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Abstract: Chitin was extracted from Polybius henslowii, a swimming crab, captured in large
quantities throughout the Portuguese coast by purse seine vessels as bycatch. After standard chitin
extraction procedures, water-soluble chitosan products were obtained via two different methods:
(1) N-acetylation with the addition of acetic anhydride and (2) a reaction with hydrogen peroxide.
The chemical structure and molecular weight of chitosan derivatives, water-soluble chitosan (WSC)
and chitooligosaccharides (COS), were confirmed by Fourier Transform Infrared Spectroscopy (FT-IR)
and gel permeation chromatography (GPC). Antioxidant and metal chelation activities were evaluated,
and the growth inhibition capacity was tested on four phytopatogens. The chitooligosaccharides
from pereopods (pCOS) and shell body parts (sCOS) inhibited all fungal species tested, particularly
Cryphonectria parasitica with 84.7% and 85.5%, respectively. Both radical scavenging and antifungal
activities proved to be dose-dependent. Chitooligosaccharides with a low molecular weight (2.7,
7.4, and 10.4 Kg·mol−1 ) showed the highest activity among all properties tested. These results
suggested that chitosan derivatives from P. henslowii raw material could potentially be used against
phytopathogens or as ingredient in cosmetics and other products related to oxidative stress.
Keywords: Polybius henslowii; marine resources; chitosan; chitooligosaccharides; antifungal activity;
antioxidant activity

1. Introduction
Fungal pathogens are responsible for huge economic losses worldwide. These pathogens may cause
damage to roots, crowns, stems, leaves, and fruits of a large range of economically important plants.
In Portugal, several fungi species, such as Phytophthora cinnamomi, Botrytis cinerea, Cryphonectria parasitica,
and Heterobasidion annosum cause considerable damage in cork oak forests [1], vegetable crops [2], chestnut
trees [3], pines, and conifers [4], respectively. Since chemical fungicides such as sulfur dioxide [5] raise
health concerns, the agrochemical industry has been searching for less toxic products.
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Chitosan, a straight-chain polymer of glucosamine and N-acetylglucosamine [6] has emerged
as a promising antimicrobial material [7]. As they are obtained from chitin present in crustacean’s
exoskeleton and fungi cell walls, chitosan products are biocompatible and biodegradable, with a wide
range of applications such as in wastewater treatment, food, cosmetics, agrochemicals, cell culture,
textiles, and medical devices [8]. Chitosan also exhibits antioxidant activity [9,10] and, therefore, could
also be used as a replacement for synthetic antioxidants such as butylated hydroxytoluene (BHT),
butylated hydroxy-anisole (BHA), and tert-butylhydroquinone (TBHQ) [11].
In recent years, the valorization of fisheries discards by-products has received much attention due
to the increasing awareness of its economic potential and environmental impacts [12]. Polybius henslowii,
a benthopelagic species is found at depths between 0 and 650 m along the eastern Atlantic coasts from
Ireland and Britain to the Alborán Sea [13,14] and Morocco [15]. Despite its benthic habit, it also has
periodic pelagic phases when larges swarms move along the surface to coastal waters, gathering at high
densities from 0 to 14812 individuals per ha [16], with strong interannual oscillations [17]. Although being
an extremely abundant marine resource, it is not presently subject to commercial use, and approximately
1240 tonnes/year (mean values from 2004 to 2009) are discarded annually [18]. In Portugal, it is captured as
bycatch during the purse seining of Sardina pilchardus [18], having a destructive impact on the fishing nets.
As such, it is regarded as a plague by the fisherman and not as a potential source of economic incomes.
The objective of the present study was to determine if this bycatch could be converted into a
value-added product by chitin extraction and chitosan production. The products were characterized by
gel permeation chromatography (GPC) and FT-IR, and their antioxidant, metal chelation, and antifungal
properties were evaluated.
2. Results and Discussion
2.1. Polybius henslowii Characterization
The biochemical composition in terms of protein, minerals, lipids, and chitin of the swimming
crab Polybius henslowii exoskeleton is shown in Table 1.
Table 1. The characterization of dried P. henslowii expressed as a percentage of dried weight (% of DW).
Mean value (± SD).
Raw Material

Protein (%)

Ash (%)

Lipids (%)

Chitin (%)

Shell
Pereopods

32.1 ± 6.68
16.6 ± 1.21

44.5 ± 0.57
49.3 ± 5.86

13.2 ± 0.25
1.6 ± 0.14

9.7 ± 0.57
11.4 ± 0.19

The shell samples showed a higher percentage of protein and lipids than pereopods. The ash
percentage, directly correlated with the calcium carbonate in the exoskeleton, was similar in both
body parts. The protein and ash results are in accordance with those reported in previous studies [19],
suggesting a higher yield of ash than protein, lipids, or chitin from the crab samples (about 16.6% for
protein and 66.6% for ash content). The protein values are in line with the literature [20] for Alaska king
crab (from 16.3 to 20.7%) but are lower than those reported for other crab species such as the Metacarcinus
magister [21], Callinectes sapidus [22], and Carcinus maenas [23]. Previous studies [23] suggested that
differences in the diet of crab at the harvesting site influences their biochemical composition, which
could contribute to differences reported in the protein and lipid contents.
Previously published studies on crab species reported values of chitin from 14 to 28% of their total
dry weight [24]. The pereopods of the swimming crab showed a higher chitin content than the shells.
The chitin values shown in Table 1 are lower than those from other published studies [19,25]; however,
authors [25] suggested that differences in chitin yield could be related to such factors as harvest year
and/or shell storage duration, which could explain the low yield.
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2.2. Chitin Extraction Optimization
The conventional demineralization process of crustacean waste uses strong acids such as
hydrochloric acid (HCl). This chemical treatment can result in changes to the physiochemical
properties of chitin (the hydrolysis of the chitin chains that reduces the average molecular weight of the
biopolymer), produces harmful effluent wastewater, and contributes to the cost of the chitin purification
process [26]. A mineral-free chitin with a very low ash content is usually required for applications with
a very low impurity tolerance, such as biomedical and nutrition products [8]. Therefore, three different
HCl concentrations were tested to minimize chitin chain damage and acid use.
The mineral content in pereopods and shell samples after treatment with HCl was different
regarding calcium carbonate removal (Table 2). The lowest ash content was found for the pereopods
and shells after treatment with 1 M HCl (Table 2). Nevertheless, all treatments (0.5, 0.75, and 1 M)
promoted a high ash removal.
Table 2. The ash and protein contents of segmented body parts of P. henslowii after treatment with 1 M,
0.75 M, and 0.5 M HCl and NaOH. Mean value (± SD).
NaOH/HCl

Shells Samples
Protein Content (%)

Protein Removal (%)

Ash Content (%)

Ash Removal (%)

1M

2.0 ± 0.12

96.1 ± 0.25

0.8 ± 0.01

98.2 ± 0.02

0.75 M

2.3 ± 0.14

95.35 ± 0.28

1.0 ± 0.05

97.8 ± 0.11

0.5 M

2.29 ± 0.15

95.39 ± 0.31

1.2 ± 0.17

97.3 ± 0.38

NaOH/HCl

Pereopods Samples
Protein Content (%)

Protein Removal (%)

Ash Content (%)

Ash Removal (%)

1M

1.2 ± 0.12

92.2 ± 0.78

0.4 ± 0.19

99.1 ± 0.4

0.75 M

1.5 ± 0.07

90.5 ± 0.48

0.5 ± 0.01

98.9 ± 0.8

0.5 M

1.8 ± 0.06

88.2 ± 0.43

0.7 ± 0.05

98.6 ± 0.1

For an efficient chitin extraction, the associated proteins should be removed at a second stage.
Deproteinization carried out with sodium hydroxide (NaOH) at elevated temperatures promoted the
removal of protein from crab wastes. Residual protein was determined after each wash in order to
evaluate the efficiency of each concentration applied. After treatment with NaOH, the protein values
were highest in shells and pereopods treated with 0.5 M NaOH. The residual protein concentration
was higher when 0.5 and 0.75 M of NaOH were used, rather than 1 M NaOH (Table 2).
A high-quality chitosan product should have less than 1% protein [27]. Moreover, a complete
removal of protein is desirable, since it allows a higher solubility of chitosan after deacetylation [28].
2.3. Chitosan and Water-Soluble Chitosan Characterization
The data for chitosan samples characterization in terms of yield, dynamic viscosity, degree of
deacetylation, and molecular weight are shown in Table 3. The degree of deacetylation (DD) of chitosan
products was determined by infrared spectroscopy analysis. The ratio A1320 /A1420 was slightly different
between the samples. The degree of deacetylation of chitosan obtained from shell chitin was 95.1 ±
0.01%, while the samples from pereopods were 91 ± 0.04% deacetylated. The difference is probably
due to the longer deacetylation process of 7 h, the time needed to allow a complete dissolution in 1%
acetic acid. Therefore, chitosan from pereopods resulted in a higher Mw (378 kg.mol−1 ) and dynamic
viscosity (749.2 ± 62.7 cP). Since the average Mw and dynamic viscosity are closely related, the decrease
in these values is consistent with a prolonged reaction time. Previous work [29] demonstrated that a
longer exposure to NaOH during deacetylation resulted in a decrease in Mw and dynamic viscosity.
The yield of chitosan as a percentage of the crab dry weight from both body parts also showed lower
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values when compared with those from other studies [30], a consequence of the small amount of chitin
extracted from the initial raw material.
Table 3. Chitosan yield (%), dynamic viscosity (cP), deacetylation degree (DD%), and molecular
weight (kg.mol−1 ) obtained from Polybius henslowii raw material. pWSC—Pereopods water-soluble
chitosan; pCOS—pereopods chitooligosaccharides; sWSC—shells water-soluble chitosan; sCOS—shells
chitooligosaccharides. Mean value (± SD).
Chitosan Products

Yield (%)

Dynamic Viscosity (cP)

DD (%)

Mw (kg·mol−1 )

Pereopods chitosan
pWSC
pCOS
Shells chitosan
sWSC
sCOS
Commercial chitosan
ccWSC
ccCOS

9.7 ± 0.62
8.0 ± 0.24
-

749.2 ± 62.69
417.2 ± 94.99
-

94.3 ± 0.04
62 ± 0.53
93.3 ± 0.04
95.1 ± 0.01
55.0 ± 3.21
95.0 ± 0.62
87.0
57.0 ± 0.83
86.0 ± 1.4

378.2 ± 78.00
404.0 ± 45.00
7.4 ± 1.20
247.0 ± 31.20
279.0 ± 33.00
2.7 ± 0.40
780.0
775.0 ± 42.00
10.4 ± 0.70

Chitosan is only soluble in acidic solutions, which limits its applications. The solution viscosity is
usually also quite high, which makes it difficult to prepare highly concentrated solutions. In contrast,
chitooligosaccharides and other water-soluble chitosan derivatives allow highly concentration solution
with low viscosities [31].
In the present study, hydrogen peroxide proved to be an efficient tool for chitosan degradation
due to the formation of reactive hydroxyl radicals by the dissociation of hydrogen peroxide [32].
The results in Table 3 show the production of chitooligosaccharides (COS) from both segmented body
parts with 7.4 kg.mol−1 for pCOS and 2.7 kg.mol−1 for sCOS, as well as for commercial chitosan
chitooligosaccharides (ccCOS) with 10.4 ± 0.7 kg.mol−1 . Due to the decrease in molecular weight
and degree of deacetylation, these products showed a good solubility in distilled water as previously
observed by other authors [33].
Besides COS, another derivative soluble in water (WSC) was prepared through the N-acetylation
of degraded chitosan. The water-soluble chitosan (WSC) products had a molecular weight range
of 378 to 404 kg.mol−1 in pWSC, of 247 to 279 kg.mol−1 in sWSC, and of 780.0 to 775 Kg.mol−1 in
ccWSC. According to previous studies [34], the reason for the increased solubility of chitosan was
the destruction of intramacromolecular and interchain hydrogen bonds, which alters the secondary
structure of chitosan, decreasing its crystallinity and unfolding its molecular chains. Also, the degree
of deacetylation decreased likely due to the acetylation reaction induced by the acetic anhydride acting
as a source of acetyl group for the amines.
2.4. DPPH Radical Scavenging Activity
One important mechanism of antioxidation involves scavenging of hydrogen radicals.
DPPH (2,2-diphenyl-1-picrylhydrazyl) has a hydrogen-free radical with a characteristic absorption at
517 nm, allowing its detection as the purple color of the DPPH solution fades rapidly when it reacts
with proton radical scavengers [35].
The DPPH radical scavenging activity of WSC, COS, and ascorbic acid is shown in Figure 1.
At 1 mg·mL−1 , all chitosan products exhibited the highest scavenging ability. The scavenging ability
proved to be dose-dependent.
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Figure 1. The scavenging ability of water-soluble chitosan (WSC), chitooligosaccharides (COS),
Figure 1. The scavenging ability of water-soluble chitosan (WSC), chitooligosaccharides (COS), and
and ascorbic acid on 1,1-diphenyl-2-picrylhydrazyl radicals: The values are means of eight replicates ±
ascorbic acid on 1,1-diphenyl-2-picrylhydrazyl radicals: The values are means of eight replicates ±
standard errors.
standard errors.
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indirectly initiate lipid peroxidation as a result of H2 O2 formation, creating precursors of hydroxyl
radicals [44].
In the present study a superoxide radical scavenging assay was based on the capacity of
water-soluble chitosan (WSC) and chitooligosaccharides (COS) to inhibit the reduction of nitro blue
tetrazolium (NBT).
Figure 2 summarizes the scavenging effects of WSCs and COSs produced from P. henslowii raw
material (pereopods and shells) and commercial chitosan on superoxide radicals within a concentration
range from 0.0625 to 1 mg·mL−1 . All the products scavenged superoxide in a concentration-dependent
manner. The figure showed that chitooligosaccharides (COSs) had the highest scavenging activity
towards superoxide anion radicals with concentrations above 0.25 mg·mL−1 . Again, no differences
were reported between products obtained from P. henslowii and commercial samples for both WSCs and
Mar. Drugs
17, xmg·mL−1 , all samples proved a low scavenging activity with values changing 6from
of 14
COSs.
At2019,
0.0625
9.2 ± 1.9% (ccWSC) to 16.1 ± 2.9% (pCOS). On the other hand, EDTA proved much higher superoxide
to indirectly initiate lipid peroxidation as a result of H2O2 formation, creating precursors of hydroxyl
scavenging values (65.1 ± 3.6%) within the same concentrations (0.0625 mg·mL−1 ). While testing the
radicals [44].
highest concentration at 1 mg·mL−1 , the pCOS, sCOS, and ccCOS samples clearly exhibited a higher
In the present study a superoxide radical scavenging assay was based on the capacity of waterscavenging activity (61.9 ± 7%, 60.1 ± 5.2%, and 57.5 ± 4.1%, respectively) when compared to pWSC,
soluble chitosan (WSC) and chitooligosaccharides (COS) to inhibit the reduction of nitro blue
sWSC, and ccWSC (28.7 ± 2.7%, 31.9 ± 4.5%, and 28.5 ± 1.5%, respectively)
tetrazolium (NBT).

Figure 2. The scavenging ability of water-soluble chitosan (WSC), chitooligosaccharides (COS),
Figure 2. The scavenging ability of water-soluble chitosan (WSC), chitooligosaccharides (COS), and
and ascorbic acid on superoxide radical: The values are means of eight replicates ± standard errors.
ascorbic acid on superoxide radical: The values are means of eight replicates ± standard errors.

Previously published studies [45–47] suggested a relationship between molecular weight and
Figure 2 summarizes the scavenging effects of WSCs and COSs produced from P. henslowii raw
the ability to scavenge superoxide anions. Compared with chitosan, chitooligosaccharides have very
material (pereopods and shells) and commercial chitosan on superoxide radicals within a
short chains and the ability to form intramolecular hydrogen bonds (O3 –O5 and N2 –O6 ) decreases,
concentration range from 0.0625 to 1 mg·mL−1. All the products scavenged superoxide in a
which means that the hydroxyl and amino groups are activated, being helpful to the reaction with
concentration-dependent manner. The figure showed that chitooligosaccharides (COSs) had the
superoxide anions. This fact may be related once again to the formation of strong intermolecular
highest scavenging activity towards superoxide anion radicals with concentrations above 0.25
and intramolecular hydrogen bonds that reduced the reactivity of hydroxyl and amino groups in
mg·mL−1. Again, no differences were reported between products obtained from P. henslowii and
the polymer chains. Other authors [48] proved the influence of hydroxyl and amino groups in the
commercial samples for both WSCs and COSs. At 0.0625 mg·mL−1, all samples proved a low
scavenging process, showing lower scavenging values for chitosan-thiamine pyrophosphate (CS-TPP)
scavenging activity with values changing from 9.2 ± 1.9% (ccWSC) to 16.1 ± 2.9% (pCOS). On the
and chitosan-hydroxybenzotriazole (CS-HOBt) when compared to chitosan-acetate and chitosan-EDTA.
other hand, EDTA proved much higher superoxide scavenging values (65.1 ± 3.6%) within the same
According to the author, it might be due to the higher ability of TPP and HOBt to bond with the
concentrations (0.0625 mg·mL−1). While testing the highest concentration at 1 mg·mL−1, the pCOS,
hydroxyl and amino groups of chitosan, blocking the reaction with the superoxide.
sCOS, and ccCOS samples clearly exhibited a higher scavenging activity (61.9 ± 7%, 60.1 ± 5.2%, and
57.5 Chelating
± 4.1%, respectively)
whenIons
compared to pWSC, sWSC, and ccWSC (28.7 ± 2.7%, 31.9 ± 4.5%, and
2.6.
Ability on Ferrous
28.5 ± 1.5%, respectively)
The generation of radicals can be retarded by chelation of ferrous ions [49], being chitosan and
Previously published studies [45–47] suggested a relationship between molecular weight and
chitosan derivatives reported as significant chelators [50]. This is why chitosan can be considered as a
the ability to scavenge superoxide anions. Compared with chitosan, chitooligosaccharides have very
potential natural antioxidant to prolong food shelf life [40].
short chains and the ability to form intramolecular hydrogen bonds (O3–O5 and N2–O6) decreases,
which means that the hydroxyl and amino groups are activated, being helpful to the reaction with
superoxide anions. This fact may be related once again to the formation of strong intermolecular and
intramolecular hydrogen bonds that reduced the reactivity of hydroxyl and amino groups in the
polymer chains. Other authors [48] proved the influence of hydroxyl and amino groups in the
scavenging process, showing lower scavenging values for chitosan-thiamine pyrophosphate (CSTPP) and chitosan-hydroxybenzotriazole (CS-HOBt) when compared to chitosan-acetate and
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Figure 3 shows the ferrous-ion chelating ability of WSCs and COSs produced from P. henslowii
material(pereopodes
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andshells)
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and
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chitosan
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a concentration
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−1.
−1
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Figure 3. The chelating ability of water-soluble chitosan (WSC), chitooligosaccharides (COS),
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bioactivities. Also, it is possible that chitosan’s antifungal activity is caused by its chains, which interact
with the cell’s membrane and inhibits the intracellular functions [64]. Recently published studies [65]
suggested that interactions between low molecular weight chitosans, DNA, RNA, and protein could
partly explain the effects of chitosan on translation efficiency. In addition, other studies showed that
the effectiveness of chitosan did not depend solely on the chitosan formulation but also on the type of
fungi [61]. This is in accordance with our findings, since both pathogens from the phylum Ascomycota
(Botrytis cinerea and Cryphonectria parasitica) were highly inhibited at 0.1 mg·mL−1 when compared to
the remaining species, Heterobasidion annosum (phylum Basidiomycota) and Phytophthora cinnamomi
(phylum Heterokontophyta).
3. Experimental Section
3.1. Biochemical Characterization of Raw Materials
Swimming crab, Polybius henslowii was by-catched by fishing vessels when capturing Sardina
pilchardus along the west coast of Peniche (39◦ 24´22.19´´N, 9◦ 35´50.51´´O), Portugal. Dead organisms
were first boiled, then dried in an oven at 100 ◦ C for 2 days, and segmented into shell and pereopods.
The raw material was powdered into particles with diameters ranging from 150 to 500 µm. The ash
content was determined by initially drying the raw material in an oven at 100 ◦ C for 6h. The dried
samples were placed in a furnace at 530 ◦ C for 20 h, and the remaining material was weighed after
cooling in a desiccator. The microbiuret method was used for protein assays [66], and the values were
compared with a standard curve established with known concentrations of bovine serum albumin (BSA).
Free fat was extracted from the raw material by Soxhlet using ether as the solvent [67]. Three replicates
were conducted for each sample.
3.2. Chitin Extraction and Deacetylation
Chitin was isolated according to Reference [19] with some modifications. Demineralization was
carried out with three different concentrations of HCl in order to optimize the extraction of calcium
carbonate: 0.5, 0.75, and 1 M at 21◦ C for 30 min (ratio of 1:30, w/v). After washing with distilled water
and drying in an incubator for 24 h at 40 ◦ C, the samples were subjected to different concentrations of
sodium hydroxide (0.5 M, 0.75 M, and 1 M of NaOH; ratio of 1:15, w/v), thereby removing the organic
matter. The shells and pereopods were incubated at 70 ◦ C for 2 h in a water bath and washed with
distilled water until a neutral pH was achieved. The demineralization and deproteinization efficiencies
were respectively determined through the ash content and microbiuret assay measurements.
The chemical deacetylation of chitin was achieved by subjecting chitin to 12 M of NaOH solution at
120 ◦ C for 3 h (pereopods) and 7 h (shells). After the alkali treatment, chitosan was collected and washed
with distilled water to remove NaOH residues until a neutral pH was reached. These conditions
yielded chitosan products from both body parts, which exhibited a complete dissolution in acetic acid
(1%, v/v) at 25 ◦ C.
Three batches were performed in each step, therefore having a minimum of three replicates
per sample.
3.3. Chitooligosaccharides and Water-Soluble Chitosan Production
Water-soluble chitosan (WSC) was prepared according to a previously published procedure [34],
through N-acetylation with acetic anhydride (Ac2 O). One gram of chitosan was dissolved in 25 mL of
2.8 % acetic acid, and 25 mL of ethanol were added. Acetic anhydride was charged after a complete
dissolution of chitosan and left shaking for 4 h. The reaction mixture was precipitated with ethanol
and dried at 55 ◦ C for 24 h.
The production of chitooligosaccharides (COS) was derived by adding hydrogen peroxide (H2 O2 ) [32].
One gram of chitosan was dissolved in 20 mL of 2% (w/w) acetic acid. After a complete dissolution, 5.5%
H2 O2 was added to the mixture and incubated at 37 ◦ C for 4 h. Then, chitooligosaccharide products
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were precipitated with ethanol and dried at 55 ◦ C for 24 h. The same procedure was carried out with the
commercial chitosan (cc) product (Altakitin S.A., Portugal) in order to compare its physical and biochemical
properties. All samples were performed in triplicate.
3.4. Chitosan Product Characterization
The dynamic viscosity was determined in triplicate with a rotational Haake viscotester 7 plus at
(20 ± 1) ◦ C after the samples were dissolved in 1% (v/v) acetic acid. The molecular weight (Mw ) of
chitosan products was determined by gel permeation chromatography (GPC) [68] with some variations.
A Varian PL aquagel-OH MIXED bed column (Varian, France) 8-µm column was used. The samples
(approx. 5 mg) were dissolved in 1 mL of eluent (AcOH/AcONa buffer pH 4.5, Panreac Spain) and
filtered through a microsyringe filter prior to injection. The flow rate was 1 mL/min. A calibration
curve was obtained by using Varian pullulan polysaccharides certified standards (Varian, France) at
the same chromatographic conditions. FTIR spectroscopy (Bruker FTIR-ATR spectrophotometer) was
employed to determine the degree of acetylation (DA) [69]. The spectra of all samples were recorded
in KBr pellets (Sigma Aldrich, Steinheim, Germany) by the accumulation a minimum of 64 scans with
a resolution of 4 cm−1 .
3.5. Scavenging of 1,1-diphenyl-2-picrylhydrazyl Radicals
The chitosan scavenging of 1,1-diphenyl-2-picrylhydrazyl radicals (DPPH) was determined
according to a previously described method [70]. DPPH (Sigma Aldrich, Steinheim, Germany) solution
was prepared at 0.1 mM with methanol. A volume of 10 µL of each sample was added to 990 µL of a
DPPH solution. The sample concentrations varied from 0.0625 to 1 mg·mL−1 . The reaction mixture
was shaken vigorously and stored in the dark at room temperature for 30 min. The absorbance was
read at 517 nm in a microplate reader (Biotek, Vermont, USA). All samples were run in triplicate.
Ascorbic acid was used for comparison. The free radical scavenging activity was calculated by the
following Equation (1):
Scavenging activity (%) = (1 − Abssample /Abscontrol ) × 100

(1)

3.6. Superoxide Radical (O2 − ) Scavenging Activity
The superoxide scavenging ability of all water-soluble chitosan (WSC) and chitooligosaccharide
(COS) samples was assessed by the method of Reference [71]. This assay was based on the reduction
of nitro blue tetrazolium (NBT) in the presence of NADH and phenazine methosulphate (PMS)
under aerobic condition. The 3.00 mL reaction mixture contained 50 µL of lM NBT, 150 µL of l M
nicotinamide adenine dinucleotide (NADH), and Trisbuffer (0.02 M, pH 8.0). The samples were added
with concentrations ranging from 0.0625 to 1.0 mg·mL−1 . The reaction started by adding 15 µL of
lM phenazine methosulfate (PMS). After incubation at room temperature for 5 min, 300 µL of each
reaction were transferred to a 96-well plate, and the absorbance was recorded at 560 nm against a blank
in microplate reader (Biotek, Vermont, USA). EDTA was used as a positive control. The capability of
scavenging to superoxide radical was calculated using the following Equation (2):
Scavenging effect (%) = (1 − Asample /Acontrol ) × 100

(2)

3.7. Chelating Ability on Ferrous Ions
The ferrous ion-chelating potential of all chitosan products (WSC and COS) was investigated
according to the method of Decker and Welch [72]. Each WSC and COS sample (0.0625–1.0 mg·mL−1 ) in
a 0.2% acetic acid solution was mixed with 0.1 mL of FeCl2 (2 mM) and 3.7 mL of methanol. The reaction
was initiated by adding 2.0 mL ferrozine (5 mM), shaken vigorously and incubated for 10 min in the
dark at room temperature. The ferrous ion-chelating ability was determined by the absorbance at
562 nm against a blank in a microplate reader (Biotek, Vermont, USA). EDTA was used as a positive
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control. The ability of WSC and COS to chelate ferrous ions was calculated according to the following
Equation (3):
Chelating activity (%) = (1 − Abssample /Abscontrol ) × 100
(3)
3.8. Effect of Chitosan on Mycelial Growth
Cryphonectria parasitica (DSMZ 62626), Phytophthora cinnamomi (DSMZ 62654), Botrytis cinerea
(DSMZ 4709), and Heterobasidion annosum (DSMZ 1531) were all purchased from the Leibniz Institut
DSMZ (German Collection of Microorganisms and Cells Cultures), Germany. The four strains were
grown for 5 days at 28 ◦ C on potato dextrose agar (PDA) plates. The antifungal assessment of the
chitosan products was conducted through the mycelial radial growth inhibition technique on a PDA
medium according to El Ghaouth et al. [73]. Mycelial discs 4 mm in diameter were cut from the margins
of the initial colony and placed on PDA plates containing different concentrations of chitosan, ranging
from 0.0125 to 0.1 mg·mL−1 . Control plates of PDA were prepared without chitosan. The PDA plates
were incubated at (23 ± 2) ◦ C for 7 days. The mycelial radial growth was measured when the control
colony had grown to the edge of the plate. The diameter of each fungal colony prepared in triplicate
was measured in mm. and the activity was expressed as the inhibition of mycelial growth.
4. Conclusions
This study shows that P. henslowii captured as bycatch could be applied as a source of chitosan
derivatives. The swimming crab characterization clearly showed that, considering its composition,
different segments of its body could be applied to several biotechnological applications such as feed
supplements, adding value to the raw material. Moreover, the bioavailability of this marine resource,
the optimization of chemical processes (through solvent reuse), and, considering all production costs,
the final price could be highly competitive compared to the current market offer. The results suggested
that the chitosan derivatives, mainly chitooligosaccharides obtained through processing of P. henslowii
raw material, could be effectively employed as an ingredient in cosmetics or functional products in
order to decrease oxidative stress. In general, the chitosan derivatives produced from the raw material
of P. henslowii remarkably inhibited the tested phytopathogenic fungi, mainly Cryphonectria parasitica.
In addition, these samples produced an interesting inhibitory activity when compared with commercial
chitosan derivatives. However, in order to promote the use of this raw material, extensive research
on its characterization (RNM) and other applications (antibacterial activity and allergenic tests) must
be addressed.
Author Contributions: R.P., S.M.L., and S.C.M. were responsible for the design of the study. L.F.V.P. and P.M.N.
were responsible for the characterization of chitosan samples. A.H. carried out the antifungal assays. F.A. was
responsible for the extraction of chitin and the production of chitosan derivatives. S.C.M. evaluated the antioxidant
activity. R.P., S.M.L., and F.A. were responsible for the interpretation of the data. F.A. and S.M.L. drafted the
article. All authors revised the paper critically for important intellectual content and gave final approval to the
version to be published.
Funding: This research was funded by GAC Oeste (PROMAR—European Fisheries Fund) through the
project Pilado add value, under the FP7, grant agreement no. 278612 and by Fundação para a Ciência
e Tecnologia (FCT), through the strategic project UID/MAR/04292/2019 granted to MARE, the Integrated
Programme of SR&TD “Smart Valorization of Endogenous Marine Biological Resources Under a Changing
Climate” (Centro-01-0145-FEDER-000018), co-funded by Centro 2020 programme, Portugal 2020, European Union
through the European Regional Development Fund and the grant awarded to SCM (SFRH/BPD/110400/2015).
Acknowledgments: The authors would like to thank their colleagues Rui Albuquerque and Pedro Sá (Mare—IP
Leiria) for the assistance provided during the preparation of the raw material, as well as Purse seine fishing vessel
“Mestre Comboio—Peniche” and Pedro Murraças for providing the swimming crab
Conflicts of Interest: The authors declare no conflict of interest.

Mar. Drugs 2019, 17, 239

12 of 15

References
1.

2.

3.
4.

5.

6.

7.
8.
9.
10.

11.

12.
13.

14.
15.
16.

17.
18.
19.
20.
21.

Moreira, A.C.; Caetano, P.; Correia, S.; Brasier, C.M.; Ferraz, J.F.P. Phytophthora species associated with
cork oak decline in a Mediterranean forest in in southern Portugal. In Proceedings of the 6th International
Congress of Plant Pathology, Montréal, QC, Canada, 28 July–6 August 1993.
Droby, S.; Lichter, A. Post-Harvest Botrytis Infection: Etiology, Development and Management. In Botrytis:
Biology, Pathology and Control; Elad, Y., Williamson, B., Tudzynski, P., Delen, N., Eds.; Springer: Dordrecht,
The Netherlands, 2007; pp. 349–367, ISBN 978-1-4020-2626-3.
Nuss, D.L. Biological control of chestnut blight: An example of virus-mediated attenuation of fungal
pathogenesis. Microbiol. Rev. 1992, 56, 561–576.
Niemelä, T.; Korhonen, K. Taxonomy of the genus Heterobasidion. In Heterobasidion Annosum: Biology, Ecology,
1988, Impact and Control; Woodward, S., Stenlid, J., Karjalainen, R., Hu¨ttermann, A., Eds.; CAB International:
Wallingford, NY, USA, 2000; pp. 27–33.
Smilanick, J.L.; Harvey, J.M.; Hartsell, P.L.; Henson, D.J.; Harris, C.M.; Fouse, D.C.; Assemi, M. Influence of
sulfur dioxide fumigant dose on residues and control of postharvest decay of grapes. Plant Dis. J. 1990, 74,
418–421. [CrossRef]
Muzzarelli, R.A.; Rochetti, R.; Stanic, V.; Weckx, M. Methods for the determination of the degree of acetylation
of chitin and chitosan. In Chitin Handbook; Muzzarelli, R.A.A., Peter, M.G., Eds.; ATEC: College Park, MD,
USA, 1997; pp. 109–119.
Dutta, P.K.; Tripathi, S.; Mehrotra, G.K.; Dutta, J. Perspectives for chitosan based antimicrobial films in food
applications. Food Chem. 2009, 114, 1173–1182. [CrossRef]
Kumar, R.M.N.V. A review of chitin and chitosan applications. Reactive and Functional. React. Funct. Polym.
2000, 46, 1–27. [CrossRef]
Cerdá, C.; Sánchez, C.; Climent, B.; Vázquez, A.; Iradi, A.; El Amrani, F.; Bediaga, A.; Sáez, G.T. Oxidative stress
and DNA damage in obesity-related tumorigenesis. Adv. Exp. Med. Biol. 2014, 824, 5–17. [PubMed]
Wölfle, U.; Seelinger, G.; Bauer, G.; Meinke, M.C.; Lademann, J.; Schempp, C.M. Reactive molecule species
and antioxidative mechanisms in normal skin and skin aging. Ski. Pharmacol. Physiol. 2014, 27, 316–332.
[CrossRef] [PubMed]
Ito, N.; Hirose, M.; Fukushima, H.; Tsuda, T.; Shirai, T.; Tatenatsu, M. Studies on antioxidants: Their
carcinogenic and modifying effects on chemical carcinogens. Food Chem. Toxicol. 1986, 24, 1071–1092.
[CrossRef]
Ferraro, V.; Cruz, I.B.; Jorge, R.F.; Malcata, F.X.; Pintado, M.E.; Castro, P.M.L. Valorisation of natural extracts
from marine source focused on marine by-products: A review. Food Res. Int. 2010, 43, 2221–2233. [CrossRef]
Cartes, J.E.; Abelló, P.; Lloris, D.; Carbonell, A.; Torres, P.; Maynou, F.; Sola, L.G.D. Feeding guilds of western
Mediterranean demersal fish and crustaceans: An analysis based on a spring survey. Sci. Mar. 2002, 590,
209–220. [CrossRef]
Serrano, A.; Sánchez, F.; Punzón, A.; Velasco, F.; Olaso, I. Deep sea megafaunal assemblages off the northern
Iberian slope related to environmental factors. Sci. Mar. 2011, 75, 425–437. [CrossRef]
Hayward, P.J.; Ryland, J.S. Handbook of the Marine Fauna of North–West Europe; Oxford University Press:
Oxford, UK, 1995; p. 454.
Signa, G.; Cartes, J.E.; Solé, M.; Serrano, A.; Sánchez, F. Trophic ecology of the swimming crab Polybius henslowii
Leach, 1820 in Galician and Cantabrian Seas: Influences of natural variability and the Prestige oil spill.
Cont. Shelf Res. 2008, 28, 2659–2667. [CrossRef]
González-Gurriarán, E. El patexo, Polybius henslowii Leach (Decapoda, Brachyura), en las costas de Galicia
(NW de Espanã): I. Distribución espacial y cambios temporales. Investig. Pesq. 1987, 51, 361–374.
Zariquey, R. Crustáceos decápodos ibéricos. Investig. Pesq. 1968, 32, 83.
Abdou, E.S.; Nagy, K.S.A.; Elsabee, M.Z. Extraction and characterization of chitin and chitosan from local
sources. Bioresour. Technol. 2008, 99, 1359–1367. [CrossRef] [PubMed]
Krzeczkowski, R.A.; Tenney, R.D.; Kelley, C. Alaska king crab: Fatty acid composition, carotenoid index and
proximate analysis. J. Food Sci. 2006, 36, 604–606. [CrossRef]
King, I.; Childs, M.T.; Dorsett, C.; Ostrander, J.G.; Monsen, E.R. Shellfish: Proximate composition, minerals,
fatty acids, and sterols. J. Am. Diet. Assoc. 1990, 90, 677–685.

Mar. Drugs 2019, 17, 239

22.

23.
24.
25.
26.
27.
28.
29.
30.
31.

32.
33.
34.
35.

36.
37.

38.
39.
40.
41.
42.
43.
44.
45.

13 of 15

Nalan, G.; Dlua, K.; Yerlikayaa, P. Determination of proximate and mineral contents of blue crab (Callinectes
sapidus) and swim crab (Portunus pelagicus) caught of the Gulf of Antalya. Food Chem. 2003, 80, 495–498.
[CrossRef]
Naczk, M.; Williams, J.; Brennan, K.; Liyanapathirana, C.; Shahidi, F. Compositional characteristics of green
crab (Carcinus maenas). Food Chem. 2004, 88, 429–434. [CrossRef]
Venugopal, V. Marine Polysaccharides: Food Applications; CRC Press Taylor & Francis Group: Boca Raton, FL,
USA, 2011; Volume 3, pp. 61–84.
Youn, D.K.; No, H.K.; Prinyawiwatkul, W. Physicochemical and functional properties of chitosans prepared
from shells of crabs harvested in three different years. Carbohydr. Polym. 2009, 78, 41–45. [CrossRef]
Mahmoud, N.S.; Ghaly, A.E.; Arab, F. Unconventional Approach for Demineralization of Deproteinized
Crustacean Shells for Chitin Production. Am. J. Biochem. Biotechnol. 2007, 3, 1–9. [CrossRef]
No, H.K.; Meyers, S.P. Preparation and characterization of chitin and chitosan: A review. J. Aquat. Food
Prod. Technol. 1995, 4, 27–52. [CrossRef]
Benhabile, M.S.; Salah, R.; Lounici, H.; Drouiche, N.; Goosen, M.F.A.; Mameri, N. Antibacterial activity of
chitin, chitosan and its oligomers prepared from shrimp shell waste. Food Hydrol. 2012, 29, 48–56. [CrossRef]
Yen, M.-T.; Yang, J.-H.; Mau, J.-L. Physicochemical characterization of chitin and chitosan from crab shells.
Carbohydr. Polym. 2009, 75, 15–21. [CrossRef]
Al-Sagheer, F.A.; Al-Sughayer, M.A.; Muslim, S.; Elsabee, M.Z. Extraction and characterization of chitin and
chitosan from marine sources in Arabian Gulf. Carbohydate. Polymerst 2009, 77, 410–419.
Barroca-Aubry, N.; Pernet-Poil-Chevrier, A.; Domard, A.; Trombotto, S. Towards a modular synthesis of
well-defined chitooligosaccharides: Synthesis of the four chitodisaccharides. Carbohydr. Res. 2010, 345,
1685–1697. [CrossRef]
Du, Y.; Zhao, Y.; Dai, S.; Yang, B. Preparation of water-soluble chitosan from shrimp shell and its antibacterial
activity. Innov. Food Sci. Emerg. Technol. 2009, 10, 103–107. [CrossRef]
Tian, F.; Liu, Y.; Hu, K.; Zhao, B. Study of the depolymerization behavior of chitosan by hydrogen peroxide.
Carbohydr. Polym. 2004, 57, 31–37. [CrossRef]
Lu, S.; Song, X.; Cao, D.; Chen, Y.; Yao, K. Preparation of Water-Soluble Chitosan. J. Appl. Polym. Sci. 2004,
685, 3497–3503. [CrossRef]
Yamaguchi, T.; Takamura, H.; Matoba, T.; Terao, J. HPLC method for evaluation of the free radical-scavenging
activity of foods by using 1,1,-diphenyl-2-picrylhydrazyl. Biosci. Biotechnol. Biochem. 1998, 62, 1201–1204.
[CrossRef] [PubMed]
Kim, K.W.; Thomas, R.L. Antioxidative activity of chitosan’s with varying molecular weight. Food Chem.
2007, 101, 308–313. [CrossRef]
Samar, M.M.; El-Kalyoubi, M.H.; Khalaf, M.M.; El-Razik, M.M.A. Physicochemical, functional, antioxidant and
antibacterial properties of chitosan extracted from shrimp wastes by microwave technique. Ann. Agric. Sci.
2013, 58, 33–41. [CrossRef]
Xie, W.; Xu, P.; Liu, Q. Antioxidant activity of water-soluble chitosan derivatives. Bioorgan. Med. Chem. Lett.
2001, 11, 1699–1701. [CrossRef]
Je, J.Y.; Kim, S.K. Reactive oxygen species scavenging activity of aminoderivatized chitosan with different
651 degree of deacetylation. Bioorgan. Med. Chem. 2006, 14, 5989–5994. [CrossRef]
Chien, P.J.; Sheu, F.; Huang, W.T.; Su, M.S. Antioxidant Polymers: Synthesis, Properties, and Applications.
Food Chem. 2007, 102, 1192. [CrossRef]
Yen, M.-T.; Yang, J.-H.; Mau, J.-L. Antioxidant properties of chitosan from crab shells. Carbohydr. Polym. 2008,
74, 840–844. [CrossRef]
Korycka-Dahl, M.; Richardson, T. Photogeneration of superoxide anion in serum of bovine milk and in
model systems containing riboflavin and amino acids. J. Dairy Sci. 1978, 61, 400–407. [CrossRef]
Bloknina, O.; Virolainen, E.; Fagerstedt, K.V. Antioxidants, oxidative damage and oxygen deprivation stress:
A review. Ann. Bot. 2003, 91, 179–194. [CrossRef]
Meyer, A.S.; Isaksen, A. Application of enzymes as food antioxidants. Trends Food Sci. Technol. 1995, 6, 300.
[CrossRef]
Feng, T.; Du, Y.M.; Li, J.; Hu, Y.; Kennedy, J.F. Enhancement of antioxidant activity of chitosan by irradiation.
Carbohydr. Polym. 2008, 73, 126–132. [CrossRef]

Mar. Drugs 2019, 17, 239

46.
47.
48.
49.
50.
51.
52.

53.
54.
55.
56.
57.
58.
59.
60.

61.
62.

63.
64.
65.
66.
67.
68.

69.
70.

14 of 15

Xing, R.; Liu, S.; Guo, Z.; Yu, H.; Wang, P.; Li, C.; Li, Z.; Li, P. Relevance of molecular weight of chitosan and
its derivatives and their antioxidant activities in vitro. Bioorgan. Med. Chem. 2005, 13, 1573–1577. [CrossRef]
Yang, Y.; Shu, R.; Shao, J.; Xu, G.; Gu, X. Radical scavenging activity of chitooligosaccharide with different
molecular weights. Eur. Food Res. Technol. 2006, 222, 36–40. [CrossRef]
Charernsriwilaiwat, N.; Opanasopit, P.; Rojanarata, T.; Ngawhirunpat, T. In Vitro Antioxidant Activity of
Chitosan Aqueous Solution: Effect of Salt Form. Trop. J. Pharm. Res. 2012, 11, 235–242. [CrossRef]
Halliwell, B.; Aeschbach, R.; Löliger, J.; Aruoma, O.I. The characterization of antioxidants. Food Chem. Toxicol.
1995, 33, 601–617. [CrossRef]
Tikhonov, V.E.; Radigina, L.A.; Yamskov, Y.A. Metal-chelating chitin derivatives via reaction of chitosan with
nitrilotriacetic acid. Carbohydr. Res. 1996, 290, 33–41. [CrossRef]
Lin, H.-Y.; Chou, C.-C. Antioxidative activities of water-soluble disaccharide chitosan derivatives.
Food Res. Int. 2004, 37, 883–889. [CrossRef]
Milosavljevic, N.B.; Ristica, M.D.; Peric-Grujic, A.A.; Filipovic, J.M.; Strbacb, S.B.; Rakocevic, Z.L.;
Krusic, M.T.K. Sorption of zinc by novel pH-sensitive hydrogels based on chitosan, itaconic acid and
methacrylic acid. J. Hazard. Mater. 2011, 192, 846–854. [CrossRef] [PubMed]
Kurita, K. Chitin and Chitosan: Functional biopolymers from marine crustaceans. Mar. Biotechnol. 2006, 8,
203–226. [CrossRef]
Qin, Y. The chelating properties of chitosan fibers. J. Appl. Polym. Sci. 1993, 49, 727–731. [CrossRef]
Kong, M.; Chen, X.G.; Xing, K.; Park, H.J. Antimicrobial properties of chitosan and mode of action: A state of
the art review. Int. J. Food Microbiol. 2010, 144, 51–63. [CrossRef]
Liu, J.; Tian, S.; Meng, X.; Xu, Y. Effects of chitosan on control of postharvest diseases and physiological
responses of tomato fruit. Postharvest Biol. Technol. 2007, 44, 300–306. [CrossRef]
Skjak-Braek, G.; Anthonsen, T.; Sandford, P.A. Chitin and Chitosan: Sources, Chemistry, Biochemistry, Physical
Properties and Applications; Springer: Dordrecht, The Netherlands, 1989; ISBN 978-1-85166-395-8.
Jeon, Y. Antimicrobial effect of chitooligosaccharides produced by bioreactor. Carbohydr. Polym. 2001, 44,
71–76. [CrossRef]
No, H.K.; Young Park, N.; Ho Lee, S.; Meyers, S.P. Antibacterial activity of chitosans and chitosan oligomers
with different molecular weights. Int. J. Food Microbiol. 2002, 74, 65–72. [CrossRef]
Singh, T.; Vesentini, D.; Singh, A.P.; Daniel, G. Effect of chitosan on physiological, morphological,
and ultrastructural characteristics of wood-degrading fungi. Int. Biodeterior. Biodegrad. 2008, 62, 116–124.
[CrossRef]
Ing, L.Y.; Zin, N.M.; Sarwar, A.; Katas, H. Antifungal Activity of Chitosan Nanoparticles and Correlation
with Their Physical Properties. J. Appl. Polym. Sci. 2012, 2012, 632698. [CrossRef] [PubMed]
Vallapa, N.; Wiarachai, O.; Thongchul, N.; Pan, J.; Tangpasuthadol, V.; Kiatkamjornwong, S.; Hoven, V.P.
Enhancing antibacterial activity of chitosan surface by heterogeneous quaternization. Carbohydr. Polym.
2011, 83, 868–875. [CrossRef]
Wiarachai, O.; Thongchul, N.; Kiatkamjornwong, S.; Hoven, V.P. Surface-quaternized chitosan particles as an
alternative and effective organic antibacterial material. Colloids Surf. 2012, 92, 121–129. [CrossRef]
Guo, Z.; Xing, R.; Liu, S.; Zhong, Z.; Ji, X.; Wang, L.; Li, P. Antifungal properties of Schiff bases of chitosan,
629 N-substituted chitosan and quaternized chitosan. Carbohydr. Res. 2007, 342, 1329–1332. [CrossRef]
Galván Márquez, I.; Akuaku, J.; Cruz, I.; Cheetham, J.; Golshani, A.; Smith, M.L. Disruption of protein
synthesis as antifungal mode of action by chitosan. Int. J. Food Microbiol. 2013, 164, 108–112. [CrossRef]
Johnson, M.K. Variable Sensitivity in Microbiuret Assay of Protein. Anal. Biochem. 1978, 86, 320–323.
[CrossRef]
ISO 1444 (1996); International Organisation for Standardisation: Geneva, Switzerland, 1996.
Haastert-Talini, K.; Geuna, S.; Dahlin, L.B.; Meyer, C.; Stenberg, L.; Freier, T.; Heimann, C.; Barwig, C.;
Pinto, L.F.V.; Raimondo, S.; et al. Chitosan tubes of varying degrees of acetylation for bridging peripheral
nerve defects. Biomaterials 2013, 34, 9886–9904. [CrossRef]
Brugnerotto, J.; Lizardi, J.; Goycoolea, F.M.; Argüelles-Monal, W.; Desbrières, J.; Rinaudo, M. An infrared
investigation in relation with chitin and chitosan characterization. Polymer 2001, 42, 3569–3580. [CrossRef]
Shimada, K.; Fujikawa, K.; Yahara, K.; Nakamura, T. Antioxidative properties of xanthan on the autoxidation
of soybean oil in cyclodextrin emulsion. J. Agric. Food Chem. 1992, 40, 945–948. [CrossRef]

Mar. Drugs 2019, 17, 239

71.
72.
73.

15 of 15

Nishikimi, M. Oxidation of ascorbic acid with superoxide anion generated by the xanthine-xanthine oxidase
system. Biochem. Biophys. Res. Commun. 1975, 63, 463–468. [CrossRef]
Decker, E.A.; Welch, B. Role of ferritin as a lipid oxidation catalyst in muscle food. J. Agric. Food Chem. (USA)
1990, 38, 674–677. [CrossRef]
El Ghaouth, A.; Arul, J.; Grenier, J.; Asselin, A. Antifungal activity of chitosan on two post-harvest
618 pathogens of strawberry fruits. Phytopathology 1992, 82, 398–402. [CrossRef]
© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

