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Abstract : In this study, the extraction of Conger myriaster oil by using supercritical carbon dioxide (SC-CO,) and organic solvent
was investigated. The extraction conditions conducted for SC-CO, varied for pressure (25, 30 MPa) and temperature (45, 55 C),
while the SC-CO, flow rate was kept constant during the experiment (27 g min™") and hexane was used as a conventional organic
solvent. The extraction yield indicated that the best extraction condition would be SC-CO, at 55 C and 30 MPa, resulting in the
highest yield of 37.73 + 0.14%. The oils were characterized for their fatty acid (FAs) composition using gas chromatography, while
it was revealed that the major FAs were mystric acid, palmitoleic acid, oleic acid, electroosapentaenoic acid (EPA), and
docosahexaenoic acid (DHA). The oxidation stability of the extracted C. myriaster oil was evaluated by measuring the acid value,
peroxide value, and free fatty acid. The best oxidative stability was obtained from SC-CO, extracted oil at 30 MPa and 55 C.
There was a significant difference in the color properties of the SC-CO, and hexane extracted oils, with the SC-CO, extracted
oil showing better chromaticity than the oil extracted using hexane. Extracting oils from C. myriaster with SC-CO, could bring
better economic benefits than using organic solvents. When supercritical carbon dioxide was used, there was no post-treatment
process; thus, it was confirmed that this is a more environmentally friendly oil extraction method.
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1: CO; tank

2: Pressure gauge 6

3: Cooling bath

4: Safety valve H

5: Main pump

6: Electric indicator

7: Pressure indicator B - - m—
8: Heat exchanger ~

9: BPR valve

10: Separator
11: Sample collector
12: Gas flow meter

Figure 1. A schematic diagram of SC-CO, extraction process.
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Table 1. Gas chromatography operate conditions for fatty acid analysis of C. myriaster oil

Parameter Conditions
Instrument Agilent 6890 N GC System
Split Splitless
Inject temperature 250 C
Carrier gas & flow rate He, 0.5 mL min™

Oven condition
Detect temperature

140 C (5 min) —4 C min' for 25 min — 240 C (17 min)

260 C
Supelco sp. 2560, capillary column

Fused silica capillary 100.0 m % 250 um X 0.2 pm film thickness

2.4. ZU| O|MEIEIA QU XE H- 50| UHHNE 2N
FAAE 9 2YA olAlseks 2% F 348 AR 42
S EER FL)

Lo

Zoha e Kjeldahly], A %2 Soxhlet® T Z3|E
BEE 100(F R B
sz o R ek glon 38 24e 5 Badr

[SURNA N .
>
Lo
rE
lo
fuor
An
W
o
pach
o
)
)

2.5. 29| x|gt
7z 2R =24
(methylation) & Z|¥Ak
201 g2 FHall 25 m
acid) 0.1% A &N 2 mLE @At o|F 0
$ AU E & (NaOH-methanol) €9 3 mL& €& % 30 s 7+
Ao Baek 75 Col A 45 min 7 WAk ol
Aroof| 4 10 min 7} Hx]3F 5] 3 mL BF; (Boron trifluoride)
& 5 75 TollAl 30 min 7 WA 8FATE o] 420l A 10
min 7F @z}sto] 3 mL F4F 2 10% FIHEFNaChe ¢
I FA|(syringe)E 0|83k A5 3l 022 pm, 25

e 12

—
sy
i
o
wy =2
=2
ol o2

444 PTFE 417 BE S o|g3tol ojmshlet. ol
AAE $4E 3] Agilent GC system: 0|3k o0 24
o

2.6. QO AT S npASLETE FEIX|EHA ZF
ZFZ2% 299 A7l= AOCS, Official Method Cd 3d-63,
o] g-ste] S48t 23]. 250 mL A& etAa
of 2dLS 7+ 0.5 g2 FHolL 1% H=3Z - <(phenolphthalein)
LS Z|AFO R Flo] 2~3 HFE W & HalS 0]83|o]

T TR=E
0.1 N ofeh-&A] 4=AF3HZH(KOH-ethanol)S 3 W24 3 7}s}
WA FHATIE S50 AEZNE 30 s 7 AT e T4
O 3k olef T2 B o] FAIHS

g olgstel Axstge

(A—B) X Fx5.611
0 (M

Acid value (mg KOH g') =

o714 Ax A A 0.1 N ey stz gl



278 urxlA - zA%l - A4 - A

F3(mL), B= A1 Ao AFEH 0.1 N oflgh&4 4ks}
ZE9 FH(mL), F= 0.1 N ofgh&4 48459 971 W
= MERFHg)S HErdTh

F29 999 FABHE7F= AOCS official method Cd
8-53 (2009)2] WS oF7t wEgste] Y= dTH24]. 2
0.5 g2 250 mL AZt&etA 3o Wil ALE22EZE3:2,
viv) & 30 mLe} ERteto] @ UE BofAl7|aL K e =kt
(KD 2388 1 mLE {715 § AshA S5 oFaofl 5
min 7+ AR $-, 30 mLO] F/F4eF 1% LA A ©F(starch
indicator solution)2 1 mL Y3 0.01 N E3MNIEH
(sodium thiosulfate, Na,S,0;) €402 A5}t FIHH L
Eatole] Alo] YAl N FAoR Wel APoR o9l
o} olo} Ze WHoR FR4E o8] BARE 4
ot THAFSETLE ool 4] () olgelel AtelAe
meq kg' 02 ERQict

(A—B)X F
W @

Peroxide value (meq kg') =
7] A= HA o AHEHE 0.01 N E] 3N} E o] )
(mL), B= 3418 ZHA o] A4 0.01 N g3 EF
H3|(mL), Fi= 0.01 N B @3t EFO] A7} Wi A& A3
F(g)S VERHTE
Z2x @do] S AHMFE AOCS official method Ca
5a-40 (2009)9] WS oF7k wigsto] FYEQUTH25). oY
1 g& 250 mL AFZ-ZakA 0] Wil 95% of Eh-L(ethanol) 50
mLe} Egsto] @ dS §aAIZIth 3] 53 F 1% H=
ZeEQl ENE 1~2 B& Yol AAefor Fith Rl
0|34 0.1 N A E S 3
3

=2 5= H S eR
ii’é‘ ‘2201 %T:‘:g:‘&'e

N

N

ol

e

2

o

(o

=)
il
ofi
i)
o)

olo et
of
ol
L
>,
D 0
filo

2 b oo

o)
O
SOk
pach
o
Jo
B
ol
o
flo
o]
)
&
lo
1>
c
o
o
oo
ol
i)
& o

)
24

ol
ot

o, % e

32

.

NX(A—B) X FX28.
Free fatty acid (%) = ( BIBV 28.2 3)

o]7]4 N& NaOH §9] =2 %5, Al B AH§
H 0.1 N SABRIE S Rujml), BE FAE A4 A
H 0.1 N Atk EFe) ul(nl), Fi 0.1 N AR ES
47k, Wi AR AF@E tepdict

Lo

of Bl %3H 20| ME 24 H(cel)
o ANRE Y& th3 MAA|(Lovibond RT series, The
Tintometer Ltd, Amesbury, UK)E A3} 1, A= 321
F3E L, a*, b2 FHEUTE A T A L2 0(h)llA
100(2)9] HES e o, ar B2 at) T S8¢an) 2] AL
o], Z12]3L b*9] 9= FA(Tb*) I} wHE(-b*) Afo]e] A E

Extraction curves of oil

251
20
3
S 151
o
3
s 10
E -o- 45°C 25 MPa
& 55°C25MPa
—— 45°C 30 MPa
-¥ 55°C30MPa

0 15 30 45 60 75 90 105 120
Extraction time (Min)

Figure 2. C. myriaster oil extraction curves by each condition of
SC-CO;.

Table 2. The percentage of oil yield from C. myriaster by different

methods
Conditions Oil yield (%)
45 C 25 MPa 31.02 +0.53¢
55 C 25 MPa 27.36 %+ 0.09°
45 C 30 MPa 34.35+0.29°
55 C 30 MPa 37.73 £0.14°
Hexane 35.84+1.31°

*Values are expressed as mean + SD.
*Different letters indicate significant differences (p < 0.05) according
to Duncan’s multiple range test.
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Table 3. General composition of C. myriaster before and after
SC-CO, extraction

Composition Raw material (%) After SC-CO; extraction (%)

Moisture 3.48 +0.02¢ 2.00£0.27°
Ash 3.70 + 0.06° 5.03 +0.144
Crude Protein ~ 50.22 + 0.48° 77.53 £0.57°
Crude Lipid  35.84+1.31° 8.19 +0.85"
Carbohydrate 6.76 £ 0.87° 7.16 +0.34°

- Values are expressed as mean + SD.
- Different letters indicate significant differences (p <0.05) according
to Duncan’s multiple range test.
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Table 4. Fatty acids composition C. myriaster oil obtained by SC-CO, extraction and organic solvent extraction

Fatty acids (%) 45 C25MPa  55C,25MPa  45C,30MPa  55°C, 30 MPa Hexane

Mystric acid (C14:0) 7.20 7.11 6.24 6.70 6.97
Pentadecanoic acid (C15:0) 0.48 0.48 0.45 0.47 0.38
Palmitic acid (C16:0) 17.92 17.54 17.66 18.88 16.36
Palmitoleic acid (C16:1) 7.97 7.86 7.44 8.00 6.39

cis -10-Heptadecanoic acid (C15:1) 0.29 0.3 0.29 0.31 0.28
Stearic acid (C18:0) 4.43 437 4.83 5.19 5.40
Oleic acid (C18:1n9c¢) 23.83 23.34 24.46 26.45 23.86
Arachidic acid (C20:0) ND ND ND ND 0.29
Linoleic acid (C18:2n6c) 0.81 0.81 0.85 0.98 0.79
cis-11- Eicosenoic acid (C20:1) 1.18 1.18 1.38 1.48 1.62
Linolenic acid (C18:3n3) 0.47 0.47 0.52 0.57 0.46
Henicosanoic acid (C21:0) 0.31 0.32 0.37 0.40 0.41
cis-11,14-Eicosadienoic acid (C20:2) 0.89 0.92 0.95 1.00 0.90
Tricosanoic acid (C23:0) 1.01 1.01 1.00 1.06 1.02
cis-13,16-docosadienoic acid (C22:2) 0.43 0.45 0.50 0.53 0.55
Eicosapentanoic acid (C20:5n3) 5.63 5.65 5.80 6.09 5.71
Nervonic acid (C24:1) ND ND ND 0.30 0.50
Docosahexanoic acid (C22:6n3) 5.25 5.42 6.25 6.48 7.27
20-3 PUFAs 11.35 11.54 12.57 13.14 13.44

2.0-6 PUFAs 0.81 0.81 0.85 0.98 0.79

2ISFAs 31.35 30.83 30.55 32.70 30.83

2UFAs 76.75 46.40 48.44 52.19 48.33

*Values are expressed as mean + SD.

*Different letters indicate significant differences (p < 0.05) according to Duncan’s multiple range test.

*ND: Not detected

* 2w-3 PUFAs: Total omega-3 polyunsaturated fatty acids.
* 2-6 PUFAs: Total omega-6 polyunsaturated fatty acids.
*SFAs: Saturated fatty acids

*UFAs: Unsaturated fatty acids

Table 5. Comparison of oil oxidation values C. myriaster oil obtained by SC-CO, extraction and organic solvent extraction

Condition Acid value (mg koh g™) Peroxide value (meq kg™) Free fatty acid (%)
45 C 25 Mpa 4.92+0.07° 2.92+0.06° 2.63 +0.16°
55 C 25 Mpa 5.86+0.73" 3.45+0.11° 3.13+0.15*
45 C 30 Mpa 2.93 +£0.29° 2.64 +0.06° 1.66 £ 0.02°
55 C 30 Mpa 2.36+0.32° 2.38+0.19 1.27 +0.15¢
Hexane 2.75+0.07° 2.40 +0.09° 1.57 £0.16%
- Values are expressed as mean + SD.
-Different letters indicate significant differences (p < 0.05) according to Duncan’s multiple range test.
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Table 6. Color properties C. myriaster oil obtained by SC-CO, extraction and organic solvent extraction

Conditions L* a* b*
Raw material 70.02 £0.17° 3.59+0.63° 1520+ 0.16°
45 C 25 MPa 41.58 +0.36° 1.30+0.16° 25.52 +0.20°
55 C 25 MPa 44.98 +0.12° -5.76 +0.26° 23.37+0.23%
45 C 30 MPa 4519+ 0.51° 1.00 + 0.09° 25.61 £0.18
55 C 30 MPa 48.25 £ 0.38° -3.22+0.29¢ 22.91 +0.53"
Hexane 35.24 +0.31¢ 9.20 + 0.02° 18.79 +0.29°

*Values are expressed as mean + SD.

*Different letters indicate significant differences (p < 0.05) according to Duncan’s multiple range test.
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