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Effect of Extraction Methods on the Extraction Yield of Total Lipid and
Arachidonic Acid from Single Cell Oil, Mortierella sp.
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*Department of Food Science and Biotechnology, Woosuk University

Abstract An oleaginous fungus was isolated from soil and identified as Mortierella sp. (M-12) for producing arachidonic
acid (AA). Cell disruption methods, extraction methods, and particle sizes of freeze-dried biomass were tested to achieve
maximum extraction of total lipids and AA. M-12 grown in glucose yeast media at 25°C for 7 days contained 35.5% total
lipid, and 47% of the total lipid was AA. Lipid extraction yield from wet biomass was shown to be similar to that in a
dry state. Maximum lipid extraction was achieved using a mixture of chloroform and methanol (2:1) as an extraction
solvent. Different mechanical cell disruption methods did not affect lipid extraction yields. The smaller the particle size of
the biomass, the better the lipid extraction yield was observed. Particle size of biomass was shown to more strongly affect
lipid extraction than extraction time. The highest AA content was observed in the class of neutral lipids.
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Table 1. Total lipid contents and fatty acid composition of Mortierella strains M-12 grown in GY (glucose-yeast) media*

16:0 18:0 18:1 18:2

18:3

203 20:4 TLE** (%, w/w)

18.2 43 114 11.3

5.9

22 46.7 355

*Values are averages of triplicate determinations. SD was not shown when SD was less than 3% unless otherwise specified.

**Total lipids extracted. See the text.

Table 2. Effect of pretreatment before extraction on total lipid contents and fatty acid composition of Mortierella strains M-12 grown in

GY media*
State 16:0 18:0 18:1 18:2 18:3 20:3 20:4 TLE (%, w/w)**
Wet 18.5 4.0 10.9 114 6.1 1.9 47.1 32.6
Frozen 18.3 4.1 11.0 11.5 59 24 46.8 34.8%
Freeze-Dried 18.2 43 114 11.3 5.9 2.2 46.7 35.5°

*Values are averages of triplicate determinations. SD was not shown when SD was less than 3% unless otherwise specified.
**The values with same superscripts in same column are not significantly different at p<0.05.

Table 3. Effect of extraction solvents on total lipid extraction by
Soxhlet method*

Table 4. Effect of extraction solvents on total lipid extraction by
immersion method*

Extraction solvent TLE (%, w/w)** Extraction conditions

Extraction solvent TLE (%, w/w)**

Butanol 4.1° 90°C, 10 h
Cyclo-hexane 16.5° 65°C, 16 h
Iso-hexane 20.4¢ 65°C, 16 h
Iso-octane 212 90°C, 10 h
Hexane 21.5¢4 65°C, 16 h
Hexane/iso-propanol (1:1) 22.2¢ 65°C, 10 h
Diethylether 22.4¢ 55°C, 16 h
Hexane/iso-propanol (2:1) 22.9% 65°C, 10 h
Chloroform/methanol (1:1) 23.2% 90°C, 10 h
Chloroform/methanol (2:1) 23.7d° 90°C, 10 h

Butanol 3.2

Cyclo-hexane 18.4°
Diethylether 22.4°
Iso-octane 22.5°
Iso-hexane 244
Hexane/iso-propanol (1:1) 24,5
Hexane/iso-propanol (2:1) 24,7
Hexane 24,7
Chloroform/methanol (1:1) 27.2°
Chloroform/methanol (2:1) 2941

*Values are averages of triplicate determinations. SD was not shown
when SD was less than 3% unless otherwise specified.

**The values with same superscripts in same column are not
significantly different at p<0.05.
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Table S. Lipid classes of total lipids of M-12 fractionated by
silicic acid column chromatography*

Lipid class (%)*
NL GL PL
Lipid class content (%, w/w)  65.3-68.9 27.5-29.7  3.6-5.1
Arachidonic acid** 30.8 39.9 235

*NL, neutral lipids; GL, glycolipids; PL, phospholipids.
**Values are averages of triplicate determinations. SD was not shown
when SD was less than 3% unless otherwise specified.

Table 6. Effect of mechanical cell disruption methods on lipid
extraction®

Cell disruption methods Total lipid extracted (%)**
Without disruption 29.4*
Waring blender with grinding mill 34.4°
Ultrasonication 35.5%
Ultrasonication with grinding mill 35.8™
Homogenization with ultra-turrex 36.2°
Homogenization with grinding mill 36.2°

*Values are averages of triplicate determinations. SD was not shown
when SD was less than 3% unless otherwise specified.

**The values with same superscripts in same column are not
significantly different at p<0.05.

Table 7. Effect of particle size on lipid extraction from M-12*

Total lipid extracted (%, w/w)  Arachidonic

Particle size acid content
6h 12h (Yoy**
Rough 8.4 9.1 33.9*
Medium 11.6 12.5 36.7°
Fine 14.2 14.8 38.3¢

*Values are averages of triplicate determinations. SD was not shown
when SD was less than 3% unless otherwise specified.

**The values with same superscripts in same column are not
significantly different at p<0.05.
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Table 8. Effects of cell disruption, sequence of drying and blending process, and extraction solvent on total lipid extracted from M-12*

(unit: %, w/w)

1 h Immersion (H:E=9:1)

1 h Immersion (CM)

5 h Soxhlet (H:E=9:1) 5 h Soxhlet (CM)

dried** ground** dried** ground** ground** ground**
Grinding—drying*** - 19.7° - 24.1° 23.4° 28.3°
Drying—grinding*** 7.4 9.7° 17.5° 23.9¢ 15.4° 26.4°

*Values are averages of triplicate determinations. SD was not shown when SD was less than 3% unless otherwise specified.
**Total lipid extracted from dried only sample (dried), and from dried and ground (ground) sample.
***The values with same superscripts in same row are not significantly different at p<0.05.
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Table 9. Effect of extraction solvents and extraction method on lipid class of M-12*

1 h Immersion (Hexane100%)

1 h Immersion (H:E=9:1)

1 h Immersion (CM)

NL** GL** PL** GL PL NL GL PL
Grinding—drying 87.7 84 3.9 30.9 5.8 29.5 64.0 15.5
Drying—grinding 70.9 212 7.9 56.1 54 17.4 65.1 17.5

*Values are averages of triplicate determinations. SD was not shown when SD was less than 3% unless otherwise specified.

**NL, neutral lipids; GL, glycolipids; PL, phospholipids.
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