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Innovation. Abstract 

 Chemical characterization of chitin from New Zealand plants and their use 

as antimicrobials 

by 

Aiswarya Mani 

This project validates the application of mushroom-based chitin quantification/determination 

protocols on plant-derived samples, for the quantification of the nitrogenous compound- chitin from 

New Zealand Flax seeds using High- Performance liquid-chromatographical techniques and thereby 

develop a fermented Kefir using chitin rich sources followed by its physio-chemical analysis. 

Validation of the method undertaken has proven to not be applicable as it doesn’t work for New 

Zealand Flax seed samples, chitin standards and (Aspergillus bisporus) mushroom positive control 

using principle TLC detection, thereby disputing the claim of proposed methodology. Further 

verification was done using quantification of nitrogenous chitin from above mentioned samples using 

HPLC-UV, which provided no quantifiable composition in  Phormium tenax  (Harakeke) and Phormium 

cookianum (Wharariki) seeds whereas Button mushrooms accounts for comparably low quantities,  

accepts the null hypothesis for the presence of chitin in New Zealand Flax seeds. Later, this project 

addresses the need of development of nitrogenous rich functional fermented beverage using 

principle chitin as emulsifier/stabilizer adjuncts in Kefir drinks, which elicits Anti-microbial activity. 

Physio-chemical analysis were further conducted on kefir products to evaluate the authenticity of 

product. 

Keywords: Chitin, Chitosan, Glucosamine, New Zealand Flax seeds, Whararike, Harakeke, Anti-

microbial ability, HPLC-UV, TLC, Deprotenisation, Demineralisation, Characterisation, Mushroom, 
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Chapter 1 

Introduction 

Phormium species in New Zealand are most recently recognized Xanthorrhoeaceae which are 

monocotyledons plant families of the family Phormiaceae, contributing to two popular 

species Phormium tenax and Phormiun cookianum, although considered as endemic species 

(Cruthers, Carr, Laing, & Niven, 2006; Dawson; Fortunati, Puglia, Santulli, Sarasini, & Kenny, 

2012). Fibers extracted from these species are used to produce ropes, baskets, fishing lines, 

mats and garments with no respectful proof of food application(Vanhanen, Savage, & Dutta, 

2008). Till date, no information on the composition of these species is revealed paving a way 

for potential research. 

Henri Braconnot (1780-1855) paved the scientific foundations on carbohydrates after the 

chitin discovery prior 30 years, from edible fungi stating that these compounds are not found 

in higher animals (Nitschke, Altenbach, Malolepszy, & Mölleken, 2011). Chitin is a natural 

nitrogenous polysaccharide consisting 2-acet-amido 2-deoxy-β-D-glucose by β (1→4) 

linkages, which functions as structural polysaccharide. They are naturally found in arthropods 

constituting the largest biomass source from 1.2×106 species followed by exoskeletons of 

crustaceans (Abdou, Nagy, & Elsabee, 2008), mushroom envelops, green algae cell walls and 

yeasts(Costa‐de‐Oliveira et al., 2013; El Knidri, El Khalfaouy, Laajeb, Addaou, & Lahsini, 2016). 

FAO in 2009 updated mushroom production, stating that China is the largest producer in 2007 

with an increment of production by 65% followed by United States and Canada. Although 

Israel and India showed least production, discovery of prebiotic profile of mushroom make 

considerable increase in production owing to consumer demands. Preferred species of 

mushroom are Aspergillus bisporus (button mushroom), Lentinus edodes (shiitake), Pleurotus 

species (oyster mushroom), Volvarilla volvacea (straw mushroom), Auricula auricula (wood 

ear mushroom) and Flaulina velutipes (winter mushrooms). The main composition of 

mushrooms accounts for glycogen polysaccharides unlike starch found in plants, constituting 

5-10% of dry weight. These compounds are found to be contained with complex form of chitin 

or chitosan in the cell walls and septa(Nitschke et al., 2011). Wide range of chitin applications 

are included in the field of cosmetics, agriculture, food, biomedical, and textile due to its 
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physical and chemical properties, however, it accounts for one of the major surface pollution 

indicators in coastal regions(Abdou et al., 2008; Hajji, Ghorbel-Bellaaj, Younes, Jellouli, & 

Nasri, 2015). 

Preliminary studies on proximate composition was done by the Department of Wine, Food 

and Molecular Biosciences of Lincoln University (TABLE 1.1) (FOOD399, FOOD699, 

2017&2018), reporting a carbohydrate content of 34.1 and 46.5 g/100g, constituting major 

portions of insoluble fiber in Wharariki and Harakeke respectively. Lower macronutrients like 

fat ranging from 13.3 g to 25.4 g/ 100 g (TABLE 1.3) and mineral content ranging from 2.64g 

to 2.56g/100g (TABLE 1.4) were isolated from Harakeke and Wharariki respectively. Of the 

total nitrogen profile (22.7g and 24.3g/100g) (TABLE 1.1), only a small portion contribute to 

proteinous amino acids (43g and 69g/100g) in Harareke and Wharariki (TABLE 1.2). This led 

to the hypothesis that non-protein nitrogenous polysaccharide like chitin is present in New 

Zealand Flax seeds, which have potential of breaking historical trends of source of chitin from 

nature. The project then conducted saponin and phenolic profile (FIGURE 1.2) and 

chromatographic analysis for chitin and found traces of chitin in both seed samples (TABLE 

1.1, FIGURE 1.1).  

TABLE 1.1 Proximate composition of the seeds from Harakeke (Phormium tenax) and 
Wharariki (Phormium cookianum) by wet basis. Different letters refer to significant 
difference (P <0.05) 
 

Proximate Composition (g/100 g) Harakeke Wharariki 

Moisture 9.69 ± 0.06a 8.45 ± 0.00b 

Ash 2.64 ± 0.12a 2.56 ± 0.10a 

Water Soluble Carbohydrates 5.18 ± 0.09a 5.24 ± 0.10a 

Insoluble Carbohydrates 46.5 ± 0.1a 34.1 ± 0.1b 

Fat 13.3 ± 0.3b 25.4 ± 0.2a 

Total Nitrogen 22.7 ± 0.6b 24.3 ± 0.3a 

- Chitin 1.44 ± 0.10a 1.21 ± 0.12a 
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TABLE 1.2 Amino acid profile of the seeds from Harakeke (Phormium tenax) and Wharariki 
(Phormium cookianum). The symbol <ql indicates values below quantification limit. Different 
letters refer to significant difference (P <0.05) 
 

Amino Acid Content (g/100 g protein) Harakeke Wharariki 

Alanine (Ala) 2.3 ± 0.2b 3.6 ± 0.2a 

Arginine (Arg) 4.9 ± 0.2b 8.2 ± 0.6a 

Asparagine (Asn) 0.04 ± 0.01b 0.07 ± 0.02a 

Aspartic acid (Asp) 3.7 ± 0.3b 6.0 ± 0.7a 

Cystine (Cys) 0.48 ± 0.03b 0.75 ± 0.14a 

Glutamic acid (Glu) 7.9 ± 0.1b 12 ± 1a 

Glutamine (Gln) <ql <ql 

Glycine (Gly) 2.2 ± 0.2b 3.2 ± 0.2a 

Histidine (His) 1.3 ± 0.2b 2.2 ± 0.1a 

Isoleucine (Ile) 2.0 ± 0.2b 3.2 ± 0.1a 

Leucine (Leu) 3.2 ± 0.2b 5.1 ± 0.3a 

Lysine (Lys) 2.2 ± 0.2b 3.5 ± 0.0a 

Methionine (Met) 0.60 ± 0.05b 0.94 ± 0.08a 

Phenylalanine (Phe) 2.0 ± 0.2b 3.3 ± 0.1a 

Proline (Pro) 1.8 ± 0.1b 3.2 ± 0.2a 

Serine (Ser) 3.0 ± 0.2b 4.7 ± 0.5a 

Taurine (Tau) 0.01 ± 0.01a 0.02 ± 0.01a 

Threonine (Thr) 1.7 ± 0.2b 2.7 ± 0.1a 

Tryptophan (Try) 0.31 ± 0.6b 0.48 ± 0.06a 

Tyrosine (Tyr) 1.0 ± 0.1b 1.6 ± 0.1a 

Valine (Val) 2.2 ± 0.2b 3.5 ± 0.1a 

Sum 43 ± 2b 69 ± 3a 
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TABLE 1.3 Fatty acid profile of the seeds from Harakeke (Phormium tenax) and Wharariki 
(Phormium cookianum). The symbol <ql indicates values below quantification limit. Different 
letters refer to significant difference (P <0.05). 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fatty Acid Content 

(g/100 g fat) 

Harakeke  Wharariki 

C14:0 (Myristic acid) 0.04 ± 0.00a  0.04 ± 0.00a 

C15:0 (Pentadecylic acid) <ql  0.02 ± 0.00 

C16:0 (Palmitic acid) 7.39 ± 0.07a  6.85 ± 0.02b 

C16:1 c7 (Palmitoleic acid) 0.00 ± 0.00a  0.02 ± 0.00a 

C16:1 c9 (cis-7 hexadecenoic acid) 0.06 ± 0.01a  0.08 ± 0.00a 

C17:0 (Margaric acid) 0.03 ± 0.00a  0.04 ± 0.00a 

C18:0 (Stearic acid) 2.38 ± 0.03a  2.16 ± 0.02b 

C18:1 c9 (Oleic acid) 11.1 ± 0.1b  13.9 ± 0.00a 

C18:1 c11 0.86 ± 0.03b  1.04 ± 0.00a 

C18:2 n9,12 (Linoleic acid) 77.4 ± 0.4a  75.1 ± 0.1b 

C18:3 c9,12,15 (Linolenic acid) 0.18 ± 0.00a  0.18 ± 0.00a 

C20:0 (Arachidic acid) 0.17 ± 0.00a  0.17 ± 0.00a 

C20:1 c9 (Eicosenoic acid) 0.01 ± 0.02a  0.03 ± 0.00a 

C20:1 c11 (Gadoleic acid) 0.15 ± 0.00a  0.13 ± 0.00a 

C22:0 (Behenic acid) 0.07 ± 0.02a  0.07 ± 0.00a 

C23:0 (Trycosilic acid) 0.03 ± 0.05a  0.02 ± 0.00a 

C24:0 (Lignoceric acid) 0.06 ± 0.00a  0.05 ± 0.00a 

Others 0.09 ± 0.00a  0.10 ± 0.00a 
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TABLE 1.4 Mineral profile of the seeds from Harakeke (Phormium tenax) and Wharariki 
(Phormium cookianum). Different letters refer to significant difference (P <0.05) 
 
 

Mineral Content (mg/100 g) Harakeke Wharariki 

Al 6.55 ± 0.34a 1.88 ± 0.13b 

B 2.54 ± 1.91a 3.62 ± 0.08a 

Ca 72.0 ± 54.0a 103 ± 5a 

Cr 0.11 ± 0.02a 0.07 ± 0.03a 

Cu 1.99 ± 0.03a 1.47 ± 0.03b 

Fe 11.4 ± 0.5a 6.41 ± 0.21a 

K 508 ± 9a 484 ± 8b 

Mg 185 ± 4a 168 ± 2b 

Mn 1.98 ± 0.09b 2.26 ± 0.05a 

Mo 0.10 ± 0.01a 0.04 ± 0.01b 

Na 11.2 ± 1.5a 8.47 ± 0.68b 

Ni 0.19 ± 0.01a 0.18 ± 0.02a 

P 486 ± 13a 446 ± 8b 

S 199 ± 2b 219 ± 4a 

Zn 7.30 ± 0.25a 5.61 ± 0.03b 
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FIGURE 1.1 HPLC-FLD chromatograms of glucosamine standard, Harakeke and Wharariki seed 
extraction 
 

  

FIGURE 1.2 Total content of bound phenolics and saponins of Harakeke (Phormium tenax) 
and Wharariki (Phormium cookianum). Different letters refer to significant difference (P 
<0.05). 
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The unusual results obtained from the study conducted by Lincoln University, accumulated 

the need of verification of results obtained, as well as validation of method suggested by 

Nitchke and coauthors (2011) for the chitin isolation which claims applicable for sources like 

mushrooms. Increasing interests on functional food ingredients accelerates initiation towards 

development of cellulose-like biopolymers of low digestibility and solubility. Therefore, apart 

from this documentation, this thesis also intended to develop a functional fermented 

beverage with added prospectus of anti-microbial activity through chitin from mushroom, 

followed by physio-chemical authenticity of product. 
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1.1 Statement of Problem  

Till date studies had failed to: 

(a) Address chitin quantification/determination methods for plant-based samples. 

(b) Address the nitrogen-containing compounds other than proteins from New Zealand Flax 

seeds. 

(c) Develop a functional fermented beverage that elicit anti-microbial activity. 

 

1.2  Hypothesis   

This study intended to prove that: 

 (a) Chitin isolation method for mushroom samples can also be applied for other plant-based 

samples like seeds. 

(b) Chitin can be isolated from New Zealand Flax seeds which contributes to total proximate 

composition of nitrogenous compounds. 

(c) Fermented functional beverages can be developed that elicits antimicrobial activity 

through addition of functional ingredients rich in chitin like mushrooms. 

 

1.3 Aims  

This project aims to: 

(a)  Verify the application of mushroom-based chitin quantification/determination protocols 

on plant-derived samples. 

(b) Quantify the nitrogenous compound- chitin from New Zealand Flax seeds using High- 

Performance liquid-chromatographical techniques. 

(c) Develop fermented Kefir using chitin rich sources followed by its physico-chemical analysis. 
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1.4 Pitfalls 

The main drawbacks of this study include, 

(a) The method under consideration quantifies the standard chitin at low concentrations. 

(b) Quantifiable concentrations of chitin were not found from New Zealand Flax seeds. 

(c) Chitin added in the clean-label form of mushroom doesn’t work for the development of 

value-added kefir production. 
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Chapter 2                                                                                           

Literature Review 

 

2.1 New Zealand Flax: Pioneered by Maorian Community 

Phormium tenax (Harakeke) is indigenous to both New Zealand and Norfolk Island discovered 

by the Cook’s expedition in 1774, however later taken account as introduced by Polynesian 

settlers in Norfolk Island. During 19th to 20th century, the need of fibre solemnly from Harakeke 

was at peak and was planted in St Helena and Tristan da Cunha in the South Atlantic and the 

Isle of Man in the Irish Sea. However, towards the end of 1960s, synthetic fibre evolution 

threatened the industry and complete closure of mills were marked in St Helena in 1966 

although Harakeke continues to grow wild making it widespread across the island developing 

a prone to ecosystem(Dawson). New Zealand flax has been commercially harvested for fibre 

for Maori weaving products. Breeding system studies have been proven that it poses self-

incompatibility and exhibits chances of pollination by honeyeaters. Phormium tenax  

(Harakeke) and Phormium cookianum (Wharariki) can be easily distinguishable by the 

structural and taxonomical characteristics, in which former accounts for seed capsules 

upright, trigonous, curved near base, broad (more than 10mm), obtuse and tapered tip which 

are not twisted, firm and dark in colour irrespective of age. On the other hand, latter one can, 

be identified by the pendulous, terete, straight, narrow (less than 10mm), acute and tapered 

tip with strong twist, mature and dark highly sensitive to age. Phormium tenax is known for 

swamp, wetland, damp seepages and hill regions whereas Phormium cookianum can be seen 

in coastal, cliffs, montane scrub and grassland(Smissen & Heenan, 2007), both accounts for 

characteristics cultivation in any type of soil (Vanhanen et al., 2008). However later by Morice 

(1962), investigated the oil content in Phormium tenax of three different geographically 

distinguishable sources and found that those were extremely rich in linoleic acid (75-82%) 

followed by oleic acid (10-16%), Palmitic acid (6-11%) and steric acid (1.3-2.5%) of total 29-

30% of extruded fat(Morice, 1962). Phormium species has been known for commercial uses 

like woolpack production, floor coverings and so on(Warmington, Cole, & King). It has also 

been reported that fatty acid remains not prone to storage however total tocopherol and 

phytosterol content was reduced considerable over time(Vanhanen et al., 2008). The 
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polysaccharide profile of Phormium species results in classing the species with brea, sapote 

and yabo gums due to its branched chain characteristics. Maori use the mucilage from the 

seed for the burns and wound treatment known by ‘pia harareke’ which is an acidic xylan, has 

been now innovating it to skin care products as well(Sims & Newman, 2006). 

 

 

2.1.1 Economic Viability and Influence of International trade on New Zealand Flax 

Economic use from history of the New Zealand flax have been documented by Harris and 

Heenan (1992), in which relevance of species were reported to be valuable in 19th and 20th 

century known for principle fibre present in Phormium species. Nowadays, Moari use Flax as 

a prospering revival of the identity and culture. It has been reported from 1820 onwards, New 

Zealand flax becomes prime article of good due to declination of alternative fibre traded by 

Europeans, marking migration of Maori to coastal regions where least healthy conditions 

persist although Flax overgrows. This led to the increased mortality rate towards 19th century 

and the 1860 Maori war results in low trade of Phormium fibre, until peak exportation was 

marked in 1916 during First World War. However, this doesn’t last as 1930s reported collapsed 

export. Later, Botanical Division of New Zealand Department of Scientific and Industrial 

Research and the Department of Agriculture did research for the improvement of quality and 

optimization of process. Resources of this species got endangered by the yellow-leaf disease 

however periodic flooding overcome the problem with selected survival of resistant cultivars. 

Later in 1980s New Zealand Department of Land and Survey conducted a programme 

converting the flax swamps to pasture for New Zealand dairying systems conjunction with an 

attempt of revival of Flax industry on small scale. Ultimate revival of Phormium based fibre 

industry by the Japanese purchased to produce fibre-wool matrix for the wool packs (Harris & 

Heenan, 1992). 

2.2 Non-protein Nitrogenous Compounds 

Non protein nitrogenous compounds (NPN) are known for Leguminosae family and therefore 

best sources included legumes, oilseeds, fruits, and nuts. NPN fraction is a variable of source 

and the method of extraction. A study conducted by Bhatty and coauthors (1973) extracted 

seven types of nonprotein nitrogen constituents and validates the process of extraction. The 
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study proves that NPN fractionation using 70% of ethanol or 1% trichloroacetic acid is more 

effective than the treatment with sodium hydroxide followed by the elimination of alkali-

soluble proteins, extracting free amino acids, peptides and other nitrogen-containing 

compounds(Bhatty, Sosulski, & Wu, 1973). Ingestion of NPN known for acute and chronic 

poisoning, alternatively account for protein structural interference possibly producing 

autoimmune diseases. Mechanism includes protein interference followed by the disruption of 

enzyme production inhibiting protein synthesis, fat oxidation and DNA replication leading to 

cell cycle and synaptic arrest. A total of 27 NPN amino acids have been extracted from 

commonly eaten foods including Homoserine, γ-Aminobutryric, Canavanine, Sarcosine, and 

so on. Of which Perilla seeds, sunflower seeds and watermelon seeds accounts for 3, 24, and 

3 nonprotein amino acids respectively (Rubenstein, 2000). Flax seed contains cyanogenic 

glycosides known for secondary metabolites forming NPN fraction of which Linamarin and 

Lotaustralin are monosaccharide whereas Linustatin and Neolinuststin are disaccharide 

cyanogenic glycosides. Canadian flaxseeds also account for these forms of NPN fraction 

variable with location and cultivar. Aliphatic cyanogenic glycosides are known as free cyanide 

due to the action of cyanogenic glycosidase activity on nitrogenous carbohydrate moiety 

releasing HCN (Wanasundara & Shahidi, 1998).  

2.2.1 Chitin- Second most found nitrogenous polysaccharide biopolymer in 
nature 

Chitin isolated from crustacean waste from crab shell constitute chitinoproteic complex with 

protein(Arbia, Arbia, Adour, & Amrane, 2013). Chitin poses three polymorphic forms like α-

chitin, β-chitin and γ-chitin with different crystalline conformations, in which α- forms mainly 

reported in shrimps, crabs, β- forms extensively in squid pens and γ-forms is combination of 

former two conformations found in nature. The strong intra-molecular and inter-molecular 

hydrogen bonds accounts for insoluble nature of chitin in aqueous solvents and common 

organic solvents, therefore solubility is one of main parameter in concern when chitin is 

extracted (Arbia et al., 2013). The sea food industry encounters 40-50% of shrimp processing 

waste of which about 40% accounts for chitin complexed with astaxanthin, calcium carbonate, 

and lipids, which would be dried, and part is used as animal feed. However, the latter is 

responsible for the pollution due to dumping in sea, therefore effective use of crustacean 

waste has been recommended for the environmental problems as well as efficient waste 

upcycling(Al Sagheer, Al-Sughayer, Muslim, & Elsabee, 2009; Arbia et al., 2013). 
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Charoenvuttitham and collaborators (2007) reported highest chitin concentration of 40.4% 

dry basis in Black tiger shrimp waste than other crustacean shell wastes of crabs, shrimps, 

crawfish, krill, and prawn species. The soluble derivative of chitin, chitosan, poses commercial 

value than the purest form (Charoenvuttitham, Shi, & Mittal, 2006) due to excellent 

biodegradability, biocompatibility, non-toxicity, and high adsorption capacity(El Knidri et al., 

2016). Chitinase is a chitin hydrolysis catalysing enzyme found in plant tissue, responsible for 

the partial dissolution of hyphal walls eliciting antifungal activity in response to plant defence 

mechanism as a function of pathogenesis-related (PR) proteins (Velasquez & Hammerschmidt, 

2004). Chitosan is deacetylated form of chitin consisting 2-amino-2-deoxy-D-glucose 

glucosamine (GlcNH2) with β-D-(1 → 4) glycoside linkages(Kumari, Rath, Kumar, & Tiwari, 

2015). Chitosan can form electrostatic complexes under acidic conditions forming a cationic 

polysaccharide(Arbia et al., 2013). 

2.2.1.1 Anti-microbial activity of chitin and its derivatives 

In the early periods of 1990’s Sudharshan and coauthors (1992) conducted a study on chitin 

antimicrobial activity and have proven that it’s a potential agent against pathogenic bacteria 

stating that alterations in the cellular permeability is the key towards the action at lower 

concentrations (Sudarshan, Hoover, & Knorr, 1992). Comparing the different forms of chitin, 

chitoligosaccharides found to have higher degree of inhibition efficiency against microbial 

cells than compared to chitosan(Wu, 2012). Tsai et al. (2002) compared the efficiency of the 

antimicrobial activity of chemically and biologically extracted chitin/chitosan and found to 

similar however both exhibit positive correlation with the degree of deacetylation(Tsai, Su, 

Chen, & Pan, 2002). 

Chung and coauthors (2004) studied the mechanism of antimicrobial ability of chitosan using 

five waterborne pathogens of both Gram-negative and Gram-positive bacterium, by 

evaluating hydrophilicity and negative charge analysis of cell surface, and adsorption 

characteristics on bacterial surface. The study proved that surfaces with higher amount of 

negative charges elicits higher degree of chitosan interaction, resulting more chitosan 

accumulation on Gram-negative waterborne pathogens. Adsorbed chitosan results in 

alteration of structural cell wall and thereby increased the permeability of membrane, 

explaining the inhibition efficiency of chitosan on surface characteristics of microbial cells 

(Chung et al., 2004). This finding had been supported by the work done by Liu and 

collaborators (2004) in which chitosan acetate solution shows parallel results on cell 
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disruption due to elevation in the permeability of cells along with release of cellular 

constituents. The study had also proven that this mechanism owes to the electrostatic 

interaction of NH3
+ of chitosan with phosphoric groups presents in the surface phospholipid 

(Liu, Du, Wang, & Sun, 2004). The relevance of electrostatic interaction being the prominent 

mechanism of antimicrobial activity has been reported by other studies like Sayari and others 

(2016), where the inhibition efficiency was directly correlated with the amount of free amino 

groups presented. It has been reported that at lower concentrations, chitosan binds with 

negatively charges surface thereby leaking cellular constituents marking the complete 

disruption of cell. On the contrary, higher concentrations of chitosan prevents the leakage of 

constituents by the cell coating of protonated chitosan preventing agglutination (Sayari et al., 

2016). 

Jeon and coauthors (2001) studied the effect of molecular weight of chitooligosaccharides on 

microrganisms and proved that inhibition efficiency of chitin or its derivatives greatly depends 

on (i) degree of polymerization (DP) , (ii) molecular weight,  (iii) functional groups, (iv) type of 

organism (Jeon, Park, & Kim, 2001), (v) size of chitin/chitosan, (vi) structural conformation of 

the chitin/chitosan, and (vii) Degree of deacetylation of chitosan (Tsai et al., 2002). 

Glucosamine polymers with DP of 6 or higher proven to effective against pathogens with 

directly proportional effect of molecular weight not less than 10,000Da. Previous studies had 

also been reported that chitosan are more effective than chitin due to presence of higher 

percentage of polycationic amines exhibiting excellent ability of cellular surface chelation 

(Jeon et al., 2001).  

Je and Kim (2006) examined the antimicrobial activity of aminoethyl-chitin on Gram-negative 

and Gram-positive bacteria by channelling the released intracellular components of cells like 

cytoplasmic β-galactosidase as well as performing assays for outer membrane and inner 

membrane permeability. Till date, exact information of detailed mechanism of chitin on 

antimicrobial activity is not available however some scientists had interpreted few of 

mechanism through proven studies including cell lysis, destruction of cytoplasmic membrane 

and breakdown of metal cations chelated by chitosan. It has been reported that aminoethyl-

chitin increases the cytoplasmic component and β-galactosidase, along with NPN uptake via 

escalating the permeability of outer and inner membrane, suggesting that amino substituted 

chitin derivative can be used as a adjuncts for other artificial antimicrobial agents (Je & Kim, 

2006). On the other hand, Kaya and coauthors (2014) extracted O-carboxylmethyl chitosan 
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from crustacean eggs and evaluated its antimicrobial ability and proved that chitosan is 

effective against all pathogenic bacteria whereas the extracted derivative is not. This suggests 

that inhibitory action is highly sensitive towards the microbes although the degree of action 

is same (Kaya et al., 2014). 

2.3 Chitin Extraction 

2.3.1 Chemical-based Chitin Extraction 

Chitin isolation traditionally includes demineralization and deproteinization by acid and 

alkaline bathes. It is then followed by the alcohol refluxes or oxidizing treatment for the 

elimination of protein traces and colouring materials (Abdou et al., 2008; Arbia et al., 2013). 

Chitin is closely associated with proteins and other inorganic materials like calcium carbonate 

and lipids extensively in crustacean sources, owing to multiple deproteinization and 

demineralization treatments while extracting. Deproteinization is carried out predominantly 

using Sodium Hydroxide(NaOH) or Potassium hydroxide (KOH), however other reagents 

includes Sodium carbonate (Na2CO3), Sodium bicarbonate (NAHCO3), Potassium carbonate 

(K2CO3), Calcium hydroxide (Ca (OH)2), Sodium sulphide (Na2S), Calcium bisulphite (CaHSO3), 

and Trisodium phosphate (Na3PO4). The effectiveness of deproteinization depends on 

temperature, alkaline concentration and ratio of solution to shells. Normally a mean 

incubation time of 0.5 to 6h is needed for deproteinization whereas it would only take 1 to 3h 

to achieve demineralization using diluted acids like HCl at room temperature, as longer 

process might degrade chitin. A higher amount of acid accounts for complete elimination of 

minerals, although it might cause chitin depolymerization (Arbia et al., 2013; 

Charoenvuttitham et al., 2006; Hajji et al., 2015), therefore EDTA has been recommended for 

the same, than Hydrochloric acid (HCl). Chemicals like CH3COOH and H2SO4 has also been 

reported to be used as effective solvent for demoralization, as HCl has been regarded as harsh 

chemical effecting intrinsic properties of purified chitin following structural depolymerization 

(Arbia et al., 2013; Charoenvuttitham et al., 2006). Chitosan can be extracted deacetylating 

chitin by alkaline regents at elevated temperature followed by several wash until it reaches 

neutrality. Knidri and collaborators (2016) proposed rapid and green novel method to obtain 

chitosan using microwave assisted deacetylation following acid and alkali treatments 

accounting extraordinary reduction of time with very high degree of deacetylation DD% (El 

Knidri et al., 2016). The degree of deacetylation (DD%) is defined by the molar fraction of 
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deacetylated units in the chitin chain influencing the intrinsic factors of chitin and chitosan 

like viscosity, solubility, polymer conformation and flexibility (Arbia et al., 2013). 

2.3.2 Biological extarction 

Chemical extraction is regarded to be highly expensive, therefore biological 

isolation/extraction of chitin were proposed using proteolytic enzymes or microorganisms 

(Arbia et al., 2013; Hajji et al., 2015) and lactic acid-producing microbes(Arbia et al., 2013) 

resulting higher molecular weighted chitin forms with retained nutritional quality of by-

products than compared to chemically processed. It has been reported that biotechnological 

processes yield more supernatant with enriched bioactive molecules like biopeptides and so 

on. Hajji and coauthors (2015) reported production of chitin from crab crustacean waste using 

protease-producing six strains of Bacillus species with higher degree of deproteinization 

independent of added substrate/glucose molecules(Hajji et al., 2015). The use of organic acids 

like lactic acid produced by microbes are eco-friendly in nature promising low cost of 

process(Arbia et al., 2013).  

2.4 Chitin Characterization & identification techniques 

Physio-chemical characterization of chitin and chitosan can be achieved by analytical 

techniques like spectral analysis, X-ray diffraction, Fourier transform infrared spectroscopy 

(FTIR), Elemental analysis, Scanning electron microscopy (SEM), and Differential scanning 

colorimetry (DSC).  UV techniques are more sensitive than FTIR, and N-NMR spectroscopy, 

although worldwide FTIR is mostly used for qualitative analysis. Crystallinity of chitin and 

chitosan can be determined using X-ray diffraction analysis whereas FTIR patterns reveals 

conformations of the molecule with respect to the O-H, N-H, and CO bonds present in them 

creating vibrations and stretching. Degree of acetylation value can be achieved by using 

elemental analysis, potentiometric titrations and FTIR.  Surface morphology of chitin and 

chitosan can be observed using SEM, which reveals that chitin biopolymer elicits porous and 

fibril structures. It has been also reported that chitin is more stable than chitosan by thermo 

gravimetric analysis(Kumari et al., 2015). 

2.4.1 Chemical Characterisation 

Studies had proven that X-ray diffraction can be used for the differentiating of α and β-chitin 

using rigid body least-squares smoothing methods, along with polarities of the same. Acosta 
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and collaborators (1993) reported chemical characterization of two isomers of chitin using IR 

spectroscopy between 400-4000cm-1 suggesting interactions of functional groups. However, 

encountered interferences while estimating ammonium groups, due to less purity of the 

samples extracted from the fungi using chemical extraction(Acosta, Jiménez, Borau, & Heras, 

1993). Kaya and coauthors (2013) used FTIR for the chemical configurational discrimination of 

chitin isomers using configural carbonyl and amine groups presented over a frequency range 

of 4000-625 cm-1   (Kaya et al., 2013), agreement with other studies conducted using 

vibrational stretching of functional groups presented (Abdulkarim, Isa, Abdulsalam, 

Muhammad, & Ameh, 2013; Paulino, Simionato, Garcia, & Nozaki, 2006). X-ray diffraction has 

also been suggested for the confirmation of isomeric characterization of chitin using the chitin 

standards, consistent with the FTIR results (Kaya et al., 2013). Paulino and coauthors (2006) 

uses C-NMR for the structural analysis of chitin and chitosan as this method does not 

deteriorate the conformation of molecules(Paulino et al., 2006). 

2.4.2 Physical/Surface Characterization 

Acosta and others (1993) used Scanning Electron Microscope (SEM) for physical 

characterization of chitin samples from different sources, differentiating fibrillar and granular 

thread networks. He also pointed out that this differentiation was not effectively possible 

using Infrared spectroscopy, due to polymorphic ability of chitin. Kaya and coauthors (2013) 

also used SEM fingerprints for the surface characterization of chitin samples, providing similar 

results of study conducted by Acosta and others (1993). Paulino and couthors (2006) also 

showed similar results while characterizing silkworm extracted chitin using SEM.  Sagheer and 

collaborators (2009) used FTIR for the differentiation of isomeric forms of chitin can be 

effectively done as β-chitin poses relatively low crystalline and loosely ordered structure than 

the α-form. His study also uses X-ray powder diffractometry for the detection of crystallinity 

of chitin, which differentiate fingerprints with respect to the source of sample. XRD Profile of 

α-chitin exhibits defined, intense and crystalline peaks of twice as average diameter of 

crystallites than the β-chitin(Al Sagheer et al., 2009). 

2.4.3  Characterization using Degree of Deacetylation (DD) and Degree of 
acetylation (DA)of chitin 

DD is a determining factor of chemical, physical and biological characteristics of chitosan and 

therefore accurate and efficient method for the determination is vital when characterizing 

chitin. Infrared spectroscopy, NMR (Acosta et al., 1993; Kumari et al., 2015), UV 
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spectrophotometer, nuclear magnetic resonance, colloidal titration and potentiometric 

titrations are extensively applied for estimating DD value of chitosan worldwide (Kumari et al., 

2015). On the other hand, Acosta and others (1993) reported that IR spectroscopy or 

benzylation methodology are more prone to experimental error, therefore recommended 

more of a heterogenous catalysis methods for acid and basis surface sites(Acosta et al., 1993). 

Conventional methods like titration, conductometry, potentiometer, ninhydrin assay and free 

amino adsorption using picric acid are not suitable for highly acetylated chitin. Chitin shows 

different degree of deacetylation depending on the source and procedure of isolation (Kumari 

et al., 2015). On the other hand, purity of chitin can be determined using the degree of 

acetylation representing total units 0f N-acetyl-d-glucosamine in total units presents. 

Elemental analysis is one of the popular ways of determination of purity of chitin using DA, 

using the equation below showed.  

𝐷𝐴 =

𝐶
𝑁 − 5.14

1.72
× 100 

Where C/N is ratio of carbon to nitrogen (w/w). Ideally DA should not be exceeded to 100%, 

however if it exceeds, complete removal of some inorganic materials is essential. The 

confirmation of configural isomers of chitin can be done using thermogravimetric analysis 

(TGA) by the principle of thermal degradation of chitin (Kaya et al., 2013). The decomposition 

steps in thermogravimetric analysis determines the presence of chitin and chitosan 

presumably with a degree of decomposition of two and three respectively. Former 

decomposition step for chitin describes water evaporation  at 50 - 100˚C and second 

decomposition marks saccharide degradation by ring dehydration, polymerization and 

decomposition of acetylated and deacetylated units of chitin at 300 - 400˚C. Chitosan differ 

from second decomposition at lower temperature than the chitin decomposition, suggesting 

poor thermal stability of chitosan (Al Sagheer et al., 2009; Paulino et al., 2006). 

2.5 Chitin Quantification Techniques 

Bierstedt and collaborators (1998) compared the colorimetric assays and Pyrolysis-gas 

chromatography-mass spectrometry (Py-GC-MS) method for the qualitative and quantitative 

analysis of chitin and reported that colorimetric assays are more prone to inaccuracy/false 

positiveness owing to low specificity suggesting a combination of analytical techniques. 

Comparison study reveals that accuracy of colorimetric chitin analysis depends on (a) control 
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of experiments, (b) proportion of chitin presence to be detected, and (c) amount of sample; 

influencing the sensitivity of the method. The higher degree of non-specificity of colorimetric 

assays detects abundant of pyrolysis products and other polysaccharides that yields 2,5-

anhydrohexose presumably due to mishandling of samples and contamination(áArtur 

Stankiewicz, Briggs, & Evershed, 1998). On the other hand, the study also suggests Py-GC-MS 

over colorimetric assays, the latter detects chemically similar other carbohydrates or cross 

reacting compound than the hydroxylate monomer of chitin owing to false-negative results 

irrespective of the source (áArtur Stankiewicz et al., 1998; Flannery, Stott, Briggs, & Evershed, 

2001) 

Schimmelmann and coauthors (1998) described the use of high performance-liquid 

chromatography (HPLC) for the quantitative analysis of chitin from fossil anthropods, verifying 

that the methodology does not degrade glucosamine and amino acids with a claim of 95±5% 

yields as well (Schimmelmann, Krause, & DeNiro, 1988). Later, a study conducted an indirect 

chitin/chitosan quantification using acid hydrolysis and reverse-phase HPLC methodology by 

Yan & Evenocheck (2012) by estimating derivatized glucosamine content in the samples. The 

basic principle of the methodology is that in the strong acidic medium, chitosan can be 

completely hydrolysed to glucosamine, although incomplete hydrolysis marks acetyl 

glucosamine production. On the other hand, if the medium is weak acidic, oligosaccharides 

would be primary hydrolysate product obtaining. The study concluded that the methodology 

is more specific and selective in nature, and is known for making it available for the routine 

quantification of samples irrespective of sources (Yan & Evenocheck, 2012). 

Flannery and coauthors (2001), on the other hand developed an GC-MS selected ion 

monitoring (SIM) method for the chitin quantification and identification in terms of D-

glucosamine concentration in fossil materials, supported by Py-GC-MS and colorimetric 

assays, possess much specific and sensitive in nature revealing amino sugars from either 

exogenous microbial or diagenetic origin source. It works on the principle of direct hydrolysis 

of epimer-specific derivatization of amino sugar by GC-MS in conjunction with selective ion 

monitoring (SIM) for improved specificity, whereas Py-GC-MS detects pyrolysis products like 

phenols, indole, and pyrroles indicating pyrolysis of amino acids  like  tyrosine , tryptophan 

and proline respectively. This method however required a confirmation by the detection of D-

glucosamine monomer. The method differentiates from other by detecting chitin with respect 
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to pyrolysis products rather than monosaccharide monomers, however provides more reliable 

and specific than colorimetric assays (Flannery et al., 2001). 

Costa-de-Oliveira and others (2013) developed a flow cytometric assay which is efficient, and 

robust in nature to quantify chitin in Calcoflour White (CFW) stained yeast cells as 

conventional Epifluorescence microscopy limits the yeast species for the accurate 

quantification. This method is based on flow cytometer which analysis the cell architecture 

and functional phenotypes, paving a potential tool to evaluate inhibition of chitin synthase by 

drugs (Costa‐de‐Oliveira et al., 2013). 

2.6 Role of Chitin in Human Nutririon 

Chitinase hydrolyses the chitin into N-acetyl-D-glucosamine which are very specific to several 

kingdoms, reserved for various functions depending on the species. Chitinase found in fungi 

and yeast are meant for morphogenesis and plant reserves are known for defence mechanism. 

Until 1994, human chitinase enzymes were not discovered as chitin is not present in human 

cell /tissues, considering the moiety as a non-digestible polymer. After which mammalian 

chitinase like genes were discovered in men and animals which comes under glycosyl 

hydrolase of family -18. First ever human chitinase enzymes were found in Gaucher disease 

patients in 1994, known as chitotriosidase protein molecule with optimal pH of 6. Acidic 

mammalian chitinase (AMC) was found from gastric and pulmonary epithelia of asthmatic 

inflamed patients. These moieties are considered to have avital role in innate immune 

responses towards parasites by the function of parasite binding and cell wall/eggshells/cysts-

derived chitin digesting mechanism through catalytic activity. The highest chitoxidase activity 

among African children than Caucasian children of same age groups. Reduction in chitin-rich 

diet decreases selective pressure on chitinase genes, resulting lack of catalytic efficiency. 

Chitin digestion is primarily based on action of AMCase contributed by gastric juices at acidic 

conditions. Human chitinase hydrolyses chitin to N-acetyl-glucosamine, which is then 

hydrolyzed by the N-acetyl-glucosamine kinase found in gastric and colon epithelium. 

Chitotriosidase are also produced by Paneth cells of duodenum and small intestines, eliciting 

both digestion and defense mechanisms(Muzzarelli et al., 2012). 

2.7 Potential Food Applications of Chitin and its derivatives 

Due to functional properties of chitosan, it is extensively used in food industries known for 

nutritional and physiological properties like water-, fat-, and dye-binding capacity, and 



21 
 

emulsifying ability (Arbia et al., 2013). The known functional use of chitin includes, (1) 

nutrition, (2) for the bioconversion of value-added products, (3) preservation aids, (4) food 

packaging, (5) clarification/filtration adjuncts, (6) slimming agent, (7) antioxidant agent, (8) 

pigment binder, and (9) iron chelators [7]. Chitin on pyrolysis yields pyrazines, which has 

potential use of flavor enhancers (Knorr, 1982). 

2.7.1 Chitin and its derivative as potential active packaging material: Preservation 
aids 

Due to the intervention of ‘western society’, interests and use of more biodegradable plastic 

adjuncts has been suggested and escalated paving a future of food products packed with 

chitin/chitosan fibres. This application might benefit consumer by decreasing the known food 

additives like preservatives as chitin/chitosan poses excellent antimicrobial ability. This also 

ensure effective management of fish industrial waste, thereby decreasing the ocean 

pollutants. In a study conducted by Gómez-Estaca and others (2010), proved that shelf life of 

fish was drastically increases using oil incorporated gelatin-chitosan based biodegradable 

packaging along from spoilage of Gram-negative bacterias like Enerobactericea. The addition 

of chitosan to the gelatin matrix proved to control the solubility of packaging material thereby 

stabilizing the film structure due to the effective chitosan hydrogen interactions with the 

gelatin (Gómez-Estaca, De Lacey, López-Caballero, Gómez-Guillén, & Montero, 2010). 

Chitosan films had proven to be inhibits microbes in fresh fillets of Hake and Sole when 

vacuum packed, marking an increment in lag phase of aerobic, mesophilic, Psuedomonas and 

H2S-producing bacteria resulting a lower population over 15 days of storage. This study also 

suggests that chitosan as an internal thin layer of packaging fibre acts a promising adjunct for 

the extension of shelf life sea food (Fernández-Saiz, Sánchez, Soler, Lagaron, & Ocio, 2013). In 

another study it has been proven that chitin active packed shrimps show excellent life 

extensibility than gelati wrapped ones along with improved sensorial properties (Mohebi & 

Shahbazi, 2017). 

2.7.2 Chin and its derivatives as potential Colloidal system alternatives: Adjuncts 
as Stabilizers, Emulsifies, Surfactant and Gelling agent 

Knorr and others (1982) reported a water binding capacity of chitin, chitosan and 

microcrystalline chitin from 230 to 440% (w/w), of which chitosan accounts to exhibit higher 

degree. The difference in degree of water binding capacity principle being the difference in 

crystallinity and amount of salt producing ability. On the other hand, chitosan reported lowest 
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fat binding capacity among the range of 170-215%, higher being the chitin moieties (Knorr, 

1982) . Emulsions are metastable colloidal systems of two immiscible fluids in the presence of 

surfactants, in which one dispersed in other resulting fragmentation of one phase to other. 

Macromolecules of surfactant control both stability and emulsion types, former being 

achieved through adsorption resulting conformation of molecules found at phase interface. 

On the other hand, macromolecules stabilize through weak electrostatic interactions.  Non-

adsorbing polymers are known for viscosifying effect, whereas non-digestible amphiphilic 

polyelectrolytes like chitosan exhibit both electrostatic and viscosifying mechanism, resulting 

an excellent emulsifier ability. Multiple emulsion of chitin and its derivatives are found to be 

effective but complex in nature due to dispersed phase containing smaller droplets of 

continuous phase which can be prepared by one-step and two-step process, latter being most 

controlled one. These forms emulsion systems of water-oil-water, in which hydrophobic 

entities provided primary water in-oil whereas hydrophilic accelerated the oil in water 

emulsion(Rodrıguez, Albertengo, & Agulló, 2002). Microcrystalline chitin showed good 

emulsion capacity with a positive relation to concentration, whereas chitin and chitosan did 

not, even after altering the concentrations(Knorr, 1982). Delblanco and coauthors (1999) 

proved that chitosan acts as a good emulsifier producing stable water-in-oil-water emulsions. 

The study proposed that chitosan od degree of deacetylation 80% and 88% provides a stable 

emulsion, however showed a negative dependency of degree of deacetylation less than 80%. 

Chitosan emulsions are also proved to be highly stable on storage, by stabilizing the emulsion 

by the polar groups through hydration forces (Del Blanco, Rodriguez, Schulz, & Agullo, 1999). 

Chitosan produces w/o/w emulsions without any surfactant as the polymer composites are of 

different degrees of deacetylation(Rodrıguez et al., 2002). Polymer surfactants are known for 

maintaining the emulsion through stabilization, altering viscosity by decreasing the rate of 

creaming (Wanasundara & Shahidi, 1998). Higher degree of deacetylation moieties produce 

oil in water emulsions whereas lower ones promotes water in oil emulsification, proving that 

chitosan’s surfactant behaviours with different hydrophile-lipophile balance (HLB) degrees. 

Rodrıguez and collaborators (2002) proved that emulsion stability of chitosan highly variable 

to concentration, higher stability exhibited by concentrate forms although shows lower 

viscosity. Tzoumaki and others (2011) found that chitin produce a stable to coalescence 

emulsions, droplets exhibiting indirect proportionality towards concentration however direct 

influence on cream stability and elasticity. Chitin molecules found to adsorption at phase 

interface thereby forming an inter-droplet network in continuous phase (Tzoumaki, 
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Moschakis, Kiosseoglou, & Biliaderis, 2011). Later, Zhang and coauthors (2015) found that 

chitin nanofiber stabilizing oil-in-water emulsions through Pickering mechanism, suggesting 

that chitin can be used a direct gelling agent and stabilizers in food processing industries. 

Gallego and others (2013) developed a long-term stable oleo gels by introducing reactive 

isocyanate groups in chitin and chitosan which intern increased the gelling ability of chitin and 

its derivative (Gallego, Arteaga, Valencia, & Franco, 2013).  On the other hand, Nikiforidis and 

Scholten (2015) found that crude chitin shows aggregation and precipitation on storage when 

aged to organogels containing triglycerides, thereby producing “oil bleeding” in system 

following limited network formation. They proposed that addition of non-ionic or zwitterionic 

surfactant increases dispersibility of chitin which reduces the chitin aggregation, which also 

introduces plasticizer effect accelerating the degree of organ gelation. This effect depends on 

the chitin to surfactant ratio, suggesting 5% of surfactant addition form stable gels with 

viscous nature whereas higher percentages increases the gel strength (Nikiforidis & Scholten, 

2015). 

2.7.3 Chitin and its derivatives as potential Clarifying agent: An effective fining 
agent 

Chitin and its derivatives are used as clarifying agent known for its flocculation and adsorptions 

properties. This property is attributed towards to its cationicity and macromolecular structure 

(Muzzarelli et al., 2012). This property can be used for (i) efficient removal of metal ions, (ii) 

to clarify water, (iii) to eliminate synthetic polymers and (iv) to reduce off-odours (Rinaudo, 

2006). Processing of fruit juices involves essentially clarification prior packaging, by clarifying 

agents like gelatin, bentonites, silica sol, and tannins. Chitosan salts can be used a dehazing 

agents in high-pectin fruit juices like grape juices, with affinity towards polyphenolic 

compounds like catechins, proanthocyanins, cinnamic acids. the chelation of polyphenolic can 

be applied for controlling the colour of white wines from straw-yellow to deep golden-yellow 

by oxidizing the colorants through deacidification. Polycationic coagulation property of 

chitosan can be applied for treating wastewater for the elimination of protein, which can be 

served as animal feed through the mechanism of system destabilization of colloidal system 

through coagulation and flocculation anchored by isoelectric point of flocculating particles. 

Fat from cheese whey can be eliminated using chitosan by facilitating electrostatic 

interactions with lipid globule, relation being positive towards chitosan dose. Purification of 

water can be also done using chitosan by exploiting the chelation ability, effectively lowering 
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the transition metal concentrations to parts per billion by metal ion uptake anchored by amino 

moiety interaction through covalent bonds. This application has been extensively exploited by 

Japan, later approved by United States Environmental Protection Agency (USEPA) up to a 

concentration of 10mg/L (Shahidi, Arachchi, & Jeon, 1999). 
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Chapter 3 

Materials and Method 

3.1 Chemicals 

Standard chitin standard (purity 98%), 1M sodium hydroxide solution, 1% Acetic acid solution, 

10% (v/v) Acetic acid solution were purchased from Sigma Aldrich, concentrated Potassium 

hydroxide, 1% Lugol’s solution 

3.2 Samples 

Samples include seeds of Phormium tenax (Harakeke) and Phormium cookianum (Wharariki), 

were purchased from online providers NZ seeds. Fruiting bodies Local breeds of Aspergillus 

bisporus (button mushroom) was taken as a positive control, collected from market provided 

by Meadow Mushrooms Ltd, whereas flax seeds were taken as negative control available from 

local markets. All samples were freeze dried ensuring no enzymatic activity. 

3.2.1 Preparation of dry materials for Analysis 

A simple, and direct chitin quantification method was proposed by Nitchke and others (2011), 

was undertaken to verify and to apply on New Zealand Flax seeds for the chitin measurement. 

2-3 grams of samples were quantitatively measured and transferred to a caped Erlenmeyer 

flask, followed by addition of 100 mL of 1M sodium hydroxide, and is meant for suspension 

for 2 hours in a boiling water bath. The samples were continuously stirred using magnetic 

stirrer, due the whole time. Samples were immediately filtered followed by RO water washes 

until the residues reached a pH slightly higher than pH 7, for the collection of Residue-1. The 

obtained residue-1 was treated with alkaline and acids for chitin and chitosan determinations 

respectively. For the chitosan determination, residue -1 was freeze dried and treated with 

20mL of 10% (v/v) acetic acid solution followed by water bath suspension for an hour. The 

samples were then centrifuged, and supernatant was washed until it reaches a pH slightly 

higher than pH 7. This supernatant was collected and stored for a day in freezer for chitosan 

determination. On the other hand, for the chitin determination, Residue-1 was treated with 

50mL of concentrated potassium hydroxide followed by water bath suspension for three 

hours with continuous stirring. The samples were then centrifuged, and the residue was 

washed for several times until it reaches pH slightly higher than pH 7 to obtain residue 2. The 
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collected residue-2 was then treated as described for chitosan determination. All extractions 

were done in triplicates, except standards and controls. 

3.3 Qualitative determination of Chitosan using TLC plates 

Chitin standard was incubated for three hour using concentrated potassium hydroxide at 

100˚C to increase the solubility, which was then washed for several times prior freeze drying. 

Freeze dried samples were then dissolved in 10% (v/v) acetic acid and is used as standard in a 

concentration range of 0.5-1 mg/mL of chitin (C1, C2, C3, C4, C5, C6) (FIGURE 3). 2 µL of 

standard solutions and triplicate samples were then pipetted using piston-stroke pipettes on 

to TLC plates (FIGURE 3.1 & 3.2). Spotted TLC plates were then detected using 1% Lugol’s 

solution by spraying uniformly followed by hot air drying. The colour-complex formed on the 

plates gives positive qualitative results for chitosan. 

 

FIGURE 3.1 Schematic representation of TLC plate spots of samples 
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Figure 3.2 TLC plate spots of extracted samples prior drying (Photo B) 
 

3.4 Sample Hydrolysis following Quantitative determinataion of 
Glucosamine and Identification of Chitin using HPLC-UV 

Samples were hydrolysed as per proposed by Yan and Evenocheck (2012), in which extracted 

samples were transferred to thick-walled glass digestion tubes and 2 mL of 1% acetic acid 

solution was added, followed by vortexed to get a consistent gel. Modified version of Katano 

and collaborators(Katano, Takakuwa, Hayakawa, & Kimoto, 2016) was undertaken for the 

hydrolysis of chitin into glucosamine by treating the residue samples with 10 mL of 5 M 

hydrochloric acid (HCl) (fisher) followed by heating at 100˚C for 8 hours for effective 

hydrolysis. Hydrolysate was cooled to room temperature and was vacuum filtered for 

chromatographical analysis according to Yan and Evenocheck (2012) (Yan & Evenocheck, 

2012). 10µL aliquot of hydrolysate was dried by EZ2 Gene centrifuge (Geneva Ltd, USA) at 75˚C 

for 1.5 hours, after which it was cooled followed by treating them with 1.0 mL borate buffer 

(0.25M, pH 10). 200 µL of sample was then combined with 200 µL of FMOC-OSu (≥98%, Sigma-

Aldrich) and agitated for 4 hours for effective derivatization.  12 µL of solvent mixture of HPLC 

solvents A and B (equal volumes) was added and was filtered with 0.45 µL of 

polytetrafluorethylene syringe filters. Agilent 1100 HPLC (Agilent Technologies, Walbronn, 

Germany), equipped with binary pump, auto-sampler with thermostat, which was at 4˚C, 

Software EzChrom Elite (Version 3.3.2) was used with a column C-18 (Agilent Zorbax SB c18, 

5µm × 150mm ×4.6mm) maintained at 30˚C with a gradient elution of 70% (0.05% 
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trifluoracetic acid in water pH2.4) to 100% B (acetonitrile ) in 11 minutes, then back to 70% A 

in 9 minutes at a flow rate of 0.8 mL/min. a fluorescent detector at 260 nm was connected to 

the entire circuit for detection, with a detection limit of 5ppm. A calibration curve was built 

using glucosamine detected (≥99%, Sigma Aldrich) as standard. 

3.5 Development of functional fermented kefir using mushroom as 
functional-chitin addictive 

Control fermented kefir was made using 400ml of pasteurized standardized milk and 2 grams 

of kefir grains. 100grams of Fresh brown and white button mushrooms were cleaned and cut 

in to small pieces, which were spread on a try and roasted in an oven at 50˚C overnight. 

Unroasted (fresh) and roasted brown and white button mushroom were finely grinded. To 

400 mL of milk and kefir mix, 4 grams (1%) of each sample were added. One vegetable-based 

kefir was made using freshly made carrot juice instead of milk with added roasted white 

button mushroom powder. 

3.5.1 Physio-Chemical Analysis of Kefir  

Instrumental analysis for physio-chemical characterization of the developed product was done 

according to Wang and others (2018) (Wang, Chelikani, & Serventi, 2018). The pH of 

fermented kefir was measured using pH meter (Mettler Toledo, SevenEasy pH, Switzerland) 

and viscosity were analyzed using viscometer. 30-40 mL of samples were quantitatively 

transferred to a 50mL centrifuge tubes and was centrifuged for 10 minutes at 4˚C. syneresis 

was calculated as the percentage of ratio of weight of supernatant to original weight(Keogh & 

O'Kennedy, 1998). For the analysis of total soluble solids, brix refractometer was used, before 

and after the fermentation of kefir products. 

3.6 Statistical Analysis 

Raw data was analysed using Microsoft® Office Excel 365 ProPlus (Version 1902), average and 

standard deviation of triplicated data was calculated. One-way analysis of variance (ANOVA) 

was carried with Minitab® 18.  
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Chapter 4 

Results and Discussion 

4.1 Qualitative Determination of Chitin using TLC and  Validation  of 
extraction method 

Determination of chitin using TLC plates proved to be less sensitive, as chitin was not able to 

be detected (FIGURE 4.1) using this method suggested by Nitschke and others (2011)(Nitschke 

et al., 2011).  As suggested by the paper, the Chitin standard used were in the concentration 

rage of 0.5-5 mg/mL, which was spotted on the plates using the pipette. The results obtained 

in the analysis is contradicting, either due to (i) less efficiency of plates, (ii) low sensitivity of 

1% Lugol’s solution, (iii) less recovery rate of the chitosan from the method used. Least 

recovery of chitosan might can be due to the used of acetic acid solution for demineralization 

than hydrochloric acids, as the latter reagent of 1-8% concentrations had been suggested for 

effective elimination of minerals at room temperature. On the other hand, deproteinization is 

highly sensitive to concentrations of aqueous base solution, shell solution ratio, temperature 

and duration of reaction (Hayes, Carney, Slater, & Brück, 2008). The filtration after the first 

aqueous alkaline reaction of finely grinded Harakeke and Wharariki seed powders, was meant 

to be immediate as per Nitshke and others (2011).  However, the filtration duration took 

nearly about 5 hours, which can contribute to depolymerization of compounds leading to less 

recovery (Katano et al., 2016) of chitosan. Higher temperature while NaOH treatment was also 

reported to cause depolymerization of chitin (Pachapur, Guemiza, Rouissi, Sarma, & Brar, 

2016), therefore optimization of temperature for the effective deproteination is required for 

effective chitosan recovery. Deacetylation was not reported until 70˚C during deproteinization 

(Percot, Viton, & Domard, 2003), whereas,  studies had proven that chitin is acid-sensitive 

material which undergoes degradation through hydrolytic depolymerization, deacetylation 

and heat degradation, therefore extraction should follow an appropriate kinetics as longer 

time accounts for chitin degradation (Percot et al., 2003). Therefore, from the results obtained 

from qualitative analysis, negative detection for mushroom samples (M) and chitin standard 

samples (C1, C2, C3, C4, C5, C6) proved that method suggested by Nitscheke and others (2011) 

is ineffective under given conditions. It also disproves the claim of the method undertaken 

that it can be applicable on variety of samples. 
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FIGURE 4.1 TLC plate spots of extracted samples after drying (Photo C) 
 
 

4.2 CHITIN QUANTIFICATION FROM NEW ZEALAND FLAX SEEDS 

Quantitative analysis of chitin using HPLC-UV ensures (i) quantitative measurement the chitin 

monomer, D-glucosamine (ii) determination of chitin content (iii) the presence, or otherwise, 

other nitrogenous compound presented other than chitin (iv) thereby, validates of extraction 

method suggested by Nitschke and others (2011). The results obtained from the analysis 

(TABLE 4.1) is compared with the results of preliminary studies conducted by Department of 

Wine, Food and Molecular Biosciences of Lincoln University (TABLE 1.1). The results obtained 

from chitin determination was contradicting with the previous studies conducted. TABLE 4.1 

documents the results of HPLC-UV analysis conducted for determination of glucosamine from 

New Zealand flax seeds along with chitin standard (pure) and positive controls (mushroom). 

The chromatogram of the HPLC-UV analysis produces small peaks of background disturbances 

indicating negative results for the New Zealand flax seed samples. However, mushroom and 

chitin standard peaks were comparable to markers obtained from chromatogram (FIGURE 1.1) 

from study conducted by previously (FOOD399, FOOD699, 2017&2018), which was only 
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involving hydrolysis of powdered samples without extraction. This proves that extraction 

method was ineffective thereby disputes the claim of method proposed. Even the pure form 

of chitin standard accounts for only 38g/100 g of glucosamine, suggesting a least recovery of 

chitin, and mushrooms accounts for 37.55 mg/100 g of glucosamine from the extract, proving 

the method of extraction was not successful with respect to other findings. Seeds of Wharariki 

and Harakeke reported 0 mg/100 g and 0.07 mg/100 g of glucosamine from extracted samples 

(TABLE 4.1). According to TABLE 2 composition, Harakeke and Wharariki contained 57 g per 

100 g of protein and 31 g/100 g of non-protein nitrogen. The obtained results on New Zealand 

Flax seed hereby indicates that non-chitin nitrogenous matter is present which either 

compensate the non-protein profile of seeds (TABLE 1.1). On the other hand, Chitin binding 

non-protein nitrogenous matter can also be accounts for this composition, in the New Zealand 

Flax seeds, complexing with chitin which makes chitin non-quantifiable. 

TABLE 4.1 HPLC profile of chitins in the seeds from harakeke (phormium tenax), wharariki 
(phormium cookianum), button mushroom and standard chitin Samples. The term <ql means 
below quantification limit. 
 

SAMPLE GRAMS OF GLUCOSAMINE PER 100G OF 
EXTRACT 

Whararike ˂gl 

Harakeke 0.1±0.0 

Chitin standard 38.2±1.5 

Mushroom 37.6±2.8 

 

Considering the colour of samples and its stability throughout the chemical extraction 

involving acids and bases only for deproteinization and demineralization, some colouring 

material might can be present in the seeds. This assumption can be even taken account on 

samples under consideration as the extraction procedure devoid of bleaching which 

essentially eliminates the colourings materials. The intensity of colour of sample was like tea, 

which are known for polyphenolics like tannins. Tannins are known for complex formation 

with protein or other nitrogenous compounds by phenolic site crosslinking. Protein-tannin 

complex formation are prominent to form where protein is rich in proline (PRPs) (Adamczyk, 

Simon, Kitunen, Adamczyk, & Smolander, 2017). Tannins reported to bind with amino acids 



32 
 

containing arginine groups, all proteins, polyamines, nitrogen bases, chitin and 

chitosan(Adamczyk, Adamczyk, Smolander, & Kitunen, 2011). Tannins with non-protein 

organic nitrogenous matter interactions can also been reported with chitin and chitosan but 

not N-acetyl-D-glucosamine, by hydrolysable tannic acids (Adamczyk et al., 2011; Adamczyk 

et al., 2017). Condensed tannins and tannic acids are reported to bind with chitin and chitosan, 

with a degree of reactivity depending on amide groups presented (Adamczyk et al., 2011). 

4.3 Development of chitin rich fermented functional beverage and its 
physio-chemical analysis 

Kefir was developed using 1% of mushroom grinded form and physio-chemical characteristics 

were studied. Fermentation marks significant difference (p˂0.05) in acidity, however the 

addition of mushroom doesn’t produce any remarkable variation (Figure 4.2 and Table 4.2).  

Unlike unroasted samples of mushroom, treatment 3 (milk+ kefir grains+1% roasted brown 

mushroom) found to have similar effect as that of control when pH difference after 

fermentation is compared, followed by Treatment 4 (milk+ kefir grains+ 1% roasted white 

mushroom).  This suggests that pre-treatment like roasting of mushroom samples ensure 

chemical profile of kefir which can be co-related to acidity related properties of products like 

sensory characteristics, extent of shelf life and so on. 

TABLE 4.2 Acidity profile of developed kefir before and after fermentation (A and B signifies 
the difference in variance) 
 

SAMPLES Ph before fermentation Ph after fermentation 

CONTROL 6.68±0.00A  5.01±0.00B 

T1 6.7±0.00A 4.7±0.00B 

T2 6.71±0.02A 4.75±0.01B 

T3 6.68±0.00A 5.05±0.01B 

T4 6.72±0.03A 4.89±0.02B 

T5 6.42±0.01A 4.17±0.01B 

C-milk+ kefir, T1-milk+kefir+unroasted-brown-mushroom, T2- milk+ kefir+ unroasted white 
mushroom, T3- milk+ kefir+ roasted brown mushroom, T4- milk+ kefir+ roasted white mushroom, T5- 

carrot juice+ kefir+ roasted white mushrooms 
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FIGURE 4.2 Acidity profile of kefir before and after fermentation (Error bars represents 

standard deviation) 

On the other hand, textural characteristic change was profound unlike acidity. Documentation 

of viscosity (FIGURE 4.3 and TABLE 4.3) accounts considerable increase in viscosity over 

fermentation of 8 hours, along with significant difference (p˂0.05) attributed by chitin from 

different sources. From the data obtained, treatments show difference with no linearity, with 

respect to source/species, however, degree of pre-treatment can be corelated. Treatment 2 

results in comparable viscosity that of control followed by treatment 1, in which unroasted 

brown and white button mushrooms are added. Roasted treated mushroom added kefir 

products (Treatment 3 and 4) shows similar effects on viscosity after fermentation. The above 

explained effects suggests that pre-treatment plays vital role in action of chitin on viscosities. 

Chitin and chitosan found to exhibit excellent viscofying mechanism due to its nature of 

amphiphilic polyelectrolytes (Rodrıguez et al., 2002). Variation in intrinsic viscosities of chitin 

was reported to be dependent on the demineralization time, suggesting apparent viscosities 

can be low when soluble minerals are presented due to low demineralization time (Percot et 

al., 2003). Total soluble solid profiling doesn’t show any comparable differences from the 

study (FIGURE 4.4).  
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TABLE 4.3 Viscosity profile of Kefir of different treatments before and after fermentation 
 

SAMPLE VISCOSITY (Pa. S) of Kefir VISCOSITY (Pa. S) of milk 

C 22.6±0.3A 0.002±0.0B 

T1 18.4±0.2A 0.002±0.0B 

T2 23.1±0.3A 0.002±0.0B 

T3 12.3±0.2A 0.002±0.0B 

T4 12.1±0.1A 0.002±0.0B 

T5 0.2±0.0A 0.0021±0.1B 

 

 

FIGURE 4.3 Viscosity profile of Kefir of different treatments before and after fermentation 
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FIGURE 4.4 Total Soluble Solids of Kefir before and after fermentation 
 
On the other part, Syneresis of developed kefir products gives an idea of emulsifying capacity 

of chitin, when used in fermented beverages. Emulsifying ability of chitin was studies by 

evaluating the syneresis of the developed kefir products. Non-absorbing polymers like chitin 

ae known for viscofying mechanism resulting ambient emulsification ability(Rodrıguez et al., 

2002). From TABLE 4.4, Treatment 1 and Treatment 3 can be comparable to control, 

accounting 21.56 % and 21.66% of syneresis, accounting to both unroasted and roasted brown 

button mushrooms respectively. On the other hand, unroasted white mushroom treated 

product (T2) accounts for 25% of syneresis whereas Treatment 4 (roasted button mushroom) 

accounts for best syneresis by 31%. This was also supported by visual homogenization of T4 

kefir that is comparable to control (FIGURE 4.5). 

TABLE 4.4 Syneresis profile of kefir of different treatments  
 

Sample Syneresis (%) 

C 20 

T1 21.6 

T2 25 

T3 21.7 

T4 31.4 

T5 87 .0 
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FIGURE 4.5: Figure depicting emulsifying capacity of kefir products 
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Chapter 5 

Conclusion 

This project was aimed to validate the method suggested by Nitscheke and others (2011) for 

the quantification of chitin, claiming that it can be applicable for samples from different 

sources. Our project, however, proves to dispute the claims of above proposed methodology 

as a useful tool for chitin detection, by performing qualitative test accordingly using TLC plate 

detection. The study conducted by the Department of Wine, Food and Molecular Biosciences 

of Lincoln University on preliminary studies of proximate composition (FOOD399, FOOD699, 

2017&2018), required further instrumental analysis to confirm the presence of non-protein-

nitrogenous chitin composition in New Zealand Flax seeds that contributes to total nitrogen 

composition. HPLC-UV analysis was conducted aiming at the same using chemically extracted 

chitin standards (control samples), mushrooms (positive control) and samples of Phormium 

tenax (Harakeke) and Phormium cookianum (Wharariki) seed powders. HPLC-UV results 

reported non quantifiable amount of chitin below quantification limit, proving that chitin-

polymers are not present. These results also disprove results of HPLC analysis done by 

previous studies at Lincoln University (FOOD399, FOOD699, 2017&2018) using hydrolysed 

samples were devoid of extraction that made them not reliable, which can be attributed to 

the presence of other nitrogenous organic matters like condensed tannins and tannic acids 

that can bind proteins, amino acids, peptides and chitin /chitosan, contributing a gap in 

protein and non-protein composition in seeds. Later, development of chitin rich fermented 

beverage-kefir was done, aiming to produce a clean-label product using mushroom adjuncts 

as emulsifiers / stabilisers. Physio-chemical analysis like pH, viscosity and syneresis of 

developed products however were not able to address the effectiveness of chitin in the form 

of mushroom alternatives. However, pre-treated mushroom (roasted) were comparatively 

appealing visually describing emulsion stability. 
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Appendix A 

Calculation of Glucosamine from results obtained from HPLC-UV  

TABLE 4.1 B Calculation of Grams of Glucosamine per 100g of extract  

Sample 

name 

Total Glucosamine 

(ppm)= mg/l 

weight 

after 

hydrolysis 

mg of 

glucosamine 

per gram of 

extract 

grams of 

glucosamine 

per gram of 

extract 

grams of 

glucosamine 

per 100g of 

extract 

W1 15.75 0.4895 0.386 0.000 0.039 

W2 16.17 0.4895 0.396 0.000 0.040 

W3 15.99 0.4895 0.392 0.000 0.039 

L1 13.29 0.2961 0.539 0.001 0.054 

L2 13.31 0.2961 0.539 0.001 0.054 

L3 13.41 0.2961 0.544 0.001 0.054 

H1 20.04 0.4674 0.514 0.001 0.051 

H2 20.21 0.4674 0.519 0.001 0.052 

H3 18.38 0.4674 0.472 0.000 0.047 

C1 1446.46 0.0473 366.966 0.367 36.697 

C2 1559.13 0.0473 395.552 0.396 39.555 

M1 3126.88 0.0931 403.035 0.403 40.304 

M2 2703.53 0.0931 348.468 0.348 34.847 
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Appendix B 

Calculation of Syneresis of Kefir beverage   

Table 4.4 B Calculation of Syneresis of Kefir beverages of different 
treatments 

Sample Initial weight (g) final weight (g) Syneresis (%) 

C 30 6 20 

T1 30 6.56 21.56 

T2 30 7.5 25 

T3 30 6.5 21.66 

T4 30 9.42 31.4 

T5 30 26.1 87 

 

 


