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A B S T R A C T

Chitin extraction from Allopetrolisthes punctatus, a crab species proliferating in Chile and Peru seashores,
was carried out applying preliminary lactic ensilation. For this purpose, Lactobacillus plantarum sp. 47
isolated from Coho salmon was inoculated in crab biomass. Previously, fermentation parameters (carbon
source, inoculum concentration and incubation temperature) to obtain peak lactic acid production and
bacterial growth were studied. The optimal fermentation conditions were 10% inoculum, 15% sucrose and
85% crab biomass, producing 17 mg lactic acid/ g silage. Extracted and purified chitin, after 60 h
fermentation, showed 99.6 and 95.3% demineralization and deproteinization, respectively, using low
concentrated acids and bases. As a means of comparison, chitin was also extracted by chemical hydrolysis
using high concentrated acids and bases, giving a lower yield and lower quality product.
© 2018 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

The crab Allopetrolisthes punctatus is a crustacean that lives in
the coast area between Ancud (Perú) and the North of Arauco
(Chile). Its population is particularly abundant at San Vicente
(Chile), feeding on commercially important species and, therefore,
causing a negative impact in small size fisheries. Since this crab has
a very small size for commercial application, an alternative use is as
a chitin source, extracted from the exoskeleton.

Chitin is a natural, insoluble cationic polysaccharide formed by
a repetition of N-acetyl-D-glucosamine dimers. It is the second
most abundant biopolymer in nature, only after cellulose [1,2].
Commercial interest in chitin has increased due to its outstanding
properties as a biocompatible material, as well as its adsorption
and chelating ability. Consequently, it is a key element in functional
and innovative material production [3].

Chitin is commercially extracted from the exoskeleton of
crustaceans, shrimp and prawns included, although there are
published reports on chitin isolation from crabs, such as
Callinectes sapidus and Chionoecetes opilio [4], as well as
Podophthalmus vigil [5].
Abbreviations: DM, demineralization; DP, deproteinization; DD, deacetylation
degree; TTA, total titratable acids.
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The most common industrial method to extract chitin from
marine sources is by the addition of concentrated acid solutions in
order to dissolve minerals (mainly calcium carbonate), and
subsequent alkaline protein hydrolysis with concentrated basic
solutions [6]. Protein and minerals are almost completely removed
with this process [7]. However, the acid-alkaline process also
results in chitin deacetylation and production of low molecular
oligomers, reducing chitin quality. Besides, it reduce protein
functional quality and increase pigment destruction [8]. In
addition, the acid-alkaline process is highly environmentally
unfriendly [9].

An alternative to the chemical process, based on lactic
fermentation, has been reported by several authors [10]. Protein
hydrolysis can be carried out by proteolytic enzymes produced by
the inoculated lactic acid bacteria, or present in the waste and
activated by the low pH of the medium [11]. This process has the
advantage of allowing the recovery of enzymes, proteins and
pigments for further application in the food industry [12].

The objective of the present work was to extract chitin by lactic
fermentation from A. punctatus. The inoculum was Lactobacillus
plantarum sp. 47 (LPS47), isolated from Coho salmon. L. plantarum
sp. 47 is a Gram positive, catalase negative, obligate hetero-
mefermentative bacteria, that showed to produce high lactic acid
concentrations in De Man, Rogosa and Sharpe agar medium culture
[13]. Consequently, LPS47 can be an adequate alternative to
elaborate a silage with Allopetrolisthes punctatus raw material, for
its conservation and chitin extraction. Also, LPS47 is a probiotic,
therefore the process allows obtaining chitin and to recover soluble
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protein and a probiotic from the fermentation broth, with possible
application as fish feed.

2. Materials and methods

2.1. Inoculum preparation

L. plantarum sp.47 was isolated from Coho Salmon (DSM 23602,
deposited I DSMZ-Deutsche Sammlung von Mikro-organismen
und Zellkulturen GmbH, Germany). The isolated strain, stored at
�20 �C, was activated using a commercial de Man, Rogosa and
Sharpe agar (MRS) medium [14] and incubated for 24 h at 32 �C.
Then, it was cultured under the same conditions in two successive
MRS transfers at 32 �C for 24 h. The fermentation broth was
centrifuged and the pellet was resuspended in saline solution until
obtain 108 CFU mL�1, measured by spectrophotometry at 540 nm.

2.2. Silage elaboration

Crabs were collected at San Vicente (VIII Region, Chile), frozen
at �20 �C and transported to our laboratory at Universidad de
Concepción. This biomass was frozen until used. The crabs were
thawed and ground in a meat grinder; final particle size was
approximately 5 mm. Molasses, glucose or sucrose was added as
carbon source at 5, 10, 15 or 20% w/w. Biomass pH was adjusted
with acetic acid to pH 6 � 0,1, inoculated with L. plantarum sp.47 (0,
5, 10 or 20% v/w), and incubated at 32 �C.

2.3. Analysis of samples

The bacterial population was determined by total viable count.
Kinetics modelling was carried out through the Gompertz
equation. pH was measured using a potentiometer (Hanna
HI9126, Rhode Island, USA). Lactic acid concentration during the
fermentation stationary phase was determined by total titratable
acids (TTA), as reported by Pacheco et al. [15].

2.4. Chitin extraction and purification

Chitin was obtained at 0, 24, 48 and 60 h of fermentation. Silage
was diluted with distilled water and subsequently filtered,
retaining the solid fraction. The obtained solids were bleached
using methanol- chloroform-water solution (1:2:4). Crude chitin
was purified following the method reported by Cira et al. [16].

2.5. Chemical extraction chitin

The chemical hydrolysis method, reported by Sierra et al. [17]
was also studied. Previously, crab biomass was ground and washed
with distilled water to remove the protein fraction. The solid
fraction was treated with 3,5 % NaOH solution at 95 �C. It was then
filtered and neutralized with distilled water. Demineralization was
carried out using 2 N HCl solution. Finally, purification was
performed with NaOH 2% at 100 �C for 1 h. Samples were filtered,
washed and dried at 70 �C.

2.6. Chitin analysis

Moisture was determined by gravimetry. Fat percentage was
measured by distillation with diethyl ether using a Soxhtec HT1043
equipment. Ash was determined by calcination in muffle at 550 �C.
Total protein nitrogen was determined by Kjedhal method [18].
Chitin percentage was obtained using the method reported by
Black and Schwartz [19] method.
The purification yield was obtained from Eq. (1):

%Y ¼ ððX0�S0 Þ � ðXi�Si ÞÞ=ðX0�S0 Þ ð1Þ
where: X0 and XR are protein or ash content percentages in raw and
fermented samples, respectively. S0 and SR are raw and fermented
sample weight (g), respectively. Total extraction yield (%YT) was
calculated according to Eq. (2):

%YT ¼ Sr=S0 �100 ð2Þ
Where SR is weight of recovered chitin, and S0 is initial raw
material weight.

2.7. Chitin physicochemical characterization

FTIR analysis was carried out using IR spectroscopy in a
Thermo-Nicolet NEXUS equipment (USA, DTGS Detector, 64 scan,
resolution 2). Samples were treated with potassium bromide (KBr)
and absorbance was measured from 450 to 4000 cm�1 wavelength.
The degree of acetylation was calculated from the correlation
reported by Sannan et al. [20] (Eq. (3):

GDAð%Þ ¼ ðA1550=A2878Þ�8; 07 � 1; 32 ð3Þ
The molecular weight was calculated from the sample intrinsic

viscosity. Chitin (0,08% w/v) was mixed with dimethylacetamide
(DMAc) and 5% LiCl, stirred at 40 �C, and placed in Cannon Fenske
capillary tubes (size 150) in a water bath at 30 �C. a and K constants
for Mark-Houwink Sakurada equation, were 0.71 dlg�1 and
8,93 � 10-4 respectively [21].

2.8. Experimental design and statistical analysis

The sources of variation were: 1) Carbon source (glucose,
molasses and sucrose), at 10%; the inoculum was fixed at 10% (v/
w); 2) Sucrose-raw material ratio at 5, 10, 15, 20% (w/w); the
inoculum was fixed at 10% (v/w); 3) Inoculum (0–20%), constant
sucrose-raw material ratio. 3) Temperature (25 �C–32 �C); surcrose
concentration and inoculum were fixed at 15% (w/w) and 10% (v/w),
respectively. The response variables were: pH, total titrable acidity
and bacterial growth. All experiments were carried out in triplicate.
Crude chitin extracted was studied at different fermentation times
(0, 24, 48 and 60 h) for %DP and %DM determination.

Data were subjected to ANOVA, 95% confidence interval, using a
SPSS 22 package, and Tukey test [22] for multiple comparisons
between three or more tests, 95% confidence interval.

3. Results and discussion

3.1. Effect of carbon source

Significantly different growth rates were observed in treat-
ments added with sucrose as compared to molasses (Fig. 1a)
(p < 0.05). Although the lag phase in media with glucose and
sucrose started at the same time (approximately 9 h), microbial
growth rate in the glucose-containing medium is lower. This was
probably due to the ability of the selected strain to hydrolyze
glucosyl-fructose β-union, metabolizing both monomers more
efficiently than glucose. However silages with glucose and sucrose
had similar pH and TTA (p > 0.05) unlike biomass-containing
molasses that result in lower lactic acid concentration (Fig. 1b).

L. plantarum LPS47 basic requirement for acid production is
abundant sugar availability; slow acid production allows spoilage
microorganisms to growth. Sucrose and glucose fulfill the strain’s
sugar need. Conversely, poor acidification was observed in biomass
mixed with molasses. Although molasses contain high sucrose
concentration [23], its thickness and high viscosity did not allow
the media to become fully incorporated into the silage, the carbon



Fig. 1. a. Kinetics of L. plantarum LPS47 in silages with different carbon sources (* glucose, sucrose, molasses) b. Peak lactic acid concentration (mg/g) and minimum pH
in silages with different carbon sources.
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source was not easy reached by the bacteria resulting in slow
carbon metabolism. Due to the lower cost of sucrose as compared
to glucose, further studies were carried out using sucrose as carbon
source.

3.2. Effect of carbon source concentration

L. plantarum LPS47 followed similar growth rate in all treat-
ments (Fig. 2a). Nonetheless, silages with 15–85% (sucrose-raw
material) had the highest TTA and lowest pH was observed
(Fig. 2b). Higher TTA and pH values were observed at 30 h of
incubation. Furthermore this values remained constant during the
whole fermentation period.

3.3. Inoculum effect

As negative control, no inoculum was added to silage with 15–
85% (sucrose raw material), generating 312 mg of lactic acid/g of
silage and pH 665 at 24 h of incubation. Also, the silage presented
spoilage signs, therefor it was discarded.

At 5% inoculum, L. plantarum LPS47 did not inhibit the growth of
the native microbiota in crab. Even though, growth rate, pH and
TTA were not significantly different at 10 and 20% inoculum
(p > 0.05) (Fig. 3a and b), the lag phase lasted 8,9 and 5,8 h for 10
and 20% inoculum, respectively. Similar results were reported by
Stuardo [24], who demonstrated that, even doubling the inoculum
concentration of strain LPS47, the maximum growth rate remained
constant. We concluded that 10% inoculum was the minimum
required to obtain the maximum growth rate and acid production,
as well as to inhibit pathogens and to prevent spoilage.
Fig. 2. a. Kinetic curves of L. plantarum LPS47 in silages with different sucrose concentrat
minimum pH (~) in silages with different sucrose percentages.
3.4. Temperature effect

Temperature effect was studied under the conditions previous-
ly determined for providing the highest growth rate and peak lactic
acid production. L. plantarum LPS47 optimum growth temperature
is 32 �C, although growth at 25 �C has been also reported [14].
Lower fermentation temperature means a reduction in the process
cost. However, according to Foo et al. [24] the optimum growth
temperature for Lactobacillus sp. is between 30 and 40 �C. When
lactic fermentation was carried out at 25 �C, slower growth and
reduced lactic acid production (3,72 mg/ g) was observed as
compared to 32 �C. Therefore, silages underwent spoilage at a
lower fermentation temperature.

Finally, it can be suggested that optimum parameters for
Allopetrolisthes punctatus silage using L. plantarum sp.47 are 85% w/
w raw material, 15% w/w sucrose, 10% inoculum, incubation at
32 �C for at least 30 h. At this conditions, LPS47 can growth and
produce it maximum lactic acid concentration, inhibiting spoilage
and demineralizing crab exoskeleton. This result may be due to the
capacity of the strain LPS47 to metabolize sucrose quickly,
achieving in 30 h of fermentation, highest pH and TTA values.
The strain hydrolyze glucosyl-fructose β-union and generate
lactate from α-glucopyrasose and β-fructofurase, which releases
to the silage as lactic acid. Besides, at this time pH and TTA values
remains constant, probably due to the demineralization process,
which releases salts by reaction of lactic acid and calcium
carbonate, to produce calcium lactacte. The strain continues
metabolizing sucrose to form lactic acid, but increasing of free salts
concentration generates a buffer effect, keeping constant pH and
TTA values.
ions ( 10%, 5%, � 20%, * 15%) b. Maximum lactic acid concentration (&) and and



Fig. 3. a. Kinetic curves of L. plantarum LPS47in silages with different inoculum percentages (& 10%, � 20%). b. Maximum lactic acid concentration (&) and minimum pH (~)
achieved in silages with different inoculum percentages.
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3.5. Extraction time effect

The solid fraction containing chitin was obtained after
ensilation, bleached and purified according to the method reported
by Cira et al. [16]. Table 1 shows a decrease in protein and ash
percentages as the fermentation time increased. However, after
48 h fermentation protein content in the solid fraction did not
significantly changed. Similarly, %DP remain constant after 48 h,
but %DM reached a maximum at 60 h while chitin content
increased with fermentation time. It was concluded that the 60 h
was the optimal fermentation time.

Rao et al. [26] reported that chitin extracted from silages with
extended fermentation time had more mineral removal but the
protein content remained constant after 24 h.

3.6. Effect of hydrolysis type on chitin yield

The chitin yield was also affected by the hydrolysis method,
lactic acid fermentation or chemical hydrolysis. Moisture, ash and
protein percentage in chitin obtained by lactic fermentation and
chemical treatment were not significantly different, although
chemical hydrolysis reduced fat content (Table 2). Demineraliza-
tion yield also showed similar percentages: 99.9 and 99.6% in lactic
fermentation and chemical hydrolysis, respectively. Conversely, %
Table 1
Chitin composition during ensilation process.

0 (control) 0 24 48 60

Moisture (%) 2,5 2,0 2,9 2,85 2,11
Fat (%) 1,4 0,7 3,35 1,13 4,05
Ashes (%) 66,4 57,3 42,1 34,0 2,02
Proteins (%) 13,6 10,6 13,3 2,08 4,26
Chitin (%) 7,9 23,9 34,8 66,6 93,4
%DM 0 64,3 83,6 80,5 99,6
%DP 0 67,7 74,7 95,5 95,3

Table 2
Composition and yield of chitins obtained by lactic fermentation and chemical
hydrolysis methods.

Lactic fermentation Chemical hydrolysis

Moisture (%) 2,11 3,54
Fat (%) 4,05 0,16
Ash (%) 2,02 0,33
Protein (%) 4,26 7,36
Chitin (%) 93,35 86,71
%DM 99,55 99,87
%DP 95,33 91,73
Total yield (%) 6,93 7,47
DP in chitin extracted by the chemical method was lower (91.7%)
than by lactic fermentation (95.3%), probably due to the presence
of protein remaining in the crab waste after washing the raw
material. No et al. [27] and Armenta et al. [28] concluded that
proteins are covalently bound to chitin reducing the effectiveness
of deproteinization.

Preliminary lactic fermentation of crab waste allowed the
chemical hydrolysis using milder conditions, as well as removal of
protein and minerals. Pacheco et al. [15] reported yields from 63 to
98.8% (%DP) and 61 to 99.7% (%DM). Inoculating two strains,
Lactobacillus paracasei and Serratia marcescens in co-fermentation
of crab waste, Jung et al. [10] obtained 94.3 and 68.9% (%DM and DP
% respectively). From these data, it was concluded that the process
studied in this work gave high extraction yields.

3.7. Total extraction yields

Based on crab weight, we obtained 7.5% yield by chemical
hydrolysis and 6.9% yield by lactic fermentation. However, these
yields were lower as compared to the ones reported in the
literature: 20, 30 and 45% [10,15,29]. It is important to take into
account that total chitin percentage in Allopetrolisthes punctatus is
14.2%, therefore 50% is lost during the purification processes.

3.8. Comparison of physicochemical characteristics between lactic
fermentation methods and chemical hydrolysis

The degree of deacetylation (DD) of chitin extracted by lactic
fermentation and chemical method was determined in order to
compare the biopolymers quality. In the deacetylated chitin form,
chitosan, the acetyl group attached to carbon 2 in the monomer is
eliminated, leaving a free amino group. Since not all acetyl groups
are removed, DD is an average of the acetyl groups removed.
Chitins have DD less than 40%, whereas commercial chitosans have
more than 60%, resulting in considerably different properties such
as solubility in diluted acids, biodegradability, biocompatibility,
adhesion, film forming, and antimicrobial and antioxidant
properties, among others.

Chitins obtained by the biological method had 5.95% DD,
however the biopolymer extracted by chemical hydrolysis had
5.97% DD. DD values generally are between 2 and 8% [8,30].
Particularly, chitins obtained from crabs have approximate 5%,
which is in agreement with our results. These figures also indicate
that obtained chitin was not significantly altered, even after a
chemical treatment; reducing DD. Subsequent deacetylation can
be carried out to obtain chitosan for specific applications.

The molecular weight of chitins obtained from each extraction
method was also calculated. Chitin obtained by chemical
hydrolysis had 3,34 E + 5 gmol�1 molar mass; whereas chitin
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extracted by lactic fermentation had 9,67E + 5 gmol�1. The mass
difference could be caused by the treatment with a strong acid and
base, used in the chemical method, resulting in chitin depolymeri-
zation [31]. Pacheco et al. [8] reported 1,6E + 6 gmol�1 in chitin
extracted by lactic fermentation, whereas Pillai et al. [32] indicated
that the molecular weight of natural chitin ranges from 1,03 to
2,5E + 6 gmol�1. Furthermore, commercial chitin extracted by
chemical methods has 6,4E + 5 gmol-1 molecular weight [33]. As
mentioned before, chitin extracted by the chemical method had
lower molecular weight, reducing the polymer quality and its
subsequent application. Therefore, the chitin obtained by the
biological method preserves its native physicochemical properties
unlike the product obtained by the chemical method.

4. Conclusions

L. plantarum strain 47 (LPS47) is able to ferment crab solid waste
generating lactic acid as a fermentation product. In addition, the
most efficient silage with respect to kinetic parameters, metabolite
production and the use of minimum input was a silage with 10%
inoculum, 15% sucrose and 85% of crustacean waste, generating
17 mg of lactic acid / g silage. To achieve the maximum extraction
yield and to keep chitin physicochemical properties, it is
recommended to ferment the biomass for 60 h, with a subsequent
solid fraction purification with 0.4 M NaOH and 0.5 M HCl. The
chitin extracted by the chemical method had lower extraction yield
and reduced molecular weight than chitin obtained by the
biological method. Therefore, application of lactic fermentation
is a viable, economic and ecological way to extract high quality
chitin, also allowing to recovery proteins and probiotics that can be
used as ingredients for aquaculture diets.
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