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ABSTRACT

Fish oil has been widely used as one of the 
ingredients in the formulation of aquaculture 
feeds that provide source of energy and essential 
fatty acids. At present, the current global fish oil 
production has reached a maximum limit in supply 
and may not increase beyond current levels. As 
such, fish oil may be unable to meet the rapidly 
growing demands in aquafeed industry. Therefore, 
the aquafeed industry needs to find alternatives to 
fish oils. The expansion of oil palm cultivation in 
Malaysia and other tropical countries can offer a 
potential possibility and constant availability for 
fish oil replacement in aquafeeds. Large quantities 
of by-product from oil palm industry are generated 
during refining and milling activities and can also 
be utilised as alternatives feedstuffs in aquafeeds. 
The application of palm oil and its by-products for 
aquafeeds has generally shown encouraging results 
without negatively affecting growth performance, 
feed efficiency and reproductive performance of 
aquatic animal. As Malaysia is one of the biggest 
producers of palm oil, the use of palm oil-based 
products will offer a great opportunity and 
contribute to the development of cost-effective 
pelleted feeds for the aquaculture industry. Results 
obtained from studies conducted on the use of palm 
oil products and by-products in tilapia diets are 
reviewed. 

ABSTRAK

Minyak ikan telah digunakan sebagai salah 
satu bahan dalam formulasi akuakultur yang 
membekalkan sumber tenaga dan asid lemak. 
Pada masa ini, pengeluaran minyak ikan global 
semasa telah mencapai had maksimum dan tidak 
akan meningkat melebihi paras semasa. Oleh itu, 
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minyak ikan mungkin tidak dapat memenuhi 
permintaan akibat daripada pertumbuhan pesat 
dalam industri makanan akuatik. Oleh yang 
demikian, industri makanan akuatik perlu mencari 
alternatif untuk minyak ikan. Perkembangan 
penanaman sawit di Malaysia dan negara-negara 
tropika lain boleh menawarkan peluang yang 
berpotensi dan ketersediaan berterusan untuk 
penggantian minyak ikan dalam makanan akuatik. 
Selain itu, bahan sampingan daripada industri 
sawit yang dihasilkan dalam kuantiti yang besar 
semasa aktiviti penapisan dan pengilangan boleh 
digunakan sebagai bahan mentah alternatif 
dalam formulasi makanan akuatik. Secara amnya, 
penggunaan minyak sawit dan bahan sampingan 
industri sawit dalam makanan akuatik telah 
menunjukkan hasil yang memberangsangkan dari 
segi prestasi pertumbuhan, kecekapan makanan 
dan prestasi pembiakan bagi haiwan akuatik tanpa 
sebarang kesan negatif. Memandangkan Malaysia 
merupakan salah satu pengeluar terbesar minyak 
sawit, penggunaan produk berasaskan minyak 
sawit akan menawarkan peluang yang baik yang 
menyumbang kepada pembangunan makanan 
palet dalam industri akuakultur dengan kos yang 
efektif. Keputusan yang diperoleh daripada kajian 
yang dijalankan mengenai penggunaan produk 
minyak sawit dan bahan sampingan sawit dalam 
diet tilapia akan dibincangkan.

Keywords: aquafeed, fish oil, palm oil, tilapia.

INTRODUCTION

The production of aquatic animal and aquaculture 
are currently the fastest growing animal production 
sectors in the world; expanding at an average 
annual rate of about 11% since 1984 (FAO, 1997). 
Aquaculture production is expected to continue to 
increase rapidly in order to meet the food demand 
of a growing human population (National Research 
Council, 1999). The increase in aquaculture 
production must be supported by corresponding 
aqua feed production. 

Aquaculture feed especially in the fish sector 
has commonly been related to fish oil, which is the 
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main source of aquafeed diets to supply the dietary 
energy and essential lipids. However, global fish oil 
production has reached to a maximum limit and 
as such, supply is not expected to increase beyond 
current levels. In addition, fish oil production is lo-
calised in specific regions of the temperate world, 
resulting in price increases and difficulty in obtain-
ing the oil supply in many tropical countries like 
Malaysia (Ng, 2002). 

Several studies have been carried out to re-
place fish oil in aquafeed with vegetable oils such 
as soyabean oil, sunflower oil and rapeseed oil. 
Being the largest vegetable oil in the world, palm 
oil could potentially be an alternative to fish oil in 
aquafeeds. This article reviews the major studies on 
the use of palm oil products in the diets of tilapia in 
Malaysia.

PALM OIL PRODUCTS

Crude palm oil (CPO) is extracted from the 
mesocarp of the fruit of the oil palm (Elaeis 
guineensis). CPO has a deep orange-red colour due 
to the high content of carotenoids. It is also rich in 
vitamin E, which are tocopherols and tocotrienols 
(Nesaretnam and Muhammad, 1993). During the 
refining of CPO, the carotenoids are thermally 
destroyed to produce refined, bleached, deodorised 
(RBD) palm oil (Young, 1987).  RBD palm oil can be 
fractionated to produce RBD palm olein (mainly as 
cooking oil) and RBD palm stearin (mainly in the 
production of margarines and shortenings) (Chong, 
1993).  Two by-products of the CPO refining 
activities are spent bleaching clay (SBC) and palm 
fatty acid distillates (PFAD).  Both SBC and PFAD 
still contain significant amounts of nutrients such 
as carotenoids, lipids and vitamin E. Crude palm 
kernel oil (CPKO) is extracted from palm kernel 
with palm kernel cake as a by-product (Ng, 2002).  
Fractionation produces several fractions that make 
the use of palm oil possible for ranges of products 
from liquid, cooking oil, to mayonnaise, chocolate, 
beverages and margarine (Pantzaris, 1995) and 
the nutritional guidelines of palm oil for human 
consumption have been reported in many journals 
(Nesaretnam and Muhammad, 1993).  Different 
fractions of palm oil may provide the possibility for 
palm oil-based aquafeed formulations.

POTENTIAL OF TILAPIA FISH

Tilapia is a large genus given to a group of fish 
that belong to the cichlid family (Cichlidae).  It is 
one of the major groups of fish around the world, 
especially in the tropical and semi-tropical areas 
like Thailand and Malaysia.  It has also become 

the third most important fish in aquaculture after 
carps and salmonids, with production reaching 
1 505 804 t in 2002 (Fessehave, 2006). In addition, 
the global production of tilapia is estimated to 

increase to about 8.9 million tonnes by the year 
2020 (Tacon and Metian, 2008). When discussing 
nutritional value, tilapia have very low levels of 
mercury (USFDA, 2001), low saturated fat, and 
low calorie. Besides, it is a source of vitamin B12, 
potassium and phosphorus.

PALM OIL IN FISH DIETS

Research into the use of palm oil in fish diets 
only started around the mid-1990s. Limited 
information using palm product as formulated 
diets in Tilapia feed is available in Malaysia. Wang 
et al. (2006) reported the accumulation of vitamin 
E in red hybrid tilapia (Oreochromis sp.) when fed 
a tocotrienol-rich fraction (TRF) extracted from 
CPO. In their study, five isonitrogenous (35% crude 
protein) diets were supplemented with 0, 30, 60, 
120, or 240 mg of a TRF extracted from CPO. In 
addition, CPKO which is low in vitamin E was used 
at a level of 10% as the dietary lipid source for all 
diets. It was reported that there were no significant 
differences in % weight gain, feed conversion ratio 
or even protein efficiency ratio among fish fed the 
various diets (Table 1). Moreover, the concentrations 
of vitamin E in tissues of tilapia increased linearly 
from the added TRF. Our related research work 
at the Energy and Protein Centre (EPC), MPOB 
Keratong, also showed the parallel trend (Ahmad 
Rusdan et al., 2008). An analysis on fish tissues of 
treated TRF also gives a lower effect on the lipid 
peroxidation level when compared to fish tissues 
without the addition of TRF. This finding indicates 
that TRF supplementation in the diets can provide 
protection in fish tissue against lipid peroxidation. 
In addition, some related studies on elevated levels 
of dietary tocopherols in improving fish flesh 
quality by maintaining oxidative stability are well 
recognised in tilapia (Huang et al., 2003; Huang and 
Huang, 2004). 

Bahurmiz and Ng (2007) reported that red 
hybrid tilapia (Oreochromis sp.) fed with different 
types of dietary lipid source (CPO, PFAD and 
RBDPO) did not affect the growth performance and 
proximate composition of the fish. The authors also 
suggested that the suitable level of dietary lipid 
source is around 8%. In the study, it was found out 
that there were no significant differences in the fillet 
proximate composition of fish, except that fish fed 
on the PFAD diet showed lower lipid deposition 
(Table 2). Fillet fatty acid profiles of tilapia fed 
palm oil-based diets had significantly higher 
concentrations of saturated and monounsaturated 
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fatty acids and lower levels of polyunsaturated 
fatty acids (PUFA) compared to the fish fed the 
fish oil (FO) diet, which had significantly higher 
concentrations of eicosapentaenoic acid (EPA) and 
docosahexaenoic acid (DHA). Despite the highest 
free fatty acid (FFA) content of PFAD followed by 
CPO and RBDPO, the different FFA content did not 
significantly affect the growth performance and 
nutrient digestibility of the palm oil-based diets. 
It has been reported that PFAD can replace 50% of 
cod liver oil in tilapia diets (Ng et al., 2001) and up 
to 100% substitution of FO with PFAD in African 
catfish (Ng et al., 2004). Tilapia seems to have the 
ability to utilise lipids with a high level of FFA and 
the use of PFAD in fish feeds can contribute to high 
vitamin E (Ng et al., 2004). 

Ng and Bahurmiz (2009) mentioned that fish fed 
palm oil products did not affect the fillet quality. In 
their study, the fillet was kept frozen and stored up 
to 30 weeks. Dietary oil source did not affect the 
liquid holding capacity and texture of fillet. Besides, 

TABLE 1. GROWTH PERFORMANCE OF RED HYBRID TILAPIA FED
WITH TOCOTRIENOL-RICH FRACTION (TRFa)

Diet
Final

weight (g)
Weight

gainb (%) FERc PERd

TRF 0 24.77 313.15 0.82 2.25
TRF 30 23.94 299.77 0.85 2.31
TRF 60 24.17 300.41 0.86 2.31
TRF 120 23.60 292.57 0.82 2.20
TRF 240 22.31 273.33 0.81 2.20

Note:  a Values were expressed as the mean of triplicate groups of 12 fish.
 b Expressed as the percent of initial body weight at the end of nine weeks.
 c Feed efficiency ratio.
 d Protein efficiency ratio.
Source: Wang et al. (2006).

TABLE 2. PROXIMATE COMPOSITION OF TILAPIA FILLET FED WITH VARIOUS DIETS

Diet Moisture (%) Protein (%) Lipid (%) Ash   (%)

FO 79.5±0.2 17.9±0.2 1.7±0.1 1.1±0.1
CPO 80.5±1.0 16.9±1.2 1.7±0.2 1.1±0.1
PFAD 80.0±0.1 17.7±0.1 1.3±0.1 1.1±0.1
RBPO 79.6±0.1 17.6±0.1 1.7±0.1 1.1±0.1
Initial fillet 78.5±0.1 17.8±0.2 1.6±0.1 1.2±0.1

Note:  FO –  fish oil.
 CPO – crude palm oil.
 PFAD – palm fatty acid.
 RBPO – refined, bleached and deodorised.
Source: Bahurmiz and Ng (2007).

fillets of tilapia fed palm oil-based diets showed 
higher oxidative stability during frozen storage 
compared to fish fed the FO diet, and this factor can 
extend the shelf-life of the fillet. However, the fatty 
acid composition in fillet lipid was affected by both 
diet and frozen storage, where the total n-3 PUFA 
decreased significantly in the fillet lipids of all fish 
after 30 weeks of frozen storage. 

In another study, Ng and Wang (2011) reported 
that practical diets with added CPO had positive 
influence on reproductive performance of tilapia 
broodfish. Isonitrogenous (35% crude protein) and 
isolipidic (10%) broodstock diets were formulated 
with 100% FO, linseed oil (LSO), or CPO and 50% 
CPO + FO. Female broodfish fed with CPO diets 
showed significantly larger gonad sizes and lower 
intraperitoneal fat compared to FO or LSO diets. It 
was also observed that the highest number of active 
spawning tilapia was in fish fed with the FO+CPO 
diet, followed by the CPO, FO and LSO diet (Table 
3). Tilapia fed with CPO-based diets produced 
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the highest total number of eggs per fish due to 
the shorter inter-spawning intervals and higher 
spawning frequency (Table 3). 

During the same period of time, Teoh et al. 
(2011) reported that blended vegetable oil (BVO) 
with 40% of RBDPO as one of the ingredients could 
replace FO-based diet in feeds for tilapia species 
[Nile tilapia (Oreochromis niloticus, GIFT strain)] 
and red hybrid tilapia (Oreochromis sp.) without 
any negative effects on fish growth. Normally, 
when FO is replaced by alternatives lipid such as 
vegetable oil, it would result in decreased supply 
of dietary LC-PUFA (Bella et al., 2001), but in this 
study, tilapia that were fed with the BVO diet had 
significant amount of n-3 and n-6 long chain PUFA 
(LC-PUFA) which are known to be beneficial to 
human health. The total fatty acid β-oxidation, Δ-5 
and Δ-6 desaturation were also significantly higher 

in fish fed the RBDPO-based BVO diet compared 
to fish fed the FO diet. Tilapia fed the RBDPO-
based BVO diet exhibited efficient bioconversion 
of linoleic acid [18:2 (n-6]) to n-6 LC-PUFA, which 
indicates that the fatty acid metabolism of tilapia is 
able to fully compensate for the lack of dietary n-6 
LC-PUFA when fed a vegetable oil-based diet. 

THE EFFECT OF PALM OIL BY-PRODUCTS 
IN TILAPIA

According to Ng and Chong (2002), palm kernel 
meal (PKM) can be used as a substitute for soyabean 
meal (as a source of dietary protein) in tilapia diets 
up to 20% without affecting growth performance 
and feed utilisation efficiency (Table 4). Seven 
isonitrogenous (30% crude protein) diets were 
formulated with addition of different percentage 
of PKM, respectively. Saad et al. (1997) highlighted 

TABLE 3. SPAWNING PERFORMANCE OF FEMALE NILE TILAPIA FED WITH
DIFFERENT LIPID SOURCE

Spawning performance
 Diets

FO FO+CPO CPO LSO

Spawning frequency (per spawn female) 3.8±0.8 5.0±0.6 6.9±1.1 3.1±0.6
First spawning (day) 45.5±11.3 44.1±4.9 30.8±9.2 76.3±13.7
Total eggs spawned per tank 16 166±1 156 25 181±5 678 22 914±1 747 8 700±1 893
Total eggs spawned per fish 2 694±193 4 197±946 3 819±291 1 450±315
Inter spawning interval (days) 18.6±0.6 18.6±0.4 16.8±0.5 20.8±1.2

Note:  FO –  fish oil.
 CPO – crude palm oil.
 LSO – linseed oil.
Source: Ng and Wang (2011).

TABLE 4. GROWTH PERFORMANCE AND FEED UTILISATION OF TILAPIA FED
PALM KERNAL MEAL-BASED DIETS 

Parameter
 

% Palm kernel meal inclusion

 0   10   20   40 40+E1a 40+E5b 40+E10c

Final weight (g) 32.1 31.8 30.5 27.9 24.8 25.8 27.5
Weight gain (%)d 300.3 300.2 280.4 247.1 207.3 220.3 243.7
Specific growth rate (%day-1) 2.16 2.16 2.09 1.94 1.75 1.82 1.93
Feed conversion ratio 1.63 1.67 1.73 1.81 1.97 1.92 1.80
Protein efficiency ratio 2.06 1.90 1.89 1.81 1.55 1.70 1.77
Net protein utilisation (%) 31.5 28.3 27.3 26.0 22.7 23.5 26.7

Note:  Values are the mean of triplicate groups of 10 fish. Average initial body weight of individual fish was 8.0 ± 0.1 g.
 a,b,c Enzyme supplementation. 
 d Expressed as the percent of initial body weight at the end of experiment.
Source: Ng and Chong (2002).
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TABLE 5.  GROWTH PERFORMANCE OF RED TILAPIA FED WITH MPOB-HIE MIXED WITH 
TOCOTRIENOL-RICH FRACTION

Diets
Parameter 5% 

MPOB-
HIE (T1)

T1 + 50 ppm 
TRF

T1 + 100 
ppm TRF

T1 + 150 ppm 
TRF

T1 + 200 
ppm TRF

Control
(commercial 

feed)

Initial weight (g) 374.93 379.78 379.83 378.05 375.43 382.67

Final weight (g) 546.09 549.54 585.82 535.27 484.37 575.53

Weight gain (%)a 45.65 44.70 54.23 41.59 29.02 50.40

SGR (%.day-1) 0.60 0.58 0.69 0.55 0.40 0.67

Note:  SGR - Specific growth rate. 
 a Expressed as the percent of initial body weight at the end of experiment.
Source: Ahmad Rusdan et al. (2008).

that a higher level of PKM incorporation (30%) was 
reported to be possible for tilapia raised in outdoor 
earthen ponds. Not more than 15% PKM should be 
included when PKM was used to replace fishmeal 
in tilapia diets (Omoregie and Ogbemudia, 1993).

Another potential palm oil by-product that is 
suitable in fish feed is the residual oil adsorbed 
onto spent bleaching clay (SBC). Ng et al. (2006a) 
reported that Nile tilapia grew equally well when 
fed, up to 30% SBC, compared to fish fed without 
SBC. The red hybrid tilapia and also African catfish 
were shown to be able to tolerate up to 30%-40% 
inclusion of SBC in the feeds (Ng and Low, 2005; 
Ng et al., 2006b). The body composition, body organ 
indices and hematocrit of tilapia were not affected 
by the dietary SBC. The fatty acid composition 
of SBC from palm oil was consistent with 48% 
saturated, 35% monoenes, and 7% polyunsaturated 
fatty acids, where palmitic acid and oleic acid were 
the main fatty acids found in the residual SBC 
(Ng et al., 2006a). The high levels of saturated and 
monoenes in SBC make them suitable sources of 
dietary energy for fish. However, the use of SBC 
from vegetable oil, like palm oil will decrease 
the concentration of beneficial n-3 long-chain 
PUFA (LC-PUFA) in the fillet of fish, but there 
was no significant different in docosahexaenoic 
acid (DHA) composition even when fish oil was 
completely substituted by SBC from palm oil (Ng 
et al., 2006a). It seems that tilapia has the ability to 
selectively retain DHA in its muscle lipid. Due to 
its stability, SBC from palm oil could be a suitable 
energy source for fish diet compared to SBC from 
other vegetable oils like soyabean oil and corn oil.  

INNOVATION IN AQUACULTURE FEED

In order to create new innovations in aquaculture 
especially fish feed, our group had developed 
animal feed products from the refinery by-product, 
MPOB-HIE, a high fat energy-based product and 
MPOB-Q-PKM, an innovative form of PKM to be 
introduced in aquaculture feed. The performance of 
tocotrienols from palm oil and MPOB-HIE on red 
tilapia was also studied (Oreochromis sp.), and had 
shown encouraging results (Table 5). Furthermore, 
it was found that the fish fillet contains a significant 
amount of vitamin E, which is good for human 
health. Concurrently, other studies using MPOB-
HIE in aquafeed are on-going. Our group had also 
collaborated with several companies to produce the 
tilapia feed using MPOB-HIE. These collaborations 
have a good impact on the development of both the 
oil palm and aquaculture industries in Malaysia. 

CONCLUSION

Information on the use of palm oil products in 
fish diets is limited to tilapia species. Thus, further 
research is needed for other species. With palm oil 
being much lower in price than other vegetable 
oils such as corn and soyabean oils, palm oil can 
become a good and reliable dietary lipid source 
for fish. Fish fed with palm oil diets had shown 
no significant difference in growth performance, 
compared to those fed with conventional fish diets. 
Innovation in livestock feed products derived 
from oil palm by-products especially in aquafeed 
can enhance the development of oil palm and 
aquaculture industries. 
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