Rt @525 FTRELERS SR A7
AL 2

Graduate Institute of Food Science and Technology

College of Bioresources and Agriculture

National Taiwan University

Master Thesis

fﬁ_
B

NS

T ¢ HIRFAFEL I i 27

Effect of barley malt on the antioxidative properties of

black soymilk fermented by lactic acid bacteria
% AP R
Hsiang-Y1 Chang

4n R SO ‘)"v‘?%’?iﬁ 4
Advisor: Roch-Chui Yu, Ph.D.

P ER R 104 £ T

July 2015



>t

R

E#FIpFEREFFHRE LI E BT L2 27 2 BIF  uRE 7
FEL= IR A 0 AEEFAT LR E D BB BE L EAL
L iE2 ¥ X ap R AEEpae 3EF LG P AE S ake o A%
Rl FABET N cmv AR KRR R L A F

E:D
e
4
p;

DFR R E - - el “&%E‘*Fﬁﬁiéﬁ?g P BB T s I T FL
2P SHTERETE % MG B A L H R HR02PF %A X X
A - L R0 e 5 P OB PIR AR TR S 21 0 4 hir 52 5§
TR RS B ABYE R RS R A GHE - E- g |

Wit F B A ] G ORETERE AR PR RIE 2T G5
2

-

BRECALORFRETUFER L S IR A UFE P R

FEETE 0 K B R2022 (S a0 F BRFaE B o AR E A~ 4 R EHE S MR

)

RAE» A7 LASR LI N v K BE PR202:02 L ehf G AB 2T R X 20

his

F_k
M
P22

AR S S WIS LN S R i ST -

N~

FEOE R AL TR AWM F) 2 E S hfp e e irisRiF] 0 AT
THEE AR P2 L A FlEMR I A LT G IEE > AR &K 2 %

SRR BRI AP R T2 BB LR IR

E-y

FEHR20450% X~ A 0 FIE 2 FR o B S P- AS R %R T
o BRALEELFE PP e F o R - AR I T RE LA |
BHEER20404 B s R E AN T EapFiE L 4 PR 0 07 e AN (Fes o RN

BT ORFHRE AR FRIDABEORE > AL FE RN FE(RF) ) B

i



THER A acall ot B A piE o P HEIGE YN TGS ﬂF’rs A sl =
7T PERELI AR R R R R F R L S O
XA AARL A EAUSS P T o B G TR R T FE o~ T ke AR -
G40 ﬂwﬁ,gw4fzﬁfﬁ,@ﬁw%§%%w, Az kB e d - Bi%
F A4F Pk E e R RARR SRR A S A A Y B R pRE
ﬁﬂﬁ@?i%@?ﬁ%?ﬁ’%ﬁ%ﬁﬂ@ﬁ%#ﬂﬁ%’ AR R R A
Wipr o e kP BaR ko ;;—giz,l (hR=x); S |

BB 1 g e WAL RGBT F R GFIRE ok R AL A
WAAREFP P R R AR -mEE AP REDGERR

C B AR BRI Y 4 TR A RE R E R R

AtS

¥
NP RE R 2 MEE R T coverih B RA KR B AT 4y

Bk Fiy DPEALTEFSRI TN G 2 Jae FHE M ERED T &
FRS B4 AN L FTFHR G w2 {80 B P ookt oz e {les > %S

BE P B e fept o e SR R T B R B AR % A A
Rk AT P G EBARS AR BEAFOEE L B AP G
B R R E BB P ~QQ S o p e AR F A ey o
P LRGSR H RGO LA MR F AR -

BB ERIPDINNRE BB LT ABEHNERFLE LS B
BB REF F LB FRAERTE - kF oA B2 R[EE -2 R R £
TRFE T3 -Apo 4 AR IEPRIFALLER > - ot R

A ARFFGARGEA - AT RSP A EROL EHRE . BA R

-—\\

2R A REIE R AL o BERA PR L LA E AL e LA
Bl 2 AR SEIEEE o L BRE P A R

Ti#&tb%v‘/;%ﬁ@ﬁxfﬁé RA TR ORNTEFE SRR CRFEE AP
R d- B ondidh o MIRGRAR > A g Y 4 B

il



B E £

~ # 7 f1 * Sreptococcus thermophilus BCRC 13869 ¥  Lactobacillus
acidophilus BCRC 10695 % fi¥ 2. & 4» Ford Bt bl [0.5%2 1.0% (W/V)] 2 % be
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Abstract

In this study, black soymilk contained barley malt fermented with Streptococcus
thermophilus BCRC 13869 and Lactobacillus acidophilus BCRC 10695 were
investigated for the behaviors of starter organisms and the functional components
including total phenolic content, total flavonoid content and anthocyanins content
during fermentation. The antioxidative activities (DPPH radical-scavenging ability, Fe**
- chelating ability, reducing power and Trolox equivalent antioxidant capacity) of
fermented black soymilk were also examined. The results showed that fermented black
soymilk with barley malt significant increased (p<0.05) compared with fermented black
soymilk without barley malt on viable count and titratable acidity. Final viable count of
fermented black soymilk with barley malt was 8.41 Log CFU/mL after 48 h
fermentation. Furthermore, it was found that the content of total phenolic, total
flavonoid increased at the initial period of fermentation, then decreased during further
fermentation, but fermented black soymilk with barley malt still had higher amounts of
phenolic compounds than fermented black soymilk without barley malt after 48 h
fermentation. In addition, the antioxidative activities [DPPH radical-scavenging ability,
Fe’™ - chelating ability, reducing power and Trolox equivalent antioxidant capacity
(TEAC)] of fermented black soymilk with barley malt increased significantly (p<0.05).
Black soymilk with barley malt fermented with S. thermophilus BCRC 13869 showed
the highest antioxidative activities among other fermented black soymilk. These results
revealed that barley malt could enhance the antioxidative activities of fermented black

soymilk.

Key words: black soymilk, barley malt, lactic acid bacteria, antioxidative activity
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ATEM > otE B L R M Y RS 2R $if tiv 4 (Chenetal,

1998; Wilson et al., 2007; Rho et al., 2009) > & & P|FF[F <~ w F A I % o R g

Fi e BEBA Y TE T F A A B R R R SR T R

~

pd AVRELReRE PG el FiEF “ 2 LDLehy o KT ET 2
SRR B A~ FuroR o B Ao % 2 3% 2 (Singh and Aggarwal,
1995; Lee et al., 2005; Astadi et al., 2009) -

FPRALAMYEY ERDE I F AL HE T RAFEE i glucoside 2
NBEFAZETE R F aglycone A5V R § A 2 £ (4 0 2004; Chien et al,. 2006) -
@ Lee et al. (2015) 4 Streptococcus thermophilus S10 iF 5 ¥ - FA<% 4 » Lacto-
bacillus acidophilus ATCC 4356 £ 4 iR & A ff 2 e > RSB T CF F PR
B4 FRE2 e pH EF BF T % (p<0.05) > & ¥ jF T ek P I A F = H 4
(p<0.05) > A7 2 e g £ pFL K 2 AT 5 5E 24 [ PihgpE > HEERE

w2 g5 £ DPPH 4 bk 4 459 BT S #% (p<0.05) > 7 3 £L¥ -
FlFee AUR & FpEt AR L 2 B L dF VR 2 2 AR B-glucosid-
ase e F A o3 2 e aglycone N2 BRI E o RARIBE ST
* & (Leeetal., 2015) -

+ % (Hordeumvulgare) = MR Fpni & Rl X 3 5 A2 A B2
REREATH L @- HRRAfR - AT TR L e S FHAT » 1% FRH
Bt fde A ot bl 2§ 5 S EFRS AT L2 KA TR EmRgt
EF R 2 s 'LHE“7/FJ£’ﬁPNb<§@/J‘E“;‘?i‘a EH A B
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& (Blacksoybean) AR fi: 2R 218 S A B2 2 A EFE
LAaE e 754 (Papilionaceae) s < B S - EA X A
G

lycine max (L) Merr. o 2+ E£5d P RH2 2 /A ZF 222 (%d F F)

LR € EMF 0 2000)c 1255 TAEHD R 2B A ARIOF  F
PR ~HESEF g 4 o A mae 8 o

K AIL a2 2 25-F %y 85 97 30~42%k kv F-d 18 fir=
AR > B¢ AR iy 8 0 Alanine (21.9%) ~ Glutamic acid
(18.35%) ~ Argimine (17.91%) ~ Serine (15.45%) % Asparagine (8.34%) % - &_24+
e dew T AR (SR A2 FTHE > 1998) 0 B kv 2 02k
CARFIE FF S AEEN S 4ot X3 L B (Rho etal, 2009) ~ *F X5 P PE TR 2
a7 £ (Wilsonetal., 2007) ~ 2% it 5t # (Chenetal., 1998) :&m & F|FE 5 & n
B P Bk TR R

r’{—,‘!

lﬂ\

2 ks BB 18% 0 M A Ao iapt b A 0 H ¢ PEAR REE R 1L A
B2 I Frib i (Linolenic acid) 7z £ & 5 » ¥ MUEPEFfR 2 A 32 " Mn B3 F it
Bo2oaiEds 28% MER T EBEE RBLE S TG T RAEYELE

KEB A REERE AR RE RS AT 1998) 2 dn E9 8.6%
FORGEH 3 AFE AR AL Ao PR TR 0 2 G I FRE R SR

4R 4F g L4 R B (Morishita and Konishi, 1994) » s 305 - 2452 4%
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Fouwgh¥ H "Mu RAFRE > HWRNEFTF Fe (o 1995) -

2R A EGAYEE FAEY B2 (T o AR EH A2 &% (Riberio and
Salvadori, 2003) > & % 7 4§ “FEMEF Fa ki 4 T 4oied 2 E~8 % -
PRAE TF 345 CEEP T 2P M F EVaAF A AR YN B
EO R - EFRA R RAEY A E e F 0 R B L A (Lasztity et
al., 1998) ; fpa Rl & 3 #igf L~ ok 225 ~ Frd| g3 24 % 7 >z (Singh and
Aggarwal, 1995; Lee et al., 2005) - 22 fdd ¥ “1% 7 hivf 24 - AL % 4 ¥
AT el 2k o I f’#’l’\ pd ANFELFERY M GE S prdrg iy 2
LDL 9§ it » Tt § 2 40 5 % 508 § e 6% (Astadi etal., 2009) 7
LR R % E M (Aparicio-Fernandez et al., 2005) ; Takahata et al. (2001) B 27 F &
fAisfad2zdig s O FRUBARIEFNIE Ry Lt REB AL
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¥ 158 46 2> 2 eautgpEFERL 205 A FEEERFRF L 65 A4
Jpld w2 EMAY S EEE S RS 290 myg o E A E B A 0 0.45 me/g o

~ 2 X BFhEEEF Ty 0 # ¢ 2 Genistein {r Daidzein 2 3 0 7 5 fEA
2R S AR AR e U SRR VAo B AR DR e A R e 51 L
2 pEA (aglycones) £ R ez £ 0 /B R F M2 1 * 5 (Cederroth et al.,
2009) - BE S FHF N T E A AT BT R ERRE R
BORA LA s FE R EIEY L S R ’gﬁfﬁam’?}i (Hsu et al.,
2003) - & ¥ #74 (angiogenesis) &g > ELHFENERFE o AL FA ALK

F]+ (Vascular Endothelial Growth Factor, VEGF) &34 & & ¢ R72 Bl 4
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(Folkman, 2003) - Guo et al. (2007) #%=% ¢ 4 7% 5-50um HE § fr =¥ il e
VEGF z 3% A7 A %% N & %% (Human Umbilical Vein Endothelial Cells,
HUVEC) 4 & > &5 2 4drdla ¢ H 2 (antiangiogenic) HiT* » F] @ iy L E717E
B o
N T
faug i & 4 (phenolic compounds) & iZ4 & a3t ? > Ef - Hp 1 &
S A RHAY A AL BT ¥ - BAEKB OH A 4% ¢ P HHE
EAEEA T 2 B AR L2 14 &4 (Bravo, 1998) iz it 24P 5 UL~ BE B
T EEARMRLIASY A &apesEt £ 4 (King and Young, 1999) « 11 7® 3‘{* HE
miﬁ%%LW%éﬁﬁugﬂo
1 %5
i i 2 **}?" 3 IS BRI S C6-C3-C6L.§$—f§’ K i A~C%2 B o

- REF M ¥ L2 RHE A H (Karakaya, 2004) » * R 7 A L k4
(flavones) ~ & fi f% % (flavonols) ~ & *=f %8 (flavanones) ~ & "= f##f (flavanols) ~
£ 3 fr 58 (isoflavones) ~ + =k it %f (flavanonols) % f=4 % #f (anthocyanins) - 3§

A&y LEM KRB 342 SR H 3 hOH AdcP  (Van Acker
etal, 1996)~C Heh2 3 B I T g% 4 8@ X335 h3 50
(Pictta, 2000) * {54 ¥ 5% b § B 5 G2 FHR G A PLE o P g

TP ECRRRH FIMAEEZOESHGEEMR G N o SR A4
PP R MOBEAMER 2 2 IEE s dodrg 1o Fg L PR E B R

(Soobrattee et al., 2005; Pedreschi et al., 2006) -
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Table 1. The subgroups of flavonoids

Main
structure Flavonoids Chemical structure Samples

Cinencetin, nobiletin,
tangeritin,
isocinencitin, luteolin,
apigenin

CsC3C¢ Flavones

FLAVONES

Flavonols @ Quercetin, kaempferol
e

(o]

OH

FLAVONOLS

Flavanones : Hesperidin, naringenin
Q.
g

[+]

FLAVANONES
Flavanols (+)-catechin,
(catechins) (—)-epicatechin,
(+)-gallocatechin,
(—)-epigallocatechin
CATECHINS
Anthocyanins Peonidin, delfinidin,
petunidin, cyanidin
Isoflavones Daidzein, genistein
Chalcones Phloretin, arbutin,
chalconaringenin
Chalcones
(Karakaya, 2004)



FFAEEE RS Y FRehd 3 R 3N iTA 2 ERY AR
FDTRIR FIFAATS ARARBZRI F o FCFEEARRRTITERT R
BEd o bldcizd s EFd 44 X (Alexandra Pazmifio-Durén et al., 2001) = % = 5 =
FEALA ARt LR 5H S - FR[Afe- 7§ H[CIH - [CIREE- 3%

[B]14 #%-midit % (Castafieda-Ovando et al., 2009) 1= & St B~ A o472 pEP~
RABE BRNA A S SR FE L EEAY DT E (Bl-) ¢ ARET
41 % cyanidin-3-monoglucoside £ delphinidin-3-monoglucoside % petunidin-3-gluco

-side (Choung et al., 2001) -

A& A - &P & LY S E o T (Giusti and Wrolstad, 2003) - # & 214
RIFFFRFIRE bldcpHE ~ BRIV B ‘L’h& ] SR A PR B

v 2 & AT o3 e (Rein, 2005)c % pH & 5 1 - i § % B1E € e flavylium
cation @ % 3Rz d ; pH & /13 2~4 2 B » 7§ % %1 ¢ %+ quinoidal blue i& @
FIES ;pH E /> 5~6 pF - B ¥ » carbinol pseudobase {r chalcone & IR &

¢ 5 FpH>T > CF B g B ANTEfR
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Table 2. Structural identification of anthocyanidins (aglycons)

General anthocyanins structure

Name Abbreviations Substitution pattern Colour

Ry Ry Ry Ry Rs R Ry
Apigeninidin Ap H OH H OH H OH H
Arrabidin Ab H H OH OH H OH OMe NR?
Aurantinidin Au OH OH OH OH H OH H
Capensinidin (p OH OMe H OH OMe OH OMe Blue-red
Carajurin 4] H H OH OH H Ome OMe NR?
Cyanidin Cy OH OH H OH OH OH H Orange-red
Delphinidin Dp OH OH H OH OH OH OH Blue-red
Europinidin Eu OH OMe H OH OMe OH OH Blue-red
Hirsutidin Hs OH OH H OMe OMe OH OMe Blue-red
3'-HydroxyAb 3'0HAb H H OH OH OH OH OMe NR!
6-HydroxyCy 60HCy OH OH OH OH OH OH OH Red
6-HydroxyDp 60HDp OH OH OH OH OH OH OH Blue-red
6-HydroxyPg 60HPg OH OH OH OH H OH H NR?
Luteolin Lt H OH H OH OH OH H
Malvidin My OH OH H OH OMe OH OMe Blue-red
5-MethylCy 5-MCy OH OMe H OH OH OH H Orange-red
Pelargonicin Pg OH OH H OH H OH H
Peonidin Pn OH OH H OH OMe OH H Orange-red
Petunidin Pt OH OH H OH OMe OH OH Blue-red
Pulchellidin Pl OH OMe H OH OH OH OH Blue-red
Riccionidin A RiA OH H OH OH H OH H NR?
Rosinidin Rs OH OH H OMe OMe OH H Red
Tricetinidin Tr H OH H OH OH OH OH Red

¢ N.R: not reported.

(Castaneda-Ovando et al., 2009)



Bl- ~2efd? oFRL 50
Figure 1. Chemical structures of anthocyanins in seed coats of black soybean.
Delphinidin-3-glucoside (1, R;=0OH, R,=O0H); cyanidin-3-glucoside (2,
R;=O0H, R,=H); petunidin-3-glucoside (3, R{=0OCH;, R,=O0OH).
(Choung et al., 2001)



+ ¢ (barley) ¥ % % Hordeum wvulgare =~ & S P L & Al W $
(malting) 2. p cha ~ $5iEze ~FF&m g2~ FpEF 0 g Ry F
R A EAE S o S o “,f kAo RAER F 2 FESFA 2 Fl= (Bamforth,
2009) 2~ B 2 F O AAAA ¥ LR G W BEA fREE R 9 T A fEEEE 2
BoAs 2R R

=~ e BEA & & A L B-glucan ® AL F 0 £ 5 arabinoxylan {r protein’ §
% f1* B-glucanase fv pentosanase 4 f# + & 'w?e k&> = »x2t§ 25 ¥ (Scheffler and
Bamforth, 2005) » i $ fn % Bk A A b A f2 4 iR B0 TR i SRS 2 0 A
~ %5 7 3 428 40 f4 endopeptidase » ¥ 4L~ #F = cysteine- ~ metallo- ~ aspartic v
serine proteinases (Jones, 2005) o

A FER R G TREXSFTOAERA A FT ARG KRG

& fEF%% 5 o-amylase ~ f-amylase 2 limit dextrinase > a-amylase ¥ 12 P-i# v B 52

UTls e (I>4)- o dE 4> A2 R 25 & L aueit | B-amylase @ 2538 s &
ook f2A 4 & 7 4% limit dextrinase P 2_4 f2 (1—-6)- a MH 4 R AL
HokfzA 4 S > ik B-amylase B 4 f2 2 & T4 (Sancho etal., 1999) - # 3
RIS N F e 1.5%:h+ $ 5 VR E Y M Tl R %R (Helland et al.,

2004) » g BT L I RIS AR F T R bk R 2 R o



Wall
Endo-B-1,3-1,4-glucanase
Endo-B-1,3-glucanase
Endo-B-1,4-glucanase
Xylanase
Arabinofuranosidase
Feruloyl esterase
Acetoxylan esterase

Starch Carboxypeptidase

o-Amylase Exo-B-glucanases

B-Amylase B-glucosidases

Limit dext.rlnase Protein

o-Glucosidase Endo-peptidase

Carboxypeptidase
Lipids Lipase Polyphenols Peroxidase

Lipoxygenase
Hydroperoxide lyase Thiols Thiol oxidase
Hydroperoxide isomerase
Hydrase

(Bamforth, 2009)
Bl= ~* 5 E K53

Figure 2. Key enzymes from malt
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¥ 2 p#] (Probiotics) # FimpT2 p % "> “forlife" > LipH2 &7 F (F %+
2005) ° 1960 # ;& £ 2. Bi ¥ b %5 8 ¥z pe2 4 8 &4 Richard Parker - 4p$f73t ¢
B 2t 24 F (antibioties) B~ ¢ i 4 & 1F* 25 * F# H (protect
of biotics = probiotics) (Gomes €t al., 1999) > B 4] % 5:E = BRI g2 £ 2
24 4] (probiosis) i Hig p FEOT G W LA kR GEY R 2
g4 it 8% (Kopp-Hoolihan, 2001) - &2 Fz T & R b s> bR TR 5 -
R CE RN 5 g 65 4 £ 2 A4 # (Lilly and Stillwell, 1965) 0 &
G5 F AP L (50 d 1989 & Fuller #-3 %k 5 - fBF5d v RA 22 &
Prstgiiacey p AT AL 3 IR EL F A %4 (Fuller, 1989)» 5 34 Fs

R ALELF M- RAPAR R BELHASTRY a8 Ly
E R

.m]-

Eye
(Salminen et al., 1999) -

12 2 A2 #1122 255

Rypi & Wira 2 B ¥ 25 (Food and Agriculture Organization, FAO) % ' #

fF2 =% (World Health Organization, WHO) 2 & 2% F 2 & » " #&P~ L 3q 7% i

B2

G

.E!-\}

AR hE A, > AR AIAEE LUSEEEL BB

-

(Butel, 2014)° 5 % /5 A R » 50 ARG T F 2 F P Frdlded 2 LD
Y2 R e 38 Fe g ho g 2 ¥E# > I P %58 (colonization) R EEMmrE b 4 £ oo o=

BE L BREH FIAEEE S FARE § - B Ao B kR D AR HEE

/

PER LU A MY e D s e A A REP T HROE R E S R
ARBIEPS X TP RRET L5 B sc* & (Gibson and Rohafroid, 1995; Lee

and Salminen, 1995) -
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Gt FAEF bl LB P LB 451 LA R L

<l

B2 EB 4r RSV AN RAR R AR I fopr s P AR B G pF
FEEIPE SRR ER TS R AR 2 A4~ B iR
¥ 2 F % ¥Pp ¥ (Lee and Salminen, 1995) ¢ fe 5 if 4r 1 F % 2 45> 72 % B 47
BEMTTRERIEAR TN EFARIAAET R I FASEP L FRLAL
Z-REENBENGEISA R N REFLG F 2t 02 kA 52 WAee
PEHB R A AR A4 (Hulletal, 1992) - 2 5 % L2 ¥ 2 Ffa4F (Saad

etal., 2013) -

12



2z ~F L2 F2 AR

Table 3. Microorganisms used as probiotics

Lactobacillus

Bifidobacterium

Other lactic acid bacteria

Other

L. acidophilus
L. casei
L. crispatus

L. curvatus

L. delbrueckii
L. farciminis
L. fermentum
L. gasseri

L. johnsonii
L. paracasei
L. plantarum
L. reuteri

L. rhamnosus

B. adolescentis
B. animalis
B. bifidum

B. breve

B. infantis

B. lactis

B. longum

B. thermophilum

Enterococcus faecium
Lactococcus lactis
Leuconstoc mesenteroides
Pediococcus acidilactici
Streptococcus thermophilis

Streptococcus diacetylactis
Streptococcus intermedius

Escherichia coli
strain Nissle
Saccharomyces
cerevisae
Saccharomyces
bourlardii

13
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E2ALIHERAREL AN HANN T AR B SHE
By ) FE ST $HA L6 ocE (Scheinbach, 1998) - + 4P § ~ £
TAFSE2 FRO N0 T JIE 4 RS rB 4R F i 4 F0 i ¢ (Bouhnik etal,
1996) - 5 > BREEAMHEM 2 HE 0 PG E R L2 FE O A
FIh kT gz A&~ Pl d A F &~ " g 2 et & F ) i s (Gibson et al,
2000) °
(2) "% Pk M F R

Fukushima % 4 (1999) I Ha ¥4 pe R P a8 F 2 g R

ERAESFLF o Harrison % 4 (1975) # % - & p &8 % Lactobacillus

*f—\lt

acidophilus 5+ 2 72 52 # & i @ PEFPGM B o BB ARRIE 2 0 R
ERRRZ Ay A fh 0 - EFVRFE G ER KRR > T RIER LR @ IFRETE
BRgh i i 4 b2 s iea g SEEEE S BT (Begleyetal,2006); ¥ - fa 5 £
4 Fliore W SR RRAEY > SRy p GPEFEE (Pereira et al., 2002) o
B) A a LA
MR EAFAZIAEAAEH R B AL G SPEF M 0 e BT OLNE P
(peptidoglycan) > # 4 f% 2 ¥ muramyl peptide ¥ % L 5 fa 4 1L iE > ¢ wiz 2 2
w7 Frk & a A & LA F & (Zubillagaetal., 2001)- ¥ 5 #7 7 4 ) Bifidobacterium
longum £ oligodeoxynucleotide & F #r4| Th2 (T helper type 2) & 7|2 L& F &

(Takahashi et al., 2006) -

14



(4) $e5
FALHY SRR AL FRE R P A BESIRE R FRAHL
FFR S e N Ao ek 0 A it 4 (Pienizetal., 2014) > A

e

o LT R
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(10) ©)

Stimulation of the Treatment and prevention of
immune response acute diarrhoea by rotaviruses

(1) @)

Increase of the lactose Restoration of the normal
tolerance and digestion intestinal microflora after
antibiotic therapy
Positive influence in the Production of the B
intestinal microflora <+— _ —> vitamins (folic acid)

(3) (6)
Reduction of Reduction of ammonia and
intestinal pH other toxic compounds

(4) 5)

Improvement of the

intestinal functioning Cholesterol reduction

(Prado et al., 2008)
W=~ 54 A2 Bk sx

Figure 3. Probiotic beneficial effects on human health
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\ﬂ

F e 7 (Lactic acid bacteria, LAB) Edpic fI* skt £+ A2 S 2 fe2L lm
AfEz 0 BT 2% 2 8 % 7 (GRAS) (Gibson and Rohafroid, 1995) - # 4~ 54 &
Bt BRER S (RS EANYE) BFHEAN D 1980 E - HIEE
7 Lactobacillus ~ Leuconostoc ~ Pediococcus ~ Streptococcus % = B » B & chit ik
7+ ¢ 4% Bifidobacterium £ Sporolactobacillus & B > 2 1992 # {5 d & &z 3
4v & Lactobacillus ~ Carnobacterium ~ Weissella ~ Oenococcus ~ Atophobium ~
Enterococcus- Lactococcus- Vagococcus-~ Tetragenococcus- Leuconostoc ~ Sreptococcus ~
Pediococcus % 12 o ¥ A+ 2 HareH - 1 1999 # 12 * K= > 16
Mo BATH 2 o A & ikdp DNA Ap {29 tDNA B 7]t $4p i de i 2 4 4> 3
(3% > 2001) -

FPRALIFABER AT EERE f Soorolactobacillus z_ #F » % 2
AR IEFZFRF AR R ARORT B8 RAR S PRFLS A
222 AR ZEAL T AL WY LI (catalase) 2w d F

-

BRI TR IRRTAE ) 2R

~
s
<
-
1
&
=
=
o
=i
o
N
FIS
ANY
3
el
4w
=
.
¥
ey
P

FHRAT 22 ENRERE ] FHRF F (F 0 1998) ¢

WA R R

FREFRABEALET A R EATE R RS S F (Lactobacillus spp.)
2 B2 % 7 (Bifidobacterium) 2. 2 b F/ - R B FF & Y F - F0 R TR
2 AR (550 2001) 0 FEEARAIRICE BEAF 2R T A SR AF AR
(homolactic fermentation) % & 4|4 % (heterolactic fermentation) * i f7] > % # 54
RiEH B kit &4 A 25 AL (pyruvate) S0 E 3% & = 5 90~100% Ftp% -
H FHk ¢ 4530 > Lactobacillus spp. ~ Lactococcus spp. » Pediococcus spp. » Streptococcus

spp. ~ Tetragenococcus spp.* Vagococcus spp. & 5 @ {8 ﬁ CHEfRIEF A 4 X 45~50%
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D omE SR ¢ T S d PRELAR f2f5 17 % (phosphoketolase) © A 2 iE4riFpE & =
Frprde 245 0 2 HE e % Bifidobacterium spp. ~ Carnobacterium spp. ~ % i
Lactobacillus spp. ~ Leuconostoc spp. ~ Oenococcus spp.%2 Weissella spp.& (5 »

1998) -

EAE A F AP BER LR hE 4 F

TS

FPRAPH LS SR E LD G
Eﬁ% o ¥ ﬁgpﬂmﬁ R AN S R E:]#B S REBE IR 2 RNGIER = IRe
(Parvez et al., 2006) -

(1) #EE Ate

%mﬁé%ﬁw#ﬁﬁﬁiﬁ’%éaw&gﬁ;g@ﬁmw;gn%@&
FlEEL g 0 A AR BEA I EE o E TPk ISR R Rtk
(Parvez et al., 2000) - 3% % Rk H &4 R %ET > R SCREFATEFE RS T §
P e (LR A R AF TG S ¥R FIACTLR - Y SRR
FORF RS LR el Ul A L E (G 0 2008) o
(2) LD e

FPRACDFIEEEOFIY TASDLEF BE T AP WAL
@&%wg&ﬁi&ﬁ@’%@%&ﬁWFWM%%F@(mmm£m®°%ﬁﬁ
E T e E it anig 4 0 @R IgA kR A BV AL p-FHEEIELA

& Fudrd| R enAs < (Paturi et al., 2007) -
(3) e

e 427 @g (lactose intolerance) H_d >t A R8%5 iE P 4k 7 U 4Efs (lactase) > &
EA RIS BAA R H B R A RPN FAEAL F WA B 0
FRFEER FREEAL B EEET RS Y DR R 0 SO EE
g RGP IEB AR s L X M AR B-galactosidase 4 £ i 2 e

b B st (Heyman, 2000) o §f& 75 "2 B R fRAE 2 51 7 & PE AR (5 4 =

18



2 % & 3178 (deconjugated bile acid) # F4 = » & N #A 4 7 L FUE R FS
¥ 'E M P2 FAE (Liong and Shah, 2005) o FU & 7 MOBEAR T A B T dARg i
fé > E #r4| Hydroxymethylglutaric (HMG)-CoA reductase 2. 7& % » & m e P& ] b
& 2 (Limetal, 2004) o 5% 747 & 2 ﬁ?b‘}’“f@z}?ﬁ%"—f@# FrHMESES pH BB

BAFRrH T AL L& B0 KRB (carcinogeus)  "F K+ % g2 (Rafter,

PRI - A SR e B B FREE LA A I kA P

FRRETRRATY L g A s EE T AL BRR R~ B A i S

BAFRAPER>TE: 2 TR s REFHT (BE L 2004) 0 FAEERY
B2 v igd RPRERA 2y P RAUSEF 5 A (scavenger) ~ P te

§ prdr404| (lipoxygenase inhibitors) - £ ff # & #| (metal chelating agent) %
(Ishikawa, 1992); gt ¢t » @ F-¢ e oW 5 F] S jicd e F iv* @ 4 2 2 5 fng
itz 4 & (Murakami, 1984) -

Lee et al. (2015) ™ Streptococcus thermophilus S10 i® % ¥ - FE=% 4c » Lacto-
bacillus acidophilus ATCC 4356 i* 5 iR & Fpe# i 2 24> B r ¥ F PR
B 2 e pH B BF T (p<0.05) 0 @ ¥ AL R P A B B 4
(p<0.05) » Bl T4 3us R oA ¢ N2 £ 2 AT 0 538 24 ] R pR
BEAEPL RS E2 DPPH 4 Aihi ¢ 313 BFE A4 (p<0.05) - 7
WA H - FpeS UR G FRET AR B LG Ry M

Chien et al. (2000) 73t & W3 pr:E42 7 £ R it 7 £ 2 P-glucosidase /& 142 %
VA B R PR S e Ap vt o 3 FE B 40 glucoside A5 B F Ak 2 £ "% 0 @ aglycone

55 B 7 B RIEFH 4 (p<0.05) - #77 4p h aglycone 75 5% £ 5 Akt glucoside
AN EE L L 42 aglycone )58 B pk B 5 ¢ e iF vk P (Izumi et

al., 2000) - BRI HRAFHEL e FIE N FRESE  LRAFEMS
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B-glucosidase /=248 F + = > ¢ (¥ aglycone A5 £ % ik 7 £ 5 F # *r (Lee et al.,
2015) -

I ~Fi 0% 2 g b2 PJH R

1 pd RAEK

pd A (freeradical) 23 - B 5 B2 IFTFIPRF ~ A F S @S
(Halliwell and Gutteridge, 1985) » & ** 42 A2 > B it FHF A 300 MR £
Tkl F RBRAB A TR EHREMIALAFTNT I I IH o A ET
EC ARG RBELT T OL TR ERE I Fla L ATapd Ko FRE

B RER R € 24 F & (chainreaction) & { Fpd KA gt
BT -Sidsa o a2 PpH? 32 weapgd (Halliwell et al.,
1992) -

2. pd AR
(1) #1% (Reactive oxygen species, ROS)

5‘5‘1}%"7‘; AP N2 BEREAF OV RA LTI
a. 42 % £33 (Superoxide anion, O;)

EEF A2 2 pd A FIMEP RARMT F Bisal 5 oimre dugiRe 0 % g
AT ARFBRI LI F AL EY P Efra Fopd A& 2
PRRiE S BE 3 2 (Halliwell, 1994) «

b. % i* & (Hydrogen peroxide, H>O,)

A FIRP R T F Biida FeE e R ARY B A 2 AT A > LAy
Flsismd Sz g% > 5§ “ 4 @ Bm%e g & imie N i 2 4F &
i~ cp d A& (Ahsanetal., 2003) -

c. 3 % pd & (Hydroxyl radical, OH")

<

FlRe bt AP S s 1B S R PR AR EHE (ROS) iS4 4 o i AR A
R LR S AR L IR AN SR ALt S ER R
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L k- & DNA X% (Ahsanetal. 2003) -
d. ¥ # i % (Singlet oxygen, '0,)

HE ity 7% 77 q?ﬁ‘j; Lo~ SkATIV RN g (TR ,’}_*)5 o T @A o mie

Dt

BRBTE MM g RMP AR A A2 X R E RN A S R AR
x5 8gg 4 v (Halliwell, 1994) »
e. ¥ % "y (lipid peroxidation, ROO")

BF LA ) AT A 3 Ao R R A B A P
Pi-HAM@EEe pd Lo 434 Ep - fF (malondialdehyde, MDA) % 3 % 2
FEAF > 212 PR Y ehded F RS DNA F g 0 i&a slactii A p (Halliwell,
1994) -

(2) #M% (Reactive nitrogen species, RNS)

RNS & 0ug 53¢ w2 3F s+ ¥ L2 ERE A+ e35- 3 14§ (nitric
oxide, NO) ~ = ¥ i* § (nitric dioxide, NO,) ~ % LA AL+ & (Wiseman and
Halliwell, 1996) -

-3 ity &d -3 1§ &2 (nitric oxide synthase, NOS) #- L-arginine ##
% & L-citrulline pFf#3c 3 k e> @ 5o NOS #5342 & 4 5 eNOS (endothelial) ~ nNOS
(neuronal) % iNOS (inducible) > H ¥ eNOS 2 nNOS &_p X3 &3t A P > & INOS
PlEgEp 5 B 5 &~ & LA B &5 it (Nathan and Hibbs Jr, 1991) » e _i%
o F T FVARNHEAMRAET > BRFHRES §2 AEF TAAKRES
(peroxynitrite, ONOO") » ** pH 7.4 pF) X 15§ “ ol fik > @ 8§ “FIfk € 3 79 v
2 P FriEE it e 2 A 53190 (Przedborski et al., 1996) -
3pd Az iEr s

o RS b ApERY 2 B F A BB G- R2Amity e
ARVAGAMEN CECREIPENIE 0 4 R TE R EY &2 ATP &

WA S8 00F M THF LS A S O A M R SRR
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BB LT TRESCEF o Bt AR ALY o LRI AR
PR B oA RS T 1Y BeiEr 33 H0, 10y O e f
BRI F e > T HE LR BEERY (U5 1994) o

THEIPREPZF R AR TERE  EFE A A REE D A
i Y #%‘ru{7 HAv o deid AP pd S pd Ao T fgj‘)]'}}?ﬁ;lﬁ;f& ) ﬁ_;
F it &4 (oxidative stress) o m?e £ H & & il 5 pd KA BEF T OFAT
ErcH R o PR EEE o2~ F LG T (oxidative damage)
BRI LHER o FREL L BRRCRE A EF AN B R
BB & L E (Kehrer, 1993) -

WE P AR Tl A oy AR > A d o - h §
itA;=ig3% i pd A (peroxylradical) ¥ 2 iEF it ¥ (hydroperoxide) > 514 & 4 &
Jeit mie Wi L B MR Ty PP ENE R F B SRR (Iof S
fg) > @ F % & F9 (low density lipoprotein, LDL)A) = % i+ 3] i< L
(oxidized LDL) » F1E wiiim¥e @ % -8 = > 4 25 2) 2 2k w? (foam cell) » 344

fde PR RE F A A g ik (fatty streak) o 182 &+ #% afi R AT it (Cybulsky and Gimbrone,
1991) » Pl p o pEz g 2% * kg (TP il F 42K 2 4o (Niedernhofer et al.,
2003) -

pd AR T3 it GT e apfhy Foirsst AR R e - &
S [F CAFRE RS PREAREE S A AT F ko T Rk
o R SEEEAE AR Ry FREREY WA BSIFARs
(Stadtman, 1992) -

4. FL§ LR TTF A4
B R AR FF BRI BT AR R AES A EER
e om0 Flt e F Ry AR 2 L pd AT ek e

TOEMME S AR K2 g A e dnF AR RS e ) AR
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gt o FiMpd JOER ~ ¥R K2t &5 (Halliwell etal., 1995) -
41 p o A% 73] (Freeradical terminator)

AR o Bedng A 0 BT 410 & B A pod AR st B
G F ¢ ol g9 F (propagation) o gt AFfLF A A SR EY 0 T EF
BEH OV RNGIAIOERF O RETILIL DA AL ST AP
A NE RN o R F i (7 (Giese, 1996) 0 & 57 F Rehied % B
BHA ~ BHT ‘% Jf 4 o
42 B RAl§ ‘}%‘,ﬁ?ﬂ (Reducing agent or oxygen scavengers)

iﬂ%ﬁ“ﬁ g B Ay VB Ry 4 RPEgly o BIEH P AN BELT R
FEFRF RS o RE- BB RREDRS > BRe K L 2EF oo
B FLITH (T o LRy VBT G ook RAZF AT a3 pd A By
pd AEF pd AN2bpd Apenifs g B4 J‘M%"féi%iéf“ I Ry e )
e Ae4n % 4o § I F i T2 i 4 (Namiki, 1990)° %573 104 7 f% (tocopherol
)~ okip iR s e fo gt Pk (glutathione, GSH) %4145 2 o d 2 (&%
WEAANF L RRF BRI
4.3 H £ 1 § $r4]# (Singlet oxygen inhibitor)

PeAEFeAI A 2 & Rk E £ 6§ (Singletoxygen, 'Oy) @ FrAIkF iV E o ¥

Reng B By % > HickeF (lycopene) ~ = ¢ # "% (triethylamine) % > # ¢ B-
PRI FS AN VR BRI vARE il LA F RS

v pd & (ROO-) fe* » 254 & % £ =ik fis ¢ carbon-central radical » 7= ¥ ;%%fd i n
"ff BF E Dy gtk (B g 0 1998) -

4.4 & B & &% (Chelating agent)

]

ad & &g £ BT 5 b Dziezak (1986) 45 & %@ & B4 ¢
i Mt 0.1 ppm P G AviE T HF t2avd o B MBS 2 ApapS 2 g

Vs o RETFLE A AP A B ek o R FHRE G- AR TS
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HoTHERAL KLY A MARERD AT EY L EARF 2
7 B4og ¥4 (citric acid) ~ F#f& (phosphoric acid) 2 EDTA % ¢ b 5 -
45 5 i*f¢% (Antioxidative enzyme)

ROARF P ML P EAARE PR - R RS
E2 A ¥V U i"‘f A E o ¢ A F B it fF (superoxide dismutase, SOD) ~ jff 4
(catalase, CAT) ~ $5 %4 *XiF ¥ i* p* (glutathione peroxidase, GSHPx) % - SOD % 4+
FHA PR LTS - ik S 442 SOD L& 5 At TAE
S8 > 7482 SOD 1 & 5 AR A > 7482 SOD Rl 5 e AP AP E %
P o 3 By R RALF MR 2iEF L i (Kazzaz et al,, 1996) ; CAT 5 &t
i W Y2 FABAE ROV B B Y4 A fE-kfrd (Chanceetal., 1979) ;
GSHPX;{%@ BRAETGSH ¥ i 5 3 ©* 57 GSSG ™ %“f:@i ta e RRNE

Wyt fes EF t P (MEEE 0 1998) -

46 * RFLy LA

o
“
A

>
b

i

l-r'

o)

o

>

oy
an

—
[7.

D

)

¢

™

-

=

R

A

/H

aP

?\_.

\A

g

»}

BHA % BHT ¥ i #3555 % (Imida, 1983)> 8 (8 & $ 2§ #|chd 2408 3 F
oo XRARIF VM2 p ARG A LR E LS SR B8 FE
FE-AE 3 FABFEREREFRE2IF M p e vd g
PRRAESEREFT FERTF R R REFR) B BB (B2 FCh 8

4 % E) & (Shimadaetal., 1992) -
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$RBEH
AETHEHGF A FTHNPRFALLE MY L AU BB RS 2
PEDLHE AP T LAl ed A A@EITRIRATY 2 AT
HURAFEALAEL > DR SRFL R R By P20 e
F B A FRA A Lactobacillus acidophilus BCRC 10695 %2 Streptococcus
thermophilus BCRC 13869 & 5\ ik 74 W& 7 2 & % fif > lo’f be R kR 2 4§
FERRRBRERERIBEALLIEA YR LA L B2 AR AE

HE PR R TR ANIRERF AL F RN B4

)
Jan

ST HEMBRLAT R AL L AR R R
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Black soybean washed and soaked

overnight, then homogenized with ddH,O

ags

[ Mixed with 0.5% or 1.0% (w/v) barley malt ]

ags

Inoculated with Lactobacillus acidophilus BCRC 10695 or

Streptococcus thermophilus BCRC 13869 at 37°C for 48 h

>

- I
C Total count C Total phenolic content
C pH value C Total flavonoid content
C Titratable acidity C Anthocyanins content

KG Antioxidant activities /

C Antioxidant activities
— DPPH radical-scavenging ability
— Fe*" - chelating ability
— Reducing power

— Trolox equivalent antioxidant capacity

Bz ~ 7 %47 E

Figure 4. Experimental flowchart
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2 a2
-~ REREH

1. 2

Jeat

AP R*2 22 L3 =2 2 [Glycinemax (L) Merr.]>Fp 5 # 7 3 (4

18 e
2. * 35
KETG % 24§ % (Hordeum wulgare) Bp itk FE F A 12 @ (550
1) -
3. At

AR E ATk * 2 PR & Lactobacillus acidophilus BCRC 10695 2 Sreptococcus
thermophilus BCRC 13869 » @ {kFth35 8 p #77 8 R1 £ F EF 1 T4 5 TR
FFEFALPS FTH 0 S8

5%

Lactobacilli MRS broth~Lactobacilli MRS agar % Peptone 32 % Difco Laboratries
(Detroit, MI, USA) 2. & & o
5 #REL
a 95%FPE ¢ SHAEFPR G LT (de o £ )

b. Peptone : BD. Co., Franklin Lakes, NJ, USA

c. Folin-Ciocalteu’s phenol reagent ~ Methanol : Fluka, St. Gallen, Switzerland

d. Potassium ferricyanide [K3Fe(CN)g]: Hayashi (Osaka, Japan)

e. Potassium persulfate (K,S,0s): J.T.Baker, Mallinckrodt Baker, Inc., Phillipsburg, NJ,
USA

f. Sodium hydroxide (NaOH): Merck (Darmstadt, Germany)

g. Disodium hydrogen phosphate (Na,HPO,) ~ Sodium dihydrogen phosphate

(NaH,PO,): Nacalai Tesque (Kyoto, Japan)
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h. Hydrochloric acid (HCI): Riedel-deHaen (Seelze, Germany)
1. Potassium chloride (KCI): Showa, Tokyo, Japan
1. (+)-catechin ~ 2,2°-Azino-bis(3-ehtylbenzothiazoline-6-sulfonic acid) diammonium
salt (ABTS) ~ 2,2-Diphenyl-1-picrylhydrazyl (DPPH) ~ 6-Hydroxy-2,5,7,8-tetra-
methylchromane-2-carboxylic acid (Trolox) ~ Aluminium chloride (AlCls) ~ Ferric
chloride (FeCls) ~ Ferrous chloride (FeCly) ~ Ferrozine ~ Gallic acid ~ Sodium acetate
(CH3COONa)~ Sodium carbonate (Na,COs;)~ Sodium nitrite (NaNO,)~ Trichloroacetic
acid (TCA): Sigma-Aldrich Co. (St. Louis, MO, USA)
j. Dimethyl sulfoxide (DMSO): Wako (Osaka, Japan)
6. REFKXA
a. ZA-k# i % (Distillation unit) (Buchi, Model 315, Flawil, Switzerland)
b. 2 3+ -k iF% % (Millipore Co., Massachusetts, USA)
c. # 4% i¥ - (Laminar flow, TH-420) (Tsao Hsin Ent. Co. Ltd., Taipei, Taiwan)
d. #.< % (moldel RC5C, Dupont Co., Delaware, USA)
e. 2R AF-kiFH (moldel 903, Hotech Co., Taipei, Taiwan)
f. -ki#H (moldil E-200. Lauda Co., Darmstadt, Germany)
g ¥Rk (MX2050)(F & > £ 0 2%
h. P37 $ (TOMIN Autoclave TM-322) (L.M.I. Co. Ltd., Taipei, Taiwan)
i R R & 48 (model 621 RHD, Hotech Co., Taipei, Taiwan)
j. 4B EF S (Vortex Mixer Genie) (Scientific Industries Co., Bohemia, NY, USA)
k. pcg g (Transferpette” 5000 pL, 1000 pL, 200 uL, 100 uL, 20 pL) (Brand,
Wertheim, Germany)
l. F% 3" #& % (Colony counter 570) (Suntex Intrument Co. Ltd., Taipei, Taiwan)
m. fadk P T3+ (Micro-computer pH meter) (Model F-21, Horiba Ltd., Kyoto, Japan)

n. p #F T x (Titrette) (Merck, Darmstadt, Germany)
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0. i¥% 4. A 45 p # 2|3 %k (ELISA reader) (VersaMax '™ tunable microplate
reader, Molecular Devices Co., California, USA)

p. ~ ¥ * & (Electronic balance, B204-S) (Mettler-Toledo Inc., Taipei, Taiwan)

q. &£ 73 &z (Petri dish, Model 9 cm plate) (RAFA Inc. Co., New Taipei, Taiwan)

r. 96 3t# (Micro well plate, Thermo Fisher Scientific Inc., Roskilde, Denmark)

#-1%73 Lactobacillus acidophilus BCRC 10695 ¥? Streptococcus thermophilus
BCRC 13869 2_:4 i /] *g B 37TC ks H? 2k viE  BA l%ﬁiu’ii MRS broth
oAt 37°C T A 2 X 1S 0 B3 4°C k8¢ 3 (Wang etal., 2003) o
2. A4 F R

Fltk2 %3 4 * DMSO (dimethyl sulfoxide) % #if &) > #-37°C T2 % 2 % {4
2 ﬁu"éﬁ’ DMSO 2 9 11z v Bl & f8 > % *0-80°Crk48 %75 (Lee et al., 2006) -
3. AR WHF

WA B-4°C kP R ﬁi;”é &4 MRS broth # » ** 37°C 7 1
R24) P A X HMABEE 0 £ YA FRZ 0.02 % peptone water f F e

T 5P~ ImL 1 S0mL 28477 > #44>F#c s 10° CFU/mL -

ARERL FHREFRT PPNFRIBFRIR LA TRE Y L5

Gk RGP 3 A8 FE A OF ER 0 MR i 2ICEHF IS A
o A TER B o FRAA ET AR BHAZ 0.5% (W/V)E 1.0% (W/V)
B R C IR 2 A4 U EHOFERE B ZEWRESY

E”,—?—,_‘E‘\}?/
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5. 22+ ¢ VH#RRLUY

B2 Bk F T uEFE 2% (v/v) Lactobacillus acidophilus BCRC 10695 £
Streptococcus thermophilusBCRC 13869 » (*t 37 C T # 5 1 & 48 [ B A
THBFEFEE LT o
R -
1L 22 ¢ 8RBRAMPRAZ RFHLRZT
1.1 3pe ) A Bkl

TEF01mL 28+ & 7RI 99mL ¢ ® F2 0.02% peptone water i& {7

B 7 ﬁrﬁ CEE 3B E 2 ﬁ?ﬁ 2 #co B lmLﬁ—ﬁ]}‘],,zJ_?\i‘“ Fm v o 1ML

(pour plate) i » >+ 50C® %% fi 2. MRS agar /R £353 » FHIL {8 5> 37CT
FERA B NFLE PIBRIAVFAEFEETEH FE & (Wangetal, 2003) -
1.2 pH &R %

PR EREA T BMBREENY okt REZEBR TR TE
BT EEMPERRL pH E -
13 7 TR BT

%% AOAC (2012) 2% % » B~ I mL # fik 4 » 10 mL Z &7k » 1% p 8¢
%2 0.01 N NaOH #2272 % ¥ % pH 8.5 24 NaOH if T84 » £ &7 52

SHEE SNSRI ETIFERE (%)

lactic acid (%) = (N x fxV x0.090/v) x 100%
f: NaOH #2737 2 4 1
N:NaOH #8222 % £ k&
V:NaOH %% 7% % jf < g (mL)

v: 1k &84 (mL)
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s 7 £ %7 Folin-Ciocalteu assay (Singleton et al., 1999) ' €3 & » #-3 fi%
e as (9,000 rpm, 10 min, 25°C) 2 “,% FIHE TR 5 AP P~ 20 pL 4R &4~ 80 pL
7.5% sodium carbonate 2 100 pL Folin-Ciocalteu’s phenol reagent » & =& & & 30 4 45
f¢ » 11 Elisareader # Bl/A & 765 nm T 2_rx ki@ o

¥ g gallic acid 2 #3853 2 4 SR 4 40 #5 9 2 £ 05 100 mL 2
E4w¥ 917 gallic acid ® 5. % 57 [mg gallic acid equivalents (GAE)/ 100 mL black
soymilk] (Xu et al., 2008) -
22/ /R M R

%+ Heimler et al. (2005) 2. = ;= f iTi2 &F » -5 pEiR G4 (9,000 rpm, 10
min, 25°C) & % FME AR 0 B 250 uL $1 5 0 e~ 75 uL 5% sodium nitrite
B3R EFJEO6 LS £ 4~ 150 uL 10% aluminium chloride > & & 5 4 4&ts >
4v ~ 0.5 mL 1 M sodium hydroxide » {4 33 -k 2 £ 3 2.5mL » B2k & 510
nm 2_ ¥k E o ¥ fe ¥ (+)-catechin #:2F 3 7% 8 WAL E Y S REE ez £ 25 100
mL 2 &% ¢ 3 5 2 (+)-catechin % 5. #c [mg of (+)-catechin equivalents (CAE)/100
mL balck soymilk)] # 51 °
23 2 ERE

AFEZMNARPHET CF 2 LIRS 2 AP 2 H 7 &> Bg i g
#o (9,000 rpm, 10 min, 25°C) 2 “,% FIREL Ry AR LS 0 P50 pb % &4 W22 pH
1.0 2. 0.025 M potassium chloride §= pH 4.5 2. 0.4 M sodium acetate & 200 pL ** =
FTERE RIS A4S —?5 TR & 510nm 2 700 nm T jp] Tk B (Lee et al., 2005)>
“FZFZEHRE 100 mL 2 247 73 2 cyanidin-3-glucoside % 5. #ik[mg of
cyanidin-3-glucoside equivalents (C3GE)/100 mL balck soymilk)] # 77 » H -5 =3¢
4
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Anthocyanin content (mg/L) = (A x MW x DF x 1000) / ( & x 1)
A = (As10 — A700)pt 1.0 — (Asi0 — A700)pH 4.5
MW 3 cyanidin-3-glucoside 2. » + & 449.2 g/mol
DF &tk &8 5 ¥
% cyanidin-3-glucoside z_ % B ¥ & % # 26900 L/molxcm
1 % k42 (pathlength) > 14 cm % 7
L RFILN AN
3.1DPPH p ¢ i‘)ﬁ"ﬁ% i 4

% Shimada et al. (1992) 2 =z (¥ ez » ¥ pEiR S dpw (9,000 rpm, 10

»

min, 25°C) 4 % FME i § A1 0 B S0 uL R s4e » 150 ul £ § 100 uM DPPH
2.9 ERA R > R R TR K R 30 4 48 > 2 Elisa reader #& Bl & 517 nm T 2ok
£E (AT 50pL 7 FE~ AR SR FRI TS DPPH B R A L2 B R iE (Ap)
v2 150 uL ¥ @B~ % DPPH 3 /% & (70| 2.7 5 # & *Pi&%@(&y%%ﬁi?
L

iﬁ‘*"ff ¥ (Scavenging effect, %) =[ Ap—(A—As) / Ap ] x 100%
32 s+ Feand

% Dinis et al. (1994)2. = 2 (£ig &F > Mg piR G4 (9,000 rpm, 10 min,
25C) 4 % FIML g 5 AR 1S > P~ 500 pL % & 4e ~ 300 uL 2 #r< -k 2 S0 pL 2 2
mM ferrous chloride > 72 3 # ¥ 30 455 » £ 4v » 100 pL 2= 5 mM ferrozine # ¥ &
B 10 ~ 45 > 12 Elisareader #& R4 & 562 nm T 2 sk i@ (Ay) 0 ¥ 03 B3 kBN
B e S R R ki (A ALY NFAF AR PR R e

& & (Chelating effect, %) = (1—As/ Ap ) x 100%

33 R4

%% Oyaizu (1986) 2. = 2 1513 s » g8 p¥i G4 (9,000 rpm, 10 min, 25

T) 2 “f FM Ty A 8 #-Hk %~ 200 mM sodium phosphate buffer (pH 6.6)
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1% potassium ferricyanide £ 250 pL & £353 » ¥ 3% 50°C-Kis F Jis 20 4 4518 0 ¢
»~ 250 uL 2. 1% trichloroacetic acid » '/ $#& & 6,000 rpm 7 4°C T &< 10 » 45 > B~
100 pL + iR & 100 pL 2 &2 -k % 20 uL 2 0.1% ferric chloride » ™4 Elisa reader
BlEAE T700nm 23k E > B4 EHEURELELT o

3A4TEAC %Fuy it it 4

%% Re et al. (1999) 2 = i & €% #% » § %724 7 mM ABTS (2,2’-Azino-

>>

bis(3-ehtylbenzothiazoline-6-sulfonic acid) diammonium salt) % ;% > & 12 pt 3 % fe @l
2.5 mM potassium persulfate > #F 3 ¥ 12-16 /] Prid 2. & 52 % ¢ ABTS 3% o i&
{7 % B L 11 0.2 M phosphate buffer (pH 7.4) #f# ABTS- 3% » & # 3k £ 734
nm T Z sk E S 0.740.02 0 TF L F REBEBEFSET %

gk i S 4 (9,000 rpm, 10 min, 25°C) 4 % FM LG § AR 1 0 B 100 L
¥ &4 » 1mL ﬁr%L FRER > 2R THEF B 6 445> 11 Elisareader if| £ 4 &
734 nm 2%k @ (A) > 12 50 L 3 HrF kB e 7R 2 L ABTS AR &
B2 ki (Ay)r 72 1 mL 2 33 kB ABTS AR FR T LIS~ P2 x
R (A) FRFLTE SR

%’-“% # (Scavenging effect, %) =[ Ap—(A—As) / Ap ] X 100%

¥ 17 ek & 2 Trolox 5273 /% B~ % 4k 518 {7 38% > 22 = Trolox k & ¥ &
2 I S R SRR v S B 100mL 2B § g
2_ Trolox % s ¥k o
4, 45

A REKBEAFZ > TR T HE R ERB L 47 (mean valuet
standard deviation, means+SD) o §]# si3+ 4 47 $ic 48 SAS (Statistical analysis system)
9.4 %% (SAS 2013) & 753 A2 47 » 17 ANOVA 1F8 8 fico 47 > T U < § § 5
B ;* (Duncan’s multiple range test) ' #ix & EE% BB R 2. £ 8 » § p<0.05 4R %

LS LG MELLE (Lo 2014)
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~REEHG

- NS FTHNLEFHERY PRAL R ZBE
1 R FF k2 21

# w & 51 S thermophilus BCRC 13869 ¥ L. acidophilus BCRC 10695 #\;‘,’F S
YA FYNITCHMAS ) UL RARE T At F T2
B4R PR N EFFEP R AR F T 2 uu 0 YRI T S
thermophilus BCRC 13869 £ L. acidophilus BCRC 10695 & i 4r + + 5z e
T 3TCH#pE 48 R Z S REAAKEFT > d BT 7 4R S thermophilus
BCRC 13869 3 i 12 | P {5 [ #icil g + = f3F ¥ 24 [ A2 718 % F#kc (8.32 Log
CFU/mL) > @ (4% ¥ % FEP¥ R # 4 @ ¥£% 5 L. acidophilus BCRC 10695 p £~ B
bt ERCEW > B 24 ) P T8 R Fiic (778 Log CFU/ML) » 2 t5 "5 ¥
PR A S LR 0 2 (Wangetal, 2002) M FB AR 52 F R % AP 00
A e = % 7 % 1 L. acidophilus BCRC 10695 ‘5 48 | ¥ 3¢ i 2. Fj#ci 8 (7.12 Log
CFU/mL)

Frox 3T 2 mRAPREFE RARRE RGeS T 2 BEApIT o e n ¥

BAaCLR R RER R RFIT AL TR

BN R FFFARIATRARFAY 2 A F > RERT E R
PREIREE Flo aiF ) PRACFEIF2Z 2L ot 51 S thermophilus BCRC
13869 #2 L. acidophilus BCRC 10695 /’J‘ A P T PR e SCRAEK FRS
thermophilus BCRC 13869 7 4r 1.0% (w/v) = & 74 ¥ 48 /| ¥ {5 - B ¢ [ ic™ it 8.41
Log CFU/mL- % % % 7+ S thermophilus BCRC 13869 e PO i MR F e S
P2 £ 2 2k A FE (p<0.05) ° ¥R 0.5% 2 1.0% (Wiv) * 52
FPREAFETD > SR FRAMBS ST RAFFIE 2048 /| PFIS 2 FHcse
BMEALR (p<O.05) > L £ F i@ LpEr 2+ > fapl* ST EAF MHN AL
AR g3 5 Ao
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# = ~ S thermophilus BCRC 13869 ¢ L. acidophilus BCRC 10695 %?;‘;’F 4 % fe bt b
< F 52 2 2 dman 3TCH R 48 0] PR 2 F#ic

Table 4. Viable count of black soymilk fermented with S thermophilus BCRC 13869

and L. acidophilus BCRC 10695 contained different proportion of barley malt

after 48 h fermentation at 37°C

Viable count (Log CFU/mL)

Without With 0.5% (w/v)  With 1.0% (w/v)

barley malt barley malt barley malt
S thermophilus BCRC 13869  °6.31+0.01° A8.23+0.01° A8.41+0.01°
L. acidophilus BCRC 10695 #7.12+0.02° Bg.11+0.01° Bg.15+0.03"

Each value is expressed as means+SD (n=3). Means with different uppercase letters
(A,B) in the same column, and the lowercase letters (a,b,c) in the same row are

significantly different (p<0.05).
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Log CFU/mL

0 T T T 1
0 12 24 36 48

Time (h)

—e— S thermophilus BCRC 13869

—O— L. acidophilus BCRC 10695

—w— S thermophilus BCRC 13869 with 0.5% (w/v) barley malt
—&— L. acidophilus BCRC 10695 with 0.5% (w/v) barley malt
—&— S thermophilus BCRC 13869 with 1.0% (w/v) barley malt
—— L. acidophilus BCRC 10695 with 1.0% (w/v) barley malt

® - S thermophilus BCRC 13869 £ L. acidophilus BCRC 10695 ¢ 4r % F +* &
X522 Bt 3STCHY B2 i

Figure 5. Viable count of black soymilk fermented with S thermophilus BCRC 13869
and L. acidophilus BCRC 10695 contained different proportion of barley malt
during 48 h fermentation at 37°C. Each value is expressed as means=SD

(n=3)
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2.pH B2 i

At x FT 2l s Bl $ T2 R REGFHEIRF L pH BRI doF]
AT o BEOT g gt g 24 ) PR S pH EbrART 4% > A F Sk ez pH B R E 3 AR
12 /] PFigseil§ ~ < 2 %1 ; Leeetal. (2015) 2 S thermophilus S10 single culture
28 & L. acidophilus ATCC 4356 s 22 &4 » S % k1 5% 24 /| P{s » pH B~
T ELTE 0 628 %3 435> B ATy 2 F %% 4piT (pH 6.32~4.33) ¢

PRS2 B S pH Edck T 41T 0 B R BT R e pH BER ARG RS
BELZP(P<0.05) L L FBcEily ~+mLucfdr pH BHipEL L2
ez ZFF £ & B 5 ikdy Pinthongetal. (1980) #7 # & 2 sf iR A &2
pH &+ Y& pH42~44 > 4 5% 7 597 thipdle (pH424 - pH439) & F el
(pH 4.41~pH 4.47) 385 3 & RPN > Br 42 3557 gardlipmd £ o
B A AR R - Koo

T4 05% 2 1.0% (w/v) < TR R e pH B2 £ R SR A
7 S thermophilus BCRC 13869 i *c % ik &2 = ¥ 7 a2 2 48 & 4 pH B2
78 ¥ £ E > @ L acidophilusBCRC 10695 z_ B pH &t btz v a2 f £ B > v
WHCE A WA X % (2014) 2 02% % 0.4% (w/v) < F v E Rk SRR B A
HPpHE X RBFARE Frug i< $TRAS LE AR pH B2 P55 2

AR o
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4 .
1
0 T T T 1
0 12 24 36 48

Time (h)

—e— S thermophilus BCRC 13869

—O0— L. acidophilus BCRC 10695

—w— S thermophilus BCRC 13869 with 0.5% (w/v) barley malt
—2&— L. acidophilus BCRC 10695 with 0.5% (w/v) barley malt
—&— S thermophilus BCRC 13869 with 1.0% (w/v) barley malt
—— L. acidophilus BCRC 10695 with 1.0% (w/v) barley malt

B+ ~ S thermophilus BCRC 13869 ¢ L. acidophilus BCRC 10695 *“/‘]‘ v d Bt B
S T2 2 e 3TCH Y F 2 pH @R

Figure 6. The pH value of black soymilk fermented with S. thermophilus BCRC 13869

and L. acidophilus BCRC 10695 contained different proportion of barley malt

during 48 h fermentation at 37°C. Each value is expressed as means+SD

(n=3).
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# 7 ~ S thermophilus BCRC 13869 #2 L. acidophilus BCRC 10695 %?;‘;’F de 2 b G
<52 28 37CH 248 | 2 pH &
Table 5. The pH value of black soymilk fermented with S thermophilus BCRC 13869
and L. acidophilus BCRC 10695 contained different proportion of barley

malt after 48 h fermentation at 37°C

pH value

Without With 0.5% (w/v)  With 1.0% (w/v)

barley malt barley malt barley malt
S thermophilus BCRC 13869  ©4.24+0.02° B4 4240.01° A4.43+0.02°
L. acidophilus BCRC 10695  “4.39+0.02° A4.47+0.01° B4.41+0.04°

Each value is expressed as means+SD (n=3). Means with different uppercase letters
(A,B) in the same column, and the lowercase letters (a,b) in the same row are

significantly different (p<0.05).
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A FAG A P TR BRI AR R VR LA S AT 4 £
FY 2 FRELERAp 92 0.03~0.05% R EEA T frdlesf sk e
x4 R (p<0.05) & /T&f’? MRCE T LB K o Ko % B YRR Prdl i

GEErd R G TN RPEEEAAS RS L P HEpH B2 R B % Dot o

3

m 5k L}ﬁxguf}‘ /;'Fég—’: F gL “RX G ,] ok F T 2K K FEER Hv jF 2R

il

AL 1% (% 02014) HE ¥ pHEY S pH3.033 A7 %2 £ 8
TRRTESBATEIRARL P F 0 R ELREES F T 27 F
A 05% 2 1.0% (W) * T HWERI BT REAL LR
2% BT % % A_S thermophilus BCRC 13869 & &_L. acidophilus BCRC 10695 7 4«
PRERZETHEBELI e B RSV FREA (0.56~058%) 1 BEEFLE o
dR- T EEIER JCHEBIF T F AR HY pdle S
thermophilus BCRC 13869 % fi¥ 24 -] pF{s » ¥ jf € e & TriE & ~ & > L. acidophilus
BCRC 10695 P & #p2 36 | -4 + 2 32 ho < (8> 2 (8 T "% 5 Fokie2 v iF i
RIEEF AR en L SO MaRh 2 T RIMBEATEBRYEVEFARL
HRIF R RFIZ A S T2 EERL M2 AL AT BIREREE A

(TR i R Y ¥
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# = ~ S thermophilus BCRC 13869 # L. acidophilus BCRC 10695 e 2 bl
~F T2 28t 3TCHEA8 | LV F TR
Table 6. The titratable acidity of black soymilk fermented with S thermophilus BCRC
13869 and L. acidophilus BCRC 10695 contained different proportion of

barley malt after 48 h fermentation at 37°C

Titratable acidity (%)

Without With 0.5% (w/v) With 1.0% (w/v)

barley malt barley malt barley malt
S thermophilus BCRC 13869  “0.53+0.01° £0.57+0.01° 20.58+0.02°
L. acidophilus BCRC 10695  40.53+0.01" 40.56+0.01° 40.56+0.01°

Each value is expressed as means+SD (n=3). Means with different lowercase letters

(a,b) in the same row are significantly different (p<0.05).
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Titratable acidity (%)

0.0 T T T T 1
0 12 24 36 48

Time (h)

—e— S thermophilus BCRC 13869

—O0— L. acidophilus BCRC 10695

—v— S thermophilus BCRC 13869 with 0.5% (w/v) barley malt
—4&— L. acidophilus BCRC 10695 with 0.5% (w/v) barley malt
—&— S thermophilus BCRC 13869 with 1.0% (w/v) barley malt
—— L. acidophilus BCRC 10695 with 1.0% (w/v) barley malt

B - ~ S thermophilus BCRC 13869 ¢ L. acidophilus BCRC 10695 *“ﬂr v d B bt )
< E T2 2t 3TCHEBPT 2V F RS

Figure 7. The titratable acidity of black soymilk fermented with S. thermophilus BCRC

13869 and L. acidophilus BCRC 10695 contained different proportion of

barley malt during 48 h fermentation at 37°C. Each value is expressed as

means=SD (n=3).
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\
’d

%ﬁ*$$ﬁ*%ﬁ%ﬂ¥ﬁ“€%?§1%§
LN A Rl
PR ZHFIBHLEF AR PRI EF R fE T
FRR% P UL FmE it (Soobrattee et al., 2005) - S. thermophilus BCRC
13869 &2 L. acidophilusBCRC 10695 % £ 2 e >t 37T CH# P B 2 B 3 £ % 1 40
F= 0o 0 B R P A H e & 2% % 2 > S thermophilus BCRC 13869 3 %
2P B 7 B EFE B4 (p<0.05) > @ L. acidophilus BCRC 10695 p|&_
BFRE24 A E R 2R AR EECFEEFTH en LR 7 A T
LR LR SRR TRREr T S F R EFFEERF P-glucosidase 2
&1 (Lee et al.,2015) ~ 2 4 esterase ~ decarboxylase > #-fis 55 i* & 47 cpE 2k ~ fig I
EokoKfR o RERAET 2% LT 0 7 4p ) Lactobacillus paracasel
WA E A2 i 3 X RF R RS 4 g (Feltenetal, 1999) 0 » 3 7 %
MR A W pEEAEE A2 FfAPE £ > i benzyl alcohol dehydrogenase -
decarboxylase ~ esterase ¥ > § EIRAsHF i & 4+ *% f# (Rodrigueza et al., 2009) -
BT R R PR AR FREHAR T E T RS F T 2 B
F248 | iS22 Bz E OV ER 3 *‘v?#\;‘?]:*‘c < $ 52w (p<0.05)> ® Bps 3 E

TG RAP SR L K E ) o A BRI  1L0% (W) 2 $ T EER el

m>

f 2

%E%WHIO%WW)*$?%$4&Mﬁﬁ’EQW€§?§7LMQGAENO

ESte 05% (wiv) = 35 R F 0 £ ¢ S thermophilusBCRC 13869 3 fi%

lw
[k

’

28 7

@ i be 1.0% (wiv) + % %2 S thermophilus BCRC 13869 4 f 2 & 4% 12 /] % > §

mL black soymilk - % % & 7 % e % Y VHEFHCIRATER

4

B % 2 %5 7 £ 85.6 mg GAE/100 mL black soymilk > 3 % 77 4748 g2 pr fF T 7
AT VHFERAIRATHELE W2 {2 £ 0 £ S thermophilus BCRC
13869 4~ $ T HMAEMHNRA NP T EF FERP  RE LR R L

acidophilus BCRC 10695 + i -

43



# = ~ S thermophilus BCRC 13869 #2 L. acidophilus BCRC 10695 %?ifjt Sv A fe b G

L FF 2 B 3TCHEN R L AR S

£

Table 7. The total phenolic content of black soymilk fermented with S thermophilus

BCRC 13869 and L. acidophilus BCRC 10695 contained different proportion

of barley malt during 48 h fermentation at 37°C

Total phenolic content (mg "GAE/100 mL black soymilk)

Time

(h) thermophilus

S

L.
acidophilus

S
thermophilus
with 0.5%
(W/v)
barley malt

L.

acidophilus thermophilus

with 0.5%
(W/v)
barley malt

S

with 1.0%
(W/v)
barley malt

L.
acidophilus
with 1.0%
(W/v)
barley malt

12

24

36

48

D45.2+0.04¢
A55.3+0.12°
850.2+0.07"
€47.3+0.12f

£34.6+0.06°

P46.1+0.03°
B50.1+0.12f
A552+(.22°
€48.5+0.08°

£34.9+0.18°

F44.5+0.23°

A70.140.04°

B67.8+0.06¢

€65.4+0.11°

D53 240.07°

£43.240.22f
€60.3+0.31¢
268.120.15°
B64.6+0.05¢

D59 240.07¢

E47.3+0.11°

AR5 6+0.23%

B74.7+0.05°

€72.5+0.07*

D71.240.05°

£46.7+0.06°

B80.6+0.04°

Ag2 8+0.12°

€71.240.09"

D68.9+0.14°

Each value is expressed as means+SD (n=3). Means with different uppercase letters

(A,B,C,D,E) in the same column, and the lowercase letters (a,b,c,d,e,f) in the same row

are significantly different (p<0.05).

"GAE is abbreviated as gallic acid equivalents.
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2. BgFmi R R
THEIERME R A MR F S

FE AR E 2 - g

drind s P U U E A it (Pedreschi et al., 2006) - £ ~ % S thermophilus

BCRC 13869 £7 L. acidophilus BCRC 10695 % i 2 & 45+ 37°C 4 AP ¥ 2. %8 5 fh
& ¥ F % 2 > S thermophilus BCRC 13869 % fi%

L. acidophilus BCRC 10695

—

FERN O BRI IR

[ PEts > HAAES ik 7 € B F & 4 (p<0.05) > @
PIEERE 24 P pFis b * B 2 SRNIMZ BT FFHATR 4 LR
PRREFER B AR AR
LR R S LUK

T

¥ 2w (p<0.05) *

% 48 /| P18 2. Mg
' Jfézﬁf%ﬁ]: b0 1.0% (Wiv) < & 532

Wk E R TR
» 3¢ S thermophilus

L P RER

Fopk 7 B vt 0.5% (W/v)

BCRC 13869 5 % 2 & 425 4r 1.0% (wiv) +

¥ 1% 35.6 mg CAE/100 mL black soymilk °

FafpLem Btz £ (p<0.05) "
# ¢ S thermophilusBCRC 13869 % fix 2 & Wi 4e 1.0% (Wiv) ~ & 53 p12/] pF >

it 7 £ 42.8 mg CAE/100 mL black soymilk > & % &g 77 3545 ppF

LA §

SR

TR EH FFEARR *5 R ABE

ESEE TS
PSR SEARMER 2L

w\rt
=2
R0
Ilo
(w
"
h
ﬂm

F'& T //] 4‘: = } 9’
thermophilus BCRC 13869 i DI S SR SR R )

L. acidophilus BCRC 10695 4+ -
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A 3T 2 eI CHBITLREFMZE

Table 8. The total flavonoid content of black soymilk fermented with S. thermophilus

BCRC 13869 and L. acidophilus BCRC 10695 contained different proportion

of barley malt during 48 h fermentation at 37°C

Total flavonoid content (mg "CAE/100 mL black soymilk)

Time

(h) thermophilus

S

L.
acidophilus

S L.
thermophilus acidophilus
with 0.5%  with 0.5%
(W/v) (W/v)
barley malt barley malt

S
thermophilus
with 1.0%
(W/v)
barley malt

L.
acidophilus
with 1.0%
(W/v)
barley malt

12

24

36

48

€3.2+0.14%

A30.5+0.02¢

B24.2+0.07"

D20.1+1.12f

£17.4+0.05°

©23.5+0.04°
B25.7+0.61"
A28.1+0.13°
Dr1.2+0.11°

£16.5+0.08"

£22.840.24° £21.7+0.02¢

A35.740.12° ©29.4+0.08°

B33 .540.03¢ 434.6+0.09°

©31.3+0.42° B30.2+0.12¢

D26.8+0.05° P25.9+0.03¢

£32.6+0.11°

A42.8+0.05°

B37.9+0.01°

€36.5+0.02°

D35 6+0.032

£92.94+0.21°

B38.140.15"

A41.540.04°

€34.3+0.07°

P33 540.01°

Each value is expressed as means+SD (n=3). Means with different uppercase letters

(A,B,C,D,E) in the same column, and the lowercase letters (a,b,c,d,e,f) in the same row

are significantly different (p<0.05).

"CAE is abbreviated as (+)-catechin equivalents.
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CERTE I I8 £ Ah
TR AR - A RGNS FEE %Y AT FPHET R A

FREd AT HER T

‘“P«
e

L3 AN dodrd] LDL 25 F 5 1 - Fulp ~
P#o i ¥ & o ¥ (Lohachoompol et al., 2006) » iz = % 5 kg 147 2L 4 % »
FRAT P ARIZEARE RTE T ORI B R4k (2006) -2 B g R R Ao # 30
A BENBRAREHIEHY TR ELBE SRR BRER 2T 80
TR 288 TFAFREFS T 2% (p0.05) 0 RABER T F 60
TT 2 2 HRTLF -
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FHEPFLTF I ERO AT BEFRIBEAAF e T 204l

B BT 2Rk TF A RO FE AT en R R AFY
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NRT ARSI EARAC L BRI B R T 3B 0F (2011)
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FoAcRITF RSN A3 EE RS LH @ BT Keppleretal.

A FE
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(2005) Fp FEF A F R EEFF AR B o HRA LA I BT o
(2003) i N2 B NP AFERHETF A ZE T R RSN P A
A H B AN @Rt £4 > 4o cyanidin-3-glucoside 5 fk & Hc A oK R €
cholconol Fg it &4 » & 5 s 2 Fig it F 1 o

BITLAE RS ARREF A PR T A BT E Rt $ T
2 LR AR P R T R R FEE B AR F T 2w (p<0.05) -
FEFAERLGRRER A BERG A 10% (W) < T ERER M
. 2 B AR 4 05% (Wiv) * $# 5 4 wbgE o 29 S thermophilus BCRC

13869 # {5 2 & 4mif 4 1.0% (Wi) = $ ¥z 48 | pFis o % 3 212 229 mg
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Figure 8. The anthocyanins content of black soymilk fermented with S thermophilus

BCRC 13869 and L. acidophilus BCRC 10695 contained different

proportion of barley malt during 48 h fermentation at 37°C. Each value is

expressed as means=SD (n=3).
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ERN AR R ) ST REE AR 3
1.DPPH § & i+

DPPH % - fa% w2 pd & ¥ * (T 7 g it &2 22 (Kordali et al.,

2005) # P AEAGR A% 4 3517 nm T fsaeR k@5 f DPPH #24f it 4
PR ki d 3 iR R DPPH Rk im ™ ' > JEpt KT H if*% DPPH ¢ d

A2 o R REARMA T M %?Ly‘%“ﬁi it # 4%58 (Chou et al., 2002) - % 4,
% S thermophilus BCRC 13869 ¢ L. acidophilus BCRC 10695 %?;‘?Jt e R et Bk
T2 2 g 4m3t 37°C o pdp B 2. DPPH p o %'}%",‘ et o BE T AT e

2% % = > S thermophilus BCRC 13869 % fi¥ 12 /] p¥ 15 » # DPPH p o % it 4

B¥E K 3E (p<0.05) > @ L.acidophilusBCRC 10695 | £ % fi% 24 /| pris 4 i &+
B AFNEAFMI 2T RS L 2P DPPH f d A2 Ff i 4 o Leeetal.

(2015)r4 S thermophilus S10 # % 2 & 4w~ {F Fl4p i1 % % - 2Am DPPH p ¢ E;‘%—“f
i SEFH A T 0 d 20 DPPH B d i B TR
BIM O RE REFM R LA 0 DPPH A d At 2
FiLARE - R o

MR A BT R ARG A T2 BRI F R AR S LF R
Frer ¥ T2 F%ed DPPH g d A gt 4 MEFF F AR F T L ndle
(p<0.05) > * DPPH A ¢ i R TR 2R A e RE AR pﬂﬁaf 4
1.0% (w/v) =~ & 5322 292 DPPH g d A fub 4w b4 0.5% (wiv) *
7 k1% 27 S thermophilusBCRC 13869 % fit 2. & W% 7 s 1.0% (w/v) = & 5%
i 12 /] pF > DPPHEﬂﬁ.&}%T 5 77.8% B ETidFEERFT ]ﬁ"’\"l‘
FTEREFFRAPEAFMEL 22 DPPH pd Aifrpid > 2 S thermophilus
BCRC 13869 7 Gvx FYEME EmERE DPPH pod A % 4T % 3 B L

L. acidophilus BCRC 10695 % {8 4%
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# 4 ~ S thermophilus BCRC 13869 2 L. acidophilus BCRC 10695 et N

3 Y2 2 et 37CH Y 2 DPPH f d AifFig a4

Table 9. The DPPH radical-scavenging ability of black soymilk fermented with S

thermophilus BCRC 13869 and L. acidophilus BCRC 10695 contained

different proportion of barley malt during 48 h fermentation at 37°C

DPPH radical-scavenging ability (%)

S L. S L.
Ti S L thermophilus acidophilus thermophilus acidophilus
1me .
() thermophilus acidophilus with 0.5%  with 0.5%  with 1.0%  with 1.0%
P P (W/v) (W/v) (W/v) (W/v)
barley malt barley malt barley malt barley malt
0 B62.8+0.11° ©61.240.7¢ P63.3+0.04* P62.3+0.02° F61.4+0.05¢ F62.5+0.12°
12 266.5+0.03¢ B63.5+0.21° 268.9+0.12° B66.6£0.05° “77.840.02° ©66.7+0.03¢
24 ©583+0.08" “65.1+0.13° B66.3+0.03¢ “68.5+£0.09° B73.4+0.13* *70.5+0.11°
36 P52.740.04° P50.2+0.07" €63.6£0.01¢ ©64.7£0.02° ©69.1+0.06* B67.2+0.04°
48  B485+0.11° £46.5+0.05° £62.1+£0.03° F61.1+£0.05¢ P68.5+0.01° 265.9+0.02°

Each value is expressed as means+SD (n=3). Means with different uppercase letters

(A,B,C,D,E) in the same column, and the lowercase letters (a,b,c,d,e,f) in the same row are

significantly different (p<0.05).
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2. T4y K Ew 4

T 4Bdr s (Fe’)id Haber-Weiss Fenton reaction # = HO-p d 2 3% % e Fe®’
% oxygen-derived free radicals P-ig # = > & 'q FiF ¥ i 2 Wiz if ¥ (Kadkhodaee
etal.,2004) FIlr Fa AL £ pBFEMEER B EME 52 (Mooreetal,
2004) o TABBE S B L A 4 20 R ’i{?ﬁ'v} Fe’'# ferrozine & Jit # & Fe’'-ferrozine 2
MEH  LAFLEF A S62nm T E G RA 2 kiE  F RSB s B
Fe* -ferrozine 2. # =& » pex k& BETE M Nt AT SRS BT 2 a4 ok
EAR L T A& L4832 5 4 %% (Dinisetal., 1994) -

S. thermophilus BCRC 13869 £ L. acidophilus BCRC 10695 %?;‘;’Jt S22 S SR LR
F52 2t 3VCHEMBPF 2 TEBRPI LN ok L9097 o 5T+ HA
Aot $ T 2 4l s L4+ $ 52 R % e 0 S thermophilus BCRC 13869 3

f2 12/ PFts > B A3 L 4 BEEH K/ B (p<0.05) > @ L. acidophilus BCRC

=
™

10695 Pl E 224 1 d B B AT RAFTHIEHTHR AL W

'S

E

=

LT 2 Gt o 2 pig NEPHEFTZ LA 69 55 A 6 T4 20
(Shahidi etal., 1992) » 4y N2 B B F M & F 4 Litd 2 KL &4 (R
2007) » HPBIF L WHIGEEESF T 8T Mo BRI FEF AR £
fit 2 A £ 5 4 (Kao et al, 2006) - & (2007) # % 45 1 2 2 95 Aspergillus
awamori % % - B L3S A& 4 2 5§ (2011) 2 Actinomucor spp.dfE s
2ERRBTEALETMBPE TN S > REFRLEFFRETTRD THBHET K

Eivd AP LREETIBRATEIEYRET TRAZEWE S TERT 2w

'

MR F T R AR BT 2 R W A A S R
T2 R REA TBPFF LN IHEFE IR AF T il
(p<0.05)> = L4~ & & ic 4 7 M2 W RAR A R E L5 A BERG 4 1.0%

(W) * 3 TR a2 TBHFEERS 4 s 05% (W) 2 358
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AAASTRRHEYRBFMELEWZI BRI FENS FHEFLE (p0.05)
# ¢ S thermophilus BCRC 13869 % fif . & 477 4c 1.0% (wiv) + % 7% fis 12] %
EBBZLMEFEENLS T28% 5K T ﬁ#'l’sfﬁ’;‘ﬁﬁfé&jﬁp M B
BRAFTRATHELI EWZ TS L4 > 2 Sthermophilus BCRC 13869 7 b
A ¢ T EREE IR B TSRS FL 4 2 2% L. acidophilus BCRC

10695 % % 2. & o % & o
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# -+ ~ S thermophilus BCRC 13869 £ L. acidophilus BCRC 10695 f“ﬂ]‘ dv A et

PlX F T2 2 e 3T CH D2 TR AL

Table 10. The Fe*'- chelating ability of black soymilk fermented with S. thermophilus

BCRC 13869 and L. acidophilus BCRC 10695 contained different proportion

of barley malt during 48 h fermentation at 37°C

Fe®'- chelating ability (%)

S L. S L.

Time S L. thermophilus acidophilus thermophilus acidophilus
(h) thermophilus acidophilus with 0.5%  with 0.5%  with 1.0%  with 1.0%

barley malt barley malt barley malt barley malt
0 ©55.8+0.01° ©55.5+0.02° £60.3+0.03° £60.5+0.11° E61.440.05*° P©61.3+0.02°
12 A57.5£0.13" 458.2+0.21° %68.9+0.12° ©63.3£0.05¢ 272.840.03* €65.4+0.11°
24 B56.3+0.02" B57.140.03° B66.5+0.05¢ “67.5+0.02° B70.7+0.06* “69.2+0.01°
36 P51.6+0.23¢ P52.240.07¢ ©65.6+0.01° B65.7£0.01° ©68.5+£0.02° B66.4+0.04°
48  £49.5+0.03° £49.9+0.05¢ P64.1+0.02° ©63.840.03° P67.9+0.01*° €65.9+0.02°

Each value is expressed as means+SD (n=3). Means with different uppercase letters

(A,B,C,D,E) in the same column, and the lowercase letters (a,b,c,d,e,f) in the same row

are significantly different (p<0.05).
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3 EBRA

BhA AR PR ATEFRET A0 HRITRES 1
Fitdr i i @ (Ks[Fe(CN)e]) B A %5 £ B (Ko[Fe(CN)g]) » % s B E &2 Fe''
% 4 & 4 &1 & (Perl’s Prussian blue) » % 700 nm = ] 2%k & > R 4 L &
24 A TREAT PP L BRY s kEART 47 B R4 485 (Oyaizy,
1988) -

S thermophilus BCRC 13869 £ L. acidophilus BCRC 10695 WA A R b
P22 STCHBYR L BRI 1AL AT7F > BEHT A HLAG N
S Fy2gpdled %-'JJ‘ e F T 2Rk SEIRAFIEAS )RR A a0
AP FE R B (p<0.05)0 ¢ S thermophilusBCRC 13869 4 % 12 /| prts » H
B R4 i 2o a L. acidophilusBCRC 10695 p] B3 % 24 /| pFts 4 DI Ec X & »
ErimASsEIep 222wz B R4 > & Lee et al. (2015)2 S,
thermophilus S10 # % 2 2 % %49 % 5 & F (2011) # 7 Actinomucor spp.#& 78
FReFHERRA 208 SR TRERERYRSIENZERA 0 R
Rt PR RpMAPFHAHFEAAREIRE I A RB2ZPF o Epd AF
Befd > #iEF C B RAKEET OSSR HEL R RAHF o
Mm% MiEE I H kR (£ 02007 5 Shimadaetal., 1992 ;5 £ - 2007) o

PV RS F T2 R REE ARG F T L e R R R LA
AR R B RS PRET Y F e (p<0.05) 5 A R RG 4 1.0%
(WV) * ¢ T HmE2em2 Bh4 - BFPL 74 0.5% (wiv) ~ &5 K3
(p<0.05) > %7+ ¢ T RBRH I REFELEWZ BRI FHEEFLE (p<0.05) >
d R4 #RPFRERRS ST —g DB EER BT BB e w R R4 "gKF#’s‘té"
o HBT R RFIAFS BRI E M LR TR RERR A A o &

BRI EL P HRES - R 2 SthermophilusBCRC 13869 # f% 2 &

55



P 1.0% (wiv) * § TERE 2P B B R4 BT iR EE T S
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Figure 9. The reducing power of black soymilk fermented with S thermophilus BCRC

13869 and L. acidophilus BCRC 10695 contained different proportion of

barley malt during 48 h fermentation at 37°C. Each value is expressed as

means+SD (n=3).
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4, BFLF v A
TEAC 44§ it 4 & DPPH p o ifrhic s FRIGH A RiFasshe
ez dig 24 RT3 2 ABTS - %4 222 pd A-Kidi» 4o 2 g v 4
5 ABTS B+ i d g7 F o &734nmm T RELRELE > FHEER
v %—_u» pd a4 o ABTS Rz gid 424 » LRESRI 2% A » &
PRk EAR M A TR &2 dE (YA 4 A%4F > F 02 Trolox & ERE R HE ﬁw,ﬁ-“f—;
10 %> Trolox 2 Jk & (Miller etal., 1993) e TEAC 5 — &+ 4 f§ T & 3 »ceigng
BB ZE O FTREARTNEZRS R LA BB R Tt
KRR B 4 a5 7 (Doblado et al., 2005) ©
# -+ - % S thermophilus BCRC 13869 ¢ L. acidophilus BCRC 10695 A A
bl § 52 2 843 3TCHAEE M2 B4y b4 8iv > 25T 26%hIA
Wﬁ*$? o) st {ﬁﬁﬂé? Forle > WHRRFAFESPLER A 57
B R B E (p<0.05)H ¢ S thermophilusBCRC 13869 % i 12 /] p& T 41 B fh ~ & -
@ L. acidophilus BCRC 10695 B! 2% fi¥ 24 /] pF {5 4 J1IRE X B > BT S fBEF R

FREEEL S LR F o HARAREL RS- Ko F (2012 P4

287 fF (80%)5 P12 TEAC Bl F ¥ F AL & (p<0.05)>Kao and Chen
(2006) 4 1 ¥ B¢ § AR S RAE MR S £ 4 A 48 2 TEAC @
HEB AL FBAD AR AEFTR B2 85 AR o

RGP T LR KRB AR A F T L g R R LA &
FHek Bl P2 w2 TEAC BI9BF# 330142 (p<0.05) ® 9 % 23 B4
TEAC &7 " 2 tf R+ fipdlie k-1 1 3 BERG 4 L0% (W) * & T3 e
B2 BRA 4 BFHE R 0.5% (W) < 3T F (p<0.05) 0 &7 < F T RAH
WHRBFEFELEW2 TEAC 5 F L E (p<0.05) d %+ - #pzE4 TEAC &
2 IV [ Y PR AT RN E N2 TEAC BB 4T % BT R ¥

DG HER B M b R P R e R AR A
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RSP DPPH pd Aigrpic 4 LRI FELELI 2 ERS 295%8% - Ro
WS B (48] pF) 2 TEAC ErE g e 1.0% (wiv) + $ 5 2 st X3 pg

2 24n2 TEAC BB HAeple w3 248 | pFis 2 TEAC B30t A ¥ 22 2 845

Bnfrdl Ry g 2 TEAC & - @ S thermophilus BCRC 13869 % fix
et 1.0% (wiv) * $ TR 12 L § 3 2 TEAC & (1142 mg
Trolox/100 mL black soymilk) - 4 7= S. thermophilus BCRC 13869 7 4c + % ¥ 3 i 2

2t TEAC (B2 »2% ¢ L. acidophilus BCRC 10695 + i -
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# -+ - ~ S thermophilus BCRC 13869 ¥ L. acidophilus BCRC 10695 *v?iflt dv A fet

Bl $ T2 2 Bt 3T CH AR P2 g 1 4

Table 11. The total antioxidant capacity of black soymilk fermented with S thermophilus

BCRC 13869 and L. acidophilus BCRC 10695 contained different proportion

of barley malt during 48 h fermentation at 37°C

"TEAC (mg Trolox/100 mL black soymilk)

S L. S L.
Ti s L thermophilus acidophilus thermophilus acidophilus
1me .
() thermophilus acidophilus with 0.5%  with 0.5%  with 1.0%  with 1.0%
P P (W/v) (W/v) (W/v) (W/v)
barley malt barley malt barley malt barley malt
0 B92.7+0.04* ©92.8+0.05* ©93.6+0.11° ©91.1+0.02° £89.3+0.04¢ F89.3+0.13¢
12 %95.9+0.05¢ B93.3+0.14" 497.5+0.09° B93.5+0.07° 2114.2+0.06* 2103.6+0.05"
24 ©87.7+0.18" 494.6+0.03° B95.7+0.02¢ “96.4+0.16° B110.8+0.02* *108.6:+0.24°
36 076.4+0.117 P78.4+0.04° P88.6+0.01° ©85.2+0.109 ©98.7+0.03* ©95.9+0.03°
48  £65.840.03° F63.1+0.21"7 £80.3+0.03° £78.240.01¢ P94.1+£0.01° P92.8+0.02°

Each value is expressed as means+SD (n=3). Means with different uppercase letters

(A,B,C,D,E) in the same column, and the lowercase letters (a,b,c,d,e,f) in the same row are

significantly different (p<0.05).

"TEAC is abbreviated as Trolox eqivalent antioxidant capacity.
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