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The physico-chemical properties of liver oil from low cost Balistid fish Sufflamen capistratus extracted by
Soxhlet, Bligh and Dyer, direct steaming, solar extraction and Mc Gill and Moffat methods were assessed.
The oil yield was high (70.3%) in Soxhlet method when compared with other methods. The physical prop-
erties such as solidification point, melting point, refractive index and moisture content of the extracted
oil samples were differed between methods. The chemical properties like the acid value, free fatty acid
(FFA) level and carotenoid content of the individual oil samples were showed extraction methods depen-
dant variation. Fatty acid content was also showed variation between methods; polyunsaturated fatty
acid (PUFA) content was high (23.07%) in Bligh and Dyer method. In all the oil samples, fat soluble vita-
min K was more when compared with the other tested vitamins. Irrespective of methods of extraction,
permissible level of heavy metals and minerals were recorded in the oil samples.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Fish oil is one of the main fishery products, with pharmaceutical
importance. The fish oils can be extracted from whole body (e.g.,
sardine and herring oils) and from liver (e.g., shark liver oil, cod li-
ver oil, Balistid liver oil, etc.) (Immanuel, Menenthira, Palavesam, &
Peter Marian, 2002). The species like cod and shark show a
considerable amount of oil accumulated in the liver (Kinsella,
1990; Navarro-Garcia, Pacheco-Aguilar, Bringas-Alvarado, & Orte-
ga-Garcia, 2004). Generally shark liver and cod liver are the best
source of high amount of oil and it can be extracted by different
methods. The yield of oil from liver may vary from species to spe-
cies and fishing areas (Vargheese, 2000). Fish oils are more com-
plex than terrestrial animal and vegetable oils (Adebiyi & Bawa,
2006), having a complex nature of saturated, unsaturated and
polyunsaturated fatty acids (Immanuel et al., 2002). In addition
to these, fish oil contains free fatty acids, carotenoids, cholesterol
and lipid-soluble vitamins A and D (Aidos, Vander Padt, Luter, &
Boom, 2002). Carotene is stored in liver due to their liposoluble
nature; hence it is extracted along with the oil (Metusalach, Brown,
& Shahidi, 1996; Navarro-Garcia, Pacheco-Aguilar, Vallejo-Cor-
dova, Ramirez-Suarez, & Bolanos, 2002). The level of carotenoid
has to be assessed to determine the quality of the oil. Normally
ll rights reserved.

).
antioxidant capacity is present in carotenes and tocopherols (Clark,
Faustman, Furr, & Riesen, 1996; Wanasundara, Shahidi, & Amar-
owicz, 1998). High content of the free fatty acids (FFAs) in the fish
oil reduces the commercial value due to an established direct rela-
tionship between oil quality and FFA levels (FAO, 1986).

Various processing methods have been adopted for the extrac-
tion of fish oil from the liver and whole body. They are Soxhlet
method, Bligh and Dyer method (Bligh & Dyer, 1959), direct steam-
ing method, solar extraction method (Immanuel, 1996; Immanuel
et al., 2002), Mc Gill and Moffat method (Mc Gill & Moffat, 1992),
etc. Vargheese (Vargheese, 2000) extracted and characterised the
liver oils of sharks caught in southwest coast of India through
the above methods. Immanuel (1996) and Immanuel et al. (2002)
have adopted different extraction methods for liver oil production
from Balistid fish Odonus niger and also characterised the extracted
oil for pharmaceutical purpose. Adebiyi and Bawa (2006),
Navarro-Garcia et al. (2002, 2004), and Aidos et al. (2002) have ex-
tracted and characterised liver oil and body oil from several fish
species like sharks, rays, mackerel, herring, etc. Despite these stud-
ies, a standard method to extract liver oil from low cost Balistid
fish Sufflamen capistratus is still wanted. Therefore this work was
undertaken to examine the possible methods for extraction of liver
oil from S. capistratus and further to analyse the physico-chemical
properties of the extracted oil for edible purpose or even for phar-
maceutical purpose. In the southwest coast of India, this Balistid
fish landing is high during trawling, and which is of uneconomic.
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http://www.sciencedirect.com/science/journal/03088146
http://www.elsevier.com/locate/foodchem


G. Immanuel et al. / Food Chemistry 115 (2009) 430–435 431
However, this low value fish can be used as a main source of raw
material for making aquaculture/poultry feeds (Immanuel et al.,
2002).

2. Materials and methods

S. capistratus fish were collected from Chinnamuttam Fisheries
harbour, Kanyakumari District, South India. The liver mass was
aseptically separated from the fish by dissecting the abdomen,
weighed and estimated the amount of liver (8.0 ± 1.25%) available
from this species. The collected liver was chilled in ice and packed
in airtight containers prior to arrival in the laboratory. They were
in good condition and did not show any visual trace of spoilage.
In the laboratory, the ice cubes were discarded and all the un-
wanted materials such as blood vessels and visceral materials were
removed, cleaned well and stored at �60 �C in a deep freezer until
further use.
2.1. Methods of oil extraction from the liver

Five different methods were adopted for extraction of oil from
the liver mass, such as solar extraction method (crude method), di-
rect steaming method (Immanuel et al., 2002), solvent extraction
(Soxhlet) method, Bligh and Dyer method (Bligh & Dyer, 1959),
and Mc Gill and Moffat method (Mc Gill & Moffat, 1992). Solar
extraction method was standardised in our laboratory after being
thawed the livers at ambient temperature. 100 g liver sample
was taken in a glass bowl, exposed under hot sunlight (35 ± 2 �C).
Within 15 min. the oil started melting and at every 30 min inter-
vals the melted oil was collected in a well-cleaned glass beaker
and within 4–5 h, the complete oil was separated.

In all the tested methods triplicate samples were analysed. The
percentage oil yield in all the extraction methods was calculated as

Yield of oil ð%Þ ¼ Weight of the liverðgÞ
Weight of oil extractedðgÞ � 100

2.2. Analytical methods

After extraction, the oil samples were kept in individual con-
tainers in deep freezer (�20 �C) until further use. The following
physico-chemical properties of oils extracted by various methods
were performed. Physical properties such as solidification point
as well as specific gravity of oil samples were analysed by the
methods described by Immanuel et al. (2002). The refractive index
of oil samples was analysed by Spectrometer-Hollow prism meth-
od. Moisture content was determined by ISI method, after drying of
known weight of oil in an oven at 105 �C, the weight was mea-
sured. The weight difference was expressed as moisture content.
The chemical properties like acid value and free fatty acid (FFA)
were determined by AOCS (1998). The amount of FFA of the oil
samples was determined by titration method. The percentage of
FFA was calculated as oleic acid. The fatty acid profile of different
extracted oils was analysed by gas chromatography (GC) by the
method described by Miller and Berger (1985). Fatty acid methyl
esters (FAMEs) of oil samples were prepared according to AOCS
(1998) official method Ce lb-89 and analysed with regard to the
amount of individual fatty acids. Total carotenoid and b-carotene
contents of the oil samples were determined by UV–vis Spectro-
photometer (Techcomp-8500, Taiwan). Fat soluble vitamins such
as A, D, E and K were determined by HPLC (D-7000, Lochrom,
Merck). Minerals such as copper, iron, sodium, potassium, magne-
sium, phosphorus, sulphur and zinc were determined using flame
photometer (Elico-1205). Heavy metals such as mercury, arsenic,
lead and cadmium in the extracted oil samples were determined
by Atomic spectrum (Varien ASP 2050). All the above chemical
properties of the oil samples were analysed using standard proce-
dures described in AOCS (1998).

2.3. Statistical analysis

The data obtained in this study were expressed as mean ± SD
and were analysed using one-way ANOVA test at 5% significant le-
vel. Further a multiple comparison test (SNK test) was conducted
to compare the significant differences amongst the oil extraction
methods using computer software Statistica 6.0 (Statsoft, UK).

3. Results and discussion

The results highlight the impact of different methods of oil
extraction from S. capistratus liver mass and variation in physico-
chemical properties of the extracted oil.

3.1. Oil yield

The percentage yield of oil from the liver mass of S. capistratus
using different methods of oil extraction is given in Fig. 1. Amongst
the five methods, Soxhlet method yielded the maximum percent-
age of oil (70.3 ± 1.0%) and it significantly (P < 0.0001) higher than
the other extraction methods. Solar extraction method yielded
lowest percentage (31.0 ± 1.0%). This was in agreement with the
data on oil extraction from the liver mass of O. niger which are
available along the south east and south west coast of India
(Immanuel, 1996; Immanuel et al., 2002). The reason for the lowest
yield of oil in the solar extraction method may be due to the un-
rupture of liver cells (Immanuel, 1996; Immanuel et al., 2002;
Sunaraya, Michael Hole, & Antony Taylor, 1992). In the other meth-
ods, the liver tissues might be broken down either heating process
or through the action of solvents used, so lipid content may easily
come out.
3.2. Physico-chemical properties of extracted oil samples

The physico-chemical properties of the oil samples are impor-
tant and to be considered on shelf life point of view during storage.

3.2.1. Physical properties
The solidification point of the oils extracted by various methods

was similar, at 19.5 ± 0.5 �C all the oil samples solidified (Table 1).
This result agrees with the solidification point temperature of O. ni-
ger liver oils (19.0 ± 0.50 �C) extracted by the above methods
(Immanuel et al., 2002). But the solidification point of the different
shark liver oil was varied from 27.83 to 29.5 �C in different extrac-
tion methods (Vargheese, 2000). The melting point of the oils ex-
tracted by direct steaming and solar extraction methods was
higher (36 �C), whereas oil extracted by Soxhlet method showed
very low melting point (25 �C). The specific gravity of the oils ex-
tracted by the five different methods was more or less similar
(0.904–0.914), except direct steaming method (0.895). The specific
gravity of solid fat (0.86) is to be lesser than that of the specific
gravity of liquid fat (0.91–0.95) (Lehninger, 1984; Shanmugam,
1990). The specific gravity of O. niger liver oil extracted by the
methods like Bligh and Dyer, Soxhlet, direct steaming and solar
extraction had the same value of 0.95 (Immanuel et al., 2002),
which described that the oils extracted from fish is liquid fat.

Fats have definite angles of refraction, variation from the nor-
mal value indicate mixture of fats. In this study, the refractive in-
dex value of oil samples recorded almost similar in all the five
tested methods (1.428–1.469 l). Immanuel et al. (2002) stated that
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Fig. 1. Percentage (%) yield of S. capistratus liver oil samples extracted by different methods. Each value is a mean of three replicate samples; bars with different alphabets are
statistically different from each other (one-way ANOVA test P < 0.05 and subsequent Post-hoc multiple comparison with SNK test).

Table 1
Physical property of S. capistratus liver oil samples extracted by different methods.

Extraction methods Melting point (�C) Solidification point (�C) Specific gravity Refractive index (l) Moisture content (%)

Solar extraction 36 ± 0.4a 19.5 ± 0.5a 0.905 ± 0.04a 1.458a 1.6 ± 0.02a

Direct steaming 36 ± 0.47a 19.5 ± 0.5a 0.895 ± 0.01b 1.469a 6.4 ± 0.3b

Mc Gill and Moffat 33 ± 0.47b 19.5 ± 0.5a 0.912 ± 0.05c 1.46a 0.6 ± 0.05c

Bligh and Dyer 34 ± 0.84c 19.5 ± 0.5a 0.904 ± 0.20ad 1.473a 2.7 ± 0.04d

Soxhlet method 25 ± 0.8d 19.5 ± 0.5a 0.914 ± 0.01ce 1.428a 0.7 ± 0.01ce

Each value is a mean of three replicate samples; values in row different superscript alphabets is statistically significant (one-way ANOVA test P < 0.05 and subsequent Post-
hoc multiple comparison with SNK test).

Table 2
Chemical properties of S. capistratus liver oil samples extracted by different methods.

Extraction
methods

Acid value (mg/
KoH)

Free fatty
acid (%)

Total
carotenoid (%)

b-Carotene
(%)

Solar
extraction

4.5 ± 0.01a 2.27 ± 0.03a 2.33 ± 0.04a 1.37 ± 0.02a

Direct
steaming

3.8 ± 0.05b 1.93 ± 0.06b 2.6 ± 0.02b 1.54 ± 0.02b

Mc Gill and
Moffat

3.0 ± 0.15c 1.42 ± 0.06c 2.8 ± 0.04c 1.32 ± 0.03ac

Bligh and Dyer 3.2 ± 0.2d 1.42 ± 0.08c 3.23 ± 0.04cd 2.31 ± 0.02d

Soxhlet
method

4.8 ± 0.18ea 2.49 ± 0.07d 2.45 ± 0.04f 1.12 ± 0.02e

Each value is a mean of three replicate samples; values in row different superscript
alphabets is statistically significant (one-way ANOVA test P < 0.05 and subsequent
Post-hoc multiple comparison with SNK test).
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the refractive index of O. niger liver oil extracted by different meth-
ods (solar extraction, direct steaming, Bligh and Dyer and Soxhlet
methods) are in between 1.42 and 1.48 l at 29 �C. Like wise, the
refractive index of the oils extracted by the above methods was
also almost similar (1.454–1.462 l at 28.5 �C) in the shark liver
oil (Vargheese, 2000). The variations in all the specific parameters
of the liver oil irrespective of extraction methods adopted may also
be attributed to the temperature, solvents or both of these used in
the respective methods, which may cause minor variation in the
chemistry of the extracted oil.

Normally, fish oil has very low amount of moisture content, for
example the herring oil sample has very low amount of moisture
content (Aidos et al., 2002). In this study, amongst the five extrac-
tion methods, oil from direct steaming method showed maximum
moisture content (6.4%), because the liver mass was boiled with
water, whereas it was very low in Mc Gill and Moffat (0.6%) and
Soxhlet (0.7%) extraction methods (Table 1). The reduction in mois-
ture content in these oil samples may be due to the addition of
anhydrous sodium sulphate during the extraction of oil samples
from the liver mass. Usually certain chemicals like sodium sul-
phate can absorb water molecules (Immanuel et al., 2002).

3.2.2. Chemical properties of oil samples
3.2.2.1. Acid and free fatty acids value. High content of free fatty
acids (FFAs) in the fish oils reduce the commercial value due to
an established direct relationship between oil quality and FFA lev-
els (FAO, 1986). Young (1982) suggested the maximum acceptable
value of FFA should be 4.0%. The FFA level of oil samples extracted
from menhaden and herring fish was recorded as 2.9% and 5.6%,
respectively (Young, 1982). The free fatty acid level of S. capistratus
oil was more in Soxhlet (2.49 ± 0.07%) extraction and solar extrac-
tion (2.27 ± 0.03%) methods, but in the other methods, the FFA le-
vel ranged between 1.42 ± 0.06% and 1.93 ± 0.06% (Table 2). In
these methods, the oil was extracted with temperature induction
and it may be the reason for the variation in FFA. This result con-
firmed that the FFA level in these oil samples is below the accept-
able level. Similarly, the acid value of S. capistratus oil samples
varied from 3.0 ± 0.15 to 4.8 ± 0.18 mg/KoH. Comparatively the
acid value of oil was higher in Soxhlet extraction method and low-
er in Mc Gill and Moffat method.



Table 3
Fatty acid composition (%) by weight of S. capisratus liver oil samples extracted by
different methods.

Carbon
No.

Solar
extraction

Direct
steaming

Soxhlet
extraction

Bligh and
Dyer

Mc Gill and
Moffat

C9:0 nd* 0.03 nd* 0.28 0.19
C10:0 0.76 0.98 0.81 0.99 0.89
C11:0 2.74 1.23 1.42 1.24 1.16
C12:0 0.33 0.75 0.83 nd* nd*

C13:0 1.41 0.65 0.99 0.32 0.34
C14:0 6.41 5.21 5.02 2.02 3.70
C15:0 2.22 2.19 1.92 1.96 1.90
C16:0 29.78 16.46 18.73 11.76 13.68
C17:0 3.02 1.66 1.48 1.03 0.96
C18:0 14.4 11.28 10.96 13.28 12.80
C19:0 nd* nd* nd* nd* nd*

C20:0 1.24 1.34 2.04 2.42 2.51
C21:0 0.89 0.19 nd* 0.15 0.12
C22:0 0.44 0.75 nd* nd* nd*

C23:0 0.1 0.31 0.35 0.6 0.40
C24:0 0.12 0.33 0.2 0.27 0.22
C14:1 0.11 1.28 0.4 0.57 0.48
C16:1 4.8 1.34 8.22 7.64 8.85
C18:1 16.5 13.22 24.40 24.48 22.36
C20:1 1.1 24 nd* 5.02 4.86
C22:1 1.25 1.06 3.28 2.9 2.2
C18:2n6 5.09 1.84 5.05 11.85 10.7
C18:3n3 2.01 3.6 3.6 0.68 0.72
C20:4n6 1.32 3.9 3.3 3.55 3.48
C20:5n3 1.68 3.4 3.0 3.45 3.67
C22:5n3 1.1 1.5 1.5 1.43 1.52
C22:6n3 1.2 1.5 1.5 2.11 2.24

e SAFA 63.84 43.36 45.75 36.32 38.3
e MUFA 23.76 40.90 36.3 40.61 39.4
e PUFA 12.4 15.74 17.95 23.07 22.33
e n3 5.99 10.00 9.60 7.67 8.15
e n6 6.41 5.74 8.35 15.4 14.18

* Not detected; Fatty acid content is expressed as area for present FAME and % (By
weight).
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3.2.2.2. Total carotenoid and b-carotene content. The fishes are not
able to synthesise carotene; they need to get them from the diets
(Negre-Sadargues, Castillo, & Segonzac, 2000). The carotene is
stored in liver and due to their liposoluble nature (Metusalach
et al., 1996); it’s extracted with the oil (Navarro-Garcia et al.,
2002). b-Carotene is known to be the precursor of vitamin A, which
means, it is an essential part for the production process (Delia &
Rodriqiuz, 2001). The presence of carotenoids in oils shows the col-
oration of the oil. Total carotenoid content of S. capisturatus liver oil
samples was ranged from 2.33 ± 0.4% to 3.23 ± 0.4%, it was higher
in Bligh and Dyer method, whereas, lower in solar extraction meth-
od. The b-carotene content of all the oil samples was more or less
similar (1.12–1.54%) except the oil sample extracted by Bligh and
Dyer method (2.31%) (Table 2). It may be attributed to the solubil-
ity of carotenoids in the solvent system used.

3.2.2.3. Fatty acid profile. Fatty acid profile of the oil is the major
criteria to accept the quality of the same oils. In this study, the fatty
acid profile showed that saturated FAMEs were 36.32%, 38.3%,
43.36%, 45.75% and 63.84% in Bligh and Dyer, Mc Gill and Moffat,
direct steaming, Soxhlet extraction and solar extraction methods,
respectively. According to Immanuel et al. (2002), the total satu-
rated fatty acid content of O. niger liver oil samples extracted by
different methods was varied from 47.05% to 59.54%. In this study,
the most abundant saturated fatty acid was C16: 0 (palmitic acid)
i.e., 29.78% in solar extraction, 16.46% in direct steaming, 18.73% in
Soxhlet, 13.68% in Mc Gill and Moffat and 11.76% in Bligh and Dyer
extraction methods. Immanuel et al. (2002) and Zafar et al. (2003)
were also reported that, palmitic acid (C16.0) was high in liver oils
of O. niger and wing head sand bar sharks, respectively.

The monounsaturated fatty acid percentage of S. capistratus li-
ver oil was 40.90% in direct steaming, 40.61% in Bligh and Dyer,
39.4% in Mc Gill and Moffat, 36.3% in Soxhlet extraction and
23.76% in solar extraction methods. But in other fish species, the
monounsaturated fatty acid level was varied much. For example,
in O. niger liver oil, it ranged from 27% to 31% (Immanuel et al.,
2002) and in shark liver oil, it ranged from 4.35% to 41.21% (Zafar
et al., 2003). Likewise, in Madura anchovy fish body oil, it varied
from 16.9% to 77.1% (Nair & Gopakumar, 1977). Lovern (1962) re-
ported the highest level (77.1%) of monounsaturated fatty acids in
cod liver oil. In this study, the most abundant monounsaturated
fatty acid in the detected oil samples was oleic acid (C18: 1), it ran-
ged from 13.22% to 24.48%. This is in agreement with the result of
Zafar et al. (2003) in shark liver oil, which was ranged from 0.03%
to 27.05%. At the same time, it was less in dogfish liver oil (Suna-
raya et al., 1992).

In this study, the polyunsaturated fatty acids (PUFAs) in the
FAME were minimum of 12.4% in solar extraction method and
maximum of 23.07% in Bligh and Dyer method, followed by Mc Gill
and Moffat method (22.3%), Soxhlet extraction method (17.95%)
and direct steaming method (15.74%). This result is consistence
with the earlier reports of Immanuel et al. (2002) in O. niger liver
oil. Similar variation was noticed in dominant PUFA like C20: 5n-
3 and C22: 5n-3 of oil samples of fish New foundland capelin (Mall-
outs villosus) (Ackman, Jangoard, Burgher, Huges, & Macallum,
1963) and in Atlantic herring and cod liver oils (New, 1987). Zafar
et al. (2003) were also reported the variation in PUFA (from 1.08%
to 7.38%) of liver oil samples of two shark species such as Eusphura
blochii and Carcharhinus bleekeri.

Amongst the PUFA, linoleic acid (C18: 2n6) was predominantly
seen in Mc Gill and Moffat (10.7%) and Bligh and Dyer (11.85%)
methods, followed by arachidonic acid (C20: 4n6), which is more
or less uniform (3.3–3.9%) in all the four methods except solar
extraction method (1.32%). Similar to this result, Zafar et al.
(2003) reported that the level of arachidonic acid in the liver oil
samples of two shark species such as E. blochii and C. bleekeri
was 3.87% each. However, this level was little lower than the val-
ues reported in O. niger liver oil (Immanuel et al., 2002). Like wise
EPA (C20: 5n3) level was very low in solar extraction method
(1.68%), than other tested methods (3.0–3.67%). But the DHA
(C22: 6n3) level of Bligh and Dyer (2.11%) as well as Mc Gill and
Moffat (2.24%) methods was much higher than the other methods
(1.2–1.5%) (Table 3). In dogfish liver oil, C20: 4n-6 was absent and
C20: 5n-3 was in between 4.4% and 4.48% (Sunaraya et al., 1992).
In pollack liver oil, C20: 5n-3 was present in fairly good amount
of 12% (Ackman et al., 1963). But in this study, C20: 4n6 and
C20: 5n3 were recorded in the level of 1.32–3.9% and 1.68–3.6%,
respectively. In C22 PUFA series, C22: 2, C22: 3 and C22: 4 were ab-
sent in the O. niger liver oil, but C22: 5n3 and C22: 6n3 were pres-
ent with the level of 1.0–1.7% and 0.48–2.3%, respectively
(Immanuel et al., 2002). In dogfish liver oil also these series were
absent except C22: 5 (eicosapentaenoic acid) and C22: 6 (decosa-
hexaenoic acid) with less amount (Sunaraya et al., 1992).

3.2.2.4. Vitamin content. The fat soluble vitamins (A, D, E and K) of
oil samples were determined in this study. Vitamin A, which is of
particular nutritional importance for the visual system in humans.
Several carotenoids are precursors of vitamin A. Certain fish and
fish oils are also noted to contain a high quantity of vitamin A.
Cod liver oil is known to contain a high quantity of vitamin A. In
the fish Burbot (Lota lota) liver oil, the vitamin A content was with-
in the range of 500,000 lg, which is about 20 times higher than
that reported in cod liver oil (Wong, 2008). In this study vitamin
A content in the oil sample extracted by Bligh and Dyer method
was high (775.75 mcg/100 g), but low (498.48 mcg/100 g) in direct
steaming method (Table 4).



Table 4
Fat soluble vitamin content of S. capistratus liver oil samples extracted by different
methods.

Extraction methods Vitamin A
(mcg/100 g)

Vitamin D
(mcg/100 g)

Vitamin E
(mcg/100 g)

Vitamin K
(mcg/100 g)

Solar extraction 675.75 35.60 6.86 4890.0
Direct steaming 498.48 28.66 5.06 2670.0
Mc Gill and Moffat 501.81 38.06 7.03 10120.0
Bligh and Dyer 775.75 37.87 10.45 3560.0
Soxhlet method 637.87 37.12 6.89 8560.0

Ta
bl

e
5

H
ea

vy
m

et
al

s
an

d
m

in
er

al
co

nt
en

t
of

S.
ca

pi
st

ra
tu

s
liv

er
oi

l
sa

m
pl

es
ex

tr
ac

te
d

by
di

ff
er

en
t

m
et

ho
ds

.

Ex
tr

ac
ti

on
m

et
h

od
s

M
er

cu
ry

(l
g/

10
0

g)
A

rs
en

ic
(l

g/
10

0
g)

Le
ad

(l
g/

10
0

g)
C

ad
m

iu
m

(l
g/

10
0

g)
C

op
pe

r
(l

g/
10

0
g)

Ir
on

(l
g/

10
0

g)
So

di
u

m
(l

g/
10

0
g)

Po
ta

ss
iu

m
(l

g/
10

0
g)

M
ag

n
es

iu
m

(l
g/

10
0

g)
Ph

os
ph

or
u

s
(l

g/
10

0
g)

Su
lp

h
u

r
(l

g/
10

0
g)

Zi
n

c
(l

g/
10

0
g)

So
la

r
ex

tr
ac

ti
on

2
5

<1
0

<1
*
*

6.
45

50
.6

7
11

4.
6

*
35

0.
8

*
0.

78
7

D
ir

ec
t

st
ea

m
in

g
2

1
10

2
*
*

3.
67

55
.7

8
14

5.
67

*
32

0.
6

*
*

0.
88

7
M

c
G

il
l

an
d

M
of

fa
t

2
5

<1
0

1
0.

05
4

7.
89

78
.6

18
6.

78
*
*

32
0.

6
*

3.
56

B
li

gh
an

d
D

ye
r

2
5

<1
0

<1
0.

12
3

7.
89

45
.5

6
10

5.
5

*
34

3.
3

*
*

1.
56

5
So

xh
le

t
m

et
h

od
2

3
<1

0
<2

0.
01

2
5.

89
60

.7
8

18
5.

7
*
*

33
0.

5
*
*

1.
78

*
N

ot
de

te
ct

ed
.

*
*

B
el

ow
de

te
ct

ab
le

le
ve

l.

434 G. Immanuel et al. / Food Chemistry 115 (2009) 430–435
Vitamin D is essential for the maintenance of normal blood lev-
els of calcium and phosphate (Trivedi, Doll, & Khaw, 2003). The
presence of vitamin D in Burbot liver oil was compared with that
of reported in cod liver oil by Wong (2008). It may be noted that
in commercial preparation of cod liver oil and other fish oils for
medicinal purposes or for the nutritional therapeutic market, it
would be advantageous to retain the natural vitamin D (Wong,
2008). In this study vitamin D content of the oil samples was more
or less uniform in Bligh and Dyer, Soxhlet and Mc Gill and Moffat
methods (37.12–38.06 mcg/100 g), but it was 28.66 and
35.60 mcg/100 g in direct steaming and solar extraction methods,
respectively.

Vitamin K plays an important role in blood clotting and bone
metabolism pertaining to the prevention of osteoporosis and caro-
tid artery elasticity (Cranenburg, Schurgers, & Vermeer, 2007).
Wong (2008) reported that burbot liver oil contains a high amount
of vitamin K (1.7 mg/100 g of oil). In this study also vitamin K con-
tent in different oil samples was much higher (2670–10,120 mcg/
100 g), amongst these, maximum level of 10,120 mcg/100 g was
recorded in Mc Gill and Moffat method and minimum level of
2670 mcg/100 g was recorded in direct steaming method. Apart
from the above fat soluble vitamins, considerable amount of vita-
min E also present in the fish oils. In this study, vitamin E content
of the oil samples extracted by Bligh and Dyer method was high
(10.45 mcg/100 g), whereas low (5.06 mcg/100 g) in direct steam-
ing method. In other methods, it was almost similar (6.86–
7.03 mcg/100 g).

3.2.2.5. Heavy metal content. The fishes that live in fresh and salt
water are harmed when heavy metals accumulated in the tissues.
They do not have any specific mechanism to prevent bioaccumula-
tion. Hence it is necessary to know the accumulation of heavy met-
als in the tissues of fishes, especially they used for consumption.
The need for assessment of heavy metals in the oils is obligatory,
because of its usage for pharmaceutical purpose. The dietary intake
data derived from 1995 national nutrition survey section 4.5 sets
out estimated dietary intake of metals with maximum permitted
level of mercury and zinc were 0.5 and 1.0 mg/kg, respectively
(NSW health news – www.msucares.com). But the food standards
of Australia and Newzealand-2003 specified that the limit of die-
tary heavy metals such as arsenic, cadmium, lead and mercury
should be within the range from 0.002 to 0.01 mg/kg (www.food-
standards.gov.au). Like wise the International Fish Oil Standards
set forth by the Council for Responsible Nutrition (CRN) specified
the heavy metal content of fish oil Nutra Sea has <0.1 mg/kg each
of lead, cadmium, arsenic and mercury, respectively (www.1stvi-
tality.co.uk). In this study, amongst the heavy metals analysed,
mercury level in all the methods of extracted oil samples was sim-
ilar (2 lg/100 g). Low levels of mercury in these species may be ex-
plained by their feeding habits and not by the effects of
geographical location. The arsenic level of oil samples was 5 lg/
100 g each in Bligh and Dyer, solar extraction and Mc Gill and Mof-
fat methods, respectively. But it was 1.0 and 3.0 lg/100 g in direct
steaming and Soxhlet extraction methods, respectively. The lead

http://www.1stvitality.co.uk
http://www.1stvitality.co.uk
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content of all the oil samples was <10 lg/100 g except direct
steaming method (10 lg/100 g). Cadmium content was 2.0 and
1.0 lg/100 g in direct steaming and Mc Gill and Moffat methods,
respectively, whereas it was <1.0 g/100 g each in Bligh and Dyer
and solar extraction methods, respectively (Table 5). The detected
level of all these heavy metals is within the permissible limit,
hence these oil samples can be used for edible or any pharmaceu-
tical purposes.

3.2.2.6. Mineral content. The mineral contents recorded in the liver
oil samples of S. capistratus also showed much variation and it was
found to be influenced by the extraction methods adopted. The
phosphorus content of liver oil was comparatively more (320.60–
350.80 lg/100 g) in all the oil samples. Followed by, potassium
content was ranged from 105.5 to 186.78 lg/100 g. Sodium con-
tent in all the oil samples was ranged between 45.56 and
78.6 lg/100 g with maximum level in Mc Gill and Moffat method.
Similarly, the iron content of the oil samples was from 3.67 to
7.89 lg/100 g with maximum in Bligh and Dyer and Mc Gill and
Moffat methods, respectively. Zinc content of all the oil samples
was very low and it ranged from 0.787 to 3.56 lg/100 g with max-
imum at Mc Gill and Moffat method. Copper content recorded in all
the oil samples was comparatively very low (0.012–0.123 lg/
100 g), but in solar extraction and direct steaming methods, it re-
corded with below detectable level. Sulphur content of Bligh and
Dyer, direct steaming and Soxhlet methods showed a below
detectable level, whereas it was not identified in the other two
methods such as solar extraction and Mc Gill and Moffat methods
(Table 5). The above results are unique as for as fish liver oil is con-
cerned. Despite the paucity of information on this line, Aidos et al.
(2002) reported the presence of iron (0.8 ± 0.1 mg/kg wet sample)
and copper (<0.1 mg/kg wet sample) in the herring oil sample.
Young (1986) also reported the presence of iron (1.5 mg/kg) and
copper (0.2 mg/kg) in marine fish oils.
4. Conclusion

The physico-chemical properties of liver oil of S. capistratus
were found to be influenced by the isolation methods adopted. It
revealed the presence of higher amount of PUFA and vitamins
(vitamins A and K) in oil extracted by Bligh and Dyer method when
compared with other extraction methods. It is evident from this
study that Bligh and Dyer method is the suitable method for the
extraction of liver oil from marine fishes without much loss of
nutrients.
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