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Abstract

Physical properties of Yukwa base extruded with glutinous rice flour, rice flour, defatted soy flour, and salt
using an twin-screw extruder were investigated. The ingredients were extruded at various moisture contents
(16~18%), screw speeds (300 & 400 rpm) at 43.4 kg/hr feed rate. Length and specific volume of Yukwa base
increased with decreasing moisture contents. Hunter's color L* values of Yukwa base was higher whereas a*
and b* values were lower with increasing moisture content. Water absorption index of Yukwa base increased
with increasing moisture contents. X-ray diffraction of Yukwa base showed B type moisture content of 16%
and 17% while it showed A type moisture content of 18%. Degree of crystallinity and breaking strength of
Yukwa base were the lowest in the moisture content of 16% while the lowest value for hardness was found
in the moisture content of 16% and of 17% with screw speed 400 rpm for all samples. In the microstructure
of cross section of Yukwa base, air cell size was larger and cell wall was thicker as moisture content increased.
The sensory evaluation of the Yukwa base showed that color and flavor were not significantly different among
samples, while taste, appearance, mouth feel, and overall preference were higher as moisture contents decreased.
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3 WAE 93 AZEH10-12) D §3) AZFX o o
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Syulel Az AFRE AEE FBI7EMilled sweet
rice flour, KODA FARMS Inc., Dospalos, CA, USA), 27}
F(RM-100 RIV LAND, Huston, TX, USA), @A Z7}5
(063-100 Baker soy flour 93-902-HB protein specialties
division, Decatur, IL, USA), &F
Inc., Chicago, IL, USA)o|t}.

(Morton International

TRHIES| Mz
It Axe fvet A5 WRo) Fste 3
A7V FUHFE FHUER 3o extruder-f] oe] 7HA]
AolA At ot F&Ade] datar AU A % 3}E o
499 01?4%01 AR7] e A AP S Bt FAv}
$9Jr A7MEE LR 3% & FHntge] F4o] ¢4
B 17%E TAo=E ot APstAnh AHEE Ase
Table 1% 22 vE&2 A%t =4 7](Double Action
Mixer; model 100 DA70, Leland Southwest, Fort Worth,
TX, USA)Z 1413t &<t EFstdd. Fantge] Alx=
extruder(MPF-50/25, APV Baker, Twin Screw Food
Extruder, Grand Rapids, MI, USA)S ©]-83}a] Table 13}

2o zA0RE AFI e 65+1°C AZRI A 78 Ax3H
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Table 1. Independent variable levels of Yukwa base
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Extrusion Z=74
=B AT L extruderg o] &3] Aol A QM &L
2512 3} a1, die A4 50 mm, %+ 67 barrel zoneol A
Z}Z}y 26.7, 26.7, 51.7, 93.3, 121.1, 121.1°CE 3} A3}
Feed —r:‘%fé}%kfi 16~18%, screw £+ 300 ¥ 400 rpm=
393, feed rate= 454 kg/hrE A3 th. & barrel®
AFE L& die ¢, die 2%, % torque, screw speed, feed
rate= MACS PL-1000 data acquisition system(Elexor
Associates, Morris Plains, NJ, USA)¥} IBM PC-AT/XT
compatible computer(Northgate, Plymouth, MN, USA)Z
A5 FA AT

F8ke] SR o] oF 10% )2l 7}
F 5 ARE AR

A

F 5t
=] 3

of
A
oftt

Ly
a

=2 ¥ Fu| &3

faputere] Zolel 2 7-& Caliper(No. CD-6"C Mitutoyo
Co., Kawasaki, Japan)E ©]&3to A& 5070E 242 =35}
o s 739, FAE A8 50 FAE 63 54

3t frautEe] A5 e A8 5071 & 24 (Commer-
cial Blender, model 51BL31, Waring Commercial, Torrington,
CT, USA)Z 287+ 11402 vhag % 40 mesh® 4]
HEAUE R S8R, FHutgd A Y Faoe 24
AN Q212 A HT} True densitys FAS R0z
o] YEbaL, bulk density= fF3utRe] FAE FI2
UFo™ specific volume2 1/bulk density 2 YEFH T

TESAX|(WAI,  water  absorption

3| X|4=(WSI, water solubility index)
WAI 9 WSI= AACCHH (56-20)ol whe} A3tk
(22). 40 mesh® v}3 AJF5(A) 20+0.005 g 40 mL 52

index)2t T2

A Wi 20 mLe] SFFE 7HSE §, voltexZ 132 &
3t F 25°C W FEFol A 308 wHHe o2 AR

(model J2-21M/E centrifuge, Beckman Instruments, Palo
Alto, CA, USA)E 1,000 x goll A 158 FoF Q4122 &4
oS e WA e F AAEY TAS ZHs9

[e]
=
a1y

o}, Al W& J5de 105°C LENA 2447 Ax
st gt 3 FAE SASIAI thy 2ol ot AlLtet
Ao

WAI— (Weight of sediment+ Tube) — (Weight of tube)

Sample dry weight

Ingredients (%)

Extrusion condition

Samples Glutinous Rice flour Defatted Salt Moisture Screw speed Feed rate
rice flour Soy flour content (%) (rpm) (kg/hr)
1 475 475 5 1 16.0 400 434
2 475 475 5 1 17.0 300 43.4
3 475 475 5 1 17.0 400 434
4 475 475 5 1 18.0 300 434
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(Weight of container+Dried supernatant)
Wwsl — (Weight of con‘Famer)
Sample dry weight
AH
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A A 2} A (Chroma Meter CR-410, Konica Minolta
nc., Osaka, Japan)E ©]&3le] LW A E) a(H A

) ZFS 53] HhE =X &l HHF S

Sensing In

ng
%), b(EAE ekt

Sojuie] i =X

fanulere] ©@HS Video Microscope System(ICS-
305B, Sometech Co., Seoul, Korea)2 ©]-&3}] f3ulete]
wwe Ao & 40u dojske] BAsAn

FoHIES| X-M S|-EE 24

X-A 3-Ax = X-ray diffractometer(Rigaku Co., Tokyo,
Japan)E AF&3}4] taget: Cu-K,, filter: Ni, voltage: 35 Kv,
current: 15 mA, time constant: 1 sec, F.S.R: 1x10° cps
z70 = AL (20) 4£°~40°71 A 3A XA B4 A
AojE ARSEE X4 DAwelN A9} 240 5
= AES P d45te AR WH(A)S 2H F
oz o] FE HH(Aa)S HZAY FEOZ YT
Ac/(Aa+Ac)E 44 Z2AsE=Z Ate A ?23).

Texture

=3

Analyser®l| 2|8t  breaking strength2l  TPA

el o] breaking strength= Texture Analyzer(TA-
HDi Texture Technologies Co., Scarsdale, NY, USA)E A}
|3l FA3A) 71719 SHZAL test type: measure
force in tension, test speed: 1.0 mm/sec, distance: 25 mm,
road cell: 50 kg, calibration probe: Warner-Bratzler shear
bladeE 3}1t}. Breaking strengthe F3ulgto] =9k @
S A2 ¥ FHU shear forceE ©H WHOZ L}Fo] ALkst
gom, 103 WEAY 3}tk TPA(Texture Profile
Analysis)E Texture Analyzer(TA-XT2" Texture Tech-
nologies Co.)& Al&3le] &892, test speed: 1.0
mm/sec, load cell: 25 kg, calibration probe: 20 mm cylinder

probe, strain: 30% Z7io]A A&t

Abe AES AT = FYY wVES Y

Table 2. Size and specific volume of Yukwa base
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O F panel 15(d 5, 9 1008 7SI AAF A
model system¥} A|RE o] &3] ouHES 3+ & B AHY
o IEE AT F RS Bgo] 2L &
Zh grobx @ 11417 ol %7FskaL %782 A (color),
(taste), ¥FP](flavor), Ykl A 2] =7 (mouth feel) & A
A Vs = H HAERer Bt

gt

SHAE|

B Ao A Ad= SPSS(Statistics Package for the
Social Science, Ver. 12.1 for Window) T 2138 o]-83}
o SAAE e 248Gt RARHORZE J, £
2 @ BARA =8 AA)1F o1 Duncan’s multiple range

okl AH-AEA sk

(overall preference)=

testE

#m o oy
Oﬂ'.HI,EI-OI 3_7| al H|_9._X-I
FATVE, AIVE B 2 Au S H7FsHY extruder®
Az Faputge] Ao, A7 B Hl&-22 Table 29 2k
=3 %J—"]‘H}%Q] Aol extruderdl A FFH = FETFOl
1696, screw =7} 400 rpm 1 o] 410 cme. 2 7} 2%,
extruderf’ﬂ/ﬂ TFE FEEEFo] 18%, 300 rpmY W 2.77
cmO. 2 Fott) wkAe A G2 FEEEF 17%, 300 2 400
rpmel A ZA YEbg o 7 1E 7 {9 A<l Zfole N
t}. True density 235 18%, 300 rpm°ﬂ/\1 =4 YEe
Wtk v 848 =R 16%, screw E527F 400 rpm Y
10.162.2 7} =k, SFE3HaF 18%, 300 mm¢¥ ] 7.93&
2 71 @A Yebg o FEEE] 17% A% screw %
300 rpm® o} 400 rpm Y W H-&F 2 O %o F93<
zlole Stk Wu 5(24)& =48 Al 32 9&
Holl 714 B 9L v 9o flaxseed-corn
puffe] FEHFS 16%°01A 20% = S715FA S wl Hl8-5 -2
frolxd ez itk stk o8 olfre TETH
o] *—7}0}‘5 AFe 227t UE7h7] WiiEol] o] 4 o
v & o] ZFAadtiar At Liu 5(25) % extruderdl A &

FHE ST AFEL) 9FL FE T A2
A EFARS BT} vl mek 2ol ot FEFF
o] we W =717 ebxrkm mumsgth

Samples“ Size (cm) True degsity Bulk der;gsity Specific gvolume
Length Diameter (g/cm”) (g/cm”) (em™/g)
1 4.10£0.29” 1.20+0.11° 0.80+0.02" 0.10£0.00° 10.16+£0.44°
2 3.00£0.27° 1.14+0.06" 0.85+0.03° 0.11£0.00° 8.84+0.37"
3 3.29+0.17 1.13+0.15" 0.81+0.01° 0.1140.00° 9.00+0.24
4 2.77+0.23 1.16+0.06® 0.87+0.06" 0.13+0.00° 7.93+0.25°

YRefer to the Table 1.

?)All values are mean+SD (size n=50, density, specific volume n=6).
YThe different letters within a column are significantly different at p<0.05.
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Table 3. Hunter's color value of Yukwa base

Samples” L a b
1 82.07+0.107"  0.45+0.02° 12.734+0.14°
2 82.23+0.32"  0.43+0.01" 12.65+0.07"
3 82.22+0.11"  0.44+0.02"  12.63+0.06™
4 82.40+0.04° 0.26+0.00° 12.58 +0.05

YRefer to the Table 1.

PAll values are mean=+SD (n=5).

YThe different letters within a column are significantly differ—
ent at p<0.05.

300 rpmoﬂf\‘] 824002 fFFH oz EA Yelytth a bgk
T 5\:}‘7*01 16%, screw &%

WA UEgth FE

‘% =1 agk & b%kol SHA VrEbstth

stk 17%°) A screw iTJ‘7]- 300 rpm@ 400 rpm]

Lt bk 942 zkel7) itk Liu 5(25)2 &

FHA A YEE *—'L‘EE 31@( ANge] FTH Ux] H]|

o

Tl screw SEHTH Eﬂ ‘3%% FFE AT Sk

=13
300, 400 rpmoll Al Z+ZF 569, 54302 screw EE7} &
o o A JErsth Jin ‘5(26)01] -40}”4

screw 571 Y& A9 AR Az\}o] 7<401 2=x7) 9]
A=
=

A Fe F7HET 3}9&‘3} T= T

16%, screw 4= 400 rpm$¥ ) O22§ N =9ka, R
2 17%, screw -—‘1—‘}_ 400 rpm £ 2 =4 el oy 1F
F o4l 2ol It Wen TS(Q27) oJ3tH FE8-3)
Agre TFEY FFHY vEd et Aol Jo AR

ZRY &38 Exe FFg A A7) Wl screw

S57} SR £48 AR ol Bold SR EAAS

Table 4. Water absorption index (WAI) and water solubility
index (WSI) of Yukwa base
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= F71ega stk 3 Jin 5(26)9 B gshd &
BEZAA R} FREHAFE &4 BHo] glon n
&Ho] E&FE F WHo| Bl EFE FEET 11#—&
Wi, FESHATE wvha el B A9 e AY
S YERdT

FLHIES| xray S|E=

Frute 9 x-ray SHEE 543t Fig. 1 % Table 59
YER Ath SRS 16% B 17%¢°l Hb 136,52
4a(183")%0] F33 By -S YeY o, 2§ 18%,
screw £% 300 rpmolAE 13H6.5%)0] f1lal 4a(18.3%),
4b(19.8°)§‘r°] F3e AR S YEITH28). 28 16%,
screw 4= 400 rpm ® 17%, 400 rpm Z A= FHutg
9] “]%Zi o] Et=H|(Table 2), ©] Z7 A= 20°(20) ©]
Aol A peak”} YEFIA] 29kt Kim# Lee(29)= 443
g SRR vk 257} st s W 20°20) ©1%
ol X peak7} YEFUA] Fhal AL, 20%k0] E4F A
AAZ WzF Al &7t FolA=d A7)l A peak?t YERY

A e AL 2L ATV T HHL =3 AF TR

(1)

@)

3)

Diffraction Intensity

@)
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-
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19 26 33 40
2(9)
Fig. 1. X-ray diffraction patterns of Yukwa base.

Table 5. X-ray diffraction patterns and degree of crystal-
linity of Yukwa base

Samples” WAI WSI Samples”  X-ray patterns Degree of crystallinity (%)
1 5.12+0.217% 0.22+0.01° 1 B 10.01 +£0.35"%
2 569+0.11% 0.19+0.01™ 2 B 10.51 +0.24°
3 5.43+0.23™ 0.21+0.02" 3 B 10.47+0.18"
4 6.00+£0.07° 0.18+0.01° 4 A 10.54+0.27°

PRefer to the Table 1.

?)All values are mean=+SD (n=3).

YThe different letters within a column are significantly differ—
ent at p<0.05.

URefer to the Table 1.

PAll values are mean+SD (n=2).

9The different letters within a column are significantly differ—
ent at p<0.05.
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Fig. 2. Microstructure of cross section of Yukwa base by videomicroscope (40X).

Eo] o AEdh= A or Bustrh PG ET} 4’\7} Ao WETEE B AEE JER = vE&H 8T ofyet
He HES A2 AL duE 245 dide AEe] A FAE & 4TS A T8 24w
3% 16%, screw &5 400 rpmel A 7HE BEA "]'E]"X%E- g g AUk
H, PRI 17%, 18% A= F2 221 ztel7h gllch STIHIELO| breaking strengih@} EIAK] E4
SDHIELS| o X - Huler 9] breaking strength® =33+ Z3+ Table 6
Fahiee] @ 42 Sofste] BAY WR pre 7 BT Dreaking strength= Aol WS Frakahe TRl
Fig. 29} 29t} gahuee] 713 27)E S8 3 eko] 18% HHOE Yir go2A FEIT 16%, screw HE 400
ol AL 714 ZA VeI e HAY s)Fo == pF rpmell A 15682 7 WAl Yebstarl, 83 E 18%, 300

Agren) Axo] RRA etk FRFFol 16%d 3 PmOIH BRI S e, SR 175, 18%
o Sz Z7) o A XAs =4S el S5 A= fFolHQd Aol AT Jin S(26)2 breaking
% 1799141 400 pm] 7189] 71 300 pmich o agp  strengtht HEAFT AT viHTES Bee] .o
B, 7189 5 © ol tehdth Jin $(26)% Moore 5 1Ml 77194 breaking strength7} e SHEEH),
(30)L FERE A AT YRR OHL HE o 27, A B APAME FAEE 235 YeEbl o Texture analyzer
S AT a7 So| WrlEe) 29 oo Mol Yugz O s ¥ PAOM hardnessE =58 2Fo] o
7 Aol gleka sQm, A7hE A fae) ol Fvbspw M1 A ERAEH, FEEel 16%9 3% hardnesssh
A EH S =971 KﬂifU]T‘:— ZolRtha BT St gumminess”Z} 713 ,\II’_ chewiness= =4 UEst
nlele] YRz BFe] 452 eyl H 42 (Table Bl 17%2] 2 400 rpmell A A x3 FInketeo] 300
& A7} 9o Srdlee] Z/1F4E B L rpmoll A AxPE Wro F=rt o @A vEbsith

ek
H—_‘:
]_.

2)%+= 494
Z & 7F43H(Table 2) ¥HE Fypnbere] YR TZ2E 7139 FoHHIER| ZEsZAL
2717} A5 AEHo] FAYT o]9} o] fypulgre] oy Sopulere] B5 AL AZ= Table 78 29td). &2t

Table 6. Breaking strength and TPA of Yukwa base by texture analyzer

Samples]) Breaking strength (g/mmz) Hardness Chewiness Gumminess
1 15.68+0.417% 3326.08+£221" 19.59+1.75" 115.28+11.70"
2 23.79+0.93" 3660.38+ 280" 18.06+1.65" 138.98+10.38%
3 23.21+1.14° 344778 +211° 19.23+0.86 128.24+11.66°
4 23.83+1.12% 3817.62+306° 17.94+1.50 163.10+10.78°

})Refer to the Table 1.
?)All values are mean+SD (n=10).
YThe different letters within a column are significantly different at p<0.05.

Table 7. Sensory evaluation of Yukwa base

Samplesl) Color Flavor Taste Appearance Mouth feel Overall preference
1 3.09+0.18” 3.29+0.23 3.85+0.17% 2.79+0.30° 4.28+0.37" 3.50+0.64
2 3.13+0.19 3.25+0.20 3284057 2.34+0.24" 3.35+0.22¢ 259+0.15°
3 3.07+0.37 3.20+0.19 3.25+0.22 251+0.18" 3.95+0.30 3.10+0.46"
4 3.15+0.23 3.17+0.22 2.81+0.21¢ 2.21+0.26° 3.00+0.67 2.37+0.31¢

URefer to the Table 1.
?)All values are mean+SD (n=15).
YThe different letters within a column are significantly different at p<0.05.
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o] Aol gt 7|E e FEFHF 18%, screw = 300 rpm
o] A% 714 =4 YEh A= (Table 304 B ule} 2ol
Lgkol &1L, a, b#ko] W2 Fntars o Asstia "ﬁﬁ
HAL W, o3 Z}O]* A}t Fulo dig Vs E=
TR 17%, screw £% 400 rpmol A =gy 18 7+
oA A= %’ii’i‘i}. b 9, ‘?JOWHHJ =7 g AR A
QA MIEE FEFH 16%, screw 4% 400 rpmol| A 714
=7 Uehgth ol= §autero) EL7] (Table 2), |HFF=
(Fig. 2), A3 ZAA3}=(Table 5), breaking strength,
hardness(Table 6)°] AF 27} D3 S AV Aok A
2t fronbee] vlgA o] A3, WRFx] 7]F ] A7)

7} Zow Mxwo] gFu, AUlE AAIFE, breaking
strength & hardness’} @& W 357 2 Aoz g
pr=

o oF
i =

=i} -=.9O
LEE

FE7VE, A7V, AT R A7rete] w3
Z 16~18%, screw &% 300 % 400 rpm, feed rate 43.4
kg/hr Z7A9 A extruder® A|Z3F f-Hutgte] EAL 2
I 2ot 2o, A% % HIR 2L extruderol X FEEHE
F& IA JEEY fH6tge] s
L#e P g5 52 v agt E bate &
FEREAATE 78 FFol B
& ooz FUtE Ak FHutE] xray IHE
B 16% 2 17%01M e B8-S Yeldon, &%
18%°M e ARE S YErHT Ao A ﬁzéib_ﬂ- break-
ing strengthe FE33F 16%NA 718 2A el on,
17%, 18%°| A& <93 el zlo]7} HAME]- TPAOHH hard-
nesst© FEEH 16% L 17%, screw &%= 400 rpmeoll A 7}
A et fruige] s 40“Hi gofate] w2
gt froutg e R FUMESE V)Y 2V A
Axde FAYUY. FHutee] #d5AA 27 FEF ol
w2 A guje ik Vs EE F93 A Aol=
gb &3, Yot MY =74 8 HAAH AsEe FEEF
o] FSFE V|ZEE EA UENT

N=ET =

Ir o

[‘1[‘

ol o
o A 4y X O{N

SNERE

&AW FEA Ty
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o] =&-2 20061 EHAZ A
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