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Isolation and Purification of DHA from
Skipjack Orbital Tissue Oil
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Department of Nutrition and Food Science, Tong-Yeong National Fisheries College,
Chungmu, Kyeongnam 650-160, Korea

Several methods were examined for purification of docosahexaenoic acid(DHA, 22:6n-3)
from skipjack Euthynnus pelamis orbital tissue oil, a marine by-product, and a modified
method for isolation of a high purity DHA was proposed.

Skipjack orbital tissue contained 55.4% of total lipid(TL), and DHA accounted for 23.7%
of the TL.

Application of low-temperature crystallization and urea inclusion compound methods to
the orbital fatty acid mixture resulted in increases of DHA concentrations to approximately
46% and 61%, respectively. These methods were suitable for large production of DHA
DHA of
approximately 74% in purity was obtained by silver nitrate aqueous solution method, but

with relative low purity because of the simple purification procedure.
the method gave a very low recovery(<10%). Silver nitrate-impregnated silica column
chromatography was suitable for purification of a high purity DHA(purity, >98% and
recovery, >90%). A modified method, silver nitrate-impregnated
chromatography combined with low-temperature crystallization(two step purication
method) was proposed as the most effective method to obtain DHA with high purity(99.9

silica column
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%) from the skipjack orbital oil.
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introduction

In 1978, Dyerberg ef al. demonstrated that the
low incidence of cardiovascular diseases such as
myocardial infraction and atheroscleosis in Green-
land Eskimos may be associated with their food
habit; consuming large amounts of fish and fish
products éontaining high level of polyunsaturated
fatty acid(PUFA) such as eicosapentaenoic acid
(EPA) and docosahexaenoic acid(DHA). Epidemio-
logical studies on a fishing village in Japan have
been carried out by Hirai et al(1980). They also
suggested that a high intake of EPA from fish con-
tributes to the low incidence of cardiovascular di-

seases of the fishermen. Thereafter, many studies
on the physiological role of fish oils have been car-
ried out by a number of workers. As a result, it is
known that PUFA have an inhibitory effects on the
incidence of hypertension(Singer et al, 1983}, co-
ronary heart disease(Bang ef al, 1980), rheumatic
diseases(Kremer et al, 1985), and cancers(de
Bravo et gl, 1986). Most of the physiological stu-
dies on PUFA have been focused to EPA along
with the development of a purification technique
for EPA from fish oils.

Recently, it was suggested that DHA influences
on the improvement of learning ability(Enslen et
al, 1991) and retina reflection ability(Akpalaba et
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al, 1986) and the control of senile dementia(Su-
zuki and Wada, 1988), differing from EPA in these
physiological roles. Nowadays, EPA is on the mar-
ket at about 95% in purity, whereas DHA on the
market is only about 25% purity(Yazawa and Ka-
geyama, 1991), because the purification technique
of DHA has not been well established. Most fish
oils are rich in EPA, while skipjack and tuna oils
are rich in DHA, particularly in their orbital tissue
oils. The head containing the orbital tissue in skip-
jack is generally abandoned or used a little for fer-
tilizer when skipjack are manufactured as canned
foods. Therefore, the orbital tissue oil could be an
available resource for DHA. The production of the
high purity DHA from marine by-products may be
offered to many physiologists at a low price as well
as increasing utilization of marine by-products.

In this study, several methods for purification of
PUFA described previously(Gunstone et al, 1976;
Christie, 1982; Yazawa and Kageyama, 1991) are
applied for DHA purification from the skipjack or-
bital tissue oil. And author describes that the mo-
dified purification procedure(two step purification
method) resulted in a highly purified DHA.

Materials and Methods

Samples

Skipjack Euthynnus pelamis head was obtained
from a canned factory in Chungmu, Korea. The
skipjack head was separated into orbital tissue and
total lipid(TL) extracted with a mixture of chloro-
form/methanol according to the Bligh and Dyer
procedure(Bligh and Dyer, 1959). TL content was
determined gravimetrically.

Hydrolysis of TL and esterification of fatty
acids

An aliquot of TL was saponified at 85C for 1 hr
with 1IN KOH-ethanol and the free fatty acids libe-
rated from the saponifiables with 6N HCl were ex-
tracted with diethyl ether. An aliquot of the fatty
acid mixture was converted to their corresponding
methyl and ethyl ester derivatives with BFs;-metha-
nol and 5% HCl-ethanol, respectively.

Gas-Liquid Chromatography(GLC)

The fatty acid methyl and ethyl esters were ana-
lyzed by GLC using Shimadzu GC 14A instrument
(Shimadzu Seisakusho Co. Ltd., Kyoto, Japan)
equipped with a CARBOWAX 20M fused silica wal-
lcoated open-tubular column(25 mX0.25 mm, i.d.).
The injector and detector were held at 250 €, and
the column at 190C or 210C. The split ratio was
1:50. Helium was used as the carrier gas at the co-
nstant inlet pressure of 1.5 kg/em® The fatty acids
were identified by comparing the retention time
and equivalent chain length of the standard or lite-
rature(Ackman, 1986). The fatty acid methyl ester
standards used were as follows; 14:0, 16:0, 18:0,
18:1, 18:2, 18:3, 20:0, 22:0, 22:1, 24:0(D-104, Ser-
dary Research Lab., Inc.), 20:0, 20:1, 20:2, 20:3, 20:
4(08A, Nu-Chek-Prep., Inc.), anteiso 15:0, 15:0, iso
16:0, 16:0, anteiso 17:0, iso 18:0, 18:0(MIX BR3,
Larodan Fine Chemicals), and 22:6n-3(Sigma Che-
mical Co., Louis, MO, USA). The 20:5n-3 acid(Ku-
rida Kougyo Ltd., Tokyo, Japan) was used as a sta-
ndard after methylation.

Low-temperature crystallization method

An aliquot of the mixed fatty acids in ten volu-
mes of hexane was placed in a flask, flushed with
nitrogen and capped. The flasks were held at ~60C,
-70C, and -80T for 12 hr. The solution was filte-
red immediately through a Buchner funnel kept at
the corresponding temperature. The precipitate was
washed with cold hexane. The highly unsaturated
fatty acids were recovered from precipitates and
the mother liquor was concentrated in a rotary
evaporator(Gunstone et al, 1976). The content of
recovered fatty acids was determined gravimetrica-
lly and the fatty acid compositions were analyzed

“with GLC after methylation.
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Urea inclusion compound formation method

An aliquot of the mixed fatty acids was placed
in about fifty volumes of 1M urea-methanol solu-
tion and then heated at 50T for 1 hr. The mixture
were cooled and left at ~60 T for 2 hr. The precipi-
tates formed were removed by filtration using a
Buchner funnel and washed with the urea-metha-
nol solution previously kept at -60T. The filtrate
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was evaporated to remove methanol. After addition
of water, the highly unsaturated fatty acids were
extracted with hexane. This extraction procedure
was repeated. The content of recovered fatty acids
was determined gravimetrically and the fatty acid
compositions were analyzed by GLC after methyla-
tion.

Silver nitrate aqueous solution method

Fifty volumes of 1IN AgNO; aqueous solution
were added to an aliquot of the mixed fatty acids
and the mixture was stirred. The solid substances
containing saturated and lower unsaturated fatty
acids were removed through a Buchner funnel
PUFAs were dissociated from the filtrates(Ag™-
PUFA complex) by adding water and shaking vigo-
rously. The dissociated fatty acids were recovered
with hexane(Yazawa and Kageyama, 1991). The
content of recovered fatty acid was determined
gravimetrically and the purity was checked by GLC
after methylation.

Silver nitrate-impregnated silica column chro-
matography

About 50 g of silicic acid(70~230 mesh, E. Me-
rck, Darmstadt, Germany) was added to 150 ml of
3% AgNOs-ethanol solution and the mixture was
stirred for 10~20 min. The ethanol was removed
in a rotary evaporator and then left in an oven at
120C for 2 hr to activate the silicic acid(Christie,
1982). The silver nitrate impregnated silicic acid
was packed into the glass open column(30 cmX2.5
em, id.) with 10% acetone-hexane. An aliquot of
fatty acid methyl esters(or ethyl esters) was placed
on the column and sucessively eluted with 10%
(400 ml), 20% (200 mi), 40% (200 ml) and 60%
(200 mI) acetone-hexane at the flow rate of 1~2
ml/min. Ten ml portions of the effluent were colle-
cted with a fraction collector. Fatty acid composi-
tion in the collected effluent was determined by
GLC after washing with 1% NaCl, followed by wa-
ter to remove Ag* ion. The contents of DHA and
EPA fractions were determined gravimetrically.

Low-temperature crystallization/silver nitrate-
impregnated silica column chromatography(two

step purification method)
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In order to obtain a high purity DHA, the two
step purification method that consists of a concent-
ration step and a further purification step was app-
lied. The fatty acid mixture was, first, concentrated
to approximately 40% of DHA by the low-tempera-
ture crystallization method, and then the concent-
rates were further purified by silver nitrate-impre-
gnated silica column chromatography described
above section.

Results and Discussion

Total lipid content and fatty acid compositions

Total lipid(TL) content of the skipjack orbital ti-
ssue was 55.4%, which was about 80-fold compared
with that(0.7%) of skipjack muscle(Ohshima et al,
1984). Table 1 shows the fatty acid compositions of
the TL. The prominent fatty acids were 22:6n-3
(DHA, 23.7%), 16:0(21.2% ), 18:1n-9(17.0%), 16:1
n-7(7.22%), 18:0(550%), and 20:5n-3(EPA, 524
% ). The percentage of DHA in the TL was similar
to that of skipjack muscle TL, whereas it was about
2-fold higher than those of mackerel(132%) and
sardine(10.7% ) (JAOA, 1989). Therefore, the skip-
jack orbital oil could be a good source of DHA. Fu-
rthermore, the utilization of marine by-products for
DHA can provide a high value for skipjack food in-
dustry, because the skipjack head is mostly aban-
doned during processing of canned food.

Low-temperature crystallization method

Gas-liquid chromatograms of the concentrates
obtained by low-temperature crystallization are
shown in Fig. 1. The percentages of the concentra-
tes obtained from the fatty acid mixture at -60C,
-70, and -80C were 28.3%, 279%, and 21.8%, re-
spectively. The level of DHA and EPA in the con-
centrates at each temperature was 39.3% and 8.82
%, 424% and 954%, and 464% and 11.1%, res-
pectively. Therefore, with this treatment at lower
temperature, the level of DHA and EPA increased
2-fold higher than those in the original fatty acid
mixture. From these results, it was suggested that
the fatty acid mixture is necessary to be held at
-70C, to obtain DHA above 40% purity.
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Table 1. Fatty acid compositions of the skipjack orbital
oif*
Fatty acid Area, % Fatty acid Area, %
14:0 357+ 003 20:1n-7 0.12 £ 0.01
15:0 iso 026 £000 20:2n-6 0.31 +0.02
15:0 108 £001 20:3n-6 0.06 + 0.02
16:0 iso 012 £0.00 20:4n-6 193 +0.03
16:0 212 £005 20:3n-3 0.15+ 0.01
16:1n-7 722001 20:4n-3 0.36 £ 0.02
17:0 260002 22:0 0.23 £ 0.03
17:1n-8 099 +0.01 20:5n-3 5.24 £ 0.03
17:2n-8 023+002 22:In-11 0.14 £ 0.01
18:0 550+ 001 22:1n9 0.10 £ 0.01
18:1n9+7 170 £003 21:5n-3 0.14 + 0.01
18:2n-7 014 +000 22:3n-3 0.24 £ 0.01
18:2n-6 130£ 002 22:5n-6 1.66 £ 0.04
18:2n-4 066 + 001 22:5n-3 118+ 007
19:0 015001 22:6n-3 237 024
19:1+18:3n4 028 + 0.02
18:3n-3 038+ 001 2 Saturated 351
19:30-6 059+ 001 2 Monoenoic 264
20:0 035+ 000 2XPolyencic 386
20:1n-9 087 £ 003 Total 100.1

* The data are presented as the mean * standard
deviation of three determinations.

Urea inclusion compound method

Fig. 2 shows the gas-liquid chromatogram of the
concentrate obtained from the skipjack orbital fatty
acids by urea inclusion compound method. Appro-
ximately 25.6% of concentrates was obtained from
the original fatty acid mixture. The percentages of
DHA and EPA of the concentrate were 61.1% and
10.7%, respectively. These percentage are 2.5-fold
higher than those of the original fatty acid mixture.

This method has been widely used for purifica-
tion of linoleic or linolenic acids from vegetable oils
(Swern and Parker, 1953; Johnson and Ali, 1961;
Gunstone et al, 1976), whereas rarely used for
DHA or EPA from marine oils. Haagsma et al
(1982) reported that percentages of DHA and EPA
were 44.6% and 276% in the concentrates(26.5% )
obtained from cod liver oil(included 11.7% of DHA

EPA DHA

-60°C
DHA; 39.3%
EPA; 8.8%

S

==
-

-70°C
DHA; 42.4%
EPA; 9.5%

FID RESPONSE

=

-80°C

DHA; 46.4%

EPA; 11.1%
6 10 14

Retention time (min)

Fig. 1. Gas-liquid chromatograms of fatty acid methyl
esters concentrated from the skipjack orbital oil
by low-temperature crystallization method at
-60%¢, -70C and -80C Column; a CAR-
BOWAX 20M fused silica wall-coated open-
tubular, 25 mX0.25 mm id., Temp., 210C;
Injection temp., 250 C: Detector, FID; Carrier
gas, He(1.5 kg/em?).

DHA
EPA N

DHA; 61.1%
EPA; 10.7%

FID RESPONSE

L)

2 6 10 14
Retention time (min)

Fig. 2. Gas-liquid chromatogram of fatty acid methyl
esters concentrated from the skipjack orbital oil
by urea inclusion compound method.
Conditions are the same as in Fig. 1.
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and 121% of EPA) by urea inclusion compound
method. These results were lower in the percen-
tage of DHA but higher in EPA than those of the
present study. These differences are attributable to
the differences in the fatty acid compositions bet-
ween both original oil samples used.

Silver nitrate aqueous solution

Fig. 3 shows gas-liquid chromatogram of DHA
and EPA purified by silver nitrate aqueous solution
method. Approximately 8.3% of PUFA-rich fraction
was obtained from the original fatty acid mixture
by this method. The DHA and EPA percentage of
the fraction were 740% and 165%, respectively.
The percentage of DHA in the fraction obtained by
this method was higher than that in the fraction
obtained with the low-temperature and urea inclu-
sion compound method described above, whereas
the former method was poor in recovery compared
with the latter. DHA fraction obtained in this study
were lower in purity than that of Yazawa and Ka-
geyama(1991), but similar in recovery.

The methods described above, for example, low-
temperature crystallization, urea inclusion com-
pound and silver nitrate aqueous solution methods,
are unsuitable for isolation of DHA and EPA with
purities above 90%. However, low-temperature cr-
ystallization and urea inclusion compound methods
may be suitable for large scale separation of partia-
lly purified DHA and EPA fractions from the origi-
nal fatty acid mixture. This partially purified DHA
fraction was further treated with the procedure as
will be mentioned later, to obtain DHA with higher
purity.

Silver nitrate-impregnated silica column chro-
matography

Gas-liquid chromatograms of DHA methyl and
ethyl esters and EPA methyl ester purified by sil-
ver nitrate-impregnated silica column chromatogra-
phy are shown in Fig. 4, 5, and 6, respectively. The
DHA methyl ester was purified to 98.4% (recovery,

>90%) and the ethyl ester to 90.8%(recovery,_

>94%). On the other hand, EPA methyl ester was
purified to 84.0% (recovery, >84%). This method
was evaluated as the most effective method among
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the others described above to obtain the high pu-
rity DHA from the skipjack orbital oil. Teshima et
al.(1978) studied on the purification of EPA and

DHA

EPA

DHA; 74.0%
EPA; 16.5%

FID RESPONSE

Ll

Retention time (min})

Fig. 3. Gas-liquid chromatogram of fatty acid methyl
ester concentrated from the skipjack orbital oil
by silver nitrate aqueous solution method.
Conditions are the same as in Fig. 1.

DHA methyl ester
Standard
w
[72]
Z
O L
o
49} -
-
o
a
[
DHA; 98.4%
J
2 ' 6 10 14

Retention time (min)

Fig. 4. Gas-liquid chromatograms of DHA methyl ester
purified from the skipjack orbital oil by silver
nitrate-impregnated  silica column chromato-
graphy. Conditions are the same as in Fig. 1.
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DHA ethyl ester

DHA,; 90.8%

FID RESPONSE

Retention time {min)

Fig. 5. Gas-liquid chromatogram of DHA ethyl ester
purified from the skipjack orbital oil by silver
nitrate-impregnated  silica column chromato-
graphy. Conditions are the same as in Fig. 1.

EPA methyl ester

Standard

-

FID RESPONSE

EPA; 84.0%

-

2

b

6 10 14
Retention time (min)

Fig. 6. Gas-liquid chromatograms of EPA methyl ester
purified from the skipjack orbital oil by silver
nitrate-impregnated silica column chromato-
graphy. Conditions are the same as in Fig. 1.

DHA from squid-liver oil by the same method,
using petroleum ether:diethyl ether(98:2, v/v) as
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an eluent. From those results, they reported that
EPA was purified to 97~100% (recovery, 49.4% ),
and DHA to 99~100% (recovery, 19.0%). These
results were superior to those of the present study
in the aspect of purity, but not in the aspect of re-
covery.

nitrate-
impregnated silica column chromatography(Two
step purification method) »

Fatty acid methyl esters were subjected to low-

Low-temperature crystallization/silver

temperature crystallization method(first step) and
subsequently to silver nitrate-impregnated silica
column chromatography(second step). The fatty
acid mixture(23.7% of DHA) were purified to 464
% of DHA by the first step. As shown in Fig. 7,
from the DHA-rich samples concentrated by the fi-

DHA methy! ester
Standard
L
n
4
@]
o
w
L DHA; 99.9%
c
]
.
— .
DHA; 99.2%
N

[ 10 14

Retention time (min)

2

Fig. 7. Gas-iquid chromatograms of DHA methyl ester
purified from the skipjack orbital oil by silver
nitrate-impregnated  silica column chromato-
graphy combined with low-temperature crys-
tallization(two  step purification method).
Conditions are the same as in Fig. 1, except
that column temperature is 230C,
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rst step, the fractions of DHA with 99.2% purity
(recovery, 186%) and DHA with 99.9% (recovery,
524%) were obtained by the second step.

Tokiwa ef al.(1981) reported that DHA methyl
ester was purified to 85.5% (recovery, 53.3% ) from
the previously concentrated fatty acid methyl ester
(included 30% of DHA) by a reversed phase high
performance liquid chromatography. The DHA pre-
paration was insufficient in both purity and reco-
very compared with that of the present study. On
the other hand, Hayashi and Kishimura(1993) stu-
died on the preparation of n-3 PUFA ethyl ester
concentrates from skipjack orbital tissue oil by si-
lica column chromatography. As the results, they
reported that DHA and EPA were concentrated to
82% and 11%, respectively. This method, however,
resulted in a mixture of DHA and EPA.

Consequently, silver nitrate-impregnated silica
column chromatography combined with low-tempe-
rature crystallization was evaluated as the most ef-
fective method in both aspects of the purity and
recovery of DHA from the skipjack orbital oil
among the methods described above. However, this
study was carried out on a laboratory scale. There-
fore, further study needs to examine on isolation
of DHA with higher purity from skipjack orbital ti-
ssue oil in larger scale.

In 1990, the production of canned tuna commo-
dity was about 37,000 M/T, accounting for 64 % of
total production of canned fishery commodities in
Korea(Ministry of Agriculture, Forestry and Fishe-
ries, 1991). In tuna cannery, about 40% of fish
body(edible part) is used as raw materials and the
remain is abandoned or used slightly as fertilizer.
Therefore, non-edible part of skipjack, a marine by-
product, can be used as an available resource for
DHA.

In the present study, it is expected that the pro-
duction of the high purity(>99.0%) DHA from the
skipjack orbital tissue oil may raise the added value
in skipjack(or tuna) food industry as well as be
supplied to physiologists at a low price. Further-
more, its evailability could boost utilization for me-
dical supplies and use as supplementary food for
human health.
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7tk o] <ol 2 %8 docosahexaenoic acid(DHA)E BA3H7] A3l 7€ BHES
ALsts) vin FES DT, DHAS &AEQ HAE I8 22Es NP3an

Zhvkago] etotz o} FAA L 554% Wem, ol ¥ DHA® 237% At A2EE2A
Ho 8 AZARE 4% A wxoA 42 o 46% 2 61% 2] DHAZE dolRL). o5
UHES £rd e v oAy, ZA|23e] dasle] thdke] DHA HIo A3t
Kok e FEAHe Y] 27bA Wl Hleld gxHd e o AdEHI o
Zlgo] iws] EU(10% olFh). B A st Y FRvEIYAYELE 1E
%= DHAY AAUHeozxN AFIAH(eE 98% 14, 8 90% <), 2HHe=
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