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Successful Co-Feeding of Asian
Seabass, Lates calcarifer Larvae
With Palm Oil-Based Microdiets and
Live Feeds

Nik Siti Zaimah Safiin, Fui Fui Ching and Rossita Shapawi*

Borneo Marine Research Institute, Universiti Malaysia Sabah, Kota Kinabalu, Malaysia

Palm oil has been recognized as a high potential alternative dietary lipid source to
reduce the reliance on expensive fish oil in aquaculture feeds. Unfortunately, most
research studies were focusing on the juvenile or grow-out stage of aquatic species.
This study was designed to develop weaning microdiets for Asian seabass larvae with
dietary fish oil being replaced with crude palm oil (CPO) at 25, 50, and 75% (CPO25,
CPO50, and CPO75) and refined bleached deodorized palm olein, refined palm oil (RPO)
at 50 and 75% (RPO50 and RPO75) replacement levels. A fish-oil-based microdiet
was used as a control treatment (FO100). The triplicate groups of fish larvae with
initial weight and length of 1.71 £ 0.13mg and 5.54 4+ 0.34 mm, respectively, were
stocked at 150 larvae/tank and co-fed with the experimental microdiets and live feeds
(L-type rotifer and artemia). The final body weight (0.54-0.63g) and specific growth
rate (SGR) (12.8-13.13%/d) of fish-fed palm oil-based diets were significantly better
than the control diet (0.42 g; 12.21%/day, respectively). In particular, RPO75 yielded the
best SGR followed by RPO50, CPO75, CPO50, and CPO25. The feeding intake and
feed conversion ratio (FCR) were not statistically different from other treatments (0.2-0.3
g/fish/d and 1.06-1.63, respectively). The survival rate of larvae-fed palm oil-based diets
(83.11-46.67%) during the feeding trial was comparable to the control diet (39.33%). In
the 65 ppt-salinity stress test at 25 DPH, there was no significant difference in terms of the
survival rate of larvae fed the control diet and the CPO-based diets, but the lowest survival
rate was observed in the RPO-based diets than the control diet. Higher final whole-body
protein and lipid contents (15.3 4+ 0.4 and 3.7 £+ 0.0%, respectively) were observed in
fish-fed CPO50 compared to other treatments. Generally, the replacement of fish oil with
palm oil increased the palmitic acid (C:16:0) and oleic acid (C18:1n9) and significantly
reduced the eicosapentaenoic acid (EPA) (C20:5n3) and docosahexaenoic acid (DHA)
(G22:6n3) contents in both the microdiets and larval body, a common observation in this
kind of investigation. Considering the good growth and survival of Asian seabass larvae
in this study, availability of palm oil, and its competitive price compared to fish alil, it is
suggested that weaning diets for Asian seabass larvae can be developed using palm oil
as a partial source of dietary lipid.
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INTRODUCTION

Asian seabass (Lates calcarifer) aquaculture is well-established
in the Indo-Pacific region with ongoing efforts to increase the
production efficiency. It has a good market price and is preferred
by consumers due to its good taste and white flesh (Szucs et al.,
2018). Current Asian seabass global production is around 130,000
metric tons (MTs) and the global market is forecasted to expand
at 5.5% compound annual growth rate (CAGR) for the period
2021-2031 (Future Market Insight, 2021). In Malaysia, Asian
seabass has contributed the largest production rate at 48.23%
(23,033.12 tons) under the category of marine/brackish water
culture system by species (Department of Fisheries Malaysia,
2021). One of the focuses in the industry is to develop cost-
effective diets that can support the profitable production of this
carnivorous species. Most research on feed development for
Asian seabass was concentrated on the juvenile and grow-out
stages considering the availability of the fish and higher survival
rate at these stages (Booth et al., 2010; Glencross, 2011; Tu et al.,
2012; Salini et al., 2015; Glencross et al., 2016). The limited effort
was done on the larval feed development, especially for weaning
purposes. The larval phase is the most sensitive stage in a life cycle
and one of the main challenges is to provide adequate nutritional
balance to support the fast growth and development. Under
the hatchery feeding protocol, marine fish highly rely on the
expensive live feed (rotifer and artemia) and are slowly weaned
to microdiet. Most importantly, the weaning or transition period
to inert diets adaptation should not bring any detrimental effects
on fish performance, provide chemical stimulation to facilitate
the larval ingestion, and contain numerous nutritional factors
stimulating the digestive system (Cahu and Zambonino-Infante,
2001). Currently, the available weaning or larval diets for marine
fishes in the Malaysia’s market are mostly fish-based products,
imported, and very costly at about US$ 30-45/kg. Several studies
on co-feeding microdiets with live feeds have shown improved
larval performances (Baskerville-Bridges and Kling, 2000; Cahu
and Zambonino-Infante, 2001; Kolkovski et al., 2010; Bonaldo
etal,, 2011; Siizer et al., 2011; Hauville et al., 2014; Hu et al., 2017).

Exploring the potential of alternative ingredients to lower
the cost of weaning diets is an important aspect to be studied.
Fish oil has been extensively used in marine larval nutrition as
an exogenous marine lipid source. However, the global fish oil
supply is insufficient for aquaculture due to a decrease in marine
capture fishery, a rise in the total global consumption, and robust
industrial demand for fish oil in the major consumption countries
(Future Market Insight, 2021). As Asian seabass aquaculture
is expanding, sustainable alternatives to fish oil are needed to
supply this fast-growing industry (Alhazzaa, 2012). Plant oils
are a good candidate for fish nutrition, which can be used
sustainably to replace fish oil in weaning diets (Moldal et al., 2014;
Gisbert et al., 2016). Many research studies have highlighted the
successful use of palm oil as a dietary lipid source and also to
reduce diet cost in grow-out marine fish diets (Bell et al., 2002;
Shapawi et al., 2008, 2011a,b). Palm oil is the most consumed
vegetable oil in the world and has been highlighted as the main
agricultural commodity in Malaysia (Malaysia Palm Oil Council,
2021). The world production of palm oil was 75.50 million MTs in

the marketing year 2020/2021 (U.S. Department of Agriculture,
2021). Malaysia is the second largest producer and exporter
of palm oil worldwide, accounting for 25.8 and 34.3% of the
world’s production and export, respectively (Malaysia Palm Oil
Council, 2021). The nutritional value and nutrient composition
of palm oil have been discovered with great findings. Palm oil
contains high vitamin E, carotenoids and tocotrienols, natural
antioxidants, is free from dioxins, and is able to prolong the shelf-
life of fish products (Ng et al., 2007; Han et al., 2012). Palm oil
has been successfully included in practical formulated diets with
promising results on cultured marine fishes (Bell et al., 2002;
Richard et al., 2006; Shapawi et al., 2008, 2011b; Wan Ahmad
et al,, 2013). However, the acceptability of palm oil in fish is
species specific and stage dependent. In our previous study using
Asian seabass larvae, palm oil was successfully replaced by fish
oil in the enrichment diets for the live feed, rotifer (Safiin et al.,
2021). More efforts are needed to explore the potential of this
dietary lipid source. Research on feed ratio at the weaning period
is beneficial in the Asian seabass development as manipulation
in feeding regime may be altered to reduce feeding cost impact
at early stages (Williams and Barlow, 1999; Herbert, 2005). In
this study, alternative lipid sources from two palm oil products
were incorporated in the microdiets and co-fed with live feeds
and fed to Asian seabass up to the late larval stage and their effects
on growth, feed utilization, whole-body proximate composition,
salinity, and tolerance were investigated.

MATERIALS AND METHODS

Weaning Diets Preparation

Crude palm oil (CPO) and refined bleach deodorized palm olein
(RPO) were obtained from a local palm oil factory, Lumadan
Palm Oil Mill (Sawit Kinabalu Sdn. Bhd) in Beaufort, Sabah. Six
experimental microdiets were formulated to be isonitrogenous
(50% protein) and isolipidic (15% lipid) to meet the nutritional
requirement of Asian seabass larvae (Catacutan and Coloso,
1995; Nankervis and Southgate, 2006). The microdiets were
prepared using different inclusion levels of two palm oil types,
which were CPO (25, 50, and 75%) and RPO (50 and 75%) to
substitute fish oil. Diet without palm oil (FO100) was served as
a control microdiet. Danish fish meal, soy-protein concentrated
(SPC), and shrimp meal (SHM) were used as the main protein
sources. All the ingredients were ground using a Cyclotec™ Mill
(FOSS Analytical Corporation Ltd.) and sieved to pass through
at 50-100 pm. All the homogenized and dried ingredients were
well-mixed and subsequent palm oil, fish oil, and water were
added (Table 1). The dough was screw-passed through a 3-mm
die and the feed strands were dried in an oven at 40°C for 6 h.
The microdiets were grounded and sieved according to different
sizes: 70-200 wm for 13 DPH to 20 DPH larvae, 180-250 um for
21 to 25 DPH larvae, 230-380 wm for 26-35 DPH larvae, and
350-400 wm for 36-45 DPH larvae.

Proximate and Fatty Acid Analysis

The weaning microdiets and fish bodies were analyzed for
proximate composition following methods described in the
Association of Official Analytical Chemists AOAC (1997). Crude
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TABLE 1 | Dietary and proximate composition of different microdiets (g/100 g).

Component Microdiets

F0100 CPO25 CPO50 CPO75 RPO50 RPO75
@Fish meal 31.6 31.6 31.6 31.6 31.6 31.6
SPC 25.0 25.0 25.0 25.0 25.0 25.0
SHM 10.0 10.0 10.0 10.0 10.0 10.0
Fish oil 12.0 8.0 4.0 / 4.0 /
CPO / 4.0 8.0 12.0 / /
RPO / / / / 8.0 12.0
bVitamin premix 3.0 3.0 3.0 3.0 3.0 3.0
®Mineral premix 2.0 2.0 2.0 2.0 2.0 2.0
Dicalcium phosphate 1.0 1.0 1.0 1.0 1.0 1.0
dCcMC 2.0 2.0 2.0 2.0 2.0 2.0
®Tapioca starch 10.0 10.0 10.0 10.0 10.0 10.0
fSoy lecithin 1.0 1.0 1.0 1.0 1.0 1.0
9a-cellulose 2.4 2.4 2.4 2.4 2.4 2.4
Total 100 100 100 100 100 100
Proximate analysis (%DM)
Moisture 6.9 6.7 7.2 7.5 6.9 7.2
Crude protein 49.6 50.0 50.3 49.6 49.7 50.3
Crude lipid 16.2 14.9 16.3 14.8 16.0 156.2
Crude fiber 6.8 6.7 7.0 6.9 6.3 6.8
Ash 9.3 9.6 9.3 9.5 9.5 9.2
NFE 19.1 18.8 18.1 19.2 19.5 18.5
Gross energy (kcal/100 g) 375.0 375.0 375.0 375.0 375.0 375.0

aTripleNine Fish meal, Denmark.

b\jitamin premix (Dexchem Industries Sdn. Bhd.), contains (kg-1 dry weight): ascorbic acid 45 g; riboflavin 1g; pyridoxine HCI 1 g; thiamine HCI 0.92 g; dicalcium pantothenate 3g;
retinyl acetate 0.6 g; vitamin D3 0.08 g; menadione 1.67; dialpha tocopherol acetate 8 g; d- Biotin 0.02 g; folic acid 0.09 g; vitamin B12 0.001 g; cellulose.

SMineral premix (Dexchem Industries Sdn. Bhd.), contains (kg-1 dry weight): calcium phosphate monobasic 270.98 g; calcium lactate 327 g; ferrous sulfate 25 g; magnesium sulfate
132 g; potassium chloride 50 g; potassium iodide 0.15 g; copper sulfate 0.785 g; manganese oxide 0.8 g; cobalt carbonate 1 g; zinc oxide 3 g; sodium selenite 0.011 g; calcium carbonate

129.27 g.

dCarboxymetylcellulose (Calbiochem, USA).

¢AAA Brand, Bake With Me Sdn. Bhd., Malaysia.

fSoy lecithin (Xian Yuensun Biological Technology Co., Ltd).
9a-cellulose = sigma-aldrich.

protein (N x 6.25) was determined using the Kjeldahl™
2300 Protein Analyzer (FOSS Tecator, Sweden). Crude lipid
was determined gravimetrically by petroleum benzene-extraction
method using the Soxtec™ 2043 Hot Extraction (FOSS Tecator,
Sweden). The crude fiber was analyzed by sulfuric acid and
sodium hydroxide digestion through the Fibertec System 1021
Cold and Hot Extractor (FOSS Tecator, Sweden). Total ash
content was calculated gravimetrically following ignition of
samples in a muffle furnace at 550°C. Dry matter was calculated
by oven drying at 105°C until constant weight. The proximate
composition of the experimental diets is given in Table 1. For
fatty acid analysis, the microdiets and fish bodies were subjected
to lipid extraction by using chloroform: methanol (1: 1, v/v)
following Bligh and Dyer (1959) method, transmethylation, and
fatty acid determination. The lipid extract was then fractionated
by a short column filled with silica gel 60 F254 (Merck,
Darmstadt, Germany) with a mesh size of 0.063-0.2mm in
a hexane:ethyl acetate solvent system (9:1, v/v). Methylation
of the extract was carried out inside a reaction vessel for

2h using sodium methylate. The extract was purified using
the silica gel column system before the fatty acid methyl
esters were analyzed in a gas chromatography (Shimadzu GC-
2010, Shimadzu Corporation, Kyoto, Japan) equipped with a
flame ionization detector and an autoinjector. The esters were
separated using a capillary column (60 m x 0.25 mm ID; BPX70
column, SGE Australia Pty. Ltd., Ringwood, Victoria, Australia)
and chromatography peaks were identified by comparing
retention times with known standards (Supelco™ 37 Component
FAME mix, Supelco Incorporation, Bellefonte, USA).

Experimental Design and Feeding Trial

Asian seabass larvae were obtained from the Marine Fish
Hatchery of the Sabah Fisheries Department (Tanjung
Badak Station, Tuaran). During the acclimatization period,
experimental larvae were fed L-type rotifer (Brachionus plicatilis)
at the density of 20 rotifer/ml. When larvae reached 13 DPH, a
total of 2,700 Asian seabass larvae with an initial length 5.54 +
0.34mm (mean =+ SE) and weight 1.71 £ 0.13 mg (mean =+ SE)
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were randomly distributed into 18 conical fiber-reinforced
plastic (FRP) tanks (150 L) with initial stocking number of 150
larvae/tank, in triplicate treatments. The experimental tanks
were randomly arranged using a closed culture system, supplied
with continuous mild aeration (250 ml/s). Starting from 13
DPH, the larvae were co-fed with mixed diets (microdiets,
rotifer, and artemia nauplii) following the feeding regime in
Figure 1. Nannochloropsis oculata was provided in the larval
tank with the concentration of 0.5 x 10° cell/ml. Meanwhile,
weaning microdiets were given four times/day; in the morning,
before rotifer was added at 08:00, 11:00, 14:00, and 16:00 h. The
density of enriched rotifer was monitored and maintained twice
daily at 08:30 and 14:00 h. The enriched artemia nauplii were
given at 16:30 everyday starting from 13 to 25 DPH (13 days) at
the density of 1-2 artemia/ml before the microdiets were used
alone until 45 DPH to observe the larval performance and reach
nursery stage. Water was routinely exchanged at about 10% daily.
The physicochemical parameters of water temperature, dissolved
oxygen (DO), and pH throughout the experiment were kept at
29.31 4 0.80°C, 5.54 &= 0.11 mg/L, and 8.12 = 0.04, respectively.
The rearing protocol followed a study by Safiin et al. (2021) and
the experiment duration lasted for 33 days.

Salinity Stress Test

High-salinity stress test (sensitivity index) was carried out by
modifying the methods described in Dhert et al. (1990) and
Bonaldo et al. (2011). Triplicate samples of ten 25 DPH Asian
seabass larvae were randomly selected from each treatment
and transferred to a square mesh net inside a 7-L transparent
tank containing 6 L seawater. The salinity was refractometrically
measured at 65 ppt. The experimental tanks were provided
with mild aeration. Mortality was monitored at 10 min intervals
during the 60min observations. Larvae with opaque bodies
that do not respond to a gentle touch using pipette were
considered dead. The larval sensitivity to the stress was expressed
as mortality rate, which was determined by the end of 60
min exposure.

Sampling and Observation

For larval weight, triplicate pooled samples of initial and 13
DPH larvae (n = 100) were collected and measured using an
analytical balance. Every 10 days interval up to 45 DPH, 10 larvae
(n = 10) from each treatment were sampled, anesthetized with
Transmore (alpha-methylquinoline) (Nika Trading, Puchong,
Malaysia), and measured for morphometric observation on total
length (TL), standard length (SL), body height (BH), head length
(HL), head depth (HD), and eye diameter (ED). The larval
gut content was observed under a light microscope (Nikon,
Eclipse E600, Japan). Larvae were sampled (n = 5) daily for feed
incidence (%) after microdiets were introduced in the culture
system first as morning first feeding. Gut contents were calculated
from the appearance of microdiets ingested in the gut from the
total larvae were sampled. The condition factor (K), the ratio of
HL to TL (HL: TL), and the ratio of TL to body weight (TL: BW)
(Chatain, 1994) were identified at the end of the experiment.

Calculations of larval performances were described below:

Specific growth rate (SGR, %/d) = [ln final weight — In initial weight/days] x 100

Feed conversion ratio (FCR) = feed consumed (g) /wet weight gained of fish (g)

Feeding incidence (%) = (No. of larvae with microdiets ingested in the gut/total number of larvae) x 100
Survival (%) = (initial fish number final fish number)/total number of larvae x 100

Condition factor (CF) = [fish weight/(total length)] x 100

Total length/body weight (TL/BW) ratio = (total length, mm)/(body weight, mg)

Head length /total length (HL/TL) ratio = (head length, mm)/(total length, mm)

Statistical Analysis

IBM Statistical Package of Social Sciences version 23.0 was used
for all the statistical analyses. All the presented data in percentage
were arcsine transformed prior to data analysis. One-way
ANOVA was analyzed to determine the mean differences among
treatments at a significant level of 0.05. The homogeneity of
variance was tested using Levene’s test and multiple comparisons
among treatments were presented using a Duncan’s multiple
range test. The effects of oil types, levels and interaction of oil
types, and levels were performed by two-way ANOVA.

RESULTS

Growth Performance

The growth performance of experimental fish is shown in
Table 2. The final body weight, final TL, and SGR of fish-fed palm
oil-based microdiets were significantly higher than the control
treatment (FO100). Final mean body weight (0.63 & 0.07 g), final
mean TL (35.33 £ 1.29mm), and SGR (13.13 £ 0.26%/day)
of Asian seabass larvae-fed RPO75 were not statistically higher
(Duncan’s test, P > 0.05) than other palm oil-based diets, but
significantly higher (P < 0.05) compared to control treatment
(0.42 + 0.06g, 30.33 £+ 0.77mm, and 12.21 + 0.33%/day,
respectively). Palm oil levels are significantly affected the final
body weight and TL (two-way ANOVA, P = 0.03 and P = 0.01,
respectively) at the end of the experiment. The final survival of
Asian seabass within the 33 days experimental period was not
significantly affected by palm oil type, level, and interaction (two-
way ANOVA, P > 0.05). The survival of Asian seabass-fed RPO50
(46.67 £ 6.36%) was significantly higher than those fed CPO25
and CPO75 (33.11 £ 3.67 and 33.11 £ 0.77%, respectively),
but not statistically different (Duncan’s test, P > 0.05) from
RPO75, FO100, and CPO50 (39.11 + 8.28, 39.33 + 8.08, and
40.67 =+ 5.46%, respectively. The survival rate of Asian seabass
(25 DPH) after 60 min SST is shown in Table 2 and the palm
oil type was significantly affected (two-way ANOVA, P = 0.04)
by high salinity exposure. A significant higher value of survival
was observed in FO100 (60.00 = 17.32%) than in other diets,
but this value was not significantly different (Duncan’s test, P >
0.05) from the survival rate in CPO-based diets. Meanwhile, the
survival of RPO-based larvae shows significantly (Duncan’s test,
P < 0.05) lowest survival compared to the control diet.

Feeding Performance
There was no significant difference (Duncan’s test, P > 0.05)
in feed intake and FCR among all the treatments (0.2-0.3
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Feeding Regime and Water Management
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FIGURE 1 | Feeding regime and water management.

TABLE 2 | Growth and survival performance of Asian seabass Lates calcarifer fed different microdiets for 33 days.

Microdiets

Parameter

Final body weight (g)

Final total length (mm)

SGR (%/day) Survival (%) SST (%)

One-Way ANOVA

FO100 0.42 + 0.06° 30.33 £ 0.77° 12.21 +0.33° 39.33 + 8.08% 60.00 + 17.322
CPO25 0.54 + 0.042 33.07 £ 0.71° 12.80 & 0.182 33.11 + 3.67° 46.67 + 5.77%
CPO50 0.57 + 0.06° 33.04 + 0.97° 12.88 + 0.252 40.67 + 5.46% 46. 67 £ 5.77%
CPO75 0.61 +0.072 33.40 + 0.82% 13.05 £ 0.722 33.11 +£0.77° 46.67 + 5.77%
RPO50 0.62 +0.107 33.68 + 1.70% 13.06 + 0.332 46.67 + 6.362 36.67 +5.77°
RPO75 0.63 + 0.072 35.33 + 1.292 13.13 £ 0.262 39.11 + 8.28% 36.67 £ 5.77°
Two-Way ANOVA (p-value)

Palm oil type 0.40 0.07 0.44 0.1 0.04
Palm oil level 0.03 0.01 0.15 0.15 0.21

Oil type x oil level 0.72 0.33 0.74 1.00 0.75

Initial body weight: 1.71 + 0.13mg; Initial total length: 5.54 + 0.34 mm.

Means with same superscripts in the same column are not significant differences between treatment (One-way ANOVA, Duncan’s multiple range test, P > 0.05).

g/fish/d and 1.06-1.63, respectively), as shown in Table 3.
The palm oil type, level, and interaction (two-way ANOVA,
P > 0.05) were not significantly affected the feed intake
and FCR. The feeding incidence (%) of Asian seabass fed
different palm oil-based microdiets within 20 days experimental
periods is shown in Figure 2. The feeding incidence increased
as the gut capacity increased with fish growth. All the
fishes fully ingested the microdiets at 18 DPH and showed
no significant difference (Duncan’s test, P > 0.05) in feed
consumption among treatments indicating that the fish accepted
the microdiets.

Morphometric Variables and Body Indices

The morphometric variables of Asian seabass at the end of the
experiment are shown in Figure 3. The morphometric value
of each parameter was unaffected (two-way ANOVA, P >
0.05) by the palm oil type and level. RPO75 shows higher
(Duncan’s test, P > 0.05) SL and HL (28.46 £ 1.81 and 11.32
+ 0.58 mm, respectively) than other treatments. Insignificant
higher (Duncan’s test, P > 0.05) BH, HD, and DH (10.17 £ 1.09,
7.53 £ 0.68, and 6.02 & 0.67 mm, respectively), were observed
in CPO50 compared to other treatments. Meanwhile, the highest
(Duncan’s test, P > 0.05) ED (2.62 £ 0.22 mm) morphometric
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TABLE 3 | Feeding performances and body indices of Asian seabass Lates calcarifer fed different microdiets for 33 days.

Microdiets Parameter
Feed intake Feed Condition Total Head
(g/fish/day) conversion factor (K) length/weight length/total
ratio (FCR) (TL/W) length (HL/TL)
One-Way ANOVA
FO100 0.02 £+ 0.032 1.583 £ 0.402 2.88 £+ 0.95% 0.07 + 0.01° 0.33 £ 0.052
CPO25 0.03 £ 0.042 1.34 £0.192 2.84 +£1.312 0.06 + 0.00%° 0.33 £ 0.072
CPO50 0.02 £+ 0.022 1.07 £ 0.182 2.81+1.102 0.06 £+ 0.012 0.34 £ 0.042
CPO75 0.02 £ 0.022 1.63 +£ 0.532 2.95 £+ 0.642 0.06 +£0.012 0.33 £ 0.032
RPO50 0.03 £ 0.042 1.06 £ 0.172 2.81 £0.962 0.06 +£0.012 0.32 £ 0.042
RPO75 0.03 £ 0.042 1.21 £0.052 2.90 £ 0.652 0.06 +£0.012 0.32 £ 0.022
Two-Way ANOVA (p-value)
Palm oil type 0.52 0.24 0.97 0.82 0.64
Palm oil level 0.98 0.23 1.00 0.06 1.00
Oil type x oil level 0.88 0.28 0.97 0.60 0.84

Means with same superscripts in the same column are not significant differences between treatment (One-way ANOVA, Duncan’s multiple range test, P > 0.05).
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FIGURE 2 | Feeding incidence (%) of Asian seabass fed different microdiets
within 20 days experimental periods.

value was shown in fish-fed CPO75 and lower morphometric
values (Duncan’s test, P > 0.05) were observed in the control
treatment, FO100 (2.38 == 0.18 mm). The body indices are shown
in Table 3. The condition factor (K), TL/W, and HL/TL were not
significantly (Duncan’s test, P > 0.05) different among treatments
(ranging from 2.81 & 1.1 to 2.95 £ 0.64; 0.06 = 0.00 to 0.07
£ 0.01; and 0.32 £ 0.02 to 0.34 £ 0.04, respectively). The
body indices parameter was not significantly affected by the
palm oil type, level, and interaction (two-way ANOVA, P >
0.05). Overall, the body conditions show that Asian seabass is in
normal condition.

Whole-Body Proximate Composition

The whole-body proximate composition of the larvae is shown
in Table 4. Higher whole-body protein and lipid contents (15.3
=+ 0.4 and 3.7 £ 0.0%, respectively), were observed in fish-fed
CPO50 compared to other treatments. Meanwhile, the highest
crude ash content was observed in CPO75 (5.1 £ 0.2%) and
the lowest crude ash content was observed in CPO50 (4.1 +
1.4%). Whole-body moisture was affected by palm oil type
and interaction (two-way ANOVA, P = 0.04 and P = 0.02,
respectively) and whole-body lipid was affected by palm oil level
and interaction (two-way ANOVA, P = 0.00) at the end of the
feeding trial.

Fatty Acid Composition
Table 5 shows the fatty acid composition of different microdiets.
Generally, the replacement of fish oil with palm oil increased the
palmitic acid (C:16:0) and oleic acid (C18:1n9) and significantly
(Duncan’s test, P < 0.5) reduced the EPA (C20:5n3) and DHA
(C22:6n3) contents in both the microdiets and larval body.
The microdiets treatment of CPO75 shows significantly high
C16:0 and C18:1n9 (41.3 =+ 0.1 and 51.4 & 0.1%, respectively),
compared to other treatments. Palm oil level affected the total
saturates, monoenes, polyunsaturated fatty acids (PUFA), n—3,
and n—3/n—6. Palm oil level significantly affected (two-way
ANOVA, P = 0.00) the total saturates levels. The total saturates in
the palm oil-based microdiets were significantly (Duncan’s test,
P < 0.05) higher than in the control diets, ranging from 40.6 &+
0.3 to 47.7 £+ 0.1%. The total PUFA (18.8 &+ 0.6%), n-3 PUFA
(14.7 £ 1.2%), and n-3/n-6 (3.6 &= 0.8%) ratios were significantly
(Duncan’s test, P < 0.05) higher in the control microdiet.
Generally, the total fatty acids body composition of Asian
seabass shows the same pattern as the total fatty acids of
microdiets as shown in Table 6. Total saturates in fish-fed
palm oil-based microdiets were significantly (Duncan’s test, P
< 0.05) higher than control diets (FO100). The highest value
of saturates was observed in fish-fed CPO50 and RPO75 (43.5
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=+ 0.8 and 43.9 + 1.0%, respectively). The replacement of fish
oil with dietary palm oil produced a significant effect on the
monoenes level of fish-fed dietary CPO75 (50.5 = 0.7%) and
FO100 (36.8 £ 0.2%). As expected, the total PUFA, n—3 PUFA,
n—3: n—6 ratios, EPA (20:5n—3), and DHA (22:6n—3) levels
were significantly higher in the control microdiet (FO100) than
in other treatments. Meanwhile, the lowest PUFA value was
observed in CPO50 (7.2 £ 0.3%) and CPO75 (6.3 + 1.1%).
The palm oil level was significantly affected the DHA//EPA and
other total fatty acids (two-way ANOVA, P = 0.00, and P =
0.01, respectively). Meanwhile, palm oil level affected the total

saturates, monoenes, PUFA, and n-3 levels (two-way ANOVA,
P = 0.00) and interaction affected the saturates and monoenes
(two-way ANOVA, P = 0.00, and P = 0.01, respectively).

DISCUSSIONS

The use of palm oil-based weaning microdiet in this study
resulted in positive effects on survival, growth, and feed
utilization performances. The good performance of palm oil-
based microdiets in Asian seabass indicated that fish properly
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TABLE 4 | Whole-body proximate composition (% wet weight basis) of Asian seabass.

Microdiets (Palm oil type/ level) Parameters

Moisture Crude protein Crude lipid Crude ash
One-Way ANOVA
FO100 78.6 +£0.22 12.8 + 1.2% 3.5+ 0.0% 4.6 + 0.8
CPO25 78.6 +0.62 11.1 £0.2° 3.5+ 0.0%® 4.4 +0.3%®
CPO50 78.8 +£0.12 156.3+£0.42 3.7 £0.0% 41 £1.4°
CPO75 76.8 + 3.12 11.4 £3.3° 26+0.19 51 +0.22
RPO50 72.4+3.1° 12.6 + 1.0% 3.3 £ 0.2 4.7 £0.3%
RPO75 77.3+3.3 12.7 4 1.28b 3.2+0.3° 4.7 £ 0.5%
Two-Way ANOVA (p-value)
Palm oil type 0.04 0.45 0.17 0.69
Palm oil level 0.65 0.08 0.00 0.34
Oil type x oil level 0.02 0.05 0.00 0.09

Means with same superscripts in the same column are not significant differences between treatment (one-way ANOVA, Duncan’s multiple range test, P > 0.05).

ingested the available dietary nutrients under the practiced
feeding regime. In a study by Curnow et al. (2006), commercial
microdiets were also introduced as early as 13 DPH, co-feeding
with either rotifer or artemia and well-accepted by the larvae.
It is well-documented that the weaning of marine fish larvae
can significantly affect their growth performances (Engrola et al.,
2007; Hauville et al., 2014; Ma et al., 2015). Most aquatic animals
are able to utilize dietary lipid with high levels of saturated and
monoenoic fatty acids as an energy source, especially when the
essential fatty acid requirements are met (Ng et al., 2007). In
addition, there is a possibility of substrate preference in fish
for saturated and monosaturated fatty acids over PUFA, which
may explain the good performance of palm oil-based diets in
the previous study (Fonseca-Madrigal et al., 2005). Palm oil is
well-known for its nutritional advantages and positive attributes
from B-carotene, a-tocopherol, and tocotrienols and serves as
provitamin A (Ng and May, 2012). In particular, tocotrienol
serves as potent inhibitors of lipid peroxidation and protein
oxidation due to its ability to penetrate into tissue with saturates
layer more efficiently which means it can attach to the cell
membranes and exerts its antioxidant property (Ng et al., 2007;
Saher and Owen, 2015). The a-tocotrienol reported 40-60%
times more potent that a-tocopherol in preventing the lipid
peroxidation (Serbinova et al., 1991) and protecting against
free radical-induced oxidative stress. The presence of these
components in the weaning diet formulation may reduce the
lipid peroxidation in the tissue of Asian seabass larvae (Tocher
et al., 2003; Jalali et al., 2008). It was also well-documented that
the excellent natural antioxidants may confer beneficial effects
to growth and flesh quality when fish are fed high levels of
palm oil in their diets (Ng et al., 2007). The supplementation of
antioxidants is necessary with the incorporation of n-3 PUFA
in larval diets to prevent adverse effects and improve beluga
(Huso huso) larval performances, as emphasized by Jalali et al.
(2008). Not many past studies were conducted on alternative
dietary oils in weaning diets for marine fishes. In a related recent
study by Safiin et al. (2021), Asian seabass was successfully fed
with palm oil-based enriched rotifer at a replacement level of

75% fish oil with RPO performed better than other palm oil-
based enriched diets and the control. Juvenile Asian seabass
is well-documented to effectively utilize formulated feeds, but
little success has been previously documented for the use of
weaning diets based on palm oil. Shapawi et al. (2011a) reported
that a palm oil-based diet enhances the growth performance of
Asian seabass juveniles when at least 65% RPO was replaced the
dietary lipid in diets. Wan Ahmad et al. (2013) demonstrated that
replacement of dietary fish oil with either palm or poultry oil in
Asian seabass juvenile did not have negative effects on growth
or hepatosomatic index. Palm oil was also reported to have
the ability to improve protein efficiency when added to oxidize
fish diets as well as a positive trend on growth performance
in juvenile Japanese seabass, Lateolabrax japonicus (Han et al.,
2012). Other studies reported the successful partial replacement
of RPO as an excellent lipid source to replace fish oil over the
other vegetable oils on hybrid grouper (Epinephelus fuscoguttatus
x Epinephelus lanceolatus) juvenile (Yong et al., 2019) and up
to 100% replacement with CPO resulted no negative effects on
the fish performance and the sensory attribute at grow-out stage
(Gudid et al., 2020).

Unsuitable weaning time and protocol can cause starvation
of fish larvae (Ma et al., 2014). In this study, the lowest growth
was obtained in the control diet. A high level of fish oil in diet
may lead to poor retention efficiency of fatty acids, reduced
acceptability and efficiency of nutrient uptake in the larval gut,
and consequently suppress the growth (Bell et al., 2002). Within
the weaning period, the slowest growth fish group may use their
body energy to maintain basic metabolism for body maintenance
and allocate less energy to growth when fish cannot obtain
enough nutrition from available weaning diets as reported by Hu
etal. (2017). This phenomenon has been observed in the larvae of
Senegalese sole, Solea senegalensis (Engrola et al., 2007), spotted
sand bass, Paralabrax maculatofasciatus (Civera-Cerecedo et al.,
2008) and yellowtail amberjack, Seriola lalandi (Hu et al., 2017).

Feeding incidence of Asian seabass during the weaning period
showed an increasing pattern starting from 13 to 17 DPH
as indicated in the observed gut content. Fish showed slow
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TABLE 5 | Fatty acid composition (percentage of total fatty acids) in different microdiets.

Fatty acid Microdiets
FO100 CPO25 CPO50 CPO75 RPO50 RPO75

One-Way ANOVA
C14:0 3.8+0.22 3.7 £0.0% 2.240.1° 1.1+0.0° 2.1 +0.1° 1.0+ 0.0°
C15:0 0.3 +£0.02 0.2 £0.0% 0.2 +0.0° 0.1 £0.0° 0.1 +0.0° 0.1 £0.0°
C16:0 29.8 +2.4° 31.7 + 0.4¢ 37.2+0.1° 41.3 £0.12 33.8+0.2° 35.9+0.1°
C16:1 4.5 +0.42 4.5 +0.12 23+0.1° 0.6 £0.0° 2.2 +0.0° 0.7 £0.0°
C18:0 4.5+0.29 4.7 £+ 0.0°° 4.8 + 0.0% 4.9 +0.02 4.6 4 0.0% 4.7 + 0.0
C18:1n9 30.8 £ 3.0° 33.9 +0.49 42.9 £1.9° 51.4 £0.12 45.4 4 0.45¢ 47.3 +£0.4°
C18:2n6 41 40.7% 3.8+ 0.1% 3.74+0.1° 3.2+0.1° 4.3+0.12 3.9+0.18
C20:0 0.2 +£0.0° 0.2 +£0.02 0.2 +£0.02 0.2 +0.0° 0.2 £0.02 0.2 +0.0°
C22:1n9 24 +02° 2.240.0° 1.2+0.1° 0.4 +0.0¢ 1.0+0.1° 0.4 +0.04
C20:5n3 7.2+092 6.4 £0.42 3.34+04° 2.34+0.6° 2.34+05° 2.34+0.5°
C22:6n3 75+0.3 5140.1° 23+0.2d 2.7 £0.1° 26 +0.1° 2.7 +£0.9°
Microdiets (Palm oil type/ level) Parameters

Total saturates Total monoenes Total PUFA n-3 n-3/n—-6 DHA/EPA
One-Way ANOVA
FO100 38.6 +2.7¢ 37.8 +3.2¢ 18.8+0.6% 147 +£1.22 3.6 +£0.82 1.1 4+ 0.1%%°
CPO25 40.6 +£0.3° 40.6 +£0.3° 15.3 + 0.5° 11.5 4+ 0.4° 3.0 £0.0° 0.8 + 0.0
CPO50 44,7 +£0.2° 46.3 + 1.9° 9.3+0.3° 5.6 +0.3° 1.5+0.1° 0.7 £0.1°
CPO75 47.7 £0.12 52.4 £0.12 8.2 4+ 0.64 4.9 +0.6° 1.6 +£0.2° 1.3+£0.3
RPO50 40.9 £0.3° 48.6 +0.3° 9.2+0.4° 4.9 +0.5° 1.2 +40.1° 1.2 4 0.3%®
RPO75 42.0+0.1° 48.4 +0.4° 8.9 +£0.6° 5.0 £0.6° 1.3+£0.1° 12+03
Two-Way ANOVA (p-value)
Palm oil type 0.00 0.34 0.30 0.43 0.15 0.12
Palm oil level 0.00 0.00 0.00 0.00 0.00 0.10
Oil type xoil level 0.17 0.00 0.19 0.34 0.81 0.07

Means with same superscripts in the same column are not significant differences between treatment (one-way ANOVA, Duncan’s multiple range test, P > 0.05).

attraction to microdiets at an early stage. The slower adaptation is
relatively related to the variable acceptance and attraction of inert
particles compounded by inadequate ingestion, digestion, and
assimilation ability (Bonaldo et al., 2011). Asian seabass larvae
were observed to fully ingest the microdiets at 18 DPH. Asian
seabass has been reported to develop functional stomach and
enzymatic enzymes such as pepsin at 17 DPH as described by
Walford and Lam (1993).

Salinity stress test was developed to identify the differences
in physiological conditions between the treatment groups for
nutritional studies (Jalali et al., 2008; Nhu et al., 2010). Dhert
et al. (1990) discovered that the larvae received n3-HUFA-
fortified artemia had a superior physiological condition, which
was reflected in significantly lower mortality during the stress
test. The nutritional importance of essential fatty acids is well-
recognized to increase the stress resistance of marine fish as
reported by previous studies (Noori et al., 2011). In this study,
the control diet (FO100) containing high essential fatty acid
particularly DHA and EPA yielded the highest survival rate than
the other treatments, but not a significant difference to the
CPO-based microdiets.

The fatty acid profile of the Asian seabass larvae at the end
of the trial is strongly influenced by the experimental diets.

Replacement of fish oil with palm oil increased the palmitic
acid (C16:0) and oleic acid (C18:1n9) and significantly reduced
the EPA (C20:5n3) and DHA (C22:6n3) contents in both the
microdiets and larval body. It appears that the palm oil-based
microdiets used in this study contained a sufficient amount of
essential fatty acids (2.3-6.4% EPA, 2.3-5.1% DHA, and ratio
of 1.2-3.0: 1 n-3 to n-6 ratio) for normal development. A
previous study by Safiin et al. (2021) on palm oil replacement
on enriched rotifer at the early larval stage of Asian seabass
reported that 50-75% of RPO contained n3:n9 of 1.1-2.1, which
can promote better growth. It was reported that Asian seabass
larvae required at least 0.75%, 1.15%, and 1.5-1.8: 1 of EPA,
DHA, and n—3: n—6, respectively, to support their normal
growth (Boonyaratpalin and Williams, 2002). The nutrient
requirement is normally species specific and stage dependent.
Fishes have the ability to synthesize essential fatty acids and
selectively absorb and metabolize dietary fatty acid including
n-3 PUFA (Bell et al., 2002) in order to obtain an optimal
fatty acid composition (Alhazzaa, 2012). The positive attributes
of palm oil-based diets particularly available saturates and
monoenes were well-utilized by Asian seabass larvae to support
the normal development as the fatty acids are preferred over
PUFA for mitochondrial B-oxidation in fish as a source of
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TABLE 6 | Fatty acid composition (% of total fatty acids) in fish body fed different microdiets.

Fatty acid Microdiets

FO100 CPO25 CPO50 CPO75 RPO50 RPO75
One-Way ANOVA
C14:0 4.7 +0.18 3.3 +£0.0° 1.6 +0.19 1.1+£0.0° 2.3+ 0.0° 1.6 +0.29
C156:0 0.4 +0.02 0.3 +0.0° 0.2 +0.0° 0.1 £0.0° 0.2 +£0.0° 0.1 +0.0¢
C16:0 25.3+0.19 29.6 +£0.1° 34.7 £0.92 32.8+0.2° 28.6 +1.2° 34.8 +£0.6%
C16:1 6.6 +0.12 4.7 £0.0° 1.8 +0.0¢ 1.1 £0.0° 3.1+0.1° 1.7 £0.49
C17:0 0.4 +0.02 0.2 +0.0° 0.2 +0.0° 0.1 £0.0° 0.2 £0.0° 0.1 +0.04
C18:0 6.2 +0.2¢ 6.5 + 0.0 6.6 + 0.3 7.0+ 0.0% 59+0.19 7.0 £ 0.6%
C18:1n9 28.1 £ 0.41 37.0 +0.2° 46.6 +0.4° 49.2 +£0.72 43.9+0.89 45.2 +0.5°
C18:2n6 2.4 +0.09 2.8 +£0.1° 2.5+ 0.19 2.3+0.19 3.8+ 0.12 3.5+£0.2°
C20:0 0.2 £0.0% 0.2 +£0.0° 0.2 +£0.0° 0.2 £ 0.0% 0.3+0.07 0.3+0.0
C22:1n9 224032 1.3+ 0.0° 1.1 +£0.2° 0.3+ 0.0° 1.1+ 0.1° 0.3+0.1°¢
C20:5n3 6.2+ 0.3 3.3+0.0° 2.8+ 0.1%° 1.3 +£0.1¢ 1.6 £+ 0.0 1.8+ 0.59
C22:6n3 8.2+ 0.12 4.9+ 0.0° 2.1+0.1¢ 2.1+0.14 3.7+ 05° 33+02°
Microdiets Parameters
(Palm oil type/level) Total saturates Total monoenes Total PUFA n-3 n-3/n—6 DHA/EPA
One-Way ANOVA
FO100 37.2+£0.7¢ 36.8 + 0.2 16.8 £ 0.32 14.4 +£0.32 6.0 +£0.12 1.3 +£0.13
CPO25 40.0 +0.1° 43.0 +0.2° 11.04+0.1° 8.2 +0.1° 3.0+0.1° 1.6+ 0.0%
CPO50 43.5 £ 0.82 49.5 +0.6° 7.2+0.3° 4.9 4 0.5% 2.1+04° 0.8 +£0.2°
CPO75 412 +0.2° 50.5+0.72 6.3 £ 1.1° 4.0+ 1.0° 1.8 + 0.4% 1.0 4 0.0°°
RPO50 37.4+£1.1° 48.2 +£0.8° 10.0 £ 0.5°¢ 6.3+ 0.5° 1.7 £ 0.2%d 1.5+0.22
RPO75 439 £1.02 471 £ 0.6¢ 8.8 +0.49 5.4 + 0.6% 1.6 +0.3¢ 1.7 £0.52
Two-Way ANOVA (p-value)
Palm oil type 0.00 0.00 0.00 0.00 0.15 0.12
Palm oil level 0.00 0.00 0.00 0.00 0.00 0.01
Oil type x oil level 0.00 0.01 0.66 0.93 0.47 0.97

Means with same superscripts in the same column are not significant differences between treatment (One-way ANOVA, Duncan’s multiple range test, P > 0.05).

metabolic energy (Fonseca-Madrigal et al., 2005; Bami et al.,
2017).

Palm oil is available in the world market with a steady supply,
competitive price, and most importantly, is much cheaper than
fish oil. The findings from this study will provide a new insight
into marine larval fish feed development, which normally utilize
a high level of fish-based ingredients in the formulation due to the
perception of high essential fatty acid requirements. CPO would
be the preferred palm oil source, given its lower cost compared
with RPO and the presence of a relatively higher level of natural
antioxidants such as vitamin E and carotenoids, which can be
destroyed during the oil-refining process.

CONCLUSION

Weaning microdiets formulated for Asian seabass larvae using
either RPO or CPO performed significantly better than the
control (FO-based diet) in terms of growth performance. In
particular, replacement of fish oil with palm oil of up to 75% is
recommended. Apart from the growth benefits observed in this
study, the use of palm oil in the microdiet formulation will be
able to reduce the feed cost due to the much cheaper price of

this commodity, especially the CPO. It can be concluded that
the current feeding regime of Asian seabass larvae with live feeds
and palm oil-based microdiets can be successfully practiced in
the hatchery.
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