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ABSTRACT: Two chemical treatments, five enzymatic (pectinase, lipase, hemicellulase, hemicellulose-cellulase or lipase-pectinase) and
one microbiological (Bacillus subtilis) treatment were evaluated to obtain glucosamine hydrochloride (Gluc-HCI) from the chitin obtained
from crab (Callinectes bellicosus) exoskeletons. Chemical treatments were referred as Method A (HCI hydrolysis during 75 min at 90°C) and
Method B (HCI hydrolysis during 20 min and 14 h of rest). Glucosamine and, in some cases, N-acetyl-D-glucosamine were identified and
quantified by HPLC. Treatments with the greater concentrations of Gluc-HCI in descending order were: lipase (94.4 mg/g), microbiological
(45.7 mg/g), lipase-pectinase (22.9 mg/g), hemicellulase-cellulase (20.9 mg/g), hemicellulase (15.3 mg/g), pectinase (10.7 mg/g), Chemical A
(7.3mg/g) and Chemical B (7.3mg/g). In terms of yield, the best treatments in descending order were: pectinase (94%), microbiological (94%),
hemicellulase (92%), lipase (91%), Chemical B (88%), lipase-pectinase (88%), hemicellulase-cellulase (86%) and Chemical A (28.5%). The
two most profound treatments were lipase and microbiological, so they are proposed as part of a viable method to produce Gluc-HCI from crab
exoskeletons, they are ecofriendly procedures and could add value to the crab’s productive chain.
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Producio sustentavel para obtencido de glucosamina a partir de exoesqueletos de caranguejo

RESUMO: Dois tratamentos quimicos, cinco enzimdticos (pectinase, lipase, hemicelulase, hemicelulose-celulase ou lipase-pectinase) e
um microbiolégico (Bacillus subtilis) foram avaliados para obter o cloridrato de glucosamina (Gluc-HCI) da quitina obtida a partir de
exoesqueletos de caranguejo (Callinectes. Bellicosus). Os dois tratamentos quimicos foram nomeados como método A (hidrolise de HCI para
75 min a 90 °C) e método B (hidrolise de HCI para 20 min e 14 h de repouso). A Glucosamina e, em alguns casos, N-acetil-D-glucosamina foram
identificados e quantificados por HPLC. Os tratamentos em que as melhores concentragoes de Glucosamina-HCI foram obtidas, em ordem
decrescente: lipase (94,4 mg/g), microbiologica (45,7 mg/g), lipase-pectinase (22,9 mg/g), hemicelulase-celulase (20,9 mg/g), hemicelulase
(15,3 mg/g), pectinase (10,7mg/g), Quimica A (7,3 mg/g) e Quimica B (7,3 mg/g). Em termos de produtividade, os melhores tratamentos em
ordem decrescente foram: pectinase (94%), microbiologica (94%), hemicelulase (92%), lipase (91%), quimica B (88%), lipase-pectinase
(88%), hemicelulase- celulase (86%) e produto quimico A (28,5%). Os dois melhores tratamentos foram lipase e microbiolégicos, propostos
como método viavel para obtengdo de Gluc-HCI a partir de exoesqueletos de caranguejo; cumprem procedimentos ecologicamente corretos e
podem agregar valor a cadeia produtiva do caranguejo.

Palavras-chave: Callinectes bellicosus, métodos de extragdo, cloridrato de glucosamina, andlise HPLC.

INTRODUCTION contamination (SHAHIDI & SYNOWIECKI,
1991; XU et al., 2008).
Each  year, approximately 100 These regions include the northwest

trillion tons of chitin are produced in nature of Mexico, where the by-products generated

(FAKHRAD & RENGIN, 2018; ELIEH-ALI-
KOMI & HAMBLIM, 2016), representing an
appropriate biomass resource for the production
of glucosamine (SIBI et al., 2013). Worldwide,
the crab-processing industry generates waste or
byproducts (approximately 50% of processed raw
material) that in some regions create problems
regarding collection, disposal and environmental

(exoskeletons mainly) by the crab-processing
industry (Callinectes bellicosus) are not harvested;
although, they represent an excellent source of chitin
from which glucosamine can be extracted and with
this add more value to the crab-production chain.
According to CONAPESCA, from 2012 to 2016,
crab production rose by 30 thousand tons, more
than 50%, reaching from 21 to 51 thousand tons
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(CONAPESCA, 2018), of which a significant amount
is processed; until 2011, roughly nine thousand tons
per year was yielded (SAGARPA, 2011).

Conversely, glucosamine (C,H,,NO,) is an
amino-sugarthatactsasaprecursorduringthe synthesis
of biomolecules, especially in the glycosylation
of proteins and lipids. In the human body, it is the
fundamental construction element for the biosynthesis
of various compounds necessary for the formation
and repair of cartilage tissue, such as glycolipids and
glycoproteins, including proteoglycans (MILLER
& CLEGG, 2011; JAMIALAHMADI et al., 2014).
For several decades, it has been commercialized in
the form of glucosamine hydrochloride (Gluc-HCI),
N-acetyl-D-glucosamine and glucosamine sulfate
without observing differences in the effectiveness of
these forms of presentation and having an extensive
market around the world (HENROTIN et al., 2012).

It is used to relieve symptoms of leg
pain, rheumatoid arthritis, inflammatory bowel
disease, such as ulcerative colitis and Crohn’s
disease, and temporomandibular joint disorders
(ANASTASSIADES et al.,, 2013; ROVATI et al.,
2015). Scientific investigation suggested there is a
benefic effect of glucosamine against osteoarthritis,
and glucosamine-HCl consumption has even been
proposed as a protector of erythrocyte damage caused
by free radicals (JAMIALAHMADI et al., 2014;
ROVATI et al., 2015); however, the evidence of the
bioprotector effect of glucosamine for the treatment
of other diseases is not clear.

Glucosamine can be obtained from various
sources: from the exoskeleton of arthropods, from the
cell wall of fungi and, as already mentioned, from
the shell of various crustaceans, like shrimp and crab
(SIBI et al., 2013). In general, glucosamine has been
commercially prepared by acid or alkali hydrolysis
(HCI) of chitin [B- poly- (1,4) -N-acetylglucosamine],
which is the most abundant substance within the
exoskeletons of crustaceans; chitin is combined with
proteins and calcium carbonate, substances that have
to be removed to purify glucosamine (SIBI et al.,
2013; HASSAINIA et al., 2017). Yet, this chemical
method to hydrolysate chitin has the disadvantage
whereby large amounts of acid solutions and other
contaminants must be employed; therefore, it
has been necessary to find alternative methods of
extraction. This led to the use of enzymatic methods
with individual enzymes involved or conjugated,
such as pectinase, hemicellulase, cellulase, B-D-
glucosaminidasas and even lipases, have proven
exo- and endochitinase activity at different levels
and various reaction conditions; fermentation

methods have also been employed in the solid state
with species of Bacillus, Serratia and Penicillium,
where the action of certain enzymes mentioned
before are utilized; these methods are friendly to the
environment, relatively inexpensive and produce
better yields than chemical methods (YALPANI et al.,
1994; LEE et al., 2008; SUN etal., 2013; NIDHEESH
et al., 2015; SALEEM et al., 2016). It is of interest
to search for new enzymes, and combinations of
them that are chitin degraders and obtain higher
glucosamine yields than those currently obtained by
particular research groups.

The aim of the research was to evaluate
chemical, enzymatic and microbiological methods
for obtaining Gluc-HCl from chitin from crab
exoskeletons to develop a viable method with low
environmental impact that offers added value to the
waste generated by crab-processing companies.

MATERIALS AND METHODS

The present study was carried out in the
Quality Control and Research Laboratory of the
crab-processing company, Mexi Food S.A. of C.V,,
and the Department of Agricultural Biotechnology of
CIIDIR-IPN, Sinaloa Unit.

Materials

Analytical scale (Ohaus); vacuum pump
(Busch); heating plates (Fisher Scientific); oven
(YamatoDX302) set of micro samplers; precision
pipettor; enzymes: hemicellulase, cellulase, lipase
and pectinase (Sigma-Aldrich, St. Louis, USA), strain
Bacillus subtilis; biftalate buffer pH 4; phosphate
buffer pH 7; acetonitrile; water - chromatographic
grade; and distilled water.

Sample processing

Crab exoskeletons were provided by the
processing company, Mexi Food S.A. de C.V., from
the municipality of Guasave, Sinaloa, Mexico. They
were washed, dried, ground finely in a mortar and
kept refrigerated at 4°C until they were used. To
obtain chitin, a chemical procedure was followed:
demineralization was first carried out, starting with
250 g of crab exoskeleton powder, to which 1.375 L
of 2 N HCI (1:5 w/v) was added. The mixture was
incubated at 40 °C and 40 rpm over the course of
24 h. After this, it was left to rest for 30 min and
deproteinization was performed, 1300 mL of 4%
NaOH was added followed by incubation at 40 °C,
and after 24 h, the excess NaOH was discarded.
Finally, the sample was bleached by adding 200 mL
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of 4% sodium hypochlorite, allowing it to react for
2 h, washed with distilled water to remove chlorine
residues and dried in an oven (Yamato DX302) at
75 °C for 9 h. Chemical form of glucosamine that
was proposed to produce was Gluc-HCl, and it was
expected to recover N-acetyl-D-glucosamine.

Gluc-HCI and N-acetyl-D-glucosamine extraction
Extraction with single enzymes - pectinase, lipase, or
hemicellulase

A sample of 2.0 g of chitin was weighed
for each of the three enzymes tested (pectinase, lipase
or hemicellulase) with 0.5 g of them mixed. Then,
200 mL of a phosphate buffer solution (pH 7.0) was
added to each of the tests. Samples were incubated
at 40 °C + 5 °C with constant agitation (40 rpm) for
1 h. Afterwards, samples were cooled down to room
temperature over the course of 2 h, bleached with
sodium hypochlorite (0.053 M) for 1.5 h and filtered
through washing vigorously with distilled water with
the filtrate being recovered. The filtrated solution was
completely dried on a heating plate at 75°C (SHIN-
YA et al., 2001; DONG-XIA et al., 2008; XIA et al.,
2008). The extraction yield was calculated as follows:

Equation 1

Extraction yield = (Weight of final solid
extract / weight of chitin) * 100

Finally, the concentration of Gluc-HCI and
N-acetyl-D-glucosamine in the extract was analyzed
by High-Performance Liquid Chromatography
(HPLC) as described in the corresponding section.
All trials were completed in triplicate.

Enzymatic conjugation

A selected combination of enzymes was
assessed in terms of activity according to the yields
of dry extract of chitin (from the crab exoskeletons).
Each enzyme (Sigma-Aldrich) was previously
tested for their appearance of color and texture
to determine quality. The selected combinations
were: hemicellulase-cellulase and lipase-pectinase.
The procedure started by weighing 2 g of chitin
and 0.2 g of enzymes (0.1 g of each), with 200
mL of phosphate buffer solution pH 7 added, then
homogenization by agitation at 40 rpm and 37 °C +
1 °C for 24 h. Thereafter, the mixture was allowed
to stand until the product precipitated. At this point,
it was bleached with 38% sodium hyplochlorite for
90 min and washed thoroughly with distilled water
to eliminate residual chlorine. It was next filtered and
washed again to recover Gluc-HCI, after which it was
subjected to evaporation in a heating plate at 75 °C

for 1.5 h. JEEN-KUAN et al., 2010). The extraction
yield was calculated (Eq. 1; as previously described)
and the concentration of Gluc-HCI and N-acetyl-D-
glucosamine was evaluated by HPLC. All trials were
conducted in triplicate.

Chemical method A

The extraction of Gluc-HCI and N-acetyl-
D-glucosamine from crab exoskeletons was carried
out chemically by two methodologies; method A
was adapted from SIBI et al. (2013; with some
modifications) and is described as follows: chitin was
treated with a 2 N NaOH solution to remove the acetyl
groups, at room temperature, during 8 h in a shaker.
The resulting chitosan was washed twice, first with
potable water until neutrality and then with distilled
water, and it was finally dried in the sun. The extract
obtained from the chitosan material was finely ground
and hydrolyzed with concentrated HCl during the
course of 75 min at 90 °C. The material was dissolved
in water and bleached with activated carbon. Next,
the solution was filtered and filtrate was evaporated
at 45 °C to recover the glucosamine crystals. Three
replicates of the present procedure were assessed.
The crystals were washed and dried at 50 °C in a
hot air oven for resuspension and chromatographic
analysis by HPLC. The yield of solid extract was also
calculated, according to Eq. 1 previously described.

Chemical method B

Chemical method B was adapted
from JAVID et al. (2007) and consisted of the
following steps: the chitin obtained in the process
of demineralization, deproteinization and bleaching
of the crab exoskeletons was hydrolyzed by boiling
under reflux with concentrated HCI for 20 min until
it was completely dissolved. The solution was left
to rest for 14 h until the glucosamine precipitated.
After collecting the filtrate, it was washed with cold
water (5 °C) and recrystallized (heated by oven at
60 °C). Three replicas of the present procedure were
analyzed. The extraction yield was calculated with the
previous equation and the presumably Gluc-HCI and
N-acetyl-D-glucosamine were re suspended, at which
point chromatographic analysis was carried out.

Microbiological method

The microbiological method was based on
that reported by SITANGGANG et al. (2012) with
some modifications. The first step of this methodology
was to carry out the bacterial development or
development in LB-enriched medium for Bacillus
subtilis strain, ATC6633. A bioreactor designed at
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the MexiFood S.A. company was inoculated with 1
L of the culture medium and 15 mL of phosphate
buffer pH 7, plus 200 g of substrate (chitin) was
added. It was subjected to constant agitation at 40-
50 rpm and at 37 + 5 °C with induced aeration. After
24 h, the product was separated by sedimentation,
decolorized (with 4% sodium hypochlorite), washed
with distilled water, filtered and dehydrated at 70
+ 5°C, with the yield obtained calculated with the
aforementioned formula and a chromatographic
assay performed to determine the concentration of
Gluc-HCI and N-acetyl-D-glucosamine. The assay
was completed in triplicate.

Determination of Gluc-HCl and N-acetyl-D-
glucosamine by  High-Performance  Liquid
Chromatography

For the chromatographic identification
and quantification of Gluc-HCl and N-acetyl-D-
glucosamine, the methodology reported by SIBI
et al. (2013) was adhered to. The obtained extracts
were re suspended at a concentration of 2 mg/
mL in a mixture of orthophosphoric acid (pH 2.5):
acetonitrile (70:30), used as a mobile phase; 1:10
or 1:20 dilutions were made as required, for each
sample, and a homogeneous aliquot was taken and
placed in 2-mL amber vials and injected into the
chromatographic system. A Dionex U-3000 High
Resolution Liquid Chromatography (HPLC) system
was employed - this chromatograph is equipped with a
quaternary pump system, W-3000 automatic injector,
column oven and a diode array detector (DAD). The
analytical separation column utilized was a Zorbax
Eclipse XDB-C18 (4.6 x 250 mm and 5 pum; Agilent
Technologies). For the elution of the compounds, an
isocratic gradient composed of orthophosphoric acid
(pH 2.5): acetonitrile (70:30) was used and the flow
rate was 0.6 mL/min. The injection volume was 10
pL and detection was through UV absorbance at 195
nm. Identification of the compounds was carried out
based on the comparison of the retention times and
absorption spectra with pre-run Gluc-HCI (Rockville
UPS; USA, No. CAT.1294207) and N-Acetyl-D-
glucosamine (Sigma, No. CAT.A4106-25 g) standards
prepared to a concentration of 1 mg/mL. In both cases
of the quantification of the compounds, standard
curves were made with a minimum R of 0.9900.
The concentration of Gluc-HCI and N-Acetyl-D-
glucosamine was reported in mg/g.

Statistical analysis
Statistical analysis was carried out with the
Statistical Package for the Social Sciences (SPSS);

IBM, Chicago, USA) v.20 program with the following
statistical tests: analysis of variance (ANOVA)
table, variance test and mean table with minimum
significant difference intervals (Tukey P<0.05).

RESULTS AND DISCUSSION

Theyieldindicates thatthere are statistically
significant differences (P<0.05) between the various
evaluated treatments; the microbiological method
exhibited the highest yield (94.43%), followed by the
enzymatic method with pectinase (94.12%) that did
not differ statistically from hemicellulase and lipase
yields (92.4 and 91.03%, respectively). Chemical
method A (hydrolysis with NaOH) featured the lowest
yield with 28.53% solid extract from chitin. This
agrees with what is widely reported in the literature
and has been documented by MUZZARELLI et al.
(1999), where it is mentioned that enzymatic methods
offer better glucosamine yields than chemical
methods. SASHIWA et al. (2003) described yields
of N-Acetyl-D-glucosamine of between 84 and
100% using individually the enzymes hemicellulase,
pectinase and lipase. The Gluc-HCl was identified
and quantified by HPLC-DAD; and although, it
was not definitive that N-acetyl-D-glucosamine
was identified in some samples, because it also has
commercial importance, so it was quantified in the
same way as Gluc-HCI. As can be seen in Table 1,
the highest concentration of Gluc-HCI was obtained
when the lipase was used for the hydrolysis of chitin
(94.14 mg/g of chitin), with statistically significant
differences being observed (P<0.05) that separated
the lipase treatment widely (statistical group) from
the rest of the treatments. The second most effective
method was the microbiological one with a yield of
Gluc-HCI of 45.76 mg/g of chitin, being statistically
different from the remainder of the procedures.
Extraction with both chemical methods yielded
the lowest concentration of Gluc-HCI, specifically
approximately 7.3 mg/g of chitin in both cases.

Figure 1 depicts the chromatograms
obtained from the standards of both compounds, and
on the x-axis can be observed the retention time for the
standards elution that was 3.4 and 3.46 for N-Acetyl-
D-glucosamine and Gluc-HCI, respectively; and,
on the y-axis, the absorbance of light in mAU is
represented, where at higher concentrations of the
compound, a greater absorption of light is established,
in this case ultraviolet (195 nm).
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1 mg/mL.

Figure 1 - Chromatograms of Glucosamine-HCl (Gluc-HCI) (A) and N-acetyl-D-glucosamine
(B) standards, detected by HPLC-DAD at a wavelength of 195 nm. Concentration

The chromatograms with both chemical
methods are depicted in figure 2; additionally, in
figures 3 and 4, the chromatograms of the samples
hydrolyzed with lipase, pectinase, hemicellulase,
hemicellulase-cellulase, lipase-pectinase and with
the microbiological method are shown. In these
chromatograms, other signals may be observed,
potentially corresponding to impurities from the
extraction or a low molecular weight derivative of the
hydrolysis of chitin.

The samples of panels A and C were
diluted 1:10 prior to injection and that of panel C
was injected at a 1:20 dilution. Concentration values
of Gluc-HCI obtained with the chemical methods
of this work (slightly more than 7 mg/g) are higher
than that reported by SIBI et al. (2013) (3.32 mg/g of
Gluc-HCI). They used a chemical method from the
shell of Penaeus monodon, which is very similar to
that used in the present research; but, when utilizing
raw material from two species of Portunus crab,

concentrations of Gluc-HCl were similar to those
with conjugated enzymatic methods, so it can be
suggested that the degree of hydrolysis of chitin or
chitosan depends on the material premium being
used (SIBI et al., 2013). As already mentioned, the
treatment that produced the best results was that with
enzymatic lipase for the degradation of chitin. LEE et
al. (2008) reported that the use of commercial lipase
was effective for obtaining quito-oligosaccharides
and glucosamine from chitosan, showing this
enzyme’s endo- and exolitic activity. Regarding
treatments with enzymatic conjugation, both the use
of the hemicellulase-cellulase and lipase-pectinase
combination resulted in more promising outcomes
than hemicellulase and pectinase - individually and
statistically, they were in different groups. This
agrees with SASHIWA et al. (2003), who noted
that combining two types of enzymes - cellulase
plus lipase - produced better glucosamine yields
than using enzymes individually and recommended

Ciéncia Rural, v.49, n.9, 2019.
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matographic system.

Figure 2 - Glucosamine-HCl (Gluc-HCI) chromatogram, detected
at 3.46 min by HPLC-DAD at a wavelength of 195 nm,
in samples of chemically hydrolyzed chitin from crab
exoskeletons. A=hydrolysis with Chemical method A,
B=hydrolysis with chemical method B. Both samples
were diluted 1:20 prior to being injected into the chro-

the utility of these enzymes for the production of
N-acetyl-glucosamine from a- and B-chitin.
Regarding the employment of the
microbiological method, it was documented that
previously, different biotransformation systems
have been reported for use with microorganisms for
glucosamine production, such as: Aderomonas caviae
DYU-BT4 (obtaining 7.8 g/L) + Chitinases bacterial
(with glucosamine yields up to 98 %) (CHERN
et al., 2004; LI et al., 2005). In this research, the
microbiological method with Bacillus subtilis
featured the second highest concentration of Gluc-
HCI with more than 45 mg of Gluc-HCl/g of chitin.

Bacillus has been the source of a number of enzymes
for different purposes, including chitinolytic activities
(SALEEM et al., 2016), and is a consistent candidate
for use in biotransformation methods.

The N-Acetyl-D-glucosamine could only
be observed with three of the eight treatments. In
the samples where enzymatic methods were applied
involving lipase and/or pectinase for the hydrolysis
of chitin, the concentrations were very small (0.16-
2.97 mg/g of chitin). It was also the method where
lipase was used individually and had the highest
concentration of this form of glucosamine (as with
Gluc-HCl) and was statistically different (P<0.05)
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Figure 3 - Chromatographic signals of Glucosamine-HCl (Gluc-HCl), de-
tected at 3.46 min by HPLC-DAD at a wavelength of 195 nm, in
samples of enzymatically hydrolyzed chitin from crab exoskele-
tons. A = hydrolysis with lipase, B = hydrolysis with pectinase, C
= hydrolysis with hemicellulase. The sample digested with lipase
was injected at a 1:10 dilution and those digested with pectinase
and hemicellulase at a 1:20 dilution.

from the other two treatments leading to N-Acetyl-
D-glucosamine. SASHIWA et al. (2003) obtained
N-Acetyl-D-glucosamine from chitin with the use
of various commercial enzymes, such as cellulase,
hemicellulase, papain, lipase and pectinase,

obtaining robust results after eight days of hydrolysis.
In addition, it has been put forth that exochitinases
act progressively through the reducing end of chitin,
releasing chitobiose and N-acetyl-glucosamine; this is
what was observed in the present research with lipase.

Ciéncia Rural, v.49, n.9, 2019.
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Figure 4 - Chromatograms showing the signals of N-acetyl-D-glucosamine
and Glucosamine-HCl (Gluc-HCl), detected at 3.4 and 3.46
min, respectively; in a HPLC-DAD chromatographic system
at a wavelength of 195 nm, in chitin samples hydrolyzed with
conjugated enzymes and a microbiological process with Bacillus
subtilis, from crab exoskeletons. A = hydrolysis with a mixture
of hemicellulase-cellulase, B = hydrolysis with lipase-pectinase,
C = processed with Bacillus subtilis.

CONCLUSION

Two chemical treatments, five
enzymatic and one microbiological treatment were
evaluated to obtain glucosamine hydrochloride
(Gluc-HCI) from the chitin of crab exoskeletons
(Callinectes  bellicosus). The treatments with
which the highest concentrations of Gluc-HCI
were obtained, in descending order, were: lipase,

microbiological, lipase-pectinase, hemicellulase-
cellulase, hemicellulase, pectinase, Chemical A and
Chemical B. In terms of yield, the best treatments in
descending order were: pectinase, microbiological,
hemicellulase, lipase, chemical B, lipase-pectinase,
hemicellulase-cellulase and chemical A. The
treatments that are proposed as viable procedures
for obtaining Gluc-HCI are those that involve the
use of the enzyme lipase and the microbiological
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method - they are ecofriendly procedures and could
add value to crab’s productive chain.
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