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Fig 2 Change in Free fatty acids of Oil extracted by
different ultrasound treatment.
Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Fig 1 Oil extraction yield from safflower seed
obtained by different ultrasound treatment
Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Fig 4 Change in TBA of Oil extracted by ultrasound
treatment.
Different capital letters in each column and small
letters in each row indicate significant statistical
differences at P<0.05.
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Fig 3 Change in Peroxide value of Oil extracted by
ultrasound treatment.
Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Fig 5 Change in Phosphatide of Oil extracted by
ultrasound treatment.
Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Fig 6 Change in Saponification value of oil extracted
by ultrasound treatment.
Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Fig 7 Change in TVN of Meal under ultrasound
treatment.

Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Fig 8 Change in Urease of Meal under ultrasound
treatment.

Different capital letters in each time and small letters
in each temprature indicate significant statistical
differences at P<0.05.
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Table 1 Change in Protein solubility of Meal under ultrasound treatment.

55°C 45°C 35°C Time(min) / Temp(C)
95.10 + 0.02™ 95.02 +0.05 95.01 +£0.01 30 min
95.19+0.03" 95.13+0.02% 95.10 +0.06™ 60 min
95.01+0.10™ 95.27 + 0.39% 95.29 +0.01* 90 min
Different capital letters in each column and small letters in each row indicate significant statistical differences at
P<0.05.
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Table 2 Change in PDI of Meal under ultrasound treatment.

55°C 45°C 35°C Time(min) / Temp(C)

13.09 +0.03™ 13.07 +0.05% 13.06 +0.03¢ 30 min

13.16 £0.01" 13.13+0.03™ 13.12+0.04™ 60 min

13.15+0.04™ 13.19+0.03* 13.19+0.01* 90 min

Different capital letters in each column and small letters in each row indicate significant statistical differences at
P<0.05.
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Table 3 Oil yield (%) obtained after extraction by different methods.

SE UAE (35 °C) UAE (45 °C) UAE (55 °C)
30 min 5.98+0.20“ 6.55+0.05% 6.700+0.02° 7.85+0.56“
60 min 7.85+ 0275 10.06+0.23% 12.35+0.18%° 13.2540.06%
90 min 10.10+0.13%° 16.06+0.09* 17.37+0.114 17.4140.10%

Different capital letters in each column and small letters in each row indicate significant statistical differences at
P<0.05.
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Table 4 Physicochemical properties of safflower oil extracted by different methods.

SE UAE (45 °C, 90 min) UAE (55 °C, 90 min)
FFA 0.429 £0.001° 0.480+ 0.044 ° 0.580+0.029*
PV 5.000+0.020° 5.053 £0.049" 5.320+0.035°
Phosphatide 0.226 +0.020° 0.466+0.011° 0.620 +0.008"
Y 191.947+0.036° 191.966+0.023 * 191.967+0.024°
v 147352+ 0.396° 147398 +£0.250° 147.563 +0.309°
TBA 0.056 +0.003 ° 0.083+£0.002° 0.105+0.002*°
LC R:4.033 £0.057° R:4.066+0.115° R:4.266 £0.230°
Y:33.333+£0.577° Y:33.000+2.000" Y:33.000+2.645°
RI 1.474 £0.001° 1.475+0.001° 1475+0.001°

Mean + SD (n = 3). Means within a row with the same letter are not significantly different as indicated (P<0.05).
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Table S Fatty acid composition (% of total fatty acids) of safflower oil extracted by different methods.

Fatty acid SE UAE (45 °C, 90 min) UAE (55 °C, 90 min)
C16:0 5367+0.011° 5366 +£0.057° 5.333+0.057°
Cleé:1 0.107+0.012° 0.090 £ 0.005° 0.100+£0.005*
C18:0 2.087+0.023° 2.120+£0.010° 2.113+£0.015*
C18:1 14.137+0011° 13.950 +0.055° 13.896 +£0.112°
Cl18:2 77.943 +£0.038° 78.025 +£0.051° 78.106 £0.153%
C18:3 0.060+0.001° 0.059 +£0.002° 0.040+ 0.001°
C20:0 0.077 +0.002° 0.061 +0.009° 0.063 +0.009*°

Mean + SD (n = 3). Means within a row with the same letter are not significantly different as indicated (P<0.05).
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Table 6 Physicochemical properties of safflower seed and meal by different methods.

Safflower seed SE UAE (4.50C’ 20 UAE (S.SOC’ 20
min) min)

Protein 17.13+0.05° 2244+0.07° 22.88+0.51° 2246+0.03°
PDI 11.51+0.06¢ 1233+0.17° 13.19+£0.03° 13.15+0.04°

SP 91.06+0.83°¢ 93.64+0.14"° 9527 +0.65° 94.89+0.10°

CF 33.86+0.51° 34.02+£027° 33.93+0.18° 33.99+0.17°

Ash 6.03+0.01° 5.94+0.13° 597+0.10° 6.00+0.11°
AIA 0.96 +0.06° 0.98+0.04° 0.96+0.02° 0.97+0.04°
TVN 6.51+0.28° 6.73+0.35° 6.87+0.65° 6.88 +0.44°
Urease 0.41+0.03° 0.31+0.01° 0.20+0.02°¢ 0.10+0.01¢

Trypsin ihibitor ND ND - -

Mean + SD (n = 3). Means within a row with the same letter are not significantly different as indicated (P<0.05).
ND= Not Detected
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ABSTRACT

ARTICIE INFO

Among of the emerging methods to increase the efficiency of oil extraction from
oilseeds, the use of ultrasound has attracted the attention of researchers. In this
study, bath ultrasound with frequency of 37 kHz was used and the variables
included times of 30, 60 and 90 minutes and temperatures of 35, 45 and 55° C.
Some physicochemical analysis were tested on the extracted oil and the remaining
meal, and compared with the results of the traditional method (Soxhlet). Maximum
oil efficiency in the ultrasound-assisted extraction (UAE) method was 17.4%.
Ultrasound pretreatment did not have much effect on the composition of fatty
acids, iodine value, refractive index and saponification value of the oil. However,
the amount of free fatty acids, phosphatide and peroxide value increased with
increasing time and temperature of pretreatment. The results of meal analysis
showed that ash, crude fiber and crude protein were not affected by ultrasound.
Trypsin inhibitory activity (TIA) was also measured and it was found that
safflower seeds studied in this Research did not have TIA. The effect of this
pretreatment on the urease activity was significant (P< 0.05) and reduced the
activity of this enzyme, which is an undesirable and anti-nutritional factor. The
results showed that UAE had no adverse effect on protein solubility of meal, and
increased it under optimal conditions. The use of ultrasound pretreatment under
optimal conditions increased the oil efficiency and reduced the extraction time,
compared to the traditional method (Soxhlet), without having an adverse effect on
the physicochemical properties of the extracted oil and residue meal.
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