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Abstract

A consumer survey identified 10 species of most-preferred marine fish for daily consumption in Malaysia. Total lipids extracted
from 10 species of the selected fish were analyzed for their total fat, fatty acids composition and cholesterol content. Most of the fish
contained less than 6% lipid by weight and total cholesterol content was 37.1-49.1 mg/100g. The composition of fatty acids showed
that total ®-3 poly unsaturated fatty acids (o-3 PUFA; 29.7-48.4%) were the highest, followed by other PUFA (27.7-40.0), ®-6
PUFA (11.0-20.0%), saturated fatty acid (3.63—11.4%), and finally, mono unsaturated fatty acid (MUFA; 1.37-9.12%). All sam-
ples showed a much higher content of ®-3 PUFA when compared to standard menhaden oil. Most of the fish had a higher ®-3/®-6
ratio (2.16 —4.14) than the standard menhaden oil (2.03) except for Four Finger Threadfin (1.50), Indian Mackerel (1.67) and
Striped Sea Catfish (1.78). The ratio of PUFA/saturated of the samples ranged from 5.49 to 25.2. © 2001 Elsevier Science Ltd. All

rights reserved.
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1. Introduction

Polyunsaturated fatty acid (PUFA), especially the n-3
and n-6 PUFA, have been considered essential fatty
acids and have been shown to have curative and pre-
ventive effects on cardiovascular diseases, neurodeve-
lopment in infants, cancers and fat glycemic control
(Conner, 1997; Kinsella, Lokesh, & Stone, 1990).
Although it is generally recognized that PUFA compo-
sition may vary among species of fish, little attention
has been paid to the PUFA composition of different
species when selecting fish for diets. All fish are con-
sidered to be of similar nutritional value, and selection
is chiefly based on availability, freshness, flavour and
similar factors (Hearn, Sgoutas, Hearn, & Sgoutas,
1987). Results of clinical and epidemiological research
suggest that eicosapentaenoic (EPA) and docosahex-
aenoic (DHA) acids, found only in fish and seafoods,
have extremely beneficial properties for the prevention
of” human coronary artery disease (Leaf & Weber,
1988). Generally, the western diet is high in saturated
fats and low in unsaturated. Fish components in daily
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meals can be considered as low. Layne et al. (1996) used
a level of 3.5 mg/kg/day as the recommended level of
PUFA intake. However, the US FDA stated that virgin
and partially-hydrogenated menhaden oil is a Generally
Recognised as Safe (GRAS) substance and it can be use
as a PUFA supplement, for glycemic and Low Density
Lipoprotein (LDL) cholesterol controls, provided that
the daily intake of EPA and DHA does not exceed 3g/
day (FDA, 1997). To address the imbalance, some
researchers have proposed an inclusion of a fish com-
ponent in the diet (Lovegrove, Brooks, Murphy, Gould,
& Williams, 1997), daily supplements of fish oil (Howe,
1996) or incorporation of stabilized fish oil in food
products, such a margarine (Saldeen, Wallin, & Mark-
linder, 1998) and liquid foods (Kolanowski, Swiderski,
& Berger, 1999). Therefore, when fish is suggested as a
means of improving health, both fat content and the
PUFA composition must be considered. Although it is
generally recognized that PUFA composition may vary
among species of fish, little attention has been paid to
the composition of different species when selecting fish
for diet (Hearn et al., 1987). Thus this study was carried
out to determine fatty acid composition and cholesterol
content of common marine fish.
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2. Materials and methods

A short survey was conducted in an urban area to
determine the types of fish most preferred by consumers
(n=200) in their daily diet. Based on the survey, 10
species of marine fish were selected for analyses. The
samples were obtained from local market and were
procured at four different times to obtain four repli-
cates. The fish were gutted, washed and filleted. The
flesh were weighed (30g) and extraction of fat was per-
formed by homogenising in 100 ml methanol extraction
solvent (60% methanol:30% chloroform; Kinsella,
Shimp, Mai, & Weihrauch, 1977). To determine the
fatty acid composition, 0.2g of the extracted lipid was
dissolved in 4 ml hexane and converted to methyl esters
(FAME) by reaction with sodium methoxide (Timms,
1978). The resultant FAME on the top layer was pipet-
ted out and dried to 0.2 ml with a stream of nitrogen,
prior to gas chromatographic (GC) analysis. Menhaden
oil (Sigma Co.) was used as standard PUFA and the
identity of individual FAME was compared after con-
version to equivalent chain length (Joseph & Seaborn,
1990). The menhaden oil was previously standardised
with Sigma 189-19 standard PUFA mix.

Cholesterol was determined using a spectro-
photometric method (Bohac, Rhee, Gross, & Ono,

Table 1
Types of fish preferred by consumers (n =200)

1988). Routine GC analyses were performed on a Shi-
madzu GC-17A gas chromatograph equipped with FID
and electronic pressure controller. The column used was
SGE BPX-70 (60 m lengthx0.25 mm i.d.), split ratio
100:1. The analyses were performed isothermally at
200°C with helium, as carrier gas, flowing at 1.7 ml/min,
injection port, 250°C and detector temperature, 260°C.

3. Results and discussion

The survey has identified 10 species of fish most com-
monly used in the everyday diet (Table 1). The Indian
mackerel (local name: kembung) was the most popular fish
(73% of respondents), due to its low cost and suitable size.
The next group, with 40-50% response, comprised the
Black Pomfret, Spanish Mackerel, Yellow Striped Scad,
Silver Pomfret, Hardtail Scad and Whip-tail Stingray.
Striped Sea Catfish, Fringescale Sardine and Four Finger
Threadfin were probably eaten occasionally.

The fat and cholesterol contents of the fish are shown
in Table 2. The species identified contain 1.46-5.77%
fat. Based on fat content, most of the fish studied were
lean fish, whereby the fat content was lower than 5% by
weight (Bennion, 1980) except for Yellow Striped Scad
which were medium-fat fish (5-10% fat by weight). The

Common name

Local name (species)

Respondent (%)

Indian mackerel Kembung (Rastrelliger kanagurta) 73.4
Black pomfret Bawal Hitam (Parastromateus niger) 49.7
Spanish mackerel Tenggiri papan (Scomberomorus commersonii) 47.5
Yellow striped scad Selar Kuning (Selarides leptolejus) 44.6
Silver pomfret Bawal Putih (Pampus argenteus) 40.7
Hardtail pomfret Cencaru (Magalapsis cordyla) 40.7
Whiptail stingray Pari (Gymnura spp) 40.1
Striped sea catfish Sembilang (Plotosus spp) 16.9
Fringescale sardine Tamban (Clupea fimbriata) 13.6
Fourfinger threadfin Senangin (Eleutheronema tradactylum) 13.6

Table 2
Total fat and cholesterol contents?®

Species

Fat (g/100 g) Cholesterol (mg/100 g)

Spanish mackerel (Scomberomorus commersonii)
Whiptail stingray (Gymnura spp)

Fourfinger threadfin (Eleutheronema tradactylum)
Striped sea catfish (Plotosus spp)

Black pomfret (Parastromateus niger)

Silver pomfret (Pampus argenteus)

Fringescale sardine (Clupea fimbriata)

Hardtail scad (Magalapsis cordyla)

Indian mackerel (Rastrelliger kanagurta)

Yellow satriped scad (Selarides leptolejus)

1.46+0.17 41.1£0.38
1.95+0.14 37.1+0.79
2.24+0.20 45.9+1.74
2.79+0.37 46.940.90
2.79+0.20 46.8+0.10
2.91£0.11 40.3+0.50
3.0640.06 41.8+0.32
3.08+0.11 46.6+0.86
4.54+0.28 49.140.06
5.77+0.52 47.3£0.31

4 Numerical data from each column is expressed as averagetstandard deviation (n=4).
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lean fish stores 50-80% of its fat in the form of tria-
cylglycerol in liver and it is a source of fat-soluble vita-
mins, especially vitamin A and D (Jacquot, 1961).
According to Feeley, Criner, and Watt (1972), these
low-fat fish have a higher water content and, as a result,
their flesh is whiter in colour. The fatty fish instead
stores its fat in muscle tissue and the flesh is yellow,
gray, pink or another colour (Gurr, 1992). Fat content

Table 3
Fatty acid compositions of fish oils

is influenced by species, season, geographical regions,
age and maturity (Piggot & Tucker, 1990; Tsuchiya,
1961).

Table 2 also shows a trend whereby an increase in fat
content is followed by increase in cholesterol levels, as
exemplified by the values for Indian Mackerel and Yel-
low Striped Scad. However, statistically, the trend was
not significantly correlated. The cholesterol content

Fatty acid Species

Menhaden Spanish  Sting Four finger Striped

Black Silver Fringe scale Hardtail Indian Yellow

mackerel ray threadfin sea catfish pomfret pomfret sardine scad mackerel striped scad
(a) Saturated fatty acid composition (%)
Cl14:0 5.97 1.16 0.78 242 2.48 2.07 1.63 1.52 1.35 1.04 1.82
C16:0 6.98 2.32 1.29  3.08 3.38 4.66 4.69 4.37 3.15 3.26 2.38
C17:0 0.35 0.58 0.26 0.44 0.90 0.52 0.61 0.76 0.45 0.98 0.53
C18:0 3.51 0.88 0.52 1.10 1.35 1.56 1.43 1.33 1.80 0.98 1.59
C20:0 2.94 0.29 0.26 022 0.68 0.52 0.20 0.76 0.45 0.81 0.26
C22:0 0.38 0.58 0.26 022 0.45 0.52 0.61 0.76 0.90 0.16 0.26
C23:0 0.42 0.29 - 0.22 0.45 0.52 - 0.38 0.90 0.16 0.26
C24:0 0.26 0.29 026 044 0.45 1.04 - - 0.45 0.32 0.79
¥ SATD. 20.81 6.39 3.63  8.14 10.14 11.39 9.17 9.88 9.45 7.71 7.89
(b) Monounsaturated fatty acid (MUFA) composition (%)
Cle6:1 9.64 1.16 1.04 044 0.23 0.52 1.23 2.85 0.90 0.16 2.34
Cl18:1 7.05 2.05 2.06 0.83 0.68 1.56 1.23 3.80 1.35 1.79 2.57
C20:1 2.34 0.58 026 022 0.23 1.04 0.20 0.95 0.90 0.98 0.26
C22:1 0.40 0.29 0.52 044 0.23 0.52 0.61 1.52 0.45 0.32 0.53
¥ MUFA 19.43 4.08 3.88  1.98 1.37 3.64 3.64 9.12 3.60 3.25 5.70
(¢) w-6 Polyunsaturated fatty acid (PUFA) compositions (%)
C16:206 0.53 - 026 - 0.45 - 0.20 - - 0.16 -
Cl18:206 10.6 9.65 124 18.0 13.2 9.84 12.0 8.74 7.66 16.5 9.08
Cl18:306 1.79 0.58 1.55  0.66 0.68 1.04 0.82 1.32 0.90 1.95 0.79
C20:206 0.16 - 0.26 022 0.68 0.26 - - 1.35 0.16 0.52
C20:306 0.36 0.29 026 0.22 0.45 0.78 0.20 0.19 0.45 0.33 0.26
C20:406 0.47 0.29 0.26 0.22 0.68 0.52 0.60 0.19 0.45 0.33 0.26
C22:406 0.11 - 052 - - 0.26 - 0.19 - 0.16 0.53
C22:506 0.21 0.29 2.58 044 1.80 0.78 0.20 0.38 0.45 0.49 0.53
¥ PUFA 06 14.25 11.10 18.06 19.78 17.96 13.48 13.46 11.01 11.26 20.03 11.97
(d) w-3 PUFA compositions (%)
Cl16:3m3 9.06 4.68 5.67 8.13 7.43 4.15 7.14 4.16 3.60 6.19 4.23
Cl16:403 0.10 0.58 - 0.44 0.23 1.56 - 0.19 1.35 0.16 0.26
Cl18:303 0.68 0.58 0.52 044 0.68 4.52 0.61 1.32 0.90 2.44 0.79
Cl18:403 1.36 0.29 0.26 0.22 0.45 0.52 0.61 0.19 0.45 0.98 0.26
C20:303 0.93 3.22 722 352 4.05 1.56 0.61 1.89 2.50 2.12 2.38
C20:403 0.35 0.29 0.26 022 0.23 0.52 0.61 0.19 - 0.16 0.26
C20:503 8.54 5.85 515 593 6.76 5.18 0.82 4.35 5.76 4.72 3.97
C21:503 0.72 0.29 - - 0.23 - - 0.38 - 0.16 -
C22:503 0.92 3.80 232 0.88 1.58 3.11 2.46 0.89 2.70 1.95 1.85
C22:603 6.20 23.3 17.5 9.89 10.4 9.36 18.9 17.3 28.6 14.5 27.3
¥ PUFA o3 28.87 42.89 38.93 29.67 32.00 30.48 31.73 30.86 47.89 33.38 41.25
(e) Other types of PUFA compositions (% )
Cl6:2 0.65 20.5 2294 - 18.5 18.1 24.9 234 14.9 239 19.3
Cl16:3w4 10.6 - - 28.57 - 0.52 - 0.38 - 0.16 -
Cl6:4wl 3.46 2.34 1.80 2.20 4.73 2.59 245 2.84 1.80 3.42 2.65
Cl18:2 1.18 8.77 9.54 8.79 10.4 9.33 8.98 6.10 9.71 7.82 10.1
C18:3w4 0.73 0.88 — 0.22 0.45 - - 1.90 0.90 - -
Cl18:4wl - 0.29 026 022 - - - 0.38 0.45 - 0.26
¥ Other PUFAs 16.63 32.75 34.54  40.00 34.01 30.57 36.33 35.02 27.72 33.38 32.27
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analysed ranged from 37.1 mg/100 g to 49.1 mg/100 g.
These values were within the range found in Robert and
Marcus (1990) findings (30-60 mg/100 g) in marine fish
sample. Cholesterol content in fish is influenced by sev-
eral factors, among them the PUFA content. According
to Kinsella (1986), an increase in PUFA content will be
followed by a decrease the cholesterol level.

Detailed fatty acid compositions are listed in Table 3;
and total fatty acid contents are summarised in Table 4.
Generally, the PUFA contents were much higher (56—
92%) than the saturated fatty acids (3.63-11.4%) and
MUFAs are lowest (1-10%). The trend is different
when compared to an earlier study on fresh water fish,
where the concentrations of MUFA were higher than
the saturated and PUFA (Suriah, Teh, Osman, & Nik-
Mat, 1995). Other researchers have also shown that
freshwater fish have lower contents of PUFAs (Vlieg &
Body, 1988). The difference can be attributed to the fact
that freshwater fishes feed largely on vegetation and
plant materials, whereas marine fish staple diets are
mainly zooplanktons, rich in PUFAs. Menhaden oil,
which is a marine fish oil, has been proposed by the
USFDA (FDA, 1997), as a PUFA supplement. The
concentrations of ®-3 PUFA (29.7%-48.4%) and other
PUFA (27.7%-40.0%) in this study were found to be
much greater than the standard menhaden oil (®-3
PUFA, 28.9%; other PUFAs 16.6%00, whereas ®-6
PUFAs are 14.3%). The values for MUFA (1.37-
9.12%) and saturated fatty acids (3.63-16.38%), in the
fish analysed, were lower than menhaden oil (MUFA,
19.4%; saturated, 20.2%). This study has shown that
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marine fish were richer in -3 PUFAs (29.7-48.4%)
than o-6 PUFAs (11.0-20.0%). Our earlier study (Sur-
iah et al., 1995) and other investigators (O’Dea & Sin-
clair, 1982; Suzuki, Okazaki, Hayakawa, Wuda, &
Tamaura, 1986), on freshwater and cultured fish, had
shown pposite results, where the levels of w-3 PUFAs
were lower than ©-6 PUFAs. However, Wang, Miller,
Perren, and Addis (1990) reported similar findings, in
that marine fish were rich in ®-3, especially DHA and
EPA.

Fish oils have been proposed as antithrombotic diet-
ary supplements. The rationale is that oils rich in
C20:5w-3 would provide substrates for the production
of platelet anti-aggregatory factors, such as TXA;3 and
PGI;, but concern has been expressed over the wisdom
and efficacy of such proposals (Budowski, 1981; Good-
night, Harris, Connor, & Illingworth, 1982). While the 3
series prostanoids may be antithrombotic, there is no
doubt that the 2 series prostaglandins, derived from
C20:40-6, have a diverse and essential role to play in the
metabolic processes of the body.

The contents of arachidonic acid (AA), EPA and
DHA, of the fish analysed, ranged from 0.19-0.68%;
0.82-6.76% and 9.36-28.6%, respectively. Bowman and
Rand (1980) reported that arachidonic acid (C20:4w-6)
is a precursor for prostaglandin and thromboxan which
will influence the blood clot and its attachment to the
endothelial tissue during wound healing. Apart from
that, the acid also plays a role in growth. Fish that have
higher contents of AA than menhaden oil (0.47%) were
Striped Sea Catfish (0.68%), Silver Pomfret (0.60%)

Table 4

Total fatty acid contents (%) in fish oils

Species Saturated Mono- Poly- Poly- Other poly- Total poly-

unsaturated unsaturated ®-6 unsaturated »-3 unsaturated unsaturated

Black pomfret 11.4 3.04 13.5 30.5 30.6 74.5
(Parastromateus niger)

Silver pomfret 9.17 3.27 13.5 31.7 36.3 81.5
(Pampus argenteus)

Hardtail scad 9.45 3.60 11.7 48.4 27.7 86.9
(Magalapsis cordyla)

Indian mackerel 7.71 3.25 20.0 334 353 56.8
(Rastrelliger kanagurta)

Whiptail stingray 3.63 3.88 18.0 389 34.5 91.5
(Gymnura spp)

Yellow striped scad 16.1 11.4 12.0 41.3 32.3 85.5
(Selarides leptolejus)

Striped sea catfish 10.1 1.37 18.0 32.0 34.0 84.0
(Plotosus spp)

Fourfinger threadfin 16.3 3.96 19.78 29.7 40.0 89.5
(Eleutheronema tradactylum)

Fringescale sardine 9.88 9.12 11.0 30.9 35.0 76.9
(Clupea fimbriata)

Spanish mackerel 6.39 4.08 11.1 47.9 32.8 86.7

(Scomberomorus commersonii)

Menhaden oil 20.8 19.43 14.3 28.9 16.6 59.8
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and Black Pomfret (0.52%). Based on an earlier study
(Suriah et al., 1995), in cases, the contents of AA in
marine fishes were lower than freshwater fishes.

The DHA contents of all the fish studied are higher
than the amount found in menhaden oil (6.20%), and
the highest level, found in Hardtail Scad (28.6%), was
almost five times higher. The amounts of EPA in the
species studied (0.82—6.76%) are lower than the menha-
den oil (8.54%). Fish is a major component in daily
Malaysian diet, and traditionally it is a major source of
protein. It is estimated that fish contribute about 60—
70% of protein intake (Malaysian Agricultural Direc-
tory & Index, 1993/1994). The annual per capita con-
sumption of fish is estimated to be 39 kg, and is
expected to increase to 45 kg in the year 2000 (Anon.,
1995).

Piggott and Tucker (1990) suggested that the ®-3:0-6
ratio is a better index in comparing relative nutritional
value of fish oils of different species. Table 5 shows that
ratios of ®-3:0-6 in oils extracted from the species stu-
died. However, there is no recommended intake in terms
of ®-3: ®-6 ratios but evidence in wild animals and esti-
mated nutrient intake during human evolution suggest a
diet ratio of 1:1 (Simopoulos, 1989). There was no cor-
relation found between the ratio of ®-6:0-3 fatty acids
and the polyunsaturated fatty acid. This is in line with
what was reported by Iritani and Fujikawa (1982).
This fact is further strengthened by the high ratio
PUFA/Saturated (P/S ratio), which indicates a good
supply of PUFA relative to saturated acids. The P/S
ratios obtained from this study (5.30-25.2) were higher
than that of the standard menhaden oil (2.87). The fish

Table 5
The polyunsaturated fatty acids/saturated (P/S) and ®-3/w-6 ratios of
fatty acids from fish oils

Species Ratio of P/S Ratio of ®-3/w-6

Black pomfret 6.54 2.26
(Parastromateus niger)

Silver pomfret 8.89 2.36
(Pampus argenteus)

Hardtail scad 9.19 4.14
(Magalapsis cordyla)

Indian mackerel 7.37 1.67
(Rastrelliger kanagurta)

Whiptail stingray 25.2 2.16

(Gymnura spp)

Yellow striped scad 5.30 3.45
(Selarides leptolejus)

Striped sea catfish 8.28 1.78
(Plotosus spp)

Fourfinger threadfin 5.49 1.50
(Eleutheronema tradactylum)

Fringescale sardine 7.78 2.80
(Clupea fimbriata)

Spanish mackerel 13.6 4.31
(Scomberomorus commersonii)

Menhaden oil 2.87 2.03

identified in this study were found to be good sources of
marine PUFA. Studies from Scandinavia, The Nether-
lands and Japan showed that people who eat fish about
twice a week (240 g total weekly intake) have lower risks
of heart attacks than people who rarely eat fish (Ward-
law, Insel, & Seigler, 1992). Thus, the suggestion to
include 2-3 servings of fish per week (80-120 g),
recommended for the Malaysian diet, would be suffi-
cient to supply the required level of PUFAs , without
the need for any supplementation.
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