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Abstract

The efficiency of the deacetylation reactioroefor 3-chitin is greatly improved by the use of
freeze — pump out — thaw cycles or ultrasound rireat. Indeed, it attains 80% (65%) when
the parentf3-chitin (a-chitin) is previously treated by using one of thleove mentioned
methods while the deacetylation of untreated clattains only 60% of efficiency. Also, the
occurrence of simultaneous depolymerization is mash important during the deacetylation
of treated chitins.
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Introduction

Chitin is a cellulose-like linear polymer predommitiy formed byB(1- 4)-linked 2-acetamide-2-
deoxy-D-glucopyranose units. It is widely spread nature and it is the most abundant
polysaccharide after cellulose. Thus, chitin ocass structural material of invertebrates, such as
arthropods, annelids, mollusks, algae and in tHeveal of some fungi. Three polymorphs of
chitin are described, namaty, 3- ey-chitin, thea-chitin being largely dominant while the latter is
supposed to be a intermediate form of the former. thhe polymorpha-chitin is found where
rigidity and mechanical resistance are importarghsas in the cuticle of arthropods while the
polymorph B-chitin occur as flexible but resistant structuasch as the squids pens. These
polymorphs correspond to different arrangementd®fpolymeric chains in the solid state, that one
corresponding tat-chitin being more dense packed than the arrangeai@achitin. In the ordered
regions the chains a@i-chitin disposed in lamella adopt an anti-paradiegbngement which greatly
favors the establishment of hydrogen bonds invglvitacromolecules of the same as well as of the
neighbor lamella. On the other hand, the paralielrgement adopted by the polymeric chains in
B-chitin prevents the occurrence of hydrogen bonfl€hains pertaining to neighbor lamella,
resulting in a much less dense packing. As a caresep of these different arrangemextandf3-
chitin display very distinct physico-chemical propes and reactivity, the former being less
accessible to solvents and reagents.

The deacetylation of chitin results in chitosan, capolymer of 2-acetamide-2-deoxy-D-
glucopyranose and 2-amine-2-deoxy-D-glucopyranasiés where the latter units predominate.
Chitin can be deacetylated in homogeneous or hggeepus conditions but its deacetylation is
generally carried out through heterogeneous presasswhich the polysaccharide is suspended in
concentrated aqueous sodium hydroxide solutioiight temperature during variable periédsThe
reaction temperature ranges fronf®@o 118C and the reaction time can vary from some minutes
to several hours, depending on the sodium hydrozaheentration and reaction temperature. The
process is more efficient the more concentratedsttBum hydroxide solution and the higher the
temperature but the long reaction time does notowg the reaction efficiency while favors the
simultaneous depolymerization of chitin caused bkalane hydrolysis. Thus, several different
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conditions are used to increase the reaction’sieffcy and to avoid the degradation of the
polysaccharide, including the use of successivartrentd”’, of inert reaction atmosphefésthe
addition of diluenty oxygen scavengers and reducting adéitsand special reaction conditions
such as reactive extrusidnflash treatment and microwave accelerated pro¢és$he ultrasound
treatment of chitin suspended in water has alson beported to improve the subsequent
deacetylation of the treated polysacchdrid® Recently the application of freeze — pump out —
thaw cycle (FPT cycle) has been claimed to resultriproved deacetylation regardless of being
applied toa- or B-chitin, the execution of consecutive cycles folmby deacetylation resulting in
completely deacetylated chitosan (DA<0.3%) of higblecular weight (M>400000 g/molY’.

In this work the ultrasound treatment and the feeezoump out — thaw cycles were appliedito
and B-chitin, the treated samples were submitted to etgkation and the characteristics of the
resulting chitosans were determined to allow thegarison of these routes to produce extensively
deacetylated chitin with minimum depolymerization.

Material and Methods

Extraction ofa- and £-chitin

The shells ofParapenaeopsis styliferand the pens okoligo were the raw materials for the
extraction ofa- andp-chitin, respectively. Initially the shells &%. styliferaand the squid pens were
extensively washed with tap water, freeze-dried aryd-grounded. After sieving, the fractions
corresponding to 80-12@n for the squid pens and below 80 for the shrimp shells were
submitted to the treatments leading to the extactf 3- and a-chitin, respectively. The squid
pens, owing to its very low content of inorganicmgmunds, were directly submitted to
deproteinization by suspending it in 0.1M aqueo@ON at room temperature during 24h under
vigorous magnetic stirrif§ The B-chitin was isolated after extensive washing argéZe-drying.
The shells ofP. styliferawere demineralized by treating it with 1M HCI aque solution during
30min at room temperature under vigorous magnéitiing'®. Following the extensive washing
with water and freeze-drying the demineralized Ishatere submitted to deproteinization as
described above, tree-chitin being isolated after extensive washing witter followed by freeze-
drying.

Chitin deacetylation

Before carrying out the deacetylation reactionsirchvas submitted to freeze-pump out-thaw cycles
or to ultrasound treatment. For the execution efftleeze — pump out — thaw cycles 1g of chitin
was suspended in 20g of 40% NaOH aqueous solutidrtte suspension was initially frozen by
immersing it in liquid nitrogen_(fast freerer in an ice/water bath (slow freg@znd then submitted
to the pump out and thaw. This cycle was repeatedaf least two times before submitting the
chitin to the deacetylation.

For the ultrasound treatment 1g of chitin was sndpd in 20g of 40% NaOH aqueous solution, the
resulting suspension was poured in a glass cell #aeg(0C and the ultrasound microsonde was
immersed in it. The ultrasound irradiation procektte the desired at a fixed amplitude power for
the desired time and the suspension was then selnit the deacetylation.

The typical deacetylation was carried out by imnmgrshe glass reactor containing the chitin
suspension in an oil bath at®@ The reaction was stopped by immersion in liquittbgen and the
chitosan was recovered after neutralization, washind freeze-drying.

Characterizations

The samplesp- and B-chitin and chitosans, were characterized in teahswerage degree of

acetylation ﬁ) by *H NMR spectroscopy. Chitosans were suspended dfifiaci D,O (pD3-4),

vigorously stirred overnigth at room temperaturel dime resulting solutions were then analysed.
Due to its lower solubility chitin was suspendedi@!/D,0 (20% w/w), heated at 65-70°C during
8h and the resulting solution was used to acqgheeNMR spectrum. All spectra were acquired at

25°C on a Bruker AC 200 spectrometer andDAevalues were calculated from the ratio of the
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methyl hydrogens of acetamide groups signals tosehof the hydrogen bonded to the
glucopyranose ring as proposed by Hftai

The weight average molecular weighil\{ ) of chitosans were determined by using size eiarus
chromatography. Thus, the chitosans were dissolived.2M AcOH/0.15M AcONa buffer
(pH=4.5), the resulting solutions were filtered @A5um pore size membrane (Millipore) and then
injected by means of an IsoChrom LC pump (Spedhgsies) into the chromatographic system
composed by a Protein Pack glass 200 SW and a EbKQAP0 PW columns. The detectors of
polymer concentration — a Waters 410 differenteflactometer - and of molecular weight — a
Wyatt Dawn DSP multi angle laser-light scatterirguipment — were coupled on line to the
chromatographic system.

The viscosity average molecular WeigIhT\() of the parent chitins were determined from vigtgos

measurements using an automatic capillary viscametscologic Tl 1 SEMATech@=0.8mm) at
25°C. The chitins were dissolved in N,N-dimethylaoceide containing 5% lithium chloride at

Cp=29/l and the values oM_Vwere calculated from the intrinsic viscosity by ngsithe Mark-
Houwink-Sakurada parameters=0.69 and K=2.4x16)*.

Result and Discussion

a- and F-chitin

The extraction of chitin from the biomass calls floe elimination of proteins and carbonates, the
main substances to which the polysaccharide is cwdbin nature. The shells &f. stylifera
contain a-chitin ((1L7%), a small amount of proteins (7%) and carb@ait calcium and
magnesium[(86%) while the pens dfoligo are composed b§-chitin ((B2%), proteins (42%) and
minor amounts of carbonates (<3%). Thus, the pnaesdof demineralization and deproteinization
must be appropriately designed to these differeatces of chitin aiming to completely eliminate
minerals and proteins but preserving as most asiljesthe native characteristics of the
polysaccharide. In this manner, the squid pens wetesubmitted to the demineralization and mild
conditions were used in the deproteinization stiepoth chitin sources to avoid the occurrence of
deacetylation, resulting io- and3-chitin with the characteristics resumed in Tabléer'hese data
show that a small amount of acetamide groufi$%) were hydrolized during the extraction of
both polymers,a- and B-chitin, as a consequence of the alkaline attadkiech out in the
deproteinization step and that the polymers alse lsamilar viscosity average molecular weight.

Table 1 Characteristics af- and (3-chitin extracted from shells d?. styliferaand the pens of
Loligo, respectively.

SAMPLE DD (%)@ M, x 10 (g/mol)
B-chitin 9.13:0.25 12.06+1.00

a) DD =100-DA

Ultrasound treatments

The different susceptibilities af- and 3-chitin to the deacetylation as well as the effaaftshe
sonication time on the reaction efficiency and ba tepolymerization rate can be evaluated by
examining the curves of Fig. 1 and 2. Thus, whemenaf the polymers were previously sonicated
the reaction efficiency attained 60% and 74% derand 3-chitin, respectively. This result shows
that 3-chitin is more susceptible to deacetylation tleaohitin. Also, in both cases the curves of
DD versus time of sonication present the same treadthe longer the sonication time the higher
the average degree of deacetylation, showing téiy® effect of the sonication treatment on the
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reaction efficiency as compared to the deacetyladiountreated chitin. These curves also show the
same dependence of the depolymerization rate ontite of sonication, i.e. the longer the
sonication time the higher the depolymerizatior fait in this case the data show thathitin is

more severely depolymerized th@schitin.
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Fig. 1 Average degree of deacetylation (DD) andaye degree of polymerization (R)Pversus
sonication time obi-chitin in 40% aqueous NaOH followed by deacetgiatior 45min at 90°C.
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Fig. 2 Average degree of deacetylation (DD) andaye degree of polymerization (WPversus
sonication time op-chitinin 40% aqueous NaOH followed by deacetylation fam#h at 90°C.

Freeze — pump out — thaw cycles

The freeze — pump out — thaw cycles (FPT cyclesevapplied as a treatment @f and3-chitin
before submitting these polymers to the deacebyiateaction conditions and the characteristics of
parent polymers and resulting chitosans are resumédble 1.

69



Table 1: Characteristics of chitin and chitosassied from the experiments where the FTP cycles
were followed by deacetylation at 90°C during 45min

Sample Number of DD (%)™ My x 100 © DR, 1)
Cycled? (g/mol)
[B-chitin - 10.02:0.06 12.01.00 6166588 -
Bl 2 70.02090 8.5%0.71 4896467 1.8%0.15
a-chitin - 9.1Gt0.25 11.541.00 5724546 -
Al 8 64.12:0.08 8.420.70 4769455 1.620.13
Chitosan C - 77.2G:0.95 4.020.50 2355225 3.4@0.28
Ci1 8 96.5G:1.20 2.260.18 139%133 2.830.23
09 2 96.311.20 2.0#0.17 1273121 2.520.21
C3 2 99.75:1.20 1.6%0.14 103&99 2.250.19

a)number of FPT cycles. * stands for a slow fregztep while all others correspond to fast freeahg
liquid nitrogen.

b)DD = 100 — DA, where DA is the average degreacetylation. Values determined By NMR.

c)My, is the weight average molecular weight determimedize exclusion chromatography.

d)DPR, is the average degree of polymerisation; ®M,,/M,, where M is the average molecular weight of
the repeating unit.

e)l is the polydispersity index; | = MM

The data in Table 1 show that the use of a sloez&estep during the application of the FPT cycles
to B-chitin is an as efficient way to produce chitossthe use of ultrasound treatment before

submitting the treatefd-chitin to the deacetylation reaction. Indeed, canng theDD values of the
chitosan Bl (Table 1) and that of the chitosan pced from [(3-chitin which was previously
submitted to 60min of sonication (Fig. 2) revedlattthe deacetylation efficiencies are 79% and
74%, respectively. On the other hand, the usefa$tafreeze step is slightly more efficient thaa th
ultrasound treatment applied dechitin before submitting it to the deacetylati@action. Thus, the
comparison of thBD values of chitosan Al and that of the chitosarmlpeed froma-chitin which
was previously submitted to 60min of sonicatiorg(Fi) reveals that the deacetylation efficiencies
are 71% and 60%, respectively. However, it shoelechited in this case that eight (8) fast freeze —
pump out - thaw cycles were carried out before deacetylation of the treatemtchitin as
compared to 60min of sonication.

As already mentioned, the production of extensivdgcetylated chitosan is always accompanied
by severe depolymerization, thus the treatmenbnoicsition and FPT cycles were used to evaluate
these methods to prepare such products.

The data in Table 2 show that when chitosan (sar@pl2D =77.2%; M, =4.02x16g/mol) was
successively submitted to FPT cycle and deacetylatit 96C during 45min, it resulted in
extensively deacetylated chitosan (sample@I3=99.75%;M,, =1.67x16g/mol).

The submission op-chitin to successive sonication for 60min followlegl deacetylation at da

during 45min also allowed the production of exteaebi deacetylated chitosarD_D =99.60%;
M_W=2.25x1(§g/mol). On the other hand, if untreated chiton @nd (3-chitin) is submitted to
successive deacetylations, at least 5 successctars shall be carried out to attain similar hessu
(ﬁ <0.5%) but the depolymerization is much more seiretbis caseM_W <0.7x10g/mol).

Thus, both methods, the sonication and the FPTesydre efficient to produce an extensive
deacetylation of chitin and the depolymerizationmach less severe when these treatments are
applied as compared to the acetylation of untreciéh.
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Conclusions

The sonication and freeze — pump out — thaw cyale<fficient treatments aiming to improve the
deacetylation of a- and-chitin. Thus, the deacetylation efficiency attaB@% and 65% in the
cases ofx- andp-chitin, respectively, while it reaches only 65%emhuntreated chitin is submitted

to deacetylation. Also, the depolymerization islesvere when treated chitins are deacetylated as
compared to that occurring when untreated chitsutsmitted to deacetylation.

Preliminary results indicate that the morphologich&nges provoked by the sonication treatment
may be responsible for the improved reactivity refited chitin toward the deacetylation reaction
but further work is being currently developed towon it.
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