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Fig 1- Oil efficiency from safflower oilseed under
different MW pretreatment
Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Fig 3- PV of Oil under different MW pretreatment
Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Fig 2- FFA of safflower oil under different MW
pretreatment

Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Fig 4- TBA of Oil under different MW
pretreatment.

Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Fig 5- Phosphatide of oil under MW pretreatment
Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Fig 6 TVN of meal under different MW
pretreatment
Different capital letters in each Power and small letters
in each Time indicate significant statistical differences
at (P<0.05).
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Fig 8- PS of Meal under different MW pretreatment

Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Fig 7- Urease of Meal under MW pretreatment
Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).

6l (Soloa dul 8 € am Y ¥ (LK 5 sl
ooloa Lol sl (52 Gy pda bl o
bl (Al 5 0 e GESIy Sa5 e 55 Sl
35 5 OB «sosrs Guel slaml i
slasuld ) Gallae Gl osdiee peand silie LB
sladls (s1uaas ws Jalse (555 2 1) ol 0 SES
alllas 5 50 (slacs3 5535 51 (Ko B0 S s 50 ALS
Gl e ol sl 5 soliianl s su55,S0ke glsal
.@iba@h&ﬂ}\@&l@&gjmﬂwdl

(PS) pacaliy waeas g 538 53 (2l 9 53 caldla
SS9 5ad wem 50+ /Y sl 5o (5 s (150
Golire 5035 (g oS Bl poa pedld sy
ool S e et | ably bulyd € el
» ite 53 sasssSile Ol Glal58) A ejleds Hla el
Olss o9 s (lhae GaSYL 5 s (085 55 calila
ol st @ils VA 5 VY- slagley 5 ol -
ol 5 GAILPS sy e 56 15 b Gl
oxiie g adily Jlia 15 LS Gl 5 (Soa
sose asked 5ol L 1 sesliie il 30 oo
O 4w calla G3LYL o se Ol Ol aadlas
Sle ¥ Gl B anlB VAL 54 slagle)y (gl ys ol yuis
Sly Ve 5908k Ol Qe b Lol uss Sl fae
S algdes o) 5o 5 ad saalin g lu b ol juais

soliinl @B VY Gle) 5o e Llo dae 4S wal ouly



VY Flazil (189; 5 dbeS pliardsosd (ol 5 SO Al 5l g, gl glosily 2 99,5l o Wi S

O O sosoSibe o daSsn (i denlie oy
Slaml eloaial plewsly Sl 5 Hlas G 5igs Lasaite
SV slagle) 5 ol s Olss Jolid dhngs Hlas ca
lassa) oS5 il Sy oplads Jgan o5 0B A
G0 o9 Sl sl Glhae aas e Ol 15 0on
ol @8l Gl S G g 4 cd MW ) Joola
omdS 55 oon slawd sabe o Dl Aae Huds Gl
Slasaaad ¥+ o8 lKan 5 sl L | gl i
G 9 ossSole Gy Ol Jeola SSK 0295 oa
Coparal (SAlgl sl S0 S s 1 S
ol ¥l asa sl sass Sl Hlas iy 5 u peala
ok ) S alanl 1 soladae olyuas ol lade
g 5o Gl 5t O ) DSl s S 5 il aue
A oo b XY lKea 5 Sgap50 0 S anli
S HU) s 2 95 cor slasal S5 MW
» b S MW S amil e S (i, @
ol (Saanily wacel) OF Gadld Comaand (ol
GaiaS Gl il by susn Hlapae s ol

endly cdslas

PDI (%) #90s +120s = 180s
A
138 | gp Ab Ab A3 Aa Aa A3 Aa A3
13.5 - ‘ ¥
133 -
13.0 -
12.8 -
125 -
12.3 -
12.0 \
180w 360w 600w 900w
Slasighing 3 Jeola sadlais PDI (gduulio -4 JSub
IR
Fig 9- PDI of Meal under different MW
pretreatment

Different capital letters in each Power and small letters in each
Time indicate significant statistical differences at (P<0.05).
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Table 1 Fatty acid composition (% of total fatty acids) of safflower oil extracted by different methods

Fatty acid (%) Soxhelet extraction

MW (600 w, 120 s) MW (600 w, 180 s)

C16:0 5.367 + 0.115?
Cl6:1 0.107 +0.001 2
C18:0 2.087 +0.023
C18:1 14.137 £0.0122
C18:2 77.943 £0.038°2
C18:3 0.060 + 0.001 2
C20:0 0.057 + 0.0022

5.466 +0.172 5.400 £ 0.100°

0.10 +0.007% 0.100 + 0.0082
2.103 +0.030° 2.103 +.0232
14.200 £ 0. 362 14.260 £ 0.772
77.980 £ 0.070° 78.010 £ 0.0762
0.053 + 0.0082 0.053+ 0.0072

0.050 + .007% 0.053 + 0.005?

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 2 Physicochemical properties of safflower oil extracted by different methods

charactristics Soxhelet extraction

MW (600 w, 120 s) MW (600 w, 180 s)

Yield (%) 27.033 £0.061°
Free Fatty Acid (%) 0.429 +0.001°
Proxide Valgﬁ)(meq 02/ kg 500+ 0.02b
Thiobarbituric acid index b
(mg MADYkg oil) 0.056 + 0.003
Phosphatide (%) 0.22 +£0.02°
lodine Value (g l/oil) 147.352 + 0.0392
Refractive Index 1.474 £0.0012
Saponification \_/alue (mg 191.947 + 00362
Koh/g oil)
. R:4+0.052
Lovibond color Y333+ 058

28.643 £ 0.059 @ 28.653 £0.074 2
0.436 £ 0.014® 0.450+ 0.020?
5.01+0.03% 5.04+0.042
0.063+ 0.0042 0.067+ 0.0042
0.42+0.032 0.45+0.022
147.355 + 0.046*% 147.382 +0.026
1.4735+0.001% 1.4738 £0.0012
191.963 + 0.015°2 191.960 + 0.010°
R: 4.06 +0.06% R:4.03 +0.05?
Y:34+211% Y:35+£2.07%

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

charactristics

Safflower seed  Soxhelet extraction

MW (600 w, 120 s)

MW (600 w, 180 s)

Protein (%) 17.13+0.05° 22.44 +£0.072 22.44 +£0.052 22.47 £0.032

Protein dispersibility index (%) 11.51 +0.06°¢ 12.33+0.17b 13.62 +0.012 13.62 +0.032

Protein solubility (%) 91+0.8°¢ 93.64 £0.14° 9592 +£0.012 9491 +0.012

Crude fiber (%) 33.86+£0.512 34.02+0.272 33.8+0.102 33.85+0.132

Ash (%) 6.03+0.012 5.94 +£0.132 591+0.11% 594 +£0.12%

Acid insoluble ash (%) 0.96 £0.062 0.98£0.042 0.97 £0.032 0.96 £0.032

Total volatile nitrogen (%) 6.51 +0.282 6.73+0.352 6.45+0.012 6.45+0.012

Urease activity (ApH) 0.41 £0.0032 0.31+0.01° 0.22 £0.005°¢ 0.22+0.01¢
Trypsin inhibitor (mg/g) 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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Introduction: Safflower (Carthamus tinctorius L.) is one of the oldest crops and it is often cultivated
because its flowers that used for purposes such as coloring, food flavouring, medicinal properties and
animal meal (Peiretti et al 2017). Safflower has a high potential for oil production and is able to grow
at high temperatures, drought and saline soils (Hussain et al 2016). Safflower meal and oil are the
two main products of safflower oilseeds. In addition, safflower oil also has industrial uses Safflower
oil has the highest amount of linoleic acid and in terms of unsaturation is between soybean oil and
flaxseed (Liu et al. 2016). New methods that have been used to increase the efficiency of oil extraction
and are also called green extraction methods. These methods are very important in terms of
maintaining the health of food and its consumer (Zhang et al. 2018). One of the technologies that can
be used to increase the extraction efficiency of plant extracts and oils is the microwave method. The
main advantage of using microwave pretreatment in the oil industry, especially in the oil extraction
stage, which its use reduces the extraction stage time and also reduces the use of solvents compared
to traditional extraction methods (Mohseni et al 2019).

Material and methods: Safflower seeds were evenly distributed in petri dishes. Microwaves with
power of 180, 360, 600 and 900 watts, and intervals of 90, 120 and 180 seconds were used to pretreat
safflower seeds (Kittiphoom et al 2015, Bakhshabadi et al 2017). Safflower seed oil was extracted by
Soxhlet and n-hexane solvent and several analyzes were tested on the obtained oil and meal residue.
Results and discussion: The results showed that microwave pretreatment at the studied powers and
times increased the oil extraction efficiency compared to the control sample (without treatment). The
highest oil efficiency was reported in microwave pretreatment conditions with a power of 600 watts
and times of 120 and 180 seconds. Examination of the physicochemical properties of the oil showed
that microwaves did not have much effect on the composition of fatty acids. FFA values in MW
method were higher than the control sample and increased with increasing treatment time, but there
was no significant difference compared to the control sample. using the time of 180 seconds, the
effect of increasing the microwave power on the amount of free fatty acids. Comparison of oil
peroxide showed that the values of this factor in the MW method were higher than the control sample,
but there was no significant difference (P<0.05). TBA results in MW method were higher than
Soxhlet method but no significant difference was seen. Comparison of oil phosphatide showed that
MW caused a significant increase in phosphatide compared to Soxhlet method (P<0.05), but
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comparison of different levels of treatment did not show a significant difference. The iodine value in
the microwave method showed a slight increase compared to the Soxhlet, but none of the studied
times were significantly different from the control sample. Microwaves increase internal pressure and
create cracks in the cellular structure, further breaking down oil-containing cells, facilitating oil
extraction. Increase of oil efficiency can also be related to the degradation of protein compounds. On
the other hand, using higher powers can lead to crushing and reducing particle size. Using microwaves
for long periods of time can also reduce the extraction efficiency (Wroniak et al 2016, Uquiche et al
2008). Durdevic et al 2017 investigated the effect of microwave pretreatment on oil extraction from
pomegranate seeds compared to the untreated sample and reported a significant increase in extraction
efficiency that was consistent with the results of this section. The lowest amount of protein was related
to safflower seed and extraction of oil with each of the studied methods caused a significant increase
in protein content of the meal (P<0.05). There was no significant difference between protein content
of meals residue from studied methods. Crude fiber, total ash and acid-insoluble ash were also
compared. The results were close to each other in all samples and the amount of crude fiber was
between 33.8 to 34%, total ash was about 5.9 to 6% and acid insoluble ash was between 0.96 and
0.98% and there was no significant difference (P<0.05). Examination of total volatile nitrogen (TVN)
showed a slight increase in Soxhlet method compared to safflower seeds. No significant difference
was observed between TVN of meals. Analysis of trypsin inhibition in the studied safflower seed
showed that this factor was negative in the studied species. And safflower seed studied had no trypsin
inhibition. The effect of variables on the activity of urease was significant (P<0.05) and reduced the
activity of this enzyme, which is an undesirable and anti-nutritional factor. The highest amount of
urease activity was related to safflower oil seed, followed by Soxhlet method and microwave method,
respectively. Microwave pretreatment had a favorable effect on solubility and protein dispersibility
index (PDI). The use of higher power or longer microwave pretreatment time, increases protein
denaturation due to increased temperature and leads to the formation of more hydrophobic amino
acids. As a result, the solubility of the protein is reduced. Decreased protein solubility during higher
pretreatment times has been observed and reported by various authors. The decrease in protein
solubility during the increase in microwave power was attributed to the increase in heating rate. The
reason for the decrease in protein solubility is the increase in the energy flow of waves that occur
between water molecules and cause intense heating, so protein denaturation increases and protein
solubility decreases (Tsubaki et al. 2018). Studies have shown that cell wall breakdown increases
when microwaves are used, leading to increased protein breakdown and increased protein solubility
(Phongthai et al 2016).

Conclusion: The results of this study showed the microwave pretreatment under optimal conditions
can be used to increase the oil extraction efficiency compared to the Soxhlet method; it has the least
adverse effects on the extracted oil and will improve the quality of the meal resulting from the
extraction process.
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