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a b s t r a c t

Food engineering should shed its historical mindset, embrace new challenges and opportunities that the
21st century holds. Unabated scientific progress and breakthroughs highlight mounting challenges with
some vital paradigm shifts. Four main challenges have been identified: modeling, virtualization, open
innovation (OI) and social responsibility (SR). The shift from empirical to physics-based food modeling is
paramount to benefit from new sensor technology, proliferation of the ‘Internet of Things’, and big-data
information. An overriding part of modeling continues to be food uniqueness and complexity, consumer
needs and expectations, health and wellness, sustainability and SR. Virtualization is to significantly
benefit from expanding computational power, dedicated software, cloud computing, big data, and other
breakthroughs. Collaboration and partnerships with all innovation ecosystem stakeholders are para-
mount. Academia’s role as a ‘startup university’ requires revising its intellectual property models,
curricula rejuvenating, OI, creativity, employability and SR. Food engineers are at a verge of a very
prosperous future.

© 2015 Elsevier Ltd. All rights reserved.
1. Introduction

Today, food engineering faces numerous challenges while of-
fering many opportunities for its practitioners. This article is based
on a plenary session held during the conference “Virtualization of
Processes in Food Engineering” at the University of Salerno, Italy
(1e3 Oct 2014) and presents the author’s views on four main
topics: modeling, virtualization, Enginomics, OI, SR, as well as on the
future of food engineering. These topics and the accompanying
challenges and opportunities will play an important part in creating
the paradigm shifts required to reshape the food engineering
domain.

2. Modeling

A model is an analog of a physical reality, albeit typically more
simple and idealized. Models can be physical or mathematical and
are created with the goal of gaining insight into reality more
ndamental food engineering
to society” given at: “Virtu-
ce, held at the University of
conveniently (Datta and Sablani, 2007). An observation made more
than three decades ago, which still applies today, stipulated that
devising a formal scheme to produce a general kinetic/mathemat-
ical model is beyond our knowledge. It outlined the following
general steps for structuring a model (Saguy and Karel, 1980): (i)
defining the problem; (ii) applying the theory that governs the
phenomenon; (iii) expressing that theory in mathematical terms;
(iv) writing a suitable computation algorithm; (v) verifying the
model by comparing its results with actual experimental data. It is
worth noting that fitting amodel with no theoretical basis is merely
data fitting, and should not be confused with a physics-based
approach. Modeling verification is the last step; it is an essential
and cardinal part of the modeling process and should not be cir-
cumvented. Moreover, the verification step should use a different
dataset than that used to construct the model itself. These obser-
vations are trivial, but nevertheless bear mentioning.

Despite a very large number of scientific publications on
modeling, their applicability to food products and processes is far
from straightforward (Bimbenet et al., 2007). Food modeling re-
mains a complicated task due mainly to a lack of knowledge con-
cerning its mechanisms, the difficulty involved in experimentation
and obtaining reliable data, and the natural variability and un-
certainties surrounding most food properties. For a long time, food
processing was mostly dedicated to product safety, stabilization
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and operation scale up in the industry. Process engineers applied
concepts from chemical engineering and focused on time-
etemperature diagrams to predict and limit residual spores or
microorganisms in foods (Datta and Sablani, 2007; Trystram, 2012).
A new modeling paradigm known as multiscale modeling might
alleviate some of these difficulties. Multiscale models are essen-
tially a hierarchy of interconnected submodels that describe a
material’s behavior on different spatial scales (Ho et al., 2013).

Another topic that needs additional consideration is data
availability, reliability and accuracy. In many cases, food engineers
lack accurate data for their systems, and consequently use previ-
ously reported data with little control of the system used, and/or fit
the wrong type of model. A good example is the utilization of Fick
law claiming that diffusion is Fickian, and that the diffusion coef-
ficient is a function of concentration. With new tools, methods,
monitoring devices, accurate and adequate data collection is
becoming feasible. Thus, one should expect to see more benefits of
modeling, and even more of multiphysics that would furnish the
possibility to test different types of data and deriving the sensitive
parameters.

Modeling of foods and food processing are expected to undergo
a significant shift due to the widespread proliferation of computers,
lower cost, availability of dedicated and sophisticated software
(e.g., Comsol, http://www.comsol.com/products), and the enor-
mous potential of big data, microprocessing, sensing devices and
connectivity (Saguy et al., 2013). Emerging technologies are already
available for the development of a new generation of intelligent
sensors for real-time detection and monitoring of changes in a
product or process. However, the major shift will occur when
experimental or “observation-based” models, where the starting
point is the experimental dataset from which the model was built,
undergo a significant modification toward physics-based and/or
mechanistic models. The latter is based on the universal physical
laws that describe the presumed physical phenomena (Datta and
Sablani, 2007; Trystram, 2012).

The physics-based approach (also known as deductive, mecha-
nistic, first-principle-based, or ‘white box’) stems from models of
transport phenomena coupled with models describing the physi-
cochemical changes in the product as a function of operating var-
iables (Broyart and Trystram, 2003; Purlis, 2014). The empirical
modeling approach (also known as ‘black box’) ignores the re-
actions and mechanisms occurring during the process, while aim-
ing to find a relationship between inputs (operating process
conditions, product characteristics) and outputs (final quality at-
tributes) using an experimental dataset and mathematical and
statistical tools, and linear and/or nonlinear techniques, response
surface methodology (RSM), artificial neural networks, etc. A
combined model may also be applied (Broyart and Trystram, 2003;
Purlis, 2014). While the black-box approach seeks simplified re-
lationships to correlate an output variable with one or more input
variables, it ignores and/or circumvents the process’s physical and
thermodynamic mechanisms, as well as chemical and biochemical
reactions. The opposite approach, termed ‘white box’, takes into
consideration the physical changes and other reactions occurring
during the process.

Physics-based modeling can be extended by using multi-phys-
ics, which involves multiple physical models or multiple simulta-
neous physical phenomena (e.g., drying, microwaving), and the
solving of coupled systems of partial differential equations. This
approach holds the potential for generality as no empirical corre-
lations are used at the interfaces. Multi-physics mathematical
modeling can drive innovation in very specific applications, and
several food applications are already available (e.g., mild drying,
devoted to the processing of high-added-value food products,
microwaving; Marra, 2012; Marra et al., 2010).
To highlight some of the issues related to empirical modeling,
here are two typical examples that are quite frequently used and
yet should be considered carefully, if not scrutinized or challenged.
They are the Arrhenius model and RSM.

� The Arrhenius equation has been widely used as a model of
temperature’s effect on the rates of chemical reactions and
biological processes in foods (e.g., Clemente et al., 2014; Labuza,
1984; Saguy et al., 2005; van Boekel, 2009). However, the
applicability and usefulness of the Arrhenius equation to
chemical reactions and biological processes in foods, especially
solids, and the relevance of the statisticalemechanical as-
sumptions on which it is based can be challenged on several
grounds (Peleg et al., 2012). Furthermore, most, if not all
reported rates vs. temperatures traditionally described by the
Arrhenius equation can also be described by a simpler expo-
nential model (Peleg et al., 2015, 2014), without sacrificing the
fit as judged by statistical criteria. As in the Arrhenius equation,
in the exponential model the rate constant is chosen at selected
reference temperature. In contrast, however, both temperatures
are in degrees Celsius (not Kelvin), and the exponential constant
is expressed in degrees Celsius reciprocal. The use of the expo-
nential model eliminates the need to reverse the temperature
axis direction and compress its scale. It is important to note that
the use of the exponential model also makes it unnecessary to
assume that the degradation’s energy of activation, is univer-
sally temperature-independent, an assumption rarely if ever
supported by experimental evidence (Peleg et al., 2015). Worth
noting however, that the Arrhenius equation (or model) can be
still be used interchangeably, but one should be aware of its
several limitations.

� The second example focuses on RSM. This is a statistical tech-
nique that uses regression analysis to develop a relationship
between the input and output parameters by treating it as an
optimization problem (Datta and Sablani, 2007). Although
modeling using RSM is very effective and useful for formula
optimization in new product development, and in improving
processing conditions to obtain a certain objective function and/
or quality, it provides no insight into the underlying mecha-
nisms and it is merely an experimental relationship that can be
very far from, and in some cases even unrelated to the physics-
based model that describes the various phenomena and/or
processes. Moreover, changes in formulation and/or the condi-
tions under which the RSM was derived are not possible. It has
been previously indicated that physics-based modeling can be
an important tool for food product, process, and equipment
designers by reducing the amount of experimentation and
providing a level of insight that is often not achievable experi-
mentally (Datta, 2008). Hence, RSM should probably be
restricted to a handful of practical and limited cases.

The above two typical examples highlight the need for a para-
digm shift toward enhancing the utilization of physics-based
modeling and simultaneously limiting, as much as possible, the
application of empirical models. However, it is quite true that
empirical models may be the only feasible and practical approach
to coping with food system and process complexity, nonlinearity
and natural variability. Cost may be another factor (Pantelides and
Renfro, 2013) in the use of empirical modeling. As this issue is of the
utmost importance to almost all industrial applications, it high-
lights the paramount prerequisite for careful consideration.

Utilizing an empirical-based model that is tailor-made for a
unique process and industrial applications can deliver some of the
benefits of a physics-based approach in a more cost-effective,
reliable and sustainable manner. For example, applications for
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optimization using much simpler models, combined with coordi-
nation of linear multivariable controllers, have been found to be
less costly to implement while still delivering a significant pro-
portion of the benefits (Pantelides and Renfro, 2013). Nevertheless,
striving for the better characterization, understanding and insights
gained from physics-based modeling is one of the challenges in
food engineering. Another significant challenge for modeling is
supporting practitioners with the fundamental understanding and
insights required to enhance physics-based model formulation and
utilization, and to facilitate the generation of novel tools dealing
with the increased amount of real-time information from new
sensor technology, improved connectivity and the new and rich
big-data resources. A paramount and overriding lingering chal-
lenge is to consider food’s unique attributes, such as sensory
qualities, consumer needs and expectations, health and wellness
(H&W) and sustainability.

3. Virtualization

Once a model is established, it opens up a plethora of possibil-
ities, such as computation, simulation, prediction, optimization and
process analysis (Datta, 2008; Erdogdu, 2013; Ho et al., 2013;
Norton et al., 2013; Saguy and Karel, 1980). These are part of a
wider scheme that is described as virtualization. This term is
derived from computer engineering, where virtualization is a
technique for hiding the physical characteristics of computing re-
sources from the way in which other systems, applications or end
users interact with those resources. In practice, getting a Google
map on the cell phone or allowing a PC to automatically shop for
the lowest price involve the use of virtualization (IBM, 2007). The
concept of virtualization is very broad and can be applied to de-
vices, servers, operating systems, applications and even networks
with a decreasing regard for geographical and organizational
boundaries (Montaigne, 2003).

In a book on Virtual Experiments in Food Processing (Singh and
Erdogdu, 2009), computer simulations of selected food processing
operations for students to conduct virtual experiments were
described. Another book, “Experiments in Unit Operations and Pro-
cessing of Foods” (Vieira and Ho, 2008), experiments were
described, experimental results supplied for student work, and
videos can be visited at https://www.iseki-food.net/equipment/
pilot_plant. Moreover, a database was created to help educational
institutions to share their resources. In the future, more reliance on
such approaches using digital technology is anticipated. Hence, it is
expected that a food practitioners (e.g., food engineers, food sci-
entists and technologists) working on numerous computer tasks
(e.g., modeling, kinetics, dynamic simulation, optimization, pre-
diction) to perceive these activities as similar to computer virtu-
alization (i.e., each software functions as if all of the computer’s
resources are being allocated for its needs). However typically, the
‘food virtualizer’ community has yet to recognize that each of the
aforementioned tasks is part of a more general framework that
requires reproducing a virtual environment that mimics real pro-
cesses, while simultaneously maintaining the characteristic
complexity of the phenomena, the product, the process and the
outcome. This approach is a real challenge as modeling should
depart from the traditional ‘black-box’ strategy to use a ‘white-box’
one. This new scheme also calls for a newand differentmindset and
culture.

By decoupling the physical hardware from the operating system,
virtualization provides more operational flexibility and increases
the utilization rate of the underlying physical hardware. Conse-
quently, virtualization makes it possible to have a machine (the
virtual one) that is totally independent of the hardware (IBM,
2007). Similarly, under virtualization of food engineering topics
(e.g., data collection, statistical analyses, modeling, dynamic
simulation, prediction, optimization), the researcher is provided
with a virtual machine/plant/process/product that maintains the
real characteristics and circumvents the need for a physical envi-
ronment, consequently providing more process flexibility and
opening new horizons for understanding, insights and utilization
(IBM, 2007; Marra, 2015; Singh and Erdogdu, 2009). It is also clear
that foods, and especially the relationship between process and
sensory attributes, should be considered. Sensory aspects (tasting,
seeing, hearing, smelling, touching, and the overall individual
sensations) have already been identified as one of the foremost
constructs of process virtualization (Overby, 2008).

While a number of manufacturing sectors (e.g., aerospace, de-
fense, automotive) have been benefiting from modeling activities
and process virtualization, the food industry is lagging behind in
utilizing the wide potential offered by virtualization as an engi-
neering design tool. The emerging possibilities of this domain are
enormous, a few typical examples being a significant reduction in
the time and cost of development, design and validation processes
and equipment, circumvention of trial-and-error prototypes,
reduced overall cost, time to market, risk assessments, etc.

Another major field that is evolving at unabated speed and will
have a profound effect on virtualization is the ‘Internet of Things’
(IoT), used as an umbrella term for various aspects related to the
extension of the Internet and the Web into the physical realm, by
means of the widespread deployment of spatially distributed de-
vices with embedded identification, sensing and/or actuation ca-
pabilities (Miorandi et al., 2012). The IoT, excluding PCs, tablets and
smartphones, is predicted to reach 26 billion units installed in 2020
representing an almost 30-fold increase from 0.9 billion in 2009.
The IoT product and service suppliers will generate incremental
revenue exceeding $300 billion, mostly in services, in 2020. It will
result in $1.9 trillion in global economic value added through sales
to diverse end markets (Chavie, 2014). In addition to this mind-
boggling expansion and proliferation of the IoT, the parallel rise
in big data and cloud computing should also be mentioned. Cloud
computing is a powerful technology that enables massive-scale and
complex computing (Hashem et al., 2015).

Recent developments (e.g., IoT, cloud computing, big data, 3D
printing) will drive virtualization development and enhance its
potential to address and fulfill the needs of new and sophisticated
strategic tools for innovation in the food industry; these should
play a significant role in food engineers’ future challenges. It is quite
evident that proliferation of the beneficial utilization of virtuali-
zation could be significantly enhanced by the creation of a four-
helix (industry, academia, government and private business)
innovation ecosystem that calls for collaborations and partnerships
among all stakeholders (Saguy, 2013; Saguy and Sirotinskaya,
2014). The new ecosystem provides a substantial opportunity to
move forward effectively. For instance, such a collaboration could
reduce the time to market by utilizing virtualization to effectively
test numerous new designs, prototypes and novel products,
thereby circumventing obstacles, minimizing time and resources
and benefiting from the enormous possibilities to
testdvirtuallydperformance and novel approaches. Support from
all key players of the four-helix innovation ecosystem ensures a
smooth transfer from research to implementation and from in-
vention to innovation.

4. Open innovation

Despite the enormous role played by innovation, there is no one
acceptable definition that can describe its multifaceted dimensions.
One possible description is the application of an idea/invention,
technology, process or business model to a product/service that will
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satisfy a specific need and can be replicated at economical cost. In
the face ofmounting economic pressure, environmental challenges,
diminishing resources, and the ever-growing and accelerating pace
of science and knowledge development, innovation offers a sig-
nificant driving force and a unique opportunity to address these
existing and emerging complex topics. Innovation plays a vital role
in growth and social well-being. Its application provides new ways
of gaining a competitive advantage and creating value, and plays a
vital role in all facets of modern life (Saguy, 2011). However, it can
become a commodity at unprecedented speed, and consequently,
continuous efforts are required to sustain and nourish it (Saguy,
2013).

In recent years, OIda relatively young but extremely active
domaindhas been playing a paramount role in today’s innovation
ecosystem (Saguy and Sirotinskaya, 2014). Initially, OI was defined
as: “valuable ideas can come from inside or outside the company
and can go to market from inside or outside the company as well”
(Chesbrough, 2003); it was later redefined as: “the use of purposive
inflows and outflows of knowledge to accelerate internal innova-
tion, and expand the markets for external use of innovation,
respectively” (Chesbrough et al., 2006). Today, OI is essential to
surviving and gaining a competitive advantage in most business
environments, where companies must use both external and in-
ternal ideas, open channels for knowledge access, employ external
technology and solutions, and purchase or license inventions
(Traitler and Saguy, 2009; Traitler et al., 2011). OI practices were
initiated in the software, electronics, telecom, biotechnology and
pharma industries before eventually spreading to others, including
the food industry (Gassmann et al., 2010). Today’s paradigm con-
sists of diverse sets of practices encompassing different dimensions
[e.g., open business model, intellectual properties (IP), strategy,
collaboration, crowdsourcing, threadless co-creation (Sloane,
2011), and SR (Saguy, 2013; Saguy and Sirotinskaya, 2014)].

To highlight typical OI collaborations, 3-simplified examples are
furnished. The first highlights industry-university OI partnership
(Syngenta AG and the University of Manchester, UK; Malik et al.,
2011). The foremost initial step before OI was launched called for
the university to develop its OI strategy for building alliances with
industrial partners. Similarly, Syngenta strategy promoted the
creation of external alliances and partnership with universities on
various research projects, developing and exploiting IP, enhancing
human resources skills and expertise. A key benefit of such large-
scale efforts is that transaction costs may be reduced by a frame-
work agreement covering research and training needs, negating the
need for separate contracts to cover research, training, and other
knowledge-transfer activities. Syngenta has developed and estab-
lished effective mechanism for managing its partnerships by
sponsoring university innovation centers (UICs), that furnishes
another track for acquiring external technological capabilities, and
cutting down the time to market by exploring different routes early
in the development process. The main benefits of the UIC for its
industrial partner are the development of technology and business
model combinations that do not currently exist, enabling to target
new markets, facilitating long-term relationships, and bringing
unexpected numerous other payoffs. Similarly, academia benefit
from this long-term collaboration by gaining a better appreciation
of the business environment complexities. IP remains one of the
main challenges and both partners need to explore ways to over-
come this issue that includes also publications (Malik et al., 2011). It
should be noted that innovation would not exist without IP, and
new models to approach this issue are needed (e.g., Mimura, 2010;
Saguy, 2011).

The next example focuses on OI collaboration between several
large companies such as Nestl�e and its suppliers (termed Innova-
tion Partnerships; Traitler and Saguy, 2009). This paradigm
furnishes new ways to collaborate in all areas of discovery and
development with external partners. It brings competences,
commitment, and speed to the relationship. Accelerating innova-
tion, lifting the sole burden of resources, finding highly skilled
people, shortening the learning curve, and reducing the time to
market pressure are some of the key benefits. Sharing a common
business model is vital to sustaining OI and enhances the overall
ability to survive and to thrive. Nestl�e’s OI and Innovation Part-
nershipswas very effective and in a quite a short time it contributed
to more than $200 million in new businesses ranging for instance
from new functional soy ingredients better-tasting soy based drink
(with Cargill), and new coating systems for ice cream to new
nutritional ingredient solutions in pet food and new dairy-based
nutritional functionalities (with Du Pont). It is worth noting that
significant success of OI could sometime create also measurable
pressure on top management for coordination and alignments and
should be carefully considered.

The third example highlights OI collaboration between an Ital-
ian food company with several industries and universities in a
mutual and orchestrated effort to develop functional foods in Italy
(Petroni et al., 2012). The OI partnerships included co-development
of biosensors for process and quality monitoring with a Japanese
company, collaboration with a company specializing in seeds se-
lection to improve the quality and safety of the products. The
functional properties of some the raw ingredients (e.g. herbs, fruits
and vegetables little known in the West), the company established
another OI collaboration with two Chinese universities. Prior to all
these newOI partnerships, the company R&D included only limited
external collaboration with two Italian universities on key issues of
basic research, thus projecting the major transformation it under-
went. It was concluded that adopting OI practices within certain
limits facilitated the development and offered effective competitive
advantages even to firms that do not have a significant number of
R&D personnel, or even none at all. Working with others requires a
willingness to integrate, plus managerial skills such as the ability to
communicate, assimilate, and understand of the needs of others.
Additional numerous examples could be found in a recent book
(Noble et al., 2014).

Despite OI’s widespread applications, only ca. 10% of all com-
panies are ready for it; another 30% (termed ‘contenders’) have
seen the light and are struggling to make it work, and the
remaining 60% (or ‘pretenders’) do not really know what OI is or
why or how it could be relevant to them (Lindegaard, 2010). SMEs
and others firms operating in traditional sectors are struggling with
its implementation due to their relatively low level of absorptive
capacity and management challenges, leading to the perception of
OI as unattainable (Lindegaard, 2010; van de Vrande et al., 2009). As
elsewhere, SMEs in the food sector are especially struggling with OI
implementation (Bianchi et al., 2010; Lee et al., 2010; Saguy and
Sirotinskaya, 2014).

Another challenge is to build a bridge over the technology-
translation gap, known as the ‘valley of death’ (VoD), and typi-
cally defined as the place where discoveries stemming from basic
research are buried due to inadequate commercialization, signifi-
cant technical obstacles, funding, etc. (Declan, 2008; Markham
et al., 2010; Saguy, 2011; Wright et al., 2014). VoD was originally
used to refer to the challenges of transferring agricultural tech-
nologies to third world countries (Merrifield, 1995). This gap is not
unique to food and applies to many other fields that again call for
the utilization of the four-helix approach to include all the stake-
holders to overcome it. Worth noting that the food industry,
probably much more than others, is CapEx (funds used by a com-
pany to acquire or upgrade physical assets such as property, in-
dustrial buildings or equipment) averse and often consider new
plants/equipment very expensive and risky. Hence, prefers to
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process new products through the same plant (for example,
changing the fat composition of spreads still using amargarine line)
and consequently circumventing possible innovation.

Addressing the special needs of the food industry and SMEs’
unique challenges, OI solution providers, and the roles of academia
and IP models, were recently reviewed. Some specific recommen-
dations included: collaboration, creation of a four-helix innovation
ecosystem, metrics to quantify academia’s SR and revised curricula
for promoting innovation with a special emphasis on OI, SME
involvement, a new IP model, and management mindsets and
strategies. OI was identified as a unique opportunity for all stake-
holders to proactively engage in meeting future challenges and
opportunities (Bianchi et al., 2010; Lee et al., 2010; Saguy and
Sirotinskaya, 2014). Moreover, it provides food engineers with the
unique challenge of spearheading new partnerships and collabo-
rations with other domains, and utilizing the most advanced and
up-to-date technologies and scientific breakthroughs.

5. Future food engineers and Enginomics

Engineers of the future will face bigger and more demanding
challenges. Whereas engineers of the past mainly focused on the
technical and economic feasibilities of systems design (Alwi et al.,
2014), engineers of the future will have the additional re-
sponsibility of addressing entirely new topics and dimensions (e.g.,
innovation, partnerships, creativity, entrepreneurship, sustainabil-
ity, economic environment, SR, population growth and aging).
Furthermore, food engineers will be faced with unique challenges
and should play a proactive role in the innovation ecosystem. A
multidisciplinary knowledge base, H&W and food security are
some of the key and paramount ingredients that should be
included. A new term defined as ‘Enginomics’ (engineer-
ing þ nomics) has been coined to depict some of the major topics
that combine human internal processes and unit operations.
Studying internal transport phenomena, utilization of new tech-
niques, such as microprocessing for modeling and simulation of the
digestive system, bioavailability, satiety, DNA predisposition, and
nutrigenomics offer unique prospects. Enginomics is comprised of
these typical main pillars (Saguy et al., 2013):

� Human internal unit operations (digestibility, gastric aspects,
targeting, bioavailability, etc.), comprised of H&W (medicine,
brain, biology, biota, pro- and prebiotics, nanotechnology,
biotechnology, etc.) and nutrition (personalization, prevention,
satiety, etc.).

� Food and product engineering (properties, composition, new
resources, structureedesign, material science, packaging, etc.).

� Manufacturing (processing, waste and water management,
environment, compliance, regulations, developing countries,
etc.).

� Consumers (safety, acceptability, special needs, sensations,
pleasure, etc.).

� SR (food security, feeding the world, sustainability, growing
population, water and land scarcity, ethics, values, etc.).

It is worth noting that Google is already working on collecting
information that includes: participants’ entire genomes and their
parents’ genetic histories, as well as information on how they
metabolize food, nutrients and drugs, how fast their hearts beat
under stress and how chemical reactions change their genes’
behavior (Barr, 2014).

The above presents some of the rapidly evolving challenges
faced by food engineers, for which they need to play a proactive
role. It also calls for rethinking and transforming the domain to a
vigorous, holistic and dynamic profession, which should strive to go
beyond today’s vision. Consequently, it highlights the need for new
curricula to train both students and professors. This is a very
exciting time for food engineers, who candand shoulddexpand
their horizons by offering insights and playing a proactive and
significant role in this endeavor.

It is worth noting that engineering at large is faced with similar
challenges. For instance, instead of only focusing on the design or
improvement of a product or process, the paradigm for ‘sustainable
engineering’ requires dynamic, holistic, integrative analyses of
present and future product life cycles, entire supply chains and the
ecosystems upon which truly sustainable societies are totally
dependent. Consequently, future engineers have to be more inno-
vative, creative and engaged in seeking to ensure that the products/
processes/systems they design and use will enhance present and
future sustainable societal lifestyles (Alwi et al., 2014).

The clich�e that ‘you can’t compete today with yesterday’s
technology’ is well known; food engineers should adopt new par-
adigms to avoid even the remote and unfortunate possibility of
becoming marginalized and/or non-sustainable. New and innova-
tive approaches are needed, and limiting the rethinking of their
roles is not an option. More importantly, planning for the future,
and what knowledge should be passed on to students are some of
the key driving forces.

To suggest a new perspective, two specific examples are pro-
vided: the first is known as ‘the dandelion principle’which calls for
taking on larger challenges. The world contains many types of
underutilized talentdnot just people with cognitive, develop-
mental or behavioral differences, but also people who lack access to
opportunity for other reasons. Boys in rural India might be headed
for lives as subsistence farmers, following in the footsteps of their
fathers. Girls in sub-Saharan Africa might be headed for lives of
poverty and disease. But if we can adjust the overall contexts of
these boys’ and girls’ lives (for example, by providing access to
education and technology), they may be able to do something
totally different, and the resulting benefits could flow in multiple
directions (Austin and Sonne, 2014). Food engineering is an excel-
lent field in which to fulfill this opportunity.

The second example comes from a recent book that highlights
the principle that innovation happens at the interface, and we
should not be looking only for incremental innovation; rather, we
should consider the new and ever-growing requirements of
breakthroughs in the whole innovation ecosystem, including
startups. This calls for a different way of thinking, incorporating and
promoting disruptive (as opposed to incremental) OI. The term
‘startup corporation’ was introduced to indicate that established
companies succeed mainly in incremental innovation. Major
breakthroughs and disruptive innovation are achieved when firms
combine the philosophy of the startup with the experience, re-
sources and network of an established company (Davila and
Epstein, 2014).

To prepare for the new roles of food engineers of the future, it is
therefore critical, first and foremost, to rethink and revise the
curricula, Enginomics, enhance collaboration, support open net-
works, promote SR and consider ethics and employability. The
latter becomes feasible when a ‘startup university’ paradigm is
implemented where, in addition to basic science, applied research
and innovation also play an important role.

The startup university term is a parallel description of a ‘startup
corporation’ as coined recently (Davila and Epstein, 2014). A
probably more adequate definition seems to be ‘Innoversity’ that
combines innovation and university into one integrated term. It
depicts the new shift required for universities to fully leverage their
strength in conducting basic research towards becoming simulta-
neously a proactive player and a catalyst in the four-helix OI
ecosystem, embracing, sustaining and driving breakthrough
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innovations. A new and innovation-driven mindset built on the
university foundation of basic science should be a very powerful
combination to address all aspects of the future.
6. Social responsibility

A critical, but often omitted element of the innovation process is
SR, which should be a part of every stakeholder’s duties and con-
cerns. Aside from creating value for the business, innovation must
also bring value to society. The creation of societal benefits should
become an important dimension in academia and industry col-
laborations. A genuine concern for society should be the norm, and
an integral part of such partnerships and of the innovation process
itself (Saguy, 2011, 2013). For academia to play a proactive role,
criteria to assess its contributions, as well as reward them, should
become an integral part of academic life. Accepted metrics are
therefore required to assess and quantify SR and academia’s role in
disseminating knowledge, promoting innovation and finding the
proper approaches for circumventing issue becoming impassable
barriers (Saguy and Sirotinskaya, 2014).

For a business to create value for its shareholders in the long
term, it must also bring value to society. Recent studies have shown
a strong positive relationship between corporate SR and financial
performance. However, the impact of the former on the latter is an
evolving topic, mainly due to different metrics, methodologies,
R&D budget, company size, etc. Academia should also develop the
necessary tools, curricula and metrics for studying, teaching,
measuring and assessing the contributions and relevance of its SR
programs.

Although the need to alert young scientists of their SR has been
widely acknowledged, the question of how to actually do this has so
far garnered only limited attention (Borsen et al., 2013). This clearly
indicates that academia should place more importance on the SR
challenge. Food engineers have additional challenges centered on
food security, feeding an expanding and aging population, and
sustainability, to name only a few.
7. Conclusions

The food engineering domain is facedwith numerous significant
challenges and opportunities as it strides toward the future. The
fierce competition with adjacent fields, innovation, new technolo-
gies and unabated scientific progress highlight the need to assess
those challenges and opportunities and the required paradigm
shifts. The main challenges and opportunities are:

� Modeling e Transforming the empirical ‘black-box’ approach
into physics-based modeling and striving for better character-
ization, fundamental understanding and insights are para-
mount. This will open new avenues to gaining benefits from the
increased amount of real-time information, new sensor tech-
nology, proliferation of IoT, improved connectivity and new and
rich big-data resources. A special and overriding part of the
modeling continues to be the uniqueness and complexity of
food-quality aspects, such as sensory attributes, consumer
needs and expectations, health and wellness, sustainability and
SR.

� Virtualization e Recent developments, such as IoT, cloud
computing, sophisticated software and big data highlight the
unique need to develop virtualization in order to benefit from
enhanced modeling and computational power and address and
fulfill the needs of new and sophisticated strategic tools for
innovation in the food industry. Initial efforts in this field should
take advantage of the vast potential offered by Enginomics.
� Innovation e OI and the creation of a four-helix innovation
ecosystem offers numerous benefits, but its implementation
calls for a different mindset for all stakeholders. To proactively
promote innovation, academia should strive to become a
’startup university’ by revising its IP models and curricula, and
enhancing its focus on innovation, creativity, employability,
relevance and applied research.

� Startup University and Innoversity - Calls for a universities to
fully leverage their strength in conducting basic research while
simultaneously becoming a proactive player, a catalyst,
embracing, sustaining and driving breakthrough innovations.

� Social responsibility e SR is not just good business; it should
become part and cornerstone of the food engineer’s practice.
Academia needs to proactively engage in developing and
adapting new metrics to quantify its relevance, contributions,
performance and implementation.

These 21st century challenges offer food engineers of the future
unique opportunities to spearhead new partnerships and collabo-
rations with other domains by focusing on and assimilating the
most advanced and recent technologies and scientific break-
throughs. This is a very exciting time for food engineers, with a
bright future and great potential. The road forward requires a
proactive approach that can be described, in a nutshell, by the
following quote: “To accomplish great things, we must not only act,
but also dream; not only plan, but also believe” (Anatole France, 1921
Nobel Prize for Literature; http://en.wikiquote.org/wiki/Anatole_
France; accessed 13.01.2015).
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