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Word is relatively new but the concept is not

 Creation of the word/field is relatively “new”

 Richard Feynman  1959   talk “There’s Plenty of Room at the Bottom” - "nano-

scale" machines 

 Nori Taniguchi 1974 “Nano-technology' mainly consists of the processing of, 

separation, consolidation, and deformation of materials by one atom or by one 

molecule.” 

On the Basic Concept of 'Nano-Technology

Proc. Intl. Conf. Prod. London, Part II British Society of Precision Engineering  

 Concept is old:



Nano, nano everywhere!

David Hawxhurst

Woodrow Wilson International Center for Scholars



http://mirexus.com/phytospherix/



Terminology and Nomenclature



Defining Nanotech

 Two principal parts to defining what is to be 

considered nanotechnology:

 (i) Scale and (ii) Uniqueness/novelty

 Nanotechnology is the understanding and 

control of matter….

 (i) … at dimensions between approximately 

1 nm to 100 nm

 (ii) … where unique phenomena enable 

novel applications



Nano in Agri-Food

Duncan,T (2011) J Colloid Interface Science 363(1):1-24 



Nano – Food Packaging

Duncan,T (2011) J Colloid Interface Science 363(1):1-24 



Diffusion of Fluorescently Labeled Bacteriocin from 

Edible Nanomaterials and Embedded Nano-Bioactive 

Coatings

Imran et al. ACS Applied Materials & Interfaces 8 (2016): 21618-21631

• Assess release rates of fluorescently labeled antimicrobial 

peptide nisin (lantibiotic/biopreservative) from liposomal 

nanocarriers

• Lanthionine-containing peptides (lantibiotics) are promising 

antimicrobial agents being investigated as substitutes for 

current antibiotics

• Pore formation in cell membranes

• Lantibiotics are effective against food-borne microbes 

including Listeria monocytogenes and Clostridium botulinum



Diffusion of Fluorescently 

Labeled Bacteriocin from Edible 

Nanomaterials and Embedded 

Nano-Bioactive Coatings

http://pubs.acs.org/doi/full/10.1021/acsami.6b04621

Antimicrobial activity of biodegradable 

hydroxypropyl methylcellulose (HPMC) 

coatings against L. monocytogenes

A:

• (I control) coatings without nisin

• (II control) coatings embedded with 

empty nanoliposomes

• (III) active coatings containing nisin

• (IV) nanoactive coatings containing 

nanoliposomes encapsulated nisin

B:

Quantitative anti-listerial activity 

assessment of active and nano-active 

coatings



Nano-Sensors

 Potential Applications:

 Pathogen detection (bacteria, viruses)

 Toxin and pesticide detection

 Spoilage detection

 Authenticity and traceability

 Quality control



 UV activated, oxygen sensitive, colored ink based on 

titanium dioxide.

 Changes color in presence/absence of oxygen. 

Nano-Sensors



Nano-sensors

https://www.researchgate.net/profile/Bambang_Kuswandi/publication/225471060/view

er/AS:104182438694918@1401850437774/background/8.png



Microfluidic SERS for “lab-on-a-chip” device of  

detection of  foodborne pathogens

• The “lab-on-a-chip” systems allow the integration of 

sample preparation, manipulation, separation and 

detection to achieve a high and fast throughput.

Courtesy of Dr. Xiaonan Lu, UBC



Xu et al., 2013, Appl. Phys. Lett., 102, 023702
Guo and Lu, 2015. Trends Food Sci. Technol., 46, 252-263.

15

Overview: Microfluidic “Lab-on-a-Chip”



Nanoencapsulation - nanoemulsions

Shefer,A. (2005) www.foodtech-international.com/papers/images/application-nano/fig1 http://nanogreensinfo.com

 Functional ingredients are essential components in many foods

 e.g., vitamins, colours, flavours, preservatives, antimicrobials, 

etc.)

 Usually need some sort of delivery system to optimize activity.

 Pay load substantially decreased

http://www.foodtech-international.com/papers/images/application-nano/fig1


Nanoencapsulation - nanoemulsions

 A number of potential advantages of using nanoemulsions rather than conventional 

emulsions for this purpose:

 Carry the ingredient to the desired site of action

 Control the release of the ingredient (e.g., release rate) in response an external 

trigger (e.g., pH, temperature, ionic strength, enzymes, etc.)

 Greatly increase the bioavailability of lipophilic substances

 Scatter light weakly and so can be incorporated into optically transparent products

 Can be used to modulate the product texture

 A high stability to particle aggregation and gravitational separation

 Protect the ingredient from chemical or biological degradation

 Must be compatible with the food attributes (e.g., appearance, texture, 

taste/flavour)

D.J .McClements (2011), Edible nanoemulsions: fabrication, properties, and functional performance, Soft Matter, 7, 

2297-2316; J.Weiss (2007)  IFT Annual Meeting 



Various Nano Applications 5) X. Li, Biomaterials, 34, 

481-491 (2013).

6) A. Trentin, J. Food 

Eng.,106, 267-274 (2011).

7) K. Ahmed, Food Chem., 

132,799-807 (2012).

8) F. Liu, J. Agric. Food 

Chem., 62, 5133-5141 

(2014).

9) R. Bou, Eur. J. Lipid Sci. 

Technol., 113, 724-

729(2011).

10) Y. S. Rhee, Int. J. 

Pharm., 398, 21-27 (2010).

11) P. Deveda, Int. J. Pharm. 

Pharm. Sci., 2, 104-112 

(2010).

12) C. R. Kokare, Indian J. 

Pharm. Edu.Res., 47, 172-

177 (2013).

13) Y. Zhu, Q.. Adv. J.Food

Sci. Technol., 5, 1238-1243 

(2013).

14) T. Beppu, Anticancer 

Res., 32, 4923-4930 (2012).

15) F. A. Araújo, Eur. 

J.Pharm. Sci., 42, 238-245 

(2011).

16) M. A. Neves, Ind. Eng. 

Chem. Res., 47, 6405-6411 
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17) S. Souilem, Food Res. 

Int., 62, 467-475 (2014).

Wang et al. Japan Journal of Food Engineering 16.4 (2015): 263-276.



Value added versus commodities



Casein nanoparticles as nano-vehicles

• Casein micelles

• Nano-capsules created by nature to deliver 

nutrients (calcium, phosphate, protein) to 

the neonate

• Natural self-assembly tendency of  bovine 

caseins

• Morphology and average diameter of  re-

assembled micelles similar to those 

naturally occurring

• Useful nano-vehicles for entrapment, 

protection and delivery of  sensitive 

hydrophobic nutraceuticals

within food products, e.g., vitamin D2

Semo et al. (2007) Casein micelle as a natural nano-capsular vehicle for nutraceuticals, 

Food Hydrocolloids, 21(5–6): 936-942.  10.1016/j.foodhyd.2006.09.006

Cryo-TEM images of (A) naturally occurring CM in skim milk; (B) and (C) re-assembled CM; (D) D2- re-assembled CM. The 

bar on the bottom right is 100nm long. (The dark area on the bottom is the perforated carbon film holding the sample.)



Nano-encapsulation of saffron extract through double-

layered multiple emulsions of pectin and whey protein 

concentrate

Esfanjani et al. Journal of Food Engineering 165 (2015): 149-155.

• Saffron used in foods, pharmaceuticals and cosmetics

• Natural colorant, antioxidant and therapeutic properties

• Crocin (color)

• Picrocrocin (aroma)

• Saffranal (flavor)

Saffron

• These compounds are unstable
• Processing temperature

• Storage temperature

• pH

• Light

• Oxygen

• Enzymes

• Proteins

• Metallic ions



Nano-encapsulation of saffron extract through double-layered 

multiple emulsions of pectin and whey protein concentrate

Esfanjani et al. Journal of Food Engineering 165 (2015): 149-155.

• Nano-encapsulation of saffron extract by spray drying was 

performed successfully

• Encapsulated double-layer W/O/W emulsions had the 

maximum encapsulation efficiency

• Powder particles of W/O/W emulsions had:

• smooth surfaces

• no pores

• no wrinkles



Health issues

 Diabetes

 Obesity

 Cardiovascular diseases

 Micronutrient deficiencies



Sodium

http://www.kikkomanusa.com/homecooks/products/products_hc_details.php?p

f=10102&fam=101

http://www.asianfoodgrocer.com/product/honzokuri-low-salt-miso-26-4-oz



Bio-molecular carriers

 Double emulsions (W/O/W) 

 Inner phase comprised of nano-sized 

droplets w/ NaCl.

 Liquid foods - soups

 Biopolymer-based nanoparticles

 pH-sensitive protein-polysaccharide carriers 

 Proprietary polysaccharide carriers 

 Solid foods – cheese

35 

µ

m



Nutragenomics

https://www.nutrigenomix.com/about-us

https://www.nutrigenomix.com/about-us


Ethical Issue? 

Courtesy Dr. Ahmed El-Sohemy



Problems with iron fortification

 Unpleasant taste and color

 Instability, precipitation

 Toxicity, nausea, vomiting, poor appetite, diarrhea and 

constipation

 Poor bio-availability
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Courtesy of Dr. Lekh Juenja



5 mg Fe / 100 ml,  pH 7.0, stored at 40˚C  under dark conditions

Storage time: Nano Fe for 3 months,  all others 2 days 

Ferrous sulfate Sodium ferrous citrateFerric pyrophosphateNano  Fe

Clear White 

precipitation

Yellowish-

brown

Brown 

precipitation

Stability of  Iron Sources 

Courtesy of Dr. Lekh Juneja



A method of species identification based on DNA sequences derived from standard 

marker genes for animals (COI), plants (rbcL and matK) and fungi (ITS)

The hypothesis is that, for that gene segment, every species will have a unique 

sequence (or a unique assemblage of closely related sequences).

This sequence is termed a ‘barcode’. For example:

Species A:  CCTAAGCTTACGTTTCC

Species B:  CCTAGGCTTACGTTACC

What is DNA Barcoding?

Courtesy of Drs. Bob Hanner and Steve Newmaster, Univ. of Guelph



Authenticity/Traceability



Food Safety – Traceability: DNA –Plant Material -

Herbals

http://www.theglobeandmail.com/news/national/that-herbal-supplement-may-not-be-what-you-think-it-is/article14825662/



Challenges

 Regulatory challenge

 Consumer attitude/acceptance



Regulatory Challenges

http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/default.htm

http://www.efsa.europa.eu/en/search/doc/246e.pdf

http://nanoportal.gc.ca/default.asp?lang=en&n=23410D1F-1



One of the challenges of regulation 

in Canada – many agencies

http://nanoportal.gc.ca/default.asp?lang=En&n=23410d1f-1



Canada:

 Health Canada http://nanoportal.gc.ca/default.asp?lang=En&n=23410d1f-1

 Food and Drugs Act

 Cosmetic Regulations

 Food Additive Regulations

 Food and Drug Regulations

 Medical Devices Regulations

 Natural Health Products Regulations

 New Substances Program Advisory Note 2007-06 
http://nanoportal.gc.ca/default.asp?lang=En&n=9B5AA83F-1

 Interim Policy Statement on Health Canada's Working Definition for Nanomaterials 
http://www.hc-sc.gc.ca/sr-sr/consult/_2010/nanomater/index-eng.php

 Food and Food Packaging, Assessments of New Substances Found in Novel 
Foods, Food Additives and Food Packaging under Canadian Environmental 
Protection Act, 1999 (CEPA, 1999) http://www.hc-sc.gc.ca/sr-sr/tech/nanotech/food-alimentation-eng.php

 Environment Canada 
 Regulating Nanomaterials under the Canadian Environmental Protection Act  

http://www.pollutionprobe.org/wp-content/uploads/Regulating-Nanomaterials-under-the-
Canadian-Environmental-Protection-Act-Myriam-Hill.pdf

http://nanoportal.gc.ca/default.asp?lang=En&n=23410d1f-1
http://nanoportal.gc.ca/default.asp?lang=En&n=9B5AA83F-1
http://www.hc-sc.gc.ca/sr-sr/consult/_2010/nanomater/index-eng.php
http://www.hc-sc.gc.ca/sr-sr/tech/nanotech/food-alimentation-eng.php
http://www.pollutionprobe.org/wp-content/uploads/Regulating-Nanomaterials-under-the-Canadian-Environmental-Protection-Act-Myriam-Hill.pdf


United States Food and Drug Agency

 FDA’s approach 
http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm30

1114.htm

 Regulation and oversight 

https://www.whitehouse.gov/sites/default/files/omb

/inforeg/for-agencies/nanotechnology-regulation-

and-oversight-principles.pdf

 Regulatory Science Research Plan 

http://www.fda.gov/ScienceResearch/SpecialTopi

cs/Nanotechnology/ucm273325.htm

http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm301114.htm
https://www.whitehouse.gov/sites/default/files/omb/inforeg/for-agencies/nanotechnology-regulation-and-oversight-principles.pdf
http://www.fda.gov/ScienceResearch/SpecialTopics/Nanotechnology/ucm273325.htm


United States Food & Drug Authority

http://www.fda.gov/NewsEvents/Newsroom/PressAnnouncements/ucm402499.htm



European Food Safety Authority

 European Food Safety Authority 
https://www.efsa.europa.eu/en/topics/topic/nanotechnology

 Inventory of Nanotechnology applications in the 

agricultural, feed and food sector 

http://www.efsa.europa.eu/en/supporting/pub/621

e

 Nano inventory  PDF presentation 

http://www.oekopol.de/wp-

content/uploads/03_Rauscher_EFSA-Bericht-

Nanoinventory.pdf

https://www.efsa.europa.eu/en/topics/topic/nanotechnology
http://www.efsa.europa.eu/en/supporting/pub/621e
http://www.oekopol.de/wp-content/uploads/03_Rauscher_EFSA-Bericht-Nanoinventory.pdf


FSANZ

http://www.foodstandards.gov.au/consumer/foodtech/nanotech/Pages/default.aspx



International organizations

 OECD Working Party on Nanotechnology (WPN) 
http://www.oecd.org/sti/nano/oecdworkingpartyonnanotechnologywpnvisionstate
ment.htm

 Working Party on Manufactured Nanomaterials 
(WPMN, subsidiary to the Chemicals Committee) 
http://www.oecd.org/env/ehs/nanosafety/

 Working Party on Biotechnology (WPB) 
http://www.oecd.org/sti/biotech/

 National Experts for Scientific and Technological 
Indicators (NESTI) and their parent committees  
http://www.oecd.org/sti/nano/

 International Cooperation on Cosmetic 
Regulation (ICCR) http://www.iccrnet.org/

http://www.oecd.org/sti/nano/oecdworkingpartyonnanotechnologywpnvisionstatement.htm
http://www.oecd.org/env/ehs/nanosafety/
http://www.oecd.org/sti/biotech/
http://www.oecd.org/sti/nano/
http://www.iccrnet.org/


When talking about nanoscience/technology 

are all objects/particles synthesized 

(Engineered Nano Materials)? 

 NO!!

Scientific American Jan. 18 2008 

P. Walstra and R. Jenness In: P. Walstra and R. Jenness, 

Editors, Dairy chemistry and physics, Wiley, New York 

(1984) pp. 

http://www.foodscience.uoguelph.ca/deicon/casein.html

http://www.foodscience.uoguelph.ca/deicon/casein.html


Science, Philosophy Debates

 Is the debate around nanotechnology 

similar to the debate around 

genetically modified organisms 

(GMO)? 



Abstract 

In matters characterized by a high degree of complexity or uncertainty, such as the social and 

ethical dimensions of an emerging technology, it is often useful to begin with historical analogies 

(Steinbruner 2002). In the case of nanotechnology, one of the favored analogs is genetically 

modified (GM) foods. Even a cursory read of the first generation of social and ethical issues 

(SEI) literature on nanotechnology reveals that the GM food analogy plays prominently in 

motivating and framing the discourse, if not the agenda of SEI research. This chapter offers 

critical reflections on the comparisons between nanotechnology and GM foods. The aim is to 

identify the respects in which the comparisons are helpful in clarifying and responding to the SEI 

associated with emerging nanotechnologies, as well as the respects in which the comparisons are 

unhelpful or misleading. After reviewing several similarities and dissimilarities between the two 

types of technologies, three potential lessons from the GM food experience for emerging 

nanotechnologies are evaluated: a lesson on public engagement; a lesson on technological fixes; 

and a lesson on case by case assessment. 

http://link.springer.com/chapter/10.1007/978-1-4020-6817-1_4



Consumer/Public Issues

 What are some of the issues 

consumers/public concerned about?

 Transparency and inclusivity

 Fear of the unknown 

 Can we guarantee zero risk?

 Is science static?



http://www.emeraldinsight.com/doi/pdfplus/

10.1108/BFJ-09-2015-0330



How much do consumers really know about 

nanotechnology?

Abstract 

Although nanotechnologies are considered key technologies that can drive growthgenerating 

innovations in well-saturated markets, worldwide investment in nanotechnologies 

has to date focused largely on technology-related development programmes and little 

effort has been expended to research associated risks. As a result, even though prior 

discourses have sensitized western consumers to potential health-related dangers, solid 

knowledge on, for example, the toxicological and eco-toxicological risks and unintended 

side effects of nanotechnology are scarce. This paper therefore presents an overview of the 

current evidence on consumer knowledge and perceptions of nanotechnology and public 

engagement with it, with a focus on the US, the UK and Germany. Overall, even though 

survey data suggest that awareness of the term ‘nanotechnology’ has risen slightly, today’s 

consumers are generally ill informed about its nature and its applications in consumer related 

products. Hence, based on our analysis of these data, we argue that early political 

engagement in the nanotechnology issue – for example, consumer policy options that 

support consumer interest in the marketing of ‘nanos’ – would facilitate objective public 

discourse. 

Reisch, Lucia A., Gerd Scholl, and Sabine Bietz. "‘Better safe than sorry’: consumer perceptions of and deliberations on 

nanotechnologies." International Journal of Consumer Studies 35.6 (2011): 644-654.



Abstract 

This study assesses two key types of knowledge assessments, factual and perceived knowledge, in the 

study of knowledge gaps. In addition, we distinguish between communication channels in exploring the 

phenomenon, examining nanotechnology knowledge gaps based on levels of attention to traditional 

media, science blog use, and the frequency of interpersonal discussion. Using regression analysis, we 

find that how researchers measure knowledge can significantly affect the discovery of gaps. We also find 

differential effects based on communication channels, including evidence that the direction of perceived 

gaps in knowledge can be reversed as media consumption increases. Implications of these findings are 

discussed. 

Su, Leona Yi-Fan, et al. "Inequalities in Scientific Understanding Differentiating Between Factual and Perceived Knowledge 

Gaps." Science Communication 36.3 (2014): 352-378. doi: 10.1177/1075547014529093



Abstract: 

In the present paper we combine two analytical frameworks in order to extend our understanding 

of how students reason about a socio-scientific issue, namely, nanomaterials in consumer 

products. Using the results from two focus group discussions including seven students each, we 

first thematically explored undergraduate engineering students' risk perception. Two main 

themes were found in this analysis: "Exploring the concept of nanotechnology" and "Handling 

risks with nanotechnology." Second, we analyzed the nature of students' arguments using the 

SEE-SEP model, which is a coding scheme based on the subject areas Sociology/Culture, 

Environment, Economy, Science, Ethics/Morality, and Policy, intertwining the three aspects 

Knowledge, Values, and Personal experience. According to this analysis, 55% of the 

participants' arguments were based on values, 25% on knowledge, and 20% on personal 

experiences. Despite the absence of specific knowledge, however, the students could conduct a 

complex argumentation about nanomaterials and actively examined the paradox of new 

opportunities but unresolved risks. The students' reasoning reveals that arguments in favor and 

arguments against the use of nanomaterials in different products do not cross each other out, but 

co-exist. The results indicate that the risk perception was influenced to some degree by the area 

of use, such as skin care products or car treatment. It was also found that when lacking specific 

knowledge, our participants turned to analogies to other technology developments. Implications 

for education on nanotechnology are discussed. 

http://www.ingentaconnect.com/content/asp/jne/2014/00000006/00000001/art

00006



Educating the public, especially the young

http://www.nano.gov/education-training/k12



Helping the public understand 

nanotechnology

http://www.understandingnano.com/introduction.html

http://www.umt.edu/ethics/debatingscienceresourcecente

r/nanotechnology/NanoODC/default.aspx



Educating the public, especially the young

http://www.nanooze.org/english/nanooze_newsletters.html



Effective in touch with people to improve perception

Courtesy of Dr. Hongda Chen, USDA, NIFA



http://nanoyou.eu/

Education - Websites



Educational Programs



http://www.nano.uoguelph.ca/



Scientific Challenges

 Identification and characterisation of 

nanoparticles within the food matrix

 Uptake and absorption

 Safety



Some current references



http://nano.gov/node/1157



Abstract 

The risks and benefits of nanomaterials in foods and food contact materials receive conflicting 

international attention across expert stakeholder groups as well as in news media coverage and 

published research. Current nanomaterial characterization is complicated by the lack of accepted 

approaches to measure exposure-relevant occurrences of suspected nanomaterials in food and by 

broad definitions related to food processing and additive materials. Therefore, to improve 

understanding of risk and benefit, analytical methods are needed to identify what materials, new 

or traditional, are “nanorelevant” with respect to biological interaction and/or uptake during 

alimentary tract transit. Challenges to method development in this arena include heterogeneity in 

nanomaterial composition and morphology, food matrix complexity, alimentary tract diversity, 

and analytical method limitations. Clear problem formulation is required to overcome these and 

other challenges and to improve understanding of biological fate in facilitating the assessment of 

nanomaterial safety or benefit, including sampling strategies relevant to food 

production/consumption and alimentary tract transit. In this Perspective, we discuss critical 

knowledge gaps that must be addressed so that measurement methods can better inform risk 

management and public policy. 

ACS Nano, 2014, 8 (4), pp 3128–3135 DOI: 10.1021/nn501108g



https://ec.europa.eu/jrc/en/news/towards-reference-materials-nanoparticles-food



Comprehensive Reviews in Food Science and Food Safety Volume 13, Issue 4, Article first published online: 21 

JUN 2014 http://onlinelibrary.wiley.com/doi/10.1111/1541-4337.12079/pdf 

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1541-4337
http://onlinelibrary.wiley.com/doi/10.1111/crf3.2014.13.issue-4/issuetoc


Comprehensive Reviews in Food Science and Food Safety Volume 13, Issue 4, Article first published online: 21 JUN 

2014  http://onlinelibrary.wiley.com/doi/10.1111/1541-4337.12080/pdf



Comprehensive Reviews in Food Science and Food Safety Volume 13, Issue 4, Article first published online: 21 

JUN 2014  http://onlinelibrary.wiley.com/doi/10.1111/1541-4337.12076/pdf

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1541-4337
http://onlinelibrary.wiley.com/doi/10.1111/crf3.2014.13.issue-4/issuetoc


Comprehensive Reviews in Food Science and Food Safety Volume 13, Issue 4, Article first published online: 21 

JUN 2014  http://onlinelibrary.wiley.com/doi/10.1111/1541-4337.12077/pdf

http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1541-4337
http://onlinelibrary.wiley.com/doi/10.1111/crf3.2014.13.issue-4/issuetoc


Issues – moving forward

 Many potential benefits but must also identify 

any potential risks

 Various governments/agencies are in the 

process of developing policies/regulations

 Need to educate consumers/public  to avoid a 

repeat of the discussion  involving Genetically 

Modified Organisms 
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Some nanofood for thought

Thank you


