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Abstract

In this paper, from many new examples, our approach on the preparation of chitins and chitosans with controlled physico-chemical

characteristics was presented. The chitosan samples were prepared from a-chitin from crustacean shells and b-chitin from squid pens. The

chitin deacetylation was carried out according to two methods using, respectively, as alkaline agent, the aqueous sodium hydroxide solution

and anhydrous potassium hydroxide. The role of the source and of the process on the N-deacetylation reactions is confirmed. The effect of the

addition of sodium borohydride or thiophenol within the reaction medium was studied. One of the parameters conditioning the physico-

chemical characteristics of chitosan being in relation with the nature and the quality of original chitin, the role of this parameter was

examined and the isolation process was discussed to put in evidence its advantages compared to other processes quoted in the literature by

relying on new results.

q 2003 Elsevier Ltd. All rights reserved.
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1. Introduction

Chitin is one of the most abundant natural polysacchar-

ides produced by many living organisms; it is usually found

as a component of crustacean shells. This polymer consists

of a linear chain of (1 ! 4) linked 2-acetamido-2-deoxy-b-

D-glucopyranose units (Fig. 1a). But this polymer is not

soluble in usual solvents and for its use, chemical

modifications are performed [1]. The most common

derivative prepared is the chitosan, coming from the partial

deacetylation of chitin [2,3]. When the degree of acetylation

(DA, Fig. 1b) is lower than 0.5, chitosan becomes soluble in

acidic aqueous solutions and it behaves as a cationic

polyelectrolyte.

Chitin was produced by biosynthesis [4–6] and its

natural production is inexhaustible; arthropods, by them-

selves count more than 106 species from the 1.2 £ 106 of

total species compiled for all the animal kingdom, constitute

permanent and large biomass sources. Although it is present

within numerous taxonomic groups [7,8], chitin, prepared in

laboratories or industrially produced, is usually isolated

from exoskeletons of crustaceous and more particularly

from shrimps and crabs; in these cases a-chitin was

produced [9]. However, when b-chitin has to be prepared,

essentially squid pens are used as a polysaccharide source

[10,11]. a-Chitin is the most common form while b-chitin

shows higher reactivity [11–14] and higher affinity towards

solvents [15,16].

Potential and usual applications of chitin, chitosan and

other chitin derivatives are estimated to be more than 200

[17]. The wide range of applications concerning cosmetics,

agriculture, food, biomedical, textile or refining of industrial

effluents [18–24] come from physico-chemical and bio-

logical properties of chitosan. Especially its ability, as

cationic polyelectrolyte, to fix anionic species, large

compatibility with living tissues and its properties to be

biodegradable [25–27], permeable to oxygen and also

stimulating effect on immunity system are exploited [28].

Nevertheless so that each of these uses kept one’s promise,
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it is necessary to control the different parameters which

influence the chitosan characteristics so as to produce it

according to the characteristics desired by companies. In

many cases the production of highly deacetylated chitosan,

with very low degree of depolymerization is desirable.

Moreover, DA influences not only its physico-chemical

characteristics [14,29–32] but also its biodegradability

[25–27] and immunological activity [28].

In this paper, the role of some parameters which

influence on properties of chitin and chitosan is studied.

Our investigations show that the proper adjustment of the

process conditions will make possible to produce chitins

very similar to their native form, and to prepare chitosans

with well-controlled characteristics.

2. Experimental [33,34]

2.1. Isolation of chitin

The raw material was obtained in solid form without any

treatment from the different sources coming from Moroccan

seaside (Table 1). It was washed with water, desiccated at

room temperature and cut into small pieces (sieved from 2

to 5 mm). When dry, it was kept at atmospheric air as long

as wanted.

Fig. 1. Chemical structure of chitin (a) and chitosan (b). DA is the degree of

acetylation.
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The mineral content of exoskeletons of crustaceous

(determined using element analysis) is not the same for each

source (see Table 3). Hence studied chitin sources do not

need the same treatments. Demineralization was carried out

at room temperature using 0.55 M hydrochloric acid baths.

Each bath was performed with 100 ml of acid solution and

10 g of raw material. The number of baths and their duration

(between 15 and 60 min) were dependent upon the source

[34] (see Tables 1 and 2). Demineralization was followed by

acidimetric titration: the evolution of pH towards neutrality

means acid consumption and hence it is necessary to

proceed other treatments; the end of the repeated series of

baths was indicated by the persistence of acidity in the

medium. It was observed that the emission of CO2 gas was

more or less important according to the studied species. It is,

for example, strong in the case of spider crabs or shrimps,

and weak in the case of squids. It also depends upon the

mineral content (counterions of carbonate or phosphate

ions) of the different species and penetration of the shells by

hydrochloric acid. As an example, the shell of shrimps

contains 18.17 wt% of calcium and 1.91 wt% of phos-

phorus, whereas squid pens contain only 1.06 wt% of

calcium and 0.51 wt% of phosphorus. The larger mineral

content causes increase of the gas emission. The deminer-

alization efficiency is given in Table 4 (the mineral content

being determined from element analysis).

Deproteinization was performed using alkaline treat-

ments with 0.3 M sodium hydroxide solutions at 80–85 8C.

This treatment was repeated several times during 1 h. The

number of baths was given in Table 1. The absence of

proteins was indicated by the absence of colour of the

medium at the end of the last treatment (as confirmed by

NMR spectra in which no peak but chitin ones is observed).

Washings were then carried out up to neutrality, after which

samples were dried. After these steps (demineralization and

deproteinization) chitin was dried in an oven at 50 8C during

24 h.

At this stage, chitin isolated from squid pens is perfectly

white unlike those isolated from crustaceous sources were

lightly pink. Pigment traces responsible for this colour are

removed using a mild oxidizing treatment (30 volumes

H2O2/33% HCl in a volume ratio 9/1).

Chitin content was determined from weight measure-

ments of the raw material and of the chitin obtained after

acid and alkaline baths (and possibly the bleaching step).

Purity of chitin was evaluated from 13C solid state NMR

spectra.

2.2. Preparation of chitosan

Two processes were studied. First, the standard process

presented by Broussignac [35] was applied to the isolated

chitin. During this process, a mixture of solid potassium

hydroxide (50 w/w%), 96% ethanol (25 w/w%) and

monoethylene glycol (25 w/w%) which is nearly an

anhydrous reaction medium was used as deacetylationT
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reagent. To prepare this mixture, the two solvents were first

mixed and then solid potassium hydroxide was added in

small portions under stirring. The dissolution is exothermic

and the temperature of the mixture may increase up to 90 8C

during this step. One of the advantages of this reagent is that

it can be used in both glass or stainless steel reactors. Chitin

was then added progressively to the reagent and temperature

was increased up to the desired value (detailed reaction

conditions are given in Section 3). Alcohol was distilled and

returned back to the reactor. The treatment was continued

for the required duration, and after filtration chitosan was

washed with water to neutral pH. It was then dried at room

temperature in air stream. The reaction was carried out on

500 mg of chitin suspended in 30 ml of the mixed solvent.

Chitosan was also produced using the process of Kurita

et al. [11]. A suspension of 500 mg of chitin in 30 ml of

aqueous sodium hydroxide solution (50% w/v) was heated

up to 80 8C, for example, under a nitrogen stream with

stirring. After the desired time the solid was filtered off,

washed with distilled water to neutral pH, then with

methanol, and finally with acetone. Drying was than

performed in an oven at 50 8C during 12 h. The reaction

parameters of these processes (reaction conditions: one or

multiple repeating steps, reaction time, temperature (80–

120 8C), concentration and nature of alkaline reagent

(aqueous NaOH or alcoholic KOH)) were varied.

NaBH4 and thiophenol may be added (at [chitin]/[NaBH4

or thiophenol] weight ratio equal to 1/1) during deacetyla-

tion process of chitin to prevent polymer degradation.

2.3. Physico-chemical characteristics of chitins and

chitosans

The water content of the samples issued from the

different reactions (extraction of chitin or deacetylation of

chitin) was determined using a 92–12 thermogravimetric

analyser from Setaram (France).

The potentiometric determination of the DA was carried

out following the method given by Broussignac [35] and

Muzzarelli [2]. The chitosan was dissolved in a known

amount of acid (in excess). From the titration of this solution

with a 0.1 M sodium hydroxide solution a curve with two

inflexion points was obtained. The difference of NaOH

solution volumes corresponding to these points corresponds

to the acid consumed for the salification of amine groups

and allows the determination of the DA of the chitosan. The

titration was performed with a pH-meter Minisis 6000 from

Radiometer (France). The DA was calculated from the

relation:

DA ¼
1 2 161Q

1 þ 42Q
;

where Q ¼ NDv=m; Dv is the volume of NaOH solution

between the inflexion points (in l), N is the concentration of

NaOH solution (in mol/l, in this paper equal to 0.1), and m is

the dry weight of polymer sample (in g).

The DA was also calculated from 1H NMR considered to

be the most sensitive technique using an AC300 Bruker

spectrometer [36]. The samples were dissolved at a

concentration of 10 mg ml21 in D2O in presence of HCl

(pH 4) and freeze-dried three times to exchange the labile

protons for deuterium atoms. The spectra were performed at

353 K. The DA value was determined from the integral of –

CH3 signal at 1.97 ppm compared with the integral of H-1

protons used as the internal standard. The DA values

determined from NMR and titration were very close.

Solid state CP/MAS 13C NMR spectra were obtained on

a Bruker MSL spectrometer operating at 50.3 MHz. A

sample of 200 mg was placed in a zirconia rotor spinning at

the magic angle at 3.3 kHz. The contact time and the recycle

delay were set at 1 ms and 3 s, respectively. These

conditions for quantitative analysis were tested on solid

N-acetyl-D-glucosamine in order to check the exact ratio of

1/6, between the methyl carbon atom of the N-acetyl group

and the six carbon atoms of the D-glucopyranosyl ring.

The viscosity measurements were performed using a

Ubbelohde capillary viscometer (f ¼ 0.5 mm) at

25 ^ 0.1 8C. The solvent was 0.3 M acetic acid/0.2 M

sodium acetate and the viscosity-average molecular weight

of chitosans was calculated from the viscosity law [37]:

½h� ¼ 0:078 M0:76
v

3. Results

3.1. Chitin isolation

One of the major problems related to the preparation of

pure chitins keeping a structure as close as possible than the

native form is to minimise the partial deacetylation and

chain degradation caused by demineralization, deproteini-

zation and bleaching applied during processing of the raw

materials [3].

The isolation process we have finalised [33,34] is based

on the use of small concentrations of acidic reagents

(demineralization with 0.55 M hydrochloric acid) or basic

ones (deproteinization with 0.3 M sodium hydroxide) and

Table 3

Mineral content (determined from element analysis) of sources of chitin

taking into account the part of the organism submitted to the isolation

process

Source Ca (%) Na (%) P (%) Mg (%) K (%) Total (%)

Lobster 30.54 0.42 0.90 2.03 0.10 33.99

Red crab 26.60 1.65 1.12 1.51 0.25 31.13

Spider crab 22.62 0.72 0.72 1.78 0.12 25.96

Pink shrimp 18.17 0.80 1.26 0.91 0.36 21.50

Squilla 15.34 0.25 2.22 1.03 0.054 18.89

Squid 01.06 0.028 0.57 0.035 0.015 1.70

A. Tolaimate et al. / Polymer 44 (2003) 7939–79527942



repeated baths every time the observation of the reaction

medium shows that it was necessary (as given in Section 2).

The choice of conditions which are very moderate compared

with these used in other processes reported in literature [11,

35,38–46] (Table 2) considers in a first step the role of the

source. Each species has a chitin which is associated to

organic and inorganic matter. As an example, the dosage of

major mineral elements present in the exoskeletons of the

different chitin sources shows that the contents change with

the species (Table 3) and hence processing conditions. It

follows that it is not reasonable to apply the same treatment

conditions (in terms of quantity of acid and duration of the

purification) to sources with as large differences as squid

pen (1.7%), squilla (18.9%) or lobster (34%). Nevertheless,

that was the case in Kurita et al. work where chitin was

isolated from squid pens or shrimp using the same reaction

conditions [11]. One of the advantages of the isolation

process we propose is to allow to adapt durations and

quantities of purification agents to peculiarities of the source

so as to they are neither excess nor insufficient because in

these cases the quality of the extracted chitin will be

affected.

The study of the evolution of the demineralization by

titrating the residual minerals after each acidic bath shows

for all samples that the proportion of eliminated minerals

after the first bath is very small compared to that eliminated

during following baths (Table 4). During the first bath, it

may be assumed that the structure of the treated organism

was modified to improve the accessibility of acid during

further baths. The exhaustion of minerals becomes much

easier after the first bath. This suggests strongly that the

multi-stage process will be more efficient than the one

Table 4

Demineralization step of the chitin isolation process: evolution of the mineral content determined by element analysis during successive acidic baths (0.55 M

HCl)

Source Ca (%) Na (%) P (%) Mg (%) K (%) Total Content (%)

Lobster Shells 30.54 0.42 0.90 2.03 0.10 33.99

First bath 29.86 0.24 1.16 1.65 0.02 32.93

Second bath 19.34 0.13 2.24 1.07 0.01 22.79

Third bath 0.11 0.002 0.06 0.016 0.03 0.218

Spider crab Shells 22.62 0.72 0.72 1.78 0.12 25.96

First bath 20.50 0.41 1.10 1.49 0.46 23.96

Second bath 0.083 ,0.002 0.079 ,0.002 0.002 ,0.168

Third bath 0.018 ,0.002 0.08 ,0.002 0.015 ,0.117

Pink shrimp Shells 18.17 0.80 1.26 0.91 0.36 21.50

First bath 11.00 0.07 2.18 1.32 0.015 14.585

Second bath 0.043 ,0.002 0.16 0.018 0.003 0.226

Third bath 0.035 0.003 0.15 0.001 0.001 0.185

Squilla Shells 15.34 0.25 2.22 1.03 0.054 18.89

First bath 10.13 0.069 3.6 0.017 0.59 14.4

Second bath 0.0485 0.0185 0.064 0.002 0.012 0.145

Third bath 0.006 ,0.001 0.042 ,0.001 ,0.001 0.051

Squid Pen 1.06 0.028 0.57 0.035 0.015 1.708

First bath 0.005 ,0.002 0.009 ,0.002 0.0165 0.0345

Second bath 0.0025 ,0.002 0.005 ,0.002 0.009 0.02

Table 5

Influence of the acid concentration and the treatment mode (successive steps or continuous process) on the efficiency of the demineralization step (example of

spider crab, considered minerals: Ca, Na, K, P, Mg)

HCl concentration (M) Treatment duration (h) Residual mineral content (%)

1 h 30 in three steps (150 þ 150 þ 1 h) 0.117

0.55 1.5 10.1

3 8.48

24 0.187

1.1 1.5 0.909

3 0.331

24 0.292

1.65 1.5 0.718

3 0.593

24 0.463

A. Tolaimate et al. / Polymer 44 (2003) 7939–7952 7943



carried out in one stage. Indeed, this assumption was

confirmed by our results (Table 5), when the demineraliza-

tion of spider crab shell was performed in the same

concentration and time conditions according to a continuous

treatment (1.5 h in one time instead of three steps). The

elimination of minerals is distinctly smaller. By more

concentrated acid solutions and larger reaction times, no

improvement of the efficiency of the demineralization

reaction was observed. The correlation between the

harshness of acidic treatments and the efficiency of

demineralization was not simple: the persistence of minerals

during demineralization reactions would be related not only

to concentration and duration effects (in relation with an

optimal swelling of chitin) but also to the process according

it is continuous or performed by stages. This observation

may be enlarged to the deproteinization stage.

The application of this isolation process to various

sources has allowed us to determine the chitin content

(Table 1) and notice a possible correlation between this

chitin content and hardness of exoskeletons from which it

was isolated. This chitin content is all the more so small

since the exoskeleton is hard. The hardness of shells being

in a large part attributed to their content in calcareous

elements, we have studied this correlation and the chitin

content was demonstrated to be all the more so small since

the calcium content was high (Fig. 2, the correlation

coefficient being 0.9987).

The content of residual mineral elements of the different

chitins isolated according to our process was very small. It is

of the order of some tens of micrograms per gram (ppm) for

most of prepared and analysed chitins, when it is around

1.5% for chitins prepared according other processes [47,48].

In the case of commercial chitin, considered as pure, the

obtained content was 0.6%. This allows to conclude that the

demineralization process we have performed is efficient and

supplies chitin without residual minerals (Table 6). More-

over, RMN-CP MAS spectra demonstrate that prepared

chitins are pure (no presence of peaks from organic

compounds was detected) and keep a high DA (Fig. 3). In

many cases it is close to 100% (Table 7) and confirmed by

elemental analysis.

These results are very interesting because, at our

knowledge, such values of DA were never obtained, the

different papers on this subject give data between 80 and

90% [3,11,49]. The rare works to prepare a completely

acetylated chitin come from Kurita et al. [50] and Hirano

Fig. 2. Correlation between the chitin content and the mineral content

(wt%). A. Relative contents in calcareous elements and in chitin from

different sources. B. Variation of the chitin content as a function of mineral

content.

Table 6

Mineral content of chitins (standard chitin from SeaCure)

Chitin source Ca

(ppm)

Na

(ppm)

P

(ppm)

Mg

(ppm)

K

(ppm)

Total content

(%)

Standard chitin 3900 810 1500 ,10 ,10 0.623

Pink shrimp 110 ,20 ,20 ,20 36 0.020

Grey shrimp 150 ,20 ,20 ,20 ,20 0.019

Red crab 170 ,20 ,20 ,20 ,20 0.025

Spider crab ,20 ,20 ,20 ,20 ,60 0.014

Lobster 230 40 100 230 ,20 0.062

Crayfish 1600 ,20 ,20 ,20 ,20 0.168

Squilla 64 ,20 ,20 ,20 ,20 0.014

Squid ,20 ,20 ,20 ,20 90 0.017

Table 7

Determination of the degree of acetylation (DA) and the crystallographic

morphism of chitin from different sources

Chitin source Chitin form DA

(%)

From

(RMN/CPMAS)

From microanalysis

C

(%)

N

(%)

N/C DA

(%)

Pink shrimp a 100 44.74 6.36 0.142 100

Grey shrimp a 100 44.82 6.42 0.143 100

Spider crab a 96 43.95 6.55 0.149 91

Marbled crab a 99 – – – –

Red crab a 97 43.86 6.50 0.148 94

Squilla a 100 – – – –

Anatife a 100 – – – –

Crayfish a 100 45.00 6.53 0.145 100

Squid b 100 – – – – –
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Fig. 3. Solid state 13C NMR. A. b-Chitin isolated from squid pen. B. a-Chitin isolated from shrimp. C. a-Chitin isolated from squilla.
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et al. [51]. But they prepare such chitins from N-acetylation

reactions of chitosan and not from production processes.

The chitin prepared from reacetylation of chitosan does not

keep its original physical structure (nothing is indicated in

these papers), and the average molar mass of this chitin was

affected by the conditions used for chitin isolation and its

deacetylation during preparation of chitosan. Moreover the

N-acetylation of chitosan was accompanied by the ester-

ification of alcohol groups. Their hydrolysis needs to use an

alkaline treatment which causes a partial hydrolysis of N-

acetyl functions which, even limited, reduces the possibility

to produce chitosan completely reacetylated. To find a

solution to the drawbacks observed during the N-acetylation

of chitosan, Kurita et al. have attempted to process using the

N-acetylation of chitin [12]. They conclude that this

approach allows to succeed only when b-chitin was used.

The N-acetylation of a-chitin, which is the most usual form,

is not feasible in used reaction conditions.

From the comparison of our results with those obtained

elsewhere it is clear that our process allows to prepare chitin

which is highly acetylated, while being applicable to

a-chitin or b-chitin, preserving original crystalline struc-

ture, providing degrees of acetylation as close as possible to

100% without modifying other characteristics as purity or

molar mass. This is due to the fact that chitin isolated from

used sources is fully acetylated. But native chitin from other

organisms may be not fully acetylated, and in this case the

proposed process keeps its advantages because it does not

modify the physico-chemical characteristics of original

chitin (molecular weight and DA).

3.2. Preparation of chitosans with controlled

characteristics

3.2.1. Role of the source

In a previous work, we have demonstrated the influence

of the source on the viscosity-average molar mass of

chitosans [34]. The source has also an influence on the

evolution of the N-deacetylation reactions of chitins and the

DA of resulting chitosans. When chitins from different

sources are submitted to N-deacetylation using Broussignac

process [35], the minimal duration necessary to obtain

preparations soluble in 5% acetic acid depends upon the

chitin source. A reaction time of 1 h is sufficient in the case

of b-chitin from cuttlefish bone or squid pen. In the case of

a-chitin the minimal time is around 2 h for chitin from grey

shrimp and squilla and from 3 to 4 h for chitin from prawn,

pink shrimp and crayfish. Regarding chitin from lobster, red

crab or spider crab, a product which is well soluble in 5%

acetic acid (AcOH) solution was obtained only after 6 or 7 h

of treatment.

The results obtained in the case of a-chitin allow to

notice that the minimal duration time necessary to reach a

product soluble in 5% acetic acid solution is enhanced when

the shell from the source organism is hard (Fig. 4).

We have studied the evolution of the deacetylation

reaction during the first 8 h for chitins from squid pen, grey

shrimp and spider crab. The evolution of the DA as a

function of the reaction time (Fig. 5) shows a behaviour

which differs, particularly during the first 2 h, depending on

the source of chitin. For the same reaction time of 2 h, the

deacetylation efficiency is around of 95% for the chitin from

squid pens, 83.5% for grey shrimp and only 55% for chitin

from spider crab.

Fig. 4. Influence of the source on the solubility in the 5% acetic acid solution of chitosan from chitin deacetylation.

Fig. 5. Influence of the chitin source on the evolution of the deacetylation

reaction performed according to the Broussignac process.
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3.2.2. Role of the N-deacetylation process

In our previous works [33,34,52], we have studied the

preparation of chitosan using two processes, the Brous-

signac process with potassium hydroxide (KOH) in an

anhydrous medium or the Kurita process with sodium

hydroxide (NaOH) in aqueous medium. In case of b-chitin

from squid pen, the N-deacetylation with sodium hydroxide

in aqueous medium was performed faster and chitosan

samples with low DA and high molecular weights were

obtained at more moderate conditions (NaOH 40%,

T ¼ 80 8C) as compared to Broussignac process. However,

when a-chitin from crustacean shells was used the opposite

behaviour was observed: the Broussignac process presents

the advantage to provide chitosan with better quality (higher

molecular weight and smaller DA) in only one short stage

(2 h for shrimp, 4 h for squilla and 7–8 h for spider crab)

when the Kurita process does not allow to reach a large

deacetylation (in the same concentration (50% KOH) and

temperature (120 8C) conditions) without larger reaction

time and a larger degradation of the polysaccharide chain

(Table 8). These results are unexpected because in the

literature the Kurita procedure was considered as the most

common process and reaction conditions are clearly more

moderate [39,49,53–59]. We have indeed examined a large

number of combinations of these reaction conditions used in

so-called typical processes using NaOH concentrations

from 40 to 50%, temperatures from 80 to 100 8C and

reaction times from 6 to 12 h with a-chitins totally

acetylated from shrimp or squilla (as demonstrated

previously [52], see also Table 8). The following of the

reactions shows unambiguously that such conditions do not

allow to reach well soluble product in 5% AcOH solution.

The DA values determined from potentiometric titration for

aliquots taken off between 6 and 10 h are generally larger

than 30%. We have strong reasons to think that such

conditions were applied to b-chitins or to the deacetylation

of low acetylated chitosans but they cannot be generalised to

a-chitins which are initially largely acetylated. When the

deacetylation reaction in these two media was considered,

the observed differences may be related to:

† the larger solubility of NaOH in aqueous media

compared to KOH in ethanol/monoethylene glycol

mixture. The dielectric constant of water was equal to

80.1 at 298 K and to 25.3 in ethanol or 41.4 in

monoethylene glycol,

† the development of ionic charges which appear in the

transition state of the deacetylation reaction of which

first step would be a nucleophilic addition of amide

function on carboxyl group. This development of

charges was favoured by the high value of the

dielectric constant of NaOH aqueous solution com-

pared to anhydrous KOH one.

To put in evidence the behaviour of a-chitin towards

sodium hydroxide we have followed the deacetylation

reaction of a-chitin during the first 10 h comparing the two

used processes. Results concerning the shrimp, for example,

show that it is obvious that the deacetylation with aqueous

NaOH was very slow for these reaction times (Fig. 6). A

complete solubility in 5% AcOH solution and a DA of 16%

were obtained after 2 h when anhydrous KOH was used and

similar values are obtained after only 8 h with aqueous

NaOH process. For higher reaction times using Kurita

process, a high deacetylation was observed at the expense of

the molecular weight of chitin and its quality. All the

samples are coloured and molecular weight was five times

smaller than those obtained with Broussignac process for

similar reaction times. The reactional behaviour of a-chitin

in NaOH aqueous media reveals two phases: a first one

(during the first 10 h) during which the deacetylation is very

slow and then a second one (for reaction times larger than

10 h) where deacetylation and degradation are very quick. A

DA as low as obtained with the Broussignac process was

obtained with Kurita process after only 11 h. It may be

suggested that the large and quick deacetylation observed

during the second phase (in NaOH aqueous media) is

preceded by morphological modifications of a-chitin

leading to amide groups being more accessible to sodium

hydroxide than in the first phase. The induction of such

Table 8

Influence of the deacetylation process on physico-chemical characteristics

of obtained chitosan

Chitin source Reaction time

(h)

KOH 50%,

120 8Ca

NaOH 50%,

120 8Ca

DA

(%)

Mv
b

(g/mol)

DA

(%)

Mv
b

(g/mol)

Squilla 4 9.2 150,000 47 Insoluble

10 5.7 126,000 4.2 23,000

Grey shrimp 4 10.5 127,000 51c Insoluble

6 9.9 112,000 39c Insoluble

7 8.8 111,000 28c Insoluble

12 6.1 92,600 3 45,000

a A mixture of solid potassium hydroxide (50 w/w%), 96% ethanol (25

w/w%) and monoethylene glycol (25 w/w%) or aqueous sodium hydroxide

solution (50% by weight).
b The viscosity-average molar mass was determined at 25 8C using as

solvent: 0.3 M AcOH/0.2 M AcONa.
c DA determined from acido-basic titration; the other values were

determined from 1H NMR.

Fig. 6. Influence of the process on the evolution of deacetylation of a-chitin

(from grey shrimp).
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modifications would be quicker in the ethanol–glycol

mixture than in water and would be related to a different

swelling in these two different media.

3.2.3. Effect of the introduction of NaBH4 and thiophenol in

the reaction medium

The literature data [3,59] show that the addition of

sodium borohydride (NaBH4) to the reaction medium

ensures a protective action against the chain degradation.

It reduces, at the end of the polysaccharide chain, the

terminal aldehyde in alditol group. In the goal to improve

the molecular weight of prepared chitosans we have studied

the use of NaBH4 when it is combined to the positive effect

of the multi-stage process as previously demonstrated [33].

When the deacetylation reaction was performed in aqueous

NaOH solution, the chitosan samples obtained from a-chitin

(shrimp) or b-chitin (squid pen) are distinguished from

these prepared without NaBH4 by their white colour and

their largest molecular weights. The combined effects of the

multi-stage process and the addition of NaBH4 allow an

improvement of the characteristics with a ratio which may

reach 300% (Table 9). We have particularly observed a very

good quality of chitosan samples: they are completely

deacetylated (Fig. 7) and have very large molecular weights.

But when the deacetylation was carried out with

alcoholic KOH solution, the addition of NaBH4 does not

allow to improve the molecular weight of the obtained

chitosan. The observed effect leads to be negative,

particularly for the DA (Table 10). We have thought

about thiophenol and supposed that its addition substituting

NaBH4 should be more adapted to an anhydrous deacetyla-

tion. The thiophenol, although not being a reducing agent,

was mentioned by Rinaudo et al. [60] as being efficient to

minimise the polymer degradation during deacetylation

reactions with aqueous NaOH. The different reactions we

proceed have not demonstrated that the addition of

thiophenol in anhydrous KOH solution does improve the

molecular weight of chitosans after deacetylation reactions.

On the contrary samples with lower molecular weights and

larger degrees of acetylation were obtained (Table 11).

3.2.4. Influence of the quality of original chitin and

extraction process

In the literature there is a tendency to focus particularly

on the deacetylation process, which leads to suppose that a

given process, applied to a given chitin, may be generalised

for every chitin without changing the reaction conditions

and give the same result (considering molecular weight and

Table 9

Preparation of chitosan with controlled characteristics. Influence of process and of the addition of NaBH4 on the degree of acetylation and the viscosity-average

molar mass

Original chitin Deacetylation process Acetylation degree

(DA; %)

Intrinsic viscosity

([h ]; ml/g)

Viscosity-average molar mass

(Mv; g/mol)

NaOH

(w/w%)

T

(8C)

Duration

(h)

Addition NaBH4

b Chitin, squid pen, DA: 100% 40 80 9 2 17 1127 298,000

40 80 3 h £ 3 2 1 1675 500,000

40 80 3 h £ 3 þ 0 2027 644,000

40 80 6 2 20 1368 384,000

40 80 3 h £ 2 2 3 1906 590,000

40 80 3 h £ 2 þ 5 2917 1040,000

a Chitin, grey shrimp, DA: 100% 50 120 12 2 3 269 45,000

50 120 6 h £ 2 2 3.9 430 84,000

50 120 6 h £ 2 þ 1.8 679 153,000

50 120 4 h £ 3 þ 1 658 147,000

50 120 3 h £ 4 þ 0 667 149,000

50 120 3 h £ 3 þ 1 801 190,000

þ : presence of NaBH4; 2 : absence of NaBH4.

Table 10

Effect of the addition of NaBH4 in the reaction medium when the chitin deacetylation was carried out using KOH in anhydrous solution according Broussignac

process

Chitin source KOH 50%; T ¼ 120 8C Acetylation degree (DA, %) Viscosity-average molar mass (Mv, g/mol)

Duration (h) NaBH4

Grey shrimp (a chitin) 6 2 9.9 112,000

6 þ 15.4 108,000

Squid (b chitin) 1 h £ 3 2 5 248,000

1 h £ 3 þ 7.5 206,000

þ : presence of NaBH4; 2 : absence of NaBH4.
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DA). We have shown that besides the process, the role of the

source of chitin is essential and moreover its quality. As an

example, when the deacetylation Kurita process was

performed on b-chitin from squid pens isolated according

to Kurita conditions the observed molecular weights were

distinctly smaller than those obtained when chitin was

isolated according our process (Table 12). The isolation

conditions used by Kurita, too severe, affect the resulting

chitin and it is normal that a decrease of the molar mass of

the corresponding chitosan was observed.

Within the isolation process we have finalised, the

influence of the order of the different steps related to

the elimination of proteins and minerals on the quality of the

isolated chitin and corresponding chitosan was studied. The

obtained results when the demineralization was preceded by

deproteinization allow to observe that concerning the chitin,

Fig. 7. A and B. 1H NMR spectra of chitosans prepared from b-chitin (40% NaOH solution in presence of NaBH4 under nitrogen atmosphere at 80 8C, 3 h £ 2

(A, DA ¼ 5%) and 3 h £ 3 (B, DA ¼ 0%), C: 1H NMR spectra of chitosan prepared from a-chitin (50% NaOH solution in presence of NaBH4 under nitrogen

atmosphere at 120 8C, 3 h £ 4 (DA ¼ 0%)).
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the residual content in mineral elements stays high when for

the chitosan a slight increase of the molecular weight of the

chitosan and a larger DA were observed. On the other hand,

the pigment elimination step applied to b-chitins leads to

chitosan with a molecular weight clearly higher than which

obtained when chitin was first submitted to a bleaching step

(Fig. 8). The average molecular weight is related with

intrinsic viscosity by the Mark Houwink law ð½h� ¼ KMaÞ:

The larger the intrinsic viscosity, the larger the molecular

weight. In fact, we estimate that it is not necessary to

proceed to bleaching when the extracted chitin will be used

to prepare chitosans. This observation allows to think that it

may be still possible to improve the physico-chemical

characteristics of chitosans prepared from a-chitins.

4. Conclusion

As a synthesis of this work we have shown that the

isolation process of chitin we have proposed presents the

advantages to be adaptable to any source when native chitin

is associated with minerals and/or proteins and to supply

pure, white chitins which keep their original properties

(molecular weight and DA). We may consider that the

Table 11

Effect of the addition of thiophenol in the reaction medium when the chitin deacetylation was carried out using KOH in anhydrous solution according

Broussignac process

Chitin source KOH 50%; T ¼ 120 8C Acetylation degree (DA, %) Viscosity-average molar mass (Mv, g/mol)

Duration (h) Thiophenol

Squid (b chitin) 1 h £ 3 2 5 248,000

1 h £ 3 þ 8 180,000

1 h £ 2 2 5 29,000

1 h £ 2 þ 9 266,000

þ : presence of thiophenol; 2 : absence of thiophenol.

Table 12

Role of the chitin isolation process on the chitosan characteristics

Duration of deacetylation with NaOH 40% w/w; 80 8C Chitosan from chitin 1 Chitosan from chitin 2

DA (%) [h ] (ml/g) Mv (g/mol) DA (%) [h ] (ml/g) Mv (g/mol)

3 h £ 2 3 1906 590,000 4.5 1327 369,000

3 h £ 3 3 1675 500,000 1 750 174,000

Chitin 1. Tolaimate et al. process: demineralization with 0.55 M HCl, 2 h £ 2, ambient temperature; deproteinization: 0.3 M NaOH, T ¼ 80 8C, 1 h £ 2;

chitin 2. Kurita et al. process: demineralization with 1 M HCl, one night, ambient temperature; deproteinization: 2 M NaOH, one night at ambient temperature

then 4 h at 100 8C.

Fig. 8. Influence of the order of isolation and bleaching steps on the molar mass of chitosan reflected by intrinsic viscosity (example of grey shrimp). B:

demineralization, deproteinization then bleaching, Mv ¼ 111,000 g/mol, DA ¼ 9.9%; A: deproteinization, demineralization then bleaching, Mv ¼ 123,000

g/mol, DA ¼ 13%; O: demineralization, deproteinization, no bleaching, Mv ¼ 207,000 g/mol, DA ¼ 9.9%.
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prepared chitins with such a process are the purest ever

obtained using an isolation process.

We have also studied the role of parameters which

determine the quality of a chitosan sample. We have

particularly shown that these characteristics, which have to

be evaluated using exact and reliable methods, are

influenced by many factors introduced at each stage of its

preparation. Besides the different parameters related to the

deacetylation process, the nature of the source, the physical

structure of original chitin and its isolation process are also

factors which determine the final characteristics of the

chitosan sample.

The adjustment of these different factors allows to

prepare chitosans with controlled physico-chemical charac-

teristics either from a-chitins from crustaceous, or b-chitin

from squid pens. We have prepared pure samples with a

large range of molecular weight and DA.

But b-chitin, compared with a-chitin, allows to prepare a

larger range of chitosan samples (Fig. 9). The experimental

conditions to prepare completely deacetylated chitosan with

large viscosity-average molar masses (600,000–106 g/mol)

were determined which is very interesting in the objective to

prepare highly deacetylated chitosan with low polymer

degradation.
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