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Figure 4.2 Appearance of black glutinous rice grain after extraction at various US power for 30 min
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Figure 4.3 Effect of US power and time on total anthocyanin content. The vertical bars represent
the standard deviation (n=3). Different small letters, at the same US power are significantly
different (p < 0.05). Different capital letters, at the same extraction time are significantly different
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Table 4.1 Effect of rice: water proportion and total sample weight on total anthocyanin

Total anthocyanin

Rice : Water
Total sample weight (g)  (mgCy-3-G/100 g grain weight)
Ratio (g2
125 (A) 40:100 140 21.91£0.30™
1:5 (B 20:100 120 29.80+0.63""
1:10  (C) 10:100 110 22.15+0.33"
1:2.5  (Al) 60:150 210 20.0120.25"
1:5 (Bl 35:175 210 17.30+0.53"
1:10  (C1) 20:200 220 15.5240.91"

Data expressed as means+standard deviations of three (n = 3) measurements

Different small letters a,b, and x,y and z of similar total sample weight treatment are significantly
different (p <0.05)

Different capital letters A, B at the same ratio are significantly different (p < 0.05)
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aANNZou (ultrasonic combinations with heating extraction, USHE)
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Figure 4.5 Effect of heating temperature and time on total anthocyanin content of rice extracts, in
comparison between US pretreatment (USHE) and without (HE) before heating. The vertical bars
represent the standard deviation (n = 3). Different small letters, at the same temperature are
significantly different (p < 0.05). Different capital letters, at the same heating time are

significantly different (p < 0.05).
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Figure 4.6 Comparison of anthocyanin content of rice extracts obtained from HE and USHE

methods, at the same heating temperature and time. The vertical bars represent the standard

deviation (n = 3). Different letters are significantly different (p < 0.05).
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Figure 4.7 Effect of heating temperature and time on total polyphenol content of rice extract, in

comparison between US pretreatment (USHE) and without (HE) before heating. The vertical bars

represent the standard deviation (n = 3). Different small letters, at the same temperature are

significantly different (p < 0.05). Different capital letters, at the same heating time are

significantly different (p < 0.05).
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Figure 4.8 Comparison of polyphenol content of rice extracts obtained from HE and USHE
methods, at the same heating temperature and time. The vertical bars represent the standard

deviation (n = 3). Different letters are significantly different (p <0.05)
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Figure 4.9 Effect of heating temperature and time on DPPH  radical scavenging activity of rice
extracts, in comparison between US pretreatment (USHE) and without (HE) before heating. The
vertical bars represent the standard deviation (n = 3). Different small letters, at the same
temperature are significantly different (p < 0.05). Different capital letters, at the same heating

time are significantly different (p <0.05).
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Figure 4.10 Comparison of DPPH  radical scavenging activity of rice extracts obtained from HE

and USHE methods, at the same heating temperature and time. The vertical bars represent the

standard deviation (n = 3). Different letters are significantly different (p < 0.05).
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Figure 4.11 Effect of heating temperature and time on ABTS radical scavenging activity of rice
extracts, in comparison between US pretreatment (USHE) and without (HE) before heating. The
vertical bars represent the standard deviation (n = 3). Different small letters, at the same
temperature are significantly different (p < 0.05). Different capital letters, at the same heating

time are significantly different (p <0.05).
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Figure 4.12 Comparison of ABTS radical scavenging activity of rice extracts obtained from HE
and USHE methods, at the same heating temperature and time. The vertical bars represent the

standard deviation (n = 3). Different letters are significantly different (p <0.05).
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Figure 4.13 Effect of heating temperature and time on total solid of rice extracts obtained from

HE and USHE methods. The vertical bars represent the standard deviation (n = 3).
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Figure 4.14 Effect of heating temperature and time on transmission of rice extracts obtained from

HE and USHE methods. The vertical bars represent the standard deviation (n=3)
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Figure 4.15 Effect of heating temperature and time on viscosity of rice extracts obtained from HE

and USHE methods. The vertical bars represent the standard deviation (n=3).
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HE

USHE

Figure 4.16 Color of Black glutinous rice extract by HE and USHE methods.

Heating at 60 °C for (a) 10 min, (b) 20, (¢) 30 min and (d) 40 min
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Table 4.2 Effect of heating temperature and time on color (L*, a*, b*) of rice extracts obtained from HE and USHE methods.

Condition L* a¥ b*
Temperature (°C) Time (min) HE USHE HE USHE HE USHE
50 10 79.2+0.1" 4.2+0.0" 15.6£0.0" 23.7+0.2%" 19.120.0"* 7.040.0
20 70.4+0.0 1.5+0.0° 23.8+0.0" 7.5+£0.3" 25.840.0" 2.240.2"
30 64.9+0.0™ 1.2+0.0" 28.3+0.0™ 9.840.1" 30.0+0.0° 2.740.1"
40 57.6£0.0" 0.240.0" 34.1+0.1° 7.640.0"" 34.7+0.0" 2.040.1"
60 10 70.6+0.0" 2.0+£0.0 20.5+0.0" 12.9+0.1 21.8+0.0" 3.540.1°
20 62.9+0.1" 1.3£0.0"° 27.740.2" 7.4+0.1° 28.0+0.0" 2.040.1°
30 54.240.0" 1.1£0.0™ 34.5+0.0" 6.940.0" 33.6+0.0° 1.840.0°
40 51.2+0.1" 0.8+0.0" 37.4+0.0" 4.4+0.0" 36.7+0.0" 0.9+0.1"
70 10 58.1+0.0 1.0£0.0" 31.4+0.0" 6.2+0.0" 29.7+0.0" 1.5+0.0"
20 54.140.1°C 1.00.0” 34.6+0.0™ 5.840.0" 33.840.0"™ 1.4+0.1"
30 41.740.0° 0.5+0.0" 46.0+0.0° 0.6+0.1"° 44.8+0.1° 0.540.0"
40 37.4+0.0° 0.4+0.0" 47.8+0.0" 0.6+0.1" 44.840.1° 0.5+0.2'

Data expressed are the means =+ standard deviation from three measurements. Different small letters, at the same heating temperature are significantly difference

(p < 0.05). Different capital letters, at the same heating time are significantly difference (p < 0.05).
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Table 4.2 Effect of heating temperature and time on color (L*, a*, b*) of rice extracts obtained from HE and USHE methods. (Gii’))

Condition L* a* b*
Temperature (°C) Time (min) HE USHE HE USHE HE USHE
80 10 46.0+0.0" 0.3+0.0™" 43.4+0.0™ 0.4+0.0™" 42.040.0" 0.4+0.0""
20 37.0+0.0° 0.3+0.0™" 48.0+0.0™ 0.4+0.1™ 48.4+0.0" 0.3+0.1""
30 31.840.0" 0.2+0.0"" 49.6:0.0™ 0.3+0.1"" 49.8+0.0™ 0.2+0.0™"
40 22.9+0.0" 0.2+0.0" 47.3+0.1" 0.3+0.1"" 38.7+0.1" 0.240.0"
100 10 40.3+0.0" 0.2+0.0" 46.8+0.0™ 0.4+0.0" 43.9+0.0™ 0.4+0.0
20 23.6+0.0" 0.240.0°" 48.0+0.0™ 0.3+0.1™" 38.340.1° 0.3+0.1""
30 14.3+0.0" 0.2+0.0™" 41.040.1"° 0.3£0.0"" 24.240.0" 0.2+0.0""
40 8.5+0.0"" 0.1£0.0" 34.4+0.1" 0.2+0.1" 14.240.1 0.1+0.0"

Data expressed are the means =+ standard deviation from three measurements. Different small letters, at the same heating temperature are significantly difference

(p < 0.05). Different capital letters, at the same heating time are significantly difference (p < 0.05).
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Figure 4.17 Comparison of HH and WH extraction on total anthocyanin content in rice extracts.
The vertical bars represent the standard deviation (n=3). Different small letters, within the same
heating method are significantly different (p < 0.05). Different capital letters, in comparison

between HH and WH method at the same heating time, are significantly different (p <0.05).
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Figure 4.18 Comparison of HH and WH extraction on total polyphenol content in rice extract.
The vertical bars represent the standard deviation (n=3). Different small letters, within the same
heating method are significantly different (p < 0.05). Different capital letters, in comparison

between HH and WH method at the same heating time, are significantly different (p < 0.05).
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Figure 4.19 Comparison of HH and WH extraction on (a) DPPH and (b) ABTS' radical
scavenging activity in rice extract. The vertical bars represent the standard deviation (n=3).
Different small letters, within the same heating method are significantly different (p < 0.05).
Different capital letters, in comparison between HH and WH method at the same heating time, are

significantly different (p < 0.05).
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Table 4.3 Comparison of rice extract properties obtained from HH and WH extraction at 100°C for 30-60 min
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Heating time (min)

Properties 30 40 50 60
HH WH HH WH HH WH HH WH
Total solid (%) 1.67+0.00”  1.11£0.00™"  2.4940.00"  2.06+0.01™" 3.5120.01°"  3.04+0.55™"  4.53+0.00""  4.37£0.33""
1.120.00™  1.940.00™"  1.0£0.00"*  0.840.00""  0.6£0.00""  0.6+0.00""  0.5£0.00°"  0.5+0.00""

Transmission (%)

Viscosity (cP) 3.43£0.05"  3.10£0.01™"  7.26+0.05"  5.43+0.01™ 18.32+0.15" 16.46+0.15" 21.36+0.57" 19.16£0.11°"
L* 7.2120.02""  14.30£0.02”° 6.86+0.03°" 8.45+0.00""  5.5440.02™" = 6.55£0.01"  4.11£0.02*"  5.07+0.05""
a* 33.5620.06 " 41.05£0.07° 32.7840.09”" 34.40+0.07°" 28.99+0.04™ 30.00+0.07"" 24.16+0.03" 25.17+0.05""
b* 12.3140.06 " 24.20+0.07”" 11.56£0.03"" 14.20£0.07"" 9.4140.05"" 11.41£0.01"" 6.850.15""  7.93+0.05""

Data expressed as means+standard deviations of three (n = 3) measurements

Different small letters, in the heating method are significantly different (p < 0.05).

Different capital letters, in comparison of direct and indirect heating method at the same heating time are significantly different (p <0.05).
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Table 4.4 Quality of rice black glutinous rice extract beverage

Quality Value

Total anthocyanin contents (mg Cy-3-G/1 product) 101.92+5.59
Total polyphenol contents (mg GAE/1 product) 2324.37+33.3
DPPH  radical scavenging activity (umol tolox) 363.00+2.79
ABTS radical scavenging activity (umol tolox) 583.28+1.03
pH 2.65+0.00
Viscosity (cP) 33.49+02
L* 5.90+0.02
a* 31.1620.12
b* 9.50+0.15

Data expressed as means+standard deviations of three (n = 3) measurements
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Figure 4.20 Effect of storage time and temperature on total anthocyanin contents of black

glutinous rice extract beverage. The vertical bars represent a standard deviation (n = 3).
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Figure 4.21 Effect of storage time and temperature on total polyphenol contents of black

glutinous rice extract beverage. The vertical bars represent a standard deviation (n = 3).
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Figure 4.22 Effect of storage time and temperature on ABTS' (a) and DPPH (b) radical
scavenging activity of black glutinous rice extract beverage. The vertical bars represent a standard

deviation (n = 3).
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Table4.5 Effect of storage time and temperature on color L*, a* and b*of black glutinous rice extract beverage.

Storage Color

time L* a* b*

(day) RT 4°C RT 4°C RT 4°C
0 5.90+0.02" 5.90+0.02" 31.16+0.12° 31.16+0.12 9.50+0.15° 9.50+0.15"
7 5.97+0.04" 5.79+0.01" 30.49+0.13 ¢ 31.23+0.07" 9.99+0.19" 9.72+0.03
14 6.03£0.02" 5.93+0.04" 30.23+0.09" 31.14+0.00 10.02+0.13"° 10.01+0.06 ™
21 6.12+0.11° 6.060.03 ¢ 30.10+0.07° 30.93+0.08 ™ 10.17+0.08™ 10.16£0.28
28 6.25+0.02 6.16+0.03 29.40+0.06" 30.81+0.30 " 10.39+0.04 ¢ 10.37+0.12%
35 6.76+0.05° 6.28+0.07° 29.39+0.09" 30.57+0.12° 11.25+0.07° 10.60+£0.19°

Data expressed as means+standard deviations of three (n = 3) measurements

Different small letters, in the same column are significantly different (p <0.05).
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Table 4.6 Effect of storage time and temperature on change in microbial qualities of black glutinous rice extract beverage.
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Microbial qualities

Storage
time Yeast and mold Total bacteria count E. Coli S. Aureus C. perfringent B. cereus Coliform
(day) (log CFU/ml) (log CFU /ml) (MPN/100ml) (log CFU/1ml) (log CFU/1ml) (log CFU/ml) (MPN/100ml)
RT 4°C RT 4°C RT 4°C RT 4°C RT 4°C RT 4°C RT 4°C
0 0 0 0 0 nd nd nd nd nd nd nd nd <3.0 <3.0
7 <25 <25 2.63 2.63 Q) Q) Q) Q) Q) Q) Q) Q) Q) Q)
14 <25 <25 2.56 2.51 nd nd nd nd nd nd nd nd <0.3 <0.3
21 <25 <25 2.41 2.32 Q) Q) Q) Q) Q) ©) Q) Q) ©) Q)
28 <25 <25 2.38 2.23 ©) ©) ¢) ¢) © ) ¢ ) Q) ¢)
35 <25 <25 2.30 2.00 nd nd nd nd nd nd nd nd <0.3 <0.3

nd= not detected

(-)= not assay
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Table4.7 Effect of storage time and temperature sensory evaluation of black glutinous rice extract beverage with different of storage time.
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Sensory attributes”

Storage
timeg Color Rice flavor Viscosity Mouthfeel Sweetness Sourness Overall accepability
(day) RT 4°C RT 4°C RT 4°C RT 4°C RT 4°C RT 4°C RT 4°C
0 726411 72611 7.13£0.8 7.13£0.8 7.20+1.0 7.20£1.0 7.46+1.3 7.46%1.3 7.26+0.7 7.26+0.7 7.33£0.9 7.334#0.9 7.5340.8" 7.53+0.8
7 7.3340.6 7.3341.0 6.93+1.0 7.20+1.0 7.13+1.1 7.26£0.9 7.13+1.0 7.134#12 6.93+1.0 7.40+0.9 7.26+1.0 7.33+0.8 7.46+1.0° 7.46+0.7"
14 7.46£0.9 7.53+0.8 6.93+0.7 7.00£1.2 6.86+0.9 7.06+1.3 7.13%1.1 7.60+0.7 6.86+1.0 7.064+0.8 7.13+1.0 7.26+0.8 7.13+0.9" 7.20+0.7"
21 726+£1.0 7.53+1.0 6.80+0.9 6.7340.7 6.86+1.3 7.04+0.8 7.13£0.9 7.00£0.7 6.80+0.9 6.86+0.8 6.86+0.9 6.93+0.9 7.1340.9" 7.00+1.0"
28 7.04£0.8 7.26£1.0 6.73:0.9 6.80+1.1 6.73+1.0 6.93+0.9 6.73+0.7 6.93+0.8 6.73:12 6.86+0.9 6.66+0.7 6.60+0.9 6.86+0.8" 6.93+1.0"
35 6.93+£0.9 7.20£0.8 6.20+1.3 6.33x1.3 6.5320.9 6.86x0.9 6.73£1.0 6.73:0.9 6.66x1.3 6.60£1.1 6.60+1.1 6.60£1.1 6.53+0.9" 6.66+1.2"

Data expressed as means+standard deviations of fifteen (n = 15) measurements
Different small letters, in the same column are significantly different (p < 0.05).

ns = not significantly different storage time (p = 0.05).



