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Abstract

This study aims to investigate the physicochemical properties of extruded Biji. As the extrusion process variables,
the barrel temperature and the moisture content were adjusted at barrel temperatures of 120, 140, and 160°C and
35, 45% respectively. L-value (lightness) increased as the moisture content and barrel temperature increased from
35% to 45% and 120°C to 160°C. In contrast, decreasing a-value and b-value resulted in increasing moisture content
and barrel temperature. Total sugar, DPPH (1,1-diphenyl-2-picrylhydrazyl) radical-scavenging activity, ABTS (2,2'-
azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid)) radical scavenging activity, and total phenolic compound were
increased by the extrusion process. The water solubility index (WSI) and dietary fiber of the extruded biji decreased
to 3.9% and 592.6 mg/g compared to the non-extruded biji of 12.3% and 592.6 mg/g. According to the result of
this study, the extruded biji could be used in various kinds of food processing, and future study is needed to find
the optimum condition of the extrusion.
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/33 7] (Incheon Machinery, Incheon, Korea)E Al-&
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ratio)= 23:101Q 2, AlETE 9¥o2 F o] 3.0 mmel
AL ARR-E T 23 uiYg Flg 1% 7H;]. A8 B9
He 120gmine 2 TASFIL 2TF IJALEEE 200,
300 rppm o2 2™ o, FEeFS 35, 45%=E -85t
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160°CE ZA 3t th(Table 1). &Y vIAE 5 1%V
(DS-520SS, Daewonsci Co., Bucheon, Korea)ll 4] 60°C %
Ao = QA7 AxskR o, 4 71(MQ745, Braun Co.,
Aschaffenburg, Germany)E ©]-&3te] #3sttt Al5=
12} 50 mesh 33 A|(Testing Sieve, Chunnggye Sanggong
Co., Gunpo, Korea)& 533t 3L, 22} 80 mesh A&
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Oy AN S AN Ay Y ¥ F A Y ¥y Yy NIy 1]

1 1 4 1 il 2

2 | 313|383 [L] 4

1. 1/2 Pitch screw
2. 2/3 Pitch screw

3. Forward paddle
4. Reverse screw element @ : 3.0 cm

L/D ratio 23:1

Fig. 1. Screw configuration used in this experiment (model THK 31T).
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AOAC (2005)Hl we} HIX] A8 50| Zuehdll =25
2 23 F &S Kjedahl Method, Soxhelt Method %
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2 7u) o] HHEF o2 A=, vdole & FAT
Zolo] H| & 2] (1) o] &3t Hd#S AHEskait.

Dextrudate % 100 (1)

Expansion ratio =
Dd ie

D

D, : diameter of die

. diameter of extrudate

extrudate *

H=4PnA Y] &4 HAEES £ 9 AACC
(1983)H ol me} -85l 2] 4=(water solubility Index, WSI)

Korea)oll 4] 30%7F R1gwnkst & 41482 7] (H-1003-3,
Hanil Science Industrial Co., Gangneung, Korea)llAl 3000
pm e & 2077 A4tk Asds dFrlE AN
o y-& & 105Ce ¥&¥7%7](HB-502MP, Han Beak Co.,
Bucheon, Korea)oll 4] 2417} §<9F AXSIATh AxdE Alg
£ dAAelH Fol 307 Wl & PR FAE 3
HHE S8t PHRkS Fekal A (2)F ol&st
LA FE ALt

Suie:3

WSI (%) =
Dry solid wt. recovered by evaporating the supernant « 100
Dry sample wt.
@
M

A=Y BRI S E251 80 mesh XA & T3 2
S M 7A(DP-400 Chroma meter, Minolta Konica, Tokyo,
Japan)E ©]-&3}o] ™ T (lightness, L), 42} = (redness, a),
G (yellowness, b) #= 33] b FAste] 2 Hait
S ARSI e, o] W AREEE 3 WA Ao L=97.22,

a=0.32, b=2.47°1}t}.

Alo|MsEtat
— [== N =
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&ato] SA AT T4l e S8 A8 1gS 247
o] Hlo]# e Y3 0.08 M-soduim phosphate monobasic 50
mLE ¥e F, 0.1 mLe a-amylaseE &8}, 95°C
Zo 1587 v AlF T Aol ¥zt X2 F pHE
7.5£0.27} E|XEE 513l 0.27 N-NaOHE E3}3}e] 2h5-4-9
of 3]4® 5mg/mLe] proteaseS z}zHe] H]F ol Yol 60°C
F2FzolA] 307 S A F AW AYE 3§
ATE pH4.0-4.6°] ==F 0325 M-HCIZ 713l 0.1 mL
o] amyloglucosidases 713 $ 3047+ RESAIZ] U,
w258 HE7] 98l 95% ethanolS 71319t #XEV &
xd FodH7E AHESte] o3k & DW, 95% ethanol,
acetone. 2 A H3FA T A2 E 3715 105°CoA &
WA Aze § Wit ) FFH(Residue)S 4 3kaL 2H2t
o] ZkA} T H (Protein) 3] (Ashy#e] T3S S35k
2 3w F=AT 2 5, IAE k] e ghkat 3
THFS St BA § T2 F FFE AT ik
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Atk
R—P—A—Blank><

Dietary fiber (g/100g) = S

100 3)
R : residue weight

P : protein weight

A : ash weight

S : sample weight

ey

A st DNS (Miller, 1959)H .2 =431t} Al
£ 0.1gS DW 10mLell o] X&3g $ 3,000 rpmell 4] 20
7F 94EE stk gE &4 1 mLE Algde] A

DNSE 3mLg 7}stal B EolA 587 w1l &
ZHE A 1587 Wzsksith. DWE 718led 25 mLZ mess
upd ¥ UV/VIS spectrophotometer (WPA Lightwave II,
Biochrom Ltd., Cambourne, UK)E ©]8-3}4] 550 nmol|A]
THF=E Q3 YT EFEEEE D-glucoses
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A FEe T —7‘*%%‘; 2 Advantec NO. 2 filter paper
£ AH&ste] 1F AA3g s dojxl oS Cooling
Vacuum Evaporator (N-1110S-W, TOKYO RIKAKIKAI
Co., Tokyo, Japan)E Al&-3}o] 40°CollA ZAts= 31
TE5YL 4°Co)A A3ste] DPPH Radical 2271%5, ABTS
Radical 4271, total phenolic $F3-g =73} th.

DPPH Radical 27184 =X

DPPH Radical 4:71%5-2 Blois (19582 3% 3}
Atk F=% 100 uLoll DPPH €< 02mM, 50 L=
108 5 WHAIX & 53%=0] WskE 517 nmelA &
Atk DPPH @7tshs& A889 9] H7h9} 7 7ol
A Z}iz%i AlLFatIaL, DPPH 84kt 87de] 50% 7+
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ABTS Radical AH{EN =X

ABTS Radical 2784 =% & Blois (1958)HS M s}
o] ZAsth &, 7TmM ABTS®} 2.45mM potassium per-
sulfate SN FZ3slo] 3158 EoF Ao WS ABTS™
S FANZ F, o] 9 734mmollA 0.7-0.97F HE=E
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B ZAAGTE o] &3l DWE A3t 55 50 uL
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483] 5% FHoll %—Zg 3ttt ABTSS| 3itsts A 88
el Hrbet - AU FRE das

ABTS 3tsl &40] 50% #ashed 23 Al59 &
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Gutfiger (1981)-& W3t =74
Folin-Ciocalteau &< 100 uLE 7}
1 mLe] 0.7 M-Na,CO, &S 7}513ith o] EgS 60k
T WXE T, UV/VIS spectrophotometer & AHE-3hH
750 nmellA FFEE ST A5 T s o
Z2Hd ste] AL

3Tt 31499 100 pLel
37 WU o
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A7 EA 2= SPSS (version 23.0, SPSS Inc.,
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p<0.05 =04 L A3}Z Duncan’s multiple range test®
AR A

An e na

ne
e
0z
i

oX T
oftt

3 HW-‘# AWM RS Taple 20 YERHSITE oF
H| x| o] 739 A FH| A9} Hlasle] Fit, 3ol A
x}°l7} L}E}L}Zl gkom, gl ke
sooﬂfﬂ 29.5+0.17% §2¢]A 9 xpo]= eI
H]X]Q’]' or=A3] H]R|e] WSIE H|W3HS

0,

¢

1o ok @

ot i

1.4+

)
l‘E )
1:m

o o 30 B o 2 o ul
o2
i
(o3}
ofl
E
1o
< o
Q
\I
=
2
:‘.‘é
0
Ny
rlo
P
ftlo

N, ot
ro
]

>,

o 2 rr

43} 57] wZolgl= Woo & Kim (2 001)4 AA 79}
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%%%U‘w‘ s, &

Ao TS »PEMJX] 533
o] A= et w©stEe] ?;%bl 36.01£1.919114 46.1
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= o] caking @ Fo] WSt A gtEol YA &
of W37} HA| > Ao R AL HT

TSN

A=A P ¥R 83 = Table 33 ot H=44 9
F HAE 98 Hlx] 12340.10%l B]8] 232 3H&=
200 rpm, S8E &% 120°C, FETHF 35%°14 3.9£0.10%
2 A #Fasdoen, 23F 3HdE% 300 pm, 8=
2% 160°C, -3 35% NA 6.6£026%= 7P =AUt
Ebstth A EHR| 9] ] %M 35%E ST
T HAashes A4S BioH, FEFUFY 5

7t Wt SR =) APt Stojceska (2008)2] H.
FobE IH AT EE 23T FHAEET} 200 pmellA]

Table 2. Approximate composition of extruded biji

300 rpm o= iﬂ—‘o‘ﬁ, 448 o
8

okl o

T(Serge et al., 2011).

oL
()
Z718 Qoo FEstg AgE

1717%1xq °1]L17<1 il

AT HIAY WEL), A E@), FHED)
Table 33} 2t} BEe HWlE2% 120°C, 235 3%

A= S

} 120°CoA] 160°CE
0914 6.6 0262 Z
Exdigei =

doto] Azt 7}

Sample No. Moisture content (%) Protein (%) Fat (%) Carbohydrate (%) Ash (%)

Control 7.3+0.0°* 31.4+0.80° 21.8+0.82% 36.0£1.91° 3.5+£0.35
#1 7.5+£0.17° 29.3+0.92° 17.4£0.35 42.4+1.23%¢ 3.4+0.20°
#2 7.5+0.00° 29.2+0.70° 17.1£0.10°¢ 42.8+0.62¢ 3.4+£0.17°
#3 7.6£0.17>¢ 29.2+0.30° 16.5£0.10%%¢ 43.2+0.44°¢ 3.5£0.10*
#4 7.5+£0.10° 29.3+0.69" 16.3£0.30%" 43.2+0.61°¢ 3.7£0.26°
#5 7.6£0.00%>¢ 29.4+0.52° 15.4+0.40¢ 44,0+0.10°4 3.6£0.17*°
#6 7.6£0.00%>¢ 29.5+£0.17° 16.6+0.30%%¢ 42.8+0.69" 3.5£0.30*"
#7 7.7£0.20* 27.7+0.70° 16.4+0.46°% 44.5£1.18" 3.7£0.17°
#8 7.5+£0.26" 29.1£0.35 16.7£0.20"4¢ 42.8+0.40¢ 3.9+0.10°
#9 7.9+0.00* 29.0+0.44° 17.140.35 42.5+0.26° 3.540.26™
#10 7.8+£0.26"¢ 28.9+£0.75 16.2+0.44°" 43.6+1.30 3.5£0.10*
#11 7.6£0.10° 27.0+0.38° 15.6+0.17"% 46.1+0.74° 3.7£0.20
#12 7.7£0.17° 27.7+0.20° 15.9+0.79"¢ 45.1£0.62*" 3.6£0.20*"

*Means £SD

*$Means with different letters within a column are significantly different (p<0.05) by Duncan's multiple range test.

Table 3. Expansion, water soluble index and color contents characteristic of extruded biji

Color"

Sample No. Expansion ratio (%) WSI (%) L : 5
Control - 12.3+0.10* 68.39+0.02° 5.27+0.01f 22.50+0.01*
#1 1.08+0.01** 5.8+0.10° 60.83+0.28° 7.224+0.26* 19.50+0.07°¢
#2 1.05+0.02° 3.9+0.10" 65.37+0.23° 6.25+0.22°¢ 19.29+0.36°¢
#3 0.96+0.03° 6.0+0.10° 57.25+0.29" 6.42+0.10° 19.01+£0.22%¢
#4 0.95+0.02¢ 4.5+0.17° 61.03+0.51° 6.11£0.16% 18.88+0.36°
#5 0.92+0.02°¢ 6.2+0.17° 52.88+0.85¢ 6.75+0.05° 19.38+0.04%¢
#6 0.94+0.01%¢ 5.240.26° 62.72+0.51¢ 6.23+0.05°¢ 19.1620.09%4¢
#7 0.94+0.02<¢ 5.9+0.10° 60.79+0.38° 6.11£0.16% 19.52+0.21°
#8 0.91+0.02¢ 4.3£0.27° 69.37+0.23° 5.29+0.18f 18.12+0.19°
#9 0.91+0.02¢ 6.2+0.30° 56.54+0.50" 6.0420.03% 17.62+0.18¢
#10 0.92+0.03°¢ 4.4+0.26° 65.55+0.21° 5.91+0.08° 19.33+0.09°¢
#11 0.91+0.01¢ 6.6+0.26" 56.44+0.56 5.99+0.22¢ 19.21£0.054¢
#12 0.91+0.02¢ 4.5+0.17° 62.42+0.82¢ 5.34+0.09" 17.87+0.04%¢

UColor : lightness(L), redness(a), yellowness(b)
*Means £SD

“#Means with different letters within a column are significantly different (p<0.05) by Duncan's multiple range test.
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ol Zoz Azt Fh(Miwa et al., 1990). agh-> W 3h

160°C, 235 &% 200 rpmoll A T8 35%Y o 7.22
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[0

Fgo] AT E MELET SRS, 2357 &
WSSrE FUbehe A4S JERATh Jang (2006)°]

wol Aslapatel] B3 AF9t Cheon & Eun (2011)2] A
TFoME Ut aup Bukg H bl s staate] A4 AT
A ME=7 FS7F et LatS 7AStAL a, bk

Z7tks nasgt. ot ¥ ATdnshE 59

:|o

S8t~ Az 5 A S= Maillard reaction

ot Znkgo] A1l Aoz wuEw, ZhHukso

At o7 27t =S 4E SR GS4E ¢ 44
= Ha et al. (2004)2] B9} % L% aaiu}.

(msoluble dletary ﬁber) A= HW 7}

=1 HlZMl Hl3] @A =4 =™ 300 rpm, 160°C,

S 35% 2704 560.08£9.87 me/gO.E WA EAES
o, FEgk 584 2o]df(soluble dietary fiber)] & &

Al 5 27N 32224033 mg/gl E TP EA =
= Lee & Schwarz (1994)0] <J&] R %, <
3 ’\] WA e AL, —/qu;/]_-e_:;q] O]'EH AEH e 2

e

HELY HIA Y TF H
th EAE HA ] T &
ZAeS BA21, 300 rpm, 160°C, 5=

272184279 mg/g 0. 2 =4 BA =S

m, 284 Hold s} 58
{Q_—Qo] ZNO]/H o 'cﬂako] 7

220 2o 4EAY A1 RS 2 e Ao
=7

]. j]._,,]g]o% _Q.}H /\10]2\4 ].

29X Ao] M8t o

SHaFo Table 49 7+

sto] STtk

5
3 35% 270A
. o] Ryu et al

(2008)°] 2HP S HEAR T RS W Te] Tl
71 Rvhs 239 Ryu & Kim (2013)9] AFob=
FAFsIA T 2] 739 300 rpm, 160°C, =33 35%

Z 704 9.58+1.18 mg/g & 74

2l olH el

HE2EF T84S AAEA =2 == 3 2t &

Age] ge] G2 v Aoz

DPPH radical 2=

2 Aee

er=A3 ¥)x]9] DPPH radical 24 %L vjdY] &%7}

F7HE5E, 237 NHEES} FRHYe] RoldsE 3

7Fete 43S UERA LS (Table 5),

Table 4. Dietary fiber, reducing sugar and total sugar contents of extruded biji

FEETO] 45%,

°© = o
i

Sample No. Solublei di;/ta)ry fiber Insolubl(e dgi/et;try fiber Redlzcig/g ;ugar To(tal gs/uf);ar
mg/g mg/g mg/g mg/g
Control 24.31+0.51°* 581.68+9.69° 12.8440.39° 254.73+3.45°
#1 31.35+0.75% 561.25+9.53° 11.95+0.87%° 263.99+3.37%¢
#2 29.49+0.34° 563.77+8.7° 11.33£0.41%° 260.5242.93¢
#3 32.01+0.87%<4 562.1449.62° 10.41+0.28*° 267.22+3.03%4
#4 31.33+0.59% 564.68+7.89° 11.88+0.62%° 264.18+2.87%
#5 31.84+0.66" 562.83+9.77° 11.96+0.56*° 269.87+2.64"*
#6 31.17+0.81%¢ 563.02+8.58° 10.20+0.34*° 267.44+2.31°4
#7 31.65+098%4 562.2249.20° 11.87+0.83°¢ 265.74+3.01%4¢
#8 30.99+0.83¢ 562.01+£8.49° 11.55+0.90%° 261.67+3.22%¢
#9 33.18+0.42° 560.09+7.74° 10.88+0.46*° 271.26+2.85%¢
#10 32.73+0.76 560.55+8.86° 11.91£1.21%° 270.92+2.940<
#11 32.88+0.50*"¢ 560.08+9.87° 10.63+0.74* 274.91+3.86
#12 32.2240.33%0<4 561.03+9.79° 9.58+1.18* 272.18+2.79*
*Means £SD

*Means with different letters within a column are significantly different (p<0.05) by Duncan's multiple range test.
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Table 5. DPPH radical scavenging activity and ABTS radical
scavenging activity of extracts from extruded biji

Sample DPPH raglical ABTS ra('iical Total phenolic
No. scavenging scavenging compound

activity (%) activity (%) (mg/g)

Control 9.1+0.42% 33.1£0.41°%¢ 16.52f

#1 9.3+0.00°¢ 32.5+0.72°F 16.89°

#2 9.10.10¢ 32.9£0.26%%¢ 16.92%¢

#3 9.8+0.00"* 33.6+0.52°4¢F 17.18<4

#4 9.7+0.10"¢ 34.2+0.36>4¢ 17.54°

#5 9.9+0.17*° 35.2+1.13* 16.59°

#6 9.8+0.10"¢ 35.7+0.72% 16.96°%

#7 9.1+0.36¢ 32.1+0.36¢2 17.23b¢

#8 9.3+0.17°¢ 33.2+0.78%"¢ 17.45%

#9 9.5+0.50"¢ 33.8+0.70°4¢ 17.38*

#10 9.4+0.26"¢ 33.4£0.46%" 17.46™

#11 10.1+0.44* 34.6+0.78*"¢ 17.33%F

#12 9.8+0.17%"¢ 34.5£0.36>¢ 17.35%

*Means £SD

“*Means with different letters within a column are significantly different
(»<0.05) by Duncan's multiple range test.

37 3HEE 300 rpm, E8E % 160°ColA 10.1£0.4%
2 7P =7 UEhsth ol R gl $71dS DPPH
radical 27459 #% vl st F718A S Yang &
Choi (2016)¢] Riol% dx|sigon, &5 7= <)
AP EC TiElo] e S E FEto| =7t Tl
HHA] ksl S5 H] 16‘}04 = JTHE Choi et al.
(2011)94 Bl dAE7F ksl 249 a9E SXAIY

£ Lee et al. (2014)] R 9l%® UX3}3L, T Son &
Ryu (2009)°] +=4E el frel”] *é% ZAFS
A7 £ 2% 140°ColA AEAF S Wate] 110°C
B} 29T Aets dXEon, ‘° ST
(100-120°C) =7<& 2838t Ax$ AMF==2 DPPH
radical 2A%E HXEFAS W 120°Ce Z2oA Ax=H

olatoll A FAdo] EIThE Kim et al. (2000)] AATA}
o FAREHS ElEkA

Ol

09!, f~ ol
% ri’ ji
(o}

—N

ABTS radical 2{s
ABTSE= H|i3 <¢HA 3 free radical 241 DPPH radical
2ASH A ks @S B sked BWel o &F A
lom 4E=AE HA 9 ABTS radical 27% S Table 5
oF 2. ¢EAY HAY &8= 2%7F 1200ClA]
160°Ci Z7¥shel wel ABTS radical 2752 =7 YE}
o 23 IHMEE7}F 200 rppmE-th 300 rpmo A 7t
} AES Yepldth &4 B1A19] ABTS radical
2ATE FEIE 45%, =23F IHWEE 300 rpm, S8
2= 160°CAlA 34.6+£0.78%= 7H4 =41 YETE o]
7hrEFo] =&= ABTS radical &27%°] Z7H8l=
kS HOlthE Lee et al. (2014)2] B ote A x|3515H).

o flr md
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0
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