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What is chitosan?
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Insoluble polymer:
2 - 6000 glucosamines

Polymer soluble in acid :
2 - 6000 glucosamines



Chitosan works in two fundamental ways

1. Chemically (“glue”) 2. Biologically (“hormone”)
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Chitosan : an academic darling
National Library of Medicine

National Center for Biotechnology Information

Publed® o < I

Advanced Create alert Create RSS User Guide

Save Email Send to Sortby:  Best match v Display options ¥#

MY CUSTOM FILTERS 61 ,037 papers
Edit custom filters 6 ’ 024 i n a gro

RESULTS BY YEAR

Page = 1  of6104 > »

woparticles as Effective Drug Delivery Systems-A review.
1 Jafernik K, tadniak A, Blicharska E, Czarnek K, Ekiert H, Wigcek AE, Szopa A.
BN Cite  Molecules. 2023 Feb 18;28(4):1963. doi: 10.3390/molecules28041963.
PMID: 36838951 Free PMC article. Review.

Chitosan-based nanoparticles (chitosan-based nanocomposites; chitosan nanoparticles; ChNPs) are
mm promising materials that are receiving a lot of attention in the last decades. ...The presentation of the
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[ ] Chitosan scaffolds: Expanding horizons in biomedical applications.
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Novochizol™ : monomolecular chitosan cross-linking technology

Chitosan

Novochizol

<&

N
PR
e g .
. L ) -1
- N | "
i \
W “
[ »
J b 4 “
© ' L
\4.‘ ‘&\ v
-
v
A

one-pot,
high concentration
synthesis, clean,
robust, scalable,
no waste

Novochizols can
differ in :

-size

-degree of deacetylation
-degree of cross-linking

not a single material,
a technology




Novochizol™: a game changer in the nanoparticle synthesis space

Many methods to make Novochizol™
chitosan nanoparticles: s
: . 1,5 kg
* lonotropic Gelation Novochizol
- Polyelectrolyte Complexation _synthesized
e . ina 5 | vessel
* Reverse Micellar/Microemulsion B _ | e, Other
- Co-Precipitation methods
‘, | = A would require
- Emulsion-Droplet Coalescence /| oy . a 1500 |

vessel

+ High Energy Milling (iR | L

> Heterogenous » Homogenous

(intermolecular cross-linking)

» Imprecise > Precise

(complex kinetics of cross-linking)

> Laboratory-scale only > Scalable
(cost and poor process scalability)




Novochizol™: Industrial partners

Leading manufacturer of Developer of microbiome-based Largest producer of

seaweed-based products, products that restore soil health and high quality chitosans in

includina hinstimiilants drive regenerative agriculture India: 600 Tons annually
< =) C ans b er MARINE
AQUAGRI ""-""""r..-" pgrisclﬂ:nt:a BIO-POLYMERS LPP

Indian Farmers Fertilizer
Cooperative world's largest
farmers' cooperative with an

international reach-out dofct: TEPT] Tarfic
Wholly owned by Cooperatives

Agro manufacturing facility under o= © 50 -
el a1igie[e]gMl360 tons of Novochizol /year R
il SPECIAgI.. ECONOMIC ZONE

« Second Pharma manufacturing facility
envisioned for 2027 =
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Novochizol™: Industrialization in India (self-financed

REACTOR CHARGING & AZA-MICHAEL WASHING &
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ot o O ‘ O f—— PRODUCT RECOVERY (PHASE Ill)
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Industrial Specification and Standard Operating Procedure
for the Synthesis of Novochizol (non-biomedical
applications)

Mother Liquor -

A.Raw Material Quality and Stoichiometric Scaling Reused for next batch
. ‘-;\
The synthesis of Novochizol is executed at a maximum volumetric loading capacity of up to productmn i _‘_'y
125 g of chitosan per L of total reactor volume. For a standard 500L industrial batch reactor,
Dried Powder

this corresponds to a nominal starting chitosan charge of 62.5 kg. "
Agitated Nutsche Filter

Because chitosan is a natural biopolymer, its bulk density and swelling kinetics are highly
sensitive to the quality and consistency of its mechanical grinding (flakes are not acceptable, .
fine powders must be used). The precise batch charge must be dynamically adjusted based Ze ro Wate r .
on the grinding quality, using the mechanical resistance (torque) on the agitator shaft as the

primary feedback parameter. If the chitosan is insufficiently ground, its bulk volume will
prevent the full 62.5 kg charge from fitting into the reactor vessel

Zero waste: closed synthesis — 100% recycling of solvents (distillation)

portion of the chitosan must be weighed. To the proper y of the
reaction, the subsequent charge of the highly reactive modifier, acryloyl chloride, must be
proportionally reduced. Let C we= 62.5 kg. represent the nominal target chitosan charge and
let C ocua represent the actual mass successfully charged into the vessel. The correction
factor @ is defined as:

MANADURAI PLATFORM: JANUARY 2027

Using this correction factor, the adjusted volume of the acryloyl chloride reactant ( V ac agusies
) and the corresponding volume of its Dimethylacetamide (DMA) diluent (V oma agustes) are

Single 750 liter reactor : up to 5 tons per month

V Ac. adustes = ® x 625 mL
V owa. sgustea = @ x 10L

Platform for 8 reactors: up to 40 tons per month

chloride, which could lead to unwanted intermolecular cross-linking, batch gelation, and the
accumulation of hazardous acidic byproducts.

IFFCO KISAN SPECIAL ECONOMIC ZONE: 2028
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Large scale: 1000 tons annually



Novochizol™: “nanoparticle” size
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Chitosan NOVOCHIZOL™
Solubility (pH < 6) soluble soluble
Solubility (pH>6) insoluble suspension
Viscosity high low
Biodegradability fast slow
Chemical/physical stability low high

Physical state(s)

modifiable only through
chemical reactions with
other compounds.

modifiable by changing
degree of cross-linking.

Formulations

limited, complex?

copper, sulfur, plant extracts

other small molecules
DNA, RNA, peptides, proteins
viruses and microorganisms



Novochizol™: NTA analysis
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Novochizol™: better contact and adherence to plant tissue

nm

120
HM 60

100

1.61 um

80

20

Chitosan film

NOVOCHIZOL™ film



ovochizol™ formulation technology

Impregnation Emulsification
Slower Faster
release release




Impregnation
Slow release

First-round formulation:

Nucleic

Small ] Proteins Bacteria
acids :

molecules Peptides ey VITUSES
:“: ‘c "‘

Sonication with aqueous and non-aqueous solvents

Encapsulation
Fast release

Multi-layer
encapsulation
Second-round sonication ( e.g.to extend release)
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Novochizol Novochizol

As a delivery system As a chitosan cross-linking technology
Copper w7 1y
Sufur CHITOMIX
Synthetic pesticides
Fertilizers
Chitomixes: Novochizol-stabilized well-defined mixtures of different chitosasn
Biopesticide in specific proportions.
Dose reduction
Synergistic co-formulation Chitomixes are consistently more effective than individual fractions,

New modes of action with some synergistic effects, across all chitosan functions
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