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The effects of four isonitrogenous diets containing different lipid levels on the muscle fatty acid profiles
of Malaysian mahseer were evaluated over a period of six weeks from June to July, 2010. A general
increase of monounsaturated fatty acid contents in the muscle of fish that were fed the test diets was
detected after two weeks. Despite the high total content of long chain n-3 polyunsaturated fatty acid
(PUFA) in the formulated diets, the levels of these fatty acids in the muscle did not increase and it may
be speculated that the content of long chain n-3 PUFAs in this species was determined by desaturation
and elongation of shorter chain fatty acids rather than direct absorption from the diet. Moreover,
reduction of muscle n-3 PUFA content after six weeks of feeding showed that a diet containing high
level of n-3 PUFA may not be able to provide all the essential fatty acid requirements of T. tambroides.
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INTRODUCTION

The content of long chain n-3 polyunsaturated fatty acids
(n-3 PUFAs) differentiates fish from the other food
products. These fatty acids are important beneficial
nutrients for the prevention of human coronary disease,
reducing triacylglycerols level and promoting cardio-
vascular functions (Moreira et al., 2001; Akpinar et al.,
2009). Eicosapentaenoic acid (EPA, C20:5n3) is also
helpful in brain disorder and cancer treatment (Ozogul et
al., 2007). Since the human body is not able to
synthesize n-3 PUFA, fish play a significant role in the
supply of these functional nutrients in the diet.
Freshwater fishes have a greater capacity to desaturate
and elongate short chain fatty acids than marine fishes
(Moreira et al.,, 2001). However, marine fish contain
relatively higher amount of EPA and docosahexaenoic
acid (DHA, C22:6n3) due to high amounts of these fatty
acids in their natural diets (Justi et al., 2003).
Nevertheless, consumption of freshwater fish significantly
contributes to providing EPA and DHA in the diets of
population living far from coastal areas (Rasoarahona et
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al., 2005).

Whether from freshwater or marine species, the fatty
acid compositions vary between wild and cultured fish
(Aslan et al., 2007). Dietary lipid, which extremely influen-
ces the fatty acid composition of fish, is considered as the
main reason for such difference (Alasalvar et al., 2002).
Decrease of EPA and DHA levels among the farmed fish
is generally attributed to the substitution of fish oil by
vegetable oil in the diet of commercial fish (Cahu et al.,
2004). Despite the abundance of information on the effect
of dietary lipid level on the fatty acid content of cultured
fish, the changes of fish fatty acid profiles over time have
not been fully understood (Jobling, 2004). It has been
shown that the effect of a change in fish diet is
perceptible on the tissue fatty acid profiles within 2 to 6
weeks (Dos Santos et al., 1993; Skonberg et al., 1994;
Jobling, 2004).

In the current study, the changes over a six-week time
of muscle fatty acid composition of Malaysian mahseer
fed varying dietary lipid levels were evaluated. Mahseers
(Tor spp.) are an important group of riverine cyprinids
occurring in mountainous rivers and lakes of most trans-
Himalayan countries and about 30 known species of this
fish are distributed throughout East and Southeast Asia
(Ng et al., 2008). Mahseer is omnivorous and feeds on
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Table 1. Ingredients and proximate analysis of the formulated diets.

Dietary lipid level (%)

Ingredient (g/100 g) 5 10 15 20
Fish meal® 38.0 38.0 38.0 38.0
Soy meal 13.0 13.0 13.0 13.0
Casein 14.8 14.8 14.8 14.8
Corn meal 32.2 28.4 23.1 17.6
Fish oil® 0 3.8 9.1 14.6
Vitamin premix® 1.0 1.0 1.0 1.0
Mineral premix 1.0 1.0 1.0 1.0
Proximate composition (% as a fed basis)

Crude protein 40.4 40.1 39.7 39.6
Crude lipid 4.7 9.4 14.8 19.6
Ash 10.4 10.8 10.6 10.9
Gross energy (kJ g7) 17.3 18.0 19.2 20.1
Dry weight 87.6 88.9 90.1 89.2

#Malaysian fish meal including 63% crude protein; ®cod liver oil (Seven seas); *Vitamin premix (g kg'1 premix); ascorbic acid, 45; myo-
inositol, 5; choline chloride, 75; niacin, 4.5; riboflavin, 1; pyridoxine, 1; thiamin mononitrate, 0.92; Ca-pantothenate, 3; retinyl acetate,
0.6; cholecalciferol, 0.083; vitamin K menadione, 1.67; a-tocopheryl acetate (500 IU/g), 8; biotin, 0.02; folic acid, 0.09; vitamin By,
0.001; cellulose, 845.11; “Mineral premix (g kg'1 premix): KCL, 90; Kl, 0.04; CaHPQ4.2H,O, 500; NaCl, 40; CuS0O4.5H,0, 3;
ZnS04.7H,0, 4; CoSO04, 0.02; FeSO4 7H,0, 20; MnSO4.H20, 3; CaCos, 215; MgOH, 124; Na,SeOs, 0.03; NaF, 1.

green filamentous algae, slimy matter encrusted the
rocks, aquatic weeds of all sorts and the seeds and fruits
of many trees that hang over the river (Dinesh and
Nandeesha, 2007). Although, insects, shrimps, mollusks
and small fish were recorded from mahseer stomach
content, they prefer vegetative matter in case of
availability (Rahman et al., 2005; Dinesh and Nandeesha,
2007). Malaysia has two different species of mahseer,
Tor tambroides and T. douronensis. These species live in
headwaters of most major river systems from Indonesia
to southern China (Nguyen et al., 2006). T. tambroides is
locally important food fish that can fetch a market price
exceeding 80 USD kg'. Due to the high market value and
a successful hatchery production (Ingram et al., 2007),
this species has a high potential in aquaculture.

MATERIALS AND METHODS
Rearing and sampling

In total, 144 wild T. tambroides juveniles (mean initial weight, 6.7 +
0.5 g) were obtained from a local supplier and transferred
immediately to the Aquaculture Experimental Station, Universiti
Putra Malaysia. Fish were randomly distributed into rectangular-
shaped glass aquaria with a stocking density of 12 fish per
aquarium (volume: 65 L). Each aquarium was supplied with de-
chlorinated public utility water and equipped with a recirculating
system (flow rate of approximately 3 L/min) that continuously
purified water through a series of physical and biofilter system.
Continuous aeration by an air-stone per aquarium kept oxygen level
always above 7 mg/L. Water temperature was found between 27.5
and 29°C, while pH was between 8 and 8.8. Four isonitrogenous
(40% crude protein) diets containing 5, 10, 15 and 20% crude lipid

(as fed basis) were used. Feeds were prepared by mixing of dry
ingredients (Table 1) in a vertical mixer, and subsequently adding of
dietary oil and distilled water to produce soft and homogenous
dough. The moist dough was pelleted by a commercial meat
grinder through a 2 mm die. Diets were dried in a convection oven
for 8 h at 65°C (Lépez et al., 2009), cooled and stored frozen at -
20°C. The diets were thawed weekly during experimental period
and kept refrigerated at 4°C until use. The fish were fed twice per
day until visual satiety. All treatments were conducted in a
controlled rearing condition, each of which was triplicated. Prior to
the feeding trial, six fish per dietary lipid level (two per aquarium)
were sacrificed. The same numbers of fish were also sampled and
sacrificed at 2, 4 and 6 weeks after beginning the experiment. The
sacrificed fish were individually weighed, dissected and dressed.
The fish muscle between lateral and dorsal line was sampled and
immediately frozen and stored at -80°C for further analyses.

Analytical methods

At the end of the experiment, crude protein, crude lipid and ash
content of experimental diets, as well as crude lipid content of fish
muscle were determined according to AOAC (1997) method. Gross
energy was measured by direct combustion in an adiabatic bomb
calorimeter. Prior to chemical analysis, fillet samples were freeze
dried in triplicate group for 48 h. Lipid from feed and freeze dried
fillet were extracted with a chloroform: methanol (2:1 v:v) mixture
(Folch et al., 1957), saponated by KOH (lbeas et al., 1994) and
transesterified with methanolic boron ftriflouride according to
methods in AOAC (1997). Fatty acid methyl ester (FAME) were
then separated and quantified on a fused silica capillary column
(Supelco SP-2330: 30 m x 0.25 mm, film thickness 0.20 pM) in a
gas chromatograph (Agilent 7890N) equipped with a split/splitless
injector and flame ionization detector. The carrier gas was high
purity nitrogen with a flow rate of 40 ml/min. The detector
temperature was 300°C, while the injector temperature was 250°C.
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Table 2. Fatty acid composition (% of total fatty acids) of the formulated diets.

Dietary lipid (%)

Fatty acid 5 10 15 20

14:0 1.1 3.1 3.5 4.4
16:0 25.8 22.8 21.2 18.4
16:1 3.5 4.4 5.5 7.0

18:0 6.4 5.6 5.2 4.4
18:1 31.9 26.3 23.3 21.4
18:2n-6 19.7 12.0 6.3 3.8
18:3n-3 0.9 0.8 0.6 0.5
20:0 0.7 0.1 0.2 0.3

20:1 0.3 3.9 6.3 8.3

20:2n-6 - 1.2 0.9 0.7
20:4n-6 - 0.2 0.5 0.6
22:0 0.3 0.2 0.2 0.2
22:1 - 3.8 6.9 8.7
20:5n-3 4.4 6.3 7.9 8.2
22:5n-3 1.1 2.3 2.43 29
22:6n-3 4.0 6.7 9.0 10.2
Total saturated 34.2 32.1 30.4 27.5
Total monoenes 35.7 38.4 41.9 454
Total PUFA n-3 10.4 16.0 20.0 21.9
Total PUFA n-6 19.7 13.4 7.7 5.1

n-3/n-6 0.5 1.2 2.6 4.2

The column temperature was 100°C for 2 min, warmed up to
170°C, held for 2 min and finally increased to 200°C and held for 20
min to facilitate optimal separation. Fatty acids were identified by
comparing the relative retention time with those of the reference
standards (37 component FAME Mix and menhaden oil, Supelco).
Fatty acid compositions of experimental diets are presented in
Table 2.

Statistical analysis

All data were subjected to two-way analysis of variance (ANOVA).
Mean differences were tested using Duncan’s multiple range test.
The changing trends of muscle fatty acids content over time were
estimated by regression analysis. Significance was accepted at
probabilities of 0.05 or less. All statistical analyses were computed
using SPSS 15 for windows (SPSS Inc., Chicago, IL, USA).

RESULTS

Fatty acid composition of test diets is shown in Table 2.
The concentrations of arachidonic acid were not different
between the treatments, while the concentration of DHA
and EPA increased with the increase of dietary lipid level.
Muscle crude lipid content and fatty acid profiles of fish
fed different dietary lipid levels are presented in Table 3.
There were no significant differences (P>0.05) in muscle
lipid content of fish fed different dietary lipid level over a
six-week experiment. The main fatty acids component of
T. tambroides muscle were myristic acid (14:0), palmitic

acid (16:0), palmitoleic acid (16:1), stearic acid (18:0),
oleic acid (18:1n-9), linoleic acid (18:2n-6), arachidic acid
(20:0), eicosenoic acid (20:1n-9), arachidonic acid
(20:4n-6), EPA, docosapentaenoic acid (22:5n-3) and
DHA. The 16:0 and 18:1n-9 were the primary saturated
and monounsaturated fatty acids, while 18:2n-6 and DHA
were the most abundant n-6 and n-3 PUFA, respectively.
After two weeks, there were a significant increase
(P<0.05) of muscle monounsaturated fatty acid (MUFA)
and significant reduction (P<0.05) of muscle saturated
fatty acid (SFA) contents for all the fish. The polynomial
trends of changes over time for MUFA content of fish fed
different dietary lipid level are shown in Figure 1. After
two weeks of feeding, muscle n-3 PUFA content of fish
significantly decreased (P<0.05) (Table 4). However, no
significant correlation (P>0.05) between the changing
trends and time was found.

In terms of individual fatty acid, the muscle 18:1n-9
content increased from initial values of 23.8, 22.8, 23.4 and
23.6% to the final amounts of 32.3, 31.0, 31.6 and 30.8% in
fish fed 5, 10, 15 and 20% dietary lipid, respectively (Table
3). However, the major elevation occurred during two weeks
(Table 4 and Figure 2). Moreover, all the experimental
diets significantly reduced (P<0.05) muscle 20:0 and
20:4n-6 percentage. The interaction between dietary lipid
and time had significant impact (P<0.05) on 18:2n-6,
20:1n-9 and 22:1n-11 contents of T. tambroides muscle.
The changes over time trends for muscle 18:2n-6
contents of fish fed different dietary lipid levels are shown
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Table 3. Muscle fatty acid composition (% of total fatty acid) and total crude lipid content (% of muscle wet weight) of T. tambroides fed different
dietary lipid content over a six-week duration.

5% dietary lipid 10% dietary lipid Statistical

FA analysis

I w2 W4 W6 I w2 w4 We T L 7_"
14:0 34+02 37+03 35+01 34+01 32+02 34+03 31:05 37+01 ns * ns
16:0 259+10 282+07 265+0.3 269+01 261+12 263+07 246+12 271+01 * ** ns
16:1 49+04 59+03 51+02 47+05 49+04 54+03 47+04 60+03 * * ns
18:0 108+04 92+04 85+04 96+03 10.3+05 89+03 85+04 88+04 ** ns ns
18:1 238+10 304+10 309+13 323+13 228+06 286+08 285+11 31.0+06 ** * ns
18:2n-6 76402 7.9+04 80+02 86+02 83+04 84+01 87+03 7.4+04 **
18:3n-3 02401 02+00 02+00 02+00 02+00 01+00 01+00 02+01 * ns ns
20:0 26+00 12402 08+01 07+01 20+03 13+03 06+00 06+00 ** ns ns
201 18+05 15+01 17+01 18+01 24402 22401 26401 24401 * == =
20:3 08402 08+01 13+02 13+01 06+03 07401 09+01 06+01 * ** ns
20:4n6 58402 24+04 31+01 27+04 64+05 23403 28+04 21%02 *** ns ns
221 05401 01+00  0.2+0.1 - 08401  0.8+00 11+01  07+01 ** * =
241 01400  0.1+00 - 02402 01+01 01%00 03+02 - ns ns ns
20:5n-3 31+05 1.8+01 15+02 12401 35+03 26+01 24+03 17+01 * ns ns
22:5n3 14+03 11+01 13+00 13+01 14403 16+02 17+02 15+02 ns ns ns
22:6n-3 65407 48+05 60+08 49+06 63+05 63+05 81+15 56+06 * ** ns
SFA 43.0+13 426+12 399+05 40.6+0.3 41.9+13 404+08 37.3+13 404+02 ** ** ng
MUFA 313407 382+14 382+16 392415 311+06 37.4+06 37.4+14 403+08 ** * ns

PUFA n-3 11.2+1.2 7.9+0.6 9.0+1.0 7.7+0.8 11.4 £ 0.1 10.5+0.7 122+%1.9 9.0+0.5 * ™ ns
PUFA n-6 145+05 11.3+x08 127+x04 12505 155+05 11.7+03 128+08 102+06 ** *~* *
n-3/n-6 0.78+0.97 0.74+0.96 0.73+0.98 0.63+0.04 0.73+0.08 0.89+0.04 094+0.09 0.88+0.04 ns ** ns
Crude lipid 5.2 +0.1 4.8+0.1 4.7%0.1 4.7%0.1 5.0+£0.0 4.7%0.1 4.7%0.1 48*0.1 ns ns ns

15% dietary lipid 20% dietary lipid Statistical

FA analysis

I w2 w4 W6 I w2 w4 W6 T L 7_"
14:0 36+01 42+02 40+01 35+03 32+01 37+03 27+05 34+01 ns * ns
16:0 266407 260+04 252+0.8 249+04 253+04 246+0.3 228+06 225+08 * ** ns
16:1 44+03 65+04 63+02 66+02 51+03 62+04 49+04 63+03 * * ns
18:0 104+02 82+04 80+04 85+05 11.0+02 84+04 91+05 84+03 ** ns ns
18:1 234404 295+08 301+05 31.6+04 236+09 27.9+12 267+1.0 308+12 ** * ns
18:2n6 77402  74+01  68+03 60+01 78%03 7.0+02 71+03  67+0.1 e
18:3n-3 01400 01+00 03+01 03+00 02+00 01400 01+01 03%01 * ns ns
20:0 26402 15+01 11+03 08+01 23+04 15+02 1.0+02 1.0+02 ** ns ns
201 19+05 36+02 42+04 43+03 17+03 41+04 37404 49402 * =
20:3 07401  05+00 07+01 06+00 07+01 04400 07+01 04+01 * ** ps
20:4n-6 56403 19+01 21401 26+03 60+07 22404 4009 24+02 ** ns ns
221 04+01 18+02 20403 18+03 05+01 23402 1.6+08 25+02 ** = *
24:1 01400 0.1+00  0.1%0.0 ; 01400 01+00 01+00 01+01 ns ns ns
20:5n-3 33403 21402 18%02 17401 34+02 29+04 30+03 19+03 * ns ns
22:5n-3 16+03 12+01 11+00 13%01 16+02 14%02 19+03 17+02 ns ns ns
22:6n-3 71+04 50+05 51+01 54+02 7.0+04 67+12 95+11  64+07 * * ns
SFA 43.0+13 402+06 386+12 377405 41.4+03 384+08 359+06 354+1.0 ** ** ns
MUFA 31.3+07 41.7+15 429+13 443+11 31.6+03 40.7+22 371+23 446+15 ** * ns

PUFA n-3 11.2+1.2 8.4+0.7 8.3+0.2 8.7+0.3 122+04 11.0x17 14516 103+x09 ™ * ns
PUFA n-6 14.5+0.5 9.8+0.2 9.9+0.1 9.1+04 14.7£0.9 9.9+0.6 12.1+1.2 9.6+0.1 e
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n-3/n-6
Crude lipid

0.80+0.10 0.87+0.06 0.83+0.03 0.95=+0.01

5.0+0.0 4.8+0.1

4.7+0.1

4.6+0.1

0.83+0.06 1.10+0.13 1.19+0.04

5.0+ 0.1 4.7+0.0 4.7+0.1 4.6+0.0

1.07+0.07 ns ** ns

ns ns ns

Mean + SE (n=3); |, initial amounts; W2, week 2; W4, week 4; W6, week 6; T, time; L, dietary lipid percentage; ns, non-significant; *, P<0.05; **, P<0.01,

***P<0.001.

50.0 -

45.0 -

MUFA( % of Total Fatty Acid)

4

Time (Week)

—&— 5%

—&— 10%
e 15%
-3 20%

Figure 1. Polynomial relation of fillet total monounsaturated fatty acid (MUFA) content of T.
tambroides fed different dietary lipid percentage and time. 5% Dietary lipid: y = -0.3677x° + 3.3854x +
31.696; R? = 0.676; 10% dietary lipid: y = 0.1938x - 1.95x° + 6.2481x + 31.167; R® = 0.878; 15%
dietary lipid: y = -0.5577x% + 5.3611x + 31.777; R® = 0.861; 20% dietary lipid: y = 0.4915x° - 4.5221x
+11.595x + 31.633; R? = 0.784.

Table 4. Mean comparison of muscle fatty acid composition (% of total fatty acid) of T. tambroides over a six-

week duration.

Fatty acid Time (week)

Initial w2 W4 W6
14:0 3.35 3.76 3.30 3.52
16:0 25.97° 26.27° 24.78° 25.34%
16:1 4.83? 6.00° 5.24° 5.90°
18:0 10.63° 8.65° 8.52° 8.80°
18:1n-9 23.40° 29.10° 29.05° 31.41°
18:3n-3 0.182 0.09° 0.172 0.25°
20:0 2.38% 1.38° 0.88° 0.80°
20:3 0.73% 0.617 0.90° 0.72%
20:4n-6 5.942 2.18° 3.00° 2.46°
24:1 0.10 0.10 0.14 0.11
20:5n-3 3.33° 2.34° 2.18° 1.66°
22:5n-3 1.50 1.32 1.51 1.48
22:6n-3 6.73% 5.69° 7.17° 5.56°
SFA 42.32° 40.40° 37.95° 38.52°
MUFA 31.35° 39.49° 38.88° 42.10°
PUFA n-3 11.512 9.44° 11.032 8.95°
n-3/n-6 0.79 0.88 0.92 0.88

n=12; Values within the same row with different superscript are significantly different at P<0.05.
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Figure 2. Polynomial relation of fillet 18:1n-9 (OA) content of T. tambroides fed different dietary lipid percentage and time.
5% Dietary lipid: y=0.1458x-1.6333x%+5.9667x+23.833; R?=0.802; 10% dietary lipid: y = 0.1801x° - 1.83x% + 5.8594x +

22.8; R% = 0.870; 15% dietary lipid: y = 0.1331x% - 1.49x° + 5.5144x + 23.367; R

2.0154x% + 5.2756x + 23.6; R? = 0.7405.

in Figure 3. However, no significant correlation (P>0.05)
between the muscle 18:2n-6 content and time was
observed. Regression analyses showed significant
polynomial correlations (P<0.05) between muscle 20:1n-9
and 22:1n-11 and time (Figures 4 and 5). After two
weeks, the 20:1n-9 and 22:1n-11 contents of muscle
were generally higher in fish fed 15 and 20% dietary lipid
than those fed 5 and 10% lipid. At the end of the
experiment, muscle EPA content of fish fed different
dietary lipid level decreased to 1.2 to 1.9% of the initial
amounts of 3.1 to 3.5%. The polynomial trends of muscle
EPA reduction over time are shown in Figure 6. The DHA
levels in the muscle of fish after four weeks were
significantly higher (P<0.05) than those obtained after the
second week. However, the amounts of this fatty acid in
the muscle of fish after six weeks were not significantly
different (P>0.05) from the initial amounts (Table 4). The
muscle DHA content significantly increased (P<0.05) with
the increase of dietary lipid percentage (Table 5).

DISCUSSION

T. tambroides with a muscle crude lipid of 4.6 to 5.2%
should be classified as a semi-fatty fish since fatty fish
usually contain a minimum of 5 to 8% lipid in their edible
tissue (Ozogul and Ozogul, 2007). Major fatty acid
contents of freshwater species are 14:0, 16:0, 16:1, 17:0,

= 0.944; 20% dietary lipid: y = 0.2226x° -

18:0, 18:1n-9, 18:2n-6, 18:3n-3, 20:3n-6, EPA and DHA
(Ozogul et al., 2007). Different ratios of these fatty acids
except for 17:0 were detected in T. tambroides muscle.
The 20:1n-9 and 22:1n-11 found in the muscle of T.
tambroides should be associated with the high amount of
these fatty acids in the diets.

In this study, combined increase of muscle 18:1n-9,
20:1n-9 and 22:1n-11 was responsible for the increase of
muscle MUFA content of fish fed different diets. High
concentrations of 20:1n-9 and 22:1n-11 in the diets with
15 and 20% lipid, resulting from high inclusion of fish oil,
led to notable increase of muscle MUFA content of fish
fed these diets after two weeks of feeding. However, the
lower amounts of 20:1n-9 and 22:1n-11 in fish muscle
compared to the diets may show fish preference to utilize
these fatty acids as the source of energy. In agreement
with earlier study that showed a rapid accumulation of
18:1n-9 in salmonid muscle within two weeks (Skonberg
et al.,, 1994), this study also indicated that accumulation
of 18:1n-9 in T. tambroides muscle was fast. Despite a
wide range of 18:1n-9 content from 21.4 to 31.9% in the
diets, a relatively uniform level of muscle 18:1n-9 from
27.9 to 30.4% after two weeks suggested that this fatty
acid was selectively retained by T. tambroides. The
selective retention of 18:1n-9 by vyellow catfish,
Pelteobagrus fulvidraco, was previously reported (Tan et
al., 2009).

The high percentage of long chain n-3 PUFA in diets 15
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Figure 3. The changing trends of 18:2n-6 (LA) content in the fillet of fish fed different dietary lipid percentage over a six-
week time.
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Figure 4. Polynomial relation of fillet 20:1n-9 content of T. tambroides fed different dietary lipid percentage and time. 5%
Dietary lipid: y = -0.008x> + 0.0625x% - 0.0181x + 1.35; R?=0.764; 10% dietary lipid: y = -0.019x* + 0.15x* - 0.1789x +
2.15; R% = 0.701; 15% dietary lipid: y = -0.1006x% + 0.9889x + 1.9228; R? = 0.770; 20% dietary lipid: y = 0.0923x° -
0.9075x% + 2.6542x + 1.7; R? = 0.863.
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Figure 5. Polynomial relation of fillet 22:1n-11 content of T. tambroides fed different dietary lipid percentage and time.
5% Dietary lipid: y = -0.0188x% + 0.1833x% - 0.5083x + 0.5; R?=0.806; 10% dietary lipid: y= -0.0208x° + 0.1592%° -
0.2186x + 0.8; R® = 0.540; 15% dietary lipid: y= 0.0151x% - 0.2363x% + 1.0956x + 0.4333; R* = 0.813; 20% dietary lipid:
y = 0.039x% - 0.4517x% + 1.6424x + 0.4667; R = 0.918.
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Figure 6. Polynomial relation of fillet 20:5n-3 (EPA) content of T. tambroides fed different dietary lipid percentage and
time. 5% Dietary lipid: y = 0.0667x* - 0.6933x + 3.08; R?=0.761; 10% dietary lipid: y = -0.0263x> + 0.2529x% - 0.8692x +
3.5; R® = 0.822; 15% dietary lipid: y = 0.0696x° - 0.6705x + 3.2657; R® = 0.787; 20% dietary lipid: y = -0.0342x% +
0.2713x® - 0.6339x + 3.3667; R® = 0.612.
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Table 5. Mean comparison of muscle fatty acid composition (% of total fatty acid) of T. tambroides fed

different dietary lipid percentage.

Dietary lipid (%)

Fatty acid 5 10 15 20
14:0 3.51% 3.35° 3.82° 3.25°
16:0 26.87° 26.02% 25.68° 23.78°
16:1 5.147 5.26° 5.96° 5.61%
18:0 9.51 9.11 8.78 9.20
18:1n-9 29.37° 27.73% 28.63% 27.24°
18:3n-3 0.19 0.13 0.20 0.17
20:0 1.34 1.16 1.49 1.46
20:3 1.082 0.71° 0.62° 0.55°
20:4n-6 3.49 3.41 3.03 3.66
24:1 0.09 0.16 0.12 0.09
20:5n-3 1.94 2.54 2.22 2.80
22:5n-3 1.30 1.57 1.29 1.65
22:6n-3 5.542 6.57% 5.64° 7.41°
SFA 41532 39.98° 39.88° 37.79°
MUFA 36.70° 36.57° 40.05° 38.50%
PUFA n-3 8.95° 10.82° 9.16° 12.00°
n-3/n-6 0.70° 0.87° 0.86° 1.05°

n=12; Values within the same row with different superscript are significantly different at P<0.05.

and 20% lipid did not increase muscle n-3 PUFA content.
It may be speculated that the long chain n-3 PUFA
content of T. tambroides muscle was determined by
desaturation and elongation of shorter chain fatty acids
rather than direct absorption from the diet. Fresh water
species are able to elongate and desaturate de novo Cyg
to longer chain PUFAs (Cahu et al., 2004; Turchini et al.,
2006). However, this capability highly depends on the
water temperature (Kayama et al., 1986; Tocher et al.,
2004). Farkas (1984) showed that high water tempe-
rature reduces the level of PUFA in carp tissues.
Accordingly, reduction of total n-3 PUFA observed in fish
fed all dietary lipid levels in this study after two weeks
may be associated with the effect of temperature on the
PUFA de novo synthesis. The water temperature (28.23
*+ 0.68) of experimental aquaria was about 10°C higher
than water from where the fish were caught (about 18°C).
Moreover, reduction of long chain n-3 PUFA in fish
tissues, particularly the EPA content, has been
considered as a sign of essential fatty acid deficiency
(Watanabe, 1982). Therefore, it is suggested that a diet
containing high level of n-3 PUFA with low amounts of
other fatty acid classes cannot meet all the essential fatty
acid requirements of T. tambroides.

Although, notable reduction of 20:4n-6 after two weeks
trial can be explained by the retarded PUFA de novo
synthesizing, it may also be related to the permanent
competition between the n-3 and n-6 families for using
the elongase and desaturase enzymes (Jankowska et al.,
2010). Desaturases, A6 and A5, more readily utilize the
n-3 than n-6 PUFA (Turchini et al., 2006). Therefore, the

20:4n-6 amounts usually determined by feed inclusion
instead of bioconversion of 18:2n-6 (Jankowska et al.,
2010). In this study, the muscle 20:4n-6 contents of fish
fed diet containing 5% lipid (with higher amounts of
18:2n-6 than the other diets) also reduced after two
weeks. The similar 20:4n-6 content of fish fed different
diets supported that the content of this fatty acid is
determined by feed inclusion rather than bioconversion of
18:2n-6. Low level of 20:4n-6 in the fish muscle is
important for good cardiovascular health of human
consumer because of antagonistic effect of 20:4n-6 to
health benefit of the n-3 PUFA (Ozogul and Ozogul,
2007).

Tropical fruits fallen from the trees grown along the
riverbanks are one of the major foods incorporated into T.
tambroides diets (Siraj et al., 2007). Some of these fruits
contain relatively high amount of lipid with moderate to
high level of SFA. Therefore, the initial amount of muscle
SFA was higher than the experimental diets fed fish.
Alasalvar et al. (2002) reported that wild fish contain
relatively higher amounts of SFA than farmed fish.
Zenebe et al. (1998) also expressed that tropical fish
contain higher SFA level than temperate species. The
lower amount of SFA in the experimental diets decreased
the level of muscle SFA after two to four weeks of
feeding.

The impact of experimental diets on the muscle SFA,
MUFA and n-3 PUFA were detectable after two weeks of
feeding. Moreover, the major fatty acid alterations
occurred within two weeks except for muscle EPA, which
was continuously reduced by end of the experiment.



Jobling (2004) expressed that the effect of diet on tissue
fatty acid is perceptible within 2 to 6 weeks. The result of
this study suggested that reduction of EPA and DHA in
farmed freshwater fish is not always as a result of the
lack of these fatty acids in the commercial diets. Despite
using fish oil as the major source of the oil in this study,
the n-3 PUFA content of fish muscle reduced compared
to its initial amounts. Therefore, it can be concluded that
a diet containing high level of long chain n-3 PUFA
cannot meet all the essential fatty acid requirements of T.
tambroides. Moreover, a diet with a balanced ratio of
different fatty acid classes as well as appropriate
environmental conditions, water temperature in particular,
have vital roles in the retention of muscle n-3 PUFA
content of freshwater fish for the final human consumer.
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