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1. Dimethyl sulfoxide (DMSO)
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2. Fourier Transform Infrared Spectroscopy
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Table 1. Box-Benken design matrix for optimization of parametrs affecting phosphorylated starch

production.

Sample pH Temperature (C)  Concentration (%)
1 11.5 130 4.5
2 10.5 150 1.5
3 9.5 110 3
4 10.5 110 4.5
5 11.5 110 3
6 11.5 130 1.5
7 10.5 130 3
8 10.5 150 4.5
9 11.5 150 3
10 9.5 130 4.5
11 10.5 130 3
12 10.5 110 1.5

6. Final viscosity

7. Hardness

97

3. Pasting temperature
4. Peak viscosity

5. Trough viscosity
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13 10.5
14 9.5
15 10.5
16 9.5
17 10.5

130 3
150 3
130 3
130 1.5
130 3
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Table 2. Chemical composition of commercial wheat starch

Chemical composition

Content (%)

Moisture
Protein:
Fats
Ash*

11.00 £ 0.40
0.77 £0.06

0.09 £0.02
0.30+0.01

* The content of protein, fat and ash is calculated based on dry matter.
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Fig 1. Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility
rate of phosphorylated wheat starch at 60°C.
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Fig 2. Simple and reciprocal effects of temperature, pH and reactant concentration on the solubility
rate of phosphorylated wheat starch at 75°C.
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rate at 90°C of phosphorylated wheat starch.
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Fig 4. Solubility of native and crosslinked starch samples.
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Fig 5. Simple and reciprocal effects of temperature, pH and reactant concentration on swelling power
at 60°C temperature of phosphorylated wheat starch.
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Fig 6. Simple effects of temperature, pH and reactant concentration on swelling power of
phosphorylated wheat starch at 75°C.
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11. Mechanistic difference
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Fig 10. Synersis of native and crosslinked starch samples.
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Fig 11. Effects of temperature, pH and reactant concentration on the syneresis of
phosphorylated wheat starch.
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Fig 12. The effect of temperature, pH and reactant concentration on the Freeze-thaw stability
of phosphorylated wheat starch.
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Fig 13. Degree of substitution of cross-linked starches
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Fig 14. The effect of temperature, pH and reagent concentration on the degree of phosphorylation of
wheat starch.
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Table 3. Amylose content and gel hardness of native and phosphorylated wheat starch.

Sampel Amylose (%) Firmness of the gel (N)
Native starch 25.78 + 1.312 0.21+0.41°
Phosphorylated Starch 22,43 £0.72° 0.84 +0.342
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Fig 15. X-ray difraction pattern of native (A) and phosphorylated wheat starch (B).
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Fig 16. FT-IR spectra of native (A) and phosphorylated wheat starch (B).
Table 4. XRD and FTIR parameters of native and phosphorylated wheat starch.
S 1082/1018 (DO) 994/1018 (DD) 1018/994 RC%
ampel
(Amorphous)
Native starch 1.38 £ 0.042 1.29 £ 0.022 0.83+0.07° 4452 +0.572
Phosphorylated 1.34 +0.09° 1.20 + 0.06" 0.87 + 0.08? 41.22+0.35°
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Table 5. Thermal properties of native and phosphorylated wheat starch.

Sampel To Tp Tc AH
Native starch 52.90+0.13 58.12+11° 64.37+0.06° 8.48+0.11°
Phosgtha‘;g]'ated 53.40+0.16° 58.20+0.24° 62.58+0.11° 5.47+0.10°
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Table 6. Pasting property of native and phosphorylated wheat starch.

Viscosity (cP)
Sampel PT (°C) PV TV BD FV SB
Native starch  65.90+0.64°  1774.00¢19.50° 1541+18.38° 233.00+18.50° 1869.00+11.46°  464.00+17.10°
PhOSphor%’t'::ig 66.7140.97%  1902.00+17.41° 1674+11.40° 228.00+10.66" 2487.00+12.45¢  813.00+22.50°
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Fig 17. Scanning electron micrography of native (A) and phosphorylated wheat starch (b).
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Wheat starch is the most common type of starch in many countries and can
be modified to produce a variety of starches. The widespread use of starch
offers many opportunities in various industries due to its affordability, high
safety and biodegradability. However, characteristics such as insolubility in
cold water, heat intolerance, low resistance to applied stresses, and low
freeze-thaw stability limit the use of natural starch for various industrial uses.
One of the most efficient techniques for starch modification is chemical
modification, but it raises concerns about environmental pollution and high
chemical costs. For this reason, in this study, in order to reduce the
consumption of chemicals, the reaction conditions for the production of
phosphorylated starch with sodium trimetaphosphate (STMP) using three
independent variables: pH (9.5, 10.5 and 11.5), temperature (110, 130 and
150 degrees Celsius) and reactant concentration (1.5, 3 and 4.5%) were
optimized. According to the results of the physicochemical tests, the
optimization criteria of starch used in all kinds of sauces with higher swelling
and solubility index, higher dough transparency, less gel syneresis and higher
freeze-thaw stability were selected. Then, in order to check the structural,
thermal and pasting properties, additional tests were performed on selected
and natural starch samples; The results showed that the starch produced
under optimal conditions is suitable for use in the formulation of all kinds of
sauces due to improved textural properties, higher viscosity and increased
heat tolerance.
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