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Abstract

Phospholipid (PL}), phosphatidylcholine (PC) and phosphatidylcholine free PL (PCF) were extracted from squid
viscera and the antioxidant effects of each fraction on the oxidation of refined fish oil were evaluated. Polyunsa-
turated fatty acid contents were the highest in PC(46,7%) followed by PL{44.8%) and PCF{40.9%). The effects
of cach phospholipid fraction on stabilizing fish il were compared by incubating at 40° C for 10 days. At the ini-
tial period (2 days), changes in peroxide value did not show any significant difference ; however, as incubation
time was extended, PC fraction showed the strongest antioxidant activity. PL and PCF added te fish oils also re-
sulted in increased stability against oxidation. Antioxidative effect of PC at the 5% level was equivalent to

8.05% BHT, 1% catechin and 1% tocopherol.
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INTROGDUCTION

Unlike most vegetable oils, fish oils are casily deter-
iorated hy the oxidative reaction with atmospheric
oxygen because of their high contents of polyunsatu-
rated fatty acids (PUFA). Omega-3 PUFA in fish oils
reportedly play an important role in improving throm-
bosis, arteriosclerosis, and inflammation, as well as
aging and immunological process (1-4). Thus, use of
fish il as a raw material or phamaceutical product is
of interest. However, the proper and safe antioxidant
should be employed to prevent lipid oxidation.

Although many synthetic antioxidants presently us-
ed by the food industry are effective in preventing ran-
cidity (5,6), their safety has recently been questioned
in marine products, especially fish il Thus interest
is increasing in utilizing natural food constituents wi-
th antioxidative properties. Despite a number of stud-
ies carried out on antioxidative praperties of natural
compounds, no significant antioxidant effects have
not been reported so far,

Phospholipids have heen studied as potential anti-
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oxidants because many crude oils containing them
are more stable than refined oils(7,8). King et al. {9}
reported that phosphatidyvlcholine appeared to be
more effective antioxidant than total phospholipid,
phesphatidylethanolamine, and phosphatidylinositol,
The concentration of phospholipid varied to achieve
the same magnitude of antioxidative effect when us-
ing different types of oils. The addition of 0.1% (by wi)
soybean lecithin to lard enhanced the storage stability
by 50% ) whereas the addition of 1.0% was required
to obtain an equivalent stability in sunflower oil (10).

To employ phosphelipids as antioxidants, the cost
of the starting material should be very low, Thus, squ-
id was selected as a starting material because the
amount of annual harvest exceeded 7,000tons (11)
and the viscera of squid has been almost entirely wa-
sted causing environmentai problems ; therefore, the
cost of phospholipids from squid viscera would be
negligible compared to tecopherol or other antioxida-
nts from plants. The main objective of this study lies
in the wtilization of sguid viscera phospholipids for
lew cost and compatible antioxidants.
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MATERIALS AND METHODS

Preparation of squid viscera and phospholipid
fractionation

Fresh squid(Todarodes pacificus) was purchased
from a local fish market (Chungmu-dong, Pusan} and
used immediately. Viscera of squid was prepared ac-
cording to the method of Jeong et al. {12} and total
lipid (TL} was extracted by silicic acid column chroma-
tography (13). Phospholipid was separated from TL
using mixture of chloroforr and methanel (1 1 5). Ph-
ospholipids fraction was further fractionated by sili-
cic acid column chromatography. Different ratios of
methano! to chloroform (C/M) were employed to
obtain PCF ; elution was carried out with 400ml| of
C/M95 15, v/v), and C/M{4 11, v/v), 800ml of
C/M@3 12, v/v), and C/M(1 1 4, v/v) in that order.
PC fraction was obtained with C/M(3 12, v/v) and
the remaining fractions were combined and designa-
ted as PCF fractions. PCF fractions were composed of
cardiolipin, phosphatidylethanolamine (PE), phospha-
ticylserine (PS) and sphingomyelin,

Measurement of fish oil oxidation

The antioxidant properties of phospholipids from
squid viscera were determined by the methed of
Jeong et al.{12). Briefly, all phospholipids werse dissol-
ved in 2ml of chioroform, mixed with refined fish oil
{(20m1) using a vortex mixer at medium speed for
Tmin., placed in 100m! beaker with four-fold gauze
lid, and stored at 40° C. The control fish il was pre-
pared by adding 2ml of chloroform. Oxidative stabili-
ty was determined by changes in peroxide value (PO-
V) (14} and fatty acid composition. POV of refined fish
il was 4.4meq/kg. Refined fish oil from sardine was
donated by Dr. K. Hada of Japan Fisheries Co., Ltd.

Determination of fatty acid composition

Fatty acid composition was determined by the me-
thod of Metealfea and Schmitz (15). Sample was me-
thylated by 10% boron triffuoride in methanof at 100
°C and analyzed using the Perkin Elmer 8700 gas ch-
romatograph equipped with a DB-225 capillary col-
umn (8.248mm i.d. x 30m, England) and a flame jo-

nization detector. The column oven, injection port
and detecior were held at 200, 230, and 250°C, res-
pectively. Helium gas was used as a carrier gas with
a flow rate of 30ml/min.

RESULTS AND DISCUSSION

Fatty acid composition of phospholipids from
squid viscera

The fatty acid composition of PL, PC and PC-free
PL(PCF) from squid viscera are summarized in Table
1. PC showed the lowest contents in saturated fatty
acids and monoene but the highest in polyene ; coin-
cidentally, phospholipid fractions from mackerel vis-
cera showed the same pattern (16). Fatty acids consi-
sted mainly of Cie:0(21.1% for PL, 18.89% for PCF,
19.62% for PC), Czo:5{16.01% for PL, 11.77% for
PCF, 7.58% for PC} and Cz2:6(20.21% for PL, 23,13
% for PCF, 30.23% for PC). Eicosapentaenoic acid
{EPA} anc docosahexaenoic acid (DHA)} were major
polyunsaturated faty acids (PUFA) in squid viscera.
EPA and DHA contents were the highest in PC, fol-
lowed by PL, PCF in that order. The major fatty acids
in PC descended in the following order : C22:6
(30.23%) > C16:0(19.62%} > C20: 5(7.58%)>Cao:3
{4.97%). PL and PCF showed similar patterns to PC
except for Cis: v which was considerably low as com-

Table 1. Fatty acid composition of phospholipids from squid

viscera tarea %)
Fatty acict PL" PCt PCF
14:0 3.53 1.25 1.86
16:0 21.01 19.62 18.89
18:0 4.58 3.63 7.67
S.FA. 29,42 24.50 28.42
1611 4.08 0.73 0.98
18:1 12.35 4.49 6.92
2001 4.86 6.54 7.87

Moncene 2129 1.76 1577
S is:2 160 115 .06
18:3 1.70 2.81 0.78
20:3 2.97 4.97 4,15
2015 16.01 7.58 1.77
22:06 22.20 30.23 2313
Polyene 44.48 46.74 40.89

‘Phospholipid  *Phesphatidylcholine  <PC-free PL(PL-PC)
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pared to PC.

Antioxidant activity of PL from squid viscera

To evaluate the antioxidant activity of PL, PL was
added to the fish oil at three different levels(0.5, 1
and 5%) and incubated at 40° C. Addition of phospho-
lipids at all levels improved the overall oxidative sta-
bility of fish oil over the control (Fig. 1). Addition of
PL at the 3% level was the most effective in stabiliz-
ing fish ail, whereas additions at the 0.5% or 1% level
did not show as much antioxidant activity as 5% le-
vel. Thus, addition of 5% level was selected for the
further study.

So far, the role of PL in oxidation has not been elu-
cidated conclusively. Many investigators reported that
phospholipids showed antioxidant effect on the auto-
xidation of fat and oils{17,18); in addition, at elevat-
ed temperatures some of the phospholipids, particula-
rly PE, greatly enhanced the activity of primary antio-
xidants in edible oiis, PC and PS are aslo reported to
he effective {19,20); in contrast several studies have
reported that hydralysis of PL fatty acid results in inc-
reased lipid oxidation (21-23). However, the varing
condizions of the those studies make it impossible to
compare each other and 1o draw any conclusion
about the role of PC, PE and PS on the oxidation of
edible oil.

To resolve the argument, the effect of individual PL
component need to be evaluated. Thus, phosphoi-
pids were fractionated into PC, PC free PL, PCF beca-
use PL was consisted of mainly PC(more than 70%)
and the rest-PE, Pl{phosphatidylinositol), PS etc. The
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Fig. 1. Antioxidant effects of phespholipid (PL) from squid
viscera.
(8, contral 5 -+, 0.5% PL; A, 1% PL; [0, 5% PL)

PC fraction did not contain any significant amount of
other components other than phosphatidyl choline ;
in contrast, PCF was mainly composed of PE, PI, and
PS. Since PC was the major component of PL, our stu-
dy was focused on the effect of PC on stabilizing the
fish oil. in addition, 5% level was selected to compa-
re the antioxidant effects of different fraction,

Fig. 2 shows changes in POV of fish oil incubated
at 40° C in which fish oil was suppiemented with PL,
PC, or PCF. All fractions exhibited strong antioxida-
tive activity on the day 2. Both Pt and PCF exhibited
less antioxidant activity than PC. This result contradi-
cts the report by Kashima et al.(24). They found that
the oxidative stability of perrila oil was increased sig-
nificantly by additions of PE and PS, but PC scarcely
showed an antioxidant effect. However, their claim
cannot be justified because the perilla oil contained
substantial amount of tocopherol. in this study, the
fish oil employed did not contain any significant am-
ount of tocopherol ; therefore, the antioxidant effect
was attributed to the phospholipid fractions oniy. The
strong oxidative stability of fish oil supplemented with’
PC during the extended incubation time implies that
PC piays major role in antioxidant activity. This resuit
can also be confirmed by the antioxidant effect of PC
from mackere! viscera (16,

it should be noted that the PE, P, and PS also exert
significant antioxidant activity, if not stronger than PC
since PCF fraction retarded the rate of oxidation rem-
arkably. However PE, Pl and PS were not likely to
have synergistic effect with PC because Pi. which con-
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Fig. 2. Antioxidant effects of phospholipid (PL), phosphatidyl-
choline (PC) and PC-free PL{PCF) extract from squid
viscera.

(@, control 5 4, 5% PL; &, 5% PC ; [J, 5% PCF)
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tained PC over 70% show less antioxidant activity
than 100% PC. )f PE, P} and P5 have synergistic effect
with PC, the change in POV upon incubation are lik-
ely to show the same magnitude as PC added oil, if
not better,

Now that the antioxidant activity of PC was found
to be strong enough to be utilized as natural antioxi-
dant, it was compared with other known antioxidants
of strong activity : butylated hydroxy toluene (BHT),
tocopherol and flavonoids-{--}catechin (Fig. 3). The
concentration of each antioxidant was adjusted to pro-
duce the same effect in stabilizing the fish oil for 2
days of incubation at 40" C. During the initial 4 days
of incubation, all the antioxidants retarded the oxida-
tion rate considerably with the same magnitude. How-
ever, from day 6, addition of PC was the most effective
in stabilizing the fish oil. Other antioxidants also resu-
fted in significantly greater stability than the non sup-
plemented control oil.

Prolonged incubation of fish oil indicated that 5%
PC was the most effective. BHT(0.05%) and cate-
chin {1%) showed the same antioxidative effect follo-
wed by 1% tocopherol. PC from mackerel viscera al-
30 showed the same effect when compared with BHT,
tocopherol, and cathechin except that BHT exented
stronger antioxidant activity than tocopherot (16). This
result was in agreement with several other studies
{9,25) which showed that addition of smali quantities
of PL to refined vegetable and animal fats improved
their stability.

0 2 a 5 8 10

Fig. 3. Antioxidant effects of phosphatidylcholine compar-
ed to other antioxidants.

(M, control ; +, 5% PC ; &, 0.05% BHT ], 1%
catechin ; *, 1% tocopherol}

Changes in fatty acid compositions affected by
the addition of Pis

Jo compare the effect of PL, PC and PCF on the fat-
ty acid compositions of fish oil during oxidation, each
fraction was added to the fish oil and incubated at
40° C. Table 2 summarizes the changes in fatty acid
composition of treatments at different periods of incu-
bation at 40°C. The percentage of monoenes (Cis:1,
Cig:1) and saturates (Cis : 0, Ci6: 0, Cia: ¢) for each tre-
atment increased with the reduction in n-3 fatty acid.
Cie:0and Cis: 1, in particular, showed significant in-
crease ; on the contrary, EPA and DHA decreased sig-
nificantly. This result was aiso coincided with that of
phospholipid fractions from mackerel viscera{16).

On the day 10, polyene index (Cz25 6/Cis : 0} were
0.64, 0.42, 0.5 and 0.66% for control, PL, PC and
PCF treatment, respectively, This confirms the result of
King et al.{25) who claimed that PC was effective in
preventing the lass of PUFA. However, it cannot be
compared with our results because they heated the
oil at 180° C which underwent thermai oxidation, not
autoxidation. We conclude that polyene index can-
not be used as the criteria for antioxidant activity. As
fish oil was oxidized, monoene contents were signi-
ficantly increased ; compared to control {33.34%),
monoene contents of PL, PC and PCF treatments were
29.27, 24.49 and 28.8%, respectively. This result coin-
cides with that of Fig. 2, which showed the strong
antioxidant activity of PC compared with PL or PCF.
Therefore, changes in monoene contents might be
more effective criteria in evaluating antioxidative acti-
vity than polyene index; in addition, the fatty acid
composition of each phospholipid fraction appeared
to play little or no role in the antioxidant activity.

The antioxidant activity of phospholipid appeared
10 be more related to functional group than their fatty
acid composition, In some studies, it has been demon-
strated that phosphotipids could act as synergists with
endogenous ¢-tocopherol, a primary antioxidant, to
protect lipid from oxidation {25,26). Although phosp-
holipids contained higher concentration PUFA, Koim-
atsu et al.{27) claimed that the inhibitory effect of the
ohospholipid fraction prepared from squid mantle
muscle in peroxidation of sardine oil might not be
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due to synergism bhetween the phospholipids and a-
tocopherol. in this study, fish oi! used contained insig-
nificant amount of «-tocopherol and mixture of fish
oil and each phospholipid fraction also showed negli-
gible amount of a-tocopherol. This implies that the
antioxidant effects of phospholipid treatment are ma-
inly derived from phospholipid itself, not the effect of
a-tocopherol. Furthermore, phosphatidylcoline, a
major component of phospholipid from squid viscera,
clearly showed strong antioxidant activity. In conclu-
sion, the phospholipid fraction from squid viscera can
be used as feasible natural antioxidant as long as the
proper deodarization step is employed.
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