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Table 1. Effect of acetic anhydride and STMP concentration on the different responses of in

E1414
No. B:Acetic A:Cross- Acetyl DS (%)  Swelling Synersis T (%)
anhydride  linking agent group Power (day 5)
Con. (%) (%) (%0) (7o) (%)
1 1 1 0.32 0.012 28.19 14.64 41.59
2 1 10 0.32 0.012 24.55 3.67 37.10
3 10 1 2.04 0.078 38.76 0 61.05
4 10 10 1.83 0.070 36.99 1.51 49.98
5 5.5 1 0.75 0.028 35.46 13.77 40.73
6 5.5 10 0.75 0.028 27.72 2.86 44.08
7 1 5.5 0.32 0.012 35.45 9.00 39.40
8 10 5.5 1.82 0.070 41.85 3.70 48.08
9 5.5 5.5 0.97 0.037 33.09 12.80 42.40
10 5.5 5.5 0.75 0.028 37.77 10.52 45.51
11 5.5 5.5 0.75 0.028 37.28 11.00 43.90

Vo (Ser 3525 Sl oS sl 035 e
pe Qjﬁﬂ NGSOUH [ W SUp L WP E AV I ijﬁ.suﬂ O
Ol g Jdbe b g pte SOl (Lack- of- fit) 251
sy e S Jde dals 3 S bLE s Laesls 0l
5 b3 pme A5l pde Y Jode silee AL el
Sam 5o dhe S g ol 5l (Sl aen (il
oo DVl slnl Jule Calise Loyl 5 o 93w s
il gbses S dons o @ bl Sl clls

J,S&wwbuwlm.

Table 2. Examination of the coefficients of the quadratic model for evaluating the percentage of starch acetyl

Slp s S5 Jde Lim (ANOVA) bl LT b
5> Slid Sl s s Jeel glaes S s
Glp 33 a3 Jde S 5 O 51 Sl ahal glazalis
e o 33 ol e Laanalis el glaey S s s
Sl O Kl a5 550 +/AM O (g 0l arulns (R?)
O JB okl a5l e a5 a3 k5 TANA

4 (RZ adj. =0.976) f}L&‘ s g_,.“vf.a B sl

groups (%) in E1414

Source Squares df Square Value Prob > F
Model 4.019345 5 0.803869 82.94979 < 0.0001 significant
A-crosslink 0.007704 1 0.007704 0.794979 0.4134
B-ac 3.728817 1 3.728817 384.7699 < 0.0001
AB 0.011556 1 0.011556 1.192469 0.3246
A2 8.11E-05 1 8.11E-05 0.008368 0.9307
B"2 0.254319 1 0.254319 26.24268 0.0037
Residual 0.048455 5 0.009691
Lack of Fit 0.017638 3 0.005879 0.381579 0.7804 not significant
Pure Error 0.030817 2 0.015408
Total 4.0678 10
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Table 3. Examination of the coefficients of the quadratic model for evaluating the swelling power of E1414

starches
Source Squares df Square Value Prob >F

251.68 5 50.34 7.6 0.022 significant
Model
A-crosslink 28.79 1 28.79 4.35 0.0915
B-ac 144.16 1 144.16 21.77 0.0055
AB 0.88 1 0.88 0.13 0.7305
A2 77.85 1 77.85 11.76 0.0187
B"2 5.8 1 5.8 0.88 0.3922
Residual 33.11 5 6.62
Lack of Fit 19.86 3 6.62 1 0.5354 not significant
Pure Error 13.25 2 6.62
Cor Total 284.79 10
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Figure 1. Interaction between acetic anhydride concentration and crosslinking agent on the syneresis of
E1414 on the fifth day of storage
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Table 5. Examination of the coefficients of the quadratic model for evaluating T (/) in E1414

Source Squares df Square Value Prob > F
Model 338.67 4 84.67 5.92 0.0280 significant
A-crosslink 24.85 1 24.85 1.74 0.2355
B-ac 280.44 1 280.44 19.61 0.0044
AB 10.82 1 10.82 0.76 0.4177
B2 22.56 1 22.56 1.58 0.2558
Residual 85.80 6 14.30
Lack of Fit 80.96 4 20.24 8.37 0.1096 not significant
Pure Error 4.84 2 2.42
Total 424.47 10
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Table 6. Comparison of viscosity indices of dual modified starch paste (E1414)

samples Peak Viscosity =~ Hold Viscosity = Final Viscosity = Breakdown  Setback
10% Acetyl + 1% C.R 3022 1665 5278 1357 3613
10% Acetyl + 5.5% C.R 2911 1404 4788 1507 3384
10% Acetyl + 10% C.R 3626 1862 4836 1764 2974
CONTROL 6717 2135 4496 4582 2361

C.R= cross-link agent
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Figure 2. Comparison of viscosity changes of dual modified starch paste (E1414)
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Starch, as one of the most widely used natural polysaccharides in the food
industry, is of interest due to its properties such as swelling, viscosity and gel
formation ability; however, limitations such as thermal instability,
retrogradation and syneresis reduce its efficiency in industrial processes. To
overcome these limitations, chemical modification of starch, especially in a
dual form (acetylation and phosphorylation), is an effective method to
improve its performance. In this study, the production and optimization of
acetylated distarch phosphate (E1414) were investigated using response
surface modeling (RSM) and central composite design (CCD). The effective
factors included the percentage of cross-linking agent (STMP/STPP) in the
range of 1 to 10% and the concentration of acetic anhydride in the same
range. Physicochemical properties, including percentage of acetyl groups
and degree of substitution (DS), swelling power, syneresis, transparency and
thermal properties (RVA), were evaluated as the main responses. The results
showed that increasing the concentration of acetic anhydride significantly
increased the degree of acetylation (up to 2.04%) and improved swelling
capacity, reduced syneresis and increased transparency, while increasing the
cross-linking factor reduced swelling and increased stability against heat and
shear stress. Finally, the optimal concentration for the production of
modified starch was determined to be 10% acetic anhydride and 1% cross-
linking agent (STMP/STPP). This combination resulted in a starch with high
thermal and shear stability, suitable transparency and minimal syneresis.
Therefore, E1414 starch is recommended as an effective stabilizer and
thickener for use in canned products and food products with intense heat
processing.
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