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Abstract
The fatty acid composition of the parasite, Mothocya belonae, and the muscle of its host, Belone belone
(Garfish), were compared. The saturated, monounsaturated and polyunsaturated fatty acids in parasite and the host are
respectively 49% to 52.9%; 25.12% to 28.8% and 25.87% t018.2 % of total fatty acids.
The parasite is characterized by palmitic (C16: 0), oleic (C18: 1n-9), arachidonic acid (C20: 4n-6) and EPA
(C20: 5n-3) with respective percentages of 29.1%, 17.6%, 3.9% and 7.7% of total fatty acids. Parasite tissues are
distinguished by their high EPA + DHA with a rate of 19.4% of total fatty acids.
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Introduction

The pathogens of marine fish and freshwater

fish such as viruses, bacteria, protozoa and metazoa
are very diverse (Cassia et al., 2004). In the wild,
parasitism contributes to increase the natural mortality
in fish populations and may affect their migratory
behavior. This finding was observed in eel infested by
the worm Anguillicola crassus that resulted in a
decrease in its catches (Audenaert et al, 2003 ;
Lambert et al, 2003). However, in rearing conditions,
parasitized fish with a disgusting aspect would lead to
decrease the production which causes real financial
losses. Thus, research on parasitism of reared
organisms provides valuable data on the origin of the
parasites, their location on the fish and their life cycle
(Sommerville, 1986).
The main purpose of these studies is to control the
environment, the impact of the parasite on the fish
(Stewart et al, 2004.), the research of a prophylaxis
and the implementation of an adequate prevention
(Sarusic, 1986; Brisinelli, 1896).

In contrast, in the natural environment,
studies on parasitism are essentially descriptive,
limited to the specific identification of the parasite
(Neifar et al, 2004 ; Amine et al, 2006 Blahoua et al.,
2009; Vinoth, 2010). Some studies have focused on
the environmental aspects related to research the
different stages of the parasite and genetic
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characterization in relation to its habitat (Blasco-Costa
etal.,, 2012).

In the case of an ectoparasitic infestation in particular
by copepods and isopods, the parasite is constrained to
take advantage of its host. For this, it needs to
strengthen its attachment to the host in order to ensure
its biological functions of nutrition, growth and
reproduction necessary for its own spread. Some
authors report the harmless effect of the copepod
(Perodermo cylindncum) on the physiology of sardine
(Ktari et al., 1980). In contrast, in the same species, El
Gharbi et al. (1983) identified serious alterations in the
points of impact of the parasite. Faced with these
conflicting interpretations and given that the only
source of nutrition of the parasite is its own host, we
undertook a study based on comparative analysis of
fatty acids present in the muscle of infected fish
specimens, Belone belone (garfish), and fatty acids
present in the parasite, Mothocya belonae , attached to
the gills of the host.

Materials and methods

Samples of garfish parasitized (n = 6) were
collected from fishermen in the Bay of Monastir in
July 2013 (Figure 1). The parasite, M. belonae, is
attached to the fish gills. The weight of the parasite
vary between 0.8g and 1.10g. Weights and the total
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lengths of the parasitized fish are shown in Table 1.
Samples of 0.5g of parasite were grouped to reach a
fresh weight of 3 g. Samples of 1 g of parasitized fish
were grouped to reach a fresh weight of 6 g. The total
lipid extraction was performed according to the
method of Folch et al. (1957) in a chloroform-
methanol (2:1, v / v). The total lipids obtained were
stored in chloroform-methanol- butylated-
hydroxytoluene (BHT) at -28°C. For further analysis,
the fatty acids were transformed into methyl esters,
according to the Cecchi et al. (1985). The
quantification of the fatty acids is based on an internal
standard not present in our samples, methyl
nonadecanoate or C19:0 (Sigma Aldrich, Corporate
Headquarters, St Louis, MO). Methyl esters of TFAs
were separated, identified, and quantitated by gas
chromatography using a HP 6890 gas chromatograph
with a split/splitless injector with electronic pressure
control and a flame ionisation detector was used for
the analysis. Separation was performed with a 30 m
HP Innowax capillary column with an internal
diameter of 250 micrometers and a 0.25 micron film
thickness, the stationary polar phase of the column
being polyethylene glycol. We identified the different
fatty acids contained in garfish by comparing the
retention times of the fatty acids under focus with
those of a mixture of methyl esters SUPELCO (PUFA-
3). To compare the quantity of each fatty acid
contained in the different sections, we analysed the
variance (ANOVA) with an interval of reliability of
95% (p< 0.05). The comparison of the mean values is
based on the Duncan test using the SPSS 13 program.
Data are presented as mean + SE and submitted to the
Student test to determine significant differences
between means.

Results and discussion

Table 2 shows the contents of the total fatty
acids of the host (B. belone) and the parasite (M.
belonae). These contents showed a  significant
differences in the parasite and its host. The fatty acid
composition of the host muscle and the parasite is
shown in table 3. A total of 23 fatty acids have been
identified. The fatty acid composition of the parasite is
characterized by 49% saturated fatty acid SFA
dominated by palmitic (C16: 0, 29.12%), 25.12%
monounsaturated fatty acid MUFA dominated by oleic
acid (C18: 1n -9, 29.12%), a percentage of 25.87% of
polyunsaturated fatty acids PUFA n-3 represented by
the complex EPA + DHA (C20: 5n-3 + C22: 6n-3,
19.40%) and 4.56% PUFA dominated by n-6
arachidonic acid (C20: 4n-6, 3.90%).

SFA and MUFA, didn’t show a significant
variations between the host muscle and the parasite

http: // www.ijesrt.com

ISSN: 2277-9655
Scientific Journal Impact Factor: 3.449
(ISRA), Impact Factor: 1.852

(Table 3). Parasite’'s PUFAs differ significantly from
those of the host . This variation is explained by the
percentage of arachidonic acid and EPA which vary
very significantly between the two individuals (Table
3).A lipid content of 0.99¢/100g of fresh weight
parasite promotes rapid growth. This growth requires
an increase in all cellular membranes where lipids are
stored. These reserves play a fundamental in the
osmotic pressure that allows the parasite to survive
during both difficult and reproductive periods
(Schoffeniels, 1976; Tocher et al., 2010).

Comparative analysis of fatty acids in the
host muscle and the parasite (Table 3) allows the
detection of transfer between the host and the parasite.
The presence of miristic acid (C12: 0, 2%) in the
parasite would be a consequence of a very high
percentage of this fatty acid in the host (> 18%).
Similarly, higher percentages of arachidonic acid
(C20: 4n-6, 3.90%), DHA (C22: 6n-3, 11.67%) and
Hexadecadienoic acid (C15: 1 0.15%) in the parasite
may result from relatively high proportions of these
three fatty acids (2.16%, 10.79% and 0.55%) in the
host. Lloyd and Barrett (1981) reported that Fasciola
hepatica absorbed by diffusion the short chain fatty
acids (acetate, propionate, butyrate). Therefore, it is
suggested that Mothocya belonae could follow these
strategies for absorption C12: 0, C15: 1, C20: 4n-6 and
C22: 6n-3 present at different percentages. It is
suggested that Mothocya belonae would be able to
transform the C12: 0 in C16: 0 by chain elongation.
This phenomenon has been reported by Furlong
(1991) in the trematode Schistosoma mensoni living in
the vascular system of the mammalian host. This
mechanism has been shown in Spirometra
mansonoides worm parasite of terrestrial mammals
and the aquatic organisms including fish, respectively,
in the adult and larval stages for the C16: 0, C18: 0,
C18: 1, C18: 2 and C18 : 3 which are transformed into
C20 and C22 (Meyer et al., 1966).

Palmitic acid would act as precursor for the
synthesis of saturated and unsaturated fatty acids in M.
belonae. (Barrett (1981) suggested that in most
organisms, the cycle of fatty acid synthesis stops at the
palmitate which acted as precursor for both long chain
fatty acids saturated or unsaturated.

The fatty acid groups (SFA MUFA and
PUFA) are common to the host and parasite. However
they differ in their respective percentages. The
presence of certain acids such as C14: 0, C16: 0, C18:
0, C18: 1n-9, C20: 5n-3 and C22: 6n-3 in significant
quantities reflects the physiological importance of
these fatty acids in both the host and the parasite. It
has been reported that the palmitic and oleic acids are
incorporated into the neutral lipid P. microbothrium
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(Awharitoma et al., 1990). Therefore, we can assume
that the presence of oleic acid and palmitic with
respective percentages of 17.67% and 29.12% for M.
belonae could explain their incorporation in the lipid
reserves.

Probably, Mothocya belonae is able to
change the fatty acids obtained from the host. For the
same amount of TFA, the parasite has low percentages
of C18: 2n-6 (0.66%) and C18: 3n-3 (0.02%) and
relatively  high percentages of arachidonic acid
(3.90%), EPA (7.72 %) and DHA (11.67%). Tocher
(2003) assumed that polyunsaturated long chain fatty
acids  present in the ectoparasite of salmonids,
Lepeophtheirus salmonis, may come either from a
phenomenon of elongation and desaturation of short
chain fatty acids or they are generated by selective
oxidation of C18: 2n-6 and C18: 3n-3 and selective
retention of arachidonic acid, EPA and DHA. Thus,
the result of the relationship Belone belone-Mothocya
belonae would result in a fatty acid absorption by the
parasite. Consequently, the energetic potential of the
parasite would be mainly set for the benefit of its
reproduction.

The biochemical composition of fish is
greatly influenced by their diet composition (Orban et
al., 2007). M. belonae constraint to get its food from
its own host, any variation in the diet of the fish is
reflected in the fatty acid composition of the parasite
(Tocher, 2003). However, the fatty acid composition
of M. belonae showed a difference from that of the
garfish particularly in terms of percentage of C15: 1.
Fehri-Bedoui et al., (2013) suggested that the C15: 1
is not generated from an endogenous synthesis, but
rather from the garfish alimentation. It seems that this
fatty acid does not present an important role for the
parasite

In conclusion, it appears that the muscle of
the host (B. belone) and its parasite (M. belonae)
present, qualitatively, similar lipid profiles.
Quantitatively, these profiles present significant
differences ; the parasite seems to be able to modify
the fatty acids by elongation of their chains. This
strategy allows the parasite to provide nutritionnal
added value to the fatty acids extracted from the host
to ensure its own survival
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Figure 1. Location of the Bay of Monastir
(Central Mediterranean) ¥ Sampling sites.

Table 1. Size and weight of the studied specimens collected in the Bay of Monastir (Host: Belone belone;
Parasite: Mothocya belonae).

Parasitized fish : Parasite : Mothocya

Belone belone belonae
Specimen Total length (cm) Total weight (g) Total weight (g)
El 25 50.40 0,8
E2 29 70.00 0,95
E3 32.1 90.20 1,05
E4 28,5 70,07 0,63
E5 20 30.85 1,10
E6 40.1 100.20 0,92
Table 2. Total fatty acids in the host muscle and the parasite.
Host muscle Parasite P
(Belone belone) (Mothocya belonae)
TFA ¢/100g PF 0.81+0.06 0.99+0.22 **

*P<0.05 ; **P<0.01 ; ***P<0.001 ; ns >0.05
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Table 3. Fatty acids composition in the host (parasitized garfish) and the parasite M. belonae from the Bay of Monastir
(Central Mediterranean).

Fatty acids Host muscle Parasite p
C12:0 18.20+0.91 2.01+0.57 ikl
C14:0 7.02+2.75 8.05+2.19 ns
C15:0 1.63+0.34 0.38+0.05 ikl
C16:0 18.33+2.69 29.12+1.92 ikl
C17:0 1.10+0.10 2.10+0.50 ns
C18:0 6.87+1.21 7.31+1.40 ns
Ci5:1 20.22+4.23 0.04+0.00 ikl
C16 :1n-9 1.95+0.27 2.02+0.29 ns
C16 :1n-7 0.97+0.14 1.01+0.14 ns
C18:1n-9 3.27+£0.81 17.67£1.54 e
C18:1n-7 1.57+0.13 3.48+0.19 ikl
C20:1 0.35+0.10 0.28+0.17 ns
C22:1 0.45+0.04 0.60+0.17 ns
C16 :2n-4 0.51+0.11 0.15+0.00 Fkk
C18:2n-6 0.22+0.05 0.66+0.09 ikl
C20 :2n-6 0.16+0.02 0.07+0.02 *
C18:3n-3 0.06 +£0.02 0.02+0.00 ns
C18:4n-3 0.87+0.45 0.32+0.11 ns
C20 :4n-6 2.16+0.20 3.90+0.23 ikl
C20 :4n-3 0.27+0.07 0.13+0.02 ns
C20 :5n-3 1.24+0.06 7.72+0.92 ikl
C22 :5n-3 1.92+0.29 1.20+0.16 ns
C22 :6n-3 10.79+1.27 11.67+1.13 ns
C12:0tC14:0+Ci6 0 43.3846.17 39.19+3.58 ns
SFA 52.98+5.61 49.00+2.97 ns
MUFA 28.81+4.32 25.12+1.78 ns
PUFA 18.21+1.54 25.87+1.80 HrE
UFA 47.0245.61 50.99+2.97 ns
n-3 15.16£1.43 21.08+1.56 *
n-6 2.54+0.24 4.56+0.28 ikl
n-7 2.55+0.05 4.49+0.29 il
n-9 6.02+0.91 20.58+0.58 ikl
EPA+DHA 12.03£1.31 19.40+1.51 *
n-3/n-6 6.02+0.36 4.55+0.19 il
UFA/SFA 0.99+0.20 1.07+0.10 ns
PUFA/MUFA 0.68+0.07 1.04+0.08 **
PUFA/SFA 0.37+0.06 0.54+0.06 ns

*P<0.05 ; **P<0.01 ; ***P<0.001 ; ns >0.05
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