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5. Sodium trimetaphosphate

6. Sodium tripolyphosphate
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9 . Fourier Transform Infrared Spectroscopy
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Table 1. Box-Benken's statistical design treatments used to optimize reaction conditions for the
production of phosphorylated starch with oxychloride

Sample pH Temperature (C) Concentration (%)
1 11.5 35 0.12
2 10.5 45 0.03
3 9.5 25 0.075
4 10.5 25 0.12
5 11.5 25 0.075
6 11.5 35 0.03
7 10.5 35 0.075
8 10.5 45 0.12
9 11.5 45 0.075
10 9.5 35 0.12

13. Final viscosity

14. Hardness
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10. Pasting temperature
11. Peak viscosity

12. Trough viscosity
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11 10.5
12 10.5
13 10.5
14 9.5
15 10.5
16 9.5
17 10.5

35
25
35
45
35
35
35

0.075
0.03
0.075
0.075
0.075
0.03
0.075
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Table 2. Chemical composition of commercial wheat starch

Chemical composition

Content (%)

Moisture
Protein

Fat s
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 75°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 90°C.
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Fig 3. Solubility of native and crosslinked starch samples at 60, 75 and 90°C.
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Fig 11. Degree of substitution of cross-linked starches.
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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 12.61 + 0.84° 4.83 +0.23?
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Fig 14. 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 1.34 £ 0.06° 1.29 £ 0.04? 0.77+0.03° 44,52 +0.572
Phosphorylated 1.28 +0.08° 1.21 +0.05° 0.82 £ 0.072 37.93+ 0.46°
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Table 5. Thermal properties of native, phosphorylated wheat starch.

Sampel To Tp Tc AH
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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°
PhOSphO%’t'::ig 64.77+0.57°  1587.00£16.94" 1460+10.32° 127.00+13.70° 3147.00+21.20°  1606.00+22.80°
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Fig 15. Scanning electron micrography of native (A) and phosphorylated wheat starch (b).
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Wheat is one of the main crops of Iran, most of which consists of starch and
protein. The widespread use of starch provides many possibilities in various
industries due to its reasonable price, high safety and biodegradability.
However, natural starch needs to be modified for various industrial
applications due to limitations such as insolubility in cold water and heat
intolerance. Therefore, it is necessary to modify wheat starch in order to
improve its properties and reduce the dependence on the import of modified
starches. Chemical modification is one of the most efficient starch
modification techniques, but it is associated with concerns such as
environmental pollution and high costs of chemicals. In this study, the
reaction conditions for the production of phosphorylated starch with
oxychloride (Pocl3) using three independent variables of pH (9.5, 10.5 and
11.5), temperature (25, 35 and 45 degrees Celsius) and reactant concentration
(0.03, 0.075 and 0.12 percent), were optimized. According to the results of
the physicochemical tests, the optimization criteria of starch used in canned
products with higher swelling and solubility index, high transparency of
dough, less gel syneresis, and higher freeze-thaw stability were selected, then
additional tests were carried out in order to check structural and thermal
properties. and pulping was done on selected and natural starch sample; The
results showed that phosphorylation made the resulting modified starch
suitable for use in the formulation of canned products by improving textural
characteristics, creating higher viscosity and increasing heat tolerance.
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