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Table 1- Treatments and level of extraction variables using Box-Behnken design (BBD)

Samples (A) pH

(B) Extraction time

(C) Extraction temperature

(hours) (Degrees Celsius)
1 7 3 25
2 55 3 475
3 4 15 475
4 7 15 47.5
5 55 15 70
6 55 3 47.5
7 55 45 25
8 55 15 25
9 55 3 47.5
10 4 3 70
11 7 3 70
12 55 3 47.5
13 4 45 47.5
14 55 4.5 70
15 4 3 25
16 7 45 47.5
17 5.5 3 47.5
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Table 2- Changes amount in acid value, peroxide value and yield of flaxseed oil samples under different extraction conditions

G bamlie 53 5 ol T s b alis 5o

(B) Extraction time

(C) Extraction

Acid value changes

Peroxide value
changes

oil
yield

Samples (A)pH (hours) (D;ZTeiesrételigieus) (mg NaOH/g oil) )
(meq O2/kg oil) (%)
1 7 3 25 - - 0
2 55 3 47.5 0.32 0.6 26.14
3 4 15 47.5 0.26 1 24.75
4 7 15 47.5 - - 0
5 55 15 70 - - 0
6 5.5 3 47.5 0.32 1 26.14
7 55 45 25 - : 0
8 55 15 25 - - 0
9 5.5 3 47.5 0.32 1 26.14
10 4 3 70 0.4 2 43.75
11 7 3 70 0.4 2 36.54
12 55 3 475 0.32 1 26.14
13 4 45 47.5 0.4 4 30.7
14 55 4.5 70 0.8 4 40.6
15 4 3 25 - - 0
16 7 45 47.5 0.32 2 29.63
17 55 3 475 0.32 1 26.14

Acid Value (mg NaOH/g oil) 2>

54

Al e C\):».:..ﬂl Oby s bos PH eyl o 30 Comsd gl ue Ol 6l 5 (o3lgdny dslas
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Temperature (47.5 °C), Time (1.5 h), pH (4)

Figure 1- Effect of pH, extraction time and temperature parameters acid value of oil extracted by aqueous method.
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Figure 2- Effect of pH, extraction time and temperature parameters peroxide value of oil extracted by aqueous method.
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Figure 3- Effect of pH, extraction time and temperature parameters yield oil extracted by aqueous method.
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Table 4- Peroxide value changes (meq O2/kg oil) of flaxseed
oil samples on different days

Peroxide value changes

Samples Day (meq O2/kg oil)
1 0 2.40000%+0.056568
2 30 9.25000°+1.06066
3 60 16.25000°+0.35355
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Figure 5 - Peroxide value changes during storage
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Table 3- Acid value changes (mg NaOH/g oil) of flaxseed oil
samples on different days

Samples Day Acid value (mg NaOH/qg oil)
1 0 0.60000%+0.056568
2 30 1.32500°+0.049497
3 60 1.77500°+0.035355
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Figure 4-Acid value Changes during storage
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Figure 6- Chlorophyll content Changes during storage
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Table 6- Carotenoids content Changes (mg/Kg oil) of
flaxseed oil samples on different days
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Table 5 - Chlorophyll content Changes (mg pheophytin/Kg
oil) of flaxseed oil samples on different days

Samples Day Chlorophylls content (mg

/Kg oil)
1 0 3.30500°+0.23334
2 30 2.38000°+0.11313
3 60 1.86500%£0.02121

Zarotenoids content (mg/Kg

Samples Day oil)
1 0 2.29000°+0.08768
2 30 1.80500"+0.09192
3 60 1.43500°+0.06363
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Figure 8- Phenolic compounds changes during storage
Figure 7- Carotenoids content changes during storage

2 FFURERS,
(o e fles W5 o uiT £l SRR 330 03 F3d DS 5 Ul ¥ s 5l Jol w4 s L
2 Al SUE 0 S e N0 /V0) w3 W ol sl Ul
L3, O Olge 3y Fr b Oloy <3d8 L Ll (s, o S5kS
Oy (P<o/00) (A JSKE) das o OLES 5550 5l Hls ae 2alS

Sosba [YA] 55 oy il ¢ 5 0 (Sam Jpd DS 5

S s 250 Al B 53 ar be s Sl
éj)jj&.' u_;‘ o)'}f\ )}Jda ealae! (52.&«_5) LgLch.A L!T}

5l e alS I a3 o e ]
gg@y”&lc\;mldbaudfwlwogsjsas

5 gl Al 03) bl sl eyl Gl L oS sls ol

-l Lol cpl sl o YU 5 Lol e

Sy 255 035k 5 koS5 2 Skl 2de (] Sl (gl et b el ol sk Yl o o b gl

- - 51 ol s s [v] K L s Sl

6 PH & I s e LBl T i) 4 el Sl s S [M] Koy 5 s slagtasy

. s ol il b ol s - Syl Cllas o g 0l el Laslle &ils Slus]

S il 5l Jol mld e 3G ol

. a3 Ve cled) @ s N Table 7 - Phenolic compounds changes (mg gallic acid/Kg oil)

o ? ¢ ek e SO0 A0 o of flaxseed oil samples on different days
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ool bl P 5 = 2 Phenolic compounds (mg

S S b s yme 5 A 5S¢ s IS Olpe cs,10e samples Day gallic acid/Kg oil)

Colsme bl Oy b dSs s 5 skl 3ds 1 0 150.47500°+4.53255

s gl o sl Ol s S 5s (PLr/r0) wils 2 30 111.83500"+0.84145
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ABSTRACT

ARTICLE INFO

The aim of this study is to investigate aqueous extraction process as a safe and
environmentally friendly method for extracting oil from flaxseed. For this
purpose, flaxseeds were first roasted (at 120 °C for 45 minutes), then ground and
the extraction process was performed. In the aqueous extraction process,
temperature (25-70 ° C), time (1.5-5.5 hours) and pH (4-7) conditions were
applied and qualitative characteristics (acid value, peroxide value and oil
extraction yield) were measured. The results showed that, with increasing
extraction time and temperature, the obtained oil yield also increased, so that the
maximum yield related to extraction time of 3 hours, extraction temperature of
70 °C and pH=4. Also acid and peroxide values increased by increase of the
extraction time and temperature. According to the results of the acid value,
peroxide value and extraction oil yield, extraction at 70 °C, 2.45 h and pH=4
was selected as the optimal treatment and quality characteristics of the extracted
oil was evaluated during storage. The results showed that, chlorophyll,
carotenoids and total phenol content significantly decreased (p<0.05) during
storage. Also, acid and peroxide values had a significant increase during storage
(p<0.05) and the maximum observed at 60th day storage. It was concluded that
aqueous extraction of oil from flaxseed despite its relatively low efficiency,
improved quality characteristics and can be a good alternative to conventional
methods .
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