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Abstract 

Mussel wastes include byproducts such as seed, barnacles fouling, broken shells, byssus threads, which are associated 
with serious environmental impacts on aquatic ecosystems. The objective of reducing wastes and to avoid 
environmental problems can be achieved by establishing alternative methods to valorize mussel wastes converting 
them into high value-added products.  

The present study aims to obtain by chemical methods the extraction of chitin and glucosamine from shells of Mytilus 
galloprovincialis. Chitin, which chemically is a linear polysaccharide of β (1→4) linked N-acetylglucosamine monomers, 
possesses multifunctional properties and is suitable for various applications mainly in pharmaceutical, biomedical food 

and packaging fields. Glucosamine (C6H13NO5) is an amino sugar (2-amino-2-deoxy-β-D-glucopyranose) and is a part 
of the structure of two polysaccharides, chitosan and chitin. Due to its high aqueous solubility and physical stability is 
used as a potential solid-dispersion carrier to improve the biopharmaceutical properties of drugs.  

The influence of temperature, solid/liquid ratio (g/ml), molarity of solutions and agitation on chitin production and acid 
hydrolysis of chitin was studied to achieve optimum output of chitin and glucosamine.  

Our results demonstrates that the production of glucosamine and chitin is greatly influenced by the experimental 
conditions. The best yield for glucosamine was obtained at a solid/liquid ratio of 1:15 at 60°C for 1 hour.  
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1. Introduction

The Mediterranean mussel Mytilus galloprovincialis is the cultivated species in Greece and more generally in the 
Mediterranean area. Longline culture is the most recent development for mussel culture in Greece. A horizontal longline 
rope is suspended by a series of anchored floats, and ropes or socks of mussels are hung from this rope. The mussel 
Mytilus galloprovincialis displays great tolerance to environmental variability. This species grows in waters with a 
salinity of 32-37‰ while it survives without problems and in sea waters which salinity ranges from 22-42‰. In 
addition to salinity, the temperature also plays an important role to the growth of the mussel. The temperature ranges 
from 10 and 26°C with an excellent of 15-19°C and the pH value ranges from 7.0 to 8.3. Mussels grows to market size 
when they reach 5 - 7 cm long, usually at the end of the spring, 15 -18 months after the harvesting of the seed from the 
spat collectors [1,2]. Interactions between mussel culture and the environment such as nutrient cycling, biodeposition 
and benthic effects, have been studied thoroughly [1,3,4,5]. The increase in sedimentation below mussel culture is due 
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mainly to the excretion of faeces and pseudofaeces by mussels or to dead shells [1]. The mussel shell is a complex 
organic/inorganic system comprising two calcium carbonate polymorphs: calcite (prismatic layer) and aragonite 
(nacreous layer) coated by an outer organic layer, the periostracum [6,7]. Mussel shells have not been used optimally 
so that they are discarded in the environment. The objective of the present study was to assess the efficiency of different 
extraction methods on recovery of bioactive polymers of mussel shells, such as chitin and glucosamine, adding value to 
a valueless waste product.  

2. Material and methods 

The mussel culture was selected in a specific marine area of the Prefecture of Pieria (Makrygialos - latitude: 40° 24’ 51, 
8688” N, 22° 36’ 39, 4848” E). The mussel culture was of the “long line” (floating) type. The distance of the aquaculture 
from the coast was 700 m and its depth water was 15 meters. The experimental harvest of mussels was carried out in 
September 2020. A total number of 126 specimens were collected. Firstly, the shells were removed from the animal and 
secondly the specimens were packed in polyethylene bags, placed on ice, transported to the laboratory and were stored 
in a freezer at -20°C until further use.  

2.1. Reagents 

All the chemicals and solvents used (sodium hydroxide, hydrochloric acid, acetic acid, potassium hydroxide, anhydrous 
sodium sulfate, petroleum ether, ethanol) were purchased from Sigma-Aldrich, were of analytical grade and used 
without purification. A commercial N-acetyl-D-glucosamine reagent was chosen from Alfa Aesar Chemicals. All solutions 
were freshly prepared in distilled water. 

2.2. Methods 

Drying of samples was obtained by heating in a drying oven (model R. Espinar, S.L.) at 90°C until constant weight was 
obtained between two sequential measurements [8,9]. Samples grinded in a laboratory mill (System POLYMIX® PX-
MFC 90 D) into smaller particles using sieve with 1 mm wide openings. pH measurements were made using a digital 
laboratory pH meter (model Mettler Toledo MP 220) which was calibrated using certified pH= 4.0 and pH= 7.0 buffer 
solutions, according to the official method [8]. The ether extract (EE) was determined using method of Soxhlet. 
Approximately 3 g of solid sample were mixed with anhydrous sodium sulfate, placed in an extraction thimble and were 
extracted using an appropriate solvent in the Soxhlet extractor (diethyl ether). Ash contents were determined using dry 
ashing method. The samples (2 g) were ashed for about 8h until a grey ash residue had been obtained using a furnace 
(model P. Selecta, 3000 W) where temperature had been gradually increased from room temperature to 450°C in 1 hour 
[8,9].   

2.3. Extraction of chitin and glucosamine recovery by chemical method 

A total of 10 - 18 g dry samples of mussel shell waste were treated with 1.3M KOH/ 1M NaOH at solid to solvent ratio 
1:5 and 1:7 (w/v), with constant stirring at 400 rpm or not, for 48 hours at room temperature, with pH ranged from 11-
13 (removing of proteins). After that, the solution was filtered and the samples were washed with distilled water to 
neutrality in running tap water. Water from the samples was removed before performing the demineralization process. 

   

Figure 1 Flow diagram of chitin and glucosamine extraction from shells of Mytilus galloprovincialis 
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Samples from deproteination process were treated with 1.0 M HCl in the ratio 1:8 and 1:10 (w/v), with constant stirring 
at 400 rpm for 48 hours with pH value ranged pH 1.0-2.5 at room temperature (RT). The solution was filtered and the 
samples were washed with distilled water to remove acid and calcium chloride. The samples were then dried for 3 hours 
using an oven at 80°C until constant weight was obtained (chitin). To obtain glucosamine, chitin was grinded to fine 
particles (2 mm), hydrolyzed with 12M HCl at 50 and 60°C, then was filtrated by gravity to remove the solids and finally 
to recover glucosamine addition of ethyl alcohol (95%) 5°C was performed. The mixture was cooled for 3 weeks to 
crystallize and finally the solid crystals were washed with ethanol and dried in an oven at 50°C for 8 hours. 

2.4. Chitin yield and glucosamine recovery 

The percentage of the yield of chitin was calculated by dividing the weight of extracted chitin to initial dry shrimp shell 
weight. Yield of chitin was calculated as follows:         

Yield of chitin (%) = (extracted chitin, g) / dry mussel shells, g) * 100 

The percentage of the recovery of glucosamine was calculated by dividing the weight of extracted glucosamine to initial 
dry chitin weight. Recovery of glucosamine was calculated as follows:  

Recovery of glucosamine (%) = (extracted glucosamine, g) / dry chitin, g) * 100 

3. Results  

Parameters and details of experiments are demonstrated in Table 1. Some differences can be observed attributed to the 
changes of molarity of solutions (NaOH, KOH, HCl) for deproteination and demineralization and to the ratio of solid to 
solvent. As a result, the percentage of yield differs in all experiments. The percentage of yield of chitin was presented in 
Table 2. The percentage of yield of chitin varied from 57.7% to 62.72%, the higher value of yield of chitin after 
demineralization was observed in exp III (62.72%) while the lowest value was observed in exp I (57.7%). Experimental 
details and recovery % of glucosamine was presented in Table 3. The percentage of yield of glucosamine after acid 
hydrolysis varied from 9.5% to 11%. The higher values of recovery were observed in exp V (11%) while the lowest 
values were observed in exp VI (9.5%). Functional and physicochemical properties of chitin that have been studied in 
this work have shown a variety of characteristics as it is demonstrated in Table 4. The color of chitin was whitish slightly 
gray, it was insoluble in water while was almost completely dissolved in acetic acid (93%) and values of ether extract 
and ash content were below of 1%.  

Table 1 Experimental details 

Parameters 
Experiment 

I II III IV 

Molarity of solution for deproteination 
(Dp) 

1.3N ΚΟΗ 1.0N ΝaΟΗ 1.3N ΚΟΗ 1.0N ΝaΟΗ 

Solid to solvent ratio 1:7 1:5 1:5 1:7 

Yield % after deproteination 96.39 95.66 96.00 95.00 

Solution Molarity for demineralization 
(Dm) 

1.0 N 1.0 N 1.0 N 1.0 N 

Solid to solvent ratio 1:8 1:8 1:10 1:10 

Yield % after demineralization 57.7 59.31 62.72 60.40 

Rpm without  without 400 400 

Time (d) / temperature 2 d/ room temp 2 d/ room temp 2 d/ room temp 2 d/ room temp 
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Table 2 Yield % of chitin 

Experiment Mussel shell (g) Chitin (g) Chitin yield (%) 

I 10.00 5.77 57.70 

II 13.04 7.73 59.31 

III 18.60 11.67 62.72 

IV 15.79 9.54 60.40 

 

Table 3 Experimental details and recovery % of glucosamine 

Experiment Chitin  

(g) 

HCl  

(ml) 

ratio Molarity of  

HCl (M) 

rpm Time (h) /  

Temperature (oC) 

Glucosamine 

recovery 
(%) 

V 1 15 1/15 12 M 400 1/60 11 

VI 2 20 1/10 12 M 400 2/50 9.5 

VII 1 20 1/20 12M 400 24/room temperature 9.85 

 

Table 4 Physicochemical and functional properties of chitin 

Parameters Value 

pH 8.6 

ether extract <1% 

Ash < 1% 

solubility in water Insoluble 

solubility in acetic acid Almost completely dissolved 

Colour Whitish slightly gray 

4. Discussion 

This study aimed at the utilization of mussel shell waste for production of chitin and glucosamine. These biopolymers 
have a wide range of applications in areas such as agriculture, pharmaceutics, cosmetics, food and beverages and 
wastewater technology [10,11]. Chitin is the second most abundant no toxic biopolymer after cellulose in nature, 
biodegradable and mainly shows antimicrobial action against a lot of gut pathogens. Glucosamine, in the form of 
glucosamine hydrochloride or sulphate, is widely used as a dietary supplement and has been promoted to stimulate 
synovial fluid synthesis, inhibit degradation, and improve healing of articular cartilage [6,10,12].  

Greece produces thousands of tons of mussels annually in longline mussel cultures (15.000 – 20.000 tons for the last 
five years) and wastes are available in large quantities. However, these wastes are not utilized and discarded in the 
aquatic environment. The use of mussel shells could be a low-cost alternative method to obtain value added products, 
such as chitin and glucosamine-HCl. 

Our data reveal a variety of the percentage yield of chitin and glucosamine. These values were also correlated with other 
studies and note the influence of temperature, solid/liquid ratio (g/ml), molarity of solutions (NaOH, KOH, HCl) and 
agitation on chitin production and acid hydrolysis of chitin [13,14,15,16,17].  
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In our experiment results of 1.3 N KOH for deproteination, 1.0 N solution of HCl for demineralization at a solid to liquid 
ratio of 1:10 with agitation for 48 hours clearly demonstrate a significant yield of chitin. As widely reported by various 
studies worldwide [18,19,20,21,22,23,24] functional and physicochemical properties of chitin indicate a good quality 
product with valuable properties. Solubility is an important parameter which determines the quality of chitin. Chitin 
shows almost high solubility in acetic acid while is insoluble in water referring to a good quality product. The lower 
values of ash and ether extract content because of the completion of demineralization and deproteinization prove the 
purity of the sample. Additionally, the whitish slightly gray color enhances the above conclusions and indicates the 
removal of more proteins and inorganic materials from mussel waste.  

The production of glucosamine is greatly influenced by the experimental conditions [12,18,25,26]. It was observed that 
the recrystallization process was slow at room temperature, so ethyl alcohol was added to increase the crystallization 
rate. The low temperature (5°C) and the use of this solvent strengthened the formation of glucosamine crystals. 
Moreover, chitin was dissolved within the first 25 minutes giving a yellow – brown color in the solution because of a 
Maillard reaction. The best yield of glucosamine (11%) was obtained at a solid to liquid ratio of 1/15, using for acid 
hydrolysis a concentrated solution of HCl 12M for 1 hour at 60°C with agitation (400 rpm). When the chitin was 
hydrolyzed at 60°C for 1 hour the yield was 11% while the yield decreased for a longer period of hydrolysis due probably 
to the decomposition of glucosamine hydrochloride to other compounds. The increase in temperature (60°C instead of 
50°C) combined with the use of agitation dissolved the chitin faster and the yield of hydrolysis in this experiment was 
more effective. However, to the best of our knowledge, no studies are available in Greece on extraction of chitin and 
glucosamine from mussel Mytilus galloprovincialis. Concerning the parameters of the experiments and the percentage 
yield of chitin and glucosamine it is believed that the extraction process could be improved on recovery of bioactive 
polymers of mussel wastes.  

5. Conclusion 

Mussel culture in Greece produces large amounts of wastes that are discarded in the aquatic environment. Alternative 
processes and methods in seafood industries may help to enhance and transform mussel wastes in valuable 
biopolymers, such as chitin and glucosamine, covering a wide range of applications. Mussel shell processing would 
successfully minimize the environmental pollution; however, it is necessary to perform a greater number of 
experiments and the reaction conditions should be optimized to improve the glucosamine yield.  
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