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(kcaD (23) Q) @ (@ (@ ()]
9.7 36.2 17.8 5.6 30.7 5.0
3 I
sEah) 400 (-) (40.1) 19.7) 6.2) (34.0) (5.5)
. 84 82.8 9.3 5.6 0.9 1.4 0.2
T (-) (54.1) (32.6) (5.2) 8.1 (1.2)
- 0 86.6 4.4 3.6 0.7 4.7 0
o (-) (32.8) (26.9) (5.2) (35.1) (-)
. - 82.8 35 15 0.5 11.7 3.4
(-) (20.3) (8.7 (2.9) (68.1) (19.8)
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T R 3.0 118| 195| 134| 45 35| 125 94| 94| 61| 124| 149| 193| 127| 257| 321| 57| 174] 104 HAZ(04)
vl #] 4.9 245| 421| 321| 77| 88| 254| 161| 189 63| 241| 132| 402| 218| 521| 811| 202| 215| 238| =X (0D
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Isoflavone  Contents (mg/g)

Extract Total phenolic

Glycoside Aglycone
solvent  compound (mg/g) Y il

Daidzin Genistin Daidzein Genistein

Water 8.93+0.08 263.23 282.65 8.59 3.68

70% EtOH 0.47+0.12 644.98 1230.51 67.84 73.79

Ymg of total polyphenol content per gram each dried extract as equivalent of tannic acid.
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Fig. 1-1. Appearance of biji subjected to sterilization.
(th Aulx o] JEAZ
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=o}

o 1o

H An A= 80C9 wAHEZ7I(DY-110H, tHYE&B, HiF, A7DE ol &35t 2443
23]

RN
2

(&) iAo a4 2 A=

A" AEAE g olg A7 MEEEG30x430x80 mm)el 2/3 =o|7kx g AWML
E(FDO-7102, Daeyung Bakery Machinery Ind. Co., Ltd., Seoul, Korea)ol o] 120C, 140C,
160C ol Al 3A17F ZoF A g2 a5ty Au RS £9x7 st =9k uf AlZtulct An)
g A HoAFdth FEAY T HAE FEAXRVIE A 60T A 18A1%F &<t =3}
o LA AxPAR AT

(mp AdznjAe] 4 2 A

AYd AxuAE 7FE-8 A 7)(HMF-3450S, Hanil Electric, Seoul, Korea)Z o] &3&}<
“Bay” settingoll A 283 B3 & 60 mesh EFA"No. 60, Chunggye, Seoul, Korea)<
THANA EAE F JEE AEE st B dxuAEY YR FFE A7 K3l
80C Y dFHx FARSEHRE d2 AX¥A = 7 & YAZIE T3 2dolA &4 £
602t 100 mesh EFAHS A&t THANA AEE 2T AEE A=3ATH

(B) Azv| A B g

Az AR 100 g2 S3EA &= dWnon-stick pan)oll 2L A7]HAA setting “2” ol
A 25,50, 75 & & €& 718 @A
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Aag JFEE s=2s E2 33 AFHsa 2L FA 3i7rEY =< 7heke] 34T T

g AN F 0RD AW AN YAk 9E BA B B Aole] 14L 5, 3,
1 mmE =43 9o #AHoE FAAA A WHFE AxHL 500 GFALIE o
310 AT BU DU, DEE AN BAFE A4S UAE o gel BAT F 60

meshe} 100 mesh EEA|Ho] AXH AFAE ©o]&3a] 100 meshe} 60 mesh Ape]e] &7}F
E st AVMFE Az

2 A s-uA EREY Az

A zE A7Ee AxBABRLGEL 70:30¢ Ax= HE&E &35t 50 mesh EEAES
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@ Aol

H A A E2] Aol df+= AOACH(2000)9] we} total dietary fiber assay kit (Megazyme,
Wicknow, Ireland)S o]&3te] A3t AxuAREL 1 g (db)S 42 AFHG00 mL)
o] ¥ MES-Tris buffer (pH 8.2)5 40 mLE 7}3F & HA 3 EFsta YLEA «-amylase &
AG0 wL)E H7IstY B  FE2(~96T)ANA 30E3E vE-SA AT 0% 1S Fof WS &E
gEY LEE 60T FEENA 252 A3 protease €400 #L)<S 7Fste] 60T ol A
3083 HbgAIFHY. @l By 4% 3 056 N HCl 6 mL)E 78k 1 N HCI 1 N
NaOHE o] &3le] pHE 4.0-4.7 HYZ ZAst amylogluc051dase £H300 «LE FH71she
60C ol A 303t HESAI AT BE B4R T4H & W3R EL celiteE X33t A&
fritted-glass filtered crucibleg o]&3te] ojzsln FAES) FFES 3+ fritted-glass
filtered crucible 105C elA &FS FATHELA 2Aoldf+ £8). A& &3 dojxl o
ML 95% ethanol (240 mL)E 7}ste] ALolA 1A WX & celiteE E¢sta Ae=
fritted-glass filtered crucibles FHAIA HAES 3)43kal 75% ethanol (30 mL), 95% ethanol

(10 mL)¥® acetone (10 mL)& A&EH o2 EFAAA AAES AAS T 105CoANA ARAA

gFs FIATHTEAR Aoldf £8). FHFS 7 B84 ¢ 584 HodF BYE9 &
WA 3 73S Kjeldahl 3 112388 o] 83t A&ttt & Aoldfire 284 %2
2ol BEE IF FolA 25 dnAdy FEFFS Agste AL AT

(3) FEFFA (WAL water absorption index)9} =383 2| 5=(WSI, water solubility index)

AZ8 A EZE0.5 g, d.b; S)= 50 mL conical centrifuge tube <ol 23 AZFsta SFH+ 25
gS 7}sle] vortexing mixerZ EAHA|ZTh EAFgHS xSl conical centrifuge tubes
wrist-action shaker& o]83sto] AF2(~24C)NA 3083 IGAZ & dFS =AS fritted-
glass filtered crucible (W1 $lol A e zsl At Glass filtere} crucible 9] H# =3k 4
< AAS7] sl Ado] wiEHA ¥s wFHE 1023 FUHE g 24& frf@‘é‘}i a1

PAWIE ZHSAL. FEENAFE ALstr] 9 ﬂowwifa 88 ol9)e 100 mL
JEEU2AS §7 FREE W7t 100 mLE H 3] SMstgieh 10 mLe] I4E o
e FEEAE ARV E U4 &7 105CAA G £DY w7 Axse] FAWIE

o
ST FREFTFATd FEESH AT ofd Aol o8] A4tE AT

_ 1
GRS (W3 = 20)




(4) %E"I# —SHE:—

AzE AL A 205 g db; 9E 50 mL conical centrifuge tube <tell 23 A HFala
2= 95 g 7}8ke] vortexing mixer® BEAIAA 85C o] 8 zoA 3087 FAd T A=
Zoll A 2023t Wk 1E A4 1"5:1“4(2 500 x g, 205t AEde 100 mL HEZg
2 §7 SRFE JHE B gk 4 @*wwﬂmnm%O%wﬁfqawlaﬂ1

®) 7+ &rsteyt 7heA dmd I

BEHd Sz 24 F gHo IHE AT W 7Y duld g 7keA gstE
z+zy Lowrys (Lowry et al, 19513 #|&=-34PHDubois et al, 1956)& ©]&st A&
st AxH A RE AR B AE R gt FAl d SEHE YERIUH.

©® A 54

AzuAEg A 850 A E4e AxA(CR-300D, Minolta Co. Ltd., Osaka, Japan)S A}-&
ste] Hunter’ s color systemoll ¢jal Z7A83stith. 2F A k2 WX(Z, lightness), A E(a,
redness) @ ZFAM=(h vyellowness)E ERAAJTE ojuf A& AxpAY mEMAL ZHe L
98.07, a -0.18, b 157°I™. 2 Ao iz i3k A F MRol(ABE B9
2102 ALlat At

dlo

AE=\/(L,— L) +(a,—a)* + (b, —b)?



v, &71E-8]A] EFES E3F EA HI}
(1) Solvent retention capacity (SRC)

Az A7tF 9 A7F-v]2] E3ES] solvent retention capacity (SRC)= AACC
Approved method 56-11 (2000)l &3l ZA=HATE SRC SA A AHES &WlES S/, 5%
(w/w) lactic acid <=8, 5%(w/w) Na;CO3 <843 50%(w/w) sucrose &HolAth A& 5 g
(d.b)& 50 mL conical ¥AEZ A 2H A SRC &vf 25 g& 7}3}+<] %L St Ao (~
24°C)oN A 203 WABEAT FItAE T AAE AR QR4S fl8 H& o
< hand-shaking 3} tTh 208 Fo A5 EA4FHLS 1,000xgol A 1583 LA

< AlAStE dAEEHS Ao 10873 &7 SRC &ujE AAst HEd
ﬂlg A%t o9 *—Ml o8] SRCE ZAAE I SRC SAA= BEUA RO FEIH
14%= 3t BAste] MEE&2 e AT

} . [ 100—14
RECERES IR 100— % 7] Ale] 23 (%)

(2) Jg‘{l"—l“’]' %OHE

Az 7L B A7FE-nA E9E 05 g (dbe 50 mL fA el A3 A sk
=

25 mLe] gol2FE 71t E3stal 85T 9 F248FolA 3083t 71

2 A B3] Y3 58 (tFom VortexmgO}OS‘\E‘r 30 Fo] dAEZTLS WFEFA 20

B2 W@Ae & 2500 gl A 2083 AT st ey JAAES EEstATh e

100 mL A&Eg23=2 &7 ELO] L= Jlste] 100 mLE A Lslgoem AAES a3

ARG AL FZo] 1083 A& §uE AAS & FAE %‘%‘E‘??P‘%iﬁ‘r. 100 mLE 33X =
Soo] S -7 =H(Dubois et al., 1956) 0.2 AR HFHH A4te L= E 3

AF
1, Bee g ol A4 o gshel At

e - BEH A5 A (g)
IEE 09 = gz A - I IS FT ()
aa (- SR B A




& 32-d = H(Dubois et al., 1956)0.2 =A 3%t}
Ho] Y 5% (w/v) phenol &9 1 mLiﬂr zgs

2F 5 mLe A E 7HeE & vortexing AT RESES A2olA 2087 HAAIZ & WeSx
(eF 15C)ol A 2083 W2ste] #3333 =AE 01%6}04 490 nmoll A FF =5 AT &4
H F35E glucoses EFEHE st AAE ZEFHOERE A5 WY T3 FFS A

Ak BE 4E
At 100 mLE 34 =

&3t 750 nmell A FBEE A + ¥FE4 = bovine serum albumine
(BSME ol 43t AHH FEFHORRE 45 o) v IS AN

e g% 7184 o /Q_% Lowry® (Lowry et al, 195D)°o.2 =43}
% kel AN F RHBEAE o

rﬂ .1:.:
o=

S

@ ol28 HE 54

Azd A7FF 9 A7ER-H|F] EdEY VLT HolxH AR EAL ASHEEA7
(Rapid Visco Analyzer; RVA—BD, Newport Scientific, NSW, Australia)E ©o]&3te ZAsS T
N=28 g db)S &FHla &7 A A T 28 go] HESF SHTE 7HE $F spatula
o ZehxH ﬂ%iu%—e 130}04 ANEES SAsHA B4AA BHARE AxsIAT 50C 2
2, 12C/min =& 95C7FA] 7FE kAL 95T of A
CT7HA] W@zFsta 50C ol A 283 FAIAIA H o] ~H
o BAstE 5k 160 rpmo 2 Y ASA 3] A A AT

Ab AZVAEE, JA27LE 2 AR A v 24

D AdAl 8 A4 2dd

BE Ao txel, dHolg B4 2 HA3}E= Design Expert 7.0 o] 831431, constraint
o FOoZE 120C oA FEAHBZRE Azxd ARVAEL-PYA7IF-FEA7E EFES] ¥
olxy HZ EAFXEFY npo]laZelr 7tES 53 TEEY A= EAXNER Ao F

T~

100%2] &@wH= UlolA modified distance mixture designe gt AZH| A &L, H@2A7LE

A7 HAa 9 HO ¥E&L2 77 10-40%, 10-30%, 50-70%= A st tHTable 1-1). £ =
*‘6*74]—9‘4‘%01] met A9 APHES Table 1-29F Z2oh A" TF=CU A FolA AEE
ko] Azzge dolrry] YA 233 3]7] md(quadratic regression modeD)S 2 &3}t
§]7]E’_Eil—% UrEHH%:— coefficient x5S Scheffe?] polynomial formell ZAS Fi. AAFSA AL,
A 83} canonical el 233 371 =PA-L modified least square regressionel] 2] 3| UP—OJZa
t}. o]u full quadratic model-& stepw1se regression WH(a=0.1)2 2 Ho]g Aeie] =5 43
o™, 71 model¥} coefficient #tE-2 F-teste} lack of fit test2 1 Feld S HF o}oﬂE} Zr 2
o] w2 HEE2] 132 response surface plot3} trace plot=S o] &3} th

N



Table 1-1. Factors and levels of modified distance mixture design for the formulation of the
biji porridge premix

Mixture limit

Pseudo component”

Low actual High actual

(Low coded) (High coded)
A: Biji (%, d.b) (01.8'000) (14,8600)
B: Normal rice flour (NRF: %, d.b) (01_8600) (03.2607)
C: Waxy rice flour (WRF; %, d.b) (05?8.000) (07.2607)

YPseudo components: z; = et ay et =1
(1 — sz)
j=o-

Table 1-2. Formulations preparing the biji porridge premix, constructed by modified distance
mixture design

Run Biji Normal rice flour ~ Waxy rice flour Total?
(%, d.b) (%, d.b) (%, d.b) (%)
1 10.5 19.5 70.0 100
2 10.4 29.7 59.8 100
3 10.4 29.7 59.8 100
4 22.1 23.2 54.7 100
5 38.5 11.5 50.0 100
6 32.7 10.0 57.3 100
7 21.7 18.3 54.0 100
8 10.5 19.5 70.0 100
9 25.8 10.0 64.2 100
10 17.8 12.2 70.0 100
11 38.5 11.5 50.0 100
12 15.8 29.2 55.1 100
13 20.9 29.1 50.0 100
14 18.3 20.8 60.9 100
15 20.9 29.1 50.0 100
16 17.8 12.2 70.0 100

Y100% = biji (%, d.b) + normal rice flour (%, d.b) + waxy rice flour (%, d.b).



2 H7 4E

Canonical =& 9] 4% &2 3H(numerical optimization)E %3l A&ol EFn &S AAH3}
AL, olwe] He AFsAT. x| HH 3= canonical 2 IO ® = EHo Aol
ZF dkgof tigh 53 W 9l(goal area)s ARt tha Aol 9t T3

1 1
D=(d, xdy>...xd,) (Hdb)”
i=1
o714 D+ overall desirability, d= Z+2+¢] desirability, n& response®] <~°|t}.
(3) Hol2" A& EA

AZH A ED-JA7E-32A7HE Ed=9 dHoj2'" HE 54& RVAE o] &3ty SA3}
ATk EF=2 Table 1-20) AAIE 2 A& vl&o we} A=xEHJA, RVA 245 93 &
AARS F 1PFE FFL 5% ¥ EFE 14 gldb)s &FvF camster°1 A A st
I SHRTE VIS F 28 gol HEE g % spatula®} plastic paddles o]-&3te] EAAIA

RVA®] Abgjste] 2431tk RVA 2420 4704 d&d v $Y3 2h02 gt

SAzxe JI2HE S AFY Hlo|~E BASH] S Az ART-Wa7t -3t &
< 1HE FF SnWWEEE SFHT HlolA QoA EFste] B4 = AARHAE
S ZYolE SHA 1000 WE 18 20% 7+ 7198t EIFE Fo]~ES A %59
o Alxd E3E Hol2EE Ax FA spatular® 183+ 3 A o] RVA canisterdl] 25 g& 32

1o RVA &xdz1d mz} A=wstsE B4 =3 Alxd &= ¥
O] ~E &= oA 2083+ wHkgk 3 RVA canisterol] 25 g2 ¥ o] RVAE o] &3l HE=ws)
£ SASHATH RVA &4 Z=ad27y HF ajdu 2A & S responseE 7 -00 (vlo] =

2018 7t A 50CAAM FA4E M=), 7-A20 (EF= FHol2EE 2083 LA WA
@ % 50Cqq 244 A=), Av (20%3F %A 7”«1 EFE Hol2ES 50CAAN 4=

== Jﬂ °] 2= @EL 4 n-RH (zﬂﬂ@ % 50CE W49 EFE dHo]2ES HE Ao
3} A oHFig. 1-2).
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Fig. 1-2. Viscosity characteristics describing responses of modified distance mixture design.
The viscosity profiles provided in a figure were produced with the formulation of Run 13 in
Table 1-2.
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Table 1-3. Formula of biji porridge

Hydrated rice grain” Water Biji paste?  Sesame oil Salt
Treatment

(@ (@ (@ (@ (@

T1 75 600 - 5 0.5

T2 75 450 150 5 0.5

T3 75 300 300 5 0.5

T4 75 150 450 5 0.5

T5 75 - 600 5 0.5

YThe moisture content of the hydrated rice grain was 33.5% (w.b).
?The total solid content of Biji paste was 4% (w.b).

@ H34 =24

#H HAE=L AE 20 mm, o] 20 mmel LGFuEF 5 @

W28 F 94528 5ol 7t SAA S M7 REe AFe 37HA WU ode
ez 2439 F 9EAE P HALE LEUE 95 AB 0@ ¥ 59 A&

HIA S 60Ce #F2f&xdix HAdE HAF AEE2 A B4 AAA(CR-300D,
Minolta Co. Ltd., Osaka, Japan)& Al-&3le] Hunter’ s color system 3slollA SA3tAT 2+ A
o] 2 WE(L lightness), A =(a, redness) R FM=(h yellowness)Z LEFHATE o]uf A}
S5t ARLA o] EEWE] ghe L 98.07, a -0.18, b 1.570|At}. ZF Agl7e] iz gk A
g F Al (ADE e Ao ALts T

AE=\/(L,— L} +(a,—a)® + (b, —b)’
@ A=
AzH HAFL 60C o F2FSFo|A Ry YRLEI}F 60T =233 w, vx
= 20 g aluminum canistero] 23l plastic paddleE ©]&3Fe] 30%3F &2 wHsle 2l

A =82 7](RVA-3D, Newport Scientific, NSW, Australia)ol] ¥ o] 10&3F 60C oA 160 rpm o &
aHkste] mA S HEE FASAY. WAF MEe A3 =(Final viscosity) 2 skl
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Table 1-4. Proximate compositions and total dietary fiber content of dried biji powders with
different particle size distributions

Sieving Proximate compositions® (%, d.b) Dietary fiber”

(mesh) Crude protein  Crude fat Crude ash  Carbohydrate?® (%, d.b)

100< 24.9+0.72 9.7+0.0? 3.9+0.02 61.7+0.4° 58.1+1.1%
60-100 23.8+0.92 9.3+0.1° 3.7+0.1° 63.2+1.0° 57.3+0.8°
60> 21.7+2.0%° 7.6+0.0° 3.6+0.0° 67.1+1.9% 59.940.52

Y"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different zK0.05.
2100-(crude protein + crude fat + crude ash).

Selsle] Azd Az AR FRFS
5 %

A4S e AL FEEANA S BFHste 100 mesh =3 2 60-100 mesh

ALELELS FAS FESNASFTE YeEt oY, 60 mesh v Tk AZBAED S 2 X g
=0 Hl3] oF 188 H2 FEEIMATE EFSA o9 22 Ae FEENAFTE A
24 &EH 7HEAA HAESE HY3r] Wi B83=rt =rha dEz vixe] oad
o] st&Fo] 71 A, FEFTE Walsts AW Ee] 7HF A7) wiol 60 mesh Hwhe]

10 20

a
- T
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o 8| a a T o
— -
< i S
m S—
: 3
- 6 =] b b
5 £ T T
= 10
2 £
™ -
O 4} £
I =
- o
[7/]
S
@ = &F
® 2 =
3]
e 2
0 0
100 mesh< 60-100 mesh 60 mesh> 100 mesh< 60-100 mesh 60 mesh>
Biji powder sieving Biji powder size

Fig. 1-3. Water absorption index and water solubility index of dried biji powders with
different particle size distributions. Bars sharing the same lowercase letters are not significantly
different at z<0.05.



AEE Dot Axd AXHAZTLEY BEYEH Ll EE 85CToA EAste] 1 4

£ Fig. 1-49 Yel3loh &2 60-100 mesh > 60 mesh U] 9k > 100 mesh 239 Y=
7HA e AZRAZLEEY A2 ST en, Fo4<l ZolE UEHAT. °o] AHde A&
oA FAH HAFuAELLEY o} FARE &S JeERATE =3 60 mesh o) Rk
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Fig. 1-4. Swelling power and solubility of dried biji powders with different particle size
distributions. Bars sharing the same lowercase letters are not significantly different at p<0.05.
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different at p<0.05.
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of AAF oz YotA= ZAom AAHT moA HIXF] dR= B2 e yelg= 100
mesh w|Rke] AR AZE-S AHRSs Zlo] AdT Acs Addn

Table 1-5. Mean? values of color characteristics of dried biji powders with different particle
size distributions

Sieving 2 2 P
(mesh)
100< 90.4+0.2° -0.3%+0.0° 12.0£0.1°
60-100 86.7+0.1° 0.7+0.0° 16.3+0.1°
60> 80.2+0.1¢ 2.4+0.1° 21.9+£0.22

UMean values of three replicate measurements; values sharing the same lowercase letters are not

significantly different pK0.05.

27, a, and b correspond to lightness, redness, and yellowness, respectively.
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Table 1-6. Mean® values of proximate composition and total dietary fiber content of dried biji
powders subjected to heat-moisture treatments

Proximate compositions (%, d.b) Dietary fiber

Bt Crude orote 5 %, db)
protein Crude fat Crude ash Carbohydrate

T1 21.6+0.1° 9.1+0.2° 3.7+0.0° 65.3+0.3° 60.1+0.6°

T2 24.5+0.2° 8.6+0.1° 3.7£0.0° 63.2+0.1° 59.8+0.2°

T3 24.9+0.3° 9.1+£0.1° 3.7+0.0° 62.3+0.4° 57.2+0.4°

T4 23.0+0.8" 8.0+0.0° 3.8+0.0° 65.2+0.8° 61.2+0.3

YMean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different pK0.05.

2T1, dried Biji powder subjected to hot-air drying at 80C; T2, Biji subjected to moisture-heat
treatment for 3 h at 120C, followed by hot-air drying at 607C; T3, Biji subjected to moisture-heat
treatment for 3 h at 140C, followed by hot-air drying at 60°C; T4, Biji subjected to moisture-heat
treatment for 3 h at 160°C, followed by hot-air drying at 60C.

¥100-(crude protein + crude fat + crude ash)
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Fig. 1-6. Water absorption index and water solubility index of freeze-dried (control), hot-air
dried (T1), and heat-moisture treated (T2-T4) biji powders (T1, dried Biji powder subjected to
hot-air drying at 80C; T2, Biji subjected to moisture-heat treatment for 3 h at 120TC,
followed by hot-air drying at 60C; T3, Biji subjected to moisture-heat treatment for 3 h at
140C, followed by hot-air drying at 60°C; T4, Biji subjected to moisture-heat treatment for 3
h at 160C, followed by hot-air drying at 60°C). Bars sharing the same lowercase letters are
not significantly different at p<0.05.
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Fig. 1-7. Swelling power and solubility of freeze-dried (control), hot-air dried (T1), and
heat-moisture treated (T2-T4) biji powders (T1, dried Biji powder subjected to hot-air drying
at 80C; T2, Biji subjected to moisture-heat treatment for 3 h at 120C, followed by hot-air
drying at 60°C; T3, Biji subjected to moisture-heat treatment for 3 h at 140C, followed by
hot-air drying at 60C; T4, Biji subjected to moisture-heat treatment for 3 h at 160C,
followed by hot-air drying at 60C). Bars sharing the same lowercase letters are not
significantly different at pK0.05.
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Fig. 1-8. Soluble carbohydrate and protein contents of freeze-dried (control), hot-air dried
(T1), and heat-moisture treated (T2-T4) biji powders (T1, dried Biji powder subjected to
hot-air drying at 80C; T2, Biji subjected to moisture-heat treatment for 3 h at 120C,
followed by hot-air drying at 60°C; T3, Biji subjected to moisture-heat treatment for 3 h at
140C, followed by hot-air drying at 60°C; T4, Biji subjected to moisture-heat treatment for 3
h at 160°C, followed by hot-air drying at 60°C). Bars sharing the same lowercase letters are
not significantly different at p<0.05.
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Table 1-7. Mean® values of color characteristics of freeze-dried (control),

and heat-moisture treated (T2-T4) biji powders

hot-air dried (TD),

Bii?’ ¥ a v AEY
Control? 87.2+0.1¢ 0.7+0.0° 14.7+0.0° -

T1 88.6+0.1° 0.2+0.0¢ 13.9+0.1¢ 1.7+0.0°

T2 88.9+0.0° 0.5+0.0° 13.3+0.3¢ 2.2+40.12

T3 87.8+0.0° 0.8+0.0° 14.1+0.2° 0.8+0.24

T4 86.7+0.2¢ 1.3+0.0? 15.34+0.0° 1.02+0.0¢

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different zK0.05.

2T1, dried Biji powder subjected to hot-air drying at 80C; T2, Biji subjected to moisture-heat
treatment for 3 h at 120C, followed by hot-air drying at 60°C; T3, Biji subjected to moisture-heat
treatment for 3 h at 140C, followed by hot-air drying at 60°C; T4, Biji subjected to moisture-heat
treatment for 3 h at 160°C, followed by hot-air drying at 60C.

91, a, b, and AE correspond to lightness, redness, yellowness, and total color deviation, respectively.
“Dried Biji powder prepared through freeze-drying.
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Fig. 1-9. Water absorption index and water solubility index of control (hot-air dried biji) and
roasted biji powder treated for different roasting time. Bars sharing the same lowercase
letters are not different at 7<0.05.
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Fig. 1-11. Soluble carbohydrate and protein contents of control (hot-air dried biji) and roasted
biji powder treated for different roasting time. Bars sharing the same lowercase letters are
not different at p<0.05.

He AbE 2Este] Alxzd AxznAETe] 4 545 S45ke] Table 1-80) YeEl Ut
AFAG A o]l Ha Aol FUkstHA AxMAEES WHEs Dadsts AEFS UEY
RNoH, o= HEF 2E(SF 2000)4 xR AREEe] WY ez AddHd. A4
o] A= AZRALLY Hi ARte]l S71EsE Ut on, s A A=)
ARRE e UERIIT. BE, AR, FAE FTte) wel F A zol= el Hls o
T dMor Frbete A dErdT ol ¥ 2RSS AXRARTY HdIAHHF
A M2 ZH 9 g@stdde] Al Aoz Ao ¢ He AEE ARuARLE
o] FHE AAIRS W, s Add AdxHAREESdAE dxadA AEHE oFHe &
At dokth =R 758 T He AT A2 & HAjek vto] AEHY. a8y 2583
5% AdTsodAe g 59 4ol UEhA Skt



Table 1-8. Mean® values of color characteristics of control (hot-air dried biji) and roasted biji
powder treated for different roasting time

Roasting time

(min) LZ) 4 v AL
Control” 87.6+0.3 0.4+0.0¢ 12.9+0.2¢ -
2.5 86.2+0.1° 1.0+0.1° 17.2+0.4° 4.6+0.4°
5.0 81.6+0.1° 3.1+0.0° 23.9+0.4 12.8+0.3
75 68.8+0.1¢ 7.2+0.1% 30.140.2° 26.4+0.3"

UMean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different pK0.05.

21, a, b, and AE correspond to lightness, redness, yellowness, and total color deviation, respectively.
YUntreated Biji powder.
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Table 1-9. Mean® values for Water (H,O)-solvent retention capacity (SRC) of mixtures of rice
flours (normal & waxy) and HMT-treated biji

H,O-SRC (%)

Sample

Normal rice Waxy rice

Rice flour (RF) 247.6+1.0¢ 229.8+3.2¢

Control® 288.2+0.3° 298.8+2.4°

HMT12¥ 299.8+2.3" 311.4+2.1°

RF-biji mixture?

HMT14% 301.0+1.8° 308.6+0.7%

HMT16% 309.9+0.1% 314.1+2.7°

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at p<0.05.

?The mixing ratio of rice flour and biji was 70:30 (w/w, d.b).

¥Biji powder prepared through hot-air drying at 80C.

YHMT12, HMT14, and HMT16 indicated biji powders prepared through heat-moisture treatment (HMT)
at 120, 140, and 160C.

5% Lactic acid 898 &u|E A&t SRCE

BA il o FEFTFEH Rees ATk
=
=
A

SA3t= ALA-SROS &E4aA U &
A7LE-81 2] &3&E2] LA-SRCe} #dH s}
m 2o} A7LF-01%] 23dEE0]

o

glo] thx+(control) BIAE H
lu:.

(Table 1-10), WA7}IFE o] &3tH & of, WAI}
o]z o2 & LA-SRCE YehfAct &7}F-n]
7He EFERT 94 HIAE HUke EREE o2 & LA-SRCE UEtHo &
A7 dubEl ARG v o o] ByEs AL 5 AATh FEAE H]
2 E3FEo] i34 LA-SRCE= HMT16 > HMTI12 > HMT149] <A 2 Z7}8tgth. 53] HMT16
(160C oA F9AEE ¥R A 7H3 &S LA-SRCS YA =T, o= 160C ¢ 259
Al Blx o] g o] RREHoF 7183lEo] e BFE F e THo| TV WEL
2 godc g FAvE-n1A] E3Ed Qlo], PATEE-HA] EFES] LA-SRCollA ##d
BEFEH FAS S e A

45y
FREE
o] frolH o



Table 1-10. Mean® values for lactic acid (LA)-solvent retention capacity (SRC) of mixtures of
rice flours (normal & waxy) and HMT-treated biji

LA-SRC (%)

Sample

Normal rice Waxy rice

Rice flour (RF) 241.6+0.9° 217.1+0.7¢

Control® 298.0+0.2¢ 288.8+0.64

HMT12% 313.1+0.2° 315.1+0.4°

RF-biji mixture?

HMT14? 303.4+0.1¢ 311.2+0.5°

HMT16% 325.9+0.42 321.8+0.4%

"Mean values of three replicate measurements; values sharing the same lowercase letters are not

significantly different at p<0.05.

?The mixing ratio of rice flour and biji was 70:30 (w/w, d.b).

¥Biji powder prepared through hot-air drying at 80C.

YHMT12, HMT14, and HMT16 indicated biji powders prepared through heat-moisture treatment (HMT)

at 120, 140, and 160C.
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Table 1-11. Mean® values for sodium carbonate (Na;COs)-solvent retention capacity (SRC) of
mixtures of rice flours (normal & waxy) and HMT-treated biji

Naz(:Og—SRC (%)

Sample

Normal rice Waxy rice

Rice flour (RF) 244.2+1.5° 229.0+£3.2°

Control¥ 319.2+0.8¢ 310.7+0.8¢

HMT12¥ 321.6+0.1° 329.9+0.4°

RF-biji mixture?

HMT14¥ 341.1+0.5 321.3+0.9°

HMT16% 349.5+3.1° 333.6+0.1*

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at p<0.05.

?The mixing ratio of rice flour and biji was 70:30 (w/w, d.b).

¥Biji powder prepared through hot-air drying at 80C.

YHMT12, HMT14, and HMT16 indicated biji powders prepared through heat-moisture treatment (HMT)
at 120, 140, and 160C.
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Table 1-12. Mean® values for sucrose-solvent retention capacity (SRC) of mixtures of rice
flours (normal & waxy) and HMT-treated biji

Sucrose-SRC (%)

Sample

Normal rice Waxy rice

Rice flour (RF) 323.3£1.1° 306.0£1.1°

Control® 345.0+0.2° 336.0+1.4

HMT12¥ 350.3+0.5° 340.0+0.0°

RF-biji mixture?

HMT14¥ 341.9+0.6¢ 338.1+0.5

HMT16" 354.0+0.0° 341.2+1.3%

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at p<0.05.

?The mixing ratio of rice flour and biji was 70:30 (w/w, d.b).

¥Biji powder prepared through hot-air drying at 80C.

YHMT12, HMT14, and HMT16 indicated biji powders prepared through heat-moisture treatment (HMT)
at 120, 140, and 160C.
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Table 1-13. Mean® values for solubility (carbohydrate & protein) and swelling power of
mixtures of normal rice flours and HMT-treated biji

Solubility
Sample (%, d.b) Swelling power
Carbohydrate Protein (&/®)
Normal rice flour HL? 6.5+£0.0° 0.6£0.0° 9.7+0.2°
(NRF) LL? 5.840.0¢ 0.2+0.1¢ 9.340.1°
Control? 7.2+0.1% 2.24+0.12 9.1+0.0°
HMT12” 6.9-+0.0% 2.0+0.22 9.0+0.1¢
NRF-biji mixture?
HMT14” 7.0+0.12 2.1+0.3° 8.8+0.2¢
HMT16” 6.8+0.2% 1.4+0.3° 8.5+0.1¢

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at p<0.05.

HL and LL indicate normal rice flour alone corresponding to NRF-biji mixture of 100% and 70%,
respectively.

9The mixing ratio of rice flour and biji was 70:30 (w/w, d.b).

“Biji powder prepared through hot-air drying at 80C.

YHMT12, HMT14, and HMT16 indicated biji powders prepared through heat-moisture treatment (HMT)
at 120, 140, and 160C.
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Table 1-14. Mean® values for solubility (carbohydrate & protein) and swelling power of
mixtures of waxy rice flours and HMT-treated biji

Solubility
Sample (%, d.b) Swelling power
Carbohydrate Protein (ele)
Waxy rice flour HL? 39.0+0.7° 0.9+0.0° 16.5+0.1°
(WRF) LL? 34.5+0.4 0.5+0.0¢ 14.740.3°
Control® 31.1+0.4° 1.7+0.0° 11.3+0.3°
WRF-biji HMT12% 32.4+0.1¢ 1.9+0.1° 9.2+0.1¢
mixture” HMT14 33.6+0.1¢ 2.140.2° 8.8+0.1°
HMT16% 32.4+0.2¢ 2.1+0.0° 9.3+0.1¢

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at p<0.05.

HL and LL indicate waxy rice flour alone corresponding to WRF-biji mixture of 100% and 70%,
respectively.

9The mixing ratio of rice flour and biji was 70:30 (w/w, d.b).

“Biji powder prepared through hot-air drying at 80C.

YHMT12, HMT14, and HMT16 indicated biji powders prepared through heat-moisture treatment (HMT)
at 120, 140, and 160°C, respectively.
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Table 1-15. Mean® values for pasting viscosity characteristics of mixtures of normal rice flour
(NRF) and HMT-treated biji

T,? Pasting viscosity (mPa - s)
Sample

() Peak Trough  Breakdown Final Setback
NRF(HL)? 68.7+£0.0°  3069.5+36.5° 1615.0+16.0°  1454.5+20.5°  2921.0+29.0°  1606.0+13.0°
NRF(LL)? 90.5+0.0° 776.0+4.0 526.5+0.5 249.5+35°  1231.0+4.0° 704.5+3.5°
NRF-Control¥  84.7+0.0°  1454.0+4.0° 829.5+4.5° 6245+857  1530.0+6.0° 700.5+1.5°
NRF-HMT12* 714404 1620.5+5.5 936.0+5.0° 684.5+10.5° 1677.5+35° 741.5+ 1.5
NRF-HMT14? 82.3+0.9°  1569.0+6.0° 897.5+0.5 6715455  1619.0=+ 1.0 721.5+0.5°
NRF-HMT16* 84.3+0.4°  1581.0+8.0° 911.0+7.0° 670.0+1.0°  1629.5+15° 718.5+3.5°

YMean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at p<0.05.

YPasting temperature.

YNRFHL) and NRF(LL) indicate normal rice flour (NRF) alone corresponding to NRF-biji mixture of
100% and 70%, respectively.

NRF-Control, NRF-HMT12, NRF-HMT14, and NRF-HMT16 indicate the mixtures (mixing ratio = 7:3,
w/w) of NRF and biji powders prepared through heat-moisture treatment (HMT) at 120, 140, and 16
0C, respectively.

X\ S (setback viscosity)
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Fig. 1-12. Pasting viscosity profiles of mixtures of normal rice flour (NRF) and HMT-treated
biji. NRF(HL) and NRF(LL) indicate normal rice flour (NRF) alone corresponding to NRF-biji
mixture of 100% and 70%, respectively. NRF-Control, NRF-HMT12, NRF-HMT14, and
NRF-HMT16 indicate the mixtures (mixing ratio = 7:3, w/w) of NRF and biji powders prepared
through heat-moisture treatment (HMT) at 120, 140, and 160°C, respectively.

Table 1-16. Mean® values for pasting viscosity characteristics of mixtures of waxy rice flour
(WRF) and HMT-treated biji

T,? Pasting viscosity (mPa - s)
Sample

() Peak Trough  Breakdown Final Setback
WRF(HL)” 66.8+0.3°  3074.0+48.0° 1415.0+16.0° 1659.0+32.0° 1817.5+14.5°  402.5+1.5°
WRF(LL)® 68.6+0.0°  1285.0+5.0°  801.0+0.0°  484.0+5.0°  9445+15  1435+15
WRF-Control?  67.5+0.4°  17705+17.5° 1022.5+12.5°  748.0+5.0°  1211.0+14.0° 188.5+15°
WRF-HMT12®  67.4+0.2°  1909.0+11.5° 1119.0+15.0°  790.0+35"  1337.5+13.3" 218.5+18"
WRF-HMT14?  67.6+0.0°  18745+05'  1106.0+1.0°  768.5+15  13155+7.5°  209.5+6.5
WRF-HMT16?  67.9+0.0°  18825+185 1088.5+10.5°  794.0+8.0°  12925+105°  204.0+0.0°

"Mean values of three replicate measurements; values sharing the same lowercase letters are not
significantly different at z<0.05.

?Pasting temperature.

YWRF(HL) and WRF(LL) indicate waxy rice flour (WRF) alone corresponding to WRF-biji mixture of
100% and 70%, respectively.

YWRF-Control, WRF-HMT12, WRF-HMT14, and WRF-HMT16 indicate the mixtures (mixing ratio = 7:3, w/w) of
WREF and biji powders prepared through heat-moisture treatment (HMT) at 120, 140, and 160°C, respectively.
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Fig. 1-13. Pasting viscosity profiles of mixtures of waxy rice flour (WRF) and HMT-treated
biji. WRF(HL) and WRF(LL) indicate waxy rice flour (WRF) alone corresponding to WRF-biji
mixture of 100% and 70%, respectively. WRF-Control, WRF-HMT12, WRF-HMT14, and
WRF-HMT16 indicate the mixtures (mixing ratio = 7:3, w/w) of WRF and biji powders
prepared through heat-moisture treatment (HMT) at 120, 140, and 160C, respectively.
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Table 1-17. Mean® values for pasting viscosity characteristics of the biji porridge premixes
prepared according to the formulation constructed by modified distance mixture design

Pasting viscosity (mPa - s)

fn Peak Trough Breakdown Final Setback
1 271.0 236.5 34.5 364.0 127.5
2 267.5 224.5 43.0 355.0 130.5
3 258.0 221.0 37.0 360.5 139.5
4 198.0 179.5 18.5 277.5 98.0
5 85.5 79.5 6.0 123.0 43.5
6 132.0 122.5 9.5 186.0 63.5
7 108.5 97.0 11.5 176.5 79.5
8 215.0 172.5 42.5 285.0 112.5
9 249.0 232.5 16.5 299.5 67.0
10 208.0 177.5 30.5 260.0 82.5
11 107.0 100.0 7.0 146.5 46.5
12 232.0 208.0 24.0 342.5 134.5
13 157.0 133.0 24.0 229.0 96.0
14 175.0 148.0 27.0 242.0 94.0
15 149.0 125.5 23.5 224.0 98.5
16 199.5 169.0 30.5 250.5 81.5

UMean values of three triplicate measurements.
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Table 1-18. Mean” values for apparent viscosities of porridge pastes prepared by
microwave-heating with the biji porridge premixes according to the formulation constructed
by modified distance mixture design

Run 7 -00? 7 -A20% An? 7 -00-RH” 7 -A20-RH® 1 5 -RH”
1 223.4 253.8 30.4 262.1 266.9 4.8
2 157.6 191.3 33.7 211.6 242.4 30.9
3 165.4 220.8 55.4 215.2 265.8 50.6
4 163.0 192.4 29.4 194.7 211.3 16.6
5 71.7 115.9 38.2 85.9 129.3 43.4
6 131.8 151.4 19.6 151.1 162.4 11.3
7 161.2 175.4 14.2 177.6 179.1 1.4
8 247.4 256.6 9.2 268.5 269.9 1.4
9 170.5 269.6 99.1 183.2 306.3 123.1
10 150.6 259.8 109.2 177.1 326.9 149.8
11 80.2 118.8 38.6 87.1 132.5 45.4
12 211.2 216.4 5.2 232.0 277.3 45.3
13 132.6 161.8 29.2 189.1 243.8 54.8
14 179.3 200.7 21.4 225.6 266.5 40.9
15 142.6 175.2 32.6 174.6 229.3 54.8
16 155.5 247.9 92.4 177.0 277.0 100.0

PMean values of three triplicate measurements.

YApparent viscosity immediately measured at 50°C after microwave-heating of the biji porridge premix.
YApparent viscosity measured at 50C after holding for 20 min at ambient temperature of the biji
porridge pastes by microwave-heating.

YA = (9-A20) - (-00)

YApparent viscosity measured at 50C after re-heating of the biji porridge pastes prepared by
microwave-heating.

YApparent viscosity measured at 50°C after re-heating of the biji porridge pastes (initially prepared by
microwave-heating) hold for 20 min at ambient temperature

4 »-RH = (7 -A20-RH) - (7 -00-RH)
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Table 1-19. Significance of the regression models (F values) and the effects of pseudo
components on pasting viscosity characteristics of the biji porridge premix constructed by
modified distance mixture design

F-value
Source
Peak Trough Breakdown Final Setback
Regression 18.67Y 10.7” 70.3” 22.3" 86.8™
Linear mixture? 18.6™ 10.77 70.3” 22.3" 86.8"
Lack of Fit 4.0 3.4 1.6 2.9 3.0
r? 0.7413 0.6228 0.9154 0.7742 0.9304

V% p<0.05, ™5 p<0.01.
?The term, Linear mixture, indicates pseudo components, corresponding to HMT-treated biji (A), normal
rice flour (B), and waxy rice flour (C).
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Table 1-20. Significance of the regression models (F values) and the effects of pseudo
components on apparent viscosities of porridge pastes prepared by microwave-heating with
the biji porridge premixes according to the formulation constructed by modified distance
mixture design

F-value
Source
7 =00 n -A20? 47?  7-00-RH” 5 -A20-RH” 4 5-RH?
Regression 13.37Y 30.8™ 14.8™ 22.1" 145" 11.2"
Linear Mixture®  13.3" 30.8" 22.7" 83.9" 28.5" 7.4"
AB - - 4.0 0.0 0.3 0.0
AC - - 1.0 0.5 1.2 2.7
BC - - 4.1 0.2 3.6 0.2
ABC - - 9.7 0.1 - 0.9
AB(A-B) - - 1.5 0.0 - 0.1
AC(A-C) - - 114" 0.6 - 12.4°
BC(B-C) - - 2.9 0.3 - 0.0
Lack of Fit 154" 5.9 0.4 38.2" 2.9 0.4
r? 0.6715 0.8259 0.9570 0.9707 0.8787 0.9436

", p<0.05, ™ p<0.01.
?For the detailed and clear definition of responses, see the footnote of Table 1-18 and Fig. 1-2.



Table 1-21. Analysis of selected models and regression at polynomial equations for eleven
responses

Equation in terms of pseudo

Response Model Prob>F  Lack of fit
component
Peak 7Y Linear 0.0002 0.0728 86.80A+223.02B+275.29C
Trough 7V Linear 0.0018 0.0984 85.56A+187.76B+235.15C

Breakdown 7
D

Linear <0.0001 0.3106 1.24A+35.26B+40.14C

Final 7V Linear <0.0001 0.1304 123.82A+336.16B+337.48C
Setback 7 Linear <0.0001 0.1192 38.26A+148.40B+102.33C
7 -00” Linear 0.0007 0.0040 88.30A+180.85B+223.39C
7 -A20? Linear <0.0001 0.0328 129.61A+179.36B+309.63C

34.33A-448.57B+49.07C+1143.88AB+2
88.98AC+1047.37BC-3800.04ABC-603

A 7% Cubic 0.0019 0.5515
.99AB(A-B)-788.86AC(A-C)+1276.74B
C(C-0O)
83.43A+222.45B+117.59C+19.45AB+25
2 . 9.91AC+316.42BC+500.33ABC-145.45
n -00-RH Cubic 0.0006 0.0016

AB(A-B)+246.91AC(A-C)-558.52BC(B
-C)
112.15A+347.91B+371.44C-92.35AB+1
56.15AC-424.47BC
53.23A+9.13B-148.48C+67.72AB+711.
41AC+394.50BC-1764.05ABC-240.99A
B(A-B)-1271.67AC(A-C)-37.26BC(B-
)

7 -A20-RH? Quadratic 0.0003 0.1362

4 n-RH? Cubic 0.0041 0.5435

DViscosity.

?For the detailed and clear definition of responses, see the footnote of Table 1-18 and Fig. 1-2.

"The terms, pseudo components, correspond to HMT-treated biji (A), normal rice flour (B), and waxy
rice flour (C).
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Fig. 1-14. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on peak viscosities of biji porridge
pastes.

HAR ERE ARYEel e WSEAZNG trace FAE Fig. 1-150] LErigich. ¥l
AA-Ne) FFol F/HHEA ANFEE FHOR gastPom, FARC-CO FFol
kA AAYEE FbHAc 2t WERE-BE EREY AAYR S0 fo
Mol GFS MXA gt FH AAY SRR BAHPES] P WIEAFHA trace F

A
A

Ae Fig 1-169] UBiAth HIAGA-A9 FFo] F750A BAHEE FoH02 Fas
dov, FWIREES FEARCON Y FHAN YAREE fANo2 T3



A: Biji
40,

40.0 10.0 80.0

B: NRF C: WRF
Trough viscosity (mPa-s)

(Response surface plot)

Trough viscosity (mPa-s)

1975 —

1550 —

125 —

00—

T T I T
-0.2 00 02 04

Deviation from reference blend
(Pseudo components)

(Trace plot)

Fig. 1-15. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on trough viscosities of biji

porridge pastes.
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Fig. 1-16. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on breakdown viscosities of biji

porridge pastes.
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Fig. 1-17. Response surface and trace plots describing the effects of HMT-treated biji (A),

normal rice flour (NRF, B), and waxy rice flour (WRF, C) on final viscosities of biji porridge
pastes.
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Fig. 1-18. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on setback viscosities of biji
porridge pastes.
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Fig. 1-19. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on initial apparent viscosities (7
-00; measured at 50°C) of biji porridge pastes.
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Fig. 1-20. Response surface and trace plots describing the effects of HMT-treated biji (A), normal rice
flour (NRF, B), and waxy rice flour (WRF, C) on apparent viscosities (7 -A20; measured at 50C) of
biji porridge pastes after holding at ambient temperature for 20 min.
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Fig. 1-21. Response surface and trace plots describing the effects of HMT-treated biji (A,
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on differences in apparent viscosity
(4 n) between initial biji porridge pastes and after holding at ambient temperature for 20 min.
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Fig. 1-22. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on apparent viscosities (7 -00-RH;
measured at 50C) of initial biji porridge pastes subjected to re-heating.
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Fig. 1-23. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on apparent viscosities (7 ~A00-RH;
measured at 50C) of initial biji porridge pastes after holding at ambient temperature for 20
min, subjected to re-heating.
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Fig. 1-24. Response surface and trace plots describing the effects of HMT-treated biji (A),
normal rice flour (NRF, B), and waxy rice flour (WRF, C) on differences in apparent viscosity
(4 n -RH) between initial biji porridge pastes and after holding at ambient temperature for 20
min, subjected to re-heating.
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7-00-RH= SAE @& ¥9 HelA, 7-A20-RHe= H4=E, 4 9-RHE HALE Ao
LS5 A= B AFoA 2HE H WE AT ol9t 22 ZxstddA 4 A
sloll o3 mIX &, WAVLE, JAVLRY HAH EF¥IE A7 36.0%, 11.0%, 53.0%% ==
AL, desirability= 0.75101th. F712 Z+ dge] AgFHAY o] glo] HIABDS 0%= 143
o, W72l AT E B AFoA HAAH W WESIAL, responseE] AdxAL Y
kA AAste] FX HAH S o5 4 ARES HF EPHES EFAS o, HAEE, H

HAZ, AVYEE A22, 00 24 @ BN WO, 7 ANE AL, 45 Aa
Z_'
Z_l
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Table 1-22. Optimum constraint values using numerical optimization solution

Optimization 1 Optimization I
Constraint Optimal ! Optimal
Goal . Confirmed Goal .
solution solution
Biji In range 36.0 36.0 30 30.0 30.0
Pseudo
component  Normal rice flour | In range 11.0 11.0 In range 16.0 16.0
(%)
Waxy rice flour In range 53.0 53.0 In range 54.0 54.0
Peak Minimize 109.9 108.5 Minimize 139.2 122.0
Trough Maximize 103.7 100.4 Maximize 126.0 115.0
Breakdown Minimize 6.2 8.1 Minimize 13.2 7.0
Final Minimize 151.9 141.0 Minimize 194.8 167.0
Setback Minimize 48.2 40.6 Minimize 68.8 42.0
Response
n -00 In range 104.7 106.8 In range 124.9 118.0
(mPa - s)
n -A20 Minimize 149.0 145.0 Minimize 163.7 154.0
A7 Minimize 3.3 38.2 Minimize 5.2 36.0
n -00-RH In range 129.6 132.8 In range 160.7 127.5
n -A20-RH Minimize 154.9 142.1 Minimize 184.3 160.5
A n-RH Minimize 14 9.3 Minimize -6.5 33.0
Desirability 0.751 0.738

o HAZ % 2 54 B}
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Table 1-23. Mean® values of spreadability and viscosity of biji porridge

Spreadability Viscosity
Treatment
(%) (mPa-s)
T1 1,703.5+88.22 693.5+61.5¢
T2 1,005.3+45.2° 1785.5+57.3¢
T3 611.8+59.8° 2618.0+18.4°
T4 376.4+ 8.8¢ 4628.0+0.0?
T5 338.9+12.5° 6,000

UMean values of three replicate measurements; values sharing the same lowercase letters within a
column are not significantly different at p<0.05.
2The final viscosity of Bjji porridge was over the maximum limit of viscosity of RVA.
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Table 1-24. Mean® values of color characteristics of biji porridge

Treatment ? & g AF
T1 70.2+0.9° -1.9+0.0° 2.5+0.4° -
T2 73.3+0.1° -1.1+0.0¢ 10.6+0.4 8.7+0.3¢
T3 73.4+0.0° 0.3+0.2° 14.6+0.3° 12.6+1.0°
T4 73.1+0.3 1.440.1° 16.9+0.1° 14.9+0.6
T5 72.8+0.0° 2.4+0.3 18.6+0.3 16.8+0.4°

YMean values of three replicate measurements; values sharing the same lowercase letters within a
column are not significantly different at p<0.05.
2L, a, b, and AE correspond to lightness, redness, yellowness, and total color deviation, respectively.



Table 1-32] vigHlol wel A=3 Aol wet Axd HASY AsB7tE T35
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Table 1-25. Mean? values of preference parameters of biji porridge (n=25)

Overall

Treatment Color Flavor Taste Texture N

acceptability

T1 6.3 6.6% 6.2° 5.9% 6.4%
T2 6.5° 6.2° 6.4° 6.3% 6.8°
T3 5.1° 5.8 5.2° 4.4° 5.2%
T4 3.9° 4.4 3.6° 3.1° 3.2°
T5 3.3 3.9° 3.1° 2.4° 2.5°

YMean values of 25 replicate measurements; values sharing the same lowercase letters within a column
are not significantly different at p<0.05.
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Fig. 1-25. Labeling of “A®HZZ.”
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Korea)& ol&3t] 2% HIAE Axsty HExTOE At =3 A A= 407
(DY-110H, Daeyong E&B, Ansan, Gyeonggi, Korea)E ©]-&3}a] 80T oAl 24|13t &3 =231
HEAYD). Azx" BA A2AQES 100 mesh AdEA|go] AXE sm24 FFEH7](MHK
Trading Co., Bucheon, Gyeonggi, Korea)& ©o]&3sto] &4ste] PET AlgHel go] 4CoA E
watA A ALE-SF T

== S L PR = s L L P e B2

AdZAZ A EHEA D) 100 g (db)S n-hexane 300 g3t E&3le] A2oA A7 =
¢+ wwRketa FAUZWrZIE ol&dte AdAHI & [FIA|ZWI] £1Y HIX A AMELR
n-hexane 100 g& 7Fste] 23+ Ztedfstitt. 8l4€ ©@AH1A 9] n-hexane F&E< A7
71 9138k 50C ol A 24413 &9+ 374 Z7](0V-11, Jeio Tech Co., Ltd., Daejeon, Korea)S ©]
g3t Az v FYRAE o g3ke] astel PET Amol Yol 4ToA nus
AA AESEA T



(2) E R A]

IFAZE HAEHFAHET) 40 g (db)2 1.0% (w/v) NaOH £ 550 g3} &3}sle] A
oA Z1AA wRH7E 01%—6‘}@1 S & 400 mesh EFA W(No. 400, Cheonggye Co., Seoul,
Korea)oll o BIAE 3]Fatth AW 99 HIA= £2+ E2 5&7F MAHsIAL Ho|AR &
7 ol FE 71ty #4221 3 1 N HCIE 715H pH 7002 zA3 ¥t =39 Bvjx B
S AAEE(2,500%xg, 20 mm)o}oi H| 2 &} FEH S stal gol= 33 AlHsta F
TR gdte] At F 50CoA Hdxste] 20 ““HIX]—E— Azt dzxd g
MH A= A SHEHTE o838t Este] PET AlEHol o] 4ColA HAstAA A}
&3t

F

gt AzuAEEe E71AH 7HEAE

) #5LEHR7E ©| 83 A%e FHHLHY

AzuA BT A& FHHs Age wiENH 3 %Zﬂ‘%%ﬁ% SHFolEAdE4H I
(Incheon Machinery, Incheon, Korea)& ©] &3t FaqstAtHFig. 2-D. 3AWMTE 237 £=
(100-200 rpm), ®WlE%(130-170C)e} A Zu| X EHo] FE3HH(25- 35%)i st dxzuAE
Be E4Ee £9E Ea 100 gmine] $E2 4EAPY] Fow EQHIOH, FA
ExFEF wel FHEQl o]l FFEHAT GEHAF A AEFE 4 mm AR 4F

gol(die)s A&3A L, AHEE BA BIL 60ClA 2447 5 Ax3 F 100 mesh A3E
Ao] A= M ZFEH /]S o] &l Bt ARHAEDTS A 23T

¢

Fig. 2-1. An extruder using for a continuously-circulating roasting process.



(2) aAtFE A

N
jud)

Az
3 A2 #27](Ultra-Turrax Model T-25D, IKA®Labortechnik, Staufen, Germany)ZE ©

w4 (pre-homogenization) *}<](15,000 rpm, 5 min)3t¥ . AFZH B EL-SFF E4HE
I} 7](M-110L Microfluidizer Processor, Microfluidic Corporation, Newton, ME, USA)E
st kst tg s 2 f%*‘?‘ SheFoll ot Attt AR g w2 AR &=
5-30C FEFo®2 FAHAY. ndFEAAgE HA FHo|2EE 4TCoA EaAsiHA &3
Aol AHESEA

AEe ve 249 DR FFOE FRFE st BN F AU gL
E |

&
2
‘]

L SO o > A )

DR EES DR
(1) Yukg e

B R A5 FESEFS 130C 9 AHLAF-E=A47](LP16, Mettler-Toledo AG, Greifensee,
Switzerland)2 o] &3t A#FeP. oA, A, 23E e AOACH ol LE}E} ztz}
Kjeldahl® (& &A1= 5.7), Soxhlet® 3} 2] 5] sl ol 23] 0}9511:}(AOAC 2000). gstE 3F
F AxAE 100 g & 299d, =X 9 238 FFES AEste AL AT

X

P

ruln 031

@ Aol

A" ¥R A5 Aol df= AOACH(2000)] whel Total dietary fiber assay kit
(Megazyme, Wicknow, Ireland)E o] &3t AZFstdth AxHAEZD 1 g (b F42d A
k(500 mL)ol ¥ a1 MES-Tris buffer(pH 8.2)& 40 mLE 7}t & HA3] T&3tx HWEA «
-amylase &40 ¢L)E H7Ist #= & FE2(~96T)oA 303 FH-SA AT 307 ¥H&-

To HMSEIEL 25E 0CY FEEA &£EE 575 3Fal protease £-<4(100 «L)S 7}sth
o 60C A 3083F WH-SAAY. @d E&7F F2% % 0.56 N HCl G mL)E 7Fstaz 1 N

HCIZ} 1 N NaOHZ o] &3le] pHE 4.0-4.7 B2 A 3la. amyloglucosidase &4(300 xL)=
A7rsked 60CANA 3083 WSAHY ZE EaHtgo] F2H $ USEFELS celiteE X£F
stal Q=  fritted-glass filtered crucibles o] &3t oSt EI/FES EFSe
fritted-glass filtered cruciblee 105C oA F&FS FIIATHEEAD AoldH ). d44&5 &
3 Ao o R 95% ethanol (240 mL)E 7}ste] 204 1412 W3 3 celiteE 3
I Q= fritted-glass filtered crucibleg FHAA HHES 343l 75% ethanol (30 mL),
95% ethanol (10 mL)3} acetone (10 mL)S &2 o2 EFHRAA HAES H] 23k 3 105C ol
A A=AA FEFS 5‘}031‘4(—’?%” 2ol 9. FEFS 73 E8AL 9 784 Ho)df
FYE59 gy 3 RFS KeldahlH 2 1238 & g

E&A 2 Aol Q%A FFe] oA 259 @A I EFEFS 2gst
o}



Q) A=F

K

A" HAAAES] YEEEZE= Mastersizer 2000 9 =E4]7](Malvern, England)& 0] 6‘}
of BEA35AT. AR 0.5 g2 95% ethanol (500 mL)oll A 20&-3F EAFA Al
o] 95% ethanol (500 mL)ol 7}8le] YEEEA7IZE FUSI vHIAAAES =
o dzE AT AL 33 wHE S5

e
OF{E
>

£

(4) 7#-5A5(water absorption index, WAD 2 4&-8-3] A s~(water solubility index, WSD

AZ8AEZ0.5 g, db; 9= 50 mL IAEZH <ol 2H AHFS & ZF4 25 mLE 7}
33l wrist-action shaker (600 strokes/min; Ingenieurbiro CAT M. Zipperer GmbH,
Wettelbrunner, Ballrechten-Dottingen, Germany)ZS ©] 83} A-2(~24C)oll A 3087 WE-sl3
o} 308 F vz BAES g#e =A3 fritted-glass filtered crucible (W9 ol A 7Fsted st3}
R, Aol HiEHA ¥ wWFE 108 F7ME G 224E FRg F FAWIE =
2 100 mL HEEZA23E 7|0 Eol+E 7}

AotRt. FEEINATE sl dad oJA
st A 83 T 10 mLE FHste S AN FEESHE dFujE g @i 105C o A
gFo =g HHW}XI Azse 3N E oRo] ngR FAWHE SHSAT FEFFAF
o} FEENA = o Ao os)] ALkEdtHLee et al., 2014).
i =W
WAI (g/g) = §— (W, x10)
W, <10
WSI (%) = — %100

o714 102 349 o 100 mL el F 1F 2 FAS Adstr] As) AREEH A

(5) FAF&A(0AL oil adsorption index)

AzZBAEL0.5 g, db; S 50 mL conical centrifuge tube <ol 23 A wFsta o+ 25
g& 7Fsted vortexing mixer2 EAMAIZTH 4RSS xE3St= conical centrifuge tubes
wrist-action shakerE o] &3&}o] A&(~24C)olA 30837 A&AIZ & &FS =AH3 fritted-
glass filtered crucible (W1 $JollAl ZFdod A AT} Glass filtere} crucible o] =3k FX
E AAS] 8 AFdE= FAVF O o) #EHA s wjiH 10830 FUE A F=
Zh skl 1 FAW)E SASAT. FAFZHA T ofdl Aol o] AlLtE At

W—m

OAI (g/g) = —g



6) 7H4 wid B BrEE FECEL)

AZRARE05 @ S7200 mLE E3Fste] oA 4523+ awkek - 1 N HCI 1
N NaOHE o] &3ate] dzHART #4tde] pHE 7002 2A3ta 2083 F7F2 wwkslsd

oowgt ¥ BE EFEES 250 mL FEETaAR &V]a SRTE V) 250 mLE 483t
of 5&EXF Wikt & =84 AEsc] FAstESR 1083t AA st 250 mL=2 4" &
40 mLE 3l 50 mL YAEgBoE L7 1,500xgoll A 15837 YARF T oA o
NHy} FFhEs ZH2 LowryH(Lowry et al, 1951)¥ #f&-34HH(Dubois et al, 1956)< ©|
ot AFsty dxuARE AR B gt FA ti SHHE
LER ST

(N a3 S8 =

AzBAEZ A]5(0.5 g, db; S)E 50 mL conical centrifuge tube <ol 2 H H#Fsta S/
4 25 g& 718t vortexing mixer2 EAMAIA 85C o & ZFo|A 3087 71E3 & IE F£8&
Zol| A 2083 Wastdt) olE dAEE(2,500xg, 208)3te] TN 100 mL FE&F2=

2 &4 SFTFE 7ot A& A8 A 10 mLe &FrlE daodl ¥ 105C o
W7AA Azt FAE SAHSt 74 LIESFS okl olE 27] HIA
& &

N

BEEH &= £4 F FgEH] A" Y W 784 ad g U8 veskE
2o 7] owryH(Lowry et al, 19513 3 &-34H(Dubois et al., 1956)% o]&3le] A
T AxH AR AR AR BrstERg Y FAC e FEHE YER AT

A
N
=
.y



9 N=

H X 22 A g5 Al EAS AxA(CR-300D, Minolta Co. Ltd., Osaka, Japan)E& A}-&3}o]
Hunter’ s color system 3s}ollA A3t th 2 Aol k2 W X(/; lightness/darkness), 22 =(a,
redness/greenness) ¥ A %(p, yellowness/blueness) = LERFH ATE ojw] A& MA}A S HFE
ko] Zk2 L 98.07, a -0.18, b 1L.57°13t}. ZF Ao thxdtoll gk Ao F A}
(AB= 9] 2o = ALbstath

AE=\/(Ly— L) +(a,—a)* + (b, — b)?

ABAES] F3lEs B FEAEE ALH T4 7)|(RVA-3D, Newport Scientific, NSW,
Australia) & o]l &3le] HEo Wslo] 25, Al 7tE9&E0 U 98 ZAEAY. &5 2
AlZbol W& HAAAEe] 3 2 AH AE= 30, 45, 60, 75, =2 158 dAT 5%
(160 rpm=E AGH & 7F3tHA HA A BAHEES IA=WSE SA3AT. 7tEE = dig
FEFL HABAEESS A £x(160 rpmE ATHE JlstEA 30=00A4 90=7HA 4T
/min, 8C/min, 12°C/mine] 7}€3lHA H=e] WHIFS SASFATE ojw HA LA EiEES
L3 =43 HFT AdDe A=E Hrietr] A8 A4 30CoAA 28 &<k 0TAA 2+
B¢ FAEAT HARAEEY AEWHIE A A EAARY e 10%
WWE stH o, gebmu|zAa o] Aol 5% (WiwE 3t th

R L

At AAEE A AAEY L’L%Xé“% A AAE o] &3t AAsAT A EH ¥l
A ARE A 100087 HEE SR EFsted 343 & Zeta sizernano NS
(Malvern instruments Ltd. Worcestershlre UK)E o] &3t AetdxtE SH4sA . A7 342
AFoz HA3 & 343 vA] AR 0.8 mLE AetA S A-g Fulo] Yol 33 =A 351
Hogr oz Yyep i

(12) 2Ry AE @ $=EXN =4

IPFAAYE HALAEY Z2R7IHEE small sampler adaptor7b 2= AU A2
A & Brookfield S| AAEAE o] &3te] 4T =& 25ColA =3t th olu] A8 spindle
< No. 4, 6, 18, 313} zZo] EAATY el BA Adelste] AL&st3ith Spindled] 3jH &=
of Wet ARVHEE X FAHSAU spinded] ML= wE %spring torquedte ¢l
Power Law Modelol 9&f HzZAFK), F3AFMed BR71HE000 sHE, Herschel-
Bulkely modelel ¢j&8f @8-83, H2EAFK), F5AFmd 2RINHYEA00 sHE A48
=3



(13 =4 A& 54

A" A LA EY] dAHFS dynamic rheometer (DHR1; TA Instruments, New
Castle, DE, USA)®| peltiere]l =i 5% S HIAERAESSY *EF 25CTE A3 TH
Plate-plate system (diameter 40 mm, gap 1,000 =+ 500 xm)<S o]&3le] 1% strain (X3P
strain sweep test2HEH ZAAE HAEF HeEAH FDA 0.1-10 rad/se] FsF HL A
frequency sweep testE FdHsIAT AP T BHIAANEREFRES FEEHLS solvent trap
moduleS o] &3&}o] W& Th A& EA B(storage modulus, G), £2 €4 E(loss modulus, G”)
I} tan ¢ & Rheology Advantage Data Analysis Software (version 5.7.1, TA Instruments, New
Castle, DE, USA)ZXE LAt}

(14) R 4~¥(water holding capacity; WHC)

TAFAAEE HAARE nEH4el ¢F 2-3 g , °]= 105C ol A 3}eko]

g a2 & st
2 WA Azshel FFE AT F o) AWS ol g3t nEYe Ao,

o

A71A Wiol TFFAAEE vIAA RS FA(R), W, ndddA e HAA RS HAZxIF
(g, d.b)o]th.

(15) o] &(syneresis)

TGFAAHE HAABEY olFES AE 10 g€ 50 mL YA R Ao Yo diEstn
4C oA AASFHEA 0, 3, 6, 9¥o AFARE FH3lo 2,000g904 2087 AR T 45

AN o

gotAnt. olg&2 ok Aol s Al4tE AU

m
—— %100

Syneresis (%) =100— W

714 Wo2 b dxgd RiAA RS 27] FAI(g), Wi AdddAe]d vAA R d4



vl FA A

I

E nAAEES A
Holx 33] Wi
EFUAE YER R 3
HSD test& o]&sto] E4stith. &
College, PA, USA)ell 9]3l <=3 = At

HhEste] HExAEE AEstdon, AMgrey 542 A
EAQAEL one-way ANOVA EA & 83, 3
HE Abole BAZA FoALe 95% AFHFFA Tukey’ s
2 AArap B2l Minitab 16 (Minitab Inc., State

H

B ot

EUCY

2. 4723

/_\_}
vz 2o A= EZE= Fig. 2-29] Yel
= 8 xm, 100 mesh
& 0.4-302.0 xme HAES JeEMf o, o5 HHFY
9 xm o|Uth AAIRA A go] AWAT FZ
717} Zold 4= AzuAERe Ry E Fopgow, HFUAIE Foly T

w
1

Relative % (by volume)

0.1 1 10 100 1000

Particle size diameter (um)

—— 80 mesh sieve : Average particle size diameter = 113.0 um
—— 100 mesh sieve : Average particle size diameter = 58.1 um
120 mesh sieve : Average particle size diameter = 36.9 um

Fig. 2-2. Particle size distributions and average particle sizes of dried biji powders.



Azd AXVNAELY I 2ol df FFEdd e ARuAELE d=Rxe I
S zAFSte] Table 2-1¢] YERAATE 80, 100 ¥ 120 mesh M52 zuw AL 18.9-20.2%
o] Wl Adew, ATEE AololAl FHQl AtolE HolA| fgo}; ARBAEL ¢
Tt Fold s 2awd gheFo] Zadte AdFS Ut AHETEe =AW 9 237
ke 247 10.4-10.7%<}F 3.6-3.8%2] WLl AReH, HETLE AoloA FAHOE FolF
A ApolE YEA LUt @SE FHFL 7L HYTEY 2uud, 2, 23§ 3
Zpolo] W ARE 655-67.1%2 W0l AN, ARVAED] =7} FolAFE BEE
ol S7bete AES YESIT e Aol df a2 59.0-62.6%2 Wl ARoH 120

[e)

mesh #HeFEol 7 e Aoldf e Usio, AeFE AololA FAH
9|59l Hpol & Mol itk

Table 2-1. Mean® values of proximate composition and total dietary fiber content of dried biji
powders with different particle size distributions

Proximate compositions (%, d.b)

Sieve size Dietary fiber
(mesh) Crude protein  Crude fat Crude ash  Carbohydrate? (%, d.b)
80 20.2+0.1° 10.5+0.2° 3.8+0.1° 65.5+0.3° 61.7+0.5°
100 19.9+£1.0° 10.7+0.0° 3.7£0.2¢ 65.7+0.1° 62.6 0.3
120 18.9+0.9% 10.4+0.4% 3.6+0.1 67.1+0.3° 59.0+1.3°

YMean values of three replicate measurements; values with the same lowercase letters within columns
are not significantly different at p<0.05.
2100-(crude protein + crude fat + crude ash)

ol

AEE 2 AX¥AELEEY FEFTAa(water absorption index)9} Fi-8-31 4]
(water solubility index)E& =43t Fig. 2-3o] YeT AXHAEL A&7}t S7HETS
TFEETFATF= 3.9 glgollA 5.1 glge2 FUlsle 4TS eI :Lﬂib‘r 100 mesh<} 120
mesh A 2lE Aol e BAASE FYAQ zolE UEtA Fodth. FE&83 AT+ %
ZR[ A2 A=Tt FotA WA 0.7%N A 1.2%% S7tstes A dF< ‘JrEMJ‘}iO‘I] AeTE /\}
oJoll Al oAl Apo]lE HolA Ftort, 80 mesh M3 120 mesh A2+ Atolol A&
oAl Apol7t HAEAEHUT. olHd AAES THE W, AXHNALLY Y=e FASTFE —’F
(hydration)7} ol8tiL, 0 Bo] & =& oz Awﬂq IR ERE S R

== A
A8 HAA B £ FRFFATY FEENASE Yl Ao BuAn,

b
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Water absorption index (g/g)
Water solubility index (%)
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80 100 120 80 100 120
Sieve size (mesh) Sieve size (mesh)
Fig. 2-3. Water absorption index and water solubility index of dried biji powders with
different particle size distributions. Bars sharing the same lowercase letters are not
significantly different at 7K0.05.
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Fig. 2-4. Oil adsorption index of dried biji powders with different particle size distributions.
Bars sharing the same lowercase letters are not significantly different at <0.05.



YEE st Axd AzUARTEY] FAFANFE SAs Fig 2-40 U2l
o B A7dd AznAige] & AFe 4RE A4S W, 448 e fASE Y
of a7HEY AZMALDY §1 FHYo] Yow, AF % AF Hde| 7§ BLEo| u
Ul Hol BeHor A Ed ENE U & Y] WEolth Lejuh B AT Ao
sty AzAELe] YEIt AoldFE FAFAATE F7kSE A4S UERIAT, 100
meshs} 120 mesh MelPE Atolol At Fol A ol B UrhhA itk EF folHd 7
ol UhERA 80 mesh A2} 100 mesh A2 TE Abole] #21FHA 5o 2ol 0.7 glgol 2l
i, olgh e mEE Aol wud ol HUFE Aol foAA AolF vehiA o

= 47T 24 o Fe] AzuAED 9 Tkl A Az Egel 2

7 7
a
a - —
6} = £ 6} a
= T
— b
3 == ° >
¢ o
.U_ 5F 3":' 5r c
) e =
c 4} E 4+
= k=]
3 >
=
2 o
o 3F .e 3F
s 8
e
32} o 2t
5] o
N =
1} -
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Sieve size (mesh) Sieve size (mesh)

Fig. 2-5. Soluble protein and carbohydrate contents (measured at an ambient temperature) of
dried biji powders with different particle size distributions. Bars sharing the same lowercase
letters are not significantly different at p<0.05.
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5 o3t dxu AL Ao vud 9 gestE AREY HEAS A4 7
2 7484 o2 sl BAsle Fig. 2-59] AAIATE 784 ol
o] 100 mesh A #*¢] 80 meshe} 120 mesh A&l Hl&] FelFoz ub
F&FS YeAa, 80 mesh A @3 120 mesh A FE Alolols BEAHCZ FoH<l 2
olE YERHA Rt FH dxXuAZLY 7HEA @rdE TS AYTE AloldA FA
Ao g FoFQl xolE YERAAUIL, 80 mesh A&+ > 120 mesh A&l > 100 mesh A 2]+
o] AR 7HEA B3lE ol FUkete e YEUAT a8y 7HEA8 deE s vhg
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= Ag AE37] 9

= L | ZRolA 4 soz

AU webs o] Fe) d7E dXUAE 120 mesh AHATL FHA vl Barlw ¥
3

) A zAEe] Qe Aol df e

Zl

-

o

FAAZ 93 BA(HED), EFAZN 23 HA(FEAYD), EFHAZ0A
ZF gx e} gaml A EjE @AM A 9f guuinx] o] dntd £ F Aol FEE
sted Table 2-2¢ YeEtH AT thz237 FA S 18.9~19.9% =d#d, 10.4~10.
v, 3.7~3.9% Z=3]E3} 65.8~66.8% Br3tE IdHFS UEMYAOoH, EH—%T_LLJ"Jr A 2
o A UukgEol tigh fejA<l i}oll‘: #A=E A FtHTable 2-2). & 2]o]A i
T(61.2%)°] FAHYT(60.3%ET FYHCE T FFEoIdey 1 X}O]—t— u| w] &} ¢ tHTable
2-2). iz FAYTEY VA ER T HoldF FHES AdH 75N RuE F
F Az A vE" BRI ASH A ol tklee et al, 1992; Lee et al., 2014). €4
H A= 17.8% 2, 0.2% AW, 4.4% Z3|E, 77.6% ©53=3 73.2% F 2ol 7 &F
< B, 2awd ke EHZ-_TLJJr ‘jﬂﬂL%"’ A 7oAl Aol & Ho|A FUT
(Table 2-2). 18y} =23]&E, &= F Aod/dde txaed FAYUTEY ARG &
Ao R EUY, ol FAHYTLERH Zl‘ﬂoL Ao AAZ FHoE F7He7] dEoltt
(Table 2-2).

F7}

N
i

Table 2-2. Mean” values for proximate compositions and total dietary fiber of native,
defatted, and deproteinated biji powders

Proximate composition (%, d.b) Total dietary
Biji powder fiber
Crude protein ~ Crude fat  Crude ash  Carbohydrate (%, d.b)

Control” 19.9+1.0° 10.7£0.0° 3.7+0.0° 65.8£1.0° 61.2+0.5°
Untreated 18.94+0.5° 10.4+0.4% 3.940.0° 66.8£0.2° 60.3+0.3¢
Defatted 17.8+0.7%° 0.2+0.0° 4.4+0.1° 77.6+0.1° 73.2+1.6°
Deproteinated 0.9+0.0° 0.6+0.1° 3.8+0.1° 94.7+0.1° 93.8£0.6%

PMean values of three replicate measurements; Values sharing the same uppercase letters are
not significantly different at p<0.05.
YFreeze-dried biji powder.



HI A= 0.9% Z=a9Wd, 0.6% =A%, 3.8% X3|&, 94.7% ©r3t=2} 93.8% T 2ol
<= UERAtHTable 2-2). 2efulxol] lo] &3t & Aoldf dFel &
S A 22 AR A% ARl Adolrt wiEhA E dghe] 2R
Yol BF AAHY ddtw AEAVE FAEE] WA Aol dREt & 5 9l
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tl(Table 2-2), ol ©d F=&vjQl NaOHe} Bl A4
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Ullah et al. 2018)& wlx|¢] B84 Aol f e Z7be vAe) SRR oS
ZANGT BRusth THelE dapd] vsl RANAL v FREFASE BolE A
2 ol&sA g 93 Jluwd 9w WEHAE EXHA| 7} JH-E] et 7] dEd A
2t vhA o R gamnAE OE uA 2456 v 953 e FEFFASE Ueh
QECFig. 2-6A), BHUNAE FREFASFE WdFE 2o ds 249 A A
@il 2 AoldfE FAH 7] wWEoltk(Ullah et al, 2018). ool ZAdE Tt
H|Z] o] Gl Fo] o]gstddte o3 rtuHeE =7 FEFE, A AR 4&5E dxy
AFZe] FEFTAT FEE A 2o

15 18
_ A £ _|B
2 3 st -
D12+ T©
x 2 b
£ X 12r —L
£ 9 b =]
g = £
g 3 B
S &} d e}
2 2 .l g
== b
g | 5
(1} B - |
s g s

d
D f————1
¢ Control Untreated Defatted Deproteinated Control Untreated Defatted Deproteinated
Biji powder Biji powder
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Table 2-3. Mean® values of color characteristics of biji materials before and after extrusion

Treatment ? 2 & AEY

Biji

88.7+0.2° 0.3+0.2° 13.6£0.7°

Untreated

Native

87.3+0.7% 0.4+0.1° 13.2+0.3° 1.7+0.6

EXT

85.7+0.2° 0.7+0.0° 12.3+0.2°

Untreated

Defatted

83.6+0.1° 1.2+0.0° 17.8+0.0° 5.9+0.2

EXT

83.8+0.1° 1.8+0.0° 12.5+0.2°

Untreated

Deproteinated

84.5+0.0° 0.8+0.0° 15.6£0.2° 3.3+0.0

EXT

UMean values of three replicate measurements; Values sharing the same uppercase letters

within columns are not significantly different at z<0.05.

21, a b, and AE correspond to lightness, redness, yellowness, and total color deviation,

respectively.
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Fig. 2-19. Changes in viscosity of untreated and extruded biji powders at a given temperature

depending on time.
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Fig. 2-20. Changes in viscosity of untreated and extruded defatted biji powders at a given
temperature depending on time.
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Fig. 2-21. Changes in viscosity of untreated and extruded deproteinated biji powders at a
given temperature depending on time.
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Fig. 2-23. Influence of heating rate on viscosities of untreated and deproteinated biji powder
subjected to extrusion.
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Table 2-4. Suitability on operating the high pressure homogenization (HPH) depending on
applied pressure levels and total solid contents of biji-water dispersions

Applied pressure
5,000 psi 10,000 psi 15,000 psi 25,000 psi
Total solid content
5.0%(w/w) O O O O
7.5%(W/w) O O O O
10.0%(w/w) X X O O
12.5%(w/w) X X A O

‘O : Suitable, X : not available due to clogging of HPH system, A : sometimes occurrence of
clogging of HPH system.



10.0% total solid content 12.5% total solid content

Fig. 2-24. Appearance of sample jars while treating biji-water dispersions with 10.0% and
12.5% total solid contents by high pressure homogenization (HPH).
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Fig. 2-25. Particle size distribution of control (14.7 psi) and biji pastes treated with high
pressure homogenization at 15,000 and 25,000 psi.
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Table 2-5. Mean® values for ¢ -Potential, water holding capacity (WHC), and apparent
viscosity of biji pastes treated by high pressure homogenization at 14.7 (controD, 15,000, and
25,000 psi

¢ -Potential WHC Apparent viscosity?
Biji paste
(mV) (%) (Pa - s)
14.7 psi b
-24.8+2.8 1353.3+9.4° 4.8+0.6°
(Control)
15,000 psi -57.5+3.42 1464.3+10.12 9.6+1.7°
25,000 psi -54.7+1.8° 1435.7+10.1° 27.2+2.7°

YMean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
Measured at 25C and 0.1 rpm with the spindle of No. 31 using a Brookfield rotational viscometer.
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Fig. 2-26. Syneresis of biji pastes treated by high pressure homogenization at 14.7, 15,000,
and 25,000 psi.
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Fig. 2-27. Plots of dynamic rheological characteristics versus angular frequency of biji pastes
treated by high pressure homogenization at 15,000 and 25,000 psi.

Table 2-6. Mean® values for dynamic rheological characteristics (at 6.3 rad/s) of biji pastes
treated by high pressure homogenization at 15,000 and 25,000 psi

Pressure G’ G “ n "
. tan ¢
(psi) (Pa) (Pa) (Pa - s)
15,000 132.5+18.2° 15.9+2.2P 21.2+2.9P 0.12+0.002
25,000 369.6 +2.4% 29.5+0.22 58.8+0.42 0.08+0.00°

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
?Complexed viscosity.
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Table 2-7. Mean® values for steady shear parameters of biji pastes treated by high pressure
homogenization at 15,000 and 25,000 psi

Power law model parameter

Pressure Apparent viscosity?
(psi) K? n” r’ (Pa - s)
(Pa - s"
15,000 1.23+0.06° 0.46+0.01° 0.9885 0.10=0.00°
25,000 7.20+0.56 0.23+0.04° 0.9574 0.21+0.02°

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

?K; consistency index, n; flow index.

YAt 25C and 100 s

Table 2-8. Mean® values for steady shear parameters of biji pastes treated by high pressure
homogenization at 15,000 and 25,000 psi

Herschel-Bulkley Model

Pressure Apparent viscosity”
(psi) Yield stress K? n? r? (Pa - 9)
(Pa) (Pa - s"
15,000 0.16+0.01° 1.06+0.02° 0.49+0.00* 0.9985 0.10+0.00°
25,000 8.06+0.09% 1.30+0.06° 0.49+0.007 0.9857 0.20+0.00*

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25°C and 100 s
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Table 2-9. Mean® values for ¢ -Potential, water holding capacity (WHC), and apparent
viscosity of biji pastes (treated with high pressure homogenization at 15,000 psi) with different
total solid contents of 7.5-12.5%.

Total solid content ¢ -Potential WHC Apparent viscosity?
(%, wiw) (mV) (%) (Pa - s)
7.5 -57.5+3.4° 1364.3+20.2° 9.6+1.7°
10.0 -51.7+0.3" 1003.4+34.5" 39.7+0.7°
12.5 -48.1£0.8° 752.8+23.7° 228.9+6.2°

YMean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
?Measured at 25C and 0.1 rpm with the spindle of No. 31 using a Brookfield rotational viscometer.
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Fig. 2-29. Syneresis of biji pastes (treated with high pressure homogenization at 15,000 psi)
with different total solid contents of 7.5-12.5%.
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Table 2-10. Mean® values for dynamic rheological characteristics (at 6.3 rad/s) of biji pastes
(treated with high pressure homogenization at 15,000 psi) with different total solid contents of
7.5-12.5%

Total solid content G’ G« 72
tan o
(%, wiw) (Pa) (Pa) (Pa -9
7.5 132.5+18.2°¢ 15.9+2.2¢ 21.2+2.9¢ 0.12+0.008
10.0 2348.3+29.9° 285.2+19.8" 375.5+5.1° 0.12+0.012
12.5 5013.5+5.62 545.9+2.92 800.5+0.92 0.12+0.002

YMean values of three replicate measurements; values sharing the same lowercase letters within

columns are not significantly different at p<0.05.

?Complexed viscosity.
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Fig. 2-30. Plots of dynamic rheological characteristics versus angular frequency of biji pastes
(treated with high pressure homogenization at 15,000 psi) with different total solid contents of
7.5-12.5%.

IPE FFS FEste ndAEAYE T3 AxE HIA FHo]~EES A ES Power
law model (Table 2-11)3} Herschel-Bulkley model (Table 2-12)& o] &3l R399 th. Power
law modelell o3t IdFHA T HIA| Ho|2EZL o7tAA(pseudoplastic) Aet 2
T UER L, 1 & FFo] FUkstEA HEREA ST FUteta, FEATe AAdte
4 YeQIth olo ARzREY A4d BR7] HEE 1 FE o Fve A F1s
A= e A tK(Table 2-1D).

et X
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Table 2-11. Mean® values for steady shear parameters of biji pastes (treated with high
pressure homogenization at 15,000 psi) with different total solid contents of 7.5-12.5%.

Total solid Power law model parameter o
Apparent viscosity
content e 2 2 Pa - s)
(%, wlw) (Pa - 5"
7.5 1.23+0.06° 0.46+0.01° 0.9885 0.10+0.00°
10.0 34.75+0.45 0.19+0.00° 0.8773 0.83+0.01°
12.5 87.65+1.01* 0.17£0.01° 0.9135 1.94+0.05

YMean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25C and 100 s™

3t Herschel-Bulkley model2 #4133 S wi(Table 2-12), 1} H|A] Ho|~EE
< Power law model?# 232 137 FFo F7HEH HEEA Ti} FEAT Ateldls &4 A
gFo] FAEHA Adrh Ty PR o] FUIEEA HA Ho|AES FEFHLE FoF
o2 FA% ZT7HE e AfHo® 3d#dAE HA Ho|2Es dESHE /AL
AE Y7k A 22 AFS YA

Table 2-12. Mean® values for steady shear parameters of biji pastes (treated with high
pressure homogenization at 15,000 psi) with different total solid contents of 7.5-12.5%.

Total solid Herschel-Bulkley Model o
Apparent viscosity”
content Yield stress K? n? r’ (Pa - 5)
(%, wiw) (Pa) (Pa - s"
7.5 0.16+0.01°  1.06+0.02°  0.49+0.00° 0.9985 0.10£0.00°
10.0 46.87+0.96° 0.39+0.01°  0.86+0.03 0.9906 0.68+0.02°
12.5 113.65+2.26°  2.20+0.04°  0.71+0.02° 0.9911 1.73+0.02°

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25C and 100 s™
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Table 2-13. Protein and fat contents® of biji and defatted biji

Bii Protein content Fat content

1ji

] %, d.b) (%, d.b)
Control 21.6+0.22 10.8+0.62

Defatted 19.8+0.8" 0.7+0.1°

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
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= Control biji : average particle diameter =58.6 pm
= Defatted biji : average particle diameter = 61.8 pm

Fig. 2-31. Particle size distribution of control and defatted biji pastes treated at 7.5% total
solid content with high pressure homogenization at 15,000 psi.

ez AEDH GANA Y] ustddAe HolzEe EARMIEAES FAIASG
(Table 2-14). thzoll Hls] @AHI A A AA7E Fold o2 Faste], E4akdde o
Zwo]l Hold Ao AgdEd. dddd=E AYTs ZF 30 mV vvke] A AE e
7] W2l BA Hol2E o] BlA| YAEo] FAAEAALS w2 Ao dddn

o -Iﬂ

Table 2-14. Mean® values for ¢ -Potential, water holding capacity (WHC), and apparent
viscosity of control and defatted biji pastes treated at 7.5% total solid content with high
pressure homogenization at 15,000 psi.

Biii ¢ -Potential WHC Apparent viscosity”
iji

) my) %) (Pa - s)
Control -57.5+3.4° 1364.3+20.2° 9.6+1.7°
Defatted -47.5+0.4° 1311.4+44.52 24.3+3.82

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
Measured at 25C and 0.1 rpm with the spindle of No. 31 using a Brookfield rotational viscometer.
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Fig. 2-32. Syneresis of control and defatted biji pastes treated at 7.5% total solid content with
high pressure homogenization at 15,000 psi.
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Table 2-15. Mean® values for dynamic rheological characteristics (at 6.3 rad/s) of control and
defatted biji pastes treated at 7.5% total solid content with high pressure homogenization at
15,000 psi

G’ G~ n?
Biji tan ¢
(Pa) (Pa) (Pa - s)
Control 132.5+18.2° 15.942.2 21.2+2.9° 0.1240.00P
Defatted 795.1+4.7° 126.5+£3.9° 127.8£0.6° 0.16+0.00*

Y"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at 7€0.05. ?Complexed viscosity.
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Fig. 2-33. Plots of dynamic rheological characteristics versus angular frequency of control and
defatted biji pastes treated at 7.5% total solid content with high pressure homogenization at
15,000 psi.
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Table 2-16. Mean® values for steady shear parameters of control and defatted biji pastes
treated at 7.5% total solid content with high pressure homogenization at 15,000 psi

Power law model parameter Apparent viscosity”

Biji
] K2 n? 2 (Pa - s)
(Pa - s
Control 1.23+0.06" 0.46+0.01? 0.9885 0.10+0.00°
Defatted 5.76 +0.24° 0.44+0.01? 0.9529 0.44+0.01°

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25C and 100 s™

ZZ(AZNAEDT GAUAE o] g5t 1YFAHIE Fo) Az w7 Ho|2EES

A 71 %58 Power law model (Table 2-16)3} Herschel-Bulkley model (Table 2-17)2 o] &3}

A

H 2

9
o B3tk Power law modelol 23td g BIA Ho)2EEL UiAA
(pseudoplastic) A&} 22 AFS YePNAIL, Aol FastiA AxEAF+= F71H8HA
Aq, FEATFe dE2zTS FYH0 Aols: HolA ATt olo] AH|ZRE ALtE ZRY
Aoe 1P8E FFY S7tek A S7iets 298 YElHIeHTable 2-16). §#H Herschel
-Bulkley modelZ #24J3}9& uwl(Table 2-17), EAH|A] Ho|2ES HETX 49 FE5AF=
o ztoll Bls) 242t 7HAstal Frbeke e WER o] Power law model®] 7 -9-9F wioje] A

-

.

32wtk Ty gAuA Hol~EE mzEdl s o 10M7hE = FBLHL ek
At ARHor n@AAe MK HolsEE FEIAL XL e ke FAG 2

< 7AEe HEUT

- 108 —



Table 2-17. Mean® values for steady shear parameters of control and defatted biji pastes
treated at 7.5% total solid content with high pressure homogenization at 15,000 psi

Herschel-Bulkley Model

Apparent viscosity”
Bij Yield stress K? n? r? (Pa - s)
(Pa) (Pa - s"
Control 0.16+0.01° 1.06+0.02° 0.49+0.00% 0.9985 0.10£0.00P
Defatted 10.54+0.39*  0.70+0.00? 0.80+0.02% 0.9975 0.3940.022

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25C and 100 s™

@ mFAHEY WA Aol 2 Feld 4ol B AxuARDY BB FFe| 3F

AE AFoA AzbAREDT W A EAFFol wek HA #Ho|~E9 &
540 ®slsl=UlIdEE) AS & 5 Ak 2dA dxzRAEDe] Fo4E 5 sty
Wz o] gheFo] otHAAE HlA FHolx 4 B mAe= dFS B8] Ss)
ZH A LT @A S o] §AE AAT F A EAEZ HA H|2EES E
295190 NaOH 8912 ol §-3te] 3417k} 2147 Sk W a s SajAA A= 1l
o WA 9 A FFESS Table 2-180) UERRQTE 347 Bk Heg A wud @
15.6% ©|aL, 21X AL 10.2%0]A) . Ao AWFHEFE ZHA4ASE =, 7HEE3 A
o] BAQCl oF 2.0%0 FFo 2 AWdrEEe 7HAsgth ole &ty £ Yol HdzHRA
Zo] Aol HlF3l gk o2 QIg AR &4 wZoltt

Hm ™o omd omo AL rfb X

Table 2-18. Protein and fat contents® of control and deproteinazed biji

B Protein content Fat content

(%, d.b) (%, d.b)

Control 21.6+0.2° 10.8+£0.6°
Deproteinazed (3 h) 15.6+0.0° 2.1+0.1°
Deproteinazed (21 h) 10.2+0.1¢ 2.0+0.0°

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
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Fig. 2-34. Particle size distribution of control and deproteinazed biji pastes with different
protein contents of 15.6% (P(15.6)) and 10.2% (P(10.2)), treated at 7.5% total solid content
with high pressure homogenization at 15,000 psi.

ey 2o vz Ho]2Eo] FAIEA S S48 tHTable 2-19). thxw 3 15.6%
]

il o] HlA Fo] 2B ABAYAE §2H2 FolE YEhA kT, 10.2% w9
gegel ulx Ho|2iEL TE HYTE °ﬂ el folHow vre ABAAAE YEUA,
95 2 AolB YEhiA 2l =3 RE AESo] - 30 mV vlwe] AEAAE g
Wol BakehgAo]l e Ao ZARAUG w3 tjzes gy ¥ FHo]AESe] R4d
2 243 gzl e Bu HX Hol~ESS FoFow & miHS YA
oy, ggh A FHo)~ES F wuld Fuo] 7a ARE nidd §o)2e 2olE g
WA SATHFig 2-19). §9 tize g X sosESe] dr] HEE 2SR
w(Table 2-19), thzzol W& @ah vlx] FHo]~ES0] HE % Ary HEs Jenjy
o geh m] so|~E YA @A Farol He Aol Auy] FEs) os Wkt
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Table 2-19. Mean® values for ¢ -Potential, water holding capacity (WHC), and apparent
viscosity of control and deproteinazed biji pastes with different protein contents of 15.6%
(P(15.6)) and 10.2% (P10.2)), treated at 7.5% total solid content with high pressure
homogenization at 15,000 psi

Biii ¢ -Potential WHC Apparent viscosity?
] (mV) (%) (Pa - s)
Control -57.5+3.4° 1364.3+20.2° 9.6+ 1.7
P(15.6) -57.3+0.6° 1426.9+38.1° 245.0+29.7°
P(10.2) -56.4+0.4° 1457.7+5.4° 158.5+19.1°

Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
?Measured at 25C and 0.1 rpm with the spindle of No. 31 using a Brookfield rotational viscometer.
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Fig. 2-35. Syneresis of control and deproteinazed biji pastes with different protein contents of
15.6% (P(15.6)) and 10.2% (P10.2)), treated at 7.5% total solid content with high pressure
homogenization at 15,000 psi
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Fig. 2-36. Plots of dynamic rheological characteristics versus angular frequency of control and
deproteinazed biji pastes with different protein contents of 15.6% (P(15.6)) and 10.2% (P10.2)),
treated at 7.5% total solid content with high pressure homogenization at 15,000 psi.
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Table 2-19. Mean® values for dynamic rheological characteristics (at 6.3 rad/s) of control and
deproteinazed biji pastes with different protein contents of 15.6% (P(15.6)) and 10.2% (P10.2)),
treated at 7.5% total solid content with high pressure homogenization at 15,000 psi

G’ G*“ n?
Biji tan ¢
(Pa) (Pa) (Pa - s)
Control 132.5+18.2¢ 15.9+2.2° 21.2+2.9¢ 0.12+0.00°
P(15.6) 2492.9+20.7¢ 183.5+7.92 396.8 +3.4% 0.08+0.012
P(10.2) 1592.7+14.8° 111.54+1.0° 253.4+2.3" 0.07£0.002

"Mean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.
?Complexed viscosity.

gz gaw HAE ol &ste] IYHFAAHEE T3 AxH HA H)2REES FAA
=% Power law model (Table 2-20)3} Herschel-Bulkley model (Table 2-21)& o] &3l 245
St} Power law modelell 2]3}tH wtd @] v A Ho|2EEL o744 (pseudoplastic)
Aot & AsS e, @ d o] FAASFAANALTZFE TA ) A2EAF

[4

v Sk, AT E Tadste 84S YEHdT oo AAERE A4dE RV HEE
o ghErel Tast A FUtste 2AE YERH AtHTable 2-20). §+H Herschel-Bulkley
model2 #413}%-S wi(Table 2-21), = EZ]—’FS&} 5 A g0 Bl Power law modelol| A &2+
H A FASG T 2y @ ko] 7HAStHA HIA] #Ho]2EQ FFESHS {7
o2 F43% F7tskA

Table 2-20. Mean® values for steady shear parameters of control and deproteinazed biji
pastes with different protein contents of 15.6% (P(15.6)) and 10.2% (P10.2)), treated at 7.5%
total solid content with high pressure homogenization at 15,000 psi

Power law model parameter Apparent viscosity”

Biji

K2) n2) r2 (Pa . S)
(Pa - s"
Control 1.23+0.06° 0.46+0.012 0.9885 0.10+0.00°
P(15.6) 47.02+2.91° 0.23+0.02° 0.9859 1.34+0.052
P(10.2) 38.06+1.467 0.23+0.01° 0.9682 1.09+0.01°

UMean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25C and 100 s™
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Table 2-21. Mean® values for steady shear parameters of control and deproteinazed biji
pastes with different protein contents of 15.6% (P(15.6)) and 10.2% (P10.2)), treated at 7.5%
total solid content with high pressure homogenization at 15,000 psi

Herschel-Bulkley Model , ,
Apparent viscosity”

Biji Yield stress K? n? r? (Pa - s)
(Pa) (Pa - s
Control 0.16+0.01¢ 1.06£0.02¢ 0.49+0.002 0.9985 0.10£0.00°
P(15.6) 36.07+0.85* 23.39+0.79°  0.34=+0.02° 0.9904 1.47+0.042
P(10.2) 32.85+0.52" 14.35+0.74>  0.41%0.01° 0.9839 1.28+0.09°

UMean values of three replicate measurements; values sharing the same lowercase letters within
columns are not significantly different at p<0.05.

2K; consistency index, n; flow index.

YAt 25C and 100 s
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Fig. 2-37. Changes in storage modulus and tan ¢ of biji porridge bases prepared with water
(control) and pectin solutions of untreated low-methoxy pectin (untreated LMP) and
low-molecular weight low-methoxy pectin (low LMP), and biji porridge base prepared with low
LMP solution, followed by heat treatment at 85°C for 24 h (heat-treated low LMP).
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HI A& Hlo]25S Alx7 A5 FAHEA %‘—171% o]-&3ste] 25ColA BIAF Hlo]2E
o] A x3hH = AFS 1202 2AH FZ skl Fig. 2-37°) Uetldt. AE&A A= &4&
o] 8% A% HElo T 2% (Wiwoldoy FA g J—i‘L & ol&ste] HAF o2&

g0 FEE 05% WWE AeE olze TAe He] 4% 2%
WoHE goe HEsk FA3 Frhste] ks $IAHY WA #

B s pNog o
AR e

HE A 7] Q2o FEE AT BAF Hlolxo @A FAY HE D
A2A H= D> o > A Y AeA Hd AT &MZ FrhekAtHFig. 2-27A). 73T
AL 3 AEgA A" A o] gt A=x3 HAF Hlo]xo HEIVF HE w2 A &
ASATE o] AE2 HAR §H LS o] gt BIAF Wo]2E Ax3 F 85T 2443 5
d EHE T HAF Hlolae AETs To 7 @2 dA4AFE UEItFg. 2-27A). ©]
of 22 e HIAF Wo]29 tan o9 WIAME FASHA B2 UAvhFig. 2-28B).
z, FAY =", AZA He AT Ed A 22 AEe] w2 FEFeE YERRlAL, o

dAE AEA HAd e i AYTEite A 2 AT Aol H2
FEolT. mEA AR AR A LS o] &t Az HIAF Wlo]2E FtE dAd =
Zlo] WA wo] 28] AN (s AFe A= Ae & F AT

9.0

H o

—|

6.0 |-

4.5 &

Melting enthalpy (J/g)

15

0.0
Control Untreated LMP Low LMP heat-treate low LMP

Biji porridge
Fig. 2-38. Melting enthalpy (measured after storage at 4C for 4 weeks) of biji porridge bases
prepared with water (control) and pectin solutions of untreated low-methoxy pectin (untreated
LMP) and low-molecular weight low-methoxy pectin (low LMP), and biji porridge base
prepared with low LMP solution, followed by heat treatment at 85C for 24 h (heat-treated
low LMP).
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v A S Ho]l2ge Alx7 31‘3?— NatFARL A 0] skl A FE "ol B

oAl 473 AAst =35 IPAFHT. 45 —roﬂ NAFALZAE o] g3t =3

vl o] ~E2] melting enthalpyS ZAFte] Fig. 2-380] Yeldch tixa, T8 €, A4
HALY 7 Iy A2 e HgFE9 melting enthalpys 242 6.9+0.2 J/g, 6.5+0.4 J/g,
5.0+40.4 J/g 3.8+0.3 J/golQa, Axa AEA Fel Ae)e] HARE] melting enthalpy?}
71 AL FEoldth kA AEA HE fAE o] &3t H|A| S o] 2F A X3St A3
A dA ke Aol HIA S Hlo] 29 k3tE AAATE A7t 5 As & F g
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Fig. 2-39. Syneresis (according to freeze-thaw cycles) of biji porridge bases prepared with
water (control) and pectin solutions of untreated low-methoxy pectin (untreated LMP) and
low-molecular weight low-methoxy pectin (low LMP), and biji porridge base prepared with low
LMP solution, followed by heat treatment at 85C for 24 h (heat-treated low LMP).

MAE o] 2Ee Axste] YHFL YAEelBel ol 0T FASFAII L0
5C)014 BT F ol FHE B Fo Fig. 2-399] A ASlth. B2 Heggel 3
% AtolZo] Zlek@A olHE Bo ol FrhEHE AL U 5 ATk o] FRyneresis)
ot > FAY #W > ARA A" > AHY ARA A6 AYFE £AZ SASHA.
DY E ARA HE G ARA W AL L ES o]FHE PuE REPI FHY o
G AuaT BAACE SGRen, A ALA AW AelEEel 08 HUHoD 3
hste e JEIT. Al ARESS FRY W ARA AW §4L o] gate] WAF
ol 2B AzST 72 GAYsE o] MAF wolxe] m5E AANIE B T

e & AT
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A34d. A &AAEY dvT 2 HIYSFHF 85 AF
1 799
7 As

(1) ¥1A] (Tofu by-products, Biji)

off
(% oot

B A S MAE FFANA YAHE PATL 0§ FRE
HRAEALAA TE NS WAol MFHE WAE AFwel WY £

2]
EAT F -18C oA Haste] dFARE ARSI

>_24=A‘
20
=

. B XFAA EE
(D WA TFAA

AHEE WA FAAIE A E e A A EAYAIE (Korea biological resource center,
KBRO)¢} gh=w] A &R =AE(Korean culture center of microorganisms, KCCM)ol A 5&F 9] 5

& = oo o}. A]’ °© ME}(Table 3- 1)

Table 3-1. List of mycelial mushrooms for fermentation

Common name Scientific name Stain number
Gureum (TFEHA) Coriolus versicola KCCMY 11502
White button (FFolHA) Agaricus bisporus KCCM 60151
Lacquer top (FAH A Ganoderma lucidum KCCM 60229
King oyster (A FolHA) Pleurotus eryngii KCCM 60407
Chima (X apH Al Schizphyllum commune ATCC 6482

PKCCM: Korea culture center of microorganisms
YACTC: American type culture collection
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(2) MATAA Wi B 2 =4

zt WA S0l Table 3-20] AAIR wjA|o] 247} HFsk] FAA BAvjds AT H
A AR 1AF A HEf S s FE AT THEAkY] dABFHE 5 mm AV E @”’5‘}04 A A
moke] HEYOZ AMEEYT 250 mL AHZE ZekaFo) 100 mL oA wjAE Yu BE #
AAIE A F3t] Table 3-2¢9F 22 ZolA Zhzh ste HZA o widd7bA] & v st
WA FAA] 23 o nlujFe MEknjor H A wjFES FAYZE FA3E B 5% (viv)e H
&2 HA A HFste] 28T, 180 rpmell Al H A FY 74A 23+ & v & HA o H
ATAA HE A HFLoE ARSI

Table 3-2. Culture condition of different mushroom hyphae

Culture condition

Common name Scientific name T
, Temperture  Agitating
Medium
(C) (rpm)
Gureum (FEHA) Coriolus vericola PDAY 24 160
White button (%F40]HA) Agaricus bisporus PDA 24 160
Lacquer top  (FAHAD) Ganoderma lucidum PDA 24 160
King oyster (Aol HAl) Pleurotus eryngii YM? 24 180
Chima (X ey X)) Schizphyllum commune Malt 24 180
U PDA: Potato dextrose agar
2 YM: Yeast, malt
(3) HAFAA Ak 95 ASEH A
H Ao & A Z3te HAFTE APty st B HAFS AE 10 mm 27| &
Zhebal Zbzbel A Sl EelEal 28C &27]oA wistTt 3, 5, 7Y (A E ASA
& #Fste 79 AR £55 ZASAT

g v K BT 5 go SFHSFE 50 mLE Ul HEAIZ & VMR8
3.4.24.32, from Bacillus polymyxa)& AEF 7I+2= 0.5% FH7}sh 4l
A AT 7R 3 4T A 13,000xgo 2 1583 YAEYS & 45qe TAHAZSI A
52 AHESATH
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o HlNe] dREE D fEA

e
A
&

H A 9] AR E 412 AOACH(2000)0 F3dte] A3 &2 105C Fd7tdd =,
3B AP, 2=ALL Soxhlet F=H, ZEWALS KjeldahlH-& o] &3ta, =4
Henneberg-Stohmann® 2 71 &3 AOACH(2000) 0.2 %@ st & ©rstE 52 100 g
oA i, dWA 2d, 24, I FEFS 4

ofN rIr BN

@ wed 2 ofu]way

chalg shekRx e [owryH(Lowry et al, 1951)& o] &3 &34 %‘:" HS F83Yt) ofn|
A BAS A% AA = E283 Al 0.2 g¢& 6 N HCl 5 mLZ 125TC oA 14A13F &3)5ta
6 N NaOH 5 mLZ %33t % 045 xm membrane filter= OE]JJro}O% A BHE A 5H T}

AQC reagent powder (6-aminoquinolyl-N-hydroxysuccinimidyl carbonate)& AQC reagent 3|4
Al 1 mLoll 833}t AQC reagents A xsATh obr|At TFY 9 AFEY 4 20uLE Z
Zre] ke Yo & AQC 0.2 M borate buffer 140 mLE ¥ 1027 ¥H2A171 & AQC
reagent 04L& ¥ &F, €& F 283 FA st 55T A4 1087 vEgAIZl o W¥7s)
o BEXAZZE 3T o] EAARE 54LE HPLCel FYsta €9 A (acetate/phosphate
buffer, pH 5.02)¢} &< B (60% acetonitrile)g <3t £33t S FHA FFHE71E o] &3}
o 7 &3l data system©o &2 Z} ofm| Ak shaEkg 3Holsit)

l

@ 39 2 #97

F WH3E =Asl7] ¢ste] HE=-34HH(Dubois et al., 1956)S o] &3l =AH3H T Al
¢F2 concentrated sulfuric acid®} 5% phenolS Alg3t9 T Tubeol| sample 500 «L, 5%
phenol 500 «L, 2.5 mL concentrated sulfuric acide 23 & 42 & #Z= Z° 1083 w&
N A ofo]zo A 1587F 2181 & B33 =A(UV/VIS spectrometer, Jasco, Hachioji, Japan)ZS A}
g3l 490 nmol A FFE=E A3 StandardZ2 & sucroseS AFgste] AT 3
F WH3lE SASH] st DNSHE 83t SAAT Aok DNSAISF (dinitrosalicylic
acid reagent solution 1% [dinitrosalicylic acid: 10 g , Phenol: 2 g, Sodium sulfite: 0.5 g, Sodium
hydroxide: 10 g, add water to: 1 liter]), potassium sodium tartrate solution 40%5 A+-&3}%t}.
Tubeell sample 1 mL, DNS 3 mL& Y2 % 40% potassium sodium tartrate solution< 3 7}3}
1 Be Eol 5&EX ¥EE A F Ao g3 HolA g¥Ads A7l EFEEA
(UV/VIS spectrometer, Jasco, Hachioji, Japan)E& AF&3le]l 575 nmolA ks &RASH T
Standard2+ glucose (Dextrin)E AF-&3te] A s} th
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222 HPLCE AMg3sle] B39t WA A|&E membrane filter (0.45 um)=
A3 & BAARE o] & AFE3FF columne Shodex SUGAR KS-801 column (8.0 mm X
300 mm)& #A23e+ LC-20A Prominence HPLC system (SHIMADZU, Japan)2 ©]-&3}al column
25+ 80CE FASHL ol 52 HO ol &sten &meo 55 £5+ 0.7 mL/mnZE 3ho
4087+ 2839t A=7]= RID-10A (SHIMADZU, Japan)® Z=A3gon TFELYo e
nystose, kestose, sucrose, glucose, fructose (Sigma, St. Louis, MO, USA)S Al-&3to] HEldo
Aol o] &3ttt

(5) Isoflavone

A8 E methanol2 FE3+ & YA EE AL A5 HS syringe filter2 o3} & HPLCZ #4
3t Columne CI18¥4; columng AHE3}9H 1l L5+ 30CE FASHAA B9 olF
4 &= 0.1% acetic acidE &3 acetonitriles} 0.1% acetic acidE 3%l waterE =x7]
I 0%°1A4 100%= S7HA7I= =T 02 E4300. A&7 UV A=715 AHEst
Pl EFF O Z+= genistein, daidzeing AF-&3FA T

(o

©® & A=4 =42

ZA St A ZS A5 FE2EA 1 mLo =F5 5 mLet 10% Folin-Cioalteaus 2
3 38 WAEIE T A7 7.5% NaCOs &< 2 mLE 713 & SHTE 345y

tannin acidg AR&3sle] EEFAE AAdste] ¥ e FFe Tt 22 A=A &
_T|

A0 A4 2 AP g o]g3te] EFEF MwEA A

)
Mo
1%
rlo
an
o
=
l

(M) obvlst T4

TAolu =4 B2 AZzAE 0.1 gol 6 N HCl 10 mL S Y3 110C oA 12413t 7F&
A7, ARE HF F97F 100 mLo] HES S/HTE ol &35ty FAeth. A= 200 ul
o 100 mM phenyl isothiocyanate (in acetonitrile) 100 ul. 2} 1 M triethylamine (in acetonitrile)
100 uLE &3t 1A A= F2oA AT AR FEFL5 fste] 400 ul hexane &
A A7 & &Yo] FYHEE 10EXF WA £ vieo ARE AYUXA HEE o] &5t o
H3Ath ColumneE+ 25CE FA3ta &1 4L Agdi= 10 mM sodium phosphate
buffer (pH 7.0)°] 2 B&ujE= acetonitrileZ AFER oW, o] Ao F4& 1.0 mL/mnE 3t A
/| B=95/5—65/35Wve &ul FHlE 4083 &8 AZE7]= SPD-20A UV detecter
(SHIMADZU, Japan)Z 254 nmoll A A3t
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(8) Lunasin ¥ BBI

H| 2 Al & 9] lunasin ¥ BBI 3F#FS Western blotting 71 & o] &3te] =43 ch HIAA R
1 gol S/ 10 mLS Yil 4ColA 2443 Wh‘s} A FEstal, FEHES 4TAA
13,000xge = 15&3t dA&Eel ¥ BCAHo wet T oidzdS At @02 30 g

2 SDS-polyacrylade gelolA H719 &5 & nltrocellulase membrane & 2 Z o] A7), 5% non-fat
milk7} H7tE 9o = 1A7F A4 blocking Al th Lunasin 2 BBI¢] 12} &A1= 1:1000
o2 A3t 4T YA A overnightA]zl & TBST $FHo = 1013t 33] AHste] ECL
Plus (Amersham, USA)E 13¥-7F vF-2A)1Z1 5 X-ray film (Kodak, NY)& ©o]&3&to] A AT

715 AFE AT NARE

H) x| F=ZE-2 lunasin® BBl 18] isoflavone &8 HA AL wdste A==t 7o
3] 120C oA 24X 7 Az BIAES ZHSFE HR 24 & 208) H7Fste] 4Co| A 4847 o
[e)

HFStHA FE23A T 2 $ AedE T2UE 3t APAEE ALESHA T
2 H|X] FE2E9 AAGMEY £33 JAls 2 AZAFEAH AZEF g 2A87]d 793
(1) 3T3-L1 A =Zufjoka B3}

H X F2E9] IdHvt 48 Hristr] 8l AFgE v 3T3-L1AIZ+= ATCC (American
Type Culture Collection) 288 L3P, w92 WA FAEQ] 3T3-L1 A= 10% BCS
DMEM ®iAZS Y3 37C, 5% CO»ol ZHolA wiokstdtt 3T3-L1 AATHEES 12 well
plateol] &3 & 100% confluency Al&e] =HH 29 &< o FAAHG. AWAFTHAEZE DMI
(1 uM Dexamethasone, 0.5 mM IBMX, 1 pg/mL insulin)E 3¥3%sl+= 10% FBS DMEMH] A2 X
WA E B3I E 29 59 §=39 3, vl 48A17F ¥ 1 ug/mL insuline] &H 10% FBS
DMEMO. 2 2¢ &<t vjkstytt 1 & 2wt} 1 pg/mL insuline] /% 10% FBS DMEM=Z
% 43 wA AT ARAEZ £33 FE T HAFEES FEEE A, &3 44
He AAQ] 8dA o ARAE &3 A=E #EsA T

(2) Oil-Red O staining

o

8 F<t
5

4 30&
Oil Red O &
NP-40¢] 7}

2 & A A% F 10% formaldehydeg oz AEE TAHIAT 42
H 8AE& AAst PBSE 2% /H] 3l 70% ethanolZ 2¥ A 23 &
ste] ARt dAE Alxs dvF 7_% S isopropyl alcohololl 4%

o] g3le] &3 3 = 510 nmolA FF

Mz o
2 AL

R
ol b

oo % 2

al
o
=

o

1
82

d

i, 1%

ftlo
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(3) RT-PCR

Total RNA F&& nvxXFEEF DM} A" 3T3-L1 AEZFE RNeasy Mini kit
(Qiagen, Valencia, CA, USA)E o]&3sle] 43 =1, cDNAE 1 ngel total RNAS Verso cDNA
kit (Thermo Scientific, Pittsburgh, PA, USA)E o]&3te A== At PCRL PCR master mix
kit (Promega, Madison, WI, USA)E ©]-&3}e] =33}t

(4) SDS-PAGE®} Western analysis

HIXF=&&E3 DMIZF AHeEl® 3T3-L1 AlxoA wwads FE3517] fsiA AEZE 1x
phosphate-buffered saline (PBS)E 33] 4|23k %, protease inhibitor cocktail (Sigma-Aldrich)}
phosphatase inhibitor cocktail (Sigma-Aldrich)e] 33%# radioimmunoprecipitation assay (RIPA)
buffer (Boston Bio Products, Ashland, MA, USA)E 4C A 30&3t *glsle] lysisAlAH Tz
S At} Bicinchoninic acid (BCA) protein assay (Pierce, Rockford, IL, USA)Z =z A
5 Zdgkol uwAS 12% SDS-acrylamideol loadingdtal PVDF membrane (Bio-Rad
Laboratories, Inc., Hercules, CA, USA)ol| o]&A|Zl 3 5% non-fat dry mik=Z 24 1A%k
%o blocking 39t} 1A & 12k &2 5% non-fat dry milkol] &3|A1A 4C oA 14413+
5ok Wk3-A1Z1 & membranes 0.05% Tween 20°] Z3+¥ Tris-buffered saline (TBS-T)& 5%
7+ 33 AlEsteEd. 1 3 22 A= 5% non-fat dry milkell &3JA]4 membraned] 2o A
1A1ZF A Elskia, TBS-TZ 5#3F 33 A& % membrane2 ECL western blotting substrate
(Amersham Biosciences, Piscataway, NJ, USA)E o] &3] thildS 34olsl o).

op, k-2 BdE o] &% A HIA FEEY in vivo FHIT EF
D dds=

2799 ICR BHAE FUESIET T 1593 83 Fo, =AH standard diet-s

23 1837 high fat diet HFD)S AH3 2F 02 Uyo] 3 cagedl 10v8]E Yo &

gelstith. 55 Fo HFDE A # %

e A o < 3aFOAFET 6rtEhez U

21th. Control, HFD, HFD+H| A F& &2 o] ATt hxTFoeE2E xS RE standard
dietS A3 155 AHE3ATH

,\
A\
N
i
L
B
Y
AN
oxl
—

L)
—
(@)
o
wn
o
—
o
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=3
A
=y
(@]
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D
wn
22}
D
=
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T
=
%
O
=
o,
D
wn
%2
D
=
o,
.q
=.
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<
(@)
D
3.
(@R
D
N

zkzko] dof AHE FYHOoE Fujste kitS ol &ste] WP O 2 ELISA reader< ©] &
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vk 7154 BlIA] &A 6 o7 29 5

ofr
)
o\

(D A g Ao

Aol= A A E5<] murine mouse macrophage cell line?! RAW264.7A| 3
ﬂfﬁ”ﬂJ SPozRE BEoitol ALEI AT AEu|S DMEMO] 10% FBSE 713 A
Abgstg o, wkrE ol &3ty 37C ¢ 5% COE #4135 th

=
=

o
=

(2 IL-189 TNF-o A4 4% &3}

HI A F=Z2E9 [L-189 TNF-o A3 5 &3 RAW24.7HEE 12-well plated] &53}aL
16417 WSt M F WAFEES FEWE BAD AYSAT WY F ATFEAL
Aoz Fujst= ELISA KitE &85t IL-1p 8 TNF-a & A5t

(3) RT-PCR

Total RNA F&F& H|X|FEE°] *8]¥d RAW264.74| EX=ZHE RNeasy Mini kit (Qiagen,
Valencia, CA, USA)E o] &3le] F3J =3, cDNAE= 1 1gel total RNAS Verso cDNA kit
(Thermo Scientific, Pittsburgh, PA, USA)E ©]&3t Alx== Atk PCR PCR master mix kit
(Promega, Madison, WI, USA)Z o] &3} <=3)3}i T}

(4) SDS-PAGE®} Western analysis

HI X FEE0] Ag]d RAW264.74| A @ildS 353817 94 AlZE 1Xphosphate
-buffered saline (PBS)Z 33] AH3g F protease inhibitor cocktail (Sigma-Aldrich)¥}
phosphatase inhibitor cocktail (Sigma-Aldrich)e] 33%# radioimmunoprecipitation assay (RIPA)
buffer (Boston Bio Products, Ashland, MA, USA)E 4C oA 30837t xl3te] lysisAlA w2
S ¥ Bicinchoninic acid (BCA) protein assay (Pierce, Rockford, IL, USA)Z ©z A F
5 ZYokol wwAS 12% SDS-acrylamideol] loadingdtal PVDF membrane (Bio-Rad
Laboratories, Inc., Hercules, CA, USA)dll o]-&AlZ]l ¥ 5% non-fat dry milkZ ZFolA 1A7F
3<%+ blockingslith. 1A1ZF 3 12} Al E 5% non-fat dry milkell 83| A1A 4T AA 14A3F &
¢k HE-EZ-A1Z1 & membranes 0.05% Tween 20°] X3+% Tris-buffered saline (TBS-T)Z 583t
33 Alxslgth. 1 % 23 §A|l= 5% non-fat dry milkell 83144 membraneol] =04 14|
F AEstda, TBS-TZ 58%F 33 Ald = membrane ECL western blotting substrate
(Amersham Biosciences, Piscataway, NJ, USA)E o]&3le] vl dS 321319t
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AL 7% HIA A BmE ¥EF B AT

(D A g Ao

FHS 89 £+ t2 A =ZF<] murine mouse macrophage cell lineQl RAW264.74 &
FoAlzFdoriy Bdwol AHEst. Az DMEMo| 10% FBSE 713k A<
AbgstR e, Bld71E o83t 37T 2 5% COE A5kt

(2) NOS} PGE2 A4 A3 &zt

H A FEe] NO A4 A3
Fsich WY 5 AFE
SsheAl WSt M

=E59 PGE2 A4 A3 A=

RAW264.741 2= 12-well plateo] #F&taL 16417 j
2 3N A S 1 wg/mL s =2 LPSZ 18417 #F
& Griess reagent system= ©]g3sled =43 aL, H]
Aoz st ELISA KitE #83te] =439

o
=

B o o
off % rlr

=
-
=
-
A)

=
=
T A=E

M~

rr

(3) RT-PCR

Total RNA F&& nIAFEEo] xgl¥ RAW264.74ZZ 5 RNeasy Mini kit (Qiagen,
Valencia, CA, USA)Z o]&3dle] a5, cDNAE 1 ugol total RNAZS Verso cDNA kit
(Thermo Scientific, Pittsburgh, PA, USA)E o]&3sted Ax= At PCR PCR master mix kit
(Promega, Madison, WI, USA)E o] &3} <=3)3}i T}

(4) SDS-PAGE®} Western analysis

H| X F&E0] APd RAW264.7A|Zo A whildS FZ3517] 9Jef4 A ZZS 1xphosphate
-buffered saline (PBS)Z 33] A3 ¥, protease inhibitor cocktail (Sigma-Aldrich)3}
phosphatase inhibitor cocktail (Sigma-Aldrich)e] *3%# radioimmunoprecipitation assay (RIPA)
buffer (Boston Bio Products, Ashland, MA, USA)E 4TColA 30837t A gsle] lysisAlA whafa

S Ao} Bicinchoninic acid (BCA) protein assay (Pierce, Rockford, IL, USA)Z iz A=
—? TUoko] wwAS  12% SDS-acrylamideo] loadingdtar PVDF membrane (Bio-Rad
Laboratories, Inc., Hercules, CA, USA)el|l ©]&AlZl & 5% non-fat dry milkZ g2 143k
%ok Dblockingataith. 1AzF &, 1% &A|S 5% non-fat dry milkoll &) A1AH 4ColA 1447t
Q¢ HEEAIZ 3 membranei 0.05% tween-20¢] 3% tris-buffered saline (TBS-T)Z 5&3t
33] MAsFT. 1 & 22 &A= 5% non-fat dry milkell 83| Al membraned] oA 1A
b AYstaa, TBS-TZ 5#3F 33] M2 % membranee ECL western blotting substrate
(Amersham Biosciences, Piscataway, NJ, USA)E o] &3l thildS &-olslic).
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2. d72%
7h HIAE o] &3 HADAA REEFR 3

(D HALAA A5 24

Table 3-3. Growth of some mushroom mycelia (mm) in Tofu by-products (Bi)

Incubation period (days)®

Mushroom
3 5) 7
Gureum (F-5H ) 26+0.5Y 65+2.9 90
Lacquer top (FAHA) 21+2.5 59+4.5 90
King Oyster (A 401 A1) 22+35 60+3.6 90
White button (¥<%o1HA) 24+1.7 63+1.2 90
Chima (X| P} A1) 35+2.1 66+2.6 90

U Average + S.D. of triplicae.

2 This mean is maximum possible size

@) WA TAA TEaEE HAH FEF

o

H 2 o] F@2gHakel met & At 7S ARsr] fske 0% TR ES 7HR BlA 9
T8 5%, 10%, 15%, 20%5 #H71ete] AFHEE 3,5, 7 4 t40=2 ##$ AiNTable 3-4),
EE WATARAIEC]l & 10% H7EeE BiAAA 7 wE dAF e B 7Ll plate
A 2710 90 mm=z A2ks A ATt 5% HIA M= 7L wiFsts St HA A
Z Fof ‘ﬂ’“ TARA o] o] F38] FIEAT F& 20% H7gE vl A ol A= MATARA 9o
e Elol e do] FEE A,
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Table 3-4. Effect of moisture contents on the some mushroom mycelia
by-products (Biji)

(mm) in Tofu

Moisture Hyper size (mm)
Sample

Contents (%) 3 5 7

5 22+0.5 57+2.9 *

10 26+2.2 70+1.2 90

v 15 25+2.1 68+4.5 90
20 17+35 - -

5 19+1.2 * *

10 21+3.1 67+2.0 90

oL 15 20t2.1 66t1.2 88
20 21t14 59+1.4 -

5 22+2.3 66+1.9 *

10 23+1.4 69+3.0 90

FE 15 21t1.2 68t2.1 90
20 21+0.8 - -

5 20+2.0 66+ 1.2 *

10 23+1.9 69+1.6 90

AB 15 22+14 69+1.7 86
20 21+1.3 59+1.5 -

5 27+0.03 55+ 1.2 *

10 34+1.6 73+2.0 90

> 15 31t1.2 69+0.1 90
20 24+0.9 - -

* : Dry, - : Contamination

(3 HA A BEES] HH 2=
25
A7Vstd 2z 20C, 25T, 30C, 3/C &&&
W= A 3(Table 3-5),
late JJEH 2710 90 mm=Z A= 7)\% :&L%g].gg\q,. 25¢C
RSP 25T o] =4

=
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Table 3-5. Effect of temperature on the mushroom mycelia growth in Tofu by-products (Biji)

hyper size(mm)

Temperature
Sample
(C) 3 5 7
20 25+t1.2 66t1.1 79+1.8
25 28+2.1 67+0.9 90
Ccv
30 26+1.9 66t2.2 90
35 25+2.0 - -
20 21+2.3 60+2.4 84+0.2
25 22+1.7 61+0.7 90
GL
30 21+0.6 59+25 -
35 23+1.6 - -
20 21+£2.3 60+0.8 88+0.23
25 24+14 61+0.5 90
PE
30 23+2.6 60+1.2 -
35 - - -
20 25+1.6 62+1.1 77+t14
25 25+1.5 66+2.6 90
AB
30 25+1.3 64+0.6 -
35 24+1.2 - -
20 3125 62+1.3 88+2.1
s 25 35+1.0 68+0.7 90
30 34+0.8 66+0.4 90
35 30+1.1 - -
* . Dry, - : Contamination
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The differences of Bji by mushroom fermentation.

NF Cv GL

Fig. 3-1. The differences of Bji by mushroom fermentation.
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B 5 F£ES BYoy BE AHE A F nE FEENAH FF &0 FUEIYET O
oA GA(GL) HAFA AR TEE] & FE23 e FF ZFAN M & FE 58
< YAt & 89 Ve #AHF Ut A dARAZFE amylase, protease 59
Balas vyt 371 Ha AEY = Axde] gt ggdRE 5IAZ £ 9o
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42.8
40 37.2
35.2

;'3 30.9
‘.5' 30 P 29.5
= l
> 243 23.2 mWater
(o]
2 20 | 168 m70% EtOH
© 16.0 14.4
= 13.5
x
w

10 +

5.2
0 1 1 1 1 1

NF cv GL PE AB SC

Fig. 3-2. Extraction yield from Tofu by-products (Biji) through mushroom fermentation. NF:
None fermentation (W]A]), CV: Coriolus vericola (7-%), GL: Ganoderma Ilucidum (<8 *]), PE:
Pleurotus eryngii (M<%:=°]), AB: Agaricus bisporus (%)), SC: Schizphyllum commune (X]v}).
Values are mean=+SD. Values are mean of triplicates.

(@) WAFAA BEHA] WBA 2D Fel oful:wat FF

A LB FEE9 dHAFg 3-30F 78 obrx4te] 3EF(Figure 3-3B) =
i < H ARG HAFAAE o]&ste] HAZ FEFESO] A fF
2 EgoH ogs FEEEY E FEEAA =2 <
= FEEoA @M e FAWAC] 37.2+0.01 mg/gE 7HE =% OﬂL%
o 9+0.01 mg/gE M U 8 ofrwAts H
123 ol = 27k 6.9+0.08 mg/g, 1.7+0.09 mg/go.2 74 =& f‘g,%t% Y
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40 CX
=1
35 E7
2 2
B 30 5 6
% 25 Es
g =
£ 20 T4
g - mWater z 3 m Water
£ I B70% EtOH £ m70% EtOH
° E
510 ¢ B2
a @
5 + =1 r
0 0 L
NF | CV | GL | PE | AB | SC NF | CV | GL | PE | AB | SC
mWater 135 | 27.6 | 37.2 | 31.6 | 26.7 | 27.0 mWater 16 | 41 | 69 | 51 | 42 | 6.0
m70%EtOH| 7.8 | 1.4 | 209 | 127 | 9.2 | 111 m70%EtOH| 0.7 | 06 | 17 | 1.0 | 06 | 15
(A) (B)

Fig. 3-3. The protein contents (A) and The free amino acid contents (B) of Tofu by-products
(Biji) through mushroom fermentation. NF: None fermentation (¥1A]), CV: Coriolus vericola (7
£), GL: Ganoderma Ilucidum (9 X)), PE: Pleurotus eryngii (M<%=°1), AB: Agaricus bisporus (¥
%ol), SC:  Schizphyllum commune (X|w}). Values are mean=+SD. Values are mean of
triplicates.

Q) MATAA FEuR o] T 3 B fdT g

T2 SLdGH HEAZGOE Um F o olF ot F dolztal gt BIA & HA]
9 = =4 A Fig. 3-4A) HlXI(NF) ' F
Z 21 mg/g, 0.89+0.82 mg/g o= ¥*& FF staFS Yell
F BT UMt ZoE Uyt = FEEH dEE —%%%9] a5
FAHA WEEO] ZHzb 15.45+0.05 mglg, 23.19+0.45 mg/g 0.8 Eo 3
A BE TE A T o Y Zolrt Wi & %%
o &g FFFig. 3-4B= HIA(NF) & FEEF oete
24+0.23 mg/lg o2 gFo] 7pa ‘% Al YERSET %‘:" gheFo
e & T AT dnrE o 5L
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(A)

o]
(=]
T

—
L&)
T

HWater
m70% EtOH

-
(=]
T

Total sugar contents (mg/g)

;‘"
—

NF CcVv GL PE AB sC
u Water 14 71 | 1565 | 90 6.3 6.7
E70%EtOH| 0.9 71 | 232 | 91 8.8 8.0

(B) 12

10 -

H Water
4 E 70% EtOH

Reducing sugar contents (mg/g)

0 _h_

NF Ccv GL PE AB sC
B Water 0.5 21 5.2 41 2.8 2.5
E70% EtOH| 0.2 5.1 107 | 44 3.5 41

Fig. 3-4. Total sugar contents (A) and reducing sugar contents (B) of Tofu by-products (Biji)
through mushroom fermentation. NF: None fermentation (W1X]), CV: Coriolus vericola (7&),
GL: Ganoderma Ilucidum (G A)), PE: Pleurotus eryngii (M4:°1), AB: Agaricus bisporus (%%:9]),
SC:  Schizphyllum commune (X]u}). Values are mean=+SD. Values are mean of triplicates.

4 WATAA Eav Ao & Zgdls TF

g zo &a} Qe Ao nuEm Yok
o % FeE $¥S 248 ARFg 35, Hx2z ulx]oﬂ

Histe] MEFEEC AAHOR F Feldz FFol B/ uehton, B F2E dug 3
sERG 3 TedE Yo AT WAL WA A LEE F IAGL TEE| 27
B 32804 24214004 mglg, e FEEOIA 340+0.04 mglgo.E THY ke FHS B
Aot wE WA A FAA LB MARG we F sz FFE ne BEA B

& el

=
48 4o 2Eel B EHHY Aow And o A4t 7 ALl Bl
Erl— =]
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30
25
20 -
15 |

m Water
10 + m70% EtOH

Total phenolic compound (mg/g)

NF Cv | GL PE | AB SC
m Water 89 (164 | 242 | 185 | 14.0 | 201
m70% EtOH| 0.5 1.3 34 1:3 1.9 1.3

Fig. 3-5. Total phenolic compound of the extracts from Tofu by-products (Biji) through
mushroom fermentation. NF: None fermentation (B1X]), CV: Coriolus vericola (&), GL:
Ganoderma lucidum (B A)), PE: Pleurotus eryngii (M<°l), AB: Agaricus bisporus (%)), SC:
Schizphyllum commune (X v}). Values are mean+SD. Values are mean of triplicates.

(5) WAFAA dEn =2 p-glucan &k

B-glucan> WA, FEF 2 AR Az EAste AR deA Jom g&Fd 5
o REgo] AR BH g3t 7IFHol Ue
of gFEo] Y= o -glucan == L -glucane natural killer ce
tg3E JYeh, 85 Z9 28 E 2 LDL-cholesterol®] 3$haF
ATk HATAA TF HA 9] p-glucan &F A A 3HFig.
‘/‘rE‘rUrX] %—?9}1 HAFALA LE HA N E BT E2 %L%t:% e AT 1 FollA
Hl R o] A 7635.79 pglgl & 7} H& IS BT
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Fig. 3-6. Contents of total-glucan, « -glucan and g -glucan of Tofu by-products (Biji) through
mushroom fermentation. NF: None fermentation (¥]A]), CV: Coriolus vericola (7-&), GL:
Ganoderma lucidum (G A)), PE: Pleurotus eryngii (M%), AB: Agaricus bisporus (¥%:°]), SC:
Schizphyllum commune (X]v}). Values are mean+SD. Values are mean of triplicates.

Content{pg/q)

(5) HAFAA HEH A9 lunasin® BBI &2

W= (Glycine maxolA ¥ peptide ¢ lunasin® thF9e Fdg =-Eo]A(cotyledon-
specific) cDNAQI Gm2S-1¢] F=sg}ste= 25 ¢H-719] small subunit peptideZ4, 4371¢] ofr| =
Aog FAEMY, Fxz oz Ceddho] 8709 poly aspartic acidE 7FA 3l ok d# A Aok
Lunasin® A Lo A F23 4= 9+ adhesion motif Arg-Gly-Asp (RGD)e} WA=
(helix)edll 93] A= W] chromatinel]l A33sts EAo] o] AAEZY FAHEE S AHiAFo=
A AZAES FEst= Y EAo] RuFEojA sith 1 9 G5 AT olA lunasin histone
H3-lysine 14¢] PCAF acetylation < Al3te] HMG Co-A reductase®] 2@ JAE 53+ LDL
cholesterols w&thy B uw o]z gt} =3+ Fe?* chelatingS E3F hydroxyl radical A4 <
AZ RyFET ot 183 lunasine FEYF a5 WYSHaFo] RuFHAY. tiFo =A

st Zhr sl EA4A S Al Bowman Birk inhibitor (BBDE @%, &49%, ksl FH2EHE
Astas B A ETe] HiHa oy & Aol AHSE vA= AAE &8 FF 7
b=l WA oY, lunasin Al wWE WA &E UFE @At F8 =4 UF IR
lunasing &S £43% A3 lunasin FHFS =53 > AT > FAU=ET £olden,
BBl &2 AT > AATFT > FAUET <oldtt (Table 3-6). & 2= FF lunasin
5L BBl AL & tiFAlE 28 $8% VxAsE 282 ¢ dva dddn
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Table 3-6. Lunasin content of protein extracts from Korean soybean

: Lunasin/BBI
o Lunasin contents BBI contents .
Varieties of soybean ratio based on
(mg/g seed) (mg/g seed) )
ug of protein
Sowonkong 0.50 2.87 0.15
Seritae 0.95 5.84 0.18
Andongkumjungkong 1.61 19.78 0.08
Hwangkumkong 8.13 9.99 0.78
Chungjakong 5.65 16.24 0.34
Pungsagnamulkong 3.68 10.54 0.37
Milyang-139 2.26 7.41 0.33
Juinunikong 1.99 8.38 0.24

AAZE 83 FRAZR FAH wE lunasin D BBIe S =AHI A, thFolA
lunasin 240 pg/g, BBI 3.5 mg/ge.2 7} =3ka, FH > vlA > & > IAAY o2 =4t}
(Table 3-7). & AxE 7128 u FRELEQ v]2|9 lunasin®} BBl &3Fo] 7] wj&Eo] o
s 83 7S AFLEAE 7HAVE Y

Table 3-7. The contents of luansin and BBI from the tofu and its residual products

Contents (mg/g)

Sample
Lunasin BBI
Soybean 5.32 15.97
Chimjiaek 0.11 1.83
Biji 0.67 3.63
Summul 0.31 2.00
Tofu 0.59 3.22

v x]e] H=ZH Junasin ¥ BBl &FHSIE &1str] Ha&l, vIAE Z271=x, 80T, 120C,
1

(e}
140C, 160C oA 24A3F Ax & 3FS =HH3 %7 9 lunasin 3t

2o e} BBl 3ol 7rast= AL selsiglt) A
e 7123k 120C oA A2E HAYES Bl 25 A
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2AEY A AEZ U A
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_ . - . m Lunasin ‘- - e e =\ BBI
1.2 - 1.2
> 14 }\}\i’/}/& 2 1 1: Freezing dry
= 2 2:80°C,24h
$% 08 =08
el S @ 3:120°C, 24 h
> 505 T
2o 0 == 4.140°C, 24h
¥ 04 - € 04 - 5.160°C 24 h
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0 . : ; : ‘ 0 ; j . ;
1 2 3 4 5 1 2 3 4 5
A= Hl Al A=Y HIA

Fig. 3-7. The contents of lunasin and BBI in Tofu by-products (Biji) by dry condition.

120C oA Az viA o] HATARA L& HA ¢ lunasin? BBl 3&-& &A% A3, 70
an|A oA lunasin® BBl&= AEHAo, HAFAARZ FaH Tar Ao+ lunasind BBI
7V AEHA FUtHTable 3-83 Fig. 3-8). ¥ Ay= &d A] HAFAAA 93] lunasins}
BBV} #tajdH Ao =®E AsdHTE 1¥std B oiF TasER 34, 3H, A=A, UHEY
lunasin®} BBI®] &3S 435 A3, =5 HEHA ZUcHTable 3-9).

Table 3-8. The contents of luansin and BBI from Tofu by-products (Biji) through mushroom
fermentation

Contents (mg/g)

Sample
Lunasin BBI

NF 0.62 3.41
Cv - -
GL - -
PE - -
AB - -
SC - -

NF: None fermentation (W1A]), CV: Coriolus vericola (72), GL: Ganoderma Ilucidum (3 =A)),
PE: Pleurotus eryngii (M<°l), AB: Agaricus bisporus (%¥4:°)), SC:  Schizphyllum commune

(A mh).
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+ Fermentation

I

" Lunasin
——

BEBI

Fig. 3-8. SDS-PAGE and Western blot of lunasin and BBI from Tofu by-products (Biji)
through mushroom fermentation using Coriolus vericola (CV).

Table 3-9. The contents of luansin and BBI from soybean foods by fermentation

Contents (mg/g)

Sample
Lunasin BBI

Doenjang - -

Soy sauce - -
Tofu 0.63 3.12

Cheonggukjang - -

Natto - -

Lunasin®} BBI& M3 & W22 localizationd}l] histoneol] ZAg}sle] thefkdh AH o] o]
I 84 A9 B S 2-sts Aor HuFHolAa Qlo], vlA & lunasin¥} BBIS] &
EME YR HolE HIIgE A¥, FHFE ¥R FEES HITEEE A2l 3T3-LIAIZ A
2] 18A1%F A lunasin®} BBI¢] & W localizationo] &2 = A thFig. 3-9).
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DAPI Lunasin Composite

) ....

Fig. 3-9. Localization of lunasin and BBI from the Tofu by-products (Biji) without mushroom
fermentation in 3T3-L1 cells.

o
==

A lunasine ATFS Al 9 23849 pepsindg} F A3& 22 pancreatinol] 2] 3
=] I &gAgdo] "ojA= FHo] gtk =y BBI# 74 FoiA BBV} lunasins
Ao 9% BaE dAg Ty A Atk 288t lunasind BBIE FAd 33t
T ad A W lunasin® pepsinel thgt &3MAA S ASS A3, HIA W lunasine] pepsin
2417k —?Oﬂ‘: g3 Aoz yelthFig. 3-10). wetA B AxE v FojE uj, lunasin}
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Fig. 3-10. Stability of Ilunasin from the Tofu by-products (Biji) without mushroom
fermentation. The numbers above the blot indicate the min of incubation.
(6) WA FALA Tan A ¢ daidzein ¥ genistein 3tk

Genisteine &4tsl 7|5, &42HE, o}
931, daidzeing 3Fe+ B

Ao a9bgl Pust B FES ol Fou fuetn AYUL,
g TR ohe W3 FAsHNES B Fol 4F w4 Au o Ao &
A Aoz deA oy o A= A W] A& daidzein¥} genisteing F 5

iz M
o
ol
ol
rr
Az
>

M e

stAl st At RiuEHi Qo ol AR
receptor®] agonistZ A|WHALIES & Buk ofuyel A
-oxidationS 33} 53| genisteine A WA A =
Aoz Huwa ot wixe] AxH daidzein ¥ genistein FHFHIZ Fstr] s, HIAS
FAAZx, 80C, 120C, 140C, 160ColA 24X7F A= ¥ FFE S8 Ay, vAAdx =4
8 daidzein 3 genistein &2 WUt 9l5S 15 ATHFig. 3-1D).
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Fig. 3-11. The contents of daidzein and genistein from Tofu by-products (Biji) through the
dry condition. Daidzein and genistein were analyzed using HPLC. (A) Chromatogram of
standard isoflavone by HPLC. (B) The contents of daidzein and genistein from Tofu
by-products (Biji) through the dry condition.

HAFARA EE v A9 daidzein ¥ genisteingt &S w43 A Fig. 3-12), FEE H A 9
H &l HAFAAE &8sl Tad v Ao A daidzeine] o] F7lstes Aol EAHAT 1
Hu} genistein®] FS FEEH A HlE| BT A ACE UERT. EFF3 70% o
& FZo| g v ]9 daidzein ¥ genistein®#F& A3 A3HFig. 3-13), = F=HRo 70%
oetS FZ A| daidzein ¥ genisteingtaFo] F7}sh= Ao Z YERST

0

O

N

PG A
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mDaidzein

mGenistein

NF Cv GL PE AB SC
mDaidzein | 8.6 | 17.0 | 15.0 | 19.0 | 144 | 13.8
BGenistein| 3.7 1.5 0.8 3.3 2.1 0.5

Fig. 3-12. The contents of daidzein and genistein from the water extracts of Tofu
by-products (Biji) through mushroom fermentation. NF: None fermentation (®1%]), CV: Coriolus
vericola (%), GL: Ganoderma lucidum (G3A)), PE: Pleurotus eryngii (M%°l), AB: Agaricus
bisporus (%<4:01), SC:  Schizphyllum commune (X]u}).

250
— 200 |
L=7]
&
=
2 150
[=
[
‘E’ 100 | m Daidzein
o B Genistein

N l
0
NF Cv GL PE AB 5C

BmDaidzein | 67.8 | 58.7 | 124.7 |154.1 | 58.0 | 218.3
B Genistein| 73.8 | 69.2 | 26.1 |177.4| ©1.9 | 38.7

Fig. 3-13. The contents of daidzein and genistein from the 70% ethanol extracts of Tofu
by-products (Biji) through mushroom fermentation. NF: None fermentation (M]A]), CV: Coriolus
vericola (%), GL: Ganoderma lucidum (G3A)), PE: Pleurotus eryngii (M%°l), AB: Agaricus
bisporus (%<%:0)), SC:  Schizphyllum commune (X]u}).
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o} vXe EdagA Ay ZTAH HAHF)
(1) Protease = g]ol] w2 H]A] 9] lunasin ¥ BBIgH%F H3}

H] A of] protease *]2] ¥ WA lunasin ¥ BBI 32 =43 A3, protease’} #E]¥ H]
Aol A lunasin®} BBIe] AZo] A &ttHTable 3-10). wa}A] lunasin® BBl Bl A &A1 <] 7|

o] oA protease Al HASA ¥ AS=E FATHEL

Table 3-10. The contents of lunasin and BBI from Tofu by-products (Biji) through protease
treatment

Contents (mg/g)

Sample
Lunasin BBI

Biji 0.61 3.51

Protease-Biji - _

2h AAFAEY] £3 Al R AZDRAE AFE T U 2871 A

Aol AW z2o] HoislA F2E AHE o|nmslt ¥l Hobesity) e D
o) @@ o WASE Aol MRe 1 AARE EAZ} HY 55
o 5 W2k 5 A4E oA A

Aol AP 80w WAAT Ytk ATHE A5 Fvbo] we T )
S AT A AAHSE T ARAS AUE AT YT AT} 9592 3
2ASY BAgoR 8 5T T W7 AdAl e Bhe AW

E3 AALARRE RAgo] gt P &% B £AE LI 9
e

& AATFAEY B3} D adipogenesis #Aoll o &e] Z]HHA)

Zoj Az FHAMN (trlglycerlde TG FH o= T3 o]z 7 && Z/?é]. sk Z o] H
9 Aol a3l A EWHOeRE delAd ok HIAFEZFEY RN S HrEskr] sl
Oil Red O staining assay® A| WA A4 £ 2] ad1pogenes1sﬂr7b A A FAHEHE 17‘ A Al E
s WUIRE A, WA FEES v YT oE AE AHS dAstes AoE veokFig.
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Fig. 3-14. Effect of biji extracts on lipid accumulation in MDI-treated 3T3-L1.
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y) 2 cytidine-cytidine-adenosine-adenosine-thymidine(CCAAT)/enhancer binding protein
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& Ao teksehFig. 3-15)
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Fig. 3-15. Effect of biji extracts on C/EBP- £, C/EBP- ¢« and FAS in MDI-treated 3T3-L1.

5’ -adenosine monophosphate-activated protein kinase (AMPK) A& d=&-e o3 22 thA}
of 83 d4TS Ity deElA ok AMPKe &4sl= 3 455 S7HA171a lipogenesisE
AAgtE. ®=3 AMPK+ A FAZe] #3158 2™t agste] AMPK+ HIvhs =33

A S X 5ol JAAA FQ3 A BHAlSE AAAL Qo H| X FE2ES] v &4
%7174 < 7Y {3l vHIA FE2E Ao wE AMPK &A43E B4% 2y, H|A] F==
2 AMPK9] 43} 3ejel AMPK threonine-1729] QA3 E Fxo&F o7 F& 3 Ao
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Fig. 3-16. Effect of biji extracts on AMPK activation in DMI-treated 3T3-L1.
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o, mhe-x 2dg o] 8% Y%A WA FE2E9 in vivo FHIT

(Table 3-11).

Table 3-11. Body weight gain of mice fed experimental diets for 5 weeks

- . - HFD+ biji HFD+ biji HFD+ biji

+X . ; :

Control HFD HFD + Xenical | (' icg) (8 malkg) (16 malkg)
0= | 23.4:0.6 28.8+1.3 28.7+1.3 28.8+1.1 28.81+0.8 28.81+0.8
13k | 24.9:08 30.0+0.8 28.3+0.8 27.9+0.6 27.5+0.6 27.5+0.8
2% | 259107 30.2+0.9 28.1+0.9 28.81+0.6 27.8+1.0 28.210.6
3= | 26.1:0.7 31.4+0.7 27.7+0.7 28.7+0.7 28.6+0.5 29.1+0.8
4% | 264105 32.5+1.0 27.7+1.0 29.0+0.9 29.1+0.7 28.9+1.1
5=k | 26.8:0.6 34.0+0.9 27.8+0.9 29.3+0.7 29.5+0.9 28.9+0.8
=3 XAl F7]5 Blagk Ay dAYA o] fEa-E ATl Hlete] AlxA77F A

Al F7Fstdov HA FE2E2 ol Bliste] ZAsidh mepa HAIFEES 1A 4
ols AHZ wh2oA ANk a7t e Ao E FAHJTHFE. 3-17). 18il RIAFEE
o A2 ]oﬂ w2 AR 2 AR 2 %2 Epididymal fat¥} perianal fate] FAS a4
NF AL, EFHIT A% spleen®] FAE ZAaA 7= Ao=E gl HATHFig. 3-18).
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Fig. 3-17. Effect of biji extracts on the light micrography of epididymal aipocytes
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Fig. 3-18. Effect of biji extracts on the weights of epididymal fat, perianal fat, liver and
spleen in HFD-fed mice.
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Fig. 3-19. Effect of biji extracts on the contents of total cholesterol and HDL-cholesterol in
HFD-fed mices.
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FAALE ATl Hlste tExTeA FUFstR oy HIA FEES tixdol Hlete] 7+
aote APE Bt 9% glucose TEE AAT vistel 1A Aolg 4AY izl
Ae oF 158 A FUlelR o v FEEL gz Hlste 8% glucoses] FHE i
A AT (Fig. 3-20). Wt £ A7E w2 & o, HAF2E Fuvt FAo] e Aoz A
sHT
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= w00 |
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g E
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Xenlcal Bljl Bul BI]I xe;}uﬂ B;ji Bi+ji Bi+ji
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Fig. 3-20. Effect of biji extracts on the contents of glucose and triglyceride in HFD-fed
mices.

ol
i
o

S o] &3k HK] FEFES FH|vw &4 A FoH B]A 9 lunasindg} BBIS] &S
E4 3 A3}, lunasing ®IA| FEE 1 mg F 460 ng °] e, BBI= HIA F&&E 1 mgd
3.5 gl Aoz &2lEYHTable 3-12).

Table 3-12. The contents of lunasin and BBI from biji extracts applied to animal-based
experiment

Contents (ug/mg)

Sample
Lunasin BBI

Biji 0.46 3.5
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Fig. 3-21. Effect of biji extracts on IL-14 and TNF-« production associated with enhancing

the immunity in RAW264.7 cells.
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A FEE 45 IL-159 TNF-a 2 Z717} o]E9 xw o)
Al IL-189F TNF-o o] mRNA @dS 4T A3, AFEZEL sEEHoR [L-189
TNF-« ©] mRNA 23S S7HA 7= Ao 2 YebgohFig. 3-22).
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Fig. 3-22. Effect of biji extracts on IL-18 and TNF-e¢ expression associated with enhancing
the immunity in RAW264.7 cells.
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Fig. 3-23. Effect of biji extracts on p65 nuclear translocation and MAPK activation.
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nitric oxide synthase (iNOS), cyclooxygenase-2 (COX-2)E W&A|A 3}+3F2] nitric oxide (NO)<}
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18

r
Ol

o, INOSo| 93] =718 NO= WA £&d, =3 &4, Frigx #Add 53 2o A3HS

st dRAEAY sty oM, COX-2& AARIAN AlolEZRRI T3 22 8l o3 &4

o] F7t=o] e PGE2E AT =2ZA, d5dd Ay S st A= d8Ad o 1
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=

o] NO9} PGE2 A4 AAZAH S £43 Ao, nAFEFELS sEdEH0o = Foldoz NO%t
PGE29] A4S oAetE Ao ® UeyTHFG 3-24). NO$ PGE2E iNOS®F COX-2¢l 23
ZE°] NO¢ PGE2 A4 A7} INOSe} COX-29] & Aol 7]213k
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Fig. 3-24. Inhibitory effect of biji extracts on the production of NO (A) and PGE2 (B) in
LPS-stimulated RAW?264.7 cells.
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Fig. 3-25. Effect of biji extracts on the expression of INOS and COX-2 in LPS-stimulated
RAW264.7 cells.
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Figure 3-26. Effect of hiji extracts on the expression of TNF-« ¢} IL-14 in LPS-stimulated
RAW264.7 cells.
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Fig. 3-27. Effect of biji extracts on IkB-« degradation and p65 nuclear translocation in
LPS-stimulated RAW264.7 cells.
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Fig. 3-28. Effect of biji extracts on MAPK activation in LPS-stimulated RAW264.7 cells.
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Fig. 3-29. Effect of biji extracts on HO-1 expression in RAW?264.7 cells.
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Fig. 3-30. Identification of the upstream kinases associated with biji-mediated HO-1 expression
in RAW264.7 cells.
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FE2E odl === ROSeH GSK3 g2 F7hell thdt dad<S #5387 fls, NACZ ROSE
& AR FE=dd 9 FEHE GK3p o S7HE B7He 23, NACE ROSE
AANAS W, ¥ FE2E50 3 FE5+= GSK3p9 S7H7F 4= o (Fig 3-31E). =3 Hl
AFZEd o3 FEHE p3se BA4stel GSK3po Frhete] ARAES AFshr] S,
SB203580°.= p38¢] ZA3tE AAIAI71aL GSK3 B2 S7He &<lstal, LiClz GSK3pE AN
7LL p38el LAstE &l A, p38e] FAEE JAAMAE W HA FEE ol F
= GSK3p9 S7he WEyl gldley, LICIR GSK3/pE JAAFAS Wi HXFEE s

A

=5 p38e 437t AAHE 28 FAstAc (Fig. 3-31P). £ A#E wFo] & o, o
AFEEL ROSE S7H 1 AxHo 7 GSK3ES Z7HAA p3se BAIES FEstd
HO-1¢] w@& Z7A71E Zlo2 sgdct
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Fig. 3-31. Identification of the upstream kinases associated with biji-mediated HO-1 expression

in RAW?264.7 cells.
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Table 3-13. Optimal conditions for the mushroom mycelia fermentation

Time

Moisture content

Temperature

7 days

10%

25C
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Table 3-14. Extraction yields (%) of Tofu by-products (Biji) through mushroom mycelia
fermentation

GL SC PE CV AB NF
42.8 37.2 35.2 30.9 29.5 13.5

NF: None fermentation (B1A)), CV: Coriolus vericola (7-2), GL: Ganoderma Ilucidum (%3 A)), PE:
Pleurotus eryngii (M%°1), AB: Agaricus bisporus (¥%°1), SC:  Schizphyllum commune (Xu}). Values
are mean. Values are mean of triplicates.

O HA dAAZE wad Han Ao aid 3}eKTable 3-153 -2l obv]=4HTable 3-16)
e 2o

Table 3-15. Protein content (mg/g) of Tofu by-products (Biji) through mushroom mycelia
fermentation

GL PE CV SC AB NF
37.2 31.6 27.6 27.0 26.7 13.5

NF: None fermentation (®1A)), CV: Coriolus vericola (7-%), GL: Ganoderma Ilucidum (%3 A)), PE:
Pleurotus eryngii (M<%°1), AB: Agaricus bisporus (¥<°l), SC: Schizphyllum commune (X]v}). Values
are mean. Values are mean of triplicates.

Table 3-16. Amino acid content (mg/g) of Tofu by-products (Biji) through mushroom mycelia
fermentation

GL SC PE AB Cv NF
6.9 6.0 5.1 5.2 4.1 1.6

NF: None fermentation (WIX])), CV: Coriolus vericola (#+%), GL: Ganoderma lucidum (§=A]), PE:
Pleurotus eryngii (M<%:°)), AB: Agaricus bisporus (%4%°)), SC: Schizphyllum commune (X]v}). Values
are mean. Values are mean of triplicates.

- 159 -



O HA F#AHAE Hae FaH| Ao F HTable 3-17)3 A FHTable 3-18)> th=3 2t}

Table 3-17. Total carbohydrate content (mg/g) of Tofu by-products (Biji) through mushroom
mycelia fermentation

GL PE AB SC CV NF
23.2 9.1 8.8 8.0 7.1 0.9

NF: None fermentation (WIA]), CV: Coriolus vericola (#+%), GL: Ganoderma lucidum (G=A]), PE:
Pleurotus eryngii (M<%°1), AB: Agaricus bisporus (¥<°1), SC: Schizphyllum commune (X]v}). Values
are mean. Values are mean of triplicates.

Table 3-18. Reducing sugar content (mg/g) of Tofu by-products (Biji) through mushroom
mycelia fermentation

GL 0% PE SC AB NF
10.7 5.1 4.4 4.1 3.5 0.2

NF: None fermentation (WIA)), CV: Coriolus vericola (+%), GL: Ganoderma lucidum (§=A]), PE:
Pleurotus eryngii (M<%:0)), AB: Agaricus bisporus (%4%°)), SC: Schizphyllum commune (X]v}). Values
are mean. Values are mean of triplicates.

O WA A= Easd dan e Z8vs g2 Table 3-199 2t

i)

Table 3-19. Contents (mg/g) of polyphenolic compounds of Tofu by-products (Biji) through
mushroom mycelia fermentation

GL SC PE CV AB NF
24.2 20.1 18.5 16.4 14.0 8.9

NF: None fermentation (R1R)), CV: Coriolus vericola (7-2), GL: Ganoderma Ilucidum (%3 A)), PE:
Pleurotus eryngii (M%°1), AB: Agaricus bisporus (¥%°1), SC:  Schizphyllum commune (X®}). Values
are mean. Values are mean of triplicates.

H @anjAe p-glucan@d#HF- X v} > F5 > FEFol > AlFo] > FA

FH|A 9] lunasin® BBl 28 HA A= AEHAoH WA
He Zo2 YEREth

ol

O WAl FAAZ Tas o

H H]#] daidzein¥} genisteingr=-2 Table 3-203} Table 3-213} 2
=3
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Table 3-20. Contents (pg/g) of daidzein of Tofu by-products (Biji) through mushroom mycelia
fermentation

PE CV GL AB SC NF
19.0 17.0 15.0 144 13.8 8.6

NF: None fermentation (®WA]), CV: Coriolus vericola (7+5), GL: Ganoderma Ilucidum (% A]), PE:
Pleurotus eryngii (M<%=°1), AB: Agaricus bisporus (%)), SC: Schizphyllum commune (A v}). Values
are mean. Values are mean of triplicates.

Table 3-21. Content (pg/g) of genistein of Tofu by-products (Biji) through mushroom mycelia
fermentation

NF PE AB CV GL SC
3.7 3.3 2.1 1.5 0.8 0.5

NF: None fermentation (WIA]), CV: Coriolus vericola (#+%), GL: Ganoderma lucidum (G=A]), PE:
Pleurotus eryngii (M%°1), AB: Agaricus bisporus (¥%°1), SC:  Schizphyllum commune (X®}). Values
are mean. Values are mean of triplicates.
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Table 3-22. Functional compound from Tofu by-products (Biji) through fermentation

Not-fermented biji Fermented biji
Lunasin + -

BBI + -
Daidzein + +
Genistein + +
B -glucan - +
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