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Table 1 Starch chemical modification
treatments designed by Taguchi method

Treatmeants Concentration Time H
(Runs) (%) (min) P
MS4-1" 4 60 8
MS4-2 4 90 8.5
MS4-3 4 120 9
MS6-1 6 60 8.5
MS6-2 6 90 9
MS6-3 6 120 8
MSS8-1 8 60 9
MS8-2 8 90 8
MS8-3 8 120 8.5

K ,-v-¥

by aalis Gy b a0 LT gla il s, 8ol
VA-model No.4510) Jgla oKews

A pll (5 ol el

O PRSP ROPREIPIR SSRGS A

—Reston,

wlld 5l e/ G55 VOl s SO kel 4
Sl b 455 AC Gles 53 483 T e 4 5 S
olpan (23 Sl s O 5 S sl sk
los 4 Oy Sl oy Lt gad .23 8 ool (B D30 L
b s Sak Sl 483510 (Gl Y0 TP Loy |y laee
PRI L DR P SRR U A G- SO CIPSSECIN VTR K P
tls S ol Bl sy S fEme g
o5 ol 5 (§20) Dol Sl 05 pr5 )

1. MS: Modified Starch (s2& el 45ulis)
2. Lightness (L*)

3. a: Redness

4 .b: Yellowness

5. Swelling Power

6. Solubility



Vo) 53T AN 6y OF osled

Olnl 2l mlo 5 o5l alos

.\L.éjgrled\wjbodub\ck.ﬂ

Sow .3@‘.’5—‘“

8 E CJ‘,SQJ.\S -\-¥
S ol i T (I b b ek Oli gy 5 Ol
Oz sl Ygame 5 3008 o 3l s 23l 5 iS
ol AL sp s el gl o s 03l
A3 e Ol Laesls ke anslis [YA] 55, 00 LIS azalis
Solssme Lsba Aokl SKal 5 Al Sl bl oS
ool leanalis o) 5 Lol Bl el @ < +/v0)
(Y Jsd) Aa (N) Jsans 4l b acslia s (MS) et
O gl AT 3 plondl o Jamn 53 LA Stal g
JeeSsden laes S L Jand slaes S 0T b &S 5550
bmd b el e laes S 05 8 e ol i
Gosal 1y oo 1y O 38 bd S olad asdls
o5 ol NPl 4 e S AS e e SIS
ot 3 ol gl e Y4 58] 550 e SIS
S das e DL el slawialis oy 5 8 (slaesls
STCPRUIEPVIRUVIE Ll o pH 5 Sl ey il )
L chle b eddmdol glaaialis o 03 255 IS
Vocble (4 pH @ids VYo 181 0l) MS4-3 45
Nocble 5 (0 pH wids a0 Sy 0by) MS6-2 & 5a
s (WO T pH @ads VYo 1815 oles) MSE-3 & ses
S35 2 et Dlallae 5T s 4 1 055 8 I
e s e acetylated distarch adipate .\
oS ol aliaal azalis 5 [P0 ] b sl azulis V]
Sl pH 5 (Sl 0ley Gl & sls ol Y] ol
Jetel Ghils o5 8 min e p LK Gln b sl
S o palp alis Jale (slaes S L etiS Nl S 5
ol Sl Sl s ol 55 Sl Ao Sl
el s 8wl gladsl S a5 ok s Il
S dase 0L Gs opl 53 edsliesy @l s n
Cor e o il Sl 5 Al Sl bgloe clale ol 531
Wlcnll A edidlol laaalis oy a8 il
s &S ol jasils Al Cilse mske sl
N o L R Y RGN
Al VLSl eiSEdol bylove cble (5150 L oS5 sk
Jlasl aul b il rals walss gldl S oy o)

AR

[Yo]
\ . .
&‘:j:\.«qm‘ 9 bln.’u‘ tS)"”’lli -V -Y
u"'j““’k"” a2 d\' 6L~} BE (0/ W/v) 4.1‘..~Lw.7 Q)ML_«:-N)M
Sl g S a3 ol > &Trl.a;-)z a3 Y Sl
Q))bi}’lj‘fﬁ\"m_ le.cébu.l..z }.«i«»«d" W > - O
1o sleail 5 sleail S s O35 1) e V0 0L
L.:JE.» Sl rseds a3 YA Gles 53 b gl sleaeil L
I 0 s el b gl U sl sbeasil 5 el Yo
udﬁ%ﬂj\ﬁjaﬁjlﬁ =125 bl 5 slesl
Sxkle a3y 53 5 VO e b adds N Dl
el —Farzaneh Arman Co, Ltd, Hs18500R)
Y P [ U B O U URT-S1 8 ¥ PR L -3 01 )
[A] J%:fwl;urwj;,ﬂ Ao )5 o
e pei()=
) IS a3 el T 0558(
) €305 IS 0558

Gals e (g pll 455K A Y

Yoo oode a (07 W) sdd Ras azulis O seilos s 1z
Sl b 455 40 sl b T plem 0553 adds
St be glos U ool S35 st e 5 A e3ls
AL A Sy Oladl Ky, eon oskiea s S
Fogs oBaes by bage ani Sy @il e
& e (Ll cxle Anton paar, MCR 501)
s ke gl s (CC27) S llass Sk
L;L.fa)'l.x.}\ aidy j3 53V 50N AN E Y bacs
e AL Sy ol e g pomes UG
b iE 53 53 Yo Sl e e s OF Syl
IV s Y\ s 8 6 Sesllil aids Yo ole st

bl ko g o0 -4 Y

5> Minitab 18 )1 33le 5 51 eslizal b s bl sla LT oles
S dsesls Lo s 52 g S plal 407 Oliabl el
flie 12 eslizd ANOVA) ibyls Jokos ga 52 50T

5> ALSD) 1is s pme oslis PBlam 0403 L s Sl

1. Freeze-thaw Stability
2. Syneresis

3. Apparent viscosity

4. Concentric cylinder



etz (63 Shae 5 aland S5 sl S5

UL 5 Sdazs

Il Ol e V2 il U oaglin 5o AL clale ozl 4 pH
Ol 4 bl il @ olg e 1y of clde oS cils (g %S
Cwils s sdasdlall felge 2l sl s ailis
(PH iss 40) MSE-2 505 N e Glad s 52
i b e a Yol oS s [y Il o 2eS (A
el APH 33 0ol Sosl o 5 sdasdlasl fols

Pl Sl 5 pys ol Rl OLes 5 S
P gDl a1 e 5 0 sl
Aol b4 Lsls 0Lz Y] olLKen 5 Trela [YA] ks S
31y Sl Il 5 58 sl 5LalS s § gl
Pl 5 o5 ©ul Aol chle i L L
Jeel slaes S 2l 1 (2als cal s el il tals
2 S Ol JeSaokes slaey S L et oSSl
Sl 1wl J5l S Oof il 4 Ll YU glackls
sizhol slaaalis (55, el Sldlas a3 e
S sl OLES Cosline sdas Jlasl folge b e w5 03
Sl e dlal dul s s Bl 5 ey s
5o el cpledias Jlasl bele clale 203 L 5 Wb e
5 ok bl sl 1) talS ol WS ol opi e 2w
SLdpl S by Of OIS 5 ol ckB Al
[¥0 578 Y] Ws S Ol anwlis

v ke S VS W sl ik e
Ont M Sasl Sl S e Jes anilt lad S
GOES 5 dr Sl a3 el i slas s
3PS g ol O Jlis 4 o das e el 1, O
@Sl byl chle LB L A] Al el
s Llg e ol cpl 5 4l all stiasdlasl Jole s
S A e U oSl glaalts o5 pu3 Shals
MS4- slas yos wli ol glaaialis o 3 a2l VL @
4 ) MS6-2 5 op S (A pH o aiss e 8) 1

zdls 1y )5 Sl Olje o i (4 :pH iss
ol b amlie 3 stiedol glawlis JMol oL
dsdor) CBL Ll B 0 < 0/00) (gols pme ba Jsens
bl s Sl et SN D ss (Y
o oS GRS DU Wil e pliand Yl ] 3
Gl 5l A el SR s e s
olzs Sskel 0 1y Ol pl el b oS5 08 (glaes S
e wlzs pyste J 1S 5l Ospm w5 0 = U e e
5 kel Sosl bl clle il YY) sus
55 sls Qa1 aneliss dhesl elblB VL b ol
A pH s> 40) MS6-2 & 505 V. clile ool
Gl s 0 Klge &5 ol olE 1y IMosl o zi
BER R PP g PR W PR WSS ST WA P

Table 2 Effect of modification with adipic acid/ acetic anhydride mixture on amaranth starch

properties
Samples Swe“?g‘/ggﬁmwer 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° 9435+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 (e mMol/ J yors alis)

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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Table 3 Thermal properties of amaranth native (NS) and modified (MS) starches

Conclusion Temp.

Samples Onset Temp. (°C)  Peak Temp. (°C) CC) Gelatlmzatlg_rll)Enthalpy @
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 ¢
MSS8-2 65.90+£0.14"% 96.05+0.07 * 113.90 £1.13 2 17.73+£023°
MSS8-3 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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