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Evaluation of Rheological and Functional Properties of Roasted
Soybean Flour and Mixed Cereals Fermented by Bacillus sp.
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Dept. of Food Science and Technology and The Center for Traditional Microorganism Resources (TMR),
Keimyung University, Daegu 704-701, Korea

Abstract

Roasted soybean flour (RSF) and mixed cereals were fermented by the solid state fermentation using Bacillus
subtilis HA to optimize the production of biologically active compounds. The RFS fermented with 52.7% moisture
content showed higher production with protease activity of 42.6 unit/g and 10% mucilage content after fermenta-
tion for 24 hr. Tyrosine content and protease activity after 48 hr fermentation time were the highest values
with 445.5 mg% and 55.1 unit/g, respectively. However, the wholesome fermented RSF (FRSF) was obtained
by fermentation for 24 hr because of the production of unpleasant flavors after fermentation for 48 hr. The
RSF fermented with various types and contents of cereals has no effects on tyrosine content and protease
activity. However, the addition of brown rice significantly increased mucilage content, especially indicating
24.55% at the addition of 80% (w/w). For addition of barley, fibrinolytic activity was increased to 11.82 unit/g
by the fortification of 60% barley. It is concluded that biologically active compounds including fibrinolytic activity
and mucilage content in FRSF were dependent upon the type and content of various cereals.
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(roasted soybean flour, RSF)¥}
2] & (Daegu, Korea)oi—‘eri —?01;
Eﬂro}oq AHgstg o,

37 1%, 35/ 19.3%, 37. 63(V°]
8.10%, X 2] 84.9%, 10%, 2.1%, 15.07%<0 A
o g8 gL &4 S 23 ﬁbrmogen, thrombin
AleF-& SigmaiH(St. Louis, MO, USA)2] A&#S
283 ok HPLCoY AF8-% water<} acetonitrilee HPLC
538 &9 (J.T Baker, Phillipsburg, NJ, USA)ZS AM&3}%)
S Sigmarte] AFS

fﬂ“l% 87.4%, 7% 2.3%,

o, 11 99 A

AEFE J=F
HAKCCM 10775P) o] 9ol &2 =7 A
subtilis KU-A(17), PUL-A ¥ Bacillus amyloliqueficiens
MJ-3(18)& o]&3tatt.

THIZRY BUIN-E Bacillus subtilis

229 Bacillus

TR 5% €4 (w/v)S homog-

enizer(TH220, Omni International, Waterbury, CT, USA)
£ o] &3t 10,000 rpmol A 187 #2338 £ autocalve
(MLS-3020, Sanyo Electric Co., Ltd., Osaka, Japan)Z ©]
|3t 121°Coll A 1583 Bt HA HHX] 50 mLel MRS
agar plateo] Al v ¥ (42°C, 24 hr)3F FFE 13) H=3 F
e 7] (SI-900R, JEIO TECH Co., Daejeon, Korea)ol
A 42°C, 24217t F<t ul k(180 rpm)Ete] ZEFEI(65% 10°
CFU/mL)E A}&3t9

UesE M=

250 mL BlIAC He F 25 g¥ F2 F U¥l FF LS
TEH0~80%)% H7tste] EFF F EE NES
toclave(MLS-3020, Sanyo Electric Co. Ltd.)E ©]&3}
121°Coll A 1587 2417 & A2(27~30°C)oll A &
283, 1Y E JVFo 2 15y F/HFE AU & axd
B. subtilis HA starter® 18 F FAY 1%% HE3tA
SR @ dEAZo)
%‘%‘% 5]*—1 7d% AARst7] fste] WA AAsta, 1

of ME AUTHER Wels ol sttt
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kg 59 peptld fé} S =43}7] 913+ Folin phenol
Aleks o] &3l HaE FEN Fol EAS= tyrosine &
S =4 °]’ﬁq(19 HEE 2 gol SHT 18 mLS 43}
d23 3 A|ZE 15000 rpmoll A 1583 94&2] s
A5 0.7 mLel 044 M TCA(tn'Chloroacetic acid) 0.7
mLS 737}5]'3’_ 37°Col A 3083t vES-A1Z1 &, 15000 rpmell
FAMEE st AAES AA 0}93‘:} 359 AT
ol 1 mLel 055 M NaZCOg 2.5 mL%} phenol reagent 0.5
mLE A2 Y1 £33 F 37°C FLFFoA 307 v
SAAT 2o WA F A FFTE spec
trophotometer(UVIKON 922, Kontron Instruments, Milan,
Italy)Z 660 nmoll A =735}

Protease &M =3
Protease 84& & E 2 goll 0.02 M phosphate buffer
(pH 7.0) 18 mL< H7Ish 5 A2 Mg & dHdEE

i

<

(15,000 rpm, 15 min)3l] FSHOZHE ZaAN-S ZA|
3l TS protease 42 Anson?] WH S HEF s =435}
A oH20). 0.6% casein solution 0.35 mLE 7]&Z 3l 73
I} 37°Coll A 10%3F 9h3A171 & Al P83 A EE 429
e-tubeol] 108} 343t G488 035 mL ¥-& & 37°Coll A
102:2F ¥4It} 044 M TCA 07 mLE 3718t kg
AAAZ 2, GRAS A7 T 37°C A 307 WHEA]
Z1 %, 15,000 rpmol A 104 &<t 4R st JHES
AAsA 34H 45 1 mLol 055 M NaxCO3 2.5 mL
# Folin Ao AL 30 3% H) 05 mL& EFS &
37”C F2 oA 307t WEEAIF T Aol A WAAIZ)

% 660 nmolA FFEE STt o] ¥ 25l A
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1% E"J tyrosine 1 pg2 F8ste E4%FS 1 unitE A
ZaEANE Hr1st] Ao 044 M TCAE ¥

FTAA A

MEE sz =8

WEE 5 go SFF 45 mLE Hrbste] HAES §£&3
S AAEY st AT AE It SgHE FT5d 2
Hi -2 isopropanol& H7Fete] £ F FAE HAE
& 95% ethyl alcoholol] A|2]3te] ol HAES AZ3F}]
Aol A& 74 FgE Az FAES 50°C
A geFol & w7t FPAXRTE o) gete Ax & Ux
FTHoR S4sAT(2D).

= M

Rheometer System(HAAKE Rheo
Stress 1, Karlsruhe, Germany)®ll cone plate device(Platte
PP35 Ti, 35 cm diameter)E &3l S43ATh A8
12 mL plated] &3 3t 7 10% F+e] Hgko] 4=
o] A2 & shear rate(1/s)9} shear stress(Pa)Z e o
AxE7t Fotgd wet U8 HEgHo] FolAle 8945
ZAsAT S E 20°CHA AYEE (e 1~100 s 19
HAZ 5585 Gotrsta, A2EAF9 F5AF &
S A TH).
Power law model: 0=K:- 7"

%24 A eA(dynamic viscoelasticity) =42 W3 21}
HEE Abold] A BAV YeEhve 7308 2437
o frequency sweep2HE ZAE JFF(frequency, o)
6.2832 rad/soll A S48t B4 E(elastic modulus G')ZF &

’d & (viscous modulus G")& SH3AT

£ Power law model(t=ar”) &
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M Sslgn =3
gdAgfasr XL fibrin plate method®] Y=<l
i

Astrup® Millerz9] HH (22)8 AF&35Fe] =331 th. Fibrin
plate= 0.5% fibrinogen< 67 mM sodium phosphate buffer
(pH 7.5)ell &3 A1 AA A7 9 cm?! petri dishell 10 mL&
7Vt eE o719 67 mM sodium phosphate buffer(pH 7.5)
o] &3]¥ thrombin &4:(100 unit/mL) 0.1 mL< 7}star
A&HA EFT T Ao A 303 WRE 1 E 8} AlH
O 2HedEs &Y 54 AEs 2E= 1ol 01 M
sodium phosphate buffer(pH 7.5) 9 mL<S &%3F & 15,000
rpmell Al 158 &2 AAEE 3t d2 FTAE o] &34
t}. Fibrin plateoﬂ sampleS 20 LA A3} 37°Col| A 24
°H DﬂZ—]Oi axr 3‘21-/\61

F WA & 23S Ptk 2F
plasmin #2 %}“«l BEFFAE AT F ZFF4A 4
W3l plasmin unit® 4+sle] AL G FA(%)S
e tizT2 e A" 88540 plasmin(s

=
unit/mL)& AFE-3lod AlAFe AT
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aE 15 gol isopro—
panol 60 mLE 7?:7} 3le] %3t & homogenizerg ©|-83}
o] 10,000 rpm"ﬂ*i 57t w4 ¥ 723 vk wA2Es
AEE AAE BE I]Fete] FEo o] &R

45N 20 mLell 554 40 mL¥} isopropanol 40 mLE

Fstel Zasl EEAFE

o
Z}z} 7138k & hexane 250 mLE

T ATEE vAC A FFEF A FY & E
7tete] 22 245 33 BHES & F5E 9S8 BT et
At 29 &9 7/ flaskoll ¥ —?* s FFsk
|AZ AAAZ F cthanoldl] &)X AH A&FES 2 mLE &
9t} Ethanolol] £3]A)71 A 22 0;144_;] q7hs B 045

pm syringe filter(Minisart RC 15, Sartorius, Goettingen,
Germany)2 o #3}o] Alg3lP o 2 x2S 33 gk
st 4R Hag FAsIAh olWf HPLC ¥4 =712
column(ZORBAX ODS, Shodex, Kawasaki, Japan)& ©]&
3l o] TS 95% ethanolZ 4 0.8 mL/ming £==2

B39, FAE(refractive index)ol] oJ&) A3t

S7x2]

7 2ge 38 o]g WEAFS Bate] ARE
0% AHgstel BAXE shgom, 22e sl s 3
FATAAE YA, 2 A2 o

HE9

Aol AR A e F Ee 57 ELUE
FEAF ApE dasit webd F2 F H g el FE
S 742 0.75, 1.0, 1.25, 1.54] 7138l 42°coﬂ A 24X 7F

B A HEAFAC ojwf) K T B V] FRIES
572%01900, & Hrteko| meka 27|Ea g F7
ek Zh 7}t 44.8%, 52.6%, 57.9% E 62.9%E LEFH AT

B8 59 tyrosine &, 7IE a4 A (proteolytic
activity), %% 2 HAE 3tekS =A3 Ay Table 19
e AAth Tyrosine 382 9882 o8] F&o] Hol
ANEFE Fadte AFS dER ST, protease E4-S

18] 7ol A 27] FE3HEFo] 52.6%°] W 42.6 unit/g
o7 27 7T ol o HAMESFE thA] A%
Atk ol FEFTFo] 1FE div 18] ol HUME A5
FZ3} o] R EFEA Kt
AHA 2 Holde T A7 WFe w4
o] Fo] )] gfo} & 9o Ao R AR, FF
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Table 1. Effect of moisture content on the physicochemical properties of fermented RSF

Moisture content Tyrosine content

Proteolytic activity

Consistency index Mucilage content

(%) (mg%) (unit/g) (Pa-s" (%)

0.75 486.21 =14.96 15.09+7.48 33.27+0.48 9.384+0.83
1.0 437.45+4.77 42.64+4.43" 32.82£0.14 10.60£0.80
1.25 403.98+22.12" 34.12+9.06" 28.34+0.53 9.24+0.36"
15 349.06+13.25" 31.37+6.63 12.55+0.38" 7.81£0.65

Mean=+SD (n=3); Compared to control (0.75%) as determined by Tukey's studentized range (HSD) test ("‘p<0.05, “p<0.01).

Fermentation is performed at 42°C for 24 hr.
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Fig. 1. Comparison of elasticity (G') and viscosity (G") in
the RSF fermented by water content.

waEA 24, HAxE 4 HEE FHFS %éﬁ}ﬁi‘:}.
Tyrosine & ?5*?* 9 protease &AL o] 4
% H] Eﬂ;ﬁ,ﬁ_i 5-.7}610 ol- /~ 0191‘:]' ES ] protease
vtg 12417k A F43] 57 & 48413171 A] 55.1 unit/g
2 274 F7ksle A%E JEHo Y 2 Aole gl e
2 YelttH(Table 2). Choi 5(24)& B. subtilis #FZ ©]
£-3} x%;fx]— ‘:'ﬂ‘r ;q]z /\] protease p:l-)d o] }\4 7017]]-X =
A3t FTHE Bl ¥ 149 $HE 343 FAEdtta B
391, Leed} Bai(25)E L& 1247t o] FHE F7}3}7)
A|&yatod 32417 e Al Y] EAAE Rtk RStk
Tyrosine 3% 3} 7hEaal &4 &4 2o A 484t
Al gAdo] o, 24X EEH YT IS Y A
o] Mg Aj7to] 48AIZF o] o Z oA WA LEE A W
BH7Y A veh EEES] B 7sAdd FAA 9
g F7) WZdd HET|to] ojAFE HagE FHo]
golxE Aoz Ak B LFE 42°Col A 26413}

i:o{r

A7



454 % )

Kl

Table 2. Effect of fermentation time on the physicochemical properties of fermented RSF

Fermentation Tyrosine content Proteolytic activity Consistency index Mucilage content

time (hr) (mg%) (unit/g) (Pa-s" (%)
8 138.1+14.4 ND 1.75+0.31 ND
12 209.5+7.7" 30.4+4.1 4.24+0.34 4.81+0.8™
16 250.5+16.7" 35.7+3.0™ 8.56+0.97 7.37+£0.8™"
20 382.6+15.0" 40.4+65"" 16.32+0.47"" 8.36+0.7""
24 4375+48™ 42.6+4.4™ 32.82+0.14™ 10.60+0.8""
48 4455+17.3™ 55.1+6.7" 33.8440.74™ 10.24+1.2"

Mean +=SD (n=3); Compared to control (8 hr) as determined by Tukey's studentized range (HSD) test (‘p<0.05, “p<0.01, “"p<0.001).
Fermentation is performed at 42°C with moisture content of 52.6%.

M o] Felt ME MAZTE oz} Als)At)
wad A3 ag w FAE 3] vet AL Helst

thH(26).

2 K

i

2

400

350 —%-8 —4-12 —%-16 W20 —4A-24 -@-48
50

300

Wz 24 A% BE Ago] E/1B4% Be AR om0 |
Lol WMo ZrlaRov, WAE P BE A w0 |
wEt vl H o2 FUHSt AT 24413kl A 10.60% =2 7HE 150
wol WA om 8NN 2T BasHE AL e 0o | ./_/4/_/./-/'/'
o 50 |
weta] AebERl A9E FEE] B o o] o 1A o L% ¢ + —— ¢ —o
_ . _ _ o 1 2 3 4 5 6 7 8
g A] 24X HES g Ee E4o] 7 58 1) Freauencv (Hz)
= 400
a50 | 58 —4-12 —%16 W20 —A-24 -@48
UE AT T2 wE Al SIS 1
Re B RY ol 1) FEE Arstel wE Age]
2 HEEY HARE ZolE Fldlr] et A7 wEE
200 |
o "ade 2RsAn
150 |
WE A hE TEZS YABS 298| B A 2E Wf
100 |
BARIIA 164271 Selat Aol ¥ 4 glo} W S
_ _ 50 |
20A17 o] % FA3A ©dEo] FU1eFATE WA 48417 el A HM
_ 0 —— :
G 3k PaZ 71 =2 &3S Yehdiglean &g A|7to] 1 2 3 4 5 6 7 8
Zoldss WAzl Z7kahE AS % + ANTHFig 2) Freauency (Hz)
HAE e A}t A7lo] ZolASE =o HAZ Fig. 2. Comparison of elasticity (G') and viscosity (G”) in
_ _ _ ~ the RSF fermented during fermentation time.
& Uelon] WA 047 ol F F F7hR AoE
wom wa 48417 A G F 163 Pas WL, ol= e . _ -
L}je e Jﬂ‘k] 150 _%k Jo ia‘:;' ?E}:J" m]- - H7Vsled 42°C, 24A17 vl & v gH B EE 9| tyrosine
%ogﬂ 3 OE’A o%o] S é?l’ A= 5 1101'9\;\———11], g @_%]: 1;; 7]—%‘—%3]]3_/}_ %}‘E} Eﬂi}% %O}EQJ\'E} 7 éj =
A7t w2 HEgES B Eo] A EC HIE] o 20 o] - N
=o ENS A= Moz vehit Table 3¢ Jep AT 2 B 2 @v)Y] S35 74
- S8= /AT Lo
wE 58S A k* 2} 35% 2 3990190 M, B B 202 IR
22 ZE=4 yrogine BH2F U protease EHA 15} 2 0,20,40, 60, 80% o2 H7be 27] A8 FEHHF
2 F25¢g Uv B, v E sEEE(0~80%) 217+ L 50~53% STl ZE SHFIUGL. IF BT FTHF E 5=
Table 3. Comparison of tyrosine content and protease activity of RSF fermented with addition of various cereals
Sampl Cereal contents (%)
Pampie Control” 20 40 60 80
. Barley 45326 448 £25 433+16 447141
0,
Tyrosine content (mg?%) Brown rice 4375 471422 M5+ 15 440+ 41 406+ 42
.. . Barley 52+2" 46+4" 44+3 42+3
+
Protease activity (unit/g) Brown rice 42.6+4 3345 3745 3943 3845

YControl: Roasted soybean flour (not add to cereals).

Mean+SD (n=3); Compared to control as determined by Tukey’s studentized range (HSD) test ("p<0.05).
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A Eo] A AAHE ALE ARHY

22 Ry HUS g Hs
e 3 ol 2, AvE FEW Aled W
Mds wEge HAE ¥F WS Jojngivh
A% Pl U@ wre welolA tehson vus
A3, @r) W7} BEFANN FAT &I} 2 bt
avl sxo] WE H7 A% @y AAge] FAB5E 3

=

AE o] viEA o Frtetd oy, HrtHA gL gz
To HAE FF 128%°lA dv] 80% H7F Al Hth 2455%
74A] ek 28 Z71EFA T ol & FFo uheE TEE9
AAE ol Aolrt lom, 53] Ha g HAE I
o] A7tE dv| Fxol &S HAH(Fig. 3). i ¥
nlol] oJsbd WA S B subtilis KU-A$} B. subtilis GT-D
T2 dEg v HEE] JAE FHFS 47 4.9%,
29%= e A JTH2T). T 24417E Bt wolA|l olrtE
S o] &3l AR HF HEEL 1242 F 1.11%, 3641
o= 556%E Z713l¥ oy o] HAE
€ th& vElEke] {920 W) flitta B o] dtt
(28).

ole} vlwe wf Hw|/} HrtE B FHaES HdE
grakol A 2455%7H A S7HE A& B wf dvlvk vt

30
Brown rice

O Barley

25

0 20 40 60 80
Grain content (%)

Fig. 3. Comparison of mucilage content of RSF fermented
with addition of various cereals. Mean+SD (n=3); Compared
to control as determined by Tukey’s studentized range (HSD)
test ("p<0.05, “p<0.01, "p<0.001).
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