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Abstract

The optimum conditions for springiness of polymannurenate acorn mook, in which polymannuronate was added to
acorn powder, was investigated by the response-surface method(RSM). The fractional factorial design with three vari-
ables, i.e. polymannuronate addition, water addition and boiling time, and with three levels revealed that the range of
acorn springiness was 0.804~0.987. The governing equation was also partially differentiated for boiling time, showing that
the optimum manufacturing condition for 90T is addition of 2% polymannuronate, addition of 120 mL of water, and

60 minutes of boiling time.
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Table 1. Operating conditions of texture analyzer for
acorn Mooks

Operating conditions

Option TPA.
Force unit g

Distant format % Strain
Pre-test speed 3.0 mm/sec
Test speed 1.0 mm/sec
Post-test speed 3.0 mm/séc
Strain 45%
Trigger type Auto
Trigger force 5g
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Table 2. Textural properties of acorn Mook with amount of water addition

Sample Hardness(g) Springiness Cohesiveness Gumminess Chewiness
100 mL 1023.54+3.53*) 0.930.00° 0.57+0.01° 585.58+6.38° 542,52+ 5.99°
110 mL 978.01+8.22° 0.94+0.01° 0.59+0.00° 580.82+3.01° 54373+ 7.84°
120 mL 845.90+3.87° 0.98+0.02° 0.61+0.01° 511.56+7.35° 499.43+10.29%
140 mL 663.89:+4.59° 0.93+0.00° 0.59:£0.00 388.26+2.16° 362.49+ 2.16°
150 mL - - -~ -

D 2~ Means with different superscripts within a column indicate significant difference(p<0.05).
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Table 3. Textural properties of acorn Mook with various polymannuronate contents

Sample Hardness(g) Springiness Cohesiveness Gumminess Chewiness

P 0% 875.35+25.75"" 0.960.02 0.61:£0,02% 536.68+16.11% 514.97+16.75°
P 1% 800.76+14.28"¢ 0.950.01 0.62:£0.00% 494,76+ 9.71° 470,19+ 6.06°
P 2% 845.90+33.87" 0.98+0.02 0.61+0.01® 511.56+17.35% 499.43+10.29°
P 3% 781.46+11.92% 0.96+0.02 0.630.00° 488.30+ 5.70° 470.71+12.93°
P 4% 850.74+22.95™ 0.95+0.00 0.6120.00® 520.38+13.34% 495.37+14.95%
P 8% 758.61+25.51¢ 0.94+0.01 0.59+0.01° 449.01+15.88° 423.01£12.69°

1) a~d

Means with different superscripts within a column indicate significant difference(p<0.05).



106

1.1
by

& agd - 013

Table 4. Textural properties of acorn Mook with various heating time

Robrlob RAFRE

Sample  Heating time(min) Hardness(g) Springiness Cohesiveness Gumminess Chewiness
20 864.93+19.68" 0.93+0.01 0.60:0.00° 521.23+ 8.07° 484.49+11.74%
, 30 875.35+25.75" 0.96+0.02 0.61+0.02° 536.68+16.11* 514.97+16.75"
b0 40 809.94+31.27* 0.97+0.01 0.62+0.00° 498.01+18.58" 480.30+£11.87°
60 719.01+29.98° 0.96+0.02 0.63+0.00° 450.47+14.34° 431.99+ 8.28°
20 844.97+13.68° 0.97+0.02 0.59+0.00° 49471+ 937 477.59+£11.09°
b 4% 30 845.90+33.87° 0.98+0.02 0.61+0.01° 511.56+17.35° 499.43+10.29°
40 755.56£33.31° 0.94+0.01 0.59+0.01° 447.89+10.14° 421.64+ 378"
60 730.84+13.90 0.96+0.01 0.62:0.00" 452,00+ 7.82 432.78+ 778"
20 741.42+12.27% 0.94+0.03 0.57+0.02° 421.80+16.30 396.37+18.55°
b 8% 30 758.61+25.51° 0.94+0.01 0.59+0.01° 449.01+15.88° 423.01+12.69°
40 795.55+18.56° 0.96+0.01 0.610.00™ 487.49+ 8.90° 468.19+ 8.18"
60 698.06+26.75° 0.95+0.02 0.62+0.00" 430.69+15.83° 41146+ 7.84°

D < Means with different superscripts within a column indicate significant difference(p<0.05).

Table 5. The fractional factorial design for optimization
of reaction condition in polymannuronate acorn Mook

Treatment Coded Var. Process var.

No. Xi X, Xs Xy X, Xs
1 -1 -1 -1 100 1 20
2 -1 +1 +1 100 3 60
3 +1 -1 +1 140 1 60
4 +1 +1 -1 140 3 20
5 0 0 0 120 2 40
6 0 0 0 120 2 40
7 -1 -1 +1 100 1 60
8 -1 +1 -1 100 3 20
9 +1 -1 -1 140 1 20

10 +1 +1 +1 140 3 60

11 0 0 0 120 2 40

12 0 0 0 120 2 40

13 +1 0 0 140 2 40

14 -1 0 0 100 2 40

15 0 +1 0 120 3 40

16 0 -1 0 120 1 40

17 0 +1 120 2 60

18 0 0 -1 120 2 20

X, is addition content of water(mL),
polyman(%),

X is heating time(min).

X, is addition content of

Table 6. The fractional factorial block design used for
optimization of reaction condition in Mook with polyman-

nuronate
Treatment Coded variable
Springiness
No. X, X, X3
1 -1 -1 -1 0.945
2 -1 +1 +1 0.951
3 +1 -1 +1 0.950
4 +1 +1 -1 0.804
5 0 0 0.952
6 0.952
7 -1 -1 +1 0.943
8 -1 +1 -1 0.933
9 +1 -1 -1 0.902
10 +1 +1 +1 0.945
11 0 0 0.952
12 0 0 0.952
13 +1 0 0.944
14 -1 0 0.938
15 0 +1 0 0.935
16 0 -1 0 0.946
17 0 0 +1 0.987
18 0 0 -1 0.943

X, is amount of water addition(mL),

X3 is heating time(min).

X, is polyman content(%),
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Table 7. Values of regression coefficients calculated by
RSM program for spriniginess from Mook prepared with
polymannuronate

Injzzgfe Zm Coefficient Standard error Sig. level
Constant 0.242439 0.228208 03131
X 0.010709 0.003974 0.0225°
X, 0.233337 0.04249 0.0003™"
X -0.000043 0.000016 0.0262°
XX, —0.001666 0.000275 0.0001™
X —0.017661 0.006582 0.0230°
XoXs -0.002506 0.000556 0.0011™
XiX2Xs 0.000026 0.00000458 0.0002™

X is amount of water addition(mL),
X3 is heating time(min).
T p<0.05, " p<0.001.

X; is polyman content(%),

Water=100 mL
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Table 8. Analysis of variable for full regression of springi-
ness from acorn Mook prepared with polymannuronate

Source Sum of squares DF  Mean squares F-value
Model  0.0216836 7 000309766  23.0678"
Error 0.00134285 10 0.000134285
Total 0.0230264 17
R-squared = 0.941682,  p<0.001.
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Fig. 1. Response surfaces of elasticity at constant water addition of 100, 120, 140 mL, respectively.
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Fig. 2. Response surfaces of elasticity at constant heating time of 20, 40, 60 min, respectively.
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Fig. 3. Response surfaces of elasticity at polymannuronate content of 1%, 2%, 3%, respectively.
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