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Development of Automated Single Equipment
for Rice Cake Production
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o) FRFIFL 55 - 60 %E F/HEH, LEE 110 -100 °C & A5, A3
T 948 & 500 kgd HIYY F I &

o }Y: A2 FoJA U= 2 % screwdl I3t EF L &y 75 ol g3hd 1
A9 stz AYdg. o)&rld dstd 23 HY7IE o5 W, FEHL o
st £E& 70 - 80 €2 WAHR FEGFL A2, 9 st & BAE
o Eug HAH Fo AAHOE FEIFE 60 %= #AAA, 23 FYIAM 4
3e F4Y,

oz} Ax Aet ¥ W& HE PYAA(5-10 T C)ellA 2443 o] HA
o 233 FEIAxXE oEF, dF27|2 49 XA} E3hdrh

W) 4ER8Yr] RE44 € AF
HEHH7 B -9F5- 143489 75 HAFr] Y%A, B¢ screw
elements} Wzt/714 barred 27 AAsATh

o ¥ §7]5 screw elements: Kneading discE out diameter 44mm, root diameter
27.2 mm, lead 20 mm®] FA 5mm 4 719 discE 45" , 75° , 86 A== YE®ygk
EE 28% e ZAEE A

Bzt 25 7HE 715 € ZHE barrel: 2] 4 L/D(176 mm)9) section barreld] F
Aol 88 AF e FEF}AQ Wi BEE /MY GuiAst ¢85 IF/ME 7%
& FoA5iT, AudidZdH AR 25 A 9-7 BA8e, 1 section barrel
T 1 KW &3 Hd71E 7389 AL 2223 7153 barrele A% F-2H3t
At

o043 die ¥ bleaker plateA]z}: 7}#iY A YL diex orifice type(W7d 18 mm
X 36mm)¢} insertd, §H 714 A3 die:x 2 orifice (B2 8mm X 18 mm)9) insert
g o7 AFsto, die plate (W7 48mm Zo] 82 mm)e] Fd] A3 = J=E A
AAZZSAT, sy Z12EAA 2L FEYY AL bleaker plate™ die plate®] ¢
7ol ZFo] M= 974 42 mm F4 8 mme ¥%e] 5mm, 3mm ¢ hole&
z+= perforated plate® A 23t o).
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SUMMARY

Development of Automated Single Equipment for Rice Cake
Production

Kim, C.J., Kim, D.C, Kim, C.T., Hwang, JK, Keum, J.S., Han, M.Y. and
Lee, S.J. Korea Food Research Institute,

Rice cake is called "Ga-Rae-Dduk” have been used as the staple dish
at New Years Day in Korea. The rice cake was produced by small
manufacturer scattered all around the nation by using 7,000 metric ton of
rice as raw material in 1995,

The conventional process for producing rice cake involves a series of
complex stages, such as washing and cleaning the rice, wet—milling into
the fine flour, steaming the flour to gelatinize, kneading and extruding the
batter under pressure through a shaping die, cutting, cooling and
packaging. The manufactures have been faced with the modernization of
the processing method in order to save labor cost and to reduce waste
water.

Extrusion cooking is a more efficient method for producing rice cake
than the convetional method. It would be more attractive if the tice
could be used directry as the raw material instead of powder form. Thus
an extruder combining the four stages of milling, cooking, kneading and
forming could save labor and make the process automated.

The effect of milling methods on the physicochemical properties of extruded
Ga-Kae-Dduk was evaluated on the aspect of proximate compositions, particle
size distribution, degree of gelatinization, rheological property, storage stability,
extractable solid, cooking time, water absorption index(WAI), and change of
hardness after cooking. The manufacturing method of Ga-Rae-Dduk included;
1) CON: Ga-Rae- Dduk prepared by the conventional method of rice miller,
2)DEL: extruded Ga- Rae-Dduk at low screw-speed using rice flours prepared
by dry grinding, 3) DE2: extruded Ga-Rae-Dduk at high screw-speed using
rice flours prepared by dry grinding, 4) WEL: extruded Ga-Rae-Dduk at low
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screw-speed using rice flours prepared by wet grinding, and 5) WE2: extruded
Ga-Rae-Dduk at high screw-speed using rice flours prepared by wet grinding,

The rice flours of particle size distribution revealed 294.9 m, 329.3 m for rice
flours prepared by dry grinding, rice flours prepared by wet grinding.

The moisture content of Ga-Kae-Dduk revealed 46.7, 389, 39.3, 38.7 and
39.56% for CON, DE1, DE2, WEIL, and WE2, respectively.

CON showed a significantly higher (p<0.05) degree of gelatinization (89.6%)
than other while those of DEl and WEl remained lowest (73.8%, each) after
extrusion, The apparent viscosity of Ga—-Hae-Dduk paste was increased by
raising the screw speed of the extruder.

The hardness of Ga-Rae-Dduk stored at 5C increased gradually and then
showed a sharp rise after 15 hr. Generally, more extent of increase was noted
from WEl and WE2 in contrast with DE1 and DE2. At 25C, negligible change
of hardness was observed from CON while all the extruded samples (DE1, DE2,
WEL, and WE2) became ten times as hard as 0 time storage samples. In
contrast, significantly higher increases of hardness were noted from DEl and
DEZ2 as compared with WE1 and WE2 (p<0.05).

A relatively higer amount of solid from Ga-FRae-Dduk was extracted into
water with boiling time in DEl and DEZ while the amount was significantly
lower in WEl and WE2 (P<0.05). The WAI value and related increase of
softness in boiling water were significantly higer in DE1 and DE2 than WE1l and
WE2 (p<0.05).

The overall quality parameters were mostly influenced by screw speed of the
extruder and more favorable result was brought from the higher screw speeds.
With respect to milling methods, drying milling caused higer amounts of
damaged starch and the subordinating increases in extractable solids, WAI, and
hardness of Ga-Rae-Dduk A cooking (boiling) time of four to six minutes
was most appropriate to recover the initial softness of the Ga-Fae-Dduk

pieces.
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YWl o5 AEERY T2 23 (dextrinization)”} iyt AFE 7=
4 wstg Fogs gt

T3 AULFe AxE B EFFC o2 AR FA4dAe] ogdx AT
AZA AHEEE AR FF L ARYY 2T AVMRY 7wl & 9
Fg HAE Aoz A Jn? AAAARL EAAEY FE BA I
o2 &aAAEe] AFHY FAALFY EA 2 u LA A fHe] 27HI 3
g9 ARYAE ARG F NAH &3S B4 Ha, E4Re AL
24 BA FLARJE oy HA WM 2 BEHL AT Yoh
=3 QA=) wE e, 2, FEESFEH, ARENE, BHFY 24
So] Wzl o|X A BHEP ol Zo] AL tFEE FAAME EHE
A RJA9 wEst dojurz spFexd HFF AR ARl dA8
=g

SOAS/07/30 15088 2 KUK 2 B LEY

NEEXM: GHE st 2 NS3E S MK e/ s8R



A 1d A7 F43 49

MW AEIAL & > A > AR > B > F5 > 4¥ > 9F
> Ag -> TAF BT FAOZ o]FolA o] Aue duiztd] B Aol
= A ‘

23], 44, AFTAANN TAHE AY v 22 FAPANELE 8
23], &AL A& AUz ALFHA o} JEH FAE FE ALFLE

: Zz2g 9% 2Ygzd ZH4 B g BEn gle dAoTh
9 ABTYS AEIGNA 2GR E Azd ) &I e AF GEA
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Ao ZA, vd FAdM BRE Jl5e ved ¢ itk J2 dES F4HL
2 35458 9REAL A3 F e 75§ EH71%5E 2T kneading®
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z thad) 9% JuA L ¥ FHARANY )$F 715 2= screw elements
2 z3uxstd, =99 9= o] Extruder WA &7 BFOR o|EHAAN, &
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Ao WYzAL EFotd AzIe 99 2L 24Y £ e 7t 9 AxF
X & Lab scale Twin-Screw Extruder® 7|&2o23d Mdsta, HE A8 R ¥
&7 B4 o3t FE(NTF 500-1000 kg) FAE Az F A= HAANEE
FEHR, A AFHE 79 ASFA L 22FAY AF £ FRINIY
AEE A&t HF 9 A4 A2PE FFE FHoZ FPHUT

2 ¥ AxFAL TAFARANAN o8 F Jdx FAAL £ EFE V€L vHY
37] 98t dea 2e UE9 dFdTE FIA.

A2ddF W&
1) AYFE FAF &3 NA "HAF AULdE R EYALLDT,

o B4331 = Lab scale Twin-screw extruderd]l &371%& e disc
typed kneading discs E47|% & 9% screw element ¥-¥, 7t€ barrel, 3%
dies & Az3le] 494 F29 | AxFA AF

o BEAR(GEA, B TEAE)e) wjFH]E, extrusion process parameter E3
SgNPMA et A B 2B L AFVT AFE AT FH 23 FH

2) A&FAR e FxMA D scale ~up AT,
Lab. scale AX( AZ+F 50 -100 kg AATE)Y AAFEE AZpF 300 -
500 kg 9 BAEHE R AA2 scale-upd HF Technical/engineering A&

et AN AHFEA

3) ZWAR (AEA°] SystemZH) AH%EE L AXAAZH
A 9| PID controll® $J¥ Data acquisition % relay controller 7%
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NzEX: BHMX Eest 2 s

HM2d7E 38 B4 Y4 B2 A U HsAH

ALA 733 24 2 I
L =9 & 9713338 4%

© AT 100 A B3R AL B FAHM ok 68 FES BE URE ALLF A,
AYHEE), BEe) ¥ 2 AWS5S A4 e

© A, A, BYIE F AAANG 57 Axe) FANM ATEL o 80 %=
Adsta glom, o] FEEE 4MEW 47 2000 E o)4e #g AgHE =
FrE 9 Ak, 2000-1,000 £ FASFE 15 A, 1,000 - 500 29 FHFE 16
M, 500 -100 B9 FA4FE 7 Ak, A 100 B A)wte] AA45S t= 33
TE 10 Rxe 23, 2 FFL AYsnE F £Eo| ojUY, 71ELE 23
Wit

AAYET 3 M2 o FAY Fo ATFTEEL 295y, 5g—) Ay g
A= 24— 32 — 49— Wh—) 49— TH) ddY A4 lined 7=
3HaL, 7} lined] AAFEH L A7F & 500-650 kg & A 4 Q= =H€L =7
At

o FAl B FAX: HAF(1550 ¢ X 2640, 2HP)| 15 - 25 B¢ A5 ®S NEF
AAz vigez ¥g AH$E pumping (25 B /hr)dted BAANRE gverflow
AARA Tk AHIEA FAG AXGT 1 - 2 A7 B S F FrgS
712 24719 AZz2 o)&dnh. XY WA 35 - 4 A, B SREF 32
- 35 %.

o ¥4 : 2% smooth roller mill(25 @ X 900, 2 step 10 HP) , YXE 65 %7} -80
meshA & 3 16 mesh A Za= F 3 % v

e TH H Zhr E #E H conveyor(w 1000)Z o]4adA A9(05%) L A
A2 2%)e NFAHRE HAose, $ETHS 45 %/E 52 spray nozzle2 o4&

PO15/07/30 15:28
SE S MEZRX MY/ =8

g

e
0E

RN TR AR



sl AAFE 22,

o T2t 1 A& FAII( 450 X1500)9) ueto] BEE steam dispensor @ steam
injector (? Imm)E ¥ live steam ( pressure 4 kg)E 718t Zx}, o] W Zx}
ZIN R mutste gt FA7)9 72 olF, FYF o 15 -25 £ 1
EUA 5 FEEFE Y 3719 £330 g8t 40 - 50 %2 F/hEH, L5
T 110 -100 °C & A4, A3 48 & 500 kg AT 5 Y&

© A AZ BolA YE 2 F screwdl Y3l F2 TY L B AFE o83
o 14 8 JlE A9en. o474 gad 23 472 o4 W, $R L
Jate] LEE 70 - 80 TE YAHD $EYFL pasuz, B sld 2 24
St EWS HM Fo ANHOE SEUFEL 50 %2 FAAA, 24 4R
4Ye B4,

°¥Z, Az, A9, £ 13§ H2 WAA(5-10° C)AA 2447 o] FA st
2} FEIZE oJEF, 4AIVIE A9 xFeY &3,

ZOEB/07/30 15:28— e XIS/ 28 8 Ly
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Al2Hd 9 AL G 744 2 A
L7H) 9 AxE FF 44 € AF
48 &9 AXNF F FA € JAXAE WA U8 A9 o|EHAA E AHL )
Add AP Az A2 L color sorter® AME3t) AAEtE AoRE e, &
HE A2 B dAANT AAF A &8 € F & FHLE gASIR 3y
o
HEHY7A B 0S5 tE-d3-AEY J)%E FH3r] Astd, §F screw
element?} W¥Z}/7}4d barred A A=A

7t. 471 screw elements:

Self-wiping 7]%5% %'+ kneading disc =+ paddle @ AA 3G = e
FEHE 2= screw element’t 22 WEs £x2 AAY o, 2 A screw?) root
9} flight Eo] w3 HANME FF HESHAoF 7 self-cleaning 7] 5& ZA ©
o, o] u disc®] B9HE 2 /M9 tip, 2 MY root L A9 tipH root FEEL
Ade 419 flankE Yo A9, 229 tip # rootE &S angle® 23, RE 7
2529 angled] €2 360° o2z, =3 HyP3 ©H 7)58F F2E screwd
274 (2Rs)# F screw Abol9]l Az center line(CL)#9 H|(po)ol sl dAE,

715 & Z= disc element®] ©HE out dia. 44mm, root dia. (C/2) 27.2 mm
2 pe= 123622 tipH rootd] FAL discd FAH X3 angled 1363 ° o]H,
flank®) FAL discE F4HE FHLZEA screwd] W3 dX3= 49 AN
o root £+ tip¥] ¥ FET FAE T AEH 1363° 29 FEE o|FE AEH
9] Aol angled Z+Z 7637° ¢ EE2IR FHE = discold FASL 5
mm¢l 4 /19 discE 45" , 75", 86" dE= IE¥WUIg = LEZ WEg 22
At (2" 1)

Zt disc flight®] £ 2L 02 mm ¥ H4}3ld leakage flows LAEZ AA 5o
reverse A% ZFol 4o F JAEF AHIFHL™, shaftd] XA Z
Disc element Atole] 1 mm F7A9 insert ringS AYsled 2HA 4o F3&
FAGFEE HHH.

o

2O15/07/30 15:28-5 2 X8 21 LH)
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Y. ¥4 £+ M8 715 & R barrel
206 4 L/D(176 mm)9) section barrel®) 8418 F¢ o] 842 A @e FHstd
Wzts m= 7lg dujsst &8st W/sg 7% FdEdn, tde A
gulA 237 (max temp 210 °C, heating capacity 6 kW, thermal medium flow
rate 600 Vhr)E A&Fatn, dvjAle £3&EE Y & UE rotpmeter typeo)
flow meter® a1, in let L our letd X &37)E37] A¥ thermocouple
4 7|EAE ZF3AS
qudy s AGA St BEG A7 $ASA, 1 section barreld 1 KW &%
9 AA7|(2Y 2 )8 FAdY AY exzAo] t5H bareld AU W&
2 SEAME A9 WZHEE barrel B 300 Vhre] £52 3N & glew, ¥
2+ 284TE 28 & AT rotameterS FHst] WA @ 2xzd B 3
7t d%e =AY £ YEES in let L out et B &£xE& FAY F U=

thermocouple(PT 100 2)& A 2stAth

t}. 48 die ¥ bleaker plate]&}:

7tel® B L die orifice type(17 18 mm X 36mm)9] insertd, HE2718 A
8 diet 2 orifice (W7 8mm X 18 mm)¢] insert Fo2 A F3et4, die plate (7
48mm Zo| 82 mm, jacketde for cooling)d] Eel Z&FHE + U=FH q A A &L et
(29 3). wEZ 71EAA D FEGY 24 bleaker plate die plated) 47l
Ao] 7153ES 974 42 mm FA 8 mme W&l Smm, 3mm 9] hole& @&
perforated plate2 AZsdch (21 4).
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238 1, B47)% screw elementsd 7% 2 Z¥ ¥ screw A4

2% 2. Barrel Heater @ Heater &3 barreld] 2% A7

FO1B/07/30 15:28
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AN2EXM: G

S

Y 3. Z+E 4¥ 4 Die plate] Breaker plate insert seat

Die openings A: 2 X 20 X 60 mm, B: 3 X 20 X 60 mm

C: 6 X 20 X 60 mm, D: Rod type Die plate

1d 4. Die A Bleaker Plates A}l

A: 15 % openings B: 20 2% openings

C: 25% openings D: 30% openings

BOIB/07/30 15:28- 89X
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2. A% ¥Fd JEANY
7t AAGGA € FA) FF AR

YER (90 9= Y &, 5 9E EA)L Fdn) Ax7) () 2 AA
712 Ad 2 AAE AN A 3dn) Fzr)dA JEHe 2AHYR w7
T o122l % 05 % AAARXR, A GN FHR(FAH)] 05 % AAH
. dE & 1 ES AN b §550] 100 U} 2850 H4¢ g I
A F eH, du] 49 A, JHY 98 2L o] T g SFFAZ W
A EE oG AAY F YT
v EH4% Ad
D A3 Ar L 9y
7hH 4¥A s

YE &L A2 Azr] 2 Q0872 A8 A8 BYHS LA 4 A
FAG T, wiFd AA B (FESF 34 %)

) Lab Twin Screw Extruder 74

€ A7 ALY AIATE 4EHFE B4 SADEYY o)UY
(corotation, intermeshing type twin-screw extruder, Biex-DNDL 44, Bhuler
Brothers Co., Swiss)2A4 20 kW ARAF’|IZ T5HY d59 £y 2dds
€ &34 FYAA QA K-tron L-10& AHE-3t3, 714E Y barrel?) throatE: E3}

FUH o] W JteFY 2HL powered valvest flowmeterS ©]4-39 =AY
< 30T Barrel® 4D(44 x 4 = 176 mm) 4ol sectiondt o] ¥ wel 1/D
ratio€ 4 1214 H3 40 71A 22 Y 4+ o, & sectioned barreld 7}d/uW
Ze A% AFYY jacket& A Atk Screw £ 24 FAE 2= 9 Qo)
9] shaft} ©¥3 FE9 screw elements® FAYE 4+ om, 2z} elementsE
forward elements (lead 1.5, 1.0 @ 0.75)%} reverse elements(lead 0.75, length 1/3
D) ¥ 45° angle kneading disk& 7|22 % &3 gt} Barreld )R89 95
qdM= FulA stdE2#73X] (Regloplas temperature control unit, 250kL, 6 kW,
Swiss)E °]-&3} 250 °C 714 7H€&d 4 U,

THF 23 F HEE, motor torque, FELE L ¥, ABRE]Y P sl

2015/07/30 16:28- G- X8/ 20 W L3
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< 7|EZXA(DNDC)e &3t wf 1023 AHEo2 7|28 4 gl

8% AT &H Z& barel ¥ screw 2FE AHEIFE oY, die & full
open, {2k 71E& A=A && HHE FEHFV]Y EH5e AL F e
TEo|H,
Barrel &% : 4 section barrel (feeding/cooling/cooling/conveying 17.6mm x 4),

full open discharge

Screw Z%: & screw 49] 528 mm (/D 12)9] A& feeding sectiond] forward
conveying elements 198 mm (66R X 3), kneading clements 42mm( 45° R + 75 °
R), forward conveying elements 264 mm (66R X 4), forward conveying
element(44R X 1/2)& 2% Type 1 #F § 29 kneading elements 42mm &
conveying elements(44R)Z  Ato]& =HY G Yype 29 2 F9 screw ¥,

o) d iy

A &L hoperdA 9@ &% (A7t 10 - 60 kg)Z extrudertiol] FUT o,
FF ZAs} FY YBNSFY FEEF] 40 %7t FANEE AN, screw 3
A&EE 135, 180, 225, 270 rpme) 4 GAZ 2ddd Fdd & £HES L=
3 98E AE3UT

A= 4L & BHEE 9A3F (100 g) & FAstd E &4 F, 489
A (16, 36, 60, 80 mesh)& THAA, A 99 AJYAE ZH2YA HFHLE &A
Azsd A Y9 AxEQ FAE 79, A 2FEFY FEEE eI

Mo

& 712 9Ed 35PN (53 AANLE 2L 33} enthalpy)S FAII] S5,
249 AFEE WEAZF F, A (Tyler equivalent sieve designation, 18, 40, £0.
80 2 230 meshE 5 7F4] dx ¥ ¥= £33 AEEF Differntial Scanning
Calorimeter(DSC, Perkin Elmer thermal Analysis system 7)& ol&3te F434H
t}. o] ®), syeinless steel pang AMEES FEEHF 70 %7t HEF Jlosto 10°
C/min 9 7ldE&Ez 50°ColA 120°C 7AA 71E3e  thermograms <o
Lund(1984)9] wyiel 93ty z3¢gdS B4
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2) 49 A% ¢ az:
F 1 o screw 9 type(kneading disc®] 72 F 2, H)dZ x| &9 EQleéx 2

screw®] 3 &) @ FHEY JEEET W ¥4 YA
Type 1 screw Z3¥(45" disc 20mm + 75" disc 20mm)E& o] &3 Ao = =qlako)
TN 5 EHEY JE7t AAE AT FASHAR, 6 kg/hrd FYSEAA
= oscrew®] JHEET T 2 JEst AZAE ATFS B 16 mesh # o)
A= AR FFo) screw IAEE 135 ipm A A 16 % A 225 rpm?l
BA5dE 605%2 F7tstAh dudd d3} 933 16 mesh o Ao Hegl= ¢
AHz extrusione] 9)3te] 7tE, EFWFE FuiEts HF Y "o Yete] Z7to)
AL g AFs7] Wi Bt Y3 B715 e Fodstoort syl =3
screw? 3 A& X = 180 rpm O)AE FrAStA ol 288 cooking® EEL 0|2 &
NS BE type 1 screw 2FL £ U9 Fo] FristH EHr)5o] EEE o)
s Ao

Type 2 screw 2% [(45° disc 20mm+75° disc 20mm)X2]¢] A-$¢E  screw 3
d&5EE FHF cooking ¥ EFEPoZ v 225 pmoe 2 AT, BEYLEE
S 20 ke/hro]gelX 24P E AN 43, FASEC Frld Ugie 9%
type 1 screwsti= €2 16 meshd] Aol ZAale gt Fo WaE ninjsidg 20
kg/broll A o 1 %A FY&EEE 50kg/hr2 F7MNHE A$AE F 3 %= 27}
st W 2z e, 80 meshE AL PlAYAY FFE XS 43%ANAM 31 %=
ZasA

FH R 2 = & /7Y dEd FHGNE 23 498 vy d=st
F 7F 33 £ st 8% enthalpy/t 3718193, 338 1 25 9 33
FTRIEZ Frlete %S JEUdd. 2713 E dEd wet e AR x4
o A7t sHed AoARL & AR 53t Yol granule HEHE EAY W} B
Aol st HE granulee] BHHUE @Y HES B Fzusd s)dsE
A2 AZEn ol A & IR AR FREIATAE YEE 2 3}
°]7} 4B =Z (Yeh, 1991), 47159 Uxe AXHE #Ho xAEHE & g
A A2 qiAFHER 4EFF A% H A=TH Ade olHE 9 & 2y
9 JEEEE T8 AAV € 28U, 4EAY TR AHE £F - uSg
538 599 487197 7MY sectiond] £ F, WFo] IHMALE 72 °C

_1

N2EX QX He=s Y NHS3HE |st HZEX N/ s



E 1. Screw 2T Q85YUEEY screwd] €5 WE ZHEY JrERE

i Screw type . 1 ; o _Sg_rgw_tmi o
Feed(kg/'hl) Speed(rpm) Distribution (%) Feed(kg/hr) Speed(pm) Distribution(%)
6 135 +16 mesh 165 20 225 +16 mesh 108
+35 mesh 17.01 +35 mesh 22.72
+50 mesh 8.00 +50 mesh 17.11
+80 mesh 6.61 1+80 mesh 1545,
L ... |80 mesh 66.73 _....:780 mesh 4364
6 180 +16 507 25 225  +16 1.66
. 1+35 2572 +35 22.98 |
[ |+50 7.86| 450 19.40 |
+80 5.72 1+80 1342 i
80 5563 _ -80 4253 |
6 225 416 605 30 225 +16 2.87 |
+35 28.20 +35 22.80 |
' §+50 8.98 +50 1888 |
|+80 479 +80) 1376
I .80 5L98 .80 4169
| 10 225 +16 1001 %5 225 +16 2.88
| +35 30.14 1+35 21.66 |
| +50 6.86 [+50 20.14 |
+80 5.74 +80 13.20
} - 80 412 _|-80 4213,
15 225 +16 1056 40 225 +16 28
435 2967 +35 21.81
i +50 704 +50 17.23
! +80 5.26 +80 16.85 ‘
8O 4748 |-80 4226
20 225 |16 1568 45 225 +16 296 |
‘ +35 27.30 +35 2319
’ +50 704 1+50 1997
1+80 462 |+80 1666 °
|80 45.36° 1-80  37.22
o5 T 225 k16 1707, 50 225 +16 3.07
+35 26.03{ 435 2733 |
| +50 650 |+50 21.82
\ +80 495 1+80 16.42
. i780 4545 |-80 3L36
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N2EXM GHX S

o clz27] A FEFFF olFH AW FEST. Yehol 3 75 CoA 9=
250pm 9 JAVE 23 FEEF 2L AL o 0% WIE T &=

A4 AFAIZH2-3 )BT FousdAs. aER2 T4 AFANR ¢EA M
SESTE A FEAHF A 9 A=A 4 2719 EAE 1000pm 2 o
Fd ¢ AT o]de ZHE vFo B W, AR AL type 2 screw £FHE A
3 AT 50 kg (8 A2 Y oF 40 kg) 7AAE FE flo] st He

E 2 & 717y 4= 33 A9 a3z

| Particl Size Gelatinization Temperature( . ) jEnthaIpy., AH
|range (em) [T, T T. | (/e J
| 1000-1600 73.1 82.1 91.0 121 |
420-1000 735 812 . 898 120
| 300420 | 734 77.6"*'7"“836'_'_'"‘_Tlé _'*‘
170300 | 724 72 | 81 | 91
1m-64 | 724 | T2 846 67 |
64-1600 29 | 75 | 863 10.1

Values are means of the duplicated determinations.

Moisture content of samples was 70 %.

Thermograms were obtained at the heating rate of 10 * C/min.

T, Tp and T, is onset, peak, conculusion temperaure, respectively.
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o.oH Az A9 L SR

D Ad AR

B AdelAi= 19969 A% A Aud B2 A SHEH|
A =A3tY JEe AARE AUIE SR gdA FUsS -5CAA A}
atal ARg-3lSiTh

g A7PbRe] Ax: AZEE AAZYHT A2 98]
Azsryot. AAARA & AL FFAFd &g A6 FAD
Fizt mill (Elmhurst, IL, US.A)2 33 2833, FAAL 98 o=
A ZE 2o BS Huiskd 12412 AAF 2417 Alo] WA ojEe BL
AT Roll mil(FZ71ADZ 33 243 F 0ToA ¥ IFuBsiw
A dEAdYe o3t B Axg Q272 gty

2) &4 Fe 9%t 9 Az

H dE 487

Barrel @ Screw % 9 AZXE 943 ¢2HYI= Y272 £ 1
5 ARE AT et JX 2S¢ A 482 A8E A9 2 A 2% &
S AT RA BUREE 982 ALY A L/D 209 screw X
& AE3 21 barrele 5 7§] sectioned barrel(Z ] 20D, 325 cm)& @
A8t T4 barrel Y442 Yzsta, 2 € 3 ¥ barrel® 93e 2E=
7t duiAE ¢8AA 7Hhsta, kAT 59 barrele W74 &S
Z43te] 3k YALEE IAINA FAAA. A=A g AA AL
B 244 Y APeA AR @ screw type 200tk AUrEE
screw 232 AEE AAZ screw moduled AH£315 o™ o] @ barrel?
Zoli= 32D (12D + 20D, 563 cm)E 8 719 sectioned barrel€ A3t Af
&8 7S] barrele WZhs+2 WAE I, 2, 3, 4, 5 ¥ barrel> @94 &
# mE d4921%F barreld AMEES M REF xAstm, 6, 7, 89
barrel2 Wztr9 fF£& FHs Y YA E 2H Y

2O1B/07/30 158820 KIRUM/ R L)
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4% Die ¥ Breaker Plate: 28 3 2 4 o Je4d A o] die HA
71 5 mm, A7 42 mm 9 ¥ plated] FA 3 mme FHALEE g3}
] opening ratio® 15 - 30 %2 % breaker® A3 n, Y 43 7L o
2 FEi9 die plate® FF3t oM M & screwst barrel moduled] 2
e breakerdt died] HA& 1% n] UYL A5, opening ratio’} 20
=25 %9l breaker®} die plate?] opening size: land length® ZH3sted A
AREE A F A

aZ

W EHE 4=

UE4F7 A=A 98 process parameter®E B EY&x o 7}
T R screw FAEEE GEste] ¥ 3 Y 49 2 2AWUY AN NFA
AstHA HHPe] =L F  system parameter(SME, & 2% 2 g¥)s
SA%, AgAdE e W conveyordl A Y9A=ZY|Z G F PE
film X33t EHAEZ AL

Table 3 . Extrusion configuration and extrusion condition

for preparation of rice cake

Parameters Extrution condition
Screw speed 248, 3375 rpm
Type of screw
L/D ratio 20 : 1
Die size slit (18 X 4 mm)
Preheating temp 130 C
Die temp 90 C
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A=ZEH G

Table 4. Experimental design for samples

Sample
DE1 DE?2 WEI1 WE2

Feed rate(kg/m) 56.4 54.9 55.0 58.0
MC% 36.25 36.52 38.7 39.45
RPM(%) 248.0 3375 248.0 3375
Press(bar) 345 26.0 29.0 30.0
SME(wh/kg) 72.0 52.3 92.1 68.8
SME: specific mechanical energy input (wh/kg)

DE: rice cake extruded with dry milling flour

WE: rice cake extuded with wet milling flour
3) Az® " o5y EY Y

7hH e FEEF

AOAC. 9 105 CAZH 5o FEFFE SIS

W) 7 99 33 x

AEe 53EAHE Dintzis and Harris®) 93 AACCEY S %zt 73
st =AY staEy ssEs A8y Astel AE® mar

amyloglucosidase

(from Rhizopus mold, 22500unit/g)E 10 IU/mle] £jo= Axdd ARE
HeX)zl & BAE glucosed glucose assay kit(Sigma chemical Co)E ol
g3te] 450nmolA] BHES 2Ase AR THES JEHNEE 2
A &3 AEL &3

X =3



th) 718 ¥ paste?] rheology &

(1) "o E2EAz: 4EAHP gstd AxB 7ty ARE -70ToA
FEABAA 524028y A% AEE Cyclon sample mill2 80 mesh
Ae THAA Buzsac.

(235t 2A: kAP o3 Ax 7tAY ELE 5% 3-89 (cold
paste) 2.2 ZA|EH I, ¢AZSH G FA3}Y) H3te 5% ZAE wg
Sz IR SEE uEEA e EEE 95T EBA7I o2
8 2583 fFAAA 5% ¢AZ 39 (Hot paste) 22 3.

@Elez2A HHd ZA: 3399 55HFL  IHAFH A (Haake
Viscometer, Model RV-20}& Al&3td3 25CelA &A3 AT, 7154
(Model 1705 BXY-t Record)& ©]-&3te 7158 5ich 95 Hdw 9 w7
< 21.7mm, WH HAHY oA 200mme ZAE A 5%FEY ANEY
OmlE W3 FHLE(BT)E FASHEA JAEE 0 - 1500(SH7AA A&
F W3zle] e EQIFS Ostwald de Waale modeld)® o 2528 T3¢
=2

4

rT=a vy
714 a = AZE AFPa-S™, b = FEATAR, 1 = ALY (Pa),
y=AgET (S o, 27 Ax AGETE 600 ST'A9 S e
At

Z) 7Y e AFLE, AFAZY & 43 54

(1) Rheometerel] 2| % hardness 57

Aol AHSE A BEE ARSI (EYARTG FAAE)] 2 AVFE 7}
A3 FEAFEA AT HAEH AT TATNA dRbHA YEeE A
Z3% 7lgge WHETE 4o} Rheometer(Model CR-200D Sun Scientific

201B/07/30 15:28~5 % X1 8 Db/ 2 LI
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CO.Japan)& AM&3te AF F ZZ(Hardness)d WE A3 od, o
ol¥E 73 AT HTgelth Y A=+ 72 30mm, AE 30mm,
o] 3mm2 A23 A7 5mm9 plungerg AME3e] AR WA 2mmE
AANA ZEE 8 59 2& =74 SH A

Table 5. Operating condition of Rheometer for measuring of rice cake

Load cell 1 Kg

Table speed : 100 mm/min

Chart speed : 120 mm/min

Clereance 2 mm

Plunger :  5bmm cylinderical type
Sample size : ¢ 30 x 30 x 3mm

(2) Avrami¥}A 4ol 93 35
G24Y JHE 99 AF F e uAE TS gt B Asted 717
H 247 A3 4 Yo =354 S AFF Hardnessd W32TH
Avramio] 8% o8] Tt &n o] FaAt
B = exp(-kt") 1)
S exp(kt") (2)
EL-Eo

LR

E.-E:
]Il -——L— = —-ktn (3)
EiL-Eo

ADIB/07/80 15°08- SR G B/ 219 L
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log( -In ) = logk + nlogt T o = (4)
EL-Eo
LS
In( Ei-E; ) = -k*+ In( E~Eg ) = (5)
oldl 9= AT AZHOF AABDHA FE FE kE ——."‘- 44, ne 2
43 modeell wel 1~49 FE& e Avramix| o] o B 424 0 2 ¢t
At Fo] FHE Hardnesso|il FEi2 oJ&83oz Tud 4 = Az

Hardness#t& Y et
£ 243N AvramiAF ne log( In (EL-E/EL-Eo) & logtol tste) &8
2 Ued ¥ 7e725EH Fatyrh
E1-Eo
SEFTF kE WA G)EFYH Tod &5 459 952 time costantE
T3t 7tE Y o]&4 FH 3 Hardness(limiting modulus)E 4CoA 7Y
L BRIUA FAHEA I

. 2R Ut " 2HEA =27

HEHEL T8 Az 7ty 2YEHS B 95 2gF sty
o AFE §EF, FEEFTE, 2Y9Y £¥E, 233 sty %"““5}
< FARAT AL 2, 4, 6, 8, 108H o2 7z zEsgon &
FTE€EL 4 FELI =R F(water soluble index)} -rl?’—%——rzl-r(water
absorption index) EAWH S WAy 245 c}®

T T8 F9E€2 5THAA A A4S 7MY 50 149 H|o]Ad
108 % B 204 =¥ 247 A= Zede] | g E7E AA
& F FAE FAHALH, o] d§ YA 10mIE FESF7)d Fo} 10
SCAE7INA 10/t Axdte] RS 443 AAY & FAE A3
IYE §EFE FAAATE Y9 EFxE 9] R 625nmelA
9 FEJAZE ZAFAGT zFF U=y AxE zAA JlPge A
ESAS T4 YHoE s

2016707730 1528 @A @/ 2 gL
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. (Az" z¥EFg / 10m) X = dml
IYELESZ (%)t = X100
He ANEF g '

2Ag = (= FNEF, g— 27| NEF, 9) X100

2B 5
TGS _ 27\ NEH, g
(g water/g solid)

uh). A4 ¥

ool AYAA}E SAS/PC program™ & o] &8t EAEA (anova) 2
FY9x5 #AFsA, ARV sle FEH WA= Duncan's multiple

range testZ A&7 #Fx&E AFF535 T
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B Adel Ag@ Arlwe] ARy A Table 63 ol FETF
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Table 6. Proximate composition of rice flour
(%, as is dry basis)

Crude Crud Crud

Moisture protein ;:te . he Carbohydrate Total
(NX6.25) ®

15.1 7.1 0.7 05 76.6 100.00

W) ¢EAY JtAlg e oA 54
(1) ¢&A4Y 7tag e +=E2FF
AQ.AC.S 105C AxEP o3l 7tdEe) FEFFE AT AAde
Table 69 2tk  ©ZTF(CONZ 46.7%=2 FE&Fo] 71 ®WkZ, DE],
DE2 & WE1, WE2& 38~39%= Wmd A & #&9 FEFFS e
Wt
duAdgs A7 B APAA AHET 4EAYIY Y FE] 40%°]
Aol = 7)A W Aol Fr4ge wel xert HA @7l Wl ¢
B o] 38~39% FEAA tEzF 7P vk stge] AxE & A%
t}, Table 7914 B vt} 7o) 279 FEFGIFH 2L ¢EHE 7Y

X ozt L UHS3E QS MEEX NE /587



Aze7] fake] 4R} FES THRG FRPAT J2T 598 &
pggoz Azar)de oz,

tle

Table 7. Moisture contents of extruded Ga-Rae-Ddeok

(%)
Moisture contents o
a CONY DE1” DE2” WE1¥ WE2”
46.7 38.9 39.3 38.7 39.5

Y CON : Control

% DE1 : Ga-rae-Ddeck extruded with dry milling flour, screw speed 248 rpm

¥ DE2 : Ga-rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
Y WE1 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 248 rpm

% WE2 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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NaEX: 9Hx

(2) A & gAY A 331 54
ZHiE e S5 S dotry] 95ty HaHe 93 2IEE I
owv] 1 A= Table 83 7t}

dEAdd VY ELE glucoamylase® A3t FTIEE 2R 33
EAE ¥Y U7 & 89.6%, DE1= 73.8%, DE2E 784%, WEl:= 73.8%,
WE2+= 8L5%3H. &9 Lstx=rt 806%= 714 £¢t%, DElIE 7H4 &
< 23 EE YEH A THP<0.05).

AXAENZ Az 7HeiE] DEL, DE291 A& DE27F ¥ %k3, 4840
2 AX3Z J1EEQA WEL, WE2dAE= WE27F &8 3358 24t
(P<0.05). ¥EFAZA F screw speed’} 248 rpm¢l DE1¥ WEle] 3375

rpm¢] DE2¢} WE2¢] u)ate] F3lx7 @A JebgtE=d screw speed’t &
TH FYHLE 2 IEE HAFUAP<.0MD). $ETH 24 F 7Y
& screw speed(248 rpm)E A= ¥ DE1Y WE1E AR & 5354
A A Aolzt IR, BUMRY AR ey F9HA Ao)E B
o] A} %t

Ztdel &) s3td FEIG 7tdsr] oldel AdEolF oFdE AES
A7 AEA XA millings] 93] 84S @] o] o] £4AE(damaged
starch)o] &Zol &sf 7tEsH o glucosed] F7HE 7HAE & ok 3

GoHT SR o) PPN AR £ SE ¢ o Fe B
FE 2 Foz vVt Qe & A9 3¢ 4&8¥)¢ A3
#|=4d DEl, DE2, WEL, WE2 & tiZ7(CON)o| ¥]ste] B3R A &4
d S4AEY SR A FEe] AolE YEW FLEE Mo oF
Bugs dA &gt DEL, DE29 E3t% Ao]9t WE1, WE2¢] Z3l& X}o]
t 4E489719 screw speed’t FT7HEFE 33E7 F7H3theE Chiangd
A9 e g stsict,



Table 8. Gelatinization degree of extruded Ga-rae-Ddeok

(%)
CconY DE1¥ DE2” WEL* WE2”
Degree of a d R a b
T 39.6°£05 738°*£05 784°+1.1 73822 8l15*24
gelatinization
Mean * S.D.

Means with the same letter in the row are not significantly different

(p<0.05) by Duncan’s multiple range test method

Y CON : Control

% DEI : Ga-rae-Ddeok extruded with dry milling flour, screw speed 248 rpm

¥ DE2 : Ga—rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
Y WE1 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 248 rpm

¥ WE2 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm

o) 7HAY paste®] rheology 574
be® AzBEe] 5% 589 FAEAHFE Table 991 etk FEA%F
AFb)E g 2% 150 2L gg 2e griay #A9 42S EH47]) HEd
A7ta4 & Aol HEHE Ostwald de Vaale model (power law)®g o] g3l A
B7) 458 Fagch.  Hot pasted) WBEE(sH} AL (Pa)d) ¥WEE Figh
of “eERAT.

ARE9 HA2E AF(a)= CON, DE1, DE2, WE1 WE2& Z+Z} 095 0.59, 0.87,
036, 05622 HWZT(CON)7F Aoz 714 & %S JeiAeHP<0.05). F5A
224(b)= CON, DEl1, DE2, WE1, WE2& 06, 0.78, 0.76, 0.84, 0.822 WEl°] 7}
Z L& & YeiAth Hot pastedl A AE7] HE(u.)& CON0.0652) >
DE2(0.0229) > WE2(0.0174) > DE1(0.0139) > WEL (0.0126)2 th=7(CON)7t 713
EL e EEA, WELO] 7B ¥ 257 AEE gy, dz7ig & 4
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Ho)H ¢EHRe o5 A=§ DEIL, DE2, WEL, WE2 2% Ax7) A=7t aA%
A BARE A% Yyt £3§ DEle] DE2EY Z27] Ax7t FA JES
3, WElo] WE2Rt} ZE7] =7}t BA e o (P<0.05).

DEl#} DE2¢] RE7] A= Aol WELH WE28] Apol= screw speed’t A&
22 ARQAY 837t B4t Stanleyd 239} Ayt 4EHIS T
sol Az AAEY 28 2 4PEd 9@ ARTFEY FHXOPE sdd 9
# 2518 AGE g YAz gAssd Fudre FR7] F=E 5o A%
Folg B 4 QT HWERTF(CON)Y w3t ¢&4¥ 7HAHDEL DEZ WE],
WE2)9 iy AEe gat ARFzY Eid 9@ olge AP @ 4
AP AEol At ¢Ee BRS Ao ARGAL gEdas 83 429
Wy 2¥ld AeE B 7 QupsBO ma EFAL AXNWAN ALIAE FE
o] Wt sHGAS AU ARTERI BdAH| EAZE gugts 1a¥s
Gomez$} Aguilear™s £44 AEE Be FEHFI A d2APY W AEYA
e 7Ad 29gd & TE, 22, FFF, T=ZY gA7E glol H=
A6 382} (free polymen) BAZ & & Uvhe 2 ANZ AT AT FHAAH.
Fig. 5914 paste] rheology&4<& DE2, WE27} DEL WELIEY ZE7] A=7 &
dAoz A UeEd &4 A AEAAY 2HY o§ 8- screw speed’t
gL nAYG E ¢ Atk

2015/07/30 15:28-§ & KB/ 2 WL
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Table 9. Apparent viscosity of 5% hot paste of extruded Ga-rae-Ddeck

Sample a’ b r? ia
CON 0.95+0.2° 0.60+0.4° 39.1+1.3" 0.0652
DE1 0.59+0.1° 0.78+0.3" 8.32+0.5 0.0139
DE2 0.87+0.2° 076+0.4° 13.8+0.3° 0.0229
WEL 0.36+0.6 0.84+0.2° 753+0.2° 0.0126
WE2 0.56+0.4° 0.82+0.3° 105%0.2° 0.0174

Mean £ S.D.

Means with the same letter in the column are not significantly different
(p<0.05) by Duncan’s multiple range test method

D a : consistency index(Pa -+ s™)
? b : flow behavior index

9 1 : shear stress(Pa) at shear rate 600 s™

9 4. ¢ apparent viscosity(Pa + S) at shear rate 600 s™

CON : Control

DE1 : Ga-rae-Ddeok extruded with dry milling flour, screw speed 248 rpm
DE2 : Ga-rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
WEL : Ga-rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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Fig. 5 Shear stress against shear rate from 5% hot paste of Ga-rae-Ddeok

CON : Control

DEl : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 248 rpm
DE2 : Ga-rae-Ddeok extruded with dry milling flour, screw speed 337.5 pm
WEL1 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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2. 4&43 199 AFLx, A7 wE FE A5
(1) A=, At & A= g

AdEAY sEgHL E F AL(25C)0A 242 23 S polyethylene bagdl
Y1 508 25T 464 AFsHA AEs 245 Hh

5Col  AAE sleh®e) A7+A o wE hardness® W3lE Table 109 WEbH
Atk HRF(CON)Y %7] AEE 182 fodoz /1 we AEE HEHNT,
WEL, WE27F 242} 2.80, 2982 #4do2 713 &L & Yeuded s288%F
A 2= olet AZATHP<0.05). 5AIZ A% Al AEE A& A= #AHA A
ol7b gl 16817 A% T 5AZ A Axs} 4z AjgZd #9349 At
A A THP<0.05). 15412 A% ¥ A X= DEIS WE27F Z+2 2699} 3062 #o4 o
2 e e JeEUND, 1547 ARE Ax7 FF3 FAAEEA 27 A=Y
8~10ulo] 4 Z/HNSS & 4 AN}k BAT AF F AZF(CON)o] 36972 7}
A e e Jehigen ¢4EA4Y Yy ARTAE Zelrt A UTHP<0.05).

30717+ A% A AEE WE1, WE27F 5941, 593302 #oFHo= 7V =gk,
YZF(CON)o] 39.360.2 74 we AEE Uehlon 404 F FEY d3=
goHoz Aolst YT, BN AF A A2t Az Agd F4HA Aol
7t AATHP<0.05). Table 914 BE AAH h=7(CON)9 AE7F AA =9
A AYHQR, FAEHNS e WEL, WE29 ZE7 A4 &2 WE DEXTI, 29
Hated waA APHAPT AR wgd4e AR EAEDY A Y F2E9
o 2H%2 e o AP Az Wae Roly] HES FEFF| 407%2 7t
2 %okd RTCON)Y Axst @A APHUE Aoz Azhd

AAEEH QX =3t L A4S
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Table 10. Changes in hardness of Ga-rae-Ddeok stored at 5T
(ke/cf)

’(I}‘)i;x)le CONY DE1? DE2?Y WE1? wWE2”

0 FL80+007° P216+016° P1.94+012% ®284+041° F2.98+011°
5 Foge+014 P514+028° D369+052° 357007 P457£027°
15 E2008x112> ©2691+421° C2274+209° P2279+139° ®30.60+3.02°
25 D3sg7+12° B5108+579° 24676+271° “4682+539° P4841+4.09°
30 ©39.36+1.18° B5352+1.02° #5230+165° P59.41T437% 59.33+2.18°
40 B4187+150° 45523+229° “5432+198° P62.16+3.14° 6471296

45 M415+208° 4556712697 A5483+246° “68.8012.29° “69.54+4.08°

Mean * S.D.

Means with the same letter are not significantly different (p<0.05) by
Duncan’s multiple range test method.

1) A.B means Duncan’s multiple range test for the storage time (Cohumm).

2) ab means Duncan’s multiple range test for different milling method (Row)
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Table 11. Changes in hardness of Ga-Rae-Ddeok stored at 25C

(keg/cx)
(Thi;a)ae CON? DE1? DE2® WE1? WEZ
0 P1.80+007 D216+016° P1.94%012* Eog4+041*  E2o8+0.11°
5 P221+0120 P442+016° P371+£026° P311%039°  E327+03%
15 P249+021° ©1804%+119* ©17.13+1.32° PI11.72+167° D8821097
25 “280+02°  B2741+413* B2388+323% ©21.92+089* €19.95+1.40°
30 B347+029° 444501309 “40.14%+408° B25.11+1.33° Bosg9+1.84°
40 #5371030° “45681366° 24037+327° 236.00+318% A37.08+328°
45 #539+024° 46311167 24231+297° A37.12+344° #3803+218°
Mean * S.D.

Means with the same letter are not significantly different (p<0.05) by
Duncan’s multiple range test method.
1) AB means Duncan’s multiple range test for the storage time of Ga-Rae-
Ddeok (Column)
2) a,b means Duncan’s multiple range test for different milling method
Ga-Rae~ Ddeok (Row)
Y CON : Control
? DE1 : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 248 rpm
¥ DE2 : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
PWE1 : Ga-Rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
SWE2 : Ga-Rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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26CA%G T AE9 WaE Table 119 HeREY 542 AAE 2T (CON)E
M) Fratelg By, 4dTE fo8 A o] Holx &t 154
T AZ F RE AaL F9489 Folg BAFAYG. 5AZ A% T DELo] 442
E AR MY 28 g UEUYI CONol 2212 743 ve 3%te Uehig
t. DEl, DE2 AEE 2643t AA% 27] Ax9 1002 3719 2 & A
I 5CAZ A 1099 ZE7F S74Ed 1542 ol4 Aas=d ¥lstd 25T
AFA 26N o] Azke] 228€ £ 4 3tk DEL, DE2E 30, 40, 46712
Az meh 26712k BlEENE §H0R e AEE YEUYAT 30~45
AR g web fo)%59 Aols JehiA itk E2T(CON)Y FEwas=
A AGste Td 7] AE9 259 71 Z/E9e B AEWEe Eo] Y
Tl Hste 2 A GeluyA] gt

5Cs BTAAA AEAol:= 0CH2AA FF5 A9 E xstgdibd o5ty
5T A3 BTAZA Bt =37t £HY 571 GolxA Hu AR Axr}
T HI ol W XA AE BAE7Y FEHo] Zrlste BAE 7he
AYe FE3A HY) AR £22FL 2APNA w3y} stEEo] s A
E7t 5718 Ao AZEy,

(2) Avrami®¥g o] o4& w3}E4

Rheometerg ©]-&3td £33 AEE AvramitA o] we} BEHgozm 13
LS AHESNT JHHHEY AF F AR WEE AvamitgAon B
918 Fig. 6o “tebd log toll th¥t log{-In(EL-En)/(EL~Eo)}¢] Lej=e) 7| &7 ax
B AvramiAlF#n)E F3Ac £ A6 g InE-Epe 2HZasy &5
FrE FHAeH, 2 dEgrez ANBFSR/K)S AU Sharpless] o] 8%
o 93t AvramiAl e A YA R AN PH&Ed 2= 2yw
oz ZAE g ey FEd 28 FAW A = A QAo A
Y= BAYPI oaA F&3 o= AL dusty FAN e 43y
(rod-like)9} @Fe W(disc)Z¥& i x347F AZE o AdAH 9] Bge g =
#E Yulsl= AL 2 Table 12614 Avramix| 4= CON, DEl, DE2, WE1, WE2+=
A9 1~24ko] & vEhdith 5C A% F AZHA49) A$ CONS 535302 744
€ #$& B9 k89 APLE7 Y =9L @ 4 U:, DELG4TL),
DE2(34.13), WE1(21.83), WE2(21.83)¢] «9& x8&%r was eyt WEL,
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WE29] 7% 7b3 e =34EE 29Ed S AFF AF F AxEdsig o
ANEE ¢ ¢ A} 2 AEH A 3t Azxg DEL, DE27F FAAEr| o &3
A Az¥ WEI, WE2itY =84%7 A48 das 7959 Fag gAssed
SRR ¥o] Hol AAETFE x8EE FAI}E ALE YEYH

25C AF A A A dRFCON)E 95692 71 =¥ =39 g%
E& ueila, DE2(3471), DEL(34.13), WE]l, WE2(2L.83)8] €22 x3&E7t
=g A detgt
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Fig. 6 Plot of log{-In(EL-ET)/(EL-E0)} against log t of Ga-rae-Ddeok at 57C

CON : Control

DELl : Ga-rae-Ddeok extruded with dry milling flour, screw speed 248 rpm
DE2 : Ga-rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
WEL1 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2 : Ga-rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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Table 12. Comparison of hardness value, the Avrami exponents, time constants
and rate constants of Ga-Rae-Ddeok stored at 5C and 25C

Eo” E.” n” 1/
25C 5C 25C 5T 25T 5C 25T
CON 180 180 8012 8105 234 102 5353 9569
DE1 216 216 8105 8012 168 157 3413 4843
DE2 194 194 8024 8024 18 16l 3471 5621
WEL 284 284 8021 8021 208 1.8 2183 7096
WE2 298 298 798 7985 207 195 2183 6607

Sample

O Hardnesé of Ga-rae-Ddeck at 0 time

® E; : Limiting modulus (limiting modulus was determined afterstorage for 7
day at 47C)

n . Avrami exponent

9 1/k : Time constants(hour)

(9]

CON : Control

DEL : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 248 pm
DE?2 : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 3375 rpm
WEL : Ga-Rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2 : Ga-Rae-Ddeok extruded with wet milling flour, screw speed 3375 rpm
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Fig. 7 Plot of log{-In(EL-ET)/(EL-E0)} v.s. log t of Ga-Rae-Ddeock
stored at 25C

CON : Control

DElL : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 248 rpm
DE2 : Ga-Rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
WEIL : Ga-Rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2 :Ga-Rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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ESER
) 288 $2%

Q2 (CON)S ¢&4 ¥ 94 A=¥ DEl, DE2, WEI, WE2¢] 71¥884& ¢
olE7] Y&t J1d %9 stEHe] THE $2H, FEFFAF, MEF AE 52
23% die o2 2o

7t ZEe) e THE £3 %9 BAE Table 13 oA 2¥ 28 € 4% 714 A
zadoz WAL TIE LT gid & A=Y F4FH Aost AN,
QZFCONE G2 AgEt ¥ zhg el Aek(P<0.05). 683t 7tests 3¢
DE27} 0.16%% €808 714 &L g UeliIAL CON°| 0.08%=2 7Hd #a
e JeErYon, 88 sLAA WELC] 019%2 7b3 Be n¥E §EFE e
913, CONo] 0.12%2 7% H& n3JE §&€F< eI S THP<0.05). 1027t =7
3+ =9 DE2 > DE1 > WEL > WE2 > CON9| &A 2 Mg f3ed Aol
7t A ATHP<0.05).

zgde PR FEFANE HdxPA e FAEFE FEHY AAHA ¥
s} CONo| R¥E &0 71¢ Aglx, DE], DE27F WEL, WE2EH 13% &
z2%o] ooz Wty WA FEAYA g% 4% <4¥d & DEL, DEZ
WEL WE2 % CONol vzt A&l Bg7] WEe] 138 £2%F 94 ®
9@ Aoz APt BAERANN AAARS s Azd stRHe] FHAL
& stAmug Aie 2sst ®e] doixr| WEolE AAE EF A¥ol v
Ho) 284 dextrin R 484 AFEol AU HEol AAHH oA 2
= Mervier 329 d7d3s s X332
AR FEAPLA) & ANY A AEe FAHE o}RRe s ofdE
HEle BEHOE BHANA ARASRNIF REY FEEFFES 84 HEe ¥
2 =7} Z1tE= Colonna 5%%¢ BadE XA
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Table 13. Effects of time on solid contents of cooking liquid of

Ga—-Rae-Ddeok
(%)
Gooki
-oone CON DE1 DE2 WEL WE2
time(min)

2 £0.02+0.01° 0.05£0.01* “0.04+0.01* Y0.05+0.01* “0.05£0.01°
4 Y0.05+0.02° “0.08%0.01° °0.10i0.'17a ©0.12£0.02* ®0.11£0.01°
6 Y0.08£0.02° “0.13£0.01° ®0.16+001* “0.12%£0.01° "0.12%£0.01°
8 5)12+0.01° %0.14+0.01° ©0.17£001° ®0.15%0.01° “0.19%0.01*

10 8017+0.01° 40.231£0.01° 20.24+0.01* “0.20£0.02° #0.19+0.02°

Mean = S.D.

Means with the same letter are not significantly different(p<0.05) by Duncan's
multiple range test method
1) AB means Duncan’'s multiple range test for cooking time of Ga-rae-Ddeok
(Column)
2) ab means Duncan’s multiple range test for different milling of Ga-rae-Ddeack
(Row)
CON: Control
DEl: Ga-Rae-Ddeok extruded with dry milling flour, screw speed 248 rpm
DE2: Ga-Rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
WEL: Ga-Rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2: Ga-Rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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A&HE " 2, 4, 6, 8 1087 7/1d=REIHE WY FEEFES Yot B
7] Y&td FEEFSFAF(WAIL Water Absorption Index)Z Jebd A= Table 14
% 2.

ZEA WAIS #93Q Aole A AFT 7HAYUARY FEGFS Aoz <l
& AP vl& |=2FCONZF 7B & g& YR ATHP<0.05).

287 ZEsPe W gERF(CON)E 1082 71 EL FEFF/ dolwx,
WELZ} 0712 #& g vedgln 28 2g3te B¢ FEFF7F 43 4o
3, ZEAZe] Zr1Ee weE FEFSFE AN FteE AT e
(P<0.05). 2%, 6%, 883 =&dE ¥ DEL 2 Aol e DE2} &€& @& 418
Wz, 108 A dE o7t A%l WEL, WE2AAE WE27E 2% £2 #&
el ed, 108 Z2A Zel7t |IATHP<0.05).

ZT A7) Frhgel weE FEEFFEN AAAR s Axd DEZF F4A
2o 95 ARY WERT #9F0o2 A Jeuislth(P<0.05). DE7l WE] H&
o FEEFAF AW olfE AAEHAN HAES &40 FAAEVEG ol
AAGozR &AFARo] F7d Aoz Yo, &ALt ALY 4+
ABEERY AL % <o 93] Boie AE9AV) AAResTFERE @
7] fEd BATR B st F4dol Z/HATHeE Multon™d] Bl &4
A4S FEe AL Frgdes 2959 ARG A
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A o

ADIB/0T/30 15136
=3 2 NS3HE ?Iet NEFX e/ 587

:,...

Jl%/(i“gg}f)gl *ﬁﬁ



Table 14. Change Water Absorption Index(WAI) of extruded Ga-Rae-Dduck
during boiling
(g water/ g solid)

Cooking
time(min)
0 *0.8810.03* *0.63+0.03° “0.65+0.04° “0.63%0.03° Y0.65+0.02°

CON DE1l DE2 WE1 WE2

2 “1.08£0.01* “0.73£03% “0.82%0.02° “0.71+0.01¢ “0.74+0.01°
4 ¥1.091£0.01* “0.82+0.01° %0.8610.02° ¥0.72%0.01° “0.76+0.01°
6 "1.12+0.03° ©0.87+0.02° 40.96%0.02° ®0.73+0.01° ¥°0.76+0.01°
8 #1.18£0.01* Y0.89%0.02° #0.96+0.02° ®0.75+0.01° #0.80+0.01%

10 #1.20+0.01* #0.98+0.01° #0.99+0.01° “0.80+0.01° 20.82%0.02°

Mean £ S.D.
Means with the same letter are not significantly different(p<0.05) by
Duncan’s multiple range test method
1) A,B means Duncan’s multiple range test for cooking time of
Ga-Rae-Ddeok (Column)
2) a)b means Duncan’s multiple range test for different milling of
Ga-Rae-Ddeok (Row)
CON: Control
DEL: Ga-Rae-Ddeok extruded with dry milling flour, screw speed 248 mpm
DE2: Ga-Rae-Ddeok extruded with dry milling flour, screw speed 337.5 rpm
WE1: Ga-Rae-Ddeok extruded with wet milling flour, screw speed 248 rpm
WE2: Ga-Rae-Ddeok extruded with wet milling flour, screw speed 337.5 rpm
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(3) 7tez8 ¥ AxHg

AAEAT S} FAEHZ &SP ZHHY Y =e) F9 AEE Table 1594
HY 287 AExgde B¢ WE2ZL 2612 froAle= 18 Axr Fgta, v
E NBAE F938 o7t RAAUTHP<0.05). 483 =83 E Tk DE27F 2952
Aoz 74 Etn, WELO] 2002 fdxcg 714 29ith(P<0.05). 6837 X
il FA WELC] 18622 7 Wk, & AR Aolrl 9 RtHP<0.05).
8EF st T WE2/F 20282 7HF & AEE JENT 108 2d5e
F% WE27} 1982 F9Foz /A4 & HAEE el DELo] 1.338 #9%
S 2 M e AEE JeEddn (P<0.05).

Table 10¢)4 CON 1.8, DE1 2,16, DE2 1.94 WE1 2.84, WE2 2.98°]11=4l CON
8L =L W 1L972 27 AES /MF A BEE JERISIA, DELS 4
ZA 2242 7HE {4 AEE JEUNen DE2E 687 HHALE 9

002 27| Ax9 7 771e AEQ D, WELS WE2E 28 Zgss 5 &7

BES} A g verdd.

ZYA|Zro] F713e wEld DEL, DE29lE DEIo] #o8os &2 FAEE Yt
WA WEL, WE2dl+ WE27t fr3 o2 & AEE YHErATHP<0.05). Z8A|
7t & HEWSY 4 ~ 68T 28 F AxS Y 27 ARG B fAR
e Jdehggicl, 228A%0) ©hE A EE DE2, WE27F AAd oz E4ed 7Hey
9] A &A] extruderd screw speed®] 2ol7} el F AXE W JFE v AL
2 AZEM, screw speed’t E4F JFH Y xEA] 2] W7 AA3 WY
He AL & F Ao

o
T
i

o
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Table 15. Changes in hardness of Ga-Rae-Ddeok as affected by boiling time
(kg/cur)

Cooking

) ) CON DE1 DE2 WE1 WE2
Time(min)

2 83541032 “3.69+0.12° “365£1.83° #261+0.24° “#3.20+0.38

4 P2.4210.24° "2.24%0.12° "295+1.41% “200£0.04° ©2.43+0.12b°
6 “1.99+0.22° "2.00+0.1* “2.09%0.12° "1.86+0.13" ““2.09i0.03"‘.
8 “1.97+£0.06™ “1.74£0.2° “’1.70+0.8b° “1.66=0.07° ®2.02+0.28"

10 Y159+0.1° *1.33%£0.17° Y1.25+054° “1.49+0.2° “1.98+0.28

Mean = SD.

Means with the same letter are not significantly different(p<0.05) by
Duncan’s multiple range test method
1) A,B means Duncan’s multiple range test for cooking time of

Ga-Rae-Dduck (Column)
2) ab means Duncan’s multiple range test for different milling of
Ga-rae-Ddeck (Row)

4) 2.9

AELHE deldtd AZF(ANAE, FA8) 271FE 4EE AHEstd A
A AzLyd FEAY7E o439 NeEgE A=Ak A4 A=H(DEL DE2)
< 2E AYEHHA =AY IE AxSAn, FAZH(WEL WE2)& 42 3
A F Bt fEAEVIR Ao, 3R tHEE dE=F(CONE 3
AXAz AARE A&IA screw2H FEAHI(DED, B A= B/MEE n43A
screwZ4 &4 H(DE2), F4AZ A/FE H&3A screwZ2H $EA 3 (WED,
F#HAz AMFE 2&3IA screwEH GFEHF(WE2)3Y Axs sleidge 4
& HZE}r] & @R YMARJAEEN, 385, 7Y paste? rheologyE
A4, 7td9 e A, 7tdze Az g gy 138 L%, FEFFAF
(WAD, 7tdx8& Zx W8 59 88y §4& v d3= o3 2o
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2)

3)
A&

4)

ALy g 47129 FFYAIrIE AYEHA = 249 mP 3, F4EH
329.3 ymsict.

bl e) $EFZLE g 2T(CONE 46.7%, ANEHAZ A= DEL, DE2¢}
SAEHu2 A2F WEL, WE2E Z+z} 389%, 39.3%, 38.7%, 39.5% AT

7l e 33 %E CONo|l 806%2 #dxezn 74 £33, 443 7Y
% DE1# WEl°] 738%= #94e2 7 @A UetHP<0.05).

7lel® pasted) @HEr] AEA CON, DEI, DE2, WEl, WE2& 7%

0.0652, 0.0139, 0.0229, 0.0126, 001742 WEl} I screw speed’t F718 +F 2H7|

Ax
5)

6)

t

7t 7+

dE4 I AN AxRE 5CAXM AFss T ALl B wa
z71893 1547 AR F A=dsyt 343 Fske Age UET.
DE1, DE2¢] ulste] WEI, WE29) AE7 ¥4 uvebgch 26T AZA HAzE
A4 9 CON9Y AEWsE A9 dojuA gsen, FE4Y 7HHH
AEWEH(DE], DE2, WEL, WE2)E 15A1Z o] 27] Ax9 1087t F71H31
t}. 25C A#AA DEl, DE27} WE1, WE24| wldld feHez A= 53
7134 5] A TH(P<0.05).

AAEe) sldzs EQAGAA sHdAlzte] F7184E DEL, DE27t WEL
WE2el Hlstd RPE BEFo] FHe B, FEFFAFLWAD 9A
DEL, DE27} WE1, WE2¢] Hl3te] fo8e2 Egich 7HaAzte] ©e 7t
¢ Ax= DEl1# WELe] DE2, WE2¢] Hlste] & kg ue W3 DE],
DE2/F &AA8u2 AZ¥ WEL WE20 #lste] nd#45%, € 74
& AHdze] ¥ AEuste foHeE ¥ #E HEHAAHPO.05).

B AYAE A ARTH(AAAL, FAAL)S gt AN THA
NY7E olad Byoz sHHe AxsPrh AHAHY IHxE, AE, Jtd=E

A

g 24 59 A AFL AAE AL FE Y AT screw speed= rpmO]
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AN 3 & scale-up 0t Gl X}=3} 2 FHI|7| 74

A 1 A scale-up

L£d % o188 &

Exrusion process®] scale-upelA FAWsE EA:s 28583 AILFsd =
@t Ge® Aol okt Lab-scales]A AAtd AEH 2L FAL full scale
extruder® o|F& Zo] EAott. dwtAHow AEFA EF) extrusionTARY
scaleup o #E THEE=EL 3] Aol Uk oL LEE & dFE F=
A H scaled] FAAANE BAlol @ FEF A ] st o] FolAH, A
A FAY HAAASLE 289 dFEHE UHI}E o] =57 WELEZ AA2Y
¥+ dojgt & 4 gl

A FFTH 53| extrusion process® scale-updp BF ¥ dutow FEH
parameters(PAEE, 2858, ALEEF)Y odF HF Eozidt & £

AE7HA extrusion process scaleo] HFEFZ PIXE G ddd = o
F8 FEH AHNAM 1eldto ot parametersE 29 d ¥ 3-13 @ o] ¥
169) parameters= ©A] primary scale-up criterion® plant scale®] extruder® A
A7 AT DA extrudated] FAY E FIFE WX specific mechanical
energy input 3} specific thermal energy input®] ¥4+ ®wtolud, scaled ALY
Aol #A, 28587 scale ¥ output?® scaleemd secondary scale-up criterion
g 839 HERlYh o]E Bo AlE3Y extrudate®] FFo AFHoZ IS
Al X]= F 8 primary criteria® ¥ 174 2gla ol A o2 FI= A& ¥ I8
o el

2016/07/30 15:36-8 ¢ K8 D/ 2 o

ANAEEM GHX st L NHSSHE /I8t HZEX HE /s8R



Table 16. Scale—up Parameters Discissed in the Literature

Effect of scaleup on product quality
Power input and production rate
/ Shear rate and/or total strain
Residence time
Temperature and temperature profiles
Heat transfer
Extent of chemical and physical reaction
Extent of mixing
Stability of extrusion operation

Table 17. Candidates for primary criterion for Extrusion Problems

For the screw
Shear rate developed
Shear stress developed
Specific mechanical energy input
Specific thermal energy input
Weighted average total of shear strain
Residence time
A time-temp. integral represnting extent of a reaction or physical process
Product temperature
Press changes
Any combination of above

For the die
Shear rate
Shear stress
Pressure drop
Extrudate temperature

PO18/07/30 15:36- @ A AWl v gL
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Table 18. Aproximations for Unmeasurable Primary Criterion Candidates

Shear rate developed
approximation: y = azND/H
power law: ¥y ~ ( P,/m n®N D?L) i

Shear stress developed
Power law: r=m 7"

Total shear strain
approximation: B y=1v 1

Integral time/temperature history of a physical or chemical reaction
approximation: ¢= T, 1

temperature profile and an activation energy are available

¢=A fo t @ ~AEIRD gy
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Secondary Scale-Up Criteria:

Extrusion®] scale-updl A& t&9 23} 718&E &¢stoont st

1) choke-feed extruderd 7%+ output F 23F9 &% F2 9L back
-pressure?}te] #A|, starved screwd] A5 4o} 23 FHF FER, FUF,
back-pressuretk®] ##o] ZF g3}

2) AIAALE, 23F &5, 7&, 2 Zo] € 23F back-pressure?d] FZ @A

3) die pressure drop¥ flow rate®] ¥4

4) Barrel ¥4 &= & F 74/ QA2 BAE M Ee AG Aes

extrusion ZA 3¢ #A)
5) uigty] W3} 53] £EFF W] wE extruder performance?) ®Eo] itk

7] secondary criteria® &A3l7] HEgAE o8 7= W] oy, A9
model =& Y A 9&sa oW, model parameterE Y37 fetodA
AYd &stxu Ao

Uss
Screw extruder?) Z &S H3 H¥ modele AM-E&3F3L extrudate”’} power lowol
T2 ot ZHAEEH & AH WA eZ yeid 4 d.

o

: n
, A},P=m gy[ ( (391;2) ] o714 n< power lows flow index, m<& ¥

consistancy, L& 23F Zo}, y ¥ E chamneld] 9], z AEE &84S Ve
o, P& extruder W¥9 ¢48< JeEldY, A7) 343249 boundary conditiona

v=0 (no skp) at y=0

N

v=V at y=H o1, 4714 v & FA9 5E&E, VE screw tip 8 &
%, H= screw flighte] o] ojt}.
&71X scale factor( v*=19/V, y'=9y/HE =439 7] A& A9

APH”“: 8* ( 80:) ]= 71 © =9 o] W boundary conditione
mL V" ay 0y

p*=0 at y'=0 2L ov’'=1 at y'=1 oH, 97| x,& Buckingham
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theorem®] dimensionless group®]th. I EZ velocity(v)E &3] 3719
dimensionless group® #4= EAE + 9ok &, v'=A 1, n, ).

AA extruder AANAME local velocity Bt} & 8% ZF 359 525 3

P

s ted el Yud + At 5 2o =g (1, m), NN 0

extruder® volumetric flowdlrh, W& channel widthe]th,

L2259

Extruder?] £28% 8L extrudated) AAo] AF WeARI, screw? channel
o] HAA SHEYY, THIA Ao el F vk F, P,=FV o
AN P, & A28%80l1n, F= H3W model?] HPH drag forceoltt. Drag
force= 3o WAF HgP@o] uX]E shear stressd Hol®, shear stress=
power lawol &3t th&7 Zo] Yed ¢ o

d n
Z, 3ol P shear stresst T,y =m (—a:;g_) y=p 9 Hoz e

P, H"
VL
glon, €7 & F ¢Fe] ¥4 me &E termd FTHEHIT Yo, screwd
dischargeol X tgo] 2AEA gow, dAH #L ZA=rh dutdg o= Food
extrusion® EFHFETHE screwd] A B VA £2HEE 374

P,
& s Ze BAdez U & vk & i = g V)

A o= extrudated) Eo]®, WL 9 #e PR screw ¥£¢ FHHH} ZAH
o2 aglm, A71Ae F&8L Lagrange groupl® €#X power

Y 4 glow dimensionless #AE = h (1, n) 22 ENT 5

number(¥E% specific energy consumpution index) °]® -5%-& Reynold number

o] dgrolt}, T3 A7]Ae FoA flow indexE ZE extrudated] W WL E=
2958 A&3E U 83T F, extrudate’t &3 &89 FHE ARG
screw speed?] log #t# 22589 log Z& ploting 39, | plotd] 71&71& 1+n
9 #g Jeyaa 44 flow indexE AT 4 Ut

ol 4L FHF screwd] A$-ola UIRES twin-screw extruder AF-E FEHL
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AASEXN:

PN S

Z channele A= ASs g}, o] AS$E AL screwd Bol7t F&9EF/E 2

= L =f(—W€-H—, 71'1,72) o] Hu], %YAR dimensionless ¥A ¥TFE

=& (e T, ) AR S 4y aad

Z& AW, & pilot-scales] N TEAA, F31 F29 plant scale7tA A&k A
g T A

A7t
Extrusion % extrudated) £EW37} 48 BEFsdAs AL 4F7td E=

Wzte) ot Aolth, whek screw W) EAo] #USA EFHL, FING FEA
o 2%t RGN HAN LEASe tFEo] viscous dissipation®] SR a=RN
pilot == plant scale 5t A9 22 temperature profiles vehdt, o)Eg &
ie] ZAE T3 dimensionless equation® FEF & oA BFE WHAE
F Qe 71ZARE ATE F A

Extrudertd]¢] temperature profiled ZA37] A% 714/44 A29& 3] 4
Ast7] 9HHE Extruders W39 dF@IEe g sale-up ©] L3

Extruders] @3 M¥ modele HlEoZ, AL ogd L FHEAHoR
grhg £ oan. &
n+1

9 vz) o7]A k = extrudate

+ (

9] thermal conductivity ©]™, boundary condition€ U&7 Fige

T= Tg at Z=0
T= T, at y=H
T=AKz2) at y=0

rag EAAAY extudated) LEE Ag 2ES UL ARFA, 23FE T
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FHE Jun AHAEs e, 99 wEWA S £ normalizationdtd oF g3 2},

( pchHz)v,. dT" _ 3% 7T
HL dz" dy*? M Ty— T, H"!

471 Helle 219 FX49 groupe] HElUE H, #5349 E bulk flowd 3 &
A2} Axd o8 AZHE JElE  Graetz number(Gr)7t oM, ol
Gre=Pe(H/L) 9 HHZ o ZY2A JH7]H Pe Peclet number).

F-5% = viscous dissipation®] % AAEA hF A= 4T A=Y Ff
] F24<€ Y= Brinkman number(Br)7F WeRY LT
A7) A de T =F(Gr,Br, v", 2", v*) 9 FF2 vderd & ek

o] 714 dimensionless velocity(v)e A m1,%, ¥y")E UeHd 4 on o478 n &

flow index ¢]™, ;2 Buckinham 7z theorem®|A 9] 3(1* [( g;*) ]01 €.

F, AA 23 F9 geometry factorg WYY screw W9 velocity profiled] @&
AAZE A7 §FE 939 48 ¢ Qg
39, extruder design engineert= Hd d AEEE ¢ Ha7l glon, ol o

+He2 YT & Utk F, =M Ty— T,) <714 h & ALAF, o=

heat flux o]t}

BYeIA ERA W= 98 W3t Bonz,
AT\ _

# (@) i T T

o]& dimensionless scaling factor® ©]-&3}¢] hf =( 33:, ) 2 yeEr
3 ¢ glon, FH3Le Axd % AdHg JgFo g A9 ¥EF YERE
Nusselt number Nw& YEHH, olg3t @GN T barel HOoZFHY
dimensionless heat flowE nste, Nu,=AK y",Gr,Br,n, r;) TEE

Nu o= g(Gr,Br,n, ;) 9 &2 ded F A4,
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2. Lab. Extruder®] screw % barrel T+Z& &4

Twin-screw?] Tx9] ol 7719 A4, ¥ )Ty 4 2 P& ¢
AeS 243t d wl$- F23th ol bareld screw Abol9] ¥l F7F L barrel
2 screwd EEHTE AEE B89 715383, shear rate @  energyE& &
screwd] tipo] #& o|FE TE screwd flankAtole] HuUl&EE golof 75t
4 HEH-FLTFE Twin screwd] BHL ©Y screwd) A, FAAY 2 3
% channeld] 7jd 9dtd AARHE SAHA 2FS g o] B Y
¥ kinematic analysis® £t @A

E AYel AEE food extruders ¢d FEY-FPF 0IY twin-screwr}
FEse] glen, ZL 2719 H3 channel, 37, lead, &%, $3FE e 4
screwE& 3353 9l a9y 84 # %9 screws 93 @HI Zo] £33
B dg JEAY.  Tip angle @, channeld] (n) ¥ FAEAL(CLY
e A% 2 F,
o =2cos(n/2n—af2) A7IM p.= Cr/2 R, 1Y FAZ7ALAL screw?]
27 9 Hlojth.,
Screw®] channel depth(h) = 2 R;— C;, At channel depth (x) =2 - p. 7}
"o
ag ¢ YERR AR Zo] Fo £ g A pl T p2E screwd tip ¥
Eolz blad b2E screwd] root FEo|W, FH2)WFY HIEAFE AJAIY,
z=10/2n 7} H9, pldA p2 7+AY AZE lead(t)/n(2)0]™, angular distance®
27 /n2) ot
tip# root AFo} ) channel depththg)E ©S o2 EA T

Z  he= R;,(1+cos®)~Y Cr*—~ R, sin’g
Twin-screw® single-screw pump2 £ W Al 37 (equivalent diameter, Dg) 3%
gy S FAESE $£X(v)E 923 2ol YErd 4 ith

& Dy =2D(1—¢/m) % v, = +Necos?0 o8, @7 ¢ =

screw tipT} root angleS A9 ¥ angle?] 1/4 ¢]32 & = helix angle® YERJATE
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d Ad, 58 ¢ BAo|59 2o F9% 7 2y FUAL £HL ggye
2 A4e 4 o
barrel WEEHA (Ap) =2LD(r—¢)= kp R,2(L/D)

screw?] ¥H3 (As)2 tip, root ¥ flank & 3 FE o= o] AT + At

tip 38 (A1) = ¢R. L =2 R,%(L/D)
root %2(Ap) =a RgL=2¢ R,*(L/D)

flank %% (Ac)= ka R,E(L/D)

_ B T o 2 \( sin @
AN ke = 2 (V e— sm78) 1+ pes 2y gt en ol

Screwd® & (Ap) =2[¢ C.%— C; R singl+a( R,2— Rp =1k, R,?

barrel WESHA (Age) = 2r—¢) RS2+ C. R,sing= kyzc R’

barrel®} screw Abol8] F7+ (Vo= k, R,3(L/D)
oA7\A ky = ksc - Zkp

=2Arw-¢) +pesing - 4[¢ p - pcsin¢+—%a(pc—l)2]

—67—
2015/07/30 15:36- ¢4 KR/ 21 W L4 24
NEEM: HHX s R ASSHE A MZEX MWL/ s-F



Fig. 8 Basic construction of screw cross section in plane through and

perpendicular to the axis.
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Table 19 Technical geometry data of Lab. scale Twin-screw extruder

basic geometry:

screw diameter (mm)

440
root diameter (mm) 272
centerline dist. (mm) 356
channel depth (mm) 8.4
Oc 1.61818
tip angle (&) 180
flank angle (¢) 36.0
cross-sectional area:
barrel cross-sectional area 2748 mm*
screw cross-sectional area 9%4 mm?
free cross—sectional area 820 mm’

ANE2EXN: GHE eSHest & INSSE
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3. 7H Y AzxF ¥HE FJA9AY 54

Lab scale A2 Azt 50 kg W9 7t H& ALE F ANeH, o] #
ke &8 §FL 36 % WUt HFHo|, wIFH9 2E+= 110C 7HA 7 EA
o} die A= 0CE WZHE vt dNeH, die AL ¢4¥L 30 bar2Z #A
atef o H Ut

a2y, AAFE 500 kg/hrE scale-up & ®W 7 EAEE FEE& AE
2, barrel WY BHH L F/te AL screw FAZ (15 wh)o] FFH & Y
He 2258 o)Fez F7k AFE AL BT A2 4450, Extruderd 714
/37t A& inlet R outletd] EESAAAY flowmeterg A2sle] thermal
energy?] AEFEE FA3HH.

=
B

Table 20. Specific mechnical energy input and extrusion pressure at various
conditions of dough moisture and screw speed with Lab. scale extruder

run dough total screw speed SME press
number moisture(%)  feed rate (rpm) (wh/Kg)  (bar)
(Kg/hr)
1 0.3400 53.1 2475 169 35
2 0.3514 53.0 2475 145 28
3 0.3520 56.4 2475 154 30
4 0.3633 534 2475 140 33
5 0.3841 58.0 3375 111 30
6 0.3914 58.7 3375 106 30
7 0.3976 63.5 270.0 98 30
8 0.4000 425 2205 94 26
9 0.4464 52.2 2745 90 20
10 0.4547 53.0 297.0 92 18

% Screw configuration was Type 2, die plate was 3 x 20 x 60 mm flat
forming die.

* The pressure was the value measured by pressure meter inserted between the
SCrew top and the die inlet.
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Eg Fo)X extrusion ZAWNA WHS) FEGFFNE E 3-49 Zo] 34 -
45% %2 WIAFIHAN =dE W SME 2 439 ¥ss 2Ha9. a8y, 7y
A& inlet €EF 130 TR 24331 FSLEE W T2 2439 JYPo] 52
St Wl Jtd9 outlet 2E 2 B9 injoutlet % B AF L A5
specific thermal energy input® &% AAE ¥ 21 o Jeligle. o] w) utZ=g)
dE&F(cp)e 1444274 X 2 A D B9 9L 2xustel A% glo] 94w
# 418 KJ/Kg CT& H43Qx, 71d vl (thermia x-600)9] ¥]HL& Az G o)A
5% # 309 KJ/Kg C #& A&3gdoh

Table 21. Specific thermal energy input and the heat generation ratio of SME
at various extusion conditions

run specific thermal specific cooling SME heat generation

number energy input energy output ratio of SME
(KJ/Kg) (KJ/Kg) (KJ/Kg) (%)
1 - 130 608 65.4
2 - 83 522 67.8
3 = 91 554 60.5
4 = 38 504 60.8
5 46 400 579
6 120 381 57.0
7 137 352 559
8 148 338 50.2
9 167 324 498
10 172 331 44.3

A 244 st | ABAF AUA FA= EWNF Kg F 2529 743 o
A 320 KJ 7t 8393, cooking o ¥8F doldA] 325 K] ¥ 158 KJ&
ZIAHANIR Y oF 50 %7} whae] g d= AfH FFHUR, YA 167 KJ
< barrel 919& T ALY gk W st A4HE EFL 75 K]
o} R rt.
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24 Process ¥ System parameter®] AE7]%

Extrusion £49 AE85 JadyE A input/output THEFE 7150l F
a8t 7w Y extrusion FANNE A7tFS EAY F4F, FEZAS AT
N screwd) HASESO) gAFoz 2PA7t AR FARTIH, T
o]z ZANN AdARY FE2E 2 ¢S50l system ©F7E @k, B AT
A Awg e "o g4EFAAE Az Hel EHRAE A bareld T
gusd ex 2 WHLEE F7t TAWSFI Ao
L &A4ZAY 74

) 23 2 $2EQ% E2X $9%Fe $9 hopperd) screw 3A&ES] whit
NgHos WEsnz =9 screwd Hd £EoNY FIFE FA3NA, FUF
o At A7Y BYFke/r)2 EAT 4 217 hoppers] DC motord] Hd%
2 feed back controldt: loopE AASY XA, 7HFFS rota-meters}
water flow meter(Boulder U-120W)$} motorized valveE assemble23te] Az
L 22 FA39 controll & 4 S1E actuator system? =9 354 Tt

Hm

2) 2859 &7

9-1) 7|AA R 28 AFE SANZY & A EANE £2FHE A
NEi, 2aFd JALEE BN 2489 motord torqued Axrsts A4t
o qlgstm, o] W YRFYFL FA AFHLE specific mechanical energy
input (SME)¢] Ao} 71Z2HEE 3th

9-9) Thermal energy: barrel section "ttt dulx] == Wz inlet R outlet
o thermocouple® 331, flowmeterg& 2t exz 2 U ratedl 95 7t
9 2 dZqixg FAFHAT
3) £5 2 }¥ =7 barrel section ¥2 thermercouple& barrel yras #Esx
2 AZasly ¢FEY X8 %735}311, die plate 9 screwd] top Apele] Fzte]
thermercouple(PT 1002)% ¢& 7 (dynisco PC1-100E 33t & &k
2. Az A% H display

7t sensor®] AFE mvE £9 Pol 1Y 8 R E 22 4 24 data acquisition
system ©] 43t real time = computero] 4] 248 4 A ATk
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Fig. 8. Configuration of the measuring system with SCXI
signal conditioning and data acquisition modules.

Table 22. Specification of the measuring system.

Module

Specification

Host computer

Data acquisition/control module

Multiplexor amplifier

Isolation amplifier with excitation

Relay module

CPU: pentium, 90Mhz
Main memory: 8SMB
Cache memory: 256KB

12-bit resolution
6 isolated vol./current outputs for control

32 differential channels

4 channels

Signal conditioning for strain gauges
RTDs, thermistors, millivolts/volts sources,
process current sources, thermocouples

16 independent relays

’
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3. Mornitoring 24 3}

7] data acquisition system¥ Z4¥E SFAAAE Q2% F, AF2AZA 9
o @A die break® opening ratio® 33 %E 2 FEFLFE WHAA L, T
RPM # cooling temperature® W3A|7|WA oW SMEE &A% Z:49 braeker
9] opening ratio® 23 % 2 ul¥3m FEE WIAJ|AA SMEES &3 49 ¥
3- o 2L FAE L& F U

Table 23 Extrusion operation Data obtained by Data Acquisition System

| Cooling 1
. |Peed rate Ext Temp, SME 1
Moisture (%) (Kg/be) ! RPM ’I;eu(r:n)p. (o) (KW kg |
1. Effect of Moisture change (BP: 33%) o !
32.2 334 225 42 81 1%
34.4 344 225 42 78 | 117
355 355 225 42 74 | 1034
385 385 225 74 | 8 | 631
|2. Effect of Cooling Temperature (BP: 33%) "
. 3826 36.0 225 90 75 585
3826 36.0 225 81 70 66
38.26 36.0 225 84 88 60
3826 36.0 338 o1 .81 945
| 382 36,0 338 83 80 9%.3
326 36.0 338 80 76 87.8
3826 36.0 338 77 G 101.1
38.26 36.0 225 85 71 6L5
38.26 36.0 225 80 70 | 615 |
3. Effect of moisture and RPM (BP: 23%) |
3465 34 205 80 86 1004
3465 34 338 83 87 135.4
38.26 36 295 75 80 795
38.26 36 338 88 86 99.0
| 4151 38 225 101 80 56,8
4151 38 338 81 80 874 |
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A 3A FRII7 A% 2A

L& "o dd 2 Wz

a¥ & Z& B conveyor( 400X 6000mm)d M WZ4E AXE T AdAAS
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