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SECTION IV:
INNOVATION IN BIOTECHNOLOGY
MINI REVIEW

Recuperacion biotecnolégica de quitina de residuos de
crustaceos

Biotechnological recovery of chitin from crustacean waste

Resumen

Revisiones sobre recuperacion de quitina a partir de residuos de crustaceos y otras
fuentes usando biotecnologia son reconocidas en el presente articulo. La mayoria
de las revisiones concluyen que aunque se han logrado resultados importantes en
la recuperacién de quitina, todavia existe la necesidad de mejorar las condiciones
operativas de los procesos de desproteinizacién y desmineralizacion, tales como el
tiempo, la fuente de carbono, el pH (inicial y durante la fermentacion), el volumen
deindculoy la temperatura, entre otros, para aplicar a nivel industrial un bioproceso
que sea comercial y ambientalmente costo-beneficio viable. La presente revision
tiene como objetivo reunir la informacion mas actualizada disponible sobre la in-
vestigacion en métodos biotecnoldgicos para recuperar la quitina de los residuos de
crustaceos, estudiada durante los tUltimos 10 afios, centrandose en las condiciones
aplicadas a la desproteinizacion (DP) y la desmineralizacién (DM), particularmente
en los tiempos de bioprocesamiento y las especies microbianas involucradas.

Abstract

Reviews on biotechnological recovery of chitin from crustacean waste and other
sources are acknowledged in the present review. Most of the reviews conclude that
although important results on chitin recovery have been achieved, there is still a
need for better approaches to improve operational conditions of deproteinization
and demineralization processes, such as time, carbon source, pH (initial and during
fermentation), volume of inoculum, temperature, among others, in order to apply
at industrial level, a bioprocess commercially and environmentally cost/effective
viable. The present review aims to gather the most updated available information
about research on biotechnological methods to recover chitin from crustacean
waste, studied during the past 10 years, focussing on conditions applied to depro-
teinization (DP) and demineralization (DM), particularly on bioprocessing times
and microbial species.
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Introduction

Chitin is one of the most abundant biopolymers in
nature after cellulose and is found in crustacean exoske-
letons, insects and fungal cell walls. It is a polysaccha-
ride consisting of 3-1,4-linked N-acetyl-D-glucosamine,
that in natural tissues is associated mainly to proteins
and minerals, but also to lipids and pigments (Dun et al.
2019; El Knidri et al. 2018). It has been observed that
the content of chitin vary according to the source and
the species, from which this biopolymer has been reco-
vered. It was reported that in Crangon crangon shrimp
waste, protein content ranges from 10 to 38%, minerals
from 31 to 44% and chitin from 24 to 46% (M. Bajaj et
al. 2011). Chitin and its deacetylated derivative chitosan,
have a commercial value and are highly demanded due
to their biocompatibility and biodegradability capacity,
which makes them applicable in medicine, agriculture,
environmental protection, food processing, cosmetics,
pharmaceuticals, textile industries and biotechnological
products (Arbia et al. 2013; Prameela et al. 2010; EI Kni-
dri et al. 2018).

The annual international trade of crustaceans was
5129421 tin 2016 (FAO 2018). The increasing amount of
waste generated from industrial processing of hydrobio-
logical resources (exoskeletons of shrimp, prawn, crab,
and other crustacean) has become an environmental
problem. Exoskeleton and cephalothorax of some crus-
tacean species such as shrimp or prawn, are wasted, al-
though they contains chitin, proteins and pigments that

could have an important commercial value. The amount
recovered of those components depend on processing
conditions, species, seasonal variations, etc. (Duarte de
Holanda and Netto, 2006; Rodde et al. 2008; Xu et al.
2008; Al Sagheer et al. 2009; Palpandi et al. 2009; Wang
etal. 2011).

Chitin recovery from crustacean waste requires two
main processes, demineralization (DM) and deprotein-
ization (DP) in order to separate the biopolymer from
proteins and minerals to which it is associated in natural
tissues. Industrial production of chitin involves chemical
methods with the use of an alkali such as sodium hydrox-
ide (NaOH) to remove proteins and hydrochloric acid
(HCD) to remove minerals (Fig. 1). Although those meth-
ods have been commercially viable, they represent an
environmental cost that needs to be addressed. As an al-
ternative, research efforts have been made to contribute
to replace chemical procedures by biotechnological ones
which are environmentally friendly as shown in Figure 1
(Arbia et al. 2013; Ghorbel-Bellaaj et al. 2012; Liu et al.
2014; Francisco et al. 2015; Bashandy et al. 2016; Sed-
aghat et al. 2017; Zhang et al. 2017; Hamdi et al. 2017;
Castro et al. 2018; Dun et al. 2018; Liu et al. 2020). Com-
paratively high cost of their manufacturing process, has
been reported as a disadvantage for the use of chitin in
some industries (Sini et al. 2007), however, a biological
method to recover this biopolymer seems to be low cost
and feasible to scale it up to industrial level (Dun et al.
2018).

Chemical methods for chitin recovery
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Figure 1. Chitin recovery by chemical and biotechnological methods.
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Moreover, it has been detected the amino acid com-
position of the fermentation broth obtained after the bi-
oprocesses, in order to give a full use of the crustacean
waste (Liu et al. 2020). It also is necessary to take into
consideration variations in the protein and mineral con-
tent between the exoskeletons of different species but
also within the same species, particularly because they
could be determinant to set up processes conditions.

This mini-review compiles some of the most updated
published information on biotechnological processes ap-
plied to chitin recovery from crustacean waste.

Deproteination and demineralization of crusta-

cean waste bioprocesses

To separate chitin from proteins and minerals to
which it is associated in waste natural tissues, two steps
need to be made, deproteinization (DP) and deminera-
lization (DM). Microorganisms and proteolytic enzymes
(enzymatic extracts or purified enzymes) have been
used to separate proteins and minerals from the tissues.
Those bioprocesses can be performed in two separate
steps (to remove proteins and to remove minerals) or in
one step to remove both simultaneously.

Table 1: Overview for chitin recovery by biotechnological methods.

The efficiency of both bioprocesses, depends on the
species, carbon source, pH (initial and during fermenta-
tion), volume of inoculum, temperature, among others
(Prameela et al. 2010; Gortari & Hours 2013; Liu et al.
2020). Biotechnological bioprocesses have shown ad-
vantages and disadvantages; it has been remarked the
need for the development of new methods to produce
high quality chitosan with an improved degree of deace-
tylation (El Knidri et al. 2018).

Table 1 shows the results reported by some authors
between years 2009 and 2020, to achieve chitin recovery
with different operational conditions, most of which are
similar, however the table also shows observed differen-
ces, which are relevant if the bioprocesses are to be sca-
led to pilot and industrial level; those factors are species
used and bioreaction times achieved, among others.

The studies discussed in the present review can only
be partially compared among them due to the use of
crustacean waste that comes from different species, the-
refore they have different protein and minerals content,
which may have an impact on the processing time.

Bioprocess
Deproteinization (DP) Demineralization (DM) | Species Time Results Authors Country
(hours/day)
4% glucose concentra- |5% glucose concentration, | Lactobacillus rhamnoides, DP 96.8%
1 tion, 37 °C, initial pH 37 °C, initial pH 6.5, final | Bacillus amyloliquefaciens 48 h/84 h DM 97' 5; Liu et al. 2020 China
6.5, inoculum level 6% |pH 3.4, inoculum level 4%.| (BAO1) =7
3% (w/v) shrimp waste, Brevibacillus parabrevis o Taiwan
2 37°C, 150 rpm TKUO46 4d DP95% Doanetal. 2019 \/;otham
50 °C, 5% (w/v) crayfish shell waste, 5% (w/v) : DP 93% )
3 glucose, proteinase K, 10% inoculum. Bacillus coagulans 48 h DM 91% Dun et al. 2018 China
. . DP 95.3% .
4 15% sucrose and 85% crab biomass. Lactobacillus plantarum sp. 60 h DM 99 6% Castro et al. 2018  Mexico
. 0
Serratia marcescens db11 DP 87.19% Chakravarty et al.
() )
5 5%eglucose, 180 rpm, 30 /37 °C Lactobacillus plantarum 6d DM 89.59% 2018 USA
6 Sucrose (10% w/w), 30 °C Lactobacillus brevis 120h/72 h DP 96% Aranday-Garcia et  Mexico
Rhizopus oligosporus DM 66.5% al. 2017 Japan
50°C, E/S ratio of 5U/ o o
7 mg, shrimp shells, crab - Portunus segnis 3h DP 84.7%, 91.06% Hamdi et al. 2017  Tunisia
shells and pH 8.
Shrimp shell waste 5% (w/v), 20% glucose, 50 °C . DP 92% Sedaghat et al.
8 and 100 rpm. Pseudomonas aeruginosa 6d DM 82% 2017 Iran
pH10, 60°C and E/S ratio ) X . o Mhamdi et al. -
9 of 10 U/mg Bacillus safensis S406 3h DP 93% 2017 Tunisia
33% w/v shrimp shell waste, 50% (v/v), pH 6.2, 125 . DP 99% .
10 rpm, 35 °C. Lactobacillus plantarum 72 h DM 87% Neves et al. 2017  Brazil
. . . DP 97%
11 Sucrose 5% (w/v), shrimp shell waste (12.5%, w/Vv), | Bacillus subtilis 7d DM 82% Gamal et al. 2016 Egypt
(]
Serratia marcescens B742, DP 94.5% China
12 2% shrimp shell powders, 15 % glucose, 35 °C. Lactobacillus plantarum ATCC 6d 20 Zhang et al. 2016
2014 DM 93.0% USA
7.75 U/mg A21, 60 °C; 10 Bacillus mojavensis A21 o Tunisia
13 U/mg S. scrofa, 50 °C. Scorpaena scrofa 9h DP 96% Younes et al. 2016 France
(Continue...)
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Bioprocess
Deproteinization (DP) Demineralization (DM) | Species Time Results Authors Country
(hours/day)
E/S ratio of 55U/g, pH7 |25°C and shells-lactic acid . 3h/ DP91.1% Hongkulsup et al.
14 and37°c. ratio of 1:11 (w/w) | - TePtomyces griseus 20 min DM 98.6% 2016 Uk
15 Crustacean waste 18g/L, 10g/L glucose, initial pH 7,| Bacillus subtilis and Bacillus 24h DP 84%, 74.2% Pachapur et Canada
40°C and 150 rpm. licheniformis DM 55%, 60% al.2015
Lactobacillus plantarum DP 84.4% Francisco et al. -
0, 0,
16 5% glucose and 5% cassava starch strains T1 and L137 7d DM 83% 2015 Philippines
17 5% (w/v) shrimp shell waste, 10% (w/v) glucose, gz‘i’f:?:qrzgfcsezzzgmosa’ 64 DP 74.76%, Sedaghat et al. Iran
10% (v/v) inoculum, 37 °C and 100 rpm. . ; ’ DM 76.46%, 2015
Bacillus pumilus
Bacillus pumilus A1, B. mojaven-
5% (w/v) shrimp shell waste, 5% (w/v) glucose, and| cis A21, B. licheniformis NH1, DP 94 % -
18 initial pH 7, 37°C. B. cereus BG1, B. amyloliquefa- 5d DM 80% Hajji et al.2015 Tunisia
ciens An6 and B. subtilis A26
0, 0,
19 Shrimp waste 15g, 45°C, B Bacillus mojavensis A21 and 3h DP 77%, 78% Younes et al. 2014 Tunisia
E/S ratio of 5 U/mg Balistes capriscus : France
Bacillus licheniformis 21886 DP 87%
20 30°C, 180 rpm. Gluconobacter oxydans DSM- 168h y Liu et al. 2014 China
2003 DM 93.5%
o o )
21 171.37 g/lf sugars,'32 C,4.84 g shell, 100 mL of Lactobacillus helveticus 254.38h bP 78% Arbia et al. 2013 Algeria
fermentation medium. DM98% France
2 Shrimp shell concentration of 70 g/L, glucose 50 Bacillus pumilus A1 64 DP 94% Ghorbel-Bellaaj et Tunisia
g/L, pH of 5.0, 35 °C. DM 88% al. 2013
55°C, pH 7.8-8, aeration . Lactobacillus acidophilus FNCC DP 95.37% Junianto et al. .
23 2.3 vem. 275 rom 30 °C, 50 rpm 116 96,60 h DM 97.69% 2013 Indonesia
: ! pm. Bacillus licheniformis F11.1 07
Inoculum 5%, shrimp
24 head waste 10g/80mL, - Bacillus licheniformis OPL-007 ~ 2.d DP 85.3% Maoetal. 2013 China
30°C, 180 rpm, initial
pH 10.
) DP 93.59%
0, 0, [+
25 .IOA (w/w).shrlmpohe.aq,.SA glucose, 1.2% (v/v) Streptococcus thermophilus 64 h DM 92% Mao et al. 2013 China
inoculum size, 42 °C, initial pH of 5.0.
. . Serratia marcescens B742 .
2% shrimp shell pow- | 2% shrimp shell powders, . DP 94.5% China
26 ders. 15% glucose. gzéritfbaallus plantarum ATCC 4,2d DM 93% Zhang et al. 2012 USA
30°C, 120 rpm, 50g/L sugar cane molasses, 66.7 g/L| . DM 88% Flores-Albino et L.
27 crustacean wastes from crab. Lactobacillus sp. B2 120h DP 56% al. 2012 Mexico
. . DM 45% Khorrami et al.
o ()
28 30°C,180 rpm, 20g/L date syrup, 5% of inoculum Lactobacillus plantarum 6d DP 54% 2012 Iran
Bacillus mojavensis A21.
B. subtilis A26
E/S rate of 7.75 U/mg, ) B. licheniformis NH1 o Tunisia
29 60 °Cand pH 9. B. licheniformis MP1, 6h DP 88.5% Younes etal. 2012 France
Vibrio metschnikovii J1 and
Aspergillus clavatus ES1
Lactobacillus acidophilus DP 97.4%, .
o o ,
30 15% glucose, 37°C. SWO1 168 h DM 97.7% Duan et al. 2012 China
5% (w/v) shrimp shell waste, 5% (w/Vv) glucose, : DP 90% Ghorbel-Bellaaj et .
31 iitial pH 7.0, inoculum 1.5% (v/v), 30 °C, 200 rpm. | Fs€udomonas aeruginosa A2 7d DM 92% al. 2012 Tunisia
. . DP 94% Pacheco et al. .
0, 0, o
32 10% (w/v), bacterial starter 5%, 35 °C. Lactobacillus plantarum 96 h DM 92%, 2011 Mexico
o Bacillus licheniformis F11.1, o .
33 2°°C,2507Pm, 2.5 wm 30°C, 50 rpm. Lactobacillus acidophilus 60, 48h DP79.61%  Wahyuntarietal. | ;06
aeration. ENCC116 DM 88.65% 2011
o . . DP 95% ) .
34 37°C. HCI Erwinia chrysanthemi mutant 16h DM 99% Giyose et al. 2010 South Africa
(]
Natural probiotic (milk curd). DP 89% Prameela et al. .
() 0,
35 5% Inoculum, 15% glucose. 72h DM 69% 2010 India
(Continue...)
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Bioprocess
Deproteinization (DP) Demineralization (DM) | Species Time Results Authors Country
(hours/day)

36 Shell waste (10%, w/v), 15% glucose (w/v), and Lactococcus lactis Teredino- 74 DP 90.2% Aytekin and Elibol  Japan
initial pH 8.8. bacter turnerae DM 98.3% 2010 Turkey
Ratio shells /water 1:2 . N . DP 88.8% . .

37 (w/v), 40 °C. Acid treatment, 25 °C. | Bacillus cereus SV1 9h DM 99% Manni et al. 2010  Tunisia

o Bacillus licheniformis strains DP 84% Hoffmann et al.
38 55°C,2vvm, 500 rpm. F11.1, F11.2, F11.3 and F11.4 60h DM 96.4% 2010 Germany
Bacillus cereus and Exiguobac- DP 97.1%, 92.8% Sorokulova et al.
o B ,
39 3% shell waste, pH 7.0, 37 °C, and 200 rpm. terium acetylicum 7d DM 95.0%, 92.0% 2009 USA

Biotechnological methods to extract chitin from
crustaceans are effective and environmentally friendly.
However, one of the most relevant requirements still to
be achieved, when compared with chemical methods, is
reduction of processing time for total DP and DM. Some
authors have reported that DP and DM takes altogether
between 2 to 7 days (Sorokulova et al. 2009; Aytekin &
Elibol 2010; Ghorbel-Bellaaj et al. 2012; Khorrami et al.
2012; Zhang et al. 2012; Mao et al. 2013; Ghorbel-Bellaaj
et al. 2013; Hajji et al. 2015; Sedaghat et al. 2015; Fran-
cisco et al. 2015; Zhang et al. 2016; Rawia et al. 2016;
Sedaghat et al. 2017; Chakravarty et al. 2018; Doan et
al. 2019). Some other authors have reported processing
time between 24 to 254 hours (Hoffmann et al. 2010;
Prameela et al. 2010; Wahyuntari et al. 2011; Pacheco et
al. 2011; Duan et al. 2012; Flores-Albino et al. 2012; Mao
et al. 2013; Junianto et al. 2013; Arbia et al. 2013; Liu et
al. 2014; Pachapur et al. 2015; Mhamdi et al. 2017; Aran-
day-Garcia et al. 2017; Neves et al. 2017; Liu et al. 2020).

It is remarkable to have reduced bioprocessing time
to 3 to 16 hours (Manni et al. 2010; Giyose et al. 2010;
Younes et al. 2012; Younes et al. 2014; Hongkulsup et al.
2016), bearing in mind that some conditions such as the
use of commercial enzymes, processing times, and the
possibility of applying different microorganisms from
those already studied (Table 1), need to be evaluated be-
fore attempting to scale the bioprocess up.

In order to reduce processing times and improve
the effectiveness of biotechnological methods to re-
cover chitin from crustacean waste, microbial species
employed in DP and DM, have taken a relevant role.
Some species of bacteria have been studied, as Bacillus
spp. which have a high proteolytic capacity (Liu et al.
2020; Doan et al. 2019; Dun et al. 2018; Mhamdi et al.
2017; Gamal et al. 2016; Younes et al. 2016; Pachapur et
al.2015; Sedaghat et al. 2015; Hajji et al. 2015; Younes
et al. 2014; Liu et al. 2014; Ghorbel-Bellaaj et al. 2013;
Junianto et al. 2013; Mao et al. 2013; Younes et al. 2012;
Wahyuntari et al. 2011; Manni et al. 2010; Hoffmann et
al. 2010; Sorokulova et al. 2009). Similarly, another ge-
nus highly used is Lactobacillus, not only due to its high
proteolytic activity, but also to its capacity to produce
lactic acid, which has allowed to perform DP and DM in
a single step. The acid produced by Lactobacillus spp.
inhibits the growth of undesirable competitive bacte-

ria (Castro et al. 2018; Chakravarty et al. 2018; Aran-
day-Garcia et al. 2017; Neves et al. 2017; Zhang et al.
2016; Francisco et al. 2015; Arbia et al. 2013; Junianto
etal. 2013; Zhang et al. 2012; Flores-Albino et al. 2012;
Khorrami et al. 2012; Duan et al. 2012; Wahyuntari et
al. 2011; Pacheco et al. 2011; Aytekin & Elibol 2010).
Lactobacillus has also been used to demineralize crus-
tacean waste only (Liu et al. 2020).

Additionally, other proteolytic bacterial species with
relevant results on crustacean waste DP and DM have
been studied, such as Pseudomonas, Serratia, Strep-
tomyces, beside others (Doan et al. 2019; Chakravarty et
al. 2018; Sedaghat et al. 2017; Zhang et al. 2016; Hon-
gkulsup et al. 2016; Sedaghat et al. 2015; Liu et al. 2014;
Mao et al. 2013; Zhang et al. 2012; Ghorbel-Bellaaj et al.
2012; Giyose et al. 2010; Aytekin and Elibol 2010; Pra-
meela et al. 2010; Sorokulova et al. 2009).

Furthermore, in the search of improving DP and DM,
the fungi Rhizopus oligosporus has also been considered
(Aranday-Garcia et al. 2017); and crude extracts from
eukaryotes tissues as Portunus segnis (blue crab), Balis-
tes capriscus (gray triggerfish) and Scorpaena scrofa (red
scorpionfish) (Hamdi et al. 2017; Younes et al. 2014; You-
nes etal. 2016).

The price of crustacean waste is comparable to that
of wood waste (Mao et al. 2016). On the other hand, con-
ventional exoskeletons treatment based on the use of
acid and base, although convenient and effective, is ex-
pensive and damaging to the environment. Biotechnolo-
gical methods seem to be encouraging, but still in need of
innovation that allows the technology to move into large-
scale production, having to improve long processing ti-
mes in order to obtain pure chitin.

At the moment, the challenge is to innovate towards
environmentally sustainable technologies to transform
crustacean waste into products such as biopolymers,
pigments (astaxanthin), calcium, peptides, and protein
hydrolysates, among others that have a potential high
market value.

Conclusions

- Biotechnological extraction of chitin from crusta-
ceans waste has been achieved by different strate-
gies. Some of them are, the treatment with micro-
bial acid fermentation for demineralization (DM)
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and deproteinization (DP); microbial proteases
fermentation for DP; and direct use of proteolytic
enzymes for DP.

- Treatments of crustacean waste with crude enzy-
me extracts, have achieved the fastest processing
times, however, previous steps to produce the en-
zyme extracts may represent an increase in ope-
rational costs that needs to be taken into account
before scaling the process up.

- Microbial fermentation has shown a potential for
deproteinization and demineralization, keeping in
mind that processing times still need to be redu-
ced, in order to scale the bioprocess up.

- The utilization of crustacean waste needs to be
further investigated to the aim of adapting labora-
tory-scale biotechnological methods for industrial
scale extraction of chitin from crustacean waste
and its derivative products. The challenge now is
to develop a bioprocess that is commercially and
environmentally cost/effective viable.

Literature cited

Aranday-Garcia R, Roman GA, Shirai K, Ifuku S. 2017. Succes-
sive inoculation of Lactobacillus brevis and Rhizopus
oligosporus on shrimp wastes for recovery of chitin
and added-value products. Process Biochemistry, 58,
17-24.

Arbia W, Adour L, Amrane A, Lounici H. 2013. Optimization
of medium composition for enhanced chitin extrac-
tion from Parapenaeus longirostris by Lactobaci-
llus helveticus using response surface methodology.
Food Hydrocolloids, 31(2), 392-403. https://doi.
org/10.1016/j.foodhyd.2012.10.025

Arbia W, Arbia L, Adour L, Amrane A. 2013. Chitin extraction
from crustacean shells using biological methods -A
review. Food Technology and Biotechnology, 51(1),
12-25.

Aytekin O, & Elibol M. 2010. Cocultivation of Lactococcus lac-
tis and Teredinobacter turnirae for biological chi-
tin extraction from prawn waste. Bioprocess and
Biosystems Engineering, 33(3), 393-399. https://doi.
org/10.1007/s00449-009-0337-6

Bajaj M, Winter ], Gallert C. 2011. Effect of deproteination and
deacetylation conditions on viscosity of chitin and chi-
tosan extracted from Crangon crangon shrimp waste.
Biochemical Engineering Journal, 56(1-2), 51-62.
https://doi.org/10.1016/j.bej.2011.05.006

Bashandy AS, Raffat EI, El-Tayeb TS, Gamal RF, & Ibrahim H
MM. 2016. Optimization of chitin yield from shrimp
shell waste by Bacillus subtilis and impact of gamma
irradiation on production of low molecular weight
chitosan. International Journal of Biological Macro-
molecules, 91, 598-608. https://doi.org/10.1016/j.
ijbiomac.2016.06.008

Castro R, Guerrero-Legarreta [, Borquez R. 2018. Chitin extrac-
tion from Allopetrolisthes punctatus crab using lactic
fermentation. Biotechnology Reports, 20, e00287.
https://doi.org/10.1016/j.btre.2018.e00287

Chakravarty ], Yang C, Palmer ], Brigham CJ, Brigham CJ. 2018.
Chitin Extraction from Lobster Shell Waste using Mi-
crobial Culture-based Methods. Applied Food Biotech-
nology, 5(3), 141-154. https://doi.org/10.22037 /afb.v

De Holanda HD, Netto FM. 2006. Recovery of components
from shrimp (Xiphopenaeus kroyeri) processing was-
te by enzymatic hydrolysis. Journal of Food Science,
71(5), 298-303. https://doi.org/10.1111/j.1750-
3841.2006.00040.x

Doan CT, Tran TN, Nguyen VB, Vo TPK, Nguyen AD, Wang S-L.
2019. Chitin extraction from shrimp waste by liquid
fermentation using an alkaline protease-produ-
cing strain, Brevibacillus parabrevis. International
Journal of Biological Macromolecules, https://doi.
org/10.1016/j.ijbiomac.2019.03.117

Duan S, Li L, Zhuang Z, Wu W, Hong S, Zhou ]. 2012. Impro-
ved production of chitin from shrimp waste by fer-
mentation with epiphytic lactic acid bacteria. Carbo-
hydrate Polymers, 89(4), 1283-1288. https://doi.
org/10.1016/j.carbpol.2012.04.051

Dun Y, Li Y, Xu ], Hu Y, Zhang C, Liang Y, Zhao S. 2018. Simul-
taneous fermentation and hydrolysis to extract chitin
from crayfish shell waste. International Journal of Bio-
logical Macromolecules, 123, 420-426. https://doi.
org/10.1016/j.ijbiomac.2018.11.088

El Knidri H, Belaabed R, Addaou A, Laajeb A, Lahsini A. (2018).
Extraction, chemical modification and characteriza-
tion of chitin and chitosan. International Journal of
Biological Macromolecules, 120, 1181-1189. https://
doi.org/10.1016/j.ijbiomac.2018.08.139

FAO 2018. FAO yearbook. Fishery and Aquaculture Statistics
2016/FAO annuaire. Statistiques des péches et de
I'aquaculture 2016 /FAO anuario. Estadisticas de pes-
cay acuicultura 2016. Rome/Roma. 104pp.

Flores-Albino B, Arias L, Gomez ], Castillo A, Gimeno M, Shirai
K. 2012. Chitin and L(+)-lactic acid production from
crab (Callinectes bellicosus) wastes by fermentation
of Lactobacillus sp. B2 using sugar cane molasses as
carbon source. Bioprocess and Biosystems Enginee-
ring, 35(7), 1193-1200. https://doi.org/10.1007/
s00449-012-0706-4

Francisco FC, Simora RMC, Nuiial SN. 2015a. Deproteination and
demineralization of shrimp waste using lactic acid bac-
teria for the production of crude chitin and chitosan. In-
ternational Journal of the Bioflux Society, 8(1), 107-115.

Francisco FC, Simora RMC, Nufial SN. 2015b. Waste Using Lac-
tic Acid Bacteria for the Production of Crude Chitin
and Chitosan. International Journal of the Bioflux So-
ciety, 8(1), 107-115.

Gamal RF, El-Tayeb TS, Raffat EI, Ibrahim HMM, Bashandy
AS. 2016. Optimization of chitin yield from shrimp
shell waste by Bacillus subtilis and impact of gamma
irradiation on production of low molecular weight
chitosan. International Journal of Biological Macro-
molecules, 91, 598-608. https://doi.org/10.1016/j.
ijbiomac.2016.06.008

Ghorbel-Bellaaj O, Hajji S, Younes I, Chaabouni M, Nasri M, Je-
llouli K. 2013. Optimization of chitin extraction from
shrimp waste with Bacillus pumilus Al using res-
ponse surface methodology. International Journal of
Biological Macromolecules, 61, 243-250. https://doi.
org/10.1016/j.ijbiomac.2013.07.001

Ghorbel-Bellaaj O, Jridi M, Khaled H Ben, Jellouli K, Nasri M.
2012. Bioconversion of shrimp shell waste for the
production of antioxidant and chitosan used as fruit
juice clarifier. International Journal of Food Scien-
ce and Technology, 47(9), 1835-1841. https://doi.
org/10.1111/j.1365-2621.2012.03039.x

100 REV. PERU. BIOL. 27(1): 100 - 102 (MARzO 2020)



BIOTECHNOLOGICAL RECOVERY OF CHITIN FROM CRUSTACEAN WASTE

Ghorbel-Bellaaj O, Younes I, Maalej H, Hajji S, Nasri M. 2012.
Chitin extraction from shrimp shell waste using Ba-
cillus bacteria. International Journal of Biological
Macromolecules, 51(5), 1196-1201. https://doi.
org/10.1016/j.ijbiomac.2012.08.034

Giyose NY, Mazomba NT, Mabinya LV. 2010. Evaluation of pro-
teases produced by Erwinia chrysanthemi for the de-
proteinization of crustacean waste in a chitin produc-
tion process. African Journal of Biotechnology, 9(5),
711-717. https://doi.org/10.5897 /A]B09.1262

Gortari MC, Hours RA. 2013. Biotechnological processes for chi-
tin recovery out of crustacean waste: A mini-review.
Electronic Journal of Biotechnology, 16(3). https://
doi.org/10.2225/vol16-issue3-fulltext-10

Hajji S, Ghorbel-Bellaaj O, Younes I, Jellouli K, Nasri M. 2015. Chitin
extraction from crab shells by Bacillus bacteria. Biologi-
cal activities of fermented crab supernatants. Internatio-
nal Journal of Biological Macromolecules, 79, 167-173.
https://doi.org/10.1016/j.ijbiomac.2015.04.027

Hamdi M, Hammami A, Hajji S, Jridi M, Nasri M, Nasri R. 2017.
Chitin extraction from blue crab ( Portunus segnis )
and shrimp ( Penaeus kerathurus ) shells using diges-
tive alkaline proteases from P. segnis viscera. Interna-
tional Journal of Biological Macromolecules, 101, 455-
463. https://doi.org/10.1016/j.ijbiomac.2017.02.103

Hoffmann K, Daum G, Koster M, Kulicke W-M, Meyer-Rammes
H, Bisping B, Meinhardt F. 2010. Genetic Improvement
of Bacillus licheniformis Strains for Efficient Deprotei-
nization of Shrimp Shells and Production of High-Mo-
lecular-Mass Chitin and Chitosan. Applied and Envi-
ronmental Microbiology, 76(24), 8211-8221. https://
doi.org/10.1128/aem.01404-10

Hongkulsup C, Khutoryanskiy VV, Niranjan K. 2016. Enzyme
assisted extraction of chitin from shrimp shells ( Lito-
penaeus vannamei). Journal of Chemical Technolo-
gy & Biotechnology, 91(5), 1250-1256. https://doi.
org/10.1002/jctb.4714

Junianto ], Wahyuntari B, Setyahadi S. 2013. Selection of
Methods for Microbiological Extraction of Chitin from
Shrimp Shells. Microbiology Indonesia, 7(2), 75-83.
https://doi.org/10.5454/mi.7.2.5

Khorrami M, Najafpour GD, Younesi H, Hosseinpour MN. 2012.
Production of Chitin and Chitosan from Shrimp Shell
in Batch Culture of Lactobacillus plantarum. Chemical
Biochemical Engineering Q, 26(3), 217-223.

Liu P, Liu S, Guo N, Mao X, Lin H, Xue C, Wei D. 2014. Cofer-
mentation of Bacillus licheniformis and Gluconobac-
ter oxydans for chitin extraction from shrimp waste.
Biochemical Engineering Journal, 91, 10-15. https://
doi.org/10.1016/j.bej.2014.07.004

Liu Y, Xing R, Yang H, Liu S, Qin Y, Li K, Yu H, Li P. 2020. Chi-
tin extraction from shrimp (Litopenaeus vannamei)
shells by successive two-step fermentation with Lac-
tobacillus rhamnoides and Bacillus amyloliquefaciens.
International Journal of Biological Macromolecules.
https://doi.org/10.1016/j.ijbiomac.2020.01.124

Manni L, Ghorbel-Bellaaj O, Jellouli K, Younes I, Nasri M. 2010.
Extraction and characterization of chitin, chitosan, and
protein hydrolysates prepared from shrimp waste by
treatment with crude protease from bacillus cereus SV1.
Applied Biochemistry and Biotechnology, 162(2), 345-
357. https://doi.org/10.1007/s12010-009-8846-y

Mao X, Guo N, Sun ], Xue C. 2016. Comprehensive utilization of
shrimp waste based on biotechnological methods: A
review. Journal of Cleaner Production, 143, 814-823.
https://doi.org/10.1016/j.jclepro.2016.12.042

Mao X, Zhang ], Kan F, Gao Y, Lan ], Zhang X, et al. 2013. Anti-
oxidant production and chitin recovery from shrimp
head fermentation with Streptococcus thermophilus.
Food Science and Biotechnology, 22(4), 1023-1032.
https://doi.org/10.1007/s10068-013-0179-5

Mhamdi S, Bkhairia I, Nasri R, Mechichi T, Nasri M, Kamoun AS.
2017. Evaluation of the biotechnological potential of
a novel purified protease BS1 from Bacillus safensis
S406 on the chitin extraction and detergent formula-
tion. International Journal of Biological Macromole-
cules, 104, 739-747. https://doi.org/10.1016/j.ijbio-
mac.2017.06.062

Neves AC, Zanette C, Grade ST, Schaffer JV, Alves H]J, Arantes
MK. 2017. Optimization of lactic fermentation for
extraction of chitin from freshwater shrimp waste.
Acta Scientiarum. Technology, 39(2), 125. https://doi.
org/10.4025 /actascitechnol.v39i2.29370

Pachapur VL, Guemiza K, Rouissi T, Sarma SJ, Brar SK. 2015. No-
vel biological and chemical methods of chitin extrac-
tion from crustacean waste using saline water. Jour-
nal of Chemical Technology and Biotechnology, 91(8),
2331-2339. https://doi.org/10.1002 /jctb.4821

Pacheco N, Garnica-Gonzalez M, Gimeno M, Barzana E, Trom-
botto S, David L, Shirai K. 2011. Structural Characte-
rization of Chitin and Chitosan Obtained by Biological
and Chemical Methods. Biomacromolecules, 12(9),
3285-3290. https://doi.org/10.1021/bm200750t

Palpandi C, Shanmugam V, Shanmugam A. 2009. Extraction of chi-
tin and chitosan from shell and operculum of mangrove
gastropod Nerita ( Dostia ) crepidularia Lamarck. Inter-
national Journal of Medicine and Medical Sciences, 1(5),
198-205. https://doi.org/10.1353/1an.2017.0015

Prameela Kandra Ch, Murali PV, Smitha KPJH. 2010. Bioreme-
diation of Shrimp Biowaste By Using Natural Probiotic
for Chitin and Carotenoid Production an Alternative
Method To Hazardous Chemical Method Introduc-
tion : [jabpt, 1(3), 903-910.

Rgdde RH, Einbu A, Varum KM. 2008. A seasonal study of the
chemical composition and chitin quality of shrimp
shells obtained from northern shrimp (Pandalus
borealis). Carbohydrate Polymers, 71(3), 388-393.
https://doi.org/10.1016/j.carbpol.2007.06.006

Sagheer FAA, Al-Sughayer MA, Muslim S, Elsabee MZ. 2009. Ex-
traction and characterization of chitin and chitosan
from marine sources in Arabian Gulf. Carbohydrate
Polymers, 77(2), 410-419. https://doi.org/10.1016/j.
carbpol.2009.01.032

Sedaghat F, Yousefzadi M, Toiserkani H, Najafipour S. 2015. Chi-
tin from Penaeus merguiensis via microbial fermenta-
tion processing and antioxidant activity. International
Journal of Biological Macromolecules, 82, 279-283.
https://doi.org/10.1016/j.ijbiomac.2015.10.070

Sedaghat F, Yousefzadi M, Toiserkani H, Najafipour S. 2017.
Bioconversion of shrimp waste Penaeus merguien-
sis using lactic acid fermentation: An alternative
procedure for chemical extraction of chitin and chi-
tosan. International Journal of Biological Macromo-
lecules, 104, 883-888. https://doi.org/10.1016/j.
ijbiomac.2017.06.099

Sini TK, Santhosh S, Mathew PT. 2007. Study on the production
of chitin and chitosan from shrimp shell by using Ba-
cillus subtilis fermentation. Carbohydrate Research,
342(16), 2423-2429. https://doi.org/10.1016/j.ca-
rres.2007.06.028

REV. PERU. BIOL. 27(1): 101 - 102 (MARCH 2020) 101



SIRVAS-CORNEJO & PEROCHENA-ESCALANTE

Sorokulova I, Krumnow A, Globa L, Vodyanoy V. 2009. Efficient
decomposition of shrimp shell waste using Bacillus
cereus and exiguobacterium acetylicum. Journal of
Industrial Microbiology and Biotechnology, 36(8),
1123-1126. https://doi.org/10.1007/s10295-009-
0587-y

Wahyuntari B, Junianto ], Setyahadi S. 2011. Process Design of
Microbiological Chitin Extraction. Microbiology Indo-
nesia, 5(1), 39-45. https://doi.org/10.5454 /mi.5.1.7

Wang SL, Liang TW, Yen YH. 2011. Bioconversion of chitin-con-
taining wastes for the production of enzymes and bio-
active materials. Carbohydrate Polymers, 84(2), 732-
742. https://doi.org/10.1016/j.carbpol.2010.06.022

Xu'Y, Gallert C, Winter ]. 2008. Chitin purification from shrimp
wastes by microbial deproteination and decalcifica-
tion. Applied Microbiology and Biotechnology, 79(4),
687-697. https://doi.org/10.1007 /s00253-008-
1471-9

Younes I, Ghorbel-Bellaaj O, Nasri R, Chaabouni M, Rinaudo M,
Nasri M. 2012. Chitin and chitosan preparation from
shrimp shells using optimized enzymatic deprotei-
nization. Process Biochemistry, 47(12), 2032-2039.
https://doi.org/10.1016/j.procbio.2012.07.017

Younes I, Hajji S, Frachet V, Rinaudo M, Jellouli K, Nasri M. 2014.
Chitin extraction from shrimp shell using enzymatic
treatment. Antitumor, antioxidant and antimicrobial
activities of chitosan. International Journal of Bio-
logical Macromolecules, 69, 489-498. https://doi.
org/10.1016/j.ijbiomac.2014.06.013

Younes I, Hajji S, Rinaudo M, Chaabouni M, Jellouli K, Nasri M.
2015. Optimization of proteins and minerals removal
from shrimp shells to produce highly acetylated chitin,
International Journal of Biological Macromolecules,
http://dx.doi.org/10.1016/j.ijbiomac.2015.08.034

Younes I, Rinaudo M. 2015. Chitin and chitosan preparation
from marine sources. Structure, properties and appli-
cations. Marine Drugs, 13(3), 1133-1174. https://doi.
org/10.3390/md13031133

Zhang H, Jin Y, Deng Y, Wang D, Zhao Y. 2012. Production of
chitin from shrimp shell powders using Serratia
marcescens B742 and Lactobacillus plantarum ATCC
8014 successive two-step fermentation. Carbohydra-
te Research, 362, 13-20. https://doi.org/10.1016/j.
carres.2012.09.011

Zhang H, Yun S, Song L, Zhang Y, Zhao Y. 2016. The preparation
and characterization of chitin and chitosan under lar-
ge-scale submerged fermentation level using shrimp
by-products as substrate. International Journal of
Biological Macromolecules, 96, 334-339. https://doi.
org/10.1016/j.ijbiomac.2016.12.017

Agradecimientos / Acknowledgments:

The authors thank Ilanit Samolski for her support with the use
of specific software.

Conflicto de intereses / Competing interests:
The authors declare no conflict of interest.

Rol de los autores / Authors Roles:

SSy EP revisaron la literatura disponible y redactaron el articulo.
EP elabord la figura y la tabla; SS revisé y aprobé el manuscrito.
/ SS and EP reviewed the available published papers and wrote
the article. EP prepared the figure and table; SS reviewed and
aproved the manuscript.

Fuentes de financiamiento / Funding:
The author(s) received no specific funding for this work.

Aspectos éticos / legales; Ethics / legals:

There are no ethical or legals aspects to declare since it is a
review.

102 REV. PERU. BIOL. 27(1): 102 - 102 (MARZO 2020)



