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Effect of the Ingredient Ratio of Sago Starch, Soybean Protein Isolate and
Soybean Oil on the Physical Properties and Sensory Attributes of Blanc mange
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Effects of various proportions of sugar, sago starch, soybean protein isolate, and soybean oil, which
were used as the raw materials for blanc mange and were used to determine 10 lattice points for
Scheffé’s simple lattice design, on the physicochemical, sensory and electron microscopic properties of
the gels formed by heating the raw materials were determined. The relationship between each
characteristic value of the textural properties or of the sensory evaluation and the ingredient ratio was
used to deduce a secondary equation from which estimated curves were drawn. The gels with a higher
ratio of starch showed higher values of firmness and springiness. In contrast, the gels with a higher
ratio of oil showed lower values for these two parameters. An increase in the ratio of protein in the
mixture increased the mold-shape retention and stickiness. Observation by electron microscopy
showed the gels with a higher ratio of starch to have a finer network structure. Blanc mange prepared
from 9% of starch, 3% of soybean protein isolate, and 4% of soybean oil was the most favored from
the results of the sensory evaluation.
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Table 1. Ingredient ratios of the blanc mange gels for Scheffé’s
simple lattice design

Sample  Lattice point level Ingredient ratio (g/100 ml of H,0)

number (X1, X2,X3) Starch SPI Soybean oil
® (1, 0, 0) 11.0 3.0 2.0
©) 0, 1, 0 5.0 9.0 2.0
©) 0, 0, 1) 5.0 3.0 8.0
@ (1/2, 172, 0) 8.0 6.0 2.0
® 0, 172, 1/2) 5.0 6.0 5.0
® (172, 0, 1/2) 8.0 3.0 5.0
@ (1/3, 1/3, 1/3) 7.0 5.0 4.0
(2/3, 1/6, 1/6) 9.0 4.0 3.0
® (1/6, 2/3, 1/6) 6.0 7.0 3.0
© (1/6, 1/6, 2/3) 6.0 4.0 6.0

The total amount was adjusted to 450 g with 378 ml of H,0. SPI: soybean
protein isolate.
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Fig. 2. Amylograms of mixtures with various ratios of
sago starch, soybean protein isolate, soybean
oil and sucrose

®to@are as shown in Fig. 1. ----- Blanc mange made
from sago starch (35 g), milk (500 ml) and sucrose (45
g).--—- Blanc mange made from corn starch (35 g), milk
(500 ml) and sucrose (45 g).
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Table 2. Measured parameter and secondary equation

Measured parameter

Secondary estimation equation

Gelatinization temperature

Yorn=73.0X,+74.3X +73.75X3+4+2.0X, X, +4.9X,X; +0.5X3X),

©: Yora=75.5X,+77.5X2+76.75X3+3.0X, X, +3.5X: X3 —1.5X3X, (6)
Maximur viscosity Yuvw=23090 X, +1210 X, +435 X3 —2040 X, X» —1030 X2 X3 —1290 X3X, (7
BU)* Yuva=23885 X, +1745X, +612.5X5 —2180 X, X, —1315 X2 X3 —1515 X3X), (8)
Temperature for the maxi- Yrmun=84 X;+95X, +95X3+22X,X, +0X,X3+8X3X, (9)
mum viscosity (C)* YTMA:85.5X1+95X2+95X3+11X1X2+0X2X3+3X3X1 (10)
Viscosity at 95C (B.U.)* Yuw=1675X, +1020 X, +380 X3 +1170 X, X, —1370 X2 X3 +1410 X3X, (11)

Yua=2705X, +1475 X, +492.5 X35 +660 X, X7 — 1875 X, X3 +665 X3X, (12)
Viscosity 10 minutes after Yvan=1050X, +1197.5X,+435X3+525X,X; —1005X2X3 +630X3X, (13)
holding at 95C (B.U.)* Yvar=1950X, +1745 X, +612.5X3+350 X, X —1315 X X35 +825 X3X, (14)
Firmness (kg)** Yen=6.164 X, +5.049 X, +0.542 X3 —0.21 X, X2 —5.654 X, X3 —1.856 X3X, (15)

Yra=7.951X,+6.421 X2 +0.972X3+3.932 X, X> —4.058 X2 X3 +0.746 X3X, (16)

Stickiness **

Yaon=3.487 X, +5.416 X, +0.675 X5 +0.678 X, X, —4.266 X2 X3 +2.728 X3X, (17

Yapa=6.176 X, +7.662 X, +1.74 X3 —5.656 X1 X, —2.76 X2 X3+1.296 X3X, (18

Springiness **

Yepa=0.945 X, +0.892 X, +0.623 X3 +0. 158 X1 X, +0.058 X X3 +0. 800 X3.X, (20

Mold-shape retenyion (%)

)
)
Yern=0.919 X, +0.878 X2 +0.537 X3 —0.342 X, X2 +0.198 X2 X5 +0.623 X3X,  (19)
)
)

YMN:9. 2X1 +13. 15X2 +2395X3 +l6.82X1X2+12.28X2X3 —2.78X3X1 (21

Yua=11.85X,+7.32X,+14.56 X3+6.98 X, X, +16.44 X5 X3+0.78 X3X) (22)

Syneresis amount (g)

Ysn=0.710X, +0.805X, +1.613X3+0.542 X, X, +0.466 X2 X3 —0.833 X3X, (23)

Ysa=0.547 X, +0.611 X, +1.260X3—0.075 X, X, +0.105 X2 X3 —0. 864 X3X, (24)

Yorn, Yuvn, Yrun, Yon, Yvan, Yen, Yaon, Ysen, Yun, Yon: property values without sucrose. Yora, Yuva, Yrma, Yva, Yvaa, Yra,
Yapa, Yspa, Yua, Ysa: property values with sucrose. *Calculated from the values obtained by an amylogram.

** Calculated from the values obtained by a rheometer.
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Fig. 3. [Estimated curves for the viscosity of mixtures prepared from starch, soybean protein

isolate, soybean oil and sucrose

A: gelatinization temperature (C), B: maximum viscosity (B.U.), C: temperature for the maximum
viscosity (*C), D: viscosity at 95C (B.U.), E: viscosity 10 min after holding at 95T (B.U.).
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Fig. 4. Estimated curves for the physical properties of the gels prepared from mixtures
of sago starch, soybean protein isolate, soybean oil and sucrose

A: firmness (kg), B: stickiness, C: springiness, D: mold-shape retention (%), E: syneresis amount (g).
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Fig. 5. Scanning electron micrographs of gels
prepared from various mixtures of sago
starch, soybean protein isolate, soybean oil
and sucrose

A: higher level of starch (@), B: higher level of soybean

protein isolate (@), C: higher level of soybean oil (3®).
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Fig. 6. Estimated curves for the relative strength of the gels evaluated by the sensory test

A: color, B: luster, C: smell, D: firmness, E: springiness, F: stickiness.
D 0.805

@\o.\ns

AN
-0.201@ ! 212
@N

N

-0.560.__

‘® 05
1283~ g8 0.479 0.878
O—— ® @

o
~@ 03197 ' 56
® 0.149 0 T
7 s ———.1.508 -0.100- 0.296°— 1107 ———-1.733 /- CIN=00e— g e
@i ——0 G © G——=——us=@ @ 0.3 —@.0713—0 @

Fig. 7. Estimated curves for the palatability of the gels evaluated by the sensory test

A: color, B: luster, C: smell, D: firmness, E: springiness, F: stickiness, G: smoothness.
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Fig. 8. Estimated curves and secondary formula for
the overall evaluation of the palatability of the
gels evaluated by the sensory test
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Table 3. Correlation coefficients between the evaluation of relative strengths and

textural properties

Textural Relative strengths

properties Luster Color Smell Firmness Springiness  Stickiness
Firmness 0.753 0.264 —0.012 0.978*" 0.954** 0.126
Adhesiveness 0.445 0.498 0.447 0.844** 0.812** 0.601
Cohesiveness 0.604 0.529 0.385  0.853** 0.808** 0.572
Springiness 0.557 0.006 —0.085 0.906** 0.926** 0.198

n=9. ** Significant at the 1% level.
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Table 4. Correlation coefficients between the evaluation of palatability and textural properties

Palatability
Textural
. . . . Overall
properties Luster Color Smell  Firmness Springiness  Stickiness  Smoothness .
evaluation
Firmness 0.825** —0.070 0.375 0.743* 0.842** 0.504 —0.003 0.634
Adhesiveness 0.671* —0.363 0.245 0.677* 0.688"* 0. 357 —0.130 0.511
Cohesiveness 0.697* —0.401 0.185 0.565 0.618 0.239 —0.304 0. 387
Springiness 0.847** 0.192 0.636 0.963** 0.967** 0.803 0. 363 0.894**

n=9. * Significant at the 5% level. ** Significant at the 1% level.

Table 5. Correlation coefficients between the evaluation of relative strength and palatability

Relative strengths

Palatability

Luster Color Smell Firmness Springiness  Stickiness
Luster 0.887** —0.153 —0.292 0.883** 0.930** 0.008
Color 0.207 —0.969** —0.915** —0.035 0.080 —0.682*
Smell 0.628 —0.626 —0.657 0.466 0.555 —0.274
Firmness 0.621 —0.230 —0. 307 0.832** 0.880** 0.015
Springiness 0. 665 —0.154 —0.298 0.895** 0.927** —0.013
Stickiness 0.522 —0.570 —0.606 0.596 0.683"* —0.260
Smoothness 0.205 —-0.901** -—0.792* 0.082 0.200 —0.518
Overall evaluation 0.541 —0.430 —0.480 0.714* 0.786" —0.113

n=9. * Significant at the 5% level. ** Significant at the 1% level.
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