPLC
system (Shiseido, Tokyo, Japan)S.2 43It} Falde] &
A Z7e Table 13} Zth
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9. I ZH

enzb HEEe] el S 2008d% 17 71578 4
F34d Fsld C18 7EEZA| Y] ACNDW (1:1) 10 m o]l
oA gl 1oml S Tlete] 27] £E9 4-5mlE AA
% Shiseido HPLC system (Shiseido, Tokyo, JapanyS A&
skl skl fr71ate] 4 22 Table 194 2l

10. H[Ef2Ie] A

emzr HEE o Hgwl e A% 7154 AEed
n|gk AEAE )| F3}o] Shiseido HPLC system (Shiseido,
Tokyo, Japanys ARg-ste] SASIITE HIERRIS] 4 Z2&
Table 29} 7t}

.3 H=d skiEe 53

Table 1. Operation condition of Shiseido HPLC system for the
analysis of free sugars and organic acid in Omija fermen-

tation.
Free sugars Organic acid

Column Asahipak NH2P-50  Prevail Organic acid,

4E (4.6 x 250 mm) 5 um (4.6 x 250 mm)
Temperature 35C 40T
Injection volume 20 10 10 1l
Mobile phase 78% ACN 25 mM KH2PO4, pH 2.5
Flow rate 1 m¢/min 1 m¢/min
Detector RID PDA detector 210 nm

- 0lofl - EXIS - OlZ= - HEfR

A 7F 31Tt Tannic acids ¥F=3 2 AT Jgso=
2e F e FE e S8k

12. Antocyanine?| =3

onz BFgE 10ml S 0.1% HCI-80% MeOH £ (v/v)
4omeoll EFEL 24M7F IY FEENT FE2E HaxE
3,000 x gollA] 1027+ AEE] std Lojd S 0.1%
HCI-80% MeOH &9 (viv)oZ 100 ml & &-8-3h
ol wAAH 3Tt Cyanidines FFEIE 2
/0 EFE anthocyanine < S35

a

1. Enterococcus sp. TO-942]
ena AL E 95k A
TEE gAg A% Y
Lactobacilli MRS #iX]o]| wjFsled colonyS B4
Adkslar, A F5ollA 2% CaCOs7F 7FE MRS o
olr FHES PA3laL, carboxymetyl cellulose (CMC)7} 3£
kel MRS HiR|ollA congo red FAA] mghalo] FEwsls. o
ok dE T At e 45 TO-9%4= M
HA] (pH 3.00192] colony Hele Yo w, Mz
< fFAe|lomn T B35l vjize]e et
b abd AR oA S-S UL F 710l A€
A4S YeERISIY (data not shown). TO-949] physio-
Table 30 YeElHATE A5 pH WHeA=
2.0~9.00103, L% W= 15-45Co| Utk T3 dse
10%7F] AS0] 7Fs38k0e™, catalase 24, oxidase &4
2 starch, caseine 7RSS, cellulose 7+ £3l%

Al

=

ol HT

vl
]

Table 2. Operation condition of Shiseido HPLC system for the analysis of vitamins in Omija fermentation.

Column
Temperature
Injection volume

B, Be, Nicine, Folic acid

B,
Pantothenate, Bs, C
Mobile phase antothenate, Bs,
Cyanocobalamin, Biotine
K
Flow rate
Detector

Capcell pak C18 UG 120 (3.0 x 250 mm)
40T
10 1l

A: DW 957 m¢ + MeOH 25 m¢ + PicB7 20 m{
B: DW 500 m¢ + MeOH 500 m¢ + PicB7 20 m{
A: 10 m¢ NaH,PO,4 in DW(1 L)(pH 5.5)

B: MeOH A:B=78:22

20 m¢ NaH,POy (pH 2.1) : ACN = 98 : 2

A: 5 mM KH,PO4 + 0.1% Phosphoric acid

B: 5 mM KH,PO,/MeOH = 80/20
A:B=500:10

MeOH

1 mé/min
PDA detector 210 nm, 248 nm
UV detector 200 nm, 270 nm
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[e)

R

FolArt. BEgH indole AAFsS Z¥al UL, arginine¥}
peptone® ZHE] NHyE Akl o, 3799 YA M =

Aol gRlge). & g AFoA L-rhamnoseES ©]8-3}

Table 3. Physiological properties of the strain TO-94.

Temperature range for growth 15~45T
pH range for growth 2.0~9.0
NaCl tolerance for growth <10%
Catalase -
Oxidase -
Lecithinase +
Lipase -
Phenylalanine deamination -
Hydrolysis of

Starch +
Casein +
Cellulose +
Esculin +
Indole production +
Levan formation from sucrose +
NHj; production from arginine +
NH; production from peptone +
Gelatin liquefaction +
Methyl-red test -
Voges-Proskauer reaction +
Nitrate reduction +
Action on milk

Coagulation +
Peptonization +
Oxidation-Fermentation test Fermentation
Growth on nutrient plate +

— : negative, + : positive

A H3}924 glucose, sucrose, raffinose= 2 ©]-8-31it).
glucoseE Y& UF FoHE 4HS Ao
FolA gase AAFEIRA] eksht).

Biolog™ GP MicroplateE A}-8-3F biological assimilation
testoll A1 Lactococcus lactisSt ¥ 43.3% 2 Streptococcus
thermophilus®] °F 20.7% FA=E UEfo] A28 nAEd
7FsAe] e AR Adslglnt.

Al At RS AES 23, Table 4949} o] 74
£L& 16:03 19:0 cyclopropane w8cZ z}z+o] dhape
2229%%} 24.37%%5 YERATE SolH SR 19:0 cyclop-
ropane w8c®} 17:0 cyclopropane®] &&Fo] A YUEST o]
= Leuconostocss At A 11.29%9F 038%S 7HA|3L
o™ (Lee et al, 1996), 5=t Enterococcus 2] Skt

e
s =TT

17:0 cyclopropane $1°] 19:0 cyclopropane w8c%+ T|aF
(2.5%) 7FAAL Q3L (Grazia et al., 2004), Streptococcus %

B

9 Lactobacillus %5 32 745 39.8% 2 10.7%% $Hr
33l UATHE B3 (Thi et al, 2007)¢F Wl A] AX]&h= 3
S ZE 4 {9tk Reference®t Wi 3 AIE Leuco-
mostoc pseudomesenteroides®= °F 33.6%2] FAI=S UE}
WSRO, Lactobacillus fermentum= ¥ 22.9%, Tetrageno-
coccus halophila®= °F 21.5%% FAK=S XA} Entroco-
ceus faecium 1FO137129} ¥]ndt A3} (Youko et al, 2003)
£ Table 40 YERNITE Table 4914 B ule} o] nla
7t E7Fs & v B2 AolE Holdl Qo] AE7HA Haly
A e AZL A=Y 7ol =

Clustal X (ver. 1.8) softwareE AM-3}] 16S rDNA -3
2} alignments 3+ A3} 1674 bp.ol F7INES AA s
T3k o]E ZAZE reference} HlW3}O] similarity (%)S -3¢
Az}, o] dF+ Enterococcussol &= A2 HHEA

LM 13518 AJ301832

1M

rape

NOIAR 11440 Y1816

LMO 21727 T AMZO002

B -
@sind ¥ 11621

Erriarr

Enlarococcus avicem AF133535

78
an ICE--hrmus matodoratus AFGE1012
L Entoracocsus pasudomswiurm AFOS1002

Entorococcus hirae DEM20180 AJZTOI5E

Ll AF OG0

Erteroooccus dispar AFGE1007T

)
) _L;E%.m caninteatin] LMG 136207 AJBB8006

1ol Entarococous dovriesed LMG 14585 AJBET107
Entenccocous pivadniculicosln Ay 028437

Enterococcus durans CECT411T Al4208017
Enterococcus fascium DSMI04TT AJZTEIEE

100 | Enterccoceus fascais KLDS4 0341 GOI37884

1, E3E

Fig. 1. The phylogenetic tree of Enterococcus sp. TO-94.

L ro.ae

Erdorococcus fermilis LMG BB05T AMOISDES
Erferocoocus moraviensis AF2B8831

sa B

uiciirs AP 2B6E32

£y

Enmrococous caccie AY 043820

N Enterococous stesacis LMG 23085T AMOIDSEE
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Table 4. Fatty acid composition of total membrane lipid extracted Entrococcus faecium I[FO13712 and strain TO-94.

N

% of fatty acid in membrane

Fatty acid -
Entrococcus faecium IFO13712 TO-94
| C12:0is0 0.07 0.20 |
C14:0is0 ND ND
| C14:0 nomal 0.34 4.87 |
C15:0is0 ND ND
C15:0 anteiso ND ND
C15:0 nomal ND ND
C16:0 w7c alcohol ND ND
C16:0iso ND ND
C16:0 nomal 8.22 22.29
C16:1 nomal ND ND
C16:1 wllc ND ND
C16:1 w9c 0.25 ND
C17:0is0 0.11 ND
C17:0 Cyclo ND 0.61
C17:0 anteiso ND ND
C17:1 wl10c iso ND ND
C17:1 anteiso ND ND
C18:0 nomal 0.05 1.70
C18:1 nomal 1 ND
C18:1 w9c 81.72 ND
C18:1 w7c ND 11.96
C18:11 methyl w7c ND 0.43
C18:2 nomal ND ND
C19:0 Cyclo w9c 9.24 ND
C19:0 Cyclo w8c ND 24.37
ND: Not Detection.
ow, A¥+#F= Enterococcus faecium® FT+T9F 957% 2. Enterococcus sp. TO-942| s M
FAEE Uil 71 Jbhe #olet @ 4 Qo AE AwEom RS P WEstel f4hS A4 1
AP D AR FARE A AT e Fol Folgkn B BR AE) ¥ul ¥ 455 fuwe) 458 oAlske 5 o
T T 2ER 28 Fol2t dHslo] Enterococcus  FRE 71573E Folshe miEolH & el enlAke]
sp. TO-948} ™3}l HE3F neighbor-joining method A= wrgslr] 98k cellulolytic 842 UeERl= 54t

(Saitou and Nei, 1987)°l ¢Jdl] A5 (phylogenetic tree)
= Aey 2 AAES Fig. 191 YERAATE old treed]

scale bar== 0.1 substitution per siteS 2]w]giC},
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Enterococcus sp. TO-945 MRS HJX| 2 Qujx} shajolo
Zyzb E3e] 37CA widstar] 4rZ o s ol A
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Fig. 2. Crowth of strain Enterococcus sp. TO-94 in Omija
grinding solution and MRS broth. l: Omija grinding
solution, @: MRS broth

o AA7lo] =esiTt Wi eujx; wjolel] HEA HE
A KA Fr=717F AEER oM, tig $2)7] TS 20417F
7HA] A&EUT) o] W o] 8= o] ko] 4.05%E
(Choi et al., 2008) 3 AA|o] & Fo| AL gl Pk
doz o]gE F e AEol A7 Wi AoE detkEn,
gy Agge s qls) v waA Al o] HalEwA
fakte] Aol F7tEe Ao® ATEL o= Qurle] &
2FFEO] i) A9 AS F3E& 7 2Ths Ryu &

Ryu ef al., 2007)¢] H19} Ashe AHE FepAAT)

3. YeudE g U ®weP akeko| vigt
Enterococcus sp. TO-94¢] g emzpe] wha 34 3
2T g 9 T3] FEHstE AR AFE Fig 39 Y
ERNATE Fructose 2 glucosed] 32 wrg 2047 3
5.83 2 430mggo® g FF SO, olgFel
sucrose 2 maltoses= L& 8A7F & 6.0 H 3.0mgglE F
7t o whg 2047 F 247} 0.359F 0.90 mg/gl 2 TR
ST}, ols= Z719= Enterococcus sp. TO-940 &3k vdg
73 2] &l 71Qlst olgRel F77F UEhem, o] %
7 A5 JUPeE AREE Zlog dAddn. o] Aye
rice/soybeans Lactobacillus plantarum A6 &3] g Al
S U8k 9HA glucose®] TEel F7FIAth= Thi 5

p
i

sucrose= St v
(Thi et al, 2007)2] R} UXsk=s AxE BAth ole
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Fig. 3. Sugar change during fermentation of Omija by strain
Enterococcus sp. TO-94. B: Maltose, A: Sucrose, @:
Glucose, 3: Fructose, <>: Total sugar content.

Table 5. Organic acids change during fermentation of Omija by
Enterococcus sp. TO-94.

content (mg/g of fermentate)

Organic acids

0 hr 20 hrs after
Oxalic acid 0.18+0.07 0.03=0.01
L-tartaric acid ND 1.83+0.08
Formic acid 2.20+0.06 ND™
L-malic acid 18.91+0.30 14.17+0.36
L-lactic acid ND 9.84+0.12
Acetic acid 0.38+0.06 2.08+0.18
Citric acid 37.41+0.46 36.35+0.60
Succinic acid ND ND

“Each value represents the mean=SD (n = 3). "ND: Not Detection.

=

4, 99IA = 5|0 ko] Bigt

Enterococcus sp. TO-94°] °|gt emzte] wha 4 5
715k Eepasts S4% A9E Table 59 JERAACE &
' Y T U frlake] fs SAE AT Zgke] FAE
B9l lactic acid®] o] 0o 9.84+0.12 mg/gl 2 A5
Fom EolHOoF acetic acid ¢} L-tartaric acid®] &3 E3t
0.38 £ 006014 2.08+0.18 mg/gﬂ- 0°1A4 1.83£0.08 mg/gC =
A5 E ATt whA | oxalic acid, formic acid®} malic acid®]
ol hashs AAE Bk B3 citric acid > W3}
YERA] gt} ©|= Enterococcus sp. TO-942] g
Aoz WGAHET) Lactobacillus manihotivorans OND 30,
L. fermentum Ogi El, Leconostoc St3-28% starch HJ=|o||A]
WAl 24A17F & actic acid % acetic acid®] $FEFo]
30~50% S7F3IA = Mette 5 (Mette ef al, 2007)2] H3L
9 Lactobacillus plantarum A6%| 2]3] TEA] acetic acid®]
sheFo] 1.5-2.58) 538l tl= Thi 5 (Thi et al, 2007)9]
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Table 6. Vitamins change during fermentation of Omija by
Enterococcus sp. TO-94.

- 0lofl - EXIS - Ol
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Table 7. Polyphenol and anthocyanine change during fermentation
of Omija by Enterococcus sp. TO-94.

o Content (mg/100 g of fermentate) Content
Vitamins

0 hr 20 hrs after 0 hr after 20 hrs after
B, 0.19+0.04 0.52+0.03" Polyphenol (%) 0.211+0.005 0.823+0.017"
B, 0.02=0.01 0.08+0.02 Anthocyanine (ug/mf) 45.23+1.19 51.40%1.32
Bs 3.50+0.32 ND™ "Each value represents the mean+SD (n = 3)
Be ND ND
B, ND ND o .
Niacin 0.83+0.05 1.4420.02 oM B ethanole] ARSAl B Bo] FEEY (Kim er
Folic acid 502.05+12.64 901.26+14.96 al., 2004). ¥ A A3} =3 FaIHEU polyphenolS]
B> ND ND Shafo] 7182 50% ethanol 4] 0.98%2] $HE-S o
C 12.65+1.42 38.0+1.29 EINITRE Kim 5 (Kim ef al, 2009a)°] AR e
A ND ND FFe Ve Ze B FE4) 058% Bk e
[B-carotene ND ND

“Each value represents the mean+SD (n = 3). "ND: Not Detection.

=

o

5. WSIA = H|EDI &elo] Hig}
Enterococcus sp. TO-94°] €|gk Qm|zpe] kg 3 5 H]
efvle] shsts 2439 AAE Table 60 HERASITE. H
Bl B,, B,, niacin, folic acid @ C7} = o|F3 9oH
Fg Zol vlsle] e Hlglo] oF 1.5-38) 71 Z71sIdch
te A e 2 A5 AR 859 5840 ol
= ASZ AXHAT}. Enterococcus sp. TO-949 2]d @
Fe] g P F AEHS sk AEe Eafel ofs)
|5 80| T7IEeEN o] F7HE Zo= At
Al g 2 B9 g3E FEO] FE o|FIL Y
(Kim et al., 2009a; Choi et al, 2008, Kwon and Park,
2008; Osawa, 1994) BIEFT] Shafo]] tfgh o] & Zlojn7] off
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o 7118k Zlo® AErt webs Hdia Hees Zhe f
At ojgh WranbHS JUHO0E U5 PE omR}; AE
o] sl -85 Z o2 Ak
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6. YSIA = polyphenol ¥ anthocyanine
Enterococcus sp. TO-949 2]gt Qujz}2]
polyphenol % anthocyanine®] ¥ZFHI}E =4
Table 76l VFERH AT,
Polyphenol®] 74-¢- @& %7] 0.211 +0.005%°114] 20A17¢
0.823 £0.017%= °F 3.88 Z718F99.2™, anthocyanine?]
- W3 4523 £1.19 pgmlb oA 51.40+1.32 pg/mb 2 F 1.2

k-3
%!
X
vl 53kt 28y polyphenold} anthocyanine®] ¥ 5
7he & ZpolE YERITE Polyphenol®] 739 FE8vi=
ethanol®] ¢HFo] S7lstAY FE22w0] A5A] #=7 Yy
£ Zo] Uukzel Exo|t} (Osawa, 1994). BAFsls-S 3
Sk ojFst Ale] €448 YERNE= phenolic compounde= =&

pu
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