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Abstract The proximate composition of the whole

body and the fatty acid composition of the liver,

muscle, eye and brain of wild and cultured rohu (Labeo

rohita) were analyzed. The cultured species was found

to have significantly (P \ 0.05) higher lipid contents

than its wild counterpart. The saturated (SFA) and

monounsaturated (MUFA) fatty acid contents were

significantly higher in the cultured species, whereas

the n-6 and n-3 polyunsaturated fatty acid (PUFA)

levels were higher in the wild species. Fatty acids

C16:0 and C18:1 n-9 were the principal fatty acids of

the SFAs and MUFAs, respectively, identified in the

analyses. Docosahexaenoic acid, eicosapentaenoic

acid, and arachidonic acid were the predominant

PUFAs in both groups, and all three were found to be

present at significantly (P \ 0.05) higher levels in the

wild species. Erucic acid (C22:1 n-9), which was the

predominant fatty acid (30.76%) in the feed, was

detected only at low levels in muscle (0.30%), liver

(1.04%) and eye (1.28%) of cultured fish tissue.
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Introduction

Fish are a rich source of polyunsaturated fatty acids

(PUFAs), namely, the n-6 and n-3 PUFAs, which are

beneficial to human health. Compared to beef and

chicken, fish meat contains higher levels of n-3 PUFAs

(Calder 2004), which are known to be cardio-protec-

tive (Sanderson et al. 2002), anti-atherosclerotic

(Givens et al. 2006), antithrombotic (Calder 2004;

Harris 2004; Givens et al. 2006), and anti-arrythmitic

(Givens et al. 2006). Studies with non-human primates

and human newborns indicate that Docosahexaenoic

acid (DHA) is essential for the normal functional

development of the retina and brain, particularly in

premature infants (Montano et al. 2001). Arachidonic

acid (AA), a PUFA of the n-6 series, is a precursor of

biologically important products, such as epoxides,

AA-ethanolamide, anandamide, and iso-prostanes, an

isomer of prostaglandins (Galli and Marangoni 1997).

Fish meat containing high n-3 to n-6 ratios of PUFAs

are considered to be the most beneficial in terms of

human health.
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Rohu (Labeo rohita) is one of the most preferred

fish among Indian consumers and cultured extensively

throughout the Indian subcontinent (Chondar 1999;

Misra and Samantaray 2004), mostly in ponds. The

majority of rohu marketed commercially is the

product of fish farming, although a main capture

fishery is active on the Ganga river and it tributaries

(Chondar 1999). Rohu along with other two carps

found extensively in India, namely catla (Catla catla)

and mrigal (Cirrhinus mrigala), contribute the bulk of

fish farm production, with over 1.8 million tonnes

(FAO 2003). The taste and nutritional quality of the

fish meat, such as the fatty acid composition, varies

with the season (Grun et al. 1999; Ackman et al. 2002)

region (Ackman et al. 2002), and diet (Grigorakis

et al. 2002). The fatty acid profiles of different fish,

such as gilthead sea bream (Grigorakis et al. 2002;

Mnari et al. 2007), sea bass (Alasalvar et al. 2002),

sharp snout sea bream (Rueda et al. 2001), and Murray

cod (De Silva et al. 2004), have been compared.

However, to date, there has been no attempt to study

the differences in fatty acid profiles between wild and

cultured carps of the major commercial carp species in

India. The aim of this study was, therefore, to compare

the fatty acid profiles of cultured and wild rohu.

Materials and methods

Three wild rohu (n = 3; average weight ± SE

108 ± 5.34 g) were caught in a reservoir in Power-

kheda, Madhya Pradesh, India in January 2006, and

three cultivated rohu (n = 3; average weight ± SE

105 ± 4.95 g) were collected from a pond in same

region and in the same season. The proximate

composition of the farmed and wild rohu were then

analyzed (AOAC 1995). The muscle, liver, eye and

brain were dissected out of the fish, and total lipids

were extracted with a chloroform:methanol mixture

(2:1, v/v; Folch et al. 1957). The extracted lipids were

esterified with BF3 methanol and recovered in

heptane (AOAC 1995). The fatty acid methyl ester

(FAME) was analyzed by gas chromatography–mass

spectrometry (GC-MS; model QP 2010, quadruple

mass-spectrometer with ionization energy of 70 eV)

equipped with a dB-wax column (25 9 25 mm; film

thickness 0.25 lm) with helium gas as the carrier gas.

The sample was injected at a split mode injection port

with a 1:15 split ratio at 250�C, and the oven

temperature was programmed to increase from 50 to

230�C in steps of 10�C/min and then to remain stable

for 35 min. The mass spectrometer was adjusted to

obtain relative abundance of m/z ranging from 40.00

to 550.00. The values of the fatty acids are presented

in area percentage of total identified fatty acids.

Statistical analysis

Data are presented as mean ± standard error of the

mean (SEM), and significant differences between the

means were determined by an independent t test.

Results and discussion

Our analyses of the proximate composition of cultured

and wild rohu revealed that cultured fish contain

significantly higher lipid levels and a lower moisture

content than its wild counterpart (Table 1). The fatty

acid profiles of the feed, muscle, liver, eye and brain

are given in Tables 2, 3, 4, 5, 6, respectively. The

liver, muscle, and eye of cultured rohu contained

higher levels of total saturated (SFA) and monoun-

saturated (MUFA) fatty acids than the wild rohu, but

the level of total SFAs was found to be insignificant in

the brain. Mnari et al. (2007) reported higher SFA

levels in cultured sea bream than in its wild counter-

part, but the latter contained higher levels of MUFAs.

In contrast, Alasalvar et al. (2002) observed the

reverse in sea bass. The principal SFAs identified in

both the wild and cultured fish were C16:0 and C18:0;

in terms of MUFA, these were C18:1 n-9 and C16:1

n-9. These results are similar to those reported by

Grigorakis et al. (2002) in sea bream and Alasalvar

Table 1 Proximate composition (%) of farmed and wild

Labeo rohita

Nutrients Farmed Wild Significant difference

Protein 18.00 ± 0.57 17.33 ± 0.33 ns

Lipid 4.33 ± 0.08 1.60 ± 0.05 s

Moisture 75.46 ± 0.49 78.93 ± 0.32 s

Ash 2.20 ± 0.05 2.13 ± 0.03 ns

Results are means ± standard error of the mean (n = 3) on wet

weight basis

ns, Nonsignificant (P [ 0.05); s, significant (P \ 0.05)
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et al. (2002) in sea bass. Palmitic acid was identified

as the most abundant fatty acid in the muscle, liver,

eye, and brain of both cultured and wild rohu; in the

muscle and eye, it was significantly (P \ 0.05) higher

in cultured fish than in wild ones, but in the eye and

brain tissue the difference was insignificant. The

levels of the SFAs found in the brain in this study

remain stable despite dietary influence, which is in

contrast to the report of Connor et al. (1990) who

found that the fatty profile of brain tissue of rhesus

monkeys was altered by dietary supplement. The

presence of higher amounts of palmitic acid in the

muscle and liver of farmed rohu may be attributed to

the use of supplementary feed containing high

amounts of palmitic acid.

Table 2 Fatty acid profile of feed provided to farmed L. rohita

Fatty acids Relative %

C 7:0 0.18

C 8:0 0.08

C 9:0 0.09

C 10:0 0.04

C 12:0 0.2

C 14:0 0.44

C 15:0 0.09

C 16:0 8.38

C 17:0 0.14

C 18:0 4.34

C 20:0 1.96

C 22:0 1.99

C 24:0 1.49

C 16:1 n-11 0.21

C 16:1 n-9 0.65

C 16:1 n-7 0.05

C 18:1 n-9 14.81

C 18:1 n-7 1.75

C 20:1 n-9 5.48

C 20:1 n-7 3.35

C 22:1 n-9 30.76

C 22:1 n-7 2.55

C 24:1 n-9 2.21

C 16:2 n-6 0.06

C 18:2 n-6 12.41

C 20:2 n-6 0.77

C 18:3 n-3 5.52
P

SFA 19.42
P

MUFA 61.82
P

n-6 13.24
P

n-3 5.52

n-6/n-3 2.40

Fatty acids are given as the percentage of individual fatty acids

among the total fatty acids identified

MUFA, Monounsaturated fatty acids; SFA, saturated fatty

acids

Table 3 Fatty acid profile in muscle tissue of cultured and

wild L. rohita

Fatty acids Cultured

muscle

Wild muscle Significant

difference

C 12:0 0.33 ± 0.01 0.14 ± 0.01 s

C 13:0 0.13 ± 0.00 0.01 ± 0.00 s

C 14:0 8.12 ± 0.05 0.93 ± 0.02 s

C 15:0 1.40 ± 0.01 0.57 ± 0.01 s

C 16:0 31.80 ± 0.13 23.97 ± 0.45 s

C 17:0 2.73 ± 0.08 1.60 ± 0.03 s

C 18:0 12.28 ± 0.15 15.99 ± 0.07 s

C 16:1 n-9 5.37 ± 0.15 1.40 ± 0.01 s

C 16:1 n-7 0.42 ± 0.01 0.11 ± 0.01 s

C 18:1 n-9 9.13 ± 0.11 9.98 ± 0.39 ns

C 18:1 n-7 2.66 ± 0.04 3.18 ± 0.07 s

C 20:1 n-9 0.35 ± 0.00 0.64 ± 0.01 s

C 22:1 n-9 0.30 ± 0.01 0.01 ± 0.00 s

C 18:2 n-6 5.52 ± 0.08 8.10 ± 0.08 s

C 20:2 n-6 0.27 ± 0.01 0.30 ± 0.01 ns

C 20:3 n-6 0.39 ± 0.01 0.47 ± 0.01 s

C 20:4 n-6 4.48 ± 0.19 10.05 ± 0.05 s

C 22:4 n-6 0.27 ± 0.01 0.86 ± 0.01 s

C 22:5 n-6 1.49 ± 0.01 2.71 ± 0.04 s

C 18:3 n-3 2.26 ± 0.01 3.05 ± 0.05 s

C 18:4 n-3 1.39 ± 0.01 0.21 ± 0.01 s

C 20:4 n-3 0.35 ± 0.00 0.58 ± 0.01 s

C 20:5 n-3 2.55 ± 0.03 3.15 ± 0.08 s

C 22:5 n-3 0.96 ± 0.01 2.04 ± 0.02 s

C 22:6 n-3 5.13 ± 0.38 9.90 ± 0.17 s
P

SFA 56.72 ± 0.36 43.23 ± 0.55 s
P

MUFA 18.22 ± 0.21 15.33 ± 0.36 s
P

n-6 12.36 ± 0.24 22.50 ± 0.11 s
P

n-3 12.63 ± 0.43 18.98 ± 0.21 s

n-6/n-3 0.98 ± 0.03 1.18 ± 0.01 s

Results are the means ± standard error of the mean (n = 3) of

fatty acids and are given as the percentage of individual fatty

acids among the total fatty acids identified

ns, Nonsignificant (P [ 0.05); s, significant (P \ 0.05)
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As observed by Rueda et al. (2001) in red porgy,

the total n-6 and n-3 PUFA levels present in the liver,

muscle, and brain of wild rohu were significantly

(P \ 0.05) higher than those in its cultured counter-

part. This finding is similar to that of Tocher and

Harvie (1988). Pagliarani et al. (1986) reported that

fish brain lipid composition seems to be affected by

dietary input, which partially supports our finding of

similar levels of palmitic acid and total SFA in wild

and cultured fish. The brain fatty acid profile was

different from that reported by Stoknes et al. (2004)

who indicated that the brain fatty acid composition in

fish species is dominated by PUFA from the n-3

series; with those in fish being eicosapentaenoic acid

(EPA) and DHA in particular. The total n-3 level

in the eye of wild rohu was significantly higher than

that in the eye of its cultured counterpart, but the n-6

level in the same organ was found to be signifi-

cant. Rohu is an omnivorous fish, and the fatty acid

accumulation in wild fish is influenced by the

plankton it consumes (Chakrabarti et al. 1995). Mnari

et al. (2007) observed significantly high n-3 PUFA

levels in cultured sea bream in the muscle and liver;

the same findings were reported by De Silva et al.

(2004) in Murray cod. In contrast, Serot et al. (1998)

reported a higher proportion of long chain n-3 PUFAs

in wild turbot.

The observed higher levels of arachidonic acid

(AA), EPA, and DHA in the muscle of both wild and

farmed fish compared to those found in the liver

indicate that the rohu has a tendency to conserve

highly unsaturated fatty acids (HUFAs). These fatty

acids were found to be retained in several fish

species, even during starvation, suggesting a meta-

bolic priority for their conservation (Rainuzzo et al.

1994). The higher proportion of n-6 PUFAs may be

due to a conservation of n-6 PUFAs in preference to

n-3 PUFAs (De Silva et al. 2004). Arachidonate is

conserved during periods in which there is a

deficiency of essential fatty acids in the heart, renal

cortex, and liver, when the formation of prostaglan-

dins is also blocked (Lefkowith et al. 1985). The

conservation of arachidonate and the depletion of

other PUFAs in these tissues is required for main-

taining eicosanoid production (Moussa et al. 1996).

The major n-3 PUFA in both the cultured and wild

rohu was DHA (C22:6 n-3), with significantly higher

levels being found in the muscle, liver, eye, and brain

of wild rohu; these results are in agreement with

those previously reported by Grigorakis et al. (2002)

and Serot et al. (1998). Similarly, EPA (C20:5 n-3)

was also found to be significantly higher in wild fish

than in its cultured counterpart. The level of AA

(C20:4 n-6), the principal n-6 fatty acid, was

Table 4 Fatty acid profile in liver tissue of cultured and wild

L. rohita

Fatty acids Cultured

liver

Wild liver Significant

difference

C 12:0 0.19 ± 0.01 0.21 ± 0.01 ns

C 13:0 0.15 ± 0.01 0.03 ± 0.00 s

C 14:0 6.47 ± 0.26 1.46 ± 0.00 s

C 15:0 2.37 ± 0.01 1.24 ± 0.02 s

C 16:0 33.96 ± 0.25 31.21 ± 0.49 s

C 17:0 7.49 ± 0.14 3.04 ± 0.05 s

C 18:0 13.32 ± 0.17 16.86 ± 0.27 s

C 20:0 0.48 ± 0.01 0.37 ± 0.01 s

C 16:1 n-9 6.15 ± 0.09 2.61 ± 0.01 s

C 16:1 n-7 0.26 ± 0.02 0.30 ± 0.01 ns

C 18:1 n-9 11.87 ± 0.06 8.11 ± 0.07 s

C 18:1 n-7 2.61 ± 0.03 2.93 ± 0.02 s

C 20:1 n-9 1.18 ± 0.02 1.57 ± 0.02 s

C 20:1 n-7 0.23 ± 0.01 0.09 ± 0.00 s

C 22:1 n-9 1.04 ± 0.03 0.15 ± 0.00 s

C 18:2 n–6 2.99 ± 0.02 4.84 ± 0.06 s

C 20:2 n-6 0.31 ± 0.01 0.84 ± 0.01 s

C 20:3 n-6 0.19 ± 0.01 0.43 ± 0.01 s

C 20:4 n-6 1.53 ± 0.04 6.25 ± 0.16 s

C 22:4 n-6 0.14 ± 0.01 0.73 ± 0.00 s

C 22:5 n-6 1.00 ± 0.02 2.96 ± 0.07 s

C 18:3 n-3 1.03 ± 0.03 1.05 ± 0.01 ns

C 18:4 n-3 0.54 ± 0.01 nd

C 20:3 n-3 0.14 ± 0.01 0.14 ± 0.01 ns

C 20:4 n-3 0.39 ± 0.01 nd

C 20:5 n-3 0.53 ± 0.01 1.56 ± 0.02 s

C 22:5 n-3 0.43 ± 0.02 0.83 ± 0.01 s

C 22:6 n-3 2.96 ± 0.08 10.16 ± 0.25 s
P

SFA 64.42 ± 0.36 54.41 ± 0.41 s
P

MUFA 23.33 ± 0.12 15.77 ± 0.07 s
P

n-6 6.17 ± 0.08 16.06 ± 0.26 s
P

n-3 6.03 ± 0.05 13.74 ± 0.28 s

n-6/n-3 1.02 ± 0.02 1.16 ± 0.02 s

Results are the means ± standard error of the mean (n = 3) of

fatty acids and are given as the percentage of individual fatty

acids among the total fatty acids identified

ns, Nonsignificant (P [ 0.05); s, significant (P \ 0.05)

nd, Not identified
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significantly higher—in all of the organs analyzed—

in wild rohu than in cultured rohu. Similar results

were obtained by Mnari et al. (2007) and Grigorakis

et al. (2002) in sea bream, De Silva et al. (2004) in

Murray cod, Serot et al. (1998) in turbot, and

Alasalvar et al. (2002) in sea bass.

The most important finding of our study was the

distinct difference between wild and farmed rohu in

terms of AA levels in the muscle and liver tissue:

wild rohu had fourfold and twofold higher levels of

AA in the liver and muscle, respectively, than farmed

rohu. Ackman et al. (2002) reported that polar lipid

levels reached 10.6% in Indian major carp feeding on

natural food, while Rahman et al. (1995) reported

8.51% in rohu and 14% in big head carp. Tropical

freshwater fish have higher levels of AA than marine

fish (Ackman 2002). The abundance of linoleic acid

(C18:2 n-6), a precursor of n-6 fatty acids, was also

found to be higher in wild fish, which may explain the

high levels of AA and n-6 fatty acids in these fish.

Consequently, the higher levels of AA, EPA and

DHA in wild fish may be due to higher levels of these

fatty acids and their precursors in their naturally

available food. Along similar lines, the lower levels

of PUFA in cultured fish may be explained on the

basis of the fatty acid profile of the feed (Table 2),

which does not contain AA, EPA, and DHA and only

limited levels of linoleic (12.41%) and linolenic

(5.52%) acids. Wild fish were found to have a

significantly higher n-6/n-3 ratio in the muscle and

liver, which is in contrast to the finding of Grigorakis

et al. (2002) in sea bream and Serot et al. (1998) in

turbot. However, Mnari et al. (2007) reported high a

n-6/n-3 ratio in wild sea bream. The higher n-6/n-3

ratio in wild fish is due to the significantly greater

amounts of n-6 fatty acids than n-3 fatty acids, with

Table 5 Fatty acid profile in the eye of cultured and wild

L. rohita

Fatty acid Cultured Wild Significant

difference

C12:0 0.43 ± 0.02 0.35 ± 0.01 ns

C14:0 11.61 ± 0.74 4.18 ± 0.32 s

C16:0 23.26 ± 1.02 26.01 ± 1.15 ns

C18:0 7.74 ± 0.73 14.23 ± 0.94 s

C20:0 0.75 ± 0.01 0.70 ± 0.02 ns

C16:1 n-9 13.10 ± 0.11 5.09 ± 0.26 s

C16:1 n-7 1.41 ± 0.01 0.27 ± 0.01 s

C18:1 n-9 13.74 ± 0.52 19.27 ± 0.16 s

C18:1 n-7 3.43 ± 0.32 2.89 ± 0.05 ns

C20:1 n-9 1.29 ± 0.01 0.73 ± 0.02 s

C22:1 n-9 1.28 ± 0.01 0.42 ± 0.01 s

C18:2 n-6 6.07 ± 0.22 4.38 ± 0.09 s

C20:4 n-6 2.59 ± 0.04 4.51 ± 0.26 s

C22:5 n-6 0.14 ± 0.01 0.47 ± 0.01 s

C18:3 n-3 7.26 ± 0.51 2.02 ± 0.09 s

C20:5 n-3 1.56 ± 0.01 2.30 ± 0.09 s

C22:6 n-3 4.32 ± 0.19 12.16 ± 0.37 s
P

SFA 43.79 ± 0.29 45.48 ± 0.28 s
P

MUFA 34.26 ± 0.33 28.68 ± 0.20 s
P

n-6 8.81 ± 0.24 9.35 ± 0.32 ns
P

n-3 13.14 ± 0.45 16.49 ± 0.35 s

n-6/n-3 0.67 ± 0.02 0.57 ± 0.03 s

Results are the means ± SEM (n = 3) fatty acids and are given

as the percentage of individual fatty acids among the total fatty

acids identified

ns, Nonsignificant (P [ 0.05); s, significant (P \ 0.05)

Table 6 Fatty acid profile in the brain tissue of cultured and

wild L. rohita

Fatty acids Cultured Wild Significant

difference

C 12:0 0.09 ± 0.01 0.37 ± 0.01 s

C 14:0 3.11 ± 0.17 0.93 ± 0.02 s

C 16:0 32.04 ± 0.26 31.07 ± 0.81 ns

C 18:0 16.01 ± 0.22 18.80 ± 0.29 s

C 16:1 n-9 7.56 ± 0.35 5.27 ± 0.63 s

C 16:1 n-7 0.16 ± 0.01 1.76 ± 0.06 s

C 18:1 n-9 27.47 ± 0.61 23.18 ± 0.54 s

C 18:1 n-7 2.65 ± 0.28 1.94 ± 0.18 ns

C 20:1 n-9 0.55 ± 0.07 0.69 ± 0.03 ns

C 18:2 n-6 1.30 ± 0.01 1.07 ± 0.03 s

C 20:4 n-6 2.83 ± 0.09 4.36 ± 0.05 s

C 22:5 n-6 0.31 ± 0.01 0.69 ± 0.03 s

C 18:3 n-3 0.93 ± 0.04 0.44 ± 0.01 s

C 20:5 n-3 0.28 ± 0.02 0.64 ± 0.05 s

C 22:6 n-3 4.71 ± 0.32 8.77 ± 0.38 s
P

SFA 51.25 ± 0.22 51.17 ± 0.56 ns
P

MUFA 38.39 ± 0.52 32.84 ± 0.12 s
P

n-6 4.44 ± 0.11 6.13 ± 0.04 s
P

n-3 5.92 ± 0.36 9.86 ± 0.43 s

n-6/n-3 0.75 ± 0.0.05 0.62 ± 0.02 s

Results are means ± SEM (n = 3) fatty acids and are given as

the percentage of individual fatty acids among the total fatty

acids identified

ns, Nonsignificant (P [ 0.05); s, significant (P \ 0.05)

Fish Physiol Biochem (2010) 36:411–417 415

123



better ratios in the eye and brain than in the muscle

and liver.

Although our analysis of the fatty acid profile of

feed revealed a high amount (30.76%) of erucic acid

(C22:1 n-9), erucic acid levels were at very low levels

in the muscle (0.30%), liver (1.04%), eye (1.28%),

and brain (0.31%) of the cultured fish. These low

levels may be due to its poor absorption, as erucic

acid has been reported to be linked to the sn-1 and

sn-3 of triacylglycerol (Farnworth 1983) and high 1,

3-lipase activities in rohu (Nayak et al. 2003). The

poor assimilation of erucic acid that we observed in

our study is of some importance as this fatty acid has

been reported to be an antinutritional factor and

shown to be associated with an increased incidence of

myocardial lipidosis in animals (Food Standards

Australia New Zealand 2003).

Due to the general trend towards increased stan-

dards of living worldwide, human beings are

becoming more and more health conscious, preferring

to consume nutritious food with some added health

benefits. Fish rich in PUFAs have several health

benefits, as PUFAs are considered to be cardio-

protective, anti-atherosclerotic, antithrombotic, and

anti-arrythmitic; they also contribute to normal eye

and brain development in humans. Based on the

results of our study, we conclude that the difference in

the fatty acid profiles of wild and farmed rohu may be

attributed primarily to the dietary intake of the fish.

The nutritional value of farmed rohu can be improved

by incorporating desired fatty acids, such as linoleic

acid, linolenic acid, EPA, and DHA, into the feed. The

high amounts of DHA and the favorable n-6/n-3 ratios

in the eye and brain indicate that the fish head is a very

omega-rich edible portion of the fish body. Well-

designed comparative studies of lipid and fatty acids

of the same species of fish need to be carried out in the

future. In addition, regional and seasonal variations in

the lipid and fatty acid patterns of different body parts,

such as the head, dorsal muscle, ventral muscle, and

caudal muscle, need to be analyzed for a better

understanding of the nutritive lipid and fatty acid

profile of this species. The fatty acid profile of the

natural food of rohu needs to be analyzed in all

regions and seasons.
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