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Thermal Properties of Corn Starch Extrudates
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Abstract

The effect of melt moisture content and post-extrusion variables (storage period and temperature) on
thermal properties of corn starch extrudates was studied by using an experimental twin-screw extruder.
Extrusion variables were melt moisture content (42, 47 and 51%) and post-extrusion conditions were
storage period (1, 3 and 7 days), storage temperature (4 and 25°C). The thermal properties such as glass
transition temperature, ice melting temperature, ice melting enthalpy, melting temperature, amylopectin
crystal and amylose-lipid complex were investigated by using DSC. Glass transition temperature was
increased as storage period and melt moisture contents increased. Ice melting temperature was decreased
as storage period increased at 4°C storage. Melting temperature was decreased as melt moisture content
increased. These data could be used for developing cold-extrusion process to prevent cell collapse before

drying and during post-extrusion drying.
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B IRAZGAZAN oldE =9} oldgdHEgl o2
Fa= itk HEYAE T4 F Y H (amorphous
region)® ZA ¥ G4 (crystalline region)o] 33
Y52 A4 ZH (partially crystalline polymer)
2 EBH52 AckShogren, 1992; Slade and
Levine, 1993).

R 283 EE isla 7HEEA AA ol
gasol 48 ez wWHate Aalol(phase
transition), = £ -8(melting)°] Y o] Frh(Biliaderis,

1983; Biliaderis et al., 1986; Shogren, 1992;
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Slade and Levine, 1993). o|%4 #8¥ AL S
Al = A BPF S o8 1A
g2lge Wiyt e & e8-3R 549
sle} tEo 33}HF oS HAH EEA
A, AEE2LY] Auid 2 AT BRI 44
3 YAl ot AEAS S Halrt W=,
ol#fgt #dg et Bl U Gudmundsson,
1994; Hoover, 1995).

Zeleznak€t Hoseney (1986)x= <E-§go] =30
gL FE Aol 50~60%2] HEAINA H)
o] dFAe] el =3 EE ofd2HEe] o
of JEg Wrkxy RISy =3 10%9 30%
9] S5 AEA] 7f, FEEH] 30%Y W &
AZEAREA 7(DSCYE ©] 88t =ahziie] &8 4o
gyjo) o8 wIPEE =AY + Yok By
(Yuan et al., 1993)% Slth

Levines#t Salde (1987)° €J3Pd {2l o] &% (T,)
oF &§H(T,) Aroje] 2 oA HES AE
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Asl7t dojuy feEldol o s AR A
o] FHuo|z &8N AAHY AFo] Hu)
7b HEE o] F & All]l (THT)28 %0
A AAAs 7P & dojdtia gttt AEAe)
FEL AR Fo 7taAR ZEEe FEFEo)
oy fEldolexE o ¥Euz (A o
ol 25k [ Rold FEEFI AF2x
g AEde] x3=E AYshe=d FaF 829
" }(Biliaderis, 1990).

&3 T (extrusion-cooking)=. ¥FEe| FEEF
Fat v ko mel FiEe] Axelrt dojvt
A HEgE e F&EC] AETE FHEhEA
P37} dojdr}, ASFFAHEY 8 FE
sheda) ulde) 2o wel YEe won £E§
F 60%°l 3t A FREFHFe] A I SE=
© 748 (Wang et al., 1989).

S 120°C o)de] ¥IwA S2eA 7hEE
v 71&9 dEAYTYY FAAE ANAs] A8l
71334 A (bubble forming agen)EA & o]]d]
a7t AR B8 AMSERY  100°Ce] 3t
o] vy Aor HE H3E {fxi] Y
A7t A= Kt

71 EAARE EE FUste 70~80°CollA
H3 e 4P TN 4EAE 7]
9] R 27~30%0A HIIAFIH sh2o
o3 FAHE 71Fol FHIEE YEAAYE] 2=
7} 71&e] ABAYFTAHoE AZRF ASHIER
t} Eo} A= A7 Ut o233 BAF
& A3 93t 7139 43 FEo ¢S
v A7 E F e AL 4EAAETEES
(Ferdinand et al, 1990), &9 H7FARyu et
al, 1993; Ryu and Mulvaney, 1997), 559 &
“J(Mulvaney and Rizvi, 1993)0] thdle] &R
T E FFAEFTE V1FSE VA 9T
ATEA skt

159 AAe 4EAF7] AETE T8I
A2 oAU R, HEAAPE WFEI|FY F57
7159 A%e AETE A4S o AU 4
 FYHEZ {FHelet &8 Fo FIEALS
Hale A EY 71T 53 13y 2
of & v & UL Aot}

IHBR B ATE $EAEEY RS ¢
243 FF% (post-extrusion process)?] #3717+
2k W 2T ES F3 A4S BN
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Fig. 1. Screw configuration of model(THK 31T). 1/2P: I/

2 pitch screw, 2/3P: 2/3:pitch screw, FP: forward paddle,
RSE: reverse screw element.
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Chiba, Japan)E °l&-3l &3t 71719 &=
BAL g8 e Lxyfoire e@EHd: -36°0)
g olgdgen, e 2x¥dde dFEEH:
156.6°Cy& o] &3t} Alg7t E0ilA] @S 47



224 AjAEZsr A 6 A 3E (20023 8Y)

E fce metting enthalpy
T 4. Amylopacthy crystal
> oo s gy e il
8 > Y - - = el
T Te v .
o ". ! ‘\\ //
E Lo Amybose-lipld complex
i MeRing temperature
C‘ 'l
& !
)
| }
\ ice maiting tamperatwe
-30 0 k1] 60 0 130
Temperature (C)

Fig. 2. DSC thermograms of corn starch extrudate,

ulg WS reference® o] &3 T).
4EAHHEL Az FF 15~20mgd] FAE &
F &Fnw Wl ¥ 98 4, 25°CY ¥
27)oA A 1, 3, 74t} 334 WHEsle]
freEjdol2Ee) k3lol] 9%t 8¢ A€y wWIE
243t ex¥fe Y4SE 20°C/minE —40°C
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DSC EEFH L 2HE FuHo] 2% (glass transi-
tion temperatre, T,), Y&8&FSE(ce melting
temperature), Bo-8-8 N2 (ice melting enthalpy),
482 (melting temperature, T,), cFdEZHE1HA

rlm

(amylopectin crystal), °©FdE e =-XH B3 (am-
ylose-lipid complex)& Z+zt &7 3% t}HFig. 2).

B84

dEAE THAHES OE YJESAHAFEY A=
SAS(statistical analysis system) programe A}8-8}¢d
HHERE AN CE BAAMEE st veR
24 (response surface analysisy> 2] 7§¢] Q<1
B X, X, X, X7F B3R 288 Foas
o]® uk-2-¥<F(dependent variables, y)oll FFS F
3 W, o)e kg W3} o] HHEE
Holl digk BAH EAUHE @it 974 8

A¥FE wheol e F= SHES B AF
E ¥sla, v e 8ol FEg ol
ojd Hke-2 JehlEe FHHTE D3rHLee and
Kwon, 1998).

HHEEH B40A Al 7HA] EYHR¥Te 4E48Y
9 AA7THX), ARLEX,), BFe] ¢
Xyelm, sRERF(Y)EE 8ol 5(T), 4¢
SFes, 45889%, 882 5(T,), otEEL
24, JHR o2 AWEFARE AT M 7HA
o] 5YPAFX,, X, Xpol st 23t ARFL o
3 7

Y=b,+b, X, +b,X,+b, X +b,, X, Xo+b . X X, +b,, X, X+
b, IX12+b22X22+b33X32

Table 1. Regression equation coefficients of the second order polynomialsa for three response variables

. . Amylopectin Amylose-
(‘Té) Ice mel(Eg)g temp. Ice meltl(r}/ggt):nthalpy ;l;g) cyrysptzl lipid cyomplex
(J/g) (/g)
b, -25.1182 17.4069 ~814.0692* 170.6309%* —36.5407 ~31.7755%*
linear
b, 0.3833 -0.9385 31.4374%* -3.9788 1.9791* 1.3419%*
b, —0.2078 0.0398 1.6207 ~0.6306* 0.0303 0.1136*
b, -0.6972 —-0.401 1.2055 —3.3284 %% 0.4695 0.1513
cross product
b, 0.0045 ~0.001 -0.0297 0.0146* 0.0004 ~0.0023*
b, 0.0269 0.0013 —0.0805 0.0366 0.0061 —0.0036
b,, -0.0009 0.0029 0.0158 0.0516%* —0.0061* -0.0003
quadratic
b,, 0.0006 0.0128 -0.2672 0.0351 ~0.0232%* -0.0137*
b,, 0 0 0 0 0 0
by, -0.062 0.0315 0.2239 0.0933* —0.0683** 0.0047
R-Square 0.9361 0.9038 0.9550 0.9358 0.9007 0.7393
Probability of F <.0001 <.0001 <.0001 <.0001 <.0001 0.0027

*Significant at 5% level **Significant at 1% level.

*Model on which X =storage period, X,=storage temperature, X,=melt moisture content is Y=by+b X +b,X,+b.X,+b X, X +b,,

X Xytby XoX by X 40, X403, X .
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R EYe=4
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FE|OIRE

fredol =T )M E Al el EgEs AR
74 ARLE, vEe R uE NEY 3
AAGs= Table 191 JERIITH ¥HEEH 3749
AAAFRYE 093612 ¥R He HFsn, &
AFozE Fo4do] ul$ AR HATHP<0.01). *E
g A A P00} o)A FHP<0.05E B
ARz FolAo] AAFHA

Y, =-25.1182+0.3833X,-0.2078X,-0.6972X ;+
0.0045X,X,+0.0269X, X,~0.0009X, X -+
0.0006X,-0.062X,’

A7IH Y& FBHILEH, X, X, X, & A
712, AFLE B WEe FEUFS 247 e

Glassy Temp.

42.m 0.08 o
Fig. 3. Contour polt of glass transition temperature input functions of storage period and melt moisture content at storage
temperature 4°C (a) and 25°C (b).
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Wk 37kA] EYESy FoA wEe FEFFH
(P<0.01)°] BAFLE froHold o, AF5x
A7k FelAdol A=A Farh.

HEo] FEEE] 299 o, 7] dEAYES]
TE -845°CUL 447HA] S7ksltt Zaske 7
& BATHFig. 3a). °1AS A7 wE s}
Hel T3 AR A3 EAThee, 2000). A
AL 25°CAME AF7Zke] 043 1Y Alold
0.95°Ce] ®islE Ho|thrt 4UFE s AY
& B

Vodovotz€} Chinachoti(1998)= &A1 slA) e
YA HES T8 -5CHIoA Yeidoiz B
LA R £ HEoA 42 SErAR T,
v &9 22 2xeA JEIRT) Levine#} Slade
1998y 3k 9AE9 T, & -5°C, Rosse Karel
(192 &E&FF FEY T, & -6°C, Jouppilest
Ross (1997)& Z3td S+3Ed TE -11°C2
ztz} R s

ukEo] R 42%9M S1%2 F713H
e} -845°CAlM -3.67°CE T2 F7tehs A%
<€ EAhFig. 3a). AFLE 25°CA 4°ce} v}
ANAE FEFFo] FVEFE oA WF9
FEFF] FMETE T,E F7sle AEE B
HthFig. 3b). ol YE I FHA AEAIEY
o7t AA dejuz FHEE B SR L5
go] Frtsle] ARSI A doid Aset A
ZbE] o e},

Huang et al. (1994)2] ZFAANAME 50~90%2 +

(b

GQlassy Tonp.

~1.08
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Fig. 4. Contour polt of ice melting temperature input functions of storage period and melt moisture content at storage

temperature 4°C (a) and 25°C (b).
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Y, = 17.4069-0.9385X,+0.0398X,-0.401X,
~0.001X,X,+0.0013X, X,+0.0029X,X,
+0.0128X *+0.0315X,?

714 Y, de88eE0, X, X, X2 A
B2, AFLE 4 REEe| SRS 7zt e
At} 37kR] EYPR e FolA wEe] SR
(P<0.01)°] BAHLZ foFol%lon), AA&re}
A7 Feidol A E A Rt

Gomez et al. (1994)2 YS8gLToM SRS

ABE DSCHENA F& Wztd o d=| e
E Ev FH3o2 IAstE Eo] fejHold ¢
3 540 Tt ARSI dojus dXdol
3l By EtET).

4°CollA AZF AdEAAHES A7) Fotd
T2 2o AARLEE 025°CAA -02°CE 74
e 43S RO (Fig. 4a), 25°Ce] ALdM A
A3 A EEL 0ddA 5Y7AE 0.25°CAlA
0°CE Zasithrt sdelix 79 AtolellM+ 0.3°C7t
FT7HE Y olRe EeE8e=d 9% 4
Aol FHEA 2 879 +5L AAFgo =N
T8 AR A%E Uehlle Aeg Algdd.

g ks FRIFE 29904 5192 F71H4)
ZE o 9248 E 025°CoA 255°CE =}
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Fig. 5. Contour polt of ice melting enthalpy input functions of storage period and melt moisture content at storage

temperature 4°C (a) and 25°C (b).



228 ARzt A 6 A 3E (20024 8Y)

At

McPherson et al. (20002 XA Sy
o] MY TAHA 80°CY njA 2o HiZo] &
B&3o] 30%914 40%2 F71E ®W Tme 66.7°C
ol 71°CE Freclal Bysksich

a3y B AoMe v FREEe] 28%
A 38%E 2715t 65.85°CoA 604°CR 7HAhEhe
Agg BYorn 99 ddde vE d4E 1A
Fig. 6a). ¢l & Ao e SRS AN
stom HMESQRLe ¥ AHGH F4E SRS
718l ot AAFES BAIANA £88 o
o715g 3ol ostd o] FREH FEFF
o] ZVIEFE -85 Wolle oz Algdr).

AFEE 4°Co jEFEEFo 29%Y W ¢
E4PEES 27 04AMEE 797 AR S
] 8§25 65.85°CAAM 59.6°CE Hihdle A
ol el o} (Fig. 6a), AF-2%71 25°CY W+
AZ717ke] F7gte] me 8§ % FUlEke
RO 2 JEstTHFig. 6b). ol AF2E 25volA
AR af AAFC] Bol] dojdte AL R
ok

Ol =HEIEY

oldzH eI AR A Jle] 5HUSF APr|7E,
A2 E, BEe FEFHY o2 vEA 3
AGE Table 19] YERH2H, HgEH 3]A4 9
ARAFR)E 090078 ¥Ry e sy, &
ARoRE feojdo] ul¢ AARHUP<0.01). A
azel aoxtaFEe FAHE feolio]

(@)

Pelting Tenp.

.

64.51

Malting Tomy

o1 4 52 tHP<0.01).

Y5 =-36.5407+1.9791X,+0.0303X,+0.4695X,
+0.0004X,X,+0.0061X X,-0.0061X,X,
~0.0232X,*-0.0683X,*

Q71M Yo oldzHEAY o, X, X, X2
A7, AReE 2 WS FEEHS 247 U
Epdct 37kA] S FolA wkEe] R,
AT, AR77E 25 BAHCR feoido] <
A = AHP<0.01).

Ward et al. (1994)°] 93l SR AL
23°CollM 4% Ft AFSRE o A 157Y gl
e AARE vehd HES] TR/ ARE
Tz wet thEA Jepdtha s

Slade®} Levine (1998)< 30~70%%] +&E38<2l
ARAR TE =3HE] &4 dE9E sy
< o FEF o] 50%<] AEAL Ay} 7R
AT g} ol FEFHC] BoW 34 F I
s &) =3t AT 50%8EY] TEE
& dEAS) A FUF Azt Hi ojwj e
ol AR k3 Y& E FH3h 3
F7a=

£ Ao Ee 4co AFexd 27 4E4Y
Eo] yiEe] FREgo] 20004 51%2 F71 )
we}l 5.3492 Jgoll A 3.5357 J/gR HAhEe AFS
Hom, wige] o] 42%Y W AR7|7ho]
0YolM 7d 2 F7Kgel wet 53492 J/gelA] 7.5188
Jige 2 F7tshe S Vel THFig. 7a).

(®

6.0

64.51

.96

Fig. 6. Contour polt of melting temperature input functions of storage period and melt moisture content at storage

temperature 4°C (a) and 25°C (b).



SRR G FET nle ST dedges] 94 44 229

Auylepactin Cr

?.47

.94

[ X3

4z.00 5.0

Fig. 7. Contour polt of amylopec.tin crystal input functions of storage period and melt moisture content at storage
temperature 4°C (2) and 25°C (h).
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Fig. 8. Contour polt of amylose-lipid complex input functions of storage period and melt moisture content at storage

temperature 4°C (a) and 25°C (b).
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