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Identification of chitosan from new local marine sources could be a great challenge for research in terms of
using this biopolymer in various pharmaceutical, environmental or food applications. In the present study,
two chitosan powder samples extracted from processed shrimps waste and Rapana venosa eggs capsules
were compared with a food supplement sample based on chitosan, from the point of view of spectral
analyses (FTIR spectroscopy), of their solubility in dilute acetic acid solutions (1 %), insoluble substances
content, and fats binding capacity. In order to determine the fat binding capacity of the tested chitosan
samples, different types of cold pressed vegetables oils (olive oil, sunflower oil, soybean oil, argan oil and
coconut oil) and animal fats (butter and pork lard) were used. The present study highlighted that the
chitosan samples, chemically extracted with low financial efforts by waste recovery of crustaceans and
mollusks from Romanian Black Sea coast, could be an important source with high potential. The obtained
results showed a good fat binding capacity, especially for chitosan samples extracted from shrimps waste
compared to the chitosan sample chosen as reference. These compounds may be successfully used in
pharmaceutical applications, in various formulations as dietary supplement, or as useful therapeutic
component in the hypocholesterolemia treatment or in prevention of cardiovascular risk, due to their good

solubility in dilute acidic solutions and lower values of insoluble content.
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Known as the most abundant polymer in the world after
cellulose, chitosan is extracted from various marine
sources: crustaceans exoskeleoton, insects, fungi [1 - 3]
or eggs capsules of marine snail [4]. Due to its
biocompatibility, biodegradability and muchoadhesivity, the
chitosan could become an interesting candidate in different
biomedical and pharmaceutical applications as: wound
dressings [5], blood anticoagulant [6], drug delivery
systems [7], hemostatic agent [6].

According to literature data, pharmaceutical use of
chitosan in obesity and hypocholesterolemia treatments
is due to its ability to react with bile acids in the digestive
tract in order to increase their excretion [8].

Its good solubility in diluted inorganic and organic acids
or the good binding capacity of fats is due to the presence
of free hydroxyl and amino groups in glucopyranose
structure which explains the cationic behaviour of chitosan.
These properties of chitosan are influenced by its molar
mass, deacetylation degree and the origin of the extracted
sources.

This is why there are many pharmaceutical products
based on chitosan such as hemostatic dressings specific
for wound healing, nutraceutical products or food
supplements [3].

The aim of the present study is to investigate and to
compare two chitosan samples extracted from local
marine sources with a commercial food supplement based
on chitosan from Romanian market, in order to use them
as nutraceuticals or food supplements, according to United
States Pharmacopeia 34-NF 29 and ASTM F 2103-11.

Experimental part
Materials and methods

The new chitosan samples were extracted from two
different local marine sources: waste of Palaemon elegans
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(shrimps) -the extracted chitosan (Pe-Ch) having a molar
mass of M =150 -200 kDa (determined by viscometry, at
t=25°C) and Rapana venosaeqgs capsules - the extracted
chitosan (Rec-Ch) having a lower molar mass of M = 1.5-
3 kDa. A food supplement based on chitosan (f—‘S-Ch)
purchased from Romanian market was used as reference
for comparative purpose. According to manufacturer
information, the chitosan reference sample (FS-Ch) was
obtained by extraction from marine crustaceans
exoskeleton. The molar mass of this chitosan was M =200
- 270 kDa. According to the supplement recommendations
the FS - Ch sample exhibits an enhanced efficiency in
prevention and overweight treatement due to the chitosan
ability to bind the fat compounds and therefore their
absorption during the digestion is reduced and the normal
blood serum cholesterol level is maintained.

All the chitosan samples were evaluated from the point
of view of spectral characterization (FTIR analyses),
solubility in acetic acid solutions (1 %), fat binding capacity
and insoluble impurities according to United States
Pharmacopeia 34-NF 29 and ASTM F 2103-11.

Spectral characterisation was performed for solid
samples using an Interspec 200-X FTIR equipment in
transmittance with a frequency range between 4000 and
400 cm?, at a resolution of 4 cm™* to identify the main
chemical characteristics groups of the studied samples of
Pe-Ch, Rec-Ch and FS-Ch.

The solubility of chitosan samples was tested in dilute
solutions of 1 % acetic acid, at t = 25°C, in triplicate, by
applying a modified and improved method of Fernandez-
Kim [9].

Each analyzed chitosan sample (0.1 g) was added into
a centrifuge tube of known weight. A volume of 10 mL
acetic acid solution 1 % was mixed in each tube with
chitosan sample. All tested samples were shaken in a
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vortex mixer for 15 min at 800 rpm and then were dipped
in a heated bath (60 °C) for 10 min. The samples cooled at
room temperature were centrifuged for 10 minutes, at
10,000 rpm. The removal of the acidic supernatant was
carried out by successive washing (three times) of the
obtained precipitate with the distilled water, by
centrifuging. Finally, the undissolved particles were dried
at 60 °C for 24 h and solubility of chitosan samples was
calculated according to [9, 12]. As equipment, a VELP -
Digital IR Vortex mixer and a centrifuge were used.

The fat binding capacity (FBC) was determined for cold
pressed vegetable oils (olive oil, sunflower oil, soybean oil,
argan oil and coconut oil) as well as for fats of animal origin
(butter and pork lard). A modified and improved method of
Knorr [10] and Rout [11] was employed.

The centrifuge tubes were weighed, and an amount of 0.25
g of each chitosan sample was added in each tube. Avolume
of 5mL of the tested sample oil was added. In order to disperse
the chitosan particles in the oil mass, all tubes were shakenin
a vortex mixer for 1 minute at 800 rpm. Then, the prepared
samples were left at room temperature for 30 minutes with
intermittent shaken in vortex mixer for 1 minute at 800 rpm,
every 10 minutes. After this time, the samples were centrifuged
for 25 minutes at 4000 rpm. The oily supernatants were
removed and the tubes with finally chitosan samples were
weighed. All measurements were realized in triplicate, at
room temperature.

Fat binding capacity (FBC) of the tested chitosan
samples was calculated according to [9].

The insoluble content (/S) provides information about
stability of chitosan in diluted acid solutions. The method
of insoluble content determination is based on dissolving
the chitosan powder samples (0.1 g) in acetic acid
solutions (1 %), and filtering the chitosan acidic solutions.
Finally, this parameter (/S) is calculated from the weight of
chitosan dissolved and the weight of insoluble particles
obtained on afilter paper. All measurements were carried
outat t=25 (£ 1) °Cin triplicate.

The percentage of insoluble content characterized the
total amount of insoluble impurities from chitosan powder
samples [12].

Results and discussions

The new chitosan powder samples (Pe-Ch, Rec-Ch)
extracted from local marine sources were characterized
by FTIR spectroscopy and the recorded spectra were
compared with that of the sample of food supplement
based on chitosan (fig. 1).

From the IR spectra of tested chitosan samples (fig.1),
the similarities of characteristics chitosan groups of all
three tested samples for transmittance band could be
observed. The peaks registered at 1709 cm?, 1702 cm?!

60

and 1690 cm in the FS-Ch, Pe-Ch and Rec-Ch spectra are
assigned to stretching vibrations of C=0 from NH-CO-CH,
(Amide | band).

The vibrations registered at 1638 cm?, 1633 cm? and
1606 cm™ are assigned to NH,- bending (amino groups)
specific to chitosan structure from the three samples [13,
14]. It can be observed that the specific peaks of chitosan
are found at the specified wavenumbers for all the three
analyzed samples, which confirms its structure.

Solubility of analyzed chitosan samples in weak acid
solutions (pH = 4 - 6) is due to the presence of the amino
groups in the polymer chain structure, which confered it a
cationic character [15]. The results obtained are presented
intable 1.

As observed in the table 1, the tested Pe-Ch samples
revealed a comparable solubility to that of FS-Ch sample.
These results indicate that a high purity chitosan is obtained.

The solubility values for the chitosan powder Rec-Ch
samples indicates the presence of some organic impurities
(proteins), which have not been completely removed during
the deproteinization step.

Table 1
SOLUBILITY RESULTS OF TESTED CHITOSAN SAMPLES

Chitosan sample type S (%)°

F5-Ch 9800283
Pe-Ch 90.95 +1 49
Rec-Ch 72.65=2.90

*experiments were realized in triplicate (n=3) +
standard deviation

Nevertheless the good solubility of the tested chitosan
powders in acetic acid diluted solutions (1 %) recommends
them to be used in pharmaceutical aplication [16], as a
drug - carrier [17], or injectable solutions formulation [18],
or in environmental applications as saline solutions [19].
Nessa et al. [20] obtained chitosan with solubility ranging
between 44.3 and 97.2 % and these results were correlated
with the purity of the tested samples.

Fat binding capacity (FBC) measures the ability of
chitosan to bind or adsorb fats, being a main characteristic
in choosing this biopolymer as a food supplement. Five
types of cold pressed vegetable oils (olive oil, sunflower
oil, soybean oil, argan oil and coconut oil) and two types of
animal fats (butter and pork lard) were used for FBC
determination of tested chitosan samples. Both vegetable
oils and animal fats are characterized by a different content
of saturated fatty acids (bad fats) as well as
monounsaturated and polyunsaturated fatty acids (good
fats). Bad fats are responsible for high blood pressure, heart
attack, atherosclerosis and increased blood cholesterol.
Therefore, it is necessary to find compounds that adsorb

-Rec-Ch —— Pe-Ch FS-Ch
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Table 2

FAT BINDING CAPACITY RESULTS OF TESTED CHITOSAN SAMPLES AND FATS CHEMICAL COMPOSITION [21, 22]

Fat composition Chitozan Types
i Saturated

01l Type Monounsaturated Polyunsatured o gt gt .
fatty acids (%) atty acids (%) fattj(rl;:-:lnds F3-Ch (%) Pe-Ch (%) Rec-Ch (%)

Sunflower o1l 26 63 10 2823107 2348328 3280+158
Olrve ol T3 11 14 IE4=170 N I1=328 330 0=162
Soyhean ol 66 26 g 2207238 2316245 309.0=10.5
Argan ol 4349 20 -38 19-10 21T 4=11% T2 7=150 56074
Coconut o1l [ 2 g6 197.5=104 410207 2840=0%8
Butter i) 23 3 I0I0=1373 TR T =171 LIS
Pork: lard 43 11 39 2095106 7592 =113 A =103

*experiments were realized in triplicate (n=3) £ standard deviaticn

and remove saturated fatty acids in the body and maintain
the balance of monounsaturated and polyunsaturated
acids.

For FBC determination of all the three chitosan samples,
the procedure described in the previous section was used
and the results are presented in table 2.

As shown in table 2, the highest values of the FBC for all
fat types, compared to the other two tested chitosan
samples were obtained for Pe-Ch samples. For this chitosan
(Pe-Ch) comparable FBC values were recorded for
vegetable fats from soybean oil, sunflower and olive oil
and proximate FBC values were obtained for butter and
pork lard. In the case of Rec-Ch chitosan the obtained FBC
values are higher than those obtained for the food supliment
(FS-Ch) for all the fats tested. It can be concluded that the
new chitosan samples presented affinity both for
monounsaturated fatty acids and saturated fatty acids.

This mechanism is possible because chitosan is
considered a weak base with positively amino charged
which attract negative anions of fatty acids and is
responsabile for the cholesterol lowering effect [23, 24].

Due to this good adsorption capacity, especially of
circulating cholesterol, it is necessary to continue the study
of new chitosan samples to be used as useful nutraceutical
compounds in the hypocholesterolemia therapy for
prevention of cardiovascular risk. Bokura et al. [26] affirm
that chitosan is safe and effective for cholesterol lowering,
thus a significant decrease of total serum cholesterol was
observed after 8 weeks at the subjected elderly women.

In our study, the obtained results showed that the two
new-chitosan types extracted from various marine sources
with different molar mass values have a good fat binding
capacity and could be used in the food industry or
pharmaceutical applications.

Similar results were obtained for FBC by No et al. [27]
who obtained for a commercial chitosan values ranging
between 217 and 403 % for soybean oil and by Nessa et al.
[20] who showed that samples of chitosan extracted from
local sources (shrimps) had for soybean oil FBC values
ranging between 346 and 748 %.

Insoluble content (/S) is a measure of chitosan purity
degree, being influenced by its extraction procedure.
Chitosan obtained by chemical extraction may contain
impurities as heavy metals or proteins and their values are
limited when the application area of the biopolymer is
pharmaceuticals or food [12, 28 -30]. These impurities
could cause difficulties in chitosan leaching or prevent its
formulation based drug delivery system for biomedical
applications.

The new chitosan samples were compared in terms of
insoluble content with that of FS-Ch. The obtained results
are presented in figure 2.

As it can be seen from figure 2, IS content values of the
tested samples are situated within the limits stipulated in
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Fig. 2. Insoluble content of tested chitosan samples
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USP 34-NF 29, which recommends an /S content of less
than 1 % for chitosan used in biomedical applications.
Compared to the FS-Ch sample, chosen as a reference
with an /S content of 0.01 %, the Pe-Ch sample has a
comparable value, /1S = 0.09%. The /S value of 0.75% for
Rec-Ch sample is due to the presence of organic impurities
(proteins and indoles) in the chitosan powder and it is
correlated with the results obtained in the solubility test.
This feature of chitosan completed its characterization in
terms of solubility and stability, in order to find the
appropriate applications area [16, 31 - 33].

Conclusions

In this paper the two chitosan samples (Pe-Ch and Rec-
Ch) extracted from local marine sources were compared
with afood supplement sample based on chitosan, chosen
as reference. The obtained results showed that from the
spectral point of view, all three chitosan samples are similar
and the IR spectra presented peaks of characteristic groups
from chitosan structure in the transmittance bands. Also,
the study showed a good solubility of new chitosan
samples in acetic acid solutions of 1 % and low content of
insoluble impurities. These characteristics suggest the new
chitosan powders could be used as drug carriers, either in
oral or injectable solutions formulations.

Although the marine sources are different: shrimps
waste (P elegans) and R. venosa eggs capsules, new
chitosan samples showed a good fat binding capacity,
which recommend it as useful curative compound in the
hypocholesterolemia therapy with atherogenic effects, in
prevention of cardiovascular risk or hepatic steatosis.
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