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d Fr7= dAFoA ul BAEHI e L Sl A4t
B2 85%& x|t glou, gatold {B24Yel o]2ylx] FAM
B& Rolya] Rsta olon, Matel offEg RIA7} @ 1
2} FAEY SRUE Thfsa s AFoE Jhgel % 17}
HE AL oy = AP el EL o], R YA E}E
of @& 2= HAUE +Y MYl tiNY Jl& 34 Q AT} AZ
3 @73 k. &R A oy, eI 5 FdoloA 4 s
L8 A AR, Y Yl et A £ 8F AFAEFY o
2 Fol +UE 7Hedol wolxlx glomz At T3 Jlgo] A
Aoz AF A U 29 W AAoME 71F AN 2
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2. B34y &4

B 2] vieloMe W0 2Pl mel $ F= sjHo| 2
32 gk 2YEE ol g AikAt A7 AT} ol gAY
ol A ciFggate] 7hedt £ HEZ FHJLE /1Bl HE &
AES Y USHE, JhFe] wkE FIiA Y Aa @ /3 ot
e B 58 B3l Y &5 € Y £5 FUE =R
olth. vl FEF AHE A ZE gol 8ol giA AgAH
o] @Aol YA, At FAZ Fhgell ¥ FHol A e 4
Elofl A etadsia A Agwtd 23 HF AgE £l o
2t At Ee] zof, MR n ¥E, v ALY PP FLE &7
o] A& olFA Xslal dle AMAoich. &R Fe I At
RS F71 717 @2 13 SatEd R ey 3}
2 o= 4 SRl i 71F FAEel Wen, wi oo F
g o] A Rsla e AR olrh

wpeird & dFollMe AFeAEY FAY Y /MYl oMt
23 witEo] Uit ZUFE P w7t 4 Juisiaal,
7t A5 Lo dHog AL YoM P dide] ks &



3 2HRd &7 ASH A3 AFY vy 9 ¥} Js

A2 MY R JIEFHE olFo vl FF XA FUSHE
& el digsie ZtE FWY ¥4 R w7 #UAS FuH
A7zt gich 53] Yo s gedd UL AU &FE
e otely x3E JRle 2Rt 714 ASA AU 57 o
o] Foigt AFA AR E 13 FAHEA &7 st ZBH S
oS Z3Ad 5 gk

3. 233 &9

B71= QdZolA if-2 Al BAHI e EFE 2 7187
&2 7lito] A Y AFelrh. weid IR w& 7158 Al
o 7H7le HAe ot Ao By} AT tigsel iyt &
27 o] FoA|A] ferhd, W0 &o) o MUY (Y)Y
EF7EE (EFA 5) thxFo] FUAFE 2ol AAY Je
2 ool A4t A AR e sHeAol uf &Th o]
o] ofg FopolM UFthEe] FAHE 27l A AFMe] njAH
3 e, 7183 7le F3o] A& ¥, YR kg Y A
Eof tiA g Fo] mefsirial Algdrh &Kol IAufollM &FAL
T 7HEAE AzAAY A8 L SN dilo] wE XA A
o gtz 22 n] Y, A3 g B9 oy §2 UMY
of ulel YFolld Y A F2 &F 71 AF} 7158 Heol
Ade &F AF Fol Lot &0 & 5+ B4 A 2AE £
degd Flojrt

upeid £ dFoM el FEARE 2717 A% A 8
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IV, 3708 23 9 & oidt A9
AFAY 23

< &% 7HFe] #HA 234 %3 D
11X s
7t FEUL] He ulE &7 FAENAT

&5 2P € Hd(viscosity) W FHE(dynamic
rheological )2] H¥}S Bohlin dynamic rheometer® &A1 B
E &3S % AHxbd (linear viscoelastic) {4 Lo sy
th. FEHIE (50°75%)2 EUY &7 AdGxo] cigt A
Y& st AU 2ol ALY A, Herschel- Bulkley B
2] correlation coefficient7} 7}3 goltl I mYMdeEe] £
TPl I WHPE FFY A - 2T EFEYSE
(55%) &2 3& x| (yield stress)?} ¥ ARA$LE RAgFYe
H 42 548 RoFden, &2 +EUPY SFEYE (75%)
2 2 PSS BodFo] S48 Aot EFEUEY ¢BA4
2}zl PHo] ASE RAgFct. 4+ZUPHE TUY 7Y F

54 &3 ZAz2}, storage modulus ZH-S f-Egtaro] 50%0lA] 70%
2] ¥elojalE loss modulus®B T} RE frequencytjol A ¥ S
HojFo] y=o] polymere} A2 Hutdilel HHE HAFdn
frequencyol] 2]&/43& HolFa] Qgitl. FEUY Toxelde 27|
frequencyoll A] storage modulus?} loss modulus®.t} WA ez 2



X} (cross-over point)o] AAEo] RE T3 E/AJ3e] frequency
&R Kol Foch $EUPEE 42 &7 J1d &= wE
S8.3eko] ZIJlY4F storage modulus, loss modulus,

complex viscosity®} Z-& H¥Ige] &Y #H4AE HoAFoew 2
7] Bebd MAEL2xe) AL 2EE ¢ £ TxoA dojuth
Hergel Y-S RAFI, 7%

sEUP] FRE U2 HEY LA} B2 JAS HAFE= Y

U, &R-UsE 5§ AFolde AE interaction H el By A
?

o7 tiE x| WiE-8F-E 4o wE wHe 53 &4
o thyt 2t AEES ATHANE Yolr] 3l modified distance
based designg ©o|&3lod ZA}slg3 linear W non-linear
backward regression model & o] &3l EAsigrt. &F-UNE-B
H3utZoae] Hehgdzt 3 43U HIH= Bohlin dynamic
mechanical tester7]3 o]®3le &3l 713 7%t 2 element
Kelvin modelof] &3} 1 modeld] BH a4 (7)) ¥18 a4 (E)
o] §EAHE AFshorh. EY 1ol &5 Huige] FY
42 ulZ9] storage modulus (G')%} loss modulus (G”)e} Zle] #
238H= A} HoFgon B Hrige]l B4 Y Fay
o3tg s}4dt). Linear modeldl] ¥]3}ed non-linear modelo] ©l& ©
W& probability gt (P<0.001)2} ¥ residual probability Zt&
Bo] Fo] uiZofAe] SRR Hajol il F2 FHEHS R4

Zolon B3], non- linear regression modeloflAl:= ¥i&A|o] @7}



T2t &7 Atole] & interaction termsE& Yo Frh J|ESE=
ZYulMFEH G, G", 7, E goll thl 2z SRPE " &
H}E BAFE trace plots RE UEL &7 U0l F/E+E
Hahs ARG B Foon v]iy o 29 Hile RE UES
243 HHAFE 2AE Ho FoAch AP UE oy, Ay
kol olojo] targetH¢lE Bl AIRHE least cost linear
program 2 wbZule] ¥} Do ME AP WEAAHE A

Alste] Foich

2. 2=
7t &% F4E o8 /AL iy T2 gk &
.I?_

ERAEAY Yol A3 &F-UNF-ES AMEstd I8 ARs}
grl. A2E 242 B (tensile stress), YE(L*, ax, bs)e} ¥
SRS AAsl SARYA 2o vehoch ¥ 2 uld
g 2dS FHY Az 9B-$YA N E vehlE L#(lightness),
a%(redness), VR b HBAEE vehdol 2z 4o 4T 2R
of &x3A] Yot HYHoT AHAEULE B9 FAdZ,
b¥(yellowness) 2XA1& Utehlo] 2F-U7E-59 A4&EAoled
4% interactiono] && sttt Whgo] F¥E ulxe 4L
2t 3 4h3-& trace plot-g o|-&sto| AME Az 771 F7i¥el
utel F42] 24, M= FeAAETE PLaAIE BYE UL
vedch uhSE9E A Y (response surface methodology)& AH&35}o]
A ZRHE o|Faxt MY 4E& TN XYL R wgEH
& Uehdiglol sEge] A 2oz g3t gFe B9

....10_



(a2 35 4284

Hel7t F2 BAZ A3} 7t g EHES A ¥d ¥ 5 JAch
ARG LR T2 (Least cost linear programming)& o]&3}
o AFEY, Mzo Ve UYEE BEF I+ 2o gHEA|
7l el A JHA0 wE A wiyu]E AABiAch &
Fl7bE: §o] vl &ol Z}zt 2.27%:66.28%: 28. 45%2] 2| A o] ufiiu]
dodct &7 UEEY HAE dE 120:10:28 FItdm 2
o] 7tA L 9.9245 uiehldct. A wigdvlo] wiel olgsE =
SA}E= Qlate o] 2.234 N, Lx3te 82.39, axte -2.860, bkt
2 18.1328 A4t=]gdr}. Excel& o] &3}o] solutiond RHEo] 2
dE g, Yol wE o= NSANE Ioldn geg +3)
& extruderd ©o]-8% &F A F(cereal)e] FEXA3 W EYu|&
2| F glof] T Zto] H& 7|2 programming®] ¥{)-& o] Fch.

2

3. 3xjd=
7h B NEg EA o] 2% &% U&8E AR Y =4 dA
of g AF

EFY IHIAHE 3] FANS MU S ol &3t A ¢
248 713 24& A3t &8 Y eVt JAPLE A
o|7} e, screwd] L7t W FUAY FEYYo] £E4F
BEBEIE WA vetkten zAe] JEJE HA PP Ao
UELtTh. Screw speedet E-3tapH3to] wE bending &3 X2t
AEe  dAA(linear regression)2E LUEehjold o {2Jx}

s

(prob.>F)7} 0.002(r?=0.8215) & U}EIL} quadratic model(-F-2}x}:
0.028 (r?=0.9160)), cubic model Z&AJ{0.094(r’=0.9723)} %} #
P FAAL 22 Jeidch d&4¥E FAleldY AP S
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3% AR screv o FERYO FMUFF UAHAY &
Baeldel 2ol sl ez Yeluch ¢243™” 3749
deol A AAL Al MFA F¢s} 0.001 (r’=0.8507)2 U
elydch &5 $EUY F7io] ufel UdSHYEY MEapl dE
Rog yeisteon, +2¢Po] oll+S P& Yold o} {2
2t} g@Algol 23] Mz UEEYEH Aejdy A 2 4%
& ulxx] = AL o 4 2drl. Bending failure force, 273
o] HARM HAzZA B8 A szl F¥AD A2 &
Fazld A=A Y &8 2P EdE +IEUY 25%~26%,

screw speed 225 rpm~320 rpnd] Blo] &3t Zo® Uelkich

o

bl

[

U ERAE AgEo g &89 oty EYH d&4E Aled
A zo| WA

S5 WARE EPHEAY P o3 &Yt 23 54
3} 23 EyPulE AYstdct dBHYEY &F Yol Wolds
& AR E vehles YE24BEY 7o) 11.54 molA 8.92 m
2 AHojFon, L'Zte 82.42004 71.698 uopdct LA 4
(WS1)= WIIEet 877} 50:500.2 Y=ol d&d¥EdS ol
13.0x2 71 WA velgen, &5 AUy sEEF%Ase i
dste ZA3e udehidch &F ¥ Folel wel mEdEE
1.614 kgeoll Al 0.24 kg2 ZAstg oL}, &F Efol 3 veds
7} AFHE o Ueiytch USHBE LY thicknessF Duncan
testZ 4§ A UiHFEULE Azl F ¢t elAEZ2 &
o|7} gl Re® yelytch AjutEE ot ME2ARY] BEEE vz
FAIY SRUEEYEY 7 EYHIESS T5%~00%7t HAEY Ao
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& upepxich

th. &% cereal2lo]7}l ] HF AW o =z nxj& ¥

AHOA 7§ A&7 AR FPZRUsIAM Lol &7 e|dF
o ey 758 & RABMATL &, URFL2A 22 Ao|#
MEZLRA SFAES /Y AolE& Mo 5574 HA F
o NFF7HE, Aolo| A&, Y oMo F4AY, FZa
£E|E, HDL-cholesterol, LDL-cholesterol, ¥ T A 2|45 A}
st AMFF7HFL &FE A AN IA Yetdon of
Uz o] &E &S F Foll Foxtolrt sk Y of FPYAY
=, 3 ZusdHE LIL-Zd28E Z$¢, izl vl &F
A F2ONAM Yol Z¥S HHdon, Whd HIL-Z2HES &F
AF A Aol wolle B8-S velio] 22y 32 A o
v 2 AEAE 3R A28 2ok 59RE u £2 %
BT AMgEE FYUZHAFE 557TY &FAFE MR fFe
2 ylolx 2 ZA}E Jrhidcoh ey R Feeles e,
= Aol M o] EEEe iz ol vl 43 xjolg viehfz] ¢t
=3

gt d2dFPelM v &F Aedy Mgl iyt a7
ErAelde AyFLe F= 8y
PVC X7, it Fo] XY, TR F3} T ZRANAL o] &3}
o 10T} 25ColN &F Alelds AAHAM AAF 2 bending
force, M=(L#), u]dE HHE FF3l &F Alejd A4l
thste] At} 25ColA A AR H$, 9.56 NojlA| 18.77 N7}=|

_13_



bending forceo] W7} AsHA Uelyton), 10T 23t AL
9.56 NollA 14.85 N2 25TCollM ARt ALeEr}l 2xo #3E
A e Ao yepdch. 236 wlelhds 2w 933
R8BS UehdliA] ot X3 a3 Xjo|E IhEYU 4 gldch
252t 2% AAE £EUF HEHE 27] 10.3%0lA 7.9~8.0%2
Zastoch. 23] aetds ozt xjolE& K|t 154 o
Follv A 4B %S vehdiddclh A Fo Yz #Hi v
o} A=A FUSIA, L'Zto] 65~702 HelUE Uikl &
T AleldS e T AL Fof u|RES &Y A3}, I A
o Hte A Yot

< &59 4288 Rzlof gt AP

11X s

7h &4 ol ZE &4

JZALE B o83y HEe EMXE Fusto vlay Az
8 8.02~12.24%, ¥r4=3}E 51.9~76.1%, T 13.97~17.6%,

Aa

Z|8l 2.02~7.62%, ¥ & 0.5~2.3% ZAG(Ao] ME) 0.59~4.66%

olglct.

U, SEAlolo] 28 g E3

o] Aefol thyt Aol 712 B3} FAWHeS NEE
sl W Aol o]8 TS EFstAT WY &Y Post MAM
goje) TEw £2 X A4 £F, BHA WA 4 (Glucose
tolerance)5-& &Asld}.

_14_



1) A33712 A Ao] o] & &S

2E 29 Aol 242 HR4e 43 IS A 3tdolx: B
P B AFF7te FLTRC KA watonw YeF
FolME Br-ti2Z Gx-&F Abolo] Aol gladrh. Fike-
SR AloJolME &7 et FUSHA AFFTlel AdojA
zto] 7 Qldlch. 222 Whedto] FAtdtel vl MFF7 F=v)
sgton, gRAMols Y FolMe AFF It Ao] o] & HEo
t ¥ uAA] YU Aoz gzt
2) 8% 229 &, 9y £&, g Al

AAA H2EFE BEF TN &F40] 2F7ix& ¥ 2=

2¥E Byorl &F20] 3Tl ol&

25 B2 F FoRE zlojF Rolx] ddtch

FEA g A8 (Glucose tolerance test)Zibe= AHFuof

_:

3R AMo] Hdfr4e TS dAA stAE deles &
ol MYk A= BYHSHA YUY 5 AAch
3) ¥ ZH2dHE +F

B th2Zol] vidiY Bx-F2 &7 2 Ge-WEFIY F
dAEE 22 A8 AVRE B3l Wolrle Z¥S Ho] AP
o] 3FAole Yr-H2 &7 Sx-WETFI Y FZe2H
& 0] BT £E7A HolArh Yol H &7, ¥MEF &
= €Y E 35T AN Gy LL-FH2HE £EE Y-l
Z322| LDL-ZH2elE +ERTH o3l Hotod HERE H3
¥ BxdE Fr-t2FHr] LL-FH2HE $&0] W2 3¥ S

A

Uehiolet.  HOL-Zf2ElE £&2 HEI Ll xlol7t et 2



dog gRAlols Pue 228 YEEA 29 sl o
ol ZH2EE A4S AMATIS Z37 Qs o 2N
ol B4 sl AL H(ol: wolu Hi W(el: n4rR)o]
iy zeYog 2Weh

2. 22 dx
7h &% e ¥4 249 54 4
1) AFF712 9 Aolo|gu g

2E 29 Aol 242 AR4d I S A 3l gox &
T3 Gt AFFrhe BAIEC fYstA Woton "WnF
FolME FAT AF zolrt gddeh. 2B PFo] FATol
B3] AFFt BEI Wdoten, &FFBEAole Yk FoA9
AFF7It Aol o] & H ol FYE njAA| AU Aoz 4
"t
2) 7130l wWE Y ExY & WY

Streptozotocin ¥ YiFjola &FFHEAj0] 4o ¢ A
Bl¥e HAE MY ¥ +EY HHE &F3Y F3
methanol(M) F&E4lo]1} chloroform+methanol (M) &2 EA]o]of
¥t A B uighugo] AAQel SAFeR RosiA| Y
Le82 12hdx AE2} Po] e U8 &Fol ¥ Yk &
I 7o) ghEo A& Aol dR4e] HME FHHC]
3) 71el w}E WA FAlAHE & HY

8% ZdU2HE £E2 34Tl A¥ A 7BE B3t Ht
ooy G2 EF Yk U Axde IFFs FriEidony
B 710] AojA4F Hi Zastke FHAey 2 FUY §
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78] WHolst Al &FFEE H/IEo iyt RN AES
wielz} ojgel
4) 71l o} 8 F8AY &
Y 382 72 Gxedo] FZol vz HE A JRe F
st} @8] wolrh B2 G 710] AoAUALF PA s}
A Frpstdd et M2 A7t vlgol BAIglel 718t edoten,
MZ2 A7) &o] S718+F dx 7|3o] ZAoje) wtE F7t vl &
o] E3=drh

S

R RFelAgat €2 dxctizIol vzl Ht vl gl BAglol
MZ2 F8S YA dsten, MZ2 2318 gl ¥F F4AY
FEZ BxrizZol vls] MZ2 H7t vigol Aglel Woken,
MT2 A7t vl&o] &5 Yol F=7t BAstact Y F4
2HE $E2 L2 I FEY Holst H3le &FF2E A
Zia ol iyt f2t AES Wiy olsislen, HL-ZH2dHES
CMZ2 H71 u]&oll BAIglel SixrhZZol nlz] V=3] ulct
6) 239 FeaHE W FEAY +F

2% ZHLHE &2 SriRFol ul3) H7} vjgo] AAIQol
ME3 ME B2 93-S A sttt B FEAY 2 B
thz2Fof ulsh MZ237t vl &o] 71 ' MxdZo] ygten], tME
< A7} vlgol BAIQel VS WA dodrh F& FEAY +&
< YxtiRFo) vl MIE3} MZE BT HI|go] FIYSE U
otAth

7) B W =] thiy &

oo il +F2 GxrhEFol] vl ME2 H7t u[Eol



Aglol watou MZLQPRE WAl Ystth B W 2K thy
A 42 2 Fuel $EVY wols} Aslel §RF2E WAE
ol Thet RR AL el7] ofsigich

3. X

7l &5 & 25 9 WAL Aol g% AlF Ft 2 B BA
EF F F& 9 WA} Mot MF Frtoll nA= YL ASE

Bl Ao] 2F 7iAl= &F EFEETE 2RI /Y xolE

EhliZ] ¢fdtch ey 3Fole &7 & diTel &F Al H3E

2 tEo] tzFEc} ¢ AlF F71& 24l

EF EFE 9 W} Holst 7l FAl ulAs 4y B F
Aol sl &7 E42F2 &F Ay M2l Fol aj=F3 v
aste] foFo| zpolE Hojx| ARt u|Fo] Qo HEZo|
zERcl chas & 2 dch

EF EFEEI &F A} Aost Ao BBl nAE Yoz
7 ALY H27 TR 22 Alo] &S RAch
1) AN|&Ht

Sl AFHEE VAL A2, AY Ase] X gz
o] d¥FHCl RoFog 2 AFS Bodrl IFe A 7
¢ iz ZF915 nleld 92 gollM 5088 F71E Bl i A
2o 49 8F EFETolM = 87g oA dlg, &F AFoME
38g oM 88gdtrh. &7 THH FoME YL A Moz B
T3 G2 A FFIIR As] o] &/l WA Yetulct
2) 2% 39 My

_18_



A, v, 2 AR 2R AFE 4 AY 5B AR
| el A& 22 ehdigdch. A¥ Av| o] X RE 239
AFL AF 100gLe] By FoE YTl ti2FHc} £
A%S Hyrh
) 8% A £& 8y
7 384 ¢FE &7 E FEILoA R WA uElsdcth
tz2E2} &5 JaFoldes SAFLE YU Aol & vEehlA]
dolch & FeAHEANME &F & FEFAAM AR oA ety
L} &F WFoME tfRFRT} A Ueld 2E B4 Adddch
HDLZ} LDL o] u]&of QojAE HDLS &1 LDLE WA Hojmog
AE FEo oA &F E 2] Y AHBYE A sle=
Hog uvEeldch iy 85 ARES HDLY LDL levelo] tjzP
2 FARY A& el HDL leveloAls &5 ZHAjZo] =
Hrp FAAA Rate dRA¢ =08 A velktonl LDL
level oM= tfz2FRr} A4 Uepdos &§F WAF2 iz
RS of oMY AAZLE FA ¥ 4 A= B2t A
t & + A uEeiutich

53] &F & #2732 59 AgdME HE X5 HYe
2 Waleh Pol e AWe YT A7le Wol LA AE

< AARicha & 4 glalch

2

32
Rl

1) 7, A% ZAo|A glutathione W3}
oM ABEH 2T Alolo] ZFElElE ol glojy BA
Hd FAXAE B 4 AUk AF 2o BAAL KgxE

_19_



222} AEZE AbololM 4= ddxtt &F & 3TN 7t
A &2 Glutathioneg ¥E & 4 UAch &7 § F830] &
Aue] Y-S e ¢ UASS BT ch ol S
B3 A= A 2EdHAY W fere st AR
BAE FA AEE =etEria g4 Adch
2) b, A AojA] glutathione peroxidase &}

o

£ & $2832 A& glutathione peroxidase] &2 EA
5 Rdch Aol s SAdste wWolalAldl glutathione
peroxidase®] ¥ZEE wAUTHE A Kl ol8d, 2E9
Lof 2% AA o3, 1 9 HHoENE HAME ABY 5 {AY
4 SlAE”ch T3 2 AlHolH &% B F&FoN o
glutathione peroxidases] £ Fe= 1F2Q Azl & 4 ¢
1= 3
3) 74, Al&ollA glutathione-S-transferase ¥ ¥}
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SUMMARY

In the first year, the study developed Coix {Yulmu) processing
technology for the commercial application, including the
optimization of processing condition, the chemical and
physiological properties, and the biological activity of Coix
and its derivatives. In the processing optimization study, the
strongest viscoelasticity of Coix was shown at moisture content
of 55 %. The optimum ratio and the cost effectiveness of the
product was shown by the interaction of Coix and wheat mixture
products,

In the second year, the optimum mixture ratio for Coix noodle
was taekn by the optimum and lowest cost study., In addtion,
the biological activities of Coix and its derivatives were aiso
studied.

And in the third year, Coix cereal was produced using the
extruded Coix and wheat mixture, and opitmum processing
conditions including barrel speed and moisture content for the
Coix cereal were established. Using these optimum procéssing
condition and mixture design, cost-effective lineal programming
was developed and applied to produce the best Coix cereal
product.

In the first year, the present reserch investigated the
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potentail hypoglycemic effect of Coix when the total fiber
consumption was controlled in streptozotocin-induced diabetic
rats, There were no significant differences in insulin levels
among those groups. Liver glycogen level was in experimental
groups lower than in the control group. However, no significant
differences in the muscle glycogen level were found amoung
treatment groups. Also, the muscle protein level of
experimental rats was lower than in diabetic control rats,
These results suggest that the hypoglycemic effect of an adlay
diet is not significant when the amount of total fiber
consumption is controlled.

In addition, hypoglycemic effect of Coix diet on streptozotocin
induced diabetic rats on the controlled intake of fiber was
also investigated, The levels of total cholesterol, low
density lipoprotein cholesterol, high density lipoprotein
cholesterol, free fatty acid and triglyceride in plasma, and
liver and skeletal muscle were compared. The results suggested
that steamed Coix and roasted Coix have the potential on
improving lipid profile of diabetes in clinical setting and the
different cooking methods of Coix affect the lipid profile of
the diabetic rats,

In the second year, the current study investigated the
potential hypolipidemic effect of adlay extract in
strptozotocin-induced diabetic rats. Methanol and

Methanol-Chloroform extracts were added to the control diet,



The levels of glucose, total cholesterol, high density
lipoprotein cholesterol, free fatty acid and triglyceride in
the plasma, the liver and the skeletal muscle were compared.
Among diabetic rats, there were no significant differences in
the plasma level of glucose and TC regardless of a different
extraction  process. The result suggested that a
Chloroform-Methanol extract of Coix have a potential
hypotriglyceridemic effect on diabetic subjects.

In the third year, the antioxidant activity on Coix diet was
studied. Sprague-Dawley rats of 120 * 10 g were divided into
3 groups: control, water-extract, and Coix residue diet group,
The levels of total cholesterol, high-density-lipoprotein
cholesterol, low-density-lipoprotein cholesterol, free fatty
acid, and triglyceride in the plasma and the liver were
compard. Glutathione, glutathione-peroxidase, and
glutathione-S-transferase activities in the liver and the
kidney were compared also. Water extract diet group showed
that Coix water extracts decreaseed LDL level and increased HDL
level in the plasma. The antioxidant activities,
glutathione-peroxidase and glutathione-S-transferase
activities, in the liver and the kidney of rats in water
extract group increased. This result suggested that Coix water

extract have a positive antioxidant effect on healthy rats.
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= 789 Jiglojct.

bzl &7 o[ YR iy AFE FFE oA
Al A A8, AL BE A4, A=, ¥E, 23y 5 By
Q) w3t} A2E|gch (Ohtsubo et al., 1984, 1989). E3F &F4
otoff F53 v g ciE A Fol Avlsty FPURA d52Le
Y HBo] A2 Wty H L (Hayakawa et al. 1984), HAME
et &5 ZAAS R xujol] o] &3tz i cialo] g5
wgs dysodon, &F Fxpeyt oplel &5 Helo #Y 43
X #slodx]| 31 glc}t (Yamashita et al., 1983). Ohtsubo & (1989)
2 &7 %A 448 trypsin inhibitore} thA Fajas
inhibitor?] & SDS-PAGEE o]&3lo FAsidx, 1 Az w2
gol &7 G yAsIden, W Wyl EE L cfiEol
wjolo]] Eajst= 2o g Rdtgrt. o] trypsin inhibitor?] A
of thdt FHol, e wHyY B, dAe] A Fol oyt 43
Az}, A HAdo] 93T &S EEoA dojudtin Rasigct
¥ 55 aRet EY AEFEL TWEO| extruder cookingg dh=
A7t BAHBIA o] FoH L, olu] stgel ¥ &F WY trypsin
inhibitore] HAjo] eI B3 ¥ THOhtsubo and Iwasaki, 1990).

ol &Fol B EAFA A7 70duiFE o]FolH &
2o}, vt AEog 2 AR R o]fe] AP A3 FF
& olFAdtt (HAF, 1977a, b: Z71Q, 1975). AAHoR &7
AP 77 AAF o F4] oA EFLRA U7 £ &FY A
3 34 A, WA 24, triglyceride 24, 34 A3
5o RS FM YA doAE AR, AW 4

24 ARE o] % A7 AAHAC (A5 F, 1987,

O

it

A

v

o
P
X

[+

it
lo

_39...



1988, 1989, 1991). =Rt &F =AY =¥Ex, 243 AL, 3
Bro} e oA FAo] dRHI Adon, A FIHo
# Ausx AxEdch (21, 1985). 52 HRolME gate
ZAE 40l olFolA AEE JTEAY i HEozN F2
i ko] HE ojfE AW WA iy A EoT A o] o
FolA gt} (ZE=E, 1977). EY, &FY BE 7o BY AF
o AZY &F oUIEI K50l B4 acloz gt
HA Fxe ool ulE = U] A ddo] A=t (2
9-g, 1984).

EFE 3A &4 SFEYL Ax JHEE, &% HysR
a2t 5o JFEEa Al W yepx] Fof oJojgog o]fE gch
d Aol f83H de SFHE 13 AETL ool R ¢
A2, S5HEL 10~30% W7t o) LB S 225t Qich
Jdbele SR 18 0 FAELEE $8FA, 2FEYY
2l EFEL, oA7R, TERFEA, AU Sl Adrth. ey 2
v &7 5 JRAE A2dAY A8 9 GAdAY il u}
€ AAAFY Pt B2 nj¥E, Az &Y HAY| ulE
HEL ot @ 2F7 AFEY sido] o] FoixA] e FE,
U7igel uiet AT A FL2 ST & F Fol #olH Bof &
B¢ A4 A& UE Hojrt

utgbd 2 dFoNE AFeAtEd] AAF £ syl cisio
S AR iy FAHE st w7t +4S Seiysiaz,
A5 U] dBog dAF A iy Aile] sy B
3aEel &7 ATH A7 AE oty g 280 s A
4 Y 9 7123 S olFo] tinl, 3 FRloA £4HE U
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SFFEE (85 &) gl S %S Azt Ay 2o
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o] ofe] FopollA LEtiRe] FAAS Z7| ¢ 2pEMo] niHH
3 et J12AA sl F3ol g ¢, UdeE vt & Y At
Hoj tiAY 3o njotsitin AlE®”cth tgo] Fufoly &8}
T 7I3AIE Az2gAe A W gAY o] o [ A
Fo gazt 1R nj¥yE, A3 Ve F21Y oy T2 £4MY
of mel FeM YA E FL &F NFAFA 7ed Esol
t &F AlFE 5ol ol Eol & A% A4 Ay EAME 29
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apetd 2 drolMe el FEAME AT A AjHY 2
Foll &3t FF F2 felol &FE ol &Y tIS¥ JBAHEY
Azt 2R 7E 71sd A ASAH AFE B sha5H A
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3. A3 384

PozYold FAY =xi $AE HEVIsAdY e
AHE program (‘93. 8. 25 - ¥ah)umiel FUiE dHF ADL &8F
7133%E 8A HESl] 2F ol % JBF e EAdE W

1¥7t BEEoR ol ¥H & £IY A3, &F A A

o B 4eoje] ExjA ozl ofe] Tableo] e} 9l%o] 98
STERLE 9 &5 st 4B 42 H hEvlsd o
F2 dE AAE 22 zhofsta e Aot

71€d FHogl:, &% =3 Muj(xtelzh) e vt @Adzt o]
EAe] EYo] EAMeo thFEx grh. A FLIW gt =
AEAe Aeygalo] gt &7 =RFAE BH 53 £F +&&
Rt Mol axwt ot sht, AF P EF =
Frgol 3IIE 532N 2.5m AY/E2VE AHS ¥ AP
10% 7}ke] #ju] Ex= slepriz EeEe] AF W7t Aol 8
Hct ulelrd o] HedAx} 1.8m MW/ EE AR A, =
B4&E 51 - 52% M7A] /A7t Hsstd ot GAFo] Hoje] &
d&ol &ol 489 A& AsAFIZ A= Aot =Y &R =
A &7 ol REQ wjo} ¥E Fol H Fel A U= A
& ¢ gtk &7 JIFAFLE nAE Y AHES S
2 EE B AME st AEA4AR A &F HEUIE B2

A gaiElR] U3 ZMAZMT oA R AFFY IAE At
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A1 A A4

EFE o] Sl ddd AN ERAM FE Yt A
33 7)ol ofeslel uir] (13~18)71 glen, wWRES ulr] A}
ol 33| ol 7837 YEL, AH 5~7 A8 uvjr] Alojgt A
A Z3gch. Yol Ry 2~5 Hajujriely Zixp ven, ARy
3~4 ¥z oirjo A FEE duilE P 77 vl g4 ojy
712 ven dAlz g8 FESID FAL ol Ee] Ya 92
2t 24§ FolHch 7~8 7ol Ae¥ mitiofd U2 iAo
o]l Uo7 dulE e, 98 F¢ olF FaY 1M Yy
A, gzba), N Z Beo] dFd B FxE A

STHE HPFP JUPoR PEo] ¢E3L A= 6 x5 m S
olet. & B3 FE80] U3 olelF FYol HEE L2 Eol
oct. & o] JpEFol ofejZe & W Fwlo] zA il
o ztu| g Fu7} ol el 47re] Holyt Wiz} g1, wigto]
v, Mo Fabdg viepdel

S79 ojsaty HES Ay B d% g S8 g2 TR
Blsesiul chyal 3eke ZRol uis) Fuj oldow WEI won,
A" g3 9A] wrh ©$eHE 3 Y €8S W2 de4d @
T gl FIEEL2E ol 71 W3 ¢, vlauge] W
o, 7|el R714E €FL ol Hol Az} vy g, UEE, A
o g 3 dch EFole ElFHol uvlsloq  isoleucine,

leucine, alanine 52} olujiAt ¥sto] L oun, 3] 11 FoME

o

bt
flo rlo
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leucine, glutamic acid®] #8o] &rl §Fo v]F L2 ¢gut A5A
AREch o], 2HR2 1.46 F=EolI, Q=S 75~858 t}
A ute Hojrl, &% 9 w23 Zojl= monogalactosyl diglyceride
2} esterified steryl glycoside?] #gko] wom, Qlxjzae
phosphatidyl cholinez} phosphatidyl ethanolamine?] §8to] 53|
gich, wxjAe] FQ xutal ZAMOZ inoleic acid, oleic
acid, palmitic acid, stearic acid, myristic acid, linolenic
acid7l FF& olFx girh. AAAE FAE3e AW oleic
acidZ} 743 w3, linoleic acid, palmitic acid, stearic acid%
o ¢o2 gaslol Ak WuER, FUSE, SFA 2 Aoy
FHLBE vlaste] B, FREF F MojdH Y2 2.2
A vetuten, §FAE 13.2%2 {49 o] Aol o
ol gl AFEexo YFoA:s &FA, WAul&F, FHeFY
o2 vehte, glade] PNz FYEToM Y 2 3
& uUehfa odch

dojZes JAY SFAE AAY A7 BF el 12p 3
=2 £54 AdERc) 323 He|AEcheE Aol X-Ad dAaxy
o] &FAEL 150, 17.1, 18.0, 23.0004 peakE Roldl, ol
TRolMet 22 AP AP AU 5 & Vehh ool ¥ &F
Aol ofdzaytgo] Ao gon, opd2IUHES &74 A
wol ¥ FEEr FEI o srh &FHEY Q0= AUNPS
0.08x24 So++AF, YAE € YRAAZY 22= AUspgo] %
Z} 19.0%, 19.9%, 0.35~0.70% 4& Zetdn), &F HEY 2=
AP AHe] ALo] R olF W& 20= AHYS Hch

4 {8 tdAzlel Y BHBELE FE TSI oiu=



Hele] 5402 dexa gled, H Bl AL oo £
=3 W59 Sl Y4 8 Sl &7 HE w280
O% AEAIZETL gt &FAVEY BEYL 65Tl HE

143] 3 &3lchsl 80~85Tol N &QIt 3718 oo cl4] 85Co]
BollMd w2 F7HE BAFE 2eiAle] RIS Uehdch 8823
£ 325 68C FE2A Hate] I w 55~60TC, Yy
2] 33w 50~55CHC} ¢ S},

&7 Belad 42 =XEE AN Y, 7L )¢ gy
ZAe I E FHA o] vig} Fol| Ul 2 ARA = $ &
Pl 17.8%4 Ho] =30 E7Ms3lRE £EEY, 25, AT 5
< A% AR 2] vichs] Fasich U A2y 8FE 2R
8 58 71(HSD-360 type, Zo] 2.5n x &1.8n)& o] &35l A& E
18%, 50T FxollM 5AZ o]} AzRsHA, 13.3%2] +EUARS §x|

[T

3t FIsich. &7 FsE SRR UHY WAE 2 Ad:
. Y 322 538 248 2¥, 35Y $3712 Az 5

T HY 13.3%d AYLFY FxE o 5.2kg XM, dry ovenol
A SAIZE AR +8 gk 13.9%Q] FWLF AT o 4 7kgE
EFoll AU} 4L RUth =FEHA U FREFAY Yz
110g W] Fxolxn A2y FugRe AYF2 7Y xolct el
A FYAE 83t 1269 3822 UelWg o 23R gL
EF FA9 2EY £35S 5008 uiglol FWLTL 789g 19
o|t}.

At A 72| o|xetHQl PEol tiyt dFE TS A4
AR AL, AL R, AN, A=, Be, 23 5 By
Q H7t dE 2T Ohtsubo et al., 1984, 1989). E3F &Fx|ot



of Y WAL c}E A Fol HIISIY FIYHAHY F53E
2§ HEe d3rx 3l A (Hayakawaetal. 1984), HAtEZ
L= &F ZAAES A Al o] &3tz Fiif el AHEEHE W
gz dFrsgen, &§F FAHEY ohel &F felo] BY A3x
5ldx] 1 glt} (Yamashita et al., 1983). Ohtsubo 5 (1989)&
&7 A ABAHEHE trypsin inhibitor®} U FjaL
inhibitor?] %+& SDS-PAGEE o]&3te 2Rsldzn, o Az g
ol &Fo AFA ¥EHdod, W A Fa L rffo
wjolel] ZaYs}= Ao Bustach o] trypsin inhibitor?] ¥A
of ci¥ F&olL, Y HY EY, dAe A3 Fol oyt A7
Az}, 2 #Hado] 93T 2 204 doluitin Busich
w3 SRS Aol T3 AES 5o extruder cookingd St:
A7t ZBABHA ol FolA L, oluf stde] &% &F fe] trypsin
inhibitore] WAdo] ed7 B 5|2t} (Ohtsubo and Iwasaki, 1990).
ol &Fo AW 2HAHA AF7t 70dc] FE o] FolA
govu, u X AFoR B ARZ AL o|gol Y A7t
5 o|FUTHA A F,1977a, b: 7714, 1975). AxHew &%
of AR A7}t AYEol FA cfN EFLEA dUIt ¥ &7
2, 53] 34 A, AYa 24, triglyceride2d, 344 A
o] 24 Y RV SMsld FFHA o4 E ok, AYAEF
o024 APRE 7] A% A7 AA=HA (A& F, 1987,
1988,1989,1991). EF &F N2 W, EHY AE, 3} 3
=9} »2 olAHQ FAo] A3 don, =FA FIHd &
¢ He At ($2HY,1985). &5 sl Batel A
A E40] o] FolA AFL ZE] ciNAFLEAN F2 Thi

£



Vol &2 olf2 Y A oA HFLEA sde] o] FolA
st (A¥x, 1977). £}, £F9 BE 7] AY AFoMEe
JAZY EF oUIR7E f3ABA B3F fdez ¢ ¥Ha
ZBxs olo] wE Y AU HFY d¥e] AMAHAC (AY g,
1984).

&5 3A &7 &FEEY Ax JIEE &% BHsT
A 2 JRES g 9 e 5o oofgoz o]gFa gt
H AlFel FEHI AU EFAR V1T AFL difEel iR W
o[ N7FREA, SFUZTL 10~30%h2d7} ciF-E£& A5t et
ayllE &77 §7E Fo BAFLRE £8FA, ¥ vEY
2t EFEL, nNIRR, IERFAL AFY Sl dch 22U F
W &F2t 5 7H3AF AxdAL G448 W FAIAY Jilo] o}
€ AAAFTE Gzt vz ujBE, A2 V&Y Ao upE
HFe] izt 9 2§71 AFL o] ojFolxA] Ug AL £
UGl wiet Az BFLS &FA t&F Fol EopH Eol &
e AR By & ¢S otk

upeid 2 AFolMe AFEAEL FIAY £U MYl Ny
A= Il iy ZAHE Pt b £4& Feiystaal,
FAEY Al dBoR AAFZ oA oY il sttt &
325 572 ASH A7 AF tid g 287 s A
=9 Mg % JeHHE o]Fo] iyl FI AN +UHE U
X &5l thgst 1A FAY B U B 45 Frhsa )
3zp Rieh to] SuolM &R A F JIFAE AM2AAY FAH4
3 FAgAe] o] WtE MA AFe] A w2 nj¥e, o
T 7ig ¥ oip] 2 £l utel YFelM gz A F



< EF J1BAED 7158 Aol At &F AE Tol 2ol
ol & 3% BAY FAYY LA /A & Zolth. $£UR AdA
oM +HL &F B4t el W ol2 Al 5o ARE uigle

o T3 4% B3] mofsta o2 I F 4o ojAAUE ¥
o ERAFEL ML 5 /IFAZ Ve HAE YYsid, UF
3 TRt 2A &F JIBAIEY AL 2% N4 A A%
3 d7-§ Bl $7lA54d MUE =Rz} 3}

FFolAY X7t 7158 HAol VY dFE oA Rob 4%
YZE 83l AR 43 Udo] Yz ULIE AAME 3 AFA
A7t Bylsjojof stedl, olAM7iA] AE, 49, 2] Bof ol
A7 Aol ozt YT dBYol AoElo] glon, FEIHH MY
olLt ote] 2 dY Wy Fol HYURA Esto I A7 A} u)
8|3t Wolrh. HZof 4N &R el F AT A8 o] F
of 2|3 gl MAYejA] Role, PP A7 YA A 3o
A= 7158 Aol Ui N E B3t e AFolth. =3t )
T2 Aol &7 sty HIH dg 23 3, Anxt
8 71370) 77} tiE @ W4E wiEel 2l AZ ZEof o)
¢ A& FAR Atk & YA 3} oLy Ml 715
& 71 &FE ZXEY 9 HEAA slolMY ANAY A2 o] F
ojAolsti el iy EFAES HAsT JF JlEeSs 2
=3 Uchd Fo] 4% 7154 olAA FRAEE AHatsle F
HY BREE YSAE 5 US ol Yo t}E HEIE]
U Aol cigsiA A 8Y 4+ Qe dF AL o] FoiA Fojr)

ST

ﬂﬂo
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A 2d &% 734 HY =3 Y

1. 4Pl ©E g% 719 A W U SYBY Hyol B
B a7

7t A8

B7= ABFolA A AL de &FE el vt Bug
8] 8& xSt gleu), AitolA Mz W {-FAHel 02717t
2] FAE Rolvx] X3t glen, Y oi¥-E& 7L

< 13} $AEY SR Misia de dBe= kel A%
AR AEFY G2 njy] B AR o] HFE3 9o Jl&
3 W 7% A7t A3 f7=HR el wepy &5 A%
4 BEE M= &7 o3ty BY, 54¥54 A BS54
712 dlojej7t Wasict spAch

&7 3 S4AU $Y2 &AM 2/¥ bulk 43 B
b olel 79 JiANA §XE vrhde 4% A®J Wl
AT &7 S4UIY HF2 A AL M 33y 9%
& WAL AIAY AE Yol Et ThE AFZ Ao A
=HUS o Fo¥ JxAA FRE AFYch U FIHRY
B¥ &3 TUA g} (dispersion)2A 2Hg3in] HI7RG &Y
Foll et TYEFY S/dol Wik FEAEEE /IR dct. =Y
3 YA AAEAM A HE PAYYo] dojuns gitgoeg
AEEE A 2 FE AEAE  ARSSIE 2wsich ety

2]

o



ARG E FAISH] f3iAe MY FEE A Y YoM oscillatory
F3E& +¥3td AR S FFsAY 53 (dynanic) BHY 43S
& slojof ¥} (Winter and Chambon, 1986) 1@ji} &R 7FEAE
2] ZFfoll oA SRURNEC] ¥ B2t EYY iz AR8H
U, 2Pl OE A dude} dxusiel e B4EHE ©
Azix] AZH LR AxHo AR U AFolct

atzioz 22 M ZH A=AEES B3 4de uje A
£ fA matrixide] J=x}e] dispersion® o]§A "t} olayt
dispersion®] FF/dojut EE] (flow properties)& o&35}7] 9
A& dispersion& ©olFL Yt UY IZE KAof %irh
Stress sweep dispersion® ©|F3l ol AR UFFRe Zx
& oAAY 4 UA s frequency sweep 1 dispersion?] ZTE
43t F2 Aolo] tigt FEE AlFshe AetdY 4AL A Fs)
o temperature sweep &7 Zld2Xo] w}E 27 W Ho) T
2= 9 INPEE Uehfol &t

Suspended IIAE, &% 74, FRol=  ElYY
thickeners 5] &2& 4} (agueous phase)oljAle] 22| UG
Uehdzl wiiel o] HEAEY 71AAQY 48 (mechanical
response)< H&H4& YERACE (Winter, 1987). Dynamic HEH3 9]
&3 2] A2 A elastic modulus (G'), viscous loss modulus (G”)
9} complex viscosity (7#)8} 2 Hutde] Zlo]l frequencys]
T % 2= YeEA Pl 2k 'YL solid-likes] d™ojr}
elasticity %3] x|®7} H= storage modulus§ Uehi ouix]
recovery A& uj¥sly, 6 1iguid~like X330l } energy
losst} energy damping®] 43-& UERED| complex viscosityl A]



9] flow §3& Vel X EEA AT} (Herh, 1996).

gty & dFolMEe SFHEAHEY 727l He FE 9 53
B4 B4& o2y uet Wslaz stden ojgel tiyt 7td
54 o] oy SFAEY #48 A JH1ed] g
oyt 712 dlolelE ¥E sz} stgict

2 MR KA Ul 4
1) A=

dAZdAM e &F (21.3g @9, 3.7g AY/100g &7,
106 FEUPZ)E U oA FEUPE (5077%)2 PS5 vt
4t
2) ¥y
7}) Viscosity measurement of yulmu mixture

oz ¢EUP wE &F9 HXE Bohlin dynamic tester
(Bohlin instrument Co., Minneapolis)®] concentric cylinder (cup
diameter= 27.5mm, bob diameter=25mm, height=37.5m, cone
angle=150)& o]&3le] &3slach &, AP 2= (20T)oA «
TUTEE USY EFAEE cupo]l Y2 F, shear rateo] mE
shear stressg}& stress viscometer testd o]&3}of &Aslcct

oA F¥ UL o428 433 model (Bingham plastic, Casson,
Moore, Herschel-Bulkely, Power law, Cross, Ellis, Vocadlo)Soll
A 823} correlationg 3123 1 modelo]] whS Abggie] W3S
T-3tsic.
1}) Measurement of dynamic properties of yulmu mixture

g8 sEUPeR WE FFUEHL] storage modulus, loss
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modulus®} complex viscosity Zt&®S Bohlin dynamic tester
{Bohlin instrument Co,, Minneapolis)& o]&3%}lo &Asjgict <&,
RBE AEE uwiforndtA] o8 82 4L ¥ cone and plate
(cone angle=do, cone diameter=40mm, plate diameter= 60mm)ol]]
}S Y& ¥ stress svweep (1- 1000Pa)E o] MBHL A3}
3 A%4 UolM frequency sweep (0.1-100Hz)& 3l 48§
ol WE 7 AYEY 4AS stk =@, 43Y
frequency (0.1Hz) WollA of2] chE +EUY (75-85%)& 713 &
759 53 54& 283 (20-80C)of] w2} ¢jof B2 ZAUA
&3 stach

g
i,

ch Hz 9 2%
1) Viscosity changes as a function of moisture content

o8 sEsE (50075%) 2 U | AHAE (stress vs
strain rate)& &33IA3 2 dolH& 871 AU Bdof 3
|5t o, 2} modelo] ti¥t correlation coefficient (R2) USL
Table 1o] uEhfQlth. Bingham plastic modelo 4 ¥E vocadlo
model 2] 87] model FollA] Herschel- bulkley model2] R2 Zto] RE
TEUT FH (50-75%)00A 0.99 Zh& Uehdol 71F &2 43
& UYehiglch Herschel-Bulkley model?] E/4%2¢l dAAs (A,
B, C)& &F 48 ¢34 d3A7] 98] 2 modelojd EH
¥ 4 A U udEg sEU3EE Jeldigdct (Figs. 1-3).

Stress = A ¥ B (strain rate)™C
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A7IM B4 A ¥HA(yield stress)& Vel oy 43
T F Uzl UFolAd e f54& Uelde tos A dnt
o2 Uxhg BAESIAY ATt &2 AFeM dityoes el
T} (Mohsenin, 1977). A4 AZtY] W3h:= 75%8] $EUPoIME A
o] YehAE UL 7001A 605712 = 1.5004 28] nf§ WY& 43
& Uehde Z%8S 2o F921) 55%2] U= F2tA
¥+ 37HE R4 27.58 & Jehfodct (Fig. 1). ol 55%9 4%
&Fo] dispersion Fefjoll e 2o Y Uelies HrMIY A4
A& B3A WXL A& £oh 489 4 AoM paste el
2 Hols & critical &Y ozt Helc)

Herschel-Bulkley modeloflA A4 BZE2 QA A4 (consistency
index)& Uehll= g2 70%2] sEHPolxe A YelUx|&
Qdok3L 650 M= 3, 60xollAM= 129 i & B oo 55%0
M 489 w2 WBATE Uetdo] (Fig. 2), 28] 22y
5 A7 343 st en 55xo] sEuPA FF%
F7He Bo A paste 4o HAE RAFrL

Herschel-Bulkley modelolA CZHe 8524 (flow behavior
index) 24 70%u} 75%2] EHZolA = 0.89 U Uehfo] Aoy
FHog 55-65%8 SEHUVECT} (70.6) & FFHE HodFr}
(Fig. 3). uwiebd 55%8] =8P SFolHE &2 Y{AE By
F g2 3B W2 548E& RoAFE ¥4, %2 Fx 8
LS F7MEAS-F 278N F5A4 %L dAysHA SR
Aoz yeiulch 4+2UPHUE 2t 44 A, B, Co ¥} E Yehd
Table 204 R%o], &8N P4 FEUPol w2} flow &
& BoAFoArt &, 55% +EUPY o ¢BY FFEZPL wS



e (1440)8F ¢HAST (1890)F BAFu e §Ex4
(0.0185)F HoiF= W, 7o%x 2L d Y FFE 2
B8] (0.066)2} W A (0.072)F BAFI o &2 45
3 {(0.79)& RoiFgch ¢HHR meat formulations] Z-9of lojAl
X, E¢r3slA formulatedt meat batter?] Z-$o] w3, © H&
WBAT (B)2} yield stress§ HojFo d& o W& §54 (C)
& Bo|Fo] (Toledo et al., 1977) §EA$U QAA L} e
rheological constantt of2] $E§atol\} formulationo] wha} ¥
e TR Ed I AL U BAgRrl
Herschel-Bulkley modelo] #-&3}oj Ejtarys LTo] Agky
o ciyt AhgYPo| WL Fig. 4o Yehdolrh 7 2889
&2 pseudoplastic B3] EIS BojFgon $E3alo] 75%0)
A 5552 ZtAglol ule}l AgtKEo] tiy Mgk JAY 2§
HojFglom o2yt BES A 42 yshidg wis
thixotropic 43-& 22U Z2oE oA, $Eyskz Avksss}
A3Y Y 3xd A £42 Fig. 59 vehyalch
2) Dynamic properties of yulmu as a function of moisture
TEUPEE SIYYP 879 storage modulus (G’), loss modulus
(G")2} complex viscosity (7)%} Z2 53 BA4E Figs. 6-9o] U}
ehfort. 24y 9 Jldexe umely 3 B 5
0.01~10Hz®] frequency H¢l ujollA &Asigct Yo %
2] ol polymerollM G'ghe ¥4 G"NTl A Uehid,
rubber-like &Y 739+ frequencyoll tigh G'u} 67 wjado)
QUL 83} slope?} 0o 7IgIch (Ferry, 1961). 28U ufj$ e &
=2 fatolu} sol3t AlFol M 7] frequencyol] G*71 67 B} 2



& Jehi 223 (crossover point)o] UER} viscoelastic
liquid®} viscoelastic solid®] 43AE 25 KolE frequency 2]
E4& RBAZFr} (Muller, 1968). 50%8 82} HL &7 ZAS$
(Fig. 6), Lsx9] d4oly polymerel e PRE RoFn
frequencyoll wels G° S 4.580A 5.1Pa® G ;2 4.304
4.5Pa2] WS Ve, ANHOR G'glo] "R}t E g K
AFden AANFHQA G 67Y UEE THE LU (55775%)9
&5 vj3l] 7% B £3F Ko FAr}l. Complex viscosity?]
7§ frequencyol] we} 4 AHH o2 6PaclA 3Pas ZHA3slic).

TS 55% (Fig. 7)2t 70% (Fig. 8) 712 & 442 &7
BFolAE 50% +EHF 7ot T2 A4 HEe profiled
BAFo] 50%0l|A] 70% -2tk He| oA viscoelastic solid
Aol Auists E4Y 54 AL ASS Bt 7% +E%
Bog F71 Al (Fig. 9)olle A 5= £Y°] Zies HY S HoFq
75%2] 423 3o| viscoelastic solide] HAEE = WASEYUL
Hol Foch &, 7% 8¢ &F ZA¥, frequencye] uwjz}
crossover point7} A4EE VAL RojFo] frequency SJEANE
BoFort, AFLZEE 20ToA 40TE HAAAS ooz (Fig.
10) G"9} Zko] G'ZAWrTh AWM IApHo] H4HU 2 IAEL 2
0T KXt} (-0.5Hz), © &2 frequency (0.5Hz)oll4 oyttt

A% Aed H99 4 FUAA 0.1Hzo] 4 =F 10T 8
0C 71| HHAF|HA FEUP ChE HePde] ¥HAE 3% 2
= Figs 11-130f Uelolch 75%8] $23e] &FolME 62T
ol 237} AlRE o] Hehde HAE BAFUon 70T 3
thZb& UElgict (Fig. 11). Kokini $(1970)& A&z} B2 Het



4e 2 moltolld 7SS w HEYatY ulstdy sggo]
dojihesd] S48 62772TCoA X YE D SiEED AxpAE
2 o Y& 2x0A YN I o|{FF uN-2Ie AN mEo|
2} sttt Blanshald (1982)= W AEe] ¥ = 50765ColA =3
SH3 35U dojudrim BIslgon  Greenwood (1979)&
amylopecting] ¥aro] P2 AFo| wlE 452 RS0 a1 AL
o] £dste AIte rin Bastech =Y P (1996) HEZ
M2 ok ZAeE, I W 3 A gof xjolE 4 AR
8] Qdxte] Asle] wretd cti2Al Jehbe ZioE dia gitye
E At & ALY YL EIt YRt AL BLERTE W2 A
o8 Bastgc}

23S 75%ol A 80% (Fig. 12)¢} 85% (Fig. 13)2 F/MANAE
o, 7] AYEE Uelle 2= 47 67T 70TE WIlda
A S UehdEe 2% 70ToA 74TE H3sis 42 B9
v} Navickis % (1982)% storage modulus®} loss modulus7} =8
Hgoll ds] uzAstA gl sEYste] 714t wel 1
Eol Z4sida AUl F7IUSLF Rl HAsHA 7}
& ot Basidct. 2 doMx, 79 7 Muidel 3
EX $EUo]l F7Hel wel AAUE HoFo] $EHPo] &7
o] EXoll ArjH o2 S njXE= A& HoFauch
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Table 1. Regression coefficient (R?) values of different models
for viscosity of yulmu solution

model __moisture(%)
50 55 60 65 70 75

Bingham plastic 0.9 0.7 097 096 099 099

Casson 0.0 0.93 0,97 097 0.9 0.99
Moore 099 098 0.3 08 0.8 059
Herschel-Bulkley 0.99 0.99  0.99 0.99 0.99 0.99
Power law 0.97 0.97 0.99 0.98 0.98 0.83
Cross 1.0 0.99 0.37 0.96 0.75 0.65
Ellis 0.96 0.7 0.99 0.99 0.98 0.89
Vocadlo 0.65 099 099 099 099 0.9

% Each model was determined as:

Bingham plastic: stress= A*shear rate + B

Casson: stress”0, 5=Asshear rate”0.5 + B*0.5
Moore: stress=A + {b-a)/{1 + C#shear rate)
Herschel-Bulkely: stress=A + B#shear rate’c

Power law: stress=Asshear rate”c

Cross: viscosity=A + (b-a)/(1 + Ceshear rate’n)
Ellis shear rate=A%stress + B#$stress”c
Vocadlo stress= (e”1/A + Beshear rate)"A

- 69 ~



Table 2. Changes in coefficients of Herschel-Bulkley model for
the viscosity of yulmu solution

Coefficient moisture
50 55 60 65 70 75
A 1440 27.6 1.357 1.46 1.03  0.066
B 1890 48.23 11.45 2.42 0.163 0.072
C 0.0185 0.655 0.57 0.575 0.81 0.79
R? value 0.99 0.99 0.99 0.99 0.99 0.99
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Fig. 1. Change in yield stress (A) of yulmu with different

moisture content.
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Fig. 2. Change in consistency index (B) of yulmu with different

moisture content,
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Flow Behavior Index (C)
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Fig. 3. Change in flow behavior index (C) of yulmu with different

mositure content,

_73_



Shear stress (Pa)

=55 =60 =65 4« 70 —75

0 400 800 1200 1600
Shear rate (1/s)

Fig. 4. Change in shear stress vs shear rate of yulmu with different

mositure contents,
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Fig. 5. Digram of mositure- shear stress-shear rate relationship.
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Fig. 6. Change in dynamic properties of yulmu mixed with 50% moisture

content.
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Fig. 7. Change in dynamic properties of yulmu mixed with 55% mositure

content,
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Fig. 8. Change in dynamic properties of yulmu mixed with 70% mositure

content,

_78._



-=Log Visc.~ LogG' —=LogG" I

1.4 1.6
1.2 =——/ 1.4
1 — 1.2
0.8 }| 1
0.6 0.8
0.4 ‘ 0.6
0.2 \ 04
0] / -\. 0.2
-0.2 : h 0
-2 15 -1 -05 0 0.5 1

Log frequency (Hz)

Fig. 9. Change in dynamic properties of yulmu mixed with 75% mositure

content at 20C
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Fig. 10. Change in dynamic properties of yulmu mixed with 75%

mositure content at 40C
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Fig. 11, Change in dynamic properties of yulmu mixed with 75%
mositure content during heating,

It was measures at 0.1 Hz frequency and 0,5 P a torque,
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Fig. 12, Change in dynamic properties of yulmu mixed with 80%
mositure content during heating,
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13, Change in dynamic properties of yulmu mixed with 85%

mositure content during heating,



2. E8-UNF SYAEo2e] AT interaction Aol AR AF

7k A&

S5 3] 3= ddd AIAERAM 2 doje &7,
S 7L A q Rkl 54 g ARgHI Adct &F
ol At AAYYo] thE FFHol v|s] W53 &I FIEE
o224 ZE, o oizde 5 gl Yoo isoleucine,
leucine, alaninez} & oln|i:=4to] JFHI Holr}l, I := F
2 udoia] AFoR 2 AlREAM g a3t 2gEo %
21} HIols FAUNNZFLZN Y77t & &7 XY, &
3] F8=A, APAr 28, triglycerideR’d, FYAAY =¥ F
o LS BAt AU g HUstT APAF oA
ARE d7] W A3V AA"HR ool =¥ whgElo] &2 ol
2 A% oA oA AFL2AY AUE ojFoix|1 Ut &F=|
A BEE U Ax, ko) T2 oY Fido| A7
3 e AR¥ &5 vl4rbRe] BEV|N FRg Al
HAY A A 28U IEHos FFEIIFE tIE B
U3 Aol MEHIAL H2 UEE UEo] HAFAF slHS AS
715780l iRt e FHAY {2 FFAA Aol oy AF
= AFY oo FAY MYz} FAIMe o] g F3 G
A AsHs Ao uigtAsicta shzict. BEYEHoML FH W HE
ule] A8t e AT AFFYEopIM HUsHA dojuke Ho|
o, S, A= g AdFz B GHFPM AR E D Ach a8
U o ZdEHE (compositional variable), &&7|& (quality



parameter) B constraints of 2|3} linear B4 2 ehja gz
o|21¥} linearityo] H2dhe WYL B A= 2o AYYos
3] multi- ingredient mixtured $]%} AL AAEA] Bl
1=

HAEEH F AYAANE Holys] A YWH O T response
surface methodology (RSM)7} AME-E|U 2| A A 2}F Uehls 949
superimposing© 2 Q3] =2 ehl=d oflgo] gl &
contour map?] 73-¢ 4% (component)®] 47} 37} Hrc} & ZHS ul
& (response)o] tiydt BE HES5Y aANE Jepd 47 grl.
Derringer 2} Suich (1980)% constraintifel]A] 7}3 2 W1gS
Uehd7] ¢13]4 desirability functionojgh= Al2E 7ldHe =4
stdenm 1 P& o|£3l9 non-lineary o8 3M3slct. EJH
Cornell (1990)2 EUEHoNA 37) olte] HEF A2E Hust
71 $13) trace plot& AAlstgct. SPEEY ¥ Z/MAAL o,
the BEEY ¥ trace plotol i ZtAsht 2752 v)ge ¢
BsiAl f=dch wteld wgol 713 @8g nXe Qe o
¥2] 3% Fol trace ploto] A AAF S A 4 Qir}

AYdolA @2 24 (factor)7t Zajciz ¢ i, whgof o
B& A= key factorE =t factorial designo] AFEE ojx)
L, TS YEEY ulgol A2 SYHol|x] ¢ 2z 24
o] &l Hl#st7] ol A& 23 formlationg o]F= ulof
+ mixture experiment7} AMg-E|ojo} ¥t} RE variableGo] &

©

32

A% simplex areagd UEhd ZA$ simplex-lattice designo|L},
simplex-centroid designo] AMEEoj2|L} & AN ZYPEAUS
olFi A HEEY uiJt A4 EE HrjPo] EASIER extrenme



vertice design& o|-&3lo] &F-UIE-E9 interactiond ZA}s}
et

mebd £ A7) B WY AY nixture designg 0|85}
-4y 53 548 WU, rheological R regression
modelingg H§sto] UINE-&F-F W&o FHEEEHo oy
&5 # 9 interaction HIE ZA}5} least cost linear

programming®] °|§ 7Hsd& MAlshs Rt

Y. Az 9oy
1) A=

Adolld Uls &5 (21.3g ©a, 3.7g /1008 &5, 10%
TEUEF)E 0|88l bleached W71 (All purpose, Philsbury
Co. )8t 43 mixture Wt&-g THEQTL
2) ¥y
7}) Functional propertie of dough

Mixture %¥}%9| complex viscosity, elastic and viscous
component Z}S~2 Bohlin dynamic tester (Bohlin instrument Co.,
Minneapolis)& o]&3le JAslgict. RE W5 13719
Y AHciilel ohel 4E3 YFSA A4S F (Table 1), cone
(angle=4o, diameter=40mm) and plate (diameter= 60mm)o]] & atg
Y3l stress sweep?} frequency sweepd 5o MBAHL ZAsigo
ol 2 A8 uJold Eyuir&e AMetdel 43l (storage modulus,
loss modulus, complex viscosity)&& &A3slsc}.
L}) Simple rheological dymanic model

AY designol wel FAEAN FH By sF Uy 2



element £4-¢1 Kelvin modeloll 83} 1 model & o|Fi U&=
gdes (E)2 H884 (7)8 AAISLEL regression modelo] 2§
sl 1S4 R UFUY 7 YREY IS ZAsHTh

Parallel (Kelvin) modelofA2] spring2} dashpot: T2 4] 13}

o] vehfolAct (Mohsenin, 1986).

o(w) =E.e(w)trde(w) W -—~—mmmmmmmmmmev (4] 1)
dt

Sinusoidal Aol wle} Z stress W strain L #EF complex
terno.2 UpehfolAich (4] 2)

i

O eot - E (e.el(wt-a)

+ 7(ea iwell®t?))
E' =04'® =E+ i@y =6" + iG" —-mmmmmmeee (4] 2)

Ea

o7}4], o=stress, ¢=strain, E=elastic constant, 7 =viscous

constant

Os-max, stress, ey-max. strain, ¢ =phase
angle (wAt),

E%= complex‘ modulus, i=imaginary number, = rate of angular

rotation

oo wie} &3 % AAtsloA 6, 6" & E 79 UEL 4



regression model of #-&3}o] model 3ol W& [HAHE AS3IA
T} (Yoon et al, 1996a and b),

t}) Experimental design and statistical modeling

AlY cjalgl, data B4 9 2 ABE= Design expert (Stat-Easy
Co., Minneapolis)& ©]&€3l%2 RE YWY Fig. 1] Yehd
flow chart?] Aol 71&8t%ch Constrainte] Zto8A £8-47}
F E§E2] dynamic 4432 As}gct Extreme vertice designg
Y WHE, 2F W B9 a9 o] &2 Z2 40~50%, 0~
11%, 49.5~50%= Astx, &4 ALY vertexolr] A7 23
ThitSol el UrtFe &7 FEULL L4 10xe} 4% F
stgon, AN sEUHAE 55~55.5%2 Asldrh. ¥ constraint
weight (EE variable?] )& 1002 3} fixed variable2 0%
2 siirh. Yegt A =AY oM EHEe] ke v&S ¥y
}7] ¢]3l modified distance based design (Snee, 1979)& A}2-3}
A3, YIRS ol interaction E2HG Uolry] 93, =
3t AU (point)S Y3t7] $18 quadratic experimental design
< 3-g3}3ich

Coefficient® A4tst7] A 3171 91844 olgSjolxs 2 4y
Holl A 2] pseudo HE2EF TH:o] 4] 3& ol g3t Aalsidct

Pseudo components =(Real - Li)/(1-L)-=~==-—meeue--v (213)

of7]4 Li= lower constraint in real



value, L= sum of lower constraints in

real values.

Regression model- & YENIJE coefficient LGS Scheffel]
polynomial form (Cornell 1990)o]] A& Fi. AAtx|ol A}
Linear2} canonical ZEfe] quadratic model® modified least
square regressiono] ¢J3] gtH5o|{F ow full quadratic model-&
step-wise regression® (a2=0.1)2. % data 4ejo] && yion
71 model 2} coefficient &2 F-test W regression coeffincient
(R") ER} lack of fit22 I §24g ZAZstActh USAolN
o 7 4EEY ES AR 43 Piepel®] W3} (Cornell.
1990)& o]-8€3}o trace plot-& 13t}

2}) Optimization using least cost linear programming

Least cost linear programming< objective function (cost/kg)
2} canonical ¥JENL] decision variables (dynamic properties) W
target constraints (X}M|e] 7|&)e2 FA=|lo| Qlt}l. Objective
function?] coefficient LSS Ao WiF 1 ‘-8-‘?—9,] vl-& 714
(1:2) 28 A3} 3L, decision variables2A= &F9 UIHS &
Y WSSt Aol T BPUG, 67, E, W/ 7)o2 dlgon,
target constraint2Al= GHHY FAE/F Y dataolA 0. 1Hzo)l A F+
% UE3 model B4 S VIELER I HAE Aigon], twhy
Az AYUFL FPH UE V€22 sl Y AS oM F
3taict.

th. 2
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1) Rheological effects of the addition of yulmu on dough.

¥3¥ oodified distance-based 4@ Tlx}lo] oJ2f d3Y &F
-Urte-Bel EYPuIE uUrhle actual values] UYF pseudo
value?] AHEZ Table 13} 20] Uehdodch. 2 13714 dY Aol
Aslo] Hov 4742] replicates?} ZBAE 2t Pseudo valued] 7§
g2 dEcialde 4z B fittingS t& 3ds] sh7] 93
Al AF2E it (Cornell, 1990).

AYrizielell wiet 43Y 2 wighulo] wel &P¢ response
A3 Figs. 29} 3, =R} Table 3of Uelgien] 2} responset
3 29843 29 A4 ge=AM Jehdidcl Fig 2& &F:Urt
F: 8o E3]8o] 0:0.5:0.58 T§AZ] A8 frequencys] cthd
Wstgoll, Fig. 32 &F: U/ &9 EYul&] 0.1:0.4:0.58
23171 Alge] Hsko|r). BE storage modulus (G') Tk} loss
modulus (G") T 0.1 Hz8 frequencyollA] AHEdigien RE 137)
2] Aol tistoixE 2 frequency ol Ad=ysigct.

$3E¥8 &332 67 e Eghulo] ulel 0.422-6.82 kPag]
HAE 2don ¢ S 5.2-48.29] HHE BoAF3ct (Table 3).
Kelvin modelo] #-83}od L%t elastic component (E) Zk2} viscous
component (7 ) Lt Zbz} 4.629-88.92} 1.994-6.42128] Zhel 99
& HNojFoch ol o] riURt Helel AE linear W
non-linear model&& modified square regressiono] &3] EA 3o
2 EM#todeu (Table 4), linear model?] probabilityZte 0,351
2 model®tstrlo] HYsIA] 2 &2 Y22 Jeikta &5 o
7FH-Alololl=  interaction termo] &A= RoF  LlElYch

Non-linear model oA & quadratic model?] probability7} 0.178



2 7% WA Yelg St A YUY nodel2AM ZASAoH 1 9
spec cubico]l} full cubic model-2 L ZtEo] 0.7913} 0.72 A &
HAY A2 Yeikdch =R, modeld] YA UehlE lack of
fite] Zrol quadratic model?] Zto] TS modelBr} 7}A mo}
(0.833), &%} WILF ulFAlolo]= interaction termo] &x|3h=
non-linear modelo] 7} A Roew el weby
non-linear model& 2t E4/4E9 ol &3l AARR anova
test®] ZAzN= Table 50 UeRfglct. Non-linear model-2 G, G”,
E, 7 gtoll ci3] 0.125, 0.061, 0.097, 0.185 o] Ztz} Y& p-value
& Bo9F9en lack of fit gt 2}z 0.892, 0.902, 0.893,
0.855& uEehdiglch oje} o] W2 p-value & Zt3} &2 lack of
fite] ZAzle]| wla}, non-linear model & HYAL S Rodom, &3}
oMY Z 4EEY interaction X9} 2 A3 AXF L3}y
22l non-linear quadratic modelo] ZE A o7 AM&3}A X gict

EFo UrtE & EYENAY 2 4E (component)E2| E}
£ non-linear canonical regression model&4 F¥HE ojFr}
(Table 6). ©] coefficient&2 Z} 4252 activityd Uepi:=
202 (Arteaga et al., 1993, Yoon et al., 1996a, 1996b), 4%
ol FH5Fel 71 A ¥ nA e Aoz =yl w2y
G'zt 6" = T2 FF FEEEo &5 WiRY g
(interaction)©o| positivedt d&8& njxl= ALg el nE
interaction termZ t<0.012] H{jollA Hey3}Hct,

Non-linear model & ZTHE 3l TYPFolAY 2z HEG %8
& XA o2 B 3 trace ploto] G’ (Fig. 4), G" (Fig. 5),
E (Fig. 6), 7(Fig. 7)ol thsle] 23} Reference blend& U}
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eEhl= plot?] centers= ZYE verticed centroidolr] ARl
BE THES UES AR vz ZF¥E Jehided, &7 3
7V (A-AMd)o] F7HSE RE FHEY UEE A= B
& Rden, yriEe] 9= (B-BA) reference blend7Al = ol
B F7RIFIAU 43T U F¥HE Hogedeh 24 e
(C-CH) BE SAHEY UES ¢WF L= AL e vig uaAgt
BYPE BoqFdrl. &, TUSFAEES ARA &79 & 37t
AAeE QA FLS FURTIGU, E4ddAE §o Hobt
A e E48US FA2YHA Eol=elnegativedt FUS
o X 22 E& AUsld n=E AFY B4e 53] Fosiqof 31
Zich webd SFAIF Az Ao Heg B E47E0 Ue
3 E Ysuazt sz, do] wWE HAZMNEE AEs] e

least cost non-linear programmingg 3-8-& 3}gict.

2) Least cost formulation of yulmu using Derringer-Suich’s
method

G2 probability ZtSE <QI3lA] non-linear quadratic model &
A8319 3L canonical modelo|u} trace plot& EAlste] & ZHa},
Bolu &F9 Hrle &FEUEY S4Tol= negativelt IU&
X e g Uelytch, whelr, non-linear programmingd A}-2-5}
o TP S F317] A3 BE ¥4 £ U5 responseE2
acceptable¥t range® A Rslgtt (Table 7). &, G’ & 0.5004
20Pa, G" 3k 2504 40 Pa, b3l sk 1520%, =A|wiitere
03.5%, W=R=2lE 2000004 2500 cal/(100 g &) HelolA
least cost formulationg ¥ constraint¥e2 A Astds & 7}
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7 response: minimunC. & A 3Tl

7 U/ EY e dd2 1:0.5:028 H3AS o
non-linear programming?] minimum objective valuei 1.3072), 7}
o8 sty ofe] HAuiYul= 7.25% &F, 42.77% UIHE,
49.98%8] Eo| YW EA AArs o]} (Table 8). o]yt Ejhy]
& o|83l = TUAEFY ELUE AdEFHAEdW 0 g2
11.86, G" > 27.89, IYHAHFLS 15%, AYUFS 2.57%,
calorys 26198 UIElyiT o]fzt2 A Z¥ujel HAI[Ho oyt
A&} 4t&S BE responses AA7L AdE, 43, S At
U aHlz 2F7F ohE Hl&Y Z22AEE 1] diied 4 E459Y
weighto]L}l desirablity§ EF dF3tAl 2 ZAlibdelch wrapA
2% M2 t}2 weightE responsed] Fol A4S 41&3l:= H
ut7t o8 d-Eojof st
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Table 1. Experimental points of mixture of yulmu, wheat and

water

obser, Yulmu Wheat Water

1 0.10 0.40 0.50

2 0.10 0.40 0.50

3 0.00 0.50 0.50

4 0.00 0.50 0.50

5 0.105 0.40 0.495
6 0.105 0.40 0. 495
7 0.05 0.45 0.50

8 0.102 0.40 0.498
9 0.052 0.45 0.498
10 0. 052 0.45 0.498
11 0.084 0.417 0.499
12 0.034 0.467 0.499
13 0.068 0.43 0.499

% Low and high limitation of each component
Yulmu VWheat Water
Low limit 0 0.4 0. 4953
High limit 0.11 0.5 0.5
% Constraint of moisture contents of mixture
0.55 <(0.14yulmu + 0, lwheat + lwater)<0. 555



Table 2. Pseudo experimental points of mixture of

yulmu-wheat-water based on the equation 3.

Obser. Yulmu Wheat Water
1 2.50 10.00 12.50
2 2.50 10.00 12,50
3 0.00 12.50 12.50
4 0.00 12.50 12.50
5 2,62 10,00 12.38
6 2,62 10.00 12.38
7 1.25 11.25 12.50
8 2.56 10.00 12.44
9 1.31 11.25 12. 44
10 1.31 11.25 12.44
11 2.10 10.42 12.48
12 0.85 11.67 12.48
13 1.7 10.83 12.46




Table 3. Dynamic properties of yulmu mixture.
Elastic and viscosity constant values were calculated

by Kelvin model, G’ + G'=E + lw 7

Obser, G’ G” E 7

1 2.26 6.62 7.35 2.518
2 1.13 6.84 9.25 1.994
3 0.422 5.2 6.317 2,089
4 0.945 5.2 4.629 6.317
5 5.98 19.7 31.1 3.202
6 6.23 20.5 33.7 3.273
7 11 26.5 43.35  3.857
8 2.99 12.7 20.7 2.324
9 25.4 48.2 88.9 6.421
10 6.82 19.5 29.6 3.154
11 3.31 13.1 20.93 2.395
12 7.3 17.2 23.86 2.85
13 3.54 13.4 21.53 2.413




Table 4. Anova table for linear and non-linear model built by

modified least square linear regression

Sequential Model Sum of Square

Source Sum of DF Mean F Prob)>F
Square Square value

Mean  3398.3 1 3398.3

Linear 293.0 2 149.5 1.18 0.351

Quadratic 609.4 3 203.1 2.29 0.178

SpecCubic 8.2 1 8.2 0.08 0.791

FullCubi 110.8 2 55.4 0.40 0.700

Residual 412 .2 3 137.4

Total 4837.8 12




Lack of Fit Tests

Model Sum of DF Mean F Prob)> F
Square Square value

Linear 728.4 6121.4 0.88 0.591

Quadratic 119.0 3 39.7 0.29 0.833

Spec Cubic 110.8 2 55. 4 0.40 0.700

Full Cubic 0 0

Pure ERR 42,2 3 137.4




Table 5. The results of Anova test of models for dynamic

properties of mixture of yulmu, wheat and water

P-value G’ G” E 7
Model 0.125 0.061 0.097 0.185
Lack of fit 0.892 0.902 0.893 0.855

#Model was developed by stepwise regression,

_l(x)_



Table 6. Regression models for dynamic properties of mixture of

yulmu (A), wheat (B), and water (C)

G" = -2.73%A + -8.43%B + 211.49+C + 40.5%AB

G” = 1.11%*A + -15,17%B + 466.99*C + 66.60%AB
E = -0.06%A + -29.26%B + 784.22¢C + 131 18%AB
7 = 1.347«A + 0.479%B + 46.033*C + 5. 848%AB
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Table 7. Constraints for least cost formulation of yulmu

mixtures,
Functionality Low High
G’ 0.5 20.0
G” 25.0 40.0
E 30.0 70.0
7 2.0 4.0
Protein 15.0 20.0
Fat 0.0 3.5
Calory 2000 2500

% The content of protein, fat and calory/100g of each

component.
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Table 8. The least cost formulation of yulmu mixtures from

Derringer and Suich’s method.

a) The least cost formulation

Component Ratio(%)
Yulmu 7.25
Wheat 42.77
Water 49.98

b) Predicted response and cost

Predicted response

G’ 11.86
G” 27.89
E 48.06
7 4.00
Protein 15.00
Fat 2.57
Calory 2619.0
Cost(min. ) 1. 307

%2 The price of each component was determined as:
yulmu:1l, wheat:0.5 and water:0
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Mixture ingredients(Yakmn, Wheat, Water, Sait

l

Sel up Constraints{ totz} mosstizre content, Salt)
— |
Select Experimental design{modified distance design, quadratic model)

|

Modeling{livear & non-lmear moded)
Probability (p<0.05)
l Yes
Cancnical Model(linear & non Hnear moded)

'

Trace plot, RSM

l

Least cost linear programmin

|

Prediction of optimal ingredients

Fig. 1. Optimization outline for noodles mixed with yulmu
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DESIGN-EXPERT Plot G’ (Piepel)

Model: )
Reduced Quadratic 12.77 “+
Zseudo components:
= yuimy 10.

B = wheat 0.59
C = waler

841+

o 623

4.05{

1.87

-0.31

-0.340 -0.230-0.120 -0.010 0.100 0.210 0.320
I e Deviation from Reference Blond

Q7/20/00 12:06:49

Fig. 4. Trace plot describing the effect of yulmu-wheat-water

mixture on storage modulus(G’).
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DESIGN-EXPERT Plot G" (Piepel}

Model: ) ;
Reduced Quad:atic 28.02!
i’seuéo' componants:
= yulmu 1
8= zcheat 24.22
C = water
20.42
& 16.621
"12.83%
9.03+
523
-0.340 -0.230 -0.120 -0.010 0.100 0.210 0.320
YR 12:00:08 Deviation from Refersnce Blend

Fig. 5. Trace plot describing the effect of yulmu-wheat-water

mixture on loss modulus{G’’).
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DESIGN-EXPERT Plot G (Plepsl)

Madei: .
Reducsd Quadralic 48.70
Pseudo components:
A = yulmy 41.86+¢
B = wheal
C = water
3502+
« 2818+
21,34+
14.504
7.68+
-0.340 -0.230 -0.120 -0.010 0.100 0.210 0.320
SN 1a:0m:08 Doviation from Reference Blend

Fig. 6. Trace plot describing the effect of yulmu-wheat-water

mixture on elastic component in Kelvin model.
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DESIGN-EXPERT Plot visc (Pispsl)

Model: )
Reduced Quadratic 4.150
:saudolcompunams:
= yulmy 750 1
8= !vheat 3.750
C = watar
3.3501
2
2 2.950
2.550+
2151+
1.751

.0.340 -0.230 -0.120 -0.010 0.100 0.210 0.320
e Doviation from Reforence Blend

QF/T0/08 12:85:00

Fig. 7. Trace plot describing the effect of yulmu-wheat-water

mixture on viscous component in Kelvin model.
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A 3FE ¥ EF 7HE AE Y

1. &% JF48 ol 8% 3/ 41g uiy} Z2agge] 8% 4+

7t A&

7239 oldy Zlg 3 W AREYR oM UAF E= O
AE AL Fay FES AU olg A2 UAEY L 9
i g Aol ol AFFBA 2ol A Ay
(optimization) ©o|&2] H{L WA AUE Urk(Saguy F,
1984). ©af FuollA & o ohel YFeME W2 UAAEEol £
Az, AAFo] YU 4 AL JHedS FEE Hol AEE
29 7la ¥ A o] EAHL g¥eR AAFHI Ut
(Moskonitz &, 1977). 53] 2 Fge] AojA Z’§(composition)
420l AR HiE2 ohE FE 2A(dy], U)o vzl
Arzeg Ao &3 A oE zAsle]l A 4 glch wely o]
o A2 NELE AE 2PEEY 22 AU UAE F2 oNE
el dlolA FHAY AEAYY A £3Y 2P =93 Y
ol g3} M Yo B d@2Zelel sAN(E 5,
1997a). ol&¥ ciNF F-2 HYEW(vixture)olA & FF 9 4
£l A3 PP AT A FFULoklM BUustA doju= H
olg], FF, A= q A T oyl FHolM AHHI THE
%, 1997b)

A3 o] 2 HE2 AEZXRAY 4ol ¥HY Allsysten)ols 2
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4Ee Jdug Yehd 4 Q& £33 Yo 2s}e] o] FolHr}
(Arteaga 2} Nakai, 1993:Yoon %, 1997a,b). Z1g{\} A Exia|7} 7}
A3 Q& Hypgos A o]E3el 4 BUA Bri:s T4
3 P ¥ (statistical model)e] X¢lo] u}gtAlstch(Boxe} Draper,
1987). o]} S BAXUAJ] BELS AAY AHAYY
(experimental design) ujolld ®PE|o]zl UYL Ajo] o3 HA
€ o 2 2¥(model)d] EFFE HE4E 7H 4 ot AxAe
2 FU ExFyol ol UYL AUAY Y MFo] Aol
Hgol AolA 7Hg Z2¢ AU Uk AR AYAY g
ol RE 4Eule) ¢ U 1 (EE 100%)g TE AlHok shet)
olg} e Az O Uste TYE UYUAY Y (nixture design)
8] A7t Yol olFolA fhrHYoon E, 1997b;Cornell, 1990) Fof
A Balo] thste shsy ¢ BE ujhe AU AY 342 B
71 4 & Aol TUES AUAYY FFolzt ¢ 4 th. Y&
Apsgel AR U By Wol BAY 2YEY by xzFyQ
23H02 gulA glon], Ux EE oA YARYL Y ol
& A§ss] A% BYo2 Yol AME D AUtk 44 HFHolE
o wWoz AYAYY ul4% (non-linear) AYHo| Wda| AL
HH 2 $EEE Fold FA (¥7) Zalel &gt} Yutge
2 REY, 3 Q 5 Ao, RS EAAY Y(response
surface methodology, RSM)& o]-8% 3Al=fol A% A3 iy
& wWol ARg31a QltHCornell, 1973: Hare, 1974). RSMojl w}Z wb
SEAEN G Folod FUYASEYS 248408 R4+BAS doly
2RE 2Pslo] FAHSES o] a3t wheby wbgaro] oY
Yl =rhe digsin] whegel AAE FPohin, N e 4

- 112 -



o Adgeg 71g $2 =& T UYUAYYo] RAAJE 1Y
3t3, doly E£4& sl 2FEE AYPY AL FAYA
44& B ¥cHDerringer & Suich, 1980). o] 5(1997)& “E}g]
HAZ} WolE ol & &Y F Y A= A A FAUYE
AYHE A3t on AYoly U Datad HHEM2} g ¥
H ol oAzt AAz2AE vehidch Jau 849 A
2702 sl WgEHo| o2 MR FUS HUA YUsi=y]
olago] glrh. olgt & ol ZAR A whie ATy
Aozt 7 H4o AVRAS PFAIE AUY g Fiity
olgl& Aol Art watq A4bU4(algorithm)e] 2-go] AR 4
AL e} Ha-o] AMGzAE FAlol WFAF Y] Al AMgFH D
2t} Derringer2} Suich(1980)%= constraintujollA] 7}% &2 ¥1g
& Ueh)7] 91314 desirability functiono]ghs A|2E AYS &
ystgon 2 Wy o|&3lo non-linear o8 sMdstedct. w3
Cornell(1993)2 T FAM 37 olate] HEE A}E 4dHs}
71 #1130 trace plot& AHAlstdch. HSHEEY 4g FIMAAS o,
e 4EES ¥2 trace plotofA = ZtA3h} 2AEL &S
BstA f="ct wetd ol 713 98 niAls dE3} o B
€2 3% Bo| trace ploto] X ZAAES A 4 gl}.

< 47 THAE AYPel YAt EF-UIR-5& ol8Y
=& Az, A Ao RYS M9 vigESEY 43
interactiong A73l0, 229 wujigtulo] W HA4E A3}
7l 9% programingg d-78M= Zo|th. %R} o] programmingol tf
T o2 variabled] HZ WU AEdlo] ¥ &7 AHE A3
& o]FaLat sk Zojr}. '
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1B R 2 URL 13|
1) A=

AAFolA 19973 Jargr F (YA 21.3%, I3 61.1%, F2
106, 21Y3.7%, HFA 2.0x)& o83l FY UAFR(ARAL,
. )2 A T UES 3o I35 A=stoch
2) By
7hH =y A=

&7, UiE, E, 4235 1371 i AEA P o}
2} 4B AES Wsidch UWIHE, &5, E& ¥ uldd uel
Eistdon AN FA 3wl Pz £F-& Y3 farinograph
2] mixing bowl & AR&8l 8% 30X ¢t uvt&Esiadct. Mixing bowl
9 2x& IBTE sl Frl MIEE doghE 7HHM & T
2.5 mol 53] Wri(sheet)E FEY ¥ AHE AN & ¥H 2 m
of 33 wRui(sheet)& FAEY the I HHIE AHEsl Uy 4
m T 2 ml A4S Azt
) S99 texture &3

240l tensile stress& J5}7] $3] rheometer(Sun co.,
CD-200D, Japan)E& AH&3iqith B3F4E 3 cn2 AE ¥ 2 kg load
cello] ZHojA cross-head speed& 200 mm/min, chart speedd 60
mn/min, holder& 15 me] A& Fol J4 1714 211 XAl
Al failure AYefe] tensile stress(N)E F5ldct BRE AHS 4
2ojlA A A]stslct.
o) 42 Hx &3

240l My &AL MRA|(Color techno system, JC801,
Japan)& AR5l L#(lightness), a%*(redness), b#(yellowness)Z}
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& &A@stden, 103 &¥gtel FFULE vefidrel
g}) S99 2e] ¥ #FeAAL

48 Rele B (2 )0 434 300 g& YL 58T FAU
T Yol 580 WA F 422 2ol He EVE AAY ¢l
& X oj gol WMol Rustyc

Z¥ I Ve A B A EH3 ol 2YEFA 257
o] L YALE ITA 4nlxt 71ZE AEPoR FIsixch A
8 Ay Yol 2% 13749 I+ %, 237, AHA 7Zx o
sto] 1(chxks] Fohold (i3] vich)zixe] H4-§ AHg3iod
Botstdch njg] o $2 S50 BERMH Ry A F4+E 0|
2] £l 3o dol A LA BeHAE AASIAR
A= Anova Tableo] 2J3) EAMstden fo4 AF & AAstAct
(Excel 97, Microsoft®, USA)
nh) AE tjAd % FA3 modeling

ZUEY AHY viRl, data B W HAH:  Design
Expert(Stat-Easy Co., Mineapolis)& o|€3lga, RE Age
Fig. 1o Uehd flow chart?] zpgell &l HUE B3tdch
Z8E viYhul= Table 1o epd uie} o] modified distance
design(Snee, 1979)o] ¥ &F, UWsHE, F9 AL, Hui9 vj&
2 2.27~19.1%, 50~66.3%, 27.9~28.8%2 AsidR o] g
Fig. 20l Yehiadon SZ3 o] A A3 Foojct. A
Az A(multi constraint)] o AN TP} 239 &
oz Rsidcrh. &5, URY A 2T 12, 14%E 7R AL
den A4E ARy Y NS £EUFLE du]dHol 23
AN FAY 37~38%2] YR MdPsiAct. T wiygey -2 1(100%)
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2 393 2FY TUESS 0.03(3%) o2 siych. AN MLz
%= constraint2] Helo] Y TYEL t}E w2 ¥ 9
3] modified distance based design(Snee, 1979)& A}&3}9z, &
3 wE UoMe interaction XIHE YolHs] 98 quadratic
experimental model& 3-23}gic}.

Regression model & UEhJ= coefficient ZtE-L Scheffe(1958)
2] polynomial formoll ZAE £ Al4tx| o] Hc}.

Canonical ¥EJ2] linear$} quadratic model-2 modified least
square regressiono] 2|3] ThEolZHOm full quadratic model-2
step-wise regression'}(a=0.1)22 data Y2 Fg Yion
7 model3} coefficient gHE-2 Anova table& ©]-8%} F-test B &
2zt 23 FJ4& AFsIcL

TUELoINY 2 HEEY AAE AUWEI] 98 pseudo
component& ©|-§¥t Pipel®] %3¥(Cornell, 1990)& ©o]&% trace
plot& 33 pseudo component&- TH2] 2](1)& o] &3l A4t
s}adch

Pseudo component = jr;e(&il_;Ll),ll 2)(1)

Li=lower constraint in real value, L=sum of lower constraints
in real values,
B}) Optimization using least cost linear programming

Least cost linear programming2 objective function(cost)z}
canonical ¥EN2] decision variables(E2]3d HA) I target
constraints(X}M|e] 7|&)0 2 FAslo] Q). Objective function
o] coefficient ZES &F, WHF 9 B F4g Y=
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120:10:22 A3}% 3, decision variablesZ2M& Y WFeg gt
E 249 tensile strength2} L%, ax, bt oz 3slglon
target constraint &2+ &AH tensile strengthgle] HHYE 7|5
2.2 39 o costx ] A(minimum)ZE 3}t

A}) Solution of predict point for response

S AZE o &sh=u] AFRY Z2 WL Excel 97(microsoft®,
USA)& ol&slgich ¢4 HE€3S d¥sta, 2 429 AW EY
ARt qIFE UYL, %ol o2 1H S SHE S Rt
T oHAE A% 9 vy 2y IAst 2 Ad B A
& 71A 34 modified least square linear regressionol] 2|3} FA

2.2 FMY modeld] AlxE YYstod £t}

g AR P ol o2 A3 F & upe2E AN
o O|FAIFIAU F|HEF o]l F£AF UYHAST wf HA A
B wde U WA 4R uLE U 4+ e dadza
tensile strength, L%, a%, b¥7} X2 Uepdch E{ 7 afje] v
U7Ha& g 4 drt

cth. A3
1) Experimental point and response

2 a3 AAzAoFHN HEY iy o HA £EYUY
A2 AU(Table 1) 7IA32A ¥Ug}¥ modified distance-based
design AMHYC|AQdel ¢ SF-UNF-EY EuE Yelds
actual value$®} pseudo value®] A YA Table 2, 3o Lehj2lc].
9709 HEdz 4719 ES A F 1371 AYHo] FASAUC
3 FAE AFTYEY £F & A4 0.972 BokE wjo] iU
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ulojct. AEL FYo WE XE o7l #3 Faielow AY
A& Aot} dustalct

Agrzile] wel dBY 2 ujyiulo] el &P W A=
Table 40l Jehdigich. AYA2} tensile stressi= 1.852~2.675 N
o] HHE Byon, L3k 74.43~82.96, asZtS -2.950~-0.510,
bszt2 18.01~20.053 HAE Uehdgos vjgnle] wE 7142
9.92~28.482] He & vehiglch
2) Analysis of response and trace plot

flo} ol H|UY R¥o TABt 2Rt e del AR Table
28] AT 7FAX|3LAM linear YW non-linear model &S modified
least square linear regressiono]] 2j3] BAlYow FEMsigdzn 2}
B3890l probability valued 7]&£23 AMAsled Table 30| anova
table® Llehjdct. 24 23} tensile stressi= linear model©]
21171 0.0010]5+8 WERJ2l3, non-linear model?] -8-2]xh=
0.096~0.707& Ueldo] #23} %& 7|£2% ¥ S wff linear
modelo] 7} Ao s s gict

Lt kel ZAS $2x7F linearZ} 0.0010]5+8 Uehigdx
non-linear model& 0.480~0.998& U€ehlo] #2j2} 54§ 7|&o&
B oS w) linear modelo] %32 model S ISt aste] A
2] &}t linear modelo] 0.022& uYERN2I3, non linear model-&
0.695~0.8432 Jehjo] R}t 548 7|£22 RoLE wl linear
modelo] Y-S vtehligich bsghe] -9 linear model®]| -§-2fA}
7} 0.053& uUEehielen], non-linear modeloAe] §ojzk=
quadratic model®] 22t 0.027& UERQUR, cubic model
0.521~0.973& UEehjo] Hojxt Sx§ ZjEes wesS uj
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non-liear modelo] A& vtepfolct.

2 F 71x] 2% A3} tensile stress, L¥, at: linear modelo]
AYPE Uveldo] I8 Az Alo] EF-UIE-E Alojo) 43zt
§ol A S A& ek £ oot 71(19997b) Fol
23 paste el yulmu-wheat-water THEBoME ZHEN &
storage modulus(G” ), loss modulus(G” ), elastic component(E)2}
viscous component( 7 )ollA=  interaction termo] &z|5}=
quadratic modelo] 33t Uehfch yellownessS UEhJE: br

< quadratic modelo] H3dS viehfo] AR atgo] Za3te ¥
A & 4+ oldch

&5, Yot B XUEE UE IFfolNy 4 HEEY &
& linear® ¥ non-linear canonical regression model® Table 69j
vehfgch o7lo] Uehd Z coefficient S5 2 AE-So] 2
responsed] oli]E 483G Lehf: activity(Arteaga 5., 1993,
Yoon 5, 1997a, 1997b)ojt}. o|2} o] linear model S ZHE 3}
of IYPBdMY 4 HEE JIAEE B A8l trace
plot& o|&3}o Fig. 3~62& el gict. Reference blend& L}
ERf= plot®] center= E3}E vertices?] centroidojr] BsloA
1= 3

&5} WIHFE tensile stressofA] positivedt %3 njx|o
(Fig. 3) 2 71&71 Y& oA i 7ld=g Uehis
ol 47FE7t 78 71&17t o 328 43 O 38 ¢ 4 A
ek 3742 BEF Eol 717t R ABE &R-UsE-Bo
ZPEA Eol tensile stresso]] 713 2 ARG ujAL & 4 gl

Ao &F F59 AzAlo] £ o] FHU 249U Ueshidd
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=3

&5 ITolM TUEL 4Eol Lol nxls d3e Alnnd
(Fig. 4) &% negativedt 4% nx|u] YIRS} EL positive
¥ FBE vH o UrbRe AUE F e Yehdc

&5 Irold EYEY A4Eol asgtol njxle 48 Ay
(Fig. 5) &%} &2 positivedt ¥3¥& u|xn Wit} B
negative¥t FFS ujH T WiEE A 28 Ueiidd
3, &% IF5oM TYEL 4Eo| bi(yellowness)Ztoll njx& 4
Dol ti3jM=(Fig. 6) &= §arol 7PN positivedt @8
& nlAt T "elxle ZF¥E udehiglen], Wikl EL
negativedt F¥& ulXLt B9 FAUt o JeiRE WK o 2 o
g vy, &R} UrHRE A %S Yehiglch

Trace plotol A= EFZEY 4& F7HIAE ul, t}E HEEL
@2 trace plotoM& ZAsht IREY &2 YsIA xd
th metA whgell JhY 4% nlxle HE 3 g FY Sof
trace plotollx] ZA3Eo] A 4 rl RSMo| wE WIS EHEMNS
sl SYHFEY F5HSLY Y4HBAS vlolH2Re 245
o SUHTEY el Hol wely wkgo] o|PA Helxl=stE
oAl &ste whgFo] g Fohdrl. uwield APA}E M2
Fig. 8~11o] Yehjolct. HYH$2E &%, Ui, Bold 4
W42 tensile stress, L¥, a%2} bx2 JVehjlct

Fig. 8ol uehfslRo]l &2 o] Ayl wal FAl7l 7189
A ox EdFo] YA A glo] B9 ko] Ziijtel whe}
tensile stress7} Z4AUE {AY 4 glon|, 5o gato] #Hil
u}2} tensile stress7t FZAHA WEE ¥ ¥ 4 et 2y
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Legkell SlojM= &7 Hgo] 4ol wel Legho] &ejrt Qla W
S 7t FA Uehd glol 28 Tell met = Lagioll & 3B &
2]z] ¢teni &F ol et Legtel W F¥S ujHS
4 dglon, axgte] A9(Fig. 10) &F o] ZtAgte] uje}
ol W7t sl whgu st FA eht Qo] & kel weldE
asgtoll & VL viAA] don &5 Yol ulel asglel] W o
FE S HA Y 4 orh. =Y bagle] HQolx(Fig. 11) &F
2] Yol F713oll ujel g o] olx|n glon, oA &
FHPol S71UTF 29 ©Pol Holdel wet whgo] W W3y
& 7R 4&S ¥IE 4 ddch

3) Least cost linear programming

SF TYES 0B Fo AZ Ao WA B4 s U
TuE W U o] o HAZNHE A& A least
cost linear programmingS #-83}%ir}.

A EYPE F317] 9130 tensile stress2} MEF vjehj: L,
a¥, b#Z}t2] responseS& acceptabledt range® Al A3lgct &
tensile stress= 1.852~2.675 N, L#gt2 72.43~82.96, axgte
-2.950~-0.510, b*ghe 18.01~20.052] ‘HejoA least cost
formulation& #I¥} constraint HYZA FslY (Table 7), &
Foad g B 714 S ¢2® 120:10:28 A3}31 tensile stress=
maximum, costy AR HASAE ul linear programming?] 24
7L 9.9242] 7iFo] ugten 1 ofd HF wighnle &FE
2.27%, W7HS-E 66.28%, B2 28.45%% AAIElojFcTh o] uf A
EE ol &3S Wl IF4o Eely 5HS dIsided
tensile stresst 2, 342N, Lxi= 82,39, at:= -2.860, bt 18. 138

2
g

=
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& ¥ 4 2AcKTable 8).
4) ¥3Y Ao 2AS =Y &F 9 Y

Al & AYolA eEolxx] gudd = o} Fa¥ A
dz2AF 79 shdeta & 4 ol Ao YR {3t
2AEY Mol T FYS v|PLE uis o] AR Ao
AsdrHE Est 22 v g 3axt stgdct

vj3a]ef] ulel Zz|¥ IS taste, texture, acceptabilityd
71EL% Blo| HAIR FeZA A3} Table 99} . Zzpe] 3
+& HIFES U] olR& tHA| wmodified least square linear
regressionoll 23] FAIY g EAM3IQn 2 Ry probability
value& Table 10-a)of anova table® teploict, £ ZA >} linear
model 2] §-2]x}7} 0.0010|3}o]™, non-linear model-& 0.392~0.342
& UEelo] linear modelo] 7P AR Ao nicizioon 3
238 Table 10-bo]| canonical model 2 e}, o] linear B
o] coefficient:= A, B, C Z}Z} 5.570, 4.014, 9.3249] 3L 7}
Zlch, Trace plote 3 Uepd A (fig. 7) &F71 F7Hdol ole}
Hedrte] Hsols positivedt Z¥& Uehdo] &8I s
Artolle $2 42 8L n|dE A #@ 4 e, Wigst
F7Hdel wjel ¥eAA A4t negative¥t FHE Uehdo] &5
2 FsArbols F2 4¥E nAS HA ¥ + AUk 8]
F71el wel S W3S Jehdo] &I deAAldl M
g d¥E uES vehddch HAH Hold EYP(linear EE
non-linear) &5 HIY 2R 22 ¥o]jEo] AP ]A HAES Table
11. A, Bol Yehfgitl. 2z whgx&e WHAE A} 2P
dRste] o] - Az BnEIIY EAY,(IHH)E LA TE
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BEE A AUEAM AYshe 210& 45 (Table 9-A),
4710 &z 7tE5AE Fo HE o FAUS & B
AREHE NFIle= A& 4Tt Table 9-A9 7§ 7153
& A $3 MY Aol Table 9-BY B9+ 747 NEFAE
ojtl. A-case 12 HAYSFRAN costE mininumo 2 T}
€ AHU2AL X WHAE A EAI AREA Y wiy

E &%, UiFe} Bol Zz} 2.27%, 66.28%, 28.45%5 ERNS
oo I o Il didEE AR E u]§o] 9.9240|H
AFIHL 2.342 N, #AALE 4.360& Uelhr]. A-case 2&
UYL Z A cost pininuml®, AFYE paxioum, HFSAAE
HejzAo® Eots ol HFY uiYnls &F, UIHEe} Bo] Z
2.84%, 66.28%, 27.88%F UElfony 1 wfe] &RF4olA oat
Hie HEAAZE cost7l 10.59, Aol 2.650 N, A5 A
7} 4.0812 A== giTl. A-case 3L BHY4EA cost: minimunl
2, JAYE maximun, FePANE paximunl B Hotg w 2o
iule &F, UiHESt Bol 4 2.84%, 66.28%, 27.88%F LIE}
voden I ofe] &FIFeolA s WHSAMTE costr)
10.59, A%o] 2.650 N, Vel A7t 4.0812 2f=is]glon
A-case32 FHHPSFE 71 AF o I A= A-case2s} T2 vl
3l e} 22 o WA S Lelglch. B-casel, 2, 32 J}EXE
FUL Bl B-casel2 71F9] 7133 10& FAS 3¢ 2HY
vidtele &%, UrlFe ol 4 2.74%, 66.28%, 27.98% UIE}
vigden, 3 dg &FIpoM cisle WEAASEE costr)
10.47, AAo] 2,594 N, A5AA 47t 4.131% Uehle] 712
g F2 oS Aot viAdM &S PAasdon AH

4
2
N
ol
4o
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sArAe golA 71FAE £ I UElkdth  B-case-2, 39

Y 4B} BB A Aol 7HEAE FUAAU FMFAE FA

Wk B Azpel Aolrt Qo 2 ER JlHe)] JFAE F

2| = Z$ ol uizhulzt A uiyy] d& €U ¥ £ Uk

5) Least cost linear programming ©]-2%F 23 wigu] /7 4 7}
3 screen¥}

Excel 97{(microsoft, 1997)& o]&3}d linear & non-linear
model & 2 &A1F HIEZANE &3t vldy 2¥o ZAsHY
2y Agde AAE 7KL linear ¥ non-linear model&-&
modified least square linear regressionol 2&]3] BAH o2 HA
¥ model S ZRAIA A& Ue] component P& UFHsIE oy
¥ response?d] & HAY 4 glon 1 oo v|&S YU ¥ 4
adth. 4 4EES dYsia dEAAA U datad] U E A
A3 F3 component?] 7}F(/%)& BsjEch LMY linear ¥
non-linear model?] A& ¢ it

iRl E AR HY dellM 4R A3 E F1§ olFAIIAY +
215 SIS o AA AW F A BA +F ge Y
4 olen cl&d2el tensile stress, Ls, a%, b7} 3] el
ch. =X I o widrtgd & 7Y 5 drh Fig 12a& 94 Y
8 BE & &5, 4R, ES sl Table 18] 2} wigs
o] A UE g™ FAch e Yol whE JHEL 4 s}
of Folc}l. Table 62 HARYL] e A& YHstoq Fcl
3 thy £3&S olFAA &%, U, 89 4ES 3 2.27%,
66.28%, 28.45%x2 2APstPciy EFI4L S84 Hx o] ¢
EdE o UYL 2.3409 NS Ve, LsghS 82.389, bxzt
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< -2.86, a*gtE 19.193% vehida 1 oje] wjyriz L 9.921S
vehyoict,
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Table 1. Constraint of contents of Yulmu mixture

Yulmu ‘Wheat Water

Low limit 0.0227 0.5 0.279

High limit 0.191 0.663 0.288

*Multiconstraint of moisture contents of mixture
037 < 0.12Yulmu + 0.14Wheat + Water < 0.38
Yulmu + Wheat + Water = 0.97
Salt : 0.03
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Table 2. Actual experimental points of Yulmu mixture

No. {Run order Actual value

Yulmu wheat Water
1 2 0.1820 0.5000 0.2880
2 9 0.1820 0.5000 0.2880
3 5 0.1910 0.5000 0.2790
4 13 0.1910 0.5000 0.2790
5 8 0.0284 0.6628 0.2788
6 7 0.0284 0.6628 0.2788
7 1 0.0227 0.6628 0.2845
8 10 0.1870 0.5000 0.2830
9 4 0.1870 0.5000 0.2830
10 3 0.1440 0.5410 0.2850
11 11 0.1490 0.5400 0.2810
12 12 0.0640 0.6210 0.2850
13 6 0.1060 0.5810 0.2830
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Table 3. Pseudo experimental points of Yulmu mixture

No. |Run order Pseudo value

Yulmu Wheat Water
1 2 0.9454 0 0.05461
2 0.9454 0 0.05461
3 5 0.9988 0 0.00119
4 13 0.9988 0 0.00119
5 8 0.0337 0.9663 0
6 7 0.0337 0.9663 0
7 0 0.9663 0.03373
8 10 0.9751 0 0.02493
9 4 0.9751 0 0.02493
10 0.7198 0.2374 0.03680
11 11 0.7495 0.2374 0.01306
12 12 0.2450 0.7182 0.03680
13 6 0.4943 0.4808 0.02493
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Table 4. Tensile stress, L#, a%, b* and cost data on Yulmu

mixture
Response | tensile

No. S?I\??S Lx a* b* cost
1 2.029 7567 | -1.310 | 20.06 | 2742
2 1.852 7572 | -1.310 | 1940 | 2742
3 2675 7569 | -1.170 | 1920 | 2848
4 2,528 7584 | -1.060 | 19.40 | 2848
5 2617 8202 |-3110| 19.12 | 1059
6 2.460 81.62 | -2.810 | 19.08 | 10.59
7 2.440 8296 | -2670 | 1801 | 992
8 2372 7443 | -0510 | 19.75 | 2801
9 2.293 7109 | -2950 | 19.15 | 2801
10 2401 7860 | -1174 | 1915 | 2326
11 2.450 7163 | -1.780 | 1941 | 2384
12 2401 80.22 | -2.120 | 1894 | 14.46
13 2.391 7951 | -2790 | 1938 | 19.10

*The price of each component was determined as; Yulmu:

120/%(actual),
Wheat: 10/%(actual) and Water: 2/%(actual)
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Table 5. Anova table for linear and non-linear model built by

modi fied least square linear regression

a) response: tensile stress

soure Ségrl?aroefs DF srgsgrne F value| prob> F
mean 73.4907 1 73.4907
Linear 0.4432 2 0.2216 15.02 <0.001
Quadratic 0.0847 3 0.0282 3.14 0.096
Spec. Cubic| 0.0137 1 0.0132 1.60 0.253
Full cubic 0.0079 2 0.0040 0.38 0.707
Residual 0.0417 4 0.0104
Total 74.0814 13
b) response: L#
soure Ssl(]]rl?arogs DF srgsgnre F value| prob.> F
mean 79560.69 1 79560.69
Linear 89.01 2 4450 73.30 <0.001
Quadratic 0.83 3 0.28 0.37 0.778
Spec. Cubic 0.00 1 0.00 <0.01 0.988
Full cubic 161 2 0.81 0.89 0.480
Residual 363 4 0.91
Total 79.655.77 13
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c) response: a#

soure Sslérgags DF srgsgrne F value | prob.> F
mean 49.355 1 49.355
Linear 4.655 2 2.327 575 0.022
Quadratic 0.713 3 0.238 050 0.695
Spec. Cubic 0.023 1 0.023 0.04 0.843
Full cubic 0.285 2 0.142 0.19 0.835
Residual 3.028 4 0.757
Total 58.059 13
d) response: b#
soure Ss‘cll?:alfgs DF srgggrne F value | prob> F
mean 4800.231 1 4809.231
Linear 1.191 2 0.595 401 0.053
Quadratic 0.914 3 0.305 3.74 0.027
Spec. Cubic 0.000 i 0.000 <0.01 0973
Full cubic 0.159 2 0.080 0.77 0.521
Residual 0412 4 0.103
Total 4811.907 | 13
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Table 6, Regression models for response of noodles mixed with

Yulmu

Yi(Tensile stress) = 2.5605A + 2.6527B - 6.5650C

Ya(L*) = 75.727A + 82.389B + 82.402C
Ya(a*) = -1.439A - 2.936B - 0.691C
Ya(b*) = 19.305A + 19.032B + 156.961C + 1.743AB

- 137.832AC - 170.420BC

Pseudo components A: Yulmu, B: Wheat, C: Water
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Table 7. Constraints for least cost formulation of noodles

mixed with Yulmu

Functionality Low High
tensile stress(N) 1.852 2.675
Lx* 74.43 82.96

ax -2.950 -0.510
b* 18.01 20.05
cost 9.92 28.48
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Table 8. The least cost formulation of

noodles mixed with

Yulmu from Derringer and Suich’s method

a) The least cost formulation

Component Ratio(%)
Yulmu 227
| Wheat 66.28
Water 28.45

b) Predicted response and cost

Response Predicted response
Tensile stress(N) 2.342
L* 82.39
ax* -2.860
b* 1813
cost 9.924
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Table 9. Sensory evaluation score for noodles mixed with Yulmu

S;I: taste texture acceptability mean
1 44+1.76 468+1.70 48+2.04 4627
2 5.84*1.60 592%191 6.16+2.21 5973
3 576x1.79 6.04:1.74 6.04£2.03 5.947
4 584*+1.72 564+1.85 6.2+£2.08 5.893
5 536+1.58 548+ 1.64 52+198 5347
6 496154 472+143 5.16%1.60 4.947
7 3.76%1.39 3.68%+1.55 40%1.87 3.813
8 4.08%+1.85 4.08* 161 42*158 4.120
9 512+1.99 512*+1.39 5.36+2.06 5.200
10 | 592%1.91 568*1.65 58+2.04 5.800
11 | 516%1.77 464144 524+1.94 5.013
12 | 456+1.83 436*1.68 476+198 4560
13 | 568%157 496*1.24 564+1.80 5.427

Rating scale: 1(very good), 9(very bad)

score: mean score standard deviation (p=<0.05)
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Table 10. Anova test for noodles mixed with yulmu on sensory

evaluation

a) Anova table for linear and non-linear model built by

modified least square linear regression

soure Zlgt?ax?gs DF S'gggrne F value | prob> F
mean 339.560 1 339.560
Linear 5.326 2 2.663 2893 < 0.001
Quadratic 0.383 3 0.128 1.66 0.261
Spec. Cubic 0.074 1 0.074 0.96 0.364
Fuil cubic 0.098 2 0.049 054 0.620
Residual 0.365 4 0.091
Total 345.806 13

b) Regression model

Sensory evaluation = 5570A + 4.014B + 9.324C
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Table 11, Optimization with sensory evaluation test for Yulmu

mixture,
A. case 1.
response Goal Function weight
cost. min. Objective 1
T.S N/A Constraints
Sensory test N/A Constraints
result
mixture ratio(%6) desirability prediction
Yulmu: 2.27 cost: 9.924
Wheat: 66.28 D: 1.000 T.S: 2.342
water: 28.45 sensory: 4.360
A. case 2.
response Goal Function weight
cost. min. Objective 1
T.S max Objective 1
Sensory test N/A Constraints
result
mixture ratio desirability prediction
Yulmu: 2.84 cost: 10.59
Wheat: 66.28 D: 0.967 T.S: 2.650
water: 27.88 sensory: 4.081
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A. case 3.

response Goal Function weight
cost. min. Objective 1
TS max Objective 1
Sensory evaluation | max Objective 1
result
mixture ratio destirability prediction
Yulmu: 2.84 cost: 10.59
Wheat: 66.28 D: 0.935 T.S: 2.650
water: 27.88 sensory: 4.081
B. case 1.
response Goal Function weight
cost. min. Objective 10
T.S max Objective 1
Sensory evaluation max Objective 1
result
mixture ratio desirability prediction
Yulmu: 2.74 costt 1047
Wheat: 66.28 D: 0.829 T.S: 2594
water: 27.98 sensory: 4.131
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B. case 2.

response Goal Function weight
cost. min. Objective 1
T.S max Objective 10
Sensory evaluation | max Objective 1
result
mixture ratio desirability prediction
Yulmu: 2.84 cost: 10.59
Wheat: 66.28 D: 0.851 T.S: 2.650
water: 27.88 sensory: 4.081
B. case 3.
response Goal Function weight
cost. min. Objective 1
T.S max Objective 1
Sensory evaluation | max Objective 10
result
mixture ratio desirability prediction
Yulmu: 2.84 cost: 10.59
Wheat: 66.28 D: 0.629 T.S: 2.650
water: 27.88 sensory: 4.081
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Mixture ingredients(Yulmu, Wheat, Water, Salt)

|

Set up Constraints{ total moisture content, Salt)
— |
Select Experimental design(modified distance design, quadratic model)

l

Modeling(linear & non-linear model)
Probability (p<0.06)

No
l Yes

Canonical Model(linear & non linear model)

'

Trace plot, ROM

!

Least cost linear programming

l

Prediction of optimal ingredieats

Fig. 1. Optimization outline for noodles mixed with yulmu.
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X1 (0.1912)

%2 (0.6685) X1 (227E02) X3 [0.4473

Fig. 2. Response of constraint of yulmu mixture

actual components X1: Yulmu, X2: Wheat, X3: Water
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tensile stress(N)

N

3

N

-
L3

-0.49000.32330.15670.0100 0.1767 0.3433 0.5100
Deviation from Reference Blend

Fig. 3. Trace plot describing the effects of each component
noodles mixed with yulmu on tensile stress

Pseudo components A: Yulmu, B: Wheat, C: Water
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82.154+

81.089

80.024-

T

*,78.959+

77.894 |

76.8291

75.764 1

-0.4800:0.32330.15670.0100 0.1767 0.3433 0.5100
Deviation from Reference Blend

Fig. 4. Trace plot describing the effects of each component
noodles mixed with yulmu on L%

Pseudo components A: Yulmu, B: Wheat, C: Water
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L}

-1.4113

-1.8560/

-1.9007+

T

%2.1454

T

-2.3901+

-2.8348 1

-2.8795+

-0.4900-0.32330.15670.0100 0.1767 0.3433 0.5100
Deviation from Reference Blend

Fig. 5. Trace plot describing the effects of each component
noodles mixed with yulmu on as%,

Pseudo components A: Yulmu, B: Wheat, C: Water
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19.567+
19.395+
19.223+
% 19.052+
18.880+
18.708+

18536
-0.49000.32330.15670.0100 0.1767 0.3433 0.5100
Deviation from Reference Blend

Fig. 6. Trace plot describing the effects of each component
noodles mixed with yulmu on b,

Pseudo components A: Yulmu, B: Wheat, C: Water
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5.7740-

L4

o
§§

5.2185+

B

sensory evaluation

4.8570-

¥

43778+

4.0985}

-0.48000.32330.15670.0100 0.1767 0.3433 0.5100
Deviation from Reference Blend

Fig. 7. Trace plot describing the effects of each component
noodles mixed with yulmu on sensory evaluation.
Pseudo components A: Yulmu, B: Wheat, C: Water
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X2 (8;§22%,~xs (0.2788) X1 (0.1912)

X1 (2.27E-02) X2 (0.5000)
X3 (0.2882)

Fig. 8. Response surface describing the effects of noodles

mixed with yulmu on tensile stress

actual components XI: Yulmu, X2: Wheat, X3: Water
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82167

|
80.020 -
77674

o G|

=% (0.6628)

X2 (0.5000)

X1 (0.1912)

Fig. 9. Response surface describing the effects of noodles
mixed with yulmu on L%
actual components X1: Yulmu, X2: Wheat, X3: Water
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(0.6628)

X2 (0.5000) X3 (0.2788)

X1 (0.1912)

Fig. 10. Response surface describing the effects of Yulmu
mixture on ax

actual components X1: Yulmu, X2: Wheat, X3: Water
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X1 (0.1912)

X1 (2.27E-02) X2 (0.5000)

X3 (0.2882)

Fig. 11. Response surface describing the effects of Yulmu
mixture on b¥

actual components X1: Yulmu, X2: Wheat, X3: Water

- 152 -



Fig.

& x{(NBRTH 0 12 (/1%

227 1910 120
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Tenslle strength
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12.

& least cost of noodles mixed with yulmu
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a) Prediction of the responses for optimum composition



BOES. A
s 2.27 19.10 120

A
8 - e 50.00 66.28 10
C 2 27.88 28.82 2

- Response 2

Tensile strength .
L» 75727 82.389 82.402
as -1.439 ~2.936 -0.691
b= 19.305 19.032 156.961 1.743~137.832 -170.420,

tf | {%)

g ¢
ooty - 4]

g 47

AC

My + 37.54

i 817124

Fig. 12. b)Exercise of Prediction of the responses for optimum

composition & least cost of noodles mixed with yulmu
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Response

2.27
50
27.9

19.1
66.3
28.8

-2 (BB AT L2 (Wka)

120
10
2

R ECTTACT

Tensile strength 2.5605 -6.565
L %72 82.389 82.402
ED -1.439 -2.966 -0.69
b 19.305 19.032 156.961 1.743 -138 -170.42
ol 8t (%!
FENRI
PEI S |
' A

M £ &F 37.078

s ot

36.754

12. C) Exercise of Prediction of the responses for optimum

composition & least cost of yulmu mixture noodle

Fig.
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Fig.

i ram AB BC AC
X —6‘565
L» . } 82.402
ax -1439  -2.906 -0.691
be 19305  19.082 156.961 1743 -138 -170.42
- ) (o I = ol T
g ¢ | e ;?{3@_»! 3 6 40 & O 2453951 Tensile strength»Z 3015
wie Y 1 62.10 go 7189542, L« 80’755
g 4 [.55904 28.50 Kdloasesos: as
& Ef A 97.00 1 b
MY & &8F 37962 37.834 Hi®IY

12. d) Exercise of Prediction of the responses for optimum

composition & least cost of noodles mixed with yulmu
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A 44 &F JHE ASY MY 24 By A
7 3% A zd dF

1. EREEAPel oy &F Ud&4d¥ Az Y =24 A
Boll At A7

7h HAE

&R (coix)E AZRE YoM T2 AHEE o] ten, 2
ot ¥3F FZY2HE =& AMIIE LS 3= 7168 EF
Eo] gl Zog oA olor} (Chung 5, 1988) ¢ UeloM:
&R tiio] the Jhgste] YU 7 w2 &Fdolu &F-a
E2A ARgE oA lrh (7, 1977)

7 U E 2sted AVolL} ready-to-eat breakfast cereal}
e AES AxHLoz O Au7 FU18lA glen, O RIUMAE
£ dHolth old ARy AFS Aiske WiozA EWYH
d, FEAY Tl k. el FA e T L dS3A Pt
3} AF PUE Astd dEEB AbPdS wel ARgyrh
Extruderd ©|-8¢ U&%33YE €3t 71AF oly=jo] 2J3) nlad
B A dell HES A=Y 4 donj(Carpez T, 1986, 4 &,
1996), A& ©FPolM Wl o 71A] DI U3 &
d rg7lUolA FAol Aeld 4 ded, d¥], Y, £ o
2} ujd, sB3, A¥ Ho| o]FojAc) (Smith and Ben-Gera, 1980)
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U I AL Y&EBAS &4, Yy =4 HI 52
WA 717] digell, AY 7H2 A& A AY Y248 33
zZo] Wiyt A7} Wes stn o2 (Bjérck, 1984), ZLEe| &
(1995)2 U7 &S5 A, d U o] fulsl= 24N F Aol
Rt UIE T3 R U S AT HAELARS AUS ¢
T A2 YV I AFE AA WIS dFEY it xAY
54H%E aHstAct

3 AFY B FBoA dAEY Ay 3 23S 7] s
ayuHos o|fEHI o S IHAYY(response surface
methodology, RSM)E o]-&%t Zt=woll oJAR Ay ubyg ulo]
AH8313 QltH(Cornell, 1973: Hare, 1974). RSMoj| w}E whg Ew
& B8l SYHFE} FH5ESTY YFBAE ol 2 RE
F35l SUHTEY U Aol ulely dtggo] ojRA el
S7HE Ad&shy W] S Hohln, AF L 4o AY
22 Y 2 BEE T AEAYY FUAE 2Ms12, o
ol ¥4& Bl FFHE UYL WSEAY FAFY HAL
T3 U Derringer & Suich, 1980). wleld WHEEHEMHE o] &
5t] SR E cereal st ot Ao ¢aYYIE 2A(4E
HY U screwd=)S 3zt gl

U g oy
1) 2l

EFNFE Z7E AAFoA 1997d0] Auj RS =AEY
600 mo|ste] & Ahgstalch Adel AMS¥ &5 vz gha
< 16.35%, =32 12%0] il

_158_



2) ¥y
7} ¢&48=x3

B Aol AR dE8% A= 7o Mulvaney(1997)7F AHg3Y
SHY AHUEEY 7L 237 83 REUPeIH, 237 4
AL 31.0 mm, L/D ¥} 20, 2E {3 7. 5HPo]glt}. Barrel
INE FEH0] glen, B2 AL 3.0 moorh. ¥E F4
42t 87 4% 2379 HMA &x& 2Fsl 0.075
kg/ming 2SI U8 +EUY 2WL d89 B ABE F
AP AR F, APAY AYUSI=F 22 25 F A barrel
o] AldFE Fstdct
W) 4E4¥8EY 28 1 A= 53

U248 E2] bendingZ B2 rheometer(Sun Co., CD-200D, Japan)
2 ik AE8Y dSHBES 6 o2 Y F e 279
ARAE &3 F, 200 on/min®] cross-head speedS o] &3}y At
1E2=E &3t d2E M= FFE #ste] Varing
blendor(Dynamic Corp., USA)E 600 mol|3}e] 7F52 Hajgt & A
X} Al (Color Techno System Corp., J1801, Japan)® L#(lightness),
ax*(redness), bx*(yellowness)gtS &3 sttt
t}) FEFR (VAL &} =283l ] 4=(¥SI)

4B 23] 2] 4>(water solubility index : WSI)¥ Anderson(1982)2]
wWof ojste] &FFstalch 24 Al 2.5 goll § 40 nl & Jisio]
g2ollA 127t Feb Mgt F 3,000 rpm oA 1083 WA 223t
Adrt. AE59S B ES UdE 4B E Yo EUY +E ¥
T2 A A28V EA FANIS FEFAXS(VADE shadch
EX 35 10 1S st 2 YFYoll Y2 F 105THA 44]

=)

- 159 -



3 T Azl AYIEHUFS FHY F WSIE o Yoz FF
stadch

WSI= (soluble solidzs 5gg/l() ml) x40ml 100%

gh) HA & 48 274 43 9 FAEH

&5 g2 4ol F¥E nixle o J1A] HS4E FolA oy
AYS Bl UBEYLEE 125TE IFAN §, HE4RH
barrel screwdx ol A 2o FEHFLE Fsidch 2 Hed A
M2 barrel screw speed& 200~300 rpnz} AR FE§targ 2
5~30% HZ AEISGS AdAsdct ol AL F A WEE
7R AN 2t Hae] Aefg oA FH U EAIY (central composite
design)ell 2J%t 2x} myog Ay 2AZ HA(Table 1)3}1rt. &
10742 M2 t}E FP2A & screw &9 +EHUTYo ©WE &F
A GFE el HAYEYYRAS BT spyrt

HARAL Uehle coefficient G Scheffe?] polynomial
form(cornell, 1990)0] ZAE Fi AAEoIZALn 1 model}
coeffient FIES Anova tabled o] &% F-test § RAHE& HS3s}
gom EJ correlation coefficientE o] &35}t model S 2|43}
ct.

ch. A

1) &F d&8%8E
FAYEAY Yol A3 2z Aol YBYYHID &5 E
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Fig. 1o Uehddrl <da4¥d ezt dade= Ao|it o=
Ro g velyth & 300rpm ©]4te} screwd] ST RUl W2 screw &
ZoA EFAEd ARA] BY FAAY FEHPYO] T F U
710l 8] &FAlelde] SBAF I WA Jelden 22U Jx
7t AA B4" A= ekl Hoseney$(1992)2] ZAzjoM =
YA L& 160To|3tollA] screw speedE HHAAAN UEYZAAUS
o, BYAEIL screw ol vl A3 A2 A}7t Yejulch o
£ screwd] 7IAAA }gog 7RI &8 Feld AE o2 &
ol &ol7}7] wigoleta stalcth Y&EFE WY 72 2 A
Hato] o3 PFAEHE Aoz AdA At 22 £8EY IS
W3 7taA2ZA LS Sie Al UETE TR PAEA
g3t 713-& BEste 2Aes A grh (Kokini F, 1992)
2) &F A2EVEY Y =3 54

Ztzte] &4 H AlRY 23 H/4& Table 20| Yehligict. 10
2] Aol o3 &F AeldE A2¥ A bending failure
force= 884.4~12039.5 kPad] Helgd RFen, thicknessZt2
7.11~14.79 om, WSI(water solubility index):= 53.1~69.8,
WAI(water absorption index)& 1.12~5.00& Uellda Hx g U
El= L#Zhe 65.05~72.6, a*Ztd -2.83~-1.59, baghe 20.12~
22.758 JEehjdct

Screw speed?l FEHFUHo] w2 &F Y&8Y S FAAE
modified least square regressionol 2&|3] BA|H o R EAMsio Z
232l probability2} correlation coefficientd& 7}R|3A Bichs}
at}. bending failure stress:= 2442 dx}A(linear
regression)& §2|2Hprob. >F)7} 0.002(r’=0.8215)F Uelidz,
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quadratic model Z-§A]2] f2]xl= 0.028(r’=0.9160), cubic model
H g Aol 0.094(r’=0.9723)2 Ueljo} fo)x} & J|Eog B
2t& 9 linear modelo] 7Hg Zgto s nichs|gich. (Table 3) ¢
2488 &5 AFY BAE  linear modeldd  FH$
0.001(r®=0.8507), quadratic model®] 7Z-$ 0.035(r’=0.9057), cubic
model 2] 7-¢ 0.043(r’= 0.9875)2 U}E}uich. (Table 4) wetA -9
x} 5% 7|&22 RIS o linear modelo] 7} Auigto =T zich
solch 4288 E &5 AZAS J3Y A screwd] &7 F
W5, FEUP H2usF Yo YBHYYEL] HAHo|
ZF78h= A28 Uelylt]. (Table 4) ol9} e Hzp:= $EYE |
5~20%0ll A screw speed7t F71ULH FE, UWAE, UHEY g&
48 E2 specific voluzeo] Z7l5t= AR Yehle Rog Y}
¢} Guy$} Horne(1988)2] Hztel {AlRt Zos yelytc) RSM
of m& VFEALZME B3l SUU4EA FHESNY Y4B
A& dole|25E F3st SYHFEY S Hol wetd wkg
ol oBA HelAl=stE &y uhgae] NS Zbopdr)
wield el AYANE  7IR|34]  modified least square
regressionoll 2|3 FAH £ model S 71X A RSME o] &35}o
2211z} 3222 Fig. 2~30] contour mapoE Uehjgich &Y
Wl screw ot SR, L4l bending failure force,
thickness2 MA3ledct Fig. 20 UEldSEo] screws] 427t &7}
313 o] A Yo ulel bending failure force’} ZHAUS ¢
4 9lt}. Puffing thickness?] 7Z-$-(Fig. 3) screw®] &%} £7}8}
2 ol FHaYol mel UFYYEY FAV FAUES ¢ F 4

&
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3) F 424YEY £EFUAAF(VALD LY +E-83)2]4(WS])

FEF A5 ELMAsE dolu 71AY ey sk
LAY BAZE el YA Y Foige] FIIUSEF FEEAY 4
£ZAY0] BolANA FELMNA 7 F/IACIAL st ER oy
Fdgol FUBIH  £E8MA+E FURITkR stAch (Rt
Mulvaney, 1997) &% U4&4B8 &4 +HYEE ¢l H3lo &
x| 4=2} 4E-23)x]4F Table 20] Lehjqlct

WSI(water solubility index)= 53.1~69.8, WAI(water
absorption index)+ 1.12~5.008] 3tg HJE VERN2UC]. Screw
speed?} TEUHS] ME ST USHYEL] WSIL VALY A}
& modified least square regressionol] 23] FA|F oz FA3}o
2} 239 probability®} correlation coefficient& Table 5¢i L}
elujelct. WSIojA& linear B! non linear model®] R¢Jx}7} 0.16
6~0.707S UEehyo] §2)x} 5%& 7)|E08 HAS uf model & A YY)
¥ 471 gt E3 WAIOlAL linear I non linear model?] &
©]x}7} 0.135~0.651& UEhjo] $2lx} 5%8 7]&£08 HS o
model S A 471 gLt et o] UEHPEL WSI} WAl=
screwd o} $EIYLS A TA BAZ A= Fodo] o
ol 3o Yepd 47t gk
4) &F ¢EHBEY M= &3

A&PYEHY EFE JIF M2 UE ¥ AxE FZY U
quadratic modelo]l} cubic model®] Z-$ET}% linear model?] &
7k Agrch L'e dxjez vehiidg 3¢ fYat
0.093(r?=0.4925), quadratic model 0.293(r’=0.6929), cubic
model &  0.711(r?=0.7012)2.8  UEelgten, a's zz
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0.019(r?=0.6790), 0.147(r%=0.7954), 0.412(r’=0.8590)2.8, b'=
0.035(r=0.6159), 0.137(r’=0.8033), 0.331(r%=0.8916)2.2 ue}yt
th. Ax§ vells &% ZAgtel FFole Table 6olAjet ol
el atet AaAET e @A Jelwtou, xet PR 71
of ujzt Y& EHEY MEXJ} dE Ao Jeiyten], 2
o] Fobd4E HEL wolalch Iy W foxie AdAs
g3l dEYPEY ML screwdhEel +EUYS XA BAS
FAsPlolE Fo4do] dol B¥oR 23 4 galch
5) ¥h-g ¥ E4Yol ¥ Y&PBV2AY A =d 43

A&LPEEY 23 B4z Y & S3E 43, ¢34y =4
o] Mz} WsI, WAIRCIE U248 EY E48He =4 o 2
ATE VI de 2S¢ F Uk dxyeog el o,
bending failure force®} thickness2| -F2Jx7} 2zt 0,002}
0.001, A&A$7} r’=0.822} 0.852 veh} &52] ¢34 B4
& &FsPlolE YEEBES bending failure forcett B L &
3= Zo] b AYsictz =gt

e Ry r BM39dS wi¥clE, bending failure forceg} QF
2E9 7ol YA Aol v F A@ALI} 1 Bducie
oAt Rexizt 7hg Aol d&4% 2d& ARSI H3A
YA E L3712 stdch

2tzte] ZaE WSEUEEMHos PAY SUHS F3 0 B
AE A% 4 2dddeny, ol Table 7o HHYI} coefficient
& code value$} actual value® }epgirti,
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X1t screw speed, X2: moisture content

Y ( bending failure force) =10.795+0.800X; —3.014X,
Y,( thickness) = —33015.0 — 14.027X ; + 1464.2X,

EFE 424%s] A8 23 =2AL MYAAE Yerd 4+ ol
217]ol| bending failure force, 2% Zzte] T/AIZA A=A Hg
& ZAX3t7] 13t Fig. 2¢ Fig. 32 43¢ contour mapd 33
AM#A 33H¥E contour mapl 2 LIEWAUL(Fig. 4) o] mapolld 3
H 5SS Ao 2732 349 bending failure forcer} WA 4=
Ae Y dayPrdoz AFY 4 Adch wetd Y g4
21 HeEs 2T 25%~26%, screw speed 225 rpm~320rpme]
Helol &3t ez Jelgon 3% AS3yos EUAHAYY
& o&% &F o UiHE Y UEEY cereal T HR3H= FHo
e HH 2A& FHEA7|A} sHAch
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Table 1. Central composite design consists of 10 experiments

for study of experimental factors

R Process variables Coded variables
un
No. Screw Moisture Moisture
Speed(rpm) Content(%) Screw Speed Content
1 250 30 0 1
2 200 30 -1 1
3 300 30 1 1
4 250 27 0 -0.2
5 320 27 14 -0.2
6 250 27 0 -0.2
7 180 27 -14 -0.2
8 300 25 1 -1
200 25 -1 -1
10 250 25 0 -1
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Table 2. Textural properties of extrudated Yulmu powder at

various conditions by response surface method

Ru Bending Thicknes sl fift, Absompio  COF

No. kel [mml (VS wab L & o
1 91267 711 61.6 500 7231 -2.83 2040
2 15816 7.38 60.5 237 7033 -237 2012
3 12172 8.99 67.7 246 688 -239 2050
4 120395 11.72 60.2 383 6329 -201 2068
5 8840 1235 69.8 112 7008 -2.36 20.86
6 30294 1279 53.1 304 6996 -219 21.38
7 11626 8.39 63.1 2.75 726 -255 21.04
8 42503 1301 64.3 328 65056 -1.71 21.23
9 8944 1383 4779 361 6596 -159 2275
10 11685 1479 64.1 225 6829 -1.78 21.11
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Table 3. ANOVA table for the bending test of extrudated Yulmu

cereals by different processing conditions

Source |2Um of | pp Mean g volue | Prob>F| R

Squares Square
Linear 855827(1) 2 |42m910854 | 1610 | 0002 | 08215
Q“af"aﬁ 954232 5 |150859306| 872 | 0.028 | 0.9160

Cubic 101,2,?‘2’ 7 | 144713875 1004 | 0094 | 09723
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Table 4. ANOVA table for the thickness of extrudated Yulmu

cereals by different processing conditions

Sum of Mean 2
Source Squares DF Square F Value| Prob>F R

Linear | 6043 2 30215 [19.95 0001 | 0.8507

Quadrati) g,4, | 5 12867 | 768 0.035 | 0.9057

Cubic | 70.15 7 10.021 2266 0.043 | 0.9875
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Table 5. ANOVA table for the water scolubility index(WSI} and
water absorption index{WAI) of extrudated Yulmu

cereals by different processing conditions

Sum of Mean |y .
Source Squares DF Square F-value| Prob>F r

Linear | 0942 { 2 | 0471 0.36 0.707 | 0.0943

Quadrati

WAI c 4413 | 5 | 088 | 063 0.680 | 0.4422

Cubic | 9475 | 7 1354 | 536 0.166 | 0.9494

Linear | 1686 | 2 | 8429 | 270 0.135 | 04352

Quadrati

WSI c 2330 | 5 | 4660 | 121 0.440 | 0.6015

Cubic | 2867 | 7 | 4096 | 081 0.651 |0.7401
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Table 6. Probability and correlation coefficient for the L%,
a¥, b¢ of extrudated VYulmu cereals by different

processing conditions

F-Value Prob>F r

Linear 3.40 0.093 0.4925
L" | Quadratic 1.81 0.293 0.6929
Cubic 0.67 0711 0.7012
Linear 7.40 0019 0.6790

a" | Quadratic 311 0.147 0.7954
Cubic 1.74 0412 0.85%0
Linear 5.61 0.035 06159

b" | Quadratic 327 0.137 0.8033
Cubic 2.35 0.331 0.8916
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Table 7. Predict equations for the bending failure force and
thickness of extrudated Yulmu cereals by different

processing conditions

Intercept | Speed | Moisture

Thickness Coded 10.795 0.800 -3.014

Actual 39946 | 0.01599 | -1.2055

Bending
failure Coded 37447 -701.4 3660.6
force

Actual "330156 14027 | 14642
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Fig. 1. Extrudated Yulmu at various screw speeds and moisture

contents by experimental design of response surface
methods
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No. 1 No. 2 No. 3 No. 4

No. 5 No. 6 No. 7

No. 8 No. 9 No. 10

Fig. 1. Extrudated Yulmu at various screw speeds
and moisture contents by experimental

design of response surface methods
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2. TUAEAY Y A &7 U TY &P A=
of A% A7

7t HE

A ELS 2ol HUEH] obd o six] B EgAolct
AFolM 24 dEel xxshe vFS Aoy Qg B2 g 2
ZAQ 9o vz Arjyos Z uFE xx|sin, FAYog =
Axojd 4 gtk AFolM EYZo] AT AE Ade] U} A7
t AE AR AU FARE FAE FAFEN 99 S
BZEAY BE Had HZANE EyoF ¥c} (Norback and
Evans, 1983) EYE2 A ul& ZF L I HYLSE Payton et
al. (1988)2 & 9l3f wiepule) 2o} Y o F+E A BA
Z& Y3 VSEAEHE |83l §Y, AR FEE, AW A
22] wjgtu]goll chsl A-23tAch Hsu et al. (1977) A B4} F
B8 @i ES W, pasta, A}, 29Fo] EAIIE vZ o
Qs & 71AS ARY ¢ UEF stodch o] H(1997)2 ¥
o], B4, W 53 2 A A FHE EYS d&H Pl
oY AEY EYIS Yasidct. oMY AFo] o2 e HE9
TYgo g ojFoA o 4 ZEL Y] A7} ol et 4 A&
8] E3hulgol EAZL HlE A9t ek oMY R ) A& Y
Eoll A Ayl oy AEo] Aol Al hgFel R 4
8 Xy WS o] EE 4R UEE A EYPNLE AR
2 she AEAYYS TYE EYulSol] BY APAYolgn ¢
th (2}, 1997, Dziezak, 1990) 4ol AFo] AUz U&= HYA
22 d3f o]l23 £ EYARCH: AN By =9
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i gd, AU 2P AN AEAYY oy Y A
el Zoll 23 F4H of 2 2y elgd} Hede A £
dct.

2 dyolMe EUAUY AYY(Mixture design)ol] 2JsiA 5o}
U7MFEYES extruderg o83l QoM g A FH=A
A &8P slaL, AYF R cerealF Aol Y 2PN S ¢
3 vjghnjo] wE UYEPPES] =3 BEH o wrgg I
Zo|ct.

1 A g uby
1) A=

71 AAdFolA 19970 it A& =3l 600 mo] 5t
R &Feot vy UIMR(iPAE, ¢4, A¥)F AMLEYc) A
Holl AMEH &5-of whyd sk 16.35%, $EYLS 12%0]g on
R UstEE vhal §ed 8. 74%, B 14%0] 9t}
2) Wy
7h d&4d¥za

2 Aol AHER &8 E AR Fof Mulvaney(1997)71 AH8-%H
Y HAEAYEEYYIIEA 23F: €3 UEUYPo|n, 23F 7
722 31.0 mn, L/D 8] &2 20, B¥ {22 7.5 HPo|glr}. Barrel
Iz F85o gdon, E&Fe AL 3.0 molYct. YB 89
SEE 'R HE 2379 HA 28§ 2zt 0.075
kg/min® #x|3oct. Ve +EUY AL 25%x2 Ao 42
ZABI] 2441 WA F 2 A barreld] AMJFE FJFch

59 UAS8Wol ¥ vl oYy J1A] H4E FolN o
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A HAHZTHFRA] o3y 125TE A7 5 barrel screw
speeds 300 rpozl A& 4EUFE 25%2 APRALE HA3HA
c}.

) dad¥8EY B4 9 A= &3

U4 P E2] bending® A2 rheometer(Sun Co,, CD-200D, Japan)
o8 siolrh WAFHV USHVES 6 cuT YUY ¥ 7zt A=
2] ARS &3P ¥, 200 mw/ming] cross-head speed= A thupd7}
=& &3stach d&EY Az F53E ¢l Waring
blendor(Dynamic Corp., USA)E 600 imo]3d}e] JI#& B3 ¥ 4
A} A (Color Techno System Corp., J1801, Japan)® L', a', b'Zt&
S3stglct
th) FEF2AA (VAL o 42834 <4=(WSI)

23l x|4(water solubility index : WSI)¥= Anderson(1982)2]
el ejste] F@Fstodch. 4t AR 2.5 goll & 40 nlE 713l
F2olA 1417t Fot IHIRE ¥ 3,000 rpo oflA 1087 W4l ¥ a8}
gdch AFdE Bt ¢ UE ¥ E Yol YUY $E ¥
Z3 dde d2EBEY FAME FEFHAS(ADZ stch
EY A5 1001 st FEXT Pl ¥ F 105ToA 447
U ARSI IPLUTES FFY F WSIE oy Hor APsiA

t}.

WsJ = (soluble solid§ 5gg/lOml) xd0ml . 100%

gh) #HAE3u)e 42 o BAEA
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ZUEY] MY i, data B g HAHIE= Design
Expert(Stat-Easy Co., Mineapolis)§& o|&3lgicl. EUE wigty
q42 &F¢ Wit ¥ 1(100%)2 dAysigdon, 2= 0~
100%, W7HF= 0~100%% & Uelgicth &%2t U7 Eih
T Y2 &7 U/ ulst Z42t 100:0, 50:50, 75:25, 0:100,
5:752 572 AEHES duYsidch AN Ao} Aoz F 48
TS Aotd 2] mixture designoll 23 7o} WIIRE He ¥
S A7l FS 2% kel
Regression model& UENHE& coefficient LE-S Sheffe(1958)2]
polynomial formo] ZIAE F3 A4tgolAcl I model}
coefficient Z}ES ANOVA tabled o]&%F F-test B G2z},
correlation coefficientoll 2J3) F2]48 HAZsl4c}.

U2 E4PETY xlo]§ Yol 7] $138l Duncan’s multiple range

test& 4 A]5tdc),

ﬁl\)

L= - - U ¢
1) 4288 E &7 Wie U

Mixture designol &3 &%} W7o TUYEE Y24YE &
TUSR A2dE Fig. 13} o] Yetton Al2lde thd g Fig.
2] Yetuigich. &Fo o] Wold4E Ao Az o
= BE7 oA on, YAE offYE 2o Yriuton, &1
8 §Fol Hojxxn WrTS jato] YolA4S s} 2T A o
A= A2Z Uelyct ol Wil vls) &7 alAe] Aol
olFA @ o] &7] WA Rog Yol IFUs
o fAEE HIsH =Y US4 ¥EY g Ba, 23 As)

_}L
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ot A2 gAdol dojubA =, ols FAF ol e WA F
o] &V Alel L 3¢t stollA FEI WSSl AELE ol F
=

t AE Kol Bz ExsHA sHol &8N

AE &R0l e we L) WHAU(16.35%)0] ol VL g
sl Ao 223 olAlct,

402 bending failure force2} puffing
thicknessg& &A35}gt}. (Table 2) &3ZA2} bending failure
force= 0.240~1.614 kgf, puffing thickness+= 8,92~11. 54 mm?]
M98 ushidch. 91¢ A& 7A2A linear ¥ non linear
model 5& modified least square regressiono] 2j3) BAlZe= &
A3lA3a 2 232] probability valueg 71228 4335} ANOVA
table® 3}o] F-test, probability value, correlation coefficient
2 Yepyglch (Table 5) 2422 bending failure forcedlld=
linear W non linear model?] -R2J2}7} 0.198~0.279F Liehfgl e
™, correlation coefficient: 0.4743~0.9662F Uehjdch §¢
2t 5% 7122 StA& W WS fejatel AéuAFol oI &
3 E2] bending failure force &0} WUIEE 7A3A4 ZAZ
FAsH7lole Fo/do] Hol 2¥Leg 24U 4 ¢ch

EJ} puffing thicknessoA+= linear W non linear model?] &
2jxt7} 0.254~0.9705 Yehien, correlation coefficienti
0.3974~0.4127& uehfglch o] Y {22} & JIELo2 3d
& o W2 Fxie} ABAlgol AW YEEYEY puffing
thicknesst= &F¢ U7HF-§ 7N BAE %3176l 94
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ol ol By oz Y 4 Qe
3) A&EBEA N

USEPEY M= JFYY ZHAE Table 3o ehiydich
L'(lightness)Zt2  71.69~82.42, a'(redness): -5.28~-2,790,
b*(yellovness) 19.47~21.992] Hel& uJehigict. ¢lo AE
7}A|3LA linear ¥ non linear model5-& modified least square
regressionol]l &|3] A og EMslda 2zt 282 probability
valueg 7|82 dAsle] ANOVA table® 3} F-test,
probability value, correlation coefficient® Uehjalcl. (table
6) EA7ZA3} Lightness& Uehl: L'ZolAE linear ¥ non
linear  model ] w27 0.161~0.6938  Uehjglon,
correlation coefficient: 0.5341~0.70198 uUehjoct. |2xt
58 7|€2E SHAE wl W folxiel A@Aol 23 &9y
B L'ge &5 UWFE XA A 2As6ls KXol
o} =Yoo MY 4 ¢oct a'ghe linear W non linear
model 2] F2]x}7} 0.101~0.786& Uehygien], correlation
coefficientt= 0.6456~0.70138& UEIAQ T b'YolME linear I
non linear model®] 27} 0.430~0.7098 ‘jepjolom,
correlation coefficientit= 0,0532~0.9022& ueh} {2z 5%x&
g2 S o WS [oxtel FAA o] 3 UBLYEY
L3kt b’ ghe 7ot WIRE 72N BA F351700ls R4
o] yto} m¥ozg YU 4+ gdct $U4H mdo] HLo] LAY
¢ Zles ueistoy duitzoz wWrkRe o] FiY 45
71.6904 82,422 WEi= wolxl: Rog Jelutth U w4
8 JAE Yehde 'S Wb Yol mhe} -2.79004 -5.28%

....186..



w42 4AS dS wol vl Zog Jeiyton, Rzt Ay
o] BAE JehdE b AYYPLE oFHE Ros ey
t}. (Table 6)
4) &8V EY FEFHA (WAL 8324 &3 2] 4=(¥SI)
FTEFHR4 +E&AATE oy 7IAF clyx| Felapzt
YA AL ol olyz|e Flae] F/USLE AP £
&3] FAAM FERA S F710ca dtgch EJ oyx]
FUdPZol FUlA  +ELAAsE F/RIcln s (o
Mulvaney, 1997) &% U&EB¥EY Yl U7 st 8%
Aot ¢8R 4F Table 40f vehfgich WAIZES 3.51~
29.54, WSI= 13.00~55.509] "4 & ueldgich. ¢ A24E 7=
34 linear W non linear model&& modified least square
regressionoll 2]3] FAIFoR EAMsid &4 2& 2 probability
value§ 7|228 dAsted ANOVA table® 3}o] F-test,
probability value, correlation coefficient® U}El2ir}. (table
5) 2472} WSl linear model®] #2jx}7} 0.893& Jehigz
quadratic modeln®] #&}x}7} 0.072& YelNg oy, cubic model
2 0.450% JEehAT] correlation coefficient linear modelo]
0.0071, quadratic modelo] 0,8621, cubic modelo] 0.9418% L}E}
drh 723t 105 71€2 2 319& of quadratic modelo] 7} 3
S model E RHE|QjOom, EF S FBA ) 3 YEZHPE
2 WSl &9 UIHEE 72N BA :3Y 4+ Adgch

WSIE &7 WATE A2 ¥ARAE Yehiw
Yi(WSI) = 56.62A + 59.42 - 153, 26AB + 92, 27AB(A-B)
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yulmu, B: Wheat

RME whE W18 FEHEANS Edlo] &2 Ui Egnlo o
€ ¥sle] FAE WsEHeE ehlgch (Fig. 3) 4% 8579
YR WSl Foishe], EUS ] & wie W1V Hashs 3P
& Jelg=tl, ol &7 e UIMRETY 4XARo] Y Rew
o= den], AR TSl A By LS Y
4 orta o&¥ 4 aldch

WAl linear model®] #2x7F 0.100& UEh{2Z quadratic
wmodelm®] -F2lx}7} 0.4438F el oo, cubic model S 0.3648
Llepglt}. Correlation coefficienty linear modelo] 0,6476,
quadratic modelo] 0.7570, cubic modelo] 0.9288<% Llehujgich &
2]x} 1055 71222 3192 uwl linear modelo] 7} gl model
2 ctEglon, Y & ATASo] o3 dSHYHEL] WNiE
7o WIRE /XA BA :3Y + Adch

VAIE &7 U7HFE 7IAA HAREE Yelid

Y{WAI) = 9.12A + 28,82B

A: yulmu, B: wheat

RSME wlE uhE EHENE B3t &5 Ui Eghulo o}
2 VALY BAE WHgEH o ehjgltl (Fig. 4) Wrtee
°] £& & F£EFHATE 84 Usldeud, 447124 43
g MY U2 EBE £EFAASE FYYAL o
Zol F7HY 45 ZAYcH: Singh F(1991)9 B39} viay o,
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i Yol &> &7 UPo] kol 45 AN WA sy
o] F7t%toll wtel FEF A7 Wolxle Rog o AL

Algb b AF2 & oM Az AFL vlaA], Azt
At Al2|d 79 WSIE 34.3%0]H, WAIE 4.710] UgtEul, WAlol
M &5 Eulo] o 90xo] PstAeny, WSI: 30%2} 80%
¢ 2} FAlstct. (Table 7)
5) Duncan’s multiple range test

2tzte] 23l YEHBE AR Ro|&E hdsts) 943l
A& 9 thickness& Duncan’s multiple range test& 5% 4=ZofA]
=4 515iCt (Table 8) 2 ¥ ZZslolA ¢&ER Hojd 259
2732 &F71 502} 75%7t 4 Ao] @ aFoE: Yelnton,
W7HFER AzEHolA AL FAY xlo|7} Ade Re= rlejylc)
ol2A HF AEFY FAE UAFY &7 Egulgol 3 AA
Hold 4 & 2A& ¢ 4+ AUdch AFY HF FAE ulasir
H, &F 100%2} 25%7F E}H ZF 97} 3P Eo] 2 o eIyt
LEZ &F IWPZL 50 = 1% F-TolA] AAS= Aol A
Bx7t o] FA7 4FMA AH2E ¢ AXE € 5 Addrh

WAL, ¥SI, &4 ¥EY T2 5& vl £43to, &F9 3|
o] 75%~90%F =7t Unt AJBAHF] A2} FaAlsie 2cje w33}
BEE vEld 4 A HE Yeludch
6) U28W Aleldy A2

572 WitFe] TUES extruder§ o] 83l Al2jdg A= Al
of A2jde] FelFe F28, Wi} VALY 7|l W TYulE ¥
¥ Uz o] @2 A 1P L AHESl7) 913 least cost linear
programmingg #-§3}¢it}. (Table 9).
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2 el Ej3IE 3] s8] bending failure force, puffing
thickness, X & Uell: Ls, as, begl, WSI, WAI®| response&
& acceptable¥} rangeZ A A slgdrt. & bending failure forcel=
0.360~5.100kgf, puffing thickness= 8.92~11.54 mm, L#3}&
71.69~82.42, at: -5.28~-2.790, bz 19.47~21.99, VAIZS
3.51~29.54, ¥SIx= 13.00~55.502] HejolA least cost linear
formulation® %t constraint He2A Asldct &7 U/HEY
714L el 120:1028 sz, WSIE A&, VAIE Hof, cost
E #2422 4A319S& u linear programming®] 4 7FH-2 35.17
9] 71ge] Ugten, 1 wig 23 wiule &F 22.88%, WHEE
77.12%2 AAatsolch. o] wi 2uighule EYEEL 7HAIA
extruder& o] &3l AlzldE AR3IAE Ao dAdEHe NEES

WSI: 22.91, WAI:= 25,097} o) &= dct
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Table 1. Mixture design to extrude the mixture of

Yulmu powder and wheat flour.

Run No. Yulmu(%) Wheat(%)
1 100 0
2 50 50
3 75 25
4 0 100
5 25 75
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Table 2.

Texture analysis for the extruded cereal made from
mixture of Yulmu powder and wheat flour at screw
speed 300 rpm, moisture content 25% and barrel
temperature 125C.

Bending failure Puffing
Run No. forcelkgd thickness[mm)}
1 0.560 8.92
2 0.520 1092
3 1.200 1113
4 5.100 1154
5 0.360 893
component ratio; No. 1 Yulmu @ Wheat = 100 : 0
No. 2 Yulmu : Wheat = 50 : 50
No. 3 Yulmu : Wheat = 75: 25
No. 4 Yulmu : Wheat = 0 : 100
No. 5 Yulmu : Wheat = 25 : 75
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Table 3. Measurement of color for the extruded cereal made from
mixture of Yulmu powder and wheat flour at screw speed

300 rpm, moisture content 25% and barrel temperature

125C.
Run No. I a b’
1 71.69 -2.79 20.63
2 78.01 -4.45 20.58
3 72.35 -2.82 20.88
4 82.42 -5.28 21.99
5 72.51 -3.38 1947

component ratio; No. 1 Yulmu : Wheat = 100 : 0
No. 2 Yulmu : Wheat = 50 : 50
No. 3 Yulmu : Wheat = 75 : 25
No. 4 Yulmu : Wheat = 0 : 100
No. 5 Yulmu : Wheat = 25: 75
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Table

4.

Measurement of WAI(water absortion index) and
WSI{water solubility index) for the extruded cereal
made from mixture of Yulmu powder and wheat flour

at screw speed 300 rpm, moisture content 25% and

barrel temperature 125T.

Run No. WAI WSI
1 3.51 56.50
2 26.96 13.00
3 18.83 41.70
4 2954 58.30
5 18.52 25.80

component ratio; No. 1 Yulmu : Wheat = 100 : 0
No. 2 Yulmu : Wheat = 50 : 50
No. 3 Yulmu : Wheat = 75 : 25
No. 4 Yulmu : Wheat = 0 : 100
No. 5 Yulmu : Wheat = 25 : 75
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Table 5. Probability and correlation coefficient for the
bending failure force, puffing thickness, WSI, WAI

of extrudated Yulmu cereals by different processing

conditions
F-Value Prob>F r
Linear 271 0.198 0.4743
bending | o adratic | 359 0.199 0.8120
failure force
Cubic 456 0.279 0.9662
Linear 1.98 0.254 0.3974
puffing | o adratic | <001 0.970 0.3980
thickness
Cubic 003 0.900 0.4127
Linear 551 0.100 0.6476
WAI Quadratic | 090 0.443 0.7576
Cubic 241 0.364 0.9288
Linear 0.02 0.893 0.0071
WwsI Quadratic | 12.41 0.072 0.8621
Cubic 137 0.450 0.9418
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Table 6. Probability and correlation coefficient for the L3,
ax, bs of extrudated Yulmu cereals by different

processing conditions

F-Value Prob>F r

Linear 3.44 0.161 05341
L® | Quadratic 0.21 0.693 0.5781
Cubic 0.42 0.636 0.7019
Linear 5.46 0.101 0.6456

a’ | Quadratic 0.10 0.786 0.6618
Cubic 0.13 0.778 0.7013
Linear 0.17 0.709 0.0532

b" | Quadratic 096 0.430 0.3610
Cubic 554 0.256 0.9022
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Table 7. WAI(water absortion index) and WSI(water solubility

. . $
index) values for commercial cereal foods

Sample WAI WSI
Sample 1 348 29.2
Sample 2 433 40.6
Sample 3 10.04 29.3
Sample 4 6.32 380
Average 6.04 34.3

*KelloggAHUSA) : Corn flake(€<4), Raisin bran
(4 wllo}), Rice krispies(®), Special K(%&)
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Table 8. 2Mean separation within column by Duncan’s multiple
range test at 5% level.

Run No. Duncan’s Grouping
1 c
2 b
3 b
4 a
5 c




Table 9. The least cost formulation of Yulmu cereal

Derringer and Suich’method

a) The least cost formulation

component Ratio(%)

Yulmu 22.88

Wheat 77.12

b) Predict response and cost

Response Predicted response
WAI 25.09
WSI 2291
cost 35.17

_ml_
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Extrudated Yulmu powder and wheat flour by mixture
design at screw speed 300 rpm, moisture content 25%

and barrel temperature 250T

component ratio; No. 1 Yulmu @ Wheat = 100 : 0
No. 2 Yulmu : Wheat = 50 : 50
No. 3 Yulmu : Wheat = 75 : 25
No. 4 Yulmu : Wheat = 0 : 100

..

No. 5 Yulmu : Wheat = 25: 75
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No. 1 No. 2 No. 3
No. 4 No. 5

Fig. 2. Extrudated Yulmu powder and wheat flour by mixture
design at screw speed 300 rpm, moisture content 25%

and barrel temperature 125TC.

component ratio; No. 1 Yulmu : Wheat = 100 : 0

No. 2 Yulmu : Wheat = 50 : 50
No. 3 Yulmu : Wheat = 75 : 25
No. 4 Yulmu : Wheat = 0 : 100
No. 5 Yulmu : Wheat = 25 : 75
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44,4691
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18.2541
11.700¢
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Actual yulmu 0.0000 ©.R0000 0.40000 0.60000 0.80000 1.0000
Actual wheat 1.0000 ©.80000 0.600000 0.40000 0.20000 ©.0000

Fig. 3. Response surface describing the effects of Yulmu-Wheat

cereal on WSI
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index(WSI) for the extruded cereal made from mixture
of Yulmu powder and wheat flour at screw speed 300
rpm, moisture content 25% and barrel! temperature 12
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3. &% cereal Ao|7} ¥zl HF A W T =3 nja: o

3

7t A&

EFolle o8 71A] & Qo] drla d3A fon AL, ol
Xk, g Soll 27 Az ¢, 2, AFABo|Y AUFF, e
AR Fol 2o4A3 A3, F F2eE Y FEAAY Yarg X
StAl7Ia Aol o]§A }Eshe HIL-ZAHE e 371
AZIths B3} oo A Acjrlole &ojsts o] WAt &F
o qa FE ¥ FelolM el coixolojehs H4ELS ARG
7R olen, Fxlo] & coixenolide ¥ UF Y A s} <
T Rase} glch au &F7HEAE Hele WA Yot A
TRt 5 o|FL UM, &RAL Fo] U Polth mFE 9
U JHBAFLE HANUS d o EAY &7 AAE Uk}
e ol oyt A5 = Qich

Yol gojdlo]alsle] &F(coix)E GZRE VYAE ALE
Ho| gton, Zeoe VF ZU2HE HEE AsKIE &S
She 7158 E3E°] A& ez oA gl (Chung 5, 1988)
T2 uebldes &7 ool ©e 7HES R w2
oy &R A ARREoR2 Qlch (A, 1977) AWFo A
g AAste ez g&tiy, fuAeY ol Atk e
o 33 e 1 A4 Ju AFY clAE st ¢&
4% i g wlo] ARgRit). Extruder§ o] &% Wiy



g2 ZIAF olyz|o] &3] vz B Al U HES A=Y
2looi(Carpez 5, 1986, Z %, 1996), AE cig]ZAHojA s}

g 7Hx] 3 EE g- ©d gl FAlo] Ay
edl, Az, Y, F2 o4, ujd, S35, 4y So| o]F
Ath. (Smith and Ben-Gera, 1980) 7|&¢] H4odordio] et o
TE2 7HEEA] 42 Zel2 A=A A Mg 2R A
o] 2o mel disiNE AL dREo A gt (3t 5,
1997) £ dAFoM= 71 FBE A ¥ 3F AT e
7153 43 cfsf HdEsiscl

xS

L Do

+

v ziz gy
1) Az

EF7HFE 7= dHFolA 1997do] it R =45l
600imolste] Z1& ARgstdch. AYol AMSH &5 thid §are
16.35%, 4-E§tare 12%0|gic}.
2) By
7h U4&8B71E ol 8% cereald] A2

= Ao AMERE FEEY X Fo Mulvaney(1937)7}F AHg-&t
TUY AAUSHYIZAN 237 ¢ UEUYo|Y, A3 F 3
& 31.0 mm, L/D H] &2 20, 2E {32 7.5 hpo]glc}. Barrel &
P2 F4Fe] slen, E&7 AZFL 3.0 molgitt. ¥E Fq
SE= ARFUVY B 2379 HA 5o SRAT 483
%2 oA response surface methodologyoll 2]3] 7% A Z
BZUE ol8staAR, 244 BA ¥ 2AH barrel?] AR F
J3stdct.



L) AEFE 2 Aol

AU FES 37Y Y Sprague-Davley 53& Al@sigdon d3d
T4 AP uiY AR(MSMNRIZ FAZAD F 1AW Aoz} o
710l extruder§ B3| AHzY FFRAHE 508 H/RE SRAEFFL
2 Uyo] 557U ¢ AMgstdch

2 AHY t)2FZE 45.5%9] o YAE lardE FHY & WA o]
(High fat diet)& AME3IHL, AY Aol &F Agjd AF 50%
§ ohiste] HIIsla d2F Aol YitdEo] FAbsiES B2
& 3t ARg3tedc

< Ay gz SFAES 018 Aol 4L Table 19 U
1228 e L= X
@ AMolda 9 AMFF

BASEL AF3 Aol MNP dFdel THY Aol§ F7)
Hol &FHstdx, 2o} o] &H&(Food conservation efficiency,
FCE)2 & o] H3lF (kcal)oll ciRt AMFZ73 (g)o] v &2 F
stedch

Food conservation efficiency(FCE) = Tot a‘;v ?:gt iﬁgnkgfliml)

@ A& A3

SFUT HY AMgo] B¢ FE2 1247 AN F BEsio
Hgsigen, 4 ¥ Fd P28 ¥4 Ayt @
2 2027 d=oll x| F 4000 rpplZ 158% WA By %
45dg F2|8ta ol F liquid nitrogeno] R@ste] XWX o] o)
&3t



3 ¥ At g HEsl T FAE FF3A2H 0.9 %
NaCl £9o% M ¥ 10 oM potassium phosphate buffer{pH
7.4)2 FAEsle] liquid nitrogendl] B#sto] 2|AEMof o] &3]
dct.

@ 83z 29 A 24

qgz 2] F4AW 2 F Zd2HE @2 kit(FFANE
ARgsl] 24l 8o HOL-ZE2HE HTEHLE E4 kit
(FAAe, d8)& AMSsiddch. 839 LDL-Cholestrol §abe
Friedwald®] “'Holl ulet AAbstdct 9733 fuel &7 5
= ZuiAslx]4=(Atherogenic index, Al):= Tl Rilog 2314
=2

Al = (FEdLEHE - HL-ZY268E) / HIL-Z2HE

th. Az
1) Aol A3, AMFF71, AolEg

SFAETY Aol HAVL 55T 3 AU 2134.9 kealZA
1835.8 kcalQl thEol Hlsle] &alx, ol uje}l SFAEF2 A
237185 UcHTable 2). & &F-Al2ldo] g =g 43
¢ #8 AF31RL 86 gold oLt SRAFZE HAT AY AF
Z 713 137 g& UERdch Ao] 717 Fate] & #HY AF F71
o} 4jo] Hajapoll cit WHE Fig. 13} Fig. 2o] Uehigict. &%
2ol F2] AFL AlFAloE 172804 5FFol= 30922 F7tstal
o}, HjAo]ZE 25822 FIistATh. &F A6l R} @
A F7b7F BHE ) Energy A3 §F ATl XJldle
AT, 5FFol= Ao FAIRE gtol Uetutth =Y Ao] o] &
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F-8(FCE) 2H2z} 0.0483} 0.066 g/kcal & LIERA olU=] wigiwt A
F57HS A Zle 2 ety
2) EFA & AT HY E3AA

tz2E3 SR EES 4AY 7 BN 382 s=(T6),
% cholesterol %%}, HDL-cholesterol W LDL-cholesterol¥}erz}
B3 EA]4=(Al) = Table 32} Fig 30l Uehfddch 8 of F47
B (T6) vt dRIoME 132.2 ng/gd YERIS S FAIES
& 3T #1014 ng/gd] WS 31 Uehy F o] R
g vepdodch ¥ Zel2HES] B¢ LIL-ZH2HE] 3¢
23S J2T #Y B¢, 91,13 27.7 ng/dlE VIERA HbEH, &
FAl2ldS 4 #e 7% 88.2¢ 25.0 mg/dlE UElo] g4
ETAFELAN oAl ZA¥E Byrh Ty HL-ZE &S
Bt d2EE JAYE FHAdAAME 38.9 ng/dlS UERIAZ &7
F AT HAAAME 42.9 ng/dlE UEhdo] &FAlEE 3T
FolAAM o ol F¥E VEhdo] 1Ay dalz A8 Y
ANAZLE TAANIE FAE BAch =23 YR U F&
A XT AFREE EwA3R]4: (Atherogenic index; Al) x| 557t
o &FAE MAE 2T 0.048 grkcal®r} &2 0.066 g/kcal
& Uehlo] foj3eg yoly ERAES 43 Al 2 ZAdE U
epujglct. (Table 2)
3) 7t xjAyerz} cholesterol ek

EFHES 577 AT 5EY TAA €P2 16.8 ng/g] i
ol vl &FAleldS MY #HY TAE #FS 16.30g/8S U
Ehulo] §213 xjo]& yUehulx] glcHTable 4, Fig. 4). =3, 7
2] ¥ cholesterol®] ZF4x thz2Fz} &R eld& HIIRE Aolg
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4% A A 242 7.87 8.3 ng/ge Uthio] #2%4E Mol
sttt &, ARe) Aol gelME WANE wel AAwL
3 Fd2eE wLol 2T A7t FBe nAA dsych

gl. a8y

FA8, and Mulvaney, S.J. : BRZFA FQlo] o3 {AF
38 S5 &8P EL] A J1AF dux] R 4. ¢
A F2R], 29(5) 947-954 (1997)

Chung, B.S., Suzuki, H., Hayakawa, S., Kim, J H., and
Nishizawa, Y. : Studies on  the plasma cholestercl-lowering
component in Coix. Nippon Shokukin Kogyo Gakkaishi, 35(9),
618-623 (1988)

AT 5 ik €y 1 FAY, dduida AdE
T4 AFED, 4, 44-51 (1977)

Carpez, A., Arrigoni, E., Amado, R. and Neukom, H.:
Influence of different types of thermal treatment on the
chemical composition and physical properties of wheat bran. J
Food Sci., 4, 233 (1986)

Smith, 0.B. and Ben-Gera, 1. : The application of high

temperature short time extrusion cooking in the food industry,
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Ed. by Linko, P., Malkki, Y. and Olkku, J., In "Food processing
engineering”, Applied Science Publishers, 726-744 (1980)

AFel, B, 242, AAEA, AAY ;0 23F 2} @
Bde 2o wWE WL ¢&EY Y. VINEAUY=A,
28(1), 169-178 (1996)

Stelld, ol¥&E, ol¥ ¢ uZEEZEl AAY AojE YNy
BH Y3 A2AY AWsxd v 9%, TIAEAL

=], 29(1), 178-182 (1997)
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Table 1. &3} &FA12]d AHEE ol &% AYAo] 24

control  |¢oix. L product

g/100g g2/100g

Casein 20.0 11.0
DL-methionine 03 03
Min-mix' 4.0 30
Vit-mix’ 1.0 10
Choline-bitartarate 0.2 02
Celiulose 20 10
Lard 250 205
Sucrose 100 30
Corn starch 375 10.0
coix.L product - 50.0
Total 100 100

1. AIN-76 mineral mix
2. AIN-76 vitamin mix
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Table 2. ThZZH &% Aeidg 4AT A2 Ao 4NY, ME3
74, @ Ao B

Energy intake | Weight gain FCE
( Kcal ) (g) ( g/Kcal )
= 18358+ 134° 868 0.048+0.008

EFAET 21349+164° 137+14° 0.0660.012

- FCE : Food conservation efficiency
Weight gain (g) / Energy intake (Kcal)
* Mean +SE
* values with different superscripts are significantly different
(p<0.05)
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Table 3. tix¥3} &FA2lES 4% 78 @ZAU+E

gz SFA YL
TG
132.2+149° 101.4+17.2°
(mg/dl)
Cholesterol + +
(mg/dl) 91152 88.2+64
HDIL—-Cholesterol 389+35 429+33
(mg/dl)
LDL~-Cholesterol 277+55 95.0+3.4
(mg/dl)
Al 1.39£0.4 1.09+04
* Mean *SE

* values with different superscripts are significantly
different (p,0.05)
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Table 4. ThZZ3} &RA2ld S HAT Y 2 A P

TG Cholesterol
mg/g mg/g
=3 16.8%+3.1 78%+1.2
SFAETE 16.3£0.9 83*x12

* Mean *SE

- 217 -



350

300

250

\
i

200

Weight(g

1650

100 r

50

0 1 A 1

0 1 2 3
Time(Week)

Fig. 1. &5 0|23} u|Ao] £t weight gain

4+ L EF Yo, & H|Yo]F
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200 |
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Fig. 2. &F4ol23 ulA|o] 22| Energy intake
+ 1 gF AoIF, = HYo|F
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auxx
B2HES

LDL~Chol

Fig. 3. &F4o|Z2} HlAo| 2y WY A¢E
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e

Fig. 4. &F4 0|23} u]4o]Z
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4. &8 ¥olA 2 SFAlede] AYgo ag I+

7t 4 &8

32 33 5 Sl Yo del ExXo dowA Ay A
dolMz A xpehe vizte] 144 289 &7 thibelA AgiA,
olxcA] T2 Fgo2 AMEEo| Sirh (AR, 1977) HZ A Lo
3o iyt o]-§ A3vt Aol (#A4, 1974) Bsdo] ol &3}
o ol 7F2ol§ 9 AFALE ojfslaz} sk A7t A&HHL
2 olfojz|x grt. U, &R/HRU &5 dertge £
&5 WojuA] Rtz dddch (A4, BAS, 1977) 2R JhEH
23 ¢ &7 AR 9 7% HE S Hol oy A3 XA
ol I E H& 77 B2 42 &7 shelf-lifeo] A A
(98, 1984, 1985)9} AF Fof 2AYat 249 €3 Fo AP
A7 et (Han F, 1989) 2] F8 BREVTE AE Ao ¥
Ee oF BHAolY A3 o3 F3ol Al de I
ojch. dubAd A Aol B APy A7 HY 2EFY Aol
M2 $EolFo W $EHULE Hijo] oiE Fuyo] ke uigt
A+ 5. 1997), Boj chitosanFS HIIRE dF(o]8} o], 1997)
Sol Fuellq olfeizict. ERRE 3 FH FFo] chiyy
oS A3 AMESIA] od AFEL HMNE AL EE oY
gt BAEE AsAFIE Frt $AstA "ok 2y FuelA g
ERAZe whE A2AAPY AF AAEol iy d3E= FEsich
E dFeME 7] e RS AHEsie ojdE 4o BN
EAQo HIE HA5IY &% cereal F9 A4 & &Asldc).
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L M -2 U
DA%

EF7MEE 27 QAFAN 1997do] iyt RE Ao
600 mo]dte] & AMEstadch AP AHol AHEY papers Yt
A& E AHS3IA LW, PVC wrapZ LGANY ¥ WS gt
Aol A F3ted AME-SHAT
2)wy
7h 4&71& ol 8 &FAEldRY A2

AR AP0 Foloid (ALY W screw speedd HEY
U AR A4V IE ARESl &7 2HY AdRE Az
StA A2 FFAERE o8 XY HAsct &,
AdF 4BH &F AlEdRes T4 dE &ctAd 8712 25
cmXAHE 21 coxgo] 16em)ol ©ol F7o] o= R, FolE @2
A, PVC wrap2 2 2|2 A& Zz} 10T 25Tl AAsldct.

W) A&8%8" AR ndE 53

SRAEE ¥ 9T AYY AS A5t 1 g& HY ¥ 100 nl
Ha ¥ 2|2 d4 (8.5 g sodium chloride/ 1 liter FH4)el ¥
dch HA ARE AAY ¥ 100 p1E $831% LB mediundl] FF
slodch, 37CollA 24A17 %-qF ujor ¥ aerobic plate count (APC)
B AN 3714 M 5§ &73sldch LB medium Trypton 1%,
Yeast extract 0.5%, NaCl 1%, Agar 1.5% & 2A33}gch
th) ¢4ady SFARERY texture &

AFEYE U2 &7 AeldY Z=& &F37] A3 bending
forceg rheometer(Sun Co., CD-200D, Japan)& AR-&}¢icth. ¢S



4y FAlEdS 7 o AE F 10 kg load cellufjol] A% ¥
200 mn/min®] cross head speed& AME3l ¢S mpstdch. ol
deformation® 5 mmS A8} failure AMel2] bending force(N)
E elgen olul chart speedy= 300 mm/min o]t} Bending
forcet THE2] 2o 23] 3t

Bending failure stress ()= P.L/ zR
o} 714l P: applied force, L: Al&2] Zo], R AR ¥Ix|E

gh) &R ERY Y % N=8Y
AAEG WAzt ERAEdY $EUTES EFAEYS
mixer(waring, 31BL92, USA)E AHEslo] ZolA 600 molste] A&
ARS-31] 110T 9] dry ovenoll 24A12} WAlsle] O k& Fstdch
AEee] SFAdFY  LIt(lightness)=  AApA|(Color
techno. system, JC801, Japan)& AM&3lo] Lsjgion 103 33k
o] B vehidrct

th A3
1) EFA2ldY ALY 2= uy

o3 ERAYAE olgsle] 10T 25Teo] AAY SFAe|ds
bending force®] WEN= Table 13} 20] utehuiglct, 10TColA =%
& &R Y A9, &7] 9.56 N IK& bending forced UER
I A7) 21Y FAFY S HHE RAFA] 4 11~14 N9
bending force?] WG Ho FrHTable 1). FX39 Alzjdy
7% Folu PVC Xatoj uls} AAFe] HHFo] 270 o &



BojFoch 25Tel APY FFA2IEY FF 10T AR} &7
Aleldol] ul3)] W3} Zo] WA of A 9.56004 18.77 No| HES
Uelol P27} ollel el Zxe ¥ &2 o ARS ¢
T SU%itHTable 2). XA Z9E e U pattern
BojFz] glot Ale|dy BS FolRYo} FEY J2 PIC YR
2t Bl 9L vjAE= 2Aog Alg"C)
2) AFEete] u|¥E WY

SR 9 S VT ARY F ZZY 3 AE$ HIe
A2 goken 1 x 10° Bl FA U Rog Hrisel Ay
o EA7 dE ZReE AlEdoh &RAYHY AFSY
coliform, yeast X mold®] ¥3l= Haj AHEHLS AYol 2y
Fola AF XMl AIY ofFolcl.
3) &FAlelde ALY +EUF L A Hy

10Tl A3 &FAelde] S+EUTHUTR= 27] 10.3%0A] A
710l Apzte] whel 219 Folle 7.9%2 uolFI Ao
upel Y] fluctuationg HAFA|T 159 o|FFEl= X3ajdoj
BAgel 43Y +EALE Ueliddct (Fig. 1). ol 4833
Al AR 222 {FA37] 9l YL dry ovend AMER o HEA
AL Uriue 159 ol e E EA AU Auglel 4R
A vebdE B Fct

25CollA AL Zex 10CoN AR F-29f npasixg 27
10.3%2] $EHJo] 8% =2 UYL AL F BAFoL AMAHY
2 &FAdY A=y &2 31204 AR Al o HchHFis.
2). #19] Table 12} 2 W Fig. 13} 2& A¥E of EFAY A 2%
o A= FA] Yot w2 2xo AY A ZFE Y SRy



i Fol ¥ & BoAFrh

&F A2|de] APELe] AxHs 22(10 B 25T)o] 4@
ol £ EZAHA(FEY, FolXF W PVC wrap)ol ga¢ol 65-70
o MHE uetddch wetd &7 Aelde B4 9 43wz
HBLxEs E AlE HoiFa ASS Uelda, £x33 Foly
PVC EZ Ao A= & 207} &S BoFch a2y AEAY
3 2 drolAM AT EFAdY AREL S ¥ A2
3 2R 9 AZEol 2%t AR gk A7 Weyo] ulF
Hlct.



gt AaEd

Han, J.-S., Rhee, S.-H. and Cheigh, H.-S. : Changes of lipids
in raw and processed Adlay powder during storage, Korean J,
Food Sci. Technol., 20(5), 691-698 (1988)

29E ¢ FE &5 2AANAE shelf-lifeo] AP G,
J. Hanyang Women'’s Junior College, Vol. 7, 279-289 (1984)

29E  FA U2 &R ZRAAY shelf-lifeo] AW A
3, J. Hanyang Women’s Junior College, Vol. 8, 373-383 (1985)

A¥E ¢ LY g O FAE, AdEHYATLETR
LA Vol, 4, g3t (1977)

28E& X8, 292 5 2FY AHFAY #2olFel o
¥ Fgole] g, VFAFHYUHA 29(5) 1033-1037 (1997)

o733, ol : wAwo] HIIY Carboxymethyl Chitosano] &
Holl oA |8, WFAFAAHA], 29(1), 96-100 (1997)

olF 4 1 gojale] AFHol&, FHrh=Ed, Vol.8 23-41(1974)

Ze, WAs @ FTUS o BT uACiNAFY Al Gl
3ta HAENtE A 3R A4H, 16-30 (1977)
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Table 1. Changes in bending force of extruded Yulmu cereal
wrapped up in non, paper or PVC wrap at 10C

Days
Package

Non-Package 8.56 | 1441 | 1352 | 1441 | 1186 | 1152

Paper 956 | 15678 | 1176 | 1362 { 1303 | 1235

PVC Wrap 9.56 | 1343 | 1281 | 1485 | 1294 | 14.01




Table 2. Changes in bending force of extruded Yulmu cereal

wrapped up in non, paper or PVC wrap at 25T

Days
Package

Non-Package 9.56 | 1544 | 10.71 | 1281 | 14.46 | 1365

Paper 956 | 1444 | 1320|1503 | 1499 | 10.06

PVC Wrap 9.56 | 18.77 {1 1201 | 12.61 | 13.03 | 14.70
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Fig. 1. Changes in moisture content of extruded Yulmu cereal

wrapped up in control, paper or PVC wrap at 10C.

-+ : Control (Non-package), - : Paper package,
-+ : PVC wrap package
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Fig. 2. Changes in moisture content of extrudedYulmu cereal
wrapped up in control, paper or PVC wrap at 257TC.
-+ Control (Non-package), # : Paper package
4 : PVC wrap package
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Fig. 3. Changes in L#(lightness} of extruded Yulmu cereal
wrapped up in control, paper or PVC wrap at 10TC.

-+ : Control (Non-package), & : Paper package
-& : PVC wrap package
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Fig. 4. Changes in L#{lightness) of extruded Yulmu cereal

wrapped up in control, paper or PVC wrap at 25T.

-+ : Control (Non-package), # : Paper package

-+ . PVC wrap package
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A1 3. A4d

LRFL ST AW 1R AFLE2M B T UL 8
HosA ok, $%e}, UTAH, ¥PAA, HULAHEA o] §H
o}# stth HIel: ¥d, ¥} IIEES Ad B0l 2H
7l€ stdlev ofe] ol thyt A UFL o] Fojx|A] 42 4
elojch. A2l FEol B AHeA Aojdw7t VG B
B AU ZFRAAAN &3 1S wecka Bud v gl
th. &7 Aol Hdf #IF2 e Ral, 7B, s5Ect ¢ #a

Fe ZAAYLE F8% JRI oiUn, &7 HoldRE A
Stie AT VPPYEL EFEHE F£&dul Yot 2R F
Hojdf MAFS ZASHAE W AW YEE Holertg wel
t AE Fasith 89 &2 dityes AL, oA, X3, 4
oldf, ¥EYLol 3 FVE U L3P0l EUrh FI| =
YPS AF oA g Fay F¥E A fL07x STl
JBug &F a9 Y EFS EH] A3 F HAr4A
HTE ZASIAS o, 7] ol PHeR xed &5 A
¥ B8-S d7stach

&5 BB Aol &F Aolo ¥ XA JE 24

5= S ouy Y dF2 gley FFolA RT 9o
2 olxA, AAA, TWTA, VBAAM, AYBAZA ol g AU
th HIole ¥EF, VI FU BES A B¥YEH &



2 B3EsE st 2y SRERE Alo] Aade] YuE
o JAY ojuT YHHES 2e¥ e Yuh ANY So| @
¢ dFolA  AlojHe Ydo| wS HUTISNB S Yol TUY 4
ol& ol§Al Yol RAWSL 2 B4 WL Y AW £2o
ge del uaA lth. &5 Aolds B ma, AW, 44
o P ThE FIFol uldl $u, &FE FAYow MIHL F
F7b olU7lol Aol S MUY 87 Lol tY AsATA
Hsge AASE e Zesitl A dFeld , s 3 Hea
4P 2ARAS ol &F Aol AU AN ol gL
Aog Basidth 2y W &R AUY Wdo] Heisix 9
2olE B8 wel gRalolsl Wk el H8¢ AEA
7HREel & A AR AU ¢ YEAE AFHBIRY AN
7t A& Zolth. H3] AR B9 43P zalPol o3| Ay
2, olek A4S ¥E AU Qatdl duY 4+ gu}. JFEs
HABOl iRt delPge e Aoy 2T 2] the
ZPo] W2 Puol thtt HAY A8 WHE APt

22 E &Fe ey A7

X< vE ou¥ Y dFS goud 5L wdayges
ol AR, JFALY FIAed AULAHEA olg=old %
th A2 ¥d, ¥FY VS Rol: Ay Elol s dch
Iy EFZRE Aol HRE AT Txd X5 FAH oy
T YT 2elE Zo] ok 1A dFoM F s A
BE ZASIAE wl SRl ANEY EIE= Rsix| Yaout
&7 He &7 B9 wxd] AWP(lipid profile)



Adshed ofg EapFolodch. =Y 59 FPxgol AR A
gle] Z9 314 47 ¥F AAS ¥rod aAHAE RA
3, NFAIEIEA AAEHAA st BEE AEY 437 Re
Ho od3g wa, L% A2EEH @ lauric acid, myristic
acid, oleic acid, palmitic acid®} L& R A E-L whicule] tis)
AAFd AgHZ 2ol7|% rt 2 EE &F2 7 ke A&
d FEES o838t kol tiY &7 FHY A YL AT
stact

= &F ¥y A+

&5 W A P FolM 848 4Ll HAL AUe 8
BEE 473t €75 EFE staldue SFSdAMe 4t
g ARy S ED) 23t AEPY
glutathione, glutathione-s-transferase, glutathione -peroxidase
o T4 BYEE PN 3 oA A 24E AAS)
et AR olfrlY 43" &4 Vo vz, AHFL=: &
5o EFa3 &7 WMIZLR Urol 42 Holg 3FU A
3AlzZich AEY ZAAR EFSIoAE FoAM LILE AIATI
3 HDLE F7HZen ¥sis WYEAAE A3 ABeA %
AHsg FAAIE LFAY AE Forh &F EFS0dA4 2
A4 daztiee] $3L FANY dyES Wil 477 %
Eojo} YRoe Hlrh

EFHAE



2ol 85%x& At glout, FidolrM {FFAP oj=r7tx] FAl
4E& Yolux] 3tz eon, BAY difES FIPHAIL W2 1
A g &F4E st ol ABLE JHZel ¥ 3Rt
AEY AYL nju] == AT Fejo] H{EL o], R HA EHE
of & &F FAE £ MYl AU Jle 33 Y A7 AF
3 o7 oth B =4 Ue FA, A §A P2l
Aaol o2y} |, & FoldE AAE dLR, 9l R
E dal szt s ZH%e] AlRE AN HA] Bt ol 2
£ et tiHo] AIFR Aol gt 2B A3 &7 F
g Aegd T} {YYsi SF FAEY AV YL HYys)
2=pstgich

ot

SERNE 228

STL HE ofuy Y YIS gou SPolA ®Y eye
2 olnal, AsiA, ASA, WAAA, AYLAZA o|&ojA%
th EY SBE 234 Ue: 57, Ayl S $4EBo| guia
of o2t Hxl, & Sold: AMAE 9esln, YA AHAZdME
Q4 A7t Szl stxel ARE ALHA Bt glo] 1 ¥
et o] A3 Aol glth. AUE dRold SEEHEAo)
7t A AA(lipid profile)g 7Hushe=e] w)g Fajmojglons
&7 P4 YL ot Yusiual FRENEY ST EuE
oM 228 x84 X uXgH ol iAol nNE A% £
A3t



A2 A &R olstay H¥ BY U AYn
el B A7

1. &7 o3ty 4§ 23

7t A&

7 At B4R 2 Hol df4 #$¥S Y UL Bl F
Y Helsle FEMEE HAY 712 A8E o|g3ldr} Fra2
3ol e &9 BB Ao A} AFE 3] HIld &F
o EEHo| UNMIE 24 ZA stoch ol& #std &F 4
o] ZAA= &FF 5o sIstel] W R4 HE, V4E, HE
o RS Aol A BAsAch

. d+33
£5-9 o|¥¥A P FL Table 12} Yr}

_239._



Table 1, Proximate Composition of Coix L.

Moisture | Crude Crude Starch | Ash Fiber
Crude |Dietar
Protein Fat y
3t 85 176 7.2 519 | 23
(1980)
HBF5 145 43 76.1 | 1.5 06
(1979)
A | 8.02 1551 39 1.68 4.66
(1988)
o295 11.14 | 1471 2.02 71.04 | 050 | 059 | 2.70
(1989) 10.62 14.38 7.62 6440 | 214 | 080 | 3.8
1224 | 1397 7.09 6486 | 162 | 064 | 433
Range 802 | 1391~ (202~ 519| 050 | 0.59~4.66
~12241176 7.62 ~76.1({~23




2. &F Aoj7} AWk Hjo] AP} AF

7t. @&

160~180g2] Sprague-Dawley(A-2A Y E-2)60n}e]E AIN-764]0]S
1742 A2AA ELAolo]l HZAFI FAIRE chAal dejg nE
thE, olF 50mlElE& FHAl v]BYOR Streptozotocing FARR}
FEF LS ALY Y WA F-E Hdddel. olE FES
Bz, BruUz?, S-S, Be-H2 ST, YUk-
AEFE, G- EFFILOE gl AdAol: cjzFAo]
(AIN-76) 2} 3 it gio] FABIES HEZH & 3loj(Table 2) 3
2 3Fstadch

AlE A vfF Hado] A AelolM ¢rRF ol AP}
o ¥ 3 F2HES E4stden, 33U FHA UG
AAE St 33 AY Abgo] By FES 12412 A4
¥ ZF=2 HAsioch. 3 A¥ Heparinized tubeo] & Ho}
ddEest] 83 st Br)et glcle] Adehie] Yaz g 3
& stolrh. ¥xp 222 MY wizkx] -40TolM Y5 KAsY
t}.

Aol 43 B2 mid, AF HPS dFY T L2 A
EFFNUe, Aol o]RHZL F2lo] A ol tigt MF F72e
vl &2 F3tact

L L A< B
Bieo] Aefoll tidt HFHojU AU B JFF P AF

..241_



371 % o] o]§ A2S FFsIYT AY 33 Post A
oo Teet £ 9 A&A $2, FHA YY) g (Glucose
Tolerance Test)5-& &4 s}eitt.

1) A FF71F 9 2o] 0|8 F&(Table 3)

BT G o] RS HHLe] ¢ Eysio] g
2 stAsolE B3t W] NEE/Me BAZ BT} 898
A(PC0.05) wton Yk FoME Yh-t)2E3} Yy -L8I
Afololl frelgt o]zt ATk A I HAL HUBL YA
e ol B-dEFE, Ye-WERTE, Wh-HS 52, k-
VEFE, Bx-4Z Aolo] AFS7le] o]z} Qlglct. ay=s
Bieo] FdFol vz} AF F7H= woloy weFuoly Hea
o] AdABolvt A U JUL JARE A slde dos
EFAol7t MF M Aol o]§ Hgol W8E ulx|=| gkor}.

2) ¥% Xxq £2, A4 $&, DU A4}

HAHAL, AT} $2 SFFoA &R0 237lx: €A =
=Y Fol 4R E F¥E BIou 40| 3FHot o]5 T
ZANE Gk ZF2 R xfolF dolch (Fig 1) &5 o] 3
F¥ A 8% 229 $2 9 A4 428 BEW(Table 4)
A EYRET 23 A4 $F0] USSR} B 250
A Y ol ol 288 W FYY Ryon] €Y ¥
T T2 Xo|7t gglcth
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Table 1. The composition of experimental diet (%)

-+ i Control Coix |Coix, whole grain
Casein 20.00 12.65 12.81
DL-Methionine 0.30 0.30 0.30
Sucrose 50.00 24.96 28.00

AIN.Vitamin Mixture 1.00 1.00 1.00
AIN.Mineral Mixture 350 3.25 2.43
Celtulose 5.00 3.65 3.07
Con. oil 5.00 399 1.19
Choline-Bitartrate 0.20 0.20 0.20
Corn Starch 15.00 - -
Coix L. - 50.00 50.00

Total 100 100 100




Table 2. Composition of diet ( % )

Control Milled adlay Whole grain adlay
Raw, Roasted, Steamed Raw

Casein (vitamin-free) 20.00 12.65 12.81
DL-Methionine 0.30 0.30 0.30
Sucrose 50.00 24.96 29.00
AIN. Vitamin Mixture 1.00 1.00 1.00
AIN. Mineral Mixture 3.50 325 243
Cellulose 5.00 365 307
Corn oil 5.00 3.99 1.19
Choline Bitartrate 0.20 0.20 0.20
Corn starch 15.00 - -
Adlay - 50.00 50.00
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Table 3. The effect of adlay diet on body weight gain(g) and
feed efficiency ratio(FER) ! ?

1st week 2nd week 3rd week FER

Normal  50.14*1327 3257+ 959 871t 877 0270+0.04%
Diabetic
control  17.40*14.70 1620+1829 -260+12.41 0.076+0.08°
Raw  2200% 997 9.86*1569 -11.43+13.10 0.029+0.06°
Roasted 12.67+19.67 1822+19.85 -1044+12.67 0.047%0.10°
Steamed 1800+ 967 7.38+12.09 -1263+1027 0.018+0.06"
Raw, whole grain adlay
75611526 12.89+11.20 -19.67+ 6.18 0.006+0.03°

1) Values are mean * SEM, n=8
2) Within a given column, those values with different superscripts
are significantly different (P<.05)



Table 4. The effect of 3 weeks’ adlay diet on the level of

plasma glucose and insulin in fed rats" 2

Glucose(mg/100ml) Insulin( 2 /ml)

Normal 14228+ 3661 953524
Diabetic
-control 591.99+ 286.55" 6.40+2.72*
-Raw, milled adlay 783.31+148.60° 6.10+3.18"
-Roasted, milled adlay 676.34+218.35% 6.81+5.84°
-Steamed, milled adlay 662.33+219.67 406%1.31°
~-Raw, whole grain adlay 653.53+273.66° 4.05+3,08°

1) Values are mean * SEM, n=8
2) Within a given column, those values with different

superscripts are significantly different (P<.05)
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Table 5. The effect of 3 weeks’ adlay diet on the level of

glycogen and protein of liver and muscle in fed rats'
2)
Glycogen{ug/g) Protein(mg/g)
Liver Muscle Liver Muscle

Normal

88834 +27157* 2050+1713° 4741251 357+ 75°
Diabetic-control

44333+16538° &34+ 407° 399+119° 350+ 282°
-Raw, milled adlay

31431 £16466™ 1642+ 613° 390+190° 153+ 38°
~Roasted, milled adlay

3494414141 1511+ 944° 330+251° 208+ 162"
-Steamed, milled adlay

48884+17704° 3064+1172° 285+ 81° 184+ 55°

-Raw, whole grain adlay
19053+ 6702¢ 1715+1374° 343+ 96° 238+ 185%

1) Values are mean = SEM, n=8
2) Within a given column, those values with different superscripts
are significantly different (P<.05)
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Table 1. The effect of job's tears on plasma cholesterol

profile in rats. 1)

TC? HDL-C Atherosclero-
(mg/100ml) (mg/100ml) tic Index
Normal 7811%14.44°° 38991118  1.00+0.20°
101.13+£25.02®  40.96%1312%  146+037®
Diabetic-control
-RMJ” 104.44+3362®  40.89+8.02° 1.56+057®
-OMJ] 67.85+4360° 32.83+962° 1.06+0.64°
-SMJ 6380+848° = 42.85+9.15° 0.48+0.07°
-RWJ 12443+31.08°  44.26+858° 1.81+0.45°

1) Values are mean = SEM, n=8
2) TC : Total cholesterol, HDL-C :

cholesterol,

High density lipoprotein

3) Within a given column, those values with different superscripts
are significantly different at p<0.05

4) RM] : Raw, milled job’s tears, OM]J : Roasted, milled job's
tears, SMJ : Steamed, milled job's tears,
RWJ : Raw, whole grain job’s tears
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Table 2. The effect of job's tears on the level of free fatty

acid and triglyceride of plasma and tissues in rats.1)

Plasma Liver Muscle
FFA? TG TG TG
(mg/100ml) (mg/100ml)  (mg/g) (mg/g)
Normal 427+85°% 107.0+683° 199+11.9% 152468

Diabetic -control 97.3+56.6° 334.2+258.4* 342+184* 158+9.7
-RMJ” 521%+185° 1280+510° 64+03° 139+54°
-OMJ  70.0+21.0%® 1250%116.7° 115+5.8° 137+7.2°
-SMJ  637+233° 1789+890° 99+45° 134156
-RW]) 535%251° 124.0+84.1° 86+46° 108*7.7

1) Values are mean * SEM, n=8

2) FFA : free fatty acid ; TG : triglyceride

3) Within a given column, those values with different superscripts
are significantly different at p<0.05

4) RMJ : Raw, milled job’s tears, OM] : Roasted, milled job's
tears, SM] @ Steamed, milled job’s tears, RW] :

Raw, whole grain job’s tears
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Table 1. The amount of Coix L. extract

Methanol Chloroform

extract -Methanol extract
(g/kg) (g/kg)

M X1 10

M X2 20

M X4 40

CM x1 10

CM x2 20

CM x4 40
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Table 2. The effect of Coix L. extract on the body weight
change & food intake

BW change (g) Total food intake (g)

Normal 96.2+174 334.7
Diabetes -Control 571254 451.3
-Mx1 -11.3+13.2 3747

-Mx2 -6.1%+99 4099

-M x4 -09+235 4832

-CMx1 -0.8+26.2 4984

-CM x2 35*152 404.1

-CM x4 28%253 476.9
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Table 3. The effect of Coix L. extract on the level plasma

total glucose in fed rats(mg/100ml)

0 wk Ist wk  2nd wk 3nd wk
Normal 103+ 15 120+28 153+27 139+ 48

Diabetes-Control 432+134 396+82 282+43 405+ 145
-MXx1 467+80 327+38 353+110 40926
-Mx2 570+175 380+106 364+47 415+89
-Mx4 604295 379+8) 367+31 484 +148
-CMx1 474+147 322+122 375+38 513112
-CMx2 544+190 450+146 407+50  438+78
-CM X4 514+55 442+11 455+132 563+113
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Table 4. The effect of Coix L. extract on the level plasma

total cholesterol in fed rats(mg/100ml)

0 wk 1st wk 2nd wk 3nd wk

Normal 34.0+157 674+96 794+128 89.6+103

Diabetes-Control 157 +67 97+43 9231184 97.8+219
-MXx1 144+265 126+532 141 +636 126 +53.2
-Mx2 165%521 985+346 91.5+36.1 1285+474
-Mx4 139+357 168 *619 142 +70.1 118 +108
-CMx1 151+366 156 2456 98 +104 132 +547
-CMx2 158+364 156 229 119 +183 115 +120
-CM x4 163+56 769142 T15+273 1166+13.7
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Table 5. The effect of Coix L.

triglucoside in fed rats(mg/100ml)

extract on the level plasma

0 wk

Ist wk

2nd wk

3nd wk

Normal
Diabetes

-Control
-Mx1
~-Mx2
-M x4
-CMx1
-CM x2
-CM x4

17575

230+ 444
218 +79.5
279+ 175
231+103
202+19.8
213645
215+48.8

174 £57.4
250 + 158
236+ 117
171 £21.2
285+ 126
200 +54.9
179+ %5
147 +480

182+ 14.0
344.+195
355+ 102
227 +89.1
342+132
258+74.9
242+ 878
208+ 784

136 £ 36.7
412 + 301
439+ 276
383+9.8
275+ 161
180 + 122
190 t61
18477
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Table 6. The effect of Coix L.

profile in fed rats

extract on the plasma lipid

FFA

Normal 429 + 838

Diabetes—Control 536+ 155
-Mx1 746 %222
-Mx2 997+139
-Mx4 846 +398
-CMx1 578175
-CMx2 538+%127

TG TC HDL-C
(mg/100m!l) (mg/100ml) (mg/100ml) (mg/100ml)

136 +36 806+103 156+378
497+27%9 978.2219 122%415
439276 126+532 166+532
383+9.8 128+474 13+424
275161 118+108 92+697
180+£122 132+547 04055
190 +61 115+120 043*+053
184 +77 11661137 0252046

-CM x4 580+ 250
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Table 7. The effect of Coix L. extract on the level of

triglyceride in fed rats

Plasma Liver Muscle
(mg/100ml) (mg/g) (mg/g)
Normal 136 £ 36.7 185+4.10 11.0+£2.38
Diabetes-Control 497 + 270 25.7+5.29 265116
-Mx1 439 + 276 320+139 178+47
-Mx2 383 +98 272+30 182+82
-M x4 215+ 161 19.3+3.56 141 +68
-CMx1 180+122 358+114 234+4726
-CMx2 19061 30.7+149 16.3+5.7
-CM x4 18477 258+16.9 10.3£6.79
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Table 8. The effect of Coix L. extract on the level of protein

in fed rats

Plasma Liver Muscle
(mg/100ml) (mg/g) (mg/g)
Normal 6.08 £0.51 345+78 206 + 43
Diabetes-Control  6.09£0.76 437+73 312+111
-Mx1 550 +0.67 321 £43 217+ 45
-Mx2 6.65+0.49 346 + 104 293 +78
-M X4 699+1.28 385191 273 +74

-CMx1 756+0%4 317+137 246 + 64
-CMx2 737+0.66 471 +193 290+ 36
-CMx4 730+050 478 107 221153
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AaE AR she XUY ABANE 24 il AFeA
superoxide -&o|] (02+), hydroxy radical (HO-), hydrogen
peroxide(H202), singlelet oxygen(102) 53} &2 Fel7l5& B4
SHA| FjaL o] A2 dvt Y F FA] AAHA o WaHor
AXoll &3& FA "ok d8A et {elrle A4E o] 83t=
BEAN At ALA R oA HALE] o] B chab AN
A71712 313 X A, A, oE, U B, MES dRe
el 23t F=2 MEY nEEZ=elo}, AF ME (phagocytes),
peroxisomeZollA BPEH olFo] AN AU A, oy
A, it 5& 33 &QATIBR ko) of, Py, BEY,
TUZAE, YURs =HAA HPY PR delo] Hcln 23
H3 olch A oMo fejzle] vt Bl AcjEREEY &gl
F2 XA 243} (lipid peroxidation) ol &J3) A|2tHrl= 7}do)
AZ1H el ole AL Fdshe FH HEU A=A HE3}
it A7 7 frelzlol g3l fA E4E A AE B4
€ FE3IAY prostaglandin o] B 5o ALH Yol tiatey
A A2AEo] BAEET] g2 RuE 3 olct x| Ajatste] A



2 348 AA}UHE (lipid peroxide, LP0)S Exhljof
peroxide Z¥ (-0-0-) & Z= 2|2 23 OT A hydroperoxide
(ROOH) 7} dWtHol7l=  3shd, o] 2o|E  epiperoxide,
polyperoxide, cyclic peroxideFo] ¥alx Qlr}. o|&2 % x|a
o] pspibge] 7] B EQUd olgY ¥ B Yoz 47
malondialdehyde(MDA) E= steroid, lipofuscink LP09] 3o &
dch B8 AW gy FrES Ha0 Hikg bRy
HXES] 3 BES B3t AR 323 g 7153 &4 29
StA] H 3 olojutet X &Folut A2 ANz 2 HuAA ARG
deoz|7] HHFcta daA gl MAL Wg4do] & EAZ A
29| 715& &AIF1AL Lipofuscin®] $3& X sio] Ao 32
T VVE UAH EY AN HEE, ZAM RAYOE o|FY
T olo] UMY BN E2E A4y ez &AL 4 k. 2y
TS s HAle AR A4 oAl 3F F A= wkey ala
Ak} ol& AAIY] A¥ MEULe it} BAlol M2 7Y
§ A5 glch BEYE gos HAHE 4ta ReVE AAA
A BEAE RISk B4 WolARL catalase, superoxide
dismutase, glutathione peroxidase, glutathione-s-transferase7}
o HEALA WolARZE glutathione, transferrin, albumin,
lactoferrin, ceruloplasmin 2] A A Ea2} ascorbic acid,
tocopherol, beta-carotene, B! selenium $2] uighjaAA 2o
gict.

GSH-peroxidasei= GSH & umi/|& o8 Z£7F peroxideE =} A3}
£ 4& €93l glutathione-s-transferase= o]EAEe] EAHE

A& conjugate 3t H|EA3slo] wjdsH F Aol glutathione
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< A7 Ze Bdstet o e ¥absEae] ¥ES fA
I=F xoiFE $8 ¥AHAQ dluolrl. Catalase &= H202&
H202} 028 #3)A]7]&= catalytic activity2} 1 mol £] F}aI3=E
(peroxide)&  &HIA|AA 44 ZojAl(methanol, ethanol,
formicacid, phenol )& AM}A|AF+= peroxidic activity § LU}
Eivls AW F2 YA} J 4ol SOD £ superoxide ol
H202& ABAA A A7l Raolth olALFol frfog o
Aso]l TEHQA YolAE FHYSEAN H4 Y il DM 59
&8& PRVt AAH ek 2} oyt Kl AAAY
8ol ASEHAY F2 fal7] M4 &3 5oz Q) o5t
%0l 7AAE o 2L 2 Azjabto] o3t YAty &atg gl
A Hol 3 dF whE, HUdEE FAAFA Ha volst ¢
2 HYY ARG [KusiA Aok

T JAZAE L2 AHSEHI JE &7 R HJES F2 9
2o} Fxtoll gled, A9, olx, AT, AZF U =AY Fol A}
itk oz & FEF HeolA £2]¥ Coixol ojgts B
VLS 23 drh. FAbolA 323 coixenolide JE2 3F o}
237 ook RaF 3 et o] 4EL B &R 0.25% A%
A=l o, dol &Fole 3y FFRC} o WL 0.35% =
dREe] ok X3 sdch E &FE= €3 ZY2HE U E
gl gelAelelE S A3tAF|L, HIL-Zd2EE P F714]
Fle 227t ddedl, ¥ FA2dHEx] AL DM Zd
2HE W8S gz Zol F felojetn BaFD gir},

NZa el o] & F¢-2E ok, A, 47, 283} 1A
T 4 A= ZAE vehdciz B3 HArl o]g) tiie] o} QB
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o]l olF W &F #el§ &3 9o RASIctE LIS Qlt). o)9
2 U2 715S 1 STl B3 T B3 ZolN yats}
8 732l B Ejol ot @77t ARY PHolrh. 1zsle &
& ol AAs] EFES AT A 33 Aol it
3 4 B} MY AU2EE FFstax} ol

2. g 9 WUy

7k AY A=

FE B7lE QA2 AZE 5Y 44 &F 13 3R vy
HHsto] AHgsorl. &% 7 o 3H4E 111 u|8E EYPY )
& BAR F oA g ZelY ELROE 3o ARgslgrt.

U A¥E AY

¥ $&2 Sprague-Davley Fo2 o|f& A&}t 4Fzte] 43
HHE 1043 7[EAol2 A-gAN ¥, HFAFo] 120 +10g Q)
A& T2 2830 4 9 15028 Ureo| stainless steel
cage ol ¥ uje]y Feldlq 3F ALgAZACL AY SELS uz
T, &F EFEF, &% TAESE WPrTtHTable 1), ARAlY
2=E 20+ 2CR fAFdon 2EL 1243 712 zAsgc}.

= AYollA ARERE 712 Aol AIN-76 Ao} =Ao &35l9c).

th &7 £848 48 9 +84 #& WY HE Be
7 T84 BEY F&E &olstA ) A U= nsy
th &F A RS HA ¥ ARSI AP Bl wEE



G S B2YY Y2 &S 2Bl EF EU 2kg 2
21 of 5A1& B2 FFAE sl &F EFEE 312 Mae
g2ollA dz3tch

gl 58 AES B e ¥ &
1) A¥ 5E& Aol 9 A%

¥ &2 Sprague-Davley $22 °|R& AW 437E] 43
HFE 1047 718 Aol H§ A7UF, HIFAFo] 120 +10g ¢
A& F3A9E 28310 2 F o 15018)4 o] stainless steel
cage o] ¥ miely ezt 3T AlSAIZTE HY FES U=
Z, &F 2T, &F TAELE UhdrtHTable 2). AMg4de]
2EE 20 2 °CE fAFlAed 2P 124% F12 2HQ
th 2 AyolA AR 718 Aol AIN-76 2]o] RAdol| &3lglc)

&7 § 252 pellet el 3] Yol vE w] FF/FFE o
At AriHden &7 Bate] Fee BATEY AoldlA w4
Ee] 2042 ciNA|Fch
2) A|ZA

AE71T 85 Ad 4 AETES 1242 A ¥ o 20
opHA D F FclelM  HA Ak YL heparin (100
units/ml) Xe|7t @ FaAt7lo] $7MA Ao 30&T WA} ¥
1500 rpm o} 20 £ ¥4 Feldld RS Eesiden 28
B2 BHA7LA] 40 Colld B RAsigch ArlE (AR, A
2, v, o] HAAF AAYR F 0.9 s gl S F o
2oy JPEA 42 HAY ¥ FAE FFstdch
3) % % AA = &3
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7 %% A% (Triglyceride, TG)

8% 4 A2 Bucolo o]l & &AHoll AR kit(A1PH
YebE)E AH8ste Jstdct. 348 Aol lipoprotein lipased
Z1-gA]A glycerol & 2|t ¥, glycerol kinaseE ZHgAIA B4
M L-r-glycerol-3-phosphate& L-r-glycerol phosphate oxidase,
amino antipyrin?} peroxidase2} ¥l-g-AlZcl oja] WAH¥ quinone
ol Mo FREE 505mmolH &4 stgct.

) 29 2EE (total cholesterol, TC)

8% 3 Zod2AHE8e BoU(Allain)o] AT kit(AldBtetelE)
S AHEsto] st & A F esterd 9 cholesterol S
cholesterol esteraseZ ®FgAlH 2|8 cholesterol® UE T}
olofl cholesterol oxidased Z}-A]A ¥HAH cholest-4-en-one
peroxidase2} A4-aminocantipyrine} Z}2-Al# quinone ¥ AN A
28 B8AY ¥ 500mm ol FHEE &Aslgct
t}) HDL-cholestrol

HLE £l &2 FAY(Finley)oll %t kit(Ag3etetE)gE A}
&38to] ZAstaTt.  Dextran-sulfate-Mg(I1)& VA2 WAA &
U HDLE¥& A2 L2} VLDLE HAAZ ¥ 43942 A=
3le] cholesterol oxidase WY O Z cholesterol 2§ &35l
t}.

2}) S P32 4 (Atherogenic index)

Aol o5l &AM total cholesterol 2} HDL-cholesterol &

RE thgAjo] ojs) Akasoch.

Atherogenic index = (total cholesterol-HDL cholesterol)/ HDL
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-cholesterol

A2 AUF FA] A2 ¥ 0.9% el EF+E 53 M3y}
3 E7IE AARF FAE FFstdch 2z 2ol 2=2H X3P
(28)& 33t =% 1g 2 0.25M sucrose -&-§-& 5uf 7}t W4
ejoll A glass teflon homogenizer(Kinematica, Swizteland)E u}aj3}
olrh. uisfied2 100,000 x g ol 1 A7t QYHEe]5lo] cytosol £
Y& Glutathione peroxidase, glutathione -s-transferase?] ¥4
3ol AHg3taAct.
1}) Glutathione peroxidase &3

Glutathione peroxidase ¥ d X Paglia £} Valentine 2] ¥y
(1967)2.2 A3 glutathione o] glutathione reductase £}
NADPHol| 2]3}o] Udd wj NADPHS] F#=71340nm oy Z4she 3
=& &Astdct. & 0.1M Tris HCl (pH 7.2) buffer 2.6 ml®} 30
mM glutathione 0.1ml & ‘g3 6mM NADPH 29 (0.1M Tris buffer
NADPH, Sug/ml) 0.1 ml of 6.25uM H202 & Y& ¥ 25T olA] 587
] preincubation AlZ ¥ oj7]e]l 0.1wl8] A2E& EYste 25C
o ] 543t incubation A]Z] ¥ 340nmollA FAE WIS HFslA
th B4 B 19 1E7 1 nmol o] 413}% NADPH & 4d3l=
z2e) g yehach
T}) Glutathione -S-transferase &%

Glutathione-S-transferase 4= Habig®] uh o g
1-chloro-2, 4-dinitrobenzene} glutathioneo] ¥hgdley ABAH

GSH-DNCB  conjugate & ©]&3l At&sigct. F x| g¢



glutathioneo] 37 “CollA 258-%Qt preincubation A ¥ of7|e]
5ul®] CDNBE 718l wh-g-& Ajzich 5E¥ 33% TCAE 25ul 37}
el i) 53 600rpmoll A L E-eIst 340 ol FHEE &
A=
2}) Glutathione &3

Glutathione2 Tietzs 2] ¥hH & AMR5}9 glutathioneo] DINB £}
binding O ZTH oxidized  glutathione2®  X|¥A|ZI¥F
glutathione reductase & 2A7}8lo] oxidized form& reduced form
o2 HUYY P& FHsE AL 412 mollH FREE AL
& 0.5g2) 341 Ao 5% TCA -§oof Y 3027 ulafalzict
ol A& 10,000 x gollM 5E YadEeisld O A5de 4
B2 AR23c}, Fu| Al Fo) DINB, glutathione reductase, NADPH
& TUVF 58 I FEEE FAHUCL
5) kg9l FAANzE

A4 SAS FAl packageE AHE3Il] FIFAt BE AE
Fotden, d2Fa} YYFTe] Xlol= one-way ANOVAL} Tukey's
testo]] 2J3) p<0.05 $FofA AF st

3. 72z

7 AF E3 9 =3 Fake] Hy
1) A3Ey

7 E £& 9 2} Ao7t AlF F7lo] nlx& 4% Table 3
o ehd upel o] ASHE o] 237l &% EFEIE o
ZZ3 FAR Aol & YehdA] ofstth. 28y 30 &F E A



3ol &% A HAEA vEo 2 Rol ¥ AF /e
LX- 1= 8
2) 2% FTo He

2 A%, w3, 3 43 239 AEe 7 AE FEoA A&
H ef Ag 22 vepfodoh A8 Aol AX RE 239
AE2 AF 100g=2] Ay FPolMde HEFe] WERIRT} &2

8\:0 iﬁ;}

&5 EF2 9 A} Aojst A FAlel vl P3YL Table 4
o Uepdch 7] FAel gloid &Fo EHAITH &F WY
g2 go] thzPz} vlste] F2Fo] Aol§ Molx ot u

of glojM AYFol cizFr} tia F& BRydch

&5 EF23 &F b Aozt Aol AFo] njAe Y
Table 5o UEhd uieb Zrh &5 ate] G337t 713 w2 Ao
&3S Bdrt

E Aol N33} (Table 5)F JUY Az, AY A7
AX tizFo]l APFET} FoFo2 &2 AFL HYrl IR
A 715 iz B9 15 nfeld 92 gollAd 50g8 FUME R
Ql Wk AU AL &F EFETolME 87g oA 41g, &F I
Al oM 38g oA 88gAch &Fo TIH FodE WS 4
A3l S W HFSIIE U3 o] A&/l WA YEt
yich

flo

L 8% A £84 w1y
2 AYolxe] 8% ¥ AE = &3 Z3} Table 6 3} Frh
3 3484 €2 &F & F2IFoA 7% WA veldch o



ZFH &F WA dAe SARLE fo3FA AolE Yrhial
ottt & Sd2HEdAME &F EFEFNA IR WA vetwd
2u &5 WMAFoNE dzFEcl A et S B 4 Ui
th. HDLz} LDL ¢} u]8of QlojAM X HILS &3 LDLE A Ho
22 AY FEo oA &F EFETel A AAULLE 4
ste AR el Ty &7 TFAREE HOLL LDL levelo] of
ZE3 AR Z3E UeBich HDL levelojdE &7 Fabfo] of
Zz38ch BAAY RAxte AU oz A Urideoy
LDL level oM E ctizZET} &4 Ueldos &7 FAEE o=
2 vjags o gAML AAYYE $4 ¥ 4 A& L)
dcize 8 4 gdrh

&3] &F E3ETS YUY AR W2 A& B
dxfje} o] A=y AL A2 QU Hof oy Bt U&E
AlARicia & 4 lA;ch

lo
e

th &4k} wlojAle)] Hi
1) T4, AR 2Zo|A glutathione M3}

B3 A% 2 FY PRI L ¥YE FFY F3E Table 73
Zrt.

Lol e AEI d2F Abololl SFEIEIZ §ato] QlojM FA
A fxE & ddch AR AL FAAE o

I HET AloldA Eve X &7 & FEIT0A MR
-2 Glutathioned P& B4 ddcrh &7 & F&Fo] B
FAHEE BE 5 USE B4R gt oy S ¥
ARF e FAoM LEgalt WS Felrjeh Wgste AZY A

B

O



AE AU 5 UARF xofEcta ¥ 4
2) 7t, Al&ollA glutathione peroxidase ¥ 2}

3t AAeA  glutathione peroxidase?] HEE &3 A=
Table 83} Zcl.

&7 & $3EF AUFolA glutathione peroxidase?] &2 ¥
=& Hoch BAlAN g fAdsHe WolAAlYd glutathione
peroxidase?] ¥VAHEE wATHE AV} |AVIU olEH, AEF
0] 2% A o, 19 FEL2NE HAE AU KXY
4 AI®Ech 2o e AHAM &R F &M
glutathione peroxidase?] 2 FH2= ITFHY Azl & 5 4
c}.

3) 7}, Al3ofA glutathione-S-transferase 3}

b2} Aol M glutathione-S-transferase?] YA L &3 A=
Table 98} zc}.

Glutathione-S-transferaset= Aol A A3 Bz} Ajfslo
F5Esle] WA =S Y AR ol Ao UAY
FAL AR BAE /A1) A F4 AAet @ £ AUch &
F & FETAME T3 AN FHoE 1RAY ARE 9
T Aoy &7 WMFoMe dizE vlaste ZeAE olF
W #AE 2ot 2y ARolME 2RI vlastd o3
A zoj AR tia A Yelyth &8 EFEFIU &F
A2 BRFE A&l A glutathione -s-transferase 2] BAEE &

A 237 0SS & 5 A

1.

b nd

el ollx ZAElER St B4 AWy ¥} A
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1) oA FYLelEXY ¥

otelfe] Table. 102 AHEF2} izl ojMe SgAeE NE
A2 Yyehiz glct oM FY2HEAIF F B FEF004
718 WA delstch o]yt W i §52 EFx&F0] oA
AT A BYTE wola ZFEIE|RY VP 59U 54
of Ze2eEXE HEo2A drie FFH HJAWS a2
T ASS ARt 4 gl ANFH o] BAZ o &
78 EFEF0] /B $2 HE BT &F WMFEL 2
FAAE ASS Eodch T FA JP"es BAS Hsus &
F EF48d0l 7 ¥ US RYex Basta AU fdx
7} et
2) olM F3A%e g wHy

Table 110X tolA Fgxue] #apg 3 AN RAG 2
1299} FAZ Yehz glct.

2] BA FAGelY 13PN E AEE =2 FolA A
A FAXE Holx] AN x2PLEE J1F W UL Holn
sdch &F zRlFolME tjREHT} thAh & $£x|§ Rolz ¢
th o] &F B &I &5 M4 Yehts 2ol o
FHUES oY FHs] YWeAAl gUdo® o we d37} 445
ojo} stejel Atz€c}.

b
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Table 1. Experimental groups

control
H20 extract
Yulmu residue

Diet

AIN 76 Normal diet
AIN 76 + yulmu H20 extract

Yulmu residue replaced 20% in AIN76



Table 2. Ajo] MK

control H2O extract residue
Casein 20 20 20
DL-Methione 03 0.3 0.3
Corn oil 10 10 10
Mineral mixture 35 35 35
Vitamin mixture 1.0 1.0 1.0
choline bitartrate 02 0.2 0.2
cellulose 5 5 5
rice powder 60 60 48
yulmu residue 0 0 12
total 100 100 100
yulmu HzO extract 0! 2l 0l
distilled HzO 21 0! 21
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Table 3. AF &7}

rd B4 & 0 wk 1 wk 2 wk 3 wk
control 875%20.2|1132.4x275|144.1£21.1} 1603 * 21.7
HO extract | 859+22.7|136.1+16.4{147.2+206| 150.7 + 245
residue 86.7119.9|136.8+23.71141.5%21.2] 1454 + 215
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Table 4. 7] F4

liver kidney spleen heart
control 4752081 20+01 055%0.15 | 1.20£0.3
H20 extract| 454*+0.7 | 1.9+£08 061%0.2 1.15+0.7
residue 484+09| 2.1%09 063x0.18 | 1.28%£09

FER (Food Efficiency Rate): Ao]Z &4 (MF ZF71/41448)
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Table 5. A[F5712} Aol d 4ol 2Rt Ao A&

weight gain(g/3wk) | feed intake(g/3wk)| FER
control 72.8+20.8 604.8+67.2 0.12
H20 extract|64.8+23.8 623.7+31.5 0.10
residue 58.7+£20.5 621.6+57.8 0.09




Table 6. #|2] A olA Ay

Z3u &R

mg/dl-bld

TG(mg/dl)

Cholesterol

HDL-Chol

LDL

Al

control

105.60+£8.94a

84.54£4.30ab

10.86%+2.53ab

522*4.7a

6.78

H20 extract

79.78£8.85b

77.50+553b

45.82+9.56b

32.5%6.6b

0.69

residue

105.70+10.12a

107.23£21.1a

17.47% 4.66a

60.4*14.7a

513
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Table 7. Z¥2} A1 FollA] glutathione {3

GSH( # mol/g tissue) Liver Kidney
control 1195 * 058a 249 £ 0.15a
H20 extract 1623 * 045b 258 * 0.12a
residue 1464 = 0.26ab 254 + 018a




Table 9. 72} AlAtolA] glutathione -s-transferase 2] A%

GST(u#mol/g tissue/min) Liver Kidney
control 603.05£25.27b |127.34+19.29a
H20 extract 731.18+146.12b {217.81:4861b
residue 241.65*+18.17a | 134.67=35.76a




Table 9. 2t} Al AofjA] glutathione peroxidasel] AT

GSH-Px( # mol/g tissue/min) Liver Kidney
control 1576+ 0.45a| 3.34*0.36a
H2O extract 17.16% 148a| 891%£0.4%
residue 1518+ 1.80a| 4.29*0.4la
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Table 10. ZtollA 2l cholesterol ¥&F &A

Cholesterol mg/liver mg/g liver
control 21.24£2.04a 443*18a
H20 extract 17.69+1.23b 395+0.23a
residue 2255t 18la 470%x0.32a




Table 11. Z-4=|%e] ta W

TG mg/liver mg/g liver
control 32.19+3.55a 6.88+0.23a
H2O extract 31.00+2.44a 6.82+0.45a
residue 3459+ 4.37a 6.93+0.56a




A4 & 2F FUS delg@y 84t
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A1 A EF FAESY Aozt EF SY&HE
2

st &3t W Al aAe= $F

L &7 $429 o3ty Y 24

7b. d3uig

= Aol AR &7 FAES dAF AZEYeld AR A
& A3t &F FAES it 4E 42 a0ac Yol osto
43l

T2 15T Azt o], HIEL 550TColAM 2sign,
)AL Kjeldahl', A& Soxhletd, ©aAL anthrone'™y, =4
§= ACACY (Hemne- berg-Stohman 7§2¥¥ )" oja) & staich.

v d3Z23
S5 FAES oYY Y& £MY Z2he Table 13} Zth
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Table 1. &FFAHE9] oIy HE /T

g T gHF (%)
F B 5.8
L ) 23
T A 70.4
) u} 1.5
3 i 20.0
z 4 % 408
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7t dFUg

AY H5EL 3579 Sprague-Dawley rat 302 AFUL 1y
AIER oflu] AMSR F 4Fo2 o wixsiach. AY Aole A
3 2PAR (AR FAYNE FAY O BAdzE
(control, C)3 of7lof]l 20 &FAE WY @ BEBERAZ
(control coix vran, CB)2] 7% pellet B o2 rlE0]F93 @ 2
AW (High fat, F)} o7]e] 205 &FAE ANY @ 2AY &
2743 (High fat bran, FB) Semipurified diet2 powder¥ o] 4]
olglt}.

AR A 9 BAES 123209 AY ARl B¢ 582 124
 AAX ¥ FE AR, H8AF R FH2NE ¥
o4& Aqstdct. YL Aol 07 YA ¥ 3000rpn 2. 20
B2 diielsid 338 4 B4 FAzkA -70To WERBs)
dek. HRAAF JfEI W3S HEsl M FLE AT ¥,
o} 3g& KCI-PO, buffer (pH 7.4)2 FALAE WE F liquid
nitrogenoll W% xEzsiodct. "Ll £4x9, Z Cholseterol,
HDL-cholesterol> Aol ¥ Kit& o]8slod FY¥sigdn
LDL-cholesterol & Friedwaldg-o] WE% LDL-cholesterol A4
A& o]-&3to Alabsiddct. te] F4xW, 3 Cholesterol Folch
Yol o3) lipidE& 2% ¥ P Yol Kit§ o83l A3
c}



1= MG
1) Ao} 24

BRUZRZLE AHGY nPALEY] UubEEE ACACHS] <3ty
EAAR ¥ ddA F 23 61x, WA 27%, A 12%82 FAH
dem ZER7E 1.2% (wt %)oldch.  BALEFAZLS LFARE
A $2 A2IF EFAE 25 HIN THES TLF 42
ol FF4E ISl stiff paste§ WE Foll FolA pellet
2 ghgo] ARgstach oy Fduls 2H 63%, hil 25,
W22 FEEden 24571 9% (wt %)o] ALt
2APYFL] lyA] Adule A 38, WA 16%, Ay 46%0]9
Aftae 2% (vt %)oldh. AL ETAZY oldx] 2ule @
A 39%, T8 18%, AW 43%0]n HFAE 10% (wt %)ojdTh 4
o] Z/4L Table 10 LehfiCh
2) A%, AoldAT W AMolag

125:2k8] Ao] AR 2} AYT Alole] |43 Aol ¢ldd
gt Aol B9 SFAIE(FB)O] 7F ofFHE Tl 4
olgtol wlaf 47t W HAFE B 123 Fo F olyx] 4P
o] FZol ]3] 10% F= yglict

AFF718E BEAolE o LA Aol BFoM &FA A7t
To] 25-30% ol fFoHQ Aol Rtl (Table 2). =2
EFA A2 E2 AF F7132 oluz] dalg 2elst ofd c}
€ ddo] AR Bk ZF BEY RuolM 2z o]

[o B

N

]

% Aol pectinolu} cellulosed [7IE 8520 7|5
of ¥ dfs TR NFI7H 2olrt gl Bas e
EFAZAMY AF Ao/} sl dRAETL ofd JeR Ay



"k
3) 8% AA+E

3 382U B¢ SAFLE {3 Hol:= AW FA
AojZollA FA HIt7t of 20x Fx o HPFPAYol 4=
t}.

d3 Zd2eHE 9 HDL-cholesterol®] Z-¢ AFArdolZ (C W
CB) W ix]gAjol (F W FB) BFolA &FAY Hrtaz= 84
glelch. 23y} HDL- cholesterol®} total-cholesterolofl A 2E %
) A $}x] 4= (Atherogenic Index, TC- HDLcholesterol, Al)e] ZA-$
S5 A A7t Aol olAM of 356, AU o|ZAA o 20%F
X 4 stgc] (Table 3).
4) =24 P

BBA01EY BT &FA HIt Aolrt 1Y BHFAY F8AY
3 SHLHE €§F W AANDY FEAYA FUL2HE €l 3
k& o XA ottt ey AYAo|FEY FL &FA Hiie
SHFAY R AN FEAYY SE2EE Yol 45-55% F
=2 Z4FEol & F3E FAclh Iy IRAE 4o gt
(Table 4).



Table 1. Composition of stock diet (commercial chow diet) and

experiments diets (g/100g diet)

Control Kcal| Control-bran Kcal

stock % stock diet + %
diet 25% coix bran
Total sugars 535 609 475 63.6
Protein 235 2638 18.2 244
Total lipid 48 40
Crude fiber 1.2 123 9.1 120

Kcal| High fat-bran Kcal

Ingredients High .
% | High fat + 25% %

fat .
coix bran
Corn starch 375 28
Sucrose 10 384 7 423
Casein 20 15
DL-Met 0.3 162 0.2 153
Lard 25 20
Salt mixture" 4 3
Vitamine
. 2 1 1
mixture 455 424
Cellulose 2 1
Choline
. . 0.2 0.2
biotararite
Coix bran 20

1) AIN - 76 vitaimime mix
2) AIN - 76 mineral mix
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Table 2. Energy intake, weight gain and food conservation

efficiency
Energy intake wt gain FCE
Kcal/12wk 2/12wk 2/Kcal
C 6241 + 202 337 + 28 55 t14
CB 6233 ¢ 93 234 £+ 7 38+ 03
F 6098 + 91 319 + 8 5203 .
FB 5463 + 205 242 + 6 44 + 02

FCE : food conservation efficiency

weight gain (g)/energy intake (Kcal)
* Mean t+ SE



Table 3. Serum triglyceride, cholesterol, HDL-cholesterol and

atherogenic index

Group  TG(mg/dl) TC(mg/dl) HDL-C(mg/dl) Al
C 1082 + 98 648 + 81 368 t 45 08 t 0.1
CB 800 t 6.1 59.0 t 49 396+39 0521+01
F 784+ 98 8.7t 65 414+ 26 145101
FB 838 + 41 8.1 + 7.7 395+29 117+ 01

* values are expressed as mean t SE



Table 4,

liver triglycerideand cholesterol concentration

liver TG TG Cholesterol Cholesterol
wt(g) (mg/g) (g/liver) (ng/g) (g/liver)
Group
C 40103 40.91:3.8 5.710.1 59.1 + 3.8
CB 3.5+03 376135 5303 54.51 2.6
F 16,4 + 1.2 150.2 :+8.816.8:+1,5 1527+ 9.8
FB 9.311.4 749:9.8 85113 682319
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3. 85 EAE Alo|7} AWico] ulaj: 33

7 Q&

AP FEol streptozotocing HF FAl BxWE /U
th. BArizFEL bufferitg FARITE AYEE Bz
(Normal control, NC), ©xt}RF (Diabetic control, DC), YWk &
FAZ (Diabetic coix bran, DB)2E o] 4537 ARS3iqich
tf2E2 A aPARE FFAT FAZE 1Y AR &R
A 25%&F Aol 1Y¥AlR A pelletd] el wHEol FF3A
c}.

L d3A

ARSEL 45379 sprague-dawley rat $H o8 Uyt 18
Al22 AMSE ¥ 0.IM citrate buffer (pH 4.5)0 £3iA|7]
streptozotocing 13 (65mg/Kg BY) H7F FAISlY whnl g {uiba]
ZArh  FARREL bufferttE FAISIGCE D] A2 F
Ab 59U F 16-20A1 2t AAAFIL melolA HAE slq ¥ X
=% 527t 300mg/dlo] el At Firgo] fud
Ak

453700 AY AL§o] B¢ FEL 16-20A12 A A7 melol
HAg sl P& Eeistdct. Dol (glucole tolerance
test, GIT) A& 213} ¢1o] AL MY A& 02 sampleZdta
g ANYF ExFE BFFABIL 308, 60%, 1208 Fof thi
nelof a3 sta chEste] EAgstdck HAEAF ¥ g 2
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< st} E4stgct.

X SFAY Hrle B FHolA FUAES ZTAHAA glucose
tolerance testol £2 ZAaE uehdo] ¥ 42 608 FEE
gdol 83| AanE FYos Yehyr} (Fig. 1) .
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—@— control (NC)
—&— Db control (DC)
—A- Db bran (DB)

240

220 ~

200 ~

180

160

140

blood glucose (mg/dl)

120 A

100 ~

minute

Fig. 1. Glucose tolerance test of normal and dibetic rats
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A2 A &FFAAEY Be¥E £ A7

1. 7R8I £21 284 X ulA8Y E&ol Al

XE 4% £

7t. dxU&

REAE A HE ¢ 1.5%2 o yoly 3&9 A&
3 B BHLE mle AL golAs] ol Aol FoBix] B
i B3 FAsioch HA &8 48U FAKES Semipurified
diet® Foistact.

37 Sprague-Davieyd 4L UFUYL AYAER opjr}S ¥
4Z2% oo uixstdet. AEZL Q3¢ 2AYAol2 ARSRL
¥ 5% Tween 0.501 & 4U3t EZ}FAR 2§48 & di=F(LC) @3
F AAY Aol2 ARSY ¥ ER-RAZAN $£2Y xEH HE
& 300mg/Kg MFLE 4UT FFFARE 284 AEF(L) @I
WAolE 3F% FoA HIxEE HE hRF(NC) @A WAjoo
25%2] EFHARE AL (w83 BR)E WY ujASE BED
(\W)22 et

MY RSOl ¢t F FEA oM ©FE2 Hgste] HAS 23 st
o 83¥& Festdet. A ¥ XS HEslo] KCI1-PO, buffer
PH 7.42 #HLYS UE ¥ gAA Lo RASIC. HA 4
2, T 2HE, HL-ZH2HES TaYo 9§ KitE o] &3t
o &3stga, LDL-ZIYAEISLS Friedwaldyo] sl Aarsigd
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th. 28 F4xul, FFZAAHES Folcholl &3le Lipid& 32
¢ F Y3 Z2 Yoz FHsiAch

a3 Az
1) Aolz4, AP QL Mo g3

ZzgAlole] ofyx] pdule A 30, Ty 18%. x| 52%0]
o Afrde 8% (wt %)oln, Ao]ZAL Table 10 viehiolct

3Fe] Aoldag W ANFIVFE 4 AEE Aol /o
xtol= oladct.

2) oMY N &

5 FAEY 284 F2E Fo (WWE U=
3 BH2HE g3 o 42 ZaAZOoU F
dLelE Uole 4L F2 Rijgch. &%
Zrab Fod (W) thZZ (NC)oll ul3) HA F4=
&A1zl 83 & Ze2HE 9 HIL-ZHAHE ¥
alglt} (Table 3).

3) XA gy

EFAY A7Me Wxgol fud FoA 2t F4AU ZaHA
HE LS 2aAH Zd#Y 802 U3 23S vehid
th

&5 FEY A8 25 549 (LL)E 2T (LC)ol w3 2
o] FRBAY ¥IE o 15-20% AaAAoL FHAHE Uele
F¥E FA RIdch. &F FLES vAEE A Fo (W)E
gz (NC)ofl wja] o] F4Agoly Zal2d S ¥ A
Rt}

LC)ol ujs} &

=
gA1¥golLt HL-&

(

ks

gL

WY 4% 7
s

of

rlr
.L
S

O
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Table 1. Composotion of experimantal diet (g/100g diet)

Ingredients LA EFRAE
(CL, LLCN) 2R}
(M)A L&A4
A8)
Casein 20 20
DL-Met 03 13
*Min-Mix 4 4
*Vit-Mix 1 1
Cholin-bitartrate 0.2 02
Lard 2.5 25
Cellulose 8 0
Sucrose 10 10
Corn Starch 315 20
Coix Bran-remnants 0 25

& AIN-76 Vitamin mix

%% AIN-76 Mineral mix
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Table 2. Energy intake and Weight gain

Group Energy intake W.T gain (g/3wk)
(kcal/3wk)
LC 14477 ¢ 235 1375 + 35
LL 1386.5 + 389 1358 + 4.1
NC 14785 ¢ 346 141.7 + 5.7
NN 1451.7 + 442 130 + 106
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Table 3. Serum TG, TC, HDL-chol. (mgso])

Group TG TC HDL~-chol.

LC 1014 + 10.1 1112 + 127 482 + 83
LL 1476 + 239 70.1 + 84 514 + 75

NC 2214 + 364 879 + 175 59.7 £+ 53
NN 1249 + 169" 1042 + 73 584 + 7.2

% Significantly different at p<0.05
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Table 4. Liver TG and TC

TG(mg/g) TG(mg/liver) chol. (mg/g)

chol. (mg/liver)

LC 4.3+0.6 47.8x8.7 1.7%0.2 18.7x3.7
LL 3.7%0.6 37.2+7.5 2.3*0.5 23.0+5.7
NN 5.2%1.1 55.4*11.8 1.5%0.3 16.2+3.7
NC 4.5%0.5 49.61+9.1 1.6+0.2 18.1+2.7
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2. &F A8 Hollt HEkol ul: %

7k A7 g

AY F3ol streptozotocing &HZ FAlsl Wx¥ S FuAIY
th. BAUURFE bufferttE FARIcL AEILS PRI
{Normal control, NC), Wk tQ=3F (Diabetic control, DC), Yk
&3 AF (Diabetic coix bran, DB)2.& L}ro] 437 ARSsiact.
2L A3 IPARE FFAL EFALE 1P AR &F
A 25%E Aol LBAIEY T pelletd] Felz wHEo] FFslA
Tt} AYE 582 42729 sprague-davley rat 702 dFdZ 2
HALEE AMRY ¥ 0.1M citrate buffer (pH 4.5)0] &3jA|7
streptozotocing 13 (65mg/Kg. BW) &7 Falslo &
AlZch BAlRZE bufferdt& FAISIACh g e] UL #
Al 29 F 16-20A1 7t HAAF melolM G sl EHF X
= =7l 300mg/dlol ] ZAntg Fiego]l UE RALE 1UFs)
Art.

432t AW ARRo] Byt FES 16-20A17 HAA]F|3L T5mgrke
9] glucose§ H7} AR F 0, 15, 30, 60, 90EF2] IS <
Awloll A 2§2]8}d glucose tolerance test AJRE ¥ F THESiY
g%t A ¥ ¥g wol 3,000rpmellA 2083 W4lEelst
o ¥ £el3ln 2 &3t KCI-POs buffer2 FA3} & F
AAHLo] 4 Al7ix] Radcl

o] AAUFL folch Y22 XHUE £2U F 3482, & &
YLEE S HLE olBY kitE A E4sidcth
Glucose tolerance test& #I¥ V- H Aol 2t kit (FFA

—
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°h)& AH&stalch

o A E< B
1) 8% x4 ¥

EFA Aks Wxgo]l FUd oA e FEAE} FdA
HE 3PS AaAA Y3 $2L2 Wes 13E Yehidd
t}.

E5AY Hrhs dx¥ol uH oA F F4AY €¥E
REAA 37 €22 b 22k vEdR 2, 2
ME e A el FAAA TS UehA] Zsiglc
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Table 1. Liver TG and TC

Group | TG (mg/g) TC (mg/g)
NC 147+ 15 1.1 +02
DC 187 + 1.7 1.8 + 0.3
DB 153 + 27 1.1 £ 02
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Table 2. Serum TG, TC, HDL-, LDL-cholestrol and atherogenic

index

Grou| TG  TC (mg/dl) HDL-chol. LDL-chol. Al

p | (mg/dD) (mg/dl) (mg/dl)

NC |[692 + 65 688+65 448+ 07 1721 07101
DC 909 +63 841+21 53353 17229 061+ 0.1
DB [750 + 1.8° 898 + 108 53.1 + 88 217 + 17 07 + 0.1
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