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Effect of the Energy of Extrusion on the Starch Gelatinization
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Abstract

The effect of the energy supplied in extrusion on the starch gelatinization was analyzed. The energy needed for
extrusion is generated by motor and heater. The motor energy is transformed into a thermal energy by heat dis-
sipation and a mechanical energy, and the heater energy is of a thermal energy. At the low barrel temperature (<
80°C), it was found out there are two kinds of thermal energy by heat dissipation: one by a powder friction of
com grit with low moisture contents and the other by a viscous dissipation of com grit with high moisture con-
tents. The dissipated thermal energy by the powder friction was more effective on the starch gelatinization than
that by the viscous dissipation. The effect of the mechanical energy was also analyzed in terms of a relative
mechanical energy. The gelatinization of com grit with high moisture contents (>33%) largely depended on the
change in the relative mechanical energy, whereas that with low moisture contents (< 30%) hardly depended on it.

Key words: extrusion, starch gelatinization, thermal energy, mechanical energy, heat dissipation

AN B
S5 AETeA ol AHEEE EAHTH
& AE 7222 (biopolymer) $-& 237 3ol &
g 7}k Ad(shear), AL A7PE, 2ejx FES] 7t
dof 23 whs-& doFa A7l FAIH?. gt
2 TAL & WA 71, o E, AP
2 g 5o BgAQ Ag-E o5 o] Al =
F7HE 5-& 98 ZAeE 4E a9l 2
%23 (twin) 42438717} go] AH-E T gler 53
A BV Bool|A] 1 Abo] FRE F7F3EA Q.
&3 AHREE dubdal (7] F8 AR
2 =@ E F e, 235 3 24§ 7
A -gAel oA gL won T3 w2 33
= EE, sude 9 49 #-M dFs gt
G A YT o) ZAA Mg s Al o
g 42 vlu]|3k ool Wang 98 hEAH 2
=2 WA A (<400 57 7AW A
209 fbel] olejA] o]l 53E 4 Qi U

Corresponding author: Seung Ju Lee, Department of Food
Science and Technology, Dongguk University, 26 Pil-dong,
3-Ga, Chung-gu, Seoul 100-715, Korea

72

& vh ek 2y 9% 7] A AR B A7
o} mu|gh AAelct. AR elA = 4EEH7] LE
ol o8 FFHE 23F MR AP e
vA o 48 7| Al IR 2 T3] ARsshs
W A7 nk et

A Fulelde AEANAL] Ax7|ge] dds
A FEARINE o83 AFFH T ot H
AA ko] 87T Qlet. o]9} 2L AA A sk
Ay A5 F8 A FEe 3315 € 2 71A¢
vixle] A Asleld i 5 gld 4EdY
719 FRAL 2 AExZe B Hep BEHO
2 AY 5 A& Aolch webA & AFelA= 7E
Fest 225 A4S 22 S0E 9 2, 3,
d 2 J)AlAIS} B3t ARRAE EH3t
QY 7|ANAR 7} T2 Z el vXE d gl B3}
o o} mgkrt.

Mz 9wy
AE9YH =

%43 (co-rotating) 433 (twin) &4 871 (WA
A AAHE AHEEE e A3F 2L 31 mm, #H™




U2 oA} EHEe Fdel vzl 4 73

7o) 750 mm, the|(die, E2T) AAH L S mmo] %,
23 F g A2 b FEY e, 379 7|
3lE]7} Azt]e] gl &Y AFEPeR
23% 3jH&EEE 70, 100, 130, 160, 190, 220 rpm,
gl &% 2L A A Wyeeld HEe] W7y
E ARg3)R| 9 1, 2, 3w E k2t 47, 55, 80°CR
dAsA F-A sk}

A A P9l %F &o18] E(com grit, 37 20 mesh)
o B¢ Akt 36, 33, 30, 27%2) FE-FaH(wiw)L
2 243t H59 Aol 1 YARAIN F AR
3lodct. 24 Y5 += 35 (hopper) 3}-F-of] A== o]
Faafe] AAELETE JAHIA 3t &A1Y
g Bel o Tkt AY S84 HA 48
£ 353 91 33AE A7 4 a3 A
FTolA wele] AHL 43, 2 o FEE
712 ABFHEE A ol" 227l A A
(steady state)ol] ==&F Fo] wE| g el AHI} &
E7(die AH)Y 258 259

2E, S|§, ¥, Ai7|Aoux 2] &H

AR P o)slel thAl 9 AMAHE A=A (power-met-
er, Yokogawa Co., Japanys &4 39| 3|gf = =
el Zt7t dAste AHE EAeckFig 1) 2H
% A= Y AHE JEFFEEE Vv
ghe2 vhehhglch o714 U8 FEEEE YR R4
%7 (hoppenZ 8] 4EA 7] w9 g F37=
TREE FAL A 2y sko] AL,

[2Eld =] = (28 AF]-[LHZ/AE Y]

IR IHSE 0
BlElelliAl] =88] AH]/PRITFSE )

7|4 [RERAE AH]S FERE] 2 S
oA dge] FFo] glol T3 Aelx FA%
A& 2| v|hto.

AR olsle] AlFAEIF U4EAYIE T3}
A HAEE dedvr)e Y Y52 2xs) EF
7] Aol Ex ApolE FAst] A ()l 23}
AAbatad et

[DoltdA]]=(4.19  M+0.84 - (1-M)) - (T'-T)  (3)
o374 M, T, T 717 189 8=k (ww), &
7| AR 9] U852 22(0OF Huigc

AR 23t 7|Ald A o] Aoighg e A
o ML Erbgsiel o, WAzl A=A o2

Control box Powermeter

Thermometer

| rremmeanas | T Barrel

Panel plate

—

Power meter

Recorder

Fig. 1. Schematic diagram for the measuring of the en-
ergy in extruder.
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Table 1. Motor energy, heater emergy, thermal energy, relative mechanical energy, and the corresponding gela-

tinization degree at different process variable conditions

Moisture Screw Motor Heater Thermal Relative Degree of
content * speed energy energy energy mechanical gelatinization
(%) (rpm) (kI/kg) (kJ/kg) (kJ/kg) energy (kl/kg) (%)
70 237 322 91 0 35
100 257 296 96 -11 65
27 130 263 263 96 -38 82
160 289 237 96 -38 92
190 362 164 98 -40 97
220 382 132 105 -59 100
70 188 325 107 0 44
100 200 312 107 -1 56
30 130 225 294 109 6 62
160 269 244 109 0 78
190 306 188 111 221 80
220 331 163 111 221 100
70 271 313 111 0 72
100 302 292 113 8 60
33 130 333 250 117 -7 80
) 160 427 208 119 43 88
190 458 156 121 20 76
220 500 125 121 31 86
70 457 304 117 0 94
100 521 283 121 43 98
36 130 609 239 123 85 94
160 848 196 125 279 98
190 891 130 123 258 95
220 978 109 123 324 96
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Fig. 2. Relationships between motor energy and gela-
tinization degree at different moisture contents.

A, Dol A2 B4 EAHS T (Table 1).
G FEYH<I%) 229 BHEE AL 2E
U Zvtel SaME 343 Zrlel, e 5
B 3%) AgolE BVY 2718 BYTHFig
2). @& el ARE 2A ke el 9l

Fig. 3& #lgjoiz|9} 33txe) FAE vepd A
olet. 3lEjellx]7t FrtdaE ‘a“’ TR
30%) 272 335 FhAaslea, B8 A9 (>33%)
A= atstAl Zhastsdet. £=8 G FE oA 2
FollAe FEEF Al 23t rt FA Ve
32, 58 FEeuR] RRdMe & s 24
9] 38w} e e gl vigte A4
ehgtct. wide Lxrt AdA A {FAIFEAE EF3)
3 B eUR)7E W Ao Hol Fe YAz}




Y oUAZE 52 B3| ulxe <3 75

90

80 -

70

60 -

O 27% MC:Y=-0.30X+148.28(R*=0.8) o
30 + [ 30% MC:Y=-0.20X+142.80(R*=0.9)

@ 33% MC:Y=-0.05X+9]1 46(R*-0.3)

M 36% MC:Y=-0.01X+96.95(R*-0.8)

Gelatinization degree (%)
w
(=]
1

o T 7 T T T
50 100 150 200 250 300 350

Heater energy( kIkg)

Fig. 3. Relationship between heater energy and gela-
tinization degree at different moisture contents.
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Fig. 4. Relationships between thermal energy and gela-
tinization degree at different moisture contents.
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Fig. 5. Relationships between relative mechanical en-
ergy and gelatinization degree at different moisture
contents.

7t Aol daoll A =7] o Fell, B2 what
o 2|g Aprpttde] Ao 2gsl= A =rpgd
Ay} v E eAgte B} 33l v =24 2he-3
Zolct w3l pRgepe] U dge] F3tx Wzl
o] ¥ PR Afuc) o] 2A vehd s o4
= St FA vhAT HAdo Arpide] 2hgs)
= A7t h27] a9 Felnhie,

Fig. 55 Ad7|Aleui A ¢} 33two] A S ebd
Zlolct. 83kl ¥ A (=33%)el Atz Al
Wzle 2535 SR Fold ue} =24 Zr)s}
o] I3l Zrlslda, SR G 2
30%)0ll A= AR 1A AR 7} A o] Wslx] gdgkont
sste FA43] Sl dA A Adsre] o
gtol FFE = dollviA7 A vl=Folle B8k
(Table 1) = %-3eF 7bel] 33157} o} 2 A Jepd 712
Az A z)e) zte] wjFod AzbEr) weby
E2 R A FTIEE A AR
o] Wiz}l ZA| Y3pL Won AERo ApE F
3t Az AAA Ao Fdsi ke NS 4
et

Az o2 A2(<80°C) $EA YR A =t
35} 27pdd oAUA)7) vlxe Avbe R

(27-36%))) W} ch2A| Vehdet. & e s
o ¥ hae) 7p7ke Arbide] Be sw3te

4ol 7Pke Azbednc %2l el of &
Holg ok & glsieh, w3k AR} S 5 5ol
SlAE 3R O feld o vehgow], 7 Y
£ FEgR Mo} 2 Aol g nylch AT 4y



76 A EFE5A] Al 297

A2 A H4o) F7IskE e A 2
A7) Ay A8 w3}, A WA 58 kA
& ddxe BN drsted F88 x AR
7t E A2 st

e %

dEA 7Y 2EAYRE 2prbdd gz
1A AU 2 A= IR dAURAR &
FEHed 7 A7t 529 Tt vl S
A Ekdh A &(<80°C) k¥ 2 A
4 Az = G2 PR A obEel] o A
2 LR AHAAA 97 AL FEY 5 2
on] BA vhgel 23 Ao x|z} 8ol o] AFHA
A< o 7 Ut =3 Ze]oduA] M APl F
L S gk Z1A N A 9] ARE A7 A W A
2 gt A 52 TEHEH(233%) 249 33 =
A7 A 2| o] Wsle| =A] & Y R
FH(<30%)2 A= A9 dEks A ¥ ZleR
byt

#ZAle| 2

o] =22 19953 % waidiet A ErlEaAls|e
ATAE ArHAZ o]FJH o, B3] DSC A
o B& =% FA SR A5 deH
24t o] &5 Y Aol A FFat=e] = vigiyct

2 #

L o|d 3, 754, A, 73, 2%, AAF, &2
: A] & Extrusion 7| & -3 5-3}A}, A& (1987)
2. Smith, O.B.: Extrusion and forming; creating new foods.

10.

11.

12.

13.

14.

15.

16.

A 1% (1997)

Food Eng., 47(7), 48 (1975)

. Smith, O.B.: Extrusion cooked snacks in a fast growing

market. Cereal Sci. Today, 19(8), 312 (1975)

. Wang, S.S.: Gelatinization and melting of starch and tri-

bochemistry in extrusion. Starch/Starke, 45, 388 (1993)

CAEA, o15F  AE 4T @ ° o)A

%) 54, A E582)%). 29(1), 65 (1997)

. Say, M.G.: The Electrical Engineer's Reference Book.

Hamlyn, Feltham, Middlesex (1968)

. Shin, M.S.: Influence of water and surfactants on wheat

starch gelatinization and retrogradation. Korean J. Food
Sci. Technol., 23, 116 (1991)

. Lai, L.S. and Kokini, J.L.: Physicochemical changes and

rheological properties of starch during extrusion.
Biotechnol. Prog., 7, 251 (1991)

. Bhattacharya, M. and Hanna, M.A.: Kinetics of starch

gelatinization during extrusion cooking. J. Food Sci.,
52, 764 (1987)

Davidson, V.J., Paton, D., Diosady, L.L. and Rubin, L.
J.: A model for mechanical degradation of wheat starch
in a single-screw extruder. J. Food Sci., 49, 1154 (1984)
Gomez, M.H. and Aguilera, J.M.: Changes in the starch
fraction during extrusion cooking of com. J. Food Sci.,
48, 378 (1983)

Gomez, M.H. and Aguilera, J.M.: A physicochemical
model for extrusion of comn starch. J. Food Sci., 49, 40
(1984)

Wang, S.S., Chiang, W.C.,, Yeh, AL, Zhoa, B. and Kim,
I.H.: Kinetics of phase transition of waxy corn starch at
extrusion temperature and moisture contents. J. Food
Sci., 54, 1298 (1989)

Cai, W. and Diosady, J.J.: Model for gelatinization of
wheat starch in a twin-screw extruder. J. Food Sci., 58,
872 (1993)

Zheng, X. and Wang, S.S.: Shear induced starch conv-
ersion during extrusion. J. Food Sci., 59, 1137 (1994)
Della Valle, G., Kozlowski, A., Colonna, P. and Tated,
J.: Starch transformation estimated by the energy bal-
ance on a twin-screw extruder. Lebensm.-Wiss.u.Tech-
nol., 22, 279 (1989)

(199611 1149 54U A<)




