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Effect of Ultrasonic Treatment on the Structural Characteristics and Physicochemical Properties of
Brown Rice Starch
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(College of Food Science and Engineering, Northwest A&F University, Yangling 712100, Shaanxi, China)
Abstract: This study investigated the structural characteristics and physicochemical properties of brown rice
starch ultrasonically treated for different durations. The apparent and crystal structures of brown rice starch as
well as their physicochemical properties, such as rheology, thermodynamics, light transmittance, water
precipitation and coagulation, were mainly analyzed to provide a theoretical basis for the application of brown
rice starch in ultrasonic food processing. The results suggested that prolonging ultrasonic treatment time could
increase the degree of damage to the morphology of brown rice starch particles. However, no change in particle
size was observed. Additionally, ultrasonic treatment did not change the crystalline form of brown rice starch,
but it significantly affected its crystalline properties (p<0.05). The crystallinity of brown rice starch reached a
maximum percentage of (12.60+0.08 )% after 30 min of treatment, following which it decreased to a percentage
that did not differ significantly from that of the control group (i.e., brown rice starch not treated ultrasonically ).
Moreover, the storage modulus (G') and loss modulus (G”) of brown rice starch after ultrasonic treatment were
lower than those of the control group, indicating a decrease in viscoelasticity. With the extension of treatment
time to 40 min and 50 min, gelatinization enthalpy decreased from (6.88+0.51) J/g to (1.36+0.27) J/g (40 min),
and then increased to(7.88+0.32) J/g(50 min ), respectively. Furthermore, the transmittance of the starch paste
decreased from (0.52+0.04)% to (0.23+0.02)% (40 min ), and then increased to (0.46+0.02)% (50 min )after
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ultrasonic treatment for 40 min and 50 min, respectively. After ultrasonic treatment for 30 min, the freeze—thaw

and coagulation stability of brown rice starch was the most optimal, water precipitation rate was(43.51+3.06)%,

and the proportion of precipitation was (56.00+1.89)%. Collectively, these results showed that the structural

characteristics and physicochemical properties of brown rice starch were significantly affected by ultrasonic

treatment (p<0.05); appropriate ultrasonic treatment may result in the development of brown rice starch prod—

ucts with improved processing characteristics and sensory quality.
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Fig.1 Scanning electron microscopy of brown rice starch treated with different ultrasonic time (x3 000)
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Fig.2 XRD patterns of brown rice starch treated with different
ultrasonic time
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Table1 Relative crystallinity and light transmittance of brown
rice starch treated with different ultrasonic time

xAF HAXTES L% EFI%
b B 10.96:0.18" 0.52+0.04°
10 min 11.27+0.90" 0.410.03"
20 min 11.73£0.05" 0.29+0.03°
30 min 12.60+0.08" 0.25:0.01°
40 min 11.21+0.34" 0.230.02°
50 min 10.64+0.13¢ 0.46+0.02"

T : A B RN TR AR 2 AL A B35 225 p<0.05.
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Fig.3 Dynamic rheological properties of brown rice starch treated
with different ultrasonic treatment
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Table 2 Thermodynamic properties of brown rice starch treated
with different ultrasonic time

kil T,/°C T,/C T./°C AH,/(J/g)
XHARZH  58.87+0.29°  65.45:0.46°  71.90+0.87*  6.88+0.51
10 min ~ 58.12+0.05°  64.76+0.31°  71.40£0.91*  5.97+0.83"
20 min  62.06£4.64' 65.73+1.16" 72.47+1.07"  6.820.20"
30 min  57.57+0.03*  64.08+0.02'  70.84+0.57"  5.80+0.44"
40 min  61.880.13"  65.31x0.01°  68.98+0.53"  1.36+0.27°
50 min  57.77#0.01° 64.61:0.01°  72.77+0.53"  7.88+0.32"

T : [ =3 RV NG P RN A R 2 R AA B2 5, p<0.05.
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Fig.4 Water setting rate and coagulability of brown rice starch
treated with different ultrasonic time
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