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F82 Z3 A& EA8l= phytoestrogens (2 EAAERA)ES vwk ZhE o
Eas i 7S 5 FE AAY wAgAE o aF0] e Ao
2 Ruya i, g FHe AFoem pdEa vk (Barnes 1995, Kim 1996,
Setchell 1999a, Hawrylewicz 1995, Bhathena 2002). Phytoestrogens®] &F+ T3}

o], isoflavone# 9} lighanf = & =0 HAA}e]| &= A 24 genistein, daidzein,

] fud

glycitein, equol, prunetin, formononetin, biochanin A, coumesterols©] AL, A}
%3l A2 secoisolariciresinol, matariresinolE® & F Utk FHvlth A &Aool A
& Aol7h v Aom deA dow, wepd pRE AFS free wep HAg
phytoestrogens 24 A A3= Ao] F23lt} Phytoestrogens 1 AHA|7F 7| T4 S
W3lsk= o]l ofye, tielA wEAAY F AAHEE vHlE AR aglycones (o,
genistein, daidzein, equol, Fig 1, 2 =) Sl g3t Aol &HA 2t} 53| equol

£ isoflavonesE Bt} o ~EZA T2 fALZA o] ol (Fig 3 #x) H83 A
g &dAdo] =& Aol Ld4yA U (Setchell 2002), equol BA WA TFZEES 712 A
Ay WA Eel wE Aor HIHJT (Lampe 2003). H: Aol w=
phytoestrogens®] @G x4d, AWAXLES 2 A8 24d Fo Fosles o= Hay
of AFszdE A= JEd F de 7S HAth.(Bhathena 2002). v -4
daidzein¥} genistein< phosphodiesterase® A 3|32 24 cyclic AMPEIE X AAA
AqUA ARE SO EAN HWA R JleAe] w& ZAom dAddn

o

i

(Nichols, 2000). Phytoestrogens $#o] £ T/ 7I+d T2 v|udAgAdo] Raud
EQA A&A, ArEdES v FFE B ooty @il de v FDAZYH A E A
A3 a3yl vk "health claim”’S & & & 7/HE 5359 e (FDA

Docket No. 98P-0683), trypsin inhibitore <t o ax7p QA w o] A3t 7154
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A
HAEZFE alpha-glucosidase, alpha-amylase$},

e

Al investigation drugZ A& o] 9t} (Kennedy 1995).
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SUMMARY

I. Title

Development of a fermented food containing phytoestrogens for weight control

II. Objective and Significance

This study was performed to develop fermented soyfood with anti—-obesity
activity. In order to achieve the goal, the optimum condition for producing free
isoflavones such as genistein and equol from soybean was to be established.
Further understanding of anti-obesity and anti-diabetic mechanisms  of

phytoestrogens will be achieved through this project.

ITI. Contents and Scope

1. Isolation and identification of microorganisms with the capacities to produce free

isoflavones, genistein and equol, from human feces.

2. Examination of isoflavone profiles of products (fermented soybean milk) prepared

by fermenting soymilk with selected microorganism(s).

3. Investigation of the changes in total number of microorganisms, pH, and titrable

acidity during fermentation.

4. Investigation of the methods (microorganism combinations, fermentation
conditions, use of additives, etc.) to improve functional properties of fermented

products.
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1.

2.

3.

Evaluation of sensory and functional properties of fermented products.

Anti-obesity and anti-diabetic activities of phytoestrogens.
O Effect of phytoestrogens on glucose uptake in 3T3-L1 cells.
O Effect of phytoestrogens on PPAR-gamma expression.

Evaluation of ani-diabetic activity of phytoestrogens by animal models.
O Effect of equol on anti-diabetic activity including glucose tolerance in

diabetic mouse models generated by steptozotocin injection

Effect of intakes of soymilk and fermented soy products on lipid profile in

human subjects

Major results and Recommendation

Lactic acid bacteria (LAB) with B-glucosidase activity, 4 Lactobacilli, 3
Enterococci, 2 Streptococci and 8 Weissella species, were isolated from human
feces and tested for capabilities of converting isoflavone glucosides to aglycones

in soymilk.

The content of isoflavone aglycones in soymilk effectively increased by
fermentation with some LAB due to hydrolysis of glucosides. The rates of
hydrolysis of glucosides varied depending on the species of LAB. Changes in
isoflavone contents corresponded with an increase in B-glucosidase activity

during fermentation.

About 100 and 90% of the initial genistin and daidzin, respectively, in soymilk
was hydrolyzed within 6 h by fermentation with L. paraplantarum KM,
resulting that the aglycone contents in soymilk were 6 and 7 folds higher than

the initial daidzein and genistein, respectively. In addition, L. paraplantarum KM
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showed good growth and acid production in soymilk.

About 92-100% of the daidzin and 98-100% of the genistin in soymilk were
converted to corresponding aglycones by Weissella sp. 33 or L. paraplantarum
KM +E. faecium 35.

The contents of raffinose and stachyose in soymilk, a flatulence factor, were

reduced by fermentation with W. spp 4 and S. infantarius 12 (5:1).

Soymilk with (S-GT) and without (S) green tea water extract were fermented
with S. infantarius 12 and W. spp 4 at 37C for 12 h. The DPPH radical
scavenging activity of S-GT increased by about 8 fold compared to that of S,

and the level was remaining unchanged until the end of the fermentation period.

Soymilks with 5 combinations of soybean:black bean=0:100, 15:85, 30:70, 50:50
and 100:0 were fermented with S. infantarius 12 and W. spp.4. The highest
titratable acidity was observed in 0% black bean milk (BM) while the lowest
was in 100% BM after 12h of fermentation. Antioxidant activity of 100% black
soymilk was about 3 times higher than that of 0% black soymilk.

Additions of green tea water extract or black bean milk to soymilk could be
desirable for production of bioactive fermented soymilk due to greatly improved
antioxidant activity with enriched isoflavone aglycone contents and good acid

development.

Sensory evaluation data showed that soymilk, green tea-soymilk, and black
soymilk fermented with S. infantarius 12 and W. spp.4. for 10 h were relatively

good in overall acceptability.

Isoflavone contents of soybeans legumes, soy germ, alfalfa were analyzed by

HPLC. Soy germ was shown to have the highest concentration among
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samples tested.

Water extracts of some soy varieties (Daewon, Pungsan, Aga) inhibited the
activity of alpha-amylase by more than 50%. However, most of sample
extracts did not inhibit alpha-glucosidase activity. Pancreatic lipase was
inhibited by water and water extracts of most samples used in this study

by more than 60%.

Genistein and daidzein inhibited alpha-amylase activity in a dose-dependent
manner while equol did not inhibit the enzyme activity. However, equol inhibited
pancreatic lipase activity more strongly than genistein and daizein, implying its

potential as fat absorption inhibitor.

Adipocyte differentiation was strongly suppressed by genistein but not by
daidzein and equol, suggesting that genistein exert anti-obesity via regulating

adipocyte differentiation and PPAR-gamma expression.

Daidzein and equol stimulated glucose uptake in 3T3 L1 cells while genistein
suppressed the glucose uptake. These results suggest that genistein has good
potential as anti-obesity agent, and daidzein and equol might be useful for

ameliorating diabetic or hyperglycemic condition.

Equol showed anti-diabetic activity in streptozotocin-induced diabetic animal

models including improvement of oral glucose tolerance.

Intake of fermented soymilk for 10 days reduced total serum cholesterol level

while soymilk intake did not have any effect.
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T2 T3 A=l EAsk= phytoestrogens (HEA2ERAD)E wivk, 7HE
4, =tEe, AEuA 29, A3V T FE ALY A d A 55l e

Aoz Huxi i, vt Fee] AFe=E s gty (Barnes 1995, Kim
1996, Setchell 1999a, Hawrylewicz 1995, Bhathena 2002). Phytoestrogens®] &
i UYste], isoflavone ¢t lignani 2 WEE =W dAbel  FHdhe Ao zA
genistein, daidzein, glycitein, equol, prunetin, formononetin, biochanin A,
coumesterols©] i1, FApol] &3k= Z12 secoisolariciresinol, matariresinolE &
T Utk FRve Aggdol 2 Aot v AoR deA low, weps e
AEe] gxo] wel 143 phytoestrogens 2AS AAsE Ao] F s

Phytoestrogens< 1 A7} 7154 29]sk= Aol ofyel, il was
4 F AAE= v AQl aglycones (o], genistein, daidzein, equol, Fig 1, 2 %
Z) ol 93 o] dHA om, 53] equol> TFE isoflavonesEH.T} o ~EZ Al
2 Aol Fob (Fig 3 #x) #F8% Aol w2 o] &4 U
(Setchell 2002), equol B4 hdF& 7k Hwtolo] A A E] W2 o=
B FAch (Lampe 2003). H o] W= phytoestrogens®] @22, A HhA|
Yast 2 A8 - S| Bk AR HuH AF2EE A2 EE 5 9
= JbsAeol =Y (Bhathena 2002). ©TY  daidzein¥  genisteine
phosphodiesterases A 3|& 224 cyclic AMPEallE A AAIA oz 2EE F7}
Aoz HwelAl fk 7heAdel w2 ez dddd (Nichols, 2000).
Phytoestrogens 3¥t&fo] & F7 7F&d F& nvtddx Aol By EYA A&
Yeh, gL v FDARRH AdaA 43 dia
H}7F Ytk "health claim"e & 4 ¥ d7FE @531%1en (FDA Docket No.
98P-0683), trypsin inhibitors et o ErF 1AL AE3 7Aoo wl$-
=2 A ¢l investigation drug® XA E o] 2dt}t (Kennedy 1995).

A, AEVES T G B o

-
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< aglycones =

< glucosides =
genistein . 4', 5,7 =0H
g
daidzein . 4';7=0H malonyl gucose-0- 7 F\“
o 5 T~
glycitein © 4':7=0H 3

5=0-CH,

acetyl-glucose-0- 7

Fig 1. Chemical structures of isoflavones present in soy and legumes.

Daidzein

(soybeans) OH

[Dihydrodaidzein]

OH

Fig. 2. Conversion of daidzein into equol by gut microflora.
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SIMILARITY OF ISOFLAVONES TO ESTROGENS

Estrogen

Isoflavone

Fig 3. Structural similarity of equol and estrogen.

HAFEL oF 300 oF9 sAHES X3S dAdEEHH alpha-glucosidase,
alpha—amylase®}, lipase A3 A4S 2te A5 B AT 248 AF 242
53 =H3¥ o (ZYHE 1020020014021; 1020020014020, 102002004010),
ol5% ol &% ATxEE HAFLASE St A meAPI sl tig &
TE ZI9AIE RS A gtk (31 5 2000a, % 5 2000b, Kim ‘5 2000).

F7pAoR B ogAeA A" gstE AstA e dEdvoEd
(type 1D Bt A 1dGFS A6t v, tha, @5, Asas, AW, &9

[s} =
38 AT T uYE ST 7L ool aa e, webd olgS 7d7o“—1

N7 w EE
AzAFom Mdete AE A= FUPHA] Sl AdelA dasia. dA4 99
S A A ZA acarbose, miglitol, voglibose 5°] YA44d oz ALEHal gl 0]%%
A% 2ARE FAEE, vy G SFAE Qe AELAR ALEEY] AT
27t A AFcke AAE 2AE A Bo] uEA st (Mooradian 1999).
A AFxdE AFiaAdms ARt F/RE ol FaL oy, ol uE dga
B 5)o FFANE A dSAAS FEY 7 3, #5H EAE 4Tt oE

WAAEE AL} o] Aadk Aol
[soflavones $&Fo] 14 =2 F/HE Y852 FaAES M A, Tl
X g AYA Vlees AW ARE AwSs FEE 5 den, 53] o7l v

_13_



Jtoma Ajmo] AlgE A
A = o g
=2, ‘?%iﬂrﬁ—% Eoto] FHEol WAY @] W isoflavones AEES
Aol F47F Zum, Agddel 5 SUkE FHE ASsts s B ATelA
ANzstaal st oS 5o, F3  Z (Puerariae radix)ol theF $-f-% daidzein
glycosides (daidzin)¥ @ &34 % daidzein, equol o7 3= o] dehrct A
gdo] 2 FHE Hgko] 7t
TS AR I LENFE (F STEE, FFE) ToA A3 e AE
THE TE 87 E2E gYor AU A54 aHE
, A Y Aol AddEojoF gt 1990d

AEdgon, o2 A FHel dIrtsh 7]

o

A4S Fole A=TF JAHAY (o] 1984,  1984). - T & (2 1990), 2
7 Fed (Mok 1992) €& AR asE Sd SF2ES Axg v glov Fo
sty T Y EA4 s o2 AsAdo] S AES @A etk

T ATEE FAMA sl AAHJM=H, dE =], I Ui a4
2 i Ag (A 1989), eAEFU Y 5 FAF H7F (&2 1990), F3% &
=] 747} F1997) ol AEFHJo L HEETE A o]FofAA] &gt EI &
Ao 5'3—94 w3t 3 (raffinose, stachyose, a-galactosides )l 7]<1gk

aspgel,  FHEW EAlES sAsior v dAsd AdR Eafaad]
alpha-galactosidaseol] #3g+ AF=2E= F wolFo] AAY7F (& 1991), Al# & 4A
A 59 a-galactosidase %7} ZAF (3 1986) o] o F¥A ¢a yLo] {4t
o] BAkekes ddd w3 A= A gl F 8T EE A X AR {4 o F
52 U HembdTE gyl tigk A5 glo] AREEHSAT S, AAe 22
BAFORE Y gt fAbrs BEd & FreA 2 A vpagAE vEs g
-glucosidase®} alpha-galactosidase &AH7M7} ¥ #FES AWste FHo=

ARE-Sk= Aol w4 sttt

2 A Fo A LA HE FF (legumes)v 7HEEEEO] AAY oA
Aol ofsty] wiol AFIHA AR R el 2ol wheA stk I Fat
A=el 78 A &A1 phytoestrogensi= T ol9elE T Vb Al FatE R
dolA= FAA, 2@, ool Soll ol glen,

1
Azkel RARIE WA A5 AES Az O B8
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Aol AUAA ol AEe] AAHo] okshy A% A Algo] s Ao AR

ot

Agzd Fd A 358 Adsta glow, mlpe ARt vind oF 700 o=
S AFde 2oz HaHAth (Wickelgren 2000). HRE £ A7H&dl 75 FDAC
AoERtE AlEE dHE ZapAbe] AU ) F5R0d Ad 2000 Al
of W=AIE WSt of 4 o & (dR4meldd T sEoltlen, sreR wiwk
2ARA AF) NFE AFHeR FUHE Aor FAHEY.

HI Rk 1o ks wg A el gk - 7F SE WA oAk A] ATz
AE A% AFe] oMol T oy, AetHor FHE AFou &A A
2 Ee AdEelth 199519 wRlgFzAtel ofatH =l AP 20%, o149
F4u ], < Aolvnte] HAA|ojdel] 30%= F7letHAl 4l7tet
dF=E A Avk (EFsle 1998, Wi 2000/5/30). 5o A9 204
21 oo FA|FolM, 256% HEE HIRNIQl Ao HilEo], AA| o]
2 Ao AYAG5F vntert St E AgS Holna vtk HA go}
Hluto] A Zb3k A3 BAZ =33 Ao ] ) vue %1-51 Nxohjg oL 7}@%,

T T fdAR & deA don, WHO (WAEAZ] ) Hvke] &
Awe] FadAR B, 2147] AF A4 B5AE fgste Mg Z 4
T3kl th (Taubes 2000).

w AAelAE A A wW A% A¥edew St e v o]
b dAskA Ve Baddhs O = $43te 4 9l phytoestrogens A E ®
Asta, BaeAds ool olE 57| 4% aglycones FEHl= % 2 AFAFe
= Jpstaal ekglty. 54838, phytoestrogen®] 343 & W oR wibEES Al
BI3taL o] 5 o] g3te] AL VA AEA dzERAd I Ua a7=2EE Lo w
TS EUoR AdErt A5, Su #EAAe A4 2 SWiziAded 7]
T A 1A WA Aol 7195tz i
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H 2% =2 Zls/ld

oo

r

2 AFAES HWAFEE, A FE=, AT, flavonoids Tl digh H] ¥
Al &4 S alpha-glucosidase, alpha—amylase, lipase & ©53&3 AWAihslasr A
st ow gAg v glow, o, EAY, Y, F-Ant o3 S S® luteolin,
dioscin T°] &l 2715 I3t (Kim et al. 2000, Kwon et al. 2000). %
gk, ol Aol A AbAlFE FE 48243 % ¢ (alpha-glucosidase A &) &
Be "HAst] Zdiel AW 5 3 AAES AEE vk o #-v|es 5%
=9 2 T5E Y (F9WE 10-200-2001-14021, 10-200-2001- 14020,
10-200-2001-14010, TEHE 10-0489564-0000, 10-0528663-0000,
10-0528662-0000). 1ol =Wl A5l oJste] a15=o] & St L4l capsaicin
°f Yratxzdass 8% AFE, FASE UEA (HeldmE ol &3 AsE, soh
alpha-glucosidase A3AE {3 oS o] &3 AF 5ol SAHAAY /e »t
7F ek (vl 2000/4/29, AEE 5 1999, & 5 1998). H|WHAEE Hx= 9
A=l S 93 A7AA7E v FFEHAAY dPHa o tfid Al
A ARE WFeR o]FA I e, phytoestrogensE 583t ATE Hh= oA
sich.

ol M= Bivtk BElE flete] 3 7HA W o FTstal At

AA, AEAAE St AFAFAE F0 2, x4 92 Garcinia
cambosia @vlZ F¥ FZ3 hydroxycitric acid7} dow, FFo=zE= ¥ AAF
ZFol g3 288 A3+ Sibutramine (serotonin—norepinephrine reuptake
inhibitor)e] 7' o] 011:}.

=4, dALE sk BHoR dstEslasy % lipaseEs Adfsts W
o2, #A%H lipase Ad|AS Orlistat (Xenica)Z} ©3HE23] G4 A8 A<l acarbose
7F A ofojty. &, alpha-glucosidase A Al acarbose, miglitol,
vogliboses2 dGz2EAZ dio A5 vt (Mooradian, 1999). At &4
g H7r 2 Py X T EAE alpha-glucosidase, alpha—amylase, sucrase & ©=3}%
B aAE targetCE 3 A|Fo] AERH Yr}l. ¥t = fatty acid synthaseE A
oz v AE Frsks AR SR butyric acid®t hydroxycitric acid7} ®.aL

o,

1
T
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=tk (William-Olsson 1985, Vedula et al. 1991).

A, dAS S 7= OS2 ephedrine? caffeineo] &# A Itk

2 wel® 5% (Eucommia ulmoides), ¥¢]%#(Communelina communis),
Salacia reticulata, %= (Scutellaria baicalensis) &2 ZH-E] alpha-glucosidase #3l]
A7F F2lEnk loem (Kim 1999, Watanabe 1997, Nishioka 1998, Yoshikawa
1998), oW A& FEHELS lipase AdNAZA #gsto] vk, A4t AT 55

o = R sk=EE &9 deol BarE At (Yamamoto 5 2000).

< isoflavones®] AElH o=z ouigls, We FEolA adipogenesis (RHWHAE
FshE AdlgozA vwrs A 7hsAde] =rhe Aol BauE Y (Dang 2003).
AF7HA Bag 2 AFH Y vwrola g&4& F=2 isoflavonese] 7]¢ldtE Aow F

A= =8 (Bhathena 2002), isoflavonesE H3tal U= AARA F 9, 4% F
o]

W, A, 22, ¢339 & T 2 7be-dl 28 daidzein ~2000 ug/g,
genistein ~130 wug/g, formononetin 71 ug/g o] THIHo o EFI
phytoestrogen & w92 & o AXT (Mazur 1998). 5%, 4% & FHE W7t A =

S

gag Mdsted 297 e Aoz dEA o], v sd a7t Aol A
o2 dHA vt "WER e g4 oy, AT 5 glycemic index (A]%¥

Ao A7 =2 A E2 TEES st AALE A ks +

a3 T

T T1TTmw o a
RIEdA¢g), vt

.

LA |

1

il

|
o] glycemic index’} @& Alg:= o

Aol - vt Aoz FAHEY (Ludwig 2002).

Hiwk Qo] S7kel A AT 2dE ASE AlFo] A AEE Aew
Hlwk Al =l @ ookyE A AAIH e R ojv] Azt ¥
o]-&3k Ao sido]l dagt Aoy, 53 AFel AL e FE=R Jhed

R V)=o) ne} w2y BHAEY] FAVFAAE VIdE & 5 vk

=)
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Z 5 B-glucosidase .TL°U‘7} SAFFE B
Apgre] asbael AFsHs FUNATES 3099 FAen AETS boy

of o rRE AZagch FUUs g 4L 30HAAN Ao wul
1 fox]

)

A A FH 8kl 9me o] 0.1% peptoneToll Al @Al 3145 &A1 g of
WAIE S 1% cellobioseE FHr3k MRS vl Aol =kalal 37°CollA 7] vl A =&
colony FdA =77} & AS A¥E3e] MRS plated] streaking3tith. 50719
colonyE MRS A=) HFst 4 & A= 4TS 271938 0.002%
bromocresol purple A A]2Fo] & MRS plateol streakings}t$ith. 244 7+H& <
Aol Ato] AAEol m=@Aow Wt colonyt 210 Atk. ol &
cellobiose MRS A v} <] F3Fa 18 Al7F vl st & 600nmol A FHEE
Stk (Table 1). oA ez Kol rrje] OD#kol 145 ofskel
cellodbioseE #3l8F+= B-glucosidase H7[7F vk Aoz FAotste] Mo A<
SR Aold #FEL 9, 11, 13, 259 o3t}

2) E# A B-glucosidase &4 A &4 9 &<l

B-Glucosidase &4d°] oJgd EAst=% &A3st7] H3 1% cellobiose MRS
A Al whFd (18 h) 10 mlE HAFE skl cell pellets 3]st th PBS
(phosphate buffered saline) 1méoll @EAZl 5, AR ] FS5HS A A
th o)y d A AL 13 ¢ wEEsta 1ml PBS Al EdA g tial, I el

387 229 AlXE 34 7](Sorropuls HD60, BANDELIN)E ©| &3l sonications 4!

>,
ol
o
32
£ B

o] F 4TolA 5&3 dAdZdsta A5t pellet F-HES W= Zsdrh &
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S ol = soluble protein, pelletoll+= insoluble protein©] =] 3kt}.  Pelletoll = 50040
o] PBSE #7F § @esta, o712z 100w e FA gk of7]el 10mM pNPG
(para—nitrophenyl-B-D-glucopyranoside) 50, 200mM sodium acetate (pH5.5) 50
WwE 2zt @e & o HolE ths 37TCoA 1587 v A AT B-glucosidase”}
pNPGE #33t™ para-nitrophenyle] @ojx Yt omA =dMo] Yehvyerg 4717}
ESFE A3 w@do] #o 9E FAE 98] 1M sodium carbonate S00uE F

74 5, 400nmol A F3E=E SASAIL (Table 2), o17]ollA F3=9] ghol &, =

a3 x 7S dvas B ul soluble protein®.UF insoluble proteinol A B
~glucosidase 97}7F =A yebgth AdlH o2 B-glucosidase G7FH7F =2 187

o (3, 4, 6, 7, 8 10, 12, 15, 17, 18, 20, 27, 31, 32, 33, 34, 35, 37¥)<& Adste] ot

el B-glucosidase 47}

At 1871¢] B-glucosidase 97HE FA38t7] 913 1% cellobiose MRS
brotholl Zt7Z} HEH #FE5S 37ColA 2423 B mlSA 71 o]E9] ASEHE
(Fig. 1) B-glucosidase 97} W3} (Fig. 2)& AF8HS

497 ZAS Y38 activity assay @} protein assayE A A AL, activity
assayt 99} 2 W o= Attt Protein assays Al&3H7] flsliA= Al
£ solubled FEl® wpy Folof sfmz Alge] HAE &t WA 2532 3
dste] PBSE A3 cell pellets 3M Urea %9 PBSZ Alx § dAES &
215171918 12000rpmell A 3023 A Ee sttt 2§ F9AE & &aA717]
f& 5M Urea 559 PBSE #H7F & 3gA|7]aL 12000rpm, 30E7F W5 A £
AT}k, Solubledt HElE ®}4A B-glucosidaseE RC DC protein assay kit (BioRad)
Z o] 83} protein assayE A A8k T}

B-Glucosidase 97} =3 Belancic (2003) 59 WS o435} 7|d=2E

p-nitrophenyl-B-D-glucopyranoside (pNPG)E AM-&33 2 ahx 2o o3& #aly

Gl

= p-nitrophenol %<& =43 F497F 1 uniteE 1 2% 1 umole p-nitrophenol<
AAEE SaYgoR Aottt 1M pNPGe HUE&d == 1830002 & &A97}
(U/mg)E F3t7] A8liA o531 22 48 A3
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Fig. 13 25 ®BW¥ Avrzog 18/ BAAFFE59 AKo] &ist Al7je B
-glucosidase 97t= F7lele AL & = dom

o7 YehtE Aow Holt)h

Table 1. Absorbance at 600 nm of lactic acid bacteria cultures grown in MRS

broth (1% cellobiose) for 18 h

THE OD# THs oD% THE OD#t
3 1.9310 13 1.4155 26 1.6121
4 1.7097 15 1.6884 27 1.5206
6 1.9265 16 1.6208 31 1.6805
7 1.6322 17 1.6056 32 1.9265
8 1.6187 18 1.5531 33 1.6581
9 0.4375 20 1.6034 34 1.5420
10 1.9220 21 1.6208 35 1.5887
11 1.2726 24 1.5138 36 1.6755
12 1.5970 25 0.8170 37 1.4904
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Table 2. Absorbances at 400 nm of cell extracts

THSE Soluble Insoluble THIS Soluble Insoluble
3 1.4698 1.8877 21 0.2743 1.8877
4 0.6946 1.8755 24 0.7925 1.8918
6 1.4937 1.8717 26 0.3539 1.0697
7 0.8712 1.8877 27 1.8918 1.8918
8 1.4714 1.8877 31 0.7859 1.8961
10 1.9088 1.8755 32 1.9044 1.8961
12 1.9088 1.8918 33 1.0975 1.8966
15 0.9373 1.8918 34 1.4729 1.8961
16 0.2637 1.3036 35 1.0844 1.8971
17 1.8717 1.8918 36 1.8561 1.8796
18 0.8639 1.8918 37 1.7070 1.9088
20 0.8170 1.8796
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Fig 1. Growth of 18 strains. The 18 strains was grown in MRS broth containing
1% cellobiose at 37C for 24 h.
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Fig 2. B-Glucosidase activity of 18 strains. The 18 strains was grown in MRS
broth containing 1% cellobiose at 37C for 24 h.
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4) a-Galactosidase 97}

a—Galactoside 232 Ad melibiose$} raffinoses gAY o 2 7zt
g MRS HjA|oll A wjgst Aol dia] 1870 AEHEFE59 a-Gal 97t
o 229 33 WHOo R total cell extractE AL ol tiE EAAVE A
A 2 A¥= Table 3o YelWAT 7H 75 (Enterococcus), 108 (Lactobacillus),
8 (Weissella), 121 (Streptococcus) 5©°] H|L 4 a-Gal 9717 =& HAoZ el
Wil 8 10, 129 #FEL melibiose BRI A 18] a1 7TH-E raffinose WA A =
A el wAE 31 75 (Weissella) © & &2 A ml$- & 9718 24
S FREE BAHANA FHo EASE raffinose,

algtoe FRAEe dae ol 7jo4d A

)

F 1% A7

N

Moo

=489

ot a-Gal 19
stachyose 5 W3]
o2 o 4"t (LeBlanc 5, 2004, Silvestroni 5 2002).

N
ox M
N
il
©
o

&
oft
Ju
il

U, Aetg 18/ RETFFEY TA

1) 1% 53
Ay 18709 TS 2% dAMS AAs Ay wE % FAdFoR e
Sk o= APT kit (CHL 50)& o838 A ws5e T o84 & 43s
EXZALE 3 A3} Table 49} o] byt

2) 2&x ¥4
1871 2] chromosomal DNAE #2]3t & 7} #Eviy 1/ J7IALE S
7FAlE= 16S rDNAS 7] Y& Leu 1, 2 primerE ©| &3l PCRZ FE3du}
PCR& 913 primere ofef o} 2l o] SFEAEE vpoley 2o G7|Ad A4S 9

283ttt (Table 5).

< Primer > Leu 1 5'-GCGGCGTGCCTAATACATGCAAGTCG-3’
Leu 2 5'-GACCCGGGAACGTGTTCACCGCGGC-3'
Leu 3 5'-CGTGCCTAATACATGC-3
Leu 4 5'-CCGGGAACGTGTTCAC-3

= A

L 2% 574 AselA Bglucosidase 7hE 2= RAFFEE F2 Weissella %
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(4, 8, 15, 18, 20, 31, 33, 34, 37 W) W= o|eld Lactobacillus (3,6,10,32),
Enterococcus ( 7, 35¥), Strerptococcus (1227 #*5F ) %9 #5US gels}

A,
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Table 3. a-Galactosidase activity of lactic acid bacteria from human intestines

Specific Activity (U/mg)

strain melibiose raffinose

3 23.26 1.2

10.3 2.58
7 14.24 25.7
8 17.2 5.28
10 30 16.7
12 28.1 9.1
17 33 7.8
18 10.9 1.8
27 14.8 4.2
31 3.4 3.8
32 12.5 3.8
33 19.6 2.2
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Table 4. Identification of 18 strains by using API kit (CHL 50)

o AP| kit(CHL 50) =3 Identities(%) Tat
3 Lactobacillus plantarum 99.9 0.89
4 Lactobacillus coprophilus 99.1 0.64
6 Lactobacillus plantarum 99.9 0.95
- Lactococcus lactis lactis 48.6 0.86

Lactobacillus brevis 39.4 0.89
8 Lactobacillus crispatus 68.4 0.27
10 Lactobacillus plantarum 99.9 1.00
12 Lactobacillus crispatus 99.5 0.97
15 Lactobacillus coprophilus 99.3 0.54
17 Lactococcus lactis lactis 64.1 0.88
18 Lactobacillus brevis 86.2 0.73
20 Lactobacillus coprophilus 99.9 0.80
27 Lactobacillus brevis 99.9 0.84
31 Lactobacillus coprophilus 67.9 0.20
32 Lactobacillus plantarum 99.9 0.90
34 Lactobacillus coprophilus 99.2 0.74
35 Lactobacillus plantarum 75.5 0.47
37 Lactobacillus coprophilus 80.0 0.66
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Table 5. Identification of 18 strains by using 16s rDNA sequencing

16s rDNA sequencingd] &3 A

Identities

3 Lactobacillus plantarum strain WCFS1 637/638 (99%)
4 Weissella cibaria 16S rRNA gene, strain ACA-DC 3411t2 700/703 (99%)
Weissella kimchii 16S ribosomal RNA gene, partial sequence 699/703 (99%)
6 Lactobacillus paraplantarum 16S rRNA gene, strain DSM 10667T  703/704 (99%)
T Enterococcus durans 16S ribosomal RNA gene, partial sequence 652/653 (99%)
Uncultured bacterium clone p-2734-24E5 16S ribosomal RNA gene 701/703 (99%)
8 Weissella confusa DNA for 16S ribosomal RNA, strain JCM 1093 701/703 (99%)
Weissella confusa 16S ribosomal RNA gene, partial sequence 409/413 (99%)
10 Lactobacillus plantarum strain BJ16-28 16S ribosomal RNA gene 567/568 (99%)
12 Streptococcus infantarius subsp. coli 711/714(99%)
15 Weissella cibaria 16S rRNA gene, strain ACA-DC 3411t2 702/703 (99%)
Weissella kimchii 16S ribosomal RNA gene, partial sequence 701/703 (99%)
17 Enterococcus faecium strain SL2 16S ribosomal RNA gene 649/649 (100%)
18 Weissella cibaria 16S tRNA gene, strain ACA-DC 3411t2 721/721 (100%)
Uncultured bacterium clone p-2734-24E5 16S ribosomal RNA gene 715/717 (99%)
20 Weissella confusa DNA for 16S ribosomal RNA, strain JCM 1093 715/717 (99%)
Weissella confusa 16S ribosomal RNA gene, partial sequence 735/735 (100%)
27 Streptococcus salivarius 16S ribosomal RNA gene 706/708 (99%)
31 Uncultured bacterium clone p-2734-24E5 702/705 (99%)
Weissella confusa DNA for 16S ribosomal RNA 702/705 (99%)
Lactobacillus paraplantarum 16S tRNA gene, strain DSM 10667T  610/611 (99%)
32 Lactobacillus sp. gene for 16S rRNA, partial sequence 610/611 (99%)
Lactobacillus plantarum strain MiLAB14 16S ribosomal RNA gene 707/708 (99%)
33 Weissella cibaria 16S rRNA gene, strain ACA-DC 3411t2 702/703 (99%)
Weissella confusa 16S ribosomal RNA gene, partial sequence 635/636 (99%)
Weissella cibaria 16S rRNA gene, strain ACA-DC 3411t2 700/703 (99%)
34 Weissella kimchii 16S ribosomal RNA gene, partial sequence 699/703 (99%)
Weissella confusa 16S ribosomal RNA gene, partial sequence 704/708 (99%)
35 Enterococcus faecium 16S ribosomal RNA gene, partial sequence  485/487 (99%)
Weissella cibaria 16S tRNA gene, strain ACA-DC 3411t2 702/703 (99%)
37 Weissella kimchii 16S ribosomal RNA gene, partial sequence 701/703 (99%)

Weissella confusa 16S ribosomal RNA gene, partial sequence

709/711 (99%)
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2. FRAZ 2 FHAN) PEEA
7t FRAZE

2 AgeA AFES diFE 20043 AEA HE FF OFE 4T 9F
Hyet ARESETh ool

+ dFe 2 (vg) He Fe TR

Fr7E AY FE wWkA oF 4 AP BEA S
gy giFE B THTE 7t 5& (A%
blendor= w}ajs}%] <] =

s 3shr] 98 dF AA NS 3

8 (4L)7F H == ?5‘} Aok vk diF e qdHRER AE T AR
pm, 5 min) A7l F 121ColA] 1583 Hste] AHg A7A 4T I% 2
ST

1S A7 8 ljr.

Y. 2E3HF AZ

Aibel 187 dFE 22 MRSl Aol =wste] 37CoA 24 Al wl<d,
@Y S 5 ml MRS A iAo FFste] 12 A3F wistal o] & vAl &
H o 5 mL HAwAAA 1% (500 pl, v/v) BEsF] 12 A1 v et}
ol HA ou] wigs #FE 100 mL FArel 2% (2 mL, v/v) 3FEF F &
conical tubeel Zt7F 13 mL2 &3] &4 @2

& 3
072441 71 gmm. Wl thaghe] AolE molql slev) uRiel
] S o

_{

o FRNA HeEFFe A% 54 Ak pH, A=, AR5

g 3,6, 9, 12, 18, 24 A7+ mit} tubeE F3&}o] vortexE o] &3] oA

8 wASAIZL F pH, A%, At WEE S8

i
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1) pH w93}
pH+= pH meterg AH&3te] SA43A 2a %2719 pHE ¢F 6504

6 AIZE B9t 3438 "ol H{ur 489 #}e KU, 1 o]FHE = vt
3] ftaste] wE 24 A7 ol % Lactobacillus 42 3.8-4.0, Enterococcus <;
4.2-4.3, Streptococcus %S 4.0-4.3, Weissella 4 43-47°9 S 2
(Fig. 3). 7} 7Zte] &3 w59 TR thizte] AolE HIoy dAH
AL vzE A JElga AWty ow AH WU R Lactobacillus < i F

o] A A= 7 3

= BEFHY 10 gol Hhal 01 N NaOH= 2 A3ste] % lactic
acid= 7]tk HaEf 10 g5 HlolAdd Hste 32 T/ 40 mL¥} A A
°F (1% phenolphthalein) 500 pLE %22 % 0.1% NaOH &0z 2 73tm
A w= FoAo e AnE NaOH mLS 71289t TEde 42 &

Aol 3027 A &Hd w2 geter ojul &¥lE NaOH mLs ©&3f A=

i
i
o
B
s
_
=3
>.
>
ol
£

A= Z7] 014004 A Fete] ¥ 6 A+ B °F 0.2370.567} A
F23] Z71ed . 29 Streptococcus 3 Weissella & #F5& ¢ 9
A ZF 2 A ctobacillus %3} Enterococcus 4-& °F

I
)
R
g

E g A g 24 Az o

o
0.4570.82 Alole] X E ®AY (Fig. 3-1.7 3-5.).

@
B
o\
2

f
o(r
N
ol
x5
e

S AR 1 mLe FHd 01% peptoned = 10 744 @A A e T 7
Al 100 uLs Z+HzF 3709 plateod] #F3 I 9ol agar 1.5%=
HA MRS A& o 27 F 37Tl 24413 wjFste] colonys7F 30730
Atol o] =& Algste] CFU/mLe stk A9 45 & %7] 6237

A FAS F F ONL ol FRE 4AFE fARAT (Fig. 3-1- 3-5).

Ay 24 FAE A (pour plate method) S o] &3t th W
3]
1

2
o

o
3

()
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Fig 3-1. Growth, pH and TA of Enterocococci
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3-2. Growth, pH and TA of Lactobacilli
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Fig 3-3. Growth, pH and TA of Weissella species-1I
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Fig 3-4. Growth, pH and TA of Weissella species-II
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3-5. Growth, pH and TA of Streptococci
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=
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Fig 4-1. Growth, pH and TA in soymilk fermented with Strain 6.
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Fig 4-2. Growth, pH and TA in soymilk fermented with Strain 7.
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Fig 4-3. Growth, pH and TA in soymilk fermented with Strain 8.
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Fig 4-4. Growth, pH and TA in soymilk fermented with Strain 18.

_40_



le+ll

le+10 ]

le+9 o

CFU/ml

le+8 4

le+7 4

—o— 27
—A— 27+glu

le+6 T T T

Time(hr)

6.5

, —o— 27
—&— 27+glu

6.0 1

5.5 1

pH

5.0 4

4.5 4

4.0 T T T T T

Time(hr)

0.8

0.7 4

0.6 q

0.5 o

TA

0.4 +

0.3 1

—e— 27
¢ —A— 27+glu

Time(hr)

Fig 4-5. Growth, pH and TA in soymilk fermented with Strain 27.



le+12

—o— 31
—i— 31+glu

le+1l 4

1le+10 o

CFU

le+9

le+8

le+7 T T T T T T

Time(hr)

6.5

—o— 31
[ —&— 31+glu

6.0

5.5 o

5.0 1

pH

4.5 4

4.0 q

3.5 T T T T T T

Time(hr)

0.8

0.7 A

0.6

0.5 A

0.4 A

TA

0.3 A

0.2 -

0.1 4 o 31

—&— 31+glu
0.0 T T T T T T
0 2 4 6 8 10 12

Time(hr)

Fig 4-6. Growth, pH and TA in soymilk fermented with Strain 31.
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Fig 4-7. Growth, pH and TA in soymilk fermented with Strain 32.
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Fig 4-8. Growth, pH and TA in soymilk fermented with Strain 33.
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Fig 4-9. Growth, pH and TA in soymilk fermented with Strain 35.
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Fig 5-1. Growth, pH and TA in soymilk fermented with Strain 6 and 7.

_47_



CFU/ml

pH

TA

Fig 5-2. Growth, pH and TA in soymilk fermented with Strain 6 and 27.

le+11l
le+10 1
le+9 A

le+8 A

le+7 A
—e— 6
—a— 27
—A— 27+6
le+6 T T T T T T
0 2 4 6 8 10 12
Time(hr)
6.5
| —e— 6
)! —m— 27
6.0 1 —A— 27+6
5.5 4
5.0 4
4.5 4
4.0 4
35 T T T T T T
0 2 4 6 8 10 12
Time(hr)
1.0
0.8 4
0.6 1
0.4 4
0.2 4
4 —e— 6
L —= 27
—A— 2746
0.0 T T T T T T
0 2 4 6 8 10 12
Time(hr)

_48_




le+10

le+9
_ le+s
£
=
L
O
le+7
le+6
—e— 31
—;— 6
—A— 31+6
le+5 T T T T T T
0 2 4 6 8 10 12
Time(hr)
6.5
—o— 31
—— 6
6.0 —A— 31+6
5.5 1
I
L 5.0 -
4.5 A
4.0 H
3.5 T T T T T T
0 2 4 6 8 10 12
Time(hr)
0.7
0.6 4
0.5 1
<
< o044
0.3 1
0.2 1 —— 31
—=— 6
s —A— 3146
0.1 T T T T T T
0 2 4 6 8 10 12
Time(hr)

Fig 5-3. Growth, pH and TA in soymilk fermented with Strain 6 and 31.
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3. T a4 93 isoflavone T HF W3}
7} B4 99

1) A5 2 A
olA~ZE SaF BYS 98 67019 ¥FEZ  daidzin, glycitin,
genistin, daidzein, glycitein, genistein® Indofine chemical Company
(Hillsbourough, NJ, USA)ellA Fistslem, F&o A&7 &vi¢l methanol
£ HPLCE &ui(J. T. Baker Co., USA)ZS A3t} o] Yo acetic acide
glacial g acetonitrile> HPLC&S T 3lo] AF&3F9 )

2939 2 mg (£ 0.01 mg)¥
A TAS M T 1 mg/mLe =7 HEE DMSOE 7}sta 39 uf
7FA] sonication Al Z T ©]& stock solution® 2 &}o] 80% methanol® 4
of BQo3d FLhE 3438 working solutiong TEOW ZA A ekH o
o} stock solution& AL A, working solution& W4 X #Asl AR5 T}
G g S aeste] REEHA AL v 29 vtk A2 ZASte] EA ] A}

g3kt

»)

£F §99 A4 FEE 2 2 AL FHE Qe BolE UV
Sl EHEE ZAF F thgel Beer's lawd ol g3ke] Axtahsch,

A =cx]xeg
A7l A, A = AmallAe] UV T35, | =AES FHle] o]
3

(cm), e = Extinction coefficient, ¢ = €99 ¥ X (g/mL)
7t 5539 extinction coefficient (¢) &3 Amax= Table 63} 2t}
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Table 6. Extinction coefficient

Compound Amax (nm) Extinction coefficient ()
Daidzin 249 26 830
Glycitin 259 26 713
Genistin 263 30 895
Daidzein 249 31 563
Glycitein 256 25 388
Genistein 263 35 323

Values Murphy has determined or used with isolated in-house standards.
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=
oAtk olaETE BAE AT ARY A Age dAx ¥ E 05
methanolS A &3] 5 mLS 7Fsta v
2 DEste] 60T 2o A 24k &<t shakings 4 o|AEdtE S F=
stAth FEAS 10,000 rpmel Al 50 3 FAEHS o e 1 mLs
# 3l membrane filter (0.45 um, PVDF, Waters, USA)Z 1A E2-& A7
3k U2 HPLCZ o]4AZ#E S #2433t Internal standard® apigenin (5,
7, 4'-trihydroxyflavone, Indofine Chemical Co., 121 Stryker Lane,
Hillsborough, NJ, USA)& AF&3to] recoveryE -3t 3ith.
Recovery AAHE 2000 mg/mL ¢ apigenin stock solutione methanol&
o]g3l 1:1 W &=E 3|4 ¢ working solution 0.4 mL& o|AZgE FF AR

o] H7}ste] HPLCZ E43% A3 E 53| recoveryE AAtslAth

4) HPLC &4 %4
Ao AL€H columne Nova-Pak (Cig, 3.9 x150 mm, Waters, USA)
ol olFAe FEFu] ZAL Table 7¥ %t} HPLC pump (Dionex
P680, Germany)9 flow rate2 1.0 mL/min°]% o™, %% Photodiode
Array detector (PDA-100, Dionex, Germany)E AF&3}o] 200-400 nmel A A
Z3dth =543 A 859 retention timed HlW o] FA B 3

=9 o]&2Z 23 equol peak? areaZ H|nldlo] Ak BAEH9 ).

Table 7. HPLC gradient condition

) ) Solvent A (%) Solvent B (%)
Time (min) . . . .
0.1% acetic acid / methanol 0.1% acetic acid / water
0 15 35
35 50 50
40 50 50
50 15 85
55 15 85
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. 28 dFFY A7 ©E isoflavone &% W3}

HA AR TIAS 2] 8 4 &5 dEste dFES ¢ A
gato] il 2% (v/v) JEAIZ F 37ColA 12 AZF wf st A Al
0, 3,6,9, 12 h)2 ABZE F 3l isoflavone profiles W32 HPLCZ A %3}
Atk (Fig 63 7). olaZdtd % Wsts Hyrd, HEdo o ue
isoflavone profiles WMslo] ApolE HG oy wE AlZte] HAp st uhek

Z3!

S & 4= At} o] FolA E3] Lactobacillus paraplantarum.2 57
H 6 FF7F TR AR whol Aol wigAvE vu g AR ke = Ao
2 Yehgtl. E3] genistin® B¢ $E 3A7F FolE= 1499.84 ug/ g of dry
weight S0t 6417t o] F-oll = peak”} Hs] HEE A Fskom thile] njujz
A9l genistein F#H-2 W& A A 483894 6A17Fl=  2061.08, 9 Zteoll &=
211469 gl 12A1Fel = 2126372 SUFskE AE B4 dd. 274
(Streptococcus  salivarius)@ 31 (Weissella confusa) 7%+ 2
el A A v A 7y HEj gAY o] AEepR o HAdE = AS B
(Fig 6 = 7, Table 8 #ra1). H¥bH 7¥ (Enterococcus $i) ¢ 5+
gt Aagel wel A EE isofavone FE7F SUFstE ASE UERY
T wel zpol7t A& HolErh

g Al 7re] wWE isoflavone profilesS & uwf, W& 9A|7rol =13 b
a7 o] Fol A EHHE‘Q isoflavone profiles W 3}7} wjn]s]= 2
o] o]F A= TEATE 9 AP R AFA A H st

FTF
A
o
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Fig 6. HPLC profiles of isoflavones. A: standards, B: non-fermented

soymilk.
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Fig 7-1. HPLC chromatograms of soymilk fermented with 27 (S

salivarius).
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Fig 7-2. HPLC chromatograms of soymilk fermented with 27 (S

salivarius).
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Table 8. Isoflavone content of fermented soymilk (ug/ g of dry weight)

Strain/
Fermentation Daidzin  Glycitin ~ Genistin Daidzein Glycitein Genistein

time

0h 143739  320.23 1640.33 227.99 71.50 270.31

3h 138358  291.32 189745 = 226.78 92.61 291.99

6 h 138389  294.76 188844 279.21 98.94 445.64

! 9h 150497  357.13 172298  275.78 96.08 470.27
12 h 158645  377.71 1790.14 29454 101.67 497.76
3 h 151211 32099 214208  243.49 91.82 228.98
6 h 82365 335.54 1436.47  580.21 98.67 631.00
. 9h  260.38 261.83 591.95 926.33 93.43 1173.64
12h 22934 291.49 427.76 1128.24 120.39 1627.87
3h 131432  314.22 1499.84  350.88 95.67 483.80
6 h 26.18 126.99 - 126430 34353  2061.08
° 9h 117.80 56.65 - 1306.43  384.18  2114.69
12h 15275 49.49 - 119249  390.056  2126.37
3h 134085 31765 1490.34  342.39 111.83 423.10
6 h 49757 290.28 963.22 1020.23 131.88 1100.28
31

9h  356.07 280.88 794.80 114062  146.72 1309.48

12h  186.50 266.34 545.11 1090.10 159.97 1555.80
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Fig 8-1. HPLC chromatograms of soymilk fermented for 9 h.
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Fig 8-2. HPLC chromatograms of soymilk fermented for 9 h.
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Table 9. Isoflavone content in soymilk fermented with lactic acid bacteria

at 37C for 9 h (ug/ g of dry weight)

@+ Daidzin Glycitin  Genistin Daidzein Glycitein Genistein

3 1362.14 395.92 1433.92 432.85 73.60 711.98
4 - 88.83 - 1244.52 463.97 2202.94
6 117.80 56.65 - 1306.43 384.18 2114.69
7 1504.97 357.13 1722.98 275.78 96.08 470.27
3 684.18 318.23 1218.96 691.46 99.58 835.52
10 1043.46 388.00 1378.37 660.81 77.62 749.30
17 1628.57 408.27 1912.35 223.44 78.80 333.85
18 - 103.82 - 1123.11 471.19 1982.44
20 713.28 371.00 1286.55 776.62 86.24 846.89
27 260.38 261.83 591.95 926.33 93.43 1173.64

31 396.07 280.88 794.80 1140.62 146.72 1309.48

32 147.48 83.15 - 1090.06 373.11 1971.56
33 - 169.54 - 1241.23 266.47 2206.94
34 - 91.99 - 1259.02 349.49 2202.27
35 - 136.80 - 1173.64 305.41 2149.20
37 - 278.07 106.57 1124.85 314.99 1932.69
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=
=
ot
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ol

Z47bo]l &8 HEE 4 e FFE Adsla ol5S F
Tl Z421% (v F 2%E HEAA 37CelA 9 Az 5
£ HPLCZ ZA3Att (Fig 9, Table 10). EFTa=
29E F2A35t7] ¢35 daidzin®] daidzein® %, genistin®] genistein & &
As FHow vaus] = W 27+31¢ A¢ (Fig 9-C), 2793} 31
Do R Abgste] MEAZ A 5-(Fig 9-A, 9-B)Rtt F+ Mo ¥#F5

= Wl Zzke] v Al A w A 2] dgke] o ZIA o]
Fo Aein &3 WA, 75 A HEE, Lol &
bl

of B3k Ay e do® o B A9 dasttta stk
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Table 10. Isoflavone content of fermented soymilk with mixed cultures of

lactic acid bacteria (ug/ g of dry weight)

Soymilk . . . . .y -
. Daidzin Glycitin Genistin Daidzein Glycitein Genistein
fermentedwith

31+6 32.2 135.9 16.4 1126.6 323.1 1993.3
31+7 1088.6 350.9 1303.1 653.1 156.9 1179.7
31+27 59.1 297.3 264.3 1261.3 262.5 2062.3
6+7 54.1 81.1 - 1203.0 334.0 2130.0
6+27 176.5 120.3 - 1222.9 337.2 2168.3
27+7 576.5 312.1 1134.26 834.4 107.6 960.6
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Fig 9. HPLC chromatograms of soymilk fermented for 9 h
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o, 2§ F dFFANA equol BA FA

A& HdA7 % HPLC E4WHE oiAZeliy
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Fig 10. HPLC chromatograms of isoflavone standards (A), non-fermented

soymilk (B) and soymilk fermented with isolate 6 for 9 h (C).
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Forol EAsE 12714 e isoflavoned (Fig 11) W&ol o] &%
= 7ol wel 2ga 2E e wel wfd Aol AeE Feol s
7% atn o] 52 ThA] oY tE dAMbER A3E = Ao (Flg 12). &
AT F2 AAA equol daidzin B E 9] isoflavoned] AgE o] 7}
Ea]Eo] vlujEd A el daidzeine] A ¥ F dihydro-form¢! dihydrodaidzein,
tetrahydro— daidzein, dehydroequol®} #-2 T T AAAEES AHA Ao
A& ARt} (Wang 5 2005). Equol AA-& Algho] wlgba] tt=A4 vehd
=d dubdg oz oF 30-40% AHEe AFHTE] daidzeinZHEH equold AA
g = = Aoer BauEo At} (Setchell 5 1988, Sathyamoorthy 5 1997).
o] equol A FuU AldEo] T2 #Hste] dojyr] witolgta FAHE
ot (Rafii & 2003).

127F4] FH 2 EAste olaF ey ol59 dAmbEEY FeF %
= AEgre] wl$ fFAsted A HPLCE #4138 49 retention timeo] wi-$- 7}
7h9lco-elutiond 7hs/dol @Ws W oofye}l 2x % 3x tiAES] A HFS
=38 A&  derm® HPLC 24 HvE Buh 4ud E40] g€} upe}
A2 ATl A e AEe peak A AFEAES flE LCO/MS WHE =9
3le] HPLC/ PDA® ¥4 standard E4d 3} EA3t14 sl A
retention time¥} spectrum< BlustE WY olfo] LC/MSE &3
2 st =AY Fx2E AT O R peak F
Ae= AHRE AAstaA goh A AR Adoky Hold S 9l o
o] wjgA e} v A Wt = 7]Eol Y s HPLC WHE o
W 22 52 32 oAb AbEe g<lo] Hagh AR getelA LC/MS 4

o

(6]
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6'"-O-Acetyl-Glucosides
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Daidzin, Acetyl daidzin, Malonyl daidzin Daidzein H H
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Fig. 11. Structure of isoflavones
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Fig. 12. The pathway from daidzin to equol



4. 24 237

ri

1) B8& &9 A=z
7}) Dihydrodaidzein &4
Dihydrodaidzein> Chang %(1995)9] WHS o] &35to] Ao A
A3 & AAste] o] &5tk WA ammonium formate (10 mg)et 10%
palladium on activated charcoal (Pd/C) (20 mg)¢] &3t% ethanol 5 mLE =
g0 $e & 5 mg daidzeing 7}ste] A7t Hy gas® S~
:’5_

A2olA sEE wHbA7Iw RkSS AR RES

=

o

N

X g 3027 AAEHE & FTAE No gasE ©o]-&3ato] HxA
o Axd A 29 ethyl etherE 71sle] %< F tiA] N gasE ©]&3}
o] HAZAZIth. 7)o methanol 3 mLS 7}sle] =
AE 33ES TLC plate’dol A 8351t 3 &2+ toluene: methanol
=19: 1.2 (v/V)E o]&3Ar}t. &8 & TLC plateZ UV light (254 nm)9l
=EAAA V) =g Ele 4
glass tubedl -2 ¥ methanolol &a|A AT 308 A F QAEYA 7L
membrane filter (0.45 pm, PVDF, Waters, USA)Z o]&3}lo] of3}a9dr}.
LC/MS #4118 E3l9] dihydrodaidzein® &% %<l parent peak® m/z[M-1]
Ql 255, daughter ionE=+= 211, 167, 149, 93 5& Hol= EHS elsn
dihydrodaidzein standard® °]-&3t9t} (Fig. 3).

drgs gAA F

= A=

hin

32

3 E4Re olgete] ZAztel WMES FHolA

1) Isoflavoned} equol ¥F &

Wl A el daidzin, glycitin, genistin= Indofine (Hillshough, U.S.A.)
o A, Bl FA¢l daidzein, glycitein, genistein, 183 equol¥ Sigma
Chemical Co. (St. Louis, US.A)°lA FY&AY.  Equols X283 7 F
isoflavone %+ 45 24 Algwe] 247 2 mg (+ 0.01 mg) A3 FAE
A % 1 mg/mL 57} 52 DMSOZ 718t gald wW7-A sonication A
Zt} ©] & stock solution® & 3}o] 80% methanolZ EA1¢] Q3 FrzZ g
A

A3kl working solutiong WHEATH ZAA Ak ol stock solution}

working solution W& X &3t ARESlATE AAAAL S 1HIY BT E
Agoe o 2wt} M2 FA ] A ARSI ®E S99 A3
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NI\
o
ot

T 4 B2 H FHE QS HolE UV IHoA SFEE
&

A=cx]xe
A7) A, A = Amax®N A1 Sl UV 3%, | = A& F39 Zo] (em), ¢
= Extinction coefficient, ¢ = €9 % (g/mL)E YEeElUH Z EFEZY

extinction coefficient (¢) &3 Amaxi= Table 63 2t}

2) LC/MS &4

LC/MS #48 Zyg oz SunFire Cig (35 um, 2.1¥x150 mm, Waters,
USA)S A&3tgem Ha &) 24L& Table 113 £ 3 injection volume
5 plLath MS B4 A o] &3 H2& ESI (electrospray ionization) 2] 9]
MS(Thermo, USA)E A3} 21 negative ion modeol A fragment® o]
S EX3&tt.  Electrospray voltage: 45 kVloew o] 3= 400-450C A
ok MS =4S& 938t o] L33 negative ionES m/z 100-1000 B9 & full
scan st o zZhzheo] Ao Hri= needle voltageE 70 VoA 200 V7= H
3Al A7 fragmentation® parent ionE 3 daughter ionE< W aLs|E A}
130 Vol A 9] fragmentation®] 7Fd £ ZAAE AT o] 2 A2 parent
9} daughter ion 59 m/z FES H|uste] A|FE 4o o] &3} T}

Table 11. Gradient conditions

Time Solvent A (%) Solvent B (%) Flow rate
(min) 0.1% formic acid/methanol 0.1% formic acid /water (mlL/min)
0 20 80 0.2
20 50 50 0.2
48 60 40 0.2
49 60 40 0.2
51 20 80 0.2
61 20 30 0.2
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t}k. LC/MS &4 A3

LC/MS negative ion modeo]l A &3+ o]~ Ze}Ey} o5 F3I+ 1¥
1 HZF YAFEQ dihydrodaidzein® equol®] ESI-MS spectrum™ ©| &9 m/z

e ¥ 137 2% 139 2+ YERYaL o] & o] 8319] peak identificationS
sttt Ad AdA g diFf o oA IS HPLCE 43

A3} equol2 FAEHE 22 peaksES st =d (Fig 14-D) ¢o] 542 2
A ALgEH EXZASNA retention time®] equol¥ U3 A (Fig
14-B, 14-D) uYeElgton; 200-400 nmoll A 28 PDA spectrum= Hl s &
o equol®] A3 A<l SpectrumTJr t} 24 genistin®] Y acetyl-genistein® &
spectrum< Y EF A tH(Fig 15). B3 MSE o] &3te] 22X A equole] 7HA&=
AGAA m/zgks Zel & 5 llvk (Fig 13-H, Table 12).

A EANA AFEL 12714 o]AZEE &F  standardS o] &3¢
retention time¥} spectrume B3] ¥ A3} (Fig 14-C) T+ & < equol
2 FAHE 22S HEFHOE acetyl-genisteing! A #H3HA Aok
st Ty AEE dE 218 2] 98 LC/MSE 9]
= WA AgshdA equol Aol gelol HW AT &

=
g de exz Ag9e AW
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Table 12. m/z values of isoflavones and derivatives obtained by MS-ESI in

negative ion mode

Molecular m/z [M-1] of

Isoflavones . ] m/z [M-1] of daughter ions
weight parent ions
Glucosides
Daidzin 416 415 253, 195, 127, 91
Genistin 432 431 269, 239, 211, 167, 132, 79
. 283, 239, 211, 183, 155,
Glycitin 446 445
141, 79
Aglycones
Daidzein 254 253 223, 195, 167, 153, 132, 91
Genistein 270 269 225, 139, 91
Glycitein 284 283 253, 233, 220, 133, 60
Metabolites
Dihydrodaidzein 256 255 211, 167, 149, 135, 93, 91
Equol 242 241 147, 135, 121, 119, 93
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Fig. 13. Negative ion ESI/MS spectra of isoflavones, dihydrodaidzein, and

equol.
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Fig. 13. Negative

equol.

ion ESI/MS spectra of isoflavones, dihydrodaidzein, and
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Fig. 13. Negative ion ESI/MS spectra of isoflavones, dihydrodaidzein, and

equol.
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A - 7 standards at 260 nm B - 7 standards at 210 nm
m‘fﬁﬁu V280 WD WVL:210 nm
m_JI 350 5

] i
| c H
‘ § i W e §
200 g 3 : .
250 | i ¢ -
| 1§ | iid
1504 5 | § | | 200 | 5‘% H
| § || L] 1 5
] 3 i i | 180 £
10+ £ 9 1 =
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] B g | ol o
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50.]I , .. | | ‘l ‘I ‘I ; -]
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o AL B || L e
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C: 12 standards at 260 D:fermented soymilk sample
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Fig. 14. HPLC chromatograms of 7 standards (daidzin, glycitin, genistin,

daidzein, glycitein, genistein, dihydrodaidzein, and equol).
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A - Equol
Peak #9 100%0at 34.53 min

180'% S0%at 34.38 min 999.84
Pesk #9 3472 min 999,95
-Sa 34.72 min: 999.95
100+
21
2815
| 3p6
-Z)||||I||III||||IIIIIIIIIIIIIIIIIIIIIIIII
20 25 20 2B 300 35 350 375 400
B - Dihydrodaidzein
700 Peak #4 100%ét 9.10 in
% 50%éa 8.73 mn 98.89
1 Reak #4 954 mint 90.5)

B0%d 966min
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20 220 240 260 20 30 30 0
C - acetyl-genistein
Peak#11 100% at31.96min
@o % 50% at31.80min: 998.5

-5 a 32.16 min: 99329

Fig. 15. LC-PDA spectrum at 200-400 nm.
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2 2E 279 WE equol A AF &<

1) 2s =4
Daidzein®h& # 7kt MRS wiA| oF A8k Ffel 274 #5E5S 3
i WE AIFHE gEste] dojdl HEAEE F d
o] AAHEAL o9F-E LC/MSE ol&3te] 484tk Daidzeine H7F
& 100-300 mg/ml of MRS broth@li #F HZEHS T8y vix 9 2%
(v/v)ell dlgat= MRS w5 wjgd< @%8}04 Z7] # AEFol 10° =7}

R s

ihydrodaidzein®] 4+ equol

2) ¥71 23
Akt 18709 Aibrs @Y TR FAr, 183 daidzeing 7R
MRS wj Aol z+z} HZE&}a wjek7|eo] anaerobic gas packs o] d7] %7
o] ¥%% w5l oxygen indicator® @7 Fxio] A H=A Felstgith

Equol A4 o= o 29 oy 34 A&7k Ad F equolol AUt

o

AFH 5L (Atkinson et al, 2004)E F=Z o] L g7|S 3YRE SHHEA |,
2, 283 34 A AEZ AFHIFHEA equol EXS ATk 187 &d T F7}
HZF¥  daidzein F7F MRS ®A ¢ FHolA mF OLE 3Y %

U equol®] Aol A=A oottt o] Axz 1871 Akt
FELS dd FFE o]&A] AV gU|E g = daidzeing dihydrodaidzein
25 7 A A EAY o] Eo] EAFEHA = Aow I

54 daidzeing F7F3F (100-300 ug/mL) MRS Hj Aol
=23 w7 JHE HFI F daidzein®] HAIES LC/MSE AA 4351
o EAE 18 A B e Ala o2 s AAs e 58
= HEZF dol wiAY FHre
Ak Hd TA7A] olF (HALE ARE AFH

=
daidzein AIES EX3AT. 18/ 5 EF &3 495 X

o ghate] o
7 &3 2alS =3 2a x| % equolelyt dihydrodaidzein A& o



94 ekl

4) A7tES &9 - 9, SPI
HA Tl glucose®t SPI (soybean protein isolate)& z+7zt 1, 3, —1g]
i 5% (w/v) FToZ HI7Me FRE Az 3l #F9 o5 oy
Mol AFo =R yro] EFete FHE dF A S Axs] TR HE
a7 HEAES gelstdnh o] Agole wi A ek v

AlZ o A = equolelt dihydrodaidzein2.

(¢3

7}. Equol AR S % #F9 A daA

Equol A& HalAe WA wldA isoflavonee] BIvl G A= 3z of o
ok 3l ] ol daidzein©] dihydrodaidzein®. 2 ¥ 3 tiA] 39 equol
2 g5 g Eo] AFgFojof ok M EEdd dFES 2FE ] o
g g 27 A 159 FetdtsE FPA|F o} dihydrodaidzein©] v}
equole] AL o8 = gt A AF BEE o =EES T4
2 Ay A 7F AAE starter® o€ -9 BHI brothell H71#
daidzin® 2 F¥ equole] AAEATIE= H il (Atkinson et al, 2004; Rafii et

, 2003)7F o o5& MEAer e $AHAT A4S e RIHTFF
93t equolel BAHJITE Eie ofF glu. ol 17 126 vEd A
2 1,2 283 39 7} v dAE PAd F A= A7) oE 24 E4 s
R ZEa Qe wFTF EAEA @AY =
ot @AZEA 1e 129] 2 A @A REEQl daidzeinoll 4 dihydrodaidzein -
Zo A4 S AT F e FFEE 3 5 (200000 AFE ERA 2
23 €714 59 HGH6 (Arch Microbiol 174: 422-428)%}, 3/ @AE 2
9]+, = dihydrodaidzein®l A equol A o] 7153 #FEE Wang

)

OFA A WAHA FRFEE A

-
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5 (2005)°] X 13+ Julong 732 (Applied and Environmental Microbiology 71:
214-219) olell t& Abel7F ®ag =h7b glvk 2 Julong 732+ daidzein©]
1} tetrahydrodaidzein % dihydroequol® FH+& equols AAASHA] Hole=
o2 RuFYL ol#H3 AHREZR wFo] E u daidzindl A equole] XA =
= 2] wee 47 e ad g8 JddgE Thsde] w2 sew #d
Ao B3 o5 P71 FUT o =E ofF FAHo] o] Fo] AA ko ol&
U oldd Ea50] #49 FHAARE 97tE Y
Bl = d3at7)7F ofEe AA ol

A

o
M
=
P,L‘
rir
fol
B>
il
lo
Jm
o,
o

= Decroos % (Arch Microbiol 183:45-55., 2005)¢] X Lol &3} A}
g Bdo| N 223 Lactobacillus mucosae, Enterococcus faecium, Finegoldia
magna, 18 LVeillonella sp Y] #FZ 25 £33t w%Al equole] A
Ao olF Veillonella sps AL UmA] Al 575 EF SF3te] Hj A
equolol AARE A @ter olgs A7 dd wFE olE&S wolx equol
AL BEHEA Fth o] equol BAS Y= 7 FFvige] A3

W & & glont ofe #FEe] Al ool shbe] Add 1

AP F Qe HFeAsgort o vobrk 2 BAs 3 HAE ARATAE
2L FoAstgith neb 0|53 §A TFRFE o] §T & YoWA 2 9
ASH 3 WA 7 Wee ABAAZ F U= AZe BFE oI BAo] B
aaithn wgEel A AAFS AU PN g2 AY A2 Fa A

gAas skt & oAl Akt Fo] AL B-glucosidase 97}

S ez 3713 BANA s

e ATENA AFEE FFE dAAA fFAE dANA A

FEolthe Aol Fotalo] oMol Alge] EwWozRE FFH 76

A EEe g A g R Slen 53] v ARl daidzeing FH7Fet
&

Hj Aol A dihydrodaidzein©. 2 2] & Role= HFo FUAHS Fo] A3}



712 sttt

4. ol&

il

S WA A 2F 2

|
™

At A% gt gy gl 20 HE dde R W ARE
S 5 747 1 g® HAske 20 mLe BHI viAo] ¥ &3 3 9 mLe] 0
peptone waterz A 38X At 20 mLel BHIO 3| S 1% HE3H
% 2 mL mineral oil& %I anaerobic gas packs ¥-& &7 Hj%~] o
37CeA 48 AIZF wiFEATh AbEEiY vE A S
equol A B % Za}dtl Equol A 7153 #2S 7|98 EHARES
HjoF3k wj okl daidzeing F7F (100-300 ug/mL)3+ BHI wjx|o] FHZF3&}o]
37CAA 3 A3 wjgd F FROA eSS LO/MSE #4323t 20709
papa

spectrum®} MS spectrum©] $4dsle] A %3k dihydrodaidzein standard &2
(Fig 13-G, 15-B)¥% sdatAl vYetd 1S It ols 5 Aoz
7} 2 dihydrodaidzein A4S ¥l W 3tk (Fig 16-A)E Adgste] o=
T TdE A% ARR ol &3

AEsl WS 0.1% peptone water® A 3123 & BHI iAo &
A7] wF7lel Wi 37CelA 24 AZE wjgste]l ol #E 2o
BHI sj=Jell Alhgt whekels @A 3143 § BHI platedl 2tz ="#3atict.
o] plateE HA7|ujdEr]o W 37CANA 24 A7+ w3t & single colony
105070 9dtt. 7} colonyES BHI iAo HZE3s}o] 37ColA 2447 H<t
kst & ol wjgYel glycerolS H7Fste] -20TolA HAsH ARSI
o},

ol
2
fuec)
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t}. Daidzein tJA} @9 A

Isoflavone B]W|"#|, E3] daidzein EH/\}?S‘}% 5 Awstr] 9siA

WA 1050 MY #FES 50 MY F/e F 21709 sub-groupl® o] A
S APt zte] dFEL 59 2Ad A A7 dujujed 3 5070

5o
TFES daidzein H7F BHI ®i#] stupo HFst] 3-5 43t n
daidzein®] WARHES HPLC 2 MSE o] &3le] E43dch w4 23 1
ojw 21 7§ sub-group®l A % dihydrodaidzein¥} equol A4S #Z
th 3 o] 5E Tl HES HEAHES AFAdE e AAE HoF
o o= =718 E3E e A

% o] Sub*group%—ﬂ 23e gEste A¥ES Hdsd ot daidzeins
dihydrodaidzein©] W equol® A 3A|7|&= 25-& WA A &gk}, o3 A
© daidzeing AL 4 e AbY A 2 Aol AYa e oY #F
o] 3ol o3 Ao FW HAAE ARE AHESE Beo ol2REH 2T
10507 #FE E@ste] aol AHgete e ta A7t s Aew A
Zhe ol o] §3k7] 913 o5 nigAd 23S

wdo] £7HE WS ofelg T BoH

==
o2
&)
i)
oo
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Fig 16. HPLC chromatograms of daidzein metabolites in BHI broth

inoculated with human intestine microflora after 3 d of incubation at 37C.
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6.

=]

As 24L& 28 AF ALS A% a7 A3¥

H 2 AA FeAdTAe] AAHe] o genisteind] AT =H
7% Aol 233 equol B A Hod Aow uyeut AF =
A oA Fabe]l BE Hie A AN Hwl g-amylase Ad Ao
genistein®] 65%21 ¥FH equol& 6.7%E genisteind} B wf R A
vrebykeh. Bk o}y @} genistein, daidzein, 18] i equol oA 10, 50,
223 100 uM TN TR 4 JrEs AR A3 equolol
7V = A ek 9k genistein @A S W2 AWEA %S HoF
Aok (A 3%, Al 24, Fig 8-B #raL). w3, AWAERESte] mA = G
S #E3 A, 100 uMe] FXE0lA] genistein X =

A (70%) A3 9+A daidzein® equol& A AL E3} A dAdo] #=

A

oz uewt (A 3%, Al 24, Fig 8-A).

rlo
R
i
)
N
{

olixEhE WMBAE HMIBAR A&e= dFE, 53] genisting

genistein®. 2  HAIAAFE TFEL wLo] £ol|3  Lactobacillustt
Weissela & dFE<Ad W84 equol AT ES HA 2371"3?“:-4 =

L ERA, o] ARES TRHAoRE AES A B AFoAe Y 4F
o] BAANE equolEtiE AF FZH Tl & genisteing W BZA=E

5
JAo 2 PAF3= oF (4, 6, 18, 32, 33, 34, 35)5S °] &3

HH &
T 2axd 43 2 2EFF AxVIes dFsE Aol ¥ FHA
AT EEQ ‘AFxH 7es e TERFHF AF AL o o A
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Lactobacillus: 6, 32, Enterococcus: 7, 35

Streptococcus: 27 Weissella: 4, 18, 31, 33, 34
o5& Ao R HutEe dF &3 oF ol&, uF EF W2 T W
2 ASE5A, A8 2 isoflavone B Ao A BlHjF A 2] H3sE 2

S WEske #5F sty (6, 7, 27, 31R)S At

a.

(e}
RS

£l

1) A+, pH, TA A

37°CAA 1247F MFE Ay BitseE 27 100904 107 cfu/mLo2
7Vt 6 (L. paraplantarum)® T3 (E. durans)2l S7F7F 7F3 A A s
b 31 (W, confusa)H 2 71 AA S7FsEE T (Fig. 17-A). 559 AHA
A5S B 27] 639 pHZF 12413 HE 5 41-469 m%’%i sk
TA= 013914 063%= S7ksksle=dl, of oA 7Fd w2 pH (419 7+
v dkg 77k ok A% 0.459

.l

=2 TA (068)5 X ¥ 6 Ho|on, 2k

pH 458 22l 27 Wo] 7bd At 5ol BHAl YeEld FfrolAel 2k Ao
o #FE v FF5FES BoFEr (Fig 17-B). AW o529 AA4E
S olel A IRy wFEY Bl E ou Jdd] £ 3o dAdE

(Angeles %5 1971; Wang 5, 2003) Oberman (1985)¢] A7} n& 4 ¢ &
AE AxS A% H4 0o

pH 42-43= Rz s ndd W W. confusa, L. paraplantarum®t E.
durans®) 7% °F 6, 9, 12 12 A7k BoF wE=2 & uw nlgA s pHS

2 Qo Amdth

=

ne
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(A)

le+9 o

le+8 o

Viable cell numbers (log cfu/mL)

le+7 + T T + 0
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Fermentation time (h)

(=)

(pIoE 9l108]| %) AJIpIoE B|qEjes) L

Fermentation time (h)

Fig. 17. Growth (A), pH (B), and TA (B) in soymilk fermented with lactic

acid bacteria. For cell number, pH: -@-: 6 (L. paraplantarum), -A-: 7(E. durans), -H-:

27(S. salivarius), —€—: 31(W. confusa). For TA: ---O--- 6(L. paraplantarum), ---4--- 7(E.
durans), -+-[1--- 27(S. salivarius), --->--- 31(W. confusa).
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2) Isoflavone &% W3}

ZF &5 dEsteE 75 olAZdE widA JteiRdss AuEd
(Fig. 18), L. paraplantarum 2 7% Z7] 6A7F 5 < 100%2] genistin,
89%9] daidzin, 18]I 61%9] glycitine] 7}E3] o] HHGAE Hgslo]
genistin®] 7hEslol] BYEd T8-S AYL AdS5S HAFIATh
3tH S, salivariusSt W. confusa & 22 12A13F 59 oF 84-87%9] daidzin®
ZbrE e et o genistin®] 4%
genistin XU+ daidzin thAtel] Hoh & 84

E. durans®l 7%, &3
genistinWto] HafEo] @ #FE o] & A5 FiH T olihFoE widA
& ZhEiREele vloskA] e & & ATk o AR IHE 12 AR
o] & genistein %> L. paraplantarum, S. salivarius, L2]1 W. confusas
HEZ FHolA ZhzE 2120, 1648, and 1583 ug/g of dry soymilk® Z7}38}S)
= o]= %7] genistein &F 9 o 6-8ujo) A3 FFoltk. w3 A
g2 Aol =& AR 4#A 3+ daidzein® A= 6H #FE o] &3

go 93te 7] dFHRT F 5-6¥ FUtE AL #FSE 5 Y
Table 13+ E}% AFAE od] T/ Hgo] AHgH FFE TolA o]
LFEE Agso] 7 9 e dFE AWste 89%e WEoR o5
Hws] 2 u 92 Ao] WAS L paraplantarum (6¥) 735 5L A 7ko
ojaF el wiRAE HWE AR A3 o] B dFEe Hl& €53 ¢F
s o ¢ Au 53], 69 AS o 6413 Tl genisting 100% 7t
s elo] genistein S FEE F7MAZIE HolA AlF 2d dE UTH
Azol ol&d F v ¥ dFYS HoFEh. ¢, o] ¥ro tE dFE
o g EAES dsAY 2L 2E TR o2 F2 A4S 9T S
Al Fa% 72 dolHE AT o5 EFuIYAl nigA e AdE ds
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A)

Daidzin and daidzein contents (ugfg of dry sample

Fermentation time (h)

(B)

1000
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0 T T » T T 0
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Fermentation time (h)

Genistin and genistein contents {ug/g of dry sample

(©)

Glycitin and glycitein contents (ug/q of dry sample)

Fermentation time (h)

Fig. 18. Changes in isoflavone contents during fermentation. (A), daidzin and
daidzein; (B), genistin and genistein; (C), glycitin and  glycitein, -@-, 6 (L
paraplantarum); -&-, 7 (E. durans); -B-, 27 (S. salivarius); —€—-, 31 (W. confusa).
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Table 13. Percent conversion of isoflavone glucosides to aglycons in
soymilk during fermentation by single culture.
o .
Fermentation %6 Hydrolysis
Culture . Ref.
time Daidzin  Genistin
L. delbrueckii subsp. delbrueckii
6 h 87% 93%
KCTC 1047 Choi et al.
1999
L. lactis KCTC 2181 6 h 10%
24 h 40-80%
o . Jeon et al.
Bifidobacterium sp. Int-57 18 h 10096 100% 2002
L. paraplantarum 6 h 89% 100% this study
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Fig. 19-1. Changes in cell numbers of soymilk fortified with glucose or SPI

during fermentation.

— E):B —_



CFU

le+10
le+9 -
E
6+ 339 5
@]
le+8 —e— control (6+33)
—O— 2% glu
—w— 1% SPI
—— 3% SPI
—=— 5% SPI
le+7 T T T T T T
0 2 4 6 8 10 12
Time(hr)
CFU
le+10
le+9 o
E
6+ 354 5
O
le+8 o —@— control (6+35)
—O— 2% glu
—w— 1% SPI
—— 3% SPI
—&— 5% SPI
le+7 T T T T T T
0 2 4 6 8 10 12
Time(hr)
CFU
le+10
le+9
E
33+35% £
o
le+8
le+7 T T T T T T T
0 2 4 6 8 10 12
Time(hr)

Fig. 19-2. Changes in cell numbers of soymilk fortified with glucose or SPI

during fermentation.
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Fig. 20-1. Changes in pH of soymilk fortified with glucose or SPI during

fermentation.
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Table 14. Isoflavone content in soymilk fermented with single or mixed

culture of lactic acid.

strain/fermentation o . o o o o
time Daidzin Glycitin ~ Genistin ~ Daidzein  Glycitein  Genistein
6 0h 1437.39 320.23 1640.33 342.36 155.57 420.56
3 h 1256.86 302.96 1630.72 382.76 164.12 668.02
6 h 83.82 108.42 13.00 1231.36 348.10 2255.74
9h 196.44 153.46 10.76 1220.6 386.06 2230.84
12 h 216.80 52.44 - 1244.94 409.3 2281.86
15 h 133.06 27.64 - 1248.30 415.66 2311.36
33 0h 1437.39 320.23 1640.33 342.36 155.57 420.56
3 h 322.68 285.86 486.68 971.72 171.30 1253.94
6 h 15.08 176.30 34.46 1177.98 272.58 2060.30
9h - 110.30 10.20 1141.80 335.46 2106.34
12 h - 88.90 10.60 1229.96 385.3 2237.74
15 h - 76.18 10.20 1176.12 374.86 2155.74
35 0h 1437.39 320.23 1640.33 342.36 155.57 420.56
3 h 1299.90 319.92 1713.46 319.66 147.80 442.96
6 h 1278.82 298.38 1719.30 340.74 149.94 473.00
9 h 1320.96 304.62 1716.08 371.44 162.34 506.86
12 h 1322.98 310.00 1713.42 371.74 161.46 523.84
15 h 1340.56 317.68 1718.36 342.90 145.70 509.62
6+33 Oh 1437.39 320.23 1640.33 342.36 155.57 420.56
3 h 888.04 382.24 1249.06 675.90 85.10 893.70
6 h 418.02 293.58 944.20 927.62 175.36 1145.32
9h 226.02 174.26 37.18 1168.48 312.92 2164.80
12 h 177.20 146.98 34.00 1242.0 342.36 2298.00
15 h 77.03 99.00 31.12 1294.18 360.00 2356.98
6+35 O0Oh 1437.39 320.23 1640.33 342.36 155.57 420.56
3 h 1286.14 354.05 1486.66 257.31 69.64 461.80
6 h 204.24 191.70 66.37 1021.22 180.37 1879.66
9h 175.72 132.61 22.01 1093.75 259.49 1963.48
12 h 124.45 107.70 19.95 1125.40 290.57 2015.57
15 h 94.17 94.53 19.29 1239.75 319.28 2100.88
33+35 0 h 1437.39 320.23 1640.33 342.36 155.57 420.56
3 h 1068.66 370.26 1502.50 435.57 68.96 471.89
6 h 362.91 365.55 804.71 1012.25 99.62 1389.32
9h 172.16 325.75 451.05 1140.64 130.36 1755.43
12 h 111.02 267.81 287.71 1091.21 149.37 1793.70
15 h 97.65 264.25 235.21 1166.01 178.60 1956.33
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Table 15. Isoflavone content of soymilk fortified with SPI after 9 h of

fermentation

Starter SPI [soflavone content (ug/ g of samples, dry basis)

(W) Daidzin Glycitin = Genistin  Daidzein Glycitein Genistein

6 0 % 114.72 104.81 35.44 1236.46 376.48 2186.44
1 % 100.43 23.34 24.66 1204.49 400.03 2210.91

3 % 95.91 17.61 18.32 1072.67 346.44 2052.96

5 % 45.45 14.18 1454 935.82 294.93 1884.07

33 0 % 116.10 12491 14.03 1148.12 330.93 2055.29
1 % 104.24 71.17 16.21 1102.49 286.05 2156.30

3% 30.41 59.86 15.27 906.04 22712 1989.65

5% 40.31 49.65 14.75 739.38 185.90 1860.02

35 0 % 1547.61 394.64 1871.30 260.23 87.32 480.14
1 % 1543.10 367.60 1855.31 132.19 40.35 304.46

3% 1434.30 330.80 1764.18 132.19 34.43 301.72

5% 1179.40 2617.72 1598.25 178.40 33.88 371.36

6+35 0% 208.96 110.28 130.14 1157.22 226.63 2054.3
1 % 86.34 156.03 47.20 1186.15 264.62 2187.92

3% 41.36 111.65 37.21 1142.49 264.21 2223.88

5% 27.17 64.53 23.21 940.67 248.70 1935.3

6+33 0% 257.23 151.74 154.25 1265.55 301.58 2202.66
1 % 39.65 85.84 28.18 1202.98 328.10 2204.49

3% 39.35 48.35 28.85 1018.04 324.96 2180.81

5% 30.67 22.11 22.93 1005.58 293.53 2041.23

33+35 0 % 193.21 384.59 599.26 1205.60 90.83 1798.28

1 % 150.31 279.70 285.33 1150.50 171.44 1983.75
3% 75.63 200.38 7472 1071.16 200.31 2140.58
5% 35.24 12812 8.74 970.69 222.35 2075.31
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Table 16. Isoflavone content in soymilk fortified with SPI (ug/g)

Soymilk Daidzin  Glycitin Genistin Daidzein Glycitein Genistein
SPI 73.3 28.1 270.8 64.7 15.3 130.4
Soymilk 1571.0 3915 2050.3 415 1885 500.9
Soymilk +1% SPI 14934 372.3 1951.1 395 179.3 4775
Soymilk +3% SPI ~ 1338.1 3339 1752.9 355.1 160.8 430.6
Soymilk +5% SPI  1182.9 2954 1554.6 3153 142.3 383.7
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Fig. 22-1. Growth of lactic acid bacteria in glucose-MRS broth at 37C.
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Fig. 25. Changes in TA of soymilk fermented with lactic acid bacteria.
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Fig. 28. Changes in the content of raffinose in soymilk during fermentation.
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Fig. 31. Changes in the content of isoflavones in soymilk fermented with

mixed cultures of 4 and 12.
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Fig. 32. The contents of raffinose and stachyose in soymilk fermented with

mixed cultures of 4 and 12.
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Fig. 33. Change in cell numbers, pH, and TA of soymilk inoculated with
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Fig. 34. Changes in the content of isoflavones in soymilk inoculated with
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23t (antioxidant activity) &4 DPPH radical scavenging activity
Z4WE o839t (Hatano et al. 1988). 0.2 mM DPPH (1, 1-diphenyl-2-
picrylhydrazyl radicals) £ 0.8 mL¥} A& methanol % 02 mL& & =
g3k 3 "lo] gy o F& 3o 3087 WHAZl ¥ ODsoms A3

ZT ANBEE2E A8 F&2H g2 95% methanolS AFg3stgth dakslse o

=

oo

DPPH radical scavenging activity (%) = [(Acontro=Asample)/ Acontrol] X100,

O:] 7101]}\1y Asample = }\]JEJ'—'O’] :_16:1;3'61——14:—, Acontrol = EH&?‘Q '—g‘%};—

3) #71A 9] Fitsts Wlw

WA AxE T, 57, 1% 524 "7 T, 1% £ F27F 779 DPPH
radical scavenging activity (%)& ZAFS 23t tiF 75 + 0.79%, 571+ 285
+ 0.29%, S5+ 3.2 = 0.18%, 1% &< FH 924 + 049%, 1% %2 M7t T
91.0 + 049%= el th ksl o] FHETh vhe ghe Hel HFE AQe 3
Mg FHE AYste o]lATEHE wjdA Bl Hold o F 4N 2%FE
o2 HFs 37CoA 12 AlZF S FFAIEA g T ksl WEE
A Hth (Table 17). & 12 A7 B¢k 5249 &9 ksl o] 90% o]
o EA FA HASL FF AF FHEG oF 348 AE =S drtsE s
HAed 28 F vah #hste 43S BAou g 12 ARF o|Fd % 30%
o]’+°] DPPH radical £275& AHI U= AS & F AAgrh &9 B¢ &
gk &Qlgo] Wy Fok AFo] FHol thh ARGES do F driil Iy
of HAFHoR w9} THEE FfH HEA HANER ol&dr|E AAHL s o
o wE EAS ZAbe] B7|E AT
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3.7

2.2
1.2

0.8
1.2
0.5
0.1

DPPH radical 2A% (%)
S.D.

14.6

12.9
13.1
12.4
158
924
94.5
94.8
95.0

Table 17. Sensory characteristics and DPPH radical scavenging activity
Mean

0.1

0.1

0.2
0.

5)
0.2

93.7
91.0

0.0

0.0

94.3
95.0

0.0
1.0

94.6

3 h
94.6

0.2

6 h

0.3

44.5

9 h
334

0.6

very good
12 h

0.5

B a8
289

5
31.0

1% %2
30.1

R

Jok
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ato] o] &stth. =Ak —ir%"—‘.‘% 20 g—°4 = 2} 7]'—Ere 100 mL—OJ 25 (70C)e
07T AAAZ T dAEF (10,000xg, 20 min)E g o Asdas do] 12
1CAA 15%7F autoclaving H#atgh. =2 €4 F&9 10 mLEe 90
A7bste] (10 9= F&9: T4, v/v) SAFH(S-GDE WHEAL =
H &2 H7Me A FR(OE s vl 23S

<

A3ttt MRS broth (Becton, Sparks, MD, USA)elA 37C, 12-15
H

3 AR 129 FFE 5 (v BlER £33 wdAS T/t 5379
2%(v/v)7F B =2 H=3 b, 15 mL sterile tubesol 2424 &4 @& & 574
gos] we AEH R 37°C°ﬂ/‘1 12A17F &QF Ha A 7w 3A3 Ao 2 AR

2) A4, pH, TA W3

ok %A A7k FHE wmsl ¥ o A pHE H3 e FE
e Aol7h b sgtom olaZehie] el w Fald el #Aw A

B3
skt (Fig. 36-A, B). TAS) 4% B& 6470 AUuA 52407k SEfolA
=48 A ge

& =
AYel B mabHd Qs Aow

w3 FEole] Aotel ola T FusEe of T8 4% Frsdm
1%

< 0% o] =2 FkstHs A8 AT (Fig. 36-D).
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Fig 36-1. Changes in growth (A), pH(B), and TA(C) in soymilk during
fermentation with S. infantarius 12 and W. spp 4 at 37°C. S-GT and S
indicate fermented soymilk with and without green tea water extract,

respectively.
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Fig 36-2. Changes in antioxidant activity (D) and isoflavone content (E, F) in
soymilk during fermentation with S. infantarius 12 and W. spp 4 at 37°C.
S-GT and S indicate fermented soymilk with and without green tea water

extract, respectively.
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Table 18. Changes in DPPH radical scavenging activity (%) of soymilk
during fermentation with lactic acid bacteria
Soymilk fermented with
Time
3 4 6 7 8 10
Avg SD. Avg SD. Avg SD. Avg SD. Avg SD. Avg S.D.
Oh 103 12 103 12 103 12 103 12 103 12 103 1.2
6h 92 04 8.1 05 114 01 8.7 0.6 8.9 04 106 04
12 h 86 0.2 8.9 01 134 03 9.0 0.1 9.0 07 101 0.7
18 h 88 0.5 8.7 04 127 01 6.1 0.1 75 0.7 9.3 0.1
24h 81 0.6 6.2 01 119 08 85 0.1 7.5 04 72 0.9
12 15 17 18 20 27
Avg SD. Avg SD. Avg SD. Avg SD. Avg SD. Avg S.D.
Oh 103 12 103 12 103 12 103 12 103 12 103 1.2
6h 93 04 101 0.2 8.3 0.2 8.6 1.0 8.8 0.1 8.3 0.3
12h 101 04 102 05 9.5 0.3 9.3 0.5 72 0.1 75 0.1
18 h 99 01 108 0.1 8.6 0.1 7.3 0.2 77 0.6 8.9 0.4
24h 85 0.2 9.7 0.8 8.2 1.2 8 0.1 71 04 8.2 0.6
31 32 33 34 35 37
Avg SD. Avg SD. Avg SD. Avg SD. Avg SD. Avg S.D.
Oh 103 12 103 12 103 12 103 12 103 12 103 1.2
6h 81 04 8.5 0.5 8.6 0.5 9.6 02 111 00 8.2 0.6
12h 72 0.0 8.9 1.3 8.8 0.6 8.3 0.3 9.2 0.1 8.8 1.8
18 h 86 0.5 10 0.6 9.8 02 102 03 9.6 0.0 8.4 0.7
24h 74 0.6 85 0.4 8.6 0.7 8.7 0.4 78 14 72 0.6
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Table 19. Changes in DPPH radical scavenging activity (26) of black bean

milk during fermentation with lactic acid bacteria

Black bean milk fermented with

Time 3 4 6 7 3 10

Avg SD. Avg SD. Avg SD. Avg SD. Avg SD. Avg SD.

Oh 447 10 447 10 447 10 447 10 447 10 447 1.0
6h 338 21 337 02 326 05 348 02 333 15 323 09
12h 260 13 275 03 266 25 274 08 276 11 253 11
18h 284 06 312 09 273 23 329 07 305 08 316 11
24h 298 12 303 09 314 28 321 16 284 18 293 15

12 15 17 18 20 27

Avg SD. Avg SD. Avg SD. Avg SD. Avg SD. Avg SD.

Oh 447 10 447 10 447 10 447 10 447 10 447 10
6h 466 05 390 22 329 09 354 16 341 12 356 08
12h 456 14 359 12 286 06 293 19 266 40 300 16
18h 513 01 345 01 333 09 338 04 331 01 312 08
24h 289 12 493 23 319 17 320 26 315 16 320 1.2

31 32 33 34 35 37

Avg SD. Avg SD. Avg SD. Avg SD. Avg SD. Avg S.D.

Oh 447 10 447 10 447 10 447 10 447 10 447 1.0
6h 336 06 338 04 36 07 369 12 443 13 353 01
12h 306 23 319 18 347 11 341 14 375 12 321 1.0
18h 330 12 306 08 329 15 339 13 338 14 327 07
24h 317 09 289 13 296 13 310 15 169 45 297 21
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Fig. 37. Changes in growth (A), pH (B), TA (C), and DPPH radical
scavenging activity (D) in soymilk mixed with black bean milk during
fermentation with S. infantarius 12 and W. spp 4 at 37°C for 12 h. Five BSs,
0, 15, 30, 50, and 100% BS indicate soymilk:black bean milk=100:0, 85:15,
70:30, 50:50, and 0:100, respectively.
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Fig. 38. Changes in TA(A) and DPPH radical scavenging activity (B) in
soymilk mixed with black bean milk during fermentation with S. infantarius
12 and W. spp 4 at 37°C for 12 h. Five BSs, 0, 15, 30, 50, and 100% BS
indicate soymilk:black bean milk=100:0, 85:15, 70:30, 50:50, and 0:100,

respectively.
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Azd SFFEG gFfFolA oliaZebd FFo] i Fob 5579 A
Zhgel whel 7] ol AE et kol Aolrl UEtwth BE FRolA Eavh
g uzt o] AZE vl A (daidzin, glycitin, genistin)7} W24 7}

o2 gAY FFE FFE AL B

A wglom olsh Agate] ol
S oaQed oldd @Ye FFe Arhwel 0%AM 100%2 FHEFE
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:ﬁ‘

wEA AP S B 5 AT (Fig. 39). 557 H7hol Adaglel
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Fig. 39. Changes in the content of isoflavones in soymilk mixed with black

bean milk during fermentation with S. infantarius 12 and W. spp 4 at 37°C
for 12 h. Five BSs, 0, 15, 30, 50, and 100% BS indicate soymilk: black bean
milk=100:0, 85:15, 70:30, 50:50, and 0:100, respectively.
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12. 28 579 #5HA

5 =1y e
30%, 50%, 100% =33t T4, 1gla w25 "7k 54
F=AAE 2

H
- = *d@ié‘M iﬂ]X} NEE AAEE ol gatel BAAE AAskch

dF 2 EFE =22 AAT s dF SFTE A% %9 29 (vw)7t
7hake] ARl A 3}%‘%} (7= 9F 20413, S5 9F 10410 HA AR
F =3 AASA i el A F
oA 1%, 23]
DO YR FF FEL Eol dUx Ul Y 108 oY W b
FSk710l 10919 &5 Zheetlar tiFele oRE R &Y
(5000 rpm, 10 min, Sorvall RC5-B)A1Zl & A5 dS FEWel gk +

7 e S 121CoA A 1687 2irste] 4ColA W3 23389}

JP}

oFf, S5 "7F diFR (0, 30, 50, 100%), =3 H7b FH (FF 3k
19 0.05%, w/v)E& 5 L &7]o Z+z} 25 LA 92 5 S infantarius 12 ¢}
W. spp 45 47 ODgoonm 7F 1574 H&= FF7-A Wit sigFds 10 5 (v/v)
of &R &3 T MIdS 4 F7Y 2% F+06G0 mL, v/v)el HEE
2ol 37°Co A 9A |7 ot
AA A AteR deA = pH=4. 2ot s shlth
g7t 2831 AE2E mixerdl A oF 3 ¢t blendingA# EA4 ¥ curd
7} #AFA HxEE wE Z ¢k 200 g& sampling 3] pH, TA, color,
2 ARESE L U A B E i WA R skl

fo
)]
o
2

isoflavone =4 & 913 A&
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] 8, 10, 12, 15, 20%7} H =5 wE A" & 256 mL A& A xdto] &
2l

7} eF 6,
Ach. #AsA 2 gf;f;o]

-

gaf A" H7F e FEES AW RFEEE NERER
Fdste] a7=2ES nhol] o= A4 panel &9 8% (& 49, o 4%)S
e s ok HAgE A3 oF 8% o A" HAES Mg dIde Ao
2 Uey o] #SHAE 98 Alxd 2R fTEESS 9% AT WS
=2 AR A"s g0 w9 Az Wk 5 2E eq=2ES & e
A A2 EAA o 1A AR Basglon] deAb A vl Egsto]
Wo AL A A Ale = AT

Addistn oA 2 distaA 1029 (P 449, o 58%)S oz A
(color), & (flavor), 9t (Taste), Z¥& <l 7|5 = (overall acceptability) &=l
i3kl 93 (9 point scale) &2 A E HAAZ o] &3te] &uAF AAMY
(consumer survey)s AAlstAT Aol loiA 18 7k = Almo] g
Z1EE7F W9 ¥ AEE YRl 982 VS5V WS £ AEE YE
= Aow st WA 1027l gk 71 FH = Table 2000 & ksl

£

Table 20. Information on consumer

G ATEE &8 95 a72EY $4 44 94
W oo] Wytol| 1-23] 4-5% 8-103 153  7|E} A A F 74
44 58 234 | 23" 429 249 99 19 | 749 21 47 251

%1021 23.2% 42.4% 24.2% 9.0% 1.0% | 70.5% 1.9%  3.8% 24.8%
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1.6) > 30% % (52 + 1.5 > 100% EF5 (5.1 + 1.8) > 50%
+ 146)9] &0 = e

713 % (overall acceptability)E AH®EH 0% 5+ (59 + 15) > 33 F
b5+

1 Fo 2
Jlot

Ho
—
4;

Feee B4 444 % BEew A5AL waat AP 99 4
& ;s ¥ W (Table 21), 37} 559 A7ke o9 /54L 207

A AAAZ wf Bt o]lo] & 7|3k deids vidE B 5 dedet #d

o

Table 21. Sensory evaluation of soymilk (S) and blackbean milk (B) samples
fermented at 37C for 9 h.

Attributes
Samples
Color Flavor Taste Acceptability

S: BS=100: 0 72 £ 1.2 57 £ 15 56 £ 1.7 59 £ 15
S: BS=70: 30 58 £ 1.3 51 + 1.3 50 £ 1.8 52 +15
S: BS=50: 50 57 £ 14 48 £+ 14 46 £ 1.8 49 £ 14
S: BS=0: 100 54 £ 19 53 + 14 48 + 1.8 51 £ 18
S: BS=100: 0,

6.3 + 1.3 55 + 15 52 + 1.8 55 + 1.6
0.05% green tea (wW/v)
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9. HE 2aae 54

B @A o] 8" WEHFY MSE Minolta Chroma meter CR-310 (Minolta
Co. LTD., Japan)Z ©o]-&3}e] =A312 Hunter Lab o= YEIAY. EF=

A7behel w2} lightnessE YWE = Likel #4ste] Aol HA o F9A= A&
ok & 9t} (Table 22). 3 A5 pHe TAE ZHz; 43774593 0.4970.59%
lactic acidE E3iorH o9 &aitayE e S5 100%2 A% °F 30% ™5100%

o] A5 oF 14% AE9 FFS YHEtAT (Table 23). =2k kst e o+
v Sl Hlste] wig- =2 oy 1 HUbEFe] FHAke] 2 gb ol A|ghE
o2 AA & et SR Az 53 HU dafe A 1 $akskE
S oF 28% o HMERHoY T dafo nste] A FUkE oz A HA
E BFFRAZA oI wEAF FAAZ olgE & o yzEc
QFEES] o|4~Ze nujIA gHFE Table 240 29Fath o33 = A
g &ddo] Hojk o]AaZetd v A e dhEFol =A YEuied 538 Ale x
Aol g7} & genistein®] o] Eol VoA QFEEREA S JTuS T 4
noget 7t

Table 22. Color of soymilk (S) and blackbean milk (B) samples fermented at
37C for 9 h.

CIE Lab values

Samples
L a b

S:BS=100:0 67.87 £ 0.06 -3.85 £ 0.02 691 + 0.11
S:BS=70:30 63.26 £ 0.09 -0.84 £ 0.02 7.15 + 0.03
S:BS=50:50 60.18 + 0.18 0.15 = 0.01 7.00 + 0.03
S:BS=0:100 59.70 £ 0.43 -0.83 £ 0.10 7.28 £ 0.16
S:BS=100:0,

68.74 £ 0.05 -456 £ 0.01 859 + 0.04

0.05% green tea (w/v)

L= light- and darkness, black (0) to white (100), a= green—(-100) and
redness(+100), b= blue- (-100) and yellowness (+100).
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Table 23. pH, TA and DPPH radical scavenging activity of soymilk (S) and
blackbean milk (B) samples fermented at 37C for 9 h.

) TA DPPH radical

Soymilk samples pH . . . ..
(% lactic acid) scavenging activity (%)

S:BS=100:0 454 0.59 + 0.09 14.04 + 1.05
S:BS=70:30 4.37 0.56 £ 0.01 1858 + 0.54
S:BS=50:50 458 053 + 0.01 26.25 + 1.26
S:BS=0:100 453 0.53 £ 0.00 30.13 + 2.67
S:BS=100:0,
0 459 0.49 £ 0.01 28.49 = 0.60

05% GT (w/v)

Table 24. Isoflavone content in soymilk (S)
fermented at 37C for 9 h.

and blackbean milk (B) samples

Isoflavone content (ug /g of sample)

Soymilk samples

Daidzin Genistin Daidzein Genistein
S:BS =100 :0 0.0 £ 0.0 219 £ 3.7 12009 + 49.0 1393.7 + 58.8
S:BS =70:30 0.0 £ 0.0 178 + 1.2 11343 + 44.1 1394.2 + 66.6
S BS =50 :50 0.0 £ 0.0 191 + 26 11542 + 326 14505 + 655
S:BS =0:100 0.0 £ 0.0 2713 £ 52 12339 + 942 16224 + 71.2
5:B5=100:0, 0.0 £ 0.0 203 £ 58 1207 £ 753 1402 + 496

0.05% GT (w/v)
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7}, In vitro A3
1) A3 A=
7H Al®

) Aok

HPLCEA 2 Am F=FS 93] methanol, acetate, acetonitrile (HPLC
grade)2 Merck (Darmstadt, Germany)ollA +Y< 3}t 23tas 84 F
712 98l ®AEE porcine pancreatic a-amylase, porcine pancreatic
lipase, rat intestinal acetone powderZ, 7]Z &%+ p-nitrophenyl-a-D-hexa(l
—4)-gulcopyranoside, p—nitrophenyl-a-D-glucopyranoside,
4-methyumbelliferyl oleate (4-MU oleate)E Sigma (St Louis, Mo, USA)9]|
A FAdskE T 2 4849 positive control® AFE3F Acarbose (96.1%,
pure)= Bayer Korea (Seoul, Korea)olA, Orlistat (Xenical®)< Roche
(Makati, Philippiness)ell Al -9} 3F3lct.

fr
&
i
rot
Y
o
>
bt
fru
o
oo

filter (0.45 m, nylon membrane, Corning, USA)
st
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A7 BEE A= 212 Standard operation
protocol (2001)¢] HPLCY®oll we} Z743k3lth. HPLCS &4 %312 Table 1

3} gy,

Table 1. HPLC conditions for analysis of isoflavones

Items Condition
Instrument HPLC (JASCO 1580)

Gemini RP-C18 column
(5 ¢m, 150 x 2 mm, Phenomenex)

Column

Detector UV 280 nm
Solvent A : Solvent B : Solvent C
Mobile phase
(15:05:8 - 6:3:1—>15:05:8)
Flow rate 0.5 ml/min

Sample injection 20 ul

¥ Solvent A - 100 % Methanol
Solvent B - 0.2 M Acetate buffer (pH 4.0)
Solvent C - 100 % Acetonitrile
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) A ELgAEA
(1) a-glucosidase A & &4

A2 9] a-glucosidase A3 &AL Watanabe (Watanabe &, 1997)9] H+
Wol w2} rat intestinal enzyme® o]&3te] ZAIHTE AR 10 e «a
-glucosidase (rat intestinal) 50 wE &3 3k b A2A 5 &3+ WESAH
t}. 5 mM p-nitrophenyl-a-D-glucopyranoside (0.1M phosphate buffer, pH
7.0) 50 wE AH7F3te a-glucosidaseo] 93] p-nitrophenol¥® glucose® 43
HEE oA A2 10 & wAZAT F2l€E p- nitrophenol®] FEE
microplate reader (model 550, Biorad, Hercules, California, USA)E 405

nmol| A S4& sF3th a-glucosidase®] A3 &7 ALHA& olgjel Zrl.

Abs ror — Abs
- .. _ o sample after sample before
Inhibitory activity(%) 1 iy b

control after

x 100

control before

(2) a-amylase A 3 &A

a-Amylase A 3] A& a-glucosidase WAl porcine pancreatic amylase
(100 U, sigma)E #7Fete WHoZ Kim 5 (200009 el uhel =33l
t}. a-amylasex 0.1 M phosphate buffer (0.2 % bovine serum albumin 2}
0.02 % NaN3 pH 6.9)09] o AlgstEgoemn  7]&del  p-nitrophenyl-a
-D-hexa(1—4)-gulcopyranosideg 35l {-2]%¥ para-nitrophenol F%=%

=&t oA WXL EE acarboseE o] 839}

Abs ror — Abs
- .. _ - sample after sample before
Inhibitory activity(%) 1 Abs iy

control after

x 100

control before

(3) A% lipase AANEA

Pancreatic lipase®] ©3 Al59 AH3|EAHL 4-methylumbelliferyl
(4-MU) oleateE 7|14 & 3= Kawaguchi 5 (1997)¢] ¥ we} =459
o} AlE 10 woll 0.1 mM 4-MU oleate 100 p¢2 Mcllvaine buffer (0.1 M
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Na:HPO,) 60 wS E33gt). 1 thS o2 lipase (1 U/ml) 30 w @718t 3
7CoAA 1087 v& A7 ¥ 0.1 N HCI 1m¢¢} 0.1 M sodium-citrate 2 ml<
A7FsEA . # lipased 93] 7t E8l® 4-methylumbelliferone®] YWERY

= 342 excitation wavelength 320 nm, emission wavelength 450 nm

sPel A Egstel tedel tstel ARe) RAANBYL AE ATk

1= Fluorescence .

Inhibitory activity (%) = % 100
Fluorescence ,,ent
2. o] AZgr o Fujut @ FFy A

7}, In vitro A3

DA AR
7H A=
Ado] A8 genistein, daidzeine Sigma (St Louis, Mo, USA)°lA
TS s¥erm  equol (99 %) INDOFINE  chemical company
(Hillsborough, NJ, USA)lA F+4& 31 o] 2 vidals (A2 Fol
A Akt 913E A EE DMSO o] A& A&t

) Ao

Fetal bovine serum (FBS), Dulbecco's Modified Eagle Medium
(DMEM)< Gibco BRL (NY, USA)¢] Al#FS AH&38H3aL, dimethylsulphoxide
(DMSO), sodium biscarbonate, insulin, Oil red O, dexamethasone,
isopropanol, formaldehyde, 1-methly-3-isobutylxanthin (IBMX), potassium
chloride, calcium chloride, magnesium sulfate, sodium phosphate, Triton
X-100< Sigma (St Louis, Mo, USA)°l|A 8]3 Nonidet® P 40 substitute

2 Fluka®l A 2-Deoxy-D-[1-°H]glucoseS Amersham Bioscience (Bucks,
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UKOIA 7k7F 7918 st

o) AEF
Ao AgE MEFE 3T3-L1 (mouse preadipocyte, ATCC, CL-173)
A EZA American Type Culture Collection (ATCC, Manassas, VA, USA)
APRFE S Wkt

2) 2g Wy
7hH ARAE E35 Bt
(1) A EujF
3T3-L1M*x+= DMEM (10 % FBS)WIAIE o]&3le] ujdslgitt. AlxeE
COg incubator (MCO-15AC, SANYO, Japan)® 37C, 5 % CO.9] ZZAc|A nj
Fatdch. AMEujF Al disht] AIE7F 70 T 80 %ol AA REE FGlov
Adl Bl 43 o) A BE® Sl

H1
&l

FEH715LS preadipocyteE mature MEE WEo] EH3IE
s P H]EIH lipid droplet& Oli-red 0= @Adte] F2 4 lipide] ¢&
Aekslel= HHHS o] 8319t (Qiu 5, 2001; Cowherd %, 1999; Cho
2003). Ddxi 3T3-L1AIEE 6-well platec] 4.5x10° cells/well (2.5 ml)Z
F3F oS, 47 593t preincubationdt Tl PBSE F W A F 3 t}e, 3=
e1xt= IBMX-DEX cocktail (0.5 mM 1-methly-3-isobutylxanthin, 1 uM
dexamethasone) 2.5m¥} insuling 0.1 %7} =5 ZH7sIAch 297 vjgS
3 T} PBSE A& E &1l genistein, daidzein, equols ZFZF 10, 50, 100
uM 7ol 2 insuling FH7Feko] wjdsigith & wir]ite]l 8ol H=E 3
o 2¢d uitp A2 wjAE wpEoIFATE 894 F 3% formaldehyded] AlXE
5 3ASIAY. 24 F 0Oil Red O €94(0il Red O 0.3 g/isopropanol 60 ml
and water 40 m0)2Z A EY lipid dropletE GMsFTE g LA EE
dn Aoz #AsAY 4% Nonidet P-40S #H7bste] A2E dgAA &9
Oil Red O& microplate reader (model 550, Biorad, Hercules, California,
USA)E 490 nmollq F3E=S S50

> ol
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(3) Glucose uptake assay

A A E RSl wel A2 3T3-L1e]l DMEM(FBS-free)& u}-of
37C, 5 % CO2 incubatore] 3A|ZF wisISTh 3AIZF & wiAE A A S
Krebs Ringer Phosphate Buffer (128 mM NaCl, 4.7 mM KCl 1.65 mM
CaCls, 2.5 mM MgSO4, 5 mM NaHPO4, pH7.4) 1 mlS U3 t}L, 30&7F
Hj ks leh, Alsel 1 uM insuling H7FsE of, thA] 1583 slgs $ 1 mM
glucose®} 0.1 Ci 2-Deoxy-D-[1-*Hlglucoses H7}stth 108 & wellol
Polel= bufferE A 78 v lysis buffer (1 % Triton X-100)S F¢3F4
A EEHS i slth siE® AlENT agqueous counting scintillant cocktail
(Amersham, Piscataway, NJ, USA) 20 m¢S scintillation vialoll Hkt}h. A&
92 $=% [PH]& Liquid Scintillation Counter (Beckman Co., Fullerton,
CA, USA)& o8-8 SAsk3ln.

(4) Peroxisome Proliferator-Activited Receptor-y¢ mRNA Z3&d
(7}) Total RNA &
w3A1Z 3T3-L1M2EE 33t 1000 rpmelA 5 3 94EE 5t
WA= A A3FA T} total RNAS] F5L2 RNeasy mini kit (QIAGEN, Germany)
E o] &3slo] FE3F¥ Y. RNAQ 5%+ Spectrophotometer (V-530, JASCO,
Japan)& ©|-&3to] SA 33T

(4}) First strand cDNA synthesis

ZZ3) total RNA 5 pgoll first-strand buffer, 1 mM dNTP, 20 pmole
oligo(dT) primer, M-MLV reverse transcriptase (200 U), 10 mM DTT,
RNase inhibitor (20 U), @o]24E Y &3tste] HFH 3 7F 20 = Al 3181
o} wpA ke 2 PCR7]7] (HBPX220, Thermohybaid, UK)ell Wil 42 C, 50 &
S AlA cDNAE FAaHSith

(t}) Reverse transcription PCR

First cDNAZ ZZA17]7] ¢3sf cDNA, Tag buffer, 1 mM dNTP,

specific primer (Z+Z} 10 pmole), Tag polymerase (1.5 U)ES Y1 &35t
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HEHA7F 25 p7F HA sl PCR7]7]o ¥ al initial denaturation step2
2 94 ColA 2 &, amplification cycles 3l denaturatione 94 CollA 30
%, annealing 56Co|A 3 &, extensionS 72 TolA 40 == 3} 30 3

W31 31, final extension step< 72 TolA 4 o= 39t). Internal
Q
O

control24 GAPDHE o] &3}t 2 % agarose geld ©]

3lo] PCR ®HS Al

AE 5w A7]9%F (100 V, 30 #) 3 v}, ethidium bromide (EtBr)= 4
Aste] UVstell A 221519t PPAR-y9F GAPDH®] pimere Fu%s (2003)¢]
Wdol wel AZstglom d7ulE A= Table 29 2t

Table 2. The primer/probe sequences for PCR of 3T3-L1 genes

Target Primer

mRNA /Probe

Sequences

Forward

PPAR-y Reverse

Probe

5'-AGTGGAGACCGCCCAGG-3'

5'-GCAGCAGGTTGTCTTGGATGT-3'

5'-TTGCTGAACGTGAAGCCCATCGA-3'

Forward

GAPDH Reverse

Probe

o'-TCACTGGCATGGCCTTCC-3'

5'-GGCGGCACGTCAGATCC-3'

5'-TTCCTACCCCCAATGTGTCCGTCG-3'
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(2}) Real-time PCR

Real time PCRZ ABI protocolel ¢J3] <astaltt. 96-well platel
Tagman Universal PCR master mix®} specific primer (forward, reverse 2
pmoles), probe, Zo|&4E Yo F HI7l 22 pwrt HEE sl 60 ng
cDNA HE+x go]2&4E Y real time PCR 7]7](ABI PRISM 7000, Applied
biosystem, USA)o|l A 243}t

1. In vivo 2 &

1) 48 A=
7hH AEEE
A% 65FHE ICRA 3 v~ (257 30g)E Wshule] 2 3 F(Deajeon,
Korea) oA #ofitol AFE-&FATE AbS2ks 2242T, £+ 5015 %, ¥y
715 12417H09:00 7 21:0002 2=H3ch 157d3 4

A9 AAsrdon, Ba ol AfEA A%

g) Aok

Carboxymethylcellulose soduim salt, streptozotocin(STZ), citrate,
glucosex= Sigma (St Louis, Mo, USA)IA equol (99 %)< LC
Laboratories (MA, USA)°IA 1< 3k T

M citrate buffer, pH 4.3) 150 mg/kg wt. & B7 Foldle] FduS F245H%

o el 529 citrated FoIstadrh FrH el AL STZ %ol 49 F
o i
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glucometer(Roche, USA)E o] &3} )

STZ150 1/ Cheek blood Equol orally administrated
ke body wt.  glucose levels (150 ne/k body wi)

|
|

0 week § doye 2 waeks § weeks

Secrifice

Fig 4. Experimental design for evaluating anti—diabetic effect of equol.

(100 mg/kg bw)e Fo 3o dzxzde TFd =TI 0.01%
carboxymethylcellulose sodium saltE& AT15¢] ¥t ¥4 55+ AHAF
Al (kg) F  glucose 2 g& AFSHA FRem™, equol=  0.01%
carboxymethylcellulose sodium saltoll = ZA s}t AFFo] A

9 30, 60, 90, 120 Fell m2] AFuelr A& o Hd & 492>

glucometers ©]-&3] A3} t}.

) A L W A
AZF e A8 Az & 0 day= 3to] A Adoe= 5EL 3%
e FAE A & AFEE Sl
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g4 Ad WRH BRS 12407 AN T oH2E nANA By

o A A3 S, 2000 rpmolA] 30E7 AR st A4S

e AZ3te] 0.9 % NaClZ AH3 3 oAggxz2 7S AAS s FAS
43t em, Ao AFEsH] A7FR] -70 CToll K3 Th
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S| PSS 120 for Window 574 ZZ1#& AHg3}
ATk YAAHS AL RE e 9] BARMow piiglow oAt
Hol e FH L 2aFHAEF A3 Fo A F ol WAL paired t-test®

=2 =
EAsth BATA o4 AL a=0.055FN A A v

- 154 -



Table 3. Anthropometric parameters of human subjects

Age Weight Height

Group Sex BMI
(years) (kg) (m)

23 63 1733 20.98

20 635 1.757 2057

25 582 1.7 20.14

Male 23 69.5 1715 23.63

Soymilk (n=9) 27 83.6 1.697 29.03

27 722 1.781 22.76

23 65.4 1.754 21.26

23 789 1.8 24.35

29 79.7 1.736 26.45

Mean 24.44 70.44 1.74 23.24

20 56.6 1.664 20.44

21 56.2 1.551 23.36

21 484 1529 20.70

| Female 21 54 1.556 22.30

Soymilk | o) 2 59.3 1635 2218

2 525 1625 19.88

20 63.1 1.647 23.26

24 489 1.63 18.40

Mean 21.38 55.73 1.60 21.32

% 634 1.731 22.83

27 776 1.743 25.54

23 72.8 1.817 22.05

23 669 1.699 23.18

Soymilk | (179 % 726 172 2454

21 68.1 1.794 21.16

22 86.9 1717 29.48

28 90.4 1.756 29.32

Mean 24.33 75.26 1.74 24.80

21 55.8 1615 21.39

22 51.7 159 20.30

20 486 1612 1870

Fermented | Female 22 43.8 1.573 17.70

_ 20 532 1.593 20.96

soymik | (n78) 2 514 1586 20.43

21 59.4 1582 23.73

21 62.2 1.624 23.58

Mean 21.13 53.26 1.60 20.85
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Table 4. Chemical (A) and isoflavone (B) of soymilk and fermented soymilk
(A)

Soymilk, per 100ml Fermented soymilk, per 150 ml

Energy 55 Kcal 140 Kcal
Carbohydrate 4 g 28 g
Dietary fiber 0.7g 3 g

Oligosacharides 270 mg 277
Calcium 50 mg 145 mg
Fat 3g 2g
Protein 3g 3g
Sodium 110 mg 171 mg
(B)
Soymilk, per 190ml Fermented soymilk, per 150 ml

Daidzin 8.51 3.71

Glycitin 0.31 0.05

Genistin 11.44 3.54

subtotal 20.26 7.31

Malonyl daidzin 2.54 2.64
Malonyl glycitin - 0.11
Malonyl genistin 5.80 0.35

subtotal 8.34 6.25
Acetyl daidzin 0.35 0.03
Acetyl glycitin - 0.01
Acetyl genistin 0.65 0.01

subtotal 1.00 0.05

Daidzein 0.20 0.29

Glycitein - 0.01

Genistein 0.13 1.19

sutotal 0.33 1.49

Total 29.93 15.10
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a: Daidzin, b: Glycitin, c: Genistin, d:
E M-daidzein, e: M—glycitin, f: A-glycitin, g:

Il daidzein, h: Glycitein, i : Genistein

Fig 5. HPLC chromatogram of isoflavone standards. Isoflavones were

detected at 280nm.
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Table 5. Isoflavone contents of soybean and legumes

Content (mg/g)

Samples Conjugated Aglycones

TOTAL
Daidzin Glycitin Genistin Daidzein Glycitein Genistein

sovbean 1y g3 157 001 008 022 381
(Daewon)
soybean ;65 039 102 001 002 010 218
(Anheung)
Soybean 5o o9 (50 002 002 006  1.20
(Poongsan)
Soybean

156 112 294 007 002 012 583
(Aga-kong)

Kidney bean 000 000 000 000 00l 002  0.03
(Zﬁfl‘l’lynti’fla{gng) 042 002 311 000 000 007  3.67
Red bean 000 000 000 000 000 000  0.00
Mungbean 000 000 000 000 000 000  0.00

Soy germ 779  6.15 2.29 0.53 0.69 0.15 17.60

Alfalfa 0.00  0.01 0.00 0.00 0.00 0.01 0.13
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Table 6. Inhibitory activities of methanolic extracts of soybean and legumes

against carbohydrate-digesting enzymes and pancreatic lipase

% Inhibitory Activity

Sample
(methanolic a-amylase” a-glucosidase? a-glucosidase® P?ﬁ)c;:: fic
extract) (from porcine i
pancreas) (from yeast) (from rat intestine) (fr.om porcine
intestine)
Soybean 5,100 0466 + 1019 300 + 449 5366 + 1.80
(Daewon)
Soybean B B 30.08 +
(Anheung) 944 + 6.26 711 £ 4.85 4.38 + 3.01 10.66
Soybean 15.17 + B 68.33 +
(Poongsan) 2.29 1666 = 622 241 = 119 1092
Soybean 36.49 +
(Aga-kong) 302 296 + 7.69 206 = 273 60.20 £13.10
) -4.36 +
Kidney bean 163 -10.35 £ 491 6.68 £ 415 6784 + 5.23
Soybean -0.71 + B B
(Zinuni-kong) 0.82 9.12 +6 52 412 + 536 1841 + 3.76
10.90 =
Red bean 0.42 -658 + 1540 -392 + 348 60.94 + 1.38
10.90 +
Mungbean 6.13 1448 + 1.84 -11.75 + 405 58.05 + 3.17
047 +
Soy germ 396 -16.16 + 326 1546 + 372 5282 + 1.22
Alfalfa 4313 + 164 -3259 + 3.69 722 + 372 6462 +0 .13

1), 2), 3) Sample conc : 0.5 mg/m¢, 4)sample conc : 0.25 mg/me,

5) Values are means+SD

- 160 -



Table 7. Inhibitory activities of water extracts of soybean and legumes

against carbohydrate-digesting enzymes and pancreatic lipase

% Inhibitory activity

Sample : :
» a-glucosidase® FPancreatic

(Water ext.) o amylase? a-glucosidase lipase?
(from yeast) -(from_rat (from porcine
intestine) intestinal)
Soybean 7966777 2375 + 653 1463 + 215 3884 + 095
(Daewon)
Soybean 0. 364 702 244 1253 + 281 965 + 1168
(Anheung)
Soybean - gong . 512 1852 £ 389 813 + 215 79.99 + 365
(Poongsan)
Sovbean - ooo) 443 3892 + 331 190 + 094 8329 + 398
(Aga-kong)

Kidney bean 14.11 + 2.90 19.62 £ 2.56 1995 + 1.84 -14.70 £ 8.16

I+

Soybean i -0 o0 954+ 087 434 + 448 1718 + 1355
(Zinuni-kong)
Red bean 961 + 227 1254 + 399 1810 « 1.06 5263 + 750

Mungbean -390 £ 2.08 8.52 £ 2.65 1856 + 526  40.26 £ 13.80
Soy germ 4581 + 1204 4965 £ 1.28 -1.36 £ 5.88 8795 £ 1.24

Alfalfa -54.19 £ 1096 464 + 896 -6.78 £ 2.86 61.58 £ 4.20

1), 2), 3) Sample conc : 0.5 mg/ml, 4)sample conc : 0.25 mg/ml

5) Values are meanstSD
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Fig. 6. Inhibitory activities of isoflavones against alpha-amylase and
alpha-glucosidase.

1) Bars, Mean + SD of triplicate data points.
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Fig. 7. Inhibitory activities of isoflavones against porcine pancreatic lipase.

Bars, Mean £ SD of triplicate data points.
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Fig 8. Effect of soy isoflavones on differentiation of 3T3 L1 cells in the
presence of insulin. (A), Morphology of fat cell as stained by Oil-O red. (B),
The values were calculated as a % of control cells treated with DMSO as a

vehicle and expressed as the mean + SD of triplicate experiments.
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Fig 9. Effect of isoflavones on glucose uptake by differentiated 3T3-L1 cells.
1) The values were calculated as a % of control cells treated with DMSO

as a vehicle and expressed as the mean = SD of triplicate experiments.
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Fig. 10. Effect of isoflavones on the expression of PPARy as assessed by
real-time PCR and semi-quantitative RT-PCR. The values were calculated
as a % of control cells treated with DMSO as a vehicle and expressed as

the mean £ SD of triplicate experiments.
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Fig. 11. Effect of isoflavones on glucose tolerance in streptozotocin—induced
diabetic mice. At the 2nd week of the experimental period, the mice were
administered with glucose solution (0.2 g/ 100 g B.W. and the plasma
glucose was determined at 0, 30, 60, 90, 120 min after glucose load. The
blood glucose value with an asterisk indicates significant difference between
control diabetic mice and equol-treated diabetic mice as analyzed by paired

t-test(¥p<0.05)
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Table 8. Efect of isoflavone intake on liver and body weight of STZ-induced

diabetic mice

Initial body Final body Liver
Group weight weight weight
(g) (g) (g)
Normal 371 + 1.3" 378 + 2.1™ 146 + 0.29™
Normal+
37.8 + 2.4™ 378 + 15" 148 + 0.20™
Equol (100mg/kg) !
Diabetic 987 + 4.6™ 295 + 45" 1.20 + 0.36
Diabetic+ 285 + 5.0™ 984 + 4.8 1.08 + 047"

Equol (100mg/kg)

1) The value with

an asterisk is significantly different from that

control diabetic mice as analyzed by paired t-test (¥p<0.05)

2) Each value represents the mean * S.D. of 14 measurements
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Fig. 12. Effect of equol on blood glucose levels of normal and diabetic mice
at 0 and 7th day of experiment. The value with an asterisk is significantly
different from that of control diabetic mice as analyzed by paired t-—test
(xp<0.05).
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EZYAME=(TG; total triglyceride)ol m[X]+= ATFS 2ol 7] &l HExF (2
07284 177, o7 (207 244 17%8S dde= JAALHES A8, A
HAIZE 0ol iﬂﬁéé}oﬂgﬂi = $aTFHE 1Y 400 m¥ 10¢€7F A3
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Table 9. Effect of soymilk and fermented soymilk intakes on serum

cholesterol and triacylglycerol levels in human subjects

L A %
serum TG 104.43 + 40.71™ 124.27 + 27.73
Soymilk
serum TC 133.32 + 19.19™ 1314 + 19.24
serum TG 100.77 + 28.75" 12472 + 26.83
Fermented
Soymilk
serum TC 140.12 + 19.55 133.31 £ 15.12

1) The value with an asterisk is significantly different from each other as
assessed by paired t-test (*P<0.05)

2) Each value represents the mean £ S.D. (n=17)
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foaAY B

Ne

2597}

| 2ERZNY wWE oyA #F A= oAy AAE (Wadelr 1975,
Rovyet et al; 1977, Chai et al; 1999, Geary et al; 2001)o] 2]&] o|n] H 1T
Rom, ol AE nigow Hnt 9 Yo #dE 3 G4S UEdE
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Hol = Hrlsl A3, daidzein® equold glucose uptakeE: ZZ13t=

WA genisteine A FAS eI

v, WA E 73kl fedo] 7212 PPAR-y9| WA EE RT-PCR¥ real-time
PCRE &3 #2443 A3}, daidzein¥} equold A LdS X3t Wi,

genisteine HHS AA = Ao 2 el

A, STZZ Fid duAzrer AAAFHAA equols FoIzk 23, s
(Oral glucose tolerance) & 7§AsteE Aoz yelgon, 23 24315 g
Fo] FFAHAY For FEHJAL.

ZF. STZZ =% A<t AJAHANA equol AFAIZIHEA ddHstE
zZHelk Az 7dA0l = ddo] G484 #AaEd o, AAHe I
= v XA FEaed)

W FHAHAY 109 400 mDE FF AANEA FFL mA A Rahs
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2. 4EA Jd2ERZA FH 249 4 2 F5H}

AFAIFAES] H3E= phytoestrogens A& ®ASH] flste] F, =,
2 c)

o] isoflavones® TFS AL, FE2& oA 43

Aoz yelygon, =% & 58 isoflavones o] HAE3IA o]dtel

Uebsth o]lAEeE e Astaad A S AT 29, EEEY Ave
= €

AWkE (9, F2h, ob7bol &t opdebAl AMajEde] Hlaw A Eokom, wEE
FEE e ot %%0] 0.5 mg/ml FEoA ool a}A = 2k
shoith. g A EoAe AS T, 8, 429, A 7o B FEEY A
& FEE B 60%°]°39 lﬁ‘% AL wock

4 2AdE AT7EE ¥ G4

o H o]aZEt o]l q-amylase 3] AL 0.05 mg/mlBEolA genistein,
daidzein, equole] Z+7ZF 65.13, 50,98, 6.57 % AL Ve o q

-glucosidased] gt A3 AL vHluwd e Aoz vYeldtt #F lipase &
2 Aol M= A SR equole] FA YERRE W, 25 pg/ml =AM
Ao z7¢ Orlistat (A Aoz A}LF T Y= lipase A3NA)S v s
S o, 50 % AEY HnZ =L AIJPLAHL B O} genistein? daidzeind
Aajgdo] g e Zlo 2 YERTh

G AZ2E F genistein, daidzein, equole] A H-A

F Foll FfEo A= o
= S #BAT A3 100 uM FXEoA genisteino] A HHAE
F o} daidzein¥ equole A HMA|E FE3} A

dgo] dEHA ki o35 Frleks AdFE Bl
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ST Ao R UbEigon, B3 ol IFEES] e L&A Ao
2 Yelgt}. 33, genisteine 238 FYH S =2 glucose uptakeES A dF=
Aoz ey, daidzein® equole Wi FE ndGZd Fso] oAHE wE
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W, genisteine HFFS AA6lE AR F8&E F 9L Aoz oaHET
3, AR o] A ZEd osle] MEWRE glucose uptake’} X
wgl XA Ee] E3-F% (adipogenesis)® H3o] z1& PPAR-yo HHa
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International symposium and annual meeting of the Korean Society of
Food Science and Nutrition, Gangwon-do (YongPyong Resort), Oct
19-21, 2005, p 494.

Az2d B dA7FE3e] 2843

Phytoestrogens ©| &3 7|54 A% /IES 98] £ A5 AAE & &
Y 7les #d VIYE 9 AFEAER IRFoEA VA dFLRaAFY
st Bop AebAeln g&A o R HAE F ARE AHAHQ =¥9E T 9
Golth. 58], Fe qFEo A= oAe Vs =4 T AsxEa Tl duEE
enistein - WEFFHHE AF Aol diste] FArig 2 MU= 7IHA
3 AstE 9 JdoE AS I Blojnt. weh FEdndgdo] e A
o AHE equols U FHirsts AlFEe] Jio] degh Aow dddHT. 2
Aol = equols HHFo R A= F59 Awe FAsA HEiid o) &
T #H A7 FUHA R olFH Ao & Floltt. 53] equol tivE B Ay
Hd AE dieles G4% A 3lo], equol FHr AIF AFHTES g

(e}

=
< Ao oiddEn. A A SR Qleto] 1 of 1/34&xte] Fo]

=, o5 J15AE Al A%t 44NN AsAE vel wEI equoleltt of
d% YRS FReE AFL HAFE Aol HFAR Ao B oluB
NEH ARES FREE ABAL O Baye Fudn ok ¥ Al
PR APAs 2 AT F4 9 AT ANES Fa) Aol sz Hold,
dA el B A W L GrE J1e 5 Astddel 35 Aeloly A%

Moz U #EADA £ HAE Jdd B & doele AFAn w3 2
Aol A gAE #E 2 Ve 54 Bl 2SS HdHoR o A4 A
Foxm o]gd & glo] (dBEe], FAFFES AFAR B8 1 eI} 2
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H 6 & AFMUnHEoM et of 2zt

gq45

Il

7=

o] AZHE wdA F syl daidzine daidzein, dihydrodaidzein % 7] E}
MES AA equolE tiAbE F Sledl HEAS AT AAES BY equol A
A=A e b FFEY EFAQA gl 93t zoew FAAY Hur &
(2000) ©] X3k Clostridium sp. Dtrain HGH6S Abghe] EHo 2R E &3
T2 daidzeinol A dihydrodaidzein®. = #A3+S 7le3tA IR R o] 7]
equolZ9] WSS APA7|x] e AoR HUFHJT. mI o HF
dihydrodaidzein®l A tetradihydrodaidzein &= 2] Wkg3} o] 7oA equolz 3T
= W AP 7 Fete Ao HuHAY. HZ, Wang & (2005)°] K
gk Julong 7329 A4E AR EWlelA EEl® FFR daidzeinol A
dihydrodaidzein % tetradihydrodaidzein®. = 2] HAZE A|7|#A] HEal= wd
dihydrodaidzein % tetradihydrodaidzein®. 245-€ (S)-equol2¢] A& 7153
Ao g2 HAET Decroos & (20052 Lactobacillus mucosas, Enterococcus
faecium, Finegoldia magna, 123l Veillonella sp.& ©]&3lo] equol A o %
s < = ols #FE GdTFE o] &S Wy I #FE EFet
of o]&3tAE Woll= equole]l BAHA o UHE BT St THEAIA

% equol Aol AT R} o]+ daidzine ZHE Al FE =
AdH equol A FAL et dFRUE oY dFE EFste] wgA 23
Ao %‘Oi‘é T Atk= S AAbE E=Th

sHH, o]l g equol A FFELS oY 7 wi g A wel 1 A 5
Aol gk 7% =1 Decroos 5 (2005)8 propionate, butyrate & 7}7} equol
A FZA 7] ¥ acetate] H7F= equol S Aol HaskS T
3 fructo-oligosaccarides (DP10)e] 7} wjx ol A= daidzein® %71 & %

o2 7AE+E WA dihydrodaidzein, O-DMA, % equole A EH A vt B

o
[

3k, ®3 Lactobacillus mucosas, Enterococcus faecium, Finegoldia
magna, “L2]3l Veillonella sp.& &3 wYste A5, Ta7F2 273k A
daidzein A= A ¥ 12 dihydrodaidzein thAboll &= ddko] glE ¥HH equol
A3E UM AL okt ole et A AvEE o MRS £& LB
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58 3 E A7 2 phytoestrogen &3S
o]t} (Pyo et al., 2005; Chien et al.,

= E}—riﬂ lactic acid bacteria®] &%
Kol

o]t daidzein ¥} genistein® A} 3} A
22 &5 M w5 stdeg s 1 FRdd wel #E 540 E}iﬂ] ‘Jr‘i‘r‘éL L
olyze}l 170 5 o] 5 =

= H
=42 wu ur BgH ARE AAL

LEERIE g Foa7] mEel ol A
EEE T4 wRdl Qo AF AZe] /54 FH L A MY ge
318 Q7] 98 BORE A&Hom AEd Ao FZHh of olE, E
g E Fo Pzl Wal Sol B3 ATEE RIAAT (Wang 2006).

1o

&3, equol AT TS 7Hx Abgo] e f1@AIEe] Sl
A~W3Z  2-hydroxyestrogens (2-hydroxyestradiol + 2-hydroxyestrone)d} 16
alpha- hydroxyestrone (2:160HE(1)2] H|E Y= ZHo=z HuFYEY
probiotics®] AHE E3AME equol BAS F7HANINAE Eote Aoz e
U (Nettleton, 2005) vg] FHEo]d equol =& ©o] AES IqF3tE AFS A3
st Blo] e 7sds AR o8 F AE wEA WRelgt T

d 1

Z= At} kA equol B0l 753 o i)

-
of\
=2

S~

>,
o
=2,
-9,
ofo
et
4
oA
i
Jm

- 190 -



M7 F

[t
o

=]

Adams JM, Ways of dying: multiple pathways to apoptosis. Genes Dev, 17,
2481-2495 (2003)

Ahmad N, Feyes DK, Nieminen AL, Agarwal R, Mukhtar H, Green tea
constituent epigallocatechin—3—-gallate and induction of apoptosis and cell
cycle arrest in human carcinoma cells. J Natl Cancer Inst, 89, 1831-6
(1997)

Angeles, A. G., Marth, E. H., Growth and activity of lactic—acid bacteria in
soymilk. J Milk. Food Technol. 34(1): 30-36 (1971).

AOAC. Official Methods of Analysis, 14th ed. Washington, D.C.: Association
of Official Analytical Chemists, U.S.A.(1984).

Arai, 1., Amagaya, S., Komatsu, Y. and Okada, M.: Improving effects of the
extracts from Eugenia uniflora on hyperglycemia and hypertriglyceridemia
in mice. J Ethnopharmacol 68:301-314 (1999)

Atkinson C, Frankenfeld CL, Lampe JW. Gut bacterial metabolism of the soy
isoflavone daidzein: exploring the relevance to human health. Exp Biol
Med (Maywood). 230(3):155-70 (2005)

Atkinson, C., Berman, S., Humbert, O., Lampe, J. W. In vitro incubation of
human feces with daidzein and antibiotics suggests interindividual
differences in the bacteria responsible for equol production. J. Nutr. 134:
596-599 (2004).

Bazuine M., van den Broek P.J.,, Maassen, J.A., Genistein directly inhibits
GLUT4-mediated glucose uptake in 3T3-L1 adipocytes. Biochem. Biophys.
Res. Commun. 326(2):511-514 (2005).

Belancic, A., Gunata, Z., Vallier, M. J., and Agosin, E.: B-glucosidase from
the grape native yeast Debrayomyces  vanrijiae; purification,
characterization, and its effect on monoterpene content of a muscat grape
juice. Agricul. Food Chem. 51:1453 (2003)

Benson AM, Hunkeler M]J, Talalay P., Increase of NAD(P)H Quinone

- 191 -



reductase by dietary antioxidants: Possible role in protection against
carcinogenesis and toxicity. Proc Nat. Acad Sci, 77, 5216-5520 (1980)

Bhathena, S. ]J., Velasquez, M. T., Beneficial role of dietary phytoestrogens in
obesity and diabetes. Am. J. Clin. Nutr. 76(6): 1191-201 (2002).

Borriello SP, Setchell KDR, Axelson M, Lawson AM. Production and
Metabolism of liganans by the human faecal flora, J Appli Bacterial, 58,
37-3 (1985)

Cai, L., Li, W. Wang, G. Guo, L. Jiang, Y. Kang, Y. ],
Hyperglycemia—-induced apoptosis in mouse myocardium: mitochondrial
cytochrome C-mediated caspase-3 activation pathway. Diabetes 51:
1938-1948 (2002).

Cassidy A. Plant Oestrogens and their relation to hormanal status in women,
Doctoral thesis, Cambridge University Cambridge UK (1991)

Chai JK, Blaha V, Meguid MM, Laviano A, Yang Z, Varma M, Use of
orichiectomy and testosterone replacement to explore meal
number—-to—meal size relationship in male rats. Am J Physiol, 276,
R1366-1373 (1999)

Chang, Y.C., Nair, M.G., Metabolites of daidzein and genistein and their
biological activities. J. Natural Products 58:1901-1905 (1995).

Chmouliovsky L, Habicht F, James RW, Lehmann T, Campana A, Golay A,
Beneficial effect of hormone replacement therapy on weight loss in obese
menopausal women. Maturitas, 32, 147-153 (1999)

Choi, Y. B.,, Woo, J. G., Noh, W. S., Hydrolysis of B-glucosidase bonds of
1soflaovne conjugates in the lactic acid fermentation of soy milk. Kor. ]J.
Food Sci. Technol. 31(1):189-195 (1999).

Church, F. C.,, Meyers, S. P., and Srinivasan, V.R.. Isolation and
characterization of alpha—galactosidase from Pichia guilliermondii, p.
339-348. InL. A. Underkofler and M. L. Wulf (ed.), Developments in
industrial microbiology, vol. 21. Lubrecht & Cramer, Arlington, Va. (1980).

De Long M]J, Prochaska H]J, Talalay P. Induction of NAD(P)H:quinone

- 192 -



reductase in murine hepatoma cells by phenolic antioxidants, azo dyes,
and other chemoprotectors: A model system for the study of
anticarcinogens. Proc. Natl. Acad Sci, 787-791 (1986)

Decroos, K., Vanhemmens, S., Cattoir, S., Boon, N., Verstraete, W. Isolation
and characterization of an equol-producing mixed microbial culture from a
human faecal sample and its activity under gastrointestinal conditions.
Arch. Microbiol. 183:45-55 (2005).

Edwards YH, Potter J, Hopkinson DA, Human FAD-dependent NADPH
diaphorase, Biochem J, 187, 429-436 (1980)

Fu J, Gaetani S, Oveisi F, Lo Verme ], Serrano A, Rodriguez De Fonseca F,
Rosengarth A, Luecke H, Di Giacomo B, Tarzia G, Piomelli D.
Oleylethanolamide regulates feeding and body weight through activation of
the nuclear receptor PPAR-alpha. Nature 425(6953):90-3 (2003)

Garcia LA, Pfaff GM, Schumacher MC, Walker AM, Hoffmeister H,
Replacement estrogen use and body mass index. Epidemiology, 1, 219-223
(1990)

Geary N, Asarian L. Estradiol increases glucagon’s satiating potency in
ovariectomized rats. Am J Physiol, 281, R, 1290-194 (2001)

Harp, J. B., New insights into inhibitors of adipogenesis. Curr Opin Lipidol.
15(3):303-307 (2004).

Hatano T, Kagawa H, Yasuhara T, Okuda T. Two new flavonoids and other
constituents in licrorice root: their relative astringency and radical
scavenging effects. Chem Pharm Bull 36, 2090-2097 (1988).

Homma H, Kuracho NY, Takeda T, Yamamoto T, Adachi K, Morishige K,
Ohmichi M, Matsuzawa Y, Murata Y. Estrogen suppresses transcriptiop of
lipoprotein lipase gene. Existence of a unique estrogen response element
od the lipoprotein lipase promoter, J Biol Chem, 275, 11404-11411 (2000)

Hur, H. G., Lay ]Jr., J. O., Beger, R. D., Freeman, J. P., Rafii, F. Isolation of
human intestinal bacteria metabolizing the natural isoflavone glycosides
daidzin and genistin. Arch. Microbiol. 174: 422-428 (2000).

Hwang, J. T., Park, 1. J., Shin, J. I, Lee, Y. K,, Lee, S. K., Baik, H. W., Ha,

- 193 -



J., Park, O. J. Genistein, EGCG, and capsaicin inhibit adipocyte
differentiation process via activating AMP-activated protein Kkinase.
Biochem. Biophys. Res. Commun. 338(2):694-9 (2005).

Igbal M, Okada S. Induction of NAD(P)H:quinone reductase by probucol: a
possible mechanism for protection against chemical carcinogenesis and
toxicity. Pharm. & Toxi. 93, 259-263 (2003)

Jeon, K. S, Ji, G. E.,, Hwang, I. K., Assay of PB-glucosidase activity of
bifidobacteria and the hydrolysis of isoflavone glycosides by
Bifidobacterium sp. Int-57 in soymilk fermentation. J. Microbiol.
Biotechnol. 12(1):8-13 (2002).

Joannou GE, Kelly GE, Reeder AY, Waring MA, Nelson C. A Urinary profile
study od dietary phytoestrogen. The identification and mode of metabolism
of new isoflavones, J steroid Biochem, 54, 167-184 (1995)

Jones MEE, Thorburn AW, Britt KL, Hewitt KN, Weford N G., Proietto J, Oz
OK, Leury B]J, Robertson KM, Yqo S, Simson ER, Aromarase—deficient
(ArKO) mice have a phenotype of increased adiposity. Proc. Natl. Acad.
Sci. USA, 97, 12735-12740 (2000)

Kang, Park HC, Kim W], Park SD, Cheon ], Characterization of Grape Seed
Oil, ke F bFtarst, 41, 8 (1998)

Kano, T., Usami, Y., Adachi, T., Tatematsu, M. and Hirano, K.: Inhibition of
purified human sucrase and isomaltase by ethanolamine derivatives. Biol
Pharm Bull 19: 341-344 (1996)

Keller H, Givel F, Perroud M, Wahi W, Signal cross—talk between peroxisome
proliferator-activated receptor/ retinoid x receptor and estrogen receptor
through estrogen receptor estrogen response elements, Mol, 9, 794-804
(1995)

Kenneth DS, Linda ZN, Jinnan C, James EH, Isoflavone content of infant
formulas and the metabolic fate of these phytoestrogens in early life, Am
J Clin Nutr, 1453-1461 (1998)

Kim, J.-S.,, Kwon, C-S, and Son, K. H.: Inhibition of alpha-glucosidase and
amylase by luteolin, a flavonoid. Biosci Biotechnol Biochem 64:2458-2461

- 194 -



(2000a)

Kim, S., Sohn, I, Lee, Y. S, Lee, Y. S., Hepatic gene expression profiles are
altered by genistein supplementation in mice with diet-induced obesity. J
Nutr 135(1):33-41 (2005).

Kudou S, Fluery Y, Welti D, Magnolato D, Uchida T, Kitamura K, Okaubo
K, Malonyl isoflavone glycosides in soybean seeds(glycine max Merrill),
Agric Biol Chem, 55, 2227-2233 (1991)

Kuiper JM, Carrson B, Grandien K, Enmark E, Haggblad J, Nilsson S,
Gustafsson JA. Comparison of the ligand binding specificity and transcript
tissue distribution of estrogen receptoers alpha and beta, Endocrinology,
139, 4252-4257 (1997)

LeBlanc, J. G., Garro, M. S, and de Giori, G. S.. Effect of pH on
Lactobacillus fermentum growth, raffinose removal, a-galactosidase
activity and fermentation products. Appl. Microbiol. Biotechnol. 65:
119-123 (2004)

Lee W. Wattenberg. Chemoprevention of cancer. Cancer Res. 45 (1985)

Miao W, Hu L, Kandouz M and Batist G. Oltipraz is a bifunctional inducer
activating both phase I and phase II drug-metabolizing enzymes via the
xenobiotic responsive element. Mol Pharm, 64, 346-354 (2003)

Mital, B. K., Steinkraus, K. H. Utilization of oilogosaccharides by lactic acid
bacteria during fermentation of soymilk. J. Food Sci. 40: 114-118 (1975).
Mosmann T. Rapid colorimetric assay for cellular growth and survival:
application to proliferation and cytotoxicity assays. ] Immunol Methods,

65, 55-63 (1983)

Na HH, Beak SY, Han SB, Bok JY, J. Korea Agri. Chem. Soc, 35, 272-275
(1992)

Nettleton JA, Greany KA, Thomas W, Wangen KE, Adlercreutz H, Kurzer
MS. The effect of soy consumption on the urinary 2:16-hydroxyestrone
ratio in postmenopausal women depends on equol production status but is
not influenced by probiotic consumption. J Nutr. 135(3):603-8. (2005)

Nho CH, Jeffery E. The synergistic upregulation of phase II detoxification

- 195 -



enzymes by glucosinolate break down products in cruciferus vegetables.
Toxi and App pharm., 174, 146-152 (2001)

Okazaki, R, Inoue, D, Shibata, M, Saika, M, Kido, S, Ooka, H, Tomiyama, H,
Sakamoto, Y, Matsumoto, T, Estrogen promoters early osteoblast
differentiation and inhibits adipocyte differentiation in mouse bone marrow
stromal cell line that express estrogen receptor a or (. Endocrinology,
143, 2349-2356 (2002)

Rafii, F., Davis, C., Park, M., Heinze, T. M. Beger, R. Variations in
metabolism of the soy isoflavonoid daidzein by human intestinal
microfloras from different individuals. Arch. Microbiol. 180:11-16 (2003).

Sathyamoorthy, N., and Wang, T.T.Y.: Differential effects of dietary
phyto—estrogens daidzein and equol on human breast cancer MCF-7 cells.
Eur. J. Cancer 33:2384-2389 (1997).

Setchell, K. D. R. and Adlercreutz, H. : Mammalian lignans and
phytoestrogens: recent studies on their formation, metabolism, and
biological role in health and disease, p. 315-345. In Rowland I. R. (ed.),
role of the gut flora in toxicity and cancer. Academic Press, London,
United Kingdom.

Shin, E. S, Cho, S. Y, Lee, E. H, Lee, S. ], Chang, I. S, Lee, T. R,
Positive regulation of hepatic carnitine palmitoyl transferase 1A (CPT1A)
activities by soy isoflavones and L-carnitine. Eur J Nutr. 2005 Dec 20
(online press).

Silvestroni, A., Connes C., Sesma, F., De Giori G. S. Piard J. C.;:
Characterization of the melA locus for a-galactosidase in Lactobacillus
plantarum. Appl. Environ. Microbiol. 68: 5464-5471 (2002)

Singleton VL, Rossi JA. Colorimetry of total phenolics  with
phophomolybdic-phosphotungstic acid reagents. Am J Enol Vitic 16,
144-158 (1965).

Surh Y. Molecular mechanisms of chemopreventive effects of selected dietary
and medicinal phenolic substances. Mut Res, 428, 305-327 (1999)

Talalay P. Mechanisms of induction of enzymes that protect against chemical

- 196 -



carcinogenesis. Adv Enzy Regul, 28, 237-250 (1989)

Tchernof A, Calles—Escandon J, Sites CK, Poehlman ET, Menopause, central
body fatness, and insulin resistance: effects of hormone-replacement
therapy, Artery Dis, 9, 503-511 (1998)

Vedula, U., Schnitzer-Polokoff, R. and Tulp, O.L.: The effect of acarbose on
the food intake, weight gain, and adiposity of LA/N-cp rats. Comp
Biochem Physiol A 100:477-482 (1991)

Wade GN, Some effects of ovarian hormones on food intake and body weight
in female rats. J] Comp Physiol Psychol, 88, 183-193 (1975)

Wade, G.N., Gray, J.M. Gonadal effects on food intake and adiposity; A
metaboic hypothesis. Physiol Behav, 22, 258-593 (1979)

Wang ], Song Y, Elsherif L, Song Z, Zhou G, Prabhu SD, Saari JT, Cai L.
Cardiac metallothionein induction plays the major role in the prevention of
diabetic cardiomyopathy by zinc supplementation. Circulation 113(4):
544-54 (2006).

Wang, X. L., Hur, H G, Lee, J. H, Kim, K. T, and Kim, S. L
Enantioselective synthesis of S—equol from dihydrodaidzein by a newly
isolated anaerobic human intestinal bacterium. Appl. Environ. Microbiol.
71: 214-219 (2005)

Wang, Y. C,, Yu, R. C. and Chou, C. C. (2006) Antioxidative activities of
soymilk fermented with Ilactic acid bacteria and bifidobacteria. Food
Microbiol. 23, 128-135.

Wang, Y. C., Yu, R. C, Yang, H. Y., Chou, C. C., Sugar and acid contents
in soymilk fermented with lactic acid bacteria alone or simultaneously
with bifidobacteria. Food Microbiol. 20(3): 333-338 (2003).

Watanabe, J., Kawabata, J., Kurihara, H. and Niki, R.: Isolation and
identification of alpha-glucosidase inhibitors from Tochu- cha (Eucommia
ulmoides). Biosci Biotechnol Biochem 61:177-178 (1997)

Wing RR, Matthews KA, Weight gain at the time of menopause, Arch Int
Med, 151, 97-120 (1991)

Yang GY, Liao, Kim, KH, Yurkow, EJ, Yang, CS. Inhibition of growth and

- 197 -



induction of apoptosis in human cancer cell lines by tea polyphenols.
Carcinogenesis, 19, 611-6 (1998)
Yen GC, Chen HY. Antioxidant activity of various tea extracta in relation to

their antimutagenicity. J Agric Food Chem 43, 27-32 (1995).

- 198 -



N

ATE ML EL

o

ol = BHEA| SB RN

St
=

Eva
ar

E

of 2iM &S ¢

2.

10k

[

3. =7t

of & L ct.

4SO M =

Htxx cc = o
=1 LT o

=




	식물성 에스트로젠 함유 체중 조절용 발효식품의 개발
	요 약 문
	목 차
	제 1 장 연구개발 과제의 개요
	제 2 장 국내외 기술개발 현황
	제 3 장 연구개발수행 내용 및 결과
	제 1 절 식물성 에스트로젠 함유 요구르트 개발
	1. β-Glucosidase 고역가 균주선발 및 동정
	2. 두유제조 및 두유에서의 생육특성
	3. 두유 발효에 의한 isoflavone 함량 변화
	4. 대두 발효유의 equol 함량 분석
	5. 새로운 균주 탐색
	6. 체중 조절용 발효 식품 개발을 위한 연구 계획
	7. 혼합 발효를 통한 대두유 품질 개선
	8. 난소화성 올리고당 분해 균주를 이용한 두유 발효
	9. α-Gal+ 균주와 β-Glu+균주의 혼합 비율에 따른 발효두유 특성

	10. 대량 발효
	11. 발효 대두유의 관능성 및 기능성 개선 방법
	12. 발효 대두유의 관능검사

	제 2 절. 식물성 에스트로젠 소재탐색 및 효능평가: 연구방법
	1. 두과 작물의 추출물의 항비만 및 항당뇨 효과
	2. 이소플라본의 항비만 및 항당뇨 활성
	3. 인체실험
	4. 자료분석

	제 3 절 식물성에스트로젠 소재탐색 및 효능평가: 연구결과
	1. 두류 및 두과식물, 콩가공부산물의 항비만 및 항당뇨 활성
	2. 이소플라본의 항비만 및 항당뇨 활성

	제 4 절 결론 및 제언
	1. 식물성 에스트로젠 함유 요구르트 개발
	2. 식물성 에스트로젠 함유 소재의 탐색 및 효능평가


	제 4 장 목표달성도 및 관련분야에의 기여도
	제 1 절 목표달성도
	제 2 절 관련 분야의 기여도

	제 5 장 연구개발결과의 활용계획
	제 1 절 본 연구로부터 발생된 업적
	제 2 절 본 연구결과의 활용계획

	제 6 장 연구개발과정에서 수집한 해외과학기술정보
	제 7 장 참고문헌



