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Utilization of Polyunsaturated Lipids in Red Muscled Fishes
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As the second part of the studies on the utilization of polyunsaturated lipids in sardine oil as a
nutritional or medical supplement, the conditions of lipid extration and concentration, refining, and
storage stability of EPA-condensed sardine oil were investigated.

In extraction of lipids, solvent ratios of chloroform-methanol mixture(2:1 v/v) affected the final
content of unsaturated lipid in extracted oil and recovery. Stepwise solvent fractionation method at
various low temperatures was effective to concentrate polyenoic acids like EPA and DHA when acetone
or acetone-methanol mixture, added in the ratio of 1:5 (v/v) was applied step by step to different
temperatures at O to ~35°C.

Addition of 1to 5% (v/v) of water to acetone was also benefit to raise EPA content but that resulted
in reducing the yield of condensed oil from 65% to 28%. Concentration rate of polyenoic acids by
solvent fractionation in lipid-actome solution (1:5, v/v) at 0 to—30°C seemed limited to 5~8% in
fatty acid composition depending on the initial content of those polyenoic acids in the sardine oil.

During the extraction, concentration, and alkaline treatment, oxidation was rapidly induced but oxi-
dation products could be thoroughly removed on the process of decoloration and peroxide elimination.

To stabilize the reactive polyenoic acid condensed oil during the storage, stuffing nitrogen gas was
essential to expel dissolved oxygen in oil or to seal the oil from open air, and the addition of antioxi-

dative agents as BHA and tocopherols were greatly helpful to extend the storage life.
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Table 1. Lipid extraction from ground
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the solvent, mixture of chloro-
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Table 2. Fatty acid composition of sardine
oil exracted with various ratio of

Pk B E R BRI W5 FARE 23
A3 Cons 9 Cazo A9) Fo] 1L A AA

solvent
= = 20.2%, 29 Wl 22.5%, 4N o @l 22.6
olvent ratio(v/v -
fatty acid %% F7rets ek
1:1 1:2 1:4
2. LR A S 3 B33 ALY
12:0 0.5 0.5 0.4 °3T2°%1 <l el
14:0 8.7 3.0 7.7 S
15:0 0.9 0.9 1.0
16:0 20.0 17.7 16.8 Table 3& Aolzlf9 n=ETIHDE ¥ L&
17:0 2.4 17 2.7
18:0 5.4 4.6 5.8 EY FAoR ol E~AA f9E A L)
20:0 1.1 0.8 1.3 ERE I 7+ Halexs o RE(EHNE
Saturated 38.9 33.9 35.8 AR 4 AeleE de de FEID A
A4 Aupalk 24 ek ZHeoleh olwl o Laj i
16:1 12.7 10.9 12.5 o o . )
18:1 10.9 10.2 11.1 He —RE 0°Cel A stz e FHlHE A2&
20:1 3.7 6.5 4.0 I e —59C o] 2 N
20:1 3T 6.5 L9 AAG 71l A5l ZkE ~5°CAH, o] o]
Monoenoic 27.9 23.3 27.9 —15°C el A =ke —25°Cell A mgkes A5k ok
18:2 4.7 3.4 5.3 olAgdl A&x AHEH Faxuile Cuo
gg:g g’? g:‘? g:? ClGZOr C18209 CIG:Ir CISZI: C20517 CISZZ: C2024’ C20.‘59
20:4 2.4 6.1 12.3 Cuzis Ao QAT
20: 14. 13.2 5.2 .
s 0 2 2 AEBAAL T3] 34%, Cisodbo] 17%, Caos
s o I vz bl 18.9% G0} 0°Col A Alsgle = At
22:6 6.2 9.3 7.4 T AAY Al 2432 £344do] 8362 % WLE
H a2 o 2 .
POlYGHOIC 33.3 37.8 36.2 o] 9%_13_.:4 'El'%] Cxe:o 7} 50°9% 2 Zj_i'u _o/’l EL].- o] *J‘—,%
Table 8. Fatty acid composition of sardine oil fractionated in acetone at different
temperatures
* Solvent fractionation at After
Fatty acid Control
0 -5 -~15 -25 fractionation
12:0 0.4 0.5 0.5 0.4 0.3 0.5
14:0 9.2 20.3 15.6 11.2 8.7 8.7
15:0 0.9 1.6 1.3 1.0 0.8 0.6
16:0 17.0 50.9 35.2 21.8 19.5 11.9
17:0 1.8 0.1 1.0 1.5 0.8 2.1
18:0 4.2 9.1 7.1 5.2 6.1 3.3
20:0 0.5 1.1 0.8 1.1 1.4 0.7
Saturated 34.0 83.6 61.5 42,2 38.5 27.8
16:1 10.7 — 7.5 10.6 1.3 11.9
18:1 11.1 6.8 13.0 10.1 9.6 11.2
20:1 3.1 2.5 4.1 2.6 2.0 2.4
22:1 0.7 — — 2.0 0.6 1.4
Monoenoic 25.6 9.3 24.6 25. 3 23.5 26. 9
18:2 4.1 0.2 1.2 3.6 4.3 5.0
20:2 2.2 —_ —_ 2.0 2.4 2.5
20:3 0.2 0.5 0.1 0.1 0.1 0.2
20:4 4.2 2.6 4.4 2.5 3.7 3.1
20:5 18.9 1.5 4.6 15.7 18.2 24.0
22:3 0.9 2.3 0.5 0.8 0.9 0.9
22:4 0.1 — 1.8 1.0 0.9 0.7
22:5 1.9 — 0.5 1.7 1.9 2.3
22:6 7.8 0.2 1.1 5.2 5.7 6.7
Polyenoic 40. 3 7.3 14.2 32.6 38.1 45.4
* Solvent fractionation in acetone was done step by step at 0, —5, —15 and —25°C.
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Table 4. Fatty acid composition of sardine oil after solvent fractionation in acetone at

different temperatures

Temperature (°C)

Fatty acid Control

0 —-10 - 20 - 30

12:0 - - - - -
14:0 12.1 12.8 8.6 7.8 7.2
15:0 0.7 0.8 0.6 0.7 0.7
16:0 24.2 24.6 18.2 17.0 14.6
17:0 1.0 1.0 0.5 1.2 1.3
18:0 3.5 4.2 1.3 2.7 2.3
20:0 0.2 0.2 0.3 0.4 0.4
Saturated 41.7 43.6 29.5 29. 8 26.5
16:1 9.5 9.1 12.5 10.2 10.4
18:1 13.8 15.2 16.2 14.9 15.1
20:1 7.8 5.2 6.7 7.1 7.4
22:1 0.3 — 0.8 0.8 0.8
Monoenoic 31.4 29.5 36.2 33.0 33.7
18:2 1.2 2.2 3.0 3.2 3.7
20:2 1.3 1.6 3.2 3.6 4.1
20:3 Q.1 - 0.1 0.1 0.1
20:4 9.8 5.7 4.0 4.1 4.4
20:5 7.4 8.9 13.1 13.9 14.5
22:3 1.0 0.6 1.1 1.1 1.1
22:4 —_ —_ -— 0.2 0.2
22:5 0.8 0.8 1.6 1.4 1.5
22:6 4.7 6°8 8.3 9.6 10.2
Polyenoic 26.9 26.6 34.4 37.3 39.8

Z}A] &L Ciazo & Cigo 8] &rol 70.9%4] 23t dkwd
Cao:s AL 1.5%¢] Expstget. 0°C i £ 59 2
A7) el el -5°CelA BHAdE=E AL
3E3}A4te] 61.5% CieoAko] 35.2% Caois Ako] 4.6%
dz =xz AHE -15°C sl T 3AYe] 42.2%.

N

Cis:o Ate] 21.8% Caus Alo] 15.7%, ®px|=F wkAlQ]
—25°C ol A= 28 ale] 38.5%, Cie:o4le] 19.5%,
Coois Ako] 18.2%2 =7} W& 5 2=4e]
b golxl m xR o] wtk AE=E Aol
=}, :’—?41 ~-25°C A=l & k3l 4Ea4 A3 A

ti o wwl ZEAle] 27.8%, Cie:oAle] 11.9
%2 ‘}_fta}gio\v% monoene AL2 W Eo] glglenvt
5.4% 2 F7tstd er 1% Cas Al
24.0% % 5.1% =759 v, 28]} Cone ALL 6.7%

Table 4 = Aojg R AL ol oz 0, —10, —20

Y -30°Cal A HA Sl AEAlEl F A
o) =ural AL Jehd Aok A E2FY A4k

AL 3 }& ] 43.69%, monoene Ako] 29.5%, po-
6% o2& A4 A 22AA &

AR A HEd A& AAT 23 &
Z3ES A3 Told T AL 41.7, 29.5, 29.8,
26.5% % &IPS 26.6, 34.4, 37.2,
39.8% % Bz} 5718k th. monoene AFL- 31.4,36%
2 Z7tstedst —20°C¢F —30°C el Al 33%,33.7%
2 243 g th Coos AL 7.4%00 4 14.5% % 96%
Z7letda Cos AL 4. 7% A 10.2% 2 117% 9
FT7HE i+

Table 5 AAHUFE otAE-wag T8
(4:1v/v)RA EHAZ(Table 4 who} ZFL 270
2) A7 dsiel b —20°C AR & obdlE st
g A AY a &y £2F A FFEF R
2t —30°C o] A monoene 4k8] FFe] oIAE
wre] ASurt 5% X3 polyene AL o38lH 3% 2%
gk}, Cans ALY q}%k% -20°C, —30°CejA =¥
15% AEE 3o ol BelA nr} I3k L A
o] gl ovt Coze Aol = Fol 7} Agiet.

Table 62 Cp:s AH2] Te] L AHHRFE o
AEol A 2w AEA7 Aol R AERF «l
Caois AFS] L 8.5%4l ol 813l Came Ak-2 15.

polyene A&
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Table 5. Fatty acid composition of sardine oil after solvent fractionation in acetone-
methanol (4:13v/v) mixture

Temperature (°C)

Fatty acid Control
0 ~10 -20 -30
12:0
14:0 12.1 12.8 8.1 8.6 7.3
15:0 0.7 0.8 0.7 0.7 0.6
16:0 24.2 24.6 17.8 16.2 14.8
17:0 1.0 1.0 0.5 1.4 0.5
18:0 3.5 4.2 2.1 2.1 1.3
20:0 0.2 0.2 0.2 0.4 0.2
Saturated 41.7 43.6 29, 4 29.4 24.7
16:1 9.5 9.1 12.5 11.0 16.7
18:1 13.8 15.2 14.3 14.8 14.4
20:1 7.8 5.2 7.1 6.2 6.7
22:1 0.3 — — 0.7 0.9
Monoenoic 31.4 29.5 33.9 32.7 38.7
18:2 1.8 2.2 2.5 3.8 2.5
20:2 1.3 1.6 3.2 4.0 3.4
20:3 0.1 — 0.1 0.2 0.1
20:4 9.8 5.7 4.2 3.1 3.9
20:5 7.4 8.9 13.5 15.5 15.1
22:3 1.0 0.5 1.1 0.7 0.2
22:4 — — 0.2 0.1 0.1
22:5 0.8 0.8 1.6 1.3 0.1
22:6 4.7 6.8 9.6 9.3 10.2
Polyenoic 26.9 26. 6 36.0 38.0 36. 5
Table 6. Fatty acid composition of sardine %9k o] F —20°C9} —30°CeA 2y 59
oil after solvent fractionation in AeAL 24 A na LHALL 36564 24.4%,
acetone 92.4% 2 7451 monoene AL 28.1% 6] A 31.9
Fatty acid  Control Temperature (°C) %2 AR} 27 1% 2 BhA] gastigod po-
—20 —30 lyene AL-&- 36.2% 0] A 41.1%, 50.8% 2 27 7}
12:0 _ _ - At Couos AbE 8.5%0 4 11.4%, 15.3% 2 T7F
%‘ég Z‘l) g:‘; g:g AT ConeAbE 15.5% 14 14.8%, 22.6% 2 F7t
16:0 21.3 14.5 13.4 skgl ot
17:0 1.0 0.6 0.7 )
18:0 5.9 2.2 1.5 Table 72 &l R &) A2} & ¥ 5 &
20:0 — 0.6 03 dotd AR Aotk Lol E ARFY 49, 59
Saturated 36.0 24.4 22.4 6N shm —20°C o] Al Sz Az Taala 2
16:1 8.0 11.9 10.0 - LRSI BT ST
18:1 13.6 15.7 12.4 23HA1e) u) s} 599 AS 25: 758 A} Egron]
221 0.6 e % sk 6} AS o 27:738 depigteh aslw
Monoenoic 28.1 31.9 27.1 Coo:s ALE 5¥l 8] A$- 11.4% 2 49} 6344 10.7
18:2 2.6 3.1 2.5 %3t E9kch ConAle] AS-= 5] 7§ 14.8
202 1.9 23 2. %2 499} 692 12.9% 9 13.1% Mok Egeh.
20:4 5.6 51 28 Table 82 Aolzf g5 4AEA chdBal &
22:3 1.6 1.4 1.0 ¥ & A9E 9 EE AT HR=EA
oaid o4 96 o7 ~20°Col A B EA10 ADY bk 24¢ epd
22:6 15.5 14.8 22.6 Aotk A7z B9 of S ol E 100ml 6] s}
Polyenoic 36.2 41.1 50.8 oo

o 1ml, 2ml, 3ml 2 Q& = E9

] 1NN
=} =
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Table 7. Fatty acid composition of sardine  4E x2¢] L85 Zslsid, = 29 A7}
3

oil after solvent fractionation in Qe ol ERY AL ~20°Ce| A FEA|7 AAY
acetone with different solvent B
ratio polyene AF 3+8ku] 7} 41.1% Q0 B2 1ml, 2ml,

3ml, A7 AL o ko] 2+ A 45.4%, 1%,
Qil: Acetone ratio (v/v) AL e 3 el A A 45.4%, 47.1%

Fatty acid Control 48% = % 7Fst4lr}. monoene ALS EEL 0, 1, 2, 3
1:4 1:5 1:6 ml @A A< 31.9%, 32.9%, 28.5%, 21.5%%
14:0 7.0 6.9 6.4 6.8 & 1ml AATAAe Sopstetst 2ml ok 3ml A7t
15:0 1.0 0.8 0.7 0.7 TAAE R4 28z LA B2 5419
%?8 2%:3 18:2 13:2 13;§ W 24:76, 22:78, 24:76, 26: 742 = 1ml 5
oo = s 06 g  ZHAAMEER I sl da g
Saturated  36.5 27.2 25.0 26.8 Caoi5 & Conis AF-& AlEGol A 22} 8.5%, 15.5%9
16:1 8.0 12.7 11.7 12.5 B el 0ml FrA] A7 11.4%, 14.8%, 1ml A
;gi lg:g IS:Z lgz lg:‘é A} 18.3%, 17%, 2ml Q744 14.3%, 18.4%, 3
22:1 0.6 0.8 0.9 0.8 ml RA7tA 16.1%, 19.2% 2 ZF7Vetg et
Monoenoic 28.1 35.5 33.9 35.2 6]448) Wbz e polyene 4ko] of 1. ¥4 o] 4
s 19 33 23 33 (2E8E, 13.59) == monoene ko] 7Asha po-
N s ve X%l wemeast w3l Fise A T+ A%
23 16 ity 'fE 0 Table ot Cuedk 90 Canedh 27 £ o)
22:4 0.4 0.5 0.6 0.5 242 238 EL HE ol EL R —-20°C o 4]
22:5 0.1 0.8 2.2 1.9 -y - o o
22:1 15.5 12.9 14.8 13.1 S A Fslol=h A& Aol i 3t
Polyenoic  35.2 37.6 41.1 38.4 Ale] 33.4%, monoene Ako] 25.1%, polyene Ato]

Table 8. Fatty acid composition of sardine oil after solvent fractionation at —20°C in
acetone added with parts of water

Water content (m!/100 ml acetone)

Fatty acid Control

0 1 2 3

12:0
14:0 7.0 6.4 6.6 6.1 6.9
15:0 1.1 0.7 0.4 0.8 0.4
16:0 21.3 14.5 12.3 12.4 13.2
17:0 1.0 0.6 0.6 1.5 1.5
18:0 5.9 2.2 1.3 2.9 3.0
20:0 - 0.6 0.6 0.6 0.5
Saturated 36.0 24.4 21.8 24.3 25.5
16:1 8.0 11.9 12.3 9.5 4.5
18:1 13.6 15.7 14.7 13.6 12.5
20:1 5.9 5.4 4.9 4.4 3.7
22:1 0.6 0.9 1.0 1.0 1.0
Monoenoic 28.1 31.9 32.9 28.5 21.7
18:2 2.6 3.1 3.5 3.6 3.5
20:2 1.9 2.3 3.1 3.2 3.4
20:3 — 0.2 0.2 0.2 0.1
20:4 4.6 5.1 4.1 3.5 3.0
20:5 8.5 11.4 13.3 14. 3 15.1
22:3 1.6 1.4 1.2 1.0 0.8
22:4 0.4 0.6 0.6 0.6 0.6
22:5 — 2.2 2.4 2.3 2.2
22:6 15.5 14. 8 17.0 18.4 19.2
Polyenoic 36.2 41.1 45.4 47.1 48.0
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Table 9. Fatty acid composition of sardine oil after solvent fractionation at —20°C in
acetone added with parts of water

Water content (m!/100 m! acetone)

Fatty acid Control

0 1 3 5

12:0 0.4 0.5 0.4 0.5 0.5
14:0 8.5 8.4 8.0 8.6 9.2
15:0 0.8 0.6 0.6 0.5 0.5
16:0 17.0 12.3 12.0 11.2 11.4
17:0 2.0 2.4 2.0 2.4 2.3
18:0 4.7 3.5 3.3 3.3 3.3
20:0 — 0.5 0.4 0.3 —_
Saturated 33.4 28.2 25.6 26.8 27.2
16:1 11.3 11.5 11.2 10.8 10.9
18:1 11.9 11.4 11.1 9.6 8.9
20:1 1.3 3.1 3.0 2.2 1.7
22:1 0.6 0.7 0.7 0.8 0.8
Monoenoic 25.1 26.7 26.0 23.4 22.3
18:2 5.0 5.2 5.1 6.1 5.3
20:2 2.7 2.6 2.7 2.8 2.9
20:3 0.2 0.3 0.2 0.2 0.3
20:4 3.0 4.4 4.3 4.0 4.0
20:5 20.6 23.3 23.8 26. 4 28.2
22:3 0.5 1.2 1.6 1.5 1.2
22:4 — — —_ - -
22:5 1.9 2.1 2.1 2.1 2.1
22:6 7.5 6.2 6.4 6.6 6.6
Polyenoic 41.4 45.3 46.2 49.7 50.6

41.4% 9. & Aslslx] g AL 33l Table 10. The yield of EPA-concentrated oil
prepared by solvent fractionation
at —20°C in acetone added with
parts of water

28.2%, monoene A+-2- 26.79%, polyene A+-2. 45.3%
da 5 Iml Zog 7%+ 23l4lo] 25.6%, m-
onoene Ako] 26%, polyene Ako] 46.2% 2 E-¥ 3%

z] . L oo o o Water content Yield (%)
49 gupe] Fobstddeh. B8 3ml FrMgE AS: (m1/100 ml acetone)

polyene AL-& 49.7% 2  =7}3lg 21} monoene A& 0 65
23.4% 2 748tk B2 5ml 715t 7 S monoene 1 60
A& 22.3%2 Risgn polyene AL 50.6% % : o

SVt ek EaAlal £ A vl 2 48R
2] 33:670] B2 0,1,3,5ml A ghel] wlel 28:72, Ay Ff0] 6559200 L 1m A3 =
26:74, 27:78, 27:73°2.2 G7F8lg et Coos AR2 ] 60% 3ml A} Wl 45%, Sml A7 ol 28%0]
B FdA 20%019 Aol B 5ml HFsTE 28.2% stk =" skele B9 o] S5 ulek EPA
= S B AAA g8 A B35 gy SAsgon 2 FEL T4

3tk
FATEH 2 AT E AT Can A2 AR gow paaAae N 44 BdE AUHE
R g7 zp4stg ov 2 W3 okglgh A 7 ek

Table 10& oF4ES o] §3 w29 A9

93 EPA 354 Z2A 4 FE2AL we) 5549
42 ARE oz Table 89 APBzAd gL
&7 & oldEd B slslm —20°C oA =4s)
Ark Zsld] wE2a B Ak g ARgd

{

A AL Anhe Sold AEYel 5]
A EPA 5548 A48 skl wtata gz
3 (A ATIZA 300°C el A k(1073
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A =% shsl e

F49 AzA 3 A%

E3a8] @eFo] T0% 0l AolH 1% nEEES
J’ ARl Caois 2 Cozig A v E 30% o] 23l 53
AZAE FRUGE Aske WA EA
5l @7telxz], &5, 24, FHFAYdAe A4

g AgkA W= A s 23] 5F 2 e sl

Table 112 Aoizl-{4 F5d4 Fd F5F49
Az 9 Azl olZe A3 A4 HdE 2
Table 11. The changes of lipid deterioration

while making the EPA-concentrat-
ed sardine oil

POV cov AV

‘ _11m :{o 2

After extraction 3.04 2.10 2.73
After EPA concentration 15.20 13.87 2. 85
After decoloration 4. 40 8.52 2.30

After alikaline treatment 21.20 10.51 0.00
After removing peroxide 2.00 8.54 0.08

A& Astolt. EPA &4 sl dste] Ay
A FAASEFL] AR Aestgen AT
A s ze] AR AASD = 4lEE A
A 234¢ 53l POV & As2 4+ 9tk 4
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