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The chemical and rheological properties of deproteinated porphyrans from laver Porphyra yezoensis were
investigated to obtain basic data for the production of food materials with biological functionality.
Deproteinated porphyran was prepared by acid extraction (pH 4.0, 80°C, 4 hr) and successive hydrolysis
with 0.5% Alcalase and 0.5% Flavourzyme. The porphyran constituted 10.7% of the dry laver and consisted
of 0.6% protein, 14.8% ester sulfate, 3.2% 6-O-methyl galactose, 16.0% 3,6-anhydro-L-galactose, and 67.3%
galactose. The effects of concentration and temperature on the apparent viscosity were examined by applying
the power law and Arrhenius equations. The porphyran solution showed the typical behavior of a pseudoplastic
liquid and the flow behavior index decreased with increasing concentration. The actlvatlon energy of the
deproteinated porphyran solution at a 1,000 L/s shear rate also increased from 1. 4954x10* to 1.9544x10*

J/kg mol with the concentration.
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Fig. 1. Flowchart for the preparation of deproteinated porphyrans from laver Porphyra yezoensis.

Table 1. Yield and proximate composition of laver porphyrans' (%)
Sample® Yield Protein Moisture Ash Carbohydrate®

Laver ) 100.0 41.1+05 11.0+£0.5 20.9+0.3 27.0+01

| 14.7 106103 9.0+£0.2 12.5+01 67.9+0.1

1-1 13.8 35101 9.2+0.3 10.3+ 01 77.0+£0.2

-2 12.7 1.3+£0.2 9.0£0.9 11.0+04 78.7+04

Il 12.5 24101 9.3+0.6 104+0.2 77.9+0.2

11-1 11.3 08+0.2 93+1.0 9.5+0.1 80405

11-2 10.7 06+0.2 8.8+09 9.51£0.1 81.1+05

"Mean + SD; *Refer to Fig. 1; *100-(protein-+ash+moisture).



Table 2. Sulfate and sugar compositions of porphyrans' (%)
i Sugar compostion
Sample’ Total sugar Sulfate Uro_mc ) "
acid 3,6-AG’ 6-Me-Gal Ram Gal Glu

| 72415 12.3+0.3 10.2+0.7 99+1.2 21+0.2 - 40.1+3.3 64+13
I-1 75.5+2.0 13.7+04 116+1.6 122+11 2307 - 432+4.2 45+23
-2 77215 148x0.9 12.3+0.7 122204 13201 1.6+0.1 46.9+5.0 38+19

1l 774114 13.8+1.1 11.3+1.2 11.5+1.7 2.7+05 16+0.2 53.6+3.2 2506
11-1 79.3+0.9 147+0.4 12417 15.2+17 14+£0.2 Co- 56.6 +3.8 -
11-2 85.8+1.5 14.8+0.2 149+26 16.0+£1.2 3.24+0.1 - 67.3+1.2 -

'Mean + SD; “Refer to Fig. 1; *3,6-Anhydro-a-l-galactose; *6-Methyl-O-galactose.
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Fig. 2. Apparent viscosity-shear rate curves of deproteinated porphyran solutions at 25C.
L I-1, I-2, 11, TI-1, I1-2: refer to Fig. 1; ¥, 7% porphyran solution; ©, 5% porphyran solution; @, 3% porphyran solution.
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Fig. 3. Shear stress-shear rate curves of deproteinated porphyran solutions at 25°C.
I, I-1, 1-2, 11, II-1, II-2: Refer to Fig. 1; v, 7% porphyran solution; ©, 5% porphyran solution; @, 3% porphyran solution.
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Table 3. Power law constants for deproteinated porphyran solutions at different concentrations and temperatures

Power law model

Samples1 Concentration (% Temperature (°C
: ) P (<) n () k (Pa-S") ¢
25 0.7778 0.2910 1.0000
3 35 0.8173 0.1859 0.9999
45 0.8302 0.1438 0.9999
25 0.6218 46283 0.9999
| 5 35 0.6305 4.5797 0.9998
45 0.6416 3.7241 0.9998
25 0.5112 12.2323 0.9997
7 35 0.5803 7.6374 0.9999
45 0.5963 5.7116 0.9999
25 0.8152 0.3407 0.9999
3 35 0.8527 0.2120 1.0000
45 0.8677 0.1595 1.0000
25 0.6228 5.1911 0.9998
I-1 5 35 0.6643 3.4056 0.9998
45 0.6878 2.4858 0.9999
25 0.5592 13.7382 0.9994
7 35 0.6137 7.6849 0.9997
45 0.6449 6.0569 0.9998
25 0.6788 1.2467 0.9998
3 35 0.6978 0.9348 0.9998
45 0.7507 0.5579 1.0000
25 0.6648 5.4758 0.9998
-2 5 35 0.7059 3.6755 0.9998
45 0.7175 2.8856 0.9998
25 0.5438 25.2479 0.9995
7 35 0.6104 14.4824 0.9997
45 0.6267 11.2304 0.9997
25 0.8807 0.1246 1.0000
3 35 0.8841 0.1041 1.0000
45 0.9003 0.0729 1.0000
25 0.8742 0.4336 1.0000
] 5 35 0.9309 0.2549 1.0000
45 0.9460 0.1968 1.0000
25 0.7281 2.8547 0.9999
7 35 0.7405 2.7980 0.9999
45 0.7449 1.9247 0.9998
25 0.9208 0.0978 1.0000
3 35 0.9413 0.0636 1.0000
45 0.9564 0.0451 1.0000
25 0.8582 0.5508 0.9999
-1 5 35 0.8818 0.3430 1.0000
45 0.8947 0.3217 1.0000
25 0.7571 3.5206 0.9997
7 35 0.7668 2.6406 0.9997
45 0.8130 1.5603 0.9998
25 0.9374 0.1073 1.0000
3 35 0.9566 0.0717 0.9999
45 1.0003 0.0412 1.0000
25 0.7639 1.6338 0.9997
-2 5 35 0.7873 1.0400 0.9998
45 0.8645 0.5423 0.9999
25 0.7478 3.1261 0.9997
7 35 0.7855 3.0155 0.9998
45 0.7912 2.3294 0.9998

"Refer to Fig. 1; *Coefficient of determination.
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Fig. 4. The effect of temperature on the viscosity of depro-
teinated porphyran solutions at 1,000 L/s.

A\, 1% porphyran solution; v, 3% porphyran solution; ©,
5% porphyran solution; @, 7% porphyran solution.

Table 4. Activation energies, infinity apparent viscosities, and
coefficients of determination for deproteinated porphyran
solutions (I1-2) at 1,000 L/s

Concentra- Tempera- 1/ Ea® (x10* A® (x107 4
tion (%) ture (°C) (Pa-s) Jikg-mol) Pa-s)

15 0.0110
25 0.0088

1 35 0.0073 1.4954 0.02104 0.9939
45 0.0058
60 0.0048
15 0.0800
25 0.0622

3 35 0.0515 1.5616 0.1158 0.9959
45 0.0421
60 0.0330
15 0.1980
25 0.1530

5 35 0.1210 1.6375 0.2072 0.9891
45 0.0963
60 0.0800
15 - 0.5900
25 0.4970

7 35 0.3960 1.9544 0.1799 0.9819
45 0.2990
60 0.1980

'Apparent viscosities; 2Activation energies; *Infinity apparent
viscosities; “Coefficient of determination.
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