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Abstract Use of nanoscience based technology in the food
industry is fast emerging as new area for research and devel-
opment. Several research groups including private companies
in the industry have initiated research programmes for explor-
ing the wide scope of nanotechnology into the value chain of
food processing and manufacturing. This paper discusses the
current focus of research in this area and assesses its potential
impacts. Using the developed relational database framework
with R&D indicators like literature and patent documents for
assessment of the potential of nanotechnology in food sector, a
model to organize and map nanoresearch areas to the food
processing sector was developed. The study indicates that the
about five basic categories of nanotechnology applications
and functionalities currently in the development of food
sector, include food processing, packaging, nutraceuticals de-
livery, food safety and functional foods.

Keywords Nanotechnology - Food processing sector -
R&D indicators

Introduction

Nanoscience and nanotechnology are essentially related to
the understanding and manipulation of materials at the
atomic, molecular, and macromolecular scales. The en-
hanced surface area per mass compared with larger-sized
particles of the same chemistry renders nanosized particles
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more active biologically (Oberdorster et al. 2005). Applica-
tions of nanotechnology are professed to provide answers to
some of the current challenges of food security concerns and
can provide the needed tools to catalyse the entire agricul-
ture and food value chain. The agri-food value chain today
encompasses production to conservation, processing, pack-
aging, transportation and even waste treatment. Tools based
on nanotechnology can be expected to revolutionize both
science and society, and provide multiple benefits (Lane and
Kalil 2005) to the stakeholders in this value chain. Among
the several special properties of nanomaterials, character-
istics like greater penetrability, reactivity, surface area, and
quantum properties due to their size allow for the use of less
material and new or more efficient chemical and physical
reactions in comparison to larger scale materials. When
applied to agri-food production consumption chain, these
properties allow new ways for studying individual mole-
cules and the specific intra and intermolecular interactions;
and provide insights to mechanisms of catalysis and enzyme
reactions, muscular contractions, cellular transport, DNA
replication and transcription, DNA unknotting and unwind-
ing, protein folding and unfolding. During the last decade,
several review articles (Moraru et al. 2003; Miller et al.
2005; Gogotsi 2006; Sanguansri and Augustin 2006; Tarver
2006; Pandey 2007; Chaudhry et al. 2008; Augustin and
Sanguansri 2009; Chun 2009; Sozer and Kokini 2009;
Sekhon 2010; Mukesh Kapoor 2011; Bawa and Jayathilakan
2011; Dudo et al. 2011; Rashidi and Khosravi-Darani 2011;
Neethirajan and Jayas 2011; Sozer and Kokini 2012) have
articulated basic aspects of nanoscience, nanomaterials and
nanotechnology when applied to agri-food industries.
However, the voicing of concerns of possible deleterious
impacts of nanoparticles on health and environment may be
deterring factors in application to this sector. Early reports
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suggest that the properties of enhanced activity and penetra-
bility properties of nanoparticles may have detrimental effects
when applied to biological systems (Oberdorster et al. 2005;
Maynard 2007). Therefore, the applications of nanotechnolo-
gy warrant special attention in risk analysis, regulatory policy,
and oversight (Davies 2007). Several discrete reports high-
lighting risks and social issues (ETC 2003; FOE 2008), a
preliminary SWOT analysis of nanotechnology and bio safety
(Bawa and Jayathilakan 2011) are now emerging in literature
and voice the need to understand the potential (un)anticipated
risks and prepare regulatory frameworks before the technolo-
gy is actually extended into agri-food sector.

It must be mentioned here that the upsurge in world
market prices of major food commodities (Trostle 2008)
continues to draw the attention of policy makers to the
slowing down of agricultural growth in the face of more
rapid growth in demand for food. The alarming trends
continue as evidenced by indications of further increases
in Food Price Index by almost 6 % during July 2012 (FAO
2012), primarily driven up by an increase in grain and sugar
prices. This is of even greater significance to India, where
more than 54 % of the population continue to directly
depend on agriculture for their livelihoods. The contribution
of agriculture and allied sectors in Gross Domestic Product
has significantly lowered to 16.6 % in 2010—11 as compared
to 19.0 % in 2004-05, at constant 2004—05 prices. This is
despite witnessing a distinct transition in agricultural scenario
from traditional farming patterns yielding less than 0.5 ton/ha
in the 1950s to more technology-driven systems yielding
4 ton/ha. The country faces a formidable challenge of ensuring
food and nutritional security to over a billion population
leading to advocacy of need for Second Green Revolution
(Economic Survey 2010-11). Adding to this challenge is
growing concern on recent reports indicating a decline in the
cropped area by about 2 % from 185 million hectare to 182
million hectare during the last one decade (Indiastat 2011).

The globalization of agricultural trade in the 1990s has
led to changes in some of the macro policies that supported
agriculture. Some of these have subjected the Indian farmer
to significant market risks. All of these have led to a steady
decline in farm incomes and rural distress in recent years,
affecting both access to food and its utilization. The prob-
lems are being compounded by degradation of the natural
resource base (soil, water and climate) of agriculture. The
current national policy goal of 4 % growth in agriculture to
ensure food security can be achieved only by increasing
productivity and incomes per unit of the scarce natural
resources through effective use of improved technologies
in the rural sector. One subsector with potential to drive rural
economy is the food processing industry as it seeks to bring
the needed synergy between industry and agriculture. A
developed food processing industry is expected to lead
increase in farm gate prices translating into increased rural
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incomes, reduce wastages, ensure value addition, promote
crop diversification, generate employment opportunities as
well as export earnings; thus contributing towards 4 %
expected rise in GDP from agriculture. However, this requires
a commitment and ensuring that there is continuous flow of
new technologies into this sub-sector by taking advantage of
some of the recent developments in science, including nano-
science and nanotechnology.

Emerging sciences for food sector

A remarkable array of new technologies, biotechnology,
information technology, nanotechnology, etc, now exists
that can be integrated into agricultural research and develop-
ment to impact agricultural productivity, food and nutritional
security and economic growth. Many of these emerging tech-
nologies are enabling technologies that can be extended across
the agricultural value chain (from farm to plate and vice versa)
(Kalpana Sastry et al. 2011a). Applications of these technol-
ogies in agri-food value chain can address many serious con-
cerns of the agriculture sector and food industry, from farm
level production to conservation, processing, packaging and
even waste treatment. One example is the recent breakthrough
in plant biotechnology, leading to the commercial release of
Smartstax, a genetically engineered variety of corn with 8 dif-
ferent herbicide and pest resistance traits combined into one
variety (Dow AgroSciences 2009). Similar approaches for
providing solutions in animal husbandry for producing vac-
cines against Newcastle disease in poultry and foot and mouth
disease in cattle are now emerging (Twyman et al. 2005).
Developments in nanoscience and nanotechnology based
applications indicate a potential to re-design the production
cycle, promote natural resource conservation, restructure pro-
cessing and may even redefine the food habits of the people.
In the food and agricultural systems, such approaches may
ensure more healthy and safe food, better packaging materials,
increased bioavailability (Chen et al. 2006; Maynard et al.
2006; and Weiss et al. 2006). All of these technologies are
envisaged as enabling technologies that provide for incremen-
tal, but significant, advances in productivities and efficiencies
(Scott and Chen 2003; Joseph and Morrison 2006; and Kuzma
and VerHage 2006), which can help further the competitive
advantage for Indian agriculture. Equally significant, these
technologies hold the promise of enhancement of the agro-
ecosystems to further sustainable agricultural development.

Challenges of integration of emerging sciences
for development

One of the major challenges for policy makers and technol-
ogy developers across the world is increasing costs for
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R&D, shortage of trained manpower and policy framework
for integrating the new technologies into applications across
the agri-value chain. The objective of this paper is to address
emergence of ‘nanotechnology’ and its integration and in-
stitutionalization in the Indian agricultural food production
landscape. The focus is on exploring the current technolog-
ical innovations in nanotechnology, and understanding of
their possible role in enhancing food and nutritional avail-
ability more at the post-harvest and food processing stages.
The study in this paper adopts a method using base data
collected through empirical research methods (Kalpana
Sastry et al. 2011a). The method is based on technology
road mapping and database management concepts where it
introduces the basic concepts of nanoscience through query
based framework to map the potential of such technologies
against the current gaps of knowledge in nanotechnology for
enhancing the food quality and quantity. Using this frame-
work, knowledge mapping of data from analysis of relevant
set of literature and patents was done and possible applications
of nanotechnology in this sector, either on stand-alone basis or
in complementarily with the existing technologies, were
identified.

Framework for assessing potential role of nanotechnology
in food The developed framework for integrating nanotech-
nology research in food sector attempts to map nanoresearch
areas to the food supply chain, that is, the entire production—
consumption system firstly by identification of nanoresearch
area and food supply chain and then relating nanoresearch
with food supply chain. Using the standardized search
strings and a technology-based process methodology, vari-
ous nanoresearch areas and sectors of food supply chains
were identified (Fig. 1). This generalized and process based
framework (Fig. 1) developed through earlier work (Kalpana
Sastry et al. 2010a) was used to enable identification and
characterization of the outputs (publications, patents etc.),
and map them to the different nanoresearch theme areas of
agri-food supply chain.

Trends in nanoresearch with potential to impact food
supply chain

Assessment through literature A set of 160 published docu-
ments relevant to query put forth was retrieved from the
database containing 1070 publication documents. The query
was developed to encompass nanoresearch area, application
and food sectors. The retrieved set of publications included
a wide range of documents viz, reviews, original research
papers, blogs, project reports, survey reports, e-discussion
reports and all other authenticated types of documentation in
various sources. An overview of the potential for nanotech-
nology in the different subsectors of the food value chain is
summarized in Table 1.

Assessment through patents Any assessment of potential
and emerging technologies like nanotechnology is challeng-
ing, as most research is at an early-stage. Its application to
agri food systems is probably still at a conceptual level to
permit realistic assessments. In such situations, analysis of
patents granted in the area and related areas have often been
used for making assessments about emerging technologies.
This is because, patents inform not only about the inventors
and the type of inventions, but they can be viewed as an
important indicator of the broader trajectory of innovation in
an emerging field (Jaffe and Trajitenberg 2002). While not
all patents result in active commercialization, growth and
accumulation of patents in a new area of technology has been
considered as indicating directions for subsequent investments
and related product/process innovations (Schmoch 2006).
Thus patent analysis has often been used to both assess current
status and trends in technology development, and classify and
map the technology to relevant application areas for stra-
tegic planning (Hullmann and Meyer 2003; Daim et al. 2006;
Kostoff et al. 2007). Patent documents are well structured and
provide standardized information about citation, issue date,
inventors, institutions and their locations, technology field
classification, claims on possible applications like food

Fig. 1 Framework for

integrating nanoresearch areas ‘ Nanoresearch areas

Food Supply Chain

and food supply chain ﬂ

Nanoparticles
Nanoscale science
Carbon nanotubes
Nanofibres
Nanospheres
Biosensor/Nanosensor
Nanofluidics/
Microfluidics
Nanofiltration
Nanowires
Nanofibres
Quantum dots

l

= Food processing

=  Food packaging

=  Nutraceuticals

Agriculture Thematic Area

delivery
Food Processing & Packaging

=  Safety & sensing

=  Functional food
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Table 1 Overview of potential for nanoparticles in subsectors of the food sectors

Food sectors—Processing
value chain

Application

Types of nanoparticles®

Reference

1. Quality control

2. Processing
technology

3. Functional foods

4. Packaging

5. Nutraceuticals
delivery

1. Sensors for detection of
chemical contaminants

a. Uni-molecular sensors
b. Sensor arrays

c. Solid-state sensors

2. Sensors for detection of
biological contaminants

a. Electronic biosensors

b. Optical biosensors
c. Mass-change biosensors

1. Equipments coating
for disinfection

2. Filtration
1. Delivery systems for nutrients
2. Edible coating

1. Barrier packaging

2. Antimicrobial packaging
3. Biodegradable packaging

4. Regulating the internal
packaging environment

5. Self-healing composites
6. Sensor technologies
in packaging
1. Delivery of nutrients and
functional ingredients

2. Release of nutraceutical
compounds

CNTs, NPs, Metal oxide nanoparticles

* Carbon nanotubes, nanoparticles
* Gold nanoparticles
¢ Tin, indium, Al, zinc oxides NPs

Nanowires, CNTs, QDs, NPs

* Nanowires, carbon nanotubes,
QDs , Au-NPs, Pt-NPs, Biomems

* CNTs, silica, gold nanoparticles

* Au-NPs

* Nickel, silver, carbon nanoparticles

 Nanoclays, TiO2
* Natural food ingredients in nanoform
* Natural food ingredients in the form

of nanofibres or nanofilms
* Nanoclays, TiO2, acrylic NPs

* Ag, Zn incorporated in polymers

» Nanoclays, metal oxides in
natural polymers, CNTs

» Nanoporous calicium silicate,
nanocrystalline titanium particles
in an ethyl cellulose polymer film

» CdSe/ ZnS NPs

* Fullerenes, TiO2, nanoporous silica

» Nanocapsules, liposomal
nanovesicles, nanoparticles

* Nanospheres , Nanocapsules

Chau et al. 2007,
Heugens et al. 2010

Robinson and Morrison 2010.
Mario et al. 2010

Chau et al. 2007,
Heugens et al. 2010

Baeummer 2004;
Viswanathan et al. 2006

Bhattacharya et al. 2007

Heugens et al. 2010
Yonzon et al. 2004

Basavaraja et al. 2008;
Chen et al. 2008b

Chau et al. 2007
Bouwmeester et al. 2009
Avella et al. 2005

Robinson and Morrison 2010;
McMurray et al. 20006,

Nanowerk 2008.
Sherman 2005, Joshi et al. 2005

Nanowerk 2008;
Johnston et al. 2008

Chau et al. 2007

Chen et al. 2008a;
Heugens et al. 2010

Wen et al. 2006;
ElAmin 2006.

Chen et al. 2006

#NPs: Nanoparticles, CNTs: Carbon nanotubes, QDs: Quantum dots

processing, packaging, nutraceuticals delivery, safety and
sensing etc. Their structured documentation makes them suit-
able for assessing technology developments in various areas.

Based on this concept, a set of 69 patents with implications
for food sector was retrieved. The database of patents were
collected and analyzed mainly from three resources viz., (i)
freely available databases of international/national patent offi-
ces (USPTO, EPO, iPAIRS and WIPO); (ii) non-charge pro-
viders (Google patents, Free patents Online) and (iii) charge
provider (Questel). This retrieved set of relevant patents
through query search was further used for bibliometric and
technology trend analysis.

Bibliometric analysis Patent ownership in this sector was

found to be diverse indicating the wide range of interest by
prospective researchers and players. Of the 69 patent filings,
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6 % were from public sector and 14 % from private sector
organisations (Table 2). Patenting activity was found to be
worldwide (Table 3) with EPO (26.47 %) followed by China
(25 %), Korea (13.25 %), USA (7.35 %), India (4.41 %),
and Mexico (1.5 %). Significantly, about 16.17 % of the
patents were PCT filings reflecting that applicants for these
technologies also considered applying through PCT route
because of possible markets for their products. These trends
indicate growing interests of all types of players in investing
resources in the R&D for this activity.

Patenting trends in each sub sector category of food
supply chain (Fig. 1) in terms of patent families indicate
trends of patenting across jurisdiction in packaging and
processing. Applicants tend to seek wider geographical pro-
tection for technologies in these areas indicating the broad
scope of such research in more markets (Table 3).
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Table 2 Diversity of patent

owners and countries of Assignees Patent %  Country Patent %
applicants
Nanobiomatters, Spain® 4.5 European patent office ~ 26.47
Arkema, France® 3 China 25
Futura polyesters , India® 3 Korea 13.25
National Research Council of Canada® 1.5 USA 7.35
South China University of Technology, China® 1.5 India 4.41
Jawaharlal Nehru Centre for Advanced 1.5 Mexico 1.5
Scientific Research, India®
Columbia University National Science Foundation, US® 1.5 Taiwan 1.5
BASF, Germany® 1.5 Canada 1.5
Beijing Institute of Graphic Communication, China® 1.5 Austria 1.5
“Industrial organization and cor-  Korea Advanced Institute of 1.5 WIPO (P.C.T) 16.17

porate bodies, °Public sector Science & Technology, Korea®

organizations

The reference date in patent documents reflects timing of
invention, process and strategy of the applicant. In the
present study, two indicators, namely, priority year and
publication year were used to gauge trends in inventive
activities over a span of years. It is known that priority
date/year is the first date of filing of patent application
anywhere in the world and considered closest to the inven-
tion date while publication year reflects the time the infor-
mation is disclosed to the public from statutory officers.
Using priority date is most often recommended as it reflects
the inventive performance of technologies, while publica-
tion year reflects the rate at which statutory officers are
working on these technologies and therefore the time from
which it forms full prior art for other patent applications
worldwide (Kalpana Sastry et al. 2011b). The quantum of
patents on application of nanotechnology in food sector
(Fig. 2) shows exponential growth (priority year) from year
2001-10, which declined in 2011. The same trend was
observed in publication year, though not coinciding with
priority year. This difference is attributed to difference in
timelines at national patent offices during examinations.

Technology trend A more detail assessment on the fields of
technology was made by analysing the distribution pattern of
the patents in various subfields of the categories under Inter-
national Patent Classification (IPC 2012). The patents were
found in about 20 IPC classes (till sub class level or the third
hierarchical level of classification) covering a large domain of
sectors. It is well known that a patent application can be
associated with more than one IPC class and one patent may
occupy more than one subclass. IPC code analysis was re-
stricted to the fourth hierarchical level of the classification that
is ‘group’ level. It was found that maximum number of patent
records was in IPC code C0O8J which covers food packaging.
The other prominent IPC codes under which the data studied
were classified are listed in Table 4.

Assessment of potential of nanotechnology through both
literature and patent

Using published literature and patent analytics, a current sce-
nario and trends in technology development in nanotechnology

Table 3 Geographical scope of patent protection (Patent family jurisdiction)

Major Traits Jurisdiction®

Reference patent

Food packaging
Food processing CN-2, KR-3, WO-2 (7)
EP-1, WO-1, CN-1 (3)
IN-1, WO-1 (2)

CN-2, KR-2, WO-1 (5)

Nutraceuticals

Safety & sensing
Nutraceuticals & packaging
Processing & packaging

Packaging & safety sensors CN-1, IN-1,GB-1, WO-1 (4)

CN-8, KR-2 , ES-1,US-4, WO-4, TW-1, AT-1, DE-1 (22)

CN-2, WO-3, MX-1, KR-2, CA-1, EP-1 (10)

ES2331640 Al, CN102134467 A
KR20110027532 A

CN101433528 A

IN1339/DEL/2008 A

KR20070076802 A

CN101570608 A

GB0623043 DO, IN1196/MUM/2005 A

# Jurisdiction represents: CN: China, GB: United Kingdom, WO: WIPO (PCT Filing), IN: India, CA: Canada, EP: Europian patent office, KR:
Republic of Korea, DE: Germany, ES: Spain, US: United State of America, TW: Taiwan-Province of China, AT: Austria, MX: Mexico
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Patent time li lysi . .
25 aen’ Tne The analysis It was found that nanoparticles are the most widely
—&—Priority Year researched area followed by nanoscale phenomena and pro-
20

—— Publication Year

)

Patent %

[9)]

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011
Year

Fig. 2 Patent timeline analysis (#=69)

in food sector was developed. A detailed analysis of the
data in each of these areas can help to assess and identify
relevant research tools (Hullmann and Meyer 2003; Daim et
al. 2006; Kostoff et al. 2007; and Kalpana Sastry et al. 2010b),
which can be integrated into the food application. Therefore,
an effort was made to identify and map areas of nanoresearch
and food supply chain to the determinants of food sector
identified earlier, namely, food processing, packaging, nutra-
ceutical delivery, safety & sensing and functional food
(Fig. 1), and based on the knowledge mapping framework
(Fig. 3), some of the areas of nanotechnology with potential
applications for enhancing food sector were identified. These
included food processing, packaging, quality control, nutra-
ceutical delivery and functional foods. Nanoresearch areas
were diverse ranging from formulations like gels, emulsions
to particles and devices. Applications of many technologies
were wide and covered a multitude of areas. Most of them
were incremental and supplementing gaps in current level of
knowledge for enhancing delivery, shelf life or quality of the
products.

Table 4 Distribution of patents based on IPC classification

cesses (Fig. 4). Formulations like capsules and particles are
known to enhance nutraceuticals delivery, antimicrobial
packaging, delivery of nutrients and functional ingredients,
detection of toxins, chemicals and pathogens in food stuffs
etc. More than 50 % of records from both the databases were
found to be centred on research leading to enhancing pack-
aging technologies followed by sectors in food processing
(Fig. 5). It has also been observed that patenting activities in
case of food packaging are more than food processing,
whereas percentage of literature in these was more in pro-
cessing sector. However, research leading to technologies
encompassing both processing and packaging applications
was mostly applied for patents at first instance and subse-
quently leading to published documents. This trend indi-
cates the commercial potential of such research and trend to
build market on such technologies (Fig. 5).

Nanotechnology in food sector- Indian scenario

About 6 % of published literature in set of retrieved docu-
ments was found from research organizations based in India.
This indicates that current emphasis on possible application of
nanotechnology for this sector has also been initiated in the
country. It may be deduced that early indications of invest-
ments made by the Government of India through various
grants and schemes (Nanomission 2012) have started to result
in early-stage inventions. Notwithstanding the fact that Indian
Patent Office has recently started online service (Indian
Patent Information Retrieval System, 2012), nearly 3 patents
namely [[IN2005MUO01196]]; [[IN2008DE01339]] and

IPC code Technology description Patent %

Co08J Manufacture of articles or shaped materials containing macromolecular substances 13.23
(manufacture of semi-permeable membranes, sheet for packaging)

CO8K Use of inorganic ingredients 13.23

CO8L Compositions of homopolymers or copolymers of unsaturated aliphatic hydrocarbons; 10.29
materials for packaging & preservation

A61K Use of chemical materials for deodorisation, disinfection or sterilisation 441

A22C Processing of meat, poultry, or fish 3

A23L Preservation of foods or foodstuffs, in general, e.g. pasteurising, sterilising, specially 3
adapted for foods or foodstuffs, packaging

A23C Dairy products: milk, butter, cheese, milk or cheese substitutes, preservation of milk & milks products 3

A23B Preserving: canning, meat, fish, eggs, fruit, vegetables, edible seeds; chemical ripening 1.5
of fruit or vegetables; the preserved, ripened, or canned

A23] Obtaining protein compositions for foodstuffs, bulk opening of eggs and separation of yolks from white 1.5

AOIN Preservation of plants or parts: inhibiting evaporation, improvement of the appearance 1.5

of leaves (preservation or chemical ripening of harvested fruit or vegetables)

Total set of 69 patent records, IPC code as per WIPO IPC version 2012.01
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Food supply chain

Nanoresearch areas

Possible application

|

|

Nanocapsules/
Nanoencapsulation

Food processing

Food packaging

Nutraceuticals
delivery

Nanoparticles (Nickel, silver),
Nanotubes, Nanoclay, TiO2

Nanoemulsions ,
Nanoscale phenomema &
processes, Nanoselenium

A 4

= Flavor enhancers

= Infusion of plant based steroids to
replace a meal’s cholesterol

= Bioavailability of neutraceuticals

= Protecting probioties

=  Gelation and viscosifying agents

= Bind and remove chemicals or
pathogens from food

=  Availability and dispersion of
nutrients

= Filtration

= Food additive

Nanoparticles (Ag, Au, Cu,
Si02, Mg, Zn, Ti02,)

NS

Nanoclays, Nanofilms ,

Antimicrobial and antifungal surface
coating

Modified permeation behaviour of foils
Prevent spoilage and oxygen absorption

Nanotubes (CNTs)

Fullerenes, Nanoporous
calcium silicates,
Nanosensors

Lighter, stronger and more heat resistant
films

Detection of food borne pathogens and
chemicals

Nanocapsules , Liposomal
nanovesicles , Nanopartilces

Safety and sensing

Nanospheres (protein
nanospheres)

Encapsulation and delivery of nutrients
and functional ingredients (proteins,
enzymes, flavors and antimicrobial
compounds)

Carriers for essential oils, vitamins,
minerals and phytochemicals to improve
their bioavailability

Functional foods

A 4

Nanosensors, Nanowires

Release of nutraceuticals compounds

Nanoparticles (Ag, ZnO2,
Al, Au, Pt, Tin oxide),
Nanotubes (CNTs)

N

Detection of toxins, pathogens
and chemicals in foodstuffs
Suppression the spread of
bacterial and other microbes
Quality control

A 4

Nanofibres, Nanofilms,
Nanoparticles, Nanoclusters,
Nanoscale phenomena

A 4

Edible coating of foodstuffs
Delivery systems for nutrients
Supplements/ additive

Fig. 3 Knowledge mapping framework for integration of food supply chain with nanoresearch area

[[WO200963508]] were found to be in various stages of
patent prosecution processes in Indian Patent Office since
2005. These early indications indicate the current thrust and
interests of researchers in India in this sector. It is essential that
these trends should be catalysed by providing proactive steps
to enhance the R&D environment are initiated through policy
intervention so that investments including developing trained

manpower are planned in a prudent manner. In fact,
investments in India in nanotechnology are still less as com-
pared those at the global levels. In 2008, both public and
private sectors worldwide had invested about $20 billion.
Market forecasts indicate $1,880 billion investments in
nanotechnology-related sales across all sectors by 2015
(ChennaiFocus 2012).
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Fig. 4 Nanoresearch areas in
food sector (Patents: 69,
Literature: 160 publications)

50 ~
45 A
40 A
35 A
30 A
25 A
20 A
154
104

Percentage

Nanoparticles

Assessment of risk and safety issues

New technologies and more so, high-end types like nanotech-
nology promise to offer significant benefits to the food indus-
try but can have possible risks of adverse and unintended
consequences. The level of risk perceptions associated with
nanotechnology was analyzed using the bibliographic data-
base. The analysis indicated that the possible risks are of three
types: environmental risks, social risks and health risks. These
were indicated in almost a quarter of the publications (24 %)
only. However, the search in patents database did not yield
technologies for risk assessment. This indicates that despite
the fast pace of nanotechnology development, evaluation tools
of its possible risks has been slow. Since most of the nano-
technology applications in food industry are expected to be
based on its convergence with other technologies, the lack of
science-based data on hazards and exposure pathways of
nanobased technologies may be challenging to regulators in
dealing with potential risks. Hence, it is essential that steps be
taken to decrease scientific uncertainty of the potential risks
through more investments in risk analysis.

In recent years, possible adverse effects of engineered
nano materials on agriculture and allied sector are also being

50 ~
45
40 ~
35 +
30 H
25
20 +
15 4
10 4
5,
0,

Fig. 5 Focussed subsectors in
food sectors addressed by
nanotechnologies (Patents: 69,
Literature: 160 publications)

Percentage
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voiced (Du et al. 2011). While it is accepted that research on
environmental fate of nano particles in agri-value chain is
still in its infancy, the hypothesis is that nano particles could
enter the food chain via two very different routes: through
particles designed specifically for agricultural applications
(nutrient/pesticide delivery) or through processed food
goods. Since the uptake of such particles by plants may
result in entering the food chain (Cyren M Rico et al.
2011), it raises toxicity concerns about the ecosystem.
Therefore, detailed life cycle analysis, particle uptake by
plants, bio-distribution, entry in the food chain etc needs a
thorough investigation before these tools are used as prod-
ucts in agri-food sector. In case of possible toxicity on
humans, it is conceded that it is still early days in the study
of NP-induced pulmonary toxicity.

A variety of factors have to be taken into consideration
before the impact of nano particles exposure on human
health is understood. It is essential to take precautionary
approach and also research on in areas of nanotoxicology
(Jasmine Jia’en Li et al. 2010). In addition, there is a need to
involve the stakeholders in agri-value chain in the Indian
context, from the early stages of technology development so
that they are aware of the risks and uncertainties associated
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(Kalpana Sastry et al. 2010b). All these initiatives can lead
to better understanding and acceptance of the products of
research and catalyze the life cycle of technology develop-
ment. As more technologies flow from this emerging sector,
there would be more need for a coordinated risk manage-
ment strategy. The evolution of a participatory, dynamic and
responsive nanotechnology policy and strategy for Indian
agriculture and food system would be needed if the eco-
nomic impacts of this enabling technology are to reach the
agrarian society.

Conclusion

Nanotechnology is considered as ‘an enabling technology
that promises to contribute at many frontiers of science and
technology” (NAS 2006). Incremental advancements using
nanotechnology for improving and enhancing quantity and
quality of food can catalyse the food processing sector, from
production to conservation, processing, packaging, and even
waste treatment (Frederick and Randolph 1985). Such
developments can create competitive advantage and com-
mercial success for the small scale enterprises in agri-food
value chain which can benefit the entire ecosystem of small-
holders. Using R&D indicators like patents and published
literature, the study has explored the trends in R&D in
nanoresearch as applicable to food processing value chain.
Results in this study indicate that the current focus of
nanotechnology research for this sector is focussed in five
areas, namely, food packaging, processing, quality and safe-
ty, nutraceuticals and functional foods. All of these have
major implications for the agri-food systems and impact the
economic outlook for this sector. Use of nano-based materi-
als, processes and systems in these areas indicate applica-
tions in processing techniques, packaging, transportation
and storage. These applications can play an important role
in reducing spoilage and extending shelf life of food prod-
ucts on one hand and help in retaining the nutritional value,
aroma, flavour and texture of foods, and presenting them in
near natural form with added conveniences.

Further, like in several other areas of agricultural re-
search, existing technologies provide a base for the applica-
tion of emerging nanotechnologies, wherein, the latter
provides for necessary incremental benefits. Hence, it would
be prudent to use emerging technologies like nanotechnol-
ogy to complement the conventional technologies. Howev-
er, for harnessing the potential such emerging technologies
and making them affordable to all, a renewed emphasis
needs to be on their adoption across the agri-supply chains,
to assess where such innovations can contribute to better
competitive advantage. Innovation platforms, which can
facilitate access of these nanotechnology based tools, hasten
their diffusion into research systems and promote an

environment of sharing pre-competitive, upstream or plat-
form technologies would be needed. These platforms would
also need to facilitate the diffusion of the final technology
products into the markets with a focus to hasten ‘local’
competencies to enhance the livelihoods in rural sectors.
At the same time, a more coherent systems approach is also
advocated as commissioning of any products of new and
emerging technologies like nanotechnologies would need to
be equipped with information docket of assessment of possi-
ble risks to health and environment, with demonstrable value
and utility to all stakeholders. Taking lessons from some of the
difficulties faced by products of agri-biotechnology in getting
societal acceptance, it is essential a viable regulatory system
for good governance of the emerging technologies be built on
science-based evidence concurrently with the development of
this emerging technology in the food sector at its early-stage
development.
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