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Tablel.table of treatments

Treatment Code Hydrothermal process Microwave
Co Control (Rice bran) Control (Rice bran)
Hi 30°C/1h -

H; 30°C/2 h -

Hs 80°C/1h -

Ha 80°C/2 h R

M - 600 w/ 4 min

M, - 600 w/ 7 min

M3 - 900 w/ 4 min

Mgy - 900 w/ 7 min
HM; 50°C/1 h 750 w/ 4 min
HM; 50°C/2 h 750 w/ 4 min
HM;3 50°C/1 h 750 w/ 7 min
HM4 50°C/2 h 750 w/ 7 min
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*Similar lowercase letters between treatments are not statistically significant at (P>0.05) level.
H: hydrothermal , M: microwave, HM: hydrothermal + microwave

Fig 1. Comparison of the amount of phytic acid in different processing methods
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Table 2. Comparison of mean color in different processing methods

Treatment L* b* a*
Co 61.95+220¢2 19.34+0.622 11.43+0.60°2
Hs 56.07 £ 1.56 ° 17.15+0.33° 56.07 £ 1.56 °
H, 53.45+0.61° 18.02 £ 0.04 b 53.45+0.61°
Hs 53.61+2.14° 17.12+0.20° 53.61+2.14°
Ha 55.06 + 3.63 " 18.49 + 3.63°P 55.06 + 3.63
My 19.92 +1.78 ¢f 354+1.12¢ 19.92 +1.78 ¢f
Mz 20.52 £ 0.50 1.90+0.83f 20.52 £ 0.50
Ms 19.31+057f 1.20+0.15F 19.31+057f
My 22.62+164°¢ 6.53+1.64¢ 22.62+164°¢
HM; 4327 £1.47°¢ 18.13+1.83° 4327 £1.47°¢
HM; 38.84+0.751¢ 14.70 £+ 0.50 ¢ 38.84+0.75¢
HM3 2237+1.14°¢ 6.19+0.55¢ 2237+1.14°¢
HM4 21.12 £ 0.74 ¢f 461+1.10¢ 21.12 £ 0.74 ¢

*Similar lowercase letters between treatments are not statistically significant at (P>0.05) level in each column
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*Similar lowercase letters between treatments are not statistically significant at (P>0.05) level.
Fig 2. Comparison of the amount of AE in different processing methods
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Table 3. Comparison of minerals (ppm) in different processing methods
Treatment Pb (ppm) Cr (ppm) Hg (ppm)
Co 0.29+0.022 0.20+0.012 0.069+0.342
Hi 0.12+0.01°¢ 0.11 +0.00 cde 0.067 £0.002
H, 0.22+0.03% 0.07+0.00¢ 0.050 + 0.00 ¢
Hs 0.06 +0.00¢ 0.10+0.00°¢ 0.054 £0.00 ¢
Ha 0.09 +0.00 ¢ 0.11 + 0.00 cde 0.050 £+ 0.00 ¢
M; 0.09 £ 0.07 ¢ 0.08+0.00f 0.050 £+ 0.00 ¢
M 0.07 £ 0.08 % 0.11 + 0.00 ¢ 0.050 £+ 0.00 ¢
Ms 0.08 £ 0.00 % 0.08+0.00 0 0.050 £+ 0.00 ¢
My 0.06 +£0.00°® 0.11+0.01¢% 0.050 £+ 0.00 ¢
HM; 0.12+0.00°¢ 0.08+0.00 0 0.060 £ 0.00°
HM, 0.09+0.00 ¢ 0.16+0.01° 0.060 + 0.00 °
HM3 0.21+0.02% 0.11 +0.00 % 0.050 £ 0.00 ¢
HM, 0.08 +0.00 % 0.12+0.00°¢ 0.050 £0.00 ¢
Standard 0.15+0.00 1.00 £0.00 0.225+0.00

*Similar lowercase letters between treatments are not statistically significant at (P>0.05) level in each column
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Table 4. Comparison of mean heavy metal (ppm) in different processing methods

Treatment Fe(ppm) Zn(ppm) Ca(ppm)
Co 7.19+0.01° 157+0.13% 80.06 +0.22 ¢
H: 6.13+0.13¢ 1.07 £ 0.01 bed 73.10+£0.19¢
Ho 5.58+0.02¢ 0.92+0.02¢ 68.75 + 0.03
Ha 4.03+0.03' 0.65+0.02f 52.53 +0.16'
Ha 5.38+0.02f 1.06 +0.02 ¢ 68.34 + 0.05
M 6.06 +0.04 ¢ 1.07 £ 0.01 bd 69.15+0.06
M2 3.91+0.02} 0.55+0.04f 71.69+0.15"
M3 494 +£0.039 1.26 +0.02 b° 92.38+0.24°
My 4.27+0.04" 1.30+£0.02° 87.55+0.12°¢

HM 6.68 £0.02° 156 £0.02 2 106.43 +£0.23%
HM; 6.05+0.04 ¢ 0.67 £ 0.49 °f 80.56 +0.14 ¢
HM3 6.36 £ 0.03 ¢ 0.93 +£0.01¢ 7450+0.24F
HM,4 6.32+0.03°¢ 0.90 +£0.02 % 80.62 +0.22 ¢

*Similar lowercase letters between treatments are not statistically significant at (P<0.05) level in each column
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Today, bran is considered a functional compound in the food industry.
The aim study was to investigate different processing methods of rice
bran to improve its physicochemical characteristics. Treatments were
prepared in 12 groups, control (CO0), 4 samples hydrothermal treated
H1 and H2 (1 and 2 h at 30 °C, respectively), H3 and H4 (1 and 2 h at
80 "C, respectively), 4 samples microwave treated M1 and M2 (4 and
7 min at a 600 w, respectively), M3 and M4 ((4 and 7 min at a 600 w,
respectively), 4 samples hydrothermal-microwave treated HM1 and
HM2 (First, 1 and 2 h at 50 "C, respectively, then 4 min at 750 w),
HM3 and HM4 (First, 1 and 2 h at 50 ‘C, respectively, then 7 min at
750 w). The results showed that the hydrothermal-microwave method
was more effective in reducing phytic acid than the other two methods
(p<0.05) so the HM4 treatment had the lowest amount of phytic acid
(p<0.05). The color value test showed the lowest AE change was
related to rice bran hydrothermal treated (H1 with AE equal to 6.36)
(p<0.05). The hydrothermal-microwave process showed the highest
retention of iron, zinc, and calcium (p<0.05). Most minerals were
shown in HM1 (6.68, 1.56, and 106.43 ppm, respectively). The heavy
metals test indicated that in all treatments, the number of heavy metals
significantly decreased compared to the control (p<0.05). However,
the microwave method was more effective than others (p<0.05).
Therefore, it can be concluded that using the hydrothermal-
microwave method provides better quality rice bran.
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