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The foundation of past, 
today and tomorrow

““AGRICULTURE IS THE FOUNDATION OF AGRICULTURE IS THE FOUNDATION OF 
MANUFACTURE AND COMMERCE.MANUFACTURE AND COMMERCE.””
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Background

The world faces grand societal challenges now and The world faces grand societal challenges now and 
decades ahead decades ahead –– relevance to agriculture and foodrelevance to agriculture and food

Sustainability Sustainability –– resolving diminishing natural resources resolving diminishing natural resources 
against increasing demands of growing world populationagainst increasing demands of growing world population
Vulnerability Vulnerability –– food safety, biosecurity, and othersfood safety, biosecurity, and others
Human Health Human Health –– food and nutrition related developmental food and nutrition related developmental 
and degenerative illnessand degenerative illness
Living conditions Living conditions –– improved working conditions, advanced improved working conditions, advanced 
education and learning, better environment, etc.education and learning, better environment, etc.

Agriculture and food sector is a part of these Agriculture and food sector is a part of these 
challenges, and also could and should be a part of challenges, and also could and should be a part of 
the solutions, provided we continue seeking the solutions, provided we continue seeking 
appropriate research strategies.appropriate research strategies.
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Presenter
Presentation Notes
Continuation of agriculture productivity requires sustained research and led by cutting edge science.
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Public Investment in High 
Risk Science and Technology

Drivers:Drivers: Mission criticalMission critical
Scientifically enablingScientifically enabling
Potential for high returnPotential for high return

Focused on:Focused on: Public goodPublic good
Market distanceMarket distance
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New Science and Technology 
for Agriculture

GenomicsGenomics
BioengineeringBioengineering
MarkerMarker--assisted breedingassisted breeding
Microbial Microbial resistenceresistence; disease processes; disease processes

Sensors and MeasurementSensors and Measurement
Production/managementProduction/management
Environmental controlEnvironmental control
AgroenvironmentalAgroenvironmental monitoringmonitoring
Labor sparing, harvest technologyLabor sparing, harvest technology

NanotechnologyNanotechnology
Disease and contaminant detectionDisease and contaminant detection
NanobarcodesNanobarcodes for monitoring and trackingfor monitoring and tracking
Food additive delivery systemsFood additive delivery systems
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Possible Applications … 
of Nanotechnology

Delivery of nutritional functions (micronutrients and 
bioactive compounds) through food matrix
Controlled bio-availability of molecules 
Protect nutritional stability in the environment
Flavor release (sensory interaction and perception)
Taste, flavor and texture modification 
in-situ flavor & color formation
Remove undesirable products
Smart delivery systems
Food quality sensors 
Nanotags (traceability)
…

Chen, Weiss, and Shahidi, Food Tech. April 2006

Presenter
Presentation Notes
This slide lists many potential nanostructured food ingredients. I will attached a paper I wrote with colleagues to give you a bit more information.
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Examples of applications for 
new technologies in food 

and agriculture
Novel renewable energyNovel renewable energy
Plant production enhancementPlant production enhancement
Animal production enhancementAnimal production enhancement
Food safety and agroFood safety and agro--biosecuritybiosecurity
Enhance food quality and nutritional value Enhance food quality and nutritional value ––
improve human healthimprove human health
Minimize environmental footprints, including Minimize environmental footprints, including 
water and soilwater and soil
Manage/understand climate changeManage/understand climate change
……

Presenter
Presentation Notes
The following examples are obviously nano-eccentric, because it is the science of the 21st century, in my opinion. These examples, I hope, highlight its great potential to address broad challenges facing the society, at this infancy stage. 
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#1: Photosystem I Nanoscale Photodiodes For Creating Photoelectrochemical 
Devices, G. Kane Jennings, David E. Cliffel, Vanderbilt University 

#1: Photosystem I Nanoscale Photodiodes For Creating Photoelectrochemical 
Devices, G. Kane Jennings, David E. Cliffel, Vanderbilt University
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Two-Step Multi-Layer
One-Step Multi-Layer
Monolayer of PSI

• 12 x 9 nm (~500 kDa) protein 
complex 
• Achieves charge transfer in 10 - 
30 ps
• >97% efficiency of excitation 
transfer

Presenter
Presentation Notes
This is an example of high risk and high return project –  not only it serves as a new energy production means, but also adds value to vegetables and other leafy crops.

The research has achieved an incredible 5 orders of magnitude improvement in energy conversion from less than 1 nA/cm2 to > 1800 nA/cm2 through multiple technological innovations over a short 14 months. PSI assembly can be directed onto high energy surfaces. It has reached the feasibility to power a hand-held calculator.

So, it may be stated that “spinach will not only help to grow muscle, but also power your laptop computer and recharge your cell phone.”
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Use Nano-Fabricated Surfaces to 
Study Colonization and Dispersal of 

Bacteria in Plant Vessels 

Use Nano-Fabricated Surfaces to 
Study Colonization and Dispersal of 

Bacteria in Plant Vessels

Agrobacterium vitisAgrobacterium vitis
Crown gallCrown gall Clavibacter michiganensisClavibacter michiganensis

Bacterial cankerBacterial canker

(Hoch, Cornell U. 2004-04436)

Plugged vesselPlugged vessel

Presenter
Presentation Notes
Current and emerging crop diseases, such as bacterial clogging the water pathway within plant depicted here, are a big issue in agriculture production. Mechanistic understanding of the bacterium growth kinetics can aid developing intervention strategies. Nanotechnology has offered new capability to study these phenomena nondestructively.
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Use of Nano-Fabricated Surfaces 
to Study Bacteria in Plant Vessels 
Use of Nano-Fabricated Surfaces 
to Study Bacteria in Plant Vessels

(Hoch, Cornell U. 2004-04436)

Presenter
Presentation Notes
Professor Hoch uses the national nanotechnology user network (NNUN) facility at Cornell University to fabricate an experimental device to mimic the surface chemistry and nanoscale morphology of plant xylem. With such a device, the bacterium attachment and growth kinetics can be studied undisturbed. The data generated provided vital insight of the problem.
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Detection of Zoonotic 
Diseases

Protein Structure Sensors through Protein Structure Sensors through 
Molecular Imprinting: Applications Molecular Imprinting: Applications 
towards Prion Detection and Correction towards Prion Detection and Correction 
(Britt, Utah State U., 2004(Britt, Utah State U., 2004--04447)04447)
Development of Blood Protein Assays Development of Blood Protein Assays 
for Prions in Mammalian TSEs (Lewis, for Prions in Mammalian TSEs (Lewis, 
U. Wyoming, 2005U. Wyoming, 2005--02962)02962)
Detection of FoodDetection of Food--Borne Toxins with Borne Toxins with 
Multifunctional Nanoparticles (Kennedy, Multifunctional Nanoparticles (Kennedy, 
UC Davis, 2005UC Davis, 2005--02977)02977)
SelfSelf--Amplifying Nanobiosensor for Amplifying Nanobiosensor for 
Direct Detection of Prions in Blood Direct Detection of Prions in Blood 
(Montagna, Innovative Biotechnologies (Montagna, Innovative Biotechnologies 
International, Inc., 2006International, Inc., 2006--02658)02658)

Presenter
Presentation Notes
Animal health is critical for livestock production. Certain diseases can also causing human illness such as mad cow diseases. Early detection of animal disease can trigger quick action to minimize the production loss and protect consumer safety. The list here are a few projects supported by NRI 75.0 program. They investigate several different nanotechnology platforms for early, rapid, precise and accurate detection of prion at low cost. 



13

Dose Response Curve with 
 Nanoparticles Mass Labeling

Detection Limit  ‐

 

2 ng per ml

Picture: A. Majumdar

Presenter
Presentation Notes
This is an example of the detection, using micro cantilever technology. It has a potential of sensitivity of single molecular detection. The sensitivity shown here, as reported October, 2007 is 2 nano gram per ml of blood sample. The ultimate goal is to develop a handheld device to testing cow’s blood sample so that a pre-clinical condition can be detected so that strategies can be implement to minimize economic loss and prevent the products entering consumption.



Nucleic Acid Engineering: DNA Nanobarcode
Luo, Cornell University

Y0a

Y0b Y0c

GTAAGCGGCATTC
CATTCGCCGTAAGGACTCATGGACTA

CTGAGTACCTGAT

X- 
DNA

dumbbell-DNA

Presenter
Presentation Notes
This is an exceptional example of new found capability to manipulate biological materials (fragment of DNA) at nanometer scale. The short chain nucleic acids can be engineered into various new structure, hence DNA fragments are generic building materials, not used for genetic coding. (Such short chain DNA fragments do not carry any genetic function, according to the lead scientist.). One example of this new materials is used as nanobarcode to differentiate targets as used in rapid detection.



Barcode decoding via fluorescent microscopy

Y. Li, Y. Cu and D. Luo, Nature Biotechnology, 23, 885-889, (2005)
Um. et. al. Nature Protocols in press (2006)
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Presenter
Presentation Notes
This illustrate a simple nanobarcodes with different colors. The ratio difference in dyes are clearly detected vie optical devices. The remaining free branch can be bound by biomolecular recognition capability such as antigen/antibody for specific detection of pathogens, toxins, or hazardous compounds. The detection sensitivity is at molecular levels. These barcodes can be precisely fabricated.



Three different DNA species from Anthrax, Ebola 
and SARS were detected simultaneously with 3 
DL-DNA-based nanobarcodes using commercial 
polystyrene microbeads. Detection limit: 10-18 

mole (attomole). Detection speed: 30 seconds.
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Barcode decoding via flow cytometry

Y. Li, Y. Cu and D. Luo, Nature 
Biotechnology, 23, 885-889, (2005)

Presenter
Presentation Notes
This is an example of simultaneous detection of multiple hazardous targets (Anthrax, Ebola, and SARS virus). It is rapid (30 seconds) and sensitive (attomole). The newer capability allows the scheme to detect six targets simultaneous, hence greatly reduce the detection preparation time.
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Food Safety Intervention

ADHESINADHESIN--SPECIFIC SPECIFIC 
NANOPARTICLES FOR REMOVAL OF NANOPARTICLES FOR REMOVAL OF 
PATHOGENIC BACTERIA FROM PATHOGENIC BACTERIA FROM 
POULTRYPOULTRY

Latour, R. A., etc., Clemson Univ. Latour, R. A., etc., Clemson Univ. 
20002000--0533605336

Bacterial Binding to Host 
is Mediated by Adhesins

Presenter
Presentation Notes
Nanotechnology can also be used in food safety intervention.

The example here is to use nanoparticle to competitively remove E. coli from poultry guts, hence reduce the cross contamination of pathogen after slaughter, which is the number one reason of poultry food safety.



18

Acute Nanoparticle Exposure 
Sensitivity Studies

In vitro studiesIn vitro studies
cell toxicity studiescell toxicity studies

In vivo studiesIn vivo studies
Skin (rabbit)Skin (rabbit)
Ocular (rabbit)Ocular (rabbit)
Inhalation (rat)Inhalation (rat)
Ingestion (rat)Ingestion (rat)

In vivo studies: poultryIn vivo studies: poultry

(Latour, etc. Clemson University)

Presenter
Presentation Notes
The National Nanotechnology Initiative (NNI) promote responsible development of cutting edge technology. The new technology must be fully understood and tested about its safety implications. The example shown here is to an exhaustive sensitivity and toxicity studies of the nano polystyrene particles developed for poultry food safety intervention. The preliminary results show no apparent adverse effect throughout these tests, hence promising a new technology for further development and commercialization to improve food safety of chickens and turkeys.
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Nanostructured Fluids

(After Patrick Spicer,
Procter & Gamble, Co.)

Presenter
Presentation Notes
This slide shows various nanostructured materials such as food and nutrient ingredients. These vehicles can greatly enhance bioavailability of micronutrients in guts, hence reducing the price of food production. It also offers many new possibility to improve food structure and sensory properties, hence new products.
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An SEM image of the  zein-oleic acid 
film surface. It appears to show an 
entanglement of fibers or rods.

Glutamine turns (polar)
α-Helix 

side(non 
polar)

16 nm

4.6 nm

1.2 nm

Zein-Nanofabricated Biomaterials for Tissue 
Scaffolding and Others

Padua, U. Illinois, 
USDA/CSREES 

2005-02970

Presenter
Presentation Notes
This is yet another example of nanostructured natural protein from corn, called Zein. Its beauty was its repetitive nano structure (A) that is revealed recently using nanoscale imaging technology. The unique polar and alpha helix structure, can act as block copolymers and spontaneously form various well controlled structures. The micrograph shows tubular structure which can be used for nutrient and drug delivery. Zein can also forming edible film for food packaging vie layer-by-layer technology. Such a film can be expected having substantially improved moisture barrier property, which has been a major challenge in developing edible films.
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Nanocomposite Polymer Films 
Improved Packaging Materials

Improvements in oxygen and Improvements in oxygen and 
water vapor transmission barrier water vapor transmission barrier 
propertiesproperties
Improvements in mechanical Improvements in mechanical 
propertiesproperties

YoungYoung’’s modulus and tensile s modulus and tensile 
strengthstrength

Improvements in thermal stability Improvements in thermal stability 
(100(100ooC)C)
TEM and XTEM and X--ray showed high degree ray showed high degree 
of intercalation/exfoliation in 7.5% of intercalation/exfoliation in 7.5% 
clayclay
LDPE/Clay  (7.5%) LDPE/Clay  (7.5%) 
Nanocomposites showed better Nanocomposites showed better 
modulus and oxygen barrier than modulus and oxygen barrier than 
existing meal bagexisting meal bag
Gregory Sotzing, U. Conn.: Using Gregory Sotzing, U. Conn.: Using 
conjugated/conductive polymer conjugated/conductive polymer 
nanosensor to detect amines nanosensor to detect amines -- food food 
spoilage and diseases (breath)spoilage and diseases (breath)

Presenter
Presentation Notes
This slide shows the advantage of nanoparticle composite packaging films. It not only improves the barrier and mechanical properties, but also improve biodegradability in landfill, hence more environmental friendly. Furthermore, such a film remains to be transparent because the size of nanoparticles is much less than the wavelength of visible lights. More research is on-going to build other useful functions such as sensors and indicators into the film to monitoring food safety and quality changes. It is also anticipated that nanobarcodes can be integrated into the film for product identity preservation and traceability.
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Consequences for Investment 
in Nanoscale Science and 

Technology
Exciting potentials has been demonstratedExciting potentials has been demonstrated

Fertile ground for novel ideas and innovationFertile ground for novel ideas and innovation
Accelerate R&D to benefit people and nationalAccelerate R&D to benefit people and national
Economy Economy –– collaborative efforts of industry, collaborative efforts of industry, 

government and academia to move cutting edge government and academia to move cutting edge 
research to realization of its impactresearch to realization of its impact

International collaborations and multidisciplinary International collaborations and multidisciplinary 
approaches accelerated the pace of R&Dapproaches accelerated the pace of R&D
Strengthen education, outreach, safety, and societal Strengthen education, outreach, safety, and societal 
dimensions.dimensions.
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Closing thoughts

Nanoscale Science and Nanotechnology for food Nanoscale Science and Nanotechnology for food 
application is still in its infancyapplication is still in its infancy

Exciting potentials has been demonstratedExciting potentials has been demonstrated
Fertile ground for novel ideas and innovationFertile ground for novel ideas and innovation
Accelerate R&D to benefit people and national economy Accelerate R&D to benefit people and national economy 
–– collaborative efforts of industry, government and collaborative efforts of industry, government and 
academia to move cutting edge research to realization academia to move cutting edge research to realization 
of its impactof its impact
International collaborations and multidisciplinary International collaborations and multidisciplinary 
approaches accelerated the pace of R&Dapproaches accelerated the pace of R&D
Strengthen education, outreach, safety, and societal Strengthen education, outreach, safety, and societal 
dimensions.dimensions.
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The Science of Small

http://www.csrees.usda.gov/newsroomhttp://www.csrees.usda.gov/newsroom
/partners/21/nanotechnology.html/partners/21/nanotechnology.html
http://nano.gov/http://nano.gov/

Presenter
Presentation Notes
This is our Partner Magazine highlighting four nanotechnology projects supported by NRI.

http://www.csrees.usda.gov/newsroom/partners/21/nanotechnology.html
http://www.csrees.usda.gov/newsroom/partners/21/nanotechnology.html
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http://www.csrees.usda.gov

http://www.csrees.usda.gov/
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