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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
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1. Coeliac disease
2. Poly morph

3. Retrogradation
4. Native starch
5. Syneresis



VEeY %J_}\ AK 09> AYo o)w

Olnl 2l mls 5 o5l alos

oA Al alil s ausSasy ill sl b
walts gladised el w5 Obr el A1
S Se e Ol Jragn cal o3 [T ] 3y She we i
5 odkdr om0l [5S eldp ol i
Fas b ol s Shes 5 ot sSosd sl S5 el
L0l zol 5 el Kol b 50 VLSl sl

23S o 3 Ll 3 e Lyl Sl

Uhuf&‘gj 9 :‘y -y

U) e 5 O oS58 5l 1aS oS sladls
el 5 deml Spnl 5 Aol Sl LS (5ol =
Ol S o 8,0 W5 Shass ool o3 sddeslizul olend
L3 pleard LUl (o pasie 5 VL ol 4 ss

| $uS awlis C‘f.‘:‘”‘ -\-Y

Mettler ) 5515 Lawy o8 Vv Ll w0 158 glaals
g s 03y (Toledo-ME 1002 Switzerland
AT slos b mle 0355 03 038 Sl anl b sug
o 3 ok pabse Al 53 S @ S Sle a3
Vo bl aids S S 4 6 ls Sl b s
33 e 10/0) 3L Sl e 23N 55 1S 5T 51 S
oot Nay$yOs /0/0 5 (SDS) "oldge s
G (Vs Lo VYo chle U pH 10 55 e/ S35
o S Do 155 U3 A 5 oSsn S Sl
Sat Al g sl S eses 5 balse 550
4i3s ,5 493 Yeee s L (Sigma 3-30K - Germany)
i I B e S I R
Sl b eliledl e 5 03 1SS A 5 S50
5o Ghae Jlade O s Lalaze eilesdl A p2ns o
ol pen oo 5y eblie Ojer S by
ol o305 4l 3 (Heidolph MR Hei-End - Germany)
S e B by adbl 0350 Slibes (o Ik s
alis Ol g 0Tl 2358 1o azalis (L 51,8 sladils
0303 s5ee g S Vi Fly s o3I L ally Lo B2 5
SV 3 S (losgd Y 5ol §ai le ol Cle s
sodd ool g Blal G w358 0 JSES il &Y
L3 038 ool S 0o SL Nl e S s s
S 53 ebilesdly wnlis s 35 1SS SDS 5 (slese

7. Sodium dodecyl sulfate

by BT aalis O el ey ol S (0 gDl
Aol aalss JsS04e 035 3 s LB ialS Gsl &S
55 s [YE 5] 555 e o Lol § 5 ol
Skl 5 Sskal (lsma 55 is w anls JsSUse 055
o gz POl dl s [TV s Yol el alis
53 Ceaglie Blodsl 1S aralil 3 Shas 5 _oloosd 55 5
S 5 5 s el il ol el
(SIS Gl s S A Sy SRl
Slenl ot (gplidel Slosat 5 kb
3G e s Sy B e 5 2253 Len
Sl Sl 5 g ul Gl i O gelsl S5 55
Olpe b 0L Kes 5 Kapelko .ol o 55 0 greilisY5
Sl aalis o0 Sles s S5 os V!
Sl gl 3l 13 s 3pse 1y i 0305555
OAS (6 et Slod (pizman 5 Sl o) 5 SH a5
s Gl eddpdlol wulls s et an Sy
3 s s ITVT o el Sl b (S0
dlasl 5 Opmdlnd 115 ply A o 53 OLISes
wali o Sles 5 plerd st Slosat S0
5w e SVlal s Ol &S sl OlE s
ORIB LS e kel gl SIS 5 Bl st
Sleo sat ooy Z3 A s e Ol O gl
5 Ottt 2015 Jlasl b oS sls LS baaralis 5o~
SIP 5 Sl Ob¥S Il o5 4 e Jlall
Seosl bl L oSl Cabylel analis [YA] il
A 0L 5 ez g Al Sal 5 e
walds e Clid 5 Dl o o sk S5
L [CS T PR PO AW R T RO
ol alss sleasl —slaasl pl 03 ol 5 Ol
el sl ol axalis g ol w3 Sy Shs 23
sl gla S 0K 5 Zieba [Y4] col 25l 5
Ll b odapdhol ool S5 55 5 Jyane inim ainli
5 03,5 bl L dodeal Aol Sl 5 Al S
£5 b amlie L3 sl alis Caglie &S sls 0L
ol Sles 3L 5B kel ln s sdiZSlol

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° 0.002 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+ 00024+
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).

LSS TSNS NP PRUS R FRSPASIRTSppegto PRy ) RREPO
ol blols QLS 1 s doss i T2 &0 pnts
ey 1) ol sl (P<0.05) 550 bme cosls
A aali O gl S5, ey SRl sl (eseedes
35 Jols Ol 555 &S Lsls ol oLKes 5 Miles
ool Skl Slad Sse 005 U5 1ol S LB aul 5
Sy skl 3doma a3 5 0A w5 Uk s baals Sl eds
Glds S WS ol oL 5 Gidley [oY 5 oV]
o= 2bse V@)L‘ s Sty S5 b ) skl
el B g sl sl le e OF Jbis @ 5 o
laanalis (slaa sas (MK Rasn cnl o3 [0V 255
e Sl s Sl (e 3 (S ol 5 o33l
G (S 305 4y o 025 JooSS (sl S |25
s 4 ax g b og 253 (sl 550 GBI sles 5o el
okl Slae iy mamd (G 3y slaatali gkl
S Ll pd et VL e bl S
T2 6o ras el 55 s doss SIS slasss

33 Slsgme Sl pl Ll 5L el e 5 LG sbe

2. Helix

VY

o A SIS Jsb e T2 walss Gsas S, b
Gl S 58 L1 anD e plssslesl —slexd]
ol Gladisad g ol 5 sl onl VL oL
Jsl 5a, ¥ 55 (T9 T8 T7) ADA /1 chle b ous
aS Wl s 311 54 b_j S s BB Ao a2
b el P s i poe Ll sy saslis
L s el (508 5 p s S0 00 Al ped Ll
53 eslizal ol T2 £50 &S das e Ol @Lﬂ ol ol
3 (o.)..i Jaeie L;Laﬂb 9 LS‘:““") B Q‘Y)M
D8 Osesliosmal ol Dl Cov &S SV
Sag laeialss bl ol Febin (GaS o) £5,5 s
S by o Wl &S, b0T /N 578 ADA Gl b e

o Cblid Y ¥
sles Lo 1S analis L;LM.'.}.Q.SQ:{):‘(T'/.)‘)}?& EWERH
G £ 390) e amyn b gles 53 5 (Ul 5s,) SUI

r})} J}\ BESESE Sl 0l 6l OLES 8 Jj.l;- BE) (M

1. Transmitance



VEeY %J_}\ AK 09> AYo o)w

Olnl 2l mls 5 o5l alos

G S e Sl (SIS slasss pled Lo (Ul sles)
sl Sl asS ) S5l baai gl aes 4 ol )
S 38 A3 e jio Dlej )3 dald @ ped oS ol
soly caiS LS il T 5 TT7 ladised 4 cons
ol a8 Sdl el e sl Jl gles s IS
Blp S et Dl 25 Sy e

el ox&‘;‘;};)

solie pl dstese (ilwe 3 Ol (e (P>0.05)
w6l Jlle & el e dos b
Lo olsime osba T2 € e il b pod O pualsl S5 55
€ e & o e SMEe G VL 55 A b Oley 308
sad opl 26 Oals) S5, wlis &8 czls T10 dals
Gsad gl Pl g5 5l s (P<0.05)
e Sas s (B gl Jsl s, w0 TI0 wals

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°
- 0.21 ldi 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°
3 0217 & 0.208 & 0.189 + 0194 0197+ 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%& 0194+ 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 + 0181 0185+ 0201+ 0184+  0.186%
0.00° 0.00° 0.00° 0.00 0.00% 0.00° 0.00° 0.00°
6 0.213 + o.zoodi 0.189 + 0.178 + o.177fi 0.194? 0.185 + 0.196;
0.00° 0.00 0.00° 0.00° 0.00 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 & (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+1.482 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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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 +0.014f 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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