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Table 2- The pretreatments used in the study

Number Microwave time(s) Ultrasound time(min) Press speed (rpm)

1 0
2 120
3 0
4 120
5 0
6 120
7 0
8 120
9 60
10 60
11 60
12 60
13 60
14 60
15 60
16 60
17 60

0 34

0 34
50 34
50 34
25 11
25 11
25 57
25 57

0 11
50 11

0 57
50 57
25 34
25 34
25 34
25 34
25 34
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Table 2- Model selection for measured parameters
Extraction efficiency Acidity (% oleic acid) Color Refraction coefficient Total phenol(ppm)
Models Sum of probability Sum of probability Sum of probability Sum of probability Sum of probability
squers squares squares squares squares
Intercept 17071.72 38.4 553600 18.64 66091
linear 4.09 0.42 1.76 0.0032 10374 0.0001> 0 1 496.81 0.72
2FI 16.51 0.0001> 0.017 0.9801 971.99 0.0001> 0 1 168/99 0.9446
quadratic 0.35 0.4 093  00001> 633 0.2339 0 1 455488 0.0001>
polynomial
Cubic 0.72 0.002 0.031 0.0015 6.81 0.05 1 385 0.0002
polynomial
Residue 0.0069 0.009 1.38 0 0.45
Total 17093.40 41.14 564900 18.64 71351.26
Suddi (5538 0 a3l (5L, 9IS ualyyf g LT Jgun ¥ Jgaa
Table 3- Analysis of Variance for measured parameters
Models Extraction efficiency Acidity (% oleic acid) Color Refraction coefficient Total phenol (ppm)
S f s S f - S f - S f - S f -
Source Scl]JLrJT;rZS Probability S;urgrgs Probability S;L:T;rzs Probability Sc:j:;rgs Probability Sc:j:;rgs Probability
Model 20.60 <0.0001 2.71 <0.001 11346 <0.001 e 5220 <0.001
A 1.54 0.004 1.22 <0.001 6319.69 <0.001 - 377.16 <0.001
B 1.19 0.007 0.51 <0.001 3941.39 <0.001 - 105.42 0.0033
C 1.36 0.005 0.029 0.04 113.55 <0.001 - 14.23 0.1538
A2 - 0.29 <0.001 - - - 2071.89 <0.001
B2 - 0.59 <0.001 - - 2220 <0.001
C2 - 0.0027 0.812 - - - 0.068 0.9150
AB 16.44 <0.001 0.0081 0.2248 586.85 <0.001 - 44.09 0.0260
AC 0.026 0.637 0.009 0.2027 7.62 0.0449 - 50.77 0.0194
BC 0.04 0.557 0.00025 0.943 372.52 <0.001 - 74.13 0.0082
Residue 1.08 - 0.032 - 14.51 - - 38.95 -
Lack of
fit 1.07 0.02 0.031 0.015 13.14 0.0574 AR 38.5 0.02
Pure error 0.006 - 0.009 - 1.38 <0.001 /e 0.45
Sum of
total 21.69 2.74 11361.14 <0.001 e 5259.63
squares
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Figure 1- Effect of (a) microwave and ultrasound time, (b) microwave time and press speed and (c)
ultrasound time and press speed on oil extraction efficiency
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Figure 2- Effect of (a) microwave and ultrasound time, (b) microwave time and press speed and (c)

ultrasound time and press speed on oil acidity
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Table 4- Fitted models for measured parameters

Variable Model R? R? adj CV
Extraction y=+31.69 +0. 44 X3+ 0.39 X>-0.41
. X3 —2.03X31X, + 0.080X:X3 + 0.100 0.95 0.92 1.04
efficiency (%) XoXs
y=+1.21 +0.39 X1+ 0.25 Xz+ 0.06X3
Acidity (oleic +0.26X1% + 0.37 X% — 0.008X3% —
acid %) 0.045X1Xz -0.047X: X — 0.0025 0.988 0.973 4.50
XoX3
y=+180.45 +28.11 X1+ 22.20 X+
Color 3.77 X3+ 12.11X: X, — 1.38X1 X3 — 0.998 0.998 0.67
9.72 X2X3
Refraction -
cofficient y=105 ) ) 0
y= +83.54 — 6.87 X1~ 3.63 Xo—
Total phenol 1.33X3—-22.18X4% —22.97 X? +
(ppm) 0.13X4? — 3.32X1 X + 3.56X1Xs + 0.993 0.983 3.78

4.31 XoX3

X1= Microwave time X,= Ultrasound time
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Table 5- Optimization of oil extraction in different condition of processing

Microwave Ultrasound Press
time(s) time(min) speed
(rpm)
Expected 33.71 28.37 11
data
Experimental 33.71 28.37 11
data

Extraction Acidity Refraction Color Total
efficiency (oleic coefficient index phenol
(%) acid %) (Ppm)
32.103 1.04 1.0471 167.53 84.02
31 1.05 1.0471 165.00 84.05
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Fatty acids composition of the extrated oil with the use of different treatments-Table 6

Fatty acid Molecular formulation Standard Optimized oil
Fatty acid (%)
Palmitic acid C16 7.04+0.02%¢ 6.39+0.01°¢
Stearic acid C18 3.95+0.15%P 3.61+0.32%°
Oleic acid (w-9cis) C18:1(9) 27.91+£0.11%8  23.77+0.02°8
Linoleic acid C18:2(9,12) 61.11+0.60°A  66.24+0.022

The similar capital and small letter in each column and row respectively demonstrating non-significant difference in

confidence level of 0.05.
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Introduction: Fats and oils are among the most consumed goods in the human food chain. Edible
oils are important sources of energy supply for vital processes. Oilseeds serve as the second food
reserves, after grains. One of the main oilseeds is sunflower. The sunflower (Helianthus annuusis)
an annual verb from Astraceae genus that is grown as a firm bush. One of the oil extraction methods
is the mechanical extraction (press) that is usually used in small scales. Generally, the extraction of
oil by the press method is simpler, safer and less costly in comparison with the method of solvent
use. Cold pressing involves neither heat nor chemical treatment and doesn’t require much energy.
By applying cold press, oil keeps its natural properties better and does not have any chemicals. For
these reasons, there is increasing demand to use the oils produced through the cold press
method.The main limitation of oil extraction using press is the high amount of residual oil in the
meal. Therefore, recently some techniques, such as oil extraction using ultrasound and microwave,
are taken into consideration in this case. The ultrasonic waves are some types of mechanical waves
that have frequencies are higher than human hearing and microwaves are the non-ionized
electromagnetic waves with frequencies range between 300 MH to 300 GH that are placed between
the radio and infrared ray in the electromagnetic spectrum. Regarding the fact that no research is
performed in the case of applying the sequential pretreatment of extracting oil from sunflower
seeds, for this reason in the current research it was tried to study the utilization of microwave-
ultrasound pretreatment in extracting oil from sunflower seeds.

Materials and methods: In performing this research the sunflower seeds (contain 38.5 percent oil)
was prepared from Agricultural and Natural Resources Research Centre of Golestan Province. Then
external materials such as weed seeds, sand and stones were separated by hand and transferred to
the Food Technology laboratory of Azad Islamic University of Gonbad-e-Kavoos to perform
experiments. At first the seeds were processed by microwave pretreatment with power of 540 watt
and different times of process (0 to 120 seconds) and after this they were treated by an ultrasonic
bath device with three different time levels (0 to 50 minutes) with stable frequency of 35 KH. After
applying these treatments, the oil of seeds was extracted using the screw press with different speeds
(11 to 57 rpm) and some experiments such as the efficiency amount of oil extraction, refractive
index, color index, acidity and total phenolic compounds were performed on these oils. The
response surface methodology, using the Box-Behnken design, was used to evaluate the constant
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parameters of study in comparison to the variable parameters. The fatty acid profiles of the control
and optimum sample were evaluated by GC apparatus.

Results and discussions: Increase in the microwave and ultrasound time increased the oil
extraction efficiency; although in the high ultrasound or microwave times with increase in these two
parameters the amount of oil extraction efficiency decreased because of oil outlet ducts destruction.
Increase in the oil extraction efficiency with increase in the microwave time can be related to more
fracture of oil contained cells or is resulted from decomposition or destruction of protein
compounds during treatment with microwave, on the one hand with increase in the ultrasound time
some cavitations bubbles are created which have high collapse and explosion power and the force
generated from bubbles explosion will lead to an increase in the cell membrane destruction. With
increase in the rotational speed of press, the amount of extraction efficiency decreased a little
because of reduction in the amount of pressure applied on seeds. The lowest amount of oil acidity
that was measured on the basis of Oleic Acid was obtained in the conditions that no pretreatment
was used in oil extraction and the rotational speed of screw press was 34 rpm. With increase in the
microwave and ultrasound time, the amount of oils color index will increase. Also with increase in
the rotational speed of press, the amount of color index increased too. The reason of increase in the
amount of color index with increase in the microwave and ultrasound time and also with the
rotational speed of press can be attributed to more release of chromogenic compounds in the
extracted oil. All of the experiment variables (microwave and ultrasound time and rotational speed
of screw press) didn’t have any influence on the refractive index of oils and its amount were equal
to 1.0471 for all of the measured and evaluated samples. With increase in the microwave and
ultrasound time, the total phenol of oils was increased at first and decreased then. Also optimization
of this process indicated that if the microwave time is 33.71 seconds, the ultrasound time is 28.38
minutes and the rotational speed of screw press is 11 rpm, they will lead to obtain the regarded
aims. At last it can be said that applying the microwave-ultrasound pretreatment can be propounded
as an appropriate pretreatment in the oil extraction industry. The results of the fatty acid profile
analysis of the control and the optimized sample showed that when the microwave-ultrasonic
pretreatment was used to oil extraction, the unsaturated fatty acid content (linoleic acid) increased
but the amount of saturated fatty acids (palmitic and stearic acid) decreased (P <0.05).
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