
 

 

 UTILIZATION OF SHRIMP WASTE FOR THE RECOVERY OF VALUABLE 
BIOACTIVE COMPOUNDS 

 

 

 

 

 

SUBMITTED IN FULFILMENT OF THE REQUIREMENTS OF THE DEGREE OF 

MASTER OF APPLIED SCIENCE: BIOTECHNOLOGY 

 

FACULTY OF APPLIED SCIENCES 

 DURBAN UNIVERSITY OF TECHNOLOGY 

 

 

NOSIHLE DLAMINI 

 

 

 

 

2018 



 

 

 

DECLARATION 

 
I hereby declare that this dissertation represents my own work. It has not been submitted 

for any diploma/degree or examination at any other Technikon/University. It is being 

submitted for the Degree of Master of Science: Biotechnology, in the Department of 

Biotechnology and Food Technology, Faculty of Applied Sciences, Durban University of 

Technology, Durban, South Africa.  

 

 

 

--------------------------------- 

Nosihle Dlamini 

I hereby approve the final submission of the following dissertation. 

--------------------------------- 

Supervisor 
 

Prof. K. Permaul 
 
 

--------------------------------- 

Co-supervisor 

Prof. S. Singh 

 

This __________day of ____________, 2018, at the Durban University of Technology. 

 



 

 

 

 

 

 

DEDICATION 

 

 

 

 

 

 

To my dad, Ndabivele  

 

 

 

 

 

 



 

 

TABLE OF CONTENTS 

Page 

ACKNOWLEDGMENTS ........................................................................................................ I 

LIST OF FIGURES ............................................................................................................... II 

LIST OF TABLES ................................................................................................................ VI 

ABSTRACT ....................................................................................................................... IX 

1. INTRODUCTION AND LITERATURE REVIEW ................................................................ 1 

1.1 CHITIN ................................................................................................................... 3 

1.1.1 Sources of chitin ................................................................................................ 5 

1.1.2 Processing of chitin from shrimp waste .............................................................. 5 

1.1.2.1 Deproteinization ........................................................................................ 8 

1.1.2.2 Demineralization ........................................................................................ 8 

1.1.2.3 Decolourization .......................................................................................... 8 

1.1.2.4 Deacetylation ............................................................................................. 9 

1.2 CHITOSAN ............................................................................................................. 9 

1.2.1 Characterization of chitosan ............................................................................ 11 

1.2.2 Degree of deacetylation ................................................................................... 11 

1.2.2.1 Viscosity................................................................................................... 12 

1.2.2.2 Formation of films .................................................................................... 12 

1.2.2.3 Antimicrobial properties .......................................................................... 13 

1.3 APPLICATIONS OF CHITIN AND CHITOSAN ............................................................ 14 

1.3.1 Carotenoids ..................................................................................................... 14 

1.3.2 Agriculture ...................................................................................................... 15 

1.4 CHITIN AND CHITOSAN OLIGOSACCHARIDES ........................................................ 16 

1.4.1 Glucosamine and N-acetyl glucosamine ........................................................... 18 



 

 

1.5 ECONOMIC ASPECTS ............................................................................................ 19 

1.5.1 Scope of study ................................................................................................. 20 

1.5.2 Objectives ....................................................................................................... 21 

2. MATERIALS AND METHODS ..................................................................................... 22 

2.1 OPTIMIZATION OF CHITIN AND CHITOSAN PRODUCTION ..................................... 23 

2.1.1 Shrimp shell collection ..................................................................................... 23 

2.1.2 Raw material preparation ................................................................................ 23 

2.1.3 Demineralization ............................................................................................. 23 

2.1.4 Deproteinization .............................................................................................. 24 

2.1.5 Decolourization ............................................................................................... 24 

2.1.6 Deacetylation .................................................................................................. 24 

2.2 PHYSICOCHEMICAL CHARACTERIZATION OF SHELLS, CHITIN AND CHITOSAN ........ 25 

2.2.1 Proximate composition analysis ....................................................................... 25 

2.2.1.1 Moisture content ..................................................................................... 25 

2.2.1.2 Ash content .............................................................................................. 25 

2.2.1.3 Protein content ........................................................................................ 25 

2.2.1.4 Lipid content ............................................................................................ 26 

2.2.2 Mineral content ............................................................................................... 27 

2.2.3 Viscosity .......................................................................................................... 27 

2.2.4 FTIR analysis .................................................................................................... 27 

2.3 HYDROLYSIS OF OLIGOSACCHARIDES FROM CHITIN ............................................. 28 

2.3.1 Preparation of N-acetyl-chitooligosaccharides (NAcCOS) .................................. 28 

2.3.2 TLC analysis of COS fractions ............................................................................ 28 

2.3.3 HPLC analysis of NAcCOS ................................................................................. 28 

2.4 HYDROLYSIS OF OLIGOSACCHARIDES FROM CHITOSAN........................................ 29 

2.4.1 Preparation of chitosan oligosaccharides (COS) ................................................ 29 

2.4.2 TLC analysis of COS fractions ............................................................................ 29 



 

 

2.5 RECOVERY OF CALCIUM CARBONATE ................................................................... 29 

2.5.1 Synthesis of CaCO3 polymorphs ....................................................................... 30 

2.5.2 FTIR analysis .................................................................................................... 30 

2.5.3 Mineral analysis .............................................................................................. 30 

2.6 ISOLATION OF ASTAXANTHIN .............................................................................. 30 

2.6.1 Astaxanthin extraction .................................................................................... 30 

2.6.2 Identification of compounds by thin-layer chromatography ............................. 30 

2.6.3 HPLC analysis ................................................................................................... 30 

2.7 ANTIMICROBIAL ACTIVITY OF CHITOSAN, CHITO-OLIGOSACCHARIDES AND NAcCOS-

OLIGOSACCHARIDES ..................................................................................................... 31 

2.7.1 Strain and culture conditions ........................................................................... 31 

2.7.2 Preparation of chitosan and COS solutions ....................................................... 31 

2.7.3 Antibacterial tests ........................................................................................... 32 

2.8 DEVELOPMENT OF CHITOSAN EDIBLE FILMS ........................................................ 32 

2.8.1 Preparation of films ......................................................................................... 32 

2.8.2 Characterization of the films ............................................................................ 33 

2.8.2.1 Thickness ................................................................................................. 33 

2.8.2.2 Optical properties of films ........................................................................ 33 

2.8.2.3 Water solubility ....................................................................................... 33 

2.8.2.4 Film microstructure .................................................................................. 34 

2.8.2.5 Fourier transform infrared spectroscopy (FTIR) ......................................... 34 

2.8.2.6 Thermogravimetric analysis (TGA) ............................................................ 34 

2.8.2.7 X-ray diffraction ....................................................................................... 34 

2.9 STATISTICAL ANALYSIS ........................................................................................ 35 

3. RESULTS AND DISCUSSION ...................................................................................... 35 

3.1 OPTIMIZATION OF CHITIN AND CHITOSAN PRODUCTION ..................................... 35 

3.2 PHYSICOCHEMICAL CHARACTERIZATION OF SHELLS, CHITIN AND CHITOSAN ........ 40 



 

 

3.2.1 Proximate composition analysis ....................................................................... 40 

3.2.2 Mineral content of shrimp shells ...................................................................... 42 

3.2.3 FTIR analysis of chitin and chitosan .................................................................. 43 

3.3 HYDROLYSIS OF CHITIN AND CHITOSAN ............................................................... 45 

3.4 ANTIMICROBIAL ACIVITY OF CHITOSAN, COS AND NAcCOS .................................. 50 

3.5 RECOVERY OF ASTAXANTHIN AND CALCIUM CARBONATE ................................... 59 

3.5.1 Astaxanthin content ........................................................................................ 59 

3.5.2 Synthesis of CaCO3 ........................................................................................... 63 

3.5.2.1 FTIR patterns of the CaCO3 ....................................................................... 63 

3.6 DEVELOPMENT OF EDIBLE FILMS ......................................................................... 64 

3.6.1 Film appearance and thickness ........................................................................ 65 

3.6.2 Mechanical properties of films ......................................................................... 66 

3.6.3 Water solubility ............................................................................................... 67 

3.6.4 Optical properties of films ............................................................................... 68 

3.6.5 Characterisation of film microstructure ............................................................ 68 

3.6.6 Fourier transform infrared spectroscopy of films .............................................. 71 

3.6.7 Thermogravimetric analysis of films ................................................................. 72 

3.6.8 X-ray diffraction .............................................................................................. 73 

4. CONCLUSIONS ......................................................................................................... 75 

5. REFERENCES ............................................................................................................ 77 



 

i 

 

ACKNOWLEDGMENTS 
 
 
My Heavenly Father, His son Jesus, Holy Spirit, Angels and the Host of Heaven for the 

wondrous grace, strength and help throughout the course of this research;  

My husband, Dr. Raymond Mossie, and Phumelele Khumalo for their unfailing love and 

support; 

My family and especially my mom, Thandie Dlamini, for her unceasing prayers and love, and 

my dad, who is now declaring over me in Heaven; 

Prof K. Permaul and Prof S. Singh of the Department of Biotechnology and Food Technology, 

Durban University of Technology, for their invaluable guidance, constructive criticism and 

patience; 

The enzyme group’s postdoctoral researchers, especially Dr. Algasan and Dr. Puri for their 

assistance and support; 

Staff and colleagues at the Department of Biotechnology, Durban University of Technology 

for their general support and encouragement; 

 

The Department of Mechanical Engineering, Durban University of Technology, especially 

Jimmy, Avinash, Sifiso, Stanley and Joseph for their technical assistance; 

Pradeep Suthan and Vishal Bharuth of the University of KwaZulu-Natal, for their technical 

assistance; 

The National Research Foundation (NRF) and Prof K. Permaul for funding this project 

 

 

 

 



 

ii 

 

LIST OF FIGURES 
Page 

Fig. 1.1 Arrangement of the three allomorphs configurations of chitin; α-chitin (a); β-chitin 

(b) and γ-chitin (c)  (Hengameh and Mehgi, 2009)…………………………………………………...4 

Fig. 1.2  Chemical arrangements of cellulose, chitin and chitosan (Majeti and Ravi 2000)….…4 

Fig. 1.3 Modified scheme for the production of chitin and chitosan using a chemical method 

(Al Sagheer et al., 2009)……………………………………………………………………………………….7 

Fig. 1.4 Diagrammatic illustration of chitin and chitosan derivatives. Solubility of nearly 

insoluble chitin biopolymer can be improved through the chemical structure 

functionalization. Quaternized and substituted derivatives unlike chitosan, display 

greater solubility under alkaline conditions (Roberts, 1992)…………………………….…….17 

Fig. 3.1 Effect of HCl concentration on the extent of demineralization (≡), at room 

temperature, 1:10 solid-solvent ratio and the respective amount of calcium 

carbonate (▪) removed with each concentration. Each point represents the mean of 

triplicate determinations with ± SD. [Note: error bars are not visible as they are 

small]……………………………………………………………………………………………………………………..37 

Fig. 3.2  Effect of solid-solvent ratio on the extent of demineralization (≡), at room 

temperature with 2N HCl and the respective amount of calcium carbonate (▪) 

removed with each concentration. Each point represents the mean of triplicate 

determinations with ± SD. [Note: error bars are not visible as they are small]. 

…..……………………………………………………………………………………….…………………………………37 

Fig. 3.3 The effect of NaOH concentration (A) on the extent of deproteinization at 50oC, 2h 

and 1:20 solid-solvent ratio. The effect of temperature (B) using 2N NaOH, 1:20 

solid-solvent ratio in 2 h. The effect of reaction time (C) using 2N NaOH and 1:20 

solid-solvent ratio at 60oC. The effect of solid-solvent ratio (D) at 60oC, 2h using 2N 

NaOH. Each point represents the mean of triplicate determinations with ± 

SD…………………………………………………………………….……………………………………………………40 

Fig. 3.4 Crude chitin isolated from shrimp shells (A) compared to commercial chitin 

(B)…………………………………………………………………………………………………………………….……42 



 

iii 

 

Fig. 3.5 Crude chitosan after deacetylation of chitin isolated from shrimp shells (A) 

compared to commercial chitosan (B)……………………………………………………………………42 

Fig. 3.6 FTIR spectra of chitin (A) and chitosan (B) isolated from shrimp shells in comparison 

to commercial chitin and commercial chitosan, respectively. FTIR spectra of the 

shell, chitin and chitosan are superimposed in (C)………………………………….……..………45 

Fig. 3.7 Chromatographic profile of NAcCOS mixed fraction (Lane 1) hydrolysed from chitin 

and standards GlcN (Lane 2) and GlcNAc (Lane 3)..……………………………………………….47 

Fig. 3.8 HPLC spectra of NAcCOS (DP 2-6) and GlcNAc. Five main peaks with the retention 

times of 6, 6.3, 6.7, 7.4, and 8.7 min corresponding to the GlcNAc oligomers 

standards (GlcNAc dimer, GlcNAc trimer, GlcNAc tetramer, GlcNAc pentamer and 

GlcNAc hexamer) (A). GlcNAc standard with a retention time of 11.2 (B) and HPLC 

spectrum of NAcCOS produced from chitin after 2 h with concentrated HCl 

(C).…………………………………………………….………………………………….………………………….……48 

Fig. 3.9 Chromatographic profile of chitosan hydrolysis products taken at 1 h intervals for 6 

h (represented by lanes 1-6) during acid hydrolysis and standard GlcN in lane 

7…………………………………………………………………………………………………………….………………50 

Fig. 3.10 Growth curves of E.coli at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants………………………………………………………………………..…………………53 

Fig. 3.11 Growth curves of S. marcescens at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants.………………….………………………………………………………………………54 

Fig. 3.12 Growth curves of K. pneumoniae at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants…..………………………………………………………………………………………54 

Fig. 3.13 Growth curves of E. aerogenes at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants.…………………………….……………………………………………………………55 



 

iv 

 

Fig. 3.14 Growth curves of S. typhimurium at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants.………………………………………………………………………………………….55 

Fig. 3.15 Growth curves of S. epidermidis at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants………………....………………………………………………………………………56 

Fig. 3.16 Growth curves of M. luteus at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants…………………..………………………………………………………………………56 

Fig. 3.17 Growth curves of B. subtilis at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants…………………………………………………………………………………..………57 

Fig. 3.18 Growth curves of B. cereus at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants………………………………………………………..…………………………………57 

Fig. 3.19 Growth curves of S. aureus at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants……………………..……………………………………………………………………58 

Fig. 3.20  Dried astaxanthin produced from 90% acetone……………………………………………………..61 

Fig. 3.21 Chromatographic profile of astaxanthin and its esters (Lane 1) isolated during chitin 

isolation and standard astaxanthin (Lane 2).…………………..………………………………………61 

Fig. 3.22 HPLC chromatogram of carotenoids in shrimp waste obtained with 90% acetone (A) 

and (B) astaxanthin standard with the retention time of 2.993 min.………………………62 

Fig. 3.23 CaCO3 precipitate isolated from demineralization extract of shrimp shells…………….63 

Fig. 3.24 FTIR spectra of CaCO3 produced from shrimp shells in comparison to commercial 

CaCO3.…………………………..……………………………………………………………………………………….64 

Fig. 3.25 Images of chitosan film (A) and chitosan blends with plasticizers (B) CH/GLY (C) 

CH/PEG 200 and (D) CH/PEG 600 added at a 0.04 weight ratio………………………………65 



 

v 

 

Fig. 3.26        SEM micrograms of chitosan films and blends. CH (A), CH/GLY (B), CH/PEG 200 (C) 

and CH/PEG 600 (D).………………………………………………………………………………………………70 

Fig. 3.27 FTIR spectra of chitosan films and blends……………………………………………………......……72 

Fig. 3.28 TGA thermograms of chitosan films and blends…………………………………………………….73 

Fig. 3.29 X-ray diffraction patterns of chitosan film and CH/GLY, CH/PEG 200 and CH/PEG 600 

blend films.……………………………………………………………………………………………………….....74 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

vi 

 

LIST OF TABLES 
Page 

Table 1.1 Global production of chitin-based products with respect to chitin utilized during 

production and their estimated market prices (Mustaparta, 2006)………………………..20 

Table 3.1 Proximate compositions of shells, chitin and chitosan…………………………………………..42 

Table 3.2 Mineral analysis of shrimp shell raw material………………………………………………………..44 

Table 3.3 Yield of chitin oligomer…………………………………………..………………………………………….….50 

Table 3.4 Thickness (mm), elongation at break (%), tensile strength (MPa), and film solubility 

of chitosan and chitosan blended films………………………………………………………………….67 

Table 3.5 Optical properties of chitosan and chitosan blended films………………………………….….70 

 

 

 

 

 

 

 

 

 

 

 

 



 

vii 

 

LIST OF ABBREVIATIONS 
 

C3H6O    acetone  

CaCl2   calcium chloride  

CH    chitosan  

Ca   calcium 

CaCl2       calcium chloride 

CaCO3   calcium carbonate 

COS   chitooligosaccharides 

DDA               degree of deacetylation  

DP    degrees of polymerization  

EDTA   ethylenediaminetetraacetic acid  

FTIR    fourier-transform infrared spectroscopy 

GlcNAc   N-acetyl glucosamine  

GlcN    glucosamine 

GLY      glycerol 

H   hydrogen 

HCl    hydrochloric acid  

HPLC   high-performance liquid chromatography 

kDa   Kilodalton 

LC-APCI-MS   liquid chromatography-atmospheric pressure chemical ionization-mass      

spectrometry  

NAcCOS   chitooligomers  



 

viii 

 

NAG    N-acetyl glucosamine  

NaOCl    hypochlorite   

NaOH   sodium hydroxide  

NH2   amine  

NH4Cl2   ammonium chloride 

NH4HCO3  ammonium bicarbonate 

OH   hydroxide 

PA   acetylation 

PEG   polyethylene glycol 

PUFAs    polyunsaturated fatty acids  

R2   coefficient  

Rf   retardation factor 

TS   tensile strength 

TGA   thermogravimetric analysis 

TLC   Thin-layer chromatography 

XRD   X-ray Powder Diffraction 

 

 

 

 

 

 

 



 

ix 

 

ABSTRACT 
 

 
Shrimp waste is a major by-product of crustacean processing and represents an interesting 

source of bioactive molecules. In addition, its use increases the sustainability of processing 

fishery products. The present study reports a process developed for recovering bioactive 

molecules from shrimp waste through the use of chemical methods. The samples of shrimp 

were confirmed to be from the species Haliporoides triarthrus. The recovery of chitin was 

30% of the processing waste and 30-60% chitosan (CH) from chitin. CH was characterized by 

FTIR analysis and exhibited a degree of deacetylation (DDA) of 72%. From the 

demineralization extract, CaCO3 was extracted and confirmed by FTIR. Based on a kinetic 

study of acid hydrolysis, it was demonstrated that chitin can be quantitatively hydrolysed 

into glucosamine (GlN), N-acetyl glucosamine (GlcNAc) and their respective oligomers with 

32% hydrochloric acid at 60oC and qualitatively from CH with 32% hydrochloric acid at 80oC. 

The oligomer mixed fractions were desalted by activated charcoal extraction and the 

components of each fraction were analysed by TLC and HPLC. Chitooligosaccharides (COS) 

and N-acetly chitooligosaccharides (NAcCOS) with degrees of polymerization (DP) ranging 

from 2 to 6 were obtained from CH and chitin, respectively. The antimicrobial activities of 

chitosan, COS and NAcCOS were investigated against five gram-negative bacteria and five 

gram-positive bacteria. Chitosan exhibited stronger bacteriostatic effects against gram-

positive bacteria than gram-negative bacteria in the presence of 1% chitosan. The oligomers 

showed no bacteriostatic or bactericidal effects on all tested bacteria. A total 30.74± 0.078 

µg.g-1 astaxanthin was extracted with 90% acetone from the species; Haliporoides triarthrus 

and TLC analysis indicated that the species contained both astaxanthin and its esters.  

Chitosan films were obtained by solution casting of blends of chitosan with glycerol, 

polyethylene glycol 200 (PEG-200) and polyethylene glycol 600 (PEG-600) as plasticizers. 

Films were characterized by FTIR, XRD diffraction, TGA, and SEM analysis. The tensile 

strength and elongation at break properties of the films were also evaluated. CH films and 

CH/GLY blended films were translucent in appearance and the CH/PEG 200 and CH/PEG 600 



 

x 

 

films were opaque. The CH films yielded mechanically resistant films without the use of a 

plasticizer.  

These data point to the feasibility of an integrated process for isolating highly bioactive 

molecules, such as oligosaccharides, with a broad spectrum of applications from shrimp 

processing waste. 
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1. INTRODUCTION AND LITERATURE REVIEW 
 
Aquaculture is a fast growing food production sector which provides acceptable protein rich 

supplements to wild aquatic fauna and flora to which they may also be a substitute for 

(Prameela et al., 2012). It is diverse with regards to the materials used; the nature and 

magnitude of the preferred methods and versatile environmental characteristics. On 

account of increased consumer awareness of the relation between health and diet, the 

utilization of marine-related foods has increased dramatically. Consumers recognize sea 

food’s as complete and nutritious foods and are therefore considered an exceptional source 

of quality proteins and beneficial lipids with high quantities of polyunsaturated fatty acids 

(PUFAs)  recognized to contribute in improvement of personal health by various means, 

such as alleviating hypertension and cardiovascular disorders (Alireza and Mohammed, 

2012). A typical example of such food is shrimp. 

Shrimp is a high value aquacultural product (Knorr, 1991, Omum, 1992) supplied to shrimp 

processing industries and is usually exported devoid of an exoskeleton, however in spite of 

the aforementioned desirable properties, this seafood along with other marine-based food 

products, is highly susceptible to quality dilapidation. Biodegradation of chitin in the 

crustacean shell waste is relatively slow and thus encourages the accumulation of discards 

which have become a major concern for processing industries (Fereidoon et al., 1999). This 

is largely a result of lipid oxidative reactions, (especially those associated with PUFAs) that 

are catalysed by the presence of large concentrations of nonheme and heme proteins 

(Decker et al., 1992). 

In present years, the generation of shrimp waste from such industries has dramatically 

increased and the continuous production of these biomaterials without the means of a 

utilization technology has ensued in disposal, accumulation of waste and pollution problems 

(Hengameh and Mehdi, 2009). Shrimp comprises approximately 45% of seafood that is 

processed.  

The waste, composed of the cephalothoraxes and exoskeleton (Ibrahim et al., 1999, 

Venugopal and Shahidi, 1995) accounts for 50-70% of the raw materials weight (Prameela et 

al., 2012) and is usually discarded. The limited utilization of shrimp lies with the material 
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being highly perishable (Anonymous., 1997) that is, the waste quickly becomes colonized by 

spoilage microorganisms under hot and humid conditions and can rapidly be transformed 

into biogenic amines with very foul odours (Zakaria et al., 1998). If decaying is not prevented 

or avoided, the biomaterial then disintegrates into actual waste and the high protein 

content becomes an environmental hazard and a financial strain if not discarded 

appropriately (Prameela et al., 2012). It is noteworthy that a suitable technology is 

necessary to delay or prevent decay of these biomaterials. 

In an effort to encourage the utilization of shrimp biomaterials, medium and large scale 

processing has been generated. This involves drying and mixing the waste with other 

agricultural raw materials for the production of animal feed, however this sun drying 

technique has low hygienic control. As a result, the waste is disposed of in landfills, soil and 

in the ocean, producing large surface pollution and unpleasant odours along coastal areas 

and thereby causing a serious risk of environmental pollution (Prameela et al., 2012). The 

standard practice of discarding shrimp by-products not only wastes valuable resources that 

can be used for other applications but also threatens endangered species and thus the 

ecology (Morgan and Chuenpagdue, 2003). 

Many valuable bioactive compounds like pigments, chitin, amino acids, fatty acids and 

proteins (Shahidi and Synowiecki, 1991, Roberts, 1992, Al Sagheer et al., 2009) are said to be 

contained in the biowaste. Therefore, if treated with appropriate processing; these 

compounds can contribute substantially to overall profitability through their calibre of 

applications in biotechnology, medical, cosmetic, pulp, paper, textile and food industries 

(Prameela et al., 2012). 

At most, 5% of shrimp waste is mainly spent as animal feed, therefore the remaining waste 

constituents such as the carotenoid pigment, mainly astaxanthin (Gimeno et al., 2007), 

chitin (14-30%), minerals (35%) and protein (40%) (Synowiecki and Al-Khateeb, 2000) can be 

explored for other useful applications. Chitin, a white, hard, inelastic, nitrogenous 

polysaccharide (Al Sagheer et al., 2009) is especially important because it is the supporting 

material of the exoskeleton shrimp and other crustaceans such as crabs and lobsters (Pradip 

et al., 2004), and can therefore be isolated as a cheap, renewable biopolymer (Muzzarelli, 
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1977). This polysaccharide possess distinct characteristics and structures different from 

those of typical synthetic polymers (Hengameh and Mehdi, 2009). With over a century since 

its discovery, chitin has been widely accepted as an important biomaterial in many respects, 

(Feisal and Montarop, 2010) including agriculture, food technology, microbiology, 

wastewater treatment, material science, drug delivery systems and tissue engineering 

(Feisal and Montarop, 2010). 

Therefore in the interest of recycling shrimp waste and the potential economic prospects it 

provides; it is the aim of this project to convert shrimp biomaterials into commercially viable 

products and in turn address both environmental and economic concerns. 

1.1 CHITIN 

 
Of the numerous kinds of polysaccharides available, chitin along with cellulose are the 

foremost important biomass resources (Hengameh and Mehdi, 2009). Chitin, second only to 

cellulose is the most abundant biopolymer (Jörg et al., 2011) and through a β (1-4) linkage is 

comprised of 2-acetamido-2-deoxyglucose (Majeti and Ravi, 2000). Chitin is acquired from 

lower animals whereas cellulose is produced in plants. Chitin, unlike cellulose, can be both a 

source of carbon and nitrogen (C:N=8:1) containing 6-7% nitrogen and 7-9.5% nitrogen in its 

deacetylated form (chitosan), however regardless of nitrogen present, its immunogenicity is 

astonishingly low (Prameela et al., 2012).                                                                                                                                                                                                 

The polymer chain arrangement, crystallinity and purity of chitin will vary depending on its 

origin, and also determines its properties (Rinaudo, 2006). Depending on its source, it can 

exists in three allomorphs; namely the α, β and γ forms (Fig.1.1) (Hengameh and Mehdi, 

2009). β-chitin is obtained from molluscs such as squid and assumes a monoclinic unit cell 

wherein the polysaccharides are predominantly composed in parallel chains. The γ-chitin 

has not yet been completely identified, however the chains are proposed to be in a mixed 

form, containing one anti-parallel and two parallel strands of chitin (Neetu et al., 2006, 

Atkins, 1985).  Amongst the three allomorphs of chitin, α-chitin is the most abundant form, 

mainly obtained from shrimp shells and crab (Feisal and Montarop, 2010) and its chains are 

aligned in an antiparallel form. The β-form can be converted to the α-form, the reverse 
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however is not possible. The γ-chitin, if treated with lithium thiocyanate can be converted to 

α- chitin (Feisal and Montarop, 2010). 

 

Fig. 1.1 Arrangement of the three allomorphs configurations of chitin; α-chitin (a); β-chitin 

(b) and γ-chitin (c)  (Hengameh and Mehgi, 2009). 

On account of  its intermolecular hydrogen bonds and compact structure (Al Sagheer et al., 

2009), chitin is insoluble in water, resembling cellulose in its low chemical reactivity and 

solubility (Majeti and Ravi, 2000), however, water-soluble derivatives of chitin such as 

carboxymethyl chitin or chitosan can be obtained (Majeti and Ravi, 2000). These have a 

unique ability to be moulded into numerous forms including fibres, beads, hydrogels, 

membranes and sponges (Mano et al., 2007). Chitin is structurally identical to cellulose with 

the exception of the hydroxyl group replaced by an acetamide group on the C-2 position 

(Fig. 1.2). Chitin functions naturally similar to cellulose, as a structural polysaccharide 

(Majeti and Ravi, 2000).  

 

Fig. 1.2  Chemical arrangements of cellulose, chitin and chitosan (Majeti and Ravi, 2000). 

There are over 200 estimated potential uses of chitin and chitin derivatives, especially 

chitosan, (Brzeski, 1987). Its non-toxicity, biocompatibility, absorption and biodegradability 

properties are supported by many reports in biomedical applications (Jollès and Muzzarell, 
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1999). Chitin is a functional material with great potential, however underutilized. Therefore 

the growing interest in chitin and its broad range of applications in many fields  has become 

inevitable (Majeti and Ravi, 2000). 

1.1.1 Sources of chitin 
 
Chitin is primarily present in the exoskeleton of crustaceans (Hengameh and Mehdi, 2009) 

and is the primary constituent of arthropod exoskeleton, tendons and the inner layers of 

their digestive, excretory, and respiratory systems (Feisal and Montarop, 2010). It is 

synthesized by a variety of different living organisms found in the lower animal and plant 

kingdoms, assisting in activities pertaining to strength and reinforcement, if necessary 

(Marguerite, 2006). It may also be found in worms, insects and mushrooms, although in 

varying amounts (Prameela et al., 2012). Along with β-glucans, chitin is the dominant 

component of fungal and yeast cell walls (Jörg et al., 2011). The presence of chitin has been 

reported in the iridophores; which are the reflective materials in the epidermis and the eyes 

of cephalopods of the phylum; Mollusca and arthropods (Herring, 1979). 

A report by Wagner et al., (1993) based on studies of enzymatic degradation, lectin binding, 

and endo-chitinase binding, confirmed that the vertebrates; Lipophrys trigloides (fish) 

epidermal cuticles are chitinous implicating that not only is chitin an important component 

of invertebrates but its presence in vertebrates is probable (Feisal and Montarop, 2010). 

1.1.2 Processing of chitin from shrimp waste 
 
Numerous techniques for extracting chitin from different sources have been reported (Al 

Sagheer et al., 2009). Isolation may be from fungal mycelium which is involved with 

fermentation processes. There over 106 species from which chitin is biosynthesized in the 

three allomorphic configurations (Fig.1.1), however on an industrial scale or in laboratories, 

isolation is usually from the exoskeletons of crustaceans, especially in crabs and shrimps 

(Tolaimate et al., 2003). 

The isolation from crustacean shell biomass where chitin production is associated with the 

food industry (Majeti and Ravi, 2000) is the most common technique used, referred to as 

the chemical procedure (Al Sagheer et al., 2009). It has four conventional steps: 
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demineralization, deproteinization, decolourization, and deacetylation (Fig.1.3). Extraction 

of chitin however, is only comprised of the deproteinization step which is involved in protein 

removal and the demineralization step, responsible for the disintegration of high 

concentrations of calcium carbonate present in the shells (Feisal and Montarop, 2010).  
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Fig. 1. 3  Modified scheme for the production of chitin and chitosan using a chemical method 

(Al Sagheer et al., 2009). 
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1.1.2.1 Deproteinization 
 
The crustacean shell waste is first crushed and treated with sodium hydroxide (NaOH) at 

high temperatures ranging from 70 to 120oC (Rao et al., 2000). Depending on methods of 

preparation the reaction time may range from 0.5 to 12 h. Under such conditions, the 

protein dissolves and is dissociated from the shrimp shell solid component (Prameela et al., 

2012). If alkaline treatment is prolonged under severe conditions, depolymerisation and 

deacetylation may ensue. After deproteinization, solids are separated by filtration from the 

protein slurry and the protein hydrolysate is easily removed and dried. It can thereafter be 

used in powder form or as a cake for protein supplement in feed (Prameela et al., 2012).  

Alcalase (Maryam et al., 2005, Guerard et al., 2007) and Trypsin (Synowiecki and Al-Khateeb, 

2000) are proteolytic enzymes which have been used for the degradation of proteins, 

however, the residual protein often remains relatively high in the produced chitin and unlike 

chemical deproteinization, the reaction time is longer and the process is expensive because 

commercial enzymes are used. These disadvantages of the enzymatic method cause it to  be 

the least favourable for industrial scale lest there are developments made to make the 

process more economical and proficient (Percot et al., 2003a). 

1.1.2.2 Demineralization 
 
Demineralization of crustacean waste is generally achieved with hydrochloric acid (HCl) 

which converts insoluble calcium carbonate (CaCO3) in the solid fraction into soluble calcium 

chloride (CaCl2) which is consequently removed by washing. If appropriate demineralization 

and deproteinization is performed, the remaining solid fraction consists mostly of chitin 

with small amounts of calcium and protein that can be quantified by ashing and a weak 

Biuret reaction, respectively (Kalut, 2008). 

1.1.2.3 Decolourization 
 
The degree to which chitin is associated with pigments varies from species to species among 

crustaceans. Both alkali and acid treatments will produce a coloured chitin product; 

however the chitin will still need to be decolourized for commercial acceptability. This 

decolourization or bleaching step will remove pigments and astaxanthin’s to generate cream 
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coloured chitin flakes (No et al., 1989), however the chemical used during this process, must 

not alter or change the functional or physicochemical properties of chitin and chitosan. The 

product of chitin should be insoluble in most acids, organic and alkali solvents.  

1.1.2.4 Deacetylation 
 
Solid state chitin remains insoluble in most solvents because it has a compact structure. 

Chemical deacetylation is therefore performed to produce its most common derivative, 

chitosan (Roberts, 1992). Deacetylation is the process of removing acetyl groups. It requires 

strong chemical conditions, usually 50% NaOH, and temperatures as high as 70-90oC. In 

order to achieve a marketable product, the highest degree of deacetylation is desirable; 

therefore alkaline treatment may be repeated to reach a sufficient degree for complete 

deacetylation. Longer reaction times will however produce fragmented molecules, this is 

known as polydispersion (Dupuis and LeHoux, 2007). 

β-chitin contrary to α-chitin can be deacetylated at significantly lower temperatures such as 

±80oC. This reaction is sufficient for deacetylation as well as for the dissolution of 

colouration processes, yielding almost colourless chitosan products (Kurita et al., 1993). 30-

10% acetylated chitosan (deacetylated by 70-90%) is considered good end product. 

1.2 CHITOSAN 

 
Chitosan is a modified, high-molecular weight, natural carbohydrate polymer (Kandasamy, 

2005) obtained from partial deacetylation of chitin (Jörg et al., 2011), however, an acute 

classification regarding the degree of N-deacetylation between chitin and chitosan is not yet 

characterized (Muzzarelli, 1977, Zikakis, 1984). Chitosan is composed of co-polymers of N-

acetyl glucosamine (GlcNAc) and glucosamine (GlcN) connected through α-β (1-4) linkages. 

GlcN to GlcNAc ratio is referred to as the degree of deacetylation (DDA), a factor of both the 

origin of chitosan (shrimp, fungi, crab, etc.) and methods of preparation, and can be within 

the ranges of 30% to 100%. Depending on its DDA, chitosan’s physical properties such as 

crystallinity, degradation, and  surface energy will vary (Jayakumar et al., 2008). 

In nature chitosan can be found in the green algae Chlorella, inside the cell walls of the 

Zygomycete class of fungi, protozoa and yeast and also in the cuticles of insects and 
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commonly in the exoskeletons of crustaceans (Rudrapatnam and Farooqahmed, 2003). The 

sources and methods used to chitosan’s (Brine and Austin, 1981) will influence their 

physicochemical properties and functionalities (Rhazi et al., 2004). Therefore it can be 

expected that both these properties of chitosan derived from shell waste will differ 

depending on the different extraction protocols employed (Kandasamy, 2005). 

Although relatively insoluble in water, chitosan is soluble in dilute HCl at pH below 6 or in 

organic acids including citric, acetic and lactic acids. Films are easily made by solvent 

evaporation. Solubilisation is achieved on the D-glucosamine repeating unit, on the C-2 

position through the protonation of amine (NH2) functional group. It is in this position where 

the polymer is converted into a polyelectrolyte if applied into acidic media (Hengameh and 

Mehdi, 2009). It is also when the DDA is higher than 50%, that chitosan solubilises in acidic 

aqueous solutions thus functioning as a cationic polyelectrolyte (Al Sagheer et al., 2009). 

Chemical properties of chitosan include: (Pradip et al., 2004). 

 Chelates many transitional metal ions. 

 Reactive hydroxyl groups available, 

 Reactive amino groups, 

 Linear polymine 

α and β forms of chitin and chitosan are commercialized and have commercial appeal in 

view of their high nitrogen content (6.89%) unlike synthetic cellulose substitutes (1.25%), 

making chitin a valuable chelating agent (Muzzarelli, 1976), however, the presence of amine 

groups in chitosan renders it of greater potential in contrast to chitin and consequently its 

use in various applications (Hengameh and Mehdi, 2009). Chitosan has been vastly used in 

various fields, ranging from biotechnological, agricultural, cosmetics, food, and non-food 

industries (paper, water treatment, and textile), pharmaceutical and biomedical  industries 

(Gupta and Ravi, 2000).  
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1.2.1 Characterization of chitosan 
 
Chitosan may be characterized on the basis of its intrinsic properties (purity, viscosity, DDA, 

molar mass), quality and physical forms (Mathur and Narang, 1990). It was reported that 

chitosan chemical characteristics such as the DDA and molar mass are essential as they 

affect its performance in many applications (Abdou et al., 2008). The properties and quality 

of the chitosan product may differ extensively as a result of various aspects involved in the 

manufacturing processes which impact the final product characteristics (Lee  et al., 2003). 

Methods of preparing chitosan are different and each result in different DDA, molecular 

weight, distribution of acetyl groups and viscosity of the end product (Berger et al., 2005). 

These differences in turn influence the solubility and antimicrobial activity amongst other 

properties. Commercialized chitosan generally has a molecular weight varying from 50 to 

2000 kilodalton (kDa) and a DDA ranging from 70% to 95%, (Rege et al., 2003). 

1.2.2 Degree of deacetylation 
 
The DDA over the many characteristics of chitosan, is amongst the most crucial and 

influential factor determining the functioning of chitosan in the applications for which it is 

employed (Baxter et al., 1992a). The free amino group content in the polysaccharide are 

revealed by the DDA (Li et al., 1992a), and can therefore be used to distinguish between 

chitosan and chitin. The removal of acetyl groups from chitin, are influenced  by variables 

including temperature or concentration of NaOH hence producing a variety of chitosan 

molecules with varying chemical and physical properties (Baxter et al., 1992a). Since the 

DDA depends mainly on the reaction conditions and method of purification (Li et al., 1997b), 

it is important to characterize chitosan by investigating its DDA before utilization. Chitin with 

a DDA of 70% or higher is referred to as chitosan. 

Many methods to determine the DDA have been used, such as infrared spectroscopy 

(Baxter et al., 1992a), resonance spectroscopy (Hirai et al., 1991), linear potentiometric 

titration (Ke and Chen, 1990), derivative UV-VIS spectrophotometry (Muzzarelli and 

Rocchetti, 1985), nuclear magnetic pyrolysis-mass spectrometry (Nieto et al., 1991), and 

titrimetry (Raymond et al., 1993). Some methods are destructive to the sample or either too 

costly or tedious for routine analysis (e.g., NMR spectroscopy). Infrared spectroscopy, 
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however is the most frequently used method due to its simplicity and is a relatively quick 

technique for qualitatively evaluating the DDA by determining the absorption ratios (Khan et 

al., 2002).  

1.2.2.1 Viscosity 
 
Viscosity as with the DDA is an essential characteristic of chitosan. It is largely reliant on the 

DDA, concentration of solution, temperature and ionic strength. The chitosan extraction 

processes employed also affects chitosan viscosity, for instance, Moorjani et al. (1975) 

reported that increased demineralization time decreased chitosan’s viscosity. Bough et al. 

(1978) found that the viscosity of the final chitosan product decreased when the 

demineralization step was omitted during chitin preparation. Moorjani et al. (1975) stated 

that bleaching chitosan with sodium hypochlorite (NaOCl) or acetone (C3H6O) during any 

stage of the isolation process resulted in a significant decrease in viscosity. No et al. (1999) 

established that chitosan’s viscosity is substantially affected by chemical (ozone) and 

physical (autoclaving, grinding, ultra-sonication, heating) treatments. Increased temperature 

treatment and reaction times also cause viscosity to decrease. 

1.2.2.2 Formation of films 
 
Film forming active biomolecules such as chitosan with a good water barrier, a stable 

structure, good mechanical properties and a homogeneous matrix (Hengameh and Mehdi, 

2009) have proven to be very effective in food preservation (Coma et al., 2002, Myong et al., 

2006). According to many reports, the intramolecular and intermolecular hydrogen bonds 

are responsible for providing this high molecular weight polymer with good film-forming 

properties (Muzzarelli, 1977). The chitosan film characteristics will differ based on the 

source of isolation, the solvents utilised, film preparation methods, conditions of drying, and 

the amounts and types of co-polymers and or plasticizers used (Begin and Van Calsteren, 

1999, Cervera et al., 2004, Ritthidej et al., 2002). Conversion of chitin into chitosan has 

different processing variables which largely influences the properties of chitosan (No et al., 

1999) and hence the homogeneity of films produced, such variables include the 

homogeneity of particle size of initial starting material (shells). 
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Shelf life of food is extended through the following mechanisms when coated with films 

(Kester and Fennema, 1986, Labuza and Breene, 1989): 

I. Controlled transfer of moisture between food and enclosing environment; 

II. Controlled delivery of chemical agents like antimicrobial and antioxidant  

substances; 

III. Decreased rate of metabolism by minimizing oxygen partial pressure inside the 

packet; 

IV. Controlling rate of respiration, increased impermeability to certain components 

such as fats and oils; 

V. Temperature regulation, reinforcing coat flavour compounds and food structure  

This new tendency in food technology preservation that consists of developing edible and 

coatings films with antimicrobial properties, seeks to address spoilage of food products by 

pathogenic bacteria, which has become a serious public concern. The increased consumer 

demand for quality and longer extended shelf life of foods has also encouraged this research 

(Pereda et al., 2011). 

1.2.2.3 Antimicrobial properties 
 
The precise mechanism of antimicrobial action of chitosan, chitin and their derivatives is yet 

unknown, but several hypotheses have been proposed (Fereidoon et al., 1999). Some 

proposed mechanisms in literature include the interaction of microbial DNA with diffused 

hydrolysis products, thus inhibiting the synthesis of mRNA and protein (Sudarshan et al., 

1992) and metal chelating essential nutrients and spore elements (Cuero et al., 1991). The 

biological properties of chitin and chitosan samples can also be related to the crystallinity, 

polydispersity and distribution of GlcN and GlcNAc units ahead of the polymeric chain 

characterized by the sequence of acetylation (PA) (Aranaz et al., 2009, Weinhold et al., 

2009). Chitosan is usually insoluble in water, however soluble in acid and as a result has 

greater antimicrobial activity than chitin (Chen et al., 1998a). Chitosan’s antimicrobial 

activity is contingent upon different factors like the kind of chitosan (DDA, viscosity) used; 

the temperature and the pH of the medium.  
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Reports in several articles have been made on the antibacterial and antifungal activities of 

chitinous products (Chen et al., 1998a). Tsai and Su (1999a) reported the ability of chitosan 

to possess antibacterial effects against Escherichia coli by means of cross-linking between 

anions on the E. coli surface and chitosan (as cation). 

1.3 APPLICATIONS OF CHITIN AND CHITOSAN 

 
Chitin and chitosan have attracted commercial interest as acceptable renewable resources 

(Jayakumar et al., 2008). These polymers are a promising new and unique class of 

physiological materials possessing highly refined functions as a result of their exceptional 

biocompatibility, thorough biodegradability along with low toxicity and versatile biological 

activity (Rinaudo, 2006, Arai et al., 1968). 

In order to exploit these unique properties and to obtain and realize the complete potential 

of these multifaceted polysaccharides, attempts are under way to chemically modify them 

(Jayakumar et al., 2008). Chitosan however, has been the mostly researched derivative of 

chitin owing to its solubility in dilute aqueous acids rendering chitosan more accessible for 

chemical reactions and utilization (Eugene and Lee, 2003). 

1.3.1 Carotenoids 
 
Carotenoids are a faction of pigments that are soluble in fat which may be found in many 

animals, plants, algae and microorganisms (Prameela et al., 2012). In crustaceans, 

carotenoid occurrence is mainly a result of dietary pigment absorption, which is deposited 

or transferred metabolically to hydroxyl or keto groups (Davies, 1985, Castillo et al., 1982). 

Natural carotenoids have a  potential market use in desserts, soft drinks, ice cream, 

aquaculture feeds and candies (Delgado-Vargas and Paredes-Lopez, 2003). 

Astaxanthin is a carotenoid found in ample amounts within the shells. It has not yet been 

synthesised and is currently marketed in aquaculture as an additive in fish food especially 

salmon (Pradip et al., 2004). Astaxanthin and its esters have been reported to be present 

and recovered from shrimp waste material (Prameela et al., 2012, Shahidi and Synowiecki, 

1991). It is formed through oxidative transformation from ingested β-carotene (Latscha, 

1990 ) and is the ketocarotenoid pigment largely responsible for the reddish orange color in 
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salmon flesh and crustacean (Miki, 1991). This natural ketocarotenoid pigment serves as a 

powerful biological antioxidant amongst many of its applications (Miki, 1991). Its 

antioxidant activity is estimated to be ten times higher than that of other carotenoids 

including canthaxanthin , lutein, β-carotene and zeaxanthin (Naguib, 2000). 

Astaxanthin can be used as a cheaper alternative to meet industrial needs in the 

applications of aquaculture feed formulations or coloration of a number of surimi-based 

products. Its function in the medical and biomedical industries includes inhibiting prostate 

cancer, bladder carcinogenesis (Tanaka et al., 1994), and regulating responses of the 

immune system against tumour cells (Guerin et al., 2003). As a Vitamin A precursor, 

astaxanthin  may have a potential function in human health (Prameela et al., 2012). 

Many reports of the extraction of carotenoids have been made (Prameela et al., 2012) but 

astaxanthin is a principle carotenoid that offers lucrative economic prospects and has thus 

drawn considerable attention (Jianing and Subramaniam, 2011). 

1.3.2 Agriculture 
 
The growing concerns on plant parasitic root-knot nematodes stretches across most crop 

production regions; tropical and sub-tropical throughout the world (Sikora and Fernandez, 

2005). The employment of chemical  nematicides, although a  simple and effective approach 

has raised concerns for both human and environmental health (Rich et al., 2004). Therefore, 

in view of this, the application of organic soil enhancements has been seen as a possible 

environmentally friendly alternative (Oka, 2010, Tabarant et al., 2011). Products that use 

organic composites from shell waste are vast therefore chitin and its derivative chitosan, 

possess immense economic value due to their wide range of biological activities and 

agrochemical operations (Radwan et al., 2012). Reports of both natural compounds being 

active against nematodes and other pests upon application to soil or foliage have been 

made (El Hadrami et al., 2010) and were proven to play a role in the defence mechanisms 

against microbial invasion of plants (Day et al., 2001). 

The four main approaches that have been identified for chitin application in agriculture are 

(Hirano, 1997):  



 

16 

 

I. Protection of plants from pests and diseases before and after harvest; 

II. Enhancing of antagonist microorganisms action and biological controls; 

III. Enhancing the beneficial symbiotic plant-microorganism interactions; 

IV. Regulating plant growth and development; 

Chemical agents are associated with impending problems. These include increased number 

of post-harvest pathogens that have gained fungicide tolerance, public resistance developed 

against fungicide-treated produce (El Ghaouth et al., 1992), therefore using bioactive 

substances like chitosan has received a lot of attention because of its ability to control post-

harvest fungal disease.  

1.4 CHITIN AND CHITOSAN OLIGOSACCHARIDES 

 
Chitooligosaccharides are homo- or heterooligomers of GlcNAc and/or GlcN. By definition, 

oligosaccharides are polymers of monosaccharides with degrees of polymerization (DP) 

varying from 2 and 10 (3 and 10 according to nomenclature of the IUB-IUPAC), but DPs up to 

20-25 are often associated with them (Barreteau et al., 2006). These oligosaccharides can be 

produced by either chemical or enzymatic depolymerisation of chitosan or chitin (Einbu, 

2007). Chitin and chitosan chemical modification have received considerable attention since 

these modifications maintain the principle skeleton of both chitosan and chitin and the 

original biochemical and physicochemical properties are maintained (Jayakumar et al., 

2008). Chitin and chitosan chemical modifications would yield new functions in accordance 

to the nature of the group introduced (Sashiwa, 2006). The primary amino group is 

responsible for the possibility of salt formation with acids and relatively easy chitosan 

chemical modification (Roberts, 1992) (Fig.1.4). 

 



 

17 

 

 

 

Fig. 1.4  Diagrammatic illustration of chitin and chitosan derivatives. Solubility of nearly 

insoluble chitin biopolymer can be improved through the chemical structure 

functionalization. Quaternized and substituted derivatives unlike chitosan, display 

greater solubility under alkaline conditions (Roberts, 1992). 

Chitooligosaccharides have attracted noticeable attention owing to their biological activities 

(Kandasamy, 2005). Chitosan and its oligomers have been proven to suppress the growth of 

many bacteria and fungi, especially pathogens. The correlation between the inhibition effect 

and chitosan DP has revealed that strong physiological activities are displaced by oligomers 

with six or more residues. Those with DP ranging from 2 to 8 along with low-molecular 

weight chitosan exhibit growth inhibitory effects stronger than those of high-molecular 

weight chitosan when tested against different pathogens, including Alternaria alternata, 

Phomopsis fukushi, Fusarium oxysporum, (Felt et al., 2000). In plants, chitooligosaccharides 

are believed to envoke the generation of β-1,3-glucanase and chitinase enzymes which  

degrade fungal cell wall. 

Novel classes of chitosan derivatives with greater antimicrobial action have been 

synthesized (Zhong et al., 2008). The antimicrobial activities of benzoyl, acetyl, thiourea and 

chloroacetyl derivatives of chitosan were studied against four bacterial species and the 

results showed that the acyl and thiourea derivatives have better antimicrobial activities 

than that of the native chitosan. The mechanism of antimicrobial and antifungal action of 

the derivatives of chitin and chitin itself is yet to be completely understood (Feisal and 

Montarop, 2010).  

 

raw chitin (insoluble)      chitosan (acid-soluble)       quaternized chitosan      substituted chitosan 
                                                              (soluble)                            (soluble) 
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Since there isn’t a single kind of chitosan or chitosan derivative that can exert all manner of 

bioactivities, studies on their biological activities have therefore increased (Feisal and 

Montarop, 2010).   

 
1.4.1 Glucosamine and N-acetyl glucosamine 
 
Amino sugars; 2-amino-2-deoxy-D-glucose (GlcN) and 2-acetoamido-2-deoxy-D-glucose 

(GlcNAc) are the building blocks from which chitin and chitosan are produced (Einbu, 2007). 

Both are naturally occurring in diverse tissue cells and molecules. GlcN is an amino 

derivative of glucose and is the important constituent of many natural polysaccharides that 

can form structural materials for cells analogous to structural proteins. It is manufactured as 

a nutraceutical product for the treatment of the most regular type of arthritis, called 

osteoarthritis that can affect the hips, shoulders, hands, knees, and joints in humans and 

animals (Anderson et al., 2005). It is predominately obtained by acid hydrolysis of chitin. 

Alternatively, it can be produced by acid hydrolysis of variously acetylated chitosan. GlcN 

has also been obtained by hydrolysing GlcNAc to GlcN by reacting GlcNAc with an acid (HCl). 

GlcNAc is polymerised generally through linearly β-(1,4) linkages. Its molecular weight and 

molecular formula is 221.21 and C8H15NO6, respectively. Generally, it is a slightly sweet 

white powder, with a melting temperature of 221oC. Its solubility in water is 25% and 

colourless and clear in 1% aqueous solutions (Ashry and Aly, 2007). GlcNAc serves as a 

structural component  and a constituent of homogeneous polysaccharides such as chitin 

and heterogeneous polysaccharides, like hyaluronic acid (also known as hyaluronate or 

hyaluronan) (Ashry and Aly, 2007) and murein (Gooday, 1990), respectively. Several clinical 

trials have already been carried out to help patients suffering from joint ailments, such as 

osteoarthritis, arthritic disorders, joint injury and cartilage damage. Delivery of GlcNAc 

containing preparations can be oral, trans mucosal, parenteral and topical administration. 

Inhibition of joint damage was proven to increase significantly through the delivery of  

GlcNAc (Rovati et al., 1972, Marcum and Seanor, 2007). GlcNAc moreover, hinders elastase 

activity and releases superoxide from an individual’s polymorph nuclear leukocytes (Kamel 

et al., 1991, Kamel and Alnahdi, 1992) and through topical administration, it is used to 

improve and enhance skin quality.   
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GlcNAc is a minor commercial by-product of chitin obtained by enzymatic hydrolysis 

(Haynes et al., 1999) and chemical acetylation of GlcN when treated with acetic anhydride 

(He et al., 2001), and the latter has a greater market price and is approved as a food additive 

in Japan (Mustaparta, 2006). The sales of GlcN is rapidly increasing mainly for the treatment 

of osteoarthritis and is the current chief driving force in the chitin-derived product market 

(Sandford, 2002). GlcN is an accepted dietary supplement with inconsiderable side-effects 

and in the US health food market; it has become a major commercial product (Hungerford & 

Jones, 2003). Presently, China manufactures approximately 90% of all available GlcN 

(Sandford, 2002) hence it could potentially be economically beneficial if South Africa 

ventured into producing its own. 

1.5 ECONOMIC ASPECTS 

 
Present day people being well informed and better educated, prefer to have natural/organic 

products, whether a drug or food, and are willing to pay a premium price for anything safe 

and natural. Natural biopolymers therefore possess distinct advantages, such as availability 

from marine food or renewable agricultural resources, biocompatibility and 

biodegradability. This leads to environmental safety and the possible preparation of diverse 

chemically modified derivatives for special end uses. Polysaccharides, being a group of 

natural macromolecules, tend towards being intensely bioactive and are commonly 

obtained from crustacean shell wastes or agricultural feedstock (Ramesh and Tharanathan, 

2003). Chitin and chitosan are produced from the former while cellulose, pectin, starch, etc. 

are the biopolymers obtained from the latter. Chitin is the most available biopolymer 

reaching over 10 gigatons annually (Harish Prashanth and Tharanathan, 2007). Of the 

produced chitin approximately 75% is used to manufacture nutraceutical products, however 

the increasing sales of GlcN as a dietary supplement are the main and current driving force 

in the market (Sandford, 2002). An estimated 65% of the produced chitin is converted into 

GlcN; ±9% is used for the production oligosaccharides, ±25% is converted into chitosan, and  

±1% is used for the production of GlcNAc (Mustaparta, 2006). The 2006 universal estimates 

of chitin-based product production and market prices are shown in Table 1.1 (Mustaparta, 

2006). 
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Table 1.1 Global production of chitin-based products with respect to chitin utilized during 

production and their estimated market prices (Mustaparta, 2006). 

Product Annual 
production 

(tons) 

Chitin consumption 
(tons) 

Market price 
(USD/kg) 

Glucosamine 4500 9000 7-35 

Chitosan 3000 4000 10-100a 

Oligosaccharides 500 1000 50-100b 

N-acetylglucosamine 100 200 20-140c 

 
a
Ultra pure/ Quality System-Good Manufacturing Practice product prices as higher than 50.000 

USD.kg-1. 

bUltra pure and accurately characterised product prices may be as higher than 10.000 USD.g-1. 

c
Chemically produced: 20 USD.kg-1 and enzymatically produced: 100-140 USD.kg-1.  

 
The approximated market price variations in Table 1.1 are subject to change depending on 

the quality of the product and its availability on the market. Presently, the cuticles of various 

crustaceans, mainly shrimp and crab are the primary industrial sources for the production of 

chitin (Kim and Rajapakse, 2005) and the estimated market price for average quality chitin is 

5-8 USD (Mustaparta, 2006). 

1.5.1 Scope of study 
 
Marine shrimp waste accumulates from processing plants as a result of inefficient utilization 

(Benhabiles et al., 2013), therefore it is imperative to establish and implement an effective 

and inexpensive method for waste utilization. Shrimp shells are commercially valuable 

because they are rich in chitin, pigments, protein, lipids and flavour compounds. Through 

complete utilization of these bioactive compounds present in the shell waste, the economics 

of crustacean industrial processing can be improved (Heu et al., 2003, Shahidi and 

Synowiecki, 1991).     

The challenge however is in converting these industrial discards into profitable and 

marketable by-products and alternate specialty materials for food studies and 

developments assimilated with various functions of chitin-based polymers. In this regard 
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these biopolymers offer a diverse array of distinctive applications which include production 

of high quality food products through bioconversion (Shahidi and Synowiecki, 1991, Johnson 

and Peniston, 1982). This process plays an economical role in both shellfish processing, and 

in integrated aquaculture systems (Revah-Moiseev and Carroad, 1981). Indirectly, it will 

serve as a method of waste management by reducing from processing plants, large masses 

of crustacean waste. 

Therefore, this current study focuses on utilizing shrimp waste to recover bioactive 

compounds and thus their applications in the production of valuable products. 

1.5.2 Objectives 
 

I. To optimize chitin and chitosan extraction from shrimp shell waste by use of 

chemical methods and the hydrolysis of respective monomers 

II. To isolate chitin and chitosan derivatives and screen for antimicrobial activity  

III. To recover calcium carbonate and the carotenoid, astaxanthin during the isolation of 

chitin 

IV. To develop chitosan bio-plastic films  
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2. MATERIALS AND METHODS 
 
Within the crustacean shell, chitin has strong associations with different organic and 

inorganic components, which must be quantitatively removed to achieve the highly purified 

chitin required for biological applications (Percot et al., 2003). Protein and chitin merge, 

producing a protein-chitin matrix in the skeletal tissue, which is calcified extensively, 

yielding hard shells. Crustacean waste can also consist of muscle residue lipids and 

carotenoids, generally astaxanthin and its derivatives (Kjartansson et al., 2006). In general, 

chitin is prepared from various crustacean by-products involving mainly the removal of 

proteins and minerals with 2-5 % bases or acids at elevated temperatures (Synowiecki and 

Al-Khateeb, 2003; Percot et al., 2003; Kurita, 2006). The primary inorganic constituent of 

shrimp shells is calcium carbonate and only dilute HCl  is used to decalcify the shells and it 

also prevents chitin hydrolysis (No and Meyers, 1995). Percot et al. (2003b) expressed that 

using HCl during chitin demineralization results in adverse effects on the DDA that 

negatively affects the intrinsic properties of the purified chitin. The authors expanded 

therefore on the significance of optimizing the isolation process parameters (solids to acid 

ratio, time, temperature and pH) in an effort to minimize degradation of chitin and reduce 

impurity levels to satisfactory levels for specific applications. Consequently, a less harmful 

inexpensive demineralization process is required (Kalut, 2008). Likewise, the effectiveness of 

the alkali deproteinization step largely depends on the process temperature, solid to solvent 

ratio and alkali concentration.  Optimization is therefore imperative. 

Commercialization of the production of chitin has been reported for decades, yet little 

information regarding the optimization of the isolation process is available in the literature, 

and there also is no standard method for the extraction of chitin from crustacean by-

products (Chang and Tsai, 1997; Percot et al., 2003a). 

Hence a fast, cost effective industrial process that is easily controlled is required for isolating 

chitins with high purity and dependable qualities for unique applications especially in food 

and biomedicine. This phase of the investigation focused on optimising demineralization 
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and deproteinization steps for the production of high quality chitin and chitosan and thus 

the recovery of astaxanthin, protein and calcium. 

2.1 OPTIMIZATION OF CHITIN AND CHITOSAN PRODUCTION 

 
2.1.1 Shrimp shell collection 
 
Fresh pink shrimp shell waste comprising the cephalothoraxes (total body weight about 10-

12 g) as raw material were provided by Umgeni Fish Market in Durban, KwaZulu-Natal and 

used in this study.  All shells were from a single species of Haliporoides triarthrus. Shells 

were transported to the laboratory in plastic bags and immediately stored at -20oC, until 

further use. 

2.1.2 Raw material preparation 
 
Shrimp shells were thawed and washed with tap water to remove contaminants, adherent 

proteins, soluble organics and any remaining muscle particles before drying in an oven at 

80oC overnight. Dried processing waste was mixed with distilled water (1:1) and then boiled 

for an hour to detach any tissue. Shells were then dried at 80oC in an oven overnight to 

break down the crystalline skeleton structure of chitin, thus making them more brittle 

(Mukherjee, 2002). The dried shells were then homogenized using an electric blender. Chitin 

and chitosan were prepared by the modified method of Benhabiles et al., (2012). 

2.1.3 Demineralization 
 
The shells were treated with HCl (Sigma-Aldrich) at concentrations ranging from 1 M to 6 M. 

The solid to acid solvent ratio was between 1:10 and 1:60 (w/v). Both optimization steps 

were conducted at ambient temperature with magnetic stirring at 150 rpm, until no gas 

bubbles were produced. As a check, 10 ml of hydrochloric acid (7%) was added. The shells 

were considered decalcified when no further generation of gas occurred. The slurry was 

then filtered through a sieve (250 µm) and washed with 10 volumes tap water until 

neutrality. Neutrality was confirmed by assessing a sample of the filtrate with a pH meter. 

The slurry was then rinsed with deionised water as a final rinse and finally dried in an oven 

at 80oC overnight. The liquid filtrate obtained following hydrolysis was stored in 

polyethylene flasks at -20oC until further use for the recovery of CaCO3. The amount of 
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calcium removed from the solid residue was analysed by means of an atomic absorption 

spectrophotometer (Shidmazu 9000, South Africa) following the method of Onwuliri and 

Anekwe (1992). The extent of demineralization was assessed by calculating the ash content 

in the solid residue. Degree of demineralization (DDM) was expressed as a percentage using 

the following equation by Rao et al. (2000):  

%DDM = [(AO × O) − (AR × R)]  × 100 
AO × O 

 
where AO and AR are percentage ash contents before and after demineralization, 

respectively. O and R denote the mass (g) of initial and final demineralised material 

respectively, as dry weight. 

2.1.4 Deproteinization 
 
The demineralised shells (from section 2.1.3) were treated with NaOH (Merck) at 

concentrations ranging from 1 M to 6 M using the ratio 1:10. The temperature range tested 

was between 30 to 65oC and the reaction time was varied from 15 to 150 min. The solids 

were filtered, washed and dried in a similar manner as the demineralization step (Section 

2.1.3). The extract supernatant (3-5 ml) was used to determine protein content (N X 6.25) 

according to the procedure of Kjeldahl (AOAC., 1998). 

2.1.5 Decolourization 
 
The extracted chitin was mixed with acetone (Sigma) using a 1:10 (w/v) ratio for 10 min, 

filtered and then dried for 2 h at room temperature. After 2 h of drying, the residue was 

bleached with 0.315% NaOCl (Radchem) using the same ratio for 5 min (No and Meyers, 

1995). The decolourized chitin was filtered and washed as mentioned in Section 2.1.3. 

2.1.6 Deacetylation 
 
Chitin was converted into chitosan using the deacetylation procedure described by Kurita 

(2001). The hydrolysis parameters including concentration of NaOH, reaction time, and 

temperature were as follows: a 1 g suspension of chitin was mixed with 50 ml of aqueous 

NaOH (50% by weight) at 90-100ᵒC with continuous stirring for 3-5 h. The filtrate was 
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separated by filtration, washed with 80% (v/v) ethanol (Sigma) and water until it reached 

neutrality. It was then was dried in an oven at 80ᵒC overnight. 

 

2.2 PHYSICOCHEMICAL CHARACTERIZATION OF SHELLS, CHITIN AND CHITOSAN 

 
2.2.1 Proximate composition analysis 
 
All proximate composition analyses were performed according to the AOAC (1998) 

methods. 

2.2.1.1 Moisture content 
 
Empty porcelain crucibles were kept in an oven for 3 h at 105 ± 1oC, transferred into a 

desiccator to cool and weighed. Samples of shells, chitin and chitosan (3 g) were uniformly 

placed onto the pre-weighed crucibles and placed into the oven for 3 h at 105 ± 1oC. 

Following drying, the crucibles were transferred into a desiccator to cool and re-weighed. All 

moisture analyses were performed in triplicate.                                  

2.2.1.2 Ash content 
 
Porcelain crucibles were washed, dried and placed overnight in a furnace at 550oC to 

remove all impurities. Subsequently, the crucibles were placed in a desiccator to cool for 30 

min and weighed. Thereafter, 3-5 g of powdered shells, chitin and chitosan samples were 

precisely weighed into the crucibles and placed in a muffle furnace (Labcon) at a 

temperature of 550 ± 1oC until a grey ash was apparent. Crucibles were cooled in a 

desiccator and re-weighed. Percentage of ash was estimated as ratio of the weight of the 

obtained ash after heating compared to the mass of the original samples. All ash analyses 

were performed in triplicate. 

    ( )  
             

                
         

 

 
2.2.1.3 Protein content 
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Ground shells (3-5 g), chitin and chitosan were weighed and transferred into digestion tubes 

(Labotech). The samples were digested for 45 min with concentrated sulphuric acid (25 ml) 

(Radchem) and 4 g of Kjeldahl catalyst (9 part of potassium sulphate (Sigma)  mixed with 1 

part copper sulphate (Sigma) until a clear solution was obtained. 40 ml of distilled water was 

added to dilute the digested samples. Following this, 150 ml of 25% (w/v) NaOH solution 

was also added. The samples were steam distilled, releasing nitrogen in the form of NH3 into 

a receiving flask containing 25 ml of 2% (w/v) boric acid (Radchem) solution, to which 5 

drops of filtered methyl red were added. Steam distillation proceeded for 4 min and the 

solution in the receiving flask was titrated with 0.1 N H2SO4. The crude percentage protein of 

the specimens was enumerated from the estimated nitrogen content (after titration) using 

6.25 as a conversion factor (AOAC, 1998). All protein analyses were performed in triplicate. 

             
(                             )

 
 

Vsample      = volume (ml) used in sample titration 

   Vblank         = volume (ml) used in in blank titration 

N           = normality of H2SO4 

W          = weight (mg) of the sample 

 

Extent of deproteinization was enumerated using the formula: 

 

                 
                      

                
         

 

2.2.1.4 Lipid content 
 
Lipid content was assessed using the method of Bligh and Dyer (1959). Ground shells (3 g), 

chitin and chitosan were treated with 25 ml of methanol and 25 ml of chloroform over a 

period of 3 min and then homogenized using a Polytron homogenizer (Janke and Kunkel). 

Distilled water (25 ml) was added to the mixture and the solution was filtered using a 

Büchner funnel. The solution was left in a separatory funnel to separate overnight, after 
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which aliquots of 10 ml of the filtrate was removed and introduced into round bottom flasks 

which were pre-weighed. The solvent was evaporated using a rotary evaporator (Heidolph). 

The flask was dried at 80oC for 1 h in an air-forced oven. After drying, the flask containing 

the lipids was placed in a desiccator to cool and then weighed. The total lipid content was 

calculated gravimetrically, as follows: 

        
               

                
         

2.2.2 Mineral content 
 
The minerals analysed included calcium, magnesium, sodium, phosphorus, iron, potassium 

and zinc. Analyses were conducted following the method of Onwuliri and Anekwe (1992) by 

means of an atomic absorption spectrophotometer (Shidmazu 9000). Dihydrogen 

phosphate (Sigma)  was employed as the standard test solution to colorimetrically estimate 

phosphorus content in samples (AOAC., 1998). 

 
2.2.3 Viscosity 
 
The intrinsic viscosity of chitosan (1%) was determined viscometrically in 1% acetic acid 

(Sigma) with the addition of 0.3 M NaCl (Merck). The measurement was conducted at 25 ± 

0.1°C. The chitosan solution was charged into the viscometer (Labotech), set at 100 rpm and 

the cP (centipoise) value was recorded.  

 
2.2.4 FTIR analysis 
 
The spectra of shells, chitin and chitosan specimens were recorded on a Fourier transform  

infrared spectroscopy instrument (Varian 800 FT-IR) at room temperature. The frequency 

range was set from 4000 to 400 cm-1. The KBr disk technique involved mixing 0.8 mg of each 

sample with 300 mg of pure grade KBr (Merck) powder. The mix was compacted into thin 

pellets of 13 mm diameter. The degree of deacetylation was calculated according to method 

of Sabnis and Block (1997). The DDA was enumerated using the following equation: 

                                                                 [
     
     

  
   

    
] 

https://www.google.co.za/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwiYnoDdjYzPAhVLIMAKHXETCzAQFggaMAA&url=https%3A%2F%2Fen.wikipedia.org%2Fwiki%2FFourier_transform_infrared_spectroscopy&usg=AFQjCNEkGKrQDSUqBI8YwA1tBD3C6DnsUQ&sig2=sizts2BmHROFsQGn9fEn6g
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       A1655      = amide-I band absorbance of 1655 cm-1 quantifying the content of N-acetyl group 

       A3450      = absorbance of the hydroxyl band at 3450 cm-1 

       1.33    = signifies the value of A1655/A3450 ratio for fully deacetylated chitosan 

 
where A1655 is the amide-I band absorbance of 1655 cm-1 quantifying the content of N-acetyl 

group; A3450 , the absorbance of the hydroxyl band at 3450 cm-1 and 1.33 the value of 

A1655/A3450 ratio for fully deacetylated chitosan. It was presumed that for fully deacetylated 

chitosan, the value of the ratio was zero and that between the amide-I absorbance band 

and the N-acetyl group content (Domszy and Roberts, 2003), was a rectilinear relationship. 

2.3 HYDROLYSIS OF OLIGOSACCHARIDES FROM CHITIN 

 
2.3.1 Preparation of N-acetyl-chitooligosaccharides (NAcCOS) 
 
NAcCOS was prepared by acid hydrolysis of chitin. The chitin material (1 g) was hydrolysed 

with concentrated HCl (25 ml) (60oC; 2 h), during which samples were collected hourly. The 

resultant brownish-black material was dissolved in distilled water and decolourized for 1 h  

with activated charcoal (1 g) and then centrifuged (10 min; 16 000× g) to remove coloured 

material. 1.5 volumes of ethanol was added to the solution and kept at 4oC for 24 h to 

increase precipitation of oligomers. The precipitated oligomers were concentrated in a 

rotary evaporator. The resultant powder/crystals was suspended in ethanol and kept at 4ᵒC 

for 24 h to further enhance the yield of precipitation. Resultant precipitated oligomers were 

concentrated, rinsed with ice cold alcohol and dried at 50oC in hot air before measuring the 

weight (Sibi et al., 2013). 

2.3.2 TLC analysis of COS fractions 
 
A series of spots (1 µl) consisted of collected oligomer mixed fraction along with standards 

were applied on a TLC silica gel plate (5.0 cm x 6.0 cm). The plate was eluted in mobile phase 

comprising of n-butanol (Associated Chemical Enterprises): methanol: 30% ammonium 

solution (Radchem): H2O (5:4:2:1) (v/v). For visualisation of spots, the plate was sprayed 

with aniline-diphenylamine reagent and heated at 121oC for 5-10 min (Tanaka et al., 1994). 

2.3.3 HPLC analysis of NAcCOS 
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(GlcNAc)2 to (GlcNAc)6 was procured from Sigma-Adrich. The hydrolysis products (from 

section 2.2.1) were analysed by HPLC using a Shimadzu LC-20AB HPLC system equipped with 

Aminex HPX-87H column (Bio-Rad). 10 µl of filtered samples were injected into the HPLC 

system. 5 mM H2SO4 was prepared as mobile phase. The flow rate was fixed at 0.6 ml.min-1 

and the column temperature was held at 40oC. The oligosaccharide products were detected 

by ultraviolet absorption at 210 nm. The standards GlcNAc and (GlcNAc)2 to (GlcNAc)6 were 

prepared at  concentrations of 100 ppm to 500 ppm and 100 ppm to 700 ppm respectively. 

Samples were then filtered into vials using a 0.25 μm syringe filter (Membrane Solutions) for 

HPLC analysis. Based on the retention time and peak areas acquired from HPLC profiles, 

standard calibration curves were constructed for each oligosaccharide. Hydrolysis products 

were identified according to the retention time and quantified from a linear curve 

generated from each standard amino sugar. 

2.4 HYDROLYSIS OF OLIGOSACCHARIDES FROM CHITOSAN 

 
2.4.1 Preparation of chitosan oligosaccharides (COS) 
 
COS was produced by acid hydrolysis of chitosan. This partial hydrolysis reaction proceeded 

for 1-6 h at 80oC with 1 g suspension of chitosan mixed with 25 ml of HCl (35%). Hydrolysate 

samples were collected at hourly intervals and diluted with 3 volumes distilled water, 

followed by centrifugation (10 min; 16 000× g) to remove any residual chitosan polymer. To 

the diluted hydrolysate free of residual polymer, 1 g of activated charcoal was added and 

mixed for 3 h and then centrifuged (10 min; 16 000× g) to remove coloured material. The 

supernatant was kept at -20oC for 24-48h to generate and precipitate chitosan oligomers. If 

needed, 0.25-1.5 volumes of methanol were mixed to the previously diluted hydrolysate to 

increase the yield of precipitate. Precipitated oligomers were concentrated on a rotary 

evaporator and washed with ice cold ethanol. The powdered products were then dried for 3 

h at 70oC and weight (Lee  et al., 1999).  

2.4.2 TLC analysis of COS fractions 
 
TLC analysis of COS fractions was performed as described in section 2.3.2. 

2.5 RECOVERY OF CALCIUM CARBONATE 
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2.5.1 Synthesis of CaCO3 polymorphs 
 
Synthesis was achieved by the double injection method (Chen and Xiang, 2009): 100 ml of 

solution obtained from section 2.1.3 and 100 ml of 1 mol.L-1 NH4HCO3 (Sigma) solution was 

injected simultaneously into distilled water (90 ml). The solution was mixed at a stirring rate 

of 450 rpm at 30ᵒC. The precipitate product was filtered using filter paper, washed with 

distilled water and dried for 12 h at 105°C.  

2.5.2 FTIR analysis 
 
FTIR analysis was conducted as described in Section 2.2.4. 

2.5.3 Mineral analysis 
 
Mineral analysis for calcium content was conducted as described in Section 2.2.2. 

2.6 ISOLATION OF ASTAXANTHIN 

 
2.6.1 Astaxanthin extraction 
 
Acid and alkaline washes obtained during chitin purification were mixed and centrifuged 

(Eppendorf) (10 min; 10 000× g) at room temperature and the precipitate was dried at 70ᵒC 

and stored until further use. To extract carotenoids, 1500 ml of 90% (v/v) ethanol was mixed 

to the precipitate in three 500 ml portions. The pigmented extract was concentrated (100 

rpm, 40oC) in a rotary evaporator and re-dissolved with hexane (5 ml) and the resultant 

solution was centrifuged (3000× g; 5 min) ( Mezzomo et. al., 2011). 

2.6.2 Identification of compounds by thin-layer chromatography 
 
Analysis of components in the shrimp shell extract was done using thin layer 

chromatography (TLC) based on the method of Kobayashi and Sakamoto, (1999). A small 

volume of the extract was spotted on silicagel G plates and developed with acetone: hexane 

3:7 (v/v) as mobile phase. The separated bands were identified using standard astaxanthin 

(Sigma) and internationally accepted Rf values for astaxanthin monoester and astaxanthin 

diester (Renstrom and Liaaen-Jensen, 1981). 

2.6.3 HPLC analysis 
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HPLC separations were performed according to the methods of Kuhnen et al. (2009). 

Chromatographic analysis was carried out using a Shimadzu LC-20AB HPLC system equipped 

with a thermostatized (40oC) C18 reverse-phase column (Phenomenex, 100 X 1.6 mm). A 

UV-Visible detector (λ-460 ƞm) was used. The mobile phase comprised of a mixture of 

acetonitrile (Merck): methanol (90:10) (v/v) and the flow rate was fixed at 0.8 ml.min-1. 

Calibration curves were constructed from the retention time of five concentrations (100 

ppm-500 ppm) of standard astaxanthin (Sigma). Carotenoid concentration were thus 

calculated directly from the peak areas. The HPLC conditions for both the standard and 

extracts analysis were the same.  

2.7 ANTIMICROBIAL ACTIVITY OF CHITOSAN, CHITO-OLIGOSACCHARIDES AND NAcCOS-

OLIGOSACCHARIDES 

 
2.7.1 Strain and culture conditions 
 
Antimicrobial activity was tested against ten strains of bacteria including five Gram-positive 

bacteria (Micrococcus luteus ATCC4698, Bacillus subtilis ATCC17728, Staphylococcus 

epidermidis ATCC12228, Staphylococcus aureus ATCC22061 and Bacillus cereus ATCC9634) 

and five Gram-negative bacteria (Serratia marcescens ATCC14756, Salmonella typhimurium 

ATCC700720D, Enterobacter aerogenes ATCC13048, Escherichia coli ATCC8739 and 

Klebsiella pneumoniae ATCC13883). All cultures were obtained from the Department of 

Biotechnology and Food Technology, Durban University of Technology. These strains were 

maintained on Luria Bertani (LB) agar plates, containing 5 g.L-1 yeast extract (Fluka); 10 g.L-1 

tryptone (Oxoid); 10 g.L-1 sodium chloride; 17 g.L-1 bacteriological agar (Pronadisa), and 

stored at 4oC. For the antimicrobial tests, the organisms were sub-cultured onto LB agar 

plates and incubated at 37oC for ± 24 h. 

2.7.2 Preparation of chitosan and COS solutions 
 
A solution of chitosan was prepared by suspending chitosan (1 g.100 ml-1) into 1% acetic 

acid solution and sterilised (121ᵒC, 15 min). Solutions of COS and NAcCOS were made up by 

dissolving 1% (w/v) of each oligomer in deionized water and filter sterilised using a 0.45 µm 

filter. In both cases, the pH was adjusted to 5.8 with 1 M NaOH (the most suitable to 

solubilize chitosan without having any antibacterial effect) (Fernandes et al., 2008). 
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2.7.3 Antibacterial tests 
 
Two colonies of each strain was sub-cultured from a freshly prepared plate culture and 

inoculated into 20 ml of Muller Hinton Broth (MHB) in 50 ml sterile centrifuge tubes (Lasec) 

and incubated in an orbital shaker (Infors HT Multitron) (37°C; 180 rpm). After approximately 

24 h of growth, optical density was adjusted to meet a McFarland standard of 0.5 (1 X 108 

cfu.ml-1). Conical flasks (150 ml) containing MHB were inoculated with a 1% inoculum at a 

final volume of 100 ml. 1 ml of sterile chitosan, COS and NAcCOS was added into the 

respective bacterial suspensions in MHB and incubated with shaking at 37ᵒC and 180 rpm. 

As a negative control, flasks were inoculated with 1% acetic acid solutions and as a positive 

control; the organism was grown only in MHB media.  Samples were taken at 1 h intervals 

and the turbidity was measured. Growth curves were constructed from the optical density 

(600 nm) versus the growth period for each test organism. Inhibitory effects of chitosan, 

COS and NAcCOS as a result of their antibacterial activities were indicated by altered growth 

curves. All experiments were performed in triplicate.  

2.8 DEVELOPMENT OF CHITOSAN EDIBLE FILMS 

 
2.8.1 Preparation of films 
 
Chitosan solutions (1 g.100 ml-1) were prepared by dissolving chitosan powder in 1% 

solution of acetic acid with constant stirring at 23oC (Xu et al., 2005).  To ensure dispersion 

of chitosan, the solution was kept overnight under constant agitation at room temperature 

and centrifuged thereafter to remove impurities. Glycerol (Merck), polyethylene glycol 

(PEG) 200 (Merck) and PEG 600 (Sigma) were added and tested as plasticizers to achieve 

flexible coatings that would be easily manipulated and folded without breakage. Each 

plasticizer was added to obtain a plasticizer/chitosan weight ratio of 0.04  (Alvarez et al., 

2013). The emulsions were then left overnight at 4oC to eliminate bubbles, after which they 

were poured into petri dishes and placed in an oven (35oC, 24 h) for drying. The dried films 

were then peeled off and arranged in a desiccator before further testing.  
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2.8.2 Characterization of the films 
 
2.8.2.1 Thickness 
 
Film thickness (mm) was measured at four random locations of each film using a digital 

micrometer (Mitutoyo)  (Abugoch et al., 2011).  

2.8.2.2 Optical properties of films 
 
Colorimetric properties of films were determined using a ColorFlex EZ (HunterLab) with an 8 

mm diameter measuring area. Colour parameters calculated were: “L”- lightness, “a”- red-

green and “b”- yellow-blue). Snap shots were taken in triplicate and values were taken 

directly from a digital print. The readings were averaged, computed and reported (Pereda et 

al., 2008). 

2.8.2.3 Water solubility 
 
The water solubility of the films was determined using the method of  Gontard et al. (1992). 

Each film was cut (1 X  4 cm2), weighed and dried at 105oC for 24 h in an air-circulating oven. 

Films were recovered after drying, re-weighed and their initial dry weight (Mi) was 

determined. Thereafter, the films were placed in distilled water (30 ml) with occasional 

shaking (100 rpm) at 22-25oC for 24 h. Afterwards the films were filtered through pre-

weighed filter paper (Whatman 1). Then the unsolubilised fraction together with the filter 

paper was dried in an air-circulating oven (105oC, 24 h) and weighed (Mf). Using the below 

equation the solubility of each film was determined: 

     ( )  
      

  
     

     =initial weight of the sample 

  = final weight of the sample 

 

 



 

34 

 

2.8.2.4 Film microstructure 
 
Film microstructure characterization was evaluated by using a Scanning Electron Microscope 

(Ultra Plus FE-SEM). The films were mounted into a cylindrical die of 10 mm diameter using 

double sided tape. The films were rendered electrically conductive by coating them with 

gold for 3 min. The captured images were recorded on  photographic film (Abugoch et al., 

2011). 

2.8.2.5 Fourier transform infrared spectroscopy (FTIR) 
 
FTIR spectroscopy was used to identify the chemical structure of the composite films and 

possible interactions between their components. The film spectra was recorded on an FTIR 

instrument (Varian 800 FT-IR) at room temperature, using a spectral range of 4000 to 400 

cm-1. The film samples were mounted on the IR specimen holder and analysed (Abugoch et 

al., 2011). 

2.8.2.6 Thermogravimetric analysis (TGA) 
 
TGA was analysed to determine the degradation of pure chitosan films compared to the 

series of composite films at different heating rates. It was carried out on the films using on a 

SDT Q600 V20.9 Build 20 controller over temperature range of 25-590ᵒC and 10ᵒC/min as 

heating rate. Approximately 5 and 10 mg weights of sample were tested. During analysis, 

nitrogen gas was passed over the samples placed in open crucibles. The percentage weight 

loss was assessed using the associated software throughout the heating cycle (Abugoch et 

al., 2011). 

2.8.2.7 X-ray diffraction 
 
X-ray diffraction analysis was used to measure the percentage of crystallinity of chitosan 

films. The diffraction patterns were obtained using the method of Abugoch et al., (2001), 

with slight modifications. Samples were loaded into XRD sample holders and then run in the 

PANalytical Empyrean XRD Diffractometer with an X’Celerator detecter and Co kα radiation. 

Samples were scanned at a theta range of 4 to 60 (2θ)ᵒ and at a scanning speed of 

0.06ᵒ/min, the crystal structure was then analysed from the obtained XRD sequences. 
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2.9 STATISTICAL ANALYSIS 

 
Variance analysis (ANOVA) was carried out to obtain differences amongst the means (SAS, 

1988). 

 

3. RESULTS AND DISCUSSION 

3.1 OPTIMIZATION OF CHITIN AND CHITOSAN PRODUCTION 

 
Chitin was produced from a species of shrimp called Haliporoides triarthrus through 

successive chemical treatments. A suitable extraction method was developed and optimized 

to recover a white chitin product equivalent to commercial chitins. Demineralization 

consisted of mineral removal, mainly calcium in the form of calcium carbonate which was 

converted into calcium salts soluble in water, releasing carbon dioxide in the process. The 

remaining minerals in the shellfish cuticle were easily separated by filtration of the chitin 

solid phase followed by washing using tap water and deionized water for the final rinse. 

Various concentrations of HCl (1-6 M) were tested at room temperature with continued 

shaking. Demineralization was accomplished with 2 N HCl at room temperature with a 

demineralization extent of 98% (Fig. 3.1). A maximum of 184.43 g.kg-1 Ca was removed at 

this point of extraction. Increasing acid concentration (4-6 M) yielded no significant increase 

in the conversion or amount of calcium removed. A broad range of shells to acid ratios (1:2 

to as low as 1:40) has been reported in literature for crustacean shell demineralization (No 

and Meyers, 1995). In this study, the ratios ranged from 1:10 to 1:60 (w/v). Varying the solid 

to solvent ratios did not significantly affect the extent of demineralization (Fig. 3.2). In fact, 

the results show an approximately 100% decrease in the original ash content within the 

range tested. This is noticeably substantial and worth mentioning that earlier studies have 

established that chitosan of high quality should have an ash content of less than 1% (No and 

Meyers, 1995). These findings were comparable to those of Benhabiles et al. (2012) who 

also reported a ± 100% decrease in ash content at solid-solvent ratios of 1:10 to 1:30 (w/v). 

The initial concentration of Ca in the dried shrimp shells used in this study was determined 

to be 274.29 g.kg-1, after optimising parameters, a maximal 223.96 g.kg-1 Ca was removed 

(81% Ca removal). 
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Fig. 3.1 Effect of HCl concentration on the extent of demineralization (≡), at room 

temperature, 1:10 solid-solvent ratio and the respective amount of calcium 

carbonate (▪) removed with each concentration. Each point represents the mean of 

triplicate determinations with ± SD. [Note: error bars are not visible as they are 

small] 

                           

Fig. 3.2  Effect of solid-solvent ratio on the extent of demineralization (≡), at room 

temperature with 2N HCl and the respective amount of calcium carbonate (▪) 
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removed with each concentration. Each point represents the mean of triplicate 

determinations with ± SD. [Note: error bars are not visible as they are small].  

An aqueous solution of NaOH was used for the removal of proteins, pigments and lipids 

from the demineralized shells. This step serves to alter the chemical covalent bonds 

between the protein-chitin complexes. Contrary to Benhabiles et al. (2012) who reported  

40% deproteinization with 2 N NaOH, a maximum of 7.8% (Fig 3.3a) deproteinization was 

achieved in this study, using the same NaOH concentration. As the concentration of NaOH 

increased, the degree of protein removal did not exceed 7.8%. Poor protein recovery can be 

due to proteins being bound to the chitin by covalent bonds through histidyl or aspartyl 

residues or both, producing stable aggregates such as glycoproteins (Nakagawa et al., 2015). 

Disruption of this chemical bond is difficult thus making it hard to achieve high protein yield. 

Near complete protein removal is most desirable since it enables greater chitosan solubility 

after the deacetylation step. Similarly, optimization of deproteinization time displayed the 

same trend observed with the optimization NaOH concentration. Maximum protein removal 

was obtained at 60 min (11.7%) (Fig 3.3b) after which no further increase in protein removal 

was apparent. Rather, the protein concentrations decreased after 60 min. The temperature 

and solid to solvent ratio parameters had a greater impact on the extent of 

deproteinization. A temperature increase from 35oC to 55oC increased the degree of protein 

removal from 4.6% to 9.4%, respectively (Figure 3.3b), reaching a maximum 9.5% at 60oC.  

The elevated temperature most likely encouraged an increase in protein solubility in the 

alkali solution however, beyond that; the solution may have reached saturation. These 

results are similar to the results obtained by Khanafari et al. (2008). 

Optimizing the shells to solvent ratio showed maximum protein removal (13.7%) when the 

ratio was 1:10. Raising the ratio from 1:15 to 1:35 (w/v) resulted in a sharp decline in 

protein yield from 11.5% to 3.8%. This yield (i.e. 13.7% removal of protein) was the highest 

value obtained in this study. Benhabiles et al. (2013) however reported an increase in 

deproteinization from 30% to 96% at a solid to solvent ratio of 1/10 (w/v) and 1:20 (w/v), 

respectively. The author reported a final 96% protein removal after optimization. In this 

study all methods of preparation afforded a total of 13.7% removal of protein by varying the 

reaction time, temperature, NaOH concentration, and solid to solvent ratio.  The percent 
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protein removal in these findings was inferior with the above study. These could be due to 

variations in the type of shrimp species used and methods employed.  
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Fig. 3.3 The effect of NaOH concentration (A) on the extent of deproteinization at 50oC, 2h 

and 1:20 solid-solvent ratio. The effect of temperature (B) using 2N NaOH, 1:20 

solid-solvent ratio in 2 h. The effect of reaction time (C) using 2N NaOH and 1:20 
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solid-solvent ratio at 60oC. The effect of solid-solvent ratio (D) at 60oC, 2h using 2N 

NaOH. Each point represents the mean of triplicate determinations with ± SD. 

 

3.2 PHYSICOCHEMICAL CHARACTERIZATION OF SHELLS, CHITIN AND CHITOSAN 

 
3.2.1 Proximate composition analysis 

 
Proximate composition of shrimp shell waste varies with each species and many other 

factors. Chemical analyses showed that shrimp waste consisted of 20-30% chitin (dry 

weight) and a relatively high protein content of 44.60 ±0.34% and 35.15 ±0.31% ash on a dry 

basis. These results were consistent with those of Cosio et al. (1981) who reported values of 

18.1% and 34.9 for chitin and protein content, respectively. Bough et al. (1981) obtained 31-

36% chitin in shrimp-shell waste, while Carroad and Tom (1978) reported 24.4% in the same 

type of waste. These findings show that shrimp shell waste can be considered a good source 

of chitin and protein, through either bioconversion or direct extraction. It is likely that these 

findings would be inconsistent because qualitative and quantitative changes in chitin may 

be due to seasonal variations or the organism’s physiological state as well as species 

variation, (Fernandez-Kim, 2004). After deacetylation of chitin and decolourization 

treatment with ethanol, the chitosan yield obtained was 60-80%. The yield and degree of 

deacetylation of the chitosan are highly influenced by the reaction time (Chang et al., 2003). 

Evidently, the produced chitin had similar appearance compared to commercial chitin and 

(Fig. 3.4). The results further showed that the shells had the highest moisture content of 

4.18 ±0.99%, followed by chitin (2.50±0.43) and chitosan (0.53±0.17-Table 3.1). Chitosan is 

hygroscopic in nature (Khan et al., 2002), therefore it is very likely this value is higher than 

when initially extracted due to moisture absorption during storage. According to Li et al. 

(1992) commercial chitosan products should contain less than 10% moisture content. The 

quantity of ash indicates the efficiency of the demineralization step for calcium carbonate 

removal. Commercial chitosan products contain less than 2% ash (No et al., 1995). In the 

present study, the optimized demineralization parameters reduced the mineral content to 

acceptable limits in the chitin (0.25 ±0.31) and chitosan (0.19 ±0.06%). It can be deduced 

that the produced chitosan was of high quality since it had % ash of less than 1% (No    et al., 
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1995). This low ash content for both polymers indicated a satisfactory removal of minerals 

and calcium carbonate from the starting material. Results also show low lipid content of 

0.28 ±0.11, 0.05 ±0.02, and 0.03 ±0.02 for the shells, chitin and chitosan, respectively. 

Accurate estimation of the DDA of chitosan is an important parameter that indicates the 

molar percentage of monomeric units that have amino groups and differ from zero (chitin) 

to 100 for fully deacetylated chitosan (Jayakumar et al., 2008). N-deacetylation conditions 

entailed treating isolated chitin with 50% NaOH for 3-5 h, after which the solid was filtered, 

rinsed with water until the filtrate was neutral. After removal of the chitin acetyl groups, 

DDA was determined to be 72%. Chitosan deacetylated by 70-90% is considered a good end 

product (Kurita et al., 1993) and when the DDA is higher than 50% chitosan solubilises in 

weak acidic solutions. Along with the DDA, the physiochemical characteristics of chitosan 

also included a viscosity of 83.7 ±0.49 cP in 1% acetic acid solution. In literature, the 

reported viscosity of chitosan solutions commonly ranges from 60 to 780 cP (Alimuniar and 

Zainuddin, 1992; Anderson et al., 1978). This range in viscosity was also observed by Cho et 

al. (1998) with five commercially available chitosan preparations. Therefore, chitosan with 

viscosity comparable to commercial preparations can be produced by the chemical method 

used in this study.                                                                                                                                                                                                             

 
Table 3.1 Proximate compositions of shells, chitin and chitosan 

 Prawn Shells Chitin Chitosan 

 
% ash (dw/dw) 

 
35.15 ±0.31 

 
0.25 ±0.31 

 
0.19 ±0.06 

% protein (dw/dw) 44.60 ±0.34 36.17 ±1.07 24.67 ±0.26 

Moisture 4.18 ±0.99 2.50 ±0.43 0.53 ±0.17 

Lipids 0.28 ±0.11 0.05 ±0.02 0.03 ±0.02 

Viscosity (cP) NT NT 83.7 ±0.49 

Degree of deacetylation (%) NT NT 72 

data are expressed as mean ± standard deviation (n = 3). NT-not tested 
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Fig. 3.4  Crude chitin isolated from shrimp shells (A) compared to commercial chitin (Sigma-

Aldrich) (B). 

 

Fig. 3.5  Crude chitosan after deacetylation of chitin isolated from shrimp shells (A)   

compared to commercial chitosan (B).  

 

3.2.2 Mineral content of shrimp shells 
 
The most abundant minerals in the shell waste were Ca, Mg, P, Na and Fe, with Ca being the 

dominant mineral (Table 3.2). Hansen and Illanes (1994) reported that calcium is the main 

mineral constituent of shellfish waste and  Mahmoud et al. (2007) reported it to be 23 and 6 

times greater than the amount of magnesium and phosphorus, respectively. The average 

calcium content observed in this study was 274 287 mg.kg-1, which is 12 times higher than 

magnesium. Calcium is necessary for solid tissue structure, nerve transmission, blood 

clotting, muscle contraction, osmoregulation and as a cofactor for enzymatic processes 

(Lovell, 1989), but in exoskeletons it serves a purely structural function. Iron was 

determined at minor levels. Iron is a vital microelement (micronutrient) for healthy normal 

reproduction and growth. These results show that the shells can be utilized as an important 

alternative source of mineral supply for feed formulation for animals and human 

consumption because of the high content of functional minerals (Cao et al., 2009). 

A B 

A B 
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Table 3.2 Mineral analysis of shrimp shell raw material 

 

 

 

 

 

 

 
 

3.2.3 FTIR analysis of chitin and chitosan 
 
The FTIR spectra results for chitin are displayed in Fig. 3.6A and the spectrum of Fig. 3.6B 

corresponds to the deacetylated sample now referred to as chitosan. Chitin displayed a 

peak trough at 1562 cm-1 representative of the N-H deformation of amide II   (Duarte et al., 

2001, Ravindra et al., 1998). Common to all samples is a broad peak in the region of 3500-

3175 cm-1, attributed to OH stretching (Ottenhof et al., 2003) as a result of the moisture 

content of samples. The peak identified at 1654 cm-1 decreases as a result of chitin 

deacetylation, while an increase at 1551 cm-1 occurs, indicating the predominance of NH2 

groups (Bordi et al., 1991). This increase in intensity at 1551 cm-1 than at 1654 cm-1, 

suggested effective deacetylation of chitin. All spectra show the characteristic chitosan 

bands around the 1000 cm⁻¹ range denoting the presence of the N-acetyI glucosamine 

group unique to chitosan. Fig. 3.6B shows the chitosan spectrum isolated from shrimp. FTIR 

characterization showed that the overall extraction efficiency and the level of chitosan 

purity were satisfactory and similar to that of commercially available chitosan. The peak at 

1647 cm-1 and 1654 cm-1 are ascribed to the amide I band vibrations, and the peak at 1654 

cm-1 are indicative of the amide I elongation of C = O.  The band at 1618 cm-1 can be 

assigned to the stretching of C-N vibrations of the overlapping C = O group, linked by H 

bonding to the OH group. These bands are clearly seen in all three samples.  The peak at 

Minerals g/kg 

                  Calcium              (Ca)         

                  Magnesium      (Mg)     

                  Phosphorous       (P)      

                  Potassium            (K)            

                  Sodium              (Na)             

                  Iron                     (Fe)                     

274.29 

218.87 

1.38 

1.27 

0.80 

0.22 
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1552 cm-1 correlates to the N-H distortion of amide II and at 2940 cm-1 correlates to a 

symmetrical distortion of the CH3 group  (Duarte et al., 2001; Ravindra et al., 1998). 
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Fig. 3.6 FTIR spectra of chitin (A) and chitosan (B) isolated from shrimp shells in comparison 

to commercial chitin and commercial chitosan, respectively. FTIR spectra of the 

shell, chitin and chitosan are superimposed in (C). 

3.3 HYDROLYSIS OF CHITIN AND CHITOSAN 

 
Chitin and chitosan produced a series of oligomers after partial depolymerisation with 

concentrated HCl. Strong acid hydrolysis was chosen over other available approaches, like 

enzymatic or nitrous acid treatments (Allan and Peyron, 1997), because during acid 

treatment depolymerisation is accompanied by the cleavage of N-acetyl groups. The 

produced oligomers were purified by de-colourization, precipitated with cold acetone, 

filtered and dried. 

TLC analysis provided a preliminary insight on the separation and number of oligomers 

present in the NAcCOS mixed fraction obtained after acid hydrolysis (Fig. 3.7). Separation of 

GlcN (DP 2–6) oligomers and GlcNAc was achieved by TLC. Seven definite and well-

separated fractions of NAcCOS were detected. GlcN and GlcNAc elution times were 

confirmed by the commercial standards against which they were tested. 

The prepared NAcCOS were analysed by HPLC and the retention times of the five GlcNAc 

oligomers standards (GlcNAc dimer, GlcNAc trimer, GlcNAc tetramer, GlcNAc pentamer and 
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GlcNAc hexamer) were 6, 6.3, 6.7, 7.4, and 8.7 min, respectively (Fig. 3.8A). Li et al. (2012) 

reported retentions times of 10.4, 13.4, 15.7, 17.3 and 18.5 min for GlcNAc oligomers (DP 2-

6). These retention times differed to those of this study; however, this is to be expected 

since the authors chromatography was carried out on a Click Maltose column. Fig. 3.8B 

depicts the chromatogram curve of GlcNAc with a retention time of 11.2 min. 

The NAcCOS components hydrolysed from chitin are illustrated in Fig. 3.8C. There were in 

total, 8 fractions identified in the HPLC system. The dimer, trimer, tetramer, pentamer and 

hexamer were all present in the NAcCOS mixed fraction and were in accord with the 

oligomer standards in relation to their retention times. The precipitated chitin oligomers 

were largely composed of GlcNAc, the dimer (GlcNAc)2, and the trimer (GlcNAc)3 in that 

order. The hexamer (GlcNAc)6, tetramer (GlcNAc)4  and pentamer (GlcNAc)5 had the lowest 

concentrations. GlcNAc was the major component, with a yield of 142.41 mg.ml-1, twice the 

value reported by Bohlman et al. (2004). GlcN could not be detected or quantified 

simultaneously with the oligomers by the HPLC system used, as it generally requires a 

Zorbax SB-C18, 5 µm, 150 mm X 4.6 mm column and all chromatographic conditions 

necessary for its detection were different from the conditions used for the oligomers.  

According to Bohlman et al. (2004), the reaction conditions should be high enough to 

adequately degrade chitin without destroying the products. Such parameters include a HCl 

concentration of 15-36% and a temperature of 40-80oC. Under these conditions, up to 6.42 

g.L-1 GlcNAc can be produced in 1 h. Ryosuke et al. (2002), in an attempt to produce natural 

GlcNAc, combined ion-exchange membrane electrophoresis and the acid hydrolysis of 

chitin.  Therefore, it is possible to use chemically-modified GlcNAc as a low-cost resource in 

pharmaceuticals, food additives and cosmetics in future. It has also been revealed that 

Rhodotorula glutinis is capable of converting GlcNAc into biofuel (Yoon and Rhee, 1983, 

Hamme et al., 2006). The bioethanol could be produced with the GlcNAc from chitin waste 

as a C6 carbon source (Wendland et al., 2009). In conclusion, this investigation revealed that 

the distribution of GlcNAc in NAcCOS ranged from 2-to 6-mers and NAcCOS could be used as 

materials for the preparation of GlcNAc with single DP, upon fractionation 
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Fig. 3.7  Chromatographic profile of NAcCOS mixed fraction (Lane 1) hydrolysed from chitin 

and standards GlcN (Lane 2) and GlcNAc (Lane 3). 
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Fig. 3.8  HPLC spectra of NAcCOS (DP 2-6) and GlcNAc. Five main peaks with the retention 

times of 6, 6.3, 6.7, 7.4, and 8.7 min corresponding to the GlcNAc oligomers 

standards (GlcNAc dimer, GlcNAc trimer, GlcNAc tetramer, GlcNAc pentamer and 

GlcNAc hexamer) (A). GlcNAc standard with a retention time of 11.2 (B) and HPLC 

spectrum of NAcCOS produced from chitin after 2 h with concentrated HCl (C). 
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Table 3.3 Yield of chitin oligomers 

Retention time (min) 
 

Component Yield (mg.ml-1) 

   

11.2                GlcNAc 142.41 

8.6 (GlcNAc)2 24.96 

7.4 (GlcNAc)3 7.24 

6.7 (GlcNAc)4 1.97 

6.3 (GlcNAc)5 

(GlcNAc)6 

0.29 

6 2.66 

 

Chitosan hydrolysis in concentrated HCl involves two specific steps, that is, depolymerising 

chitosan into smaller oligosaccharides and deacetylating GlcNAc units into GlcN units (Einbu 

and Varum, 2008). In this event, a well deacetylated chitosan was used as starting material 

and acetyl groups were detached during the hydrolysis. As is illustrated in Fig. 3.9, chitosan 

oligomers consisted of DP 2-6 and GlcN were visible on the TLC plate. In this system, 

oligosaccharide retention depends on the hydrophilic interactions of amino groups and 

oligosaccharide hydroxyl groups with the stationary phase. In general, the oligosaccharides 

with more hydroxyl and amino groups will have longer retention times (Fu et al., 2010). 

Prior studies have depicted separation of several chitooligosaccharides with narrow or 

single DP by capillary electrophoresis, size exclusion chromatography and immobilized metal 

affinity chromatography (Ledevedec et al., 2008). However in this study, the COS were not 

quantified on an HPLC system due to unavailability of standards. TLC analysis was sufficient 

in providing initial insight on the separation and number of oligomers present in the COS 

mixed fraction obtained after acid hydrolysis of chitosan. It is noteworthy that the oligomers 

(DP 2-6) and GlcN are present in all the samples after being collected and precipitated at 1 h 

intervals. We can speculate that the yield of the oligomers decreases with time. Lee et al., 

(1999) investigated the production of oligomers against time and his data revealed that 0.5 

and 2 h reactions precipitated 10.1 and 7.3% oligomers, respectively, but after a 4 h 
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reaction, only 3.1% of the oligomers were obtained. A majority of the higher MW oligomer 

in 4 h is degraded into lower MW oligomers. Therefore, the authors strongly recommended 

a hydrolysis time less than 2 h if hydrolysing at 80°C with 35% HCl to obtain only higher MW 

oligomer. The previous work of Yabuki (1995) supports these findings wherein similar 

conditions were used and obtained oligomers with DP 1-4 after 6 h of depolymerisation. 

Although oligomers with DP 2-6 are available on the TLC chromatogram, we can also assume 

that the quantity after a couple of hours of depolymerisation will decrease. 

                                                      
 

                                                                                            
 

                                                                     
                                           
                                  
                                           

                                  
 
 
 
 
 
 
 
 
Fig.3.9 Chromatographic profile of chitosan hydrolysis products taken at 1 h intervals for 6 

h (represented by lanes 1-6) during acid hydrolysis and standard GlcN in lane 7. 

 

3.4 ANTIMICROBIAL ACTIVITY OF CHITOSAN, COS AND NAcCOS 

 
The extracted chitin was converted into the more practical, soluble chitosan. Both products 

along with their respective oligomers were characterized for their biological activity in terms 

of antimicrobial properties. The antimicrobial properties of chitosan and COS were studied 

against different cultures of gram positive and gram negative bacteria and the variations in 

the organisms degree of susceptibility to the compounds were observed. Chitosan was 

prepared by deacetylation of chitin, while COS was prepared by chemical hydrolysis. 

Chitosan displayed a bacteriostatic effect on all tested bacteria while COS possessed no 

antibacterial activity. The bacteriostatic effect, however, differed with regard to the kind of 
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bacterium tested. In general, as was ascertained by  Jeon et al. (2001), chitosan exhibited 

stronger bacteriostatic effects against Gram positive bacteria than Gram negative bacteria.  

Antibacterial activity of chitosan has been reported by several investigators (Uchida et al., 

1989; Jeon et al., 2001) as being superior to that of chitosan oligomers. For example, Uchida 

et al. (1989) discovered that chitosan inhibited the growth of S. aureus, E. coli, B. subtilis and 

P. aeruginosa, whereas chitosan oligomers at levels as high as 0.5-1% showed weak or no 

antibacterial activity. Several authors have established that chitosan generally has stronger 

effects on Gram-positive bacteria (e.g. Lactobacillus plantarum, Listeria monocytogenes, L. 

bulgaris, Bacillus megaterium, Staphylococcus aureus, B. cereus, L. brevis etc.) than on 

Gram-negative bacteria (e.g. Vibrio parahaemolyticus, Pseudomonas fluorescens, Salmonella 

typhimurium, E. coli, etc.) (No et al., 2002; Coma et al., 2003). The cell surface charge 

density is a determining factor to decide the amount of chitosan adsorbed. Evidently, more 

adsorbed chitosan would result in greater changes in the cell membrane’s permeability and 

in the structure. This would indicate that the antibacterial mode of action is dependent on 

the host microorganism (Másson et al., 2008). 

The effect of chitosan (1%) against E. coli and S. marcescens was evident after 4 h and 3 h of 

growth within the log phase, respectively, and growth declined after 6 h for both organisms 

(Fig. 3.10 and Fig. 3.11).  The susceptibility of E. coli was lower than expected. In a similar 

manner, Allan and Peyron (1997) reported that E. coli was only slightly affected using the 

same concentration. Cho et al. (1998) reported that chitosan’s antibacterial activity against 

E. coli and Bacillus sp. was better improved when viscosity was within the ranges of 1000 to 

10 cP. The viscosity of chitosan reported in this study was within the range specified (83.7 

±0.49 cP). Chitosan caused a sharp decline after 4 h of growth against S. aureus and NAcCOS 

echibited no effect. Benhabiles et al. (2012), however reported complete inhibition of S. 

aureus after 2 h of incubation in the presence of 0.1% NAcCOS.  

 Chitosan exhibited inhibitory growth activity against E. aerogenes throughout the 1-7 h 

incubation period, thus being the most susceptible of the entire gram negatives tested (Fig. 

3.11), however, S. typhimurium showed to be the least susceptible organism against the 

effects of chitosan (Fig. 3.16), similar to the findings of Wang (1992) who reported that 0.5% 

chitosan was ineffective for suppressing S. typhimurium. Chitosan was effective against 
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S.epidermis, completely suppressing growth from 1-5 h after which the organism’s growth 

was stimulated by the NAcCOS. Along with S.epidermis, K. pneumoniae was also growth 

stimulated by COS after 3 h of growth (Fig. 3.12) and B. cereus for the entire period of 

incubation (1-7 h-Fig. 3.18). Benhabiles et al., (2012) in similar research concluded that 0.1% 

(w/v) NAcCOS displayed higher antibacterial activities than native polysaccharides and 

notably supressed the growth of all tested bacteria. The opposite was however true for the 

results in this study. Furthermore, they reported complete growth inhibition of B. subtilis 

and B. cereus was achieved within 3 h of inoculation whereupon the optical density declined 

to zero. NAcCOS had neither positive nor negative effects against M.luteus, however, 

chitosan’s growth inhibition was best exhibited against M.luteus, suspending the organism 

in the lag phase for 6 h and growth ensuing thereafter. 

The proposed and most acceptable mode of action of chitosan is synergy between 

chitin/chitosan positively charged molecules and the negatively charged bacterial cell 

membranes. This interaction is mediated by the electrostatic forces between the negative 

residues and the protonated NH3+ groups (Tsai and Su, 1999), most likely by competing on 

the membrane surface with Ca2+ for electronegative sites (Young et al., 1982). This 

electrostatic interaction results in a bifold interference:  

I. by encouraging changes in the functions of the membrane wall permeability, hence 

inciting internal osmotic imbalances and thereupon inhibiting the growth of 

organisms (Hadwiger et al., 1981; Shahidi et al., 1999) 

 

II. by the hydrolysis of peptidoglycans in the organisms wall, causing leakage of 

intracellular electrolytes like potassium ions and other low molecular weight 

proteinaceous constituents (e.g. proteins, glucose and nucleic acids)  (Chen et al., 

1998). 

There are several reports discussing the antimicrobial activity of chitosan in different or 

similar conditions with opposing results (Eaton et al. 2008; Helander et al. 2001 ; Simunek et 

al. 2006). However we can conclude that they all confirm that chitosan has strong 

antimicrobial effects and is safe for human utilization. Therefore, the antimicrobial 
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properties of chitosan present a lucrative potential for producing natural food preservatives 

for functional-food additives and food-processing applications. 

Chitosan solvents also affect the antibacterial activity of chitosan. More often than not, the 

organic acid, acetic acid is used for solubilizing chitosan (Bough et al. 1975; No and Meyers, 

1989) because chitosan is soluble in most organic acid solutions with pH less than 6 

(Muzzarelli, 1973). Wang, (1992) found that antibacterial activity of chitosan against five 

species of foodborne pathogens (Y. enterocolitica, E. coli, S. aureus, S. typhimurium, L. 

monocytogenes) was higher at pH 5.5 than at pH 6.5. These findings clearly suggest that 

applying chitosan to acidic foods will improve its efficacy as a natural preservative. 

 

Fig. 3.10 Growth curves of E.coli at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 
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Fig. 3.11 Growth curves of S. marcescens at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 
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Fig. 3.12 Growth curves of K. pneumoniae at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean 

of triplicate determinants. 
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Fig. 3.13 Growth curves of E. aerogenes at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 

 

Fig. 3.14  Growth curves of S. typhimurium at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 
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Fig. 3.16 Growth curves of M. luteus at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 
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Fig. 3.15 Growth curves of S. epidermidis at 37oC and 180 rpm in MHB media (●), containing 

1% chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean 

of triplicate determinants 
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Fig. 3.17 Growth curves of B. subtilis at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 

 

Fig. 3.18 Growth curves of B. cereus at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 
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Fig. 3.19  Growth curves of S. aureus at 37oC and 180 rpm in MHB media (●), containing 1% 

chitosan (▪), 1% NAcCOS (*) and 1% acetic (∆). Each point is represents a mean of 

triplicate determinants. 
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3.5 RECOVERY OF ASTAXANTHIN AND CALCIUM CARBONATE 

 
3.5.1 Astaxanthin content 

 
The pigment extracted using 90% acetone was reddish-orange in appearance (Fig. 3.20). The 

total astaxanthin extracted in shrimp was 30.74 µg.g-1. The carotenoid content in shrimp by-

products generally varies between 119-148 µg.g-1. Sachindra et al. (2006) reported that a 

50:50 blend of hexane and isopropyl alcohol gave the highest yield (43.91 μg.g-1) of 

carotenoid compared to acetone (40.60 μg.g-1). This variation may be due to differences in 

species or due to the high polarity of acetone. However, Vimla and Paul, (2009) have 

reported that maximum yield of carotenoids from Penaeus monodon waste was obtained 

with acetone, compared to other solvents used for extraction. Polar solvents are generally 

favourable extraction solvents for xanthophylls whereas non polar solvents are not 

commended because they have limited penetration through the hydrophobic mass that 

encloses the pigment (Vargus et al., 2000). It was also observed that for any dry sample 

(deproteinized or non deproteinized), 90% acetone was found to be the best solvent for 

carotenoid extraction. Several reports are available on the yield of astaxanthin from 

different species of deep sea shrimps. Of these, the highest yield of 148 µg.g-1 dry waste was 

reported by Shahidi and Synowieki (1991) from the waste of Pandalus borealis shrimp. 

Several studies have shown that the astaxanthin yield depends on the extraction technique, 

media or solvents and other factors including the waste particle size (Sachindra et al., 2006). 

Furthermore, the difference of extractable astaxanthin in the waste and variations in species 

can also influence the yield of astaxanthin extraction. The quality is affected by storage 

conditions and processing i.e., exposure to air, heat treatment, intensity of exposure Iight 

and oxygen and length of exposure time, (Meyers and Bligh, 1981). In order to improve the 

extraction yield in this study, it may be beneficial to (i) reduce pre-treatment time of raw 

material prior to extraction, and/or (ii) carry out the extraction in the absence of air and 

light). 

TLC and HPLC of carotenoid extracts revealed that the shrimp shells consist of astaxanthin 

and its esters. TLC is a method extensively used to isolate and purify carotenoids owing to 

its flexibility, low cost and simplicity. In marine crustaceans, astaxanthin and its esters have 
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been reported to be the most dominant carotenoids (Shahidi et al., 1998). In this study, TLC 

separation yielded four distinct bands (Fig. 3.21) at Rf 0.33 (orange), 0.40 (orange), 0.50 

(orange) and 0.99 (yellow). The orange band at Rf 0.33 corresponded to free astaxanthin, Rf 

0.99, the yellow band corresponded to β-carotene while the yellow bands at Rf 0.50 and 

0.40 corresponded to astaxanthin monoester and canthaxanthin, respectively (Lorenz, 

1998). The Rf values obtained for astaxanthin were in agreement with Sindhua and Sherief 

(2011). Astaxanthin was also analysed by  reversed phase HPLC using a C18 column. 

Reversed phase liquid chromatography with typical eluents, including methanol and 

acetonitrile were used for elution of carotenoids in the shrimp shell material (Su et al., 2002; 

Verdoes et al., 2003). The standard curve linearity was expressed with reference to the 

determination coefficient (R2) from plots of the integrated peak area vs. standard 

concentration (in mg.ml-1). Calibration lines were constructed, and showed linear 

correlation of R2 = 0.9998, having the following regression equation: y= 6E+06X + 6E+07. The 

carotenoid peak at the retention time of 2.993 (Fig. 3.22A) was recognised as astaxanthin 

based on the identical retention time on HPLC with authentic astaxanthin standard (Fig. 

3.22B). The results revealed that the peak resolution of astaxanthin was not satisfactory, 

and the astaxanthin peak was tailing.  The analytical conditions displayed poor separation 

efficiency (overlapping peaks). Weber et al. (2007) developed a reversed phase HPLC 

method with acetone/water as solvent system to analyse and identify some carotenoids by 

liquid chromatography-atmospheric pressure chemical ionization-mass spectrometry (LC-

APCI-MS). However, it was often found that astaxanthin failed to yield a symmetrical peak, 

and the carotenoids peak resolution was poor. 

Nonetheless, the present study does reveal that deep sea shrimps may be used as a 

carotenoid source for pen-reared salmonids and other applications that have demanding 

requirements for carotenoid pigment. 
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Fig. 3.20  Dried astaxanthin produced from 90% acetone. 

 

 

 

Fig. 3.21 Chromatographic profile of astaxanthin and its esters (Lane 1) isolated during chitin 

isolation and standard astaxanthin (Lane 2). 
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Fig. 3.22 HPLC chromatogram of carotenoids in shrimp waste obtained with 90% acetone (A) 

and (B) astaxanthin standard with the retention time of 2.993 min. 
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3.5.2 Synthesis of CaCO3 
 
Of the carbonate minerals, CaCO3 is so far the most prominent in nature and industry (e.g. 

scale and filler formation, pigment) and consequently this is a well-studied mineral system. 

CaCO3 was re-synthesised by mixing CaCl2 solution from the demineralisation extract with 

NH4HCO3 (CaCl2 + NH4HCO3 = CaCO3 + NH4Cl2). 40g.100ml-1 of white CaCO3 precipitate was 

recovered (Fig. 3.23). 

 

Fig. 3.23 CaCO3 precipitate isolated from demineralization extract of shrimp shells 

CaCO3 is one of the most abundant minerals in nature and can exist in polymorphic forms: 

vaterite, aragonite and calcite. It is abundant in geological scales but also in biominerals, 

primarily as exoskeleton in cell walls of shells or in spines and spicules as mechanical 

support (Manoli and Dalas, 2000).  

3.5.2.1 FTIR patterns of the CaCO3 
 
The FTIR spectrum of CaCO3 powder showed an organic matrix and a mineral phase with 

many bands from 4000 cm−1 to 400 cm−1 (Fig. 3.24). The spectra of the produced CaCO3 

synergised well with the commercial spectra. The region at 3179 to 3522 cm−1 was 

attributed to OH absorption (Sigma, 2012). An important characteristic peak of carbonate 

was identified at 2997 cm−1 (Wang et al., 2007) for commercial CaCO3 and CaCO3 synthesized 

from the shells demineralization extract. The other functional groups, represented by the 

smaller absorption bands in both the commercial CaCO3 and CaCO3 powder, were carboxylic 

acid (2650 cm−1) and amide (2423 cm−1). The FTIR results also showed the absorption peak 

of calcite at 895 cm−1 for synthesized CaCO3. These are in agreement with reported findings 

of Choi and Kim, (2000) where it was observed that absorption peaks of calcite was at 875 

cm−1 and the absorption peaks of aragonite were at 667 cm−1 and 857 cm−1 of CO3
−2.  
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Fig. 3.24 FTIR spectra of CaCO3 produced from shrimp shells in comparison to commercial 

CaCO3. 

The industrial applications of CaCO3 are broad ranging, including paints, paper, plastics, inks, 

feedstuff, medicines, rubbers and adhesives (Xiang et al., 2004).  There is ample opportunity 

for developing this beneficial natural mineral substance and its polymorphs from 

inexpensive mineral resources of shrimp shells and can be applied in many fields, including 

medicine, bone biomaterials and industry. 

3.6 DEVELOPMENT OF EDIBLE FILMS 

 
Chitosan based films were successfully produced from viscous solutions of chitosan 

dissolved in 1% acetic organic acid. CH was blended with GLY, PEG 200 and PEG 600 and the 

interactions between these biopolymers was established, showing different 

physicochemical properties compared to CH films. At a macroscopic scale, all films were 

homogeneous and showed smooth surfaces. The incorporation of plasticizers increased the 

film thickness and flexibility than those prepared from CH solution alone, however this 

addition greatly reduced the TS of the films. Film transparency was also reduced with the 

addition of plasticizers. The blended films tended towards a more hydrophilic behaviour 

than the CH films. Crystallinity was highly dependent on chemical composition of films, 

which had a critical influence on the properties of the resulting films. The structural 
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properties of CH blended films determined by TGA, FTIR and XRD analyses further showed 

weak compatibility between both polymers proving CH to have superior properties and 

adequate for packaging purposes. 

3.6.1 Film appearance and thickness 
 
The CH films (Fig. 3.25) (A) were transparent and were easiest to peel off from the Petri 

dishes. These films dried within 24 hours whilst the other film blends took over 72 h. All 

plasticizers were added at a 0.04 weight ratio. CH films (A) were the most transparent 

followed by CH/GLY films (B). The films containing PEG (C, D) appeared opaque and brittle. 

Since film transparency is crucial, especially in food application, we can assume that the 

films with PEG content may not be suitable. 

      A     B       C         D 

 

Fig. 3.25 Images of chitosan film (A) and chitosan blends with plasticizers (B) CH/GLY (C) 

CH/PEG 200 and (D) CH/PEG 600 added at a 0.04 weight ratio. 

All films were measured for thickness and the findings are shown in Table 3.4. Film thickness 

was dependent upon the film’s composition and nature. This observation was consistent 

with that of  Di Pierro et al. (2006) and Sebti et al. (2007) who found a dependent affiliation 

between film thickness and the nature and content of the film-forming polymer. The 

measured thickness for CH films was 0.05 mm. The incorporation of plasticizers on the CH 

films resulted in a significant increase in film thickness ranging from 0.33 to 0.38 mm. The 

CH/GLY film exhibited a thickness of 0.38 mm. These results support those reported by Sebti 

et al. (2007). 
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Table 3.4  Thickness (mm), elongation at break (%), tensile strength (MPa), and film solubility 

of chitosan and chitosan blended films 

*plasticizers were added at a 0.04 weight ratio 

/ result inconclusive 

3.6.2 Mechanical properties of films   
 
Adequate mechanical elasticity and strength are generally necessary for a packaging film to 

maintain its integrity and withstand external stress similar to barrier properties during 

packaging applications (Rao et al., 2010). Tensile strength (TS) is a measure of the energy 

needed to break the film by stretching and the elongation at break is the extent the film can 

be stretched. Both parameters for the films developed in this study are listed in Table 3.6. 

The CH/GLY films (7.757 MPa) and CH films (0.17 MPa) had the lowest TS values compared 

to the PEG blended CH films. The TS value of CH film was much lower than that reported by 

Srinivasa et al. (2007) (11.58 MPa). This could be due to a number of factors such as 

chitosan source and composition, film preparation and storage (Sánchez-González et al., 

2009). The authors further reported a TS value of 4.14 MPa for chitosan films with glycerol 

as a plasticizer, which was half the value obtained in this study (7.757MPa). CH/PEG 200 had 

the highest TS value of 55.81 MPa. The PEG seemingly led the CH films to exhibit high 

inorganic characters such as being brittle making the %E low. CH films however had the 

highest elongation at break (15%). This was also reported by Perez-Gago et al., (2002) where 

chitosan films showed a higher elongation at break than the blended films, albeit at a much 

higher level (69.84%). As soon as glycerol decreases chitosan chain intermolecular 

attractions, polymer mobility increases and consequently the films’ elongation (Perez-Gago 

et al., 2002). Overall, the tensile strength increased with the addition of plasticizers and the 

Film  
composition  

Thickness (mm) Tensile strength 
(MPa) 

Elongation at 
break (%) 

Film solubility  
(%) 

     

Chitosan 0.050± 0.002 0.170± 0.002 15 10± 1.087 

CH/GLY 0.380± 0.002 7.757± 0.002 2.1 52± 2.665 

CH/PEG 200 0.330± 0.005 55.810± 0.008 10.09 41± 0.402 

CH/PEG 600 0.350± 0.001 13.335± 0.002 / 10± 1.958 
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opposite was true for the elongation at break. This effect may be ascribed to the 

heterogeneity introduced into the film structure and the negative effect on the cohesion 

forces of the CH matrix by the addition of GLY and PEG (Perez-Gago et al., 2002). The low TS 

of CH film reflects the plastics stiffness whilst the TS increased upon the incorporation of 

plasticizers into the CH matrix. These observations strongly suggest that the presence of GLY 

and PEG in the film significantly enhanced the flexibility and elasticity compared to the 

corresponding films made from CH alone, however, they did not improve the mechanical 

properties of chitosan films as expected since the elongation break was considerably low. 

We can conclude that the CH films though stiff are much stronger and tougher which is 

appropriate for applications in food packaging. The addition of PEG led to formation of 

hydrogen bonds between CH and PEG which crosslinks the blend. The poly blend may have 

not been compatible due to the nonattractive intermolecular interactions. This is also 

suggested by the SEM micrographs of this film blend (Zeng et al., 2004). 

3.6.3 Water solubility 
 
Solubility of films is a measure of water resistance and it also provides insight on the nature 

of the film in an aqueous environment. Of all the tested films, CH/GLY exhibited the highest 

percentage of solubility (52%, Table 3.4), similar to the value of 54.75% reported by (López-

Mata et al., 2013). This high solubility may be due to glycerol’s water binding capacity and 

chitosan’s functional groups (Ojagh et al., 2010). Second to CH/GLY, CH/PEG 200 also had a 

high solubility of 41%. These observations for both films correlates with the FTIR results (Fig. 

3.27). The shift in the peak ascribed to C-O-H group when plasticizers were incorporated to 

the film can be related to the quantity of the water molecules absorbed in the chitosan film. 

Moreover, the acetic acid used to solubilize chitosan has been reported to increase its 

protonation, thus increasing their affinity for water, as soon as the film is formed (Casariego 

et al., 2009). The lowest water solubility was observed for CH films (10%) and the film was 

not affected by the incorporation of PEG 200, maintaining the 10% water solubility. Chitosan 

is soluble in dilute aqueous acidic solutions (pH < 6.5) however, it is insoluble in water, 

whilst PEG polymer is water soluble. Even though all tested films maintained the original 

shape after 24 h immersion in water at room temperature, the blended films dissolved most 
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easily. High water resistance of plastic films is desirable for many industrial applications and 

CH films displayed superior properties than the blended films. 

 
3.6.4 Optical properties of films 

 
The optical properties of tested films are displayed in Table 3.5. CH and CH/GLY films 

showed a tendency towards lightness (L*) while the CH/PEG 200 and CH/PEG 200 films were 

opaque. The incorporation of glycerol and PEG 200 and 600 in the chitosan based films 

showed no significant effect on the lightness of the films (p < 0.05), however the slight 

decrease in L * suggested a decrease in the transparency for both CH/PEG 200 and CH/PEG 

600 films. This is apparent in the appearance of the films (Fig. 3.24). The CH/PEG 600 blend 

showed a tendency toward greenness (a*). The value of b* (representing yellow-blue) on 

the CH/PEG 200 blend indicated an increase of the yellowness of the film. The CH/PEG 600 

blend showed a slight tendency toward greenness (a*). 

 
Table 3.5  Optical properties of chitosan and chitosan blended films 

 

            Edible films 

Colour CH CH/GLY CH/PEG 200 CH/PEG 600 

 

L* 

 

91.4±0.4 

 

91.0±0.2 

 

90.6±0.0 

 

90.0±0.0 

a* -0.9±0.0 -1.0±0.0 -1.3±0.1 -1.8±0.1 

b* 5.7±0.5 4.3±0.0 12.71±0.6 5.7±0.4 

 
 

3.6.5 Characterisation of film microstructure 
 
The micrographs of the films obtained from scanning electron microscope are illustrated in 

Fig. 3.26. Images of the superficial arrangement of the CH film (Fig. 3.26A) revealed that the 

film was continuous, compact, and nonporous with irregularly shaped folds. These findings 

were comparable to those of Bhuvaneshwari et al. (2003) whose analysis revealed that pure 

chitosan film was nonporous and the texture plain without pores. A nonporous CH 



 

69 

 

morphology has been reported (Casariego et al., 2009). Other authors have however 

confirmed the presence of evenly distributed pores on the film surface (Pereda et al., 2011). 

This phenomenon is typically contingent on the nature of the chitosan used (molecular 

weight and degree of deacetylation). From the micrograph, however, a different superficial 

structure is revealed after the incorporation of glycerol into the chitosan blend (Fig. 3.26B). 

The film surface was modified in that randomly distributed microstructure spaces that 

looked like cracks were evident. The addition of PEG intensified the film’s heterogeneity, 

giving the material surface heterogeneous, rough, irregular surfaces in character, with 

discontinuances associated with the formation of two phases in the matrix (Fig. 3.26C) 

(Sánchez-González et al., 2009). This suggested that the PEG and the chitosan film particles 

may have failed to completely homogenize, suggesting low compatibility between the 

components. The CH/PEG 600 film however displayed more pronounced scattered and 

larger patch like holes. It was clear that the addition of PEG significantly altered the 

morphologies of the films suggesting weak physical interaction between active sites in the 

film constituents. The addition of PEG did not enhance the smoothness of the films as 

reported by Mahatmanti et al. (2014), whose findings established that the incorporation of 

PEG causes a reduction of the pores in chitosan-silica films by virtue of the PEG being 

physically trapped on the solid surface. In a related effort, Zeng et al., (2004) confirmed our 

findings by proposing that the pore size increases with the addition of crosslinking agents. 

 

 
 

A 
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                                             *MF, microfractures 

 

 
 

 
 

Fig. 3.26        SEM micrograms of chitosan films and blends. CH (A), CH/GLY (B), CH/PEG 200 (C) and    

CH/PEG 600 (D). 
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3.6.6 Fourier transform infrared spectroscopy of films 
 
FTIR spectra of CH, CH/GLY, CH/PEG 200 and CH/PEG 600 showed broad absorption bands 

between 3478 and 2529 cm-1 for all films, indicative of the stretching vibration of O-H bond 

(Fig. 3.27). The absorption peaks at 1659 cm-1 and 1595 cm-1 common to all films are related 

to the CH amide I and amide II bands, respectively. The assignment of these absorption 

bands are in agreement with those reported for chitosan (Pastor et al., 2004). The peak at 

1148 cm-1 for chitosan corresponds to the symmetric stretching of the C-O-C bond. 

When two or more polymers were mixed, the characteristic spectra peaks of the blends 

should be considerably different from the spectra of each component due to the chemical 

interactions, resulting in band shifts, intensity changes and broadening (Xiao et al., 2003). 

The characteristic peak at 1550 cm-1 for CH/PEG 200 blend film was ascribed as –NH2 group, 

which decreased after the incorporation of PEG 200. This observation suggested that the 

hydrogen-bonding interactions between hydroxyl groups and amino groups of chitosan 

become weak (Zhang et al., 2009). A significant shift is observed in the absorption bands 

indicative of O-H vibration for the blended films were much broader than that of chitosan, 

the absorption band at 3524 cm-1 shifted to higher frequencies at  3663 cm-1, 3657 cm-1  and 

3611 cm-1 
for CH/GLY, CH/PEG 200 and CH/PEG 600, respectively. Furthermore, their 

intensity decreased with the added plasticizers, indicating that parts of the H2 bonds in 

chitosan were broken thereafter. Both the amide I and amide II bands moved to higher 

wavenumbers for CH/GLY films from 1635 cm-1 to 1657 cm-1, and for amide II band from 

1550 cm-1
 to 1552 cm-1. The peak intensities however, including those of CH/PEG 200 and 

CH/PEG 600 films were significantly reduced almost to the point of negligibility. Since amide 

I and II bands represented the structure of GlcNAc, the results suggested that the non-

deacetylated groups in chitosan were forming more with the hydroxyl bonds with PEG than 

with the hydrogen groups (Abugoch et al., 2011). The interaction between PEG and –NH2 

groups of chitosan could not be recognized by the present results. FTIR analysis suggested 

the existence of hydrogen bonding interactions between PEG polymers and chitosan. The 

broad band at approximately 1029 cm-1 for PE may be assigned to a contribution of different 

groups such as out-of-plane C-H bending (from aromatic structures) (Schmidt et al., 2005, Su 

et al., 2002). 
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Fig. 3.27 FTIR spectra of chitosan films and blends.  

 
3.6.7 Thermogravimetric analysis of films 

 
Thermogravimetric properties were determined by analysing changes in weight of films with 

increase in temperature. Fig. 3.28 shows two stages of decomposition for CH films and 

CH/PEG 600 blend films. The first stage for CH films begins at 45ᵒC with an 11% weight loss 

and the second stage starts at 270ᵒC and arrives at a maximum at 380ᵒC with a weight loss 

of 27ᵒC. For CH/GLY blend films, trinomial degradation peaks were observed. The first peak 

began at 45ᵒC to 75ᵒC, losing 19% of its initial weight, the second and third stages at 140ᵒC 

and 240ᵒC accounted for 27.1 and 17.86% weight loss, respectively. This was probably due 

to degradation of glycerol, since the flashpoint of glycerol is around 180°C, and nitrogen gas 

environments mass loss ensues at 199°C (Castelló and Dweck, 2009). CH/PEG 600 blend 

films lost 8% weight at 35ᵒC to 65ᵒC, followed by a 46.52% weight loss between 270 and 

415ᵒC. This weight loss for PEG blended films is credited to the decomposition of the 

polymeric network (Ma et al., 2009; Neto et al., 2005). For CH/PEG 200, the first peak at 

35ᵒC was the initial decomposition accompanied by a 14.99% weight loss. The second and 

third peaks at 170ᵒC and 270ᵒC account for 44.64% and 16.44% weight loss, respectively. All 

three plasticizers significantly affected weight loss of plastics with CH/PEG 200 and CH/PEG 
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600 having the lowest degradation onset temperatures. This was most likely due to 

moisture increase in the plastic leading to destructurization. Upon the incorporation of PEG, 

the intra-molecular interactions between the terminal hydroxyl groups of PEG predominate, 

inhibiting the attractive bonds. The PEG blended films become incompatible and 

consequently their thermal stability is lesser than that of chitosan. This observation was 

contrary to that of Reiad et al. (2012) who found that PEG blended chitosan had higher 

thermal stability than that of chitosan, but decreases if mass ratio of chitosan to PEG is too 

high. 

 

Fig. 3.28 TGA thermograms of chitosan films and blends. 

 
3.6.8 X-ray diffraction 

 
CH/GLY showed well-defined and strong characteristic peaks at 16.4°, 19.9° and 30° (Fig. 

3.28) while CH/PEG 600 film blend showed spectral reflections at 19.6°, 23.7° and 29.7° 2θ. 

These diffractograms were characteristic of a semi-crystalline nature indicating that 

intermolecular interactions between chitosan and CH/PEG 600 exist, implicating positive 

compatibility between the two polymers. The intensification of spectral peaks of CH/PEG 

600  blend film at  23.7° and 29.7° 2θ also indicate the existence of intermolecular 
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interactions between PE 600 and CH. CH/PEG 200 exhibited a broad peak between 20° to 

35° 2θ, suggesting an amorphous nature of the film. This can be ascribed to the fact that 

chitosan content in the blends limited the growth of crystallinity. The stiff molecular 

chitosan chains altered the overall movements in the blend and hindered the crystallisation 

process (Zhao et al., 1995). The spectral peaks for chitosan films were, however, less 

intense, broader and flatter, suggesting that chitosan had a predominantly amorphous form 

in the films. The spectral peaks at 2Ө 9.7°, 13.2° and 21.2o were consistent with previously 

published results (Abugoch et al., 2011). The diffraction peak at 2Ө 21.2o is the typical 

fingerprint for chitosan films (Zhong et al., 2011) and was observed in all films (Fig. 3.28). 

This diffraction peak at around 20° is reported for chitosan films prepared using acetic acid 

as a solvent (Bangyekan et al., 2006). The peak at around 13o was assigned to chitosan 

anhydrous crystal. 

 

Fig. 3.29 X-ray diffraction patterns of chitosan film and CH/GLY, CH/PEG 200 and CH/PEG 600 

blend films. 
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4. CONCLUSIONS 
 
Many countries rely on the seafood industry as the major source of income. 65% of shrimp 

is edible and the remaining percentage is considered inedible waste (exoskeleton and 

cephalothorax) and is therefore discarded. The efficient consumption of resources from 

crustacean biomass not only functions in converting food wastes into valuable products, but 

has also developed into an environmental priority (Rudrapatnam and Farooqahmed, 2003). 

Therefore it is necessary to exploit valuable biopolymers and recover the by-products 

thereof (Ferrer et al., 1996). In this study, chitin and chitosan were produced by chemical 

treatments of shrimp shells. This research has revealed that varied chitosan possessing 

antibacterial activity can be generated and high antibacterial activity is characteristic of 

chitosan. This suggests the possibility of manipulating chitosan as an effective bacterial 

inhibitor and possibly fungi upon further research. This research puts forth opportunities for 

developing valuable products by processing the crustacean by-products with possible 

biological activity. Chitosan is approved in both Japan and Korea as an additive in food since 

1983 and 1995, respectively (Weinhold et al., 2009). The need for using chitosan possessing 

elevated antibacterial activity is evident especially as a preservative to avoid health risks 

associated with consuming foods contaminated with bacterial pathogens or to prolong food 

shelf-life by supressing spoilage bacteria from growing (Cho et al., 1998). The effectiveness 

of chitosan as a natural preservative can be enhanced upon its addition on acidic foods; this 

is implicated by its increased antibacterial activity at lower pH, however, before application 

in foods, further research on other factors that remarkably influence effectiveness as an 

inhibitor is required; such factors include storage temperature of food, degree of 

contamination and water activity (No et al., 2002). 

As a result of desirable protective features displayed in the antibacterial activity tests, we 

can conclude that chitin and chitosan are natural biopolymers that can be employed in the 

food industry. The future of bioactive by-product research is very bright especially with the 

enormous expanding market worldwide. The application versatility of both chitin and 

chitosan increases in being a great challenge to the scientific community and various 

industries. The availability of highly-pure commercial forms of both polymers and the 

continued arrival of new derivatives of chitin/chitosan with more effective and unique 
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properties has prompted unlimited efforts on R&D of these multifaceted amino 

polysaccharides. It can be anticipated that, in the near future, additional specialized 

applications will be developed. 

4.2 Recommendations for future work 

 
Based on the results obtained in this study, the following should be addressed in future 

investigations: 

I. Investigation of the efficacy of antimicrobial activity of edible films on fruits and 

vegetables. 

II. Antioxidant activity of astaxanthin should be quantified and investigated for possible 

applications in industry. 

III. How bacteriostatic effects of chitosan can be enhanced against gram-negative 

bacteria. 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

77 

 

5. REFERENCES 
 
 

ABDOU, E. S., ELKHOLY, S. S., ELSABEE, M. Z. & MOHAMED, E. 2008. Improved antimicrobial 

activity of polypropylene and cotton nonwoven fabrics by surface treatment and 

modification with chitosan. Journal of Applied Polymer Science, 108, 2290-2296. 

ABUGOCH, L. E., TAPIA, C., VILLAMÁN, M. C., YAZDANI-PEDRAM, M. & DÍAZ-DOSQUE, M. 

2011. Characterization of quinoa protein-chitosan blend edible films. Food 

Hydrocolloids, 25, 879-886. 

AL SAGHEER, F. A., AL-SUGHAYER, M. A., MUSLIM, S. & ELSABEE, M. Z. 2009. Extraction and 

characterization of chitin and chitosan from marine sources in Arabian Gulf. 

Carbohydrate Polymers, 77, 410–419. 

ALIMUNIAR & ZAINUDDIN 1992. An economical technique for producing chitosan. In 

Advances in Chitin and Chitosan, C.J. Brine, P.A. Sanford, and J.P. Zikakis (Ed.). 

Elsevier Applied Science, Essex, UK., 627. 

ALIREZA, A. & MOHAMMED, A. 2012. Applications of Chitosan in the Seafood Industry and 

Aquaculture: A Review. Food and Bioprocess Technology, 5, 817-830. 

ALLAN, G. G. & PEYRON, M. 1997. Depolymerization of chitosan by mean of nitrous acid. In 

A. A. Muzzarelli, & M. G. Peter (Eds.). Chitin handbook, 153-164. Grottammare: 

AtecEdizioni. 

ALVAREZ, M. V., PONCE, A. G. & MOREIRA, M. D. R. 2013. Antimicrobial efficiency of 

chitosan coating enriched with bioactive compounds to improve the safety of fresh 

cut broccoli. Food Science and Technology, 50, 78-87. 

ANDERSON, C. G., DEPABLO, N. & ROMO, C. R. 1978. Antarctic Krill (Euphausia superba) as a 

source of chitin and chitosan. In Proceeding of the First International Conference on 

Chitin /Chitosan, R.A.A. Muzarrelli and E.R. Pariser (Ed.). 54. 

ANONYMOUS. 1997. SEMARNAP. Anuario Estadistico de Pesca. Government of Mexico. 

AOAC. 1998. Official methods of analysis (16th ed.).Washington, DC: Association of Official 

Analytical Chemists. 

ARAI, K., KINUMAKI, T. & FUJITA, T. 1968. Toxicity of chitosan. Bull.Tokai Reg. Fish Ecology 

Research Lab, 56, 89-94. 



 

78 

 

ARANAZ, I., MENGÍBAR, M., HARRIS, R., PAÑOS, I., MIRALLES, B., ACOSTA, N., GALED, G. & 

HERAS, Á. 2009. Functional characterization of chitin and chitosan. Current Chemical 

Biology, 3, 203-230. 

ASHRY, E. S. H. E. & ALY, M. R. E. 2007. Synthesis and Biological Relevance of N-

Acetylglucosamine-containing Oligosaccharides. Pure and Applied Chemistry, 12, 

2229-2242. 

ATKINS, E. 1985. Conformations in polysaccharides and complex carbohydrates. Journal of 

Bioscience and Bioengineering, 8, 375-387. 

BANGYEKAN, C., AHT-ONG, D. & SRIKULKIT, K. 2006. Preparation and properties evaluation 

of chitosan-coated cassava starch films. Carbohydrate Polymers, 63, 61-71. 

BARRETEAU, H., DELATTRE, C. & PHILIPPE., M. 2006. Production of Oligosaccharides as 

Promising New Food Additive. Food Technology and Biotechnology, 44, 323-333. 

BAXTER, A., DILLON, M., TAYLOR, K. D. A. & ROBERTS, G. A. F. 1992a. Improved method for 

i.r. determination of the degree of N-acetylation of chitosan. International Journal of 

Biological Macromolecules, 14, 166-9. 

BEGIN, R. & VAN CALSTEREN, M. 1999. Antimicrobial films produced from chitosan. . 

International Journal of Biological Macromolecules, 2, 63-67. 

BENHABILES, M. S., ABDI, N., DROUICHE, N., LOUNICI, H., PAUSS, A., GOOSEN, M. F. A. & 

MAMERI, N. 2013. Protein recovery by ultrafiltration during isolation of chitin from 

shrimp shells Parapenaeus longirostris. Food Hydrocolloids, 32, 28-34. 

BENHABILES, M. S., SALAH, R., LOUNICI, H., DROUICHE, N., GOOSEN, M. F. A. & MAMERI, N. 

2012. Antibacterial activity of chitin, chitosan and its oligomers prepared from 

shrimp shell waste. Food Hydrocolloids, 29, 48-56. 

BERGER, M. HONDA, K. AND YOSHIDA, N. 2005. A Logical Analysis of Aliasing in Imperative. 

             Higher-Order Functions, 280-293. 

BHUVANESHWARI, S., SRUTHI, D., IRANJANA KALYANI, V. S. N. & THARANATHAN, R. J. S. 

2003. Biodegradable coatings and composite coatings: past, present and future. 

Trends in Food Science and Technology, 14, 71-78. 



 

79 

 

BHUVANESHWARI , S., SRUTHI, D., SIVASUBRAMANIAN, V. & NIRANJANA KALYANI, S., J. 

2003. Development and characterization of chitosan film. International Journal of 

Engineering Research and Applications (IJERA), 1, 292-299. 

BLIGH, E. G. & DYER, W. J. 1959. A rapid method of total lipid extraction and purification. 

Canadian Journal of Biochemistry and Physiology, 37, 911-917. 

BOHLMAN, J. A., SCHISLER, D. O., HWANG, K. O., J.P., H., TRINKLE, J. R., ANDERSON, T. B., 

STEINKE, J. D. & VANDERHOFF, A. 2004. N-Acetyl-D-glucosamine and Process for 

Producing N-Acetyl-D-glucosamine. United States Patent and Trademark Office. 

6693188B2. 

BORDI, F., CAMETTI, C. & PARADOSSI, G. 1991. Dielectric behavior ofpolyelectrolyte  

solutions: The role of proton fluctuation. The Journal of Physical Chemistry, 95, 4883-

4889. 

BOUGH, W. A., SALTER, W. L., WU, A. C. & PERKINS, B. E. 1981. Influence of manufacturing 

variables on the characteristics and effectiveness of chitosan products. 

Biotechnology and Bioengineering, 12, 1931-1943. 

BOUGH, W. A., SALTER, W. L., WU, A. C. M. & PERKINS, B. E. 1978. Influence of 

manufacturing variables on the characteristics and effectiveness of chitosan 

products. Chemical composition, viscosity, and molecular weight distribution of 

chitosan products. 20, 1931-43. 

BOUGH, W. A., SHEWFELT, A. L. & SALTER, W. L. 1975. Use of chitosanfor the reduction and 

recovery of solids in poultry processing waste effluents. Poultry Science, 54, 992-

1000 

BRINE, C. J. & AUSTIN, P. R. 1981. Chitin variability with species and method of preparation. 

Comparative Biochemistry and Physiology 69B, 283-86. 

BRZESKI, M. 1987. Chitin and chitosan-putting waste to good use. Infofish International, 5, 

31-33. 

CAO, W., ZHANG, C., HONG, P., JI, H., HAO, J. & ZHANG, J. 2009. Autolysis of shrimp head by 

gradual temperature and nutritional quality of theresulting hydrolysate. Food 

Science and Technology, 42, 244-249. 



 

80 

 

CARROAD, P. A. & TOM, R. A. J. 1978. Bioconversion of shellfish chitin wastes: process 

conception and selection of microorganisms. Journal of Food Science, 43, 1158-1161. 

CASARIEGO, A., SOUZA, B. W. S., CERQUEIRA, M. A., TEIXEIRA, J. A., CRUZ, L., DÍAZ, R. & 

VICENTE, A. A. 2009. Chitosan/clay films properties as affected by biopolymer and 

clay micro/nanoparticles concentrations. Food Hydrocolloid, 23, 1895-1902. 

CASTELLÓ, M. & DWECK, J. A. D. 2009. Thermal stability and water content determination of 

glycerol by thermogravimetry. Journal of Thermal Analysis and Calorimetry, 97, 627–

630. 

CASTILLO, R., NEGRE-SADARGUES, G. & LENEL, R. 1982. General survey of the carotenoids in 

crustacean. In: Britton G, Goodwin TW (eds) Carotenoid chemistry and biochemistry. 

Pergamon, Oxford, 211-224. 

CERVERA, M., HEINAMAKI, J., KROGARS, K., JORGENSEN, A., KARJALAINEN, M. & COLARTE, 

A. 2004. Solid-state and mechanical properties of aqueous chitosan - amylose starch 

films plasticized with polyols. AAPS Pharmscitech, 5, 1-6. 

CHANG, K. L. B., LIN, Y. S. & CHEN, R. H. 2003. The effect of chitosan on the gel properties of 

tofu (soybean curd). Journal of Food Engineering, 57, 315-319. 

CHANG, K. L. B. & TSAI, G. 1997. Response surface optimization and kinetics of isolating 

chitin frompink shrimp (Solenocera melantho) shell waste. Journal of Agricultural 

and Food Chemistry, 45, 1900-1904. 

CHEN, C., LIAU, W. & TSAI, G. 1998. Antibacterial Effects of N-Sulfonated and N-Sulfobenzoyl 

Chitosan and Application to Oyster Preservation. Journal of Food Protection  61, 

1124-1128. 

CHEN, J. & XIANG, L. 2009. Controllable synthesis of calcium carbonate polymorphs at 

different temperatures. Powder Technology, 189, 64–69. 

CHO, Y. I., NO, H. K. & MEYERS, S. P. 1998. Physicochemical Characteristics and Functional 

Properties of various Commercial Chitin and Chitosan Products. Journal of 

Agricultural and Food Chemistry, 46, 3839-3843. 

CHOI, C. S. & KIM, Y. W. 2000. A study of the correlation between organic matrices and 

nanocomposite materials in oyster shell formation. Biomaterials, 21, 213-222. 



 

81 

 

COMA, V., MARTIAL-GROS, A., GARREAU, S., COPINET, A., SALIN, F. & DESCHAMPS, A. 2002. 

Edible antimicrobial films based on chitosan matrix. Journal of Food Science, 67, 

1162-1169. 

COSIO, G., FISHER, R. & CARROAD, P. A. 1981. Bioconversion of shellfish chitin waste: waste 

pretreatment, enzyme production, process and design economic analysis. Journal of 

Food Science, 47, 901-905. 

CUERO, R. G., OSUJI, G. & WASHINGTON, A. 1991. N-carboxymethyl chitosan inhibition of 

aflatoxin production: role of zinc. Biotechnology Letters, 13, 441-444. 

DAVIES, B. H. 1985. Carotenoid metabolism in animals: a biochemist's view. Pure and 

Applied Chemistry, 57, 679-684. 

DAY, R. B., OKADA, M., ITO, Y., TSUKADA, K., ZAGHOUANI, H., SHIBUYA, N. & STACEY, G. 

2001. Binding site for chitin oligosaccharides in the soybean plasma membrane. 

Plant  Physiology, 126. 

DECKER, E. A., HAULTIN, H. O. & SOCIETY. 1992. Lipid oxidation in muscle foods via redox 

ion. In A. J. Angelo (Ed.). Lipid oxidation in food, American Chemical Society, 33-54. 

DELGADO-VARGAS, F. & PAREDES-LOPEZ, O. 2003. Natural colorants for food and 

nutraceutical uses. CRC Press, Boca Raton, FL. ISBN 1-58716-076-5. 

DEVLIEGHERE, F., VERMEULEN, A. & DEBEVERE, J. 2004. Chitosan: antimicrobial activity, 

interactions with food components and applicability as a coating of fruit and 

vegetables. Food Microbiology, 21, 703-714. 

DI PIERRO, P., CHICO, B., VILLALONGA, R., MARINIELLO, L., DAMIAO, A. & MASI, P. 2006. 

Chitosan-whey protein edible films produced in the presence of transglutaminase: 

analysis of their and barrier properties. Biomacromolecules, 7, 744-749. 

DOMSZY, J. G. & ROBERTS, G. A. F. 2003. Evaluation of infrared spectroscopic techniques for 

analysing chitosan. Macromolecular Chemistry and Physics, 186, 1671–1677. 

DUARTE, M. L., FERREIRA, M. C., MARVAO, M. R. & ROCHA, J. 2001. Determination of the 

degree of acetylation of chitin materials by 13C CP/MAS NMR spectroscopy. 

International Journal of Biological Macromolecules, 28, 359-363. 

DUPUIS, G. & LEHOUX, J.-G. 2007. Recovery of chitosan from aqueous acidic solutions by 

salting-out. Part 2: Use of salts of organic acids. Carbohydrate Polymers, 68, 287-294. 



 

82 

 

DUTTA, P., TRIPATHI, S., MEHROTRA, G. & DUTTA, J. 2009. Review: perspectives for chitosan 

based antimicrobial films in food applications. Food Chemistry, 114, 1173-1182. 

EATON, P., FERNANDES, J. C., PEREIRA, E., PINTADO, M. E. & MALCATA, F. X. 2008. Atomic 

force microscopy study of the antibacterial effects of chitosans on Escherichia coli 

and Staphylococcus aureus. Ultramicroscopy, 108, 1128-1134. 

EINBU, A. 2007. Characterisation of Chitin and a Study of its Acid-Catalysed Hydrolysis. 

EINBU, A. & VARUM, K. M. 2008. Biomacromolecules, 9, 1870-1875. 

EL GHAOUTH, A., ARUL, J., ASSELIN, A. & BENHAMOU, N. 1992. Antifungal Activity of 

Chitosan on Two Post-Harvest Pathogens of Strawberry Fruits' in Phytopathology. 

The American Phytopathological Society, 82, 398±402. 

EL HADRAMI, A., ADAM, L. R., EL HADRAMI, I. & DAAYF, F. 2010. Chitosan in plant 

protection. Marine Drugs, 8, 968-987. 

EUGENE, K. & LEE, Y. L. 2003. Implantable applications of chitin and chitosan. Biomaterials, 

24, 2339-2349. 

FEISAL, K. & MONTAROP, Y. 2010. Chitin Research Revisited. Marine Drugs, 8, 1988-2012. 

FELT, O., CAREL, A., BAEHNI, P., BURI, P. & GURNY, R. J. 2000. Chitosan as tear substitute: a 

wetting agent endowed with antimicrobial efficacy. Journal of Ocular Pharmacology 

and Therapeutics, 16, 261-70. 

FEREIDOON, S., JANAK, K. V. A. & YOU-JIN, J. 1999. Food applications of chitin and chitosans. 

Trends in Food Science and Technology, 10, 37-51. 

FERNANDES, F. K. T., SOARES, J. C., RAMOS, O. S. S., MONTEIRO, M. J., PINTADO, M. E. & 

MALCATA, F. X. 2008. Antimicrobial effects of chitosans and chitooligosaccharides, 

upon Staphylococcus aureus and Escherichia coli, in food model systems. Food 

Microbiology, 25, 922-928. 

FERNANDEZ-KIM, S. O. 2004. Physicochemical and functional properties of crawfish chitosan 

as affected by different processing protocols. LSU Master's Theses. 1338. 

https://digitalcommons.Isu.edu/gradschool_theses/1338. 

FERRER, J., PAEZ, G., MARMOL, Z., RAMONES, E., GARCIA, H. & FORSTER, C. F. 1996. Acid 

hydrolysis of shrimp-shell wastes and the production of single cell protein from the 

hydrolysate. Bioresource Technology, 57, 55-60. 



 

83 

 

FU, Q., LIANG, T., ZHANG, X., DU, Y., GUO, Z. & LIANG, X. 2010. Carbohydrate Research 345 

2690-2697. 

GIMENO, M., RAMIREZ-HERNANDEZ, J. Y., MARTINEZ-IBARRA, C., PACHECO N, GARCIA-

ARRAZOLA, R., BARZANA, E. & SHIRAI, K. 2007. One solvent extraction of astaxanthin 

from lactic acid fermented shrimp wastes. Journal of Agricultural and Food Chemistry  

55, 10345-10350. 

GONTARD, N., GUILBERT, S. & CUQ, J.-L. 1992. Edible wheat gluten films: Influence of the 

main process variables on film properties using response surface methodology. 

Journal of Food Science, 57, 190-195. 

GOODAY, G. W. 1990. The Ecology of Chitin Degradation. Advances in Microbial Ecology, 11, 

387-430. 

GOYCOOLEA, F. M., ARGUELLES-MONAL, W., PENICHE, C. & HIGUERA-CIAPARA, I. 2000. 

Chitin and chitosan. In Novel Macromolecules in Food Systems, Eds. Doxastakis G. 

and V. Kiosseoglou. Elsevier Science, 41, 265-308. 

GUERARD, F., SUMAYA-MARTINEZ, M. T., LAROQUE, D., CHABEAUD, A. & DUFOSSE, L. 2007. 

Optimization of free radical scavenging activity by response surface methodology in 

the hydrolysis of shrimp processing discards. Process Biochemistry, 42, 1486-1491. 

GUERIN, M., HUNTLEY, M. E. & OLAIZOLA, M. 2003. Haematococcus astaxanthin: 

applications for human health and nutritionin. Trends in Biochemistry, 21, 210-216. 

GUPTA, K. C. & RAVI, K. M. N. V. 2000. An overview on chitin and chitosan applications with 

an emphasis on controlled drug release formulations. Journal of Materials Science 

Wiley Macromolecular Chemistry and Physics, 273-308. 

HADWIGER, L. A., KENDRA, D. G., FRISTENSKY, B. W., WAGONER, W., MUZZARELLI, R. A. A., 

JEUNIAUX, C., GOODAY, G. W. & (EDS.). 1981. Chitosan both activated genes in 

plants and inhibits RNA synthesis in fungi, in: “Chitin in nature and technology”. 

Plenum, New York. 

HAMME, J. V., SINGH, A. & WARD, O. 2006. Physiological Aspects Part 1 in a Series of Papers 

Devoted to Surfactants in Microbiology and Biotechnology. Biotechnology Advances, 

24, 604-620. 



 

84 

 

HANSEN, M. E. & ILLANES, A. 1994. Applications of Crustacean Wastes in Biotechnology. In 

Fisheries Processing: Biotechnological Applications, Ed. Martin, A. M. London, UK: 

Chapman and Hall. 

HARISH PRASHANTH, K. V. & THARANATHAN, R. N. 2007. Chitin/chitosan: modifications and 

their unlimited application potential—an overview. Trends in Food Science & 

Technology, 18, 117-131. 

HELANDER, I. M., NURMIAHO-LASSILA, E. L., AHVENAINEN, R., RHOADES, J. & ROLLER, S. 

2001 Chitosan disrupts the barrier properties of the outer membrane of gram-

negative bacteria. International Journal of Food Microbiology, 71, 2-3. 

HENGAMEH, H. & MEHDI, B. 2009. Applications of biopolymers I: chitosan. Monatshefte 

Chemie, 1403-1420. 

HERRING, P. J. 1979. Marine Ecology and natural products. Pure and Applied Chemistry, 51, 

1901-1911. 

HEU, M. S., KIM, J. S. & SHAHIDI, F. 2003. Component and nutritional quality of shrimp 

processing by-products. Food Chemistry, 82, 235-242. 

HIRAI, A., ODANI, A. & NAKAJIMA, A. 1991. Determination of degree of deacetylation of 

chitosan by 1H NMR spectroscopy. Polymer Bulletin, 26, 87-8. 

HIRANO, S. 1997. Applications of chitin and chitosan in the ecological and environmental 

fields. In: Goosen MFA, Ed., Technomic, Lancaster, PA, 31-54. 

IBRAHIM, H. M., SALAMA, M. F. & EL-BANNA, H. A. 1999. Shrimp’s waste: Chemical 

composition, nutritional value and utilization. Nahrung, 43, 418-423. 

JAYAKUMAR, R., REIS, R. L. & MANO, J. F. 2007. Synthesis and Characterization of pH-

Sensitive Thiol-Containing Chitosan Beads for Controlled Drug Delivery Applications. 

Drug Delivery, 14, 9-17. 

JAYAKUMAR, R., SELVAMURUGAN, N., NAIR, S. V., TOKURA, S. & TAMURAB, H. 2008. 

Preparative methods of phosphorylated chitin and chitosan—An overview. 

International Journal of Biological Macromolecules, 43, 221-225. 

JEON, Y. J., PARK, P. J. & KIM, S. K. 2001. Antimicrobial effect of chitooligosaccharides 

produced by bioreactor. Carbohydrate Polymers, 44, 71- 76. 



 

85 

 

JIANING, P. & SUBRAMANIAM, S. 2011. Kinetics of Lipid Oxidation and Degradation of 

Flaxseed Oil Containing Crawfish (Procambarus clarkii) Astaxanthin. Journal of the 

American Oil Chemists' Society,  88, 595–601. 

JOHNSON, E. L. & PENISTON, Q. P. 1982. Utilization of Shell fish Waste for Chitin, Chitosan 

Production in Chemistry and Bio-chemistry of Marine Food Products (Martin, R.E., 

Flick, G.J.,Hebard, C.E., Ward D.R., eds). AVI Publishing Co, Westport, CT, USA, 

415±428. 

JOLLÈS, P. & MUZZARELL, I. R. A. A. 1999. Chitin and Chitinases, In: Birkhäuser Verlag (ed), 

Basel, Switzerland. 

JÖRG, N., HANS-JOSEF, A., TIM, M. & HELGA, M. 2011. A new method for the quantification 

of chitin and chitosan in edible mushrooms. Carbohydrate Research, 346, 1307-1310. 

KALUT, S. K. A. 2008. Enhancement of degree of deacetylation of chitin in chitosan 

production. Master's Theses. Faculty of Chemical Engineering and Natural Resources 

Universiti Malaysia Pahang . 

KAMEL, M. & ALNAHDI, M. 1992. Inhibition of Superoxide Anion Release from Human 

Polymorphonuclear Leukocytes by N-Acetylgalactosamine and N-Acetylglucosamine. 

Clinical and Experimental Rheumatology, 11, 254-260. 

KAMEL, M., HANAFI, N. & BASSIOUNI, M. 1991. Inhibition of Elastase Enzyme Release from 

Human Polymorphonuclear Leukocytes by N-Acetylgalactosamine and N-

Acetylglucosamine. Clinical and Experimental Rheumatology, 9, 17-21. 

KANDASAMY, N. 2005. Development and Characterization of antimicrobial edible films from 

crawfish chitosan. Masters Thesis, Louisiana State University and Agricultural and 

Mechanical College. 

 

KE, H. & CHEN, Q. 1990. Potentiometric titration of chitosan by linear method. Huaxue 

Tongbao, 10, 44-6. 

KESTER, J. J. & FENNEMA, O. R. 1986. Edible Films and Coatngs; A Review. Food Technology, 

47±59. 

KHAN, T., PEH, K. & CH’NG, H. S. 2002. Reporting degree of deacetylation values of chitosan: 

the influence of analytical methods. Journal of Pharmaceutical Sciences, 5, 205-212. 



 

86 

 

KHANAFARI, A., MARANDI, R. & SANATEI, S. 2008. Recovery of chitin and chitosan from 

shrimp waste by chemical and microbial methods. Iranian Journal of Environmental Health 

Science and Engineering. 5, 19-24. 

KIM, S. K. & RAJAPAKSE, N. 2005. Enzymatic production and biological activities of chitosan 

oligosaccharides (COS): A review. Carbohydrate Polymers, 62, 357-368. 

KJARTANSSON, G. T., ZIVANOVIC, S., KRISTBERG, K. & WEISS, J. 2006. Sonication-assisted 

extraction of chitin from north atlantic shrimps (Pandalus borealis). Journal of 

Agricultural and Food Chemistry, 54, 5894-5902. 

KNORR, D. 1991. Recovery and utilization of chitin and chitosan in food processing waste 

management. Food and Bioprocess Technology, 26, 114-122. 

KOBAYASHI, M. & SAKAMOTO, Y. 1999. Singlet oxygen quenching ability of astaxanthin 

esters from the green alga Haematococcus pluvialis. Biotechnology Letters, 21, 265-

269. 

KUHNEN, S., LEMOSA, P. M. M., CAMPESTRINI, L. H., OGLIARIA, J. B., DIAS, P. F. & 

MARASCHIN, M. 2009. Journal of Functional Foods, 284, 284-290. 

KURITA, K. 2001. Controlled functionalization of the polysaccharide chitin. Progress in 

Polymer Science, 26, 1921-1971. 

KURITA, K. 2006. Chitin and chitosan: functional biopolymers from marine crustaceans. 

Marine Biotechnology, 8, 203-226. 

KURITA, K., TOMITA, K., TADA, T., ISHII, S., NISHIMURA, S. & SHIMODA, K. 1993. Squid chitin 

as a potential alternative chitin source: Deacetylation behavior and characteristic 

properties. Journal of Polymer Science Part A: Polymer Chemistry, 31, 485. 

LABUZA, T. P. & BREENE, W. M. 1989. Applications of Active Packaging' for Improvement of 

Shelf-Life and Nutritional Quality of Fresh and Extended Shelf-Life Foods. Journal of 

Food Processing and Preservation, 13, 1-69. 

LEDEVEDEC, F., BAZINET, L., FURTOS, A., VENNE, K., BRUNET, S. & MATEESCU, M. 2008. 

Separation of chitosan oligomers by immobilized metal affinity chromatography. 

Journal of Chromatography, 1194, 165–171. 

LATSCHA, T. 1990 Carotenoids-their nature and significance in animal feeds. n: F Hoffmann-

La Roche Ltd, Animal Nutrition and Health, Basel, Switzerland, ISBN 3-906507-03-3, 110. 



 

87 

 

LEE , C. H., AN, D. S., PARK, H. F. & LEE, D. S. 2003. Wide-spectrum antimicrobial packaging 

materials incorporating nisin and chitosan in the coating. Trends in Food  Science and 

Technology, 16, 99-106. 

LEE , M.-Y., VARB, F., SHIN-YAC, Y., KAJIUCHI, T. & YANGA, J.-W. 1999. Optimum conditions 

for the precipitation of chitosan oligomers with DP 5-7 in concentrated hydrochloric 

acid at low temperature. Process Biochemistry, 34, 493-500. 

LI, Q., DUNN, E. T., GRANDMAISON, E. W. & GOOSEN, M. F. A. 1997. Applications and 

properties of chitosan. In: Goosen MFA. editor. Applications of chitin and chitosan. 

Lancaster: Technomic Publishing, 3-29. 

LI, Q., DUNN, E., GRANDMAISON, E. W. & GOOSEN, M. F. A. 1992. Applications and 

properties of chitosan. Journal of Bioactive and Compatible Polymers, 7, 370-97. 

LI, K., XINGA, R., LIUA, S., LI, R., QINA, Y., MENGA, X. & LI, P. 2012. Separation of chito-

oligomers with several degrees of polymerization and study of their antioxidant 

activity. Carbohydrate Polymers, 88, 896-903. 

LÓPEZ-MATA, M. A., RUIZ-CRUZ , S., SILVA-BELTRÁN, N. P., ORNELAS-PAZ , J. D. J., ZAMUDIO-

FLORES, P. B. & BURRUEL-IBARRA, S. E. 2013. Physicochemical, Antimicrobial and 

Antioxidant Properties of Chitosan Films Incorporated with Carvacrol. Molecules, 18, 

13735-13753 

LORENZ, R. T. 1998. Thin-Layer Chromatography (TLC) System for NatuRoseTM Carotenoids. 

LOVELL, R. T. 1989. Nutrition and feeding of fish. New York: Van Nostr and Reinho. 260. 

MA, J., ZHANG, M., LU, L., YIN, X., CHEN, J. & JIANG, Z. 2009. Intenisfying esterification 

reaction between lactic acid and ethanol by pervaporation dehydration using 

chitosan-TEOS  hybrid membranes. Chemical Engineering Journal, 155, 800-809. 

MAHATMANTI, F. W., NURYONO & NARSITO 2014. Physical characteristics of chitosan based 

film modified with silica and polyethylene glycol. Journal of Agricultural and Food 

Chemistry, 14, 131-137. 

MAHMOUD, N. S., GHALY, A. E. & ARAB, F. 2007. Unconventional Approach for 

Demineralization of Deproteinized Crustacean Shells for Chitin Production. American 

Journal of Biochemistry and Biotechnology, 3, 1-9. 

MAJETI, N. V. & RAVI, K. 2000. A review of chitin and chitosan applications. Reactive and 

Functional Polymers, 46, 1-27. 



 

88 

 

MANO, J. F., SILVA, G. A., AZEVEDO, H. S., MALAFAYA, P. B., SOUSA, R. A., SILVA, S. S., 

BOESEL, L. F., OLIVEIRA, J. M., SANTOS, T. C., MARQUES, A. P., NEVES, N. M. & REIS, 

R. L. 2007. Natural origin biodegradable systems in tissue engineering and 

regenerative medicine: present status and some moving trends. Journal of the Royal 

Society Interface, 4, 999-1030. 

MANOLI, F. & DALAS, E. 2000. Spontaneous precipitation of calcium carbonate in 

thepresence of ethanol, isopropanol and diethylene glycol. Journal of Crystal 

Growth, 218, 359-364. 

MARCUM, F. D. & SEANOR, J. W. 2007. Composition and Method for Treating Rheumatoid 

Arthritis. US Patent NO. 2008003258. 

MARGUERITE, R. 2006. Chitin and chitosan: Properties and applications. Progress in Polymer 

Science, 31, 603-632. 

MARYAM, M., AMINLARI, M. & KHODABANDEH, M. 2005. An effective method for 

producing a nutritive protein extract powder from shrimp-head waste. Food Science 

and Technology International, 11, 49-54. 

MATHUR, N. K. & NARANG, C. K. 1990. Chitin and chitosan, versatile polysaccharides from 

marine animals. Journal of Chemical Education, 67, 938-942. 

 

Mezzomo, N., Maestri, Bianca., Lazzaris dos Santos, Renata., Maraschin, M. & Ferreira., 

S.R.S. 2011. Talanta. 85, 1383-1391. 

Pink shrimp (P. brasiliensis and P. paulensis) residue: Influence of extraction method on 

carotenoid concentration 

MEYERS, S. P. & BLIGH, O. J. 1981. Characterization of astaxanthin pigments from heat-

processed crawfish waste. Journal of Agricultural and Food Chemistry, 29, 505. 

MIKI, W. 1991. Biological functions and activities of animal carotenoids. Pure and Applied 

Chemistry, 63, 141-146. 

MOORJANI, M. N., ACHUTHA, V. & KHASIM, D. I. 1975. Parameters affecting the viscosity of 

chitosan from prawn waste. International Journal of Food Science and Technology, 

12, 187-9. 



 

89 

 

MORGAN, L. & CHUENPAGDUE, R. 2003. Shifting gears addressing the collateral impacts of 

fishing methods in U.S. waters. Island Press, Washington. 

MUKHERJEE, D. P. 2002. Method for producing chitin or chitosan.United State Patent. 6, 

188. 

MUSTAPARTA, E. 2006. Prices and market information on chitin products. Oral 

communication. 

MUZZARELLI, R. A. A. 1973. Natural Chelating Polymers. Pergamon, Oxford, UK. 

MUZZARELLI, R. A. A. 1977. Chitin. Pergamon Press, New York, 326. 

MUZZARELLI, R. A. A. & ROCCHETTI, R. 1985. Determination of the degree of acetylation of 

chitosans by first derivative ultraviolet spectrophotometry. Carbohydrate 

Polymerisation  5, 461-72. 

MUZZARELLI, R. A. A. E. 1976. Natural Chelating Polymers. Pergamon Press, New York, 83. 

MYONG, K., SON, J., KIM, S., WELLER, C. & HANNA, M. 2006. Properties at chitosan films as a 

function of pH and solvent type. Journal of Food Science, 71, E119-E124. 

NAGUIB, Y. M. A. 2000. Antioxidant activities of astaxanthin and related carotenoids. Journal 

of Agricultural and Food Chemistry, 48, 1150-1154. 

NAKAGAWA, Y. S., KUDO, M., LOOSE, J. S. M., ISHIKAWA, T., TOTANI, K., EIJSINK, V. G. H. & 

VAAJE-KOLSTAD, G. 2015. Structural and functional characterization of a small chitin-

active lytic polysaccharide monooxygenase domain of a multi modular chitinase 

from Jonesia denitrificans. FEBS Journal, 282, 1065-1079. 

NALAM, P. C., CLASOHM, J. N., MASHAGHI, A. & SPENCER, N. D. 2009. Macrotribological 

Studies of Poly (L-lysine)-graft-Poly (ethylene glycol) in Aqueous Glycerol Mixtures. 

Tribology Letters, 37, 541. 

NEETU, D., RUPINDER, T. & GURINDER, S. H. 2006. Biotechnological aspects of chitinolytic 

enzymes: a review. Applied Microbiology and Biotechnology, 71, 773-782. 

NETO, C. G. T., GIACOMETTI, J. A., JOB, A. E., FERREIRA, F. C., FONSECA, J. L. C. & PEREIRA, 

M. R. 2005. Thermal analysis of chitosan based networks. Carbohydrate Polymers, 

62, 97-103. 

NIETO, J. M., PENICHE-COVAS, C. & PARDON, G. 1991. Characterization of chitosan by 

pyrolysis-mass spectrometry, thermal analysis, and differential scanning calorimetry. 

Thermochimica Acta, 176, 63-6. 



 

90 

 

NO, H. K., KIM, S. D., KIM, D. S. & KIM, S. J. 1999. Effect of physical and chemical treatments 

on chitosan viscosity. Journal of Korean Soc for Chitin and Chitosan, 4, 177-83. 

NO, H. K. & MEYERS, S. P. 1989. Crawfish chitosan as a coagulant in recovery of organic 

compounds from seafood processing streams. Journal of Agricultural and Food 

Chemistry, 37, 580-583. 

NO, H. K. & MEYERS, S. P. 1995. Preparation and characterization of chitin and chitosan- A 

review. Journal of Aquatic Food Product Technology 4, 27-52. 

NO, H. K., MEYERS, S. P. & LEE, K. S. 1989. Isolation and Characterization of Chitin from 

Crawfish Shell Waste. Journal of Agricultural and Food Chemistry, 37, 575-579. 

NO, H. K., PARK, N. Y., LEE, S. H., HWANG, H. J. & MEYERS, S. P. 2002. Antibacterial activities 

of chitosans and chitosan oligomers with different molecular weights on spoilage 

bacteria isolated from tofu. Journal of Food Science, 67, 1511-1514. 

NOA, H. K., PARK, N. Y., LEE, S. H. & MEYERS, S. P. 2002. Antibacterial activity of chitosans 

and chitosan oligomers with different molecular weights. International Journal of 

Food Microbiology, 74. 

OJAGH, S. M., REZAEI, M., RAZAVI, S. H. & HOSSEINI, S. M. H. 2010. Development and 

essential oil evaluation of a novel biodegradable film made chitosan and cinnamon 

with low affinity toward water. Food Chemistry, 122, 161-166. 

OKA, Y. 2010. Mechanisms of nematode suppression by organic soil amendments-a review. 

Applied Soil Ecology, 44, 101-115. 

OMUM, J. V. 1992. Shrimp waste-must it be wasted? INFOFISH International, 6, 48. 

ONWULIRI, V. A. & ANEKWE, G. E. 1992. Proximate and elemental composition of 

Bryophyllum pinnatum (Lim). Medical Science Research, 20, 103-104. 

OTTENHOF, M. M., MACNAUGHTAN, W. & FARHAT, I. A. 2003. FTIR study of state andphase 

transitions of low moisture sucrose. Carbohydrtae Research, 338, 2195-2202. 

PARK, J., TESTIN, R., VERGANO, P., PARK, H. & WELLER, C. 1996. Fatty acid distribution and 

its effect on oxygen permeability in laminated edible films. Journal of Food Science, 

61, 401-406. 

PASTOR-PAREJA, J.C., GRAWE, F., MARTIN-BLANCO, E., GARCIA-BELLIDO, A. 2004. Invasive 

             cell behaviour during Drosophila imaginal disc eversion is mediated by the JNK 



 

91 

 

             signaling  cascade.  Developmental Cell, 7(3): 387-399. 

PERCOT, A., VITON, C. & DOMARD, A. 2003. Optimization of chitin extraction from shrimp 

shells. Biomacromolecules, 4, 12-18. 

PEREDA, M., MARCOVICH, N. E. & ARANGUREN, M. I. 2008. Characterization of 

chitosan/caseinate films. Journal of Applied Polymer Science, 107, 1080-1090. 

PEREDA, M., PONCE, A. G., MARCOVICH, N. E., RUSECKAITE.R.A. & MARTUCCI, J. F. 2011. 

Chitosan-gelatin composites and bi-layer films with potential antimicrobial activity. 

Food Hydrocolloids, 25, 1372-1381. 

PEREZ-GAGO, M., ROJAS, C. & DEL RIO, M. 2002. Effect of lipid type and amount of edible 

hydroxypropylmethylcelluloseelipid composite coatings used to protect postharvest 

quality of mandarins cv. fortune. Journal of Food Science, 67, 2903-2910. 

PRADIP, K. D., JOYDEEP, D. & TRIPATHI, V. S. 2004. Chitin and chitosan: Chemistry, 

properties and applications. Journal of Scientific and Industrial Reseacrh, 63, 20-31. 

PRAMEELA, K., MURALI, M. C. & HEMALATHA, K. P. J. 2012. Efficient use of shrimp waste: 

present and future trends. Applied Microbiology and Biotechnology 93, 17-29. 

RADWAN, M. A., FARRAG, S. A. A., ABU-ELAMAYEM, M. M. & AHMED, N. S. 2012. Extraction, 

characterization, and nematicidal activity of chitin and chitosan derived from shrimp 

shell wastes. Biology and Fertility of Soils, 48, 463-468. 

RAMESH, H. & THARANATHAN, R. N. 2003. Carbohydrates-the renewable raw materials of 

high biotechnological value. Critical Reviews in Biotechnology, 23, 149-173. 

RAO, M. S., KANATT, S. R., CHAWLA, S. P. & SHARMA, A. 2010. Chitosan and guar gum 

composite films: Preparation, physical, mechanical and antimicrobial properties. 

Carbohydrate Polymers, 82, 1243-1247. 

RAO, M. S., MUNOZ, J. & STEVENS, W. F. 2000. Critical factors in chitin production by 

fermentation of shrimp biowaste. Applied Microbiology and Biotechnology, 54, 808-

813. 

RAVINDRA, R., KROVVIDI, K. R. & KHAN, A. A. 1998. Solubility parameter of chitinand 

chitosan. Carbohydrate Polymers, 36, 121-127. 

http://dx.doi.org/10.1016/j.devcel.2004.07.022


 

92 

 

RAYMOND, L., MORIN, F. G. & MARCHESSAULT, R. H. 1993. Degree of deacetylation of 

chitosan using conductimetric titration and solid-state NMR spectroscopy. 

Carbohydrate Research, 246, 331-6. 

REIAD, N. A., SALAM, O. E. A., ABADIR, E. F. & HARRAZ, F. A. 2012. Adsorptive removal of 

iron and manganese ions from aqueous solutions with microporous 

chitosan/polyethylene glycol blend membrane. Journal of Environmental Sciences, 

24, 1425-1432. 

REGE, S., JACKSON S., GRIFFIN W.L., DAVIES R.M., PEARSON N.J. AND O’REILLY S.Y. 2005. 

Quantitative trace element analysis of diamond by laser ablation inductively coupled 

plasma mass spectrometry. Journal of Analytical and Atomic Spectrometry, 20, 601-

611. 

RENSTROM, B. and S. LIAAEN-JENSEN. 1981. Fatty acid composition of some esterified  

carotenols. Comparative Biochemistry and Physiology. Part B: Biochemical and 

Molecular Bilogy. 69, 625-627. 

REVAH-MOISEEV, S. & CARROAD, A. 1981. Conversion of the Enzymatic Hydrolysate of 

Shellfish Waste Chitin to Single-Cell Protein. Biotechnology and Bioengineering, 23, 

1067-1078. 

RHAZI, M., DESBRIERES, J., TOLAIMATE, A., ALAGUI, A. & VOTTERO, P. 2004. Investigation of 

different natural sources of chitin: influence of the source and deacetylation process 

on the physicochemical characteristics of chitosan. Polymer International, 49, 337-

44. 

RICH, J. R., DUNN, R. & NOLING, J. 2004. Nematicides: past and present uses. In: Chen ZX, 

Chen SY, Dickson DW (eds) Nematology: advances and perspectives, vol. 2. 

Nematode management and utilization. CABI Publishing, Oxfordshire, 1041-1082. 

RINAUDO, M. 2006. Chitin and chitosan: properties and applications. Progress in Polymer 

Science, 31, 603-632. 

RITTHIDEJ, G., PHAECHAMUD, T. & KOIZUMI, T. 2002. Moist heat treatment on 

physicochemical change of chitosan salt films. International Journal of 

Pharmaceutics, 232, 11-22. 

ROBERTS, G. A. F. 1992. Chitin chemistry (1st ed.). London: Macmillan. 



 

93 

 

ROVATI, L., CASULA, P. & MASCHERPA, S. 1972. N-Acetylglucosamine for Treating 

Degenerative Afflictions of the Joints. US Patent NO. 3697652  

RUDRAPATNAM, N. T. & FAROOQAHMED, S. K. 2003. Chitin-the undisputed biomolecule of 

great potential. Critical Review in Food Science and Nutrition, 43, 61-87. 

RYOSUKE, K., YOSHIHARU, M., KAZUAKI, K. & KAZUO, S. 2002. Production of Natural-type N-

Acetyl-D-glucosamine. 

SABNIS, S. & BLOCK, L. H. 1997. Improved infrared spectroscopic method for the analysis of 

degree of N-acetylation of chitosan. Polymer Bulletin, 39, 67-71. 

SACHINDRA, N. M., BHASKAR, N. & MAHENDRAKAR, N. S. 2006. Recovery of carotenoids 

from shrimp waste in organic solvents. Waste Management, 26, 1092-1098. 

SÁNCHEZ-GONZÁLEZ, L., VARGAS, M., GONZÁLEZ-MARTÍNEZ, C., CHIRALT, A. & CHÁFER, M. 

2009. Characterization of edible films based on hydroxypropylmethylcelluloseand 

tea tree essential oil. Food Hydrocolloids, 23, 2102-2109. 

SANDFORD, P. A. 2002. Commercial sources of chitin and chitosan and their utilization. 

Advances in Chitin Science. (Ed. Vårum K.M.). Trondheim, Norway., 6. 

SANTIAGO-SILVA, P., SOARES, N., NÓBREGA, J., JÚNIOR, M., BARBOSA, K. & VOLP, A. 2009. 

Antimicrobial efficiency of film incorporated with pediocin on preservation of sliced 

ham. Food Control, 20, 85-89. 

SAS 1988. SAS SAS/STAT Users Guide, Release 6.03. SAS institute Inc, Carey, NC. 

SASHIWA, H. 2006. Current aspects on chemical modification of chitosan. Asian Chitin 

Journal, 1, 1. 

SCHMIDT, V., GIACOMELLI, C. & SOLDI, V. 2005. Thermal stability of films formed by soy 

protein isolateesodium dodecyl sulfate. Polymer Degradation and Stability, 87, 25-

31. 

SEBTI, I., CHOLLET, E., DEGRAEVE, P., NOEL, C. & PEYROL, E. 2007. Water sensitivity, 

antimicrobial, and physicochemical analyses of edible films based on HPMC and/or 

chitosan. Journal of Agricultural and Food Chemistry, 55, 693-699. 

SHAHIDI, F., ARACHCHI, J. K. V. & JEON, Y. J. 1999. Food applications of chitin and chitosans. 

Trends in Food Science and Technology, 10, 37-51. 



 

94 

 

SHAHIDI, F. & SYNOWIECKI, J. 1991. Isolation and characterization of nutrients and value-

added products from snow crab (Chinoecetes opilio) and shrimp (Pandalus borealis) 

processing discards. Journal of Agricultural and Food Chemistry, 39, 1527-1532. 

SHAHIDI, F. & SYNOWIEKI, J. 1991. Isolation and characterisation of nutrients and value 

added products from snow crab (Chinoecetesopilio) and shrimp (Pandalus borealis) 

processing discards. Journal of Agricultural and Food Chemistry, 39, 1527-1532. 

SHEFTEL, V. O. 2000. Indirect Food Additives and Polymers. Migration and Toxicology. CRC, 

1114-1116. 

SIBI, G., DHANANJAYA, K., RAVIKUMAR, K.R., MALLESHA, H., VENKATESHA, R.T., TRIVEDI 

,D.,BHUSAL, K.P., GOWDA, N. & GOWDA, K. 2013. Preparation of Glucosamine 

Hydrochloride from Crustacean Shell Waste and It’s Quantitation by RP-HPLC . 

American-Eurasian Journal of Scientific Research, 8 (2), 63-67. 

SIGMA 2012. Interpreting Infrared Spectra Painlessly, Quickly, and Correctly. 

SIKORA, R. A. & FERNANDEZ, E. 2005. Nematode parasites of vegetables. In: Luc M, Sikora 

RA, Bridge J (eds) Plant parasitic nematodes in subtropical and tropical agriculture. 

CABI Publishing, Wallingford, 319-392. 

SIMELANE, S. & USTUNOL, Z. 2005. Mechanical properties of heat-cured whey protein-

based edible films compared with collagen casings under sausage manufacturing 

conditions. Journal of Food Science, 70, E131-E134. 

SIMUNEK, J., TISHCHENKO, G., HODROVA, B. & BARTONOVA, H. 2006. Effect of chitosan on 

the growth of human colonic bacteria. Folia Microbiologica (Praha) 51, 306-308. 

SINDHUA, S. & SHERIEF, P. M. 2011. Extraction, Characterization, Antioxidant and Anti-

Inflammatory Properties of Carotenoids from the Shell Waste of Arabian Red Shrimp 

Aristeus alcocki, Ramadan 1938. The Open Conference Proceedings Journal, 2, 95-

103. 

SRINIVASA, P. C., RAMESH, M. N. & THARANATHAN, R. N. 2007. Effect of plasticizers and 

fatty acids on mechanical and permeability characteristics of chitosan films. Food 

Hydrocolloids, 21, 1113-1122. 

SU, Q., ROWLEY, K. G. & H., B. N. D. 2002. Carotenoids: separation methods applicable to 

biological samples. Journal of Chromatography B, 781, 393-418. 



 

95 

 

SUDARSHAN, N. R., HOOVER, D. G. & KNORR, D. 1992. Antibacterial action of chitosan. Food 

Technology, 6, 257-272. 

SYNOWIECKI, J. & AL-KHATEEB, N. A. 2003. Production, properties and some new 

applications of chitin and its derivatives. Critical Reviews in Food Science and 

Nutrition, 43, 145-171. 

SYNOWIECKI, J. & AL-KHATEEB, N. A. A. Q. 2000. The recovery of protein hydrosylate during 

enzymatic isolation of chitin from shrimp Cragon cragon processing discards. Journal 

of Agricultural and Food Chemistry, 68, 147-152. 

TABARANT, P., VILLENAVE, C., RISEDE, J. M., ROGER-ESTRADE, J. & DOREL, M. 2011. Effects 

of organic amendements on plant-parasitic nematode populations, root damage, 

and banana plant growth. Biology and Fertility of Soils, 47, 341-348. 

THOMMOHAWAY, C., KANLAYANARAT, S., UTHAIRATANAKIJ, A. & JITAREERAT, P. 2007. 

Quality of fresh-cut guava (Psidiumguajava L.) as affected by chitosan treatment. 

Acta Horticulturae (ISHS), 746, 449-454. 

TOLAIMATE, A., DESBRIERES, J., RHAZI, M. & ALAGUI, A. 2003. Contribution to the 

preparation of chitins and chitosans with controlled physico-chemical properties. 

Polymer, 44, 7939-7952. 

TSAI, G. J. & SU, W. H. 1999. Antibacterial activity of shrimp chitosan against Escherichia coli. 

Journal of Food Protection, 62, 239-243. 

UCHIDA, Y., IZUME, M. & OHTAKARA, A. 1989. Preparation of chitosanoligomers with 

purified chitosanase and its application. In: Skjak-Bræk, G., Anthonsen, T., Sandford, 

P. (Eds.), Chitin and Chitosan: Sources, \ Chemistry, Biochemistry, Physical Properties 

and Applications. Elsevier,London, 373- 382. 

VENUGOPAL, V. & SHAHIDI, F. 1995. Value-added products from underutilized fish species. 

Critical Reviews in Food Science and Nutrition, 35, 431-453. 

VERDOES, J. C., SANDMANN, G., VISSER, H., DIAZ, M., MOSSEL, M. V. & OOYEN, A. J. J. V. 

2003. Metabolic engineering of the carotenoid biosynthetic pathway in the yeast 

Xanthophyllomyces dendrorhous (Phaffi a rhodozyma). Applied and Environmental 

Microbiology, 69, 3728-3738. 

VIMLA, S. & PAUL, V. I. 2009. Utilization of crustacean fishery waste as a source of 

carotenoids. Journal of experimental zoology, India, 12, 377-380. 



 

96 

 

WANG, C., LIU, Y., BALA, H., PAN, Y., ZHAO, J., ZHAO, X. & WANG, Z. 2007. Facile preparation 

of CaCO3 nanoparticles with self-dispersing properties in the presence of dodecyl 

dimethyl betaine. Colloids and Surfaces, 297, 179-182. 

WANG, G. H. 1992. Inhibition and inactivation of five species offoodborne pathogens by 

chitosan. Journal of Food Protection, 55, 916- 919. 

WEBER, R. W. S., ANKE, H. & DAVOLI, P. 2007. Simple method for the extraction and 

reversed-phase high performance liquid chromatographic analysis of carotenoid 

pigments from red yeasts (Basidiomycota, Fungi). Journal of Chromatography. 

A1145, 118-122. 

WEINHOLD, M. X., SAUVAGEAU, J. C. M., KEDDIG, N., MATZKE, M., TARTSCH, B., 

GRUNWALD, I., KÜBEL, C., JASTORFF, B. & THÖMING, J. 2009. Strategy to improve 

the characterization of chitosan for sustainable biomedical applications: SAR guided 

multi-dimensional analysis. Green Chemistry, 11, 498-509. 

WENDLAND, J., SCHAUB, Y. & WALTHER, A. 2009. N-Acetylglucosamine Utilization by 

Saccharomyces cerevisiae Based on Expression of Candida albicans NAG Genes. 

"Applied and Environmental Microbiology, 75, 5840-5845. 

XIANG, L., XIANG, Y., WEN, Y. & WEI, F. 2004. Formation of CaCO3 nanoparticles in 

thepresence of terpineol. Materials Letters, 58, 959-965. 

XIAO, C. B., ZHANG, J. H., ZHANG, Z. J. & ZHANG, L. N. 2003. Study of blend films from 

chitosan and hydroxypropyl guar gum. Journal of Applied Polymer Science, 90, 1991-

1995. 

XU, Y., KIM, K., HANNA, M. & NAG, D. 2005. Chitosan-starch composite coating: preparation 

and characterization. Industrial Crops and Products, 21, 185-192. 

YABUKI, M. 1995. Handbook of Chitin and Chitosan. Gihodosyuppan, 209-224. 

YOON, S. H. & RHEE, J. S. 1983. Lipid from Yeast Fermentation: Effects of Cultural Conditions 

on Lipid Production and Its Characteristics of Rhodotorula glutinis. Journal of the 

American Oil Chemists' Society, 60, 1281-1286. 

YOUNG, D. H., KÖHLE, H. & KAUSS, H. 1982. Effect of Chitosan on Membrane Permeability of 

Suspension-Cultured Glycine max and Phaseolus vulgaris Cells. Plant Physiology, 70, 

1449-1454. 



 

97 

 

ZAKARIA, Z., HALL, G. M. & SHAMA, G. 1998. Lactic acid fermentation of scampi waste in a 

rotating horizontal bioreactor for chitin recovery. Process Biochemistry, 33, 1-6. 

ZENG, M., FANG, Z. & C., X. 2004. Effect of compatibility on the structure of the microporous 

membrane prepared by selective dissolution of chitosan/synthetic polymer blend 

membrane. Journal of Membrane Science, 230, 175-181. 

ZHANG, M., J., LU, L. M., YIN, X., CHEN, J. & JIANG, Z. 2009. Intenisfying esterification 

reaction between lactic acid and ethanol by pervaporation dehydration using 

chitosan-TEOS  hybrid membranes. Chemical Engineering Journal, 155, 800-809. 

ZHAO, W., YU, L., ZHONG, X., ZHANG, Y. & SUN, J. 1995. The compatibility and morphology 

of chitosan- poly (ethylene oxide) blends. Journal of Macromolecular Science. B34, 3, 

231-237. 

ZHONG, Y., SONGA, X. & LI, Y. 2011. Antimicrobial, physical and mechanical propertiesof 

kudzu starchechitosan composite films as a function of acid solvent types. 

Carbohydrate Polymers, 84, 335-342. 

ZHONG, Z., XING, R., LIU, S., WANG, L., CAI, S. & LI, P. 2008. Carbohydrate Research, 343, 

566. 

ZIKAKIS, J. P. E. 1984. Chitin, Chitosan and Related Enzymes. Academic Press, Orlando, 17. 



 

 

 

 


	CHAPTER ONE
	CHAPTER TWO
	CHAPTER THREE
	CHAPTER FOUR
	REFERENCES

