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ABSTRACT
This work describes the physicochemical study of 

chitin and chitosan isolated from the brown shrimp exo-
skeleton (Farfantepenaeus californiensis), which is collected 
from the Gulf of California. A consecutive treatment carried 
out the chitin isolation process, including demineralization 
and deproteinization. On the other hand, the preparation of 
chitosan was through alkaline hydrolysis, and the product 
purified by using membrane filter series to homogenize the 
macromolecular chains size. According to the methodology, 
the chitin and chitosan yield was around 33 % and 23 % (dry 
weight), respectively. The materials characterization was 
by FTIR spectroscopy and thermogravimetric analysis. In 
addition, the analysis of chitosan samples were by proximal 
test, viscometric-average molecular weight, and deacetyla-
tion degree. The products exhibited chemical structure and 
physicochemical properties comparable to biopolymers iso-
lated from similar sources reported in the literature. Chitosan 
showed a 15.87 % degree of acetylation (by 1H-NMR analysis) 
and a . The results show the chitinous waste from 
the Sea of Cortez coast, as a promising chitosan source for 
several applications in the region.
Keywords: biopolymers, crustacean waste, isolation of chitin, 
viscosity-average molecular weight, degree of acetylation.

RESUMEN
Este trabajo describe el aislamiento de quitina y 

optimización del proceso de desacetilación para obtener 
quitosana a partir del exoesqueleto de camarón café (Farfan-
tepenaeus californiensis), recolectado del Golfo de California. 
La extracción de quitina se realizó a través de un proceso 
consecutivo de desmineralización y desproteinización. Por 
otro lado, la desacetilación se llevó a cabo por hidrólisis al-
calina, y el producto se purificó utilizando una serie de filtros 
de membrana para homogeneizar el tamaño de las cadenas 
macromoleculares. De acuerdo con la metodología seguida, 
se obtuvo rendimiento del 33 % y 23 % (base seca) de quitina 
y quitosana, respectivamente. Los materiales se caracteri-
zaron por espectroscopía FTIR y análisis termogravimétrico. 
Asimismo, se evaluó el análisis proximal, peso molecular 

viscosimétrico y el grado de acetilación en la muestra de 
quitosana. Los productos obtenidos presentaron estructura 
química y propiedades fisicoquímicas comparables con los 
biopolímeros aislados por métodos similares reportados 
en la literatura. Se encontró que la quitosana pura tiene 
un grado de acetilación de 15.87 % (estimado por 1H-RMN) 
y . Los resultados obtenidos sugieren que los 
desechos quitinosos del Mar de Cortés pueden considerarse 
como una fuente importante para la preparación de quitosa-
na y utilizarse para diversas aplicaciones de la región.

Palabras clave: biopolímeros, residuo de crustáceo, 
aislamiento de quitina, peso molecular viscosimétrico pro-
medio, grado de acetilación.

INTRODUCTION
Biopolymers from natural resources are considered an 

exciting alternative for the developing functional materials in 
emergent areas of human activity (Do Nascimento Marques 
et al., 2020). In this context, chitin is one of the most abun-
dant polysaccharides in the biosphere. It is synthesized by 
many living organisms, mainly arthropods, mollusks, and the 
fungi kingdom (Peniche et al., 2008). Chitin naturally occurs 
in the endocuticle of the crustacean exoskeleton matrix, 
which is closely associated with proteins, pigments, and in-
organic salts (Figure 1) (Pastor de Abram, 2004). Chemically, 
chitin is constituted by β-(1→4) glycosidic binding units of 
N-acetyl-ᴅ-glucosamine (Figure 2). This polysaccharide has 
exhibited interesting properties, such as antimicrobial activ-
ity, biodegradability, low immunogenicity, high insolubility, 
and low chemical reactivity (Ravi Kumar, 2000). Furthermore, 
a substantial amount of the produced chitin is deacetylated 
to obtain chitosan, thus improving its properties expanding 
its derivatization ability and applications.

Chitosan (Cs) is a random copolymer constituted by 
β-(1→4) linked units of N-acetyl-ᴅ-glucosamine (acetylated 
units) and ᴅ-glucosamine (deacetylated units) (Figure 2). 
Commonly, this biopolymer is obtained by deacetylation 
of chitin, although it has also been found naturally in 
the cell wall of some fungal groups such as Zygomycetes 
(Ghormade et al., 2017). The investigation of chitosan in 
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fields as biotechnology, biomedicine, and food industry has 
prominently heightened, owing to their properties like bio-
compatibility, muchoadhesivity, non-toxicity, among others 
(Argüelles-Monal et al., 2018).

Traditionally, the large-scale production of chitin and 
chitosan is mainly from crustacean waste of the seafood in-
dustry (Dahmane et al., 2014; Joseph et al., 2021; Younes and 
Rinaudo, 2015). The isolation procedures include chemical 
and biological methods and other emerging approaches 
such as microwave-based (EL Knidri et al., 2019) and ultra-
sound-based (Hou et al., 2020) methods. In this respect, the 
chemical method is a scalable and well-established pro-
tocol that involves the lixiviation of minerals, proteins, and 
pigments from the exoskeleton matrix (Joseph et al., 2021; 
Peniche et al., 2008; Younes and Rinaudo, 2015). 

Various reports on chemical approaches to produce 
chitin and chitosan are available; however, no standard 
method is still established. Thus, the treatment must be 
tailored to the particular source of chitin, owing to their ultra-

structure being strongly dependent on the species (Younes 
and Rinaudo, 2015). Consequently, selecting an appropriate 
treatment has a notable influence on the quality and physi-
cochemical properties of the final product. The source-based 
substantial differences comprise the polymer chain length, 
the acetylation degree, and the distribution of the N-acetyl-
ated groups along the macromolecular chain (Joseph et al., 
2021). Undoubtedly, understanding the chemical structure of 
these biopolymers is essential for estimating their functional 
properties and potential applications (Younes and Rinaudo, 
2015). In recent decades, several investigations about the 
chemical obtaining and characterization of these polymers 
from different sources are reported (Dahmane et al., 2014; 
EL Knidri et al., 2019; Mohammed et al., 2013; Puvvada et al., 
2012; Wang et al., 2013).

In this sense, the penaeid shrimp are a class of crusta-
ceans with commercial importance in tropical and subtropi-
cal seas, reaching 1 Mt/yr of world catch (Rábago-Quiroz et 
al., 2019). The shrimp fishery represents one of the leading 
industries in Mexico, owing to the social and economic 
benefits involved. Precisely, the Pacific coast in the Gulf of 
California (Sonora and Sinaloa, Mexico) provides over 77% 
of the global shrimp production in Mexico (CONAPESCA 
(Comisión Nacional de Acuacultura y Pesca), 2018). The three 
main commercial species in this region are the blue shrimp 
Penaeus stylirostris (Stimpson, 1871), white shrimp Penaeus 
vannamei (Boone, 1931), and the brown shrimp Farfante-
penaeus californiensis (Holmes, 1990; Rábago-Quiroz et al., 
2019). The latter constitutes the most abundant species in 
the fishery by weight of the offshore catch (Meraz-Sánchez 
et al., 2013), whereby the exoskeleton waste represents a 
by-product of the seafood industry that could be a potential 
resource for chitin and chitosan. Despite the importance of 
this topic, to the best of our knowledge, there are no previ-
ous reports about physicochemical studies of the chitin and 
chitosan produced from this particular genus.

In this context, this work aims to develop a protocol 
to obtain chitin and chitosan from the exoskeleton of brown 
shrimp (Farfantepenaeus californiensis). This study also 
emphasized evaluating the fundamental physicochemical 
properties to understand the structure-function relationship 
of the chitosan obtained.

MATERIALS AND METHODS
Materials

The solvents and reagents used were analytical grade 
and acquired from FAGALAB (Mocorito, Sinaloa, Mexico). Un-
less otherwise stated, all experiments were carried out using 
Type 2 pure water (conductivity < 0.2 µs cm-1). 

Preparation of the chitinous waste
A local seafood restaurant from Guaymas, Sonora, 

Mexico donated the raw shrimp shells at the beginning of 
the catch season (September-October) to guarantee the size 
of the crustacean as homogeneous as possible. The fishers of 

Figure 1. Scheme of the crustacean matrix microstructure, constituted by 
the epicuticle, the endocuticle, and the epidermis, with chitin localized into 
the endocuticle. Reprinting from Ref. Pastor de Abram (2004), Copyright 
2004, with permission from Fondo Editorial de la Pontifica Universidad 
Catolica del Peru.
Figura 1. Esquema para la microestructura de la matriz de los crustáceos, la 
cual está constituida por la epicutícula, endocutícula y la epidermis. La qui-
tina se encuentra en la endocutícula. Reimpreso de Pastor de Abram (2004), 
Copyright 2004, con permiso del Fondo Editorial de la Pontífica Universidad 
Católica del Perú.

Figure 2. Molecular structure for chitin (R= ˗COCH3) and chitosan (R= ˗H).
Figura 2. Estructura molecular para la quitina (R= ˗COCH3) y la quitosana 
(R= ˗H).
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the Sea of Cortez coast directly provided the single species 
shrimp Farfantepenaeus californiensis to the establishment. 
The brown shrimp is the predominant species in bays and 
offshore of the Gulf of California region, which has distinctive 
and easily identifiable morphological characteristics (size, 
shape, and shell color) from other endemic species (Barbo-
sa-Saldaña et al., 2012).

The fresh material was vigorously washed against 
tap water to eliminate the organic waste; later, the sample 
was stored at -20 °C until before processing (overnight), and 
finally, the frozen sample ground to homogenize using a 
conventional food processor (150 W).

Demineralization 
Chitin isolation was according to the procedure 

reported by Beaney et al. (2005) with slight modifications. 
Briefly, the triturated residue was integrated with an HCl 
aqueous solution (1.8 M), with continual stirring at room 
temperature for 2 h, and the material washed against tap 
water to neutralize. 

Deproteinization 
The demineralized material was mixed with NaOH 

aqueous solution (15 wt%) using a 1:15 residue/solvent ratio; 
the mixture remained with continual stirring at 65 °C for 2 
h, then the material washed against tap water to neutralize. 
Finally, the product was dispersed in a flat container and 
dried at 60 °C for 24 h.

Obtention of chitosan 
The chitin deacetylation to produce chitosan was car-

ried out by chemical method. To this end, the chitinous ma-
terial was treated with a 50 wt% NaOH aqueous solution at 
100 °C, under continual stirring for 2 h, then washed against 
tap water until neutral pH and finally dried in a conventional 
oven (IGS400 Heratherm, Thermo Scientific) at 60 °C for 24 h. 

An exhaustive process of filtration achieved the 
chitosan purification. To this purpose, the sample dissolved 
in 0.3 M acetic acid aqueous (0.35 w/v %) was successively 
filtered through cellulose filter paper (particle retention ≥11 
μm, Whatman®) and nitrocellulose membranes (pore size: 3 
μm, 1.2 mm, 0.8 mm y 0.45 mm, MF-milliporeTM). Subsequently, 
it was precipitated by dropwise addition of 0.3 M ammonium 
hydroxide until pH~8. The precipitated material, carefully 
washed with water until no change in conductivity detected, 
was separated using a centrifuge (Thermo Scientific, Heraeus 
Megafuge 16). Finally, the product was freeze-dried (2.5L 
Benchtop Freeze Dryers, Labconco corporation) and stored 
at room temperature. 

Proximal analysis
The quantification of protein content in the chitin and 

chitosan samples was according to the method proposed 
by Díaz-Rojas et al. (2006). This approach allows estimating 
protein and chitin from the total nitrogen content, knowing 

the composition of the other components in the sample. To 
this end, the total nitrogen content of the polymer samples 
was determined by the micro Kjeldahl method, and the offi-
cial analytical methods used to estimate moisture (Method 
991.01), minerals (Method 942.05), and lipids (Method 7.06) 
(Association of Official Analytical Chemists, 1990). 

Briefly, the moisture content of the raw material and 
the chitosan sample was determined by heating in a conven-
tional oven (IGS400 Heratherm, Thermo Scientific) at 100 °C 
for 24 h. The calculation of water content was by comparing 
the weight of the sample before and after the drying process. 
The estimation of the ash content was by the gravimetrical 
method using calcination in a conventional oven at 800 °C to 
obtain the ash (4 h), and then the sample kept in a desiccator 
for 24 h to obtain constant weight. The following equation 
calculated the ash content percentage:

                                                         (1)

Where m0 is the mass of the dry sample (before the 
calcination process), and m1 corresponds to the mass of the 
calcinated product, these procedures were carried out in 
triplicate. 

ATR-FTIR spectroscopy 
Fourier transform infrared (FTIR) spectra were ana-

lyzed using Thermo Scientific Nicolet iS-50 equipment (Mad-
ison, WI, USA). Samples were performed in attenuated total 
reflectance mode for 64 scans, using a resolution of 4 cm-1. 

The estimation of the degree of acetylation (DA) in 
the chitosan sample was through infrared spectral analysis. 
To this purpose, the characteristic band located at 1320 cm-1 
(amide III) was chosen to measure the DA, and the band at 
1420 cm-1 (-OH group) was used as an internal reference, 
according to the correlation proposed by (Brugnerotto et al., 
(2001)

                                   
� (2)

Where A1320 and A1420 correspond to the absorbance of 
the bands localized at 1320 y 1420 cm-1, respectively. 

Nuclear magnetic resonance spectroscopy (1H-NMR)
Recording of the high-resolution 1H-NMR spectros-

copy data was on a Bruker Avance 400 equipment (400 
MHz), analyzing the chitosan sample dissolved in D2O/DCl 
(8 mg mL-1) at 20 °C with MestreNova software (Santiago de 
Compostela). The proton chemical shift of residual water was 
chosen as a reference.

The degree of N-acetylation of the chitosan sample 
was determinate by 1H-NMR analysis. The measurement was 
carried out from the ratio between the signal of the C-H pro-
ton (3.10 ppm) of the N-ᴅ-glucosamine monomeric unit and 
the signal of the three N-acetyl protons (2.00 ppm) relative 
to the N-acetyl-ᴅ-glucosamine monomeric unit (Vårum et al., 
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1991). Then, the calculation of the DA percentage was by the 
following equation.

                                                  (3)

Viscosity-average molecular weight (Mv)
The kinematic viscosity measurements were per-

formed with an Ubbelohde capillary viscometer (diameter 
0.58 mm) at 25 °C by quadruplicate. To this end, the chitosan 
sample was previously dissolved in the solvent 0.3 M AA + 
0.2 M sodium acetate (1 mg mL-1) (Rinaudo et al., 1993). Then, 
the calculation of the viscosity-average molecular weight of 
pure chitosan was by the Mark-Houwink-Sakurada equation:

                                 �  (4)

Where  is the intrinsic viscosity; K and α are the 
empirical constants on the polymeric system, the solvent 
system, and the temperature used. To the solvent system 
used, the Mark-Houwink parameters as K= 0.076 mL g-1, and 
α= 0.76 (Rinaudo et al., 1993).

Thermogravimetric analysis 
Thermogravimetric analysis (TGA) was performed in 

TGA Pyris equipment (Perkin Elmer). The recording of sam-
ples were in palladium pans in a range of 25 °C to 600 °C at 
10 °C min-1, under nitrogen flow (10 mL min-1). The analysis of 
the results were with the TA Universal Analysis software.

RESULTS AND DISCUSSION
Isolation of chitin

Figure 3 displays the procedure for the isolation of chi-
tin and the preparation of chitosan. The treatment involves 
the reduction and homogenization of the particle size of the 
raw material (< 20 mm). This step is crucial to increase the 
sample's surface area and favors the subsequent lixiviation 
process of the proteins, minerals, and pigments (associated 
with the matrix of the crustacean exoskeleton). 

Demineralization decomposes the minerals in wa-
ter-soluble inorganic salts (mainly calcium carbonates and 
phosphates). On the other hand, deproteinization involves 
disrupting chemical interactions into the chitin-proteins 
complex, which represents a more significant challenge to 
separate the undesirable substances (Younes and Rinaudo, 
2015). Both treatments require rigorous washing of the 
product to eliminate as much residue as possible. In some 
investigations, the design of an inverted sequence for the 
waste removal process has been reported (Sierra et al., 2013), 
however, it is often recommended for chitin extraction from 
high protein raw materials (e.g., shrimp heads) (Beaney et al., 
2005; Pastor de Abram, 2004). 

The process conditions and the solvents used resulted 
appropriated to achieve chitin isolation, obtaining 33 % (dry 
mass) of yield by gravimetry. Previous work reports that the 
yield of chitin is strongly dependent on the biological origin 
of the raw material and the processing (Kurita, 2006). In this 
regard, Kurita et al. (Sannan et al., 1976) documented that the 

chitin content in the dried shrimp exoskeleton is closed to 30-
35 %. Using a chemical protocol, Percot et al. (2003) obtained 
20 % chitin from the Parapenaeopsis stylifera shrimp species 
exoskeleton; Abdou et al. (2008) isolated chitin from Penaeus 
aztecus and Penaeus durarum shrimp species and achieved 
21.53 % y 23.72 %, respectively. In another study, Puvvada et 
al. (2012) report that 34 % of chitin yield was obtained from 
Penaeuscarinatus and Penaeus monodon shrimp exoskeleton, 
in the Suryalanka Coast (Guntur, India). On the other hand, 
Rødde et al. (2008) performed a systematic study about 
the dependence of the chitin properties on the seasonal 
variation, using shrimp shells of the deep-water Pandalus 
Borealis species; in this work, the chitin content from the 
shrimp waste was found between 17-20 % (dry weight), and 
no apparent seasonal differences were found. Accordingly, a 
comparative analysis suggests that the Farfantepenaeus cali-
forniensis brown shrimp species constitutes an economically 
feasible resource for the industrial-scale production of chitin.

The appearance of the raw material and the obtained 
products were compared visually. The evolution of the 
depigmentation and texture after each sample treatment is 
displayed in the illustrations of Figure 3. The dry sample of 
chitin had a pale pink-orange tone and flake-like shape. This 
coloration is typical of crustacean species’ inherent pigments 
and proteins. Basically, the pigments comprise carotenoids 
such as astaxanthin, lutein, canthaxanthin, β-carotene (Tana-

Figure 3. Procedure for chitin and chitosan obtention from California brown 
shrimp (Farfantepenaeus californiensis) exoskeleton. Illustrations display the 
morphological appearance of the exoskeleton, chitin, chitosan, and pure 
chitosan.
Figura 3. Procedimiento para la obtención de quitina y quitosana a partir del 
exoesqueleto de camarón café (Farfantepenaeus californiensis). Las ilustra-
ciones internas muestran la apariencia morfológica del exoesqueleto, quiti-
na, quitosana y quitosana pura.
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ka et al., 1976), representing an exciting by-product for the 
chitin and chitosan production industry. In some cases, a 
supplementary decolorization treatment after the deminer-
alization/deproteinization process results in the removal of 
these pigments.

Preparation of chitosan
The chitin obtained was partially deacetylated via 

chemical treatment to produce chitosan. In this work, the 
deacetylation process was performed under concentrate al-
kaline conditions, accompanied by harsh thermal treatment. 
Some factors that influence the stringency of the process are: 
(i) the limited reactivity of acetamide groups (trans config-
uration); (ii) the occurrence of secondary hydrogen bonds 
between the carbonyl group and the amide group of the 
side chains; and (iii) the packing density that characterizes 
the crystal structure of chitin (Pastor de Abram, 2004). 

On the other hand, the purification of the sample fa-
vors the elimination of residual substances emanating from 
the deacetylation reaction and homogenizes the product. 
Considering the dry mass of the exoskeleton, the yield of 
chitosan production was 23 %. This data is lower than the 
results obtained by other authors (Puvvada et al., 2012), 
which may be attributable to the sumptuous separation 
process involved. The freeze-dried chitosan showed an off-
white with a slightly tan color and porous-like structure due 
to the natural drying process (Figure 3). The decolorization 
is typical of the deacetylation reaction since it involves re-
moving or degrading a considerable amount of the inherent 
residual pigments of the raw material. In this sense, Beaney et 
al. (2005) performed a comparative study of two treatments 
(lactic acid fermentation and chemical method) to extract 
chitin from Nephrops norvegicus prawn shell; these autors 
report that the severe chemical treatment promotes the 
remotion or degradation of most of the inherent pigments. 

On the other hand, the proximal analysis showed that 
the chitosan sample had 10.41±0.032 % moisture content, 
0.11±0.042 % ash, and 12.65±0.948 % proteins. These results 
agree with those reported for products obtained from similar 
raw materials (Beaney et al., 2005; Sierra et al., 2013).

Spectroscopy characterization 
FTIR and 1H-RMN spectroscopy elucidated the chemi-

cal identity of the samples. The FTIR spectra for the exoskele-
ton, chitin, and pure chitosan are shown in Figure 4. The un-
purified chitosan sample displayed similar spectrum patterns 
with the purified samples (data not shown). Altogether, the 
chitin spectrum exhibits sharped absorption bands than the 
chitosan sample. These results can be attributed to the high 
crystallinity of the chitin sample compared with its deacetyl-
ated derivative (Rinaudo, 2006). 

The chitin spectrum displays sharp bands at 3434 cm-1 
(O-H group stretching vibration, intermolecular hydrogen 
interactions) and 3254 cm-1 (N-H vibration). The accurate 
position of the O-H vibration band is dependent on the 
hydrogen bond strength. The sharpness of these bands can 

be attributed to the concentration and ordered molecular 
conformation of the polysaccharide chains (Socrates, 2001). 
Likewise, the exoskeleton spectrum shows these bands; the 
absorption of O-H vibration appears as a shoulder at 3407 
cm-1 due to the superimposition with the broad N-H band 
(Socrates, 2001); the overlap of this band may be due to the 
presence of substances associated with the exoskeleton ma-
trix. In the chitosan spectrum, those bands appear as a shift 
to lower wavenumbers (3363 cm-1), which could be assigned 
to the presence of additional intramolecular hydrogen bonds 
(Socrates, 2001). Similar results were reported by Palpandi et 
al. (2009) for chitin and chitosan prepared from the Nerita 
crepidularia mangrove gastropod exoskeleton and opercu-
lum.

The amide I band appears to split into two signals in the 
chitin spectrum at 1654 and 1617 cm-1. According to Rinaudo 
(2006), the occurrence of this double band is typical for the 
α-chitin allomorph in the crystalline structure. The α-chitin  
form is characterized by the strong adhesion between the 
sheets of the chitin crystalline structure due to the hydrogen 
bonds (Argüelles et al., 2004). This result suggests that the 
chitin isolated from California brown shrimp has mostly this 
allomorph. Likewise, the amide II band is observed at 1554 
cm-1. On the other hand, the chitosan spectrum shows typical 
strong bands at 1644 cm-1 (amide I, C=O group stretching vi-
bration), at 1564 cm-1 (amide II, N-H bending motion), and, at 
1075 and 1028 cm-1 due to skeletal vibration of the pyranose 
ring (Pastor de Abram, 2004).

High-resolution 1H-NMR spectroscopy was carried out 
to ascertain the molecular structure of the chitosan sample 
(Figure 5). The spectrum exhibits chemical shifts for the 
corresponding protons to N-acetyl-glucosamine molecular 
unit at 2.00 ppm (H-acetyl) and 4.51 ppm (H-1). Furthermore, 
the resonance attributed to N-glucosamine residue was ob-
served at 3.10 ppm (H-2), and the peaks corresponding to the 
H-2/H-6 protons were localized between 3.5 and 3.83 ppm 
(Rinaudo, 2006; Vårum et al., 1991). 

Figure 4. FTIR spectra for the exoskeleton, chitin, and pure chitosan. 
Figura 4. Espectros FTIR para el exoesqueleto, quitina, quitosana.
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Estimation of the degree of acetylation (DA)
The DA of the chitosan was estimated from spectro-

scopic methods. The FTIR method involves correlating the 
absorbance bands of N-acetyl-glucosamine residue (1320 
cm-1, C-H flexion from -CH3 acetamide group) considered an 
internal reference band (1420 cm-1). By applying equation 
2, the chitosan DA was calculated as 16.36 %. On the other 
hand, the estimation method from 1H-RMN spectroscopy 
analysis compares characteristic peaks of the acetylated and 
deacetylated residual units by integration of signals. Accord-
ing to equation (3), the DA was estimated at 15.87 %. The 
value obtained from both methods is similar, and the result is 
approximated to the data reported in similar studies (DA~ 11 
%) (Puvvada et al., 2012).

Determination of Viscosity-average molecular weight
Viscosimetry is the most used method to estimate 

the average molecular weight of chitosan. It is a simple 
and non-absolute method since it requires the correlation 
between the intrinsic viscosity and the molecular weight 
of the polymer (Peniche et al., 2008). The intrinsic viscosity 
of chitosan was calculated by extrapolating the viscosity 
measurements to zero concentration from the ordinate at 
the origin of the line, applying the Huggins equation. Then, 
the Mv of the chitosan sample was estimated at close to 170 
kDa by applying equation (4). This result is classified as low 
molecular weight (LMW< 300 kDa) (Joseph et al., 2021). 

In general, it has been found that LMW chitosan exhib-
its lower viscosity and density, better solubility in aqueous 
solutions, and higher penetration capacity into cells. Likewise, 
some authors have reported that LMW chitosan manifests a 
more significant inhibitory effect against phytopathogens 
(Meng et al., 2010). Taken together, the LMW and the high DA 
(84.13 %) factors suggest that the obtained biopolymer is a 
candidate for potential applications such as wound healing, 
food preservatives, wastewater treatment, and protein drug 
delivery systems (Joseph et al., 2021). 

Thermogravimetric analysis
Thermal stability is an essential factor in determining 

the potential applications of biomaterials. The polysaccha-
rides usually have an amorphous structure that can quickly 
hydrate in a solid-state. Chitin requires high thermal energy 
to dissociate its characteristic crystalline structure (Wang et 
al., 2013). It is reported that the primary thermal effect of this 
polysaccharide is dependent on the molecular weight and 
the DA of the sample (Alonso et al., 1983). 

The thermogravimetric (TG) and differential thermo-
gravimetric (DTG) curves for the exoskeleton, chitin, and pure 
chitosan are displayed in Figure 6. The thermograms exhibit 
two different thermal steps for the samples. The former occurs 
below 145 °C, associated with free water evaporation (3.5-10 
%). Chitin sample shows 3.5 % weight loss from water, which 
represents a lower amount than the other samples. This 
result is concomitant with the crystalline structure of chitin. 
As previously stated, chitin obtained from Farfantepenaeus 
californiensis shrimp waste is conformed mainly by α-chitin  
allomorph. This molecular arrangement contributes to the 
sample’s lower hydrophobicity and water permeability.

Figure 5. 1H-NMR spectrum of pure chitosan dissolved in DCl/D2O (pH~4), 
analyzed at 400 MHz, 25 °C, at a concentration of 8 mg mL-1.
Figura 5. Espectro 1H-RMN para la quitosana pura, disuelta en DCl/D2O 
(pH~4), analizada a 400 MHz, 25 °C, a una concentración de 8 mg mL-1.

Figure 6. Thermogravimetric curve (a) and differential thermogravimetric 
analysis (b) for the samples: exoskeleton, chitin, and pure chitosan. 
Figura 6. Curva termogravimétrica (a) y análisis termogravimétrico diferen-
cial (b) para las muestras: exoesqueleto, quitina y quitosana pura. 
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The second thermal event of chitin occurs between 
258 °C and 438 °C with a maximum rate of 398 °C. This remark-
able weight loss (76%) corresponds to degradation of the 
pyranose ring of polysaccharide, which includes dehydration 
of the saccharide ring, depolymerization, and decomposition 
of chitin molecular units (Paulino et al., 2006). In the exo-
skeleton sample, two thermal steps are exhibited between 
266-422 °C, piked at 344 and 388 °C, respectively. This double 
thermal event can be attributed to the polysaccharide struc-
ture degradation, which adopts different conformations and 
types of interaction associated with minerals, proteins, and 
pigments into the exoskeleton matrix (Juárez-de la Rosa et 
al., 2015). 

As expected, the chitosan sample exhibits lower 
thermal stability than chitin. The degradation of the polymer 
occurs in the range of 230-400 °C, whose maximum peak is 
found at 306 °C. This effect can be attributed to the prepon-
derance of the non-acetylated units and the transition from 
the typical chitin crystalline regions to the distinct amor-
phous zones of chitosan (Alonso et al., 1983). In addition, a 
progressive weight loss is observed above 440 °C due to the 
formation of gas molecules such as CO, CO2, and H2O (Wang 
et al., 2013).

CONCLUSIONS
Chitin and chitosan have been successfully produced 

from the Farfantepenaeus californiensis brown shrimp exoske-
leton. The experimental chemical procedure allows obtaining 
a 33 % yield of chitin and 23 % of chitosan. Also, chitosan has 
a high degree of deacetylation (84.13 %), and low viscosity-
average molecular weight (170 kDa). This work contributes 
to the physicochemical study of chitin and chitosan from 
this species. The results provide the baseline information for 
utilizing these biopolymers in promising applications such 
as wound healing, food preservatives, wastewater treatment, 
protein drug delivery systems. Therefore, the chitinous waste 
from the Sea of Cortez coast represents a significant source 
for preparing these biopolymers.

ACKNOWLEDGMENT 
The authors are grateful to Dr. Refugio Pérez-González 

(Spectroscopy Laboratory) and Dra. Irela Santos Sauceda 
from (Thermal Analysis Laboratory) from Department of 
Polymers and Materials of the University of Sonora for the 
technical support. Likewise, the authors acknowledge Dr. 
Marcelino Montiel-Herrera from the Department of Medicine 
and Health Sciences of the University of Sonora, and M.I.I. 
Luis Carlos Martínez Castro from the Research Center for 
Food and Development (CIAD) for the technical assistance.

REFERENCES
Abdou, E.S., Nagy, K.S.A., Elsabee, M.Z., 2008. Extraction and 

characterization of chitin and chitosan from local sources. 
Bioresource Technology 99, 1359–1367.

Alonso, J.G., Peniche-Covas, C., Nieto, J.M., 1983. Determination 
of the degree of acetylation of chitin and chitosan by 
thermal analysis. Journal of Thermal Analysis 28, 189–193.

Argüelles, W., Heras Ángeles, Acosta, N., Galed, G., Gallardo, A., 
Miralles, B., Peniche C., San Roman J., 2004. Caracterización 
de quitina y quitosano. In: Quitina y Quitosano: obtención, 
caracterización y aplicaciones. Pontificia Universidad 
Católica del Perú, Lima, Perú, pp. 157–206.

Argüelles-Monal, W.M., Lizardi-Mendoza, J., Fernández-Quiroz, 
D., Recillas-Mota, M.T., Montiel-Herrera, M., 2018. Chitosan 
Derivatives: Introducing New Functionalities with a 
Controlled Molecular Architecture for Innovative Materials. 
Polymers 10, 342.

Association of Official Analytical Chemists, 1990. Official 
Methods of Analysis of AOAC International, 15th edition. 
Arlington, Virginia.

Barbosa-Saldaña, M. de L., Díaz-Jaimes, P., Uribe-Alcocer, M., 2012. 
Variación morfológica del camarón café (Farfantepenaeus 
californiensis) en el Pacífico mexicano. Revista Mexicana de 
Biodiversidad 83.

Beaney, P., Lizardi-Mendoza, J., Healy, M., 2005. Comparison of 
chitins produced by chemical and bioprocessing methods. 
J. Chem. Technol. Biotechnol. 80, 145–150.

Brugnerotto, J., Lizardi, J., Goycoolea, F.M., Argüelles-Monal, W., 
Desbrières, J., Rinaudo, M., 2001. An infrared investigation in 
relation with chitin and chitosan characterization. Polymer 
42, 3569–3580.

CONAPESCA (Comisión Nacional de Acuacultura y Pesca), 2018. 
Anuario estadístico de acuacultura y pesca 2018 (Anual No. 
2018). Mazatlán, Sinaloa, México.

Dahmane, E.M., Taourirte, M., Eladlani, N., Rhazi, M., 2014. 
Extraction and Characterization of Chitin and Chitosan 
from Parapenaeus longirostris from Moroccan Local 
Sources. International Journal of Polymer Analysis and 
Characterization 19, 342–351.

Díaz-Rojas, E.I., Argüelles-Monal, W.M., Higuera-Ciapara, I., 
Hernández, J., Lizardi-Mendoza, J., Goycoolea, F.M., 2006. 
Determination of Chitin and Protein Contents During the 
Isolation of Chitin from Shrimp Waste. Macromolecular 
Bioscience 6, 340–347.

Do Nascimento Marques, N., dos Santos Alves, K., Vidal, R.R.L., 
da Silva Maia, A.M., Madruga, L.Y.C., Curti, P.S., de Carvalho 
Balaban, R., 2020. Chemical Modification of Polysaccharides 
and Applications in Strategic Areas. In: La Porta, F. de A., Taft, 
C.A. (Eds.), Emerging Research in Science and Engineering 
Based on Advanced Experimental and Computational 
Strategies, Engineering Materials. Springer International 
Publishing, Cham, pp. 433–472.

EL Knidri, H., Dahmani, J., Addaou, A., Laajeb, A., Lahsini, A., 
2019. Rapid and efficient extraction of chitin and chitosan 
for scale-up production: Effect of process parameters on 
deacetylation degree and molecular weight. International 
Journal of Biological Macromolecules 139, 1092–1102.

Ghormade, V., Pathan, E.K., Deshpande, M.V., 2017. Can fungi 
compete with marine sources for chitosan production? 
International Journal of Biological Macromolecules, 11th 
APCCS-2016-Chemistry, Environmental, Biotechnology and 
Biomedical Aspects of Chitin and Chitosan 104, 1415–1421.

Hou, F., Ma, X., Fan, L., Wang, D., Ding, T., Ye, X., Liu, D., 2020. 
Enhancement of chitin suspension hydrolysis by a 
combination of ultrasound and chitinase. Carbohydrate 
Polymers 231, 115669.

Joseph, S.M., Krishnamoorthy, S., Paranthaman, R., Moses, 
J.A., Anandharamakrishnan, C., 2021. A review on source-



35
Volumen XXIV, Número 2

35

Martínez-Robinson et al: Physicochemical study of chitin and chitosan produced / XXIV (2): 28-35 (2022)

specific chemistry, functionality, and applications of chitin 
and chitosan. Carbohydrate Polymer Technologies and 
Applications 2, 100036.

Juárez-de la Rosa, B.A., May-Crespo, J., Quintana-Owen, P., 
Gónzalez-Gómez, W.S., Yañez-Limón, J.M., Alvarado-Gil, 
J.J., 2015. Thermal analysis and structural characterization 
of chitinous exoskeleton from two marine invertebrates. 
Thermochimica Acta 610, 16–22.

Kurita, K., 2006. Chitin and Chitosan: Functional Biopolymers 
from Marine Crustaceans. Mar Biotechnol 8, 203–226.

Meng, X., Yang, L., Kennedy, J.F., Tian, S., 2010. Effects of chitosan 
and oligochitosan on growth of two fungal pathogens 
and physiological properties in pear fruit. Carbohydrate 
Polymers 81, 70–75.

Meraz-Sánchez, R., Madrid-Vera, J., Cisneros-Mata, M.Á., Herrera, 
D.C., 2013. An Approach to Assessment to Population of 
the Brown Shrimp, Farfantepenaeus californiensis (Holmes, 
1900), as a Management Fisheries Tool in the Southeastern 
Gulf of California. Open Journal of Marine Science 3, 40–47.

Mohammed, M.H., Williams, P.A., Tverezovskaya, O., 2013. 
Extraction of chitin from prawn shells and conversion to low 
molecular mass chitosan. Food Hydrocolloids 31, 166–171.

Palpandi, C., Shanmugam, V., Shanmugam, A., 2009. Extraction of 
chitin and chitosan from shell and operculum of mangrove 
gastropod Nerita (Dostia) crepidularia Lamarck. International 
Journal of Medicine and Medical Sciences 1, 198–205.

Pastor de Abram, A., 2004. Quitina y Quitosano: Obtención, 
caracterización y aplicaciones, 1st ed. Fondo Editorial de la 
Pontificia Universidad Católica del Peru, Peru.

Paulino, A.T., Simionato, J.I., Garcia, J.C., Nozaki, J., 2006. 
Characterization of chitosan and chitin produced from 
silkworm crysalides. Carbohydrate Polymers 64, 98–103.

Peniche, C., Argüelles-Monal, W., Goycoolea, F.M., 2008. Chitin 
and Chitosan: Major Sources, Properties and Applications. 
In: Monomers, Polymers and Composites from Renewable 
Resources. Elsevier, pp. 517–542.

Percot, A., Viton, C., Domard, A., 2003. Optimization of Chitin 
Extraction from Shrimp Shells. Biomacromolecules 4, 12–18.

Puvvada, Y.S., Vankayalapati, S., Sukhavasi, S., 2012. Extraction 
of chitin from chitosan from exoskeleton of shrimp for 
application in the pharmaceutical industry. International 
Current Pharmaceutical Journal 1, 258–263.

Rábago-Quiroz, C.H., Zepeda-Benítez, V.Y., López-Martínez, J., 
Padilla-Serrato, J.G., Rábago-Quiroz, C.H., Zepeda-Benítez, 
V.Y., López-Martínez, J., Padilla-Serrato, J.G., 2019. Biometric 
relationships for commercially important penaeid shrimp 
species on the east coast of the Gulf of California. Latin 
american journal of aquatic research 47, 716–722.

Ravi Kumar, M.N.V., 2000. A review of chitin and chitosan 
applications. Reactive and Functional Polymers 46, 1–27.

Rinaudo, M., 2006. Chitin and chitosan: Properties and 
applications. Progress in Polymer Science 31, 603–632.

Rinaudo, M., Milas, M., Dung, P.L., 1993. Characterization 
of chitosan. Influence of ionic strength and degree of 
acetylation on chain expansion. International Journal of 
Biological Macromolecules 15, 281–285.

Rødde, R.H., Einbu, A., Vårum, K.M., 2008. A seasonal study of 
the chemical composition and chitin quality of shrimp 
shells obtained from northern shrimp (Pandalus borealis). 
Carbohydrate Polymers 71, 388–393.

Sannan, T., Kurita, K., Iwakura, Y., 1976. Studies on chitin, 2. Effect 
of deacetylation on solubility. Die Makromolekulare Chemie 
177, 3589–3600.

Sierra, D.M.E., Orozco, C.P.O., Rodríguez, M.A.Q., Villa, W.A.O., 
2013. Optimización de un protocolo de extracción de quitina 
y quitosano desde caparazones de crustáceos. Scientia et 
Technica 18, 260–266.

Socrates, G., 2001. Infrared and Raman Characteristic Group 
Frequencies: Tables and Charts, 3rd ed. John Wiley & Sons.

Tanaka, Y., Mizuguchi, H., Katayama, T., Simpson, K.L., Chichester, 
C.O., 1976. The biosynthesis of astaxanthin—XVI. The 
carotenoids in crustacea. Comparative Biochemistry and 
Physiology Part B: Comparative Biochemistry 54, 391–393.

Vårum, K.M., Antohonsen, M.W., Grasdalen, H., Smidsrød, O., 
1991. Determination of the degree of N-acetylation and the 
distribution of N-acetyl groups in partially N-deacetylated 
chitins (chitosans) by high-field n.m.r. spectroscopy. 
Carbohydrate Research 211, 17–23.

Wang, Y., Chang, Y., Yu, L., Zhang, C., Xu, X., Xue, Y., Li, Z., Xue, 
C., 2013. Crystalline structure and thermal property 
characterization of chitin from Antarctic krill (Euphausia 
superba). Carbohydrate Polymers 92, 90–97.

Younes, I., Rinaudo, M., 2015. Chitin and chitosan preparation 
from marine sources. Structure, properties and applications. 
Mar Drugs 13, 1133–1174.


