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Abstract

In order to investigate the effects of carbon dioxide assisted low temperature extrusion on the extrudate
characteristics and to develop highly porous extrudate, extrusion was carried out using pre-gelatinized
rice flour with different carbon dioxide injection pressure. Screw configuration using short pitch and
reverse screw elements improved mixing, allowed extrudate expansion, and prevented back-flow of
injected gas towards the feed port. Carbon dioxide injection pressure greater than 0.5 MPa produced
highly dense extrudate, with irregular pore size and structure collapse after exiting the die. Depending
on the CO, injection pressure, expansion ratio was ranged between 7.39 and 11.02, but that value at 0.6
MPa decreased to 8.50. Bulk density was decreased from 0.95 g/cm’® at 0.1 MPa to 0.39 g/cm® at 0.5
MPa. WSI was increased markedly from 5.12 to 12.73% according to increase of CO, injection pres-
sure. The SME varied between 40.69 and 43.07 kl/kg as an increasing CO, injection pressure. The aver-
age cell size of various extrudates ranged between 28.74 and 65.58 um. Cell density decreased from
6.40x10’ cells/cm’ at 0.2 MPa to 1.05x10" cells’cm’ at 0.6 MPa. Cell area ratios were increased from
40.13% to 81.16% as CQ, injection pressure increased to 0.5 MPa, but it was decreased 67.40 at 0.6
MPa. The cells size at 0.1 MPa distributed to 10-30 um size about 80%. As increasing CO, injection
pressure cell number of 10-30 um size decreased but large cell number increased. Cells size of 10-
30 um in 0.5 MPa occupied about 36%.
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Fig. 1. The screw configuration used in this study.

: Forward(60 )

- Sr-Les Fo e

T
16D 20D 250

. Reverse(30 9




A2 Yol 3} WIT 3lEe| EeAAS J)erxel viXle 9% 147

2 65°C2 ZH¥ impingememt EOA 4-54]
2P ARNZ vy A4 2447 WA S |
B oF 1%2 AU

Wag, 854 120 335

WAEL HWEEY WA GEAFY] AT
o] gz R ALtslc) e ARE W
Yol Az 4% ¥ HAgks I 7]
FE X¥ete Py gk A B E Yeple
SHUEE Park er gl (1993)9] Wl Tl =
A3tk Alge AAMEdd] oI FFe E3E
Uehlle F3E5 a9 43 7ol Aileido.
TS 5% A9 U= Pycnometer (Ultrapycno-
meter 1000, Quantachrome Co. FLYE AMg-3le) &
At

Porosity=1-p,/p,

Aq71A pe BAE MBS YE(gem’)o)T p
Pycnometer2 ZAE 4EE B2 AYE(gem’)
ojc}.

X014 &

vAFE FEE Y3l AEES Hold
2902 34mm ZIE AE F @LES o835
GF0)F swbsel -&2F2 TS scanning ¢ Al
EXUT sbs AlololA HAE & e Ak W
AL A7) it A5e FUE H@LER I
39t AlEE 20nm FA9) Fo® Y oS
5kve] 7HEEYE o83t HAEYZH(LEO 982
SEM)e 2 #aslct MzRAE HAAEuFAR
o] 3 FE-$(578X433 um)ell A FEE 150-4007 7]
e B AL oA EA ZZTE(Scion
imagey& AME-sle] BAsgon, AXAAY 7F
o] AA|eh= WAL H|ZE 7|F WHHE ALEIA
3, 7% BEE 7 7)EE FEeE /S A
oA zt Agel §HUTe} 71Fe] HEIAL o]
£3led Shimbo er al (1995)2] HPyd] wat oh
3} zro) AAtslTt.

N=((p/p,)-1}/{7D’/6}

3714 N& A" AR om'G 7139 F, p,
t B3Ae UE(gem’), pe BFR AR §3

DX (glem’) 2283 D HF 7159 % (cm)olth

TERI =X, TEgaXT 212 714N o
LK} Amak

FE-&3) =] (water solubility index; WSD$}
E&&A (water  absorption  index; WADE
Anderson et al. (1969)2] HhHd| we} &34 3|}
2 Y3EL B3 E 250um AME 533 Al
£ 1g& 20ml FFFo BAAIIL 30°CHA 30
7+ A" 3 3 3000gE 1087 948 3§
Atk FE5ds sl AR T FARE WSI
E 182 FAEL WAIY AA ALMg3gen
g3 7ol AdstAT.

- WAL =weight of sediment/weight of

dry solids
WSI (%) =(weight of dissolved in supernatant/
weight of dry solid)><100
£33 A F IR AR Z(specific mechanical
energy; SME)Y2 Ferdinand et al. (1990)2] ol
ue} ohe Aol meEk AT

SME=(toquor X screw speed)/throughput rate

SAEA

RN 2 ARBA £4E 93k SAS A
ZR2IYSAS Institute, NC)& Argslgien
Duncan's THHAHLE LR 5E A
et

Rk Nty

HeeEeEse 8y

Yy slEe] WAL, $AUE, FIE, FEES
A, PELIEXF 222 7|AH A ARG
of gt o]iksleta FYe] &3 Table 134 ).
olAtsterAie] F9 glo] BAHA P2 AEES]
SHYEE 1.58 glem’ YA oA EAE FY
S A YEEY WAL JFFEe olliEE
2 F%He] 0.5MPa 7HA 2713w F7)s)
Atk = PALL 0.1 MPaolA 7.39 o)A Aol
F33 8 05SMPaE Z7M o ot 11.027HA]
Z74eIdh =3 ZFEE 0.1 MPadlA 037 ofd
Zo] 0.5MPacl M= 0742 F7Hsldth. z23u



148 ARIAEFE

A 6dA A 235 (20024 5%)

Table 1. Characteristics of extrudates puffed with different carbon dioxide injection pressure

P ER BD P WAI WSI SME
0.1 7.39 0.95 0.37 4.95 5.12 40.69
02 891 0.60 0.60 441 8.28 41.34
03 9.17 048 0.67 452 8.46 41.56
0.4 10.74 0.43 0.71 4.55 10.51 42.21
0.5 11.02 0.39 0.74 457 10.39 42.64
0.6 8.50 0.62 0.60 427 12.73 43.07

IP: CO, injection pressure (MPa), ER: expansion ratio, BD: bulk density(g/cm’), P: porosity, WAI : water absorption index, WSI:
water solubility index (%), SME: specific mechanical energy (kJ/kg).

Table 2. Cell characteristics of extrudates puffed with different carbon dioxide injection pressure

CO, pressure Average cell size Cell area ratio Cell density
(MPa) {(um) (%) (X 10’ cells/em®)

0.1 28.74 40.13 537

0.2 36.80 60.71 6.60

0.3 41.87 63.95 5.96

04 50.00 69.18 4.05

0.5 60.39 81.16 2.67

0.6 65.58 67.40 1.05
Table 3. Analysis of variance of dependent variables
Variables Df Sums of squares Means squares F-value R-square
Expansion ratio 5 33.50 6.70 176.24%** 0.9866
Bulk density 5 0.62 0.12 4354.00%** 0.9995
-Porosity 5 0.26 0.05 1170.89%** 0.9980
WAI 5 0.78 0.16 63.57%** 0.9636
WsI 5 100.94 20.19 1824, 14 0.9987
SME 5 11.74 2.35 14.29%k* 0.8562
Average cell size 5 2991.72 598.34 318.73%*%* 0.9925
Cell area ratio 5 2761.72 552.34 217 87+ 0.9891
Cell density 5 6.47%10" 1.29x 10" 42,65%+ 0.9467

*x%: p<0.001, WAL : water absorption index, WSI: water solubility index (%), SME: specific mechanical energy (kl/kg).
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Fig. 2. Cell size distribution puffed with different carbon dioxide injection pressure.

G H

Fig. 3. Scanning electron micrographs with dtl’ferent carbon dioxide injection pressure. (A: 0.1 MPa, B: 0.2 MPa, C:
0.3 MPa, D: 0.4 MPa, E: 0.5 MPa, F: 0.6 MPa, G, H: near the edge and non-porous external skin).
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Table 4. Correlation coefficients among the extrudate characteristics

Variables ER BD P WAI WS1 SME ACS CAR CD
ER 1.00  —0.02%%* 0.92%** -0.27 0.53* 0.52%* —0.52* 0.87*%* -0.22
BD 1.00 —~0.99%** 0.56*  —0.66** —0.58* 0.66** —0.93%** 0.15
P 1.00 0.58%* 0.68** 0.60%** —~0,68** 0.94#%* —0.18
WAI 1.00 0.82%**  —0.66** 0.81°%%* ~0.62%* 0.32
WSI 1.00 0.90%**  —(,97*%* 0.79%** —0. 7] %%
SME 1.00 ~0.90%** 0.76%** —0.78%**
ACS 1.00 ~0.82%** 0.73%%*
CAR 1.00 ~0.44
Ch 1.00

ER: expansion ratio, BD: bulk density (g/cma), P : bulk porosity, WAI : water absorption index, WSI: water solubility index (%),
SME: specific mechanical energy (kJ/kg), ACS: average cell size (um), CAR: cell area ratio (%), CD: cell density (cellsicm’).

%% p<0.001, **: p<0.01, *: p<0.05.
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