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Abstract

The purpose of this study was to compare the effect of solid-state fermentation on soybean
using three microbial strains under four different fermentation times. Soybean was fermented
for 12, 24, 36 or 48 hours with highly proteolytic microbes, either Bacillus amyloliquefaciens
(BA), B. subtilis (BS), or B. subtilis var. natto (BN), and levels of total protein concentration,
protein distribution, and antioxidant activity were analyzed. Total protein was highest in
the BS 12 h group (9.21 pg-uL™?) and lowest in BN 48 h (6.80 pg-uL™), respectively (p < 0.001).
Furthermore, three microbes decomposed large molecular weight proteins as well as major
allergens of soybean such as 3-conglycinin, Gly m Bd 30K, and glycinin. Each treatment group
showed the highest degradation rate at 48 h fermentation and among the three microbes,
BS showed a relatively higher degradation rate. The radical scavenging ability, known as an
indicator of antioxidant activity, showed a significant increase in all treatment groups except
BA 24 h. The results from this study suggest that protein concentration, and degradation and
antioxidant activity were affected by different types of microbial trains and fermentation
period and that B. subtilis fermentation might be the most effective way to increase
nutritional and functional properties of soybean.
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Introduction

£ HEAR] A2/ Tl ook, o FEl 2
FF4, 7154 54 B 7HsA/do] Holut AF e 5= Al F2 0] &5 (Mugisha
etal., 2016) T T2 oF 70%-= 7S (B-conglycinin), 118 (glycinin) globulin THH 2 2 L4 =]
of At} L fof| = o]axEehE, H=aletE 5o FAte 28 Y=

S ol
T 3ol FYRY, YTALEE 5 T 7154 7P AFOR FBum gt

(Nishinari et al., 2014).
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Tyt ol s Yl =7] A 2@ EA)o] 2atE| o] F B2 ARE H A H7F A o, ohE -t A
E3 w2 g A o7 4= 9lof F20]7} = Q 5} Th(Frias et al., 2008; Ra et al., 2022). F2 Y| 27| S FE5h= 222
iAol o o] Q2 |27 TR Z =70 - 71 kDa 37]9] B-conglycinin (a, a’, B-subunit), Gly m Bd 30K 2!
glycinin (acidic, basic subunit) 5-°] 1T},

A& das g2 Eoliste] del=27] /& Askohe A0l A3 7] 6/de X8 4= A=
Sh=E oA Qloh 13 1/ e+ Y2 2 o s U4 7|d S Wast= o2 34 5 2 HE 7HsAd o]
2 o G2 o A] AR T} =2 YA S EA O = o= Y 7] 0] th(Singhania et al., 2009).

Bacillus % w52 T2 2ol a4 ikl 2 o] §El= Al F shtE D} pHoll H4/d& 7FA B2 (Yang et
al, 2019) d44 71| 7} H ol AlE 7Ha, Abs B3A| 9 Hhe| 2ol HEA| 5 G leHA| o] 851l thBack etal.,
2022; Bai et al., 2022).

H ATLof| AFR-E #3291 Bacillus amyloliquefaciens— 9 kA ") E4 5 HE g AZolu} & @ A EeL 7+
2 AR = 285 4 Q= -8/ o] Holt F2 a-amylase, protease, lipase@} cellulase G- THYFSE §4-0] AJ4to]
E_T'_% H} Q) © IH(Ngalimat et al., 2021), Z|<% Eom 5(2015)= B 7ol 4 2% B. amyloliquefaciens w57} B. cereus2}

=40] A F S B Y-S &R131TH Woldemariamyohannes et al., 2020).

B. subtilist= =75 A2 w] F2 o] &&= w2 g Tl E—EH; Qe AR <
2 9l o 3t 315HE-S AYAJSlo] AlE HEH A 1l =2 o]okx & chihH o 2 3 ATHWang etal., 2015).

B. subtilis var. nattor= Q22| 71 & g A1 Q] W& (natto) S A2 g of O]%El'—:— B. subtilis 2+ Al'58H4 0 2 FAgH
w5 5 ohUE H T Tt FES, FAKSE HY 24 &4 59 77} 4S5 A HSchallmey et al., 2004; Ruiz Sella et
al,, 2021).

g ool thgh A= A& 0 & o]0 2| 1L 1oL Bacillus & w72 'Ha Aol whet ety = 7|54 £/
of] thigk vl at= obA] mlH] s}t whEba] 2 AtofAls Tl Fol o] FHol\d Bacillus & = L&k thFo] ¢
a2 2 WS} Bl 7] 54 B4 v wl ek A; S,

AFSH

m]m
o ox

Materials and Methods

AlS] 22 Hljok

=20 =T

g 3ol ARSH #5F-= Bacillus amyloliquefaciens, Bacillus subtilis?} Bacillus subtilis var. natto=, Bacillus
amyloliquefaciens, Bacillus subtilisx= 71=rCHStl F-2AF fstatol| A Al gwiekom 717 @59 Elxgol A Ba| it
0| A E-2]% Bacillus subtilis var. natto (KCTC3239)= KCTC (Korean Collection for Type Cultures)°l|A] £ ®HQtch B,
amyloliquefaciens®} B. subtilis=pH 7.4 nutrient broth©l| 4] 37°C 2 Bi =] 2} O™ B. subtilis var. natto+=pH 6.8 nutrient broth ]
A1 30°C= Bl =] A

CHF 2e= H=E

2 AYolM = tighsite] A el S Jafjsto] AdS Jsi Ta By thadt 2tk tiFE S 2= %
Eoll Al gt ZF4oll 24A17F A5} 5717%]7% = 121°CollA] 302 A 37°C oJ5l7 L H =5 FE
5] YZslgiet 24H2ke] 55 T 1 g 3 10° CFUZHE| =5 3E5to] &= 90%, 25 37°CollA] 212 12,24, 36,48
AIZHEFE ST 121°CO|A] 155 71tEAt5)o] Bha = Zuksl9ich o] & Bha |l o e = =4 Az 5)0] Hikslgich

ﬂll
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O Ch A5 Y 5C 25

1E tiFe 37 248t & A= Ul A 2= A A 2150 0.07% B-mercaptoethanol©] H3-E acetonell A 2
A|ZF 1EFsIITE o] Aoj R B pH 8.0 50 mM Tris-HCI buffer} 1 : 10 (wv') H[&E 412 5 44|17t wHks}o]
4°C, 8,000 X gollA] 4057+ LA E st 52> Ag H7EA] -20°Co] B35} 3 BCA (bicinchoninic acid)
protein assayS ©]-8-5F0] THEEA HEF51RATh Standard 2= bovine serum albumin (BSA)O] ARE-%| 1A, Al 2

53} BSA+ 96-well plate©]] 25 pLA] 55|31 ZFZF 200 pL2] Working reagent@} §¥-8-50 Multskan SkyHigh
Microplate (Sigma-Aldrich, St. Louis, Missouri, USA)E- -85} 562 nmol| 4] 3 =5 S5t

SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis)

U9 5 2E2E2 55U 52 3549 514 H 5X Tris-glycine SDS loading buffer= B/ = A3 1 well B
15 ug©| E == loading St TE 217|952 15% separating gel 2} 5% stacking gel= ©|-8-510] 2+ 80, 100 VoIl A A]3Y
%)% 0™ gel2 Coomassie staining solution .= A4 =] AT},

DPPH (2,2-diphenyl-1-picrylhydrazyl) Xt 2IC|Z 275 2M

22 thF A2 0.1 g2 FE80 1 mLol] YL 42 T 2447 59t Al 2o BastgITt o] % 15,000 rpmellA] 10
2 5 AR 5 AL AAsto] Aol o] Ba13Ict. Wo] SH= Aol AE B 40 Lo 02 mM
DPPH (2,2-diphenyl-1-picrylhydrazyl) solution 160 uL2 o1 F 37°CollA] 302 BH3-A]1Z] & Multiskan Skyngh
Microplate (Sigma-Aldrich, St. Louis, Missouri, USA)E- ©]-&5}%] 517 nmol|A] S =& S5t =+
2= L-ascorbic acid”} AF&-%] $1.2™ DPPH 2Ht]Z 4752 Ascorbic acid standard curve S ©]-8-50] Al4Hst H ug
AAE (ascorbic acid equivalent)/100 mg of dry weight=. LFERLH I T}

P

=

RE A2 33 B0 R 36kl k2 Hvat EFHAE e SIS 59402 Prism 9.40 (GraphPad
Software, California1 USA)E 0|85} 72|45 p < 0.0501| A Two-way ANOVAZ Tukey test= 5l H55H3ict Z2
ko] -] 4222 Control group} B 1510] *p < 0.05, **p < 0.01, ***p < 0.0012} Zro| LeRHTE

Results and Discussion

chay sE
Sas gl AR E il s E Eelshy l 9151 BCA assay 2 43t 2{Ch(Fig. 1). 2 8.61 pgul 9] &

L& B9 O B amyloliquefaciens=. 12A|7H A& 5t A| @Jotal B tiR A E T 52 55 42 UERIT
B. subtilis 12, 24A17F 2F G &3} B. amyloliquefaciens 24417, 48A|17F Hh g 5-0] THl Al =& = ol 2 +of] ]3] 72

Q1 712 B thp <0.05). ¥HA B.subtilis var. natto = 2 a5+ T Fol| A= 7-2] & Q1 2}o| & Ho| x| gigrom Btg
*11011 2 ol d 55 0] xpo] & Ho|z| Aottt B. subtilis= 12417 T a st thFo] Tl d 5% = o2 tijH]
51.74% S7}5FA AL B. amyloliquefaciens = 48A1 7 EF G SF th = 31.57%2] S71= LreRiT
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Fig. 1. Protein concentration of control and fermented soybean with different fermentation time. B.,
Bacillus.

SDS-PAGE

g o) F o] Ba s 2015ty gfal Wa AlZE thF ] 2E2-3 SDS-PAGER 2AI5H 23}, AJ7to]
et whet agAp T mher) 2ol S 2eld 4 QU IThFig. 2). 'F& A tF= 10 - 140 kDaoll A4 thF
Steier Bxslglon 9 a2 Alo 2 A& B-conglycinin (52 - 76 kDa), Glycinin (21 - 38 kDa) 2 Gly m Bd
30K (34 kDa) THi 2 q

| HHEZ} HAE| QI 12417 2 0] 2RE] 60 kDa ©]/de] AR} HET} S|n|af ] AL 15 - 25
=

kDa Ato]] &2} Wi = 9] 57} Z7}51ATE. B. amyloliquefaciens®} B. subtilis T &-5-2 Wa A|7+e] 74 3to]| wh
£ i i e o] ]H3LE =0 = SIS 4= QI A A|T B. subtilis var. natto W E-Eol| A= 2E A|ZH BA|glo] FA
Sl WS Solgt 4 QJQIt. Ha A diFoll A F3i6kA] BEE]= B-conglycinin Al7HA] HH& tfj ol A]
RE 2 $F0R HAESS BN 4 2 B. subtilis W& CiFollA] 2o 87.19%2] #al&-2 B3t
(Table 1). 38 kDa2] Glycinin T2 -2 B. amyloliquefaciens2} B. subtilis2] 48417+ W Eof| A thE-2 2=l oL B,
subtilis var. natto ‘I aZol| A= T A|ZH] F7tol| mhE F-51%H HIShE ol e 4= QIRITh 2 Ak iRl HEE

g Eo] ks Tl B ol ofs T de2zlo s defXl gl o] A2 Heto| E2 71425l H3
O™ B. subtilis7} Al a5 & H] a2 52 &S 7S & 4 3tk o] 2ok B. subiilis?] BE5S A0 ®
STg5taL ol QIgh pH et Axkd 2o 2, APAtoll A pH Hstol] whE B-conglycinin®] 727} HHrof 7}
a7t o 2s] WA E = 2ok o] IS O 2 ALRE TH(Yang et al., 2020).

Table 1. Relative content of allergenic proteins in fermented soybean.
MW B. amyloliquefaciens B. subtilis B. subtilis var. natto
&Da) Contol 12 2% 36 48  Totl Conol 12 24 36 48 Towl Coml 12 24 36 48 Toul
760 5109 19088 10917 10183 8719 100 49530 15580 13307 12859 8724 100 4499 1245 13715 174 11978 100
720 54231 19212 928 9288 7988 100 6035 12305 11551 8303 7706 100 56646 9413 9315 15887 877 100
520 40464 19475 13949 13104 12986 100 32536 18694 18689 15901 14181 100 37047 14095 16936 18712 13209 100
380 16408 10776 8595 8593 5542 100 35609 18166 19892 1628 10053 100 3859 1533 16087 15959 14033 100
340 21260 23095 18682 17923 19032 100 24698 17856 19418 1900 19028 100 27116 17743 19815 19315 16011 100
210 28733 2108 16796 1666 16731 100 40345 14969 1515 15351 14185 100 34833 1641 1586 18204 14693 100

“Molecular weight (MW) (kDa) means the molecular weight of main allergens. 76.0, o subunit of B-conglycinin; 72.0, o subunit of B-conglycinin; 52.0, § subunit of B-conglycinin; 38.0, acidic
subunit of glycinin; 34.0, Gly m Bd 30K; 21, basic subunit of glycinin. B., Bacills.

Korean Journal of Agricultural Science 49(4) December 2022 998



Comparison of changes in functional characteristics of fermented soybean with different microbial strains

B. amyloliguefaciens B. subtilis B. subtilis var. natto
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Fig. 2. SDS-PAGE patterns of extracted soybean protein after different fermentation time (0, 12, 24, 36,
48 hour) by B. amyloliquefaciens, B. subtilis and B. subtilis var. natto. M, protein marker; 0, unfermented
soybean, 12, 12 hours fermented soybean; 24, 24 hours fermented soybean; 36, 36 hours fermented
soybean; 48, 48 hours fermented soybean. SDS-PAGE, sodium dodecyl sulfate polyacrylamide gel
electrophoresis; B., Bacillus.

elC|E 2Hs

B o] k-2 o et A7 Bhg X 2] St t o] eitehs2 S DPPH assay= =795 21t= Fig. 39+ 2t} Hh
AR Ao dixa Bt E2 U 2752 7HIES 1D 4= U3ITh B. subtilis var. natto B& 7 E
Aoz 7 E2 Aeks S Hlom 24417 E R E(41.5909 ug AAE/100 mg DW)OIA 7HE =2 Ffe =t
(37.348 ug AAE/100 mg DW) thH] ©F 11.36% 57 F5HAT}. B. amyloliquefaciens W& ths= AI7HA] 45+ 5 7 &
o Ftelsg B otz R 9o o g &2 ke Hlth(p<001). o)= A4S o] &% ) E /4Rl 2
o] 7]& tjFol| Hsl 4telso] = U= 71E Aot fARE 23S LB ™ (Zhang et al., 2018) 2 FAFS
o] Tl o] f-2] ofu|iAto 2 FofiE|HA] et ehelelS Yehdthe A9 - (Sanjukta et al.,, 2015)0] w2} Fig.
20]| 4] 2ol -2 ofm|icqte] F717E 2 Aatol) 7]of5l = 5 2 4 Uk

)U

r-Ll

O Control

B B. amyloliquefaciens
B. subtilis

W B. subtilis var. natto

42+

ng AAE/100 mg DW

12 24 36 48

Fermentation time (h)

Fig. 3. DPPH radical scavenging capacity (ug AAE/100 mg) of raw soybean (control) and fermented
soybean with different microbial strains and fermentation time (12, 24, 36, 48 hours). DPPH, 2,2-diphenyl-1-
picrylhydrazyl; DW, distilled water; B., Bacillus.
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Conclusion

U5 AEA T 758 ALRANIOlA de] 282 4= e T3 Q) T
HUEE ARGE|A QI o]of] &2 15tol| A= Bacillus ‘?"'—r e s Fof diFe 7|52
C}. Protease &/d 0| =2 7122 A& X B. amyloliquefaciens, B. subtilis 2} B. subtilis var. natto ¥~

12AZF A C 2 e & Xdystglom 5 1 Wa ket il F = 9 R el ity
*b}E}mﬁﬂﬂgi”qﬁ@ﬂéﬂ@oqgﬁ*VF”W%*W$34ﬂa of| A Thafdl
RO tfF Tl Zo] g AJ7to] F7tetel wat FollE 2 2Rl 4= UATE A = 1133 pgul
£ BRI B subtilis 12A17H I RE0 A 7 =7 UEFE 2 B. subtilis 48A17H & Eoﬂ M7 =2 2
Zo] ZallE gl 4= QUQITH Eat thr o H| wlE wf, 5 X 2fFol|A FAtehse] S7He SR1E 4
™ B. subtilis var. natto 24/\] HEFG Eof|A 7HY =2 Akshs2 Bl

ole] Ant=RE a3 9l A7kl we} o 7o) £4 Hato] n|xX|= FFH o] AdolotH =5 thFo] ARE

=
SR Ao g 725 At AEA gR AR A S Zdﬁi oAl gt
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