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Study on the Preparation of Wheat Starch Phosphate
with Low Degree of Substitution

Liu Zhongdong,! Yang Yan,! Gao Xinlou,? and Gao Li!
'Henan University of Technology, Zhengzhou South Songshan Road
140#, Henan 450052, P. R. China

2Zhengzhou Institute of Agriculture and Forestry Science, Zhengzhou
Zhengmi Road 46#, Henan 450005, P. R. China

In this article, we used the response surface analysis to optimize the response con-
dition of the starch phosphate. The sodium pyrophosphate was used as the catalyst
in esterification to prepare wheat starch phosphate, and we explored the influence
of pH, temperature, operation time, and the amount of phosphate vs. the viscosity
characteristic of the products. The best technological conditions were determined
by means of response surface design, and the perfect result was obtained after the
nature research of all the products. This research serves as reference to find out how
to raise the economic benefits of wheat further processing and how to handle its bulk
by-products, especially for industry, the most important wheat producing area.

Keywords Response surface; wheat starch; starch phosphate

INTRODUCTION

Starch is a kind of important biological polysaccharide, which is synthe-
sized in the cytoplasm of plant cells, supplying energy for the growth of
life.! Meanwhile, it is widely used in many areas, such as food, medicine,
paper manufacturing and textile industry, and so on.

Starch cannot be dissolved in cool water. Because of the physico-
chemical property limitation of original starch, it cannot meet the
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requirement of industry development. Therefore, it is the modified
starch which is usually applied in the industry.

The starch phosphate is one kind of modified starch products, which
is also a kind of anionic starch. Compared to the original ones, the
aleurone of starch phosphate is not liable to the degradation of bacte-
ria, having a higher viscosity, transparency and glueyness. During the
food processing, the starch phosphate is used as the emulsifier, thick-
ener or stabilizer. For its good stability of freezing-melting, the starch
phosphate is especially suitable to be applied in the frozen foods.? The
starch phosphate is used for the paper sizing in the paper manufac-
turing industry and in the textile industry, it is used for the fabric
sizing, dressing, printing and dying, both of which has a better result
than the original starch. In addition, the starch phosphate can be used
as adhesive, sedimentation agent, drug bulking agent and detergent
etc.?

After proper experimental design, Response Surface Methodology
(RSM) is applied to fit the function relationship between factors and
response value using multiple quadratic regression equations and to
find out the best technological parameter to solve the multivariate
problem by the analysis of the regression equations.* At the present
time, it is one of the effective methods to reduce cost and opti-
mize processing condition in the chemistry, food and biology industry
etc.5™

In order to improve the performance of wheat starch and to broaden
its application range, the response surface analysis is used in this article
to optimize the response condition of the starch phosphate.

MATERIALS AND METHODS
Materials

Wheat starch was obtained from Shangqiu Limited Liability Company
of Flour, China.

Methods

Preparation of Wheat Starch Phosphate

Sodium pyrophosphate was chosen as catalyst to prepare the wheat
starch phosphate. Sodium pyrophosphate and urea were dissolved in
water, added wheat starch, mixed intensively, regulated pH, stirred,
dried, ground and sieved, reacted at 150°C for 75 minutes.
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Response Surface Experiment Design

Through research, we found that pH, temperature, reaction time,
and the amount of phosphate are the key four factors in esterification.
Therefore, we adopted Central Composite Model and orthogonal exper-

imental design (four factors and three levels, 21 experiments in total).
The model is:

Y = b0 + b1lA + b2B + b3C + b4D + b11A2 + b22B2
+b32C? + b42D? + b12A*B + b13A*C + b14A*D
+b23B*C + b24B*D + b34C*D. (1)

We analyzed the response surface and optimized equation make sure
forecast response value which whether is most spherical surface or least
spherical surface or saddle surface. Then we analyzed and ensured how
to obtain better experiment result.

RESULTS AND DISCUSSION
Experiment Design and Experiment Results

According to basic research results, the amount of phosphate (A) we
used was 0.02 g—0.04 g, pH(B) 5.1-5.9, temperature (C) 140°C-160°C,
and time(D) 45 min—105 min in the experiment. Experiment design
and results are shown in Tables I and II. Variable analysis is shown in
Table III.

When P < 0.05, the items of A, B, A%, C2, AB, and AC are marked
in the model. By the analysis of the model, we can obtain the following
data:

R? =0.9040, AdjR? =0.9800, AdeqPrecision =6.058. (2)

Adeq Precision is the ratio of noise to signal, which is usually greater
than four. In our experiment, the value of Adeq Precision is 6.058,

TABLE I Experiment Design

(A) (B) (c) (D)
Factors Amount of phosphate/g pH/mL  Temperature/°C  Time/min

0.02 5.1 140 45
Levels 0.03 5.5 150 75

0.04 5.9 160 105
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TABLE II Experiment Design and Results of Four Factors

A(g) B C(°C) D (min) A%
1 0.04 5.5 150 75 3800
2 0.04 5.1 140 105 3000
3 0.03 5.5 160 75 2800
4 0.02 5.1 140 45 2000
5 0.02 5.9 140 105 2200
6 0.03 5.5 150 75 4030
7 0.03 5.9 150 75 3700
8 0.04 5.9 160 45 2890
9 0.03 5.5 150 75 4030
10 0.03 5.5 150 75 4030
11 0.02 5.9 160 105 3000
12 0.03 5.5 150 75 4030
13 0.02 5.5 150 75 3680
14 0.03 5.5 140 75 3700
15 0.03 5.1 150 75 3800
16 0.04 5.1 160 105 3000
17 0.03 5.5 150 105 3200
18 0.03 5.5 150 45 3700
19 0.02 5.1 160 45 2700
20 0.04 5.9 140 45 2800
21 0.03 5.5 150 75 4030

therefore, the model building can suitably reflect the experiment re-
sults. Coefficient (R?) is 0.9040, which indicates that the equation is in
conformity with the fact, providing better estimation.

The equation of regression was obtained by the analysis of software
Design expert 6.0.10:

V(viscosity) = 3938.47 + 60.00A — 50.00B + 69.00C — 250.00D
—122.20A% — 12.20B% — 612.20C? — 412.20D?
—351.25A*B — 176.25A*C — 73.75A*D + 23.75*C
—163.75B*D + 1.25C*D. (3)

Analysis of Influence Factors of Viscosity

The analysis of variance shows that each of the four factors makes a
contribution to the viscosity value, while the influence of phosphate
consumption and the pH value is significant. In this article, owing to
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TABLE III Variable Analysis Table

Sum of
Source Squares DF MS F Prob > F Significance
Model 7.200E + 006 14 5.143E + 005 4.04 0.0478
A 7200.00 1 7200.00 0.056 0.0200 *
B 5000.00 1 5000.00 0.039 0.0495 *
C 47610.00 1 47610.00 0.37 0.0635
D 1.250E + 005 1 1.250E + 005 0.98 0.0603
A2 38119.64 1 38119.64 0.30 0.0420 *
B2 32135.90 1 32135.90 0.25 0.0633
C2 9.568E +005 1 9.568E + 005 7.51 0.0337 *
D2 4.337E +005 1 4.337E + 005 3.40 0.1146
AB 1.974E + 005 1 1.974E + 005 1.55 0.0259
AC 2.485E + 005 1 2.485E + 005 1.95 0.0212
AD 8702.50 1 8702.50 0.068 0.0802
BC 4512.50 1 4512.50 0.035 0.0857
BD 42902.50 1 42902.50 0.34 0.0582
CD 12.50 1 1250 9.807E-005  0.0920
Residual 7.647E + 005 6 1.275E + 005
Lack of Fit 7.647E + 005 2 3.824E + 005
Pure Error 0.000 4 0.000
Cor Total  7.965E + 006 20

the majority of researches on mono-factor, we emphasized on the inter-
influence of two factors to the wheat starch phosphate.

Inter-Influence of the Phosphate Consumption
and the pH Value

When urea consumption is 0.0460 g, temperature at 150°C and time
for 75 minutes, the inter-influence to viscosity of the phosphate con-
sumption and the pH value is shown in Figure 1.

As is indica ted in Figure 1, when pH is 5.1, with the increase of
phosphate consumption, the viscosity of the starch phosphate increases
significantly at first, while it gets to some extent, it maintains stable
steadily. When pH is 5.9, the viscosity of the starch phosphate decreased
gradually with the increasing of phosphate consumption. Therefore,
high pH environment has a negative impact on viscosity. When the
phosphate consumption is 0.02, the viscosity of the starch phosphate
goes up significantly with the increase of pH. However, when the phos-
phate consumption is 0.04, there is no change at the beginning which is
followed by the decline of viscosity when the pH value gets to a certain
level. Otherwise, the analysis of variance table above also shows the
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FIGURE 1 The inter-influence of the amount of phosphate and the pH to
viscosity.

significant inter-influence of the phosphate consumption and the pH
value.

Inter-Influence of the Phosphate Consumption
and the Temperature

When pH is 5.5 and time for 75 minutes, the inter-influence to vis-
cosity of the phosphate consumption and the temperature is shown in
Figure 2.

As is indicated in Figure 2, when the temperature is 140°C, the vis-
cosity of the starch phosphate increases slowly with the increase of
phosphate consumption. When the temperature is 160°C, the viscos-
ity of the starch phosphate almost maintains stable with the increase
of phosphate consumption. When the phosphate consumption is fixed,
there is a rapid raise of the viscosity which is followed by the decline
with the increase of temperature. When the value of viscosity reaches
the summit at 152°C, the starch phosphate preparation is the best. Oth-
erwise, the analysis of variance table above also shows the significant
inter-influence of the phosphate consumption and the temperature.

Optimization of the Response Condition
of the Starch Phosphate

If the preparation technique of starch phosphate with low degree of
substitution is applied to the food industry, according to the principle of
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FIGURE 2 The inter-influence of the amount of phosphate and the tempera-
ture to viscosity.

least cost and most benefit, the optimal condition is built by regression
model and analyzed by the statistic software Design Expert. The results
are shown in Table IV.

As is indicated in Table IV, the preparation condition of starch phos-
phate is: phosphate consumption 0.02 g—0.03 g, pH 5.1-5.8, tempera-
ture at 142°C-160°C and time for 51 min—104 min, totally ten groups
of optimization condition.

TABLE IV The Best Experiment Group in Computer Program

Amount of Temperature(C)/

Number phosphate(A)/g pH(B) °C Time (D)/min  Probability
1 0.02 5.3 154 66 1
2 0.03 5.4 145 56 1
3 0.02 5.4 158 54 1
4 0.03 5.3 158 104 1
5 0.03 5.3 152 75 1
6 0.02 5.6 152 49 1
7 0.02 5.1 142 51 1
8 0.02 5.6 148 52 1
9 0.03 5.8 150 65 1

10 0.03 5.6 160 73 1
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Experiment Verification

According to the ten groups of parameter in Table IV, we selected the
ninth group to verify its result. When the phosphate consumption is
0.03 g, pH 5.8, temperature at 150°C and time for 65 min, the viscosity
is up to 4500, which is 11% higher than the maximal result obtained
before, proving that it is feasible to apply the method of response surface
to optimize the preparation condition of starch phosphate.

CONCLUSION

We made use of Response Surface Methodology to optimize the reac-
tion condition of the starch phosphate and achieved good result. It is
indicated that the parameter which was reasonable given by the soft-
ware and the method which was feasible utilized Response Surface
Methodology to optimize reaction condition of the starch phosphate.

This report might provide a method to find out how to raise the eco-
nomic benefits of wheat advanced processing and to handle the bulk
wheat products.

REFERENCES

[1] L. Zhongdong, Journal of Vacuum Science & Technology B, 19, 111 (2001).

[2] R.W. Kerr and F. C. Cleveland. U.S. Patent, 3,021,222 (1962).

[3] O. B. Warzburg, Modifiedstarches: Properties and Uses (CRC Press, Boca Raton,
Florida), Chap. 7, 104 (1986).

[4] A. Vohm, et al., Process Biochemistry, 37, 999 (2002).

[6] J. P. Smith, et al., Shelf Life and Safety Concerns of Bakery Products—A Review.
Critical Reviews in Food Science and Nutrition, 44, 19 (2004).

[6] Stephanie L. Meadowg et al., Environmental Health Perspectives, 110 (Suppl. 6), 979
(2002).

[7] A. C. Curtin et al., Journal of Applied Microbiology, 91, 312 (2001).

[8] Tamie L. Veith et al., Journal of the American Water Resourced Association, 39, 1331
(2003).

[9] Serap Ozcay et al., Cereal Chemistry, 80, 241 (2003).



