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Abstract : Aplysia dactylomela is a sea hare having eggs with high potential as polysaccharide collected in the coastal sea of Madagascar 
(Vohemar). To determine the chemical compositions, rheological characteristics, colorimetric assays, HPAEC and viscometer, 

measurements were carried out. Crude polysaccharides (EPPOAD) were extracted from Aplysia dactylomela eggs by the aqueous solvent 

extraction method under neutral and alkaline conditions. The extraction yield was 20.9 % and 22.89 % under those both conditions 

respectively. The results showed 31.24 % total sugar, 27.51 % neutral sugar, 17.92 % uronic acid, 3.93 % protein and 38.93 % sulphate. It is 
composed of fucose, arabinose, glucosamine, galactose, galacturonic acid and glucuronic acid assigned in g/g of sample 0.022, 0.049, 0.048, 

0.146, 0.020, 0.023, respectively. The result showed that the EPPOAD extract has a shear-thinning behavior and a recovery of the critical 

concentration (C*) at 17.42 g/L.  
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1. Introduction 

The polysaccharides are macromolecules that exist 

throughout nature. The structures of those polysaccharides 

are influenced by their origins and the extraction method. 

They potentially have many useful therapeutic and 

pharmaceutical applications [1], [2], [3], [4], [5]. Marine 

organisms are valuable, underexploited sources of 

polysaccharides with chemical structures newly discovered.  

Marine natural polysaccharides were previously isolated 

from algae [6], [7] fishes [8] and marine invertebrates [9]. 

The natural polysaccharides from marine animals are a hot 

research topic because of their various biological activities. 

However, the extraction of polysaccharides from sea hares 

has thus far received little attention from scientists and 

researchers who are working in the field of marine natural 

products. Although some polysaccharides structures obtained 

from sea hare muscle have been reported in recent years 

[10], [11] but there was only one investigation of 

polysaccharides from its eggs, that of Notarchus leachii 

freeri. Sea hare eggs were a new raw material for 

polysaccharide extraction althoug their structures are not yet 

well known. Therefore, it is important to study its structures. 

The sea hare Aplysia dactylomela is a marine opisthobranch 

gastropod mollusk belonging to the Aplysiidae family. It is a 

circumtropical aplysid and occurs worldwide in tropical to 

warm temperate waters [12]. The sea hare and its eggs are 

used as traditional nutritious food source in Asian countries 

[13], [14] and its eggs have also been used as traditional 

medicine in China since Ming Dynasty [15]. The egg mass 

of an A. dactylomela is a resistant gelatinous string that can 

reach 8 m in length with variable colors, reaching tones of 

yellow, orange or pink [12]. In the present work, we extract 

for the first time polysaccharide from Aplysia dactylomela 

egg collected in the coastal waters of Madagascar (in Indian 

Ocean). We carry out an preliminary study for structure 

polysaccharide eggs of Aplysia dactylomela with the 

determination global composition of polysaccharide using 

colorimetric assay and the monosaccharides composition 

using HPEAC. Finally, the physicochemical characterization 

is determined using viscometer. 

 

2. Materials and methods 

 

2.1. Material 

eggs of Aplysia dactylomela were collected in the shore sea 

at Vohemar district of Madagascar (latitude 13 degrees 21 

minutes 33 seconds South, longitude 50 degrees 0 minutes 

43 seconds east, 18 m above sea level). The eggs were 

cleaned manually with sea water and then dried at 40 °C in 

oven (Drying oven, DHG-9030A) before been stored in bags 

at a shaded and ventilate site. Before each polysaccharide 

extraction, the sample was washed abundantly with water 

and dried during 30 hours at 65 °C. 
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2.2. Extraction 

Then, extractions of the polysaccharide have been done with 

water (pH 6,0) at solvent ratio of 1/30 (w/v) and conducted 

under condition of 80 °C for 3 hours. Separation of the 

residue from the extracted solution was performed by 

filtration with a very fine mesh fabric. The residue was 

briefly washed with additional distilled water and the 

procedure was repeated several times to maximize 

polysaccharide recovery. Then, the solution was centrifuged 

at 4500 rpm for 30 minutes and the supernatant was 

precipitated with ethanol (3 vol.) and collection. The 

procedure is repeated again with the obtained polysaccharide 

using acetone. The polysaccharide is collected after wringing 

out the acetone and dried at 40 °C in the oven (Drying oven, 

DHG-9030A). Extraction of polysaccharide with 750 mL of 

0,3 M NaOH was applied to 25 g of dried Aplysia 

dactylomela egg, at 80 ◦C during 3 hours. The same 

extraction procedure with neutral pH is followed to obtain 

the crude polysaccharide. The percentage yield of crude 

polysaccharides (EPPOAD) were calculated according to the 

following formula : 

 

          

                              
         

                         
                          

       

 

2.3. Global composition analysis 

The total sugar content of EPPOAD was determined by the 

phenolsulfuric acid method and glucose acted as the standard 

[16]. Total neutral sugar content was determined by the 

reaction with resorcinol in presence of sulfuric acid using 

glucose as a standard [17]. The total uronic acid content was 

colorimetrically determined by the m-hydroxydiphenyl assay 

using galacturonic acid as a standard [18]. Sulphur content 

was determined by the turbidimetric method [19]. The 

protein content was determined by Folin reaction [20]. 

 

2.4. Monosaccharides composition analysis 

The monosaccharide composition was determined using 

highperformance anion exchange chromatography (HPAEC), 

on a guard CarboPac PA1-column (4 × 50 mm) and 

analytical Carbopac PA1-column (4 mm × 250 mm). 

Detection was performed with a pulsed amperometric ED50 

detector (Dionex Corp., Sunnyvale, CA). The 

polysaccharides from Aplysia dactylomela eggs (10 mg) 

dissolved in 4 M TFA (1 mL) were heated at 100° C during 8 

hours. The hydrolysates were neutralized with ammonia 

solution (4 M). 25 microliters of sample (with 10 mg/mL of 

concentration) were injected. Each carbohydrate 

concentration was determined after integration of respective 

areas [Chromeleon management system (Dionex)] and 

comparison with standard curves obtained with all relevant 

monosaccharide standards. To investigate the neutral 

monosaccharides, the elution has been achieved isocratically 

with 16 mM NaOH at a flow rate of 1 mL min
-1

. On the other 

hand, to elucidate the acidic sugars composition of all 

samples, a gradient of 160 mM NaOH (solvent A) and 600 

mM ammonium acetate in 160 mM NaOH (solvent B) were 

applied at a flow rate of 1 mL min
-1

. The gradient contained 

four steps (expressed in percent B in A) : 0 % during 10 

minutes ; 0-100 % from 10 to 40 minutes ; 100 % from 40 to 

45 minutes ; 100-0 % from 45 to 50 minutes. 

 

2.5. Rheological measurements 

Flow measurements were performed using a viscometer 

NDJ-1 on spring torque LV with 4 speeds (rpm) 

transmissions. All the rheological studies were conducted at 

25 °C using cylindrical spindles (#61 LV, #64 LV) and disc 

spindles (#62 LV, #63 LV). The quantity of the samples was 

600 ml for containers with internal diameter of 83 mm. 

Polysaccharides solutions 0.2 % to 5 % (w/v) were prepared 

in distilled water stirred for 2 hours at room temperature. The 

shear flow behavior was assessed over shear rates of 1 to 13 

s
-1

. The critical concentration recovery (C*) indicates the 

limit between dilute to semi-dilute regime measured in water 

at 25 °C. It was determined using the log-log plot of the 

specific viscosity (ηsp : specific viscosity measured at zero 

shear) vs the concentration of polysaccharide (log ηsp = f (log 

C). 

 

3. Results and discussions 

 

3.1. Extraction of polysaccharide from Aplysia 

dactylomela eggs 

The polysaccharide from Aplysia dactylomela eggs was 

extracted with aqueous solvent in neutral and alkaline 

conditions. The yield of the polysaccharide fraction extracted 

in neutral condition was 20.9 %, which was higher to 4.9 % 

and 3 % than that obtained from Notarchus leachii freeri egg 

[15] and from Bursatella leachii viscera [11] respectively. 

Alkaline extraction was tested to increase the yield of 

polysaccharide from above 22.89 %. However, alterations of 

monosaccharide composition and substitution were often 

observed with alkaline extraction [6] and the color of 

polysaccharide powder was not good enough. The 

polysaccharide obtained by neutral condition (EPPOAD) was 

selected for the differents analyzes. 

 

3.2. Composition of polysaccharide 

The polysaccharide extracted contain 31.24 % of total sugar, 

27.51 % of neutral sugar, 17.92 % of uronic acid and 3.93 % 

of proteins were found in EPPOAD. Our uronic acid and 

protein results were higher than 7.97 %, 1.58 % respectively 

reported for Notarchus leachii freeri egg polysaccharide but 

his total sugar to 85.43 % was seemed to be much higher 

[15].  We noted the high amount of sulfate at 38,93 %, which 

was higher than 28 % obtained from Bursatella leachii 

viscera polysaccharide [11]. The retention time of eight 

standard monosaccharides were determined by HPAEC. The 

result of HPAEC analysis shows that the native 

polysaccharide from Aplysia dactylomela eggs contains 

fucose, arabinose, glucosamine, galactose, galacturonic acid 

and glucuronic acid assigned in g/g of sample 0.022, 0.049, 

0.048, 0.146, 0.020, 0.023, respectively. The polysaccharide 

was composed of galactose (0.146 g/g of sample) as major 

sugar and the presence of glucosamine confirms that the 

polysaccharide is appart of glycosaminoglycan family. 

Comparing with another result, glucose is the dominant 

monosaccharides in Notarchus leachii freeri egg 

polysaccharide [15]. The principal backbone was constituted 

of sulfated lactosamine, repeating galactose linkage with 

glucosamine : keratane sulfate (KS) structure. The literature 

reports that the keratane sulfate have not an acid residues 

[21]. The presence of galacturonic acid and glucuronic acid 

indicates that polysaccharide contain several 

glycosaminoglycans. The total amount of KS is significanlty 

higher and we suggest a presence of second 
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glycosaminoglycan probably. Previous work demonstrated 

that monosaccharide like arabinose, galactose, xylose and 

mannose was related to the immunomodulatory activity of 

macrophages [22]. EPPOAD contained those two 

monosaccharides, which suggested that EPPOAD may have 

immunological activity. 

 

3.3. Rheological measurements 

We have conducted rheological measurements to determined 

hydrodynamic propertie at various concentrations in water 

and the critical concentration recovery. First, the behavior 

rheology of the polysaccharide EPPOAD was carried out in 

solution with polymer concentrations between 3 % and 5 % 

and shear rate swept from 1 to 13 s
-1

 (Fig. 1). For all 

concentrations, the viscosity of the polysaccharide extracted 

from Aplysia dactylomela eggs has rheofluidifying behavior 

(shear thinning). The rheofluidifying behavior is found in 

this interval shear rate and is characterized by the 

independence of the viscosity that decreases under shear 

strain. The polysaccharide solution had a behavior of shear-

thinning fluids attributed to the disorientation and 

disentanglement of the macromolecular chains with high 

molecular mass under influence of shear rate. In rheology, 

shear thinning is the non-newtonian behavior of fluids and it 

is sometimes considered synonymous for pseudoplastic 

behaviour [23], [24]. 

 

 
 

Figure 1 : The steady-sheart viscosity of a 3 %, 

4 % and 5 % (w/v) EPPOAD solution, at 25 °C. 

 

By using a representation of log ηsp versus log C [25], the 

obtained straight lines present intersections which 

correspond to the transition from the dilute to semi-dilute 

regime (C*). The figure 2 shows the beginning of such chain 

entanglement. The critical concentration recovery of 

polysaccharide EPPOAD was 17.42 g/L at 25°C. The 

investigation in this rheologic parameter is not yet reported 

in literature for glycosaminoglycan family. However, if we 

compare our results from themselves, this of value C* is 

smaller than that of polysaccharide extracted from Cereus 

triangularis cladodes for which C* was 22 g/L [26]. This 

result could suggest that the polysaccharide has a high 

molecular mass, as mentioned in literature, because of the 

higher molar mass of the polysaccharides and the lower 

critical concentration C* recovery [27].  

 

 
Figure 2: Recovery of the critical concentration C* of 

EPPOAD 

 

4. Conclusion  
In this study, we extracted the polysaccharides from Aplysia 

dactylomela eggs, collected in the marine coasts of 

Madagascar (Indian Ocean), for preliminary structural 

determination and physico-chimical characterization. Several 

analytical approaches includ elemental analysis such as 

colorimetrics assays and HPAEC. Those analysis have 

shown that the extract (EPPOAD) has a similar chemical 

structure to that of GAGs. From results, we also know that 

this polysaccharide has uronic acids in its composition and is 

highly sulphated. Fucose, arabinose, glucosamine, galactose, 

glucuronic acid and galacturonic acid were also detected. 

Galactose was the predominant sugar, suggesting that 

branched units of glucosamine and galactose were assigned 

to the main backbone of the polysaccharide structure. The 

result showed that the EPPOAD extract has a rheofluidifying 

(shear-thinning) behavior and a recovery of the critical 

concentration C* at 17.42 g/L in ambiant temperature. Next 

studies will focus on structural characterization using FTIR 

and NMR analysis for the determination of caracteristics 

groups and glycosilics linkages. A search for biological 

properties will act as an antioxidant or anti-coagulation test 

because the polysaccharides present interesting elements in 

these compositions. 
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