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Chitin Sources

Fungi
Composition (Based upon Dry Weight)
Chitin 25-30% 30-40 15-40%
Protein 15% 35% 5-10%
CaCO, 55% 30% Glycans
Lipids 2-5% 5-10% 5-10%

Astaxanthin pigment:
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Total Utilization of Crawfish (Shrimp) Waste

« Crawfish Processing Raw Material
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|Isolation of Chitin/Chitosan
Natural Crustacean Shell

- 5% HCI or EDTA (-CaCO03) - 5% NaOH (- Proteins and lipids)
Chitinoproteic complex

o Chitin +CaC03
(40% NaOH, (NaBH4), 110°C itin +Ca

- 30% HCI ( CaCO3)
(- Proteins) + Deacetylation Chitin

CH20OH NH; CH,OH
O HO o) Q
HO ¢} o HO o
NH-G-CHs  CH,0OH NH2
X

. O
Chitosan 10% residual acetylation to 25% residual acetylatio n
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Isolation of Chitin/Chitosan from Fungal
mycelium

10% NaOH,
24 hr, RT
E_roteins, L:_[l)ids_, " ) Acetic Chitin/glucan
igments, Hemicelluloses : ! _
) Solubles  Insolubles 2Cd 50:30

Mixture of glucanase
pH =5.5, 4 days, 37

_ 50% NaOH to gel "
Chitosan . Chitin

pH = 5.5, chitin deacetylase,
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Key Specifications for Chitins and

Chitosans
 Property Chitin Chitosan
Mol. Wt., daltons
 Processed 10°-106 10°-106
 Deacetylation % ~10 % 60 - 90

 Viscosity of 1% soln

e In 1% Acetic Acid, cps 200 - 2000

: Moisture Content < 10% < 10%

: Dissociation Constant, Ka 6.0-7.0
o4/03/29@luble in: wwlHVAG-LICl Dilute acids

CI,C-COOH / CH,CI,



Chemical Properties of Chitosan

CH>,OH NH> CH,OH
HO O O
HO o o HO 04
NH-C-CHs  CH,OH NH2
L O _Ix

Cationic polyamine with low pKa
High charge density at pH’s below 6.5

Adheres to negatively charged surfaces
Forms gels with polyanions
Chelates transition metals

e Amenable to Chemical Modification

« Both amino and hydroxyl groups can be selectively
oainz2did0dified

www.npaf.ca



Sources of Chitin/Chitosan

USA
Company Location Products
Vanson 8840 152nd Avenue Chitin/ Chitosan
Halosource Redmond, WA 98052 N-Haloamines
vanson@vanson.com
AIDP, Inc. 1120 Coiner Court Aminoacids
Clty of |ndUStry, CA 91748 Herbal extracts
www.aidp.com Chitin/ Chitosan
Ferro Pfanstiehl 1219 Glen Rock Avenue Glucosamine
Laboratories, Inc. Waukegan, IL 60085-0439 Speciality
carbohydrates
Chitin/ Chitosan
V-Labs, Inc 423 North Theard St N-Carboxymethyl
Covington, LA 71433 chitosan (NCMC)
N, O-Carboxymethyl
chitosan (NOCC)
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Sources of Chitin/Chitosan

Europe
Company Location Products
Randburg Oskarsgata 7 Chitosans
Primex IS - 580 Siglufjordur Marine proteins
Genis Iceland From Shrimp
Haugesund, Norway
KitoZyme Rue Haute Claire 4 Chitin-glucan
B4040 Herstal Chitosan-glucan
Belgium Chitin/Chitosan

From Aspergillis sp

Kraeber Gmbh

Waldhofstrasse 14
25474 Ellerbek
Germany

Biopharmaceutical raw
materials

Chitin/Chitosan

04/03/2010

www.npaf.ca

10




Sources of Chitin/Chitosan

Asia
Company Location Products
Industrial Research Ltd | 5 Sheffield Crescent b-chitin from squid
(IRL) Bishopdale pen

P.O. Box 20-028
Christchurch, NZ

Meron Biopolymers

Santo Gopalan Road,
Chullickal, Cochin - 682005
Kerala, India

Chitin/Chitosan

(Enzymatic
processing)

Yuhuan Ocean

89 Zhongxing Middle Road

Glucosamine

Biochemical Co., Ltd Li'ao, Yuhuan County Chitin/Chitosan
Post Code: 317602, China “Jinke” Chitosan
Korean Chitosan Co. San 2 Wonjig-Ri Kangku- Chitin/Chitosan

Ltd.
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Myun, Youngdeok-Kim
Kyoungbuk-Do, South Korea
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Potential Markets for Chitinous Materials

Waste Treatment:

Metal chelating cationic flocculating agent
Sewage effluents

Metal finishing/electroplating wastes
Paper mills

Radioactive wastes

* Protein flocculation for feed market from:

* Rendering plants, Milk and Vegetable Processing
e Poultry/Egg processing

o Single Cell Protein Recovery

« EPA approved FDA/AAFCO approved
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Potential Markets for Chitinous Materials
*Agricultural:

o Seed Coatings -- Fungistatic

e Potential Binder for Growth Stimulants and other
Agrochemicals

* Anti-nemotode Treatment -- Chitin-Protein complex
* Preservative Coating on Produce
 Animal Feed Additives
* Fertilizer complete with Trace Minerals
(Dried Shrimp Shells @ $100 per ton)
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Biocompatiblility

* Biodegradable to normal metabolites

Chitinases common In environment

Chitosanases also available
Safe, Toxicity = sugar

Activity
 Hemostatic Bacteriostatic
e Spermicidal Anti-cancer

e Anticholesteremic
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Fungistatic

14



Potential Markets for Chitinous Materials

 Foods:

« Dietary fiber, emulsifier, inert ingredient carrier
« Anti-cholesterol food additive ?

« Clarification of Beverages and Fruit Juices
 Removal of Dyes or Color Stabilization

 Fat Blocker—Fat Zapper...!
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Potential Markets for Chitinous Materials

e Health Care:

* Anti-cholesterol Drugs

o Controlled release matrix

« Wound care Bioabsorbable Sutures and Wound
Dressings derived from Chitosan

o Artificial Skin

* Bioengineering Materials

e Orthopedic Devises

e Contact Lenses
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Potential Markets for Chitinous
Materials

e Cosmetics:

e Hair Treatment—Clear solutions form clear filims

e Substantive to hair

« Skin Care—Chitosan derivatives serve as
emulsifiers, moisturizers, antistatic agents and
emollients

 Nalil Polishes
» Tooth Paste
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Potential Markets for Chitinous Materials

e Biotechnology

Enzyme Immobilization

Protein Separation

Cell Recovery/Culture/Immobilization

Membrane Separations

Chromatography

04/03/2010 www.npaf.ca
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Diethylaminoethyl-Chitin

K. Kurita et al.; Macromolecules, 23, 2865 (1990)

0]
T
CH.OH NH-C-CH3 CH,OH
HO O
HO O HO O
NH—(“}CHg H,OH H
O X
l 42% NaOH
o°C
T
CH,0 Nat NH-C-CH;  GCH,OH
HO
HO O HO O
NH'%'CH?, CH,O " Na+ NH»
X
(CH3CH2)2NCH2CH2C| Soluble alkali chitin
(CHg),NCI
CH,CHoN(CHoCHg), @
CH>0O NH-C-CH3 CH,0OH
HO
HO o) HO o)
NH-C-CHs  CHZOH NH>

Degree of Substitution 0.5-1.2
Reaction Promoted by phase transfer agent, (CH,),N+ CI-
Chromatographic support analogous to DEA-Cellulose
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Esters of Chitin for Fiber Spinning

Szosland and East, 1996
o
HO Y
N H
L o
o
HO N1 o)
P nd
0
Chitin \\‘ (CCH,CH z-il)l-)zo
5% NaOH . HCIO 4, 25-30 C

O
O/\\C/\/ (@]

m HO N H O v,
@]
/\/n/o N H o
© /l% O~c T~
° !
Dibutyryl Chitin

Spinning dopes in acetone can be dry spun
Spinning dopes in DMF can be wet spun into water
Treatment of fibers with 5% NaOH regenerates chitin fibers
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REACTIVE FORMS OF CHITOSAN

Struszcayk (1987, 1994)

Chitosan Flakes
HOAC
4-5 wt% “Solution”

Filter to give clear dope

PPT in NaHCO, Heat at 70°C
\ “Degraded
Chitosan”
“ Activated NaOH
Chitosan” | shear

Microcrystallin
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N-Carboxymethyl Chitosan (NCMC)

HO Q oH
Q H/M\COOH <
— . HO
HO O, © NH;
NH; H=3 H. _CoO ®
Chitosan pH= \n/
0
OH
0
O;\N"‘
Ho N
Coé?csoé?
Dicarboxymethyl chitosan
Water soluble, Efficient metal chelator
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pH = 3-7

HO
M
HO O,
IN
H)\COOe

NaBH,
pH =8.0
O
/JL\ HO
H COOH 0

= HO
NaBH,

’ NH O
HS\COC@

Carboxymethyl chitosan
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N-Carboxybutyl Chitosan
Muzzarelli -1990

3
HO
HO O,
NH2 _ @)
Chitosan HO ~ O,

@)
3 OH

Levulinic acid

HO HO D.S.=02505 O
Q Q
HO Onay, NaBHiCN Oay,
A\ oH TN OH
HC
@) (@)
Water Soluble -- Size and hydrophobicity of  butyl group
disrupts H-bonding
Wound Dressing Reconstructive Tissue

Hydrated surface stimulates tissue rebuilding and vascularization
04/03/2010 www.npaf.ca
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Hydroxypropyl Trimethylammonium
Chitosan Chloride (ChitoQuat)

Manuzak, Macossay, Logan U. Sblliatent 6,306,835

OH
Quat 188 ~~QO O
QO O > HO
HO \N SO
NFz O oo VT i
Chitosan Cl— OH D.S.~1
ChitQuat

Water soluble from pH 1 - pH 12, Insensitive to salts

High biocidal activity

E.coli |St. Aureus |P. aeruginosa

MIC, 32 32 32
(mg/mL)
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Killer Application
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Effective Antimicrobial Fiber Blends

« C-W. Nam, Y-H. Kim, S-W, Ko, J Appl. Polym. Sci., 74, 2258-65

(NQQW )

=0
@)

Z
Z

OH
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ChitQuat

Ovnn

J

ag NaSCN

— s  FiberBlend
Wet spin

0.5 wt% ChitQuat
reduced Staph activity
by 90%

Blends exhibit excellent laundering durability

and antistatic properties
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Effective Antimicrobial Fiber Blends

« C-W. Nam, Y-H. Kim, S-W, Ko, J Appl. Polym. Sci., 74, 2258-65

(NQQW )

=0
@)

Z
Z

OH

0 O
HO

N
s~
/@Cle OH

ChitQuat

Ovnn

J

ag NaSCN

— s  FiberBlend
Wet spin

0.5 wt% ChitQuat
reduced Staph activity
by 90%

Blends exhibit excellent laundrering durability

and antistatic properties

www.npaf.ca 27

04/03/2010



CMChitosan Quats

HO HO HO
0 Q CHyl
—
HO O, HO O, > HO O
Hﬂ\ H \ N/ H \ l\\l/
H o H ~ N \/\/66?
Carboxymethyl chitosan O O !

© Monoquat

®
CICH ,CH(OH)CH ,N(CH23)<Cl

el 188 E coli MIC > 128
i ] mg/mL
HO O £ o

NH

®/ ®/ :
:ﬂWHWK\rN\\ Diquat
0 OH

E coli MIC 64 mg/mL
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Arabinofuranose

Galactofuranose

Peptidoglycan

Mycobacteria

04/03/2010

Cell membrane
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Mycobacterium-
tuberculosis & avium

«Contagious
«Affects respiratory system
L eading cause of death

Non contagious

eCauses atypical
pneumonia, especially in
HIV patients
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Adjuvant Activity of Chitosan Quat-188

»

Treatment

Rifampin

ChitQuat

*Rifampin +
Chit-Quat 188

*Phytol +
Chit-Quat 188
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MIC Evaluation, ng/mL

M. tb M. avium
0.125
64 >128
32 <1
32 4
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CHITIN/CHITOSAN LIMITATIONS

. 2.
. 3.
. 4.

04/03/2010

1. High Isolation Costs

Dependent on NaOH price fluctuations

Consistent Raw Material Supply
Poor storage properties

Drying reduces activity

Easily contaminated by pathogens, exotoxins

High Price Markets have Selective Demands
High product purity

Non-toxic

Narrow range of specifications

Low end markets not ready to pay
processing costs

www.npaf.ca
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Conclusions

e Chitin/Chitosan remain underutilized natural polymers

« Cost effective isolation remains difficult primarily
because raw material sources not consolidated or
stabilized.

« Derivation of Chitosan produces a remarkably
diverse group of potential products
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