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What Is Nanotechnology?

ñNanotechnology is the understanding 
and control of matter at dimensions of 
roughly 1 to 100 nanometers, where 
unique phenomena enable novel 
applicationsò 



What is nanotechnology?

ñNanotechnology" only if it involves:

1. Research and technology 
development at the atomic, molecular or 
macromolecular levels, in the length scale of ~ 1 
- 100 nanometer range.

2. Creating and using structures, 
devices and systems that have novel 
properties and functions because of their small 
and/or intermediate size.

3. Ability to control or manipulate on the 
atomic scale. 



What is Nanotechnology?

Ordinary materials such as carbon or silicon, when reduced to the 
nanoscale, often exhibit new and unpredictable physical, chemical, 
and biological characteristics such as:

- extraordinary strength, 

- chemical reactivity, 

- electrical conductivity, 

º Gold 
¸ Is blue (no longer yellow)

¸ Becomes catalytic

¸ Melting point drops from 1200°C to 200°C 

º Aluminum becomes combustible 

º Novel properties = new applications!

ÅNational Nanotechnology Initiative

http://www.nano.gov/html/facts/whatIsNano.html



How small is a 

nanometer?



How small is a nanometer?
Courtesy of Dr. John T. Fourkas, Univ of Maryland



Categories of 

Nanomaterials

Natural Man-Made Engineered



Natural

º DNA

¸ 1-2 nm wide

º Proteins

¸ ~10 nm

º Viruses 

¸ 20 - 400 nm

º Human hair 

¸ 60,000 -120,000 nm 

wide



100 nm 

Natural ïGeckoôs sticky 

feet



Man-made



Dichroic glass

Alloy Clusters 

( 2 ï50 nm)

in glass:

-gold

-silver 

-copper

-trace metals

Lykurgus Cup

400 B.C.

Man-made



Engineered 

Nanostructures



Source:  Nanoscale Thermo-Fluiids Laboratory, Purdue University

50-100 x Stronger than steel 

1/6th the weight

Carbon nanotubes



Synthetic Gecko Foot-hair 

Nanostructures for Wall-Climbing Robots

M. Sitti and R. Fearing,

Univ of California, Berkley



How are nanomaterials made?

Top Down
º small nanostructured elements are 

"cut" from larger pieces. 

º example - microelectronics

Bottom-up 
º utilizes methods of self-organization 

on molecular & nanocrystalline levels

º impressive examples in biology
¸ replication of DNA strands

¸ self-organization of proteins

º Used for synthesis of nanocrystalline 
materials and self-organized 
semiconductor nanostructures 
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technology at the nanoscale level

¸ How to define and describe nanoscale science and 

nanotechnology

¸ Current and potential uses of nanomaterials 



Current Applications Using 

Engineered Nanomaterials 

Woodrow Wilson International Center ï
Consumer Product Inventory Nanotechproject.org 



Other Applications

ºWater purification - nanofilters 

ºMore efficient energy sources
¸ Solar panels

¸ Batteries

ºNanomedicines

º Improved materials
¸Automobile bumpers; 

¸Protective and glare-reducing paints and 
coatings to reduce corrosion, scratches 
and radiation; 



What are potential 

applications in food/dietary 

supplement products?

Improve food ingredients

Improve food processing

Improve food safety 

monitoring

Improve food packaging

Mother Nature

first ñfood nanoscientistò !



Naturally occurring 

nanomaterials in foods

Milk 
º lactose (0.5 nm),

º whey proteins (4-6 nm), 

º casein micelles (50-300 nm), 

º fat globules (300 nm)

Casein Micelles



All foods are ñnanofoodsò!!

All foods 

naturally 

contain 

components in 

the nanoscale 

size range



Improve food ingredients

º Delivery systems for 
¸vitamins and minerals

¸ flavors, 

¸colors, 

¸bioactives

º Other novel ingredients in development 

to:
¸Lower fat content but mimic texture and 

flavor
¸Lower salt content without flavor loss



º Produce stable micelles

¸ to improve solubility of 
insoluble bioactives 

¸ to change water/fat solubility 
of nutrients

¸Vitamins A, C, D, E, K

¸Coenzyme 10

¸ɓ-carotene, isoflavones, 
omega fatty acids

http://www.aquanova.de/

Nanoencapsulation to alter solubility



Improve uptake of nutrients 

and other bioactives

Size reduction and encapsulation 

º Iron supplements (Rohner et al., 

2007)

ºVitamin E (Shea et al., 2005; Back et 
al., 2007)

ºSelenium, Copper, Zinc
ÅZhang et al., 2001, Chen et al., 2006, 

Wang et al., 2006

ºCurcumin (Bisht et al., 2007)

ºVitamin C (Abraham and Narine, 
2009)



Nanosizing to improve uptake of 

nutrients/bioactives
º Claim that reduced 

size increases 

bioavailability used in 

marketing of novel 

dietary supplements.
º Evidence?
¸Are they nano ?
¸Stability in nanoform?
¸Any change in uptake?



Nanoencapsulation to improve 

palatability

ºstabilize flavorings

º timed-release 

º reduce off-flavors

(A) microemulsion, (B) liposome,

(C) nanoemulsion, (D) biopolymeric nanoparticle

Chen et al., 2006



Nanoencapsulation 

control of digestibility 

The integrity and permeability of a nano-laminated 

biopolymer coating can determine the ability of digestive 

enzymes to access the encapsulated lipids. 

McClements, J Food Sci, 2010



Improved food processing

º An atomic force microscope image 

of biocolloid blocking the entrance of 

a pore on membrane surface. 

º (Image courtesy of Nidal Hilal, 

University of Nottingham)

Use of: 

º Nanofilters

º Nanofluidics

º Nanoelectronics



Improve food safety 

Food Safety and Quality

ÅSensors for pathogen and toxin 

detection

ÅPreservative carrier systems



Improve food safety Antimicrobial 

activity of nanomaterials

Nanomaterial Target organism Reference

Silver

L. monocytogenes; 

S. typhimurium; E. coli 

O157:H7

Chen & 

Schluesener, 

2008 

Chitosan/Silver S. aureus; L. monocytogenes Rhim et al., 2006

Nanoclays

S. aureus; L. monocytogenes;

S. typhimurium, E. coli 

O157:H7

Hong &, Rhim, 

2008

Fullerenols Skin pathogens, cosmetics 
Hoshima et al., 

2009

Nanoglass Enterococci dental pathogens
Waltimo et al., 

2007



Improve food packaging
º Low permeability, high-strength plastics

º Antibacterial/preservative coatings

º ñSmartò packaging:

ÅNanochips to store information

ÅReactive inks 


