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Abstract

Chitosan is deacetylated chitin, the second most common polysaccharide after cellulose. The
diverse applications of chitosan are directly linked to the properties of the polymer, which vary
depending on the extraction process. This study aimed to investigate the factors that influence the
deproteinization and deacetylation of chitin and to elucidate their effect on the residual protein
level, the level of deacetylation (DD), and the yield of extracted material. The selected responses
were studied using a 25-1 fractional factorial design with five factors and two levels of variation. The
factors tested were A NaOH concentration, B = reaction time, C temperature, D = Particle size,and E
= Solid/Liquid ratio. Using the ANOVA regression equation gives a coefficient of determination R2 =
(99.62%, 99.72%, and 99.90%) for the residual protein level, the deacetylation (DD), and yield,
respectively, indicating the precision of the predicted model. The minimum of residual proteins, the
maximum deacetylation DD% and yield% reached under those conditions corresponds to the
concentration of NaOH (20%,40%), temperature (40°C,129.88°C), reaction time (15.03,60min),
particle size of (0.3,01mm) and Solid/Liquid ratio of (1/10.02,1/15 g/ml). After carrying out the
validation test, the chitosan obtained presents a yield, ash rate, residual proteins, a DD%, solubility,
crystallinity, and a molecular weight of 16.16+0.22, 0.124+0.002, 2.08+0.05%, 87.13+0.16%,
97.02+0.09%, 44.32%, and 107.47+0.44KDa respectively.
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Introduction

The need for seafood has led to a significant expansion of the seafood processing industry in recent
years. The food-processing sector, like to other sectors in its field, generates substantial amounts of
waste. Approximately 6 to 8 million tons of shellfish trash (including crab, shrimp, and lobster)
are generated globally each year (FAO, 2019).

Managing the substantial quantity of waste generated by shrimp processing companies is a
significant issue, particularly in poor nations, where most waste is disposed of in garbage and
oceans. This is an important environmental issue as it directly affects the populations of endangered
animals. For wealthy nations, removing waste might incur high costs, rendering it economically
impractical for many companies. Therefore, it is imperative to devise creative measures to reduce

environmental damage and optimize financial gains (Kannan, Gariepy and Raghavan, 2017).

The composition of shrimp waste is minerals “CaCO,” (30-50%), (30-40%) of protein, and (20—
30%) of chitin and its major derivative, chitosan, have multiple applications (Nouri and al ., 2016).
Some applications necessitate specific structures, and the effectiveness has been demonstrated to
depend on the purity and consistency of chitin quality. Many organic and inorganic substances are
strongly associated with chitin in shrimp shells. These substances must be removed to get the highly
pure chitin needed for biological applications (Nidheesh and Suresh, 2015).

The conventional process to produce chitosan from chitin includes three steps: first,
demineralization in acid solutions; second, deproteinization in alkaline solutions; and finally,
deacetylation in concentrated alkaline solutions (Ahing and Wid, 2016b) (Ilyas and al ., 2022).
Regardless of many years of commercialization, little is known about optimizing the isolation
process, and there is no uniform method for isolating chitin and chitosan from shrimp waste. We
require a commercially viable method that is efficient, rapid, and easily regulated to extract chitins
of high purity and consistent quality for use in food and biomedical applications. There is still
much work to get high-quality chitin, and chitosan back from waste goods used to make seafood.
Response surface methodology (RSM) is a solid statistical tool for identifying variable interactions
and optimizing chemical, biological, and other multifactorial processes (Younes and al ., 2014)
(Nidheesh and Suresh, 2015). RSM was previously used to remove chitin from pink shrimp and
crab shell powder. However, most research of (Nidheesh and Suresh, 2015) (Ben Seghir and
Benhamza, 2017) (Al Shagsi and al ., 2020), optimizes just deacetylation and demineralization
steps. The three steps of optimizing the extraction of chitin and chitosan from crude shellfish
byproducts using RSM have yet to be published, because (Aldila and al ., 2020) found that
deacetylation is affected by deproteinization conditions. This study optimized the deceatylation
and deacelyation conditions for chitosan extracted from shrimp waste for high quality/purity using
RSM and a fractional factorial design. Time, temperature, and reagent concentration all influence
the deacetylation of chitosan. However, this work aimed to explore the deproteinization and
deacetylation in the manufacture of chitosan from shrimp waste using a fractional factorial design.
The variables used in this design were temperature, concentration of NaOH, reaction time, particle
size, and solid-liquid ratio. Everything revolved around making the levels better. No study uses a
single factorial design to optimize these five chitin and chitosan extraction parameters in shrimp
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shells. It should be noted that this work is a follow-up of our previous work: optimization of the
demineralization of chitin (Kherbache and al ., 2022) .

2. Materials and methods
2.1. Materials

This study makes use of shrimp shells obtained from Tlemcen's fisheries and fishmonger. The
shrimp shells were manually separated from the flesh, and washed in cold water to remove all
impurities, before being sun-dried for two days. Using a blender, the dried shrimp shell samples
were coarsely powdered at “0.3, 0.5 and 1 mm” in size. The coarse powder was keep in storage so
that chitin could be made. The samples of coarse powder were demineralized (William and Wid,

2019).
2.2. Demineralization of chitin

This study is complementary to the preliminary study of the optimization of chitin
demineralization of (Kherbache and al ., 2022), we optimized the demineralization conditions
using a fractional factorial design 2™ (table 01), following the mandhods of, (Al Shaqsi and al .,
2020), with minor modifications. Each 40 g shrimp shells powdered sample (0.3 and 1 mm) were
demineralized independently from sixteen Meyer Erlenes. All samples were treated with 1-2M
HCI (1:10 and 1:15 w/v) at 25-50°C with continual stirring for 30—60 min. Demineralized
samples were filtered, washed several times with distilled water, and oven-dried overnight at 50°C.
After demineralization, materials were deproteinized.

Table 01: Factors and levels for the Fractional 2*" factorial design (Demineralization).

Factors Code Unit Low level (-1) High level (+1)
HCI Concentration A N 1 2
Temperature B °C 25 50

Reaction time C h 0.5 1

Particle size D mm 0.3 1

Solid/liquid ratio E g/ml 1/10 1/15

2.3. Deproteinization of chitin

Demineralized samples obtained were deproteinized using the established method (Aldila and al .,
2020), with slight modifications by treating them to different NaOH and Solid/liquid ratio
concentrations, respectively (20 to 60%; 1:10 and 1:15 w/v). Under agitation for 30 and 60 min
at 40 to 90°C temperature using a fractional factorial design 2”"' (table 02). The sixteen samples
were treated with deproteinization, followed by filtration and subsequent washing with distilled
water. Subsequently, the deproteinized samples were dried in an oven for one night at a
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temperature of 50°C. The samples that have undergone deproteinization were individually
weighed with an analytical balance.

Table 02: Factors and levels for the Fractional 2" factorial design (Deproteinization).

Factors Code Unit Low level (-1) High level (+1)
NaOH Concentration |A % 20 60
Temperature B °C 40 90

Reaction time C min 30 60

Particles size D mm 0.3 1.0
Solid/Liquid ratio E o/ml 1710 1715

2.4. Deacetylation of chitin and obtention of chitosan

Deproteined samples obtained were deacandylated using the established method (Salman, Ulaiwi
and Quais, 2018) With a few modifications. Chitin-isolated samples underwent treatment with
sodium hydroxide (NaOH) solutions, ranging from 40-50% at 1:10-1:15(w/v) ratios. The treated
samples were then placed in an autoclave and exposed to temperatures of 121°C and 130°C for 15
and 30 minutes, respectively. Using a fractional factorial design 2" (table 03). After that, the
samples were washed, filtered, and then dried in an oven for one night at a temperature of 50°C.

Table 03: Factors and levels for the Fractional 2°" factorial design (Deacetylation).

Factors Code Unit Low level (-1) High level (+1)
NaOH Concentration A % 40 50
Temperature B °C 121 130

Reaction time C min 15 30

Particles size D mm 0.3 1.0
Solid/Liquid ratio E g/ml 1/10 1/15

2.5. Characterization of prepared chitosan
2.5.1 Chitosan extraction yield

The estimation of chitosan yield was determined by dividing the dry weight of the produced
chitosan by the wand weight of the initial shrimp shells, as expressed in equation (01) (Ahmed,
Hassan and Nour, 2020).
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2.5.2 Solubility in acid solution

The preparation of a homogeneous solution began with the dissolution of 1.0 g of chitosan,
acquired by deacetylation, in 100 mL of 1% acetic acid (99%). The mixture was agitated using a
magnetic stirrer until complete homogeneity was achieved. Subsequently, the solution of chitosan
underwent filtration using a vacuum pump. The experiment was replicated on three separate
occasions. The solubility % was determined using the following calculation (Ahing and Wid,

2016b):

. ET i I THHTHCME TH HRH § 1T 1l THE TRCRE H HHE | 1T 1 HT
0f — — — — - — — z
Solubility % T 0 THHTRCME THUHHE 1T 18T 1 THHTHCAT TH HH (02)

2.5.3 Residual Protein content determination

The nitrogen content was determined using the Kjeldahl technique. The determination of crude
protein content included the multiplication of the nitrogen content, which was previously adjusted
for any corrections by a factor of 6.25. The adjusted nitrogen content was obtained by subtracting
the nitrogen content of chitin from the nitrogen in shrimp shell powder (Chang and Tsai, 1997).

2.5.4 Determination of chitosan deacetylation DD%

With a spectrum range of frequencies from 4000 to 400 cm-1, infrared spectroscopy (USA, Perkin
Elmer Spectroscopy) is used to get the spectra of chitosan. After carefully combining the chitosan
sample with KBr, the mixture is dried and pressed to create a homogenous sample/KBr disc.
Equation 03 uses the absorption bands at 1655 and 3450 cm™ to get the DD% (Ben Seghir and
Benhamza, 2017):

DD% = A8 (03)

Where:
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