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Abstract: A study was conducted to examine the fatty acid compositions at the early larval stages of blue
swimming crab, Portunus pelagicus in wild at Setiu Wetland, Terengganu, Malaysia. The larvae were collected
by towing across Setiu Wet Land Estuary using plankton net until adequate to do fatty acid analysis. The
methods used in these experiments were one-step method. Fatty acid composition was analysed by gas
chromatography-mass spectroscopy (GC-MS). The results showed that the fatty acids profiles were significant
difference between Zoel stages (p<0.05). For Zoea 1 and Zoea 2, MUFA component was highest with
concentration 5.45±0.52 mg g  dry weight and 9.8±0.23mg g  dry weight. While in Zoae 3 and Zoea 4, PUFA1 1

component showed the highest with concentration 14.89±0.37 mg g  dry weight and 10.54±1.81mg g  dry1 1

weight respectively. Fatty acids concentration of P. pelagicus larvae seemed to change as long as larvae
metamorphosis from Zoea 1 to Zoea 4. Finally, measurement of fatty acid composition will provide valuable
insights for better understanding of larval nutrition requirements of P. pelagicus.

Key words:Portunus pelagicus  Fatty Acids  Gas Chromatography-Mass Spectrometer  Setiu Wetland 
Zoea

INTRODUCTION physiological and biological functions. Biochemical tracer

Blue swimming crab, Portunus pelagicus is have the advantage of potentially providing less biased
distributed throughout the coastal waters of tropical areas longer-term dietary information [14]. All marine animals
of the Indo-west Pacific region [1].  Locally  known as contain n-3 polyunsaturated fatty acids (PUFA), which
‘ketam bunga’ or ‘ketam renjong’, this species is an originate from both phytoplankton and symbiotic
important income source for Malaysian fisherman microorganisms, depending on solar energy [15] and from
community [2]. Recently, P. pelagicus has many attractive unique deep-sea barophilic bacteria [16, 17]. In particular,
advantages as a model of Portunid crab  species  for marine animals contain high levels of long chain n-3
fisheries, culture or scientific studies, [3-13]. This species PUFA, such as docosahexaenoic acid (DHA, 22:6n3) and
has fast growth rate, high fecundity and relatively short Eicosapentaenoic acid (EPA, 20:5n3), in both their depot
larval duration. Furthermore, this species is an important and tissue lipids [15, 18]. Similarly, n-6 PUFA, such as
source of animal protein and a favorite recipe in South linoleic  acid   (LA,   18:2n6)   and   arachidonic   acid
East Asia and other parts of the world. (ARA, 20:4n6), are generally vital for terrestrial animals

Fatty acids are important as nutritional substances [19]. Either n-3 or n-6 PUFA usually dominates in marine
and metabolites in living organisms. Many kinds of fatty or terrestrial animals, especially in their cell membrane
acids play a vital role in the regulation of variety of phospholipids.

methods such as stable isotope or fatty acid (FA) analysis
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Identifying the diets of animals is important for 24h, then stored at - 40°C and finely ground before been
understanding their basic ecology, characterizing tropic analyzed. All chemicals used (hexane, chloroform,
interactions and predicting community level methanol and 14% BF  in methanol) were of analytical
consequences of biotic and a-biotic change. In the marine reagent grade for GC (Kanto Chemical Co. Inc. Japan).
environment, direct observation of feeding is often Non adecanoic acid (19:0) (Supelco Inc. USA) was used
impractical or impossible, so ecologists have developed as an internal standard. The internal standard solution
indirect methods for examining diet. Literature reviews was prepared by dissolving100mg of 19:0 in 100 ml of
showed that, there are no studies been done to hexane to obtain a final concentration of 1 mg/ml of 19:0.
investigate the FA composition of P. pelagicus larvae. FA concentrations (C , mg/g of dry sample) were
From this study, the knowledge of FA in P. pelagicus calculated by comparing the peak area of FA in the sample
larvae is useful to understand its nutritional requirements with the peak area of internal standard as follows this
in each larval stage, its interactions with other organisms equation:
and will be useful for developing successful farming
techniques for this species in the future. Thus, the C = A /A  x C /W
objectives of this study are to investigate the FA A = Peak area of FA in the sample in chromatogram
composition of P. pelagicus larvae sampled from natural A = Peak area of internal standard in chromatogram
habitat of Setiu Wetland, Terengganu. C = Concentration of internal standard (mg)

MATERIALS AND METHODS

Biological  Sampling:  In  this  study,  the     sampling individual FA was calculated by comparing the peak area
was carried out at Setiu Wetland waters, Terengganu of each FA with the total peak area of all FA in the sample.
(102’46E; 5’39N) (Figure 1). The planktonic larvae were To ensure esterification was complete, the final extracts of
collected using serial filtration net with mesh size of samples were examined by Thin-Layer Chromatography
500µm, 200µm, 60µm and 20µm respectively. Detail of the (TLC) using Merck plates coated with kieselgel 60 silica
biological sampling trips please refers to Table 1. Boat (Darmstadt, Germany). The developing solvent was a
was used to tow across Setiu Wetland Estuary for 1 km. mixture of hexane, diethylether and acetic acid (70:30:1).
The 500µm mesh size was used to filter out the debris and The TLC plate was immersed in phosphoric acid: 33%
unwanted elements. The collection of sample was acetic acid:sulfuric acid:0.5% copper sulfate
according to depth; 5m and 15 m where was done twice (5:5:0.5:90;v:v:v:v) and then dried and heated to visualize
providing  two  replicates  for  each  depth per station. the spot of FA Methyl Ester (FAME).
The net was wash thoroughly to make sure the maximum
sample fill in at the end of the collector of the net. Towing The One-step Method Procedure for Fatty Acid Analysis:
was done until sample adequate at 200mg dry weight [20] The one-step method procedures were principally carried
to do FA analysis. Then, the sample was transferred into out by combining the extraction and esterification
250mL bottle with labelling. The larvae were separated processes using a single tube. Three replicates of each
according to Zoeal stages (Zoea 1 till Zoea 4). All the sample ±200mg were mixed with 4ml of hexane and 1ml of
crabs larvae were distinguish individually by using internal standard (Nonadecanoid acid) solution in a 50ml
pipette under compound microscope. Only P. pelagicus centrifuge tube. After adding 2ml of 14% BF  in methanol
species was used and selected by observed their and a magnetic stirring bar, the head space of the tube
characteristic and morphology according to Arshad et al. was flushed with nitrogen gas and then closed tightly
[21]. The sample contains larvae were stored under deep with a Teflon-lined screw-cap. The capped tube was
freezer (-20°C) and were brought to laboratory to do FA heated on a hot plate at 100°C for 120 min under
analysis. continuous stirring. After cooling to room temperature

Sample and Data Analysis: After each larval Zoeal stage water. The tube was shaken vigorously for 1 min and
(Z1, Z2, Z3 and Z4) of samples were stored in deep-freeze centrifuged for 3 min at 2500 rpm (650 ×g). Of the two
for 48h, the samples were homogenized, freeze dried for phase’s  which  formed, the upper phase was hexane layer

3

FA
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W = Weight of sample (g)S:

Qualitatively (as a percentage), composition of

3

27°C, 1ml of hexane was added followed by 2ml of distilled
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Fig. 1: Location of the biological sampling trips at Setiu Wetland Estuary, Terengganu, Malaysia.

Table 1: Details of the biological sampling trips at Setiu Wetland Estuary, Terengganu, Malaysia.
Sampling Trip Date Time Towing Period Location
1 15/8/2012 1015 h 20 min Nearby seagrass area
2 3/10/2012 2300 h 30 min Along muddy flat bottom area
3 4/12/2012 0915 h 25 min Nearby mangrove creek
4 13/2/2013 1430 h 30 min Nearby Seabass fish cage
5 9/4/2013 1730 h 35 min Along estuary (many floating wastes)
6 7/6/2013 1100 h 30 min Nearby fisherman jetty

containing the FAME’s. Finally, ~1-2ml of the hexane highest PUFA component in Zoea 3.In Zoea 4, Linoleic
layer was transferred using a Pasteur pipette into a clean acid C18:2n6c showed the most dominant PUFA
sample vial to be injected into the GC for FAME analysis. composition in these experiments (Table 2). 
In the experiment, the one-way statistical analyses were
performed by using SPSS version 17.0. This comparison Concentration of Total Fatty Acids (TFA): Concentration
was displayed in graph form. All results will be presented of TFAin wild sampling in all larval stages were
as means ± SD The difference will be displayed as significantly (P<0.05) differ. The highest concentration of
statistically significant when p<0.05. TFA were detected in Zoea 2, followed by Zoea 3, Zoea 4

RESULTS weight,18.31±1.21 mg g  dry weight, 14.3±2.49 mg g  dry

Fatty Acid Characteristic of P. Pelagicus Larvae Stages (Table 2, Figure 2).
Fatty Acid Composition: The stearic acid C18:0, SAFA
component showed a broader range of fatty acid
composition in Zoea 1. While in Zoea 2 the most dominant
SAFA component was palmitic acidC16:0. In the other
hand, Eicosapentaenoic acid (EPA) C20:5n3, showed the

and Zoea 1 with concentration 24.34±5.16 mg g  dry1

1 1

weight and 13.57±1.21 mg g  dry weight, respectively1

Fatty Acid Classes:
Saturated FA (SAFA),Monounsaturated FA (MUFA) and
Polyunsaturated FA (PUFA): Stearic acid C18:0 was
dominant  FA  component  in  Zoea  1.  In Zoea 2, palmitic
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Fig. 2: Fatty acid concentration of P. pelagicus larvae at
Setiu Wetland, Terengganu.

Fig. 3: EPA and DHA concentration of P. pelagicus
larvae at Setiu Wetland, Terengganu.

Fig. 4: Omega-3 and -6 concentrations of P. pelagicus
larvae at Setiu Wetland, Terengganu. 

acid C16:0 was highest FA composition. While in both
Zoea 3 and Zoea 4, the most dominant FA component was
heptadecanoic acid C17:0 (Table 2, Figure 2). The oleic
acid C18:1n9c were most dominant FA component in both
Zoea 1 and Zoea 2. While in Zoea 3, no MUFA
component  was  found.   In   the    other    hand,   only
cis-10-Heptadecenoic acid C17:1 was found in Zoea 4
(Table 2, Figure 2). The most dominant PUFA component
in Zoea 1, Zoea 2 and Zoea 3 was eicosapentaenoic  acid

Table 2: Fatty acids characteristic (mg  dry weight) in wild sampled of P.1

Pelagicus larvae at different larvae stages. Values are mean±S.D,
n=3.

Wild Sampling P. Pelagicus at Different Larval Stages

Fatty acid Zoea 1 Zoea 2 Zoea 3 Zoea 4

C12:0 0.1±0.02 0.12±0.01 - -
C13:0 0.06±0.01 0.11±0.01 - 0.12±0.03
C14:0 0.78±0.06 0.87±0.01 1.07±0.03 0.9±0.08
C14:1 - 0.04±0.00 - -
C15:0 0.6±0.03 0.54±0.03 0.89±0.16 0.92±0.35
C16:0 0.16±0.00 5.08±4.32 - 0.48±0.05
C16:1 2.11±0.15 3.49±0.07 - -
C17:0 0.43±0.21 1.09±0.05 1.46±0.65 0.96±0.11
C17:1 0.18±0.03 0.37±0.02 - 0.38±0.06
C18:0 2.8±0.21 0.22±0.01 - -
C18:1n9c 2.55±0.17 4.18±0.09 - -
C18:1n9t - 0.08±0.01 - -
C18:2n6t 0.14±0.03 - - -
C18:2n6c - 0.37±0.01 3.44±0.07 4.02±0.49
C18:3n3 - 0.22±0.22 - 0.96±0.48
C18:3n6 0.06±0.01 - 0.26±0.01 -
C20:1 0.52±0.13 1.64±0.04 - -
C20:2 0.1±0.02 0.09±0.01 - -
C20:3n3 - - 0.85±0.01 -
C20:3n6 0.06±0.01 - - -
C20:4n6 0.61±0.03 1.43±0.02 1.4±0.02 0.67±0.2
C20:5n3 1.66±0.05 2.44±0.18 7.06±0.17 3.75±0.5
C21:0 0.05±0.01 0.06±0.00 0.85±0.01 -
C22:0 0.21±0.01 0.37±0.03 0.79±0.01 -
C22:6n3 0.49±0.03 1.52±0.02 1.88±0.09 1.14±0.14
C23:0 0.11±0.01 - - -
C24:0 - - - 0.2±0.04

(EPA)  C20:5n3.  While,  in  Zoea  4  linoleic   acid
C18:2n6c showed the most dominant FA composition
(Table 2, Figure 2).

The n-3/n-6 Ratio: Concentration of n-3 PUFAs was
significant higher (p<0.05) to concentration of n-6 PUFAs
(Table 1). The n-3 PUFAs predominantly over n-6 PUFAs
in the most various P. pelagicus larvae stages of presence
study (Table 2).

Eicosapentaenoic acid (EPA) and Docosahexaenoic acid
(DHA): The highest EPA level was in Zoea 3 followed
with Zoea 4, Zoea 2 and Zoea 1 with concentration
7.06±0.17mg g  dry weight, 3.75±0.5mg g  dry weight,1 1

2.44±0.18mg g  dry weight and 1.66±0.05mg g  dry1 1

weight respectively. The most dominant DHA level was
in Zoea 3 followed with Zoea 2, Zoea 4 and Zoea 1 with
concentration 1.88±0.09mg g  dry weight, 1.52±0.02mg1

g dry weight, 1.14±0.14mg g  dry weight and1 1

0.49±0.03mg g  dry weight.1
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Omega-3 and Omega-6: The highest omega-3 The abundant of mangrove detritus as a result from
concentration were in Zoea 3 followed by Zoea 4, Zoea 2 the animal itself which unable to continue further
and Zoea 1 with concentration 9.79%, 5.85%, 4.18% and desaturation of the fatty acids 18:1n7, 18:1n9, 18:2n6 and
2.16% respectively of TFA concentration  (Table 2, 18:3n3 [32]. The habitat of P. pelagicus larvae which is
Figure 4). The most dominant omega-6 concentration were near mangrove areas FAO [33] also influenced the
in Zoea 3 followed by Zoea 2, Zoea 4 and Zoea 1 with abundance mangrove detritus detected in the FA
concentration 1.66%, 1.43%, 0.67% and 0.18% composition. Study by Bachok et al. [32] concluded that,
respectively of TFA (Table 2, Figure 4). the present of fatty acids 18:1n7, 18:1n9, 18:2n6 and 18:3n3

DISCUSSION present study, only FA 18:1n9, 18:2n6 and 18:3n3 been

Fatty  Acid  Composition  Changes  for  Wild    Larvae: were used as mangrove detritus marker. The primary
FA 18:0 in Zoea 1 and 16:0 in Zoea 2 of SAFA were the source of mangrove detritus is leaf litter which fuels the
two most dominant FA detected (Table 2) and this result ecosystem of mangrove [34]. Once the mangrove detritus
was  also  the  same in the study by Wu et al. [22]. was eaten by P. pelagicus larvae it can be detected by the
Palmitic acid (16:0) was found in considerable amounts in mangrove marker as the mangrove marker signatures can
the lipids of an animal [23]. It also usually detected most persist on time scales of millions of years [35]. FA 18:1n7
in  the marine animal source [24] and detected highest in and odd-BrFAs are the main fatty  acid  in  bacteria  [32].
P. pelagicus larvae while roles for 16:0 and 18:0 have been In the marine food webs, these FA have been used as
suggested in supporting metabolic functioning rather bacteria markers [36]. However, in the present study,
than as a direct energy source [25]. In the other hand for these  FA were   n ot  detected  in  FA  composition  of
Zoea 3, FA 20:5n3 was dominant. It is one of the most P. pelagicus larvae. FA changes that occur during
important FA and widely found in fish oils and algae [23]. moulting cycles are an overriding physiological factor
For Zoea 4, the most dominant FA was Linoleic acid. determining condition, especially in larval and juvenile

From this study, small amount of FA 18:3n3 was crustaceans  that  have  low  energy   reserves   [37,38].
detected in Zoea 2 and Zoea 4 (Table 2). In other study by Our study indicates that P. pelagicus larvae proximate
Gunstone et al. [26], it was stated that, FA 18:3n3 is an composition of TFA undergo changes in association with
essential component of lipids in stems, leaves and roots. ecdysis.
In this study, oleic acid (18:1n9) was detected as second The study by Muller et al. [39] show that, highest
dominant of MUFA group in Zoea 1. In most animal fats, concentration of SAFA, MUFA and PUFA mostly in Zoea
oleic acid has been the major component of FA Gunstone 2 and Zoea 3 showed that they used this fatty acid as
et al. [26]. In the other hand, FA 20:1 was detected in energy to moult the next stage like metamorphosis. In the
Zoea 2 of P. pelagicus larvae as this fatty acid plays an wild, DHA, EPA and AA are synthesized by primary
important role in water transport and osmoregulation [27]. producers and are concentrated as they move through the
In Zoea 3, both EPA and DHA were dominant (Table 2). food web to higher level consumers [40].While crab larvae
DHA and EPA are essential compounds required for cell may consume microalgae, their nutritional value is
membrane formation, osmoregulation, the synthesis of relatively low compared with the rotifers or Artemia that
prostaglandins and they also appear to have an activating the larvae consume. Study by Sargent [41] showed that in
role in the immune system [28]. The results of FA natural habitat, wild crab larvae feed on marine
concentration in the present study showed there were zooplankton, by feeding on phytoplankton, zooplankton
spread out over a large range of values. The highest mostly accumulate as a reserve of wax esters which are
concentration  detected   in   this  marker  indicated  that rich in highly unsaturated fatty acids (HUFA). This
P. pelagicus larvae consumed many marine animals. ensures that the full range of FA necessary for metabolic
Long-chain PUFA (LC-PUFA), fatty acids 20:5n3, 22:6n3 energy and cell membrane development of larvae.
[29], Gunstone et al. [26] and n-3, [30] can be used as the In the other hand, the sustainable of structural and
marine animals markers. Ackman, [30] stated that n-3 fatty functional integrity of membrane cell were controlled by
acids always present in fish flesh and are important to EPA according to Fox et al. [42] and Sargent [43]. In this
reduce hypertension and cholesterol absorption, [22]. Wu study, Zoea 1 has low level of EPA. However, when larvae
et al. [22] reported that, fatty acid 20:5n3 was dominant in growth as increase the larval stage in Zoea 2 and Zoea 3,
P. pelagicus which was also found dominantly in edible the level of EPA subsequently increased. But during Zoea
tissue of brown crabs, Cancer pagurus [31]. 4  it  was  decreased. With this taken into account, when

can indicate the sources of mangrove detritus. In the

detected in FA composition of P. pelagicus larvae and
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