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Abstract Lipid extracts from meat, head and viscera of
Indian fresh water fishes, viz.,catla, rohu, mrigal, common
carp and tilapia were analyzed for lipid class distribu-
tion and fatty acid profile. The yield of meat ranged from
66.0—79.5% and total lipid content in meat was 0.8—3.8%.
The total lipid content was higher (>4.0%) in head and vis-
cera. Neutral lipids constituted 71.5-93.3% of the total lipid
extract. Higher glycolipid content of 25.2% was observed
in lipid extract from meat of common carp and higher phos-
pholipid content (13.7%) was observed in lipid extract from
meat of mrigal. Hydrocarbons, sterolesters and triacylglyc-
erol were the major fractions of neutral lipids. Unsaturated
fatty acids dominated in all the samples. Palmitic and oleic
acids were the major fatty acids found in all the lipid ex-
tracts. Docosahexaenoic acid content was higher than 3% in
lipid extract from meat of all the fishes. However, in most of
the fishes, the content of eicosapentaenoic acid and docosa-
hexaenoic acid were higher in visceral lipids.
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Introduction

Fish is a good source of highly nutritive proteins, vitamins,
minerals and lipids that have beneficial health effects. The
world fish production (FAO 2006) has almost stagnated and
presently stands at 132 million metric tons. Global fresh
water fish production is mainly dependent on carps. In In-
dia, fresh water fishery is one of the major contributors to
the animal proteins for the population. Indian major carps
(catla, rohu, mrigal), common carp and tilapia are the major
fresh water food fishes of India. Considerable information
is available on the nutritional quality of marine fishes of In-
dia (Sen 2005). Reports are available on nutritional quality
particularly fatty acid composition of some fresh water and
marine food fishes of India (Sen et al. 1976, Nair and Go-
palakumar 1978). Most of the studies on lipids are based on
fish muscle, which forms a part of a staple diet (Ghosh and
Dua 1997, Ackman et al. 2002). Many reports on fatty acid
profile of fresh water fish are concerned with those from
temperate waters (Aggelousis and Lazos 1991) and very
few from tropical waters (Rahman et al 1995). Temperature
of the water in which fish habitats influences the fatty acid
composition of muscles, and fish needs polyunsaturated
fatty acids (PUFA) to provide tolerance to low temperature,
thus, fishes from tropical waters are expected to be low in
PUFA compared to their temperate counterparts (Rasoara-
hona et al. 2004).

The major lipids storage sites in fish vary depending on
species, they are primarily located in the subcutaneous tis-
sue, belly flap, muscle tissue, liver, mesenteric tissue, and
the head (Ackman 1994). Saturated fatty acids (SFA) in
fish lipids are dominated by palmitic (C16:0) and myristic
(C14:0) acids followed by stearic acid, whereas the major
monounsaturated fatty acids (MUFA) are oleic and palmi-
toleic acids (Kolakowska et al. 2002). Fish oils have been
considered as important sources of omega-3 fatty acids
(Gbogouri et al. 2006), especially docosahexaenoic acid
(DHA) and eicosapentaenoic acid (EPA) which reduce
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the risk of coronary heart diseases (Bhaskar et al. 2006).
Both EPA and DHA lower blood pressure and prevent the
development of hypertension (Prisco et al. 1998, Mori et al.
1999, Frenoux et al. 2001) which is one of the critical fac-
tors resulting in cardiovascular pathologies like atheroscle-
rosis or stroke (Tapiero et al. 2002). These fatty acids are
the major constituents of phospholipids, which in turn are
major molecules in most biological membranes.

Processing of fish for consumption involves removal
of head and viscera. These byproducts of fish are expected
to be rich in lipids and proteins. Fish head can be a good
source of PUFA. Turon et al. (2005) observed that oil re-
covered from Nile perch head contained more than 16%
n-3 fatty acids. Sathivel et al. (2002) found that unsaturated
fatty acid content in viscera of cat fish was equivalent to
that in the muscles and suggested that oil from such viscera
could be recovered and converted into edible oil.

Even though reports are available on the lipid profile of
number of marine fishes such reports are scanty on fresh
water fishes. Further, efforts have not been made for recov-
ery of oil from fresh water fish wastes. The information on
lipid profile of fresh water fish wastes would provide an
opportunity for their exploitation. Against this background,
this study was carried out to evaluate the lipid content and
lipid classes in different body components (meat, head and
viscera) of commercially important fresh water fishes from
Indian waters.

Materials and methods

Five species of fresh water fishes viz., rohu (Labeo rohita),
mrigal (Cirrhinus mrigala), catla (Catla catla), tilapia
(Oreochromis mossambicus) and common carp (Cyprinus
carpio) were used in this study. They were obtained from
the local market and transported to laboratory in ice. All the
solvents and chemicals used were of analytical grade.

Preparation of lipid extracts: Head, meat and viscera
portions of fish were separately analyzed for the lipid
content, lipid classes and sub classes. Lipid extraction was
carried out according to the method of Bligh and Dyer
(1959). Different portions of fish were separately minced
and homogenized using a homogenizer (Polytron PT3100,
Kinematica AG, Switzerland) in a solvent mixture of chlo-
roform: methanol (2:1), kept overnight and filtered. The
lipid extract was dried over anhydrous sodium sulphate
to remove traces of moisture to get total lipid extract and
evaporated to dryness using rotary flash evaporator (Super-
fit, Bangalore, India).

Isolation of lipid classes and sub classes: Lipid classes
were separated by silica gel (1:30 w/w of lipid) open col-
umn chromatography by successive elution with chloroform
(1:100 of w/v lipid), acetone-methanol (9:1 w/v: 1:150 w/v of
lipid) and methanol (1:100 of w/v lipid) to get neutral lipid,
glycolipid and phospholipids respectively. The neutral lipid
obtained was subjected to column chromatography to obtain
hydrocarbons, sterolesters, triacyl glycerol (TAG), free fatty

acids (FFA), diacyl glycerol (DAG) and monoacyl glycerol
(MAG) using hexane and diethyl ether in different ratios (1:
30 w/v, 1:60 w/v; 1:99v/v, 1:50w/v; 5:95v/v, 1:50 w/v; 8:92v/
v, 1:80 w/v; 15:85v/v, 1:50 w/v for respective subclasses).

Acid value: Acid value of the extracted lipids was
estimated by AOAC (2000) method which was expressed
as mg KOH necessary to neutralize the free acids in 1 g
sample.

Lipase assay: Lipase activity was assayed based on
measurement of free fatty acid release due to enzymatic hy-
drolysis of triglycerides in stabilized emulsion of vegetable
oil (Borlongan 1990). Stabilized emulsion was prepared
by homogenizing 50 ml of sunflower oil with 50 ml of 2%
bovine serum albumin and 3.5 ml of Tween 80. Assay was
carried out by addition of 1 ml of crude enzyme to 1 ml
of stabilized lipase substrate in 1.5 ml of 0.1 M Tris —HCl
buffer at pH 8. Mixture was incubated for 6 h at 37°C, after
which hydrolysis was stopped by addition of 3 ml of 95%
ethyl alcohol. The mixture was then titrated with 0.01 N
NaOH using 1% phenolphthalein in ethanol as indicator.
Blank determination was conducted in a similar manner
except the crude enzyme extract was introduced into the
assay system after addition of ethyl alcohol at the end of in-
cubation period. A unit of lipase activity was defined as the
microgram of NaOH required to neutralize the FFA formed
on hydrolysis of oil per mg of protein in extract. Protein
content of the enzyme was determined by the method of
Lowry et al. (1951) using BSA as standard.

Fatty acid composition of lipid extract: For determi-
nation of fatty acid composition, in order to have more
representative samples, lipid extracts from 2 samples were
pooled together for preparation of fatty acid methyl esters
(FAME), and two such pooled samples were analyzed. The
lipids were transmethyalated using 2 M methanolic sodium
hydroxide followed by 2M methanolic hydrochloric acid
to obtain FAME. FAMEs were analysed by gas chroma-
tography (Shimadzu GC 2014, Japan) for identifying the
individual fatty acids. FAME dissolved in hexane was ana-
lyzed using Omegawax™ 320 fused silica capillary column
(30 m x 0.32 mm % 0.25 pm). The conditions used for GC
analysis was injection temperature of 250°C, detector (FID)
temperature of 260°C and column temperature of 200°C
for 60 min. The peaks were identified by comparing with
authentic standards. Peak areas above 1% of total were only
considered for calculation of % composition of fatty acids.
The data was presented as mean of two analyses.

Statistical analysis: All determinations except fatty
acid analysis were done in triplicates. Yield of different
portions and total lipid content in different portions were
compared by ANOVA using the software STATISTICA
(Statsoft 1999).

Results and discussion

The yield of meat ranged from 66.0 to 79.5% of the total
fish weight, highest being from common carp (Table 1). The
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yield of head and visceral mass ranged from 15.2 to 28.6%
and 4.0 to 12.4%, respectively. The total lipid content (wet
weight basis) varied from 0.8-3.8% in meat, 4.5-17.8 %
in head and 4.3-27.8% in viscera (Table 1) indicating that
head and visceral mass are rich in lipids. Viscera of all the
fishes except tilapia showed fat content more than 9.0%.
In all the fishes, the fat content was high in head and vis-
cera compared to meat and differed significantly between
fishes (p < 0.05) and different body portions (p < 0.001).
The results indicated that with yield of head and viscera
in fresh water fish being in the range of 30-35% and with
high fat content they could be good source of lipids that
can be recovered. The fishes analyzed in this study were
collected over a period of 6 months (May—October 2008)
and not much variation was found in lipid content due to
the season.

Ackman et al. (1994) observed higher lipid content in
livers of carps compared to lipid content in muscle. In the
present study as the visceral mass contained liver also, the
lipid content in viscera was higher than that in the meat.
Based on the lipid content in the muscle, fishes can be
classified into the following 4 categories according to
their lipid content: very low fat (<2% fat), low fat (2—4%
fat), medium fat (4-8% fat), and high fat (>8% fat) fishes
(Ackman 1994). According to this classification rohu and
common carp can be categorized as low fat fishes, while,
tilapia, mrigal and catla as very low fat fishes. Sen (2005)
also categorized carps under low fat fishes.

The extracted lipid was separated into different lipid
classes (neutral-, glyco- and phospholipid) by silica gel
column chromatography where the neutral lipid was further
separated into subclasses. Neutral lipids constituted the ma-
jor portion (71.5-93.3%) of the total lipids (Table 1). The

glycolipid content in meat ranged from 3.5 to 25.2%, while
phospholipid content was in the range of 2.6—13.7%. Similar
observation of high neutral lipid content is reported in liver
oil of the ray, Himantura bleekeri (Sandrine et al. 2007)
and muscle lipids of Diplodus vulgaris and Conger conger
(Varljen et al. 2003). In head (4.7-18.8%) and viscera also
the glycolipid (10.2—18.8%) content was higher than phos-
pholipids. Only in the lipid from meat of mrigal, phospho-
lipids content was higher than glycolipids. Ghosh and Dua
(1997) have reported higher phospholipids content in meat
of Callichrous parda which was similar to composition of
lipid classes in meat of mrigal (Table 1). Hydrocarbons,
sterol esters and triacylglecerol were the major components
of neutral lipids from different fishes and constituted more
than 80% of total neutral lipids (Table 2). Hydrocarbons
content ranged from 24.6 to 57.6% of neutral lipids and dif-
fered significantly between different fishes (p < 0.001) and
body portions (p < 0.01). However, sterolesters and FFA/FA
content did not differ between different body portions and
content of triacylglycerols did not differ between different
fishes. Acid value (Table 3) was found to be lower in case
of lipid extract from head, which ranged from 3.2-4.6%
whereas higher in case of viscera (11.0-46.1%) and meat
(8.1-23.4%). Acid value was highest in lipid extracted from
viscera of tilapia (46.6%) which also correlated with lipase
activity. Past studies on lipase in different species of aquatic
origins like whale (Isihara 1960), skate (Brokerhoff and
Hoyle 1965), Amazon fish (Reimer 1982), turbot (Koven
et al. 1997) and intestinal lipase of rohu (Nayak et al 2004)
have reported the properties of this enzyme. Lipase activity
was found to be higher in meat of catla followed by mrigal
and tilapia (Table 3). In general, there was no correlation
between lipase activity and acid value of the lipids from

Table 1 Yield (% whole fish) of body parts in different fresh water fishes and composition of total lipids (% wwb) and neutral lipid,

glycolipid and phospholipid (% of total lipids)

Fish Tissue Yield Total lipid Neutral Lipid Glycolipid Phospholipid
Rohu Meat 68.5+0.68 2.9+0.57 74.7 £ 1.63 16.9+0.30 8.4+1.82
Head 16.3+2.98 17.8 £ 1.00 93.3+222 4.7+1.72 2.0+0.79
Viscera 124 +0.7 27.8 £1.67 84.2+£0.72 13.4+1.17 2.4+0.33
Catla Meat 66.0 = 1.68 1.2+0.19 71.5+0.73 21.4+1.18 7.2+1.01
Head 28.6 +1.35 89+1.48 87.4+1.31 10.2 £0.53 2.4+0.88
Viscera 54+0.48 9.8+2.21 87.5+1.24 10.6 +£0.72 2.0+£0.58
Mrigal Meat 75.6 £0.73 1.8+£0.34 82.7+1.38 3.5+0.12 13.7+£0.82
Head 153 +£2.08 45+0.82 82.5+£1.27 14.7 £0.75 2.8+0.50
Viscera 7.5+£0.92 12.0 £0.40 83.6 £ 1.96 13.3+1.48 3.1+0.54
Tilapia Meat 66.2 +£4.57 0.8+0.10 76.2+0.82 14.8 £0.96 9.1+0.28
Head 27.4+3.92 5.7+0.77 82.6 £ 0.94 14.4 +£0.78 3+1.19
Viscera 6.1£0.72 43+0.73 843 £1.15 10.8 £0.67 4.7+1.52
Carp Meat 79.5+£2.67 3.8+£0.22 72.2+2.53 252+2.19 2.6+£0.52
Head 15.2+047 10.4 +0.60 78.4+£1.32 18.1+£1.51 3.7+0.25
(n=3) Viscera 4.0+1.29 9.4+0.82 774 +5.55 18.8 +4.71 3.8+0091
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Table 2 Subclasses of neutral lipids (% of total neutral lipids) of different parts of different fresh water fishes
Fish Tissue HC Ster/FAME TAG/C FFA/FA DAG/Chol MAG
Rohu Meat 31.3+£1.21 154+1.70 33.5+1.60 11.0+1.63 3.6+0.52 45+1.12
Head 38.7+1.14 14.7+0.84 26.0 +0.81 9.8+1.14 3.6+0.58 4.8+0.92
Viscera 46.4+0.53 14.7 +1.70 26.8 +0.65 5.8+0.68 4.9 £0.40 3.3+£1.12
Catla Meat 28.9+£2.36 14.9 £ 0.60 36.9 +1.69 8.5+1.38 22+0.41 45+0.23
Head 24.6 +2.58 146+ 1.14 27.2+0.75 13.3+£2.19 3.3+£0.82 1.5+0.40
Viscera 39.1+7.02 14.4 +£2.64 33.5+1.17 9.8+£1.48 3.3+£0.64 2.9+0.27
Mrigal Meat 35.8+2.27 10.2+1.32 35.3+0.96 11.7+1.38 3+£0.42 7+0.64
Head 53.2+7.04 11.5+2.65 22.9+1.18 8.5+1.43 2.9+0.65 1.9+0.29
Viscera 43.6 +5.44 14.5 +3.58 25.1+4.22 9.7+1.68 5.6+0.71 5.7+043
Tilapia Meat 28.3+£5.07 15.8+1.13 272+242 10.7 £0.58 2.9+045 5.2+0.47
Head 34.1+2.90 15.6 £ 1.56 28.5+3.52 9.8 +0.51 4.5+1.08 2+0.79
Viscera 345+1.23 16.2 +3.69 22.9+0.52 9.8+ 1.64 7.9+1.57 5.6+1.12
C carp Meat 29.9+1.84 12.6 £2.67 42.8+1.83 9.6+2.39 4.9+1.86 5.5+£0.52
Head 57.6£5.73 8.5+0.80 23.8+2.23 43 +0.35 1.4+0.17 1.2+0.24
(n=3) Viscera 45.7+2.11 13.9+0.48 193+£1.18 7.7+£0.26 10.8 £1.04 2.5+0.26

HC: Hydrocarbons, FAME: Fatty acid methylesters, FFA: Free fatty acids, DAG: Diacyl glycerol, MAG: Monoacyl glycerol

Table 3 Acid value of the oil and lipase activity in different
parts of different fresh water fishes

Fish Tissue Acid value  Lipase activity™*
Rohu Head 4.0+0.25 16.8+2.01
Meat 8.1+0.50 88.2+3.21
Viscera 12.8+0.34 74.6+2.41
Catla Head 3.2+0.21 51.7+1.77
Meat 23.4+0.51 26.4+0.02
Viscera 22.5+0.64 169.4+0.04
Common carp Head 3.9+0.26 62.1£0.02
Meat 8.5+0.34 76.3+2.41
Viscera 10.9+0.44 95.7+0.05
Mrigal Head 4.6+0.24 14.5+£2.34
Meat 9.8+0.43 43.74+2.43
Viscera 11.1£0.66 149.14+3.28
Tilapia Head 4.5+0.35 58.6+4.64
Meat 11.1+0.58 43.4+5.55
Viscera 46.1£1.52 298.1£1.83

*ng of NaOH required to neutralize the FFA formed on
hydrolysis of oil per mg of protein in extract (n=3)

other parts. Many factors such as active swimming (Jonas
and Bilinski 1964) and specificity of lipase for fatty acid
(Bilinski and Lau 1969) influence lipase activity in tissues.
Lipase activity was found to be higher in viscera of different
fishes being highest in tilapia which can be due to the intes-
tinal lipases as well as lipase from intestinal micro flora. It
also differs significantly among different fishes which may
be due to the difference in feeding habits of fish (Ghosh and
Saigal 1981).

Fatty acids in fishes are derived from 2 main sources,
namely, biosynthesis and diet (Hearn et al. 1987, Morris et
al. 1995, Kamler et al. 2001). The chain length varies from
C,—C,, of varying degree of unsaturation, from saturated
to polyunsaturated. Fatty acid composition of the total lipid
extract of different parts of five different fresh water fishes
as shown in Tables 4-6 indicates the dominance of unsatu-
rated fatty acids in all the samples analysed. The dominant
fatty acids in the lipid extract from meat of different fishes
were palmitic (C16:0) (maximum 26.5%) and oleic acid
(C18:1) (maximum 27.1%). However, in lipids from tilapia
meat the oleic acid content was low (2.7%) but linolenic
acid (C18:3) content was high (12.2%). High amount of
linolenic acid was observed in common carp meat as well
(Table 4). EPA content was low in the lipid extracted from
meat of rohu (1.6%) and mrigal (2.1%), but was higher than
5.0% in lipid extracted from meat of other fishes. High lev-
els of DHA (upto 7.6%) was observed in all fishes except
the lipid extract from meat of mrigal. Gopakumar (1975)
also reported similar observations of fatty acid profile
of some of the fresh water fishes of India. Ackman et al.
(1994) also observed dominance of palmitic, oleic, linoleic,
DHA in the lipid extracts from different species of rohu.
Unsaturated fatty acids accounted 40.8—-57.7% in total lipid
extract of meat of different fishes, with the highest being in
rohu meat, due to high oleic acid content. Even though rohu
meat contained higher amount of oleic acid, it had lower
concentration of EPA compared to other fishes (Table 4).
EPA and DHA were found to be higher in meat of catla,
tilapia and common carp. Mrigal meat had low EPA (2.1%)
and DHA (3.1%) content compared to other fishes.

In case of head and viscera, unsaturated fatty acid
content varied from 35.51-56.36% and 36.6-48.3%,
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Table 4 Fatty acid composition ( % of total lipid extract) of

meat from fresh water fishes

Table 6 Fatty acid composition (% of total lipid extract) of
viscera from fresh water fishes (n=2)

Fatty acids Catla Tilapia Rohu Mrigal Common Fatty acids  Catla Tilapia Rohu Mrigal = Common
carp Carp
C14:0 3.6 4.0 2.1 4.9 ND C14:0 3.6 24 4.4 6.1 4.1
C15:0 4.7 ND 1.1 3.8 ND C15:0 1.2 0.0 0.0 4.1 1.3
Cl16:0 24.1 26.5 242 25.5 16.1 Cl16:0 294 30.4 27.5 27.4 324
C18:0 6.1 4.5 54 3.7 7.1 C18:0 6.9 9.6 4.0 32 7.6
C20:0 ND ND 1.8 1.5 ND C20:0 1.5 ND ND 1.5 ND
X Saturates 38.5 35.0 34.6 39.4 232 X Saturates  42.6 42.4 35.9 423 45.4
Cleé:1 7.3 14.3 4.3 12.4 2.7 Cle:1 7.3 9.2 14.3 13.7 8.4
C18:1n-9 12.8 2.7 27.1 15.9 12.8 C18:1n-9 20.2 3.0 7.8 14.9 23.8
C18:1n-7 2.8 3.0 2.2 6.4 3.1 C18:1n-7 29 2.5 3.8 6.6 33
% Mono- 229 20.0 33.6 347 18.6 %~ Mono- 30.4 14.7 259 35.2 355
unsaturates unsaturates
C18:2n-6 43 4.8 14.2 2.4 9.7 C18:2 n-6 3.6 54 8.4 2.4 3.8
C18:3 n-3 5.6 12.2 2.9 3.2 12.9 C18:3n-3 3.8 12.6 16.0 3.9 3.6
C20:5n-3 53 5.1 1.6 2.1 5.1 C20:5n-3 2.8 2.5 1.9 1.3 23
C22:5n-3 2.0 6.4 1.0 1.3 2.9 C22:5n-3 1.6 5.2 1.0 1.0 1.1
C22:6 n-3 6.3 7.0 54 3.1 7.6 C22:6 n-3 54 8.9 1.5 1.0 53
X Poly- 235 355 25.1 12.1 38.2 2 Poly- 17.2 34.6 28.8 9.6 16.1
unsaturates unsaturates
n3/n6 4.5 6.4 0.8 4.0 2.9 n3/n6 3.8 54 24 3.0 32

ND: not detected (n=2)

Table 5 Fatty acid composition (% of total lipid extract) of
head from fresh water fishes (n=2)

Fatty acids Catla Tilapia Rohu Mrigal Common
Carp
Cl14:0 4.2 5.8 2.9 5.7 1.0
C15:0 4.7 1.1 1.2 4.0 ND
Cl16:0 253 34.1 26.7 27.3 14.2
C18:0 6.0 34 43 2.8 7.8
C20:0 ND ND 2.0 1.4 ND
% Saturates 40.2 44.4 37.1 41.2 23.0
Clé:1 8.1 19.4 54 13.4 33
C18:1n-9 11.7 3.0 29.7 15.0 18.5
C18:1n-7 3.2 2.7 2.1 6.4 3.0
% Mono- 23.0 25.1 37.2 34.8 24.8
unsaturates
C18:2n-6 4.5 6.6 14.8 24 10.0
C18:3 n-3 6.0 14.4 34 3.8 242
C20:5n-3 5.0 1.5 1.0 1.5 3.1
C22:5n-3 1.8 1.5 1.0 ND 2.1
C22:6 n-3 5.2 1.0 1.2 1.2 5.7
¥ Poly- 22.5 25.0 214 8.9 45.1
unsaturates
n3/n6 4.0 2.8 0.4 2.7 35

ND: not detected (n=2)

@ Springer

ND: not detected (n=2)

respectively (Tables 5 and 6). Palmitic acid was the domi-
nant fatty acid in the lipid extract from viscera of all fishes.
Sen et al. (1976) reported that palmitic acid content is high
in visceral lipids than lipids from other tissues of fresh wa-
ter fishes. Oleic acid was also found to be higher in head of
rohu which is accompanied with an increased concentration
of the unsaturated fatty acid (56.4%). Palmitoleic acid was
found higher in case of meat of mrigal (12.4%) and tilapia
(14.3%) whereas linolenic acid was found to be higher in
different parts of rohu, and head of common carp. In case
of lipid extract from head, palmitic acid accounted 60% of
all saturated fatty acid content, which was similar as in case
of oil from Nile pearch head (Turon et al. 2005). EPA and
DHA were found higher in common carp and tilapia. DHA
content was above 3.0% in meat of all the fishes but var-
ied in viscera (1.0-8.9%) with the highest being in tilapia.
Lower amounts of EPA and DHA was reported in commer-
cially important fresh water fishes from Brazil (Gutierrez
and da Silva 1993).

The characteristic difference between marine fish and
fresh water fish has been indicated to be the higher levels of
C16:0 and C18:0 acid and lower levels of C20:0 and C22:0
acids in fresh water fishes (Ackman 1967, Nair and Gopa-
kumar 1978). In the present study also C22:0 acid was not
detected in any of the fishes analysed. Fresh water fishes
are also known to contain high amount of EPA and DHA
(Wang et al. 1990). The fatty acid profile of the lipid extracts
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indicated the dominance of n-3 fatty acids over n-6 fatty
acids except for the lipid extract from meat and head from
rohu (Tables 4—6). Physiological effects of n-3 fatty acids in
humans are well documented (Bhaskar et al. 2006).

Conclusion

The study indicated that the yield of meat in 5 different
fresh water fishes tested was higher than 65%. The lipid
content in the meat was lower than in the head and visceral
mass. Neutral lipids constituted the major fraction in the
total lipid extract from all 3 tissues analyzed. Fatty acid
profile of the lipid extract from 3 different tissues indicated
the dominance of palmitic and oleic acid and equal distri-
bution of SFA and unsaturated fatty acids. EPA and DHA
were also detected in significant quantities in the analyzed
samples. Fresh water fish byproducts such as head and
viscera were found to be rich in lipids. Health benefits of
fish oils are well established. As the study indicated the
relatively high content of EPA and DHA in the fresh water
fishes particularly from head and viscera, efforts should
be made to recover the lipids from these tissues to utilize
them.

Acknowledgements This work was supported by funding
from Department of Biotechnology, Govt. of India. Authors
thank Prakash V, Director, CFTRI, for encouragement and
permission to publish the work and Nasirullah, Department
of Lipid Science and traditional Foods for suggestions on
fatty acid analysis.

References

AOAC (2000) Official methods of analysis. 18" edn, Horowitz,
Washington DC

Ackman RG (1967) Characteristics of the fatty acid composition
and biochemistry of some fresh water fish oil and lipids in
comparison with marine oils and lipids. Comp Biochem Phys
22:907-922

Ackman RG (1994) Seafood lipids. In: Seafoods: Chemistry,
processing, technology and quality. Shahidi F, Botta JR (eds),
Blackie Academic and Professional, London, p 3448

Ackman RG, McLeod C, Rakshit S, Misra KK (2002) Lipids and
fatty acids of five fresh water food fishes of India. J Food Lipids
9:127-145

Aggelousis G, Lazos ES (1991) Fatty acid composition of the
lipids from eight freshwater fish species from Greece. J Food
Comp Anal 4:68-76

Bhaskar N, Miyashita K, Hosokawa M (2006) Physiological ef-
fects of eicosapentaenoic acid (EPA) and docosahexaenoic acid
(DHA) — A review. Food Rev Int 22, 291-307

Bilinski E, Lau YC (1969) Lipolytic activity toward long chain
triglycerides in lateral line muscle of rainbow trout (Salmo
gairdneri). ] Fish Res Board Canada 26:1857-1866

Bligh EG, Dyer WJ (1959) A rapid method of total lipid extraction
and purification. Canadian J Biochem Phys 37:911-917

Borlongan 1G (1990) Studies on digestive lipases of milkfish.
Aquaculture 89:315-325

Brockerhoff IG, Hoyle RJ (1965) Hydrolysis of triglycerides by
the pancreatic lipase of a skate. Biochim Biophys Acta 98:
436437

FAO (2006) Year Book of Fishery Statistics. Vol 98/1 and 2, Food
and Agricultural Organisation of the United Nations, Rome

Frenoux JMR, Prost ED, Belleville JL, Prost JL (2001) A polyun-
saturated fatty acid diet lowers blood pressure and improves
antioxidant status in spontaneously hypertensive rats. J Nutr
131:39-45

Gbogouri GA, Linder M, Fanni J, Parmentier M (2006) Analysis
of lipids extracted from salmon (Salmo salar) heads by com-
mercial proteolytic enzymes. Eur J Lipid Sci Technol 108:
766775

Ghosh A, Saigal BN (1981) Observation on the digestive enzymes
in the catfish Pangsius pangasius (Ham.) in relation to its food
habits. J Inland Fish Soc India 13:91-92

Ghosh M, Dua RD (1997) Principal fatty acids of lipid classes
from fresh water fish (Callichrous pabada). J Food Lipids 4:
129-135

Gopakumar K (1975) Fatty acid composition of three species of
freshwater fishes. Fish Technol 12:21-26

Gutierrez LE, da Silva RCM (1993) Fatty acid composition of
commercially important fish from Brazil. Scientia Agricola 50:
478483

Hearn TL, Sgoutas SA, Hearn JA, Sgoutas DS (1987) Polyunsatu-
rated fatty acids and fat in fish flesh for selecting species for
health benefits. J Food Sci 52:1209-1211

Isihara Y (1960) Studies on Whale Lipase.l.Lipase of the
pancreas of little finner. Bull Faculty Fish Hokkaido Univ
11-12:23-28

Jonas REE, Bilinski E (1964) Utilization of lipids by fish. III.
Fatty acid oxidation by various tissues from sockeye salmon
(Oncorhyncus nerka). J Fish Res Board Canada 2:653-656

Kamler EB, Krasicka S, Rakusa-Suszczewski (2001) Comparison
of lipid content and fatty acid composition in muscle and liver
of two Notothenioid fishes from Admiralty Bay (Antarctica):
An eco-physiological perspective. Polar Biol 24:735-743

Kolakowska A, Oleey J, Dunstan GA (2002) Fish Lipids. In:
Chemical and functional properties of food lipids, ZE Sikorski,
A Kolalowska (eds), CRC Press, Boston, USA, p 221-264

Koven WM, Henderson RJ, Sargent JR (1997) Lipid digestion in
turbot (Scophthalmus maximus): In-vivo and in-vitro studies of
the lipolytic activity in various segments of the digestive tract.
Aquacult 151:155-171

Lowry OH, Rosenborough NJ, Farr AL, Randall RJ (1951) Protein
measurement with the Folin-phenol reagent. J Biol Chem 193:
265-275

Mori TA, Bao DQ, Burke V, Puddey IB, Beilin LJ (1999) Doco-
sahexaenoic acid but not eicosapentaenoic acid lowers ambula-
tory blood pressure and heart rate in humans. Hypertension 34:
253-260

Morris CA, Haynes KC, Keeton JT, Gatlin DM (1995) Fish oil
dietary effects on fatty acid composition and flavor of channel
catfish. J Food Sci 60:1225-1227

Nair PGV, Gopakumar K (1978) Fatty acid composition of 15 spe-
cies of fish from tropical waters. J Food Sci 43:1162—1164

Nayak J, Nair PGV, Mathew S, Ammu K (2004) A study on the
intestinal lipase of Indian major carp Labeo rohita. Asian Fish
Sci 17:333-339

Prisco D, Paniccia R, Bandinelli B (1998) Effect of medium-term
supplementation with a moderate dose of n-3 polyunsaturated

@ Springer



400

J Food Sci Technol (July—August 2010) 47(4):394-400

fatty acids on blood pressure in mild hypertensive patients.
Thrombosis Res 91:105-112

Rahman SA, Huah TS, Hassan O, Daud NM (1995) Fatty acid
composition of some Malaysian freshwater fish. Food Chem
54:45-49

Rasoarahona JRE, Barnathan G, Bianchini JP, Gaydou EM (2004)
Annual evolution of fatty acid profile from muscle lipids of the
common carp (Cyprinus carpio) in Madagascar inland waters.
J Agric Food Chem 52:7339-7344

Reimer G (1982) The influence of diet on the digestive enzymes of
the Amazon fish Matrincha, Brycon melanopterus. J Fish Biol
21:637-642

Sandrine LN, Nolwenn D, Jean PG, Jean-Pascal B (2007) Lipid
composition of the liver oil of the ray Himantura bleekeri.
Food Chem 104:559-564

Sathivel S, Prinyawiwatkul W, Grimm CC, King JM, Lloyd S
(2002) Fatty acid composition of crude oil recovered from cat-
fish viscera. J American Oil Chem Soc 79:989-992

@ Springer

Sen DP (2005) Advances in fish processing technology. Allied
Publ Pvt Lmt, New Delhi

Sen PC, Ghosh A, Dutta J (1976) Fatty acids of fresh water fish
featherbacks. J Indian Chem Soc 74:470-473

Statsoft (1999) Statistica for windows. Tulsa, UK, Statsoft Inc

Tapiero H, Ba GN, Couvreur P, Tew KD (2002) Poly-
unsaturated fatty acids (PUFA) and eicosanoids in
human health and pathologies. Biomed Pharmacother, 56:
215-222

Turon F, Rwabwago B, Barea B, Pina MP, Graille J (2005) Fatty
acid composition of oil extract from Nile pearch (Lates niloti-
cus) head. J Food Comp Anal 18:717-722

Varljen J, Sulic S, Brmalj J, Balticic L, Obersnel V, Kapovic M
(2003) Lipid classes and fatty acid composition of Diplodus
vulgaris and Conger conger originating from the Adriatic sea.
Food Technol Biotechnol 41:149-156

Wang YJ, Miller LA, Perren M, Addis PB (1990) Omega-3 fatty
acids in lake superior fish. J Food Sci 55:71-76




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 215
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.04651
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 215
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.04651
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


