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Abstract

K-carrageenan/starch mix was extruded and used to form mixed gels. The mixed gels were analyzed in
textural properties. In gel time measurements, solution of not-extruded mix was hardly converted to a
gel during cooling, whereas extruded mix solution undergo gelation in 3 min. Starch addition tended to
retard the gelation, but extrusion treatment enhanced the gelation of mix solution. In compression tests,
fracture strain decreased with starch addition, but increased with extrusion pretreatment. Fracture stress,
toughness and Young’s modulus showed the same tendency as influenced by starch addition and extru-
sion pretreatment. In dynamic modulus measurements, gelation temperature and corresponding storage
modulus went down with starch addition, but went up with extrusion treatment. Consequently, the extru-
sion treatment on x-carrageenan/starch mix improved gelation, fracture tolerance and strength, and there-
fore could facilitate starch addition in spite of its negative effect on the mixed gel properties.
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Fig. 1. Plot of gel time vs. extrusion condition of moisture
content with different ratios of k-carrageenan/starch.
@, 2 : 0 x-carrageenan/starch; Il , 2 : 1 k-carrageenan/starch;
A | 2 : 2 x-carrageenan/starch.
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Fig. 2. Typical curve of true stress vs. Hencky’s strain in
compression test of mixed gel. o, fracture stress at the
peak; g, fracture strain; toughness, area under curve of
stress from 0 to ¢,
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Fig. 3. Example of poorly geled samples of not-extruded
mix solution with precipitation rather than gelation.
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Fig. 4. Comparison in gelation degree between solution of
extruded (A) and not-extruded (B) mix of x-carrageenan/
starch in gel time measurements.
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Fig. 5. Plot of fracture strain vs. extrusion condition of
moisture content with different ratios of k-carrageenan/
starch.

@ . 2 : 0 x-carrageenarystarch; M , 2 : 1 x-carrageenan/starch;
A | 2 : 2 k-carrageenan/starch.
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Fig. 6. Plot of fracture stress vs. extrusion condition of
moisture content with different ratio of x-carrageenan/
starch.

®.2:0 k-carrageenan/starch; Bl , 2 : 1 x-carrageenan/
starch; & , 2 : 2 k-carrageenan/starch.
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Fig. 7. Plot of Young’s modulus vs. extrusion condition of
moisture content with different ratios of x-carrageenan/
starch.

@ , 2 : 0 k-carrageenan/starch; B , 2 - | k-carrageenan/starch;
A | 2 : 2 x-carrageenan/starch.
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Fig. 8. Temperature course of storage modulus during
cooling of k-carrageenan/starch of 2:2 ratio in dynamic
measurement.
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Fig. 9. Temperature course of loss modulus during
cooling of x-carrageenan/starch of 2:2 ratio in dynamic
measurement.
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Fig. 10. Temperature course of tan 3 during cooling of k-
carrageenan/starch of 2:2 ratio in dynamic measurement.
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Fig. 11. Plot of storage modulus vs. extrusion condition
of moisture content with different ratios of k-carrageenan/
starch.

@ , k-carrageenan without extrusion; 4 , 2 : 0 k-carrageenan/
starch; M , 2 : 1 k-carrageenan/starch; A , 2 : 2 k-carrageenan/
starch.
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Fig. 12. Plot of loss modulus vs. extrusion condition of
moisture content with different ratios of x-carrageenan/
starch.

@ , «-carrageenan without extrusion; 4, 2 : 0 k-carrageenan/
starch; Il , 2 : 1 k-carrageenan/starch; A , 2 : 2 x-carrageenan/
starch.
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Fig. 13. Plot of tan § vs. extrusion condition of moisture
content with different ratios of k-carrageenan/starch.

@ , «-carrageenan without extrusion; 4 , 2 : 0 x-carrageenan/
starch; I, 2 : 1 x-carrageenan/starch; A , 2 : 2 k-carrageenan/
starch.
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Table 1. Rheological parameters of extruded mixed gels of k-carrageenan/starch at different moisture contents and not-

extruded single gels of k-carrageenan

Mixed Rheological Control Moisture content
ratio parameter (without starch) 18% 22% 24%
TA0) 672813 8 59.56£0.2 7054218 5747513
2.0 - G (Pa) 7.33E+05+8133 1.26E+06+1633 2.53E+06+1298 1.22E+06£5689
G”im(Pa) 2911.62+1103 2302.69+1015 1.89E+05+7468 2518.41+1019
Tan ;. 3.97E-03+£0.01 1.83E-0310.00 7.47E-02+0.06 2.06E-03£0.16
Tgel("C) 74.29+6.1 47.30+8.0 75.85£3.1 48.60+1.1
. G’ (Pa) 6.82E+06+9566 3.10E+05+£9975 7.81E+06£1082 4.16E+05+ 5504
2:1 G in(Pa) 3.36E+05+4391 4902.57£1975 3.38E+05+£2809 1991244778
Tan g ;. 4.93E-02+ 0.06 1.58E-0210.07 4.33E-0240.02 4.79E-0210.02
Toul°C) 57.33+4.7 56.99+1.1 73.58+8.9 48.321+6.4
) G’ (Pa) 7.14E+05+8744 5.68E+05+£6897 543E+05+6144 3.75E+05+£7210
2:2 G” in(Pa) 6458.81+3358 36590.31£6590 7.91E+05+5280 9025.26+4594
Tan 6, 9.05E-03+0.03 6.43E-02+0.00 1.46E-01£ 0.09 2.41E-02+0.01

‘mim

*Mean and standard deviation of 3 replications.
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