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w3
2 & (Glycine max (L.) Merr) 5 & 4% (Fabaceae) = & 4 (Glycine) » — & 4 ¥
STEREER TS TR 13 é?§*94¥ﬁkﬁﬁ%ﬁi~’giéﬁﬁ%p
PREs 35 ARERST 2 % (Saponin) ~ 5 #f i* & # (Phenolic
compound) I A i ) (Isoﬂavone) » % % (Anthocyanins) % &4 % E %>
Tl w R~ 4F o U fR F 4 B (Choi ef al.,2020 ; Kim et
al., 2012) ; -k gk#% (Stachyose) {rif + #& (Raffinose) & & pg - 7 130 R 1% F2
£ 0 i %P F4e (Hou et al., 2005 ; Han et al., 2005) » ¥ 2 & 5 Aspergillus
awamori S 0V B P 4uF P EBLE R 7 2 % i+ (aglycone isoflavones)
2 (Leeetal., 2008); 5 Bacillus natto 3 f¥2. 2. & 7* 5 4l % % (Hueral.,2010)-
Monascuspzlosus FEE2 R B Fra] g islmie fo R Pa bk 8 3 H L) BleR BT R AR
(Kwon et al., 2009; Oh et al., 2014;Lee et al., 2021) - 7 # L E F i & X PP
A Ew il s A e e e gL 1w 0 3t (Ganesan et al.,2017 5 Ahn et
al.,2007) c FHEFEEFCEFFRI L FAB BB E B LR R
- BEEFNH2D 68 R A FEAAATIINR X R ¥ > 2020 & T 2024
&W%zmiM%¢«,44«¢ 1 A5 ABREGEERY > oo SHE YRR
PRI AR o FlU 0 oonp TR L (PR iR FAP M A AR $0TE MR
%%4m%aﬁJW&ﬁ$%ﬁEJ€£iio;w@ﬂ"v*@ﬁ%%ﬁf’%
P e A re Hayd BEAEH e PR AR RS
FRARATERNAEAZ DR FEEL2eWARIDE Er 2 8 ﬂ\i}?—«aﬁg‘
B s P E BRI el kY M A S IEWF ‘ﬁ SRV ER
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- PR EARAS AL A TR £4 IR
IR EFRRA
(—) F2ZRFpsk: 2egkxie8 | i) ’]‘4‘3&*’3?@?‘”-@%‘?3@?3*?1
3P PER > der 019 (VV) 2 SERTEL 24 EFRRA B LB P
15 % FLfe s 7 (Lactobacillus plantarum subsp. BCRC 10069) frie 4~
' pet% F] (Lactobacillus johnsonii BCRC 17010) % H = i & ]
Fho W BTCTRGFFERE A8 04812 ] pFis > & Wi (TA
¥5iksk 0 RGOk fRASR R e 2 8 L %R 2 (Blank) o
(Z) Al P> 05mL#FpRse » 45mL 2 28Rk Rt
ig@.%éf;fﬁ—% » £ 2~ 0.1mL 7% > /L~ MRS agar % 6 > & 12§ Btk
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pH & : §1* pH meter /¢ =_pH & °
% pE (Reducing sugar) : 1% DNS :##& 2 3,5-- o ke (3,5-
dinitrosalicylicacid) 2R hpEx £ F > A2 B R fr i d =i it
EF o 1% k£ 540 nm TR H ek {E o %g d % 5 # (Glucose) &
BEREERRpEZ L ol mg/mL e AwkiE2T > ¥ 1ml
AR 1.5 mLDNS B & {463 100°C -k F B R & 5 445 0 4 4ris
Lk R shp e H ek @ (Bernfeld, 1995) »
2 f (Total phenol) : B~ 50 pL #& &4r » 50 pL 10% # 4xz&#| (Folin-
Ciocalteu’s reagent) ® £323 > £ 4v » 200 uL 5% pasp R & » 23 8
THEE 60 A4 0 £ 750 nm Bk B (Singleton ef al., 1999) - fﬁ
d 2 a3k (gallicacid) Bk ERE LR 72 > =25 pg/mL -
BARF RS G ABTS™ pd fit 4): mZE4 ki@ 70 mM
K2S20s » £ 2 PBS buffer fic #] 2.0 mM 2,2’-azono-bis (3-ethylbenz-
thiazoline-6-sulfomic acid) (ABTS™) » #-F if = 22&] 12 1120 v )38 &
#% 16 | P 5 ABTS™ stock solution » & * % % 12 PBS buffer i
sk iE 0.800+0.03 B~ 10 pL #& &4 F 990 uL . _,_ﬁrﬁ 1 ABTS™
stock solution > AL TH B 6 445 > & 734 nm T p| T H ek @
(Miller et al.,1993) - & & 5. Trolox *7{F 2. & £ & » #5357 4p ¥t
Trolox 7 ‘/T‘ ABTS pd At 42 28 H>53 mM-o ‘}fé‘“f ABTS g
d a4 ()= GrtlesmkiE—fkTos ki) dies ki)
x 100% -
viefl fs %2 = (Free amino acid composition) : %% Helda et al., (2011) =
2Pl k&2 0.22 um PVDF i ip i6 > i 7 aTRAQ "= pk 2 &
AR U - 1 LN

FiF © Agilent 1260 G1312B Binary Pump

# # © Agilent Poroshell 120 EC-C18 (100 mm x 2.1 mm i.d., 2.7 pm)

B 3# & © AB Sciex Instruments QTRAP 5500

% ;KR ;5 Turbo V Ton Source

HPLC =% ;

(1) L8 1 2ul

2) HBEw

A. 0.1% (v/v) Formic acid / water
B. 0.1% (v/v) Formic acid / Methanol
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3) HA
# 3 PE R (min) siid (ul/min) A (%) B (%)

0 0.10 400 98.0 2.00

1 12.0 400 60.0 40.0

2 17.0 400 60.0 40.0

3 18.0 400 10.0 90.0

4 20.0 400 10.0 90.0

5 21.0 400 98.0 2.0

6. Mass 3% i% ;
(1) #4# 415% : MRM (Multiple Reaction Monitor)
(2) & Positive
(3) kiRE R *600°C
(4) #Pp$% % Analyst 1.5 software
7. S
(1) #35%% # (CUR) : 20.00 psi
(2) F i # % (GS1) : 60.00 psi
(3) mif &t 24 (CAD) @ Medium
(4) *c#F ¥ (GS2) : 60.00 psi
(5) THEHL wH TR 5500.00 V
(6) #ifis £ (CE):30.00V
(7) & %% % (DP): 30.00V
8 »rv & (EP):10.00V

S S
ARG TR BE A BEPREF T RAE (MEE A RERREE L R %R
RAEZ BT LA ER AL HE T HFTE 112038C1 55) F b Hip 2RI %
FrRzZBRE P H50 Y o & % o4 5 5 5 CSTBL/6INarl » ik #2 2 8 & » 3¢5k
Foim e 108 > &l
(—) ®F R R LR
1. & %% P % (Normal Control) : 17— #k4! (LabDiet 5058 : 2096 #-v
B 9% %% > 55% ki &4 > BB 5 346keallg) 4% > FEHRY
AUF G o U EARE R BB T-RAST K o
2. B34 &% (HFD ; Negative control %) : 12 & #; 4% (Research Diets
DI12451 : 249635 F > 24967 » 41968k 1 &4 > B8 5 4.73
keal/g) 4% - RSP F 7 L1408 o LEAE T HBRY T8 B4
* 7J; °
3. 2B kv SSE e (D12451) &% o RSP A U4
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G EAREHS B%PF-2 8 kv SS(Fe®kA 5 150 mg/ml - 3%
A A2 5 1,000mg/kg > BRK-] RAMEE G 45g0 BRI ML 03
ml) °
4. 2 E4FEES SSB o1 U F g b (DI12451) AP% o RS A )
Ad o UEARE T RBRPF-2 s SSB (KR 5 150
mg/ml > 33 & 5 1,000 mgkg > Bk RAEE 5 450 B AR B
5 03ml) e
(7)) REHP REX - PRFEpeHEHMELIHESE N5 4 -8fc 2k
B m R R RERSACRPEE S L TEE R H TR R
FEWZ G ERREE MR FPE MR EE (9)/ HE (9)]
x100% > A R s E R G THE R ¥ Bl Rt R e
(Z) $40 3 sgid jpl3g s pdmieat e 4 P 1 0 B IFA R IR R AT
Bodr w0 @B w g de R SR 0 R b e 4 R (8
= : kgf) -

VAR

HREENTHELRE R L L7 0 AT Hcdp € * Statistical Package for Social
Science (SPSS)20.0 szt & K ardl e (7 st 2 4741 * H 13 ¥ £ #ics 47 (One-way
analysis of variance, ANOVA) 2 fF 2_ B ¥ % o #7% #E ¥ mean+ SD % 77 » p<
005 %77 & F 33 L& o

- ixﬁ,’%ﬁf'g w3t

irﬁa 3 %fi‘ kpF RS LGS ERER B TR
/*‘l@ FI*’M Jrﬁ pH & ~ BRpEZ 5 2 Fl BB S5 47 ng\ﬁzx

23 ) P2 pH 955922 BRpES BiE 2602 mg/mL > B EEREEF 12 )

pH BEEFTEI 495491 2 4.66 (F l(A-C)) Fﬁﬁﬁmﬁz&ﬁ%’ﬁqﬁi 8.81~8.81
% 894 log CFUmML (Bl 1 (A-C)): a R hpEz £ R ™ % 31 24.17 mg/mL mg/mL -
23.41 ~21.68 mg/mL (B 1 (A-C) ) > } S % A7 2 8 K24 7t s L4 eng 4 7
Bz BRPET UARE L AT oI i MEEREY LT A2 G PRE e
® pH T oig- AP A AR R 12 BB ERF LT
556.01ug/mL ~ 578.01ug/mL % 583.45 pg/mL (B8] 2) ; 5—;‘-“? ABTS™ p d At 4 &g
FHA T 2581+~31.53 2 27.81mM (/2 Trolox % & % 77) (B 3); ¢t ek » st
fk 7 £ (FAA ; free amino acids) 4 %3 # I 995.18 mg/100g 2 1063.99 mg/100g °
Mgt 7§ (BCAA) 7 8 5 7438 2 71.46mg/100g (8] 4)- & pE2g ~ 45 (¢
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A

2 01lgosacchar1des s raffinose % stachayose) z £ %" > d Bl 4 B %K1 52K
ﬁ'¢ | PEHp B2 E B (oligosaccharides) 7 & 2 3.03~4.17 g/100g ~ & = #
(rafﬁnose) z % 5 049~1.08 g/100g ~ -k gk #& (stachayose) 7 £ 5 2.36~2.79
g/100g (B S)- sF& P iR % » &8 3 LR 2 kfEy > JI* £ 4 A% 12 /] pF >
¥ i¢ pH T F#c#E S T 851log CFU/ML 1} » faip| it pe Fpt 4 & 42?1
RO FIRLF RGBS R FAfRL ) A FOERE IR R kA T H AP
¥ AI* 1 (Ziegleretal., 1998) c 2 7 B E AL 2 }?&7&1 0 F 4245 (2009) #F] d
Lactobacillus plantarum ¥ § »<{1* § ¥ #£i& {7 3% ; Juan and Chou ¥ ¥  (2010)
%2 QOrozco % § x (2007) 5% 9 Bacillus subtilis BCRC14715 ¥ Lactobaczllus
plantarum % #c* H? R AR SR A LI A an *FF (2010) 7~ 4p
&) Aspergillus sp. & Bacillussp.2. 7 F Ffa# s ¥ &8 R 22 43 L B A
B %ﬁﬁ°$%:i§ (mm)uusgg~mﬁwmw(mmuMﬂgg
TR R > BT R E J\ﬁ'*ﬂ WA P T R ROF AP M A F] COX-2 & INOS
&

:l—
224 BB EBASLE LB ALERT R o

COREHMEFHIRNE AR FE e RE L B
WRPUADEF S Fraeiade e $1 L9008 % - ek e g F 54 o

Wk e Bl n s PRRFIRI S ARSI 229 SSeB 2 o F
f24 SSB fenfl € % 1* £ &% a4k 8 2= (HFD ; Negative control ) < ¥ ad*
?%Uﬁ’@%%ﬂgeéﬁﬂm%Wéﬁﬁm&(@QO&%$%%%W€%
FEEEAESE AR F (SFFY F=(REH R (9 APPEERE (9]

x 100%) > e 2 4 * F «qér?n‘_m_.@.“vd ”@}iﬂﬂ—%z v SSe2 2 5 ¥pEs SSB &2
4 1% FE2er g "o 4 @ = (HFD ; Negativecontrol ) A L 33+ % 8 » e frv &
22 %d SSE2 Bt SSBA & | F 4 F "okt & 2 (HFD;Negative
control ) Mz AF > P &% 2 & v WS It Foem w FEH P 1L R 4
25k (Bl 7)e 55 48 121 & e ir i sind > 22 Bx &% § 5
AUfldsfr RS TR F AR e Y 2B 2T A ‘ﬁ%‘a‘h#f' B T kR 2
R Rk e Fragdoflanlen et 2 ek SSB i wm gt B g
22 3v SS 2 AR (B 8) Aidskit- HiFT ;._#Bf‘ffﬁz" ® Fg AR T o e
W 2 EFd SSEZEFRS SSBE RFUHNFFMEIF NPT &
WERFEHNE S TEYFEYRCY R R aE g (AR ER)
FRAFHS2Z e Fy SSER Pt SSB i W E G Ao e
(HFD : Negative control &) > > ¥ 2 2 akf SSBe LB F M LR » VP AH L
2Egpt SSBV MR s M akE (B9 Frdkgsais
g R e 9 Farqligind o (lipogenesis) I L& F5 %5 4 i3 (lipolysis) 2
kAR o SFE T RP 0 2 2Rt SSB Ve fq e g~ AAFEICR By \a’%
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BN M EHMER G B AT B AR s i B o

AT LG 3R E L RE o R KRR AR A
EAER B AL e RGBS fEAR B B EEoP
FAOFMEART TGEE S AR ARG AV RAR TR it 2
EFdralE UM FF AR 2B T EERF LEAARNT A PP RRE

- HEF > ARG I FEL L RGN  FH 2 AR ke T R
&% 2 5 kv Sﬁ%%#8%¢m15%m;?ﬁb7“?$&&§%ﬁﬁﬁ‘
A P S R U R R R s E R At o B9 1 2 B4 S SSB
A IERE o x&%ﬁ%\»mf‘#ﬂ; BRE G AE PHEPY 488 g 2 B kv TV i
IApE L 42 xiofﬁiﬁwﬂﬁﬁ%wwﬁ%ﬁﬁmﬁﬁlﬂ’P@Aﬁé
grawike S FX GO BF L PR Mg AR E LR PET FES ST AT
ﬁ’ipiﬁaﬁéﬁlﬁmﬂPWﬁJmEE#}VQ#k%%wﬁ@wﬁé’
ART RN F G FAE S REHZ IR AL LE 2 ELR Ly TR L
ERBESIRPF 5 Mgk AR R EADM A S B o

et

AEGORFRENEE S RS P o A U2 A e
4\2_13_‘_:}ilﬂ75 FAvd BATE A ﬁgf«?;’;fé‘?ﬁé}i L FTERES F}ﬁ‘?j’%@/i‘ A ﬁ#"fi
HFETRAFEA T EM A FHE A R RET L 23 ORI R
o
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2 2 4 S
Ua 10 =
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blank HO H3 0 4 8 12

Fermentation time (hr)

3
51— —A— BCRC 17010 + BCRC 10069

1~ 23Kty (B 3 5%) SR MMELHRIBEATHEE 12 ) aFdik]x pH
B ARRERBSEYL
Figure 1. Changes in pH, probiotic microbial counts and reducing sugar of hydrolyzed

black soybean during 12 hr fermentation with Lactobacillus plantarum subsp. BCRC

10069 and Lactobacillus johnsonii BCRC 17010.

a~d: Different lowercase letters on the top of each bar are significantly different (p <

0.05).

blank: Tainan No. 3 black soybean without hydrolysis.

HO: Tainan No. 3 black soybean hydrolyzed for 0 hour.

H3: Tainan No. 3 black soybean hydrolyzed for 3 hours.
(A) BCRC 17010: Tainan No. 3 black soybean hydrolysates fermented by L. johnsonii.
(B) BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by L. plantarum.
(C) BCRC 17010 + BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented

by the mixture of L. johnsonii and L. plantarum.
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[ blank

V7] HO

XX] H3
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BCRC 17010 + BCRC 10069

2~ ZgREY (8 3 5% EESGHHHEYHRIEITE MM IBAR AR 12
NERER R 2 48 Ey A E WL o
Figure 2. Changes in pH, probiotic microbial counts and reducing sugar of hydrolyzed

black soybean during 12 hr fermentation with Lactobacillus plantarum subsp. BCRC

10069 and Lactobacillus johnsonii BCRC 17010.

a~m: Different lowercase letters on the top of each bar are significantly different (p <

0.05) .

blank: Tainan No. 3 black soybean without hydrolysis.

HO: Tainan No. 3 black soybean hydrolyzed for 0 hour.

H3: Tainan No. 3 black soybean hydrolyzed for 3 hours.

BCRC 17010: Tainan No. 3 black soybean hydrolysates fermented by L. johnsonii.

BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by L. plantarum.
BCRC 17010 + BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by

the mixture of L. johnsonii and L. plantarum.
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271 HO

854 H3

[ZE]—e— BCRC 17010

[—31—O— BCRC 10069

EZZE —v— BCRC 17010 + BCRC 10069

3R IKEY (£d 35R) BAEESMIMEY RILEAT A MY IUEAT A8 12 /)
B R ) 2 A P ABTS™ A &3 A4t /7 #1248 3 Trolox & 41t ©

Figure 3. Change in ABTS™" radical scavenging activity of hydrolyzed black soybean
during 12 hr fermentation with Lactobacillus plantarum subsp. BCRC 10069 or
Lactobacillus johnsonii BCRC 17010.

»h: Different lowercase letters on the top of each bar are significantly different (p < 0.05) .
blank: Tainan No. 3 black soybean without hydrolysis.

HO: Tainan No. 3 black soybean hydrolyzed for 0 hour.

H3: Tainan No. 3 black soybean hydrolyzed for 3 hours.

BCRC 17010: Tainan No. 3 black soybean hydrolysates fermented by L. johnsonii.
BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by L. plantarum.
BCRC 17010 + BCRC 10069: Tainan No. 3 black soybean hydrolysates fermented by the

mixture of L. johnsonii and L. plantarum.
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BCAA(mg/100 g)
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4~ 2k (2% 335%) GBS YL KILEAT B A LT B E B
o Z W5 BERR AR B ~ X ARMR AR (BCAA) AR 2 2 ¥ 1L o

Figure 4. Total free amino acid and branched chain amino acid (BCAA) content of the

hydrolyzed and fermented "Tainan No. 3" black soybean.
h: Different lowercase letters on the top of each bar are significantly different (p < 0.05) .
SS: Tainan No. 3 black soybean hydrolyzed for 0 hour.

SSE: Tainan No. 3 black soybean hydrolyzed for 3 hours.

SSB : Tainan No. 3 black soybean hydrolysates fermented by the mixture of L. johnsonii
(BCRC 17010) and L. plantarum (BCRC 10069) .

3 {244 AR (Lot ID : SA03022-0323) # A MiRl&E R

Oilgosaccharides
@ Raffinose
@R Stachayose
Isoflavone

o

0.8 5 5 r 08
T 4 [
0612 06
® = c c
—)
g |? g g
= -84 2y ‘gm
z
E 04 {2 -5--0,4 =
3 = @ 2
] = s 5
= = 24 <2 B =
£ g = &
b > =
S & g g
024 5 : . = 5oz =
3 1 - ¥ 15555 ik
0.0 - 0 - 0 - 0.0

S~Eakmy (£h3%) BREBEHZERELTESEEL

Figure 5. Total oligosaccharde composition and isoflavone content of the hydrolyzed and
fermented "Tainan No. 3" black soybean.

h: Different lowercase letters on the top of each bar are significantly different (p < 0.05) .
SS: Tainan No. 3 black soybean hydrolyzed for 0 hour.

SSE: Tainan No. 3 black soybean hydrolyzed for 3 hours.

SSB : Tainan No. 3 black soybean hydrolysates fermented by the mixture of L. johnsonii
(BCRC 17010) and L. plantarum (BCRC 10069) .
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Figure 6. Body weight gain in C57BL/6JNarl mice during 12 weeks experiment period.

EEREANHBEE  BARETELTAOAAEZ REPLEAR =L ARE
—AEILREE o

WARRFEREFRERER (p<0.05) -

= Normal control

B Negative control (HFD)
= ss

1 SSB

201

@

. b b L) b b

Food intake ratio(%)
=

b

b
b b b

b b b b

o AR LB U LR IR ﬁ,ﬂﬁ,ﬂﬁ,ﬂﬁ

Wi w2 w3 w4 W5 W6 W7 w8 w9 W10 Wil Wwi2

w

=

7 BB A R 12 ERS I P R AR E S L o
Figure 7. Food efficiency of C57BL/6JNarl mice during 12 weeks experiment period
abedStatistically significant difference between control and high-fat control at p<0.05.
abedgtatistically significant difference between high-fat control and treated group at
p<0.05.

Value is expressed as mean = SD (n=10) .

' Food efficiency: (body weight gain/total food intake) *100%.
#EEBALAHMEARERE ARWAAEAXSEZ - RMAAE = [
FHME (@) OFHBRE (2)]%100% "> REAZEREFBELER (p<0.05)
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Figure 8. Effects of black soybean protein on forelimeb muscle power in C57BL/6JNarl
mice fed with HFD.

ab Statistically significant difference between control and high-fat control at p<0.05.

X REFHEREAABERLER (p<0.05) -

1507 == Nornal control
=1 Negative control (HFD)
= S$S

1254 — SSB

be

[ b

e
=3

Body fat ratio (%)
=
T

o
o
&

2.5

T T T
Normal control Negative control Ss SSB
(HFD)

O~ B mEMBAS I F - 5 & w B FHUASHY ~ B RRA B RS A 9185 & B L RS
Wi @tk AT B RS A AKX AR £ = [BAEME (9/BE (2)]x100%-
WCRRFHEREABREREE (p<0.05) -

Figure9. Effects of black soybean protein on visceral fat weight in C57BL/6JNarl mice
fed with HFD.

abeStatistically significant difference between control and high-fat control at p<0.05.
Value is expressed as mean = SD (n=10) .

#Total fat is the sum of mesentery fat, kidneys fat and epididymis fat.
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Development of functional products in domestic black

soybean

Hsiao-Ching Chen ™"  Chia-Chi Chen ® Li-Jung Yin ® Chin-Hsing Chan V' Yu-
Chu Chen

Abstract

To improve the functionality and potential application of domestic black soybeans
(Glycine max (L.) Merr), it was hydrolyzed by enzymes, and further fermented by
probiotics. This study used enzymatic hydrolysis combined with probiotic fermentation
technology to explore its bioactivity and anti-metabolic syndrome benefits. Tainan No. 3
black soybeans were hydrolyzed for 3 hours using amylase and cellulase, and then
fermented for 12 hours with probiotics (L. johnsonii and L. plantarum) . This shows that
the "Tainan No. 3"black soybeans can greatly enhance the anti-inflammatory and immune
regulation ability of black beans after enzymatic hydrolysis and probiotic fermentation.
This study further investigated black bean protein after probiotic fermentation would alter
the beneficial effects on animal metabolic syndromes. The control group of
C57BL/6JNarl mice were fed with LabDiet 5058, in comparison with a group fed with
high-fat diet (HFD). The experiment group was fed with HFD and supplemented oral with
black bean protein (SS) and probiotic fermentation (SSB), prepared by SS, at amount of
1,000 mg/kg body weight. The fat and hepatic lipids, liver and kidney functions were
analyzed and compared after 12 weeks. When feeding a high-fat diet at the same time
oral administration of black soybean protein, the results found SS and SSB do not affect
liver and kidney function. In conclusion, the black soybean protein SSB has positive
efficiency in delaying weight gain, reducing body fat production, and reducing liver fat
accumulation, indicates its potential to ameliorate metabolic syndrome and can be
developed into high-value functional food. In the future, this processing technology can
be used as a foundation to establish more diversified and high-value black soybean

functional products.

Keywords: Tainan No. 3 black soybean, Probiotic fermentation, Antioxidant activity,

Metabolic syndrome, Prevent body fat accumulation
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