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Abstract

In extrusion of k-carrageenan/starch mix, system variables such as power, torque and specific mechan-
ical energy (SME) were on-line measured, where process variables were feed rate and main screw
speed. Quality variables of gels such as fracture properties (strain, stress and toughness) and Young’s
modulus of mixed gels were off-line measured. Response surface methodology was applied to optimize
the process, system and quality variables. In response surfaces of process and quality variables, quality
variables increased with main screw speeds, and lay on optimum or saddle points at mid level of feed
rates. System variables increased with main screw speeds, whereas SME decreased with increase in feed
rates but power and torque did not change. System and quality variables increased with main screw
speeds but only SME and quality variables changed with feed rates, resulting that SME is a prime factor
to influence the quality variables. The optimal level of quality variables were obtained at mid level of
SME, indicating that appropriate level of SME should be supplied to get the best quality of mixed gels.
Consequently, it was evident that extrusion could improve the quality variables of mixed gels.
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Fig. 1. Typical curve of true stress vs. Hencky’s strain in
compression test of mixed gel. o, fracture stress at the
peak; €, fracture strain; toughness, area under curve of
stress from 0 to ¢, .
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Fig. 2. Fracture strain vs. extrusion conditions — feed rate
and main screw speed.
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Fig. 3. Fracture stress vs. extrusion conditions - feed rate
and main screw speed.
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Fig. 4. Toughness vs. extrusion conditions - feed rate and
main screw speed.

Table 1. Regression equations and optimum conditions from RSM on quality variables of mixed gels vs. extrusion process

variables
Quality variables . _ s y . e
S e Regression equation R Optimum points
Fracture strain Y =-0.2956 + 0.0026X, +0.0028x, — 0.00001x >~ 0.00002x,x, - 0.00001x, 90 Max(232, 315)
Fracture stress Y =-597.526 + 42.8133X, — 23.1128x, — 0.11488x > + 0.02526x x, — 0.10679x, 95  Saddle(222,317)
Young’s modulus Y =-30826 + 291.16X, +132.8736x, — 0.8391x,” + 0.27983x,x, — 0.20063x,” 92  Saddle(219, 318)

Toughness

Y =8763.9264 + 51.1790X, — 109.5281x, — 0.1430x,* + 0.0411x,x, — 0.3066x,” 98

Saddie(206, 319)

“Y: quality variables of mixed gels, X, : feed rate (g/min), X, : main screw speed (rpm).

**R* coefficient of determination.
“*Max(X,, X,), Saddle(X,, X,).
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Fig. 5. Young’s modulus vs. extrusion conditions - feed
rate and main screw speed.
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Fig. 6. Power vs. extrusion conditions - feed rate and
main screw speed.

[, feed rate : 100 g/min; 4, feed rate : 200 g/min; W,
feed rate : 300 g/min.
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Fig. 7. Torque vs. extrusion conditions - feed rate and
main screw speed.

[, feed rate : 100 g/min; 4, feed rate : 200 g/min; W,
feed rate: 300 g/min.
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Fig. 8. SME vs. extrusion conditions - feed rate and main

screw speed.
[], feed rate : 100 g/min; E2, feed rate : 200 g/min; M , feed
rate : 300 g/min.
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