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Lactobacillus %9 Lactobacillus rhamnosus GG°|al, {3l
Clostridium %9 Clostridium histolyticum ©|t}. o]g€ A A
o 13 F9 ZHolEe} 16 T =EgtHol=g 717 Ay
A A% 4AES vustes 28-S A3gskith

A WAz Eg¥s Ags s W ARESE DMSO7F w5 Aol
S AR S FleA . DMSO AHE ofFo uE #59 A
A (growth curve) = I8 Z#iZ9] FE], HFE vk AlzEQ1 1241t
ODe600, A& (growth rate) S Bt 17 A3 DMSO #8 o]
F3glel ODeoo, &S] FLst k& WeEbY 1% v/ve DMSO
At ® w7 Aol ojust JEFE 71X A S dotidth

T HARE dF70 AET EedEe HEY v 21S 3] S8 &
glH o] = o) & FSk= genistein, EGCG
gallic acid, phloretin®] U] £%F9] Zgd&
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g/mlL 7H4] & oE 52 HXE 3tk 1 A3 HF s27F 10s
g/mL3} 1pg/mlel B97F g5ol Agsfor & ZejdE9] 4 v
U Gopidth

3|
H%%H 17J "41 %E ﬁ‘d%%—% il H 8”%*&—% 183 OD600
ot *JV‘E = ‘ﬂﬂé‘}‘}iﬁ}. T3 EdEs AdsA &2 dxLde p
w7 ARl 24 ZedlEEol v dF= v

|

WA ODe00 o2 w2 HEHFS el 2 A} daidzein? EC 1p
g/mL, PCA 1 xg/mL, phloretin 10 zg/mLe] ¢+ LGGS A2 &
WA Z1EA frafiat Chise] A4S A7 £ EdHlsds Fot
A HbH o) apigenin, resveratrol, chlorogenic acid¥® hesperetin 10
rg/mL, trans—stilbene 10pxg/mlL, cinnamic acid 1gg/mL, p—
coumaric acid 1pg/mLe Fe+ LGGE AL A 71HAM 3l
C.hng] ?l‘ ’7%:’8‘ %ﬂﬂ]é’“ﬁé 77%0]’}/\

o2+ AFAEZ 74579 A 25 vws] & A3} daidzein,
curcumin¥ EGC 10z g/mL, DHB 10z g/mL, phloretin 10 ¢ g/mL%}
EC 1 xg/mL, PCA 1 xg/mL, pyrogallol 1 zg/mLE *8]3h= 29 LGG
o] A Hr= UxTdY A SRRy S7Fskal ChisY A S5+
2 A SEHY AT wbHo| apigenin, chlorogenic acid,
rutin 1 #g/mL, p—coumaric acid 1 ¢ g/mL& H#3sh= 4% LGGY A
T EEe dx7e A SrHy Asty Chise A% 5+ gz
T8 A SEET ST

Foo . EYdsE, 9, w8, Lactobacillus rhamnosus GG,
Clostridium histolyticum, ODeoo, X745

gk 1 2015-21092
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AA deles  ogsd  mAEsEo]  wExske=d 53 e
1011712 /gram W 22 Adl "8 E (gut microbiota) &°¢] EAskTh
[1][2]. A vAES 53] e wo] EA8tY F2 & (phlyum)
S 2= WA (Firmicutes), Yt (Bacteroidetes), X~ H| 21}
g o} (Proteobacteria), WA+ (Actinobacteria) 7y Y31, Firmicutes
9] 8 < (genera) &%+ Ruminococcus, Clostridium, Lactobacillus,
Eubacterium 5°) Slt. Bacteroidetes®] 2 4 °. 2+ Bacteroides,
Xylanibacter, Prevotellaxl® 5733t glycangs wallAl7]+ d=°] Q)
t}.  Proteobacteria?lls=  Escherichia <3} Desulfovibrio 9],
Actinobacteria®ll= Bifidobacterium %3 Collinsella %°] % °|&

tH4].

Ay m AR AL gold wiRE i HE gEdH, RegEs 9
AL ApgE ofol 58] A% Bifidobacteria?t -AstH E4+E L Abek of

oJES AY B% T RES W5 [6]. 341 olge] =W
v gl 20] sl Hol B He] AFE ol &2 Ay v YR
Msd 2L ol BLHT). ST WA S48 vws ges
EREEEELE walA frk(s]. 53

WA M AE 24 AR
o] % 5

2
ol=dl ddlE ydHrl FHI HES Wol AFse AFEAdSE
Firmicutes= 7}43t1 Bacteroidetes?7} Z7}stth[9]. ol A& thekst
=25 AFel o8 & A AU vAyE 2Ao] WA Ht

30 FL& v 9 9kA (macronutrient) @l tFEH  (polysaccharide),
Wi AdH e ok A WstE AvEd osy gk A v
AEof 93] thgdF+ acetate, propionate, butyrate® 3 o]=
&l A pH7F wobxith, HEst A ¥ SCFA (Short Chain Fatty Acid;
2 A& AWAh) 5 acetate= A& A4 (lipogenesis) ¢, propionate
= x5 Al (gluconeogenesis) o, butyrates= & AU A|EQ] F
Q AP er o] &HTH[10]. AH-S wol] A= 52l butyrate
o FE7} #Aastal Bifidobacteria o) o AU 95 ¥HS AE7)

)

d

1o
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F %=1, o] prebiotics? HAE Y3 Bifidobacteria %S Z7}A
714 RS 5 QAHHL1]. é«] 4% SCFA, ?}_‘?_140},
BCFA (Branched Chain Fatty A01ds) So® iy =Y, vdFEHEE
sk SCFA7ZE Z=dakA] & sk @k A% (distal colon) 7k4] SCFA
5 Alwsts A I UAHY pHE 6.5%2 fAsked 93 vt
[12][13]. Z28]a @S wo] AHEFF oinils HE e
AS A 71 Bifidobacteria, Lactobacillus, Clostridium, Bacteroides %
o FF7} Bobaleh,

U M EES ‘HH_ =4 thrt FE Bl S50l Bad &
= AsstAY 713 2+ (opportunistic pathogen) Oi—rEi %%g

71 Wel AA EiSs FoH14][15]. =3 4= FallEA de
27 9%= (polyphenol) 0]} E23t thdHS Ay n| g E 9] §_2\7]_ 7hek
3 B} SCFAR E3iAA & A9 IE E3 S5 & AA v
[161[17].

23

V= ﬂsﬂ 17‘401] = <
EZolth[19]. olefst & Jﬂbﬂ ﬂﬂ] EetEol=g =32
wolER 2% F n EgtH ol 2719 #d 18 (A ring? B
ring) ¢ 3% pyran ¢ (C ring) 7} éﬂt‘é A AFER o]ojxl ®A 15
Mol =45 7Ee® F49 pyran 19 AFst AdEjel wet flavone,
isoflavone, ﬂavanol flavonol, flavanone, anthocyanin ¢ 3¢ &+
2y, =g eoEE HEaks Ve xR S dEal, A,
g 5o yHoH[20].

A vy E2YAles A AE8E st ZEuse aelA
10% =9t &57F Ha g2 tid7tA4] o5 Al H=d g
(intestinal tract) olA v A& & Aol 23] phenolic acid*H Fx}=o]
22 ZAE FE7F Hol & Ay MEE ES SFaET(21]. olgA
el A AR EPdEe A v E A IS vH A3 S
g Foh[22].

AU g Eo] EYHESs &7 ZFes O AAER Fellske Ae
A F 7FA7F Qo A WA= @ —rhamnosidase, B —glucosidase,
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=

sulfatase, esterase #F2 @45 Z3] ZFFAFO] = (glycoside), At
< (sulfate), ©oFv]=(amide), ¥ (ester), & (lactone) = 7+
Falsh=  #Zgolth[23]1[24]. F WA= reductase, hydrogenase,
decarboxylase, demethylase, isomerase 2% # vAl&E §45 E3)
whekE 717) 9] Atk (aromatic ring cleavage), 4 (reduction), 7F2 &
Al7] o]gk ¥k-$-(decarboxylation), B v €3} HE-S (demethylation) %<
i85 FZA 71 Aolth[25] [26]. ol st F #&o o3 Zoldls

Addoz 2 Aol #Hl=Ad $13HE (phenolic compound) = H Y
o Ay v AE 74 AAEH27] (29 1.1).
old dAS wb

go AU sy AA 549 4z 2ol
a8l Aol Aol dEAEA A v A=
5 et o] A vk Iy ofd

dbe= 2y R Adels ZeiEe e Fal vds el 3
= 2

=

Koo

i )

of whkall, Za|slEo]l oA Ea= ]
AU vAEY] A S vHE RS LHER vyl B2 %
[281[29]. In vitro AA ZPdlE=z Ay ndE 2AS 2438 7=
ATEY A A3 o= FH7F A AJYU Y el
EO % o] AHE X &rh[30][31]1[32] (3% 1.1).

—

of el Haral Aol fold wFo AR FANA L FaAT @
o e AaAE EAEe FRe A4 AP s #d AT
A HAd. Kol fAFo ERE 4+ ot AU AR 2
EAS AW #FE Age ter ZeuEe AdYe W, 4 w5
o A% WsE S48 ARAow A vARe] #3E BT E
e Fobu it

10
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Growth

Polyphenol Tested Bacteria (M) Concentration Reference
effect*
quercetin L_actobacﬂlus PP ) 20pg/mL,
Ruminococcus gauvreauii ) 4ug/mL [30]
rutin Lactobacillus spp. (+) 100pug/mL,
Ruminococcus gauvreauii ) 20pg/mL
malvidin-3- Lactobacillus spp. (+) 10ug/mL,
glucoside Clostridium histolyticum N.S 2ug/mL [31]
gallic acid Lactobacillus spp. (+) 10pg/mL,
Clostridium histolyticum ) 1.5pg/mL,
Lactobau_lIgs/Ent_erocos:cus spp (+) 15ug/mL
. . Clostridium histolyticum )
EC (Epicatechin) -
Lactobacillus/Enterococcus spp ) L00Ue/mL [32]
Clostridium histolyticum ®) HE
catechin Lactobacillus/Enterococcus spp (+) 100pg/mL,
Clostridium histolyticum ) 15pg/mL
3 1.1 ZYdEs o] &% V& e &
G (H)dF AR 7 () dF AR A




2. ]HJEJ_ g‘l /\E];juohﬂ

2.1 Aok 2 AR

AP35 KCTC AEALAE (http://kete.kribb.re.kr) 2 FE &
F vre Lactobacillus rhamnosus GG (LGQ), Clostridium histolyticum
(C.his) oltf. o wligke] A2 HiX|= RCM broth® bacto—
peptone, yeast extract, dextrose, soluble starch(Becton—Dickinson

and company, France), sodium chloride, sodium acetate (Junsei,
Japan), beef extract, cysteine hydrochloride (Sigma, Korea) & Z} H|
ol 93 Azt

o5 Ao TS & FHOZ A4ty
kol
A

v SR ol =g
cEEE =S ¥ F 29F Y a

FRE et 2o

2
5ol et FFdE S Feld Zetrw-ol= tho] =A<l (daidzein),
AY ¥ (genistein), YH A (naringenin), |3 7}8Z] (epicatechin;
EC), o9y Z27}e7] (epigallocatechin; EGC), o3| ZZ7te71 Z o]
E (epigallocatechin gallate; EGCG), AIZAE (quercetin), oF3 A
(apigenin), &2 2]¥ (hesperetin), H]Y (malvidin), FH=¢
(luteolin), 783 = (kaempferol), 5% (rutin) (Sigma, Korea) ¢ % 13

Z olth(¥E 1.2, 1¥ 1.2).

[€) «

T

5o thek JFH S Feldt =Z R o= E 72| o] E (gallic acid),

Z 29 ¥ (phloretin), #HZAF(ferulic acid), ¥Fd # Ak (vanillic acid), df
d 9 (vanillin), Al¥AF(cinnamic acid), #~HZFEE (resveratrol), 3
2= (pyrogallol), AE] A4 (2,5—dihydroxybenzoic acid; DHB), &
E 7 74 (3,4 —dihydroxybenzoic acid; PCA), A5 % (curcumin), &
ZZ 14k (chlorogenic acid), ZFef—FmtddAH(p—coumaric acid), EHXA
28l (trans—stilbene), A2~ A~EHl(cis—stilbene), AlFTo]A8}E A
A &= (secoisolariciresinol) (Sigma, Korea) 2] & 16 & oJtb(3E 1.3,
1% 1.3).

*Fo HgstE ZYH =S dimethyl sulfoxide (DMSO) (Ducksan,
Korea)©l 10mg/mL HE=Z /o] —20C WA Has] F3or

13
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TE Name Molecular Weight
apigenin 270.24
flavone

luteolin 286.24
daidzein 254.23

isoflavone
genistein 270.24
anthocyanin malvidin chloride 366.75
EC 290.27
flavanol EGC 306.27
EGCG 458.37
rutin 610.52
flavonol quercetin 338.27
kaempferol 286.23
naringenin 272.26

flavanone
hesperetin 302.28

% 1.2 FYdE 5 FgRwolEe B+

15
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TE Name Molecular weight
gallic acid 170.12
2,5—dihydroxybenzoic
acid (=DHB) 154.12
3,4—dihydroxybenzoic
acid (=PCA) 15412
vanillic acid 168.15
phenolic acid
chlorogenic acid 354.31
cinnamic acid 148.16
p—coumaric acid 164.16
ferulic acid 194.18
resveratrol 228.25
stilbene trans—stilbene 180.25
cis—stilbene 180.25
lignan secoisolariciresinol 362.41
phloretin 274.26
curcumin 368.38
other nonflavonoid
vanillin 152.15
pyrogallol 126.11
i 1.3 Br=

Zedls 5 wEdtE ol
17




gallic acid

0 0
HsCO
HsCO e [
0H OH OH
HO HO HO

vanillic acid  cinnamic acid p—coumaric acid

OH 0
OH
HO S HO. O OH H
HO
OH o
OH

resveratrol phloretin vanillin
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chlorogenic acid ™ curcumin

s]
CooH 0 HO,,, COH
T H
HO OH Iij\ o = /I
OH .
How o e HaCO N A GO OCH,
HO OH Ho OEH 1] OH
OH OH
OH OH
DHB PCA

cis—stilbene trans—stilbene
ferulic acid

HsCO

OH
HO

pyrogallol secoisolariciresinol



P ZYdsse HAE 7] A, EYds &Y
MSO7} o5 Aol d&&Fe vAA das F fa
At AYst EYHE TR sEe wE 747 A% W
A tixzrer ZHdlss YA &S DMS
DMSO°] A7t 5 AHode JdFS vAA] gEas dls
oJu st Ak A > #F9 1% v/ve] DMSOE A 455
ZekAAoA 12413 FF wieFstdAl 2A1%F mht} UV-—-Spec®
ODe600 (optical density at 600nm) kS =743}t

o2 rr rx
ol
U

Job o

o
off
—_
o N %

2.3 Y= v HY 44

T Fouet JEFS = F de A=Y 4 AHY v HEY
= AHsl7] Yl LGGel Zdr o]t o 3]st genistein, EGCGS}
=Z R o] =9 §%3lE= gallic acid, phloretin® 4l /9 Z8ds
S gk 2 Ay Z2F A8 10mg/mL, 5mg/mL, 2mg/mL,
1mg/mL, 0.5mg/mL, 0.1mg/mL, 0.05mg/mL, 0.01mg/mL2] & ZF5F
9] T AZEE T 100mL ®iA 1% (v/v) LGG &2 1% (V/V)
ChisE HE3 5 E9¥E 29 94 1% v/ E A8 E2taa 4

oA ZEH=2 HF %7} 100 xg/mL, 50 rg/mL, 20 £g/mL, 10 p
g/mL, 5 xg/mL, 1 #g/mL, 0.5 g/mL, 0.1 £g/mL 7} A -t} viX
Aol Al 12A13F §<F Cultures F&stdA 2A17F with AEHS 3
OD6002 =74 313}

3 e BAF] A3 Al vlole] RCM broth® 75 A&
=, %aﬂO]E o 77 22UE 0 AWM Fulstdn. Eeaa
W517] Aol Aurd w52 OD % FH o) APvich
£ AR Eekazel WA 100 mLE 7HE A9 Ak

BE 59 ERAS AU A A, 1 % v 9 Augt 1%
() EsE 28 FEHAL. Behad U FF FEE FY

19



Al fAEF7] sl 30T 7 elA 200 rpm Oi wjoke A 83k,
7} Z3E2 DMSO] 10mg/mL &2 E—] o g o] T —907C
s ael Ragivrt Agstauat ek sl st «W Al A *}%oPOﬂE‘r.

ZodE AES AA A e EHH]'SH 1% /v E A3l HF s%
7} 10 pg/mL, 1 pg/mL7F A 3Gt (&, Z2E x=0]= 5 malvidin,
luteolin, kaempferol®} +=Z2}H +°|E < secoisolariciresinol, cis—
stilbene, curcumin® Zg|dE AR F2 WA A9 HF 271 0.1
rg/mL, 0.01 £g/mL7}F ¥ A 3+dct)

e @3 e A EE gs

Sl
71 g8l 2A17E vt ImLY AEP S Adste] UV-Spec® ODs0o
e SAsklnh. T AR WA el 1243 SqF #EE gl
o A¥e A W =735 ODeoo #2 Fds W F

2

r‘l

semi—log plot?l 5 A%

=t
= ’d(growth Curve) & 181 %+
AALsEe] error barE 7] A3t

20



3. A3 5l &

3.1 DMSO7} #5 A A o] n|x= o3k whor

Aeet Eedls TRt ol WE #F A WstE Flstr] 9
= [e)

St 2T o EE dFel EHEE €4 &2 DMSOE 1% v/v A2t
e gtk DMSOE Zgvles AES s o o]g317] uiol df
T O R AREE] Ageitt wdFy] wjEolth. 12y DMSOE 3
A2 Al ﬁ%z—oﬂ sdow Ags S AAd F 7] el A
s DMSO s%elA #57F A4S Ad= = g1 el 3l
At

100mL RCM broth® AL ZetAze] ol A% skx] &S 1%
v/v LGGE w3 23 1% v/ve] DMSOE A& 5 1% v/v LGGE
Hjokst 7 A9 A A4S 18 A=A FH, HF 0D, ALE
o o)zt ¢l st Th(E 1.4, 19 1.4). C.hise oA ®
LGGSF wiz7EAlZ DMSO A el offte] wE AA=G4e e, HF

AGES s 2ot glas SISt 1.4, 19 1.5).

AnH o2 1% v/vel DMSOE Ael@ Zo] d5 Aol fajeha 2
g Felstqn.

21



1.000

0.100

ODs00

0.010

6 8 10 12
Time (h)
=&=| GG+1% DMSO —4—LGG

1% 1.4 DMSO A& oJfol wE Lactobacillus rhamnosus GG (LGG)

o AR
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0.500

0.050

ODe00

0.005
6 8 10 12
Time (h)
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Strain Factor w/o DMSO  w DMSO

L actobacillus OD60o (12h) 0.4120 0.4130
rhamnosus GG N5 0.0333 0.0333
Clostridium OD60o (12h) 0.2630 0.2660
histolyticum A5 0.0231 0.0234

¥ 1.4 DMSO A7 oo wZ LGG, C.his® ODsoo(12h) ¥ A&
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3.2 e HH v AA

o Ao fFoust JFs T EFYHEl H4 s2E ﬂ7]
& WA Lactobacillus rhamnosus GG #°l Z7] th& 79
55 AEs FJ ks st HAES EYdls W TR 4
ZetH ol =) dFdeh= genistein? EGCG, w=ZtH o]0 dds
+ gallic acid, phloretine|t}, o] w], Feo| g sls ZYH=2 &
= ZgtAad AoA HE 557 0.1 pg/mL, 0.5 2g/mL, 1xg/mL, 5
g/mL, 10 £ g/mL, 20 £ g/mL, 50 £ g/mL, 100 ¢ g/mL7} = A &t}

H %] el A 122413 &<t kS HdstdA vl A-9-2 ODsoos =
3t A3} genistien, phloretine %% (100 zg/mL, 50 xg/mL) # ¥
| anti—microbial 37} 283 LGGY Aol AdEH= 2 &
T A, 100 zg/mLe gallic acidg A2 & W] LGGE d7o]
U8 55 AEFS dotes A3 & JHE SUkeke Bes B
EGCGY A5+ v% welel daglel 442 FH7E vl OVﬂ HAT}
Al BE 5‘?} st A3} 10 pg/mL ©l3te] 555 A2lshdS w anti—
microbial 37} 283 Ao 7 wWolx ¢kt o] 10k g/mLe} 1 u
g/mL7} f-oust Ayl EEHE 52 dEEo] o]F st vE=
Ao AFE3E ZYdE FEE 10pg/mLe 1pg/mlE HREG (Y
1.6—-1.9).

o

S~

I8y =E8 R w0lE F curcumin® A9 HE FEE AAS AH
of|q iAo} EHAAE FMATIL EASE V5 FH } Hol o w
L5 AelsH gg};}_ 7R 2 Z8FE 0] = £ malvidin, luteolin,
kaempferol¥ =ZgtH +0|% 5 secoisolariciresinol, Cis—Stilbene
AAl H4 wEE A v HAZ AgsH] oH AT dgste]
Qo 7«3t ZgdHs oA F(malvidin, kaempferol, luteolin, cis—
stilbene, secoisolariciresinol, curcumin) < Zg}A3 Ao HFE F
%7} 0.1 £g/mL, 0.01 £ g/mL 7} = A 3+t
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Absorbance of LGG treated EGCG
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27



2.500

2.000

1.500

ODe600

1.000
0.500

0.000

19 1.8 F

S|

Absorbance of LGG treated gallic acid

0.1
Concentration (ng/mL)

m2h m4h m6h m8h m10h m12h

FTE Zd "HAE : gallic acid A8 A LGGE A

28

|II| .I|I|| .IIII| .||I|| .||I|| .I|II| .||II| ||I‘||
05 1 5 10 20 50 100

-
=

A

L.



ODs00

I

2
1=

0.600
0.500
0.400
0.300
0.200
0.100

0.000

1.9

Absorbance of LGG treated phloretin

||I‘| I|I‘|I ||I‘|' ||I‘|| III||| ||||‘| I||“I illin
0.1 0.5 1 5 10 20 50 100

=

Concentration (ng/mL)

m2h m4h mgh =m8h m10h m12h

A F% 7 HAE : phloretin A8 A LGGE A

29

o

ZL-E"_/\{

-



3.3 ZTetnicol = A2e #59 AF A

G-olqtol| siHdt= Lactobacillus rhamnosus GG(LGG) b &3l vl
D3 Clostridium histolyticum(C.his) ol 1% (v/v) 2 ZgR o=
et H 12412 &< wkstH A ODeoos S35kt olglA 4
Hole 2 A4S 183 ODsoo (at 12h), BFES T8 1 @S
vl Bt (28 1.10-1.17 / ¥ 1.5-1.6). T3 7 ZgHwo|=E
12] & Ao7F FomehA] o5 p—value®Z €Rlst3lt.

Flo

(

3.3.1 flavone, isoflavone A& Al #F2] A%

=gH o]l F flavone (apigenin, luteolin), isoflavone (daidzein,
genistein) & ZF 5 #]%Fel] AHEsS wel LGGe C.hisd A
gols wdoh(1d 1.10-1.11).

ODeoo, FE T+ A¢+ = Lig=s
a3tk (p < 0.05) LGGY 7% flavones A3t S wloll= #F2] A
o] 2+ 74389 11, isoflavone s A 23RS woll= 5
ol xRt Erekdeh(zE 1.10). Chise A% flavone =
apigenin, isoflavone = genisteine g 3tg S Wl #F2] o] thx
THT 57181 1 flavone % luteolin, isoflavone % daidzeing * &
SHA S W Y Aol gRTEY A4S (1™ 1.11).

3.3.2 flavanol, anthocyanin A& A] 52 A3+

Z#H -o]= = flavanol (EC, EGC, EGCQG), anthocyanin (malvidin)
S AHYsAS W LGGY Chis? &S gls] Rdch(zd 1.12-
1.13).

ODso0l. 2 A= AYst¥S wl, LGGel flavanol®} anthocyaning
Aest Ae BF g7 Aol dxurrRy Frbeivi (i 1.12).
C.his9 7% flavanol % EGC, EGCG, anthocyanine #2332 o
9 Ao txart F7kstlal flavanol 5 ECE 1xg/mLe &
TE2 Agsiade w o5 Aol dExdry HHAaskvh(2d 1.13).
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dide]  AFE=R AydE AEss w9, LGGel  flavanold}
anthocyaning A 2l3t 49 EF dxzawo 43 271 S7kesih
C.his®ll EC 10 zg/mL, EGCGE H|3l9lS wall tjz=auet 44 &5
7} %7}, EGC 1 ¢ g/mL$} malviding A #]at9S widl tfx=o3 v
A7 £55 EC 1ug/mLe EGC 10 g/mLE AEadS # gz
o 34 27 gaskalh

ot

3.3.3 flavonol A 8] Al 52 A%+

Z2H w0l = F flavonol (rutin, quercetin, kaempferol) & * & 3}3}
= W LGGS Chis® &= s matvh(1d 1.14-1.15).

ODsooo. 2 A5 AYstF S w, LGGS H-¢ rutma 10 ¢ g/mL 2]
FEE AYetgls W w7 AAo] txrEY Sk 1 89 A
v BT dxart Aol gaseith(ad 1.14). Chise A5
rutin =& quercetin® 1xg/mL 5% 253 UH T2 Aol
xR 571833l querceting 1 pg/ml 552 22 kaempferol
= Agstade W #F< 4] Control Bl 7FAsl3d ‘:}(1%‘ 1.15).

Hide] AYEZ A5 Adgsids w, LGGY A$ ruting 104
g/mLe FEE Aeqls Aol 7 AY St dxzde A%
SR S7Fe AL, quercetin 1 pxg/mLe H2stde W 1‘411%?% H]
=t A S5, 1 99 Aee BT TR 43
t}. C.his® 7% rutin, quercetin 1 zg/mLE 235 S ol EH/"’\:rLl:U%
A3 57 S718FS9 3l quercetin 10 ¢ g/mL, kaempferols 2] 3}
S o xRy A% S0t A4S

3.3.4 flavanone @ A] 52 A%

Zo}H wo]= % flavanone (naringenin, hesperetin) & =23}
g LGGSF Chise AES &3] Hodrh(19 1.16-1.17).

OD6009_E A¥E Foldlnd LGGY 7% naringening *]8] 3%t
T w7 Aol dxzTHEY F7FSES AL hespereting A E 3 ¢

l‘% o,
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wTe] el WZ?ED} Aol ARtk (1¥ 1.16). C.hisd A%
naringenin <2 hesperetin® 10xzg/mL 52 39S w] #+59
Aol xR 7183 3l hespereting 1pg/mL 552 *8]83
< o o Ao xR a1 1.17).

AAEZ A5 Al LGGe 4% 4% £%7} naringenin #
g A F7Fekal hespereting A2 Al A4Stk Chise A%
naringenin A& A] A% £%7} 57131, hespereting 10 zg/mL A
2] Al gz H]‘}Ef’; XA 2% = hespereting 1 xg/mlL g
Alell= 47 S27F Akt
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e+ @+ Daidzein lpg/mL ~ —@— Genistein 10pg/mL «+-®-+ Genistein 1pg/mL

1% 1.10 flavone, isoflavone #8] A ¥ LGGY A&=A4
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ODs00

1.000
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0 2 4 6 8 10 12
Time (h)
Control —@— Apigenin 10pg/mL ---®-- Apigenin 1pg/mL

—@— Luteolin 0.1pg/mL  +++®-+- Luteolin 0.01pg/mL —@— Daidzein 10pug/mL

<o+ @+ Daidzein 1pug/mL  —@— Genistein 10pug/mL <+ -+ Genistein 1pg/mL

19 1.11 flavone, isoflavone # 2] A] &+ C.his%] =14
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anthocyanin # 2 A #F LGGY AF=A
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ODs600
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—@— Malvidin 0.1pg/mL +++®-- Malvidin 0.01pg/mL

anthocyanin A g Al 5 C.his®] &4l
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1% 1.14 flavonol A& A #F LGGY A&=4
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ODs00
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19 1.15 flavonol #8] A] 5 C.hisq A%
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ODs600
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ODs600
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19 1.17 flavanone ## Al @ C.his9 A=A
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LGG C.his
B EaHe ==
T EeldlE TR OD600 (12h)  OD600 (12h)
=T 0.413 0.266
apigenin 10z g/mL 0.294 0.336
apigenin 1 ¢ g/mL 0.371 0.601
flavone -

luteolin 0.1 £ g/mL 0.315 0.199
luteolin 0.01 £ g/mL 0.335 0.188
daidzein 10 ¢ g/mL 0.719 0.212
. daidzein 1 g g/mL 0.649 0.247

isoflavone —
genistein 10 ¢ g/mL 0.419 0.346
genistein 1z g/mL 0.506 0.334
EC 10 g g/mL 0.437 0.343
EC 1pxg/mL 0.461 0.140
EGC 10 £ g/mL 0.424 0.281

flavanol
EGC 1 ¢ g/mL 0.421 0.311
EGCG 10 ¢ g/mL 4.190 0.365
EGCG 1 ¢ g/mL 3.777 0.366
. malvidin 0.1 ¢ g/mL 0.437 0.293
anthocyanin —

malvidin 0.01 ¢ g/mL 0.447 0.298
rutin 10 ¢ g/mL 0.425 0.286
rutin 1 ¢ g/mL 0.370 0.267
quercetin 10 ¢« g/mL 0.256 0.204

flavonol -
quercetin 1 ¢ g/mL 0.407 0.308
kaempferol 0.1 ¢ g/mL 0.304 0.130
kaempferol 0.01 ¢ g/mL 0.295 0.181
naringenin 10 # g/mL 4.037 0.324
naringenin 1 #g/mL 3.953 0.416

flavanone -
hesperetin 10 ¢« g/mL 0.310 0.300
hesperetin 1 ¢ g/mL 0.317 0.251

ke

1.5 Zgrwol= AHa Al LGG, C.hise ODsoo (12h) 2] =3k
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= = LGG C.his
o =+ 0.0333 0.0234
apigenin 10 z g/mL 0.0253 0.0248
apigenin 1z g/mL 0.0323 0.0419
flavone 5
luteolin 0.1 ¢ g/mL 0.0273 0.0139
luteolin 0.01 ¢« g/mL 0.0292 0.0127
daidzein 10 ¢ g/mL 0.0643 0.0175
. daidzein 1 ¢ g/mL 0.0636 0.0184
isoflavone —
genistein 10 ¢« g/mL 0.0386 0.0293
genistein 1 ¢ g/mL 0.0452 0.0288
EC 10 £ g/mL 0.0365 0.0283
EC 1 pxg/mL 0.0413 0.0124
EGC 10 ¢ g/mL 0.0353 0.0225
flavanol
EGC 1 ¢ g/mL 0.0394 0.0241
EGCG 10 gz g/mL 0.4210 0.0310
EGCG 1 xg/mL 0.3769 0.0306
. malvidin 0.1 ¢ g/mL 0.0393 0.0240
anthocyanin —
malvidin 0.01 # g/mL 0.0362 0.0237
rutin 10 ¢ g/mL 0.0358 0.0250
rutin 1 #g/mL 0.0295 0.0244
quercetin 10 ¢ g/mL 0.0205 0.0147
flavonol -
quercetin 1 ¢ g/mL 0.0329 0.0257
kaempferol 0.1 z g/mL 0.0255 0.0090
kaempferol 0.01 ¢ g/mL 0.0252 0.0116
naringenin 10 ¢ g/mL 0.4296 0.0265
naringenin 1 ¢ g/mL 0.4293 0.0373
flavanone -
hesperetin 10 ¢ g/mL 0.0260 0.0240
hesperetin 1 ¢ g/mL 0.0290 0.0187

* 1.6 FRol= A2 Al LGG, C.hise B&E Bk
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4 =FEE o= A v o] A A

o)t MGst= Lactobacillus rhamnosus GG(LGG) £} -3l 3¢l
3t Clostridium histolyticum(C.his) ol Z8¥HE F +=Z8H 0]
S 1% (v/v)& AHgske] 12413 52t ODeoos S 3k3ltt. o] gl A
dolgz AgrdS 123 ODsoo(at 12h), BFES Tt
1.18-1.25 / 3% 1.7-1.8). =3 7} =EgHwo|=8 AHys 4
Frolu| Al of -5 p—value® 13T

o
==
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el
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ke
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3.4.1 phenolic acid A& Al 52 A=

=Z2H =0]= % phenolic acid (gallic acid, DHB, PCA, vanillic acid,
chlorogenic acid, cinnamic acid, p—coumaric acid, ferulic acid) & *#
Qe e © LGGS Chisel AZS gals) mor).

ODso0l. 2 AFRE Feaind LGGE 7% chlorogenic acid, p—
coumaric acid &2 1 xg/mL2e DHBY cinnamic acid =< 10 ¢ g/mL,
ferulic acid® A @3S W 759 o] 238 xFLH a3t
31, gallic acid, PCA, vanillic acid ¥+ 10 #g/mL2] DHBY cinnamic
acid =+ 1 pg/mL ferulic acid® A3 S Wl #579 o] thx+
Hop 7o (23 1.18—1.19). C.his® A% gallic acid, vanillic
acid, chlorogenic acid, cinnamic acid, p—coumaric acid, ferulic acid %
+ 10pxg/mL PCAE A0S o o572 o] thx=drt F7tst
A3 DHB X+ 1puxg/mL PCAE AEstis w o5 Ao dzx=at
Hop Zraskith (2™ 1.20-1.21).

BEERE A5 A8 LGGE 3% ferulic acid A8 Al thx
I vt A S8 KL, chlorogenic acid?t p—coumaric acid 1
pg/mL, DHB 12g/mL g Al tx7Re =3 44 55 1gon
U™ =] phenolic acid®] A% % U2THT W2 A £52 R}
C.his®] 7% gallic acid 10 zg/mL A2 A thzo3 w3 A4 &£5
2 woli DHB, PCA 1pg/mL A& A tzZRt A% &£57} w2
W Y™ XA phenolic acid® A% EF txFHo wE A3
ATt
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3.4.2 stilbene, lignan g A #529 A%

=ZH 0] ZF stilbene (resveratrol, cis—stilbene, trans—
stilbene), lignhan (secoisolariciresinol) & #2339 S W LGGS C.his
o] AFS gl Kkt

ODsooo. = A¥E FRIsfimd LGGY A%

stilbene, secoisolariciresinol& *]&] }oﬂ% ol #2o] Aol 23]E
TR A, resveratrols AEsile W e A
OD600 (at 12h) 2 & @l thh 4t 2oz ®no) AgEo] it
Hoh oh SRR T (¥ 1.22). C.his® 7A-$ secoisolariciresinol,
resveratrol B+ 10z g/mL trans—stilbeneE A 3RS W #59
Aol thFxFHY E718k9 1l cis—stilbene T 1 xg/mL trans—
stilbene® Agstds vl #5 o] dxwrt A THIH
1.23).

cis—stilbene, trans—

AAEZ AIE F2ls|HW resveratrol A7 A LGGY A &&=
7} tiETEY WeElA] 3l secoisolariciresinol, cis—stilbene, trans—
stilbene A7 A] xFERY =#HAFY. Chis A £59 A+
resveratrol A @ A xR WX 31 10 £ g/mLY trans— Stllbene
g Al gz vt AR 55 19991 1 pg/mLe trans—
stilbene, cis—Stilbene, secoisolariciresinol & A] tjZ+Et =HA

ot

3.4.3 wRHA ¥ =ETEOlE HY A w5 A
A

<

EEHRLOE T 54 ERTOE YA ¥dv =EdExolEE
(pyrogallol, vanillin, phloretin, curcumin)< A&33S uw LGGS
C.his®] A4S ghlal ®H ok,

ODsool.® AyE olgww LGGS ZA$ 1lpg/ml FE9
pyrogallole Agsls W #F9] AAo] esly dx=awmet A5kt
37, vanillin, phloretin, curcumin ¥+ 10 ¢ g/mL &X2] pyrogallol=
Aestals W e Aol dxrEY Frtekivk (1 1.24). Chis
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°] 4% pyrogallol, vanillin += 1x#g/mL %2 phloreting A 23}
Qe w #59 Aol YERLHY F7FEF T curcumin By 104
g/mL §%9] phloreting AZstA-& v 52 o] xRy 7

% 10 £ g/mL2] pyrogallol *

Al iz b2 A £EE Bolal Y A] nonflavonoidol A+
. C.his9 A% vanilin® 1 pxg/mL

R wE A SEE, 1 o]99
Furt = 4G HEE Z3H

o] pyrogallol A2 A]
o

nonflavonoid & Al
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719 1.18 phenolic acid (1) 2] Al ¥ LGGY A=A

46



ODe600
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1% 1.19 phenolic acid (2) #2] Al ¥ LGGY A=A
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OD600
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7173 1.20 phenolic acid (1) ] Al ¥ C.his9] A=A
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ODs00
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7173 1.21 phenolic acid (2) ] Al ¥ C.his9] A=A
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ODs600
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ODs600
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19 1.23 stilbene, lignan 2] A] 5 C.his% A=A
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1.000
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<+ -+ Phloretin lug/mL ~ —@— Curcumin 0.1pg/mL +++®++ Curcumin 0.01pg/mL

9 1.24 BREEA 4L =Zgnyolt A A #F LGGY A
A
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<+ -+ Phloretin lug/mL ~ —@— Curcumin 0.1pg/mL +++®++ Curcumin 0.01pg/mL
7% 1.25 ¥REA e wEuwolE Ae) Al #F Chisel AAF
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LGG C.his
=5 ZgdHE T7F OD600 OD600
(12h) (12h)
o = 0.413 0.266
gallic acid 10 gz g/mL 0.781 0.297
gallic acid 1 #g/mL 0.829 0.343
DHB 10 £ g/mL 0.459 0.258
DHB 1 #g/mL 0.322 0.248
PCA 10 £ g/mL 0.447 0.297
PCA 1 xg/mL 0.446 0.195
vanillic acid 10 # g/mL 0.453 0.522
phenolic vanillic acid 1 ¢ g/mL 0.447 0.442
acid chlorogenic acid 10 ¢« g/mL 0.350 0.341
chlorogenic acid 1 #g/mL 0.351 0.349
cinnamic acid 10 ¢ g/mL 0.426 0.448
cinnamic acid 1 ¢ g/mL 0.401 0.449
p—coumaric acid 10 #g/mL 0.432 0.472
p—coumaric acid 1 #g/mL 0.382 0.348
ferulic acid 10 ¢ g/mL 0.396 0.473
ferulic acid 1 #g/mL 0.427 0.407
resveratrol 10 ¢ g/mL 0.400 0.331
resveratrol 1 ¢ g/mL 0.401 0.377
cis—stilbene 0.1 # g/mL 0.360 0.211
stilbene, cis—stilbene 0.01 ¢ g/mL 0.290 0.209
lignan trans—stilbene 10 ¢ g/mL 0.353 0.317
trans—stilbene 1 ¢ g/mL 0.305 0.189
secoisolariciresinol 0.1 # g/mL 0.315 0.165
secoisolariciresinol 0.01 £ g/mL 0.347 0.181
pyrogallol 10 ¢ g/mL 0.417 0.266
pyrogallol 1 ¢ g/mL 0.389 0.256
vanillin 10 ¢ g/mL 0.416 0.456
other vanillin 1 ¢ g/mL 0.471 0.461
phloretin 10 x« g/mL 0.457 0.197
phloretin 1 ¢ g/mL 0.493 0.422
curcumin 0.1 ¢ g/mL 0.434 0.238
curcumin 0.01 ¢ g/mL 0.424 0.232
E 1.7 =E8%RolE A Al LGG, C.his®] ODeoo (12h) %<4k
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25 Zds 55 o et
2 B 0.0333 0.0234
gallic acid 10 # g/mL 0.0770 0.0237
gallic acid 1 ¢ g/mL 0.0782 0.0256
DHB 10 ¢ g/mL 0.0392 0.0198
DHB 1 ¢ g/mL 0.0311 0.0192
PCA 10 g g/mL 0.0393 0.0262
PCA 1 pg/mL 0.0409 0.0174
vanillic acid 10 ¢ g/mL 0.0392 0.0436
phenolic vanillic acid 1 ¢ g/mL 0.0385 0.0367
acid chlorogenic acid 10 ¢ g/mL 0.0309 0.0285
chlorogenic acid 1 # g/mL 0.0296 0.0286
cinnamic acid 10 ¢ g/mL 0.0352 0.0380
cinnamic acid 1 #g/mL 0.0359 0.0391
p—coumaric acid 10 ¢z g/mL 0.0384 0.0403
p—coumaric acid 1 ¢ g/mL 0.0303 0.0306
ferulic acid 10 ¢ g/mL 0.0335 0.0406
ferulic acid 1 #g/mL 0.0331 0.0342
resveratrol 10 ¢ g/mL 0.0342 0.0250
resveratrol 1 x#g/mL 0.0361 0.0326
cis—stilbene 0.1 ¢ g/mL 0.0276 0.0145
stilbene, cis—stilbene 0.01 ¢ g/mL 0.0230 0.0141
lignan trans—stilbene 10 ¢ g/mL 0.0322 0.0237
trans—stilbene 1 ¢ g/mL 0.0255 0.0171
secoisolariciresinol 0.1 # g/mL 0.0252 0.0100
secoisolariciresinol 0.01 ¢« g/mL 0.0306 0.0129
pyrogallol 10 ¢ g/mL 0.0339 0.0199
pyrogallol 1 ¢ g/mL 0.0345 0.0198
vanillin 10 £ g/mL 0.0362 0.0389
other vanillin 1 ¢ g/mL 0.0406 0.0384
phloretin 10 g g/mL 0.0401 0.0189
phloretin 1 ¢« g/mL 0.0421 0.0347
curcumin 0.1 ¢ g/mL 0.0391 0.0188
curcumin 0.01 ¢ g/mL 0.0385 0.0165
¥ 1.8 =ZZH o= A Al LGG, C.his® WAE Hik

55

A2 gkw



3.5 ot AT Al v JFe F
= EYH=

fFolttoll aldst= Lactobacillus rhamnosus GG(LGG) 2+ -3l <ol
3ﬂ%5}b Clostridium histolyticum(C.his)°ll 29 %9 Zg|¥=S A7
g 5 v 2A]3keke ODeoos 54383t Culture €& AJZEQL 12A13F

el ODsoo} AHAES PO, T—testE Ed €2 p valueZ 9]

A7F fousA] o e E%L} AE 22 A bf\‘:} T—test= T
27 ZYHES AYst A9y &S X 4 o]FAatow s o
1 p value<0.05% w thx T'—_LJJr ZYdEs AEs F A9 e %

B
SO FuAES o AHE EdE Akl

A¥}A © 7 daidzein, EC 1 xg/mL, PCA 1pxg/mL, phloretin 10 g
g/mLe ¥l FF EZF#Eo]l LGG %= S7H7]I= FAlel Chis &<
U= Zlog RT3 1.9). ®3F daidzein, curcumin, EGC 10 g
g/mL, DHB 10 #g/mL, phloretin lOug/mL EC 1pg/mL, PCA 1px
g/mL, pyrogallol 1 £g/mL8 o5 +7F Zg¥=o] LGGY A &£5&
W= sk A Chisel A% 55 =g she A2 EIFAY (R
1.10).
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LGG (+) LGG (no effect) LGG (-)

genistein / EGCG
malvidin / naringenin

gallic acid /vanillic acid apigenin/ resveratrol
ferulic acid EGC# / rutin chlorogenic acid
C.his (+) EC* / PCAx* vanillin® hesperetin* / trans—stilbenex*
finnamic acid* .
. . quercetin#* . . .
p—coumaric acid# cinnamic acid#**
p—coumaric acid#*
EGCx## / vanillin#*
phloretin**
C.his
DHB=* Pyrogallol* rutin#* / pyrogallol#*
(no effect)
luteolin / kaempferol
daidzein cis—stilbene / secoisolariciresinol
C.his(-) phloretin * curcumin quercetinx
EC#* / PCA#*x* hesperetin#* / DHB**

trans—stilbenes*x

¥ 1.9 0Ds0o0 (12h) = 7|27 2z} ZgdEo] #F2 Aol vx= deS Yebd % (p <0.05)
((+) 0 #3 A% Z7h (=) 75 A P4, +: 10pg/mL, #+ 1 1 zg/mL)
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LGG (+)

LGG (no effect)

LGG (-)

genistein / EGCG
naringenin / vanillic acid
cinnamic acid / resveratrol

vanillin ferulic acid* apigenin / chlorogenic acid
C.his (+)
ECx* / rutin* quercetin** / ferulic acid#* rutin#* / p—coumaric acid#x*
PCA* / p—coumaric acid
gallic acid**/ phloretin**
Malvidin
C.his

(no effect)

gallic acid*

EGCxx

Hesperetin* / trans—stilbene*

C.his (=)

Daidzein / curcumin
EGC* / DHB* / phloretin*

EC#x /PCA** /pyrogallol+*

Pyrogallol*

luteolin / secoisolariciresinol
kaempferol / cis—stilbene

quercetin#

hesperetin** / DHB*x*
trans—stilbenes*x

% 1.10 AFES 7Ilsoz 7t Zd=o] a9 Al A=

((H) 75 A4 74 (=) - w5 A% 4, + 1 10pg/mL, # 0 1 pg/mL)
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A
jin
rh

2 E=rellAeE Fowy A TUATIAL Fald e A A A
AU s AHE BT ZYUES invitro A Foldle AE
Ex2 . AU vAE 48 22 W F A ¢S A= A
ox Izl Y= Fge &g 71 W gyt 48 A 7]
woll F9ar Falate] dx 5 gk F vekst HAEE 5l

A ZYds ~ES WS 9 AMEShE DMSOZE @5 Al 3l
3 9FE A ASS FAge HAEE Wt DMSO A
ol mE 75 LGGeF Chise A4S 247 vlusl, 1% (v/v) & DMSO
& A 77 AGele TS sl 3k el A
9= H4 s 21s 2] AE F o8 7HA 5 H9E HA
E 3¢ty 7 A 10pg/mLet 1pg/ml7t H4 % 209& <o}
i elct.

A APES E Fotd A wEE F 29 T ZYHES A
Fol A3l wigs dFside wW, e 22> AES UE T 3
daidzein, PCA 1 ¢ g/mL, phloretin 10 g/mL, EC 1pg/mL ¢ U &
ZYHES Yl LGGY AdEs 83 F3llarel C.his XE
= =°lv s F #79 A% ?EW}Z] A3 Al = 8=
U= o2 Btk curcumin, EGC 10 #g/mL, DHB 10 ¢ g/mL,
pyrogallol 1 pg/mLe E2#H= ¥ T/ LGGEY AF £S5 wEA
stHA] Chise A& £ 2 vg/ stozx SolHFy SIHF HSS

ZA3t= AR AFE. o]d7A = EEHEe]l AU v A= v A
T YGgo] HFs] LA A Lsront, § AYES FE F AEH FY
g Eo] F g FJd LGGe Fal+e tx F<2 Chisq A%
of AHACR JIFs T AMEE Loyt

o volzl AUl wjAEef ok E7]¥=2 catabolism pathway® ¢
SH = UAF B 1 9 v Ee] o EE s ] S v,
T A JgS = grAEd e o7 AFe S F= A
Ag zroldl 4= Q1S Aoltt. HF tAlES H5° A 1%0qu ks
T AoE wyst Loy 22 TS Hol=X4 st W =
<> 54 @AV F5 AFe 9FS FoAE 7PPea, 1 @Al AR
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%91 o] S SIMAZIEA ] AR HAARATE AoE B
= Zg 949 daidzein, PCA, DHB, EGC, EC, phloretin®] o 3%+
catabolic pathway e} ©o|F Ao 3] 7|&shd o3 2o}

A2l A= daidzein®] catabolism pathway A F ZFA|th
daidzein reductase®] 2]3] DHD (dihydrodaidzein) 2 g% % DHD
reductase®] 23] THD (tetrahydrodaidzein) & 3+ % Ay, DHD7} C
ring cleavage® A 2'—dehydro—O-—desmethylangolensin(=2'—
dehydro—O-DMA) & #t}H[33] (¥ 1.26). ©] LGGS} C.hisel
daidzein¥t # 2l gt 7d-9-2} DHD reductase® inhibitorg 2]t 752
’d7-S vlasttt. wkeF DHD reductase® AHeEldt A9 LGG Aol
daidzein®t A g3t ZA$-H 1} 743k, Chise A& F718HA Hopbd
daidzein catabolism pathway % DHD7”} THD, Equol® tjAlE &= H=E
of 7 o WEHE bond7} AFel T8 ogu]E VK= AES UE
T A #HArt

DHBY 7% dioxygenase°]| <3 maleyl pyruvate’} A%
isomerase°] ¢J3] fumaryl pyruvate’} AAEE S+ At} maleyl
pyruvate?} fumaryl pyruvate EF dehydrogenase®] 2]3] malate %}
fumarate’} = 4 3 FEFH O F pyruvate® Aol ¥tk = DHB
o] HE thAFES malate, pyruvate, fumarate©]th[34] (28 1.27). A
=4 EF TCA cycleel o] &7 witel] thrtes AFH AHEstes A
Bt DHB$®} dioxygenase inhibitorE 7 *2] A LGG2} C.his9
A% DHBYE A2 S we] LGGE C.hise A4S vlushs 5 A
35S z&sl, DHB”} malate, pyruvate, fumarate® tAE = HA 271 A
e FQsk ou|E 7H Folgk=s oido] x| ofFE gl

PCA9 7% oxygenase, isomerase, hydrolase & T3t aiof 9
3l ring cleavage® lactone &4 34 & AXIt} CoA transferase?]
2207 HFE thAHEQ acetyl-CoA$} succinyl-CoA7} ®tH[34] (71
2 1.28). DHBS} vlzk7Fx| &2 PCAQF PCA oxygenase? inhibitor £
A A st 59 PCARE Aeldt 492 LGG, C.hise A%< vlust
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1
T

&5 A Z3ysiel, EGCSF ECO |55 += catabolism pathway
A= F O EYdHE BT od duAb AERE AAY 34—
dihydroxyphenylacetic acid’7} 3%& o2 A& =4, o] metabolite
7} FEA o2 PCAZF ¥ A PCA catabolism pathwayE AXA Ht}
[35]1[36] (18 1.29). AE&A S 2 acetyl-CoA, succinyl—-CoA7} 2843
22 PCA oxygenase inhibitor g oo W& F #5929 AFS
vl st =5 ghof

phloretin®] ¢]Z%+ catabolism pathway hydrolase°]| 9@ 3—
(4—hydroxyphenyl) —propionic acid (=phloretate) ¥} phloroglucinol
o7 ®3E= Zolt}h. phloretatet o2 Al AZE AR FH CoA
transferase®l] 2]l acetyl—CoA, succinyl—CoA”} ©t}[37]1[38] (1 ¢
1.30). phloretin¥ phloretin hydrolase inhibitorg 7 A2l g -5
phloretin® &8t A9 LGG, C.his® AXS vHlasts ATLS E3
phloretin®] phloretate2} phloroglucinol® 3%+ bond”} —HLZ e
of L% JTL PALA FAT F Yk T2 AU wAE] ke
2 o] g3= o7 247 phloroglucinols 2% LGGE C.hisoll F¢
3131 S W, phloreting *8] 3t LGG, C.hisg A&3 2 dyE Hol+=
Al glsk= Ak ahke] Wo] d 4 v

o) AY 77ke] Felslmol Al MRS A PR dee gt
8 stefa 4 ol Rk, olF CJokE AW W Ay MAYEE zdw
Ayl Asel] o] § 5 A Zolth
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1% 1.27 DHBY 7%+ catabolism pathway
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COOH COOH HOOC

COOH
S
E— — 0 1
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OH COOH COOH
OH 0
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1% 1.28 PCAQ] o)’d¥ = catabolism pathway
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Abstract

A Study on the effect of various
polyphenols on the growth of
beneficial and harmful model gut
bacteria

Ji—=You Hong

School of Chemical and Biological Engineering
Graduate School

Seoul National University

Polyphenols with anti—oxidative effects are known to have
therapeutic effects not only in preventing aging and inflammation, but
also in a variety of diseases such as cardiovascular diseases, diabetes,
and neurodegenerative diseases. The intake of polyphenols is
expected to modulate the intestinal environment, resulting in an
increase the growth of beneficial bacteria and inhibit the growth of
harmful microbes, thereby adjusting the proportion of unbalanced
microbial population in the gut. However, the effect of polyphenols
on microorganisms and intestinal microorganisms is not clear, unlike
the focus on polyphenols, which seem to affect intestinal
microbiology and intestinal health.
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In this paper, we focus on the study of finding polyphenols and the
optimum treatment concentration that can control the microbial
balance in the gut by affecting the growth of beneficial bacteria and
growth of harmful bacteria.

In order to confirm the effect of polyphenol, selected strains are
Lactobacillus rhamnosus GG of the Lactobacillus genus and
Clostridium histolyticum of the Clostridium which present in excess
in the gut. The strains were treated with 13 kinds of flavonoids and
16 kinds of nonflavonoids respectively, and then comparing growth
curve and growth rate to select good polyphenols

First, it was confirmed that DMSO used to make polyphenol stock
did not affect the growth of the strain. The growth curve of the strain
was plotted, and the shape of the graph, the OD600 value of the 12
hour period, and the growth rate were compared. As a result, it was
found that ODe0oo and growth rate were the same regardless of
whether DMSO was treated or not, so that treatment with 1% v/v
DMSO did not affect the growth of the strain.

Second, to find the optimal concentration of polyphenol to be
treated in the strain, four types of polyphenols, genistein and EGCG
corresponding to flavonoids and gallic acid and phloretin
corresponding to non—flavonoids, were added to the strains ranging
from 0.1 ¢z g/mL to 100 ¢ g/mL were tested. As a result, I found that
the final concentration of 10xg/mL and 1xg/mL are optimum
concentration of polyphenol to be treated in the strain.

Third, cultured strains with 29 polyphenols—treated appropriate
concentration—were sampled at two hour intervals, and then OD600
and growth rate values were compared. Also, p values of Control with
polyphenols treated strain were confirmed whether each polyphenol
had a significant effect on growth of two strains.

First of all, the final pool of the strain was examined with ODsoo.
As a result, daidzein and EC 1 ¢z g/mL, PCA 1 ¢ g/mL, phloretin 10 x«
g/mL were found to be good polyphenols which increase the growth
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of the useful bacteria LGG and decrease the growth of the harmful
bacteria C.his. On the other hand, the growth of the beneficial bacteria
LGG was decreased and harmful bacteria C.his was increased while
apigenin, resveratrol, chlorogenic acid, hesperetin 10 « g/mlL, trans—
stilbene 10 g g/mL, cinnamic acid 1 zg/mL and p—coumaric acid 1 g
g/mL were treated to strains.

Next, the rates of the strains were examined with growth rate. The
rate of LGG was accelerate than that of control and the rate of C.his
was decelerate than that of control, when daidzein, curcumin, EGC 10
wg/mlL, DHB 10 ¢ g/mL, phloretin 10 £zg/mL, EC 1 £g/mL, PCA 1 x
g/mL and pyrogallol 1 #g/mL was treated. On the other hand, in the
treatment of apigenin, chlorogenic acid, rutin 1xg/mlL and p-—
coumaric acid 1 #g/mL, the growth rate of LGG was decelerate than
that of Control and the growth rate of C.his was accelerate than that
of Control.

Keywords : Polyphenol, beneficial bacteria, harmful bacteria,
Lactobacillus rhamnosus GG, Clostridium histolyticum, OD600, growth
rate
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