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Nature-sourced polysaccharide biopolymers hold great promise

- Safe

- Biocompatible

- Non-expensive

- Highly available

- Inexhaustible

- Have well-defined structure

Polysaccharides as advanced materials for agriculture



Modified natural polysaccharides

as biocompatible delivery systems

Plant nutrients

Drug delivery

Food Protection



Self-assembly
Hydrophobic

guests

Hydrophilic
guests

Hydrophilic-Hydrophobic

Modified polysaccharides

Modifications to induce self-assembling

Rutenberg, R., Galaktionova, D., Golden, G., Cohen, Y., Levi-Kalisman, Y., Cohen, G., Král, P., Poverenov, E. (2018) ACS Applied Materials & Interfaces



Hydrophilic compound (Rhodamine B) in oil



Dynamic structure adaptation to 

different environments

CuticleSkin

cross 
phase 

transport



Foliar plant nutrition

Trans-cuticle

In collaboration with Dr. Hagai Yasuor (Volcani institute)

One of the most desired and difficult tasks in modern agriculture



Foliar delivery of Zn microelement

CMC-8



Labeling of CMC-8 with carbon dots (CD)



Monitoring of CMC-8 carriers and encapsulated Zinc

Cohen, Y.; Yasuor, H.; Tworowski, D.; Fallik, E.; Poverenov, E. Stimuli-free transcuticular delivery of Zn microelement with biopolymeric nanovehicles. Experimental, theoretical 
and in planta studies. ACS Nano 2022



Improve storability, quality and 

safety of food products

Active biodegradable packages



Rq=5.73 
nm 

Pristine polysaccharide film

Rq=8.58
nm 

Polysaccharide film grafted with nanoparticles

In situ deposition of natural bioactive nanoparticles 

on polysaccharide films

bioactive nanoparticles



.

Characterizations

A-CMC, B-CMC vanillin, C-CMC curcumin, 
D-CMC vanillin curcumin



synergistic effect

Antimicrobial protection carboxymethyl cellulose-based films 

with vanillin and curcumin

Colloids and Surfaces B. (2020)



Antimicrobial protection chitosan-based films with vanillin

All chitosan films 
demonstrated ~ 6 log 
reduction of bacterial 

population    

Chitosan+vanillin NPs films 

resulted in total inhibition of 

yeast and fungal growth

J. Mater. Chem (2018)



Postharvest protection of agricultural products

Active edible coatings

http://www.google.co.il/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.slideshare.net/wso2.org/wso2con-us-2013-28410483&ei=xk1GVMbcEsrpaPvmgtAK&bvm=bv.77880786,d.d2s&psig=AFQjCNFMElivgwQ0BIRw5WQ5vrLIWY4oZw&ust=1413979921807276


Active edible coatings

1) Prolong shelf-life 

2) Improve quality and safety

- to reduce microbial spoilage

- to reduce moisture loss

3) Enhance attractiveness

- color, gloss, aroma

Delivery matrix

nanoemulsions

nanocarriers



Active edible coatings protection of agricultural products



Active edible coatings protection of agricultural products



Active edible coatings protection of agricultural products



Biopolymers-based nanomaterials materials can be used in agriculture as

(1) Advanced delivery systems for

- foliar nutrition

- food protection

- medicine delivery

(2) Active biodegradable packages

(3) Edible Coatings

Summary
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