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Abstract Extraction and depolymerisation of chitin and

chitosan from shrimp waste material was carried out using

fish proteases aided process. A high deproteinization level

(80 %) was recorded with an Enzyme/Substrate ratio of

10 U/mg. The demineralization of shrimp waste was com-

pletely achieved within 6 h at room temperature in HCl

1.25 M, and the residual content of calcium in chitin was

below 0.01 %. The degree of N-acetylation, calculated from

the 13C CP/MAS-NMR spectrum, was 85 %. The chitin

obtained was converted to chitosan by N-deacetylation.

X-ray diffraction patterns also indicated two characteristics

crystalline peaks approximately at 10� and 20� (2h). Chito-

san was then evaluated in the treatment of unhairing effluents

from the tanning industry. A result showed that chitosan as a

coagulant has good performance in alkaline pH and at con-

centration of 0.5 g/L. Within these conditions, chitosan

could decrease turbidity value, total suspended solids (89 %

at 1.5 g/L), biological oxygen demand (33.3 % at 1.5 g/L)

and chemical oxygen demand (58.7 % at 1.5 g/L).

Keywords Fish proteases � Chitin � Chitosan �
Enzymatic process � Unhairing effluents

Introduction

About 45 % of processed seafood consists of shrimp, the

waste of which is composed of exoskeleton and cephalo-

thoraxes [1, 2], The latter has become a problem for the

environment. This waste represents 50–70 % of the weight

of the raw material; however it contains valuable compo-

nents such as protein and chitin [3, 4].

Chitin, the second most abundant biopolymer next to

cellulose and its derivatives like chitosan, carboxymethyl

chitin, etc., are widely recognized to have immense applica-

tions in many fields [5]. They are widely used in the food

industry, medicinal fields, chemical industries, textiles, water

treatment plants, etc. [6, 7]. Glucosamine is another value-

added product prepared from chitin by hydrolysis and it has

versatile applications in pharmaceutics [8]. The advantages

for the greater use of these biopolymers in various industries

are cost of the manufacturing process and the technical [9].

The commercial method of preparation of chitin from shrimp

shell involves strong acid and alkali treatment to remove the

minerals and proteins, respectively [10]. However, the use of

these chemicals causes depolymerisation of the product and

therefore affects properties such as molecular weight, vis-

cosity and degree of deacetylation [5]. These chemical

treatment methods ring about hazardous environmental

problems like disposal of wastewater. The cost of the chem-

icals is another drawback of this approach.
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Potential and usual applications of chitin and its deriv-

atives, mainly chitosan, are estimated to be more than 200

[11]. These biopolymers have antimicrobial activity,

besides being biocompatible and biodegradable [12–14].

They display a wide range of applications in different

fields, e.g. in cosmetics, agriculture, food, pharmacy, bio-

medical, paper industry and also as absorbent materials for

wastewater treatment [15–17]. Chitosan has been used to

modify the surface of nonwoven fabrics and polypropylene

films to improve antimicrobial properties [18, 19].

Chitosan also possesses several intrinsic characteristics

that make it an effective coagulant and/or flocculant for the

removal of contaminants in the dissolved state [14, 20, 21]. It

has characteristics of both coagulants and flocculants, i.e.,

high cationic charge density, long polymer chains, bridging

of aggregates and precipitation (in neutral or alkaline pH

conditions). Its uses are justified by two important advanta-

ges: firstly, its non-toxicity and biodegradability [22]; sec-

ondly its outstanding chelation behaviour [23, 24]. Its unique

physico-chemical properties render it very efficient in

interactions with various contaminants including both par-

ticulate and dissolved substances. These properties have been

exploited for the design of coagulation/flocculation pro-

cesses applied to the treatment of various effluents. For

example, chitosan has been successfully used, for precipita-

tive flocculation at pH above the pKa of the macromolecule,

in the treatment of mineral and organic suspensions [25–27]

and the coagulation of negatively charged contaminants in

acidic solutions containing dyes [28] or humic acid [29, 30].

The main reasons for the success of biopolymers such as

chitosan in wastewater treatment using coagulation/floccu-

lation processes are: chitosan has the advantage of being non

corrosive and safe to handle well (non hazardous product, not

irritating for skin and eyes…) [22, 31].

The main objective of the present work is to isolate the

useful polymer chitin from the waste by-products of the

seafood industry in Tunisia using fish proteases aided

process. The obtained chitin will be characterized and

deacetylated to the more useful chitosan, which was used

for the treatment of effluent from tannery industry.

Materials and Methods

Raw Material

The shrimp (Penaeus longirostris) shell from cephalotho-

rax, abdomen and appendix were obtained in fresh condi-

tion from a local shrimp processing plant ‘‘Calembo’’ at

Sfax, Tunisia. Prior to use, the shrimp shells were thor-

oughly washed with distilled water and grounded. The

shells were then stored at -20 �C until further use.

The barbel (Barbus callensis) used in the present work

were obtained from Barrage SIDI SAAD, Kairouan,

Tunisia. The samples were packed in polyethylene bags,

placed in ice [sample/ice ratio of about 1:3 (w/w)], and

transported to the laboratory within 2 h after collection.

The internal organs were separated and then stored in

sealed plastic bags at -20 �C.

Preparation of Alkaline Crude Protease Extract

Crude protease extract was prepared according to the

method of Sila et al. [32]. Viscera from B. callensis were

washed with water then with buffer A (10 mM Tris–HCl,

pH 8.0). The cleaned viscera (100 g) were defatted by

homogenization with cold acetone at a ratio of 1:2 (w/v) for

30 s using a Moulinex R62 homogenizer (Organotechnie,

Courneuve, France). The homogenate was filtered using

Whatman No. 4 paper. The acetone insoluble material was

washed three times with cold acetone and then dried at

room temperature overnight. The acetone dried powder

was homogenized for 2 h with buffer A at 4 �C (at a

concentration of 1:10 (w/v)). The homogenate was centri-

fuged (MED-instrument MPW-350 R) at 8,5009g and

4 �C for 30 min. The resultant supernatant was collected

and used as the crude protease extract.

Chemical Analysis

The moisture and ash content were determined according

to the AOAC [33] standard methods 930.15 and 942.05,

respectively. Total nitrogen content was determined by

using the Kjeldahl method. Protein was estimated by

multiplying total nitrogen content by the factor of 6.25.

Lipids were determined gravimetrically after Soxhlet

extraction of dried samples with hexane.

Deproteinization of Shrimp Wastes by Fish Proteases

Shrimp wastes were mixed with water at a ratio of 1:2

(w/v), minced then cooked for 20 min at 90 �C. The cooked

sample was then homogenized in a Moulinex� blender for

about 2 min. The pH of the mixture was adjusted to 8.0.

Then, the shrimp wastes proteins were digested with barbel

proteases using different E/S ratio (Units of enzyme/mg of

protein). Enzyme activity expressed as units was calculated

according to Khembavi and Kulkarni [34]. Protein content

was determined by Kjedahl method.

After incubation for 3 h at 40 �C, the reaction was

stopped by heating the solution at 90 �C during 20 min to

inactivate the enzyme. The shrimp wastes protein hydrol-

ysates were then centrifuged at 5,000g for 20 min to sepa-

rate insoluble and soluble fractions. The solid phase was
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washed and then dried for 1 h at 60 �C. The supernatant was

lyophilized and used for analysis of protein concentration.

Deproteinization (DP) was expressed as percentage and

computed by the following equation as described by Rao

et al. [35].

%DP ¼ PO � Oð Þ � PR � Rð Þ½ � � 100

PO � O

where PO and PR are protein concentrations (%) before and

after hydrolysis; while, O and R represent the mass (g) of

original sample and hydrolyzed residue in dry weight basis,

respectively.

Demineralization

Demineralization was carried out in a dilute HCl (1.5 M)

solution. Solid fractions obtained after hydrolysis by barbel

proteases were treated with HCl in 1:10 (w/v) ratio for 6 h

at room temperature (25 �C) under constant stirring. The

chitin product was filtered through four layers of gauze

with the aid of vacuum pump and washed to neutrality with

deionized water and then freeze-dried.

13C CP/MAS-NMR Spectroscopic Analysis

Chitin structural analysis was carried out by 13C NMR with

CP/MAS technique (cross-polarization, magic-angle-spin-

ning) using a BRUKER-ASX300 instrument. NMR spectra

were recorded at a 13C frequency of 75.5 MHz (field of

7.04 T). CP/MAS sequence was used with the following

parameters: the 13C spin lattice relaxation time was 5 s,

powdered samples were placed in an alumina rotor used for

the double air-bearing-type MAS system and spun as fast

as 8 kHz. Contact time was 8 ms.

The degree of acetylation (DA) of the samples was

determined by dividing the intensity of the resonance of the

methyl group carbon by the average intensity of the reso-

nances of the glycosyl ring carbon atoms. The DA was

calculated using the following relationship Ottøy et al. [36]

DA %ð Þ ¼ 100� I CH3½ �
I C1½ �þ I C2½ �þ I C3½ �þ I C4½ �þ I C5½ �þ I C6½ �ð Þ=6

(I is the intensity of the particular resonance peak).

Deacetylation of chitin

The purified chitin was treated with 50 % (w/v) NaOH at

80 �C for 4 h until it was deacetylated to chitosan. After

filtration, the residue was washed with distilled water and

the crude chitosan was obtained by drying in a dry heat

incubator at 50 �C overnight.

X-Ray Diffraction (XRD) of Chitosan

The X-ray diffraction pattern of chitosan was recorded at

room temperature on a X-ray diffractometer (D8 advance,

Bruker, Germany). The data were collected in the 2h range

2–70� with a step size of 0.02� and a counting time of

5 s/step.

Efficiency of Chitosan in the Treatment of Unhairing

Effluents from the Tanning Industry

Raw Unhairing Wastewater

The wastewater used in this study was collected from a

Tunisian operating tanning factory. The wastewater sam-

ples were collected from the liming processes of cow and

sheep hides. Effluents were filtered through 140 lm mesh

sieves to remove hair, pieces of skin, and fats. After col-

lection, samples were stored in the dark at 4 ± 1 �C until

use.

Jar tests

The coagulation–flocculation experiments were carried out

in a jar test apparatus (OSK-Japan) with a six jars. The

wastewater after a well mixing was allowed to settle for

30 min [37] and the supernatant was transferred to a clean

container. Precise doses of flocculants aluminium poly-

chloride and a precise doses of coagulants including alu-

minium sulphate (Al2(SO4)3) and chitosan, were added to

500 mL jars containing 250 mL of wastewater. A series of

jar tests were carried out as follows: first rapid mixing stage

carried out on jars at 100 rpm for 2 min and then slow

mixing stage carried out at 30 rpm for 20 min and finally

the solutions were settled for 30 min [37, 38]. The pro-

duced supernatants were used for the measurement of

remained COD, TOC, BOD5 and TSS.

Experimental Design

Factors such as type and dose of coagulant influence the

coagulation–flocculation process. In addition to these fac-

tors, stirring speed, stirring time, settling time, and tem-

perature are effective, too. However, in this work the last

ones considered constant and the effect of first ones (type

and dose) were investigated. The tests were conducted at

average room temperature of 25 �C. The samples of

wastewater were transferred in succession to the six jars.

Chitosan and aluminium sulphates of 0.5, 1.5, and 2 g/L

were added to the jars, respectively. For each jar a con-

centration of flocculent was added to the wastewater

sample.

80 J Polym Environ (2014) 22:78–87

123



Analytical Procedures

The influent and effluent quality parameters including

COD (Chemical Oxygen Demand), BOD5 (Biological

Oxygen Demand) and TSS (Total suspended Solids) were

determined according to standard methods [39]. Total

organic carbon (TOC) was measured by a Shimadzu-TOC-

5000A analyzer (catalytic oxidation on Pt at 680 �C) via

calibration using standards of potassium phthalate accord-

ing to standard methods described in the Japanese Inter-

national Standard (JIS) handbook (JIS, 1998).

Phytotoxicity Study

Unhairing effluent phytotoxicity was assessed for untreated

unhairing wastewater and treated effluent with chitosan and

aluminium sulphate against seed germination of tomato

(Lycopersicon esculentum). Phytotoxicity was determined

using a modified Zucconi test [39, 40] by measuring seed

germination. Thirty seeds were placed on filter papers in

9 cm Petri dishes and 5 mL of each sample were then

added to each dish. Dishes were incubated in the dark at

26 ± 2 �C for 5 days. Distilled water was used as control.

All samples, including controls, were triplicated. A ger-

mination index (GI) was calculated according to the fol-

lowing formula:

GIð%Þ ¼ SS

SC

� �
� LS

LC

� �
� 100

Where SS, SC are the number of germinated seeds of the

sample and the control, respectively, and LS, LC, are the

average root length of seeds for the sample and the control,

respectively.

Statistical Analysis

All experiments were carried out in triplicate, and average

values with standard deviation errors are reported. Mean

separation and significance were analyzed using the SPSS

software package (SPSS, Chicago, IL). Correlation and

regression analysis was carried out using EXCEL program.

Results and Discussion

Extraction of Chitin from Shrimp Waste

Chitin in the exoskeleton of shrimp shells is closely associ-

ated with proteins. Therefore, deproteinization in chitin

extraction process is crucial. Chemical treatment requires the

use of HCl and NaOH, which can cause deacetylation and

depolymerization of chitin. Many reports have demonstrated

the application of proteolytic microorganisms for the

deproteinization of marine crustacean wastes to produce

chitin [41, 42]. To the best of our knowledge, there are no

available reports on the enzymatic deproteinization of shrimp

wastes by fish proteases. The crude protease extract from

barbel viscera was applied for the deproteinization of shrimp

waste to produce chitin. Different E/S ratios (0.5, 1, 3, 5, 10

and 15 U/mg protein) were used to compare the deprotein-

ization efficiency. As shown in Fig. 1, the deproteinization

rate with a ratio of 10 was 80 %. Beyond a ratio of 10, no

significant increase in the deproteinization rate was

observed. The deproteinization activity of barbel crude pro-

teases was better than many bacterial proteases reported in

many previous studies [9, 43, 44]. The fact that deprotein-

ization cannot reach 100 % may be explained by the non-

accessibility of enzymes to some proteins protected by chitin.

In the recovery of chitin from shrimp waste, associated

minerals should be removed as a second stage. As a con-

sequence, shrimp wastes deproteinized by enzymatic

treatment was subjected to mild acid treatment in order to

remove minerals. The demineralization was completely

achieved within 6 h at room temperature after treatment

with 1.25 M HCl solution at a ratio of 1:10 (w/v). One of

the factors determining the good quality of chitin is the low

mineral content [45].

Chitin Characterization

The characteristics of shrimp waste and chitin that was

prepared by enzymatic treatment are shown in Table 1.

The ground shrimp wastes before pre-treatment contained a

relatively high content of protein (31.3 ± 0.61 %) and ash

(28.61 ± 0.79 %). These results are comparable with those

reported by previous studies [46, 47]. The demineralization

conditions used in this study reduce the mineral content to

permissible limits in the chitin. Indeed, the ash content was

reduced to about 0.22 %. This value was lower than that

found by Sini et al. [5]. This low ash content for chitin

Fig. 1 Effect of the E/S ratio on the deproteinization of shrimp waste
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indicated the suitability of removal of calcium carbonate

and other minerals from the raw material. The residual

protein content must be corrected, and the percentage of

the non-protein nitrogen fraction (nitrogen from chitin)

must be withdrawn from the total nitrogen value as

reported by Rødde et al. [48].

13C CP/MAS-NMR Spectroscopic Analysis

of Extracted chitin

The structure of the chitin and its purity was evaluated by

using 13C CP/MAS solid-state NMR spectroscopy. 13C CP/

MAS-NMR spectrum of the chitin sample prepared by

enzymatic treatment is shown in Fig. 2. Each spectrum

consisted of eight well-defined resonances of C1–C6 car-

bons of the N-acetylglucosamine monomeric unit, which

were observed between 50 and 110 ppm, indicating high

structural homogeneity. The C=O signal appears as a sharp

and symmetric profile indicating a unique conformational

state, typical of a-chitin structure. In addition, the 13C

signals for C3 (72.88 ppm) and C5 (73.69 ppm) are clearly

separated into two signals. These are similar to the com-

mercial a-chitin and to chitins reported by Cardenas et al.

[49] and Focher et al. [50]. However, for the b-chitin from

Illex argentinus squid pens, the C3 and C5 merge into

single resonance centered at 75.0 ppm [51]. The degree of

acetylation is the most important characteristic of chitin,

and its value depends on the raw material and the processes

used for the deproteinization and demineralization. Solid-

state 13C CP/MAS-NMR spectroscopy appears to be suit-

able for the evaluation of the degree of acetylation [52] and

is known to be very sensitive to changes in the local

structure. The degree of acetylation from the NMR spectra

Table 1 Properties of the chitin prepared by enzymatic treatment

with barbel proteases

Composition (%) Shrimp waste Chitin

Moisture 66.2 3.78 ± 0.31

Ash 28.61 ± 0.79 0.22 ± 0.01

Protein 31.3 ± 0.61 7.41 ± 0.52

Apparence Pink White flaskes

pH 7.38 6.81

Yield – 17.24 ± 0.87

Degree of acetylation – 85

Fig. 2 13CP/MAS NMR

solid-state spectra of chitin

deproteinized by barbel

proteases (a) and commercial

a-chitin (b)
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of chitin isolated by enzymatic deproteinization was 85 %

(Table 1). These values are similar to those obtained for

the chitin produced using B. subtilis fermentation [5] and

chitin from shrimp Crangon crangon shells deproteinized

by Alcalase� [53]. Compared with the commercial a-chitin

[54], the obtained chitin was more deacetylated.

Preparation of Chitosan

The deacetylation degree, molecular weight and also the

order of its repetitive units are important parameters for

chitosan, as they affect its properties [55]. The deacetyla-

tion degree of chitosan is important for its use in the

industry. From this regard, certain researchers [56, 57]

suggested that the term chitosan should be used when the

degree of deacetylation is above [70 %. In the present

study, the deacetylation degree of the extracted chitosan

was determined as 85 %.

Figure 3a shows the chitosan spectrum, in which the

deacetylation of chitin is evident, since there are no peaks

at 23 and 173 ppm that correspond to the CH3 and C = O

groups, respectively. The other peaks correspond to C1

(105.3 ppm), C2 (57.9 ppm), C3 (75.8 ppm), C4

(82.3 ppm), C5 (75.8 ppm) and C6 (61.1 ppm). C3 and C5

peaks appear as an only signal at 75.8 ppm. The presence

of a peak at 33.5 ppm (not expected), could be due to the

presence of a possible by–product or impurity in the

sample (Fig. 3a).

The X-ray diffraction pattern for chitosan was given

between 10 and 60 of 2h in Fig. 3b. The prepared chitosan

has two peaks at 2h = 10 and at 2h = 20. In the literature,

many XRD patterns of chitosan have two characteristic

peaks which are usually around 2h = 10 and 2h = 20 [58].

Effects of Chitosan and Aluminium Sulphate

on the Treatment of Unhairing Effluents

Leather tanning generates many complex and high-loaded

effluents that require treatment before being discharged

into receiving waters [38]. The main characteristics of
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Fig. 3 13CP/MAS NMR solid-

state spectra (a) and X-ray

diffraction patterns of chitosan

extracted from shrimp waste (b)

J Polym Environ (2014) 22:78–87 83

123



tannery effluents are high organic loading, high ammonia

and organic nitrogen content and the presence of specific

inorganic compounds (sulphide, chromium, sodium chlo-

ride, etc.). In particular, the unhairing stage associated with

beam house processes generates a highly toxic, alkaline

wastewater containing high concentrations of proteins,

sulphide, suspended solids and salts (e.g. sodium chlorine)

[59]. In this study the wastewater used was collected from a

Tunisian operating tanning factory.

Coagulation is mainly induced by inorganic metal salts,

e.g., aluminium and ferric sulphates and chlorides. The

most common additives are aluminium sulphate (generally

known as alum), ferric chloride and ferric sulphate [22, 60].

The addition of these cations results in colloidal destabi-

lization, as they specifically interact with and neutralise the

negatively charged colloids. Chitosan has unique properties

among biopolymers especially due to the presence of pri-

mary amino groups and it is a commercially interesting

compound because of its high nitrogen content in com-

parison to cellulose [3]. The main parameters influencing

the characteristics and properties of chitosan is the degree

of deacetylation (DD), representing the molar fraction of

deacetylated units, and crystallinity [61, 62]. Chitosan is

widely applied in water and wastewater treatment because

it can be conditioned and used for pollutant complexation

in different forms.

COD and BOD5 Removals

Figure 4 shows the percent removal of COD and BOD as a

result of unhairing wastewater treatment by coagulation–

flocculation process. Figure 4a depicts the variation of

COD removal with different doses of chitosan and alu-

minium sulphates coagulants. Result showed that, at a

dose of 0.5 g/L, chitosan results in a maximum COD

removal of 53 %, while aluminium sulphate leads to a

minimum COD removal efficiency of 24 %. COD removal

efficiencies increased as the sulphate aluminium coagulant

dose increased. Indeed, maximum COD removal of

58.7 % was reached at a 1.5 g/L, compared with the

lowest COD removal of 24 %, attained at a concentration

of 0.5 g/L. However, the minimum dose of 0.5 g/L

chitosan was sufficient to obtain higher COD removal. In

the same context, Haydar and Aaziz [63] showed that

COD removal varied between 53.3 and 60.9 % during

coagulation of tannery wastewater by alumine in the range

dose of 200 and 240 mg/L. Whereas, Song et al. [37]

showed that COD removal varied between 15 and 35 %

for the range dose of aluminium sulphate 400–1,200 mg/L

at pH 8, during tannery wastewater. These results can be

explained by the fact that the quality of raw tannery

wastewater affects on the efficiency of coagulation process

[36]. The optimum dose of coagulant is dependent on the

amount of parameters such as TSS, TDS and concentration

of pollutants (Cr, S2
-, N, etc.), so it is better determined

by jar test [37, 64].

The removal of BOD5 (Fig. 4b) does not compare well

with that of COD during coagulation assay. Thus, the

BOD5 removals efficiencies raises as both aluminium sul-

phate and chitosan coagulants concentration increased.

Indeed, maximum BOD5 removal of 33.3 and 27.7 % was

reached with 1.5 g/L of sulphate alumine and chitosan,

respectively, compared with the lowest COD removals of

14 and 11 % attained at 0.5 g/L of sulphate aluminium and

chitosan, respectively.

TOC Removal

Figure 5 depicts the TOC removal efficiency after treat-

ment with coagulation–flocculation process of unhairing

wastewater. Result showed that chitosan dose of 1 g/L is

enough to achieve important TOC removals (31 %).

However, the dose of sulphate aluminium affects the TOC

removal. Thus, it reaches its maximum at the highest tested

dose of 1.5 g/L. The comparison of sulphate aluminium
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and chitosan effects showed that the TOC removal effi-

ciencies are 20.6 and 34.4 % for a 1.5 g/L, respectively.

Therefore, chitosan, which have biological origin, is more

efficient as coagulant than the aluminium sulphate.

TSS Removal

Figure 6 shows that chitosan and sulphate aluminium

coagulants contributed to TSS removal of 89 and 68 % at a

dose of 1.5 g/L, respectively. Thus, chitosan is more effi-

cient coagulant than aluminium sulphate to remove sus-

pended solid. Furthermore, the important SS removal was

obtained from a dose of 0.5 g/L when using chitosan as

coagulant. However, the SS removal increased as the

concentration of sulphate aluminium increased. Thus, SS

removals are 32, 50 and 68 % after adding 0.5, 1 and

1.5 g/L of aluminium sulphate, respectively. It is noted that

the effects of both tested coagulants on the SS removal is

more significant than that on COD, BOD and TOC removal

during coagulation–flocculation process. This result proved

that coagulation serves to agglomerate the very small

particles into sizes that are settable or can be removed by

filters or absorption [65].

Phytotoxicity Study (Germination Test)

Toxicity of raw and treated unhairing wastewater was

tested using a seed germination assay. Seed germination of

tomato species was strongly inhibited by raw waste water

and treated wastewater by sulphate alumina coagulant

(Fig. 7). In treated effluent by chitosan coagulant, however,

a high germination index was noticed (98 %). Thus, the

coagulation of unhairing wastewater by chitosan had a

beneficial effect on seeds germination. This is confirmed by

the significant role of chitosan to remove al tested param-

eters such as COD, BOD, TOC and TSS during coagula-

tion–flocculation assay.

Conclusion

In this paper, enzymatic deproteinization process was

applied for chitin recuperation. To our knowledge, the use

of fish proteases for this purpose has never been dem-

onstrated before. Barbel proteases were found to depro-

teinize 80 % of the shell proteins with an Enzyme/

Substrate of 10 U/mg. Chitin obtained by enzymatic de-

proteinizations was then converted to chitosan by

deacytilation.

The work demonstrated that chitosan can be used as

coagulants in the treatment of unhairing effluents. It is

important to correspond that it has natural biological ori-

gin. Also, the minimum used dose (0.5 g/L) of chitosan is

enough to obtain maximum performance.

Acknowledgments This work is a part of a master by Assaad Sila

whose research was supported financially by Ministry of Higher

Education and Scientific Research, Tunisia through a grant to

0

5

10

15

20

25

30

35

40

Concentration (g/l)

T
O

C
 r

em
ov

al
 e

ff
ic

ie
nc

y 
(%

) Chitosan
Aluminium sulphate

0        0.5                    1                    1.5                    2

Fig. 5 Variations in TOC removal with different coagulant concen-

trations of aluminium sulphate and chitosan

0

20

40

60

80

100

Concentration (g/l)

SS
 r

em
ov

al
 e

ff
ic

ie
nc

y 
(%

)

chitosan
aluminium sulphate

0   0.2   0.4   0.6   0.8    1    1.2    1.4    1.6

Fig. 6 Effect of aluminium sulphate and chitosan dose on suspended

Solids (SS) during unhairing wastewater treatment

0

20

40

60

80

100

120

C U T A S T Ch

G
I 

(%
)

Fig. 7 Germination index of, tomato determined on distilled water as

control (C), untreated unhairing wastewater (U) and treated effluent

(T). (T Ch: treated effluent with chitosan and T SA: treated effluent

with aluminium sulphate)

J Polym Environ (2014) 22:78–87 85

123



Laboratoire de Génie Enzymatique et de Microbiologie-ENIS. We

warmly thank Mr. Rachid Hajji (Unité de Recherche de Service
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