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Change in physicochemical properties, phytoestrogen content, and
antioxidant activity during lactic acid fermentation of soy powder milk
obtained from colored small soybean
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Abstract

This study investigated the changes in physicochemical properties, total phenolic and phytoestrogen (isoflavone)
contents, and antioxidant activity, including 2,2-diphenyl-1-picrydrazyl (DPPH) and 2,4,6-azinobis (3-ethyl-
benzothiazoline- 6-sulfonic acid) (ABTS) radical activities and ferric reducing antioxidant power (FRAP), during
the lactic acid fermentation of soy powder milk (SPM) with colored small soybean (CSS) by the potential probiotic
Lactobacillus plantarum P1201. The pH decreased, while viable cell numbers and B-glucosidase activities gradually
increased during lactic acid fermentation of SPM. The total isoflavone content of Pungsannamul soybean was higher
than that of other CSS cultivars. The isoflavone glycoside (daidzin and genistin) contents decreased whereas,
corresponding isoflavone aglycone (daidzein and genistein) content significantly increased during the fermentative
processing. In particular, fermented SPM prepared from Pungsannamul soybean showed highest daidzein (87.37
ng/g) and genistein (51.29 pg/g) after fermentation for 60 h. Total phenolic contents (TPCs) of Dawon soybean
was higher than that of other CSS cultivars. TPC also increased marginally from 1.44-2.92 mg/g (0 h) to 1.79-3.03
mg/g (60 h) during lactic acid fermentation of SPMs with CSS. Finally, fermented SPM extracts possessed potent
DPPH and ABTS radical scavenging activities and FRAP effects with change from 28.7-40.6 to 90-95.3%, 25.1-42.3
to 51.4-82.8%, and 0.73-1.54 to 0.98-1.79 (ODsy3 nm), respectively in pre-and post-fermented samples. Therefore,
fermented SPM might contribute to enhance the value of CSS.
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9.14g/100 ea 11.26 g/100 ea

Fig. 1. Photograph and comparison of the seed weight of colored
small soybean cultivars.

A, Pungsannamul soybean; B, Nokche soybean, C, Galche soybean; D, Dawon soybean.
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Total phenolic contents

0 12 24 36 48 60

Fermentation time (h)

Fig. 2. Change of total phenolic contents during the lactic acid
fermentation of soy powder milk with colored small soybean by the
potential probiotic Lactobacillus plantarum P1201.

Data represented mean+SD of three replicates. All values within a column with different

superscript letters are significantly different from each other at p<0.05 by Duncan’s
multiple range test.
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Table 1. Changes of pH, acidity, viable cell number during the lactic acid fermentation of soy powder milk with colored small soybean
by the potential probiotic Lactobacillus plantarum P1201

Soy})ean Fer;nentation Contens - - —
s e o Aty (5, bt g Ve el b BGlusdae vy
0 63020252 0.14£0.01° 6.78041° 0.0420.00'
12 6.2310.25" 0.18£0.01 7.00£0.42° 0.8520.05°
Pungsannamul 24 4.77+0.19 0.70+0.04" 9.46+0.57" 0.97+0.06'
(yellow) 36 4.4240.18° 0.85+0.05" 11.850.71° 1.26+0.08"
48 4.16£0.17 0.90£0.05" 11.88+0.71° 1.33+0.08"
60 3.96+0.16° 1.08+0.06° 11.5040.69* 1.48+0.09°
0 6.350.25 0.14+0.01° 6.600.40° 0.01£0.00'
12 6.30£0.25 0.16£0.01 7482045% 0.32£0.02°
Nokclea 24 6.26+0.25" 0.20£0.01° 8.69+0.52° 0.52+0.03*
(green) 36 448+0.18° 0.74+0.04" 10.98+0.66" 1.14+0.07°
48 4.0520.16° 1.01£0.06" 11.93+0.72° 13240.08"
60 4.00£0.16° 1.040,06" 11.3520.68" 1.60£0.10°
0 6.25:0.25" 0.2210,01° 7.00£0.42° 0.05:0.00°
12 6.2310.25" 0.2240,01° 7.00£0.42° 0.71:0.04°
Galchea 24 6.15+0.25° 0.23+0.01° 8.260.50° 0.82:0.05°
(brown) 36 4.1820.17 0.72£0.04" 10.77+0.65" 1230.07*
48 4.18£0.17 0.8820.05" 11.89+0.71° 14720.09®
60 4.1240.16* 0.90:0.06" 11.92:0.72" 1.52£0.09"
0 6.2240.25" 0.18£0.01% 7431045% 0.03£0.00°
12 6.10:0.24° 0.180.01% 7901047 0.26+0.02°
Dawon 2% 5524022° 052003 1041:0.62° 049:0.03"
(black) 36 4.4420.18° 0.700.04 11.93£0.72° 1.12£007°
48 430:0.17° 0.85:0.05" 11.98:0.72° 13520.08°
60 4.020.16° 1.0320.06' 11.930.72° 1.690.10°

"Data represented meantSD of three replicates.
PAll values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.

L7uRe] gHeF Aol 7} Qe AR YEuiT o] g Ak
A7 Fl e anthocyanin FHel] 7190eF 202 AlR H]
At

g 4FA~F(reactive oxygen species) S EE QA9 T %
ol A & Lo 2 Fogt Akt 4bslay 7t oAl &
WA o® A A A AP Al AZE EHAE
AkslE o] Zhek A ) ojd ). gHH super oxide, hydrogen
peroxide, hydroxylZ} -2 free radical-> =38}e] F8 Q1o
= olgg ZAIE cslr] S8 HATH es5E7kA it
3} &5o] +3 polyphenolol] thgh A7} &&s] o] Fo
2TH5,21,22). 53] AElEA &2 3 anthocyanine 2|}
I Sl T e A wEAl=A A Foll
sh-5o] th23). B3 F2 AE-2l cyanidin-3-glucoside
(C3G)¥Z delphinidin-3-glucoside(D3G)7} -3+ &A1&

ERdthaL Lee 5(21)3 Kim 5(24)°] R 133t} Kong
5(25)% anthocyanin gl whe} A &Aool 48ttt K
etglar ol gk FARE AT bS] Hasol )lthed).
weba] oleigt ARE TR R = v B AT =3 4%
T 52 A Fol ¥ anthocyanin S-2 pro-anthocyanin
sigtEd 7I1% HoeR FEHIFW {FAF AHY
anthocyanin 2-& pro-anthocyanin &0l whe} &4tsl g4
2ol 7F vEhd Aoz AtsETh
7N A B F7 UE IH F isoflavone & 3}
Isoflavone 3 WSS #2138t Z 3} Table 33} Figs. 341
vebdlele}l Aottt dwta o 2 29 jsoflavoneS 12714
SFEEZA o] aFoR FREr & AFdM s F
9%2] vl A (daidzin, glycitin, genistin, malonyl-daidzin,
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Table 2. Changes of isoflavone contents during the lactic acid fermentation of soy powder milk with colored small soybean by the potential

probiotic Lactobacillus plantarum P1201

Isoflavone contents (1gfg)
Cuvars Fﬁ?ﬂf‘?hﬁ)"“ Glyosidesh Melonylgycosides Accylgycosdes Aslycoes -
Didin  Glyen ~ Gemistn~ Daidin ~ Glyeitin~ Genistn~ Deidzin Glycitin ~ Genistin ~ Daidzein  Glycitein  Genistein
0 IB7BIBY B3USH5IF 20434887 UG 2135:085  3650:219 080:008 3990160 200:008 SLTLIF 1239:05F° 2400:148 02313517
2 I670:884' 12450:62% 211961061 D3LIT  1956:098 BSOLIP ) 147007 0004 004145 11112056 2B00:092 660983305
%” yl 6748800 1197147.1° 19666¢1180° 2680£110° 1794108 30982155  tr 2861007 143:000° 44192265 1143:046  20IEI40 62675:3134°
Gelow 36 199044 1B19649% IBYTIE RIS 150700 BIEIL w 214:00F L0008 TI486 1105066 415666 60596:3030°
8 IB4ISIT 13455617 1440870 B2ELIE® 169620680 2535:12° ¢ 1962000 098:005 MIBTE 1097046 BR6P 58652993
0 WSSO DEI0IST 19939607 U0HT 1748087 BT w1708 0860050 $IISH 1238062 519205 14957
0 IT3834869 887404 13052715 B7ALIY® 1616:081° 2806t14F  NDY  312:006° 1562008 1634:08F 599:0300 6681038 5173822587
R 16707835 BM4TT 13596:680° ML 1531077 263161327 ND 294015 147007 15991080 595:030° 6534033 4949022475
N % IROBEO BDAIT X701 BLIT 1560078 2690130 ND 30401 12008 1664088 625:031'  684:034 510660558
(geen) 3 10859:543° 10746:537 1261446310 DBRLLIGY 1597+080% 2669:138  ND 27004 136007 G05315 671:034' 19426097 50192425100
] 87032435 103862519 127055645 2141107 14710740 38311 ND 185009 ND 68438 61910310 2516:126°  47358:23.68"
60 UMATF W15 1DBHO* DL 1404 4714 ND L4007 ND 6626:331° 570290 2164108 4335EIT
0 86791347 105724428 163872655 139056 1393:056° 7S6LS ¢ 156006  ND  533:027 25204100 913:03F  46301:1852"
1 54534 0407 163438654 13231053 13126050 3697:148 o 1391006 ND 5230210 2578tL0®  931:037  45565¢1823%
Glea % 043160 S81L34T 1275885100 32813 2305:092° 8TI4F o 1924008  ND 3412014 2B20:11F  850:034 478511914
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DAll values are means of determinations in three independent experiment. Data represented meantSD of three replicates.
PAll values within a column with different superscript letters are significantly different from each other at p<0.05 by Duncan’s multiple range test.
Jt, trace (<0.002 pigfg).
“ND, not detected.
malonyl-glycitin, malonyl-genistin, acetyl-daidzin, acetyl- isoflavone(daidzein, glycitein, 3! genistein) 3% L& 60
glycitin, 2 acetyl-genistin) 2 32| 8] vl T4 (daidzein, AIZE T FAEF A 151.04 ng/ge] AZHN L, SAF
glycitein, 9 genistein)”} %% A tHFig. 3A-H). 124} = -93.62 nglg, AAZ-8647 nglg, 3 THA-97.67 ng/gel A=
A 2] M peak 691 acetyl-daidzin®] 75| %| LT (Fig. ATHTable 3). A THAF2 LR A glycosides FE H| &
3C) &E 6047t ol = peak 1191 acetyl-genistin®] 743 ©] 80.36% A 21t R 6047 66.06% % A8 AL ©]

=2 &Sk Th(Fig. 3D). 3k 2 F B vk Fol A= peak
11 acetyl-genistin®] Z-%4 o2 AET X 2UTH(Fig.
3E-H). A2l HPLC S 2rtE 3] W3l wgrt 18
ol we} glycosides(peak 1-3) FEN7} Z1E 1 vlu] |
isoflavone(peak 9,12) FE|7} Z7}F6F3A 21, acetyl-glycosides
2 malonyl-glycosides(peak 4-8,11) FEl= &7} MY =
&< 2 st gle Ao E UEithFg. 3A-H). HIH| B

o] %383t 5.61%2] BIHIGA| isoflavone FENE LE 60A]
A 2355%5 JERom FAEE(25.54%) T
oA ztol= IIThFig. 4A-D). 1 9] & 60A1 7R H]H)
A isoflavone &2 =53 F-20.20%(Fig. 4B) 3 23|
F FrolA 2035%(Fig. 4002 JERAAT

T A FolA L wiEA 2 vujEA o] JH & st
£2R1& Fgn|AEo] 7IX| &= B-glucosidase /gl 2]k A



702 FRAEATHE

&3] 2] A25¢ A6 (2018)

o A |-/ B

ll : il

gl 1 gl P

B gl

bl =

B £l

<. <. 1 4 12

@ @ 2 # '

£l I "[2 isgl} Spm 3 2| 1.1 l5c7e 11011 |

gl o i e o0 B | I LTSS SR IV Y71 o
Retention time (min) Retention time (min)

e |

_,E . T 3 -'E ) \

E . E . I

] el 1

£l £ |2 1

. 2 . 1

2 ; 9 z . 12

| RS IO S | 0 1757/ 3 v i - 3 Lgszs e %

o | ) Wl I UL AL A o - : AL
Retention time (min) Retention time (min)

| ; |

21 £|° |

o P 1 a1

E] . |2 E]. 0 12

= I B ~ T
Retention time (min) Retention time (min)

g 3 gl

gl gl

HE | EHE 3

'ﬂs | 1 'ﬂﬁ |

@ . ¢

E| . - £l 12 0 12

3 o hdetn e P b 1 o S sers Y

Retention time (min)

Retention time (min)

Fig. 3. HPLC chromatograms of isoflavones in SPM (0 h) and fermented SPM (60 h) extracts.

A, isoflavones in SPM (0 h) extract of Pungsannanuf, B, isoflavones in fermented SPM (60 h) extract of Pungsannamul C, isoflavones in SPM (0 h) extract of Abkcte,
D, isoflavones in fermented SPM (60 h) extract of Nokche; E, isoflavones in SPM (0 h) extract of Galche, F, isoflavones in fermented SPM (60 h) extract of Galche, G,
isoflavones in SPM (0 h) extract of Dawor, H, isoflavones in fermented SPM (60 h) extract of Dawon.

1, daidzin; 2, glycitin; 3, genistin, 4, malonyldaidzin; 5, malonyglycitin; 6, acetyldaidzin, 7, acetylglycitin; 8, malonylgenistin; 9, daidzein; 10, glycitein; 11, acetylgenistin; 12,

genistein.
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Fig. 4. Change of isoflavone rate during the lactic acid fermentation of soy powder milk with colored small soybean by the potential

probiotic Lactobacillus plantarum P1201.

A, Pungsannamul soybean; B, Nokchea soybean, C, Galchea soybean; D, Dawon soybean.
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Fig. 5. Change of DPPH (A) and ABTS (B) radical scavenging
activities and FRAP assay (C) during the lactic acid fermentation 9
of soy powder milk with colored small soybean by the potential
probiotic Lactobacillus plantarum P1201.

Data represented mean+SD of three replicates. All values within a column with different

superscript letters are significantly different from each other at p<0.05 by Duncan’s
multiple range test.
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