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ABSTRACT
This study aimed to investigate the effects of feeding tilapia (Oreochromis niloticus) with a diet containing
oil palm lipids on the sensory evaluation of tilapia fillet in relation to commercial and control feeds. Six tilapia
fish grower diets were formulated with the inclusion of emulsified palm fatty acid distillate (Malaysian Palm
Oil Board-High Energy, MPOB-HIE) and crude palm oil (CPO) at 5%, 8% and 10%. The negative control
diet was made using similar raw materials, but without the inclusion of any lipid, while the commercial
diet was used as a positive control. Thirty panellists were recruited from the staff of the Malaysian Palm
Oil Board and students, without any specific priority in selection. Each panellist was required to evaluate
steamed fish fillet samples on six attributes, namely colour, texture (firmness and sliminess), aroma, taste
and overall quality using a nine-point hedonic scale of a quantitative descriptive analysis method. There were
no significant differences (p>0.05) in all sensory attributes among fillets of tilapia fed with different dietary
treatments. The results of this study suggest that the incorporation of CPO and MPOB-HIE in tilapia feed

formulation did not impart any negative effects on the sensory properties of the tilapia fillets.
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INTRODUCTION

Aquaculture is one of the major sectors in Malaysia
that contributes to the economy of the nation and
to the income of local fishers. In 2017, the total
fishery production of the country amounted to
1.7 million tonnes, with 1.5 and 0.2 million tonnes
of both fisheries and aquaculture productions,
respectively (FAO, 2019). The overall demand for
fish in Malaysia is projected to increase to around
1.93 million tonnes by 2020 (Yusoff, 2015). The rise
in demand for fish is attributed to the increasing
population and preferences for fish consumption.
Fish is one of the nutritious foods that contain
high-quality proteins, vitamins and minerals.
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The availability of local fish, derived from 65% of
coastal fisheries and the remaining from deep-sea
fishing, has contributed to positive food security
and will increase foreign exchange earnings
through the production of value-added fish and
fishery products for international trade (Yusoff,
2015).

Tilapia (Oreochromis niloticus), also known as Nile
tilapia, is a lean fish species found in warm waters
with good commercial potential (Bolivar ef al., 2004).
Tilapia is the second most farmed fish in the world
and its production has quadrupled over the last
decade due to the ease of aquaculture, marketability
and stable market prices (Wang and Lu, 2016). Tilapia
and value-added tilapia products are also classified
as food fish and cash crops in developing countries,
particularly in Asia (Abdel-Fattah, 2019). Tilapia has
been a popular freshwater species reared by farmers
in Malaysia due to its high demand and affordability.
The production of tilapia culture began with a land-
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based system followed by floating net cages and,
recently, by polar-circle high-density polyethylene
cages to increase productivity. Tilapia aquaculture
must follow sustainable practices for continued
production and improved sustainability (Wang and
Lu, 2016). Local tilapia production reached 35 400 t
in 2015, priced at RM248 million (Metro News,
2016). The Malaysian Department of Fisheries has
set a tilapia development target of 130 000 t by 2020
to meet the national demand. Traditionally, tilapia
has been exported to other countries in a variety
of product forms, such as frozen fillets (Figure 1)
and whole fish (Conte et al., 2014), but lately frozen
fillets, which have been offered in various sizes and
packaging styles, have become more common and
convenient and more favoured by consumers.

Source: Ng and Bahurmiz (2010).

Figure 1. Frozen tilapia fish fillets offered in the market.

Feed plays an important role in influencing the
performance of cultivated fish (e.g., tilapia, carp,
catfish and trout) and is influenced by factors such
as behaviour of fish, stocking density, feed quality,
daily ration size, feeding frequency and water
temperature (Firew et al., 2019). About 70% of the
total cost of fish production is from fish feeds,
which is the highest cost in fish farming operations
(Paul et al., 2018). Fish oil is commonly used in
the processing of fish feed as a source of energy,
but supplies are very limited. Since the price of
fish oil is too expensive, replacing the energy
source with vegetable oils can be an alternative to
the conventional fish oil as well as reducing the
dependency on imported corn grain in the fish feed
industry due to stable prices and abundant supply
(Babalola and Apata, 2012).

Being the world’s most-produced vegetable
oil, crude palm oil (CPO) could potentially be
an alternative to fish oil in aquafeeds (Ng, 2006).
CPO is rich in carotenes (provitamin A) and
vitamin E consisting of tocopherols and tocotrienol
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homologues (Nesaretnam and Muhammad 1993).
Carotenes and vitamin E have strong antioxidant
properties (Loganathan et al., 2009). CPO also
contains a high proportion of essential fatty acid
(EFA), i.e., linoleic acid. Palm fatty acid distillates
(PFAD), which have a subsubstantial quantity of
nutritious micronutrients, such as vitamin E, is a by-
product obtained during CPO refining (Bonnie and
Yusof, 2009). The Malaysian Palm Oil Board-High
Energy (MPOB-HIE) is a specialty feed ingredient
formulated using PFAD and a food grade emulsifier
(Wan Nooraida and Abidah, 2020). The role of the
emulsifier is to improve the digestion of lipids by the
animals (Osman et al., 2009).

Oil palm lipids, especially CPO and PFAD, have
an enormous potential to be used in fish diets and a
bright future in the aquaculture sector based on their
nutritional values and economic price. Both CPO and
PFAD also have a positive impact on improving the
quality of fish flesh (Ng, 2004). A study conducted by
Ng and Bahurmiz (2010 ) found that tilapia fillets fed
with oil-based palm diets exhibit higher oxidative
stability during frozen storage than tilapia fillets
fed with fish oil-based diets. Improving oxidative
stability, in turn, can help to extend the shelf-life of
tilapia fillets.

Supplementation of natural antioxidants
(carotenoids and vitamin E) rich in oil palm lipids
in the fish feed formulation can add value to the
final products as these antioxidants could be
deposited in fish fillets. The antioxidants could
improve the oxidative stability of tilapia fillets.
Tilapia fillets fed diet supplemented with other
vegetable oils containing a significant amount of
omega-6 polyunsaturated fatty acids (PUFA) that
are easily oxidised, making the final products easily
rancid. Ng ef al. (2004) observed an accumulation of
the natural palm vitamin E in the tilapia fillets by
feeding tilapia fish with diets supplemented with
a palm-based tocotrienol-rich fraction (TRF). The
presence of the palm TRF in the tilapia fillet provides
strong oxidative stability to the tilapia fillets (Ng et
al., 2006). Moreover, the low concentration of PUFA
in oil palm lipids also helps to reduce the effects of
oxidation (Ng et al., 2013). Thus, the combination of
these two factors decreased the incidence of rancidity
in fish fillets. In addition, freshness, taste and long-
term storage properties of the fish fillet are relatively
increased when fed the oil palm lipid sources.

Freshness is an important quality parameter in
fish and fish products and is of great concern in the
fish sector and fish inspection service (Martinsdottir,
2002; Martinsdottir et al., 2000). Sensory is the most
relevant tool for evaluating freshness in fisheries.
Sensory assessment is characterised as a scientific
approach to stimulating, quantifying, assessing and
interpreting food and material-related reactions
of people through vision, smell, taste, touch and
hearing (Huss, 1995). Sensory evaluation needs
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to be carried out to determine the acceptability of
food products by the customer, leading to effective
product adjustment and efficient market launch.
The goal of this study was therefore to investigate
the effect of feeding tilapia fish with diet containing
oil palm lipids (MPOB-HIE and CPO) on the sensory
evaluation of tilapia fish fillets in comparison to
commercial and control feeds.

MATERIALS AND METHODS
Materials

Mixed-sex tilapia fingerlings (Oreochromis
niloticus) were purchased from Agqasia Aquatic,
Seremban, Negeri Sembilan, Malaysia and
transported alive to the Feed Research Group, MPOB
Keratong Research Station, Pahang, Malaysia. Raw
materials for floating tilapia fish feed production
(fishmeal, soybean meal, corn, broken rice, wheat
pollard and feed additives) were purchased from
local suppliers. PFAD and CPO were obtained
from Felda Vegetable Oil Product (FVOP), Gebeng,
Pahang. Starter and grower floating tilapia fish
feeds were produced using an extruder machine at
Shuzam Feedmill, Seremban 2, Negeri Sembilan.

The commercial feed, Cargill® was purchased from
a local supplier in Segamat, Johor, Malaysia.

Feeding Trial

Feed formulations of tilapia starter and grower
diets are shown in Tables 1 and 2, respectively.
Control feed (CNT) was made using similar raw
materials with treatment feeds, but without any
oil palm lipids inclusion as negative control while
commercial feed (COM) was used as positive control.
The proximate composition of starter and grower
feeds are presented in Tables 3 and 4, respectively.
All treatments, CNT and COM feeds met the
recommended starter and grower feed requirements
for tilapia fish (Malaysia Standard, 2013). A total of
600 tilapia fingerlings with an initial mean weight
of about 23.0 g were randomly allocated to the eight
treatments with three replications per treatment
(n=25). All tilapia fish were fed with the commercial
feed diet for the first two weeks during the adaptation
period and continued with the experimental feed
diets for the subsequent 22 weeks. Starter feeds
were fed to the tilapia fish from Week 2 to Week 12
followed by grower feeds from Week 13 to Week 24.
Six fish per replication were randomly selected for
sensory evaluation at Week 24.

TABLE 1. TILAPIA STARTER FEED FORMULATION

MPOB-HIE CPO
Ingredients CNT
5% 8% 10% 5% 8% 10%
Fishmeal 10.00 7.00 5.00 10.00 7.00 5.00 7.00
Soybean meal 46.50 51.00 54.00 46.50 51.00 54.00 46.00
Corn 18.80 14.30 11.30 18.00 13.50 10.50 20.00
Broken rice 15.00 15.00 15.00 15.80 15.80 15.80 22.30
Wheat pollard 0.50 0.50 0.50 0.50 0.50 0.50 0.50
MPOB-HIE 5.00 8.00 10.00 0.00 0.00 0.00 0.00
CPO 0.00 0.00 0.00 5.00 8.00 10.00 0.00
Feed additives® 4.20 4.20 4.20 4.20 4.20 4.20 4.20

Note: CNT - control diet; CPO - diet containing crude palm oil; MPOB-HIE - diet containing emulsified palm fatty acid distillates. *Feed
additives consist of dicalcium phosphate, calcium propionate, fish hydrolysate, vitamin and mineral premixes.

TABLE 2. TILAPIA GROWER FEED FORMULATION

MPOB-HIE

CPO

Ingredients CNT
5% 8% 10% 5% 8% 10%
Fishmeal 5.00 5.00 5.00 5.00 5.00 5.00 5.00
Soybean meal 48.00 48.60 49.00 48.00 48.60 49.00 42.90
Corn 17.30 13.70 11.30 17.30 13.70 11.30 20.00
Broken rice 20.00 20.00 20.00 20.00 20.00 20.00 27.40
Wheat pollard 0.50 0.50 0.50 0.50 0.50 0.50 0.50
MPOB-HIE 5.00 8.00 10.00 0.00 0.00 0.00 0.00
CPO 0.00 0.00 0.00 5.00 8.00 10.00 0.00
Feed additives* 4.20 4.20 4.20 4.20 4.20 4.20 4.20

Note: CNT - control diet; CPO - diet containing crude palm oil; MPOB-HIE - diet containing emulsified palm fatty acid distillates. *Feed
additives consist of dicalcium phosphate, calcium propionate, fish hydrolysate, vitamin and mineral premixes.
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TABLE 3. PROXIMATE COMPOSITION OF TILAPIA STARTER FISH FEED

: MPOB-HIE CPO
z:;;(;;:tf%) 5% 8% 10% 5% 8% 10% CNT comM spzct;?giatign*
Moisture 11.36+040 11.24+0.19 825+0.34 877+0.16 827+0.09 813+022 878+0.12 858+0.14 Max, 12
Ash 593+0.03 571+0.02 593+0.01 581+0.12 585+0.06 6.04+0.03 6.21+0.03 7.79+0.04 -
Crude fat 5.17+0.001 7.82+0.001 10.01+£0.005 5.17+0.007 8.44+0.002 9.41+0.005 0.86+0.001 3.89+0.003 Min, 5
Crude protein  33.46£0.04 33.66+0.13 33.11+£0.17 3291+0.07 33.10+0.03 33.44+0.06 33.34+0.02 37.07+0.03 Min, 30
Crude fibre 392+1.04 386+£022 249+0.81 258+0.60 3.13+022 375+£075 217+049 179+1.31 Max, 8
Energy (calg™) 4242+89 4295+7.6 4241+20.1 4214+249 4223 +64 4186+151 4056+6.5 4164+64.1 -

Note: CNT - control diet; COM - commercial diet; CPO - diet containing crude palm oil; MPOB-HIE - diet containing emulsified palm fatty

acid distillates.

Source: *“Malaysian Standard (2013).

TABLE 4. PROXIMATE COMPOSITION OF TILAPIA GROWER FISH FEED

: MPOB-HIE CPO
odmae MO O ow cow | Sended
Moisture 10.88+0.26 14.75+0.16 1043 +0.16 10.61+0.19 10.52+0.27 10.14+0.13 10.59+0.30 6.95+0.29 Max, 12
Ash 574+0.01 529+0.02 5.85+0.01 5.63+0.02 574+0.01 581+002 624+001 874+0.01 -
Crude fat 5.74+0.009 892+0.006 9.66+0.002 5.18+0.002 7.62+0.002 9.22+0.002 0.47 +0.003 3.60 +0.000 Min, 5
Crude protein  31.25+0.13 30.61+0.16 31.14+0.11 31.03+0.04 31.33+£0.23 31.76+0.16 3220+0.11 31.32+0.12 Min, 25
Crude fibre 3.76+0.17 396+0.12 2.83+0.21 3.09+0.14 353+0.13 423+055 391+020 328+043 Max, 8
Energy (cal g’l) 4068+38.6 4210+19.7 4011+23.6 4099+6.6 4223+29.0 3802+375 3926+37.4 3239+20.3 -

Note: CNT - control diet; COM - commercial diet; CPO - diet containing crude palm oil; MPOB-HIE - diet containing emulsified palm fatty

acid distillates.

Source: *Malaysian Standard (2013).

Sensory Evaluation

Thirty panellists were recruited from the staff
of the Malaysian Palm Oil Board (MPOB) and
students. The panellists have been introduced to
basic knowledge about sensory evaluation and have
been screened for the thresholds of four basic tastes
- sweet, salty, sour and bitter. Smell test to identify
common flavour related to oils and fats was also
carried out to determine their smell sensitiveness.
The finalists of the panellists were all with a
passing mark of more than 75%. During the sensory
evaluation, each panellist was asked to evaluate
five steamed fish fillet samples at one time using a
quantitative descriptive analysis method.

Sensory evaluation was carried out at the
Sensory Laboratory, MPOB Bangi, Selangor,
Malaysia (Figure 2). Tilapia fillets fed 5%, 8% and
10% MPOB-HIE and 5%, 8% and 10% CPO feed
diets were compared against fillet from tilapia
fed COM and CNT feed diets. The evaluation was
based on six attributes, namely colour, texture
(firmness and sliminess), aroma, taste and overall
quality, using a nine-point hedonic scale. Scale
1 indicates the least preferable score, while nine
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indicates the highest or most acceptable score. The
fish fillets were trimmed from the belly to the tail,
cutinto 3.8 cm-5.1 cm (1.5-2.0 in) cubes and steamed
for 3 min before serving to the panellist. The fish
fillet samples were individually blind-coded,
labelled in three digits and placed on a clean plate
(Figure 3).

* Hedonic Scoring
- Acceptance.
+ Preference

/1

Figure 2. Sensory evaluation by the panellists at Sensory Laboratory.
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Figure 3. Fish fillet samples with random three digit numbers.

719 \

Statistical Analysis

All data collected were subjected to statistical
analysis with analysis of variance (ANOVA) and
mean differences among treatments were analysed
by Duncan’s Multiple Range Test using SAS 9.1™
statistical package (SAS Institute Inc. Cary, North
Carolina, USA). Differences were considered
statistically significant when p<0.05.

RESULTS AND DISCUSSION

The sensory evaluation scores for tilapia fillets fed
with MPOB-HIE, CPO, COM and CNT diets are
as tabulated in Table 5 and graphically illustrated
in Figure 4. There were no significant differences
(p>0.05) in all sensory attributes among tilapia
fillets fed with different diets. Tilapia fed MPOB-
HIE and CPO were fairly accepted by the panellists
and were comparable to tilapia fillets fed CNT
and COM diets. These results are consistent with
Ng and Bahurmiz (2010) since tilapia with various
dietary oil sources (fish oil, CPO, PFAD and
refined, bleached and deodourised palm oil) has
had little effect on sensory attributes. In addition,
Ochang et al. (2007) conducted a study on the
effect of different levels of dietary palm oil on the
organoleptic properties of juvenile Nile tilapia.
Similar results with our current research have been
documented, with no significant differences in the
sensory attributes between treatment diets were
observed.

In terms of colour, fillet from tilapia fed 5%
MPOB-HIE received numerically highest score
(mean = 6.43 + 1.19) as compared with that of the
other treatments. According to Nair et al. (2017),
fish fillet colour plays an important role in a
consumer’s purchasing decision and fish fillets

TABLE 5. MEANS OF SENSORY ATTRIBUTES OF MPOB-HIE, CPO, COMMERCIAL AND CONTROL TREATMENTS

Treatment

Attributes 5% 8% 10%

MPOB-HIE MPOB-HIE MPOB-HIE CPO

8% 10% p-value
CPO CPO COM CNT

Colour 6.43+1.19 5.60+1.43
Firmness 527+1.68 520+1.88
Sliminess 5.87+1.66 570+1.84
Aroma 573+1.62 5.67+1.69
Taste 6.00+1.62 6.17+1.84
Overall quality ~ 6.00+1.64 6.07+1.78

563+£224 6.07+£136 6.07+131 577+170 620+1.62 5.72+1.58 0.26
510+1.67 5.00+1.68 4.73+1.76 5.07+1.74 508+201 5.18+1.81 0.97
593+205 557+2.01 533+200 553+1.68 517+1.99 5.62+1.83 0.64
553+159 533+152 550+1.31 570+1.62 555+1.71 547+1.52 0.98
570+£156 567+t1.65 567171 580+1.61 587+1.69 5.62+1.39 0.85
593+1.70 6.00£1.74 6.00+1.82 597+147 597+1.69 577+141 0.99

Note: COM - commercial diet; CNT - control diet; CPO - diet containing crude palm oil; MPOB-HIE - diet containing emulsified palm fatty

acid distillates.

Colour

Overall quality

Taste

Aroma

— 5% MPOB-HIE

—— 8% MPOB-HIE

— 10% MPOB-HIE
5% CPO

— 8% CPO

—— 10% CPO

—— Commercial

Firmness

Sliminess
Control

Figure 4. Sensory evaluation of fillets from tilapia fed diet containing emulsified palm fatty
acid distillate (MPOB-HIE), crude palm oil (CPO), control and commercial diets.
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that deviate from the typical white flesh colour are
less marketable. Fillet of tilapia fed 5% MPOB-HIE
also showed the most desirable results in terms of
firmness and aroma. The firmness of cooked fish is
influenced by the type of fish, but the flesh should
look intact, be able to pull out and the meat remain
chunky while poking with a fork. According to Ng
and Bahurmiz (2010), fish fillets fed with the PFAD
diet were considered to be substantially softer than
fish fillets fed with the CPO diet, which is contrary
to our current study. For aroma attributes, all
treatment groups had a mean score ranging from
5.33-5.73, which expressed moderate acceptance
towards the smell of fish fillet samples. Ng (2006)
reported that supplementation of CPO and PFAD,
which are rich in vitamin E in the fish diet, could
prevent the production of off-odour and could
improve freshness and preserve fish fillets over a
longer period of time. With regard to sliminess,
fillet of tilapia fed 10% MPOB-HIE diet received the
most acceptable score compared to other treatment
groups. Meanwhile, fillet of tilapia fed 8% MPOB-
HIE received the highest or most desirable taste and
overall quality ratings. Our results are consistent
with those of Drewnowski and Almiron-Roig
(2010) that, apart from providing a dietary energy
source for daily consumption, the addition of fat to
food may also contribute to human preferences in
terms of texture, taste and smell.

CONCLUSION

The findings of this study indicated that palm oil
lipids, i.e., CPO and MPOB-HIE can be successfully
used in fish feed formulations to substitute fish
oil dietary without adverse effects on sensory
evaluation by the panellists. Considering the
availability of oil palm lipid sources at affordable
prices, as well as the acceptance of sensory attributes
of fish fillets, there is a strong opportunity for the
oil palm industry to provide alternative dietary
lipid in the aqua feed industry.
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