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6. Modification

7. Cross-Linking

8. Adipic acid

9. Esterification

10. Acetic anhydride

11. Octenylsuccinic anhydride
12. Sodium tripolyphsphate
13. Degree of substitution

14. Acetylation

AR}

dadie —)
Chenopodium quinoa ) s oL L ol alS 158
Sl 5 0S Ll st s o3l an s Ll o Wil
5 o on U Wlad i uiS e s O s
Gl e ad S V]l o3 S Ty 3 28 0kdS
Aroe b caslie gl Vb (S35 g5 s w s
Ll 5 5 T sy 5 Ol e oS 035 3 Sla i
G LU b e 158 Y] spi e osllaal s
Sl b an JB Gl 5l Gl sl mie S 5 ol
xS o wal b (SUh 4 Man Oslos) (5508 4 ule 513
B Jld sy LS 5 1aS Lls sl egdle Y]
Sl Sl ol 53 8 SIsd LS5l
(5T O i s ol 3 oS Chablowa Ol oy
3 B Gl Sy a8 0BGl 5 Sled! glagssles
el d S s ol sliml 51 SO L8] s)ls g S50
[0] das o JSas 1y o St 035 10 51 i o S
S S SdS 5 A g5 TG bl 1S el
33,008 Sl Vb Jeily b s S ¥ ) o b
IS o pleze banalis Koo 5l 1) of & cl JIde sl
el ok S Sl 5 5kl 51 Bdtes azalzs [1]
VLl b oS cd LSS a0y S Skl
Shols i shoel Al 3 Lol Luaze 2a-0 58)
Lo -0 57 oVl b as el ool bl slaasls
S S5 » oskal slads [V] Llesls LKa5 Lpm SUS
G Sns dersl wulis pled S5 5 o Ses
RSN SV AT AN PW N R Y SRR PREC R e
Olertle 5 Skl 0wy dsb s Slbleisl Sast,
St s S Sas 2 ars B 56 O s
Warel S5 Sk eus kB al anls
L8 5 AT 5 Of 53 o e e 5 ol = s S
oS S Teds POl b Jgens S son analid 508
03,58 sbay O sddmol 5 s 03,515 Js 03
S5 o> e Omar OIS [V0] 355 e eslinad
e O Mo 57 s s 0 gl S5 55 ol 53wzl
52 SRS Gl g e 4wy Sy el

1. Coeliac disease
2. Poly morph

3. Retrogradation
4. Native starch
5. Syneresis
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7. Sodium dodecyl sulfate
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1. Depolymerization

2. Shear stress

3. Emulsifying properties

4. Freeze-Thaw stability

5. Swelling power

6. Retrograded starch adipate
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Table 1 Sample of modified quinoa starch with different composition percentages designed by
Taguchi method (ADA — pH — Time)

Treatment Percentage pH Time
(Runs) (%) (min)
T1 2 8.5 90
T2 2 9 120
T3 2 8 60
T4 4 9 90
T5 4 8 120
T6 4 8.5 60
T7 6 9 60
T8 6 9 90
T9 6 8.5 120

T10 Native starch (Control)
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Table 2 Swelling power and water retention capacity and Solubility properties of modified quinoa
starch samples

Sample Swelling power (SP) Water retention capacity (WRC) Solubility (S)
Tl 6.399 +0.12° 6.165+0.04° 44+0.00°
T2 7.911+0.01° 7.601 +0.06* 4.45+0.07°
T3 5514+0.119¢ 5390 +0.02 ¢ 4+0.00®
T4 5210+0.03°¢ 4.936 +0.08 3.6+0.00"™
T5 5.882+0.08 5.671+0.05° 435+0.07°
T6 5.185+0.05 4.929+0.07 ¢ 3.2+0.00°¢
T7 5.027 +0.009 4.936 +0.08 ¢ 4+0.00%
T8 5.100 £ 0.001 4.838 +0.02 43+042°
T9 4.902 + 0.002 4.655+0.04 " 43+0.14°

T10 6.333+0.05° 6.199 +0.07° 3.6+0.00"™

Values followed by different letters in the same column are significantly different (P<0.05).

T1: Concentration=2%, Time= 90 min and pH=8.5, T2: Concentration=2%, Time= 120 min and pH=9, T3:
Concentration=2%, Time= 60 min and pH=8, T4: Concentration=4%, Time= 90 min and pH=9, T5:
Concentration=4%, Time= 120 min and pH=8, T6: Concentration=4%, Time= 60 min and pH=8.5, T7:
Concentration=6%, Time= 60 min and pH=9, T8: Concentration=6%, Time= 90 min and pH=9, T9:
Concentration=6%, Time= 120 min and pH=8.5, T10: Native starch (Control).
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Table 3 Synersis rate of modified quinoa starch samples during 8 days

Sample Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8
Tl 0.508 + 0.112+ 0.074 + 0.013 & 0.007 & 0.008:  0.001+  0.000 &
0.00 0.00! 0.05 0.00 0.00 0.00 0.00 0.00
- 0.289 + 0.263 + 0.028 + 0.040 + 0.037 + 0.055+ 0018+  0.008 +
0.00’ 0.00° 0.00° 0.00° 0.00° 0.00° 0.00* 0.00
- 0.442 & 0.219 + 0.047 + 0.005 + 0.012 + 0.007+  0.000+  0.001 %
0.00" 0.00° 0.00° 0.00% 0.00¢ 0.00° 0.008 0.00%
T4 0.566 + 0.231+ 0.064 + 0.014 + 0.008 + 0.003+  0.000%  0.001 =+
0.00° 0.00° 0.00% 0.00* 0.00°" 0.008 0.008 0.00%
Ts 0.487 + 0.268 & 0.058 + 0.002 0.033 0.009+ 0034+  0.004+
0.008 0.00° 0.00¢ 0.008 0.00° 0.00° 0.00° 0.00°
T6 0.512 & 0.263 + 0.072 + 0.029 + 0.006 0.009+ 0051+  0.008 %
0.00° 0.00° 0.00° 0.00° 0.008 0.00° 0.00° 0.00
- 0.795 + 0.200 + 0.065 + 0.009 + 0.007 + 0.004+  0.000+  0.002+
0.00° 0.008 0.00% 0.00° 0.00° 0.00% 0.008 0.00°
8 0.715 % 0.197 % 0.071 + 0.013 + 0.004 + 0005+  0.004+  0.002+
0.00 0.00 0.00% 0.00 0.00 0.00° 0.00° 0.00°
o 0.615 % 0.379 + 0.050 + 0.020 + 0.009 + 0.006+  0.000+  0.001+
0.00° 0.00° 0.00° 0.00° 0.00° 0.00% 0.008 0.00%
10 0.376 + 0.241 + 0.085 + 0.039 + 0.014 + 0.006:+ 0061+  0.002%+
0.00' 0.00 0.00° 0.00° 0.00° 0.00° 0.00° 0.00°

Values followed by different letters in the same column are significantly different (p<0.05).

T1: Concentration=2%, Time= 90 min and pH=8.5, T2: Concentration=2%, Time= 120 min and pH=9, T3:
Concentration=2%, Time= 60 min and pH=8, T4: Concentration=4%, Time= 90 min and pH=9, T5:
Concentration=4%, Time= 120 min and pH=8, T6: Concentration=4%, Time= 60 min and pH=8.5, T7:
Concentration=6%, Time= 60 min and pH=9, T8: Concentration=6%, Time= 90 min and pH=9, T9:
Concentration=6%, Time= 120 min and pH=8.5, T10: Native starch (Control).
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Table 4Transition values of quinoa starch samples during 8 days

Sample Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8

T1 0.220 + 0211+ 0.205 = 0.190+ 0200+ 0218+ 0200+ 0202+
0.00° 0.00° 0.00° 0.00° 0.00® 0.00° 0.00° 0.00°

- 0211+ 0.210 + 0.207 + 0.195+ 0201+ 0225+ 0205+ 0205+
0.00¢ 0.00® 0.00? 0.00? 0.00? 0.00? 0.00* 0.00?

- 0217 + 0.208 + 0.189 + 0.194+  0.197+ 0217+ 0200+  0.196+
0.00° 0.00° 0.00° 0.00° 0.00* 0.00° 0.00° 0.00°

T4 0216+ 0.206 + 0.197 + 0.182+  0.194+ 0206+ 0200+  0.198+
0.00° 0.00° 0.00° 0.00¢ 0.00° 0.00° 0.00° 0.00°

Ts 0.206 + 0.194 + 0.191 + 0.181+  0.185+ 0201+ 0.184+  0.186+
0.00° 0.00° 0.00° 0.00¢ 0.00% 0.00% 0.00° 0.00°

6 0.213 + 0.200 + 0.189 + 0.178+  0.177+ 0.194+ 0.185+  0.196+
0.00° 0.00° 0.00° 0.00° 0.00f 0.00° 0.00° 0.00°

7 0.190 + 0.185 % 0.180 + 0171+  0.175+ 0.188+ 0.177+  0.176+
0.00¢ 0.00" 0.00¢ 0.00" 0.00" 0.00% 0.00° 0.00%

T8 0.207 + 0.191 + 0.190 + 0.187+  0.181+ 0.196+ 0.180+  0.185+
0.00° 0.00" 0.00° 0.00° 0.00° 0.00% 0.00¢ 0.00°

19 0.188 & 0.187 + 0.191 0.179+  0.183+ 0.195+ 0.183+  0.178 %
0.00" 0.008 0.00° 0.00° 0.00% 0.00% 0.00% 0.00°

¢ 0.184+ 0.172 + 0.170+  0.185+ 0.186+ 0.168+  0.174+
T10-0.193+0.00 0.00" 0.00° 0.00° 0.00° 0.008 0.00° 0.00°

Values followed by different letters in the same column are significantly different (p<0.05).

T1: Concentration=2%, Time= 90 min and pH=8.5, T2: Concentration=2%, Time= 120 min and pH=9, T3:
Concentration=2%, Time= 60 min and pH=8, T4: Concentration=4%, Time= 90 min and pH=9, T5:
Concentration=4%, Time= 120 min and pH=8, T6: Concentration=4%, Time= 60 min and pH=8.5, T7:
Concentration=6%, Time= 60 min and pH=9, T8: Concentration=6%, Time= 90 min and pH=9, T9:
Concentration=6%, Time= 120 min and pH=8.5, T10: Native starch (Control).
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Table 5 Apparent Viscosity values of modified quinoa starch samples

Sample V o (20rpm) V o (50rpm) V o (100rpm)
Tl 112 + 1.41° 98.5+ 1.41° 72 +1.41°
T2 244 + 1.41° 192 + 0.00° 180 + 2.83°
T3 93 +1.41¢ 79 +0.00¢ 67 +2.83°
T4 62 +0.00° 51+ 1.41° 48 +2.83¢
T5 495+ 1.41° 36.4+ 1.41F 34.55 + 2.90°F
T6 58 +2.83¢ 51.4+0.14° 39.60 + 1.27%f
T7 32+ 1.418 34.45 + 0.49" 43 + 0.00%
T8 21,5+ 1.41" 27.55+ 1.48¢2 37.15+1.91°
T9 13.5 + 0.009' 23 +0.00" 31.70 + 1.84
T10 208.5 + 0.70° 178 + 0.00 163 +2.83°

Values followed by different letters in the same column are significantly different (p<0.05)

T1: Concentration=2%, Time= 90 min and pH=8.5, T2: Concentration=2%, Time= 120 min and pH=9, T3:
Concentration=2%, Time= 60 min and pH=8, T4: Concentration=4%, Time= 90 min and pH=9, T5:
Concentration=4%, Time= 120 min and pH=8, T6: Concentration=4%, Time= 60 min and pH=8.5, T7:
Concentration=6%, Time= 60 min and pH=9, T8: Concentration=6%, Time= 90 min and pH=9, T9:
Concentration=6%, Time= 120 min and pH=8.5, T10: Native starch (Control).
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1. Differential Scanning Calorimetry
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Table 6 Gelatinization characteristics of modified quinoa starch samples

Sample Enthalpy (E) Onset temperature (To) Peak temperature (Tp)
Tl 3.414+0.001° 38.345+0.27° 67.45+0.19"
T2 5.770 + 0.009 42.520 + 0.84% 73.785 +0.21%
T3 1.088 + 0.006" 39.135 + 0.40° 77.230 £ 0.55°
T4 1.882+0.014 4758 +0.11% 70.105 + 0.12¢
T5 2.425+0.003¢ 4738 +3.32% 73.940 + 1.03%
T6 1.816 + 0.002¢ 45.44 +0.18" 71.085 +0.21%
T7 2.863 + 0.006° 50.085 + 0.09° 83.08 +0.11°
T8 2.119 + 0.005° 47.405 +0.31%® 75.17 + 1.87%
T9 2.404 + 0.009¢ 46.140 + 0.26™° 72.205 + 0.79%%

T10 1.631 + 0.048 46.565 + 0.3%° 67.875 + 0.44"

Values followed by different letters in the same column are significantly different (p<0.05).

T1: Concentration=2%, Time= 90 min and pH=8.5, T2: Concentration=2%, Time= 120 min and pH=9, T3:
Concentration=2%, Time= 60 min and pH=8, T4: Concentration=4%, Time= 90 min and pH=9, T5:
Concentration=4%, Time= 120 min and pH=8, T6: Concentration=4%, Time= 60 min and pH=8.5, T7:
Concentration=6%, Time= 60 min and pH=9, T8: Concentration=6%, Time= 90 min and pH=9, T9:
Concentration=6%, Time= 120 min and pH=8.5, T10: Native starch (Control).
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ABSTRACT

ARTICLE INFO

In this research, quinoa starch samples were evaluated in 9 treatments with different
proportions of adipic acid and acetic anhydride mixture (ratio 1 to 30), along with a
control sample in terms of physicochemical and functional characteristics and
determining the optimal conditions for chemical modification. The mentioned
treatments were designed by 3 independent variables affecting chemical
modification, including chemical modifier concentration (2%, 4% and 6%),
suspension pH (8, 8.5 and 9) and reaction time (60, 90, 120 minutes) by Taguchi
method. became The swelling power and water absorption capacity of sample T2
(modifier concentration 2%, suspension pH 9 and reaction time 120 minutes)
significantly increased compared to the control sample, which is a sign of the
formation of crosslinks along with the formation of stable three-dimensional gel
networks. Spectroscopy results showed that except for T2 sample, the rest of the
samples had a slight tendency to retrogradation, which was a sign of the high stability
of the said sample during the retention period to syneresis (p<0.05). Acetylation
significantly improved the solubility characteristics compared to the control sample
due to the better dispersion of starch in the aqueous medium. With the increase in the
modifier concentration, the stability of the samples against the freeze-thaw cycle
decreased significantly (p<0.05). The investigated parameters in measuring the
thermal characteristics of modified quinoa starch were evaluated with a significant
difference more than the control sample. The apparent viscosity of the T2 sample at
the shear speed of 20, 50 and 100 rpm increased significantly compared to the control
sample, but the other samples showed a lower viscosity. Also, using Taguchi
analysis, the optimal treatment of modified quinoa starch with 2% modifier
concentration, suspension pH 9 and reaction time 120 minutes was determined.
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