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Abstract

One challenge in the food extrusion industry is control of the release of certain extrudate components
in the mouth when the extrudate products are consumed. The aim of this study was to develop a model
system to study the diffusivity coefficient(DC) of NaCl high-amylose comstarch extruded pellets(EP)
under various process conditions. A twin-screw extruder was used to prepare EP containing NaCl. Extru-
sion process variables were die temperature(80, 100 and 120°C) and moisture content(28%). Post extru-
sion process variables were aging temperature(2, 20, 40°C) for 1 day, and final drying method(oven
drying at 70°C and freeze drying). The DC for NaCl leaching out of an extrudate was measured from
a mass transfer model developed from Crank’s diffusion law. Moisture content and die temperature
affected significantly both the DC of NaCl and the water solubility of EP. Post-extrusion process vari-
ables significantly affected the DC and the water solubility of EP. The DC of NaCl from high-amylose
cornstarch EP was low. It appears that the DC of NaCl from EP can be controlled by manipulating both
the extrusion conditions and type of raw materials used.
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9 4& AoE 4T v PHES B4 5Yd
(molecular inclusion), &% (absorption) 27 3}2}
7t Aol )3 wWHo] Ark(Lemarerts et al.,
1998).

HESAZ g o] 8HI e et vEE
2AEE FHAQ] AEE Bol ARREH HE
sheba], Asleh whgolu wae)] o) {A &
do] ¥go] 7H53tRE o] grkx|7} Ak e A
& oA 7 AF, 715F Az, 7Hold &

ol 9y o]fHT lon AERoN HE
W&, 33}, As), k3l e WSAIAH AE 2

v 71349 3 FEY A o] S8 A
o] =% ITHHEE, 1997).
HZ FIASH vTro] AAFQ HElHFoR
vepdel wet dasky A EF A8 A9 g
o] AL B AUth dAsHd HE] A=A A
AHEE 7tadd EYE Yo YRS e
ARFEA 25 Feje] W&S e F de WY
o2 4EAHEE E 7 e, 4EXY TS
o] Aojet opd R XA o] 2 ofdE A R
& o] &8t 434 FE(resistant starch)S A
g A77F st How, wopdas HES H
2A 5 FEIFUR)FT F vl L5(100°C)
AM YSAFAoZA 71E WHHETE E33
22 ¢ Ay AES ANE F AAHEAEH
olH %, 1998a). ©|2|g FAs] AEL Tho|oE
& A G AEAZA HoldFet FAE 2
AREE A ol8)of & (insulin) &TFHF Ui, 8
st a3 5 AEBA7IF] B FHATHEA
83 ©]33%, 1998b; Ranhotra et al., 1997).
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YE2AY MEYX A AHEE 95 ZolE
22 E(HYLON®VIIL, National Starch and Chemical
Co., USAYE o|&3l9r} ofd2X e dF 72
%, THEIFE F 13%, pH(20% BEY )= 4.3°|H
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2FF7t Eg: A8 Axe 45 WY
&A1 7/ (MPI9TC APV Co., UK)E ARR-slE o
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ZAVE(L/D ratioye 25:1, A& AL 22 mm
om A3F WiES Fig 13 72t 4E24E A
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2 2ENL, 237 3AEEE 200rpm, YE A}
Y& 28 g/minC 2 A3



*EEY T

i)

ez e o

..’

1

‘.

]

"4;f

7t ZopRA S45HE AR vERE e

3 HH R R ing
R ezl 2l )

224l vjA= Ju 113

il
ml”lll

1. 19mm lead feedscrew L=1.0D
3. 19mm feedscrew L=1.0D

5. 28.5mm feedscrew L=1.5D
Fig. 1. Screw configuration of model(MP19TC).
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NaCl(%) = V xF x0.00585 ><D><(1

S)x 100 (1)

V : volume of 0.IN-AgNO,(mL)

F : titrant of 0.IN-AgNO, solution

D : dilution multiplication factor

S : mass of sample

0.00585 : salt content equilibrium with 0.IN-
AgNO, solution 1mL
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LA

HEAHFMEY 2 AR Yo £F9 FiAS
(D, diffusivity= Crank®] 3 H92](Crank, 1975)
A AT ABWFAA R gmize] 24 g
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M, : amount of released NaCl in surrounding
water at time

M, : amount of released NaCl in surrounding
water at infinite time

o. : volume ratio(=v/mr’L)

q, @ 2.4048 .

D : diffusivity(cm?/min)

K : partition coefficient

SHEM

AFH7L LopdR AR wE- S AR 4F
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9 (ElliowyS ©]-&3ted 24zt A YuiX|EAHEA (oneway
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Fig. 2. Effect of barrel temperature and aging temperature on released NaCl content. (A) Aging at 2°C; (B) Aging at

20°C; (C) Aging at 40°C

*Barrel temperature at 80°C( @, O ), 100°C(¥, V) and 120°C(], W)
**Drying method; 70°C air forced drying(70D) and freeze drying(FD).
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Fig. 3. Regression between released time and NaCl concentration of drying at 70°C.

(A) Aging at 2°C; (B) Aging at 20°C; (C) Aging at 40°C.
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Fig. 4. Regression between released time and NaCl concentration of freeze drying.

(D) Aging at 2°C; (E) Aging at 20°C; (F) Aging at 40°C

2E 100CoN FRZALE 40°C8 SHAARAE
7F 7V &2 750.08960 min')yS Eow FEZE
ez 20008 FAAZANEY W 7 W 3k
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BFZELE 40°C, T4AXMNEY o) 7 =& 3
(008180 minye RAYYL FEZAHLE 20°C, 474
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70°CEZAZRS THARARSY £E4T45E
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ZALE A°PCA BN 7P =& 34(0.08650 min™)
I} HRLE 120°C, FEZHLE 40°CAEANA] 7}
7 w& 2H0.03570 min'yS VERAITH FAARA]

BolAE vlER 100°C, FEZELE 40cY o)
71 &8 71008960 min')yS Hgon Hldex
120°C, FEFE2E 2°cd o] 71 w-& 34(0.03450
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3o 7H0.03450 min'yS LERARATH

BEAEA 2z ulden 100CA AFHE 2
ol ~AE ABAYE WEYX AR £324
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15, 80CY w) 0.06200 min’', 120°CY )
0.05300 min'e 22 JERRY, FEXEIT 2°C
oAM= &EET ST HFa3k 006238 min'S LE}
W, 40°CY ™ 0.06043 min”, 20°CY ™ 0.05885
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o 0.57600 min'-& YERAATH

o Bl

AFH7 2P E vEYS A A8 A7)
of W AFEEHOTREH SEETNFKE A
¥k Crank?] 2(4)el] tgshd Alxket Age) &
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Table 1904 AF37 FoldEAHE SIS
EYA AlgE FEZILLT 20°C, Bl &=7}
1200cd W 7MY B AFEAAISR(568.758 x 10°
cm’min)s YEPICH, FRXELE 2°C, viE
2= 80CoM FHAAZE AEe 7 ¥ &F
A 97(97.531 X 10%cm¥min)E YERAZIC vial
2xo WE gL W 120Cd W 52 &AF
AAIFE YEREH, 100°C, 80°CELE WOl 7
e Bk Azl wekA 70C EFAZRY
A% SAAZR v& 2 FAHASE YeRRA
ol FEZE T AREAS AAAs) A
ARG FAAZRAA AN R BHO|
o] At A2 AAHUT. £ 2 AFoA
FRZEALEE AFEM T 9L vXH &
= Aoz YeElth(Table 2).

Table 1. Effect of extrusion conditions on diffusivity of
NaC

Barrel temp Aging temp Drying temp Diffusivity

°C) °C) (W) (cm?/min)

80 2 70 149.442 x 10°®
100 2 70 161.068 x 10°®
120 2 70 488.540 x 10°®
80 20 70 116.632x 10°®
100 20 70 150416 x 10°®
120 20 70 568.758 x 10°®
80 40 70 148.319 x 10
100 40 70 167.247 x 10°
120 40 70 234.736 x 10°®
80 2 FD* 142.476 x 10°®
100 2 FD 127.872 x 10°®
120 2 FD 226.846 x 10°
80 20 FD 97.531 x 10°
100 20 FD 114.836 x 10°
120 20 FD 314.296 x 10°
80 40 FD 183.815x 10°
100 40 FD 190.896 x 10
120 40 FD 298.516x 10°

*Freeze drying

Table 2. ANOVA test for extrusion conditions on
diffusivity of NaCl

Sum of square Pr>f
X, 8.814E-08 0.0070
X, 8.053E-10 0.8267
X, 1.317E-08 0.1450
X, XX, 8.678E-09 0.2382
X, XX, 1.025E-08 0.1940
XXX, 1.068E-08 0.1852

X, : barrel temperature
X, : aging temperature
X, : drying method(70°C drying, freeze drying)

olg #& EAY L 80°cst FAAERE WE
gzol 83177 A A= ol we}t AFEE
o] A= Aoz AGHD, uldL o Fl
e it £ro Frke vl 2xrt Frhgel
g HAESsIEe] F7ist 4 dxrt 7HAEe 7]
Fo] FdsA BEHI R F5E&Er welx)
o2 7 2oRle AR dddd.
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EAHEA Aot} £F37) ZolURAHE US4
g mEYy2 &AFFMHAFO) ¢S S B
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152.000 x 10° cm¥min, 80°CY ®} 139.670 x 10°
em’ming JERITE Azug o) oiel 70°C A%
AlRE 242.780% 10° cm¥/minE FZAARAEE
188.670 x 10° cm¥ming YEIRIC). $EZELE
o wetr #eoldgl Aolg YeRIA] FUAT 20°C
FEZHLE AFEE 227.17 % 10° cm¥min, 2°C A
B¥E 216.000x 10° cm¥min, 40°CA|EE 204.000
x 10° cm*min® 2 UeRIY, AEHo 2 AgH
7 Aol AR MEYE AR ¢rEAY 34
Hps vl 2w} Axwgo] AFFHA T &

gHoz JFe vt
2 o
F2HY TR Y2NY F TS =

Hol) W& yopRa AR mEYH o FYHAR
£ Nedele A8 98k vl %80, 100, 120
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