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EFFECTS OF PALM OIL PRODUCTS ON GROWTH
PERFORMANCE, BODY COMPOSITION
AND FATTY ACID PROFILE OF JUVENILE
MALAYSIAN MAHSEER (Tor tambroides)

BAMI, M L*; KAMARUDIN, M S**; SAAD, C R*;ARSHAD, A* and EBRAHIMI, M*

ABSTRACT
This study was performed to investigate the effects of different types of palm oil on the survival, growth
performance, body indices, lean percentage, body composition and fatty acid profile of juvenile Malaysian
mahseer, Tor tambroides. Four extruded diets containing 5% crude palm oil (CPO), refined, bleached,
deodorised palm oil (RBDPO), RBD palm olein (RBDPQOo) and RBD palm stearin (RBDPOs) were
prepared. Triplicate groups of T. tambroides juveniles (1.65 £ 0.6 g) were stocked in 60 litres aquaria
at 20 fish per aquarium and fed the diets for 12 weeks. Fish fed CPO and RBDPOs diet showed the best
feed conversion ratio (FCR), while the lowest viscero-somatic index (VSI) was observed in juveniles fed
RBDPQo and RBDPOs. A significantly higher (P<0.05) protein and gross energy retention were observed
in juveniles fed RBDPOs compared to those fed RBDPO. The highest muscular retention of n-3 and n-6
long-chain polyunsaturated fatty acids (n-3 and n-6 LC-PUFA) was observed in juveniles fed CPO diet. In
addition to giving a higher PUFA ratio in mahseer muscle than other palm oil products, CPO was the most

cost effective palm oil type and was recommended as the lipid source in the diet of T. tambroides juvenile.
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INTRODUCTION

One of the most valuable cyprinid fish in the
freshwater aquaculture industry is mahseer (Tor
spp.). Mahseers are found throughout South-east
Asia and the Himalayas. Of 30 Tor species identified,
three species are found in Malaysia including the
Malaysian mahseer (Tor tambroides Bleeker) (Esa
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et al., 2007; Ng, 2004). In Malaysia, T. tambroides
is considered as one of the most expensive and
substantial food and sport fish (Esa et al., 2007) and
ornamental fish (Ng, 2004). The natural stock of this
species has undergone a rapid decrease; in recent
years (DOF, 2012; 2013; 2014; 2015; 2016; Ingram et
al., 2007). The effort to breed and culture this fish
has been on-going since 2005 (Ingram et al., 2005)
to meet its growing demand. Feeding Malaysian
mahseer with an appropriate diet which meets all
or most of its nutritional requirements is critically
important for the commercial aquaculture of this
species. Studies on its nutrition have been conducted
by several researchers in recent years.

Various fish species need essential fatty
acids (EFA) including 18 carbon chain length
polyunsaturated fatty acid (C,; PUFA) and long-
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chain polyunsaturated fatty acids (LC-PUFA)
containing 20 and 22 carbon chain lengths for
their growth and health (Smith et al., 2004). Almost
all freshwater fish, including T. tambroides, can
synthesise LC-PUFA from C,; PUFA (Turchini et
al., 2006). Fish achieve their own EFA from various
lipid sources in their diet. Moreover, n-3 LC-PUFA
have lots of health beneficial effects on human as a
fish consumer (Moreira et al., 2001). Therefore, it is
essential to feed the fish with a diet that promotes
the high maintenance of these fatty acids in its
muscles.

One of the most used ingredients in the
aquafeed formulation is fish oil that provides EFA
as well as dietary energy (Ng, 2002). Such marine-
origin resources are decreasing as a result of the
continuously growing world population along with
the rapid growth of the aquaculture industry. Much
efforts have been made to find suitable substitutes
for these ingredients. Most of the fish oils are
produced in the temperate regions and therefore
are generally expensive when made available in
tropical countries (Ng, 2002). Palm oil is one of the
potential fish oil substitutes to be incorporated in
aquafeed. Palm oil is the top produced vegetable oil
worldwide (FAQO, 2015). It is also one of the lowest
priced vegetable oils in the global market. Moreover,
freshwater teleosts, including T. tambroides, are
naturally able to produce LC-PUFA from C,; PUFA
(Kamarudin et al., 2012; Ruyter et al., 2006; Tan et al.,
2009; Turchini et al., 2006). Thus, they are most likely
to require C,; PUFA that are highly available in
vegetable oils, but not so much C,, and C,, LC-PUFA
which are highly concentrated in fish oil. Palm oil,
having high 16:0 and 18:1n-9 concentrations that are
preferred over PUFA for mitochondrial p-oxidation
(Lim et al., 2001), could be considered as a potential
replacement as well as an energy source for fish
(Moreira et al., 2001; Ozogul et al., 2007).

When the mesocarp of the oil palm (Elaeis
quineensis) fruit is pressed, crude palm oil (CPO)
is extracted. Palm oil and its products after being
refined have lots of uses around the world (Pantzaris,
1997). Many researchers have made attempts to use
palm oil in fish diets since the mid-1990s. Viegas
and Contreras (1994) found that a higher dietary
inclusion of CPO gives a more desirable length
gain and protein efficiency ratio in tambaqui
(Colossoma macropomum) fingerlings compared to
the dietary deodorised distillate of soyabean oil.
Dietary palm oil gave better growth in African
catfish, Heterobranchus longifilis, fry compared to
dietary peanut, cottonseed, coconut or cod liver oil.
Cod liver oil gives the lowest growth to the African
catfish (Legendre et al., 1995). Al-Owafeir and Belal
(1996) found that Nile tilapia (Oreochromis niloticus)
can utilise palm oil as efficiently as soyabean oil
in the diet. Ng et al. (2003) demonstrated that
African catfish (Clarias gariepinus) and possibly
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other species of tropical catfish are able to use the
palm oil commercial products with desirable feed
utilisation efficiency and growth. Other researchers
have also successfully utilised palm oil in the diet
of different fish species (Babalola and Apata, 2012;
Ng and Wang, 2011; Yu-Zhe et al., 2012; Bell et al.,
2002). There have been very few studies on the
use of palm oil in T. tambroides diet. Kamarudin
et al. (2012) replaced fish oil with sunflower oil,
linseed oil, and palm oil in the diet of T. tambroides
juveniles and noted that the highest weight gain and
visceral weight are achieved using refined palm oil.
Moreover, those fed 50% palm oil and 50% fish oil
in their diet contain as much liver docosahexaenoic
acid (DHA, 22:6n-3) level as juveniles fed solely on
fish oil diet. Ramezani-Fard et al. (2012b) compared
the effects of different dietary saturated fatty
acid (SFA) and n-3 PUFA contents on the growth
performance and fatty acid composition (especially
n-3 PUFA) of Malaysian mahseer. These researchers
found that a diet containing high SFA and low n-3
PUFA (palm oil as the oil source) results in the best
growth performance and fatty acid composition in
T. tambroides. Unfortunately, no research on using
palm oil for other Tor species has been reported.

Currently, there are four main types of palm oil
in the market. CPO has a deep orange-red colour
due to its high carotenoid content (Nesaretnam and
Muhammad, 1993). This type of palm oil is also a
rich source of vitamin E (Ng et al., 2003). During
refining, the heat deployed destroys the carotenoids
while oil impurities are removed to produce the
refined, bleached, deodorised palm oil (RBDPO)
with the desired colour (Young, 1987). The thermo-
mechanical RBDPO fractionation leads to RBD palm
olein (RBDPOo) production. This type of palm oil
has a tremendous use as cooking oil. RBDPOs is also
produced from the RBDPO fractionation as a solid
type of palm oil with major use in margarines and
shortenings (Ng, 2002). No studies were found on
the use of different main palm oil types in fish feeds
and comparing their effects on different fish species.
Using palm oil in aquafeeds could be cost-effective
particularly for tropical countries. This study was
carried out to investigate the effects of these four
palm oil products on the growth performance, body
composition, and fatty acid profile of T. tambroides
juveniles.

MATERIALS AND METHODS
Diet Preparation

T. tambroides optimally requires 5% dietary
oil (Ramezani-Fard et al., 2012a). Four isocaloric
(4000 kcal kg'), and isonitrogenous (40% protein)
diets containing 5% CPO, RBDPO, RBDPOo and
RBDPOs were prepared (Table 1). Table 2 presents the
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TABLE 1. FEED, CHEMICAL AND FATTY ACID COMPOSITIONS OF THE EXPERIMENTAL DIETS

Experimental diet

Ingredient (% as fed basis) CroO RBDPO RBDPOo RBDPOs
Fishmeal® 35.75 35.75 35.75 35.75
Soyabean meal 37.81 37.81 37.81 37.81
Tapioca starch 19.44 19.44 19.44 19.44
CPO* 5.00 - - -
RBDPO* - 5.00 - -
RBDPOo¢ - - 5.00 -
RBDPOs* 5.00
Vitamin premix’ 1.00 1.00 1.00 1.00
Mineral premix® 1.00 1.00 1.00 1.00
Proximate composition (% as a fed basis)
Crude protein 40 40 40 40
Crude lipid 7.8 7.7 7.9 8.0
Ash 11.9 11.9 11.9 11.9
Carbohydratesh 29.7 29.9 29.6 29.5
Gross energy (kcal kg™) 4117.5 4078.0 4134.8 4106.4
Dry matter 89.4 89.5 89.4 89.4
Fatty acid composition (% of total total fatty acids)
14:0 2.78 2.64 2.58 2.53
16:0 41.15 41.77 40.65 55.02
16:1n-7 2.25 2.18 2.31 2.29
18:0 6.52 6.52 6.94 6.50
18:1n-9 36.54 36.52 37.00 26.71
18:2n-6 7.87 7.56 7.71 4.46
18:3n-3 0.63 0.40 0.41 0.27
20:4n-6 0.64 0.65 0.61 0.60
20:5n-3 0.48 0.47 0.49 0.50
22:5n-3 0.51 0.46 0.49 0.43
22:6n-3 0.83 0.83 0.82 0.80
X SFA! 50.45 50.93 50.17 64.06
X UFAJ 49.55 49.08 49.83 35.95
Y. MUFAK 38.79 38.71 39.31 28.89
X n-3 PUFA! 2.45 2.16 2.20 2.00
X n-6 PUFA™ 8.32 8.21 8.31 5.06
n-6/n-3 3.40 3.80 3.77 2.53
n-3/n-6 0.29 0.26 0.27 0.40
UFA /SFA 0.98 0.96 0.99 0.56
PUFA /SFA 0.21 0.20 0.21 0.11

Note: *Fishmeal-Malaysian fishmeal (59.6% crude protein), *CPO - crude palm oil supplied by MPOB, ‘RBDPO - refined, bleached and
deodorised palm oil supplied by MPOB, {RBDPOo - refined, bleached and deodorised palm olein supplied by MPOB, *RBDPOs - refined,
bleached and deodorised palm stearin supplied by MPOB, { Vitamin premix - (g kg™ premix): ascorbic acid, 45; myo-inositol, 5; choline
chloride, 75; niacin, 4.5; riboflavin, 1; pyridoxine, 1; thiamin mononitrate, 0.9; Ca-pantothenate, 3; retinyl acetate, 0.6; cholecalciferol, 0.08;
vitamin K menadione, 1.7; a-tocopheryl acetate (500 IU g), 8; biotin, 0.02; folic acid, 0.1; vitamin B12, 0.001; cellulose, 845.1, ® Mineral
premix - (g kg™ premix): KCL, 90; KI, 0.04; CaHPO4.2H,0, 500; NaCl, 40; CuSO4,5HZO, 3; ZnSO,.7H,0, 4; CoSO,, 0.02; FeSO,.7H,0, 20;
MnSO,.H,0, 3; CaCo,, 215; MgOH, 124; Na,SeO,, 0.03; NaF, 1, "Carbohydrate = dry matter — [protein + lipid + ash], ! SFA - saturated fatty
acids (sum of 14:0+16:0+18:0; 20:0 and 22:0 were not detected), | UFA - unsaturated fatty acids, “"MUFA - monounsaturated fatty acids
(sum of 16:1n-7+18:1n-9; 20:1n-9, 22:1n-9, 24:1n-9 and 22:1n-11 were not detected), 'n-3 PUFA - the n-3 polyunsaturated fatty acids (sum of
18:3n-3+20:5n-3+22:5n-3+22:6n-3; 20:4n-3, 24:5n-3 and 24:6n-3 were not detected), ™ n-6 PUFA - the n-6 polyunsaturated fatty acids (sum
of 18:2n-6+20:4n-6; 20:2n-6, 20:3n-6 and 22:5n-6 were not detected).

fatty acid compositions of different lipid sources. A cooled to the room temperature, bagged and stored
kitchen mixer was used to mix the dry ingredients. with dehumidifying agents till used.

A homogeneous mixture was produced after

adding distilled water and test oils. A single screw Rearing and Sampling

laboratory-scale extruder (Brabender KE-19) was

used to extrude the moist mixture through a 2-mm T. tambroides juveniles (mean initial body weight
die. The pellets were oven-dried at 45°C for 4 hr, =1.65 + 0.6 g) were purchased from a local supplier
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TABLE 2. FATTY ACID COMPOSITION (% of total fatty acids) OF DIFFERENT LIPID SOURCES

Type of the lipid source
Fatty acid Fishmeal® Soyabean meal® CPOe RBDPO* RBDPOo® RBDPOs*
14:0 4.87 0.00 1.53 1.44 1.00 0.00
16:0 31.77 19.51 43.94 44.93 41.03 63.94
16:1n-7 5.37 0.00 0.00 0.00 0.00 0.00
18:0 11.27 4.69 4.17 3.80 3.40 4.15
18:1n-9 19.72 17.07 39.98 39.88 43.85 26.46
18:2n-6 2.53 50.85 10.18 9.80 10.57 5.35
18:3n-3 0.93 7.90 0.21 0.17 0.17 0.10
20:4n-6 3.93 0.00 0.00 0.00 0.00 0.00
20:5n-3 5.51 0.00 0.00 0.00 0.00 0.00
22:5n-3 2.40 0.00 0.00 0.00 0.00 0.00
22:6n-3 11.73 0.00 0.00 0.00 0.00 0.00
¥ SFAM 47.90 24.19 49.63 50.16 45.43 68.10
X UFA! 52.10 75.81 50.37 49.84 54.58 31.91
X MUFAJ 25.08 17.07 39.98 39.88 43.85 26.46
¥ n-3 PUFAk 20.55 7.90 0.21 0.17 0.17 0.10
X n-6 PUFA! 6.47 50.85 10.18 9.80 10.57 5.35
n-6/n-3 0.32 6.47 53.01 45.09 63.88 54.01
n-3/n-6 3.18 0.16 0.02 0.02 0.02 0.02
UFA /SFA 1.09 3.17 1.02 1.00 1.20 0.47
PUFA /SFA 0.57 2.47 0.21 0.20 0.24 0.08

Note: *Malaysian fishmeal with 7.9% lipid. *Soyabean meal with 0.6% lipid, °CPO - crude palm oil supplied by MPOB, ‘RBDPO - refined,
bleached, and deodorised palm oil supplied by MPOB, *RBDPOo - refined, bleached and deodorised palm olein supplied by MPOB,
fRBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB, #SFA - saturated fatty acids (sum of 14:0+16:0+18:0; 20:0
and 22:0 were not detected), "UFA - unsaturated fatty acids, {MUFA - monounsaturated fatty acids (sum of 16:1n-7+18:1n-9; 20:1n-9,
22:1n-9, 24:1n-9 and 22:1n-11 were not detected), 'n-3 PUFA-the n-3 polyunsaturated fatty acids (sum of 18:3n-3+20:5n-3+22:5n-3+22:6n-3;
20:4n-3, 24:5n-3 and 24:6n-3 were not detected), ¥ n-6 PUFA-the n-6 polyunsaturated fatty (sum of 18:2n-6+20:4n-6; 20:2n-6, 20:3n-6 and

22:5n-6 were not detected).

and transferred to the Wet Laboratory, Department
of Aquaculture, Faculty of Agriculture, Universiti
Putra Malaysia, Selangor, Malaysia. The fish were
initially acclimatised in a 1-t fibreglass tank for
two weeks. Fish were then randomly distributed
into 12 60 litres rectangular-shaped glass aquaria
containing 20 fish per aquarium. Each aquarium
was fitted with a top bio-filter and aerated. Water
quality was monitored at every three weeks. Water
temperature ranged between 26.4°C and 29.8°C and
pH was found between 6.5 and 7.4. The ammonia
(NH,") level was always below 0.2 mg litre™.

The fish were fed twice per day (0900 and 1600
hr) close to the visual satiety during the trial. The
feeding trial was conducted for 12 weeks. The fish
in each aquarium were individually weighed at the
start and end of the feeding trial, as well as at every
three weeks. Weight gain, specific growth rate (SGR),
daily feed intake (DFI) and feed conversion ratio
(FCR) were estimated at the end of the experiment.

Before starting the feeding trial, 20 fish were
sacrificed and individually weighed. Fifteen of
them were kept at -20°C for subsequent whole
body composition analysis and the muscle and liver
tissue of other five juveniles were removed and
stored at -80°C for fatty acid analysis. At the end
of the experiment, the fish per treatment (five per
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replicate) were also sacrificed, individually weighed
and dissected for the hepato-somatic index (HSI)
and viscera-somatic index (VSI) estimation. The fish
were starved for 24 hr to facilitate the liver collection
and VSI estimation. The dissected fish were then
dressed and muscles from the area between the
lateral and dorsal line were removed for the fatty
acid analyses (Ahlgren et al., 1994). The liver and
muscle samples were quickly stored at -80°C till fatty
acid analyses. Other 45 fish per treatment (15 fish
per replicate) were sacrificed, weighed individually
and stored at -20°C for subsequent whole body
composition analysis.

Biochemical Analysis

Before the biochemical analysis, the whole body
of the fish were dried in the oven at 40°C for 48 hr
and the moisture loss was calculated. After that, the
samples were ground into fine powder. The moisture
contents of experimental diets were estimated by
using an infrared moisture-determining balance
(A&D, AD-4715). The crude protein, crude lipid
and crude fibre of experimental diets and the
whole body of fish samples were determined by
the Kjeldahl method (Foss KjeltecTM 8000), Soxhlet
extraction (Foss SoxtecTM 8000) and hot extraction
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(Foss FibertecTM 2010) according to AOAC
methods (1997), respectively. The ash content was
estimated by cauterising the dry sample at 600°C for
4 hr, and the gross energy was measured by direct
incineration in an adiabatic bomb calorimeter (Leco
Co. AC-350).

Lipid from the feed, liver, and muscle was
extracted using a chloroform: methanol (2:1 v:v)
mixture, saponated by potassium hydroxide
(KOH) and transesterified with methanolic boron
trifluoride according to AOAC Methods (1997). The
separation and quantification of fatty acid methyl
esters (FAME) were performed using a fused silica
capillary column (Supelco SP-2330: 30 m x 0.25 mm,
film thickness 0.20 um) in a gas chromatograph
(Agilent 7890N) equipped with a split/splitless
injector and flame ionisation detector. High purity
nitrogen was used as the carrier gas. The fatty acids
were identified by comparison of the relative FAME
peak retention time with the standards obtained
from Sigma (St Louis, MO, USA) and expressed as
the area percentage of FAME.

Statistical Analysis

Statistical analyses were done using SPSS 18 for
Windows (SPSS Inc., Chicago, II. USA). Percentage
data were arcsin-transformed prior to being
analysed. Data were then evaluated by analysis of
variance (ANOVA) and significant differences were
determined by Duncan’s Multiple Range Test. The
P-value less than 0.05 was considered statistically
significant and the results expressed as means +
standard error (SE).

RESULTS

The survival, final weight, weight gain, DFI, SPG,
FCR, VSI, HSI, protein efficiency ratio (PER) and
lean percentage of T. tambroides fed different types
of dietary palm oil are shown in Table 3. Oil type
did not have any significant effect (P>0.05) on the
survival, final weight, weight gain, SGR, DFI, PER,
HSI and lean percentage of T. tambroides juveniles.
The best FCR was observed in fish fed RBDPOs diet,
which was only significantly better (P<0.05) than
those fed RBPO diet. Juveniles fed RBPO diet had
significantly (P<0.05) higher VSI than juveniles fed
RBDPOo and RBDPOs diets.

The type of palm oil also did not have any
significant effect (P>0.05) on dry matter and whole
body proximate composition except for ash (Table
4). The ash content of juveniles fed RBDPS and
RBDPOo diet were significantly higher (P<0.05)
than that of fish fed CPO diet. Table 5 shows fish
fed RBDPOs diet had significantly higher dietary
energy and protein retention (P<0.05) than those
fed the RBDPO diet, while dietary lipid and
carbohydrate retention were not significantly
affected (P>0.05) by the type of palm oil. Lipid
retention among the mahseer juveniles was
extremely high and ranged between 175%-248%
while an extremely low range (2.6%-10.8%) was
observed in the carbohydrate retention.

Table 6 shows the muscle fatty acid compositions
of mahseer fed different types of palm oil. The
most dominant fatty acid in the fish muscle was
18:1n-9 followed by 16:0, 18:2n-6, 18:0 and 16:1n-7.
A significantly higher (P<0.05) total n-3 PUFA was

TABLE 3. SURVIVAL RATE, GROWTH PERFORMANCE, FEED UTILISATION EFFICIENCY AND BODY INDICES OF
T. tambroides JUVENILE FED THE TEST DIETS FOR 12 WEEKS

Experimental diet

Ccro* RBDPO® RBDPOo¢ RBDPOs¢
Survival (%) 100 +0.00 100 £ 0.00 100 +0.00 100 £ 0.00
Final weight (g) 4.88 +0.31 4.96+0.23 4.67 +£0.50 516 £0.28
Weight gain (%) 195.55 +18.52 200.61 +13.98 182.83 +30.20 212.93 +16.81
SGR (% d') 1.30 £0.07 1.32+ 0.06 1.24+£0.13 1.37 £ 0.06
FCR! 2.29 +0.0278 2.89+0.27° 2.50 £ 0.204% 1.90 £0.134
DFI (% d)# 272+0.11 3.48 £0.40 2.79 £0.08 2.34+£0.27
PER" 2.50 £0.00 2.50 £0.00 2.50 £0.00 2.50 £0.00
HSI (%) 2.81+1.05 2.39+0.13 2.08 +£0.53 1.77£0.21
VSI (%) 11.03 £ 0.96"8 14.05 £ 0.708 9.07 +1.404 8.10 +1.274
Lean (% wet weight)« 60.00 +£0.12 60.00 + 1.25 60.00 + 0.26 60.00 +£1.10

Note: Mean + SE (n= 3); means within the same row with different uppercase letters are significantly different at P<0.05, *CPO - crude
palm oil supplied by MPOB, "RBDPO - refined, bleached, and deodorised palm oil supplied by MPOB, <RBDPOo - refined, bleached
and deodorised palm olein supplied by MPOB, ‘RBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB, ¢SGR -
specific growth rate = [(In final mean weight — In initial mean weight)/experimental days] x 100, f FCR - feed conversion ratio = total feed
intake (g)/ wet gain (g), sDFI - daily feed intake = 100 x total feed intake (g)/ [total final body weight+ total initial body weight(g)/2]x
experimental days, "PER - protein efficiency ratio = wet weight gain (g)/ total protein intake (g), 'HSI - Hepato-somatic index = 100 x
liver weight (g)/body weight (g), ' VSI - viscero-somatic index = 100 x visceral weight (g)/ body weight (g), “Lean (% wet weight) = 100

x muscle weight (g)/ body weight (g).
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TABLE 4. WHOLE BODY PROXIMATE COMPOSITION (% wet weight) OF JUVENILE T. tambroides
FED THE EXPERIMENTAL DIETS FOR 12 WEEKS

Experimental diet

Initial CPO? RBDPO® RBDPOo RBDPOs¢
Dry matter 34.33 38.43 +0.83 38.54 +0.98 37.65+1.95 38.70 + 1.09
Crude protein 14.49 15.81 +0.49 15.66 + 0.68 16.95 + 1.80 17.04 +1.30
Crude lipid 11.12 18.30 +3.82 17.87 +0.82 15.77 +1.38 15.81+2.31
Ash 416 2.24 +0.06* 2.49 +0.06"" 2.76 +0.18° 2,80 +0.18°
Fibre 0.20 0.56+0.28 0.57+0.16 0.81+0.19 0.79+0.10
NFE* 435 359 +£2.06 1.95 + 0.64 1.97 +0.99 226+1.70
Carbohydrate 455 4154231 253+0.79 277 £0.83 3.05+1.78
Gross energy (kcal kg™) 2832.34 2693.15 + 65.56 2794.48 +128.83 2848.85+304.02 290539 +90.25

Note: Mean + SE (n= 3); means within the same row with different uppercase letters are significantly different at P<0.05, *CPO - crude
palm oil supplied by MPOB, "RBDPO - refined, bleached, and deodorised palm oil supplied by MPOB, ‘RBDPOo - refined, bleached and
deodorised palm olein supplied by MPOB, {RBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB, ¢NFE - nitrogen

free extract= dry matter - (protein+ lipid+ ash+ fibre).

TABLE 5. ESTIMATED PROTEIN, LIPID, CARBOHYDRATE AND ENERGY RETENTION (%) OF T. tambroides
JUVENILES FED THE EXPERIMENTAL DIETS FOR 12 WEEKS

Experimental diet

Retention CPO? RBDPO® RBDPOo¢ RBDPOs!
Crude protein (%) 35.00 + 1.7948 28.50 + 2.494 35.43 +10.0348 51.31 + 6.038
Crude lipid (%)f 235.93 +51.36 193.11 +16.75 175.31 £ 39.50 248.21 +£32.23
Carbohydrate (%)s 10.88 £ 7.07 2.60+1.73 3.96 +£2.83 7.64+7.64
Gross energy (%) 54.50 + 6.794® 47.56 £2.994 53.15 + 15.084® 80.04 +2.35°

Note: Mean + SE (n= 3); means within the same row with different uppercase letters are significantly different at P<0.05, *CPO - crude
palm oil supplied by MPOB, "RBDPO - refined, bleached, and deodorised palm oil supplied by MPOB, “RBDPOo - refined, bleached and
deodorised palm olein supplied by MPOB, ¢ RBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB, ¢Crude protein
retention = {[(final body crude protein x final body weight/100) - (initial body crude protein x initial body weight/100)] x 100}/ (food
intake x diet crude protein/100), f Crude lipid retention = {[(final body crude lipid x final body weight/100) — (initial body crude lipid
x initial body weight/100)] x 100}/ (food intake x diet crude lipid/100), 8 Carbohydrate retention = {[(final body carbohydrate) x final
weight/100] - [(initial body carbohydrate) x initial weight/100] x 100}/ (food intake x diet carbohydrate/100), " Gross energy retention
= {[(final body gross energy x final body weight/100) — (initial body gross energy x initial body weight/100)] x 100}/ (food intake x diet

gross energy /100).

found in fish fed CPO compared to other treatments.
Fish fed dietary CPO and RBDPO contained
significantly higher (P<0.05) total n-6 PUFA than
those fed dietary RBDPOs. The PUFA/SFA ratio
was significantly higher (P<0.05) in the muscle of
fish fed dietary CPO than the other treatments and
a significantly lowest (P<0.05) ratio was observed in
the muscle of fish fed dietary RBDPOs. The 16:1n-7 in
juveniles fed RBDPOo was the highest but was only
significantly higher (P<0.05) than the percentages in
juveniles fed CPO and RBDPO. The lowest 16:1n-7
was found in juveniles given RBDPO.

The 18:2n-6 in the muscles of fish fed CPO and
RBDPO were significantly higher (P<0.05) than that
of fish given RBDPOs. The 20:4n-6, 22:5n-3 and 22:6n-
3 in juveniles fed dietary CPO were significantly
higher (P<0.05) than those of other treatments. The
least 22:6n-3 content was found in the muscle of fish
fed RBDPO diet. The 20:5n-3 found in fish fed CPO
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was significantly higher (P<0.05) than those in fish
fed RBDPOo and RBDPO. No significant differences
(P>0.05) were found in the muscle 18:3n-3 among
the dietary treatments. Most PUFA (18:2n-6, 20:4n-
6, 22:5n-3 and 22:6n-3) were relatively lower than
their initial percentages before the feeding trial. On
the contrary, SFA and monounsaturated fatty acids
(MUFA) in the muscle of fish were in relatively
higher percentages following the feeding. The
n-3/n-6 ratios in the muscle were more than its
initial ratio.

The most dominant fatty acids in the fish liver
was 18:1n-9 followed by 16:0, 18:0, 16:1n-7 and 18:2n-
6 (Table 7). The total n-6 PUFA and 18:2n-6 were
significantly higher (P<0.05) in the liver of fish fed
CPO and RBDPOo than those of fish fed RBDPOs.
The PUFA/SFA ratios were significantly higher
(P<0.05) in juveniles fed CPO and RBDPO compared
to thatof juveniles given RBDPOs. Meanwhile, 20:4n-
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TABLE 6. FATTY ACID COMPOSITION (% of total fatty acids) OF MUSCLE TISSUE OF JUVENILE T. tambroides
AT THE BEGINNING AND END OF THE 12-WEEK EXPERIMENTAL PERIOD

Experimental diet

Initial CPO? RBDPO® RBDPOo RBDPOs¢
14:0 251 3.11+0.18 317+0.18 3.49+0.20 3.44+0.20
16:0 26.47 32.46 +1.88 31.39 +1.81 3248 +1.88 35.77 £2.07
16:1n-7 342 5.14 + 0.2948 448 +0.26% 6.51 +0.38¢ 5.81 +0.335C
18:0 6.9 7.81+0.45 7.77 +0.45 6.90 + 0.40 7.05 +0.41
18:1n-9 33.71 37.85 +2.01 4173 +£2.05 39.30 + 1.84 37.40 +2.06
18:2n-6 18.76 6.97 + 0.40° 6.97 + 0.40° 6.11 + 0.35%% 5.43 +0.314
18:3n-3 1.30 1.30 +0.08 1.44 +0.08 1.47 +0.09 1.21+0.07
20:4n-6 1.86 0.87 +0.05 0.54 + 0.03 0.62 +0.034 0.64 +0.03*
20:5n-3 0.54 0.64 +0.03¢ 0.43 +0.02° 051 +0.0348 0.57 + 0.035¢
22:5n-3 045 0.32 +0.02° 0.19 +0.014 0.23+0.01 0.23+0.01*
22:6n-3 4.00 3.53+0.20° 1.90 +0.11% 2.38 +0.1448 245 +0.14°
Y. SFA® 35.96 4338+2.15 4233 £2.08 42.87 £2.07 46.26 +2.28
%, UFAf 64.04 56.62 +2.15 57.67 +2.08 57.13 +2.07 53.74 +2.28
¥ MUFAS 37.13 42.99 +2.31 4621 +£2.31 45.81+2.22 43214239
% n-3 PUFA® 6.30 5.79 +0.29° 3.96 +0.204 459 +0.244 446 +0.247
% n-6 PUFA! 2061 7.84 +0.46° 7.51 +0.43° 6.73 +0.3948 6.07 +0.354
n-6/n-3 327 1.37 +£0.15 1.92+021 149 +0.16 1.38+0.15
n-3/n-6 031 0.75 + 0.08 0.54 +0.06 0.69 +0.08 0.75 +0.08
UFA/SFA 1.78 1.32+0.12 1.37 +£0.12 1.34+0.12 1.17+0.11
PUFA /SFA 0.75 0.32 +0.02¢ 0.27 +0.01° 0.26 +0.01° 0.23 +0.014

Note: Mean + SE (n= 3); means within the same row with different uppercase letters are significantly different at P<0.05, *CPO - crude
palm oil supplied by MPOB, ®RBDPO - refined, bleached, and deodorised palm oil supplied by MPOB, RBDPQo - refined, bleached
and deodorised palm olein supplied by MPOB, ¢ RBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB, ¢ SFA -
saturated fatty acids,  UFA - unsaturated fatty acids, 8 MUFA - monounsaturated fatty acids, " n-3 PUFA - the n-3 polyunsaturated fatty

acids acids, 'n-6 PUFA - the n-6 polyunsaturated fatty acids.

6 and 22:6n-3 were significantly higher (P<0.05) in
juveniles fed RBDPO diet compared to those fed
RBDPQo. Similar to the muscle, the liver of fish
fed CPO had a significantly higher (P<0.05) 22:5n-
3 percentage than those of other treatments. Most
PUFA (18:2n-6, 20:4n-6, 20:5n-3, 22:5n-3 and 22:6n-3)
and n-6/n-3 ratios in the liver were lower after the
feeding compared to the initial values. In contrast,
total SFA and MUFA, and 18:3n-3 percentages in the
liver were higher after the feeding.

The estimated fatty acid retentions of mahseer
fed different types of palm oil are shown in Table 8.
In general, the retentions of almost all fatty acids
were higher than 100%, except for 16:0 (in fish fed
RBDPO and RBDPOo), 18:2n-6, 20:4n-6 (for those
fed RBDPO, RBDPOo, and RBDPOs), and 22:5n-
3. This indicated that most of the fatty acids were
accumulated from the non-lipid sources.

DISCUSSION

In this study, different palm oil products did not
significantly affect the survival, growth performance,
body indices, and lean percentage values of juvenile
Malaysian mahseer. Mitochondrial p-oxidation of
lipids and their constituent fatty acids provides
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metabolic energy in all organisms (Mishra and
Samantaray, 2004). Ng et al. (2008) found no
protein-sparing activity by dietary lipid containing
a blend of corn oil and cod liver oil with low SFA
content in Malaysian mahseer. In a later study,
Ramezani-Fard et al. (2012b) observed that the
high dietary SFA and MUFA contents will provide
a readily available oxidised lipid source to provide
the needed energy and spare protein for growth
purposes in T. tambroides. Therefore, as all palm
oil products used in this study contained high 16:0
and 18:1n-9 concentrations, no differences in the
growth performances were found among juveniles
fed various experimental diets. SFA and MUFA are
preferred over PUFA for mitochondrial B-oxidation
in fish (Henderson, 1996). However, MUFA with a
double bond at an even-numbered carbon atom as
well as PUFA can strongly prohibit other fatty acids
p-oxidation during the intramitochondrial NADPH
inadequacy (Osmundsen and Bjornstad, 1985).
Therefore, SFA could be even preferred over MUFA
for p-oxidation in fish.

The higher SGR values obtained by T. tambroides
juveniles in this study than the previous studies
(Ishak et al., 2016; Misieng et al., 2011; Ramezani-
Fard et al., 2014; 2012b) could be as the result of using
diets higher SFA, and lower MUFA and PUFA in the
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TABLE 7. FATTY ACID COMPOSITION (% of total fatty acids) OF LIVER TISSUE OF JUVENILE T. tambroides
AT THE BEGINNING AND END OF THE 12-WEEK EXPERIMENTAL PERIOD

Experimental diet

Initial CPO* RBDPOP RBDPOo* RBDPOs¢
14:0 2.24 3.43+0.20 3.43+0.20 3.81+0.22 3.69+0.21
16:0 26.87 29.00 + 1.67 29.60 + 1.71 30.39 +1.76 31.94+1.84
16:1n-7 4.71 6.12+0.35 5.89 +0.34 6.67 +0.39 6.95 + 0.40
18:0 7.79 8.51+0.49 8.24 +0.47 7.30 +0.42 7.81+0.45
18:1n-9 31.65 39.78 + 1.81 40.57 +1.74 39.63 +1.76 38.39 +1.76
18:2n-6 14.97 6.77 +0.39° 5.92 + 03448 6.86 + 0.40° 5.41+0.314
18:3n-3 1.28 1.55 +0.09 1.86 +0.11 1.59 +0.09 1.83 +0.10
20:4n-6 2.15 0.83 + 0.054 0.85 +0.05° 0.69 +0.044 0.71 + 0.0448
20:5n-3 0.80 0.69 +0.04 0.70 +0.04 0.70 + 0.04 0.60 +0.03
22:5n-3 1.08 0.70 + 0.04° 0.22 +0.01% 0.19 +0.014 0.22 +0.01%
22:6n-3 6.47 2.61+0.15% 2.71+0.16 2,18 +0.134 2.46 +0.144
¥ SFA® 36.89 40.94 +1.97 41.28+1.99 41.49+1.96 4344 +2.08
¥ UFA! 63.11 59.06 +1.97 58.72 +1.99 58.51 +1.96 56.56 + 2.08
¥ MUFA® 36.36 4590 +2.17 46.46 +2.08 46.29 +2.15 4533 +2.16
T n-3 PUFA® 9.63 5.56 + 0.24 5.49 +0.30 4.66 +0.25 5.11+0.27
T n-6 PUFAI 17.12 7.61 + 0.44° 6.77 + 0.3948 7.55 + 0.44° 6.11 +0.354
n-6/n-3 1.78 1.38+0.14 1.25+0.14 1.64+0.18 121+0.13
n-3/n-6 0.56 0.74 +0.08 0.82 +0.09 0.63+0.07 0.85 +0.09
UFA /SFA 1.71 1.45+0.12 1.43+0.12 1.42+0.11 1.31+0.11
PUFA /SFA 0.73 0.32 +0.01° 0.30 + 0.01° 0.29 +0.01%¢ 0.26 + 0.01*

Note: Mean + SE (n= 3); means within the same row with different uppercase letters are significantly different at P<0.05, * CPO - crude
palm oil supplied by MPOB, ®* RBDPO - refined, bleached, and deodorised palm oil supplied by MPOB, < RBDPOo - refined, bleached
and deodorised palm olein supplied by MPOB, ¢ RBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB, ¢ SFA -
saturated fatty acids, f UFA - unsaturated fatty acids, s MUFA - monounsaturated fatty acids, "n-3 PUFA - the n-3 polyunsaturated fatty
acids, 'n-6 PUFA - the n-6 polyunsaturated fatty acids.

TABLE 8. FATTY ACID RETENTIONS (% dietary respective fatty acid) OF MUSCLE OF JUVENILE
T. tambroides FED ON DIFFERENT EXPERIMENTAL DIETS

Experimental diet

CPO? RBDPOP RBDPOo* RBDPOs!
14:0 164.07 + 44.98 140.25 £9.97 149.49 + 32.68 208.86 +23.28
16:0 110.13 £15.28 87.98 +12.43 85.94 +20.89 101.22 £15.75
16:1n-7 347.01 £91.82 241.69 £16.94 328.96 £ 69.32 406.13 £42.79
18:0 163.71 +23.21 137.61 £19.62 100.19 + 25.68 157.01 £ 26.21
18:1n-9 148.50 + 40.84 133.10 £9.13 112.31 +24.83 204.99 + 24.46
18:2n-6 54.39 + 14.67 56.90 +12.26 26.16 +17.70 47.46 + 28.26
18:3n-3 290.73 + 83.74* 410.75 + 30.3348 377.43 + 85.484% 622.51 +80.33%
20:4n-6 124.44 +25.71% 32.11+£9.81* 36.08 + 23.444 65.99 + 25.408
20:5n-3 194.73 + 53.05 94.23 £8.05 102.87 £24.18 165.16 +20.33
22:5n-3 7224 +12.22B 27.72 +5.68* 30.88 +10.984 55.29 + 12.4548
22:6n-3 572.40 +170.528 177.90 + 24.24* 227.05 + 62.974 349.86 + 59.0148
X SFA® 120.02 +17.93 97.05 +12.80 91.18 +21.73 111.13 £16.75
Y. MUFA' 160.01 + 43.79 139.22 £ 9.56 125.07 £ 27.44 221.70 +26.01
Y. n-3 PUFAs 321.29 +92.07 170.37 £16.77 183.74 £ 46.24 277.29 +41.39
¥ n-6 PUFA" 68.88 £17.97 54.93 £12.05 26.88 £18.12 48.79 £ 28.61

Note: Mean + SE (n= 3); means within the same row with different uppercase letters are significantly different at P<0.05, fatty acid
retention (%) = {[(final muscle fatty acid x final muscle crude lipid x dry matter x final muscle weight/ 100) - (initial muscle fatty acid
x initial muscle crude lipid x dry matter x initial muscle weight/ 100)] x 100}/ (food intake x diet fatty acid x diet crude lipid), * CPO
- crude palm oil supplied by MPOB, " RBDPO - refined, bleached, and deodorised palm oil supplied by MPOB, < RBDPOo - refined,
bleached and deodorised palm olein supplied by MPOB, ¢RBDPOs - refined, bleached and deodorised palm stearin supplied by MPOB,
¢SFA - saturated fatty acids, 'MUFA - monounsaturated fatty acids, #n-3 PUFA - the n-3 polyunsaturated fatty acids, "n-6 PUFA - the n-6
polyunsaturated fatty acids.
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current research compared to the diets used in those
studies. However, Ramezani-Fard et al. (2012a) have
achieved higher SGR (1.39-1.94) in T. tambroides
juveniles with higher DFI (1.85-3.83) than this study
as the same authors have demonstrated that higher
DFI results in better growth performance of this
fish. Ng and Andin (2011) also have reported higher
SGR (1.81-2.03) in Malaysian mahseer juveniles fed
with diets containing higher protein (42.7%-43.5%)
and lipid (3%-19.1%) than this study. The same
researchers, however, have achieved SGR values
comparable to this study with T. tambroides juveniles
fed semi-purified diets including 40.6%-42% protein
and 3.7%-4.3% lipid. Ng et al. (2008) have reported
SGR values similar to this study (1.20-1.68 per day)
using 20.9 + 0.1 g pond-raised F1 T. tambroides fish
fed semi-purified diets (31.9%-52.2% protein and
8.8%-10.4% lipid). They obtained higher SGR (2.88-
3.21 per day) using smaller 0.67 + 0.15 g fish fed
semi-purified diets with 31.8%-40.5% protein and
14.5%-14.9% lipid.

The FCR values obtained by T. tambroides
juveniles in this study were reasonable low for a
slow growing fish. This could be as the result of
appropriate feeding schedule, proper utilisation
of feed and high digestibility of feed ingredients.
The FCR observed in the current research were in
the range of those obtained in the previous studies
(Ishak et al., 2016; Misieng et al., 2011; Ng and
Andin, 2011; Ramezani-Fard et al., 2014; 2012a). The
lower FCR = better FCR, and higher energy and
protein retention values were found in T. tambroides
juveniles fed on RBDPOs and might be as a result
of higher 16:0 concentration in spite of lower 18:1n-
9 concentration of RBDPOs compared to other
experimental palm oil products. Moreover, this
could be the reason for the higher and body protein
of juveniles fed RBDPOs than those fed other test
diets, although the differences were not significant.

The high VSI values reaffirmed the high
tendency of T. tambroides to deposit fat in the visceral
cavity (Ng et al., 2008; Ramezani-Fard et al., 2012b).
The EFA deficiency in fish leads to the increase of
hepatocytes de novo fatty acid synthesis and the
enhancement of tissue lipid content. Conversely,
fatty acid oxidation results in depletion of lipid
content (Ferrini et al., 2010; Vamecq et al., 1993).
Since the body lipid content remained similarly
very high for all treatments, higher VSI in fish fed
CPO and RBDPO diet suggested the higher visceral
fat deposition was strongly related to the higher
antioxidant ability of these oils. Although RBDPO,
being the first product of CPO refining, contains
more carotenoids and hence more antioxidant
capacity than RBDPOo and RBDPOs (Ng et al.,
2003), it does not have as much antioxidant activity
as CPO.

The high levels of body protein, lipid and
energy, and low body carbohydrate and dietary
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carbohydrate retention along with high dietary
lipid retention indicate that the fish was able to
use most of the dietary carbohydrate to provide
its required energy and to convert it into its body
lipid. Recently, Ishak et al. (2016) have reported an
optimal dietary carbohydrate level of 23.4% for this
fish. These researchers have observed a decreased
growth in Malaysian mahseer fed higher than 25%
dietary carbohydrate. Kamarudin et al. (2014) have
mentioned that corn starch is the best carbohydrate
source for this fish followed by taro, sago and
tapioca starch. In the current research, dietary
levels of protein and lipid were according to the
nutritional requirements of T. tambroides juveniles,
which included 5%-10% lipid (Ng and Andin,
2011; Ramezani-Fard ef al., 2012a) and 40% protein
(Misieng et al.,, 2011). However, the carbohydrate
levels of the diets were higher than 25% and tapioca
starch was used as the dietary carbohydrate source
that might prevent a better growth of the fish. In
spite of similar survival rates, growth performance,
lean percentages, body indices, and chemical
body composition, differences in tissue fatty acid
composition and fatty acid retention of juveniles fed
various palm oil products were observed.

The 14:0, 16:0, 16:1n-7, 17:0, 18:0, 18:1n-9, 18:2n-
6, 18:3n-3, 20:3n-6, 20:5n-3 and 22:6n-3 are important
fatty acids of freshwater species. In this study, these
fatty acids except for 17:0 and 20:3n-6 were detected
in T. tambroides muscle. The dietary fatty acid
composition quickly affects the fatty acid profile of
fish tissue (Tan et al., 2009). Lower 16:0 percentages
were found in both muscle (31.39%-35.75%) and
liver (29.0%-30.39%) of fish fed different dietary
palm oils despite being fed with diets containing
40.65%-55.02% of 16:0, although its retention ranged
85.9%-110.1%. Selective depletion of this fatty acid
in muscle tissues indicates that this fish mobilises
and catabolises 16:0 more than the other fatty
acids for energy provision for fish (Tan et al., 2009).
However, a change of diet can alter the inclination
of a fatty acid to be catabolised by a specific
species. Ramezani-Fard et al. (2012b) found that T.
tambroides fed different ratios of dietary RBDPOo,
crude palm kernel oil (CPKO), olive oil and cod
liver oil favours 18:2n-6 for catabolism, while
they selectively retain 16:0 in their muscle. Bell et
al. (2001) observed that the Atlantic salmon tends
to catabolise 20:1n-9 and 22:1n-11 when fed diets
containing different dietary rapeseed oil ratios and
selectively retain these fatty acids when fed diets
containing different dietary palm oil ratios (Bell
et al., 2002). Moreover, the 16:0 reduction is often
associated with the 16:1n-7 increment in both liver
and muscle, which demonstrates the desaturation
and elongation of 16:0 to 16:1n-7 in fish tissues.
A much higher 16:1n-7 retention (242%-406%)
was observed in this study compared to the 16:0
retention.
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High percentages of 18:1n-9 were found in
the muscle of juveniles with the most retention
observed among fish fed RBDPOs that contained the
lowest 18:1n-9 percentage. The selective retention of
18:1n-9 in T. tambroides muscle had been reported by
Ramezani-Fard et al. (2012b) and in yellow catfish
(Pelteobagrus fulvidraco) by Tan et al. (2009).

In addition to dietary fats, the body deposited
fat can be obtained from de novo fat synthesis of
non-fat nutrients (Hepher, 1988). Acetate is a critical
precursor for de novo fatty acid synthesis in fish.
Carbohydrates and protein are first transformed
into acetate-CoA to form CoA-thioester, and the
provision of phosphatides, fatty acids and fats is
done through several steps. Fatty acid synthesis from
carbohydrates seems to be majorly conducted in the
hepatic tissue (Hepher, 1988). Farkas et al. (1961)
found that the most de novo fatty acid synthesis
belongs to SFA, with a proportion of fifth to a
quarter for unsaturated fatty acids (UFA). It has
been reported that a high lipid, low carbohydrate
diet reduces the activity of the enzymes that
corporate in fatty acid synthesis (Hepher, 1988).

Despite having a low optimal dietary lipid
requirement of 5%-10% (Ng and Andin, 2011;
Ramezani-Fard et al., 2012a) and being fed a low
dietary lipid (8%), mahseer was a fatty fish with
15.8%-18.3% body lipid (wet weight basis) which
was as much as body protein, and 175.3%-248.2%
lipid retention. These findings strongly indicated
that the fish was able to perform de novo synthesis
body lipid from the non-fat dietary components
particularly carbohydrates, which showed retention
of 2.6%-10.8%. The ability of converting dietary
carbohydrate into body lipid has been reported in
grass carp and hybrid tilapia (Guo et al., 2015; Tian
et al., 2012; Wang et al., 2005).

High levels of total n-3 PUFA were found in both
muscle and liver of fish fed different types of palm
oil products than the levels in the experimental diets.
In addition, the total n-3 PUFA in these individual
oils were extremely low (0.1%-0.2%) while the long-
chain PUFA (20:4n-6, 20:5n-3, 22:5n-3 and 22:6n-3)
were absent. It has been suggested that sparing and
maintaining the n-3 PUFA levels in fish tissues are
possible by having sufficient SFA and MUFA in its
diet (Mishra and Samantaray, 2004). Ramezani-
Fard et al. (2012b) found that adequate dietary 16:0
and 18:1n-9 (the readily oxidised fatty acids in carp
liver mitochondria) leads to n-3 PUFA retention
in the tissues of T. tambroides, while insufficient
dietary 16:0 and 18:1n-9 levels lead to n-3 PUFA
mobilisation and catabolism for energy generation
purposes. Fish needs a minimum dietary content of
n-3 PUFA in their diet to retain the tissue n-3 PUFA
level (Hepher, 1988). Ramezani-Fard et al. (2012b)
speculated that the residual fish oil from fishmeal
is adequate for T. tambroides for selective retention
of 22:6n-3 in the muscle. A relative 22:6n-3 retention
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has also been observed in tilapia (Bahurmiz and Ng,
2007) and African catfish (Ng et al., 2003). In this
study, the retention of 22:6n-3 ranged 1.7-5.7-folds
of the total 22:6n-3 consumed by the fish. The
high retention values of 22:6n-3 also indicated that
this fatty acid can be de novo synthesised from the
dietary 18:3n-3 by elongation and desaturation.
The low 22:5n-3 retention (27.7%-30.9%) in fish fed
RBDO and RBDPO and only 1.7-2.3 folds of 22:6n-
3 suggested higher oxidisation of these fatty acids
in the muscle of these groups of juveniles compared
to those fed CPO and RBDPOs. Moreover, fish can
readily B-oxidise 20:5n-3, but they can use 22:6n-3 as
a source of energy if necessary since 22:6n-3 needs to
be p-oxidized in the peroxisomes and mitochondria
(Tocher, 2003). In addition, 20:5n-3 can be elongated
and desaturated to produce 22:6n-3. This could be
the reason of higher deposition and retention of
22:6n-3 in the tissue of T. tambroides juveniles fed the
experimental diets.

High 22:5n-3 and 22:6n-3 retention values were
observed in the tissue of fish fed CPO. Since PUFA
(especially n-3 LC-PUFA) are highly susceptible to
oxidation (Ng et al., 2003), high vitamin E content
in CPO could be another main reason of higher
contents and retentions of long chain PUFA were
preserved in the muscle of fish fed CPO. In spite
of the highest 16:0 concentration in the RBDPOs
diet, slightly lower retentions of 22:5n-3 and 22:6n-
3 occurred in the muscle tissue of juveniles fed on
this diet than those fed on the CPO diet. Ramezani-
Fard et al. (2012b) have reported the tendency of
Malaysian mahseer to mobilise and catabolise
18:2n-6 as an efficient energy source in its body. The
lower 18:2n-6 contents in the muscle (5.43%-6.97%)
and liver (5.41%-6.86%) of T. tambroides juveniles
along with its low muscular retention (26.2%-
56.9%) reaffirmed their notion. Therefore, higher
18:1n-9 and 18:2n-6 contents in the CPO diet than
the RBDPOs diet could prevent n-3 LC-PUFA from
being p-oxidised and thus, could result in their
slightly higher retentions in the muscle of fish fed
on CPO compared to those fed on RBDPOs.

Ramezani-Fard et al. (2012b) suggested that the
muscle n-3 PUFA in mahseer are majorly constituted
by de novo synthesis rather than a direct absorption
from the diet. The high retention (94.2%-622.5%)
of 18:3n-3, 20:5n-3 and 22:6n-3 in the tissue of fish
supported the view of Hepher (1988) that the fatty
acids were de novo synthesised from dietary non-
fat nutrients. Although the RBDPO diet contained
the highest amount of 16:0, it had the least amount
of 18:1n-9, 18:2n-6, and 18:3n-3, which should not
be sufficient for an efficient retention of n-3 PUFA
in the juvenile tissues solely from the dietary lipid
source. However, the muscular 22:6n-3 and 18:3n-
3 retention in juveniles fed RBDPO were 3.5-6.2
folds of the consumed fatty acids. The findings
reaffirmed the notion that the mahseer was able to
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de novo synthesis of PUFA from non-lipid dietary
sources.

This study showed that the total muscular
n-3 PUFA in mahseer were lower than their initial
composition. Farkas (1984) suggested that a lower
water temperature will increase carp tissue PUFA.
The mean water temperature in the current research
was approximately 10°C higher than that of the natural
waters where the juveniles inhabit (about 18°C).

A permanent competition between the n-3
and n-6 families for access to the elongase and
desaturase enzymes may retard the conversion
of 18:2n-6 to 20:4n-6. Desaturases A5 and A6 tend
to use the n-3 more than n-6 PUFA (Turchini et al.,
2006). In the present study, the proportion of 18:2n-
6 and 20:4n-6 in both liver and muscle of fish were
lower than those found before the feeding trial.
The dietary retention of 18:2n-6 in the fish muscle
ranged from 56.9% to 26.2% depending on the palm
oil type while the retention of 20:4n-6 among fish fed
RBDPO and RBDPOo was only about 32% and 36%,
about 66% for those fed RBDPOs and almost 124%
for those given CPO. These findings indicated that
the conversion of 18:2n-6 to 20:4n-6 could not have
happened among fish fed RBDO and RBDPO, but a
little conversion might have happened among those
fed RBDPOs, and the de novo synthesis of 20:4n-
6 from non-lipid sources along with some level of
18:2n-6 elongation were likely to have occurred
among juveniles fed CPO. The dependence of 20:4n-
6 content in fish tissues on its dietary content has
been reported previously by Jankowska ef al. (2010).
In general, all fish presented the muscle n-3/n-6
ratios better than recommended ratios (0.1-0.2) by
the World Health Organisation (Tanamati et al.,
2009). However, CPO gave a better retention of n-3
and n-6 LC-PUFA.

CONCLUSION

In conclusion, the results of this study demonstrated
that all the tested palm oil products gave similar
survival, growth and body composition to mahseer
juveniles. However, CPO gave a better fatty acid
composition of fish, especially with the longer
chain PUFA. The CPO diet, which contained a high
16:0 and 18:1n-9 concentrations and a moderate
18:2n-6 content, was used efficiently as the main
energy sources by T. tambroides and this therefore
led to the high maintenance of n-3 and n-6 LC-
PUFA in the muscle tissue of juveniles fed on CPO.
Moreover, CPO contains a high carotenoid content
that enables a high antioxidation capacity and a
better maintenance of PUFA in the fish tissues.
This is especially important in the case of n-3 LC-
PUFA. Furthermore, being the cheapest and basic
form of palm oil, the use of CPO should be more
cost-effective compared to the other types of palm
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oil while at the same time reducing the carbon
footprint. Therefore, CPO was recommended as the
lipid source in the diet of T. tambroides juvenile.
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