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Abstract

The paper deals with the effect of mechanical treatment on chitin and chitosan isolated from Gammarus
(Amphipoda) of Altay. Water-soluble carboxymethyl ethers of chitin and chitosan in the solid phase were
obtained using mechanochemical activation in planetary centrifugal mill SPEX 8000. The obtained samples
were characterized by means of IR spectroscopy, carboxymethyl group content was determined, as well as

molecular masses, solubility in water, relative viscosity of alkaline solutions.

INTRODUCTION

Mechanochemistry of organic compounds
has been intensively developed during the re-
cent years. This is especially true for pharmacy
since the application of mechanochemistry al-
lows one to modify medicines increasing their
biological availability, to perform solvent-free
syntheses of biologically active substances un-
der ecologically safe conditions [1—3].

Interest to investigations of biopolymers,
such as chitin and chitosan, is caused by their
unique properties allowing them to be used in
diverse areas of human activities, including
pharmacy, cosmetics, agriculture, food industry.
Chitin is a polysaccharide composed of un-
branched chain of b-(1,4)-bonded 2-acetami-
do-2-desoxy-D-glucose (N-acetyl-D-gluco-
samine) groups. Three types of chitin exist in
nature. They are: a-, b-, and g-chitin, differ-
ing by the spatial positions of molecule chains
and by the presence of bonded water molecu-
les [4]. A promising derivative of chitin is chi-

tosan, which is deacetylated biopolymer (D-
glucosamine). The presence of the amine group
renders polycationic character to this polymer
and broadens the possibilities to modify it, in
particular, to obtain N-derivatives [5].

Poor solubility of biopolymers in water limits
their application range. At present, various
water-soluble forms of chitin (C) and chitosan
(CT) have been obtained [5, 6]. One of the pro-
mising directions is to obtain carboxymethyl
ethers of chitin (CMC) and chitosan (CMCT).
The solubility of these derivatives in water,
as well as conservation of biological activity
characteristic of the initial compounds, broa-
den the possibilities of their application [7].
The majority of the existing methods of ob-
taining CMCT implies the use of organic sol-
vents and is expensive. The development of
a solid-phase synthesis method is interesting
from the viewpoint of the intensification of
processes and the creation of ecologically safe
technologies for the production of these poly-
mers.
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TABLE 1

Chemical composition of dried Gammarus

Raw Moisture, % Lipids, % Total nitrogen, % Mineral Chitin, %
substances, %

Gammarus [10] 10.8 7.7 7.8 26.0 7.0

Gammarus of Altay 9.7 - - 27.3 8.7

Earlier, the effect of grinding in various
comminuting devices on the structure and proper-
ties of chitosan obtained from crab and shrimps
shells was investigated [8, 9]. It was demon-
strated that more profound changes in the struc-
ture and properties of chitosan occur during
grinding in extruder than in ball mill [8]. The
synthesis of the carboxymethyl ethers of chi-
tin and chitosan was performed with the help
of extruder [7]. The process was carried out in
two stages; at the first stage, alkaline chitosan
was obtained from chitin and sodium hydro-
xide; at the second stage, a mixture of alka-
line chitosan with sodium monochloroacetate
in solution or in the solid phase was supplied
into extruder. Thus the samples with car-
boxymethyl group substitution extent of 0.4-—
1.4 were obtained; however, their solubility in
water was lower (70 %) than the samples ob-
tained by suspension method.

Among raw material sources of chitin, Gam-
marus Amphipoda crayfish is becoming the
most important one. It is common in the lakes
of West Siberia. Comparative evaluation of
the chemical composition of Gammarus and
such kinds of chitin-containing raw material
as crabs, shrimps demonstrated reasonableness
of the use of Gammarus to isolate chitin [10].

The goal of the present study was to per-
form solid-phase synthesis of the carboxyme-
thyl ethers of chitin and chitosan isolated from
Gammarus, using mechanical activation in high
energy strain mills.

EXPERIMENTAL

The composition of Gammarus was studied
by means of the chemical analysis. Chitin was
obtained from the Gammarus using a conven-
tional acid-base method. Chitosan was obtained
by high-temperature alkaline treatment of
chitin [11]. The resulting chitin was cream-color-

ed flakes soluble in concentrated inorganic ac-
ids; chitosan was white hard flakes soluble in
diluted acids, in particular in 2 .% acetic acid.

X-ray diffraction patterns were performed
with a DRON-4 diffractometer with CuK, radi-
ation within the range 2q = 4-40°. To avoid
the formation of texture in samples, X-ray
phase analysis of chitin samples was carried
out by adding X-ray amorphous substances
(Vaseline, paraffine; 1:1 by mass). Specific
surface of the samples was measured accord-
ing to BET procedure (thermal desorption of
argon).

Carboxymethyl ethers of chitin and chito-
san were synthesized in two types of mills:
AGO-2 planetary centrifugal mill (ISSC&M
SB RAS) — steel drums cooled with water,
drum volume: 40 ml; number of balls: 50; ball
diameter: 6 mm, and vibratory-ball SPEX
8000 mill (USA) — steel drum, drum volume:
50 ml; number of balls: 15; ball diameter: 6 mm.
Sodium salt of monochlroloacetic acid (Na-MCAA)
and sodium hydroxide, both of chemically pure
reagent grade, were used as carboxymethylat-
ing agents. A mixture of chitin (chitosan), so-
lid sodium hydroxide and alkylating agent
(Na-MCAA), at a molar ratio of 1:1:1 as cal-
culated per one OH group, was loaded into
the drum. The reaction mixture was mechani-
cally treated and sampled after definite time
intervals. The products were thoroughly washed
from unreacted initial compounds sequentially
with ethanol acidified with acetic acid (pH 5),
and pure ethanol.

TABLE 2

Chitosan characteristics

Characteristic Mean-weigh
Deacetylation extent, % 97.0
Characteristic viscosity, dl/g 26.3

M, 1.6 x10°

w
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Fig. 1. X-ray diffraction patterns of chitin samples: 1 —
initial, 2, 3 — mechanically activated in AGO-2 for 8
and 25 min.

Viscometric measurements of chitosan were
performed in Ubbelode viscosimeter with the
0.54 mm diameter of capillary at 25 °C in 2 %
acetic acid solution; 0.5 M NaOH solution was
used in viscometry of carboxymethyl products.
Molecular masses (M,,) of samples were calcu-
lated using the characteristic viscosity of poly-
mer solutions according to the equation [h] =
1.38 10*M,,"™ proposed in [12]. Chitosan deace-
tylation extent was determined by titration [13].

Carboxymethyl group (CMG) content was
determined with the help of ANION-410 con-
ductometer according to procedure described
n [14]. The solubility of CMC and CMCT was
determined by dissolving the product in water

Ik
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Fig. 2. X-ray diffraction patterns of chitosan samples:
1 — initial, 2 — mechanically activated in AGO-2 for 10
min.

and filtering the solution through a glass po-
rous filter POR/60 [13].

The IR spectra of initial samples and car-
boxymethylated products were recorded with
VECTOR 22 spectrophotometer (Bruker).

RESULTS AND DISCUSSION

It is known that chitin content of a raw
material depends not only on its kind but also
on the environment characteristics and the age
of organisms [4]. Table 1 shows the composi-
tion of the Gammarus involved in the present
study in comparison with literature data for
the raw material of another origin.

It follows from these data that the Altay
Gammarus is not worse than the Gammarus
from other regions. At the same time, higher
polymer content makes it a promising source
for obtaining chitin and chitosan.

The parameters of the chitosan obtained in
this study are listed in Table 2.

Comparison with the results available from
literature [8] suggests that the chitosan obtained
in the present study is high-molecular with low
acetylation degree. Chitosan samples obtained
under similar conditions from shrimps and crab
shells had lower mean-weigh molecular mass
and higher acetylation extent (1118 %) [8].

X-ray diffraction patterns of initial com-
pounds and samples subjected to mechanical
treatment are shown in Figs. 1 and 2. The pres-
ence of few broad reflections points to low-
ordered type of structures with low crystal-
linity degree. For both chitin and chitosan, the
initial material and mechanically activated one

TABLE 3

Specific surface (Ssp) of initial and mechanically
activated samples

Sample Seps m?/g
Chitosan:
initial 0.83
MA 2.63
Chitin:
initial 7.23
MA 11.48

Note. MA — mechanical activation in AGO-2 (20 g),
15 min.
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TABLE 4

Properties of carboxymethylated chitin at different synthesis duration

(C : Na-MCAA : NaOH = 1:1:1 mol)

t, min Carboxy- Substitution Solubility Relative M, x107*
methyl degree, % in water, % viscosity
groups, %
AGO-2 (20 g)
2 12.2 33.5 - - -
5 17.1 47.0 74.3 1.55 2.43
8 19.6 53.8 81.7 1.47 0.73
10 21.7 59.6 89.5 1.42 0.56
15 24.7 63.2 91.2 1.34 0.48
SPEX 8000
3 10.8 29.7 - - -
6 11.5 31.6 - - -
9 14.3 39.3 40.3 - -
15 20.2 55.5 77.6 1.46 1.78
20 21.2 58.2 80.4 1.43 1.44

have identical sets of reflections differing only
in intensities.

It is known that intense mechanical action
on polymers can cause mechanical cracking of
macromolecular chains and shifts of separate
structural fragments [15, 16]. The result is dis-
tortion of initial packing of chains and the
loss of ordering. In the case of chitosan, the
X-ray diffraction patterns of mechanically ac-
tivated sample exhibited decrease of intensity
and increase of peak width which is charac-

TABLE 5

teristic of the amorphous product. After short
mechanical treatment for about 10—15 min,
the similar phenomenon was observed with
chitin sample. However, the presence of broader
and more intensive maximum at 2q = 19.5° for
mechanically activated chitin, compared to the
initial polymer, is the evidence of partial re-
crystallization of the amorphous phase. This
effect is not a consequence of texture forma-
tion in sample, since it was also observed when
recording the substance with the addition of

Properties of carboxymethylated chitosan at different synthesis duration

(CT : Na-MCAA : NaOH = 1:1:1 mol)

t min Carboxy- Substitution Solubility Relative M, x107*
methyl degree, % in water, % viscosity
groups, %
AGO-2 (20 g)

5 13.1 25.2 22.3 - -
10 24.4 47.8 90.5 1.36 0.45
15 26.4 50.9 91.4 1.30 0.24

SPEX 8000

5 12.3 23.7 - - -
10 17.6 33.9 41.8 - -
15 19.3 37.2 67.6 1.38 4.88
20 21.6 41.6 77.4 1.35 3.56




WATER-SOLUBLE FORMS OF CHITIN AND CHITOSAN

100+

80
70
60

2l

[
[T
=
03

=

L
3444.3
2019.6 —

43

o
8912 —
S9B.0—

438711 —

3500 3000 2500 2000

9410 —~—

ol

32

1
34173 —
3
28805 —
16112 —

bl

4000 | 3500 3000 2500 2000 1750 1

500

T
500 v, e

Fig. 3. IR spectra of chitin samples: a — initial, b — carboxymethylated by treatment in AGO-2 for 15 min.

X-ray amorphous Vaseline or paraffin. This al-
lows one to assume that in course of long me-
chanical treatment, because of high mobility
of destruction fragments with low molecular
masses, the rearrangement of intra- and inter-
molecular hydrogen bonds occurs resuling in
the formation of new packing of macromo-
lecular chains. Recrystallization of chitin sam-
ples was observed after the treatment both in
AGO-2 and in SPEX 8000. However, in plane-
tary centrifugal mill the effect was observed
after treatment for shorter time, which is likely
to be explained by more intensive action of
mechanical pulses. Unlike chitin, no increase
of the crystyallinity degree of product was
observed after prolonged mechanical treatment

of chitosan. This may be explained by higher
packing density of the macromolecules in the
sample.

The results of measurements of specific
surface of samples are shown in Table 3. Me-
chanical treatment of the polymers leads to
the increase of the specific surface of chitin
by a factor of 1.7 and chitosan by a factor of
3. Specific surface of chitosan is much smaller
than that of chitin.

Tables 4, 5 show the properties of car-
boxymethyl ethers of chitin and chitosan ob-
tained by mechanical activation for different
time intervals. It follows from the analysis of
the data that depending on the time of me-
chanical treatment the samples are partially
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Fig. 4. IR spectra of chitosan samples: a — initial, b — carboxymethylated by treatment in AGO-2 for 15 min.

or completely soluble in water and form solu-
tions with rather low relative viscosity. With
increasing degree of mechanical activation,
the degree of substitution of functional groups
in chitin and chitosan increase, which causes
the increase of the solubility of these deriva-
tives in water.

The efficiencies of the substitution of
functional groups in carboxymethylated sam-
ples in AGO-2 and SPEX 8000 are different
from each other. Higher carboxymethyl group
content in products obtained by mechanical
activation in AGO-2 is likely to be connected
with more intensive action of share defor-
mations.

It is known that nonselective carboxyme-
thylation of chitosan results in the formation

of both O-substituted and N-substituted, or
O, N-substituted derivative, depending on syn-
thesis conditions. Correspondingly, carboxy-
methylation of chitin is accompanied by the
formation of mono- or di-O-substituted de-
rivative. Judging from total hydroxyl group
content of chitin, which is 16.8 %, carboxyme-
thyl ether may contain 36.4 % CMG as a maxi-
mum. The 24.7 9% CMG introduced in CMC
evidence that the reaction results in the product
which is close to the equilibrium bi-O-substi-
tuted derivative.

Chitosan contains OH- (21.1 %) and NH,-
(9.96 %) groups; so, maximally this sample can-
contain 51.9 CMG (among them, 20.9 % corre-
sponding to the substitution of only OH groups).
The introduction of 24.8 9% CMG points to non-



WATER-SOLUBLE FORMS OF CHITIN AND CHITOSAN 45

uniform substitution of functional groups in
the product.

The results of the determination of molecu-
lar masses of samples point that destruction
goes most intensively within the first minutes
of the synthesis. Close molecular masses of the
carboxymethyl ethers of chitin and chitosan
obtained in AGO-2 after the synthesis for 10
and 15 min are likely to be explained by the
phenomenon which is characteristic of poly-
mer grinding, namely, destruction limit which
cannot be overcome, regardless of how the
treatment is carried out. The mobility of mac-
romolecules is considered to be very high within
the limiting destruction region; so, mechanical
energy which is supplied to the solid is con-
sumed for intermolecular shifts of macromo-
lecular chains [15, 16].

IR spectroscopic studies revealed that the
intensity of the band at 3445—3400 cm™! cor-
responding to the stretching vibrations of OH
groups is noticeably decreased while the car-
boxymethylation degree increases (Figs. 3, 4).
The appearance of a new band at 1611 cm™!
in the spectra of carboxymethylated samples
is connected with the vibrations of the carb-
onyl group in the carboxymethyl fragment.
The decrease of the band intensity in the
region of 3270—3300 cm ! in CMC spectrum,
corresponding to stretching vibrations of NH
groups, points to partial deacetylation of chi-
tin during mechanical activation in alkaline
medium.

CONCLUSIONS

1. The possibility to use Gammarus of Al-
tay as chitin-containing raw material is dem-
onstrated. Chitosan obtained from Gammarus
is more high-molecular, with the structure sim-
ilar to that of the samples of biopolymer ob-
tained for other types of raw material.

2. Solid-phase synthesis of water-soluble
carboxymethyl ethers of chitin and chitosan
was performed with the help of mechanical
treatment in planetary-centrifugal and vibra-
tory mills. It was demonstrated that the pro-
cess performance in planetary mill is accompa-
nied by the formation of products with the
highest carboxymethyl group content, giving
solutions with lower relative viscosity.
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