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Background and objectives: The starch must be modified chemically,
physically, and enzymatically to improve its functional properties such as
paste viscosity, gelling, swelling power, and water-holding capacity.
Ultrasonic treatment as a physical modification method applied for
production of pregelatinized starch may change structure, density, shape
and size which affect its physicochemical characteristics, such as swelling
power,  solubility,  gelatinization temperature and  enthalpy,
depolymerization or polymerization, and pasting properties. Mono and
divalent salts lead to several changes in the functional properties of starch
by forming or breaking binds between starch-starch strands and starch-
water molecule.

Materials and methods: In this study, NaCl and CaCl, were added at ionic
strengths of 0.3 and 0.6 to starch before and after of sonication. In order to
obtain ultrasound-pregelatinized tapioca starch (UPTS), an ultrasonic
generator type UP400S hielscher (400 W, 20 kHz) and an immersible
probe (20 mm) was used in a 100-mL cylindrical jacket glass vessel
(180x180 mm?). Ultrasound was applied to the samples with pulse
durations of 5 seconds on - 5 seconds off for 10 minutes at 60 °C. Samples
were divided in two groups: first groups, pregelatinized by ultrasonication
and then salts were added to starch solution (AUPS). However in the
second group, salts were added to starch and then sonicated (BUPS). Then,
the morphological characteristics (with scanning electron microscopy),
textural properties (texture analyzer) and resistance to thawing (drip loss)
of treated starch were examined. Statistical analysis of starch samples
containing salt before and after ultrasonic treatment were performed at the
level of p > 0.05 using test Multiple Duncan domains and SPSS 22
software in triplicate.

Results: Calcium ions improved textural properties of tapioca starch and
decreased its syneresis (%). These effects were progressively improved by
rising the ionic strength from 0.3 to 0.6. On the other hand, textural and
syneresis properties improved following the addition of Ca™ ions after
sonication. However, Na" ions caused a reduction in textural characteristics
and an increase in the syneresis (%) of starch paste. These effects were
increased with enhancing the ionic strengths from 0.3 to 0.6. Also, the
addition of Na' ions had more negative impact on textural and syneresis
properties after sonication. These phenomena might be due to the effect of
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Na' ions on re-crystallization of tapioca starch as proved by SEM.

Conclusion: Both weakly hydrated ions (structure breaker: chaotropic) and
strongly hydrated ions (structure maker: kosmotropes ions) significantly
contribute to the modification of the starch polymer structure. Therefore,
the application of ultrasonication along with salts have synergic effect on
starch polymers.
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Figure 2- Synersis (%) of native starch (NS) and starch treated with various ionic strengths of CaCl, after
(AUPS) and before (BUPS) of ultrasonication [CaA0.9: AUPS Ca™ (IS 0.9), CaA0.6: AUPS Ca™ (IS
0.6), CaA0.3: AUPS Ca"™ (IS 0.3), CaB0.9: BUPS Ca"™ (IS 0.9), CaB0.6: BUPS Ca" (IS 0.6), CaB0.3:
BUPS Ca™ (IS 0.3). Part B: native starch (NS) and starch treated with various ionic strengths of NaCl
after (AUPS) and before (BUPS) of ultrasonication [NA0.9: AUPS Na' (IS 0.9), NA0.6: AUPS Na" (IS
0.62, NAO.3: AUPS Na" (IS 0.3), NB0.9: BUPS Na' (IS 0.9), NB0.6: BUPS Na' (IS 0.6), NB0.3: BUPS
Na' (IS 0.3).
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Figure 3- Scanning electron micrographs of A: native starch (NS) and starch treated with various ionic
strengths of B:CaCl, after (AUPS) and C:before (BUPS) of ultrasonication [CaA0.6: AUPS Ca'™ (IS 0.6),

CaB0.6: BUPS Ca™ (IS 0.6) and starch treated with various ionic strengths of NaCl after (AUPS) and
before (BUPS) of ultrasonication [D:NA0.6: AUPS Na' (IS 0.6), E: NB0.6: BUPS Na' (IS 0.6)].
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