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ABSTRACT 

The diversity of marine biomasses is a set of exploitable and renewable resources with application in several 
sectors. The blue crab was considered as a threat by the Tunisian fishermen in 2014, since it induces several 
damages on nets but also on captures. In addition, in 2017, the Tunisian State launched a plan to exploit and 
promote this species of crab. In the context of valuation, the chitin was isolated by a conventional chemical 
method from the shell of blue crabs. The efficiency of chitin extraction from Callinectes sapidus (C. sapidus) 
was achieved with a yield of 27.6 %.Then; the chitosan was prepared by N-deacetylation of chitin with a yield of 
16 %, leading to a degree of acetylation (DA) of 89.9%. For Portunus segnis (P. segnis) the yield of chitin was 
31.2% while the chitosan yield was 20% and the degree of acetylation was 79.9% After these analyzes, it can be 
deduced that chitosan has a high degree of purity and that it is considered effective for the preservation of 
strawberries in favor of its antioxidant and antimicrobial capacity. 

Keywords: Invasive species, decapods, blue crab shell, chitosan, antimicrobial and antioxidant activity, Tunisian 
waters. 

 

1. INTRODUCTION 

Crustaceans constitute the second most represented taxon of non-native species in the Mediterranean Sea [1] 
Biological invasions have been considered worldwide as a major driver of change in Mediterranean marine 
biodiversity [2] and consumer behaviour. Since their first introduction in the Mediterranean Sea, the blue crabs 
Portunus segnis (an immigrant from the Red Sea) and Callinectes sapidus native from the Atlantic Ocean are 
nowadays very abundant. They are regularly caught and landed by small scale fisheries in Tunisia since 2015 for 
Portunus segnis and later for Callinectes sapidus. Tunisia is currently experiencing a concomitant biological 
explosion by these two species[3]. 

Firstly, blue crabs were perceived as a disaster due to their severe economic impacts on fisheries [4].Then, this 
biological explosion turned from a threat to an opportunity for the various stakeholders after the implementation 
of the National Plan for Promoting Fishing and Marketing Blue Crab which has strengthen scientific knowledge 
and developed blue crabs value chain. Actually, more than 28 processing units and export companies are 
implemented in Tunisia and more than 12 millions € exports were recorded in 2019[5]. Furthermore, the 
development ofinnovative processesnamely aquatic co-products transformation offers outstanding opportunities 
for exploitation and is nowadays a promoting activity since the ever-increasing demand for high-value natural 
products worldwide.Also, in the context of sustainable development, the environmentalconcern is actually 
encouraging industrials to promote thesebio-wastes and to convert theminto high-value bio-compounds like 
collagen and gelatin [6], bioactive peptides[7], enzymes and specific proteins [8] [9], chitin, chitosan and 
pigments [10] [11]. 

Biopolymers and especially polysaccharides are used in widespread sectors such as medical, pharmaceutical, 
agriculture and agro-food industries due to their biological and physicochemical properties such as 
biodegradability, biocompatibility, non-toxicity, renewability, and ready availability. Chitin and its major 
derivative product chitosan are the most important and abundant marine polymers in the world. Due to their 
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antimicrobial and antioxidant activities, the applications of chitin and chitosan include food industry, wastewater 
treatment, agriculture, cosmetics, pharmaceutical, and medical applications, paper production, textiles, etc... 

Strawberry is a highly perishable fruit with a short post-harvest life which is mainly due to fungal rot.  The shelf 
life of refrigeratedfresh strawberries is approximately 5 days [12].  In order to extend fruit shelf life, the use of 
low temperatures combined with modified atmospheres have been investigated [13] [14] [15]. Maintaining 
quality strawberries can be made in several ways, including using edible packaging [16]. In this article, we will 
investigate another method of preserving strawberries by applying chitosan and determining its antimicrobial 
effect. 

This work studied the extraction of chitin and chitosan from Tunisian blue crab shells and analyses the effect of 
chitosan coating on the shelf life and the quality of strawberries marketed in Tunisia.   

 

2. MATERIALS AND METHODS 

2.1 Sampling sites  

Sampling of Portunus segnis and Callinectes sapidus was provided from Bizerte (Ghar El Melh, Manzel 
Abderrahmen)and Tabarka ( Malloula)between February and June 2021 (figure 1). 

Figure 
1. Sampling sites 

2.2 Samples preparation: 

Samples of blue crabs werewashedwith tap water. Then, shells were manually separated from viscera and 
muscles and thoroughly washed with cold distilled water. Shells were air dried to remove excess of water. After 
that, dried samples were ground to a fine powder in an electric mixer. 

2.3 Chitin extraction  

For chitin and chitosan extraction, the method of [17] was used. The raw powdered sample (25g) was heated to 
reflux in 250ml 2M HCl solution for 2 hours. Later it was filtered through a filter paper (1mm pore size) and 
washed several times with distilled water. The sample was dried at 60 C. for 24 h in an oven. The oven-dried 
sample was refluxed in 2M NaOH solution for 19h. After reflux, the sample was washed with distilled water and 
deionized until a neutral pH was reached. This treatment deproteinized the sample. The filtered sample of chitin 
was dried in an oven at 60 C for 12 h then incubated in a mixture of organic solvents (distilled water, methanol 
and chloroform; in the ratio (4:2: 1) for 1 h for the discoloration and bleaching. Finally, the resulting product was 
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filtered, washed with distilled water and dried at 50°Cfor 48 h in an oven, then the percentage of chitin content 
by dry weight was determined. 

2.4 Deacetylation  

After the chitin was heated under reflux in 60 % NaOH solution at 120°C for 2 h, it was rinsed several times 
with distilled water until neutral pH was reached, to obtain pure chitosan. The yield of chitosan was determined 
from chitin with an analytical balance after drying in an oven at 50 C for 48 h [17]. 

2.5 Extraction yield of chitin and chitosan determination  

After the extraction of the chitin and chitosan, the dry product weight (M1), makes it possible to deduce the mass 
yield(Ym) of chitin according to the following formula: 

 
Ym: Chitin/chitosan mass yield; M1:dry weight; M0: wet weight 

2.6 Deacetylation degree determination 

Before the assay, the samples are prepared according to the following protocol: 

• 100 mg ofchitosan (2.1) are placed in a cylindrical vessel to which 3 ml of 0.3 M HCl (2.3) and 40 ml 
of water (2.2) are added. Stir for 12 hours then: 

• Insert the pH electrode of the pH meter as well as the temperature probe into the cylindrical vessel. 
Check that the pH of the chitosan solution is less than 3, otherwise add 0.3M HCl with the pipette (2.3). 

• Neutralize the excess of HCl using 0.1M of NaOH (2.4) in order to obtain a pH of the order of 4.5 
corresponding to pKa. 

• 2 of the free amine fraction. Let V1 ml be the volume of NaOH poured in 

• Continue the addition of NaOH (2.4) to obtain a pH of 8.5 corresponding to pKa +2 of the free amines 
fraction.Let V2 ml be the volume of NaOHpoured in. 

The degree of acetylation ofchitosanis expressed inpercentage.This formula is the ratio between the mass of units 
of acetylated glucosamine (Ga1) in g in the sample over the mass (Ga2) in g if all the groups were acetylated 
with: 

 

 

 

 

 
 

2.7 Characterization of materials 

2.7.1 Residual fats determination  

The determined lipid content is based on the method of According to the method of [18] modified by[19].The 
sample to be analyzed is boiled in a salt solution (distilled water + NaCl) for 5 minutes to denature the activity of 
the phospholipases. After draining, the sample is ground in a mortar by gradually adding 10 ml of methanol and 
20 ml of chloroform. It is then filtered through filter paper and centrifuged. The lower chloroform phase 
containing the total lipids is then recovered. After evaporation to dryness under vacuum at 50 ° C. The mass of 
total lipids in each sample is then estimated. The lipid content is determined according to the following formula: 
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2.7.2 Residual protein contents 

Proteins are quantified by Lowry's method. 1 g of the sample to be analyzed is ground in a mortar in the presence 
of 10 ml of a phosphate buffer (pH=7.2).The solution obtained is subjected to centrifugation for 10 min at 4000 
revolutions/min, then the supernatant is recovered.The Lowry method is a colorimetric technique requiring the 
preparation of a standard range from a solution of serum albumin (BSA) with a concentration equal to 1 mg/ml. 

2.7.3 Residual ash contents 

The mineral matter content of the samples is determined by incineration of the organic matter according to the 
official AOAC method (1980) with some modifications established after harmonization between laboratories 
within the framework of the project. After determining the water content of the samples, crucibles for 
incineration is placed porcelain in a muffle furnace at a temperature of 550°C up to obtaining a constant mass for 
6 hours. After calcination, the temperature is lowered to 200°C before removing the crucibles. The samples are 
then cooled to room temperature in a desiccator. 

2.8 Chitosan coating solution preparation and its application in strawberries 

For the preparation of the chitosan coating solution, 0.5 g of every crab chitosan was dissolved in 100 ml of 
ascorbic acid. Then, 48 pieces of the strawberry of uniform size, shape and color and without any signs of 
mechanical damage or fungal rot were selected to be coated respectively in both solutions (24 pieces in each 
chitosan coating solution). After that, all samples were air dried to remove water excess.  

2.9 Microbiological analyses 

Microorganisms have very different living conditions, so for the detection of each type, we favor its optimal 
growth conditions. 

Table 1 culture media, incubation time and temperature for different microorganisms.  

Microorganism Culture centre Incubation time Incubation 
temperature 

Total coliforms VRB A 24 hours 37 ° C 
Fecalcoliform VRBA 24 hours 44 ° C 
Total germs Agar powder 24 hours 30 ° C 

Staphylococcus aureus Chapman 24 hours 37 ° C 
Clostridium sp. TSN 24 hours 46 ° C 

2.10. Determination of the antioxidant power of chitosan in strawberries 

The antioxidant activity was evaluated according to the method recommended by [20]. Methanol was added to 
strawberry juice and shaken in a volumetric flask over bath water for 120 min. Then the solution was 
concentrated to the volume of 10 ml by rotary evaporator. The methanolic extract (1 ml) with 1 ml of 0.2 mM 
DPPH was taken into a test tube and mixed on a shaker. The absorbance of the reaction mixture was noted at a 
wavelength of 571 nm using a spectrophotometer. Methanol was used as a control while DPPH with methanol 
was used as a control. Antioxidant activity was evaluated using the following formula. 

 

 
2.11. Sensory analysis 

According to the standard (ISO 5492 2008), sensory analysis is an analytical methodology whose objective is the 
determination of the organoleptic properties of a product by the sense organs. 

2.11.1 Hedonic test 

The evaluation jury was made up of 30 people, chosen at random, from among the students of the ISSPAB. Each 
taster receives, under the same conditions, for each sample, cups in which the samples coded with random 3-
digit numbers are placed. The order of the samples is set at random. The jury fills out an assessment sheet 
(appendix 3); at which level he mentions, on a given scale, the level of color, appearance, taste, and odor. After 
each tasting, a glass of water is served to reduce the intensity of adaptation phenomena. 

2.11.2 Development of the sensory profile 

Three coded samples of the strawberry are presented to the subjects. Each subject must observe, smell and taste 
the samples and classify them by placing the codes on the intensity scale of the different attributes (2 samples 
can have the same degree of intensity) i.e. the subject will give a score from 0 to 9 for each criterion. 
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3. Statistical analyzes 

All the results are expressed as the mean ± standard deviation of the biochemical composition. We performed an 
analysis of variance (ANOVA) test at 5% significance level using the STATISTICA 10 statistical software. 

The results of the sensory analyzes were statistically analyzed based on Principal Component Analysis (PCA) 
which is a method used to analyze multivariate data using STATISTICA 10 software. 

 

3. RESULT 

3.1 The yield of chitin  

The chitosan yields of the chitins were determined. Here in this study, the chitin content was found to be 27.6% 
of the dry weight of C. sapidus while the chitosan yield was reported to be 16%. For P.segnis, the chitin yield is 
31.2% while the chitosan yield is 20%. The values   obtained in this study were slightly higher than the values 
reported by [21] showing that the chitin content was 12.1% and that chitosan was generated at 9.2%. 

To conclude, the yield of chitin from P.segnis is higher than that of C.sapidus, on the other hand the yield of 
chitosan from P.segnis is lower than that in the crabs of C.sapidus. 

3.2 The degree of deacetylation  

The degree of acetylation has been reported for chitosan is from P. segnis 89.9% and for C. sapidus is 79.4%. 
These results confirm that the degree of acetylation was found to be high in both species of crab, which explains 
a high degree of reactive chemical amino groups [22].  Also it can be deduced that the degree of acetylation of 
chitosan from P.segnis is high compared to chitosan from C.sapidus. 

Both crabs exhibited good chitosan quality ranging from 75 to 98% [24].  The more deacetylated the chitosan, 
the stronger its antimicrobial activity [24].   

3.3 The biochemical composition 

The biochemical composition of chitosan is shown in Figure 2. 

The average values of the lipid content of the chitosans extracted from C. sapidus and P.segnisare respectively 
(0.15% ± 0.02) and (0.12% ± 0.02) and it is noted that these values are not significantly different between the 
two species. 

The mean values  of the protein and ash content of chitosans extracted from C.sapidus and P.segnis are 
respectively at (0.3% ± 0.02) and (0.2% ± 0.02) and at (0 , 23% ± 0.02) and (0.12% ± 0.02) thus it can be 
deduced that there is a significant difference in the protein and ash composition in the two species. 

From these values  we can say that the chitosan extracted from C.sapidus is significantly (p <0.5) purer than the 
chitosan extracted from P.segnis since it contains low biochemical composition and lower than the chitosan 
extracted from P.segnis. 

 
Figure 2: The biochemical composition of chitosan (%) 
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3.4. The antioxidant power of chitosan in strawberries 

Figure 3 shows the antioxidant activity of the two strawberry samples, one coated with chitosan and the other 
uncoated (control). 

From day 1 to day 3, we observe that the antioxidant activity of the strawberry coated with chitosan is high 
(81.35) compared to the control (67.72). 

On day 3, there was a decrease in the antioxidant activity of the two strawberry samples. 

Uncoated fruits showed a significant loss (p <0.5) of antioxidant activity (32.94%) on day 6 compared to coated 
fruits (48.42%). This decrease continues until the end of the experiment, and uncoated fruits have minimal 
antioxidant activity (17.25%) compared to coated fruits (26.69%). The coating with chitosan is effective thanks 
to its antioxidant activity in preserving the quality of strawberries and prolonging their shelf life. [23] showed 
that chitosan has the ability to prolong the life of fruitstorage due to its ability to modify the internal atmosphere 
of tissues and its antifungal properties. 

To conclude, chitosan is an excellent antioxidant for strawberries. The chitosan coating application has been 
shown to be a good antioxidant for strawberries. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3: Antioxidant activity of chitosan on strawberries 

3.5. Microbiological analysis:  

The microbiological results of the strawberry coated with the chitosan solution and of the uncoated strawberry is 
shown in Table 2. 

Table 2T0: the first week of storing the strawberry.T1: the second week of conservation.T2: the third week of 
conservation.   Sample 1: strawberries coated with chitosan from P.segnis.  Sample 2: strawberries coated with 
C. segnis chitosan. Sample 3: the uncoated strawberry (control). 

 Sample 1 Sample 2 Sample 3 Reference 
 T0 T1 T2 T0 T1 T2 T0 T 1 T2 

FTAM (UFC) Abs < 30 < 30 Abs Abs > 300 Abs > 300 > 300 <10 5 [21] 
CT Abs Abs < 30 Abs Abs Abs Abs 10 3 > 300 Absence [21] 
CF Abs Abs Abs Abs Abs Abs Abs > 300 > 300 Absence [21] 

Staphylococcus aureus Abs Abs Abs Abs Abs Abs Abs > 300 > 300 CODEX.A 
absence 

Clostridium botulinum Abs Abs Abs Abs Abs Abs Abs Abs < 30 Absence of NF 
ISO 7937/05 

3.6. Sensory analysis 

3.6.1 Principal component analysis (PCA): 

Principal Component Analysis (PCA) is a method used to analyze multivariate data. The application of this 
method to the analytical results found in this work gave us a global view on the recipe most appreciated by 
consumers, namely for product A and product B. The results of this PCA are illustrated in table (3) which 
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presents the contribution of the main factorial axes and figures (4) which respectively show the correlation circle 
and the projection of individuals on the factorial plane (1: 2). 

Table 3: Percentage of the contribution to the explained variance of the main factor axes 

 

 
Figure 4: Principal component analysis (Plan1: 2) of products (A and B). 

 

4. DISCUSSION 

4.1 The yield of chitin  

The studies by [24] on chitosan extracted from shrimp showed different values of the yield such as that the yield 
of chitin is equal to 13.12% and that of chitosan is 15.4%. From these studies, it can be concluded that the yields 
of chitin and chitosan extracted from the two species of blue crab are higher and more efficient than in the yields 
of chitin and chitosan extracted from shrimp and other crabs namely Libinia dubia [26]. 

4.2 The degree of deacetylation  

According to the studies[24] on chitosan extracted from shrimp has a degree of acetylation equal to 79.57%. It is 
thus observed that the degree of acetylation of chitosan extracted from blue crab (Portunus segnis) is higher than 
the degree of acetylation of chitosan extracted from shrimp, in this context it can be deduced that blue crab 
chitosan is of good quality and more effective than chitosan extracted from shrimp 

4.3 The biochemical composition 

The lipid, protein and ash contents are very low which explains the purity of the chitosan which shows that we 
have chosen the best method of extracting the two crab samples. Studies from [27] have shown different values 
of proteins, lipids and ash such as 5.4 ± 0.2% protein and 3.7 ± 0.1% ash and the absence of lipid in chitosan 
extracted from the insect's cuticle. 

4.5. Microbiological analysis:  

Among the microbiological tests carried out, it can be seen that FTAM represents a low microbial load in sample 
1 and 2, on the other hand in sample 3 it represents a high microbial load, this testifies to a slight presence of 
flora in both first samples, however the latter does not exceed the standards. In addition, there is a total absence 
of total and fecal coliforms in the strawberrysamples coated with the chitosan solution according to the 
standards. The same is true for staphylococci and sulfite reducing Clostridiums, which are also below the limit. 
On the other hand, we notice their presence in the third control sample. 

 Eigen-value % Total - variance Cumulative –Eigen_value Cumulative - % 
1 2,496018 49,92037 2,496018 49,9204 

2 1,395142 27,90284 3,891161 77,8232 
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It can be deduced that there is not a significant difference in the microbial load of sample 1 and sample and this 
explains that there is not a difference between the inhibition of the microbial load of chitosan from P.segnis and 
chitosan from C.sapidus.These results are explained by the presence of chitosan in the strawberry samples and 
its role in inhibiting the bacterial load. 

4.6. Sensory analysis 

4.6.1 Principal component analysis (PCA): 

The results of this analysis showed that the first two axes (1: 2) alone account for 77.82% of the total variance 
(Table 3). The first axis which comprises alone contributes 49.92% of the observed variability and correlated 
negatively with the color, taste, odor and appearance tests which have the highest inertias (Figure 4). 
Nevertheless, the overall assessment is positively correlated with the second axis which explains 27.90% of the 
observed variability. The projection of the products on the same factorial plane (1: 2) shows a clear separation 
illustrated by a strong correlation of product A with the determined tests. 

 

5. CONCLUSIONS 

Chitin and chitosan have been obtained from blue crab and which has different fields of use depending on the 
degree of deacetylation. Nanofiber and porous polymers obtained from blue crab could be used effectively in 
biosensors, filtration (membrane), controlled drug delivery, dental applications and textile areas.Because the blue 
crab is widely distributed all over the world, and easily cultivated; it is proposed that the shell should be 
evaluated as an alternative source of chitin as it is a waste after consumption of blue crab as a food source. 
Samples of chitosan studied can be considered a good source of antimicrobial against the pathogens from which 
the chitosan is a good food preservative. The use of chitosan nanoparticles as an edible coating can serve as an 
active packaging and capable of maintaining the quality of food products.  

 

REFERENCES 

1. Zenetos Α, Gofas S, Morri C, Rosso A, Violanti D, Garcia Raso J E et al. Alien species in the Mediterranean 
Sea by 2012. A contribution to the application of European Union’s Marine Strategy Framework Directive 
(MSFD). Mediterranean Marine Science.2012; 13 (2):328-352. DOI: https://doi.org/10.12681/mms.327 

2. Ojaveer H, Galil B S,Carlton G T, Alleway H, Goulletquer P,  Lehtiniemi M  et al. Historical baselines in 
marine bioinvasions: Implications for policy and management. Journals.plos.org. 
https://doi.org/10.1371/journal.pone.0202383 

3. Ben Souissi J, Abidi A, Ounifi-Ben Amor K, Chaffai A,  Rifi A M and Zaouali J . Nouvelle invasion du golfe 
de Gabes par un crabe bleu d'origine atlantique : première occurrence de Callinectes sapidus Rathbun, 1896 en 
Tunisie (méditerranée centrale). In Proceedings of XVIIèmes Journées Tunisiennes des Sciences de la Mer. 
Kerkennah, Sfax, Tunisia. 2017 : 119. 

4. Khamassi F, Ghanem R, Khamassi S, Dhifallah F & Ben Souissi J.Socio economic impacts of the Alien 
Invasive Crab Portunus segnis (Forskål, 1775) in the Gulf of Gabès (Tunisia).Report of the International 
Commission for the Scientific Exploration of the Mediterranean (CIESM). 2019;42: 253.  

5. GIPP (Groupement Interprofessionnel des Produits de la Pêche). Le crabe bleu en Tunisie, Ministère de 
l’agriculture, de la pêche et des ressources en eaux, Tunisie. 2019:57p 

6. Rustad T, Storro I, Slizyte R, Possibilities for the utilization of marine by-products. Int. J. Food Sci. 
Technol. 2011:46 (10): 2001–2014. https://doi.org/10.1111/j.1365-2621.2011.02736.x 

7. Sanmartin E, Arboleya JC, IloroI., Escuredo K , Elortza F, Moreno FJ. Proteomic analysis of processing 
by-products from canned and fresh tuna: identification of potentially functional food proteins. Food Chem. 2012; 
134 (2):1211–1219. DOI: 10.1016/j.foodchem.2012.02.177 

8. Abdel-Naby MA, Ahmed SA, Wehaidy HR, El-Mahdy SA. Catalytic, kinetic and thermodynamic properties 
of stabilized Bacillus stearothermophilus alkaline protease. Int J Biol Macromol.2017; 96:265–271. 
DOI : 10.1016/j.ijbiomac.2016.11.094. 

9. Mageswari A, Subramanian P, Chandrasekaran S, Karthikeyan S, Gothandam KM. Systematicfunctional 
analysis and application of a cold-active serine protease from a novel Chryseobacterium sp. Food Chem. 
2017 ;217: 18–27. DOI : 10.1016/j.foodchem.2016.08.064 

http://icontechjournal.com/index.php/iij
https://ejournals.epublishing.ekt.gr/index.php/hcmr-med-mar-sc/issue/view/707
https://doi.org/10.12681/mms.327
https://doi.org/10.1371/journal.pone.0202383
https://doi.org/10.1111/j.1365-2621.2011.02736.x
https://doi.org/10.1016/j.foodchem.2012.02.177
https://doi.org/10.1016/j.ijbiomac.2016.11.094
https://doi.org/10.1016/j.foodchem.2016.08.064


ICONTECH INTERNATIONAL JOURNAL OF SURVEYS, ENGINEERING, TECHNOLOGY 
ISSN 2717-7270 

Journal homepage: http://icontechjournal.com/index.php/iij 
Volume 6 (2022) Issue 2 

 
Received 15 March 2022; Received in revised form 27 March 2022; Accepted 1 June 2022; 
Available online 2 July 2022; 
doi: 10.46291/ICONTECHvol6iss2pp1-9 

Page 9 

10. Nouri M, Khodaiyan F, Razavi SH, Mousavi M. Improvement of chitosan production from Persian Gulf 
shrimp waste by response surface methodology, Food Hydrocolloid.2016;59: 50–58. 
https://doi.org/10.1016/j.foodhyd.2015.08.027 

11. Chien RC, Yen MT, Mau JL. Antimicrobial and antitumor activities of chitosan from shiitake stipes, 
compared to commercial chitosan from crab shells.Carbohydr Polym. 2016 ; 138: 259–
264.https://doi.org/10.1016/j.carbpol.2015.11.061 

12. Perdones A, Sánchez-González L, Chiralt A, Vargas M. Effect of chitosan – lemon essential oil coatings on 
storage-keeping quality of strawberry. Postharvest biology and technology.2012; 70: 32-41. 
https://doi.org/10.1016/j.postharvbio.2012.04.002 

13. Holcroft DM, Kader AA. Controlled atmosphere-induced changes in pH and organic acid metabolism may 
affect color of stored strawberry fruit. Postharvest Biology and Technology. 1999; 17(1):19–32. 
https://doi.org/10.1016/S0925-5214(99)00023-X 

14. Sanz Sampelayo, M. R. ; Perz, M. L. ; Gil Extremera, F. ; Boza, J. J. ; Boza, J., 1999. Use of different dietary 
protein sources for lactating goats: milk production and composition as functions of protein degradability and 
amino acid composition. J. Dairy Sci., 82: 555-565. https://doi.org/10.3168/jds.S0022-0302(99)75267-7 

15. Pérez AG, Sanz C. Effect of High-Oxygen and High-Carbon-Dioxide Atmospheres on Strawberry Flavor 
and Other Quality Traits.. Agric. Food Chem. 2001, 49, 5, 2370–2375.https://doi.org/10.1021/jf001438l 

16. Perdones A,Ganzalez LS, Chiralt A, Vargas M. Effect of chitosan–lemon essential oil coatings on storage-
keeping quality of strawberry. Postharvest Biology and Technology.2012;70:32–41. 
DOI: 10.1016/j.postharvbio.2012.04.002 

17. Kaya S, Tüzün B, Kaya C,Obot IB. Determination of corrosion inhibition effects of amino acids: Quantum 
chemical and molecular dynamic simulation study.Journal of the Taiwan Institute of chemical Engineers. 2016; 
58:528-535. https://doi.org/10.1016/j.jtice.2015.06.009 

18. Folch, J., Lees, M. and Sloane-Stanley, GH. 1957. A simple method for the isolation and purification of total 
lipids from animal tissues. Journal of Biological Chemistry.1957;226: 497–509 

19. Bligh E G, Dyer W J.A.Rapid Method of total lipid extraction and purification. Canadian Journal of 
Biochemistry and Physiology.1959; 37 (8): 911-7. 

https://doi.org/10.1139/o59-099 

20. Shimada K, Fujikawa K, Yahara K, Nakamura T.Antioxidative properties of xanthan on the autoxidation of 
soybean oil in cyclodextrin emulsion. Agric. Food Chem. 1992; 40 (6): 945–948. 
https://doi.org/10.1021/jf00018a005 

21. Kaya M, Bulut E, Mujtaba M, Sivickis K, Sargin I, Akyuz B and Erdogan S 2016 Gender influences 
differentiation of chitin among body parts Arch. Insect Biochem. Physiol. 93 96–109 

22. Cuero RG.Antimicrobial action of exogenous chitosan. Search life-sciences literature.1999; 87:315-333. 
DOI: 10.1007/978-3-0348-8757-1_23 

21. No HK, Meyers SP, Prinyawiwatkul W, Xu Z. Applications of chitosan for improvement of quality and shelf 
life of foods: a review. Journal Food Science. 2007; 72:87-100.   

https://doi.org/10.1111/j.1750-3841.2007.00383.x 

24.Hossain MS, Iqbal A.Production and characterization of chitosan from shrimp waste.Journal of the 
Bangladesh Agricultural University. 2014; 12(1):12-31. DOI: http://dx.doi.org/10.3329/jbau.v12i1.21405 

25. Da Silva Alves DC, Healy B, Pinto L A d A,  Cadaval T R S, Jr Breslin C B. Recent Developments in 
Chitosan-Based Adsorbents for the Removal of Pollutants from Aqueous Environments. Molecules.2021 ;26: 
594. https://doi.org/10.3390/ molecules26030594 

26. Rjiba-Bahri W,Khamassi F,Soufi Kechaou E, Chaffai A, Ben Souissi J. 2019. Morphological and biological 
traits, exoskeleton biochemistry and socio-economic impacts of the alien invasive crab Libinia dubia H. Milne 
Edwards, 1834 from the Tunisian coast (central Mediterranean). Thalassas. 2019; 1-13.  

http://icontechjournal.com/index.php/iij
https://doi.org/10.1016/j.foodhyd.2015.08.027
https://doi.org/10.1016/j.carbpol.2015.11.061
https://doi.org/10.1016/j.postharvbio.2012.04.002
https://doi.org/10.1016/S0925-5214(99)00023-X
https://doi.org/10.3168/jds.S0022-0302(99)75267-7
https://doi.org/10.1021/jf001438l
http://dx.doi.org/10.1016/j.postharvbio.2012.04.002
https://scholar.google.com/citations?user=Z3sHWp0AAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=qjszf8wAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=JYyJPhEAAAAJ&hl=fr&oi=sra
https://scholar.google.com/citations?user=lX1wBeYAAAAJ&hl=fr&oi=sra
https://doi.org/10.1016/j.jtice.2015.06.009
https://doi.org/10.1139/o59-099
https://doi.org/10.1021/jf00018a005
https://doi.org/10.1007/978-3-0348-8757-1_23
https://doi.org/10.1111/j.1750-3841.2007.00383.x
https://www.banglajol.info/index.php/JBAU/index
https://www.banglajol.info/index.php/JBAU/index
http://dx.doi.org/10.3329/jbau.v12i1.21405

