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Abstract

This study aimed to evaluate the potential of black soybeans (Seoritae) as a probiotic
food ingredient through the preparation of tempeh. Seoritae, a black soybean
variety, is known for its high content of anthocyanins and glycitein compared to
white soybeans, and these compounds are widely reported to exhibit potent
antioxidant properties. Tempeh was prepared using white soybeans as the control
group (CON), while varying proportions of Seoritae and white soybeans were used
to produce additional tempeh samples. The total polyphenol and flavonoid contents,
antioxidant activity, pH, and color properties of the tempeh were analyzed. The
results showed that the total polyphenol and flavonoid contents significantly
increased with higher proportions of Seoritae. Furthermore, DPPH and ABTS" radical
scavenging activities, along with reducing power, demonstrated a proportional
increase. The lightness (L* value) decreased as the Seoritae content increased, while
the pH remained unaffected. This study provides foundational data for the
development of probiotic food ingredients by assessing the antioxidant activity and
quality characteristics of tempeh made with Seoritae as a fermented food.
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HH|(tempeh)= 50 Rhizopus oligosporusg &5t A7 = JAEYAoe] HEAEo =, I

F oA sl e] FAPE A 2ol A71H FEE RAISH Ahlee er al, 2014). Hel=
272033} opuleAt, Aol HIEH By, 50] A=l HiFET 561, a4 BE et vl
sto] T 9l FE LSS A WAL, BeA L B ofnjieito] Fsle] JFEETt =
(Song er al, 2021). ‘FEIFoIM A7l= H2d 243 FH=ER Qloto] HEHo] ¥719 a8
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Q1 Tl FFUoE QleyAotofA] o]-§Elof gkom CHyet
COR%t 22 2AVIAE HiEsh= B84 A18Y A &4 d=
2 FZ 7297 9l Jeong and Jo, 2018; Kim, 2018; You
et al., 2020). 9¥E ¥a 3o vE B,, Bs, Bs ¥ Bz Y
Sk 27}, B85 stachyose®} raffinose® TH22 5]
opicAtOo & Fafiwlo] Eeflo] FHoh AW F57F o 1A 48t
g7t 2E TE ol8/go] F7IeHAl HrkBavia er al, 2012).
ESH Zejupo] EIA W o] ASEkE EduE djtE T TS
7157 2itEo] o ShrElo] Qlof kst 7|5o0] fsithal &
ZA QItHWinarno er al, 2021). A% dt2= w9 27w}
2 go] et Ai(Erkan et al 2020), B 27d2] ol
dra, QFgAl Sofl I3t A9 Winarno er al, 2021), Song 5

(2021)9] At 5= TH= g9 £4 E4 9 tiF 54 o]
LAk 27400 gk At 5ol Jlou Yt o® SlFow gl

e Az W AFsT wusol ok
APEs Zujs AoMol1 £28 =M0] ALoFo] dZoa A

2 9o F 299k afo] o}go] Bolzinh, Aeje B39 o
o} vlmslol QHEAORIS T Healol A} o] &1 &
oA o] £ Ful A% 75S Aolele mIph glos
isoflavone @& glysitein®]2h= FAEZ o] FHSFHKim et
al., 2020). Kim(2002)9] -olM H2F Fuloll= AEAOR
E4& cyandin-3-glucosode, petunidin-3-glucoside, delp-
hindin-3-glucosideE HA&3IH.
webA 2 Aofis 3t 7154 7
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spAlsF B 9 A
3 9 w2 FAREA

Aeied 2do] 9 diwet vlusto] gl da 3t

Sl B SAHAIE AL, ol Bl A2HE &
o] nzrlol Q8 AFAA) 7hs/dE AASHLAL e
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xSt MHe| HIx
Hofl A e AlEfEl= 20249 1090l B71% ZHAIY
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Table 1. Formulas of tempeh prepared with black soybeans
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Fig. 1. Flow sheet for manufacturing tempeh

otEoA  lstom, RHET-2  Rhizopus oligosporus
(KCTC No. 69690 A=At clA = 9t H¥= Fig.
13 22 g0z Axstglow, wigHl= Song 5(2021)9 Al
BATFE Fx3t0] diFeFe 0%, 25%, 50%, 75%S A2lEH=
At} AE3HHEK Table 1). tiF2t Al=]eiE AR $100T

o1 30871 7ekn ALolA 1AZ 2% T ARL AT
1:} Tl o] 2/\]7]- Zx]-o]- /ugy]-x] u471-/\]7]*7 E—ﬂuﬂ 2548 A al
Foto] tiFeh Eget 15 cm x 2 em2 2 e YAt
o] 28C9Yincubator (JSGI-Series heated incubator, JSR,
Kongju. Korea)olH 72412 SHaA|Zct S48 S 2]
Ol 70% olletE3t A B4l & ALoA 24417 53 A=
A FEst] Ao ARSI

Z Eons 2 54

Az38}4l 150 pLoll 2 N Folin-Ciocalteau’s phenol reagent
150 L9} 2,400 pL SFEE 713 &, aolA 38 53 vks3t
=1 N sodium carbonate 300 pL.Z A7ste] g4 2417F
SoF whAelgitt &%= 725 nm (DU-800, beckman
coulter Inc., Seoul, Korea)Z &4st9 1, FFEEEE gallic
acid (Sigma Chemical Co., St. Louis, MO, USA)E Ar&-5}o]
AFAE AL T g mg gallic acid equivalent (mg GAE/g)
2 HAISHth

Ingredients CON 25% 50% 75%
Soy bean (g) 100 75 50 25
Black soy bean (g) 0 25 50 75
Rhizopus oligosporus (g) 0.5 05 0.5 0.5
Total(g) 100.5 100.5 100.5 100.5
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AlEH 1 mLol 90% diethyleneglycol 10 mLet 1 mL9 1 N
NaOHE 7}oto] Z3tot3itt. AlZH2 37C water bathollA] 14]
2 AL EEEAR 420 nmollA F8EE S0 £
Z2AL quercetin (SigmaChemical Co. & FEEE §RA7]
oz Yeflon & EgHLolE FF2 AR 1 g F mg
quercetin equivalents(mg QF/ gZ HEAJsIAT}.

S

o,

DPPH 2iC|Zt AMEM =X

DPPH (1,1-diphenyl-2-picrylhydrazyl) 2ftjzo] tigt A4
Ao A& 318N 4mlol| 1 mL DPPH £94(1.5x 10“M)E 75t
1 3087 o] ¥RSAIAT. FEEE 517 nmE 23130,
AA A2 o Aoz ARSI

DPPH radical scavening (%)  =(1-(0.D. of sample/O.D. of control)) x100

ABTS'ZIC|ZAHEN &H

ABTS 2t 2ol gt AAELS thaat 22 o= SH519
o} S5 2305 ABTS'7.0 mMo] 2.45 mM 5E2 5559
2508t potassium persulfateE 7}oto] AoA] 24417 vF=]5}
o] ABTS" solution< 734 nmellA S3%=7} 0.70+0.027} H%
5 og==E S48 ARESITE A 100 ule] Al=Ho
ABTS™ & 900 um< 71t § 182 74 2& 63] 734 nmolA
V=S S06I%on, S35 2 U A& AXkIGiH.

ABTS" radical scavening (%)  =(1-(O.D. of sample/O.D. of control)) X100

(=]

==

=

AlEA 2.5 mLol 2.5 mL 1% potassium ferricyanide 2 2.5
mL 0.2 M sodium phosphate buffer(pH 6.6)5 &35t A&
50C 9] water bathollA 20%& &<t BRSAIFT. BREAIZ] A&
2.5 mL 10% trichloroacetic acid & &7}t 1,935 x gollA]
108 =9t Y418 (Sorvall legend RT, Thermo Scientific
Inc., Waltham, MA, USAYE 8t & S5 2.5 mLe} A6 2.5
mLE &3t ok 1 mL 0.1% ferric chloride & H715H¥c}.
BFFEAE ol8sto] 700 nmellA S 8EE ST 42 Y
o7 YERfidH.

L
Ly

rton
I

pH
g5 10 goll 90 mLe] S7SE 22 34gH 10% &4 pH
meter(A211 Bench top, Orion Star, MA, USA)S Arg3lo] =
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Helsick pHE 53] % SYaion Bat RRUAR 1S
ANJBISIE

ML

A= AEE T8 8710 got MAA(Choma meter CR-
400, KONICA MINOLTA, Japan)& AR5t 203] BHE S}
A, LZHEE, lightness), aZzi{ZME, +redness/-greeness), b#t
(M, +yellowness/-blueness)2| BagkE ot ofdf ARE
H EE i ZR2 1=93.54, a=-0.05, b=3.48& UERLh

SAXE

A% A3k SPSS(statistics package for the social science,
Ver. 27.0 for Window) program= AR&3to] EAA42] 313t}
A pHel MTE A|Qslal 33] W Aglsto] Bafat EEHA}
2 32 AXea, 7 A 7He) BAE 7918 AA0l W=
EABRLL one-way ANOVAS ARESIATE p<0.05 $F00A
Tukey range testg AAlot ZF A& 7H] 52221 AlolE A5

Z Eoys ¥ S0l e

Fo=qt A X3t CON} Slgat A2jefo] HlgS gafgt Add
o] & ZeHiEat ¥ St ool 3R 4 F3H= Fig. 200 AN
tgom, B Ago| ALgst oot A9 & EejHE TF
¥} 155.32 mg GAE/g, 180.15 mg GAE/gl & SA=ict
(Table 2). &9|9] & Z&]H&-2 CON°] 200.45 mg GAE/gC2
7H wokom 25%, 50%, 75% gkl 7z 214.93, 232.32,
250.84 mg GAE/go= A2} H7igo] weh F7leieict
(p€0.05). & AR AT thet Al2jeje] & St lo|E
SRS 717 40.65 mg QF/g, 61.68 mg QE/gl & &4 ]lo
(Table 2), €l92] & ZetH o]t TS CON, 25%, 50%,
75% A¥T 27t 52.54, 64.51, 80.55, 100.86 mg QF/gl &
Aeje 7kl et i os F7ekltFig. 2). AlEAlRl d
2] Bxxlo] 9l Edjvs ts APIE 7 SRET 330
2 P A, TS, Y 5 TR 7158 Ueie,
gHisRol 4oks StEo|EE STk, o]AZeEHE, QHEA|o}
AL 5K Choi, 2021). 59t A=
EovlE GBS oFF IRkl Sie

o), Saabge Axe Qo deguct 1 3] Sy

¢

1o

ol

N
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Fig. 2. Total polyphenol contents(A) and total flavonoids contents (B) of tempeh prepared with black soybeans. “*Means sharing the
same letters within a line are not significantly different at p<0.05 by Tukey's HSD test

Table 2. Total polyphenol and flavonoids contents of Soybeans

Total polyphenol contents

Total flavonoid contents

(mg GAE/g) (mg QE/q)
Soy bean 155.32+3.65 40.65+0.98
Black soy bean 180.15+2.56 61.28+1.53

RISl BHAJo] Evlel= Ao 2 A#A UtHlee et al., 2016).
T3 AEjEls Qut giFels th2 A oFEAlold Y} 28 EekE
o|EA MAE ZHA| 1L §lo] ATE W7ol wet ] & £
iz 9 EZetEolE 35go] IRE AR AZE. Joot
Park(2010)9] AolA H2F Aele B39 F Eeu=d
o] 403.58mg GAE/gol 2™, Shin 5(2020)2 54 A%
HaE ASE AFolM A2 33) HEEY § EuE
gFo] 473.71mg GAE/g2 2 B A9] ’lyHct AtfHoR =
e Ve 9 Kim er al(2017)2 Feold Ba g9
2tH1-0|=7} 32.7 mg/gC2 B 71| elm Rt Ajtja o
TS UERh ofgst Aol nBE 7o) B4 o
2 5 dazAd nE g4A8Ao] e Xjo|2 AlgH
. O|AETEE UHHE 0 ® glycoside FHIO o]aE2kE o]
J4o} vluiEA = EAk=t] 9] 34 9 71 Sofl 2of &
2% B-glycosidase?] 28] oJgf| HlujFA| 2 HE= Ao=
A Qlct (Shin er al, 2020). TR £ AFoAE G40
280 wjet d=gat fi o] g E4 Tl = &84
Ao AYzkert.

i rlo go

N

=

[e]

1 AT e ook
rlo

LR
&

b

ol

i

DPPH & ABTS® 2iC|Zt AMEY
Aelefe] &S Zeist Weo] DPPH RABTS Zejz 2484
< Fig. 30l Uitk DPPH 2eiz 242/4& CON, 25%,

50%, 75% A@o] ZH 15.68%, 17.96%, 23.54%, 26.53%%
AEe] 71 wet £AZ4 0] S7FsIHTHp<0.05). ABTS 2
Uz AAZA 94 CONOJ 40.68%% 7FF Wekom, 75% Al
o] 60.54%2 7FF w2 AATEE UERITH{0.05).
Kim(2002) @A A2F FHols QEACRd &=
cyandin-3-glucosode, petunidin-3-glucoside, delphindin-
3- glucoside® AETHL Bt thFet A7} 7kxaL 9L
£ SoHE, o|AZeHE, AU Z2 PABIHY EH] FFe
2 Az, AejE] 71l ket QFEAJobd $eFo] golA 2t
Oz 2AZAES A7) Aoz md, 2 A7o)A DPPH
2z 2ASYET ABTS 2z £AZ40] B =4 S738=
=8, Jeon 5(2011)2 Al2fe] ofgh& 35E21100~500 ppm &
To|A DPPH tjZ &2AZ40] 16.30~63.75%, ABTS 2tz
AAE/F0] 23.40~87.68%F1L HASHSILE. o] AEfefQ] ofgt
< F2E0| 79 ozt vksop] Akt 124 hydroxyl71E
7H sighEo] A2 yeRd Avlety Agsigitt. Gil $(2016)
2 1S FF ok AdHEglo] F=Aold Gt S Alo] 7R
E2 S UERIOH, Youn 5{(2002)2 =74 FollA acetic
acid7t 7P @ol| A&, Jis YaaPgolA R4t o=k
o] oAy YaFHT} 22 P TS Uehd Ao AZHE

o] 3ol
A ulge gee o] Y AN SUE et
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DPPH radical scavenging (C) and ABTS" radical scavenging (D) of tempeh prepared with black soybeans. *“Means sharing
the same letters within a line are not significantly different at p<0.05 by Tukey's HSD test.

0.536~0.577% Uehtoul(Table 3), Aeld W7lo] Z710] o, wepq & A70)4 Azt duo] pHols ol4el ke
we} slujo] Sl S7hsilnh ol Yl Agel BT w4 Ea Aow Az

AEE7t
o

—

OtEAJopda} 7+ Ae|ghy] B8 tfef 3kosla 917
AZEH, 94 DPPH 2hz 9 ABTS' iz 248 Mg

At QAR BAIS TS B ARjee] H182 elat Bl M Table 4o Uebich, B

£ Uil g2 85.00~91.45, a*= —2.68~0.18 A= A

pH gl d7Fgel w2t fo212l Zolg HERITHp(0.05). ¥ b'ake
Aeleie] BlEE ‘*E]’C‘TJ 5] pHi= Table 4°] UEFItE CON, 13.44~14.01 IS YA Ade27e] Fo2e Alel= §
25%, 50%, 75% A pHe 247 6.29, 6.32, 6.31, 6.362 Aot AeE] el whet gt sttt ok AzlH 2

/ol 7k oY AR SEEARE ]l Aole «1 Arrt g IRl Aoz AmdEn AZjEEdes J7RE vt
‘}it}. Son 5(2000) THEIPOA 2] Tido] ofn]izito] I8 AHKim er al, 20200014 %= A=IElEE 71l whet Lik
EofEo] ootz I3l pHe EOMIIL AE Wobd €2 2 HASIL agh gaste] & A7t fARE 238 Bl

T°] pHECH= 928t Joal 5190t E3F Song 5202102 Kim 520112 dFE FEAE 1 72 ofvliils} go 2
550l whE |2 pH Alo|7F 2201 $Rtrtal Bl &) Waheo]tlo] AAJE]o] Alo] QJgke u]E 2 ojckw shich 1

Table 3.

Reducing power of tempeh prepared with black soybeans

Sample CON 25% 50% 75%

Reducing power

) . 0.536+0.045° 0.556+0.051% 0.566+0.071% 0.577+0.089?
(optical density)

*®Means sharing the same letters within a line are not significantly different at p<0.05 by Tukey's HSD test.

Table 4. pH and color values of tempeh prepared with black soybeans
Sample CON 25% 50% 75%
pH 6.29+0.01" 6.32+0.02" 6.31£0.02" 6.36+0.01"°
L* 91.45+0.21° 89.35+0.15™ 87.37+0.23%® 85.60+0.17°
Color a* 0.1840.01° 0.1520.01° -1.96+0.01® -2.68+0.01°
b* 13.53+0.35" 13.66+0.42" 14.01£0.55" 13.44+0.21"

*Means sharing the same letters within a line are not significantly different at p<0.05 by Tukey's HSD test. “*Not significant.
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3] 91417 gpot

Lt wlivls ot AE=o] g del tisto] et
F7H4Rl A7k Faskoa et

2 %
£ A= Aol Hold AEIE ol&sto] HHE Axge
EX AEjEY] Z2Hlo] A A9 7he/dE AtetalA} 55
o} 339 &5 F shl g5t iRE Alxgt "iHE CONE A
“gotal, tiFet Ae]Ee] Hle(Al2E 25%, 50%, 100%)- %ﬂﬁ}
of Aol FHE AR & T Eus € EEkolE

FABE S, pH, M= 529 B4 EAsIqlt) A 23, *MEH
A7Fgol 71kl wet Hiule] & Edjvls Y Sofi ol o=F
o] oA o7 Zrl5lgion DPPH W ABTS' )z AAEHA,
e E3t HIFH O R FTloke B B ME(PE A
= AEES] 710l G Wekou, pH Hake fofshA] Al
gHH, £ A ARRE WAE d5 A 2700] Ejvle ¢
E olt o) A= YIS FAFRE FASHA] Kot9l
omj, e M7l wkE Mx Wk} ghiket &4 7o) A
< ]| HEokA] Z1E eATE Qi
webA, P Aol nE Fet EE 279

Hog FAsty, AEje F7ieke] gF9 o3t 9 #5d S
X S Frlst] AHd 28 78S
ot I, 2 A APEE olste] "HE Alxsl, ol
HP_Q_A]%. oz 7H1:‘1__]~].7] Ho}— o]—/k}g]. g}/ké ol Ejé] Ex —L% B‘i,_/g@o
22X, Lo QEA AE A S {5t 7|24 E ATt
£ R4 9ozt itk
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