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Abstract
The feasibility of different vegetable based lipids as a complete replacement
to dietary fish oil (FO) to blue swimmer crab Portunus pelagicus juveniles was
assessed. A total of five iso-nitrogenous and iso-lipidic diets were formulated to
contain FO, soybean oil (SBO), linseed oil (LSO), canola oil (CO), or palm oil (PO)
as the main lipid source. The diets were fed to first staged juvenile crabs (total of
45 replicate crabs/treatment) over at least four molts. After 35 days, final sizes
and weights were determined, and then measured for whole-body cholesterol.
Crabs fed the FO, SBO, LSO, or CO-based diets showed similar specific growth rates
(SGR) (p > 0.05) for carapace length and width, which was significantly higher (p
< 0.05) compared to crabs in the dietary PO treatment. Whole-body cholesterol
content was significantly lower for crabs fed the PO-based diets, which may have
contributed to their poorer performance, compared to those fed the FO, LSO or
CO-based diets. Results indicate SBO, LSO or CO can totally replace FO, which may
improve cost-effective and sustainable diets for portunid crabs. Further research
into the use of dietary PO blends with other vegetable oils should be conducted.
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Introduction
The rising cost and unsustainable practice of utilizing wild
caught marine oil sources have led to increasing research
on suitable alternatives in the diets for both farmed fish and
crustaceans [1]. This is believed to be an important research
direction for many sectors of the aquaculture industry to expand.
Typically, vegetable oils are the focus of such research and among
these, soybean oil (SBO) is perhaps the most investigated as a
partial or complete replacement with relatively good results for
various crustacean species [1,2].

Crabs from the genus Eriocheir, Scylla and Portunus are being
farmed in commercial ponds and their combined aquaculture
production was over a million tonnes in 2014 [3]. The farming of
the blue swimmer crab Portunus pelagicus, however, is largely in
the developmental stage despite a high market demand for this
species with fisheries landings increasing from around 76,000
tones in 1990 to 180,000 tones in 2012 [3]. In general, the farming
of portunid crabs is still heavily reliant on pellets designed for
shrimp or are fed trash fish since feed formulations for these
crabs are largely underdeveloped [4,5]. Recently, however, there
has been increasing research in this area [2,5,7].
When various dietary fish oil (FO) to SBO ratios were
compared, the sole inclusion of SBO led to lower survival and
growth of P. pelagicus early juveniles while the best FO to SBO
ratio was 1:1 [2]. It was suggested that this was due to the dietary
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provision of both n-3 and n-6 fatty acids that likely reflected the
natural feeding habits of these crabs that consist of both plant
and animal material [2]. Similarly, the use of dietary corn oil,
which has relatively high levels of n-6 fatty acids, in a 1:2 ratio
to FO was optimal for the survival and growth of mud crab Scylla
serrata juveniles [8]. Meanwhile, a corn oil and FO ratio of 1:1 also
led to optimal survival of the mud crab S. serrata megalopae to
the first crab stage while both the sizes and weights of the crabs
were similar to those fed only FO as the lipid source [9]. It has
been suggested that optimal productivity can be achieved by
balanced fatty acids, but is often specific to each species [10]. In
particular, the n-3 to n-6 fatty acid ratio has been demonstrated
to greatly influence the growth of other shrimps, including the
kuruma shrimp Marsupenaues japonicus [11], white-leg shrimp
Litopenaeus vannamei [12,13], and black tiger shrimp Penaeus
monodon [14].
The feasibility of a total dietary FO replacement with vegetable
sources to crustaceans has thus far been inconsistent [15-17]. For
S. serrata juveniles, the sole use of dietary SBO or sunflower seed
oil caused significantly lower growth compared to crabs fed diets
with only FO or in combination with sunflower seed oil and SBO
after 65 days [17]. On the other hand, Deering et al. [15] found
that P. monodon had significantly higher growth when fed diets
containing canola oil (CO) or SBO compared to those fed lard
or cod liver oil based diets. Similarly, when the giant freshwater
prawn Macrobrachium rosenbergii were fed diets with FO, SBO,
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crude palm oil (CPO), CO or squid liver oil, growth was significantly
better for prawns fed the CO-based diet compared to the FO or
CPO-based diets [18]. Kim et al. [18] noted that residual FO (from
fishmeal) led to the presence of some long-chain polyunsaturated
fatty acids (LC-PUFA) (of 5.9%), which may have contributed
to the relative success of using dietary vegetable oils. Indeed,
dietary LC-PUFA deficiencies, due to the defattening of fishmeal
and providing no FO, caused substantially lower survival and
growth of P. pelagicus juveniles compared to when FO was added
in relatively small amounts at 3% [19] or 1% [2]. On the other
hand, when marine protein sources were absent in the diets of
the Chinese mitten crab Eriocheir sinensis, growth was better for
those fed SBO, rapeseed oil, coconut oil or beef tallow-based diets
compared to crabs fed a FO-based diet [20].

had the highest amount of C18:2n-6, while the CO-based diet had
the highest amount of C18:1n-9. Meanwhile, the dominant fatty
acids in the LSO and PO-based diet were C18:3n-3 and C16:0,
respectively.
Table 1: Ingredient formulation and proximate composition (g kg-1) of the
experimental diets with different lipid sources.
Experimental Diets

Fishmeal a
Soybean meal b
Lecithin c
Cholesterol d
Vitamin premix e1
Mineral premix e2
Corn starch
Calcium phosphate f
Choline chloride g
Fish oil h

Currently, the feasibility of using different dietary lipid sources
to P. pelagicus has not yet been investigated. The aim of this study
was to feed P. pelagicus early juveniles with diets containing
FO, SBO, CO, linseed oil (LSO) or palm oil (PO), and assess their
survival, growth, development and whole-body cholesterol after
35 days.

Soybean oil h
Canola seed oil h
Linseed oil h
Palm oil h

Materials and Methods
Experimental diets

A total of five iso-nitrogenous and iso-lipidic diets were
formulated to contain different lipid sources that included fish oil
(FO), soybean oil (SBO), canola oil (CO), linseed oil (LSO), or palm
oil (PO) at 70 g/kg. The protein sources were fishmeal (500 g/kg)
and soybean meal (100 g/kg), while phospholipid and cholesterol
were supplemented at 60 g/kg and 10 g/kg, respectively, to
satisfy the requirements for portunid crabs [21,22]. All sources of
ingredients are provided as footnotes in Table 1. The diets were
extruded according to [23] and were kept in air-tight plastic bags
at -20°C for one month until use. The proximate composition of
the diets was measured according to standard AOAC methods
[24] and was shown to be similar among the experimental diets.
Meanwhile, the fatty acid composition of the diets was
measured according to [25]. This was done by extracting the lipids
using chrloroform:methanol (2:1v/v) and the fatty acid methyl
esters (FAME) were prepared by transesterfication with 0.4 M
KOH-methanol. This was followed by adding 14% methanolic
boron trifluoride and then analyzed using a gas chromatograph
(Aglient 7890A) using a 30 m×0.25 mm ID (0.20μm film thickness)
Supelco SP-2330 capillary column (Supelco, Inc., Bellefonte,
PA, USA). One microliter was injected by an auto sampler into
the chromatograph, which was equipped with a split/split less
injector and a FID detector. The injector temperature was set at
250°C while the detector temperature was 300°C. The column
temperature program initiated runs at 100°C for 2 min., warmed
to 170°C at 10°C/min, held for 2 min, warmed again to 200°C
at 7.5°C/min and then held for 20 min to facilitate separation.
Identification of fatty acids was done by comparing the relative
FAME peak retention times of samples to standards obtained from
Sigma (St. Louis, MO, USA), which are shown in Table 2.

The vegetable oil-based diets had much lower long-chain
polyunsaturated fatty acids, which ranged from 9.88-11.30%,
compared to the FO-based diet of 30.96%. The SBO-based diet
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Moisture

FO
500
100
30
10
40
30
200
10
10
70

96.5

102.4

137.6

131.8

423.0

Crude ash

116.4

Crude fiber

70

CO
500
100
30
10
40
30
200
10
10
70

Proximate Composition

Crude protein
Crude lipid

SBO
500
100
30
10
40
30
200
10
10

12.5

70

90.1

102.9

147.6

143.2

411.3

419.3

116.3

114.5

12.7

LSO
500
100
30
10
40
30
200
10
10

11.3

PO
500
100
30
10
40
30
200
10
10

70
97.0

415.8

414.5

114.1

115.4

13.2

140.7
12.8

Danish fishmeal (moisture, crude protein, crude lipid, and crude ash of
89.7, 694.6, 72.1, 150.7 g kg-1, respectively, on as is basis)
b
Soybean meal (moisture, crude protein, crude lipid, crude ash and crude
fiber of 102.1, 462.8, 21.4, 67.2 and 50.5, g kg-1, respectively, on as is basis)
c
30% phosphatidylcholine (Sigma P364)
d
92.5% powder (Sigma C8503)
e1,e2
same composition as Sukor et al. [7]
f
≥ 96.0% (Sigma 21218)
g
98% powder (Sigma C7527)
h
fish oil (FO) from menhaden source (Sigma F8020) while soybean oil
(SBO), canola seed oil (CO), linseed oil (LSO) and palm oil (PO) were all
purchased from a local grocery store.
a

Experimental design and set up

The crabs were larvi cultured according to [26] however, 1000
L plastic tanks were used instead of 300 L. After the crabs settled
to juveniles, which was within 12 hours of metamorphosis from
the megalopae stage, they were siphoned out and a total of 225
intact and apparently healthy crabs were individually placed in
500 ml clear plastic containers to prevent cannibalism. The crabs
were then randomly assigned one of the five treatments and were
immediately fed the experimental diets. This yielded 45 replicate
crabs in each treatment and the culture units were located within
a plastic lined room and an air heater maintained the temperature
at 29±2°C. The water was natural seawater, which was previously
filtered (to 5µm) and ultraviolet sterilized.
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Table 2: Fatty acid composition (% of total fatty acids) of the experimental
diets with different oil sources.
Experimental Diets

FO

SBO

CO

LSO

PO

3.62

4.47

Individual fatty acids
C14:0

3.54

4.52

2.13

C16:0

16.43

17.98

11.54

12.32

34.32

C18:0

6.38

5.34

4.85

1.13

6.39

C16:1n-7

4.69

6.72

2.76

2.88

2.67

C18:1n-9

14.73

14.47

39.63

11.16

21.14

C18:3n-3

4.95

3.26

4.41

31.47

2.50

C18:2n-6
C20:4n-6
C20:5n-3
C22:5n-3

18.32
2.14
8.85
1.54

36.41
1.36
3.54
0.24

0.45
3.39
0.31

0.63
3.65
0.46

0.82
3.68
0.39

Σ SFA

26.35

27.84

18.52

17.07

45.18

20.46

37.77

25.13

28.17

19.19

Major fatty acid groups

Σ MUFA

19.42

Σ n-3 PUFA

33.77

n-6/n-3

30.96
0.61

20.19
14.20
11.30
2.66

41.39
14.96
10.00
1.68

5.14

18.37

18.43

Σ LC-PUFA

5.85

27.54

C22:6n-3

Σ n-6 PUFA

6.16

24.68

13.04
41.72
9.88
0.68

5.25
22.81
12.82
10.14
1.50

SFA = saturated fatty acid (sum of C14:0+C16:0+C18:0)
MUFA = monounsaturated fatty acid (sum of C16:1+C18:1n-9)
PUFA = polyunsaturated fatty acid (sum of C18:2n-6+C18:3n-3)
LC-PUFA = long chain polyunsaturated fatty acid (sum of C20:4n6+C20:5n-3+C22:5n-3+C22:6n-3)
Σ n-6 PUFA = (sum of C18:2n-6+C20:4n-6)
Σ n-3 PUFA = (sum of C18:3n-3+C20:5n-3+C22:5n-3+C22:6n-3)
FO = fish oil; SBO = soybean oil; CO = canola oil LSO= linseed oil PO = palm
oil.

The crabs were fed twice each day, once in the morning (9:00)
and afternoon (15:00) and before feeding, any uneaten food was
siphoned out, followed by a 20% water exchange. During this time,
the presence of any morality or molts was recorded. If a mortality
was found, their carapace length and width was measured using a
digital caliper (0.01mm; Mitutoyo, Japan). After one week, all the
crabs were transferred to new containers, and the following week
were all transferred to 5 L containers filled with 2 L of seawater.
This was done to ensure hygienic conditions.
After 35 days, all the crabs were measured for their final
carapace width and length as well as wet weights. The remaining
crabs were kept at -20°C to measure their whole-body cholesterol
content within one month.

Whole-body cholesterol

From the remaining crabs, these were equally pooled in
triplicate and their whole body was measured according to [23].
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Briefly, approximately 0.5 gram of sample was homogenized and
then 3 ml of 95% ethanol was added followed by 2 ml of 50%
KOH. After the samples were fully digested at 60°C for 10 min.,
the solution was allowed to cool to room temperature and 5 ml
of hexane was added followed by 3 ml of distilled water. Phase
separation occurred after 15 min and the upper hexane layer (2.5
ml) was removed and evaporated at 60°C under nitrogen gas flow.
Then 4 ml of o-phthaladehyde reagent was added followed by 2
ml of concentrated sulfuric acid and then 6 ml of distilled water.
Absorbance was read at 550 nm and the results are expressed as
mg 100g-1.

Statistical analysis

Data were checked for homogeneity and normality and were
log-transformed if the assumptions were violated. Then, the data
were subjected to a one-way ANOVA after prior confirmation
of data homogeneity and normality, with the exception of
the survival data. Survival was based on each crab acting as a
replicate, which prevented variance. If significant differences
were detected (p<0.05), a Duncan’s post-hoc test was performed
to identify differences among treatments. All statistical analysis
was performed using SPSS (ver.22).

Results

Survival, growth and development
The survival ranged between 87.5% in the dietary SBO
treatment to 62.5% in the dietary PO treatment (Table 3). The
specific growth rates (SGR) for carapace width and length were
significantly lower for crabs fed the PO-based diet, compare to
all other treatments (Table 3). Except for crabs in the dietary CO
treatment, those fed the PO-based diet had significantly lower
SGR for wet weight than all others (Table 3).
Table 3: Survival and specific growth rate (SGR) (% day-1) for carapace
width, length and wet weights of the swimming crab Portunus pelagicus
juveniles after 35 days of being fed diets with different lipids.
SGR

Treatments

Survival
(%)*

Soybean oil

87.5

Fish oil

Canola oil

Linseed oil
Palm oil

Carapace
width

Carapace
length

Wet weight

77.8

3.68 ± 0.09a

2.66 ± 0.08a

10.37 ± 0.25a

82.5

3.65 ± 0.07a

2.64 ± 0.07a

10.13 ± 0.20ab

2.38 ± 0.13b

9.42 ± 0.35b

67.5
62.5

3.89 ± 0.10a
3.81 ± 0.11a

3.30 ± 0.13b

2.76 ± 0.08a
2.77 ± 0.09a

10.91 ± 0.24a
10.87 ± 0.29a

SGR values are mean ± SE, n = 27 – 36. Different superscripted letters
within each column are significantly different from each other (Duncan’s
multiple range test, p<0.05)
*no statistical tests could be performed due to each crab being a replicate.

For the first two molts (C1-C2 and C2-C3), there was no
significant difference in the intermolt duration (Table 4). By the
third molt, however, crabs fed the SBO-based diet had significantly
longer intermolt duration than crabs fed the FO, CO or LSO-based
diets. Similarly, by the fourth molt, crabs fed the FO or LSO diets
had significantly shorter intermolt durations compared to those
fed the SBO or PO-based diets (Table 4).
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Table 4: Molt interval (days) of the swimming crab Portunus pelagicus
juveniles when fed diets with different lipid sources over four molts.
Crab Stage

Treatment
Fish oil

C1 – C2

6.67±0.81ab

3.73 ± 0.17a

3.36 ± 0.39a

5.47±0.53a

3.55 ± 0.23a

Linseed oil

3.89 ± 0.35a

Palm oil

C3 – C4

3.93 ± 0.45a

Soybean
oil

Canola oil

C2 – C3

3.77 ± 0.2a

3.64 ± 0.15a

4.48 ± 0.43a
4.63 ± 0.56a
4.84 ± 0.58a

C4 – C5

7.43± 0.62a

8.00±0.94b

11.00±1.07b

5.52±0.45a

8.81± 1.09ab

7.76±0.98ab

7.93± 0.69a

10.67±1.29b

Values are mean ± SE. Different superscripted letters within each column
are significantly different from each other (Duncan’s multiple range test,
p<0.05).
Table 5: Whole-body cholesterol content (mg 100 g-1) of the blue swimmer
crab Portunus pelagicus juveniles after 35 days of being fed diets with
different lipids.
Cholesterol

Fish Oil

Soybean
Oil

Canola
Oil

Linseed
Oil

Palm
Oil

42.10 ±
3.57a

27.61 ±
4.56bc

31.60 ±
4.32b

32.16 ±
2.54b

21.49
± 3.17c

Values are mean ± SE, n = 3. Different letters indicate significant differences
(Duncan’s multiple range test, p<0.05).

Whole-body cholesterol content

Crabs fed the FO-based diet had the highest whole-body
cholesterol content than all other dietary treatments (Figure 1).
The lowest whole-body cholesterol was from crabs fed the PObased diet, which was significantly lower than those fed the LSO,
CO or FO-based diet. There was no significant difference between
crabs fed the SBO or PO-diets (Figure 1).

Figure 1: Whole-body cholesterol content (mg 100 g-1) of the blue
swimmer crab Portunus pelagicus juveniles after 35 days of being
fed diets with different lipids. Values are mean ± SE, n = 3. Different
letters indicate significant differences (Duncan’s multiple range test,
p<0.05). FO = fish oil; SBO = soybean oil; CO = canola oil LSO= linseed
oil PO = palm oil.

Discussion

The results of the current study demonstrate that dietary FO
can be completely replaced by SBO, LSO, or CO in the diets of P.
pelagicus without affecting their growth after 35 days. During
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this time, the majority of crabs molted at least four times to reach
the fifth crab stage, with some reaching the sixth juvenile stage,
which is approximately half way through their development until
market size. Since it is known that P. pelagicus require LC-PUFA
for their survival and growth [19], the ability of the crabs to grow
well on the various tested vegetable oils may have been due to
residual FO from the fishmeal that was included as the dominant
protein source (at 500 g kg-1) leading to a total n-3 LC-PUFA of
9.88 to 11.30%. Indeed, more recently when dietary LC-PUFA
was deficient in the diets of P. pelagicus early juveniles, there was
a steep drop in their survival after only three molts along with
significantly lower growth compared diets containing LC-PUFA of
only 3.7% [2]. It has been suggested that the ability of P. pelagicus
to grow well with only small amounts of LC-PUFA reflects their
natural feeding habits on both animal and plant material, but the
necessity of LC-PUFA is probably due to an inability to synthesize
these fatty acids from linoleic (18:2n-6) and α-linolenic (18:3n3) [2]. In contrast, when S. serrata were fed sunflower or SBO
as the sole lipids, growth was significantly lower of over twofold despite residual FO from fishmeal (as the dominant protein
source) as well as oils from squid, shrimp and clam meal leading
to a total n-3 LC-PUFA of 8.1 and 7.9%, respectively [17]. This may
indicate that P. pelagicus have a lower n-3 LC-PUFA requirement
than S. serrata.
On the other hand, despite the presence of n-3 LC-PUFA in
the PO-based diets, at similar amounts to the other vegetable oil
based diets, this diet led to significantly lower growth of the crabs
compared to those in the other treatments. This may have been
due to the high amount of saturated fatty acids (SFA) in the PO diet
compared to the other tested diets. This finding is in agreement
with a study on M. rosenbergii since among various vegetable
oils, that included CO, LSO, sunflower seed oil or crude palm oil
(CPO), prawns fed the CPO-based diet had the lowest growth
performance [18]. Kim et al. [18] suggested that since SFA were
poorly digested by P. monodon [27,28] this might have applied to
M. rosenbergii thus leading to lower growth.

Based on the lower survival and growth of P. pelagicus fed
the PO-based diet, this also appears to indicate SFA was poorly
digested. Moreover, with the exception of the SBO dietary
treatment, crabs fed the PO-based diet had significantly lower
whole-body cholesterol content than all the other treatments.
A contributor for this likely includes the lower amounts of
cholesterol in the vegetable oils compared to FO, although this is
unlikely to fully explain such a finding, especially as cholesterol
was supplemented at 10 g kg-1. Such a supplementation was more
than sufficient to satisfy the requirements for S. serrata [21],
which is an essential nutrient for crustaceans due to their inability
to synthesize this de novo [29]. Another possible contributor to
the reduced whole-body cholesterol was due the presence of
phytosterols, which can diminish cholesterol absorption [30], and
the tested vegetable oils in the current study are also known to
contain this compound [31]. In addition, it may be possible that
cholesterol transport via lipoproteins was disrupted as suggested
by Noordin et al. [2]. This certainly requires further research on
the influence that different fatty acids could have on cholesterol
metabolism in crustaceans. Since cholesterol plays crucial roles
such as being a precursor for the molting hormone ecdysone [32],
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this could potentially explain the significantly longer intermolt
duration of the crabs fed the SBO and PO-based diets. It was
similarly found that L. vannamei fed SBO or poultry fat-based
diets led to lower cholesterol in the muscle and hepatopancreas,
although growth was not significantly impacted after 28 days [16].

The findings of this study are encouraging since LSO, SBO, or CO
can be used to totally replace traditionally used FO as cheaper and
more sustainable alternatives in the diets of P. pelagicus juveniles
without affecting growth. The reduced performance of the crabs
fed the PO-based diet may have been due to excessive SFA that
reduced fatty acid utilization and/or disrupted cholesterol
metabolism. This, however, requires further investigations.
Considering PO is an inexpensive lipid source, particularly in
Southeast Asia where these crabs are predominately farmed [1,4],
investigations into the use of PO blends with other plant oils may
help further improve cost-effectiveness without compromising
productivity. Such research, along with the findings of this
study, should assist in more cost-effective and eco-friendly feed
formulations of portunid crabs.
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