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1. Amylograph Viscosity
2. Native Starches
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1. Flavor Modifier
2 .Cold Viscosity
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7. Starch Paste Clarity

8. Differential Scanning Calorimetry (DSC)
9. Onset Temperature

10. Peak Temperature

11. Conclusion Temperature

12. Gelatinization Enthalpy
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Table 1 Starch chemical modification

treatments designed by Taguchi method
Treatmeants Concentration Time

(Runs) (%) (min) PH
MS4-1! 4 60 8
MS4-2 4 90 85
MS4-3 4 120 9
MS6-1 6 60 85
MS6-2 6 90 9
MS6-3 6 120 8
MS8-1 8 60 9
MS8-2 8 90 8
MS8-3 8 120 85
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2. Lightness (L*)

3. a: Redness

4 .b: Yellowness

5. Swelling Power

6. Solubility
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1. Freeze-thaw Stability
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3. Apparent viscosity
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Table 2 Effect of modification with adipic acid/ acetic anhydride mixture on amaranth starch

properties
Samples Swe“?g‘/gggmwer Solubility (%) L a b

N 10.88 + 1.209 ¢ 1092+037°  9357+023¢  -026+0.01"¢ 438 +0.09°
MS4-1 23.06+0.31¢ 1237+0.32°  93.74+028°  -0.18+0.02°  4.106+0.16%
MS4-2 25.22+0.79 % 12.81£036%  9381+0.19°  -0.17+0.00"% 3.98+0.15°
MS4-3 25.66+0.85 % 13.21+£026%  9424+0.16°  -0.16 +0.03 ™ 3.9+0.26%
MS6-1 27.80 +0.901 ® 1453 +0.57%®  9425+033°  -0.15+0.04 " 3.60+0.21¢
MS6-2 28.48 +1.28° 14.81+£0.53° 94.35+0.1° -0.14+£0.02%  353+0.18%
MS6-3 25.53+0.66 " 13.76 £0.78 % 94.24+0.13®  -0.15+£0.005*  3.65+0.12
MS8-1 26.28 + 1.99 * 13.86 £0.56% 9423+025®  -0.13+0.03%® 331+0.09°
MS8-2 24.76 +0.54 %4 13.74+0.44%  9388+0.14*  -0.13+£0.02%® 3.58 £0.23 %
MS8-3 26.54 + 3.04 13.95+029%  9435+000%  -0.12+ 0.02° 3.17+0.01°F

- Mean values from duplicate = SD. Means within columns with different letters are significantly different
(P <0.05).
MS4-1: Concentration=4%, Time= 60 min and pH=8, MS4-2: Concentration=4%, Time= 90 min and pH=8.5,
MS4-3: Concentration=4%, Time= 120 min and pH=9, MS6-1: Concentration=6%, Time= 60 min and pH=8.5,
MS6-2: Concentration=6%, Time= 90 min and pH=9, MS6-3: Concentration=6%, Time= 120 min and pH=8,
MS8-1: Concentration=8%, Time= 60 min and pH=9, MS8-2: Concentration=8%, Time= 90 min and pH=8,
MSS8-3: Concentration=8%, Time= 120 min and pH=8.5.

1. N : Native Starch (o1 mMol/ J yors aulis)

B
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Fig 1 Starch paste clarity changes of amaranth native starch (NS) and modified starches (MS)

- Mean values from triplicate + SD. Different letters in each Day indicate significant (P < 0/05) difference.
MS4-1: Concentration=4%, Time= 60 min and pH=8, MS4-2: Concentration=4%, Time= 90 min and pH=8.5,
MS4-3: Concentration=4%, Time= 120 min and pH=9, MS6-1: Concentration=6%, Time= 60 min and pH=8.5,
MS6-2: Concentration=6%, Time= 90 min and pH=9, MS6-3: Concentration=6%, Time= 120 min and pH=8,
MS8-1: Concentration=8%, Time= 60 min and pH=9, MS8-2: Concentration=8%, Time= 90 min and pH=8,
MS8-3: Concentration=8%, Time= 120 min and pH=8.5.
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Samples Onset Temp. (°C)  Peak Temp. (°C)

Conclusion Temp.

Gelatinization Enthalpy (J
({9 g)

N 67.9+0.141° 95.50+0.14° 113.95£0.07 2 1825+0.1°
MS4-1 67.85+0.632 89.55+0.07 > 104.80 + 0.28 % 10.21+0.44"
MS4-2 66.25+0.21° 89.20+ 0.28 ° 105.30 £ 0.14 < 10.39 £ 0.38 &
MS4-3 65.90 £0.28 * 88.90 + 0.28 105.25 +1.77 % 12.58 £0.35 ¢
MS6-1 65.40+£0.141 ¢ 87.45+0.07¢ 103.75 + 0.354 % 10.59 + 0.00 &
MS6-2 60.45 +0.07 © 86.3+0.00° 103.25 £0.35°¢ 10.85 + 0.02 &
MS6-3 60.90 £ 0.14° 88.95+0.35°¢ 110.00 + 0.00 ® 10.96 £ 0.00 **
MSS8-1 65.70£0.14 % 90.40 + 0.707 ° 106.35+0.07 ¢ 13.86 £ 0.00 ¢
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MSS$-3 64.05+ 0.07 ¢ 89.10+ 1.13°¢ 112.85 £ 0.63 11.19+0.03 ¢

- Mean values from duplicate + SD. Means within columns with different letters are significantly different
(P <0.05).

MS4-1: Concentration=4%, Time= 60 min and pH=8, MS4-2: Concentration=4%, Time= 90 min and pH=8.5,
MS4-3: Concentration=4%, Time= 120 min and pH=9, MS6-1: Concentration=6%, Time= 60 min and pH=8.5,
MS6-2: Concentration=6%, Time= 90 min and pH=9, MS6-3: Concentration=6%, Time= 120 min and pH=8,
MS8-1: Concentration=8%, Time= 60 min and pH=9, MS8-2: Concentration=8%, Time= 90 min and pH=8,
MSS8-3: Concentration=8%, Time= 120 min and pH=8.5.
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Fig 2 Freeze-thaw stability of native (NS) and modified (MS) amaranth starches
- Mean values from triplicate + SD. Different letters in each Cycle indicate significant (p<0/05) difference.
Different letters indicate significant (p < 0/05) difference.

MS4-1: Concentration=4%, Time= 60 min and pH=8, MS4-2: Concentration=4%, Time= 90 min and pH=8.5,
MS4-3: Concentration=4%, Time= 120 min and pH=9, MS6-1: Concentration=6%, Time= 60 min and pH=8.5,
MS6-2: Concentration=6%, Time= 90 min and pH=9, MS6-3: Concentration=6%, Time= 120 min and pH=8,
MS8-1: Concentration=8%, Time= 60 min and pH=9, MS8-2: Concentration=8%, Time= 90 min and pH=8,
MS8-3: Concentration=8%, Time= 120 min and pH=8.5.
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Fig 3 a) Effect of mechanical shear on starch paste viscosity, b) Starch paste viscosity changes at a constant rate
in 30 min
MS4-1: Concentration=4%, Time= 60 min and pH=8, MS4-2: Concentration=4%, Time= 90 min and pH=8.5,
MS4-3: Concentration=4%, Time= 120 min and pH=9, MS6-1: Concentration=6%, Time= 60 min and pH=8.5,
MS6-2: Concentration=6%, Time= 90 min and pH=9, MS6-3: Concentration=6%, Time= 120 min and pH=8,
MSS8-1: Concentration=8%, Time= 60 min and pH=9, MS8-2: Concentration=8%, Time= 90 min and pH=8,
MS8-3: Concentration=8%, Time= 120 min and pH=8.5.
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This study aimed to investigate the effect of chemical modification with adipic
acid/acetic anhydride mixture (1:30) on the physicochemical and functional
properties of amaranth starch and also to determine the optimal conditions for
amaranth starch chemical modification with the mentioned mixture. Amaranth
starch was isolated and then modified under nine different treatments designed
by the Taguchi method using three main chemical modification factors,
including the mixture of adipic acid /acetic anhydride concentration (4%, 6%,
and 8%), reaction time (60, 90 and 120 min) and suspension pH (8, 8.5 and 9).
Swelling power, solubility, color, paste clarity, thermal properties, freeze-thaw
stability, and apparent viscosity of starch samples were investigated.
Modification optimal conditions were determined using Taguchi analysis and
the related percentage deviation (RPD) method. The result obtained from this
study showed that the chemical modification significantly changed the
physicochemical and functional properties of amaranth starch. Adipic acid/
acetic anhydride mixture improved the swelling power, solubility, viscosity, and
paste clarity of modified starch than native. Modified starch powders showed
more lightness, less yellowness, and redness in color. Chemical modification
reduced gelatinization temperatures, gelatinization enthalpy, and freeze-thaw
stability. However, since other food components such as sugars, salt,
hydrocolloids, etc., influence the freeze-thaw stability of starch, the possibility
of modified amaranth starch utilization as a stabilizer, thickener, or fat replacer
in food products with the mentioned mixture needs additional research is
required to be conducted. The optimum modification conditions were a
concentration of 6%, a reaction time of 120 minutes, and a pH of 9.
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