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Bioconversion of Isoflavone and Soyasaponin in the Fermentation of
Soy Embryo Using Lactic Acid Bacteria

Mi Ja Lee*, Song Yi Park, Kwang sik Lee, Hyun young Kim, Ji Eun Ra, and Hyeon Mi Ham

Crop Foundation Division, National Institute of Crop Science

Abstract

The effects of fermentation on soy embryo have been investigated using lactic acid bacteria, Lactobacillus acidoph-
ilus (LA), Lactobacillus bulgaricus (LB), Streptococcus thermophilussei (ST), and Lactobacillus plantarum (LP). As
a result of the fermentation test of the isoflavone conversion by strain type, inoculation content, and fermentation
time, the optimum conditions were LP bacterium, an inoculum amount of 5%, and a fermentation time of 24 hours.
The composition of the isoflavone glycosides in the control was the highest in the order of glycitin> daidzin> genis-
tin. When fermented with lactic acid bacteria, glycoside content decreased, and aglycone content increased. The
order of composition was daidzein>glycitein>genistein. In the fermentation with LP bacterium, soyasaponin Ab con-
tent decreased and Ba and Bb content increased. Upon assessing the result of the experiment, it was found that the
pH of the fermentation broth had a great influence in the bioconversion of isoflavone and soyasaponin. In the case
of fermentation by pH 6 broth, aglycone and Bb content was the highest. The increase of aglycone content by fer-
mentation reaction with the LP bacterium can increase the physiological activity and functionalization of soy

embryo, which is a byproduct of processing.
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TRAF 9 T, Fu=, IV 4 BEE A E7HA
I =7F sl AREELL doH, HIZo ¢S BIE
g AW S AT F e 7T AFLE 7 W)
A AT Folle 553 7IeAd S 2ie B2 AegA
E4o] EAlst=d], o] & o]aE T (isoflavone)©] thEZ]
ojth. o] AT LS A FAA W E = 224 AdEERA

(phytoestrogen) 2.2 A ZEZ 73} fAFgE 2S4S e
W A 73l oa Ageds Yeil= EARZ
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trol=A1, AYZHRQL, FEAIEIQ] 35/ Blu)EA
(aglycone)} ZHzFe] vl (glycoside)] ©Fe] =% (daidzin),
AU 2=¥l (genistin), <2 A8l (glycitin) 22|32 T2 Eul G|
(malonylglucoside), o+ € B G (acetylglucoside)E E 33}
o 125/ EA7F &2 5 A tH(Shigemitsu et al., 1991).
Xu et al. (1994)3} Adlercreutz (1995)¢] Ao W=
o|nZ et o] spshxe] zpolol wet theket A7)
< UEREH, et g, A 5o JAEr &

45ty FU74s 2 LDLZE 2H & 244, 87149 9
FEE 5 1 A PEsbL Era Baw v

A TH(Peterson & Barnes, 1991; Clarkson et al., 1995;
Anthony et al., 1998). o]|A&Ze}E-S 2% FoA] &
o] WiFA P2 ZA| s, BluiFA] FEjo] o]AFeHE
o] Al wigA Fejrct wEA FFETL B
o] AthSetchell et al., 1999; Izumi et al.,, 2000). L=
Z AYETES =9 & A= vplgA FEE ASst=
A 27 BH(bioconversion) 7]<°] Q3 W, Lactobacillus
plantarum®} Bifidobacterium longum 5 PIAES o] &3
o] AFehE HujFA M3 A7t o] FAA| AL YTHCho et

P
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al., 2009; Kim et al. 2010).

T 4L g stz o7 F3(seed coat), A3 (cotyledon),
vl (embryo)Z 7 H o] et 7 R H]&e Ado)
90-92%, 3|7} 6-8%, HIE 2% A= Z3TH(Berhow et
al,, 2006). 2t A& 22 I FHo T wet
B T vlolE YehiH, 53], 39 o|aEgES £
- Zpgdell Bis) mjote] ghaFo] A E2 Aoz ATA
At} "=l Berhow et al. (2006)2] T
o] aZeHE-e Aol 0.13-0.35%, Hiokoll= 0.97-2.07%7}F
=] ATk sHth ey Fo] wiole ¥ ¥ Tk
AEFS Aitsk=t Eelste] 9] F3] 9 wjokE AlAsIAL
T AFS AL e Aol gk, H Foll T
H oAb 83 FYsEE gAhay), dikeEA, &
vl 2 7 EAAA, d54EA, 99sH 29 5

=]

i
)
2
i
fE

o] A&y 7150 HHAHA 754 A2 FES W
I JTHYang et al., 2015). 3l gFEo] A& Loprlrd
(soyasaponin)= H]HI A<l soyasapogenol A, B, E & 2.3-
dihydro-2,5-dihydroxy-6-methyl-4H-pyran-4-one  (DDMPA)
of o]Edl F2tE= Fol oste] thefsiAl ERET A7
HS Aa, Ab, Ad, Ae, AfZ, BAE-S DDMP7} H-2H5
og, Bg, Ba, yg, ya®t DDMP7} =252 Ba, Bb, Bb),
BeZ, EAIEL Bd¢t BeZ 3T AAE oA bEHS
AL v FEEovt EXstaL FIHEAEe &n, gant
59 B3 uS Ye 2, BAIY Aok FEYS w21
Jell SAlst2, Fo] Yeill= o] Agdded +8
gk 98k Sl Ao E A UThH(Yang et al, 2015).

2 AFeA s T 7HA] FAHER S s FhljotE
A= o] &3k Ba S Fall AW Srsol %
FEfl vl FEE WHSkA 7| 2A; S EA QD AR
Lactobacilluss ©]-&3te] HEAIZ 5, o]AFeHo] Hluj
T FEHE A s A

g sIgoss Fujol Ba
¥ 242 Aga, o] =
_"

R

7oA Zxoprbazd o] st

X X

Al =
Fajot ojaFehE el v sE Sl & AP olA
ARE-SE ol E97 2] (Cheongju, Korea)ollAl 913k
o] ARgSlATh oA e FFER thol=ARI, ZEA
g2, AW ZH]l, thol =%, 2AE, AY2H-2 Sigma
Chemicals Co. (St. Louis, MO, USA)| A FY35}F o,
obA| gul A oF T2 v G 52 Nacalai tesque (Nijo
Karasuma, Nakagyo, Kyoto, Japan)ol|4] i3t A-8-31%
o} AORALE U XS 3E 2 ChemFaces (Wuhan, China)oll 4]
THste] AREEA o, o] aEetEd} AR BAS
4%t o]5 &ulli= HPLC gradeE AFE-3FR L, 7€l A

AT o b2t

g AME-S 5= Lactobacillus acidophilus KCCM
32820 (LA), Lactobacillus delbrueckii subsp. bulgaricus
KCCM 35463 (LB)$} Lactobacillus plantarum KCCM 11322
(LP)?] 3F2 dF5 F=rdE BEAHNA £ Tot
Aol A&t BEE WA ZE MRS broth WA
(Oxoid, Hampshire, England)E A}-&-3}30H, o5 WS
MRS broth B =] ]l A} 38°CollA] 24417k 5-QF vl Fsl ATt

oS 0|E6t Stfot e

Fajol AR E flte] AR AR 12 7w
ZHF5 100mLol] 52g2 MRS brothS 2] 5.2%(W/v)
MRS broth HIX| & RHEIL 23 & FFE 02% HE5)
o] 38°CollA 24A17F v FatR o 22 7oA 23} Al
ek &I th(Lee et al, 2013). ©]ZA] w3 LA, LB,
LP &5+ SHS 38mLol Fujo} £ 4 23 5%
HEste] 38°ColA 9A A7 EEekqih gk gl
Z7] pHe| FaFS dolr7] fl8te] pHE 3, 4, 5, 6°2%
78t rasiinh Ha7F ¢ & 4 UZR(EYELA
FDI; Rikakikai Co. Ltd., Tokyo, Japan)3}3 W& Lol X
Fate] B AP o] &5kt o] aZetEe] HlwiEA A
&2 T3 A S o] &3t et

o o

~

HE A (%)
_ TelEAIR) + Z2AE9) + AUz g
) Fo|ENE TF

x 100

olaBRlE B Y T
g Fujjo} FE2E 4 shfd o|AaZe)
Tsangalis et al. (2002)9] WS
AAZE wE Fujo} EUREEH o]k
fste] A EFA 2082 Firoz AL
3 7,800 pm & 10327F LA s A
S oA] AZAZ & # Ak Eako] ke

o

s B

w

deds gt gdE ASHS 02um PTEE
syringe filter (Thermo Scientific, Rockwood, Germany)
2 o#ste] UHPLC &4 Al 2=El(Waters, Milford, MA,
USA)o. 2 HA33th 73S HALO C18Z H(Advanced
Materials Technology, Inc. Wilmington, DE, USA, 2.1x100
mm, 2.7 um)2 AFE3IRoH, o]FAC Z2E 0.1% acetic
acidE $H3F SHFI(HPLC grade, 871 A)2} 0.1% acetic
acid& 3t acetonitrile (HPLC grade, 87 B)E A}-8-3}
Atk FE£E 03mL/minel 2, o]FA ZAL 0 min,
10% B; 2min, 30% B; 27-27.5min, 50% Bo|$lo ™,
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UVAZ71(254 nm)ol| 4 d ZFskdeh olwf 2d 2%
35°Com FYF 2pLelar, ARnEDY HlojE =
Empower personal software (Waters)S AH&-5}o] 29313t}

r rlr

ZoMFEUS B3] SAstel BANET WE Flo}
22 S olLEAL 24 42 WA T2 $UT

UHPLC-CAD 4 /\] 2~®l(Dionex Ultimate 3000, Thermo
Scientific)2. 2 #4135}tk AHL an Acclaim™ RSLC
Polar Advantagell (2.7 um, 120 A, 2.1x150 mm) column
S AHEEIRoH, o] B O 0.1% acetic acidS SHFE
SH(HPLC grade, €7 A)9} 0.1% acetic acidE -3t
acetonitrile(HPLC grade, &7 B)E A}&3tt}h &
0.5 mL/min®| A3, ©]&5% ZA<: 0min 20% B, 1-3 min,
30% B; 5min, 45% B; 35-40 min, 90% Beollem™, AH
SEE 40°CHeH FYFE 13 uLe]Aa AE FYP Al
9.9%-7F 7] 271& FA 8T

24
=

=

EnEY

TSRO0 (HE SHHO2| O|A~Z2tE H A S
2kt LA, LB, LPo3 LB, LP(1:1) EFdF 5%=

Fafot Fdoll FEFst] 24417 TR |G SAAZS T

Hjo} Haro] o] AZall B AZE Table 19] LERNS
o 72 7 A §lo }‘O]/\iﬂi a2 13.26-
14.04 mg/g® W28 AFE HYow fakas HEA

e xae FYAE >EP°1EZJ > AU 2El
Z o s JeER|Y T

Fo =7 7}
Foz 2RIWEA7E =5k
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om, opMEu A &} v A 7F 7 B S UhEL
Witk fFAES JEste] dEAAS o WA TR
AL, vHl ] FheFo] FUhskal o, 12%94 vl
A AgHES YeRH LAE A s YA frktEe] 44
o= oF 45%<] HmEA HFE&S UrE‘rlHC’*OEﬂ 747} 8]
T to|=A1Q > ZFAHIQD > AU ZHIQI ol &
3], &t vlawste] fAkto 2 HEAZ S o thol=
o] FHgo] 7 AA FFHAElen, thol=AlQl gHol
7V 3A F718k k. LB LP(1:1) 2] 735 vu)
A Agee I LAG RuE EUANE LB, LP
EtS o] §ste] Ha g AR ths Yt

Kim et al. (2013)2 53 S| Fo|LZeE e
1.38 mg/ge| o™, AU ZEIQ] > tho]=AQ1 > ] AJH| <l
o & ke 060, 0.14, 0.64 mg/gel Aot F wjole]
Zol2ZeE FHFS 1039 mg/gel T B FTh B
AF A= LPFE o] &3 TFoi] Fo|AZapE ke
13.85 mg/ge] .21, Tho]| EAS1-S 3.46 mg/g, ST AEIS1
1.98 mg/g, AYZH|21 0.85 mg/gel At} tiF FAl
°F 0.3%2] o]AZehd Aol tif-E wigA] e Urd
Hj A o] Fe = A5, of Al el A 2 Hlul ] = wf
S AA o] Akl RAEo] t(Wang & Patricia,
1994). Fujole] 7ol = o] v A 2 EA| 5t oH
oA Eu A 71 - A A =] ATt

O

l

¢

T

rr

o HEE Y
H [HHEA| S
LPit 9] HEFS Delote] arRe o ojadshd
S-S Table 20 JERN Q) tlZe] vl st
ZFo|aZHE shFiy] 9.1%01UAI T LPF-S 2.5% A

Lo AlZIOf WE SHote| OlaZ2k=

rlo

Table 1. The content of isoflavone isomers(mg/g) in soy germ fermented with various lactic acid bacteria at 37°C for 24 h

5% Lactic acid bacteria

Isoflavones
Control LA LB LP LB+LP Mix

Daidzin 2.03+0.08" 2.06+0.03 0.15+0.01 0.14+0.02 0.62+0.01
Glycitin 5.50+0.28 5.78+0.05 4.91+0.06 4.47+0.01 4.33+0.02
Genistin 1.76+0.04 1.70+0.02 0.51£0.00 0.56+0.03 1.15+£0.01
M-daidzin 0.66+0.07 0.69+0.00 0.68+0.02 0.65+0.01 0.70+£0.00
M-glycitin 0.68+0.07 0.73+0.01 0.70+0.01 0.69+0.00 0.73£0.02
M-genistin 0.40+0.01 0.39+0.02 0.33£0.01 0.33+£0.00 0.38+0.00
A-daidzin 0.44+0.00 0.22+0.00 0.01+0.00 0.26+0.01 0.28+0.01
A-glycitin 0.36+0.02 0.29+0.01 0.33£0.00 0.31£0.00 0.32+0.01
A-genistin 0.20+0.00 0.08+0.00 0.16+0.00 0.15+0.00 0.14+0.02
Daidzein 0.56+0.01 0.75+0.02 3.51+0.05 3.46+0.00 3.53+0.03
Gylcitein™ 0.51+0.01 0.59+0.00 1.88+0.08 1.98+0.06 1.01£0.02
Genistein™" 0.16+0.00 0.29+0.01 0.87+0.02 0.85+0.03 0.50+0.00
Total 13.26+0.60 13.57+0.05 14.04+0.26 13.85+0.19 13.69+0.30
Aglycon(%) 9.3 12.0 44.6 454 29.5

ok

" Mean value of triplicate experiments = SD. **»<0.001

M- ; Malonyl-, A- ; Acetyl-.
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Table 2. Content of isoflavone isomers (mg/g) in fermented soy germ powder by various inoculation contents of LP at 37°C for 24 h

Inoculation content

Isoflavones

0% 2.5% 5% 10% 15% 25%
Daidzin 2.24+0.08" 0.21+0.01 0.1440.02 0.10+0.01 0.110.00 0.16+0.00
Glycitin 6.07+0.28 5.02+0.14 4.47+0.01 4.7240.19 4.9440.44 5.19+0.02
Genistin 1.87+0.04 0.70+0.03 0.56+0.03 0.47+0.01 0.48+0.01 0.61+0.02
M-daidzin 0.73+0.07 0.62+0.01 0.65+0.01 0.64+0.01 0.62+0.03 0.59+0.00
M-glycitin 0.73+0.07 0.67+0.01 0.69+0.00 0.69+0.02 0.68+0.04 0.64+0.00
M-genistin 0.36+0.01 0.32+0.00 0.33+0.00 0.32+0.01 0.32+0.02 0.31+0.00
A-daidzin 0.04+0.00 0.32+0.00 0.26+0.01 0.20+0.02 0.23+0.02 0.24+0.00
A-glycitin 0.38+0.02 0.34+0.00 0.31+0.00 0.280.00 0.28+0.02 0.29+0.00
A-genistin 0.21+0.00 0.17+0.00 0.15+0.00 0.14+0.01 0.14+0.01 0.15+0.00
Daidzein 0.58+0.01 3.45+0.09 3.46+0.00 3.50+0.05 2.8440.40 3.45+0.01
Glycitein™ 0.52+0.01 1.73+0.03 1.98+0.06 1.67+0.14 1.40+0.12 1.0240.00
Genistein™" 0.17+0.00 0.80+0.03 0.85+0.03 0.84+0.02 0.84+0.07 0.8140.01
Total 13.9+0.60 14.3£0.35 13.9£0.19 13.6£0.49 12.943.17 13.5+0.01
Aglycon(%) 9.1 41.6 45.4 443 34.4 39.2

o

! Mean value of triplicate experiments £+ SD. **p<0.001

M- ; Malonyl-, A- ; Acetyl-.

Table 3. Changes of content of isoflavone isomers (mg/g) according to different fermentation time of soy germ powder with 5% LP
at 37°C

Fermentation time

Isoflavones

0h 24 h 48 h 72 h 96 h
Daidzin 2.21£0.01" 0.14+0.02 0.32+0.01 0.08+0.01 0.03+0.00
Glycitin 6.03£0.11 4.47+0.01 4.72+0.03 4.76+0.13 4.26+0.05
Genistin 1.73+0.00 0.56+0.03 0.77+0.02 0.52+0.04 0.38+0.02
M-daidzin 0.89+0.02 0.65+0.01 0.67+0.01 0.59+0.03 0.58+0.03
M-glycitin 0.09+0.00 0.69+0.00 0.08+0.00 0.62+0.02 0.63+0.02
M-genistin 0.45+0.00 0.33+0.00 0.39+0.00 0.36+0.01 0.36+0.01
A-daidzin 0.49+0.00 0.26+0.01 0.02+0.01 0.26+0.01 0.24+0.00
A-glycitin 0.37+0.00 0.31£0.00 0.31£0.01 0.29+0.01 0.27+0.00
A-genistin 0.18+0.00 0.15+0.00 0.15+0.00 0.14+0.00 0.13+0.00
Daidzein™ 0.48+0.02 3.46+0.00 2.81+0.04 3.16+0.11 3.32+0.07
Glycitein™" 0.43+0.01 1.98+0.06 1.52+0.05 1.71£0.06 2.16+0.03
Genistein™" 0.14+0.00 0.85+0.03 0.57+0.01 0.70+0.00 0.81£0.01
Total 13.5+0.01 13.9+0.19 12.3+0.14 13.2+£0.43 13.2+0.03
Aglycon(%) 7.7 454 39.8 422 47.7

sk

! Mean value of triplicate experiments + SD. **p<0.001

M- ; Malonyl-, A- ; Acetyl-.

T3S W HFEL 41.6%= FAA SR H o vkith FolAZ R TS Bk B2 HulEA R
% 5% oA 455%= ) AL BT 1 o)A A 7P =3t 24X 700 HlElEA]

Jol o BETE 24407004 713
o F delmAel M w3k, Geor FAHle] &
A grom AUZE|ele] b e Fere Uehhith Kim

A TA] Aaskanh LPAFE7F 5% JEAA 718
AgES JefF o B2 o] AF A= 5% LP+

o mr

&3t AFE-S 23S et al. (2010)> UIF FEELS Lactobacillus plantarum
LP#S o] §3te] Fujjote] o] AZepg vudA|glsl7]  KCTC 31082 LEAIZS wf vidA] Jejel o] ahiol
g dg Ao BEA Tl TE HuFA AeEES = XA S] FFAske] 124]7F o] Fol| 54 8] HAskeaL, Hwl

Abetslon 1 AL Table 39| YERARIT LPe] Hlv) T3l 240774A] S S718kSAAL o] 48A1ZH7HA]
A AL 24N 7D W] 45.4%0]9 0™, 48217+ 72 XA 6] Z7 etk Bslsith Cho et al. (2009)2 17
AlZFM = Bha ARSI 96AI M= 47.7%2 A% 5 7HA FAMES o] 83 soymilkel]l T HE AlE A
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Fig. 1. Comparison of soy germ soyasaponin chromatograms soyasaponin standards. (a) before (b) and after (c) fermentation with LP at 35°C for 24 h.
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w2 At S/ et v g A st E@ste ] tol=
AQl g2 0057 1.089 mg/golR L, AY2=E TS

0.004-0.917 mg/gol ATt 53], & AFol|A ARES #7729
vl =23t L. plantarum ATCC 8014, L. plantarum 1155, L.
acidophilus KCNUS ©]-&-3F ra A|gd A3} tho] =49l
shre #FEE 747 0.638, 1.033, 1.053 mg/go)om,
AY2E9l eke 0327, 0.881, 0.899 mg/gl & Tho] =]
Ql ol okt & Aol = LB LPaE ©l8-3 24
AlZE R 5w gAlQl o] =AIQ) o 3551, 3.46

mg/gl 2 7H¢ Eokor, FEAEHI Sk 1.88, 1.98

mg/g, AU 2H S S 0.87, 0.85 mg/gE Cho et al.
(2009)¢] AE Ao} vs2gk AFE B
250 2|5 AOAFEH Bi5}

ol AFEHL Hlu A st HH xhoR BEI Fujo}

o] ZoRAEH S HPLCE o83t 418ttt 1271¢] A

A 738G

17 2o, sopAbed e £4 AAE Fig 201 WER
Stk Fojobs ZoREET AbZE 7MY BRtow el
Bb, Ba, Acs=0] It} LPS ©]-8-ato] a3 Fujote] 7
S AbETS SEA lste] 20) A A, 4B
o] &2 BAIL] T7tets e, 53], Bbet Bark 247t 4
wi, 3.7 7F 718ttt o]} ho] REA] AofAlEH Ba
9} Bb7t S718k= A2 2ok EY AAIE 2] deglycosylation
of o3 Ao Aast Ab7} FEFHOE AofAbEd Badh
Bbs} H]szste] o] & ohiFo] STl B 9l th(Rickert
et al., 2004, Hubert et al., 2008).
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Fig. 2. Changes of content of soyasaponin isomers according to fermentation of soy germ powder with 5% LP. SE: soybean embryo,

FSE: Fermented soybean embryo.
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Fig. 3. Changes of content of soyasaponin isomers according to pH of fermentation broth in the fermentation of soy germ powder

with 5% LP. SE: soybean embryo, FSE: Fermented soybean embryo.
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Table 4. Changes of content of isoflavone isomers (mg/g) according to pH of broth in soy germ fermented with 5% LP at 37°C for

24 h

Isoflavones pH3 pH 4 pHS5 pH 6
Daidzin 3.96+0.00" 3.04+0.05 1.70+0.01 1.44+0.02
Glycitin 9.86+0.02 9.43+0.28 9.16+0.01 8.93+0.03
Genistin 1.88+0.01 1.66+0.03 1.33+0.00 1.18+0.01
M-daidzin 1.06+0.01 0.78+0.01 0.58+0.03 0.48+0.02
M-glycitin 1.14+0.01 0.85+0.02 0.66+0.04 0.57+0.03
M-genistin 0.49+0.00 0.35+0.00 0.254+0.00 0.2140.02
A-daidzin 0.41£0.01 0.31+0.00 0.3240.00 0.33£0.01
A-glycitin 0.36+0.01 0.30+0.00 0.3240.00 0.32+0.01
A-genistin 0.16+0.00 0.13£0.01 0.154+0.00 0.15+0.00
Daidzein™ 0.53+0.00 1.15+0.00 2.2840.04 2.38+0.02
Glycitein™ 0.52+0.02 0.62+0.01 0.96+0.04 1.07+0.04
Genistein™ 0.14+0.00 0.23+0.00 0.5140.02 0.55+0.01
Total 20.51 18.84 18.23 17.62
Aglycon (%) 5.8 10.6 20.6 22.7

! Mean value of triplicate experiments + SD.
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