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1 | INTRODUCTION

Abstract

Ultrasound has been rapidly applied successfully in diverse food technological as-
pects including improvement of functional properties of food ingredients such as
starch. This work was carried out to compare the influence of two types of sonica-
tion, bath and probe, on several physicochemical and microstructural properties of
wheat starch. Two sonication probes (200 and 400 W) and a sonication bath (690 W)
were applied to treat wheat starch suspensions at 15 and 30 min. Sonication time
in 400 W probe was intermittent while for the other treatments, it was continuous.
Swelling capacity (SC), solubility (SB), turbidity (TB), and oil absorption (OA) param-
eters were investigated for native (control) and sonicated wheat starch. Moreover,
scanning electron microscopy (SEM) was performed to determine the influence of
sonication treatments on the morphology of wheat starch granules. The highest level
of SB and OA, as well as the lowest SC, was obtained for starch samples treated with
200 W sonication probe, while no significant difference (p < 0.05) was observed be-
tween two sonication times (15 and 30 min). The SEM images showed significant and
nonuniform impact of ultrasound on the structure of starch granules in which some
granules remained almost smooth, but some showed high irregular surfaces or even
in some cases structure collapse. The highest disintegration of granules was obtained
in probe 200 W treatments.
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2019). The ratio of amylose to amylopectin in most starches varies
from 20% to 25% for amylose and from 75% to 80% for amylopectin,

Starch is a homo-polysaccharide storage carbohydrate, widely dis-
tributed in plants, particularly cereals such as corn, potato, wheat,
and rice. The amylose (amorphous region) and amylopectin (crystal-
line region) chains are the composing units of semicrystalline struc-

ture of starch (Ganje, Jafari, Tamadon, Niakosari, & Maghsoudlou,

and this ratio is affected by the parameters such as botanical source,
alterations among cultivars of every species, and the level of plant's
maturity (Jambrak et al., 2010; Wu, Du, Ge, & Lv, 2011). Wheat is
an important cereal that its starch content accounts for 75% of the

grain weight (Shewry, 2009) and is greatly used for producing starch.
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Starches due to their diverse techno-functional properties are
widely used in the industry for diverse applications, such as for im-
proving viscosity, swelling and pasting properties, and digestibility.
Although starch is available abundantly in quantity, inexpensive,
environmentally degradable, free of hazardous contaminants, and
renewable (Shabana et al., 2018), some drawbacks limits its commer-
cial application such as insoluble in cold water, unstable in acid, resis-
tant to dehydration, and having low emulsifying capacity. Therefore,
starch modification is an important process, which is used to improve
starch techno-functional properties and broaden its applications in
different industries including the food industry. In general, chemical,
biological, and physical modifications are considered as three major
starch modification techniques. Among physical methods, ultrasonic
modification due to being eco-friendly, highly efficient, and safe was
the focus of many researches in recent years (Gaquere-Parker et al.,
2018; Li, Li, & Zhu, 2018; Shabana et al., 2018).

Ultrasound that attracted much attentions in the field of food
processing is defined as the technology of using sound waves with a
frequency higher than the typical human hearing range, that is, >15-
20 kHz (Jafari, He, & Bhandari, 2006; Jalili, Jafari, Emam-Djomeh,
Malekjani, & Farzaneh, 2018). In order to use ultrasound in starch
modification, either the native starch solution or starch after gelati-
nization can be subjected to the ultrasound (Zuo, Knoerzer, Mawson,
Kentish, & Ashokkumar, 2009). The sonication of native starch
changes the physicochemical (PH-CH) characteristics of starch, in
which its level is affected by several factors, such as the characteris-
tics of prepared dispersion (e.g., botanical origin and concentration),
ultrasound power and frequency, and time and temperature of mod-
ification (Zuo et al., 2009). Former studies explained two principal
mechanisms associated with ultrasound technology. Cavitation is
the first and more important mechanism resulting in the creation of
gas bubbles (Jafari, He, & Bhandari, 2007) which bombards starch
granules within the suspension medium before they collapse (Li et
al., 2018). Moreover, rapidly collapsing bubbles releases a high en-
ergy which greatly increases pressure and temperature and results
in the breaking of a fraction of bonds in starch structure and this
breakdown imposes PH-CH impacts. The second mechanism is ex-
plained by dissociating the water molecules to form free radicals
(such as -OH and -H), that would induce starch polymer degra-
dation and causes chemical alterations (Monroy, Rivero, & Garcia,
2018; Shabana et al., 2018).

Several researchers have evaluated the effects of ultrasound
on starches with various botanical origins such as corn, potato,
sweet potato, and tapioca (Li et al., 2018; Shabana et al., 2018;
Wang et al., 2017; Yang, Lu, Chen, Luo, & Xiao, 2018). The results
of these studies have shown that sonication affected the PH-CH,
functional, and rheological characteristics of starch samples. For
example, an increase in the SC was observed for the corn starch
with the increase in ultrasound power and intensity (Wang,
Cheung, Leung, & Wu, 2010). Manchun, Nunthanid, Limmatvapirat,
and Sriamornsak (2012) reported that compared with native
starch, the modified tapioca starch with ultrasound treatment
came up with alterations in the molecular-scale structure of

starch, followed by significant variations in its physical properties.
In particular, the SB as well SC of sonication-treated starches in-
creased (Manchun et al., 2012). Ultrasonication may also result in
cracks and pores, and impose damages to the granules of starches
with different botanical origins (Amini, Razavi, & Mortazavi, 2015;
Falsafi, Maghsoudlou, Aalami, Jafari, & Raeisi, 2019). However, the
type and structure of starch affects the level of its susceptibility to
ultrasonication. For instance, for the same sonication conditions,
the cracks and depressions on the granule surfaces of potato and
wheat starches were deeper than rice and maize starches (Sujka &
Jamroz, 2013). Furthermore, changes in the treatment parameters
and overall conditions of sonication treatment (such as frequency,
power, and treatment time) have different effect on the micro-
structure and PH-CH properties of a specific starch. For example,
dual-frequency ultrasonication (20 and 25 kHz) has created more
depression on corn granules than a single frequency ultrasound
(Hu et al., 2015).

The effects of sonication on modification of starch through dif-
ferent ultrasound devices (bath and probe sonication) and contin-
uous sonication compared with intermittent sonication has rarely
been studied. Therefore, this work was aiming to examine the influ-
ence of different sonication devices (probe and bath) with different
powers and different treatment times (continuous vs. cycle set) on
PH-CH and microstructure properties of wheat starch.

2 | MATERIALS AND METHODS

2.1 | Preparation of starch suspensions

Powdered wheat starch (Analytical grade starch, 21,000, purity
>98%, pH: 7, water: 11%; MERK Co) was used in all experiments.
The suspensions were produced by suspending 10 g wheat starch in
90 ml distilled water to provide 10% (W/W) samples. Then, the sus-
pensions were mixed on a magnetic stirrer (IKA RCTBASIC) at speed
1,500 rpm for 15 min and utilized in the following steps.

2.2 | Ultrasound treatments of wheat starch

For sonication treatment of wheat starch suspensions, firstly, two
types of ultrasound probe devices with 24 kHz frequency (UP 200S
and UP 400S) were applied. 500 ml volume of prepared samples was
placed in a conical flask. Ultrasound probe equipped with a vibrat-
ing titanium tip (diameter: 8 mm) was immersed into the suspension
container and each sample was sonicated continuously (200 W)
or intermittently (400 W) for 15 and 30 min, while the amplitude
was set at 100%. In other words, for the two 400 W samples, the
intermittent condition, instead of continuous sonication was ap-
plied. For this, after every 5 min of treatment, one minute resting
time was considered. For bath sonication, 500 ml of starch samples
were poured directly into the ultrasound bath (Sharp, UT 606H) and
treated with ultrasound waves (40 kHz frequency and 690 W power)
for 15 and 30 min. Different treatments and their relevant condi-
tions have been depicted in Table 1.
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TABLE 1 Different treatments and

their conditions for sonication of wheat Sample code Ultrasound device Power (W) Time (min) Sonication conditions
starch samples C Untreated (control) - - —

P200.15 Probe 200 15 Continuous

P200.30 Probe 200 30 Continuous

P100.15 Probe 400 15 Intermittent

P100.30 Probe 400 30 Intermittent

Bys Bath 690 15 Continuous

By Bath 690 30 Continuous
2.3 | Freeze-drying of sonicated starch suspensions TB=2303xA/I 3)

Upon the end of ultrasound treatment, the starch samples were dried
by using a laboratory scale freeze dryer (Christ-Alpha 1-2 kg -LD).
The dishes containing the starch suspensions (0.12 m? x 12 cm) were
placed on the trays of the freeze dryer (-55°C) for 6 hr (<100 Pa) to
freeze and dry the starch samples.

2.4 | Evaluation of physicochemical
characteristics of sonicated starches

2.4.1 | Swelling capacity and solubility

The Swelling capacity (SC) and solubility (SB) of the starch sam-
ples were analyzed according to the method described by Chang,
Lin, and Chang (2006). Firstly, the starch samples were weighed
(W,) inside a tube and 10 ml distilled water was added. Then, the
tubes were heated in a water bath (WNB, Memmert) at 85°C for
25 min. The tubes were cooled to room temperature and centri-
fuged (Heraus Christ-Multifuge x1) at 2,200 rpm for 20 min. The
supernatant samples were dried to constant weight (W,) using a
vacuum oven (Fischer Scientific) at 110°C for 5 hr. The wet starch
sediments were also weighed (W,) to measure the SC of starch
samples. The experiments were done in triplicates. The SB and
SC were determined using the following equations (Jambrak et al.,
2010):

W.
SB(%)= —= x 100 (1)
Wo
W,
SC(%)= —= x 100= (100~ SB) )
WO

2.4.2 | Turbidity

The turbidity (TB) of sonicated starch samples was measured ac-
cording to the method suggested by Jambrak et al. (2010). Firstly, a
1% (w/v) water suspension of wheat starch was heated at 85°C near
neutral pH using a water bath for 1.2 hr with constant stirring. Then,
after cooling the suspensions to 32°C, the TB was obtained by read-
ing the absorbance at 650 nm against water blank in 1 cm path length
cuvette, using a Ultraviolet-visible spectrophotometer (Reyleigh-UV
1800). Finally, the TB was obtained using the Equation 3:

TB, turbidity; A, the absorbance at 650 nm; I, the path length of cuvette
(m).

2.4.3 | Oil absorption

For this index, 10 ml rapeseed oil was added to the tubes contain-
ing weighted starch powder samples (1 g) and the tubes were ho-
mogenized at 1,000 rpm for 1.5 min (Heraus Christ-Multifuge). After
5 min, the samples again were homogenized at 1,700 rpm for 12 min.
Then, the unabsorbed oil was rinsed and the weight of absorbed oil
was determined (Sujka & Jamroz, 2013).

2.5 | Evaluation of the microstructure of sonicated
starch samples

The samples were dehydrated in 99.5% ethanol and scattered on
double-sided tape and, then, were seated on an aluminum stub.
Subsequently, the coating was performed with a thin gold film using
sputter coater and observed in a scanning electron microscope
(SEM; model KYKY-32000), under accelerating potential of 30 kV.

2.6 | Statistical analysis

All treatments were triplicated, and values were representative of
the mean of three measurements. The impact of different sonication
treatments on starch properties was investigated with the ANOVA
(analysis of variance), using SPSS version 21 (IBM). The significant
differences among means was determined by Duncan's test, per-

formed at a = 0.05 significant level.

3 | RESULTS AND DISCUSSION

3.1 | Swelling capacity and solubility of sonicated
starches

The SC and SB are two key factors which provide information on the
quantity of interactions between starch chains associated with the
amorphous and crystalline regions. The degree of this interaction is
affected by the numerous parameters such as the ratio of amylose/

amylopectin and the branching level and length of the amylose and
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amylopectin (Singh & Kaur, 2004). The SC of a starch sample is de-
fined as its molecule's capacity to keep water in the starch structure
with hydrogen bonds (Bashir, Jan, & Aggarwal, 2017). The rheologi-
cal properties of starch, such as its thickening behavior, are greatly
affected by the degree of SC and SB of starch (Desam, Li, Chen,
Campanella, & Narsimhan, 2018; Tafti, Peighambardoust, Behnam,
et al., 2013; Tafti, Peighambardoust, Hesari, Bahrami, & Bonab,
2013). For example, reduced amount of granule SC and SB due to
modification process applied was associated with the decrease in
the paste viscosity and clarity, and the amylose leaching level of
cross-linked maize starch (Desam et al., 2018).

The SC of untreated and sonicated wheat starches are shown in
Figure 1. Ultrasound treatment significantly decreased (p < 0.05) the
SC for all samples, compared with the control sample (with a SC of
12.63%), except for the sonication probe 400 W for 15 min, which
the decrease in its SC was not statistically significant (p < 0.05). The
highest reduction in the SC was obtained for the sonication probe
200 W samples (7.66% and 7.91%, for 15 and 30 min, respectively),
followed by the sonication bath treatment for 30 min (8.25%). The
lower effect of ultrasound treatment at higher intensity (400 W),
compared with the lower intensity (200 W) on the SC could be due
to the intermittent conditions used in 400 W probe sonication, com-

pared with the continuous application of probe sonication for the
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FIGURE 1 Values of the swelling
capacity (%) for the wheat starch-
sonicated samples. C (control,

untreated sample); P,y ;5 (ultrasound
probe—200 W-15 min); P, 4, (ultrasound
probe—200 W-30 min); P100.15 (ultrasound
probe—400 W-15 min); P400130
(ultrasound probe—400 W-30 min),

B, 5 (ultrasound bath—690 W-15 min);

B, (ultrasound bath—690 W-30 min).
Different letters (a, b, c) indicate a
significant difference (p < 0.05) among
samples

BlS

B30

200 W samples. The continuous sonication resulted in a higher tem-
perature, rather than the intermittent use, even in higher intensities
(400 W).

The decrease in the SC of sonicated starches might be due to the
structural fragmentation of starch granules during the ultrasound
process (as observed in SEM images) and loosening of starch poly-
mer network (Falsafi et al., 2019), resulted in the negative impacts on
the SC. Furthermore, it was found that in the samples with a lower
SC, there was a higher increase in temperature compared with con-
trol sample. Therefore, it can be concluded that the increase in tem-
perature (reaching to the 65-95°C) contributed to the decrease in SC
directly or indirectly by facilitating the granule structure degradation
(Bashir et al., 2017). Our results were inconsistent with the reports
on the sago starches subjected to the ultrasound, and a significant
decrease in their SC compared with the native starches was found
(Chan, Bhat, & Karim, 2010). However, some other researchers have
reported a raise in the SC for ultrasound-treated starches (Monroy
et al., 2018; Sujka & Jamroz, 2013) which these results were mainly
attributed to the facilitation of the water penetration into the gran-
ules due to starch gelatinization and weakening of hydrogen bonds.

According to Figure 2, ultrasound significantly (p < 0.05)
raised the SB of wheat starch samples, compared with the con-
trol sample (7.53%), except for the ultrasound bath for 30 min,

FIGURE 2 Values of the solubility (%)
for the wheat starch-sonicated samples.
C (control, untreated sample); Py ;5
(ultrasound probe—200 W-15 min); P, 5,
(ultrasound probe—200 W-30 min); P100.15
(ultrasound probe—400 W-15 min); P100.30
c (ultrasound probe—400 W-30 min),
de B, 5 (ultrasound bath—690 W-15 min);
B, (ultrasound bath—690 W-30 min).
Different letters (a, b, ¢) indicate a
significant difference (p < 0.05) among
Bso samples
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FIGURE 3 SEM images for the wheat
starch-sonicated samples. (a) control,
untreated sample; (b) ultrasound probe,
200 W-15 min; (c) ultrasound probe,
200 W-30 min; (d) ultrasound probe,
400 W-15 min; (e) ultrasound probe,
400 W-30 min; (f) ultrasound bath,

690 W-15 min; (g) ultrasound bath,

690 W-30 min

.l X

26 KV 500X

26 KV 500X 100 um

which its influence was not statistically significant (8.94%). The
two highest SB values were obtained for the ultrasound probe
200 W samples (40.32 and 35.99% for 15 and 30 min, respec-
tively). Similar to the SC results, the lower effect of ultrasound
at higher intensities (400 W) compared with the lower intensities
(200 W) might was due to the intermittently use of probe soni-
cation at 400 W and a The major changes on the starch granules
caused by ultrasound are through the cavitation forces, which
break down the crystalline molecular structure and the chains
of starch by disrupting bonds (Huang, Li, & Fu, 2007; Jambrak,
Mason, Lelas, Herceg, & Herceg, 2008). These changes would
increase the possibility of water to enter into the structure of
granules and bind to the free hydroxyl groups, resulted in an in-
crease in the SB of starch. Similarly, a progressive raise in the SB

for all of potato, corn, bean, sago, mung (Chan et al., 2010), and

KYKY-EM3200

100 um KYKY-EM3200

. - 2431
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26 KV 1.00 KX 10 um KYKY-EM3200 SN:0521

SN:0521 26 KV 500X 100 um KYKY-EM3200 SN:0521

SN:0521 26 KV 500X 100 um KYKY-EM3200 SN:0521

oat starches (Falsafi et al., 2019) after sonication treatment was
observed. That was demonstrated that the depolymerization and
weakening of the structure of starch due to ultrasound was the
main cause of the increase in the SB (Chan et al., 2010; Sujka &
Jamroz, 2013). Besides the degradation of granular structure, the
formation of linear fractions (with low molecular weight) due to
the release of side chains of amylopectin or cleavage of chains
of amylose was the cause of increase in the SB level of starch
samples subjected to ultrasound (Amini et al., 2015; Falsafi et al.,
2019). Similarly, Zhu (2015) concluded that the ultrasound raised
the SB of starch samples, but, had positive, negative, or inert im-
pact on the SC of starches. Also that was demonstrated that the
ultrasound impact was affected by diverse parameters such as,
frequency, intensity, time, temperature, and the water level of the
starch solution (Zhu, 2015).
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3.2 | Microstructure of sonicated starch samples

The SEM images provide the opportunity to study the morphologi-
cal alterations on target starch granules subjected to different pro-
cesses. Pictures from micrographs of wheat starch and sonicated
samples are shown in Figure 3. In these images, the significant im-
pact of ultrasound on the structure of granules is clear. Besides, ul-
trasound reduced the size of wheat starch granules, compared with
the control treatment which was in agreement with the reports of
Falsafi et al. (2019). As can be seen in Figure 3a, the granules of na-
tive wheat starch had a smooth surface without pores and fissure.
Native starch granules were in an aggregated structure in the shape
of clusters, and individual granules were mostly irregular in shape,
but ovoid-like in some cases. The SEM images of ultrasound treat-
ments revealed that the granules of different samples were not af-
fected uniformly by various sonication treatments, even in every
sample, granules were affected differently. While some granules re-
mained almost smooth after sonication, some showed high irregular
surfaces or even in some cases their structure has been collapsed.
Therefore, the great level of structural damages was an indicator
of the alterations in the physicochemical, as well as the functional
properties of wheat starch samples subjected to ultrasound.

The SEM analysis indicated that the surface of granules sub-
jected to the ultrasound probe 400 W exhibited only fine fis-
sures (Figure 3d,e), while the samples sonicated by probe 200 W
(Figure 3b,c) showed a high degree of decomposition of granular
structures. The reason for this difference probably was the continu-
ous application of ultrasound probe for samples at 200 W intensity,
compared with intermittent (cycles) sonication the 400 W intensity.
The continuous sonication resulted in a higher temperature, thus,
more gelatinization and the profound collapse of granules occurred.
The SEM images also showed that the starch samples subjected to
ultrasound bath for 15 min presented some irregularities in the sur-
face of some granules and also some particles had a depth-concave
geometry (Figure 3f). However, the decomposition of granular struc-
ture for ultrasound bath at 30-min sonication (Figure 3g) was found
to be similar to 200 W probe sonication samples. Thus, the changes

1.5 4
1.4 4
1.3
1.2 4
1.1

14
0.9
0.8 -+
0.7
0.6 -+
0.5 -

Turbidity (%)

P200,3O P400115

c P200,15

P400,30

in the duration of bath ultrasound greatly affected the structure of
wheat starch granules.

The impacts of ultrasound on starch granular morphology were
attributed to the appearance and destruction of bubbles (Hu et al.,
2015). The bubble's collapse induces a high-pressure gradient in high
local velocities which makes shear forces that are the main cause
of fracturing the polymer chains and granules damages (Hu et al.,
2015; Yang et al., 2018). The other associated phenomenon is that
the ultrasound partially decomposes water into hydroxyl and hydro-
gen due to the collapse of produced bubbles. These free radicals by
coming out of the cavities and entering into the surrounding can
make some variations in the PH-CH characteristics of starch (Yang
et al., 2018). These results were in agreement with the studies of
Hu et al. (2015) and Yang et al. (2018) who found noticeable pores
and fissures on the surface of starch granules due to the impacts of
ultrasound. The significant defects on the potato granular structures
were reported by Zuo, Hebraud, Hemar, and Ashokkumar (2012). In
a similar work (Jambrak et al., 2010), it was concluded that the bath
and probe sonication provided different outcomes for a specific
starch, and the higher power input raised the possibility of granules

agglomeration.

3.3 | Turbidity of sonicated starch samples

The TB of starch pastes is considered as an important characteris-
tic regarding their application in food processes, especially for some
types of products such as fruit fillings or clear fruit juices in which a
lower TB is more acceptable. In such these cases, a high level of TB
is an unwilling property; thus, commonly several modified or waxy
starches are used to reduce or prevent the TB. The extent of am-
ylose and its smaller chains (a feature that eases alignment of lin-
ear chains) are important parameters affecting the starch paste TB.
Researchers reported that separation of several heterogeneous ma-
terials (such as sugars and salts) during starch modification through
physical technologies might be the main cause of alterations in color
and clarity levels of starches which are closely associated with the
TB (Falade & Ayetigbo, 2015).

FIGURE 4 Values of the turbidity (%)
for the wheat starch-sonicated samples.

C (control, untreated sample); Py ;5
(ultrasound probe—200 W-15 min); P, 5,
(ultrasound probe—200 W-30 min); P100.15
(ultrasound probe—400 W-15 min); P100.30
(ultrasound probe—400 W-30 min),

B, 5 (ultrasound bath—690 W-15 min);

B, (ultrasound bath—690 W-30 min).
Different letters (a, b, ¢) indicate a
significant difference (p < 0.05) among

Bis B3o samples
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FIGURE 5 Values of oil absorption (%) for the wheat starch-sonicated samples. C (control, untreated sample); ono,ls (ultrasound
probe—200 W-15 min); P200.30 (ultrasound probe—200 W-30 min); P100.15 (ultrasound probe—400 W-15 min); P100.30 (ultrasound
probe—400 W-30 min), B, ; (ultrasound bath—690 W-15 min); B, (ultrasound bath—690 W-30 min). Different letters (a, b, c) indicate a

significant difference (p < 0.05) among samples

The results of TB experiment for the control and sonicated
starches presented a significant (p < 0.05) effect of ultrasound on
the wheat starch TB, as shown in Figure 4. Samples from all soni-
cated starches showed a significantly (p < 0.05) higher TB than the
native starch, except for the treatment of ultrasound probe 200 W
for 15 min, which its TB was similar to the native starch (1.00%). The
sample sonicated with probe 400 W for 30 min presented the high-
est TB (1.25%). Similarly, Sujka and Jamroz (2013) observed that son-
ication in ethanol caused a small increase in the paste TB for wheat
and rice starches, but no significant changes for the corn and potato
starches were observed.

The decrease in paste clarity could be due to the rearrangement
of starch granules which can induce a higher level of light absorption
(Zuo et al., 2012). Furthermore, leaching of amylose and amylopec-
tin chains resulting in higher levels of light absorbance can also be
an important factor affecting the TB (Jan, Panesar, Rana, & Singh,
2017). However, some researchers have shown that the clarity for
the sonicated starches increased, because the swollen granules
were disrupted in a great extent during the process (Hu et al., 2015;
Jambrak et al., 2010).

3.4 | Oil absorption of sonicated starch sample

The oil absorption (OA) is a physical entrapment which is depend-
ent on the size as well as the shape of starch granules (Verma et al.,
2018). The ultrasound significantly (p < 0.05) increased the OA for
the wheat starch samples sonicated with the probe 200 W for 15 min
and 30 min (4.31% and 4.67%, respectively), and the ultrasound bath
for 30 min (3.22%), compared with the control sample (1.74%), as
presented in the Figure 5. The increasing of OA for the other sam-
ples, the probe 400 W for 15 and 30 min (2.26% and 2.34%, respec-
tively), and the ultrasound bath for 15 min (1.79%) did not show a
statistically significant (p < 0.05) difference with the control sample.

In a study by Sujka and Jamroz (2013), the ultrasound treatment in-
creased the OA of the wheat, potato, corn, and rice starch granules
in water and ethanol than those obtained for the native starches. In
particular, the OA of wheat starch raised over 60% due to sonication
(Sujka & Jamroz, 2013). Huang et al. (2007) showed that the OA was
significantly improved with using ultrasound in combination with
glucoamylase. They explained that sonication extended the surface
as well as internal area of starch granules (e.g., pores and chan-
nels), in which this might was the reason of facilitated OA through
the ultrasound modification. Furthermore, some researchers dem-
onstrated that the cavitation and thermal effects of the ultrasound
may result in the cutting out of the linear chains and decreasing the
branch chains on the surface of starch granules, thus, increased the
OA (Wu et al., 2011).

4 | CONCLUSION

Ultrasound, compared with the traditional technologies used
for starch modification, is much more energy efficient which in-
creases the temperature of treatment medium in a lower extent.
Our results showed an increase in the SB as well as the OA degree
of sonicated wheat starch samples. The disruption of the granular
structure resulted in a higher water and oil uptake might was the
key cause of increased SB and OA levels due to sonication. The
decrease in the SC for sonicated samples might was due to the
increase in temperature and collapse of granules and led granules
to lose their ability to swell. The SEM images showed the great
mechanical damages imposed on starch granules in some of ul-
trasound treatments. This study by presenting thorough informa-
tion on the changes in the structure and PH-CH characteristics
of wheat starch subjected to the different ultrasound treatment
can be used as a base for further works. As the PH-CH features of
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wheat starch profoundly varied due to the changes in ultrasound
treatment conditions, more study needs to be carried out to op-
timize the process parameters and propose the best ultrasound
conditions according to the initial starch properties. Ultrasound
conditions, such as power and frequency, time, and temperature,
are among important factors that should be optimized to inhibit or

decrease adverse impacts of sonication.

ACKNOWLEDGMENT

Islamic Azad University of Iran is acknowledged for providing some

laboratory facilities for this research.

CONFLICT OF INTEREST

All authors declare that there is no conflict of interest.

ETHICAL STATEMENT

There was no human or animal testing in this study.

ORCID

Seid Mahdi Jafari https://orcid.org/0000-0001-6877-9549

REFERENCES

Amini, A. M., Razavi, S. M. A., & Mortazavi, S. A. (2015). Morphological,
physicochemical, and viscoelastic properties of sonicated corn
starch. Carbohydrate Polymers, 122, 282-292.

Bashir, K., Jan, K., & Aggarwal, M. (2017). Thermo-rheological and func-
tional properties of gamma-irradiated wholewheat flour. International
Journal of Food Science & Technology, 52, 927-935.

Chan, H.-T., Bhat, R., & Karim, A. A. (2010). Effects of sodium dodecyl
sulphate and sonication treatment on physicochemical properties of
starch. Food Chemistry, 120, 703-709.

Chang, Y.-H., Lin, J.-H., & Chang, S.-Y. (2006). Physicochemical prop-
erties of waxy and normal corn starches treated in different an-
hydrous alcohols with hydrochloric acid. Food Hydrocolloids, 20,
332-339.

Desam, G. P, Li, J., Chen, G., Campanella, O., & Narsimhan, G. (2018).
Prediction of swelling behavior of crosslinked maize starch suspen-
sions. Carbohydrate Polymers, 199, 331-340.

Falade, K. O., & Ayetigbo, O. E. (2015). Effects of annealing, acid hy-
drolysis and citric acid modifications on physical and functional
properties of starches from four yam (Dioscorea spp.) cultivars.
Food Hydrocolloids, 43, 529-539. https://doi.org/10.1016/j.foodh
yd.2014.07.008

Falsafi, S. R., Maghsoudlou, Y., Aalami, M., Jafari, S. M., & Raeisi, M.
(2019). Physicochemical and morphological properties of resis-
tant starch type 4 prepared under ultrasound and conventional
conditions and their in-vitro and in-vivo digestibilities. Ultrasonics
Sonochemistry, 53, 110-119. https://doi.org/10.1016/j.ultso
nch.2018.12.039

Ganje, M, Jafari, S. M., Tamadon, A. M., Niakosari, M., & Maghsoudlou,
Y. (2019). Mathematical and fuzzy modeling of limonene release from
amylose nanostructures and evaluation of its release kinetics. Food
Hydrocolloids, 95, 186-194.

Gaquere-Parker, A., Taylor, T., Hutson, R., Rizzo, A., Folds, A., Crittenden,
S., ... Arruda, A. (2018). Low frequency ultrasonic-assisted hydrolysis
of starch in the presence of a-amylase. Ultrasonics Sonochemistry, 41,
404-409.

Hu, A, Jiao, S., Zheng, J, Li, L., Fan, Y., Chen, L., & Zhang, Z. (2015).
Ultrasonic frequency effect on corn starch and its cavitation. LWT -
Food Science and Technology, 60, 941-947.

Huang, Q. Li, L., & Fu, X. (2007). Ultrasound effects on the structure
and chemical reactivity of Cornstarch granules. Starch, 59, 371-378.

Jafari, S. M., He, Y., & Bhandari, B. (2006). Nano-emulsion production
by sonication and microfluidization - A comparison. International
Journal of Food Properties, 9, 475-485.

Jafari, S. M., He, Y., & Bhandari, B. (2007). Production of sub-micron
emulsions by ultrasound and microfluidization techniques. Journal of
Food Engineering, 82, 478-488.

Jalili, F., Jafari, S. M., Emam-Djomeh, Z., Malekjani, N., & Farzaneh, V.
(2018). Optimization of ultrasound-assisted extraction of oil from
canola seeds with the use of response surface methodology. Food
Analytical Methods, 11, 598-612.

Jambrak, A. R., Herceg, Z., Subari¢, D., Babi¢, J., Brnéi¢, M., Brn¢i¢, S. R.,
... Gelo, J. (2010). Ultrasound effect on physical properties of corn
starch. Carbohydrate Polymers, 79, 91-100.

Jambrak, A. R., Mason, T. J,, Lelas, V., Herceg, Z., & Herceg, I. L. (2008).
Effect of ultrasound treatment on solubility and foaming proper-
ties of whey protein suspensions. Journal of Food Engineering, 86,
281-287.

Jan, K. N., Panesar, P. S, Rana, J. C., & Singh, S. (2017). Structural, ther-
mal and rheological properties of starches isolated from Indian qui-
noa varieties. International Journal of Biological Macromolecules, 102,
315-322.

Li, M., Li, J., & Zhu, C. (2018). Effect of ultrasound pretreatment on enzy-
molysis and physicochemical properties of corn starch. International
Journal of Biological Macromolecules, 111, 848-856.

Manchun, S., Nunthanid, J., Limmatvapirat, S., & Sriamornsak, P. (2012).
Effect of ultrasonic treatment on physical properties of tapioca
starch. Advanced Material Research, 506, 224-297.

Monroy, Y., Rivero, S., & Garcia, M. A. (2018). Microstructural and
techno-functional properties of cassava starch modified by ultra-
sound. Ultrasonics Sonochemistry, 42, 795-804.

Shabana, S., Prasansha, R., Kalinina, I., Potoroko, 1., Bagale, U., & Shirish,
S. H. (2018). Ultrasound assisted acid hydrolyzed structure modifi-
cation and loading of antioxidants on potato starch nanoparticles.
Ultrasonics Sonochemistry, 51, 444-450. https://doi.org/10.1016/j.
ultsonch.2018.07.023

Shewry, P. R. (2009). Wheat. Journal of Experimental Botany, 60,
1537-1553.

Singh, N., & Kaur, L. (2004). Morphological, thermal, rheological and ret-
rogradation properties of potato starch fractions varying in granule
size. Journal of the Science of Food and Agriculture, 84, 1241-1252.

Sujka, M., & Jamroz, J. (2013). Ultrasound-treated starch: SEM and TEM
imaging, and functional behaviour. Food Hydrocolloids, 31, 413-419.

Tafti, A. G., Peighambardoust, S. H., Behnam, F., Bahrami, A.,
Aghagholizadeh, R., Ghamari, M., & Rafat, S. A. (2013). Effects of
spray-dried sourdough on flour characteristics and rheological prop-
erties of dough. Czech Journal of Food Science, 31, 361-367.

Tafti, A. G., Peighambardoust, S. H., Hesari, J., Bahrami, A., & Bonab, E.
S. (2013). Physico-chemical and functional properties of spray-dried
sourdough in breadmaking. Food Science and Technology International,
19,271-278.

Verma, R., Jan, S., Rani, S., Jan, K., Swer, T. L., Prakash, K. S., ... Bashir, K.
(2018). Physicochemical and functional properties of gamma irradi-
ated buckwheat and potato starch. Radiation Physics and Chemistry,
144, 37-42.

Wang, D., Ma, X., Yan, L., Chantapakul, T., Wang, W., Ding, T,, ... Liu, D.
(2017). Ultrasound assisted enzymatic hydrolysis of starch catalyzed


https://orcid.org/0000-0001-6877-9549
https://orcid.org/0000-0001-6877-9549
https://doi.org/10.1016/j.foodhyd.2014.07.008
https://doi.org/10.1016/j.foodhyd.2014.07.008
https://doi.org/10.1016/j.ultsonch.2018.12.039
https://doi.org/10.1016/j.ultsonch.2018.12.039
https://doi.org/10.1016/j.ultsonch.2018.07.023
https://doi.org/10.1016/j.ultsonch.2018.07.023

JAMALABADI ET AL.

by glucoamylase: Investigation on starch properties and degradation
kinetics. Carbohydrate Polymers, 175, 47-54.

Wang, Z. M., Cheung, Y. C., Leung, P. H., & Wu, J. Y. (2010). Ultrasonic
treatment for improved solution properties of a high-molecu-
lar weight exopolysaccharide produced by a medicinal fungus.
Bioresource Technology, 101, 5517-5522.

Wu, Y., Du, X., Ge, H., & Lv, Z. (2011). Preparation of microporous starch
by glucoamylase and ultrasound. Starch, 63, 217-225.

Yang, Q.-Y., Lu, X.-X., Chen, Y.-Z., Luo, Z.-G., & Xiao, Z.-G. (2018). Fine
structure, crystalline and physicochemical properties of waxy corn
starch treated by ultrasound irradiation. Ultrasonics Sonochemistry,
51, 350-358. https://doi.org/10.1016/j.ultsonch.2018.09.001

Zhu, F. (2015). Impact of ultrasound on structure, physicochemical
properties, modifications, and applications of starch. Trends in Food
Science & Technology, 43, 1-17.

Zuo, J. Y., Knoerzer, K., Mawson, R., Kentish, S., & Ashokkumar, M.
(2009). The pasting properties of sonicated waxy rice starch suspen-
sions. Ultrasonics Sonochemistry, 16, 462-468.

CWILEY- -2

Zuo, Y. Y. J., Hebraud, P, Hemar, Y., & Ashokkumar, M. (2012).
Quantification of high-power ultrasound induced damage on potato
starch granules using light microscopy. Ultrasonics Sonochemistry, 19,
421-426.

How to cite this article: Jamalabadi M, Saremnezhad S,
Bahrami A, Jafari SM. The influence of bath and probe
sonication on the physicochemical and microstructural
properties of wheat starch. Food Sci Nutr. 2019;7:2427-2435.
https://doi.org/10.1002/fsn3.1111



https://doi.org/10.1016/j.ultsonch.2018.09.001
https://doi.org/10.1002/fsn3.1111

