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1 - Resistant starch
2- Debranching
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Table 1- Response surface methodology for
production resistance starch

Sampl Ultrasoun Microwav ~ Sampl Ultrasoun Microwav

e d power e power e d power e power
(%) (%) (%) (%)

1 100 75 8 60 75

2 60 75 9 60 50

3 31.71 92.67 10 88.28 92.67

4 88.28 57.32 11 20 75

1 - 2-(N-morpholino)ethanesulfonic acid/
trisaminomethane



a.l.wwrju.ac»j PrIv szl;' .J...A.)y.ﬁ:ljﬁ Jwid.';.«:) .L;J)J

Q‘)L{w}wﬁﬁw

Cosy 5 o b f.uf;j) oo sl Slge ozl o el
oy & e 5 2555 1Y/O Slde 4 Sli S5 (U,
A Lol slge ol eyl Ol 5 eds b lss O5en olKiws
e S Oy B ai3s 10 Sde w0 U5 jen Al e
o 3 0 S g ol 5l e aslslys il aslsl (Kas
L@T«J_a:s;\agmmy.:@fgquom&@;\
by st S5 e Dlakad day al e 5o S esls Sl
g oslas Culis 4 Odewy Sl w5 LS 05 E oK
St S bl e S 0y SOUL glasl s o) 50

.Junzjf Chodinn Solg 5 5 A esls Jlagl AJBwa G OLS

Table 2- Ash Reshteh Branch formulations

Formulation Mixing Wheat RS
ratio flour (gram)
(gram)
A 100:00 100 0
B 95:05 95 5
C 90:10 90 10
D 85:15 85 15
E 80:20 80 20

Salt were added at 4.5% (w/w) in all formulation.
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2 - Index of swelling
3 - Configuration Ratio
4 - Elasticity Index
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1 - Field Emission Scanning Electron Microscopy



VY JlJJ;'- AR 09 AYP a_)Lw.f&

sR-adj R jltis 555 0 salive ¥ Jsd 3 oS 5b Olea
U'i\ J_?v_é_pj 035 ‘YL) (/) rju.a alis Qlﬂp S0 2 Rw—pred
Rl S S OIS el el S e w T e S

C”“L”' gl gleesls 55l gy Jss BB SUls 5 Jae

NGV S PPV
Table 4- Coefficients of the model.
Coefficient RS (%)
R2 98.78
R2- adj. 97.08
R2-pred. 95.81
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RS = 20.51 -0.134 US Power (%) + 0.026 MW Power (%)
(%) + 0.000002 US Power (%)*US Power (%)

+ 0.00210 MW Power (%)*MW Power (%)
+ 0.00426 US Power (%)*MW Power (%)
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Figure 1- Surface plot of the effect of ultrasound and
microwave power on RS production.
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Table 3- The amount of resistance starch produced in
different samples

Sample Ultrasound Microwave RS Sample Ultrasound Microwave RS
power (%) power (%) (%) power (%) power (%) (%)
100 75 52.09 8 60 75 43.88
60 75 45.71 9 60 50 33.53
3171 92.67 49.85 10 88.28 92.67 64.29
88.28 57.32 38.53 11 20 75 36.62
3171 57.32 31.65 12 60 75 46.20
60 75 47.18 13 60 75 44.98
60 100 59.11

1 coefficient of determination
2 adjusted coeffiecient of determination
3 predicted coefficient of determination
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Figure 2- FESEM images of different starch samples (10
kV, magnification 3K).

Formulation Wheat  flour RS (gram)
(gram)

A 100 0

B 95 5

C 90 10

D 85 15

E 80 20
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Figure 3- XRD patterns of different starch samples.

Formulation Wheat  flour RS (gram)
(gram)

A 100 0

B 95 5

C 90 10

D 85 15

E 80 20
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Table 5- Rheological properties of Reshteh Ashi dough samples by Aleograph.

Sample P L G w P/L le (%)

A 9453+2.29 62.11+0.26 17.80+0.26 266.74+1.09 1.52+0.05 57.10+2.00

B 96.2810.73 55.8011.00 16.8610.19 259.4gi1.21 1.7020.11 56.3911.46

C 103.2811.12 50.73th.00 16.23b10.09 237.2;:12.01 2.03:0.20 52.2412.11

D 113.1210.48 43.45010.86 15.54C10.31 223.0810.94 2.60;0.19 48.73bil.59

E 122.02’;1.09 36.39di0.53 14.29di0.11 279.8§i3.1l 3.3520.13 43.00(:11.62
a e e a a a

oA
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ABSTRACT

ARTICLE INFO

Unlike the traditional processing methods, whose goal is to increase the
digestibility of food, the recent trend of food processing containing starch has
gradually changed to design foods with low glycemic index. The aim of this
study was to investigate the simultaneous effect of ultrasound/microwave
processes on the production of resistant starch type 3 (RS3) in rice and
subsequently the production of Reshteh Ashi containing different levels of RS3.
The produced starch was evaluated in terms of microstructure and crystal
structure, and the rheological characteristics of Reshteh Ashi were analyzed. The
results showed that at the 95% confidence level, the linear effect of both the
ultrasonic power and microwave power variables, as well as the two-way
interaction of ultrasonic power and microwave power, had a significant effect on
the amount of RS3 in different samples (p<0.05). The amount of RS3 in different
treatments of rice starch varied from 31.65 to 64.29%. The SEM studies showed
that the starch granules had polyhedral or irregular shapes with a size in the
range of 2.2-9.8 um and an amorphous structure was formed by increasing the
power of the two devices and subsequently increasing the amount of RS3
production. The application of ultrasound/microwave treatment led to the
creation of new peaks and changes in the intensity of the peaks in the XRD
spectrum. Alveograph results of Reshteh Ashi samples showed a significant
change in the indices, including maximum overpressure, average abscissa to
rupture, swelling index, area under the curve, configuration ratio and elasticity
index. The results of this research showed that the use of resistant rice starch at
the level of 10% can improve the technological characteristics of Reshteh Ashi in
terms of textural characteristics, and as a result, the enrichment of Reshteh Ashi
at the level of 10% RS3 is recommended.
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